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As the Advisory Committee an Advanced Television Service 
(ACATS) prepares to submit its recommendations for Advanced 
Television (ATV) standards to the FCC, the Ccmputer Systems 
POlicy Project (CSPP) urges ACATS to ensure that the system 
promotes interaperabllity with computers. A computer-interoperabte 
ATV standard Will enable new applications for the National 
Information Infrastruoture (Nil), promote further economiC grcwth In 
the world-leading U.S. computer Industry, and bring increased 
benefits and enjoyment to consumers. When CSPP descnbed its 
vision for the Nil in its 1993 report, Perspectives on the Na~Qnal 
Information Infrastructure, we noted that Interoperab,tity of 
applications and technologies across sectors is key to the 
successful implementation of the Nil, 

CSPP appreciates the hard work of the ACATS and commends the 
t..wt.!. ,",-u H . ... n.hcUrd progress that has been made. We are pleased that the dig;tal A TV 

standard under consideration includes progressive scan, square 
pixel grids, and ATM and MPEG-2 standard compatibility, all of 
which are important factors for computer Intercperability We 

..., • ...... ~" J,. liN believe that the proposed A TV standard IS a large step towards a 
greatly enhanced entertainment television system that aims to be 
part of the National Iniormatlon Infrastructure. 
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CSPP endorses the A TV standard as currently proposed, with one 
exception, and urges ACATS to incorporate the following position in 
its recommendation to ,he FCC: 

Proaressive Scan vS. Interface: CSPP strongly supports all 
of the proposed Advanced TeleVision formats that include 
progressive scan, since these fonnats provide tor reasonable 
interoperabrlity with computer systems. The computer 
industry remains firmly convinced that progressive scan is 
the technology for the future and that Advanced Television, 
particularly in HDTV, should evolve towards exclusively 
progressive scan formats over time. We feel strongly that as 
soon as progressive lechnologles are available, the HDTV 
interface formats should be sunselted. We urge the ACATS 
to develop an implementation plan for achieving th is goal. 
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AN Receivers: In addillon, CSPP believes that every advanced television receiver 
Should be able 10 receive, decode and display all the proposed A TV signals. We 
lNldcrstand /hat /his posrtion has been extensively discussed by the Grand Alliance 
and we slrongly support it. We believe that adopting this recommendation will 
faCllit.,. /he transit/on to progressive scan Advanced Television formats. We urge 
Ihe Advisory Committee on Advanced Television Service 10 Include suCh a 
requirement when it makes its recommendat ion to the FCC. 

In summary, CSPP supports the ACATS process, and hope thaI you incorporate Our 
concerns Into your final recommendation. 

Sincerely, 

Forest Baskett 
Senior Vice President of R&D, Silicon Graphics Inc. 
Chairman, CSPP Chief TeChnologists 
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Finally, in a networked computing environment, the computer Industry', own lack of 
inlCropel1I.bility I1Cross vendor-£pecific opera~ iyiterm, flle: formats, and display forrruu 
constituteS afar more fuudamental interoperability barrier than any broadcast ATV issue. 
Most corporate use" of computers continue to be frusuatal by !be Inability of Windows-based 
PCS, Apple Macitlloshcs, and various workstations ruDllinjt different navors of UNIX to s!we 
application sonware and to seamlessly in!eroperate with text, graphlcs, souud, and video. 

So much for Apple's basic phllo,ophy on ATV. In addition, however, many of 
Apple" specific objections to the ATV system that are flatly unlNe, technically inaccurate, or 
they concem i~'me.~ that are not relevant to a trammission sLtndard and. thus. are not within 
the regulatory scope Of the FCC or its Advisory COII1lDittee. 

m. Specific Apple Allegations 

A. Interlace Scanning 

Apple's objects to the use of interlace in some standard deftoition ATV fonnats . 
Progressive scan, square pixel fonnats that are VGA compatible (640 x 480) are provided for 
the SDTV applicatio.ll6 of ATV that benefit from their W~ Interlace is just aootbtr form of 
compression, which has its place in a multiple format system wherein - within the constraints 
allowed by the bit rate that can be transmitted In 6 MHZ -- program producers can choose lhc: 
format and frame rate that provides the combination of spatial resolution, temper!! resolution, 
and transmission bit rate that is best suited for !beir application. Eacb of these parameterS bas 
iu own associated nrtifacts, which have diffcrenJ. level& of visibility 00 difforent kindJ of 
picture cooteD! and which must be balanced in a compressed video .ys~m. 

Indeed. reducin& spatial resolution results In fuzzy, unclear pictures that arc 
nnacceptBble in many applications. Reducing frame rate results in jerky motion. Reducing bit 
rAte results in bJoc:ldnc.5,s and noisy pictures. The use of ioterlDcc is D compromise between 
'patia1 and temporal resolution that simultaneously provides ,mooth motion ",ndJtion and full 
vertical resolution on still pictures. This approach has served television quite well for the last 
~ year,;, and cannot be hastily precluded as ODC of the fonnat options in an A TV system. 
Apple" attempt to limit the scope of format choices available to content producers is 
WcoID1stCLlt with the flexibility in its own Quid .. 'time product and, more fundamentally, it 
ignores sciCDtiJic principles and good engineering practices which enable moving images to be 
represented in the format that represents their content with the least objectionable delll8datioo. 

Apple claims that perfect de-interlacing is theoretically Impossible. Although it is aue 
lWtll.:CfUtW piit1wlogical cases can be idcndfu:d where de·iDttrlaeing algorithms will not 
properly remove interlace artifacts, these patholollical cases are of little practical consequence. 

P.02/ 15 
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The kinds of picnues, text, and eraPhics that are commonly used In both televIsion and 
computers can be de-interlaced extremely weU. The television industry bas been developing 
de-interlacing techniques for weU over iO years and \he performance of de·interiacers will be a 
SOUI"CC of competition aDlOns manufacturers. Furthermore, contrary to Apple ·s assertion, a de
interlacer is not a large expense. Relative to the compiexity of High Levei MPEG-2 decoders 
and \he other functionality roquired In an A TV rete.ver, a very good de-interlacer can be 
provided in receive", at <mali incremental cost. The ievel of IC tcchnolo.lO' used to produce a 
cost-effective ATV reteiver (or a high performance microprocessor) allows a de·lnterlacer to 
O(,:cupy Ii ~rudl purLioll of a single Ie. Th~ consensus opinion of the five consumer electronics 
andIor IC manufactumi in the Grand Alliance (Thomson, Philips, Zenith, G! and AT&T) 
who are committed to produce A TV receivers with de-interlacini: circuitry ct<dibly rebutS 
Apple's unsubsuntiated asse"inn~ . 

B. 60 Hz Scanning Rale 

First and foremost, Apple's argumentS relate to display issues that bave nothing to do 
with 11 U-1u16m;ssioD. standard. TIl: notion ti:w a trans:minicn frame roue is tied rn di"(lIIY frame 
rates is an obsolete technical concept. The ATV system allows transmission at 23 .98, 24, 
29.97, 30, )9.94 ancl60 Hz. These rateS are aaequate w represent a wid!: nwge uC 1.:K.lllt;111 

panniDi and motion reDditioo. Of course, motion picrure films successfully continue to use a 
24 Hz frame rate despite the fact that hli:her frame rates are teChnically possible. Double or 
tripJe: shuttering is used to raduce display flicker in thulen, with 48 Hz beina the most 
common display frame rate for film. In C()Dlputetli, where the,. is no standard for display 
format or frame rate, It is {be responsibility or softWare 10 detcrmJ.ne the met:hexl or conversion 
between sou"'"' and display frame rates. Some software alters the speed of the video clip to 
match the display frame rate, while other software occasiooaJly repeats (and/or deletes) 
frames. A similar approach bAs bcx;n succeJlfuUy used fur showinj 24 Hz films on 59.9-1 Hz 
television for over 40 years. Apple's own Quicklime product is an example of such video 
display software, which is capable of sbowina 59.94 Hz Vldeo on e.ther 6IJ liZ or 75 liZ Apple 
computer IliCreenfi . 

As fo! Apple 's .Incmon that 70+ liz is required for displays, it is notable thAt many 
computer screens (including most of Apple's) run at 66 Hz. It seems rather strange that while 
Apple is such a staunch advocate of 72 Hz, it makes 66 H. and 7S Hz displays for its 
Macinrosh cnml"ne",. hut m 72 H. display. (If it's such a 1l00d idea· why not?) Computer 
displays are also available at 150 Hz and a wide variety of other rat ... The real lechnlcaJ aced 
is lo w.;1llc;vc; 11 wplay tate [har. is adequate to climio.ate buono pcrcc:ption of larg~ areA flicker. 
Perceptibility of flicker is a function of display brii:htness and viewing distance (nicker is 
acruaUy more perceptible in peripheral vision than in foveal vision). Flicker perceptibility is a 
rather smooth function of displ~y nne rru-r M~ no ~Mrp threshold. ThiL .. , it i .. not mrrriJiina: 
that. wide variety of computer display rateS bave proliferated . Also, the roquiremenu of 

P.03/ 1S 
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entertainment displays are different tIlan computer displays, which are scrutinized at very close 
viewing distll.DCeS. E.ntertainmem television display has been sufficient at 60 Hz. and 00 need 
for hiaher display rateS is accepted by the consumer elecrrowcs industry, particularly since a 
higher display rate increases cost. Receiver manufac.:tur~ IU'l; In::t: to provide any display tate 

or rates that they desire, and accomplish this with either multi-scan displays or eiecrrowc 
frame rate conversion. 

The MPEG-2 standard used in ATV identifies its frame rates in a header/descriptor, 
but despite extensive panicipanon by compmer companies. no explicit provisiull was wade for 
a 72 Hz frame rate in the MPEG-2 header. Many representatives of the computer industry 
participated in the MPEG-2 process (indeed, as you may know, the Information Technologies 
lnil~uy Couocll ('~m") is the secretariat for the U.S. MPEG group), and Appl. '5 assertion 
that 72 Hz transmission represenlS cOOlputer industry interests is IlMUbst.antiated by the facts . 

The OOservorlnn ,har 24 Hz movie transmission (provided by the A TV system) would 
look very &ood on a 72 Hz display is quite oorrect. But the display frame rate (or rates) used 
by ATV rcccivt;I' Uf cuwvutcr UWlUfac.turers is outside the domain oro truosmission staDdard 
and the re&uiatory authority of the FCC. Further, it is a product decision that is best left to the 
competitive markecplBce. Any HDTV manufacturer can provide 72 Hz display capability as a 
competitive feature. Ai for handlina: flO H7 1Tan~missions on a 72 Hz display. this rcQ,uires the 
very same ratio oonvenioo as the SO to 60 Hz conversion that is routinely performed when 
european television Is aired in the US. 

C. Lack of Data or Code Capability 

Apple 's assertioo that the ATV system has no data Or code capability is totally 
untOUnded. The Grand Alliance prolOrype hardware has bt:~n subja;tW lu CAtensivc bit error 
rate measurements in both Laboratory and Field testing. These measurements document the bit 
error rate performance of the system as a function of carrier-to-noise ratio (CNR). In any 
wireless transmission system, the CNR at a given receiving location is a function of 
transmitter power, RF propagation. and receiver antenna gain. 

Of oourse. viewable picture and acceplable audio tests It error rates in the I~ to I~ 
range are being tested - this is what determine the limits of television service broadcast in the 
exuemcly difficult VIIF/UHF ovcr-the·1lir en"ironmenl.. The fact that picrure and wund can 
tolerate higher error rates tIlan pure dala is I t\m1amentaJ characteristic of their nature. SiDce 
the A TV channel will be allocated to broadcasters for the pnmary use of providing teleVIsion 
~rvice to the public. it is entirety appropriate to eStablish planninJl; factors that reflect the 
requirements for this application. Other frequency allocations for dau PCS and wireless LANs 
(:tucll as pi oposcd by Apple) would undoubtedlY consider different requirements for their 
primary usc. 

P. 0"" "" 15 
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Of course, error free data cransrnission is DOl auarantced by any transmISsion sYStern 
(particularly not by tel~hone modem!; lIso:i extensively for computer communications) . In 
fact, commuDications theory tells u. that there Is a fundamental tradeoff between channel 
capaCIty and BER - raisina the bit rate on II. giveu wed.iwn iocvitAbly increases the: BER. 
Excepl near the limiu of A TV coverage, a BER in excess of 10-' is easily achieved and is 
more than adequate for mosl data applications. Further, ncar the limiu of ATV coverage, BER 
improves by about one order of magnitude for a 0 25 dB improvement in eNR. meanini that 
consumers requiring better error rues for data applications can simply purchase a bener 
anIen.D.a to improve their data reception reUabWty. In cumpuler cuwwunicatioru, it is up to the 
end-ro-eod application 10 enswe thaI usable data bas been reliably received. Protocols like FrP 
apply error detection codes to assure the correct roceipt of data - similar software approaches 
can be applied to dLlu broa.dc3St in the ATV chanDel by those applications that require if. 

D. Non-Square Pixels 

Apple ', araumeDlS for square pixel formatS center aD applications that require overlay 
uf gc:uwetcically ac.CUrAte circles. Althou&h this is ccrUlinly a virtue of the Grand Alliance 
HDTV and 640 x 480 SDTV formau, it must be recognized that not every application bas 
such a requirement.' Apple 's position on this issue is philosophically stmllar 10 their poSition 
on interl..,.,. Oc.<pi'" tho inclusion of the 640 x 480 (compatible with VGA computer displays) 
square pixel fOrmal in ATV, Apple wlsbes 10 deny other users of ATV the flexibility to choose 
formalS wtth rectll11tuW. (OOIl-~) pixels. The non-square pixel standard definition formats 
(704 X 480 in both 4:3 and 16:9 aspect ratios) are included in ATV to provide interoperability 
with the large archive of coateD! and the installed base of production filcilities of broadcaster>. 
The 704 x 480 fonmt corre"",nd. to an international <1JIndard , m r-R BT.601. that bas been 
the basis for most digital ",Ievision equipment purchases over the last 10 years, resultin& in a 
substantlal archive of prograrmn1n& CUIlu:nl in Ililii CUlWllt Apple's IDOVe to deny the existence 
of the 704 X 480 non-square pixel fomrau is odd, partialhrly because video caprurc boards 
that uti1izt this format in iu interlaced form aro available for virrually every brand of 
computer. 

C. Lack of Overlay Planes 

Apple 's perspective assumes that all applications are computer-based and require such 
capabilities . Ovcrlny pboes simply are DOt ~uired for simple television viewina. TM 
definition of such extensions 10 basic television service need not be (and should not be) defUled 
as pan of an t"\..'I.: transmission Standanl. If necessary, they COUlO be subsequently deflnoU 

AppJc; '~ viewgnLp~ iJ};(xrectly stare that a 640;( 480, 16:9 upcct ratio format 
is included in the Grand Alliance ,ysl<m. It is not. 

P. 0 5 / 1S 
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without delaying the introduction of service. Note that there is no unified compurer industry 
stllIldArd for eursor control, text and pphica definirion<:, IIfandardiud color lookup tables. 3-
D iraphics or window controls, &tc. Microsoft and Apple products are completely diffe~nl 
on these issues. They even differ on window cornrub, anu L1J~ mou$C. Until a :single computer 
industry standard emerges for overlay, any voluntary or FCC-based standards are premature. 

F. Requirement to Decode All Formats 

Apple's poSition on this issuc is irresponsible - 11 would let the public buy receiver:. 
,hat will unexpeeredly and IIDCXIllainably (to them) nOl filrI:tion when certain formats are 
transmitted. The advoc.tted solution of layered compression is impractical. Extensive work in 
layel¢d coding has ,hown that it is not as efficient:lS single l:l)'cr comprtssion. While luch 
approaches are inIellectually appealing and suitable for applications where limited bit rare is 
DOl a coostrainI, this is oot • practical approach to providing high quality HDTV plcwres In a 
6 MHZ channel. A~~le" awroach is ' viewiCaph eo&ineerini" - it remain.< totally 
uDSubstandated. Apple has not demonstrated for the Advisory Conunlaee so much as a sinile 
video simulation uf lhc: approacbe5 they advocate. 

G. Lack of Digital Interface Specification 

Apple's auegations on his issue are unwarranted and incorrect. Digital inrerfaces for 
consumer tclevision equtpmcm have 110 plalX iu. the discu.ssion of t::ranmlission standard.... Thcy 
are totally outside the scope and purview of the FCC and its Advisory Committee process. Of 
course, the consumer electronics industry ru:ognizes the need to develop such standards. The 
EIA is the appropriate litaooanh; body. and work on developina ~rrl'f{)riAte interface $Wldards 
is in progress. 

H. Poorly CODC<ived Aspect Ratios 

There are lll3ny different film formats - if there were one flhn standard, HDTV would 
have used it. The 16:9 aspect ratio is a compromise - developed by the Hollywood conununity 
- r.hat minimizes the croppmg required for pan and scan in the most commonly used rum 
formats; it likewise minimizes the loss of resolution when the original aspect ['2.tio is 
maintained. Broad national and !nrernational consensus on 16:9 ices back to the mid 1980s, 
when the i,sue w.u actively discussed. particul::uly in a SMYrE naooards comminee ~ 
by Universal Sllldios. It has been used In an HDTV production staodard since the SMPTE 
240M standard ood the ITU-R (formerly <':l:lj() 3U Hz and 60 Hz prodoctlon stallllards were 
established in the lare 198Os . 

The "any aspect ratio" approach advocated by Apple is unnecessarily complex. The 
CODC<m voiced by Apple over interpolation required to traosform non-square pixel formats to 

P .0 6 / 15 
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square pixel ODCS is simple by comparison to the ink:rpolation needed to bandle the variety of 
aspc:a ratios that they adVOCAte . The simple solution th3.t Apple totally Dli!ses is that by ,imply 
performing the letterboting at the broadcast source, aoy aspect ratio picrure can be transmitted 
within the 16:9 transmission format. With !Ius approach, A TV does not need any rules aod the 
pw;c:ntatinn of picrure content in different film formalS can be decided on a case by case basis 
by the program provider, using good anisticjudgmem. 

1. Overscan Not Defined 

The discussion of nver.~n i~ a receiver issue that has no place in a transmission 
standard. Although overscan i.! commonly used in computer monitors, it is not defined or 
requlred by any staodard. Why Would TV be different'? Apple" idea of a rigidly defined menu 
bar is ,",tdated. It', own Macintosh software established the precedent of ' tear-<lff' menus that 
can be separated from the main menu bar. Software should define 'menu items' aod leave the 
prc&entation detail, (where the meml is placed mel how it looks) to the receiver. 

1. Limited TV COlors 

Film, printers and TV have different color because they are different physical 
processes. Nothing about the ATV definition can change that. 

Apple's assertions about computer color are misleading - mOSt computers have a very 
limited color &amut (8-bit color is still quite common). There Is 00 standard for color 
reproduction in computer monitors , and extremely inconsistent color marchioa among the 
many moniton that can be used with G given computer. A probl.m that Apple fails to 
acknowledge Is that computer ilaphics are usually n:ocIered in linear space rather than gamma 
corrected space, resulting iD color errors on computer IDOmtors. 

The cODSlanI llIminance principle suaaested by Apple was well-understood aod rejected 
by the propoDeots of all four digital unTV systcnu and apin sub~uently dismissed by the 
Grand Alliance. Constant luminance has never been used in iIll imaging system (television or 
computer). The theoretical advantage of this approach is that transmission errors resull in 
sliahrly less perceptihle vi,.ual errnr~ . Even in error·prone analoi transmission systems. 
however, this approaoh lw never had enoogh practical value to be used in a deployed sysl<m. 
In tligiUll )y~LI:J.JJs tlwL eAhibit perfect trammi..saioo. over a wide range of impairmenu and then 
sudden catastrophic failure, constant hlmjna'l'ACe is of no practical value. It would be interesting 
to know wbctbcr Apple plans to suppon constant luminance representations in its Quicktime 
softwAre. 

P.B7/ 1S 
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Apple's criticism of the Advisory Committee testing methodology is totally 
unwamwtW aud irrclcyant to the ATV :standard. Apple cillUns that software testing was; never 
done. To the contrary, extensive softwau testing was done by the Grand Alliance and 
reviewed by the Advisory Committee during system development. As every video engineer 
knows, iUch simlilarioM lire a valuable step in developinf a viable system design. But every 
experienced video engineer also has experienced tc:ch.niques that appear to work weU in 
simulation and exhibit IlD1U.:u:plablc pcrfOI1IWlCC whcn implemented in rcol hardware. 
Accordingly, aod by early aareemeDl of the Advisory Committee, sinruiations are not 
sufficiently rigorous for eslllblishina a national transmission s1llndard. 

Advisory Comminee testina is far more riaorous and spans more malerial than software 
simulations. For example, software simulaliuus uu uU!. usually Ildcquatc:ly tClt rate control 
dynamics that involve performance over periods of pieron: material that fiU the buffer aod 
require rate CQntrol intervention. This was DO[ of particular concern in developing the gcneric 
MPEG-2 sto.nd:lrd, which left such 4etails to ,ub~ueot competition. Jt wnukt have heen 
irresponsible for the FCC Advisory Committee to accept that adequate picDlre quality could be 
produced at a particular bit rate wllhout hardware vcrtncadOD. It ~huu1u [urlJtc;C 1Je llOted that 
in addition to hardware testioj{, software verification of certain system aspects HAS been done 
in Advisory Committee laboratory testing (e.e., MPEG syntax compliance and bit stream 
splicing). It also should be nolOd tbnt, in its years of partiCipation in the Advisory Committee, 
Apple has not presented simulation results for the ideas that it advocates. 

I .. Miaration Stratei)' 

Applc's allegations about mi~tiOD StrltelY nrc way off base. The whole multi-format 
approach of A TV provides dilferent formats so that each applicalion can use the fonnat most 
suitablc for iu particular characteristics. Forcing computer values onto entcttallllDent television 
m~lcf!-q no more U:n!;e than anemptina to force every computer display to be 60 Hz and usc 
HDTV colorimetry in order to be TV-<:ompatible. Apple just doesn't accept the fact that other 
I,;umpanic.s PREFER to we formau that Apple doesn't like. (Maybe thc FCC should outlaw 
Microsoft DOS me format, too!) 

The approach of ellsurin& thAt A TV receiveNi can decode all formats is a responsible 
approach that protects the public and COD1em trUoou from obsolescence. Contrary to Apple', 
assertion. 00 om: ~u.lyucaU;::~ Lail lllle,Jaced c;onteDl should suddenly become unwatchablc on 
ATV. On the contrary, responsible partiO$ involved in ATV standardization observe that if 
progressive formats Indeed demonstrate their claimed advantages to the public, interlaced 
formaLS will gractua11y fade in popularity; the incllJIOinn of multiple formalS allows the 
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marketplace to determine which fannats an: most widely used and accepted. Apple's approach 
is both restrictive and presumpwous. 

N . Coocluding Remarl<.s 

Apple's coDlinuini confusion between transmission standards and roceiver related 
lS5ues is doing a disservice to the broadcast, consumer electronics, and computer industries . 
Attempts to regulate A TV receiver performance can only be rationalized if the same rules an: 
applied to computers. The =u1t would be a barmfuJ restriction of diversity and a distortion of 
marketplace preferences. 

The Advisory Committee has sou&ht to develop an inc/us lve standard which addres ... 
the needs of terrestrial broadcasting - for which this A TV transmission standard is primarily 
intended - and all other affected industries. Apple, a company not known for its open systems 
standards, takes the opposite approach. Havina failed (0 achieve consensus standards in its 
own industry, it seeks to exclud, the needs of ather industries in the standardization of ATV. 
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OverVI(~W 

M 
Advanced Television (ATV) 

Position Paper 

Novnnb ... 15, 1995 

The compuwr industry.as a whole halO not und th.. national television 
standard' for computer displays (or IIWlY Ylars now, finding it inadequat9 for 
dur, crisp presentation of moclom compucor IpplicatiON. n.. blIurcation of 
1M display technology busirlwJ into cllijointed computer and te.\evilion 
branch .. ",.ul •• ""'. so long as ttln-ision broidastW05 analog and'cOlnputer 
dbplay, wife, of cour.;:~, driven digitally. It cUd not IX\iltRr whut the mun'ov of 
personal (omputm was small relative the number of homl ttl.vislons. 

The m ... ively influential digital revolution, now in 1uIl1lower, hu d1anged 
the lope. Telovioion broad"".t i> to J.. completely dipbll, and hcJne ccnnputu 
sales approach or oxued ihosa o( home tellvision Mb. Digital technology is 
now sutficimtly developed to actually implement the "digital convergence" 
botw .... video and computars. 

w. bditot thIIl tilt CIIrmrt ACATS rn-oposll1 10 tht FCC for a .tID digital t<lnrisio. 
br""""'-'t st .. dJud rIoa not ad"1uat.,y support tht digitol <on-8=' now possibl. 
l>e-.. fdctriliml ..". ''''''1'''ti"8' 

Th. ACATS proposal' does include some accommodation for computer 
indwtty concerns. We believe. how.ver. that the appro.c:h advocated will <ouse 
compliant di>play. to be.o e.cpensivt that IIlACkct preuur .. will for.,. vende" 
to subvnt the proposed standard. honoriJl, only convenient subsets of the 
proposaL This would llae! d1recay to a tontinuation o( today's bUurcation into 
two unoonvotgtd markets. Tho •• parts of .hp proposal that the broadcut 
industry found useful would be honored by One subset of vondo",. tho •• parts 
compatlbl. with compull!r Intlustry n •• di by .""tIwt. N.iU""lIr .. ".h would 
fully honor the .tandard as proposed - the ·standard" would fail to standar~ •. 

, N'lSC in tJw u.s. A sImllu ... _t hoklllor PAL Ul4 Sl!CAM in _-.0. 
f Ea5entWly till' cI tho Grand AIJi&na!. 

,.'" 
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MICROSOFT 

To. Paul Misener 

COMPANY: Wiley, Rlin & Faldng 

F1Ix: 2021429·7207 

From: JacII Krumhollz (202) 105-2161 

Fax; 20213_3 

- N",,_1S. 11195 

au,..... 0'., .... C ....... c. ...... Dra-~ c "-_qui. 

".... C lUtwt R'r., _ Z1Zr11121to. ' ......... " 6'" "" II 5 he, 

.c..I .. _. 

Paul - Plr ay voiea..11 ... sas" Pll,5R call to di1CU85. 

Jaek 

~ STAT'F.MR.VT' ne ~ Ul 'Ihir. far ...... maIIIII is l.e&tQr pawq.:t ." 
oacdidt.ctial __ ...0- io-cIIcW 0AIy f:Ir tDc: UK or tb. lei ..... "-t CID dIis COftt Wu Ie .. -.,. of .. --..IICIt" KitQded ~t.}Va -laIbJDtIdId dar _y dis .. • ....... "b"brricG or ~aftbil 
-*"PJ;' """'r ~ rr,.. ..... .-lIiI!oai=1am ...... pac ;_ .... ...,..,.". w br ........ 
Ie die 'DIIImbcr listed. OQ mil ~ ..t nIWD .. oOfaIl mtS,. G \II • _ ~ add:at .... ~ tlt:ftcl 
s..- Ptao.! Su.u. WawillliEDlNat: .'C01t1J"Ol.l~ic ~QJ me! ~twPia&'1bc ~ "\11. 1lYak ,..,. 

.-
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Thp Is'>ut''.;) 
The following sptcific issues ore addressed subnquently in scm, eI,tail: 

• No data CApability (I c\igital data channel without specificationl 

• !nltrl.ceel scannini (as 0pposod to progressiv,) 

• R.quiremmt of multipla UlU'elatld display fonnats ( .. opposed to I single 
base level plus opdcnaillyued !mpro .... "",!S) 

• 60 Hz Lransml .. ion nit. (os opposed to, say 72 Hz) 

• Non-squ&N pixtl.padnp; for lowor resolution formlts 

• Awkword lISpeet ratios (mOit popular film aspte! nlio not honortd) 

• Ovanocan not dofmeel 

• Limited eolorin'letry 

• Must deploy now 

A general way to look at a dlptal broadcast channi!lis lIS a strum of bits, 
not necessarily c:uryin!l vieleo inlonnalLOn" to tach consuxne,. TIl. Ml'l!G-2 
digihll compression standard, upon which the ACATIi proposal is built, permits 
transmission of orbitrary c\ata. The ACATS propo$&l, however, dOH not provide 
for .tandllldialion of this genora! and powerful data tapability which could bt 
of imm"""e!mportance in the transalission of, for example, text, grapllits, 
a1ttmativo audio, computu progr&mi, and overllY planes. 

We bei!I!Ve that the FCC should .tandOldiu tI ...... of ito channels for 
pneral data traIWnission IS well as vidao -lor applications other than jwit 
brOleiCAst television Particularly !mportant would be error rorrreUon 
mechaNsln$ and trlND\looion protoco4. 

InINI~c~ v Progrl'SSlve 

We bellev. that inte,laeel1 seanNng shoUlc1 no long" b. supported. U video 
wore beiJI& anted for the llrat time today, interl.« would not be suggnttd by 
anyone in our illdustry as • new standard. 

Almost no modern eomputu elisplays un interladns because of thl 
difficulty relding teJrt .nd lin. graphia on inttrlaetd displays. Horizontal lines, 
in both text and snpllia, rucker in • most Wlpltasant mannu. 

lntegraHan of digital video with text and line graphia is hlppening now in 
thlll\u1timodia componmt 01 the cmnputu indu"try, a very@XpUlliveconsumer 
IIWket. 

... 
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MIcrpIR!t'. ATY Petition PIp' 3 

Although it is po$Sible w up-convert interlaced to non-interlaced 
(progressive) &CAn by circuitry in a display or receiver, we beli"". the C05t per 
unit to do a conversion of adequate high quality to be prohibitivt for the 
consumer 1na1ket. Quality should II\lttcll or exc:etd today's common 5tandard in 
the computer industry. 

We believe that it 15 possible to compress high resolution fOrmAta with 
progressive scan inw the allowed channols. 

Multiple Formal'; 
The ACATS proposal offers 14 different clispliY lannalS, 11 if interlaced 

one. are disallowed.' A television ~ver, to be compliant, would have to 
honor all of them. W. bcliev. the co.t of this, per •• t, would b. so high u to 
mah the proposal unnaUstic. 

Although the collection of 14 formAts is described as a "layered'" system, it is 
not a layered syst.m os that term i5 used in the computer industry. A layend 
system would have a base layer that all clisplays honor. Then each higher 
resolution or wid .. format layer, from _logical fgmily of fonnats, would be 
combined in or over the b_ layer if the r.wver honored it. Ther. i5 no 
required, or baoe, format in the current proposal (since pr8W21&bly all fOrmAls 
are honored). Tho 14 fannalS do not form alogia!, interrelated lamily; they art 
simply listed. 

Refresh Ril l' 

A 60 Hz refresh rat. (or lliOW<!l") is insullldent for the c:omputer difplay 
market, in particular for tel<t display of the quality currently oxpected by users 01 
computer applications. EVI!rt with progtl!58ive scan, • 60 Hz progressive display 
01 black tOlXt on , whit. page background- quite common in word protessing 
- vary noticeably flashes, an unpiluant and tiring phenomenon. Th. oomputtr 
industry baa 'eltltd on displays with nfrHh ntea of 70 Hz or higher. 

It is possiblt to up-convert from 60 Hz to 70 or mon!, but as with interla,e
to-progressive scan conversion, tht drcultry to do 80 por unit ot. 51tiafoctory 
quality level (at or exceeding current computer industry stanclucla) WI believe 
to be unreoliatiCAily eopen:sive. 

A rollt of 72 Hz is compeWng, being an exact multiple of the 24 Hz rate used 
in the fihn Industry. SincI fihn is used to prodUCI' high pet<entage of 
television contmt wI btlltvt a rate eully converted from the standifd filin rallt 
and sUahtly ",eam than tho 70 Hz requlncI by the computer Industry i5 
attractive . 

• ActuolIy 11 _ 16. ",""""tively, if dIIforont upoct ruios .... <O\U\lOd .. dilfutnt_1S -

P,13 / 15 
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Mierptptt'. It TV Po!itfon PIper 

Square P,xel Sp~clnq 
The ACATS p:0l'0 .. lsul'i"""ls .quan pixel spoanr for "mos!" 01 the 14 

fe>nnats. However, three of the lower ruolutionlarm&!s hAv. I\on-sq~ pixtl 
spac:illi= 704x480 on I 4:3 oaten, 704><480 on a 16:9 sa..,. uu164Ox480 Dna 16:9 
OCl'ren. 

Although it is pcosible to compensata (or non-square pixel spicing with 
special circuitry, this again adell expense to the dispay. Furthermore, the Vllt 

majority nf mmpulm' optratlnc systtlnS and applic.otions prc/:flllJ\s .,sUllle 
square pixel spacing. !mage file formats would hAv. to be dwlged to includ. 
fieldl Indicolinl: the pixel spacins ratio (the ratio betwnn horizont:ll 11'0=$ 
and vertical spacing). 

w. believe it uWtes more _ to simply cIlsalIow lormats with non .. quare 
pixelspadllg. A IOglcallayerlng .ci"" ..... would honor this rull. 

Asr>C'c t RatIOS 

4 

The ACATS p:opcsal supports two aspoet ratio: 16:9 and 4:3. Tho lower 
ratio 4:3 !About 1.333:1) ;. that of the cur,ent nationaltelovislon standard. W. do 
not oppose this standMd being continued for low resolution formats. 

W. believe, how .... er, that the hip., ratio 16:9 (about 1.777:1) is a <W'ioua 
on. that may .atlofy viowuslookmg for a broader fonnot. but do .. SO In 
i5clation /rom the test of the CCtnmunlcatiODS world. In particulllr, the lilIn 
industry -again. the source of much tellV1!lon content uu1soon multimedia 
contel\t for the computer irlduslry - us .. two aspect rail,," =nly. On. 
very common format u 1.85:1. The other, wlcllHCI"'1I (Cinemu<ope, or 
rln.-.iaionl format 10 2.·U 

W. boll."" that .ft .spoet r.tio o( 1.85:1 makes mor •• mse than 1.777:1. The 
2.4:1 (onnat is probably too expelUiive to realiu in cathode-ray tvclmology to b. 
feasible. A truly layer.d syst.", of inh<'nlatell lormats could provide. 4:3 b ... 
llyer with hlihor layers at 1.8.5:1 (or larger) aspectralio. 

W. also bill ..... that the television and lilIn irldll5tries should praerve film 
p:operti .. dwilL3 the lliSit1zaUon proas. appUed to film and only ",nvert them 
10 Aome other iOmult at • last step, II neces.ary, in a reclivor or display. Thus 
aopping and ietttrboxlllg standards (or dlptiud film displlytd On FCC 
furmall ahouJd II!>o be e.tabliohed. Th. MP1OG-2 colnp:"slon.taruIard could b. 
und in this regard, using its "pan-and-sanN capability. 
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Mlqawft" & 1V Position PWf 5 

OV('T ',Can 

Computlr appllatiuno """",,only we tho edrs of tho diJplayod imap far 
user inmflce centrals, suc:h IS IIImus, buttons, and JJiders. Thwore overscan 
is nat used in Ihe colllputer iJldustry. We belIev. ~t the n .. c1 for overscan is 
:uguabl. in tho digilal world ."d that it COIIIprolllis .. the Uliitic intent of frames 
CHat.<! lull !ram • • 

If overscan is allowed then it .hould be p,.cisely dltinad, nth .. than 
unddintd .. in the ACATS I'ropooal. A prods. definition would splCify exactly 
the area of I froIIIe visibl. on all dlsploys. 

Colollmetry 

An ina.asin&!y mlous problem with =puttr disploys Is ooler oonstoncy. 
An irnop on on' display often looks "try dlffermt when •• en on a c1lifennt 
eIi'pay, even frODl th ............. uf.etu!'t'J'. Tha proDl_ is btOODlinJ more and 
more important as color applications, suc:h IS multimedia and graphie arts, 
become prevalent. 

w, bdi .... lhal the ACATS proposal d ... nol Iclaquat..ly address this 
oomplex I .. u • . 

Mu·.! O" p!oy Nuw 

Th. ACATS has u:pd the I'CC to oct prolllpUy on daployment of I new 
digital tdevioion standard. W. believe that the npid c1nel0plllent of digital 
computor lachnoloST hAl dlonSed tho ""lion'. """ durin, the oishi y .. ~ lhat 
the advanotd relevision issues hive been studied (not OOWltin, the even long<!!' 
periods III other COWItries). SOIIU! of til .. , nHds are sketchtd above. 

w. bell"". these issues Ire too important to be ov ... loo~ in ~ IWh to 
deploytntn~ The eurrent standard has been with us for lIIany decadts. W, can 
assume thlt any new ltandard will ,enerate an equally inertial UUIllStructur • . 
W. "'55"1 tNt th.1uues .bovo an ..mOllS ."d roquin! reUOlled deliboratlon. 

Cuncluslon 
We btlltw, tor thl reasons outlJned lbo .. , tlwt tho ACA n proposal 

C\UT1!l\tJy before the FCC is inadequate and will not be honored. W. boliev. ~t 
this is a one~in .. ·1i!et!me opportunity for Inbutruetur. redtsign and that, 
thutIore, revisiON UI nquirecl. 

.-
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I Digital Equipment Corporation 

82262302 
CC'.~ 

Government Relations and Imernational Trade L3.w 
1401 H Sneer. N.W. 
Washington, D.C. 20005 

$r--

6rl #f7f!J ? \ ~ 
To SAM FULLER & TOM GA.~NO~ 

Fax Phone 

Total p.ges ineludlng cover Olte 11/16/95 

From Grace L Hlrchman 

Manager, Public Affairs 

Fax (202) 383-5030 OTN fIX 427-5030 

Phone (202) 383-5003 OTN 427-5003 

Internet .ddr.... grace,hlrchman@dcc.mts.dec.com 

Subject S~m & Tom: Attached is a copy of the Hicrosoft 

submission to Dick Wiley which a~tually rQfl~cts Apple's 

position. Also .ttached i. a ~emo Paul Misner (A partner o~ Dick 

Wiley',) sent to Hicro5oft to try and explain the issues outlined 

in the Microsoft memo . Apparently, Cratg Honday of Hicrosoft is 

going to try and call Sam to try and discuSS these issues pr ior to 

the November 28th ~eetlng. Please give a call if yOu have any 

any questions. Grace . 

If you have any problems receiving this fax, please cali 

Phone Shern Thomas Phone (202) 383-5631 (DTN 427) 

'This document is intended solely for the use of the person to whom it IS addressed. it may 
oontllio maIcrinl which is propnetary. privileged. confidcnlial and exempt from disclosure 
under applicable law. If you received: this tr.a.nsmission in error, please notify the sender and 
rerum it. either by FAX or mail it [Q the address above. Thank you for your cooperadon. 



r edJ11I1 Communications Commission 

I M3~$ Media Bureau 
1Q1Q M Stre.~ NW 

washington DC. 20554 
T.t: 202-41D-ZGOO 
I"U: 202-41&-.282 • .... --

Oat.: Octo~ 
To: nr ~~~ 508-4&6-1951 

From: saUl T. Shapiro 
Subjoct; ACATS Mew\Jcn.hip 

P .... : 20 inc:ludiDg this am: 

cc: R. Hundt 
R. o.ncey 

J. '''''''''.bowski 
a_aer ollly) 

On behalf of Chairman Rttd HUDdt... J would lib to !:ae~ an iDvitation to you to join the 
FCC's Advisory Camm"", on AdvaJlCfd Televi<1on ser.-!oe. (~r:A 1'$) This Committee 
w .. uriKinally cl!aru:m! In September. 1987 (0 advise !Ile Commission on =lIn: a stan<lar!l 
for High Ddinition Tolcywon (HDTV). Tbc jllOC<SS !Jas l.iu:<: e,ulYCl! CUD>iW:r.t>ly. ~ 
OIl the fotm suggested by !he IOCOIIIpOD)'iDg mau:riaIs. 

FolloWing you will ftnd a letter from the r.ronmiTr~'1IIi r.hJlinoJln, former FCC Chairman 
RIchard Wlley. announclni the oext (and very Ill<tIy tlnaT.I ACATS meetlna . .. c well .. c a 
complete listiog of cwceo,t me.lJlbe(,s. Xu awJiLiuu. I iIlW "Ci IJjng ill V;uld)' of rccem an1c1cs 
describing 30me of !he key issues bcfurc the Committee . .. well as the very COntt:nbOllS issue 
currently being debalCd on Capirol Hill regardini anctiollil1g of spocttum the FCC earlier set 
Jlsjd~ for (hi! rn.nsmon to digital television. I 

There "'" .:wn:lIlly two ~ un the Comm!tt=. ThO ClIaIrm2n Is very ~ In 
invitiq: your participation in the bopes of i.tmoducing a DC:iW voice am. vcnp:cLivc Lu .II. 

p= wbich &tallds 10 !><hape the broadcast ODd communicobons indnmy for !he ccming 
~;g;tal era Far more !han just 'pretty pictures,' the standaro adopted for cIigitoJ broodcast 
'OfUl create new disDibutlon ctwmel~ fnT y)ftvnll"'e, f'II':WSPaper$ and music in addition to 
vil.lcu. New sr;rvicc:s and appUccaicms wtll emerge or Wbii today we can only dream. 

While: me current membcr&hip is heavily tilted in favO!' of broadcast television e.Dd movie 
produC'tion. with these two ~ positions the Cbainnan is \hoping to lend some bola.nu to 
the d.eliberadons over tbe next f9,'n mnntt-~ A..s an actrlt. mmiber. you will be apc:cted to 
review and CO!lIIIltIll upon tInaI fepom dra!t<d by Mr. W~ey . as well as an.IX1 thell",,1 
meeting here in Washillgtoll uu Nuvc:wbc:r 28, I 

TbalIk you 10 much for your oerious consid ... tion of the Cbnllman' . invitation. Should)'W 
nave any qut'ftioos, please feel free to c:aJ1 me at the num~r 500"''11 above, 

I 

0;0 tOOll 

) 

= 
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The pu.~O ••. of c~.:.s letter is to Aclvise YO'"l tha':. Ol.i.r ':'lex,:, a;;.-;1 
~opc=ully ~ina1. ~Q.tir.g wi.: ~. h.ld QU Tu";'v , NQv'nb.r ,; ~~ 
2: 00 p.m .. :n the :e~erAl CO~~u.~!C&~~o~. CO~alion Con~.r.nce rcom 
eath Fleor, !919 M strllet , Washir.;eon. C C.). A: :hat. ::'m., yo u 
· .... ill be asked to raccmmex:.d to the ?CC • new broad.cast transrn!.ss1o:: 
~_&ndard :0= g~r co~~t=y. The .xi.:i~g 'I ~C~ .~.r.dard w.~ Q~op:ed 
h ack i n 1941 . 

AS! yO".l know, for e ight year • • oc r a l::" -:.n:!.UI,!ry Co:rrnitt.ee has 
'",cri<ed d11!.genc 2y t o di5cr..a=gc t.he ,u!d.goti*Q.c sive:l. :'0 'Us ~y :.h '! 
F'CC i:'l. 19&1 . Well ov.r O!1& thousa..."\d lnd* 'try V'::)lu.!"~~e.!'a - - dra.wn 
from the btOaOca&t, c~le, telephone. ~!S . comput*r, an4 prosr&~ 
produc~ ion indu.tri •• -- have par~ieipat.d in the C~~~ite~e'J 
effort.s. A.Long the way, 0\1= work hae w1fn •••• d SOiilS U':err.Q:-abl. 
d.v.lop~enes ; ~be introduc~ ion o~ digi~al trangmi~Gion . the 
formation o! tr.e Grand Alliance an~ the ~onstruct1on or i~u worl~
le&~l~q ;.chno~ogy system, and ehe tlsting 0: that aya:em <and its 
pr.d.¢I.Jo~. ) by ~h.re. f'Jt'J ~ise::'e t .. bot'afo~il!a -- the ':-dvanced 
Televi.ion t •• t Ce~ter, t~e C«blILabs , and the AQv.n~.e Talevision 
8v.lud~ion Lsbora~ory in O:t~W. , Canada. I 

OUr rigoroue :a:ooraeory teati:tg progra-:n i~ virt·.!ally comp:.t. • . 
and we a re i n the m~dgt of a eer~e8 0: " r1.1~ · evaluations (~, 
Dct~.l over-che-air .nd ~&ble ea.es ) in Cha:lo::c, No~th Caro:ina . 
•••• d on early ~.ports from OU~ cec~~i~a i e~.rt., ! a~ con:1~e~t 
that the Gr~'"lQ All!.a.nc;. ly.;lm "'il_ ~ro\o·. :0 be worthy of -:hc 
co~ie:."1 r.ec~nda~1on to the Conmi •• 1o~. Ita ~~e~e~dou81y 
tlex1bll: &rc~it.ct.ure will p ermi t the d.i i very -- on & dy-....atr.ic 
basis -- of High Cefiniti~n TQlevi8~on (a~" ). mu:ti-~ro~a~ 
Standard Definition "l"elevisio!l. ( 'SDTV· ) l(eBseutldl:y , the d.ig-ital 
equivalent of ~;rSC ), and ~l80 QQ~Q ~ervice. relat.a or ~r.lat.c to 
the progr,J."'I\ offer in; . I 

If our Commi~-~A d.~id~g t o rec~~hd t~1 lY_tem AS t~e basiS 
of a new t:l:-oadcaa~ t=~m:::iHn.l::lt.10!l '1;4li~ ano if the =-CC ~leim,).~ c ly 
adopte the r.co~enCation, th~ Grand All~anc. Iyl~.m 8~ould y=ovlde 
a new era in v1~eo !er/ice for the ~-ni~-r State. -- an era ~hat 

I 
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w111 include la;ger and wider screens , p.o~os=aphic ~.li~y 
p!c~ur •• , and CO quali:y s~d e. what ~~ beL, called neh~ th •• =e~ 
of ~~~ home." !t will also in~roduee , fqr ~he first ti~e, a 
digital b!:scream into the A~.rica~ home t~at will enable ou: 
citizens to realize ~ew services envi5io~d by the sc-called 
Na~~onal Info~tio~ :~fra.tructure. And :ha Grand Alli~~c. 
system, ae the in.ise.nee of the Adviso~ Commit t •• , wil: b. 
co~atibl. with the .o-called MrSG-2 inte~atio~~l .~.ndards which 
shoul~ promote compatibility bat ween our _~dvaneed video stana&:c 
a~d other •• otablished throughout the wo~d. All told. it 
~epr.s.nts a very Qxeiti~g technological ~I .v.lo~ment. 

T~~ough the years, the Committee baa at~emp:.d to ~4in:ain a 
spi=i: o~ ccop.rae1o~ ~,d harmony betweed the different industrie. 
involved ~n ou: _fforts. Given thei~ di~rgene in~e=ests, ~hi6 hal 
not always be.n easy_ We have suece.ded ~y following cerea~n 
principles, open ~volvement, public me~inga, peer review 
(especially, .!fective, I found, among tep~~ical experes), 
decisions by con.eOSU9, an4 always wor~ing for the :est availabl e 
technology . I 

Roweverl it is in the n~ture of an i~dusrry advisory committee 
that no i~du.try or individual company ~~ get .v.~hing that it 
m!gh~ want. And ne~, as our f~nish line ~8 in eight, som~ 
individual efforts ar~ being made to alt~ the ex:remely broad
ba.ed cooaensus that we have ach!eved . ~or axamplet 

•. Some broadcAlters, one. the Gra6d Alliance system's 
flexibility became evident , began to fOCJS exclu.ively or. 
SDTV &nd ita multi-pro2Tam capability to the exclusion of 
the ~Jality improvements inherent i~ HDTV (when, as 
indicace4. che syscem doe. not ~.quire auch an eicher/or 

.. .. " ,. ........ 

decision) ! I 
b. Conversely. when over-the- air multi -~~.nn.l programming 

be~ame a po •• ibili~y, sOwe in :h. cable inQ~atry objected 
to the FCC'. plan to allow broa~eag:ers flexible ~,. ot 
digi tal television. I 

I 
c. Similarly, aorne in the DBS in~~try have &socrted that 

broadc.sters do not need to provide HDTV when it can b. 
offered by cable and DBS. 4,L.r 

d. Recently, some in Hollywood ~atedlY have argued that 
ehe television screen ~ime~;' contempla~ed in the 
Grand Alliance system \16 x 9, ~~ c:~red ~o ehe ~-r.nt 
4 x 3), which were long ago a~ed to by our Committee 
with ehe leaderahip o! the Hol l ywood community, i& no~ 
adequate. ' 

3 
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And .o~e in eh. co~u~er in4~t~ have objected to the 
!ac~ t~~t the Gr~~d Alliance .X.~.m encompass •• both 
proo=e5siv~ ~d ~~terlac~d sear.n~r.s fo~te &cd, :~It.ad , 
have !nQi~e.d eha~ an all-pr~ •• sive gC~~ sy.tem i_ 
tot-filferable . 1 . 

~.rhaF£ a little background ~ thi. final point m~ght be 
help!~l, The fun~~tal ~eeisto~ t o i nclude both fO~At6 (which 
we ~o~,c cculd be done at a ~inimal r.nAt l ~~alty ) was considered 
ana decid.ed gy t.~e Advi.ory Co:lmn-.ittep. , .. gain O!1 a. eonse~srus basis. 
n.arly two year. ago. Thi. da:.rminA:ioy was made i n o~e~ to 
.t~ike ~ bal&nee ~.~weQn 4ifterane indu.~ri.. . ~ i nterlaeed 
!o~&e pe~ite ove~ 1, 000 .;anni~g l i n •• t~ ~ e~=e9s.d into a 6 
Y.Hz cha.~.l and , ccu., pr~Jid •• a b.ettr c, ~~~~~ v i ceo ~!etu~e (o f 
greot !mpcrt.anee', obv~Qu.:y I to the bt'oadcast:: a."1d cable t..~."illion 
induQcries) . 0& th. other h~d, a pr~gr.8oiv. fo~t allo~s only 
about 700 sC4r~ini line. at thio ~im. but i s p=Q!erabl. for . 
1nt •• Q~~&bility ~it~ othe= i maging fo~ta , including eo~ut.rs . 
Sy ~nab11n9 it~ 1 1..1(Ll \,1a* of boeb. p:'ogre;a;:ilve ~d i!:l.ta:-lac:. 
teehniquQW, the requi:ement. of all rel. ' ent ind.~~t.rie. e~ b. ~at . 

::>esp1te tn ••• 1ad1v!duZll and f.t:Cl!:::i IUcutary oojcc:t:ion~, the 
Adv1.ory Co~itt.e hal cone1nue¢ to ftficay t~. cour~e· ~d to 
maintai n ou~ very b~o~d eon.en.us among all of che ~ffect.e~ 
indulcries . Ind •• d, to the extant eco~~c:.l1y leas~ble , wo hays 
strived eo c:reaCQ all i nc:l'iolSIlve 1:a.ndard._1 

Conli.t.ent with ~b. FCC'g de.l=« # we 1ote=d to D&ke our 
rscommendation to the Commis8ion this year. I~ 1. th1. 
~8co~"e~dation t~At you will be &'kad~Con'lo.~ on ~ovemb.r 25. 
It will include a standard with bot~ and ~TV torma~5, and 
a1 ~o a ~n!te Paper showing how the Gran Al11&~c. 'yste~ ean Ih1~~ 
dynamically. ~ differ ent day parts, be~ween the :wo. 

I hope ~nn t~le th~t all of YOU 1 make every effor: to 
&cteod thi. !i~l. and hi storic , meetin . However , if it proves 
i~oe~~bl. lor you to do .0, we will ac ept atten~~c. and 
pare.ieipc.:icri Dy your :ep!'e •• ntat,i.ves , :CC Ch.a!=man Eu..-,.dt plans t.o 
Add~ •• ~ our ae •• ior. ~ has invited ~ll COmmittee members to a~te~d 
~ i c!ormal ~.c:.peio~ i~ hie o~!1ee at ~h. conel~ioc of our 
me~t.~nq (perhaps .~ound 4130 p .m. or GO ) , 

However, ;he Grana Alliance a~.m has been ft~dorsed by 
various eOMPuter 1nt*;e.t~ wo~kin~ within Q~~ Adv!sory rn~it~.e 
.~d by the NIST/A.'PA Workshop coad~cted l by the Cline~ 
Acim1I1iBt::oaUon. 

':>80 &IX :>':>.:1 t t : 9I se l OT l OT 
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It ~on~L~ues to b. my pr1vil.ge ~c ~erve ~~ yo~ ~Ai~~. I 
want to tha~~ you for all of your luppord, parti~:~Licn ~C 
e:leou:-agement over the la5~ eight. yea=s. .l. very m'~ch leuk. !u.w&::d 
~o ••• ing you 00 November 28. 

Best ~.ga.re.8. 

= 
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The Fight for Digital TV's 
Future 

---------------....:.. -- of ,ht dtc: l in~ OI Am~rici1n t~hnoioD' and Ihe .pp.lTCnl· 
8yF.DMUNDLANDREWSandJOElBRJNKLEY Iy ~1 ... tJ"~ f"IM"r bfU'fI ~ .1~1U'I~ had 'hI't'" 

QUtetlyworkinlon HDTV - defined rou,ehly AS P1ctu~, 
lW\ct U wldt and lwiceas sharp as con",el1l~1 TV
$In¢t tt"l' I'el:rs ana~!O on UM!u" way to conarOlltn, 
lM. first oe'oIf TV U'~nsmlsstcn JUlnd.an:! in ~ yun. 

IN A!HINO'TO/'O 

r: wU biUtd u a dulOft5tl'atton of hi&h4elinition 
~ • chlnce for CicMll'1Iment otrJ(i.als to 
,lIm~ Cl noarly compktod ~ dHl;oed to 

btoatdCUl Plnol1lmlC pictures at least as crisp and 
sharp as 1fIO'fles in a thatcr. 

After et&ht years of ,l.n!gIe.' amsonlum or seven 
CQt'J)Orlle and research ~ from the' UaitJd 
SUlln and £llnIpC -~ AT.T. M.I.T. 3nd Phil 
IPS. and known as " me Craod AlliI!QCf:" - rinalty 
seetrtod cJoso 1.0 finlSh"'a sysam that would t.1Sl\u in a 
new aencradon or tdtYlsioo.. 

And so the invited pestS c:amt; last Decrmber, 
xnior ofnciab from fJoIc F'edc:nl Co=mlUlicAtiorI:J 
Comrnlssion,. Commcra Depanmenl and Concress. 
trudliftR lhrw~ !.be pre-Qristmu dlill into • pair of 
windowless rooms.t A'J1.T's WashkJ&tDn ofnces.. 

They tHd indeed see plmnin&fy reaILstic 1maaes of 
mountatn vbla.s., ~~e nowens and =m-spartcltd 
I.kes. aut the dlmonRratiotl also sbowed tha.t 1M 
ItcMoioo behlncl hl~~tioa tt1eYmon could do rar 
mort Uwl8cntt1tt state-of-tht--art picUI.re$ and.scw\d.. 

Today"s HDTV ttehnobgy eowd be tJRd to tnns
mit hu,e antOlKlLS o r data to the home - Internet 
Ct)mputer ffid, pqina mesap. eiednDk: m.a.U ana 
much mDn!: - IUl as euflv as It axaJd be used to S*Id 
"Gone with the Wind." "E.R" or "MoncSay Nisht FOOl' 
baU" to liYlnA· room t~scraDS. 

It wa.s cmuanlilla- But Ibc. YeS'1 WU&rclry Q( \be 
lCChDoIOl1 has set Orr a1laSt)'. hip.sr..akes baU.1e fn 
Wash.lnit.on. Ooe ru.scn is that the svscem beirut Def'
ftcted now is a rar cry from Mut.tanponl~ executivts. 
politktans and policy makers bad In mind baCk when 
HOTV uo..,I,,,1I\1 a .. IWidOtl'~ .n.UI-;"'u iN a ....... ,. ltao· ... 
Than. the four· lentt( aerotl)'m seemllCl another symbol 

Fear of Japan got HDTV 
going. But now, the race is 
for money and airwaves. 
The referee? The ·F.C.C. 

orOITOOil! 

"'I"~ by pTOl'pKt of loll"ll~1"I(I1ne"'. 1 I_It. 
el"Ship, and P,erhaps lhOO.s.ands 01 jobs as 'W'I!l1, Wash ... " 
londld lwotlUnat- FU'SL.IN F.C.C. ~ up. ~C!or sorts 
10 esc.blish an ttl.} !-V SlIncLlnJ lor Amena. And a few 
yral'1i \.:lttr, Lh. com:nisslOn promised 10 set aside new 
d\annel ~.~. _ mctram.ly va'uablo "nta, Mlat." m 
OM broadcast spectrum - for HDTV. 
~ 1M nlC~ belan. wuh washin8lM1 3C'1I"8 as u 

rc:(ef1!e. it Was assumec WI "D'rv wotua USA!: tne 
anaJoa t~OIY thai P'\akts possible the TV anc: nldlo 
bnJa~ in yU now. IUl tN Grand.A..nLaDc. &tvelop
rn; we ... able to make the jump 10 df&ital tt!ChnolOlY. 1 
emplOym,& !he I ', and D's IMI form lhe h!&t»Pltd 
tnstructionslwhk:h eonU"Ollhe operation 01 computers. 
CD pla)"tt'S i.nd ~e Iwltcbes. Di&tLIIl cod. IS the 
lm~ fnLnCl of lOday'l ,nlormation a •• and 1tt. much· 
disQ.wed ini'ormatlon bl&hway or lomot'f'OW_ 

By mutertnJ cbit.al HOTV. the Grand Alliance ,roup ~ ahead or the Jlpanac. But dlaJtal1.C!chnol. 
ogy has atsoldl"lStiCilly chanJtd the: a)lDm~1 opper-

• lunltl5 and the policy debate a.rrwndina HOTV In 
I .... I 

' "The tann HD'lV ..... eoi,*, 10 ct.cnN ~ poc:U
bm~ of l@ftin& pretty plctures," saki Reed E. Huodl. 
dlalm'lan o~lhe F.oeral CommlltlieltiOnS CommiSSIon. 
"Sut 'Wftl, ', C)Ur to t"\'ff)'OM now is that adVanc:ecl 
telt\o:ision is no( about pretty psaure:s anymo .... It', 
abelll lhe d.S.I.-I IOft o! lo.~isioft ~;a hue- Nan .. or 
new servic=~ - .3 t~ wal~ momttlt for the 
brmckasr. "'jorid." 

BUI IhcfVln IK'S Ih{' polillQI battle.. U1r.e any sud: 
righl, Ihls me I:J ~bout money, aDd il cuails endleu 
t'rror1. 10 m;-nlpW:.ItCl public. poHc:y lor privalCl pin. In 
1hlS C'uC:, the cnQlc IS 1.,rgeIYOYer.3 prt=d pgrce\ or 
the nalion'~ nlf"W3vel' - I~ lek'vllion licetlRS ear
mark1.'d for lHDlV. C$11JT\;lU:od 10 be worth al least $ 1 
billion It lb?' ..... c:~ aualOlX-d on the open market. 

aUI ' l :llco r.alCM polic), q~ ~ could ",Ill. 
malely afrect vinUliDy e¥ery home in America. Whal is 
"hl~-denmb01l le)cvi:uo:,- ' really supposed to be? 

'The blUest opcm quf'S11On 15 this: should lelevi510ft 
br-o.dca5te? who wcr# each promised ac=ceu ID I 
X'COf'id coonne'l I .. or<!COt ICI .n.o.ko. .. "t",n~llilK\" 10 
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IIn l \ ' ..... :1 W'l I"". "1 ..... "." C'''('II if IMy h"vl" ,><, 
Inlt'n"!'l In I r .:uUlmlU1I\j.C hl/oiboraolUl1OII pkturC'S '~ 

And HI9S uI Ihf' Vf':II' Mr. Hu"" .md lhe' F.C.{"h tilT' 
)tC'IIC<Juk'll III tU'I...t; wrr Itw)!oW' quc~UMm5. 

In 00(" ('untt:r lit 11K' N~ulO4'\lll A.qocl'll l(ln (If BrU/,I.!· 
.-:h'.!" Ii", ,n., wodu,;,.,..-" r-c_ert"" lobbyina J(roup .... 1\1.'«' 

mcmbc'1lI tnclude llw: m;'11lI" television nelwonts :Ind 
hund~. nf ntllt'r O· .... l1("rll of Ioc'al !('leviS/on SI:tltnn. ... II 
wa. Q"IC or The aS~I .,lInll·!I: ch~f InbhYf,SlS. Jonll AIlci, 
whl! flnll l'urJ:cslcd f'lk'iulms: with feJ!U IJIIOMi ;lnd CUll
(If(tllIo1('lllhl ~I'I 111111''''-1'11 ndYllftocd TV Wi&~ e. I ... , .. I 11,1 

the ruulrt' u( his Ir.dul'olr')' 
But tgd"y. he" lind nUl!), othc.-r broadCllStt"'N- ~v 

the)' (on', WlIDt HDTV 01 all- "I leesl If it :s dermcd 
the old ""y. as better ptctunlS and 
IO\M Tbq a,.1oa:: lhal k utta"llhem 
, ..... DIolIOrtmliUa co make addJOonaJ 
money, even afttt ~ IfIUSl .t;lC'Id 
mil/Ions to install fMW tra.D$lDltttn 
and prW.JClIOQ equJpinertl Most d 
IheftI adamantly ~ any Jped11C: 
I"IQUlnment ~ carT)' If1)1'V ~ 
lrAmminL ~ just two or th~ 
MuI"5 I clay. Ald'lt same time. bow
t'Yt'I', they VffY ml:ch want ~r 
MCOnd <Jl .. u.ud imd 1fJU4: they 
shoa)d: be fl'M CD do almost IlfJ)'thins 
witb il 

"DCITAL does: not rTaD bJ&h
• 'lwalhy, - saJO Mr. Abel., 
now the Industry" most 

oul5PC*tfI aitic 01 HDTV. 'n lin In
ttfVn last 'ftdt.. "Dfsital t'At:ans 
filXitHBty I WI. you. wtw is tht 
publlc)lUllq l'1IUOn&le 01 hlYmi tM 
ami CGnlSll on C'ItO ~?" 

But su~ of HMV _ ~ by 
<lDnIpaAies kI the Crud Alliance 
wbo dtvalcped the ~ at the 
Pl:Ir.kn:I CioYenImem's W'PII-Dy 
t.be br<:II4c:aner1 would ... t &he 
Jdoptkn 01.- f":rit":ttl new ~ 
if by .. tbeir ... y. bd bkJdt the 
intl"Cldol:tion 01 • pKcntiaUy popular 
~ pnx2UC.I; 1ft.al COUlG ctUle teas or 
tJIousIlIds of jcbL ~ abo a!"JUt 
that I~ ~IU" .,. malmlv c 
~Itd auempe to &l'1Ib • valuable 
chI.mk or the ait'"<to-ava; for frt.e _ 
pnctSoCJy It a U/ftC when lht Gov.rn
ment hal bea;um aualOnln. other lJ. 
etn.Ut!f; fnr billkln& of 4onan. 

1M broa6ca1'lUS art g~ 
'Glmme. &Jmrne. limine, and don't 
Itl] U t.aw {DUX It.' .. &rJII!d RoCIen 

RUt. • vice presi6tnt or the Gcntral 
. '"«rumem. Corporation. Ole eompo
D1 !hat fit"R brvmtld an eDUrely 
diCilll transmissiaa technolaC;Y fOf' 
"U I V and which Is now PI-" or tht 
Grand Alliancr.. 

DATE PAGE 

I 

F7:R monthS. thIS m .... llus been 
f~1 I:Ir,:t1y OU'I ct lhe.> pu~ 
11(':1' vtMI'. t$ul J"IOII.' IMI IIU J V 

WvcklplTl('nl ... OllnlCl:l'f C"nmpJcte. Inl' 
dll>f)ulMl .".fO n/,oIUv n .. Inr.1n thi> '1"lf1 
uI tht .11I('T.d., r(l~ the Ft'dcr3i Com· 
mIJfIIC";mon,; C",un-1"UUIOtI. A Govrm· 
IIlcm ;II:vtJOry J!,toul'l pl3tlS 10 Sla" 
Itstir., lhe new lsYStem .., March, 
and lh~ F.("_C"_ ~ I,. Mop' tho 
system IS a ~ nillOllwide stand
ard tOr te~lMn lallr thlli year. Sy 
Ullll~e. ~111'$1 HUI V-S(OUIG 
go 011 $I.I~ in ll!Uj \.han two years. 

II WIlS ~1.,.nll"el)l r'~Hy plc:.turot 
an a new Japa.rw:M 1t1..-.s1lXl thai 
Itaned the HDTt' sap clcht years 
Ira. The NallOUJ A.ssoc"wtJon or 
Broadeuttrs. IrYtna 10 .saJvaie • 
itlbhyfnt hIItd. Nt ~AId loa. 
mv,lAd HHX, J~ '1IevI-
silK! ~wort., to :e thar 
HDTV s:yst.em, MUSE. at the 
ClplO)I In JAn'-'-riY 1917. 
"'IWW~~ ,rwp-..utlying 

ta tJik.e 0Ytr some of· 1M vacant 
chanAe:1s thai wen ~ n
SIrTYeCI Jar t:OftvtnuonaJ 1V broacf. 
CUlm&- But as a ~ despeI'1Il. J~ 
~ ftnI~ t!i- brndcaafl"'D., ~t 

~~~~:-~~= 
vatUl eM:mds for HDlV. 

Even llDIP __ F.C.C. mmmi:J.. 
.o.--s ._ .. 0 .... tN ............. C'"nI. 

siKtntY. ~ )suatqy workt:d. 
M~ cl ~ wbo auClded 
lhe dem«lSU"lUaa of MUSE sa .. In
~ allDmt:l'"d.lt thn2;1 from la
p-. ......,. lbo' ~ C¥'U'. And 
that spumed -I r~ aI ofttclal 
aJCK:ItI'L £¥m M{ .. Hundt tCUJd him
tr.If cau&bt up tn fL As M helped his 

~~=rnf=~~~~ 
ed ta maU H • cunpaip) Issoe 
- Ame:kan ~ U2Ikd bthiDd 
I.he Ja;t&ftat. and tt Remed Utat it 
would bavt •• ific$nt impact on 
joI:Ic and tile f~ or lod ilk>v ... 

In I'"8SpCmC: ~ Lbae COIiC&DS" the
f .C.C. J1el lip thelAdvbory Commit
tit 011 Advuud [TeIeYmcIa ~ 
badtd by Rid\a.i'd Eo. Wiley, a for· 
mer r.Coc. mat-InN\. 1\& Uli»k.on 
WU 10 advise ~ F.c.c. OQ choosio.& 
an HDlV SWJdard for America. 

Wlth Cle f .CC:s ~ the: Ad
visory Comm.il.t..t optIMId _ mmpeU
!Jon. Arryonc: ill uIt workS coul.J _Itu, 
uG 13 KDTV pfap.aJs catnI fer
want "The beR aYswu wcukl be __ 
iec:ted u the new~ sta.adard 
for the UnJl~ Statts. rne.uUn, the 
~"CZlUId re.IIp bilIQ)Sw!,JulJ.,OIIrs. 

I 
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!'rom the beelnnlng. mldll pcopl~ 
bclievl:d lt1C Japanese would win. 
I"OlhU'lI 0"0 In the ~'Orld Wi:l~ 113 

.1dll:lr.«<I 1$ MUSE. wllith had been 
IIIWk!r d~IOI'lmenl 51~ the latc 
litO"s. Bul then in May of U91, !he 
VlIkoClpher d lvUlon of General In
.\Nmonl. Il Jiltle Icnown fCGOOln:h 
131.1 In S;!In Dlqo thlt maGe satellite 
lett'lI'1Oa ~Ipment. IL'1'Md t~ 
race I)n lIS head by oUerina I fully 
01~nal s)'Sttm - samelhinl broad· 
"It "PMt'$ Md aMI,tdc:red vinu o 

ally Imposslbl&. 
All of thtI other aIrItestanl.l. Includ

ina NHK. wert oHerin, anatol sys
tcms. But Ge:neraI tnstrumetlt's de
viQ U'oncminod the TV sienal jlU\ 
the way computers do, and thai sud
denly Sive. \lhMSlan • ~ ot 
flt.libllll)' it had never ItIId before. 

Every one of the other contest'flU 
In 1M roo::. ,.". the J.paI ...... 
quddy swtlche<110 fuUy dlgltal sys
tem$. And In IMI the F.C.c.. under 
ItS lhen ch&irmJn. Allred Siltes. 
1'\1\1<1 that f!VtrY TV au.tIon In the 
ecMl1\tty ... (Nki be loaDed • ~ 
chlnntl for the transition to HCTV. 

In 11193, the. Jaoanese dl'Ol>Ptd QUI 
or the rue. and 1ht re:nalninS COQ

!lStlnts jotfted rorces Ul form whit 
came 10 ~ knoWn U "Ihe Gnu"; 
AlII_net.. ~ lUi ntemblr'l 1Jl! ATa. T. 
~I InszNmml, the. Mas:sadN
stUS Instllute: or Tec:nnotosY. the Da
Vld Sarnort' Researdl Center, ibom
~I (lJ1l$\UtleT ~c:s. t'?Illlp:I 
Consumtr Electronics and llat Z. 
nllh Cal1\Cnlrlnn Fbt tM lUt II 
monthS \hey bave been mmbinin& 
tle:mmts of their oo,vn prototypes to 

. bUllCl tna eonsol'tan!l's syuelZL 

oto / coo 

L DATE / -1 :z. PAGE 

-
""'~)I're Inlll1\lIi::Ilm SUrveys and 
IMI projectS show that mOSt peopl~. 
more th:ln hIIlr. W:lnt 10 U$(: lhe dC!· 
VICOC In walcon TV. w:llC'II rnoVIdi. In 
simple lcornl', WC' fIlU!,,1 C-01pllJlliu' on 
I he- hllQC' ,n.rrro;\ III Tv" 

Br03de:l$\Crs. led by Mr. A~. 
don'l want to sperid MY4rai mlllkJn 
(J()lIars on new. diSital equlpmcrit 
ju~ 1(1 sene! hlgh.resolUllOft pictu~ 
But they .... _Id do.rl)' loY.to ~ the 
second channel fOT othu possibill-
114$ : t ..... o·~y pallne systans or 
n 'Ar..~ wirtless Itnks for com· 
puttrS. fo. example. Some broad
C:llt.~. paniall.a,,'y AUIM" MY-li
doc:h's Fox 8roadc&stin& COmpany, 
propos.t: U$u'1l CUallal techDOlosy on 
Uta second ClaMel to SQ1Mnt: more 
eonvenUOoaJ ttleYision Pl"OCDmI 
""LOm. rr~iectMto.nl'lCl~ 
I)' rtHrvtd lor JUJt OI)C. '" J. 

But there lies the. ptWltm. A 
&Ie 'clavlsion Ucmte can be "orth 
hundrods of miUkIns of 401~ ,~ 
C:.~ ... ;;\1011 II OOmpmt)' ~ 
rtpts to what the broadeaSUn' a:t' 
lOCUtion li1c:es 10 ('JIll "prime-beach 
froal property" on w brpadcasz 
spectrum. TV bro.dcasceF1 ~ ~ 
~cttin, .,.. licClUoeS for & ~ 
dwIM:I at predsdy the tIma ~ 
cal1Wa1' t~~ and paaIDJ ~ 
panies are beift& fOC"ClCt ,tD"bId fer 
~r own tk:eft5el; in' nNltibfllicft.. 
do\lAJ' opwi .~ , 1 

ID the interview. Mr. Hundt lUI" 
&eS1ed !.hal If ~ intm:1 , 
otfer c:ab}e-ttJcvisloo.sty1e ~~ 
UOfl services on the sec::mctoC:Nnneb. 
u.. OoYcrDfJICI\( coWd dJUK LQ ilOC> 
lion them Instead. And the In'oado 
QSlen' apponaUS caD their .~ 
lions ... Ilap-ant speal"Um .,.u." ! 
. F.C.C. offldals must reconc:Ue 
u.e competina interesu. Ind mud'l 
is It Slake. Talevbioa equipmertt 
mp,nufacwnan: ;:ul.:uwuUy want to 
build • critical IN.SI: man.et. for 

F.C.C. off1('wls howe' IhClr o .... n 
.dcaJ- M .. HuncH oftm l:'dks :.ixtUl :. 
!);l!"80l111 '" WlIIt'11 IlroaClclIS ' ('I'S 
Would 101 Ihelr second dlannel In 
.xchanlC for r'IO'W CClmmitmcnu to 
CIJT)' ed1,l(.auonal lelevislon, non
profit ttrvlCes or toIen (ree adY~ntS
Ift& lor potlutal canGldates. 
"Ma~ ~ would obli,IIC broae!· 

nst.n lO d.ckllO pan of IMlr 
Sl)e'C\n.t.m for some public purpo~. ,. 
~ said. AI Iht Amo time. Ihou&h. 
Mr. "una! aoes I'IOl seem parUQ;lllr
Iy enthused lbout bl&J'M1efL,,1t1on PIC
turIIIL And lb:at __ somo Cra:NI 

Alli&nct mtmbers to leet they have 
bHtI batraytd. They spant hundreds 
01 mlJhons or OCUlI'S ~t \he Govam· 
mem's request. they say. to erea~e 
tM molt advanced lIDTV ~.cn .., 
LIM wond, Now that they I~ nearly . 
rmishad. some in Government and 
1Ddustf')' a,.. saytn& Ihey don't want 
It - at lust for its onainal pu£l)OSC'. 

aut Mr. Hllftdt _y:; -The! 1echnol· 
ogy has ta1JMd the pottC'y to ........ -

HOTV, and the companiM bllUdil\l ! 
U'Ie Crand "Wance prototype $a~ 
they do not billleYe many people.~ I 
.lInlil to bU)' cJq)c1I.vc n~ U:lcv!- I 
Slam - the earliest modcis are ea· 
ptC1ed to seD for about SJ..500, thouI:h 
that pnee is almost certain to fall + 
juSt be(2\1.1(!' they can doub)c 3S:wo. 
way ~5ft'S or prcwkl( .ddltkJn~1 
procra~ S1mUil.r to what m051 
people already let on obk. I 

"Servica of hlah comp.mty dan';t 
appeal to IDO$l PIIOPIe.,·' said J~ 
DaMhuc:., • ~nior of"'~., wlLh 
1homson Consumer Eleoctronlcs. 

to : Qt 
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In ;I rem;"1'~bl(' 1l1Jof'!lay of )obby
In"; prowess. the bl'uadQsU::N al
most J'lCrsu:!.dCd l.W"fflilkers In Iht' 
HUUIC \and Sc1I:iI(, I;"" year to ~I ... e 
them Ihl'lr way_ The ISW( 3rusc :I~ 
COnere!li5 was Iryina: to p;lSS OJ 

s\l{~inR O\Icrt\aul of !clC'communl
C.1tions law tho" WO\I ld hf,vc ~I tele
phone ~nd c.ablc tClevlSlOn compa
nits enter tach other's marketS. 

The National MSOCl&lJon or 
BI"OIdc:ut~rs dna(led an amend
mcnl\hOlI would have allowed broo.(i.. 
CUUU'S to oUer "ancillary" data 
services over the J«Ond c:hannrl. 
SUI It would abo have pumltted 
broadcUlen 10 oUer little If any 
hlC1l-deftnIUon P1'Olr:l.mmi~ as 
lOnA as thay wort orr'linl som. son 
of ".d ... anccwS television" - .I. term 
open 10 vaf'YIl'II Itl lt'fl)f'tllllOl'\S. In 
tlCehan,e. Edward Fnua. lhe assoo
ation" pruidtflt. off.rtd u:I pay a 
n ... ~tcelt toyalty on ~\Jr"5 
from nonbrolldCUl ~ 

'The kSeI bad neverbeen ~ 
in .I. publk harina. bul Mr. Fritts 
pt:l"l'Ullded .I. friendly lawm&keT to 
propose It al 1M IUt rnrnu,e, as the 
»ouu ~ and Commt:ru ~ 
almmlltee was youn, on thI: broad· 
er bill Not ew.rybody liked iL 
" We'~ bdn& played for Uncle: Suck· 
er:' exclaimed Rqlnl6enlative Mi
chael L S)'Mr. an Oklahama Dem0-
crat on the IUbcommlttre. After a 
shan but helited cIebIIte, suppartel"$ 
of the bDl wtthdre* the, proposal 

But the broa6casters hardly aave 
up, \Vhtn \he full £nero and Com-. 
merct Commiu .. voted em the ~ 
1aUon. It slipped the pnMskJa t.c:t 
irL A slmllar pro.-isiol, made its way 
Into. bill bema drafteeS by the Sen
ate Commerce Committee. 

Mc:mbcmi of the Crand AlllatKc 
loudly PI"O'CSltd. tNf'JSYI' 1tI;1 kttc:-r 
to Senate tawm • . kel"S WI the: broad
CUler propoAIl would "thtelllC::n 10 
uncScrmane !.he Irnpk:1'nCtllallOl'l or 
HOTV in Ihc United States." 

Mr, Frm. firtcl back. " TM AU .. 
anc;"e has ~I milliDns of dollars 
6eYetopin, a ttc:hnoqy that no one 
haS any idea eoNUmer'S WID waDt to 
buy," he: W'f'CU.. "Mandatina their 
lechno&oftY woukl ultim.atdy ro~ 
c.Ol'lJUmCrs to buy thor produet, 
whether Ihey want it or not." 

DATE 

!he provls lUn r('m.lncd pa n nr 
the! bill, but the ~filalJOn~!W.s tk', 
~Ik'd by ur\rcl:rted d isput 

Tu the broadca~crs' nlOl1 
that nobody ... ~nl.' HOTV. Mr. Dono., 
hue r.pcatcdl)' polnls oUl thai 
"thc:l'1!'S never been a d~m~ for JI 

fleW product bcfont II ...,a!s 1111 ro. 
duced" The d\ldu:n..and~ \rutsm, 
hi! lIddJ, applies to most of Che com· 
mUnications and ont.minment 
SCtviCH Americans take fotjlranttd 
tOday. Thc. PUbJic was not Clllms for 
radio suvices in 181l lel~ In 
the 1.930', or cokJr TV in th8 185O·s. 

More rKenUy, they ~l out, 
there was no pubUc clamOr for a 
mum W ~~ ~o~ ~~~ 
shows bero~ ~Il' t'eCOrcI· 
en were mln)dunc11hc same was 
~ for cgm~C1 d~ks. Persona l 
computers and etl1ular phCPeS.. 

" TIIe publiC hasn't seen IHOTV," 
Mr. Wiley tOld an mdusttj canfH" 
«ne. last r.lt "My V)eW ,,! !.hIt the 
publM: has 10 ~ Itven a chana! to see 
HDTV L"td choose whfllMr thty 
want IL" • 

PAGE 
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"""---------~ ..... CW TIII WID_-;.-________ .., 
Commissioners 
diverge on digital 
A1V proposal raises ism.s of j1aibiliIy, public intensr 

By -. Mceai'" 

The .. '"\tIll decisioas may be a loog 
• .., off. but FCC ~ 
Jut ....,., voiced differing vi<w> 

on bow tbe advaDCl!ld TV ~JU!.I1ory 
pic:taR 131rjm ",,'Y wOl )oat. 

.l1sutq !be 1!rs; to • Ihruc'i*t seric:.s 
of ad'ruu:wJ TV pmc«6n.p, oomm.i:; 
tioocn of&n:d cfiverP& OQIJ1!'NIlti GO 
how dw nl!.. &boald trnl ~ iw~ nf 
public ictetest nhllprions aad spc::
f'ntm flt!ll"'biliJ;y. 

'/be JlIq>OOII issood last .... .
.-_ boOIl sobjoc> ax! ""'
cd C* .' .. , em 00 wbc%b!r tberc sboUk1 be 
... j" iI!UII' HDlv broado ISIL" ~ 
menu; how dle lnAStdon t.u Iligiw 
bf1 .. t. "WI lILuuId be dcfmcd: bcrtrf me 
...w.0l spu::mim mcald lNo ~ 
wbI:mer ~ .rwc.illt:t s:::mdm1 .. ... _ ... m.;.... of ofi..., TV co 
IiIlJPo(lIii' Jmd ccber laws. I:Od 'Wbedlt;t 

' 0 

2nd chsnnel: To free or not to free? 
AwardIOO oroadCasta!1la ~~ chan .... ' ta rnalce 
ttl. transNon 1u digltal ttlCYblon b .outr.1~. 
~ GeIer ~ h Scn3tI Commucc;e O;:w.d.i,*" 
luI_k. 

aroadcuter& "'ar. nnt Ilntitled to 12 mhz: sald 
Gen.r, fonner FCC general counse! and ~ 
T~ and lrdormation AdiliblicbidSon 
ctio!. W _ I/O """_ a socond_ 
1t shOuld be ratllrned to the gcM:!mrnent on a -oare cer
tain." 1M> soic1 

Gell6r made 1he ~ dul1ng a ~ on 
spoctrum """"" ".., oy _ CQn>.,...,. Comn<t!oe CIWnnon t..aofy 
P'rt rl,r ~.). n.. hMstiflj kk:ked off ~ OCXII'"CI'I _ WMk ~ 
$14 """" In >ipOCInm ......... oo.'Iod ""In'" _ budgo! poq:aaI. 

<SIIIIer.aso arjit .1, J th3:t 'NI gCoY\tmrnM"t oou.-. nIIU J8VI:tWe by"'" 
inIl """"' ........ ~ of'" ___ .In return._ 
CIOdIIrt ooufd be c:hatgetI ,. "3% fee- on thetr gross t'lYtnU8, with the rev
...... from .... _ used to 1Inan::o pubI'", tBIIMsicn. 
__ ~ Will be di!fiait 10 _lhe 51""'""' 01"'" ""'..-. 

::~=:~~.f~=:~=.:.= 
_ . PIIcos ..... 1IiIy WOI foil I 

PalellstS at tne I'IUJ'1ng tldw.d StanI.,- S. I-UIbord. ~ H~ 
banS ~ Wa.yne Perry, vlo. ~ McCaw C.llulAr .nd 
AT&'T W .. ~ 5er'vIo8s. and Peter Pitcch. Progrvw & FrJ.W1om lnsU:lJa. 

AJItIougt\ Prwa._ ~ not 4JingItI out lIllY parftaJiat &'lc:t Of SClfI(.'tJ"I.Im for 
:~bIodt. MasQd tf ~shocJId be chaIVIdfortnlir-r 

same meennx. alt!toup he also SUI 
commwioDm $b0UUl. keep an open 
mind mull QDlWCJlb UlWC i.o. dlb f.ilL. 
HWldt. who Mid hi: would pre!u lh= 
CcmJlws ,.m.lbanb~ 
bATV~.~laedlfwlO.llld:a%_ 
~ one chamJe] of HDTV wODld )n

clodemoltipkebanne"or_d-<ld. 
initian propmin&. "'Jt wODld be • ~ 
hibItiao "" sp=h. • be said. 

lbn4t abo Cl!ed cbtJdrt:D', odnca
dOIlIJ TV as an 1m!. wbm: ..... ¥tJlliIlC:nt 
!mcrv::uLiw. COIlJd be. warrwcd. "J{ it 
ow kids who .JtAnd to aam 1he most, 
Q:Ild to lQiUl lb. most. from otIr ,,_~_ 

sioaI: ia 1biJ ~inJ." HtmLiI; said ill 
2 mmntfIl oo1be: rul~ 
~J ...... QueIJo. _ 

eft[, voic:d eopce:m about ""!he spcaer 
or soc:iIl ~ .. m which the p 
erument would exrract procram 
tcqDfrEmenu trom bru..u..:~len 10 
e-xcb.u, c foe dlpt4l bro.dcastitaa .-. 

Imndl has SIllimed mat~
en 1I2iJht~ ef\i\drm 'sedu::moo-
1111 TV or odlcr types of projUata.iD.a: as 
"'m-kiDd. corrq:)I'TIsatjou" for flaibilily 
in the sec.cnd thmnelJ. lAst week be 
abo ~ 1IIat bn>o<bs! ... mopi<
meal C'CI]IDCtS m each maBel sapulal
mJ planS tbr __ "' .... "'""' 
(see 5Wr,) • .-at: 11). 

WhO< Qoocllo ... _ .......... 
praMrYuioc of free. gycr..:ko-ai:r TV 1'1 

UI. overrldinl I"nncem. HllDdl also 
mtlintziDed t!w the fCC previously 
has DOl ueeded TO take. lIllY ac1lap to 
.chieve stlcb • result. He asked 
wbeme; tbc:re will be m y DCICId. tc." tbe 
FCC 10 ""mcc1I1!c" in the dIgI.lallle to 
as::bkve SOCb • rauh. 

C-IP"lu;oocn .... ge mer: iD ~ 
mc::D1 till me i.$Gve of hMditlll off ~ 
b:oadc&a. .UotU to brrp bnrh chan
a. ... hi """-moo to ~ fret 1" 
II'ntt foste:riD:Z lhe tnDSition to d,iJital 
TV. tbt R:C ~ swes IS one of 
ils pb 1100 =<JV<ry or _ .... 

1 ~~ tor oew, as-yet. 

-Tbe:n: !m'l an, ye..son ~ .... bo 
bUD' , bClL.Id, ' We 'U ne"'er ,i"'. it 
l.Jack, ' .. IIwu!t u .! d.. Commj"ion~r 

JU.cbeU. Cboog ~ R:C Gea
cr2I Counsel Bill1c~ OD the likeli
hc:01 tff wiImin& i:n eocut if broadcs:sr:
en refuse to Jive the amIOJ cbuDel 
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From : MAILMN : : MA ILMN: : MRGATE : : " SOAREA: : COPSS2AI: : HI NCHMAN . GRACE " 21-NOV-1995 I 
8 , 06 , 29.33 
To: 
cc, 
Subj: 

From: 

RDVAX : : FULLER 
RDVAX :: GANNON,CSAC: : BISMUTH 
HDTV Advisory Committee meeting - 11/28/95 in D.C. 1 

NAME : Grace Hinchman .DCC 
PUNC : Government Relations 
TEL, 427-5003 (Fax 5030) <HINCHMAN.GRACEeCOPSS2AleSOAREAeAL 

F> 
To : Sam PullereLJO 
CC : Tom GannoneLJO, 

Robert BismutheLJO 

Sam , I just got off the phone with Tom Gannon and he is unsure who 
is going to be attending the Advisory Committee on Advanced Television 
Service (ACATS) meeting i n Washington D.C. The meeting is next week and I 
believe it very important that Digital be present for a couple of reasons: 

1) Since Digital has been involved in the ACATS process for several 
years and, indeed, responsible for several of the ACATS compromises, D~' . 1 
can~ register the position of the computer industry as reflected by CS 
and~ 

2) At the specific request of Chairman Reed Hundt, Microsoft was named 
as the second "computer industry" representative to the ACATS. I learned 
today that Microsoft will vote against the proposed~end~~ons of the 
Committee as outlined in the memo I faxed to you. Craig MunS~(sp.?) is 
attending the meeting for Microsoft. 

3) Our participation can only enhance our al' / ance relationship with 
Microsoft by having Microsoft observe Digital in th~; industry-leader role 
during such a high visibility meeting with PCC Chairman Reed Hundt. 

Could you please let me know if you, 
ATG will be attending on behalf of Digital 
you/him/her to the meeting . (Should be an 

Regards, Grace 

Tom Gannon or someone else from:] 
because I would like to accompany 
int~sting meeting!) 

(1 '<A>,f ~ ~ ~f.1'1VN.fVl \ p;J 
-
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FEDERAL COMMUNICATIONS COMMISSION 

WASHINGTON NOV C 1 1995 

Ol'l'lC [ 0'-

T .. 1l CH.''' ...... N 

Dr. Samuel Fuller 
Digital Equipment Corporation 
30 Porter Road 
Littleton, MA 04160 

Dear Dr. Fuller: 

s 
October 23, 1995 

FEDERAL COI.IUNlCATION8C01"BIION 
WMI"'C*. D. c. ... 
omcw._ 

PENALlYfIlRPllVATI!U8E.$3IIO 

Thank you for accepting my invitation to join the Commission' s Advisory Committee 
for Advanced Television Service. Your participation will help 10 insure that the process 
begun in 1987 will soon be brought to a successful conclusion. The introduction of digital 
broadcast promises to bring great benefits to our economy through the creation of new 
products and services for the American people. 

Enclosed you will find a letter sent today 10 all current members of Lhe Advisory 
Committee. In addition to introducing you and the other new members, I have outlined my 
hopes and expeclations for the few remaining activities of the Committee. J want to make 
clear that I am confident that there are still contributions to be made and your panicipation 
will be welcomed and valued. 

As an active member, you will be expected 10 review and comment upon final reports 
drafted by Committee Chair Richard Wiley . as well as attend the final meeting here in 
Washington on November 28. I have asked Mr. Wiley to contact you in the near future to 
outline the specific actions required. I look forward to seeing you here in Washington next 
month. 

Again, thank you for volunteering your valuable time to this very imponant endeavor. 
In years hence I am confident you will look back at this effon as richly rewarding to your 
industry. the economy at large and most importantly the American people. 

cc: R. Wiley , Chairman, ACA TS 

Very truly yours . 

Reed Hundt 
Chainnan 
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Dr. Samuel Fuller 

FEDERAL COMMUNICATIONS COMMISSION 

WASHINGTON 

October 23, 1995 

Digital Equipment Corporation 
30 Poner Road 
Lillieton, MA 04160 

Dear Dr. Fuller: 

Since the Advisory Comminee on Advanced Television Service was chartered eight 
years ago on September 30, 1987, literally thousands of hours and millions of dollars have 
been invested by industry panicipams in defining and testing what promises 10 be the leading 
digital broadcast technology in the world. At long last, the end is in sight. You have been 
asked to join me here in Washington on November 28, 1995 to cast the final vote on a 
recommendation for a digital broadcast standard for the United Stales. This will truly be an 
historic moment , marking the beginning of the end of analog broadcast and a significant 
milestone in the creation of this nation's infonnation superhighway. 

I want to thank you for the tremendous contributions each of you has made to this 
process over these many years the standard has been developed, defined, redefined and 
tested. Assuming that the Commission adopts the standard, it will very likely shape lbe 
broadcast industry for the next fifty years, just as the NTSC standard has for the past fifty . 
Given that this sUindard will have a tremendous impact on the future of not only the 
broadcast television industry but also on all emerging multimedia interests, I felt that it was 
imponant for me to take this time to impress upon you, as a member of this calber select and 
august Comminee, the importance I place on your continued, direct participation. It is, in 
my view, essential that members panicipate fully and completely in lbe culmination of lbis 
standards process. Committee members have been chosen because of lbeir personal 
experience, expenise or leadership positions in the broadcast and communications industries. 
I am asking that you make every effort to participate personally in this final review, 
recommendation and meeting, relying on your appointed represenUitive only as a last resort . 

As the Committee has been in existence for some eight years, changes have been 
made from time to time to reflect the evolution of the technology and the details of the 
process. As we enter the last phase of its activities, I thought it would be appropriate to 
update the structure and procedures of the Comminee. To that end, I would like to reaffirm 
a decision made by Chamnan Sikes in 1992 which stated that members who are or were 
associated with the development of the system refrain from voting on the recommendation to 
avoid even the appearance of a conflict of interest and to ensure a fair, balanced and 
objective report. 



• 

Dr. Samuel Fuller 
October 23, 1995 
Page 2 

I am also announcing the appointment of several new members to the Committee to 
bring it up to its full amount as permitted by Charter. I am sure you will join me in 
welcoming these new members and will help, if necessary, in bringing them up to date on 
the many difficuh issues faced by the Commitlee as it undertakes what we all hope is its final 
obligation to the Commission. 

These new members are Ervin Duggan, President and Chief Executive Officer. PBS; 
Samuel Fu ller, Vice President of Research, Digital Equipment Corporation and Craig 
Mundie, Senior Vice President, Microsoft Corporation. 

In addition to these new voting members, 1 am inviting Peler Bingham, President, 
Philips Laboratories to join in the final deliberations as an ex officio member. Ex officio 
members are entitled 10 participate in the deliberations of the Advisory Committee and may 
express their views , enter into debate on issues and offer suggestions as to any position the 
Committee should adopt. They may not , unfortunately, participate in any vote and the 
Parent Committee is not obligated to embody their views in the final report . Nevertheless, 
I feel it is essential that we welcome their expert advice and opinions to help ensure the 
standard recommended is the best possible to serve the needs of all sectors of the information 
and entenainmem economy. 

Please accept my heartfelt thanks on behalf of the American people for your 
contribution 10 this difficult task. The challenges have been formidable, but the rewards 
promise to be great. You can all be proud of this effort . I look forward to seeing you here 
in Washington on November 28, and hope that you will join me in my office for a reception 
immediately following the Advisory Committee's meeting. 

Best regards, 
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Dr. Samuel Fuller 
Digital Equipment Corporation 
30 Porter Road 
Littleton, MA 04160 

Dear Dr. Fuller: 

I 
FEDERAl COMMUNICATIONS COMMISSION 

WASH/HIlTON, D. C. 20554 

OFflCtAl.BUSINESS 
PENALlY FOR PRIVAlE use. $300 

'Thank you for accepting my invitation to join the Commission's Advisory Committee 
for Advanced Television Service. Your participation will help to insure that the process 
begun in 1987 will soon be brought to a successful conclusion. The introduction of digital 
broadcast promises to bring great benefits to our economy through the creation of new 
products and services for the American people. 

Enclosed you will fmd a Jetter sent today to all current members of the Advisory 
Committee. In addition to introducing you and the olber new members, I have outlined my 
hopes and expectations for the few remaining activities of the Comminee. I want to make 
clear that I am confident that there are still contributions to be made and your panicipation 
will be welcomed and valued. 

As an active member, you will be expected to review and comment upon final repons 
drafted by Comminee Chair Richard Wiley, as well as attend the final meeting here in 
Washington on November 28. I have asked Mr. Wiley to contact you in lhe near future to 
outline the specific actions required . I look forward to seeing you here in Washington next 
month. 

Again, thank you for volunteering your valuable time to this very imponant endeavor. 
In years hence I am confident you will look back at this effort as richly rewarding 10 your 
industry , the economy at large and most importantly the American people . 

cc: R. Wiley, Chairman, ACATS 

Very truly your.; , 

Reed Hundt 
Chainnan 
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Dr. Samuel Fuller 
Digital Equipment Corporation 
30 Poner Road 
Littleton, MA 04160 

Dear Dr. Fuller: 

October 23, 1995 

Since the Advisory Committee on Advanced Television Service was chanered eight 
years ago on September 30, 1987, literally thousands of hours and millions of dollars have 
been invested by industry participants in defining and testing what promises to be the leading 
digital broadcast technology in the world . At long last, the end is in sight. You have been 
asked to join me here in Washington on November 28, 1995 to cast the final vote on a 
recommendation for a digital broadcast standard for the United States. This will truly be an 
historic moment, marking the beginning of the end of analog broadcast and a significant 
milestone in the creation of this nation's information superhighway. 

I want to thank you for the tremendous contributions each of you has made to this 
process over these many years the standard bas been developed, defined, redefined and 
tested. Assuming that the Commission adopts the standard, it will very likely shape the 
broadcast industry for the next fifty years, just as the NTSC standard has for the past fifty . 
Given that this standard will have a tremendous impact on the future of not only the 
broadcast television industry but also on all emerging multimedia interests , I felt that it was 
imponant for me to take this time to impress upon you, as a member of this rather select and 
august Committee, the imponance I place on your continued, direct participation. It is , in 
my view, essential that members participate fully and completely in lhe culmination of this 
standards process, Comminee members have been chosen because of their personal 
experience, expertise or leadership positions in the broadcast and communications industries. 
I am asking that you make every effon to participate personally in this final review. 
recommendation and meeting, relying on your appointed representative only as a last resort . 

As the Committee bas been in existence for some eight years, changes have been 
made from time to time to reflect the evolution of the technology and the details of the 
process. As we enter the last phase of its activities, I thought it would be appropriate to 
update the structure and procedures of the Committee. To that end, I would like to reaffinn 
a decision made by Chairman Sikes in 1992 which stated that members who are or were 
associated with the development of the system refrain from voting on the recommendation to 
avoid even the appearance of a conflict of interest and to ensure a fair, balanced and 
objective repon. 
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I am also announcing the appoinuncm of several new members (0 the Committee 10 

bring it up to its futI amount as penniued by Chaner. I am sure you will join me in 
welcoming these new members and will help. if necessary. in bringing them up to date on 
the many difficult issues faced by the Committee as it undertakes what we all hope is its final 
obligation 10 the Commission. 

These new members are Ervin Duggan, President and Chief Executive Officer, PBS; 
Samuel Fuller, Vice President of Research, Digital Equipment Corporation and Craig 
Mundie, Senior Vice President , Microsoft Corporation. 

In addition to these new voting members, I am inviting Peter Bingham, President, 
Philips Laboratories to join in the fmal deliberations as an ex officio member. Ex officio 
members are entitled to panicipatc in the deliberations of the Advisory Committee and may 
express their views, enter into debate on issues and offer suggestions as to any position the 
Comminee should adopt. They may not, unfortunately. panicipate in any vote and the 
Parent Committee is not obligated to embody their views in the final repon. Nevertheless, 
I feel it is essential that we welcome their expert advice and opinions to help ensure the 
standard recommended is the best possible to serve the needs of all sectors of the information 
and entenainment economy. 

Please accept my heartfelt thanks on behalf of the Americao people for your 
contribution to this difficult task. The challenges have been formidable, but the rewards 
promise to be great. You can all be proud of this effort. I look forward to seeing you here 
in Washington on November 28, and hope that you will join me in my office for a reception 
immediately following the Advisory Comminee's meeting. 

Best regards, 

Reed E. Hundt 
Chairmao 
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WILEY, REIN & FIELDING 

1778 II. STREII!:T, N. W. 

WASHI N GTON, O. c. 20008 

(202) <4zg-7000 

November 1, 199~ 

NOV It 2 1995 
""C5IMILE 

( 202) 428·7048 

Re: FCC Advisory Committee on Advanced Television Service 

Dear Members : 

As you previously have been advised, our Committee will meet 
for the final time on Tuesday. November 28 (at 2:00 p . m. , in the 
Federal Communications Commission Conference room, 8th Floor, 1919 
M Street, Washington , D.C.). At that time, we hopefully will agree 
on a "Final Report and Recommendation" to the FCC. 

Enclosed for your review and comment is a draft of this 
document. I request that you submit any comments or suggested 
changes by November 15. Thereafter, I will prepare a revised draft 
for presentation and, hopefully , adoption at our November 28 
meeting. 

Thank you for your consideration and best regards. 

REW,lcg ~? 
Enclosure I 
cc: FCC Chairman Hundt 

Sincerely yours, 

I.)"\~ 
Richard E. Wiley 
Advisory Committee Chairman 
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1. INTRODUCTION 

This is the final report and recommendation of the FCC's Advisory Committee on 

Advanced Television Service. It was adopted by the Advisory Committee at its ninth and final 

meeting, held in Washington, DC, on November 28, 1995. 

This year is the IOOth anniversary of radio broadcasting. Television is only half as old; it 

was introduced in 1941 when the FCC adopted the current NTSC standard. ' Subsequently, TV 

was improved in 1953 when the Commission approved the NTSC color standard. Only a few 

minor improvements (most notably, the addition ofstereo audio in 1986) have been made in the 

ensuing four decades. This report heralds the greatest advance in broadcast television technology 

since its inception over fifty years ago. The possibilities for the future include dazzling pictures, 

CD-quality sound, the flexibility for multiple programs and data streams, and interoperability 

with alternative media and systems including computers. 

In 1987, the FCC and Advisory Committee began to study the potentially great technical 

improvements that rrught be possible with advanced television ("A TV"V At the time, new 

transmission systems were being developed for direct broadcasting satellite and other media. It 

was not certain, however. whether a complete A TV system could work in 6 MHz over-the-air 

The NTSC standard. which is named after the National Television Systems 
Committee which developed and modified it, is embodied in Part 73 of the Commission's Rules. 
See 47 C.F.R. § 73.682 (1994). 

2 The FCC defines A TV to "include any system that resu1ts in improved television 
audio and video quality . ..... Tentative Decision and Further Notice of Inquiry in MM Docket 
No. 87-268, 3 F.C.C. Red 6520, 6521 note I (1988). High definition television ("HDTV"), a 
subset of A TV, generally ",fers to systems that provide quality approaching that of 35 mm film. 
Id HDTV "has a resolution of approximately twice that of conventional television in both the 
horizontal (H) and vertical (V) dimensions and a picture aspect ratio (HxV) of 16:9." ATSC 

Digital Television Standard at 5. 

, 

J 
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channels. Now, eight years later, after countless public meetings involving hundreds of industry 

volunteers and a rigorous program aftesting and analysis conducted on seven prototype ATV 

systems at three futuristic laboratories, the Advisory Committee on Advanced Television Service 

herein recommends that the Federal Communications Commission adopt the "ATSC Digital 

Television Standard" as the U.S. standard for A TV broadcasting. 

This standard represents truly world-leading technology. It will allow American 

television broadcasters and viewers to participate in the digital age and is equa1Jy available for 

cable TV providers and subscribers. In addition, more than any other A TV system in the world, 

the technology is interoperable with other imaging media and systems. 

The present docwnent has two principal sections. First, the Advisory Committee reports 

on its history, progress and results, including the final tests on a prototype advanced television 

system from a consortium of companies known as the Digital HDTV Grand Alliance. Second, 

the Committee sets forth the details of its reconunendation. 

ll. REPORT OF THE ADVISORY COMMITTEE 

A. Purpose of the Committee 

In early 1987, the Federal Communications Commission ("FCC" or "Commission") 

initiated a rule making proceeding on advanced television ("ATV'') service "to consider the 

technical and public policy issues surrounding the use of advanced television technologies by 

television broadcast licensees."} Later that year, and in order to assist the FCC "in gathering and 

, Notice o[Inquiry in MM Docket No. 87-268, 2 F.C.C. Red 5125, 5126 (1987). 

J 
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processing much of the necessary information" on ATV,4 the Commission established the 

Advisory Committee on Advanced Television Service ("Advisory Committee" or "ACATS',).' 

In its Chaner, the Advisory Committee was given the broad mandate to "advise the 

Federal Communications Commission on the facts and circumstances regarding advanced 

television systems for Commission consideration of the technical and public policy issue[s].'>6 

The Comminee's Charter also directed that 

In the event that the Commission decides that adoption of some 
form of advanced broadcast television is in the public interest the 
Committee would also recommend policies, standards and 
regulations that would facilitate the orderly and timely introduction 
of advanced television services in the United States.7 

The Advisory Committee's work became more specifically directed on advising the FCC on a 

technical standard for A TV broadcasting when, in late 1990, it entered a Memorandum of 

Understanding ("MOU") with the Commission and two ATV test laboratories.' This narrowed 

focus was articulated by the Committee a few months later: "Ultimately, it is the Advisory 

4 Id. 

, Forma/ion of Advisory Comminee on Advanced Television Service and 
Announcement of First Meeting, 52 Fed. Reg. 38523 (October 16, 1987). ACATS was formally 
established under the provisions of the Federal Advisory Comminee Act ("F ACA''), codified at 5 
U.S.C. App. U (1988). The Comminee has operated in accordance with the provisions of the 
FACA and GSA's Federal Property Management Regulations. 41 C.F.R. § 101-6.10 (1994). 

• ld at p. 38523. The Advisory Comminee Chaner is attached at Appendix A. 

1 Id. 

• A copy of the MOU is attached at Appendix B. In accordance with the Charter, 
the Committee on occasion also has received direction from the Chairman of the FCC. 
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Committee's goal to agree on an A TV technical description that can be recommended to the FCC 

for consideration as the next generation television transmission stanclard.''19 

B. Committee Structure and Participants 

The FCC appointed the twenty five members of the Advisory Conunittee and selected 

Richard E. Wiley to be its Chainnan. Described in the Charter as the "Parent Committee," the 

membership of this private-sector body was selected to achieve ba1anced representation from 

among the broadcasting. cable, conswner electronics, satellite broadcasting. program production, 

film, and telephone industries. At the time, these were the major industries thought to be 

involved in advanced television. Due largely to the state of technology in 1987, the FCC did not 

then perceive the computer industry as being significantly affected by A TV broadcasting. 

However, subsequent technological advances, particularly the introduction of digital 

transmission technology that enhances interoperability with computers and other media and 

systems, generated significant interest within that industry. Thereafter, computer company 

officials participated actively and effectively in ACATS activities. Additionally, the Chainnan 

oftbe FCC recently appointed two industry members to the Parent Committee to replace other 

members who had resigned. 10 

This Parent Committee has met roughly once per year since its inception and, as 

enumerated below, has presented several interim reports to the Commission. The work of the 

, Fourth lnterim Report of the Advisory Committee on Advanced Television 
Service ("ACATS Fourth Interim Report') at pp. 18-19 (April I, 1991). Obviously, the 
Commission, not the Advisory Committee has the authority to establish a broadcasting standard. 

See 47 U.S.C. § 303 (e), (I) (1988). 

10 A current membership list of the Parent Committee is attached at Appendix C. 
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Advisory Committee, however, was achieved primarily by volunteers organized in various 

groups under the Parent Committee. Part oflhis staff organization was described in the Charter, 

which listed the Planning, Systems, and Implementation Subcommittees. The Advisory 

Committee also formed a "Special Panel" in early 1992,11 and a "Technical Subgroup" later that 

year. l l Both of these bodies were comprised of leading technical experts and were structured 

with constituent subgroups. I) As with all Advisory Committee bodies, the leadership of these 

groups was selected to balance the interests of the various affected industries. 

By some estimates, over 1000 individuals have participated in the Advisory Committee's 

work during its eight year history. Participants have come from the broadcasting, cable, 

consumer electronics, computer, program production, film, telephone, and other industries-

many of them recognized experts in their fields. Representatives of labor, academia, and public 

interest groups also have taken part. Moreover, because all Committee meetings have been open 

to the public , interested citizens and the press also have attended meetings of the Parent 

Committee and its many subgroups. 

To the great benefit of the Advisory Committee, members of the FCC' s staff often have 

observed and participated in Committee meetings. The Commission's guidance, expressed 

fonnally in rule making proceedings and informally in myriad interactions with Advisory 

Committee o fficials, has been invaluable to our work. However, the Committee has received no 

II Minutes, Advisory Committee Meeting p. 3 (M=h 24, 1992). 

12 Lener, Richard E. Wiley to ATV System Proponents (August 21,1992). 

Il A list of the Advisory Committee staff structure is attached at Appendix D. 
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funding from the Commission or other government bodies. Its operating costs (e.g., postage, 

photocopying, and telephone) have been underwritten solely by small donations from Committee 

members,l" 

C. Relationship with Other Bodies 

Several organizations not directly part of the Advisory Committee were critical to its 

mission and success. Key among these were the three laboratories that tested A TV hardware 

from several system proponents including the Digital HDTV Grand Alliance. The largest of the 

three was the Advanced Television Test Center ("ATIC''), a private. non-profit organization 

established in 1988 and developed by American broadcasting and other organizations. Using 

over S15 million in contributions from its sponsors, and $7.5 million in fees from system 

proponents, the A TIC -- under the expen leadership of its President, Peter Fannon -- constructed 

a state of the art radio frequency testing facility in Alexandria, Virginia, and conducted the 

broadcasting laboratory-based tests for the Advisory Committee. Collocated with the A TIC was 

the A TV facility of the Cable Laboratories, Inc. e'CableLabs') , a research and development 

consortium of American cable television system operators. CableLabs carried out the cable 

ponions of the Committee' s lab and field testing programs. Finally, the Advanced Television 

Evaluation Laboratory ("ATEL'), an Onawa-based facility of Canada' s Department of 

" See Lener, Richard E. Wiley to Advisory Committee Members (May 4, 1993). 
Early in the Advisory Committee's history, nineteen members contributed $5,000 each, for a 
swn of S95,000 and, in the summer of 1993, thirteen members contributed $3 • ..000 each, for a 
grand total of $134,000. Parent Committee members from small organizations or providing 
spec:ial services were not asked to contribute to this operating fund. A small balance remains. 
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Communications managed by the Canadian Communications Research Centre. conducted 

subjective tests using Don-expert viewers from both Canada and the United States,l' 

Another organization which made highly valuable contributions to the Advisory 

Committee's report was the Advanced Television Systems Committee ("ATSC"), an ANSI-

accredited standards organization formed in 1984 by the Joint Committee on lntersociety 

Coopemtion ("JCIC'').'' With the approval of the FCC, the ATSC has done vital work in 

documenting the A TV broadcasting standard recommended herein. 11 The ATSC is ably chaired 

by James C. McKinney. a member of the Advisory Committee. 

D. Advisory Committee Accomplishments 

Over its eight year history. and in the course of making nwnerous decisions, the Advisory 

Committee produced thousands of public docwnents, among which are five Interim Reports to 

the FCC, and A TV System Recommendation dated February 24, 1993, and a report to Congress 

in 1989. 

Given its primary mandate to advise the FCC on a standard for A TV broadcasting. one of 

the most critical early determinations was that the Committee would evaluate and recommend a 

IS [n addition, the Association of Maximum Service Television (UMSTV") and the 
Public Broadcasting Service ("PBS'') played key roles in the AdvisoI)' Committee's field testing 

process in Charlotte, North Carolina. 

16 The JCIe itseLf was fonned by the Electronics Industries Association. the Institute 
of Electrical and Electronic Engineers. the National Association of Broadcasters, the National 
Cable Television Association, and the Society of Motion Picture and Television Engineers. 

11 Memorandum Opinion and Order / Third Further Nolice of Proposed Rule 
Making in MM 87-268, 7 FCC Red 6924, 6982-6983 (1992). 
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system to the Commission only if it had been tested in hardware form. II Thereafter, work was 

focused on p"'paring for, conducting, and analyzing A TV hardware tests. 

Initially. some 23 different concepts for an ATV broadcasting system were submitted to 

the Committee. All of them employed analog video transmission techniques. Some proposals 

were for enhanced definition television (UEDTV) systems, which would augment, either within 

the existing channel or with additional spectrum, the quality ofNTSC broadcasts. Other entities 

proposed so-caJled " simulcast" HDTV systems, which would operate on different channels and 

in a manner unrelated to NTSC broadcasts. 1brough proponent mergers and attrition, the 23 

proposals soon were reduced to a handful. 

In 1990. the FCC made a key decision to "select a 'simu1cast' high definition television 

(HDTV) system -- that is. a system that employs design principles independent afthe existing 

NTSC technology for A TV service,"19 That same year, one of the remaining system proponents, 

Generallnstrument Corporation. modified its proposal to incorporate aJl...<figital transmission. 

Three of the other four remaining HDTV systems thereafter adopted this technological advance; 

only NHK retained its original analog transmission design. Although the introduction of digital 

eventually resulted in at least two years' delay in the Advisory Committee schedule, the advance 

was well worth the wait, Indeed, after much more time and money spent with analog ATV 

proposals, both Japan and Europe now are pursuing digital solutions. 

II See Operating Procedures of the Committee's Systems Subcommittee (approved 
April 29, 1988): " [o]n1y candidate ATV systems which have been reduced to hardware will he 
evaluated and tested by [Systems Suheommittee] Working Party 2." 

" Report and Order in MM Docket No. 87-268, 5 F.C.C. Red 5627 (adopted 

August 24, 1990). 
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From mid-I 991 through the end of 1992, the one remaining EDTV system and all five 

HDTV systems were subjected to an exacting program of laboratory tests at the A TIC, 

CabJeLabs. and A TEL.lO As described above. these laboratories are designed to emulate the 

broadcast and cable transmission environments, as well as the home viewing environment. The 

test procedures were exhaustively developed by the Advisory Committee, with the objective of 

detennining which of the competing systems should be recommended to the FCC as the basis for 

a new transmission standard. For a variety of reasons, not the least of which was the limited 

availability of test equipment and space, the systems were tested serially rather than in head-to-

head comparisons, and video subjective testing was conducted by comparing pictures produced 

by each system to a single studio reference picture rather than to each other. 

There were innumerable tasks and countless meetings involved in preparing for and 

conducting the test program. For example, detailed test plans, sometimes specific to the 

panicular system under test, had to be developed. Then. after testing procedures for the analog 

systems had been developed, the Committee was required to redesign many of them with the 

advent of digital transmission systems. Moreover, new pieces of hardware had to be constructed 

solely for use in testing, and great care and precision was required to create video and audio test 

sequences in order to make certain that the systems were completely tested. 

Al l of these efforts took time. On some occasions, implementation errors in the proposed 

A TV systems caused additional delays in testing. Further, considerable effort was invested in 

10 At the request of its proponents, the Advisory Committee did not report or 
consider the test results on the EDTV system. Letter, James E. Carnes to Richard E. Wiley 
(March 2, 1992); Letter Richanl E. Wiley to James E. Cames (March 5, 1992). 
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fashioning evaluation methods and criteria to allow the Advisory Committee to assess all afthe 

test results. These criteria included video/audio quality, interoperability, spectrum issues, and 

cost issues.21 

Chaired by Dr. Robert Hopkins, the Special Panel convened fo r four days in early 1993 to 

consider the test results. Under the rigorous technical criteria established by the Committee, the 

four digital HDTV systems proved superior to the analog proposal which, accordingly. was 

eliminated from further consideration. A1thougb the Panel explicitly found that "digital HDTV 

is achievable for the United States,"u it also concluded that each oftbe digital entries had 

shortcomings that required fw"ther technical refinements. Indeed, in presentations al a November 

1992 meeting o f the Technical Subgroup formed for this purpose," the remaining proponents had 

suggested a number of significant improvements to their respective systems. 

In February 1993, and based on the Special Panel Report, the Advisory Committee 

offered the proponents two options: either undergo a second, expensive and time-conswning 

testing process or, alternatively. combine their efforts into a single "best of the best" (or so-called 

"grand alliance'') systeml'. There were three key advantages to the latter option: first, because 

11 Lener, Richard E. Wiley to FCC Chairman Alfred C. Sikes (January 10, 1992). 
This letter forwarded to the Commission the Advisory Committee's proposed A TV System 
Recommendation Process. 

21 A TV System Recommendation at p. I-I (February 24, 1993). 

lJ Letters. Richard E. Wiley to Advisory Committee Members and A TV System 
Proponents (August 21 , 1992) . The Technical Subgroup was co-chaired by Joseph A. Flaherty 
of CBS and Irwin Dorros, formerly of Bell core. 

2-4 Press Release. FCC Advisory Committee on Advanced Television Service 
(February 24, 1993). The Cnmmittee already was aware that such an alliance migbt be formed. 
See Letter, Richard E. Wiley to Advisory Committee Membe", (January 18, 1993). 
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the systems were becoming more alike as their proponents learned from each other's technical 

advances, the Advisory Committee's evenruaI task of selecting between them was becoming 

more problematic; second. the retesting process was certain to be expensive and tirne-consuming 

for all concerned; and third, and most importantly, a single system ~. encompassing the best 

features of various proposals -. might lead to the development of a truly superior technology. 

11tis option of combining the systems had been discussed by the Committee two years earlier.2' 

After many months of arduous business and technical negotiations, the proponents chose 

the latter course. In late May. 1993. a consortium called the Digital HDTV Grand Alliance was 

fonned with 8 number of major American and European entities: AT &1, the David Sarnoff 

Resean:h Center, General [nstnunent, the Massachusetts Institute of Technology, North 

American Philips. Thomson Consumer Electronics, and Zenith Electronics.26 

At the time, the Advisory Committee made clear to the Grand Alliance members that they 

should Dot present the Committee with an inflexible, technical/ail accompli; the Committee's 

work had been. and must remain, a public process.21 Accordingly. the Committee directed the 

Technical Subgroup to work with the Alliance, optimize its proposal, and generate agreement on 

specifications fo r a prototype system.21 Thereafter, the Subgroup would supervise construction 

" See ACATS Fourth Interim Report at p. 19 (April I, 1991 ): " [I]n the unlikely 
event that each system proves to be inadequate, a new design could be composed of elements 
drawn from the different systems. If so, the Advisory Committee would encourage the 
establishment of voluntary agreements among proponents to synthesize their designs." 

.. ACATS Press Release (May 24, 1993). Attached at Appendix E. 

" Lerter, Richard E. Wiley to A TV System Proponents (May II, 1993). 

" Lerter, Richard E. Wiley to Advisory Committee Members (May 24, 1993). 
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and testing of the system and, if all went well, the Advisory Committee would recommend it to 

the Commission. 

Six so-called "Expert Groups" were formed within the Technical Subgroup. each to focus 

on selected aspects of the Grand Alliance proposal. After detailed discussions between these 

Groups and the All iance extending over many months, a modified and considerably enhanced 

system proposal was developed. In October 1993 and February 1994, the Advisory Committee 

approved for prototype construction all the elements of this proposal. lSI 

The Grand Alliance system was tested at the A TIC, CableLabs, and ATEL facilities 

from March through August, 1995. The complete Alliance system also was evaluated in the 

field, by PBS, MSTV, and CableLabs, at the Advisory Committee broadcasting facilities in 

Charlone, in July and August 1995.30 Detailed test reports were prepared by each organization.ll 

Based on these reports, the Technical Subgroup prepared the Committee's Final Technical 

Report." 

In early 1995, the Chairman of the FCC asked the Advisory Committee to investigate 

specific scanning formats for so-called standard definition television C'SDTV'').'' Several 

2t Press Releases, Advisory Committee on Advanced Television Service (October 
21, 1993, and February 24, 1994). 

JO Field tests on the Grand Alliance VSB modem alone already had shown it to 
perform "significantly better" than NTSC. Press Release. Advisory Committee on Advanced 
Television Service (September 19, 1994). 

11 The test reports are attached at Annexes 1-5. 

12 AttaChed at Appendix F. 

)) This term is used to signify a digital television system in which the quality is 
approximately equivalent to that ofNTSC. ATSC Digital Television Standard at 8. 
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months earlier, the Technical Subgroup had prepared a "White Paper,"l-4 which described how 

the Grand Alliance system could carry multiple streams of data that, for example. could each be 

an SDTV program. The Technical Subgroup considered the merits of various proposed SDTV 

scanning formats and, on July 19, 1995, based on the recommendation of its Expert Group, 

adopted two such formats for inclusion in the ATV standard.ls 

E. Description of the Grand Alliance System 

As indicated above, the Advisory Committee approved system specifications premised 

OD the ATV proposal from the Digital HDTV Grand Alliance. From these specifications, 

which were also used by the Alliaoce to construct its prototype system, the ATSC Digital 

Television Standard was derived. In essence, the ATSC standard describes five subsystems: 

scanning. video and audio compression, transport, and transmission. 

For scanning . the slaDdard includes two HDTV fonnats: a 720 lines x 1280 pixels per 

line format at 24, 30, and 60 frames per secood progressively scanoed, and a 1080 lines x 

1920 pixels per line format at 24 and 30 frames per secood progressively scanned and 60 fielda 

per secood interlaced scanned. Two SDTV formats also are described: 480 lines by 704 

pixels per line in both 4 :3 and 16:9 aspect ratios, and 408 lines by 640 pixels per line in 4:3 

aspect ratio . Each SDTV format offers progressive scanning modes. 

This balance of scanning formats - designed. to accommodate the interests of various 

industries operating within the Advisory Committee - was reached only after considerable 

,. Attached at Appendix G. 

H See Report on SDTV Video Formats, Expert Group on Scanning Formats I 
Compression at p. 1 (July 19, 1995). Attached at Appendix H. 
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deliberation in the Advisory Comminee's subgroups. Proponents of various formats argued 

vigorously for their respective positions bue, ultimately. agreed on one point: that an avec 

lOOO-line 60 Hz progressive scanning format would be preferable. Unfortunately, this fannat 

is not possible with current state-of-the-art compression technology. The Committee foresees, 

ho\\'Cver, that improvements in compression will allow the ATV standard to "migrate" to 

incorporate it in the coming years." The Committee also believes that including the interlace 

scanned 1080-line, 60 Hz format will provide such a migration path. 

For digital video compression, the Alliance system incorporates MPEG-2 parameters, 

including "B-frames ." Audio compression employs 5. I-<:hannel Dolby AC-3 techniques. The 

packetized data transport system incorporates features and services of MPEG-2 that are 

applicable to ATV and provided for in the MPEG-2 transport layer. Finally, the transmission 

subsystem is based on 8- and 16-VSB technology for broadcasting and cable, respectively. 

F. Interoperability witb Alternative Media and Systems 

Since its inception, the Advisory Committee has emphasized the need for U.S. A TV 

broadcasting technology to be interoperable with alternative media, particularly cable television 

systems. The Committee believes interoperability also takes on critical importance given the 

future needs for high resolution digital imagery in American homes and the-de .... ellJpment of a 

National Information Infrastructw'e (''NIl''). Indeed, entertainment-based HDTV receivers will 

introduce digital video transmissions into many residences. 

)6 The Infonnation Technology Industry Council, an association of infonnation 
technology product and service providers. has endorsed this rapid migration approach in order to 
"best achieve the maximwn benefits to consumers." Letter, Rhett Dawson. ITI President, to 
R;chard E. Wiley (October 31, 1995). 
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As noted above, interoperability was one of the selection criteria adopted by the 

Committee. Over four years ago, the working party tasked to study interoperability was asked to 

reexamine this issue following introduction of the digital HDTV systems. It developed 

recommendations that led to agreement on so-called "headers and descriptors." This method of 

data identification. combined with advanced data packetization techniques, acts as a kind of 

translator to tell all digital devices what type of data is being transmitted. 

The working party and an "interoperability review pane'" also adopted a list of eleven 

characteristics critical to interoperability.l1 The Advisory Committee believes the Grand 

Alliance system adequately addresses all of these factors. For example, compliance with the 

MPEG-2 standard was emphasized by the Technical Subgroup and adopted by the Grand 

Alliance to increase international compatibility and, more importantly, interoperability among a 

variety of digital devices. 

A critical aspect of the scanning format scheme, unanimously recommended by the 

Technical Subgroup, is the availability of progressive scanning and square pixels. These 

attributes are preferable for some ~~ particularly computer ~~ applications. However, interlaced 

scanning also is imponant: it is a video data compression technique in which although only half 

the amount of data is transmitted, the bulk of the video pictwe remains. In particular, the test 

results on the Grand Alliance system demonstrate that there are advantages to both higher line 

17 The list of characteristics is attached at Appendix I. These "were based on the 
needs and desires exhibited by alternative media advocates, not only for the delivery of terrestrial 
broadcast programming, but also :or o~er delivery. appr~ac~es and applications relating to. 
computing, communications. monon PICtureS, and unagmg. A TV System Recommendanon at 
pp. 44, 4-S (February 24, 1993). 
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number interlaced, and lower line number progressive scanning formats, and that there is no 

evidence in the Advisory COmmittee's record that would justify dropping either format at this 

time. 

In all, the Advisory Comminee believes that the Grand Alliance plan strikes the best 

balance benveen various technical considerations and needs of different industries. It is a 

balance that has been endorsed by. among others, a subgroup of the Federal Government's 

Information Infrastructure Task Force, the 1994 NlST/ARP A Workshop on Advanced Digital 

Video, and the Information Technology Industry Council. In this regard, it is noteworthy that all 

other A TV broadcasting systems being developed in the world do not include any progressive 

scanning fannal. The U.S. approach wisely incorporates the best of both scanning techniques. 

G. Other Technologies 

As required by the 1990 MOV with the FCC and test laboratories, the Advisory 

Committee has reviewed 

new technical advancements in the state of the an, not already 
provided by the A TV systems pre-<:ertified by the Advisory 
Committee. that appear to offer important benefits to the public 
and are sufficiently concrete so as to be tested contemporaneously 
with the pre-certified systems.31 

In early 1992, the Advisory Committee found. based on a review of current technology, 

that there were no new concepts "sufficiently concrete so as to be tested contemporaneously with 

the pre-certified systems;' and that the five HDTV proponent systems then under consideration 

" MOV at p. 3. See Appendix B. 
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represented the state of available technology.39 Later that year, another meeting concluded that a 

few reccntly·proposed systems were not sufficiently developed to be considered further by the 

Advisory Committee. This assessment that was ratified by the Special Panel.<I(I 

In 1994-95, at the request of an industry consortium eventually known as the COFDM

Limited Liability Corporation ("COFDM-LLC"), the Committee reviewed a proposal for an 

A TV modem that would operate using coded orthogonal frequency division multiplexing 

C'COFDM") techniques." The Technical Subgroup established an Certification Experts Group, 

and tasked it to review the COFDM-LLC proposal which, if it were shown to be "demonstrably 

superior" to the VSB-based modem already approved as part of the Grand Alliance system, 

would be recommended for further evaluation and testing by the Advisory Committee. The 

ExpertS Group found, however, "based on the claimed benefits ofCOFDM techniques and, 

specifically, of the COFDM modem proposed by the COFDM-LLC, as well as the shortcomings 

discussed [in the report]", that "[tlhe modem presented by the COFDM-LLC is not ready for test 

at this time," and " [tl he COFDM-LLC did not demonstrate the superiority ofCOFDM over VSB 

for the majority of markets.'t42 

Jt Fifth Interim Report of the Advisory Committee on Advanced Television Service 

(Marcb 24, 1992). 

.. Special Panel Document No. SP-OI9 (February 8,1993). 

" Lette"', Richard E. Wiley to Advisory Committee Memben; (February 18, 1994), 
and to Michael 1. Sherlock (April 21 , 1994, and September 15, 1994) . 

., Report o f the Certification Experts Group at p. 4 (August 8, 1995). Attached at 

Appendix 1. 
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R. Final Technical Report 

As noted above, the Advisory Committee' s Technical Subgroup adopted a Final 

Technical Report for the Advisory Committee on October 31 , 1995." Based on Advisory 

Comminee.approved specifications and thorough laboratory and field testing of the prototype 

A TV system as designed and constructed by the Digital HDTV Grand Alliance, the Technical 

Subgroup found that: ( 1) the Grand Alliance system meets the Committee's performance 

objectives and is better than any of the four original digital ATV systems; (2) the Grand Alliance 

system is superior to any known alternative system; and (3) the ATSC Digital Television 

standard, .. based on the Advisory Committee design specifications and Grand Alliance system, 

fulfills the requirements for the U.S. ATV broadcasting standard. Thus, the Subgroup 

recommended that the A TSC standard be adopted as the U.S. A TV broadcasting standard. 

lli. RECOMMENDA TlONS OF THE ADVISORY COMMITTEE 

The Advisory Committee hereby adopts the findings of the Technical Subgroup. 

Specifically. the Grand Alliance system meets the Committee's performance objectives and is 

better than any of the four original digital A TV systems; the Grand Alliance system is superior to 

any known alternative system; and the ATSC Digital Television Standard, based on the Advisory 

Committee design specifications and Grand Alliance system, fulfills the requirements for the 

U.S. A TV broadcasting standard. 

" AttaChed at Appendix F. 

.. AttaChed at Appendix K. 
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Accordingly , the Advisory Committee on Advanced Television Service recommends that 

1M Fetkral Communications Commission adopt the ATSC Digital Television Standard as the 

Us. standard for A TV broadcasting. 

Although this standard, in accordance with the limited mandate afthe Advisory 

Conunittee, is recommended for terrestrial A TV broadcasting, the Committee believes that it is 

suitably interoperable with other video delivery media and imaging systems, including cable 

television, direct broadcast satellite, and computer systems. The extent to which various features 

and applications of the standard are allowed or required to be applied to alternative media must 

be left to the discretion of the FCC as part of its deliberations in the ongoing rulemaking 

proceeding. 

In addition, other A TV regulatory issues, including some previously addressed by the 

Advisory Committee (e.g., broadcasting allotment and assignment planning), are also being 

II<Id=sed directly by the FCC. For example, the Committee worked at length on broadcasting 

allotment and assignment planning issues but, more recently. the FCC requested that the 

Committee discontinue its efforts in deference to the rule making proceeding. Additionally. the 

Technical Subgroup bas recommended that the Commission require that receivers (and set-top 

boxes designed to receive ATV broadcasts for display on NTSC sets) be able to receive 

adequately all A TV fonnats. This issue now is being addressed in the FCC's rule making.·' 

The Advisory Committee initially was chartered by the FCC for a two-year period. Since 

then, the Charter has been extended every two years. As a final administrative matter, upon 

., Fourth Further Notice of Proposed Rule Making and Third Notice of Inquiry in 
MM Docket No. 87-268, 10 FCC Red [_ , _ ](1995). 
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acceptanee of this Final Repon and Recommendation, the Committee recommends that the FCC 

disband the Advisory Committee on Advanced Television Service on December 31, 1995. 

IV. CO CLUDING REMARKS 

The Advisory Committee is indebted to the hundreds of companies. entities, and 

individuals which have been involved in this entire project. Their cooperative and productive 

efforts have made a great contribution to the advancement of the video medium in this country 

and the rest of the world. The Committee also is grateful for the continuous oversight, guidance 

and support provided by the FCC, particularly the four Chairmen with which the Committee bas 

been honored La wor~ and the staffs afthe Mass Media Bureau, Office of Engineering and 

Technology, and Office of Plans and Policies. 

By: 

November 28, 1995 

Respectfully submitted, 

FCC ADVISORY COMMITTEE ON 
ADVANCED TELEVISION SERVICE 

Richard E. Wiley, Chainnan 
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1he Federal. Caxm.micaticns Ccmnj Mim ("FO:"), the Idvisoty 

Ccm::aittee a'\ Advanc::ed Televisia'l Service ("Idvisoty o::au.ttee"), 

an:! the KlV testing laboratories (the l\dvanc:ed Tel8l7isi", Test 

center, Inc. ( "Al'IC"), Cable Televisial Labxatori., Inc. 

("Cable1atelt ) an:! the c.anadian Omnmicatiaw RlBI 'rcn centra 

C"="') 1 ) are ejl~ in a oollabarati .... effort to bri:q obcut the 

ilIpl_rtatiat of adv3ncad televai", C"A1V") MrVioo far the 

American ~ic. 

nrr. years l!IqO, the FCC in CDljunctiCII with ua..ay, 

l &.ll"dlad a •• I'i·j et._iva plan to est'N ish advan:e:1 tal....,-i,siat 

servica. '!he comi-iat's prilrmy goal in the AN pm _Un; is to , 
ensure the dIIY8l_rt of a tadlnicaUy -mollont AN M<Viao that 

will DSt efficiontly _ the .- of tan_trial btl ft' utes, 

recaivc: _actunra, cable talfiUiat ____ an:!, lIIO.t 

iJrplrtant,~. As the Advisary o:-ittee -..... the acti .... 

test.in; P"'- of ita ptog,"_ far 8Valuatinq AN t:ranais8iat 

tcrward lJIBIdrq the ~-=tian of a __ tar advan:e:1 tel...n.iat 

servica. 'I!W etforta of the Advisary o:-ittee, the ta.tinq 
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i d ther industry parties have significantly laborator es, an 0 

h Commiss ion's abilit y to assess the merits of A~ advanced t e 

technical designs. In addit ion, system designers have made 

advancements in developing new technical schemes tor tranSmitt itq 

ATV service. 

The Commission has staeed thAt it intends to complete act ion 

on this project as promptly as possible. This objective is a 

considerable undertaking thAt poses a number of formidable 

challenges. The FCC's stated intent ion is to select an ATV 

standard by the second quarter of 1993. The successful, on-time 

accomplishment of all of the tasks ot the ATV project will require 

hard work, dedication, and cooperation on the part. ot allot thbse 

involved. To this end, the undersiqned part.le.s aqree to resolve 

any dlsaqreement.s or continqencie.s that. may ari.se in a pr~t a~ 

cooperative manner. 

In order to meet. these challenqe.s and accompli.sh our qOll5, 

the CommiSSion, the Advisory Committee, and t.he t.est.ing 

laboratories will continue to work together to complete, in a 

timely manner, the major tasks undertaken by each. This 

memorandum ot understanding describes the role and activities of 

each of these parties in this process • 

. 
. , ;~~. FCC, consistent with its Policy-making and other 

.' -"!iI;:,. It · _ 

r~~~O~~~:i~~'-_~~~:l-~-~tttinue to review the Advisory Co:a!tte. " 

tes"Ei~ ' p'lans and p'rocedures, includinq the plans and procedUres 

for field testinq. The FCC will assist ~d 
the Advisory Committee 
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testin; laboratories in the testin; ptCXleSol. nus will includa m

site d:eervers ard participants am participatiat at the "expert 

viewer panel." 'n1e FCC wi.l.l c::cntrihzte, as feasible, statt an:1 

rrd:>ile mcnitorin;J facilities for field testirq. 1be FCC will also 

taI<:a all necessary steps, includin; the devalopi&tt of analytic 

tooLs, to prepare an allobi .. "t table and,Ior ..... l.yi_tt plan for KJV 

chartnal.s. '!his will ensure that dlonnals are avail.aI>le for KJV 

se.rvic:a in a timely manner. 

'Iha Advisory cnmi ttee will 0CI'ItinJa to refine the t.tinJ 

plans and pr<x .... trM, includin; finallzin; the data repartin; 

fomats and ~q:>in; the plana am pz"'*'"- for fiald t.tinJ. 

Thn:u;lh its OYaZ'Sight ard directian, the Advisaty 02Dittee will 

ex>ntinla to werle with ATrC, cableIal:e, am ex: to _ to earry out 

tba established procw\11"'M within tbI ast:abliatwd d.,d'1nM. 'lbe 

Advisory cnmi ttee will also oontin.Ia to warlc: with KJV syat.o 

PL""'""tts to erwure the u-ly dalivaty of ~ for t.tinJ. 

'Iha ~ cm-itt8a will 0CI'ItinJa to IBintein cloMo CDCIt'IIinatia\ 

with tha ",-i_1m ~ ~"ar 021tacta witb Uy staff tea 

ard pc-i.odic ~ with the FCC Qlai.....,. 

'Iba ~ QMDltt8a will devalq:> a plan for mvi.win; ... 

tedlnical ~ in the state ot the art, nat ur-Iy 

prcYidac1 by the KN systa. pre-<>arti.fied by the Mvi&1ry 

QMDltt8a, that appear to offer iDp:trtant _its to the p*,llc 

and ara sutf"i.clMItlY OCI'LLete SO as to be t.t.s CXI"Ib+,- ila ... "wly 

with the pre ertitied systsa. AI:xord1n;ly, it will ~ a 

d 
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dation eo the Commission by early 1992, on report and recommen 

of the"e new developmenes should be tested and the whether any ~ 

additional test:.inq would have on the test schedu t . impact. such 

Subject to the provisions of this memorandum of 

understanding, the Advisory Commit.tee will complete allot it.s 

work and submit its final report to the Comm.ission by Septe!:'.ber 

30, 1992 . 

ATTC and CableLabs will make all reasonable efforts to car!}' 

out their laboratory eestinq activities (which do not include. tit:l 

testing) consistent with the p lans and procedures establiShed bt 

the Advisory Committee and will coordinate "ieb the eRe to seek te 

ensure the continuity and integrity ot the ATV' c..sting proqru. 

ATTC and CableLabs, in cooperation with the Advisory coc::dttee 

Chairman, will ' maintain reqular c - t.act. wit.h the Commission and 1~1 

staff. Results of tests performed by ATTC and Ca.bleLabs will be 

provided to the Commission on a prompt and reqular basis . 

Consistent with the above, ATTC and Ca.bleLa.bs will seek to 

ensure that testinq or proponents I syst.ems certitied tor testinq t! 

the Advisory CODlDittee begins in a timely manner and is COCIPlettd 

so as to permit the Advisory COmmittee t.o deliver its final repor. 

to the FCC on time. 

In summary, the es 1 sent al intent of this aqreement is to 

ensure that the research and work necessary tor iotroduc~q A~ 

service to the American public is developed i~ • cooperat in ~d 

etficient manner, and is not intended to create any obllqation' t~ 
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non-signatories or to alter in any way the obliqations between ATTC 

and CableLa.bs. 

. Sikes, Chairman 

Joel C as n, Chairman 
Advanced Television Test 

Center , Inc. 

I y.. 199.0 
• 

• 
Richard E. wiley, Chair 
FCC Advisory Committee 

n 

Richard R. Green, President 
Cable Television 

Laboratories, Inc. 
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Advisory Committee 
on Advanced Television Service 
FOR IMMEDIATE RELEASE: May 24, 1993 

HD'lV 'Grand Alliance' Proposal 
Will Be Considered by FCC AdviSQ[)' Committee 

Wasbjo&lQn. D ,C. The Federal Communications Commission's Advisory Committee on 

Advanced Television Service (established by the Commission in 1987) will review a single 

digital high defini tion television (HOTV) system proposed today by a "Grand Alliance" of 

entities tha~ until now, had sponsored the four remaining competitive HDTV systems. 

These enti ties (AT&T, the David Sarnoff Research Center, General Instrument, 

Massachusetts Instirute of Tecbnology (MIT), North American Philips, Thomson Consumer 

Electronics, and Zenith Electronics) today reached a business and technical agreement and 

submitted to the Committee a merged system proposal. 

The proposed system, if recommended by the Advisory Committee and adopted by 

the Fcc, could place the U.S. in the forefront of high definition video tecbnology. An alI-

digital standard, which would facilitate interoperability among broadcasting, cable, 

computer, and telecommunications technologies. has worldwide potential. 

Advisory Committee Chairman Richard E. Wiley, who had encouraged the complex 

negotiations leading to the agreement, said "\ believe the Grand Alliance proposal, subject 

to Advisory Committee and ultimate FCC approval, will help to conclude a process that has 

fostered the development of highly advanced digital HD'lV tecbnology. The members of 

the Alliance sbould be commended for their accomplishments." Wiley added that the 

benefits of the Grand Alliance include development of a digital system incorporating the 



I f the 'our systems and acceleration of HDTV service implemeDlatio .. TIe best e ements 0 l' 

FCCs Advisory Committee endorsed the Alliance concept at a meeting in February. 

Important aspects of the Grand Alliance technical proposal submitted today indud. 

the employment of progressive scan transmission (where entire picture frames are 

transmitted sequentially) and the use of so-called "square pixels" (wbere the dots on a 

television screen are arranged in equally spaced rows and columns). Both of these d<sign 

aspects are important for the interoperability of HDTV with computers, 

telecommunications, and other media and applications. Interlaced scan transmission (as 

deployed in today's TV systems) would also be accommodated in the initial deploymtnt.1 

Specifically. the proponents agree that all large-screen HDTV receive" (34 incb<s . 

diagonal and above) will incorporate a 60 frame per second 787.5 line or higher progressilt 

scan display mode. Progressive display would be optional initially for smaller saeen 

receivers. The proponents also concur that all transmission of film material will be in a 

progressive scan format beginning immediately upoo the commencement of HDW service. 

Finally. the Grand Alliance proponents unanimously endorse the objective of migrating !be 

standard to a high line number (Le. thousand-line plus) progressive scan transmission, as 

soon as feasible, and will work together to e limjnate interlaced scanning formal from the 

transmission path in the future. 

To support multiple transmission formats. the merged system will feature source 

adaptive processing. Moreover. to promote system flexibility and eneDSlbility. the merged 

system also will feature a prioritized, paeketized data transport structure. Additiooa!ly. !be 

1 MIT believes that a digjtat video b 
transmission, from the beginn;"&. is in th ~O~dCa.st standard that cxdusivtly utilizes progrcssiYe scaD 

e uHCre.sts of the Ua.i(ed States. 
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Grand Alliance entities agree to support the Alliance's proposed HDTV compression 

system in the International Standards Organization as the MPEG·2 HDlV profile. 

Over the next few weeks, Advisory Committee participants will review the technical 

merits of the Grand Alliance proposal, which includes procedures for deciding on a few 

remaining component designs based on the results of specific tests. Various subgroups of 

the Advisory Committee will work with the Grand Alliance members as their merged 

system concept is finalized and, eventually, will oversee the testing of the completed system. 

Based on the results of those tests, the Committee may recommend the system to the FCC 

as the basis for a high definition television standard for our country. The FCC, of course, 

bas the ultimate authority to adopt transmission standards. 

·3· 
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FINAL TECHNICAL REPORT 

I , INTRODUCTION 

This is the final technical report of the Advisory Committee on Advanced Television 
SeI'\-ice It was prepared by the ~dvisory Committee' s Technical Subgroup, and is presented as 
the primary appendix to the AdVIsory Committee's November 1995 final report to the Federal 
Commumcations Commission. 

This final technical report is primarily a report and analysis of extensive tests conducted by 
!he Advisory Comminee on the A TV system proposed by the Digital HDTV Grand Alliance. It 
also contams comparisons of the Grand Alliance system with the four original digital systems 
previously tested by the Advisory Committee. Organized in accordance with the four principal 
subsystems of the Grand Alliance system., this report addresses scanning formats, compression 
(video and audio), transport, and transmission (spectrum utilization and transmission robustness). 
Fioa11y, and based on the information in this report, the conclusions of the Technical Subgroup are 
presented for the Advisory CODlIDJttee's consideration. 

2. SCANNING FORMATS 

Scanning formats supported by the A TV system are sbown in Table 2. 1. In the table, 601 
means 60 Hz interlaced scanning. 60P means 60 Hz progressive scanning, 30P means 30 Hz 
progressive scanning, and 24P means 24 Hz progressive scanning. These rates can be the stated 
IIlleger value, or 1000/ 1001 times the integer value (e.g., 59.94 Hz) . The Digital HDTV Grand 
AIlimce System prototype was designed before the 480-line formats were included in the ATV 
system specilicanon, and supports only the high definition A TV formats, i.e., the 1080 x 1920 and 

720 x 1280 formats 

Table 2.1 A TV system scanning formats. 

V~r1kaJ Lines B orizontal Pixels Aspect Ratio Picture Rate 

10SO 1920 16:9 601 30P 24P 

720 1280 16:9 60P 30P 24P 

4SO 704 16:9 4:3 601 60P 30P 24P 

4SO 640 4:3 601 60P 30P 24P 

tl. RESOLUnON 
entS were made to determine how the resolution of the Digital During testing. measurern 

HDTV Gnnd Alliance System compared with the target specifications. Had data been available 
from the four original digital systems, target specifications would have been derived as the "Best 
oftbe Best " Data from the previous systems were not given in the Advisory Committee' s report 
-ATV System Recommendation,» however because of apparent irregularities in the data. 

ts 1 Compr~ssion Expert Group, in order to establish target 
Therefore the Scanning Forma • . ed that an interlaced scanning system should deliver limiting 
speafications for resoluuon, asSUnl . 
veruca1 resolution equal to 65 % of the number of active scanning lines, and that a progressive 
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scan system should deliver 90 %. The Expert Group assumed that horizontal resolutioD would be 
limited to about 80 % of the number of active samples because of filtering, and that the dilgOnai 
resolution would be the vector sum of the horizontal and vertical resolution. Dynamic resolution 
was assumed to be about 80 % of the s~tic resolu?on. In .the case of an interlaced scanning 
system, for vertical resolution under motIon, the plcrure will take on the characteristics of I 
progressively scanned system with half the number of scanning lines (Le .• venical resolution of 
10801 becomes 540P under motion) . The chrontinance resolution of the Grand Alliance S)ltO!i, 
because it is based on the MPEG-2 Main Profile, should be half the luminance resoiutioo in both 
the horizontal and vertical directions. These assumptions give rise to the target specificarioas 
shown in Table 2.2. Note that all values are expressed as cycles per acuve picrure beigbt It 
should be further noted that these target specifications were generated on the assumption that ~ 
video compression is transparent (i.e., the target specifications estimate the resolution of the input 
to the system and assume that there will be no measurable loss due to video compression). 

Table 2.2 Target specifications (or resolution. 

1080 x 1920 120 x 1210 

Horizontal Vertic.al magoaal Borboolal Vertical Dia&OUl 
Static Luma (claph) 430 350 550 290 325 m 
Static Chroma (c/aph) 215 175 275 145 160 215 

Dynamic Luma (cJaph) 345 195· 395· 230 260 345 

Dynamic Chroma (cJaph) 170 95' 195· 115 130 110 

• Because of error cal~ating dynamic vertical resolution with interlaced aDDIng. the followtD& ,'1lues 
have been replaced. 195 replaced 280, 395 replaced 440, 95 replaced 14ll, and 195 r<plaood 220 

w Static res?lution was me~ure~ using an electronic circular zone plate Dyrwruc re:solutioo 
as measured usmg an electromc radial resolution pattern that was beld stauooary and rotated II 

0.5, 1.5, and 5.0 revolutions per minute. 

Table 2.3 gives a summary of the . ' 
resollu~on is shown only at the maximum r:=:t~D~ ~:elntarJ~~cal~:~ ~= 
reso utIon was measured at this t " V] 

exceeded, most target speCification:.° auon rate. At lower rotation fates. the system met, or 

2.1.1. Static Luminance Resolution 

For the 10801 format, static lumina . 
both horizontal and vertical resoluti b ~ce resoluuon exceeded the target specdicauoo for 

on, ut IDIssed the target for diagonal resolution by 2 % 
For the nop format, static I . . 

horizontal resolution, but missed by 15u~ce r~luuon exceeded the target specification for 
o or vertical resolution and 8 % for diagonal resolution. 

2.1.2. Static Chrominance Resolution 

. For the 10801 format, static chrominan . 
honzontal resolution, but missed th tar ce resoluuon exceeded the target spec:ificaoon fir" 
resolution. e get by 20 % for vertical resolution and 5 % for dilgoaa1 
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For the 720P format static hr . . 
' •• 1 d d' naJ .' C ommance resolutlon exceeded the target for horizontal, 

vert!"""" an 18g0 resolution. 

Table 2.3 Resolution of the Digital HDTV Grand Alliance system. 

Target S ecificatiOD Measured Value Comments 
1080 x 1920 H V D H V D 

Stane ResolUtIon. Luma (c/aph) 430 350 550 460 400 540 See Note 1 
Scabc ResolUtIon . Chroma (c/aph) 215 175 275 250 140 260 See Note 2 

c Resolution, 5.0 rpm, Luma (c/aph) 345 195 395 500 200 540 
ilWlUC Resolution, 5.0 m, Chroma (c/apb) 170 95 195 135 100 135 See Note 3 

H V D H V o 
Luma 

Note I lbe d11ferenc:e between the target specification and the measured value for diagonal resolution is 
WlthJn the range of measurement error likely in the test procedure. 

Note 2 To a"old smearing in horizontal motion, the Grand Alliance prototype employed field-based, rather 
thaD frame-based., vertical chroma decimation. Target spcci.fications for vertical and diagonal do not 
ac:c:ount for tIus. 

Note J To process material rotating at 5.0 rpm. coarse coefficient quantization is necessary, particularly in 
duoma.. Performance of horizontal resolution is better than spcci.fication at lower rotational velocities. 

Note 4 The target speafication for vertical resolution assumes a limiting vertical resolution of 90 % of the 
DUmber of sc:anrung lines. This may be too optimistic an assumption. The specification for diagonal 
~on 15 partially derived from the vertical resolution. 

Note.s The target spc:ctfication for vertical resolution is deffi'ed from that for static luminance resolution, 
"Ilich may be too optimistic (see also Note 3). 

2.1 .S. Dynamic Luminance Resolution 

For the 10801 format, the dynamic horizontal and diagonal lumjnance resolution, at all 
rotation speeds, exceeded the target and did not vary. The verrical resolution exceeded the target 
It all rotation speeds, although it did decrease at 5.0 rpm. 

For the 720P format, the dynamic horizontal and diagonal resolutions, at all rotation 
speeds. exceeded the target and did not vary. The vertical resolution exceeded the target at 0.5 
rpm, but missed by 8 % at 1.5 rpm and by 19 % at 5.0 rpm. 

2.1.4. Dynamic Chrominance Resolution 

For the 10801 format, the dynamic vertical chrominance resolution exceeded the target at 
aD rotation speeds The horizontal resolution ex~ed ~e target at all rotation speeds except 5.0 
rpm where it missed by 21 %. The diagonal resolution rrussed at all speeds by 18 % except for 5.0 

rpm where it missed by 3 1 %. 
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For the no format, dynamic cbrominance resolution exceeded the target II all routQ 

speeds. 

2.2. FORMAT CONVERSION 

Tests were run at ATEL to determine the quality loss when a 10801 signal!! traosmined, 
but displayed on a nop monitor rather than a 10801 morulor, and the qu.lll~ loss when. 12tl 
signal is transmitted, bUI displayed on a 10SO[ morulor rather than • 720P moDllor The I<q\lax<s 

that were selected for assessment were ones m which the e:xpe:n observers were able to let 

differences. Furthermore, on two of the motion sequences, a more critical portion of the 5eqUera 
was used for assessment than was used in the Quality. Basic Material lest 

[n the case of transmitted IOS0[ signals, tests were run using IWO suU pictures and frur 
moving sequences. Of these six sequences, two are considered ''basiC material,· two m 
considered "graphics," and two are considered "noise and cuts." A weighted average oftht targa 
specification for this combination of sequences, when Dot using format converseon, is ~ n wadt. 
The target specification with format conversion is .) 0 grade The average measured ,m 
without formal conversion (i.e., 10SO[ was transmitted and displayed as 10SOl) was ~ 54 grad< 
The average measured value with format conversion (i e. 10801 was lIansmmed and scm 
converted in the receiver for display as 720P) was -O.SS grade The average differ=:e m quoIity 
was 0.04 grade (i.e., scan converting for the 720P display showed. loss of quality ofO.i)4 gnd< 
compared with the 10SO[ display). 

In the case of transmitted nop signals, lests were run using ooe suU and SIX IDOl", 

sequences. Of these seven sequences. four are considered "basic marerial." one 15 coDSJdmd 
"gra~hics:'. and ~o are. co~dered "noise and cuts." A wetghted average of me wgs 
specificatIOn for this combmabon of sequences, when not using format conversion, 15 ~6 gndt. 
T~e target specificatio~ wi~ format conversion is -I 0 grade The average measured vahle 
WIthout format conversJOn (I.e., nop was transmitted and displayed as nOP) was ~ 51 grad< 
The avera~e measu~ed value WIth format conversion (i.e .• ?20P was transmitted and SCIII 
converted m the receIver for display as 10SOl) was -0.69 grade The average difference in quaItty 
was O. IS grade (I.e., scan converting for the 10SO[ display showed. loss of quality of 0 18 gnd< 
compared WIth the nop display). 

. In both cases, the target specification of less than I 0 grade was met The WE" 
speCl~Cat10n can be viewed in another way. For "basic mareri~ ". the tar et speaficatioo alkl',,1d 
for VIdeo. compression (without scan conversion) is 0.3 grade The targ! specificaUOD for \l!ieo 
compression plus scan ~nversion is 1.0 grade. This means that 0 1 d · all ",-ed for quaIirr 
loss due to scan converSion. In the case of 720P . . gra e 1$0 
average loss Was 0 04 grad In th transmission and scan com'U'Sloo to 10s0~ me 

. e. e case of IOg0[ transmi · 720P !he average loss was 0.18 grade In b th . SSJon and scan COO ..... "eISlOD to , 
seen by the non-expert vi~ers ~as cases, agam. the target specification was met. The drlferaItt 
gives a summ.~ of th very smaU, much less than bad been aotiaplled TabI,14 

• - J e measurements and th '. 
charactenzed the conversions as slightl e target specification. The expert obseJ''US 
said the quality loss was manifested as y ~ooghr~r than when presenled in the origmal fortJJJL lb<)' 

a 5 toss LD resotutJOn and a slight increase U1 nruse. 
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of the Digital HDTV Grand Allia nce system. Table 2.4 Scan convenion quality 

T"",et Specification Measured Value Comments 
Quality, Reoc:ivt.r Conversion, 
nO-lines transmission, s O. 7 Grade 
I08()..hnes dJ.splay 

below non-conversion ~. 1 8 Grade 

Quabty, R.ec:ehoer Conversion, 
IOSO-lines uaosmimon, s 0.7 Grade 
nO·lines display 

below non-conversion ~.04 Grade 

Note Grade 15 the average over all sequences tested in each category, not the maximum 

3. C OMPRESSION 

3.1. VIDEO 

Video compression in the Digital HD 
MIIIl Profile To determine the quality aft 
were used to test the system. Table 3. 1 is a 
within the target specification. Recognizing 
of Ibe Best" of the four original digital syste 
system in both the 10SOl mode and tbe nop 

TV Grand Alliance System is based 00 the MPEG-2 
er video compression, twenty-six. different sequences 
summary of the results. All test categories were well 
that the target specifications were based on the "Best 
InS, the Grand Alliance System is clearly the superior 
mode. 

of the Digital HDTV Grand Table 3.1 Q ua lity 
Alliance system mea sured by non-expert viewen. 

Quahly. Baslc MateriAl 
Quality. NOlSe &:. Cul5 

Quahly, Gmphic:s &. NIT 

Quahly, 24 fi>s Film 

Target Specili 
. • cation 

ref.=« 
",f=nee 

reference 

s 0.3 Grade below 

S 1.0 Grade below 

S 1.0 Grade below 

S 0 .25 Gtade bel ow reference 

Measured Value 
1080 x 1.920 720 x 1280 

~. 12 Grade ~. II Grnde 

~.40 Grade ~.50 Grade 

..().06 Grade ~.04 Grade 

-0.04 Grade ~.Ol Grade 

ed in each category, not the maximum Nott Grade 15 the average over all sequences test 

CommenU 

'Cipber system, across all sequences, was found to be In the first round of testing, the Oigt 
03 grade lower in quality than the reference 
HDTV wu 09 grade lower in quality than 
sequeoces), AD·HDTV was 0.3 grade lower 
moMo sequences), and eeoc was 1.0 grad 

(0 .3 for stills and 0.3 for motion sequences), DSC-
the reference (0.5 for niHs and" 1.2 for motion 

in quality than the reference (0.3 for stills and OJ for 
e lower in quality tban the reference (0.5 for stills and 

13 for motion sequences). 
and Alliance System, across all sequences, was 0. 15 

oth the IOS01 mode (0.0 for stills and 0.2 for motioo 
10 the secood round of testing, tbe Gr 

grade lower in quality than the reference in. b 
sequences) and the nop mode (0. 1 for stills 
that in the second round of tesnng, 10 unage 
new sequences were selected, many of whic 

and 0.2 for motion sequences). It sbould be noted 
sequences were retained from the first round and 16 

h are more critical than those in the first round. The 
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Grand Alliance System performed bener than the systems from the first rOWld, despite !be 
inclusion aftbe more critical sequences. 

In detail, in the 10801 mode, nineteen of the twenty-six S<!Quences .... "": st1I!soaIy 
indistinguishable from the reference. For the seven S<!Quen~ that w~e SUIlStlcaJ?' Slgaificam,!be 
average quality loss was 0.4 grade. One sequence, M49 (PICQlC WIth Anu), whicb COII5I5U 01 t 
central still image with noise encroaching from the sides, is known to be paniallarty stressful frr 
image compression algorithms. For that sequence, the quality loss was 075 grade In the 720P 
mode, twenty-one of the twenty-six sequences were statisticalJy lnClistingwsbabJe from d't 
reference. For the five sequences that were statistically significant, the average quality loss 'tillS 

0.5 grade. Sequence M49 showed a quality loss of 1.3 grades 

Figure 3. 1 shows the quality scores for the four original digital SYStems, and for the Gno! 
Alliance System in the nop mode and in the 10801 mode OnJy the S<!Quences Wt were COIIIIInI 
in the two rounds of testing are included in the figure A list of all sequences, WIth I bnO 
statement giving the attributes of each sequence, can be found in lbe subjective awssmea: 
portion of the laboratory test report . 

-'" C) 
<: e 

oS! 
~ 
E 

..••• .•.. DC - ... - OSC-K>TV . .,.".. "', ... 
1·2~ 40 r--------------------------. 

----------------------------------------------
'.IOr.dej 20 t----------------------------1 

---------------------------------------------

~ °t--~~_=~~~~~~~--._~~~ ~ +....... ..0 --- .... • !'a. ~ ........ -...• .. '-'::_ .o.", .. ::.:.~'.../ . ~._ 

• --_..a..,. __ -::*- " .... ~___ • ~ • B \..~.~ ..Q> - ..,.,.=--: ---------___ lI--.~- ~-

C H Gradel - 'On t--7~>.:,·~\::7"/:..··-p.-·'.::··'::: .. ";;::_\.::\~-_;;& .. ~:.:.:~o...,-~ .. - ___ ~-_l e LV • '.,.,.' --_ ... 

J!! 0" ...... ' /,-.. ..... 

i5 ---------------- ........ ~(, 
------------~--- _______ J _____ _ 

~ --. ----

Fig~re 3_1 Quality of tbe Digital an . 
ongmaJ digital systems comp . ed . TV Grand AUlanc.e system and tbe four 

. ar With the Il2S-line studio quality reference. 
Figure 3.2 shows the qUality sen r. 

in the second round of testing Th fi res or the Grand Alliance System on all sequeocts used 
d th . e gure show tha ho an at the relative performance ofth s t th modes performed close to refc:reoce, 

e two modes varied fr 
om test sequence to test sequence. 
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The 10801 mode shows im . . 
round of testing; the 720P mode s:rovement o,:,er. the IDteriaced sc~g systems in the first 
mode bas been attributed t fi ows substantIal Improvement. The unprovement in the 720P 
the nop mode and 2) th 0 two t etors: 1) good performance of the Grand Alliance System in 
motion sequen~. e use 0 less nOIsy source material for the six core camera originated 

-" " c: 

_GA10601 

I·'a..-a 40 1---------------------------, 

----------------------------------------------
e .! 1·'C!ftd1t 20 t------------ -----------------l 
" a: --------------------------------------------
E 

! O~~~~;;;:AI~-rl ~ 
C/l - ----------------
" " c::: f·' 0ndIII.2I) t---------------------------\---l e 
~ ---------------------------------------------~ o 

Figure 3.2 Quality of the Digital HDTV Grand Alliance system across all 
sequences compared with the 112S-line studio quality reference. 

A Dumber of tests were conducted by the expert observers. A summary is shown with the 
target specifications in Table 3 .2. The expert observers found that the video quality of the Digital 
HDTV Grand Alliance System was clearly superior to that of any of the previous proponent 
systems, and they said that applies to all types of video tested - still images, motion sequences, 
computer graphics, and film.. They did observe some compression artifacts, but only on the most 
diffirult images. The level of compression artifacts, they said, was significantly lower than for any 
previous system. The expert observers, like the non-expert viewers, found the quality of the 
Grand Alliance System. in both modes, to be excellent and superior to any of the previous 
systems They noted that scene cut performance was much improved over the previous systems. 

When noise was introduced into the 10801 source, no enhancement of the noise was found 
allow noISe levels. At the highest level of added noise, an increase in blockiness was seen, but the 
unage exhibited much better quality than was observed at POu. When noise was introduced into 
the 720P source, a slight increase in image artifacts was found. At high levels, there was an 
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. f the image but the image exhibited much better quality than was increase in the blockiness 0 . 

observed at POU. 

Table 3.2 Quality of the Digital HDTV Grand 
All" system measured by expert observers. laoce 

Target Specification Measured Value e ........ 
1080:a: 1.920 720:.:1280 

Free Form Viewing As good as or better than the Better Bett" 
best previous digital system 

Quality, Scene Cuts As good as or bener than the Better Better 
best previous digital system 

Noise in Video Source As good as or better than the Better Better 
best previous digital system 

Video Coder Overload As good as or better than the Better Better 
best previous digital system 

Motion Compensation As good as or better than the Met expectations Met Cl<pOCWlOnS 
Overload best previous digital system 
Quality. Video! 2 (of 10) grades per Mb No degradation up No degndaUOll up 
Auxiliary Data Tradeoff below reference for fi.J..m. to and inclU<lini to and lIlcb"h", 

4 (of 10) for video 3Mbos 3 Mbps 
Concatenation Quality As good as or better than the 

best previous digital system 
Met expectations Met expccIlIboIls 

The 720P mode showed no artifacts in tests for motion~compe:nsated overload Vtith 
horizontal, vertical. or diagonal motion up to 0.8 picture heights per second The 10801 mode 
showed no artifacts for horizontal motion, but did show increasing quantization ooise and 
blockiness for vertical and diagonal motion. 

The Grand Alliance has commented that two factors may bave contributed to Ibis 
difference in performance. First. the frame rate for nop is greater than that for 10801 (60 tnmes 
per second rather than an effective 30 frames per second) and, in consequence. the time range 
over which the search operates is greater for 720P. And, second, the spatial range of the search is 
a fixed number of pixels for both formats and, because pixel spacing is greater in 720P, the 
effective search range also is greater. 

. The expert obselVers conducted tests to see how image quality deteriorated as channd 
capacity was reduced by transmitting auxiliary data They found little or no increase in artifIcts as 
the auxiliary data rate was increased to 3 Mbps. At 4 Mbps. the sequence M40 (Dream Team) 
showed ~ cl~ incre~e. in the visibility of artifacts. The expen observers concluded that care IDI5l 
b~ exe:clsed m combmmg an auxiliary channel with a high data rate together with video scc:nes 
WIth high peak complex motion; subjective degradation of the video may inaease npidly as 
channel capacity IS dIVerted from video to auxiliary data. 

When video mat~al was passed tbIougb the system twice, somewhat more ooise llIo'lS 
seen on the second pass IQ the 10801 mode. For the 720P ad bl kin and noise Vo-ert . ·bl Th ffi m e, more oc ess 
VlSl e. e e eels were worse with 720P than 10801. 
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3.2. AUDIO 

3.11. Audio and Long Fonn Entertainment Tests 

. Following the fo~ation of the ~and Alliance in May 1993 it became necessary to select 
specific sub~stems to be. mcorpora~ed mto the complete HDTV transmission system to be tested 
bylbe Advisory COIIlDlJnee. ChOice of the audio subsystem was one of the first technical 
decISions faced by the Grand Alli"'!te . In July 1993 the Grand Alliance, in conjunction with the 
Audio Expens GrouP. a:~ducted a 'Bake-Off" test of four audio codec configurations. The audio 
systems lested were PhilipsIMPEG-2 composite coding at 384 kbps, Dolby AC-3 composite 
coding.' 2blt rates, 384 kbps and 320 kbps, and MIT-AC independent coding at 580 kbps. No 
Slausoca1 disunCtlon In audio quality was found among the systems for all but one of the test 
material selections and the PbilipsIMPEG-2 performance was definitively worse than the other 
codecs on this selection. Subsequent to testing, Philips claimed that a hardware implementation 
flaw was the cause of this poor performance. The test results and analysis are contained in 
Reference I 

The Grand Alliance selection of Dolby AC-3 at 384 kbps as the audio subsystem was 
approved .. the October 21, 1993 meeting of the Technical Subgroup. The Phitips/MPEG-2 
S)'Stem wu approved as the backup subsystem, subject to verification that the hardware 
unplementation repair made by Philips cured the problem found during the "Bake-Off' test. A 
ret'" of the corrected PhilipsIMPEG-2 system in December 1993 confirmed that the problem bad 
beta fixed. and that there were no statistical differences among the systems tested. The test results 
are contllDed m Reference 2. 

SubJecuve tests of an improved Dolby AC-3 audio compression encoder. as incorporated 
imo the Grand Alliance HDTV transmission system tested at the ATTC. were conducted at the 
National Cable Television Association in Washington DC. May 8-18, 1995 . The audio test 
sequences were passed through the entire Grand Alliance system, from audio encoder. through 
S)lte:m multiplexing and transmission modulation. demodulation and demultiplexing. and finally 
audio decoding The primary goal of these tests was to verify that the audio coder used in the 
Grtnd Alliance system was as good as or better than the coder tested in 1993 . 

The full report of the FCC ACATS SS!WP2 Audio Task Force is contained in Reference 

1 but, in summary, it was concluded that: 

I The audtio quality of the fully integrated Grand Alliance coder is better than that of the 

coder tested in 1993. 

2 The audio quality of the Grand Alliance coder in the multi-channel mode was 
lJldtsunguisbable from that of the source. 

3 The audtio quality of the Grand Alliance coder in the. 5.1 mode with 2 cbaonel 

od 
_: while it can be detected by some expert lIsteners on some audio test repr u ....... on. . . . 

IDaleriaJ.. is very nearly transparent (better than grade 4.5 on the 5 pomt unpamnent 

sule) 

4 Th d
· ality of the Grand Alliance coder in the 2 channel mode is very nearly 

eauloqu ... cal) 
(b ttef than orade 4 7 on the 5 pomt Impamnent s e. transparent e cr · 
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E rtainment Tests were originally proposed by PS!WP6 (Subjecti\. 
The Long Form nte could successfully handle program length audio and video 

Assessment) to v~alrify Tthhattthste ma
sys

:::a1s consist of two reels. The first reel is 50 minutes in length 
HDTV test maten s. e e . d di Th . . . fvideo segments with associated stereo an mODO au o. e second 
and cont~ a WldealVangmetyeOnts from the film "Hunt for Red October" with 6 channel surround· 
reel contams sever se . T du ' 

. d' 23 . t ;n length. The Long Fonn Entertamment ests were con cted m sound audiO an IS mmu es ..... 
October 1995 and the results are contained in Reference 5. 

Table 3.3 contains the results of the Audio and Long Form Entertainment Tests. 

Table 3 3 A TV subjective audio and long fonn entertainment tests . . 
TllI"2et Specificalion M eaJllftd Valut COm.ma!u 

ATV Multi<hannei Audio Subjectively as good as or Better 
better than the Grand Al1.ianctI 
Aurlio Experts GrouP tests 

Long Fonn Entertainment Program EO&C. no noticeable 
impairments 

Met expcctaDOns 

3.2.2. Dual Stream Audio 

On February 3, 1992 the ATSC Executive Committee approved the release of documem 
T3 / 186 that offered guidance to industry on desirable features for digital audio and da .. sen;'" 
associated with an Advanced Television service. Conformance with this document '0\1.5 

subsequently incorporated into the FCC ACATS selection criteria for the audio subsystem oftbe 
proposed Grand Alliance HDTV system. Ooe of the aluibules recommended in DI186 was the 
capability to decode two audio bit streams simultaneously to allow visually impaired services, 
voice-overs. multiple languages and other services to be combined with a main audio service in I 
receiver. This dual stream audio capability requires two audio decoders in the receiver or at least 
the ability of a single decoder to handle two independent bit streams simultaneously_ The need for 
all receivers to have dual stream audio capability was challenged and the Audio and Transpon 
Experts Groups were requested to make a recommendation to the T echnica1 Subgroup on the 
subject. 

On May 16, 1995 a joint open meeting of the Audio and Transpon Expens Groups 0" 
held to discuss and analyze the dual stream audio issue and a recommendation resulting from that 
meeting, that dual stream audio should be optional. was made to the Technical ubgroup 00 ~Ily 
18, 1995. The Technical Subgroup was unable to approve the recommendatioo al that meetini 
and t~e Experts ~oups w~re requested to produce a white paper 00 dual stream audio that also 
explamed the rationale behind the recommendation. 

The paper was completed as a joint effort by memben of the two Expens GrouPS aod 
presented to the Technical Subgroup by Tun Gaspar, Chair of the Audio Expens Group, II the 
July 19, 1995 meebng. The paper and the recommendatioo for optional dual stream Illdio 
de~ding. were ~pprov~ unanimously at the meeting. The impact of making dual sueam audio 
Opt.L?oal 1.5 that l.t reqwres at least one complete main audio service to be included in the audio 
servIce IDlX prOVIded by the broadcaster. The dual stream white paper is contained in Reference 4 
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3.2.3. References 

"Analysis of Orand Alliance Audio Tests July 28,29,30," August 28, 1993. 

2 "Analysis of Orand Alliance Audio Tests December 7 and 8," December 15 1993. 

3. "Report on Multichannel and Stereo Listening Tests," July, 1995. ' 

4 "An Explanation of Dual Stream Audio Decoding," July 14, 1995. 

5 "Report on the Long Form Viewing Tests," October, 1995. 

4. TRANSPORT 

A number of tests were performed to examine the Grand Alliance prototype's ability to 
perfonn th~ tr",;"port layer functions prescribed by the ATSC Digital Television Standard. The 
target speclficauons list four tests as demonstrations, as shown in Table 4.1. 

Table 4.1 Interoperability and Packeti:z.ation Target Specifications. 

Tar'2et Specification 

HeaderJDeocriOlor Robustness Demonstration only 

SW!;tclung betw'eCD Compressed Data Streams Demonstration only 

Simulauon of ATM Network Transmission Demonstration only 

~lnle ility with ComputeT Networks Demonstration only 

4.1. SWITCHING BETWEEN COMPRESSED DATA STREAMS 

The Grand Alliance conducted a laboratory demonstration indicating the practicality of 
decoding video from a bit stream created by concatenating various video elementary streams. 
Withm the range of lest material prescribed for this demonstration, the test showed the feasibility 

of switching between compressed data streams. 

4.2. HEADER/DEscRIPTOR ROBUSTNESS 

Tbe Grand Alliance demonstrated that the prototype ATV receiver recovers from loss of 
certam header information, as expected. with visible artifacts in the reconstructed video. For this 
demonstration, slice headers and picture beaders for I. p. and B-frames were deliberately 
delivered in error It was obsetved that for errors on I-frame beaders, the visible artifacts could 
affect the entire group of pictures (GOP). For loss of a B-frame beader, the subjective impact is 
limited to that B-frame only. When a P-frame header is lost, the duration of visible artifacts lies 
between the duration for loss of an I-frame header and a B-frame header. 

4.3. COMPRESSION AND TRANSPORT LAYER INTEROPERABIUTY 

4.3.1. Syntactic and semantic Compliance of the ATV Bit Stream 

A bit stream recorded at the output of the Grand Alliance encoding system was analyzed 
through the use of software specially developed to check for MPEG-2 and ATSC syntactic and 
semantic compliance. Note that although a great number of bit stream elements were checked, 
practical considerations prevented the tests from being absolutely exhaustive. As a result, these 
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d'd t rify that the GTand Alliance encoder would be completely compliant uodrr II 
tests 1 no ve ~ °d ' 

d
· d' . For IDS' tance coded bit streams were nOl tested lor VI eo ,annats other than co mg con ltlons. • 

720P at 59.94 Hz frame rate, and 1080! at 29.97 Hz frame rate 

A list of the specific bit stream elements tested is beYond the scope of this """""'Y 
report; however, for perspective, the following is a summary of the quanobes of syruac:tic lId 
semantic elements tested: 

• 66 elements of the MPEG-2 Systems Standard (IS0llEC 13818-1) 

• 14 elements of the ATSC Digital Television Standard, Annex C, "Service MuItipIc 
and Transport Systems Characteristics" (ATSC Al53) 

• 34 elements of the MPEG-2 Video Standard (IS0llEC 13818-2) 

• 3 elements of the ATSC Digital Television Standard, Annex A, "Video Sy""'" 
Characteristics" (ATSC Al53) 

Compliance violations were detected in the Program Association Table. the Prognm ~hp 
Table, the Program Paradigm, in Descriptors, in PES Headers, and in Video Syntax Swt Coda. 
All were considered minor syntactic or semantic violations. and correction of these ,;oImoas 
should be straightforward. These corrections, however. may be cntical to receivers' ability 10 
decode correctly A TV programs. The detected violations do not represent any impaumeDl lI 
picture quality or transmission coverage. and thus did DOt affect any test results to these areas 

Any commercial encoding systems produced for the marketplace must be produ<:ed In fuI 
compliance with the overall ATSC Standard. 

4.3.2. Interoperability with ATM Networks 

The goal of this series of tests was to demoDSU111. that • 19 Mbps A TV uwpon III 
stream can be interfaced to, and transponed by, an Asynchronous Transfer Mode (AThQ 
network. The tests were .c~.nducted at the Charlotte, orth Carolina field test site utilizing fiber· 
based ATM traospon facllines provided by SeU South. 

Using equipment provided by the GTand Alliance, A TV transport data stream packell 
were split IDto ATM-sized payloads and then formed into ATM cells with appropJ11le AThi 
he~ders and syntax. These were then transmitted via the A TM network, through • smgle A 111 
SWIt

k
ch, anTd

h 
returned to the field test site. Here they were converted back IOta A TV UIJIlPII" 

pac ets. e A TM channel was select d fi . 
errors, or 'Jitter." e or constant bit rat~ which provides mIDirra.un tmIUI8 

The first of the three tests was d . ed . 1M 
network. A D-3 VTR. provided 19 Mb:S::: to verify the b8Slc connectJoo to the A 
consisting of pseudo-random data seq p ;,ce data, ID A TV transport stream fannat, ~ 
channel with no bit errors detected. uences. ese were suc:cessful1y passed through the ATh 

The second of the tests utilized a D-3 . 
stream consisting of compressed HDTV . VTR to fced IOtO the A TM network I t!IIIlP'" 
reconverted to an ATV transport pu:tures and sound The returned A n.-t signal 9i15 

then broadcast via the channel 53 :earn .and fed to the GTand Alliance 8 VSB modulator, ... 
the 16 VSS mode). Error-free rece tiansoutter, and also transmitted via cable television piaDI (. 

p on was achieved at both broadcast and cable recei\~ sites. 

-12_ 
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The third test involved increas' th I 
approXllDlltely 450 miles and . . LIl8 e ength of the ATM path to a total distance of 
gc:oenilly successful, at ' timesm~~lDg the n~ber of A TM switches in the circuit to six. While 
receJ\'er resulting' . packet Jitter exceeded the buffer capacity of the ATM 

• lD errors 10 the decoded pictur th ,,~. caused by typical 0 th ". e at were w.uerent m appearance from those 
ver- e-arr Impamnents. 

In b~'mma,?,. ,all three tests proved the feasibility of carrying the ATV transport stream 
:: a PUb ~ ~er s fiber-bas~ A TM network, but indicated that commercial equipment will 
_ .. ,.~? ... . e estgned to cope WIth packet jitter that arises in more complex ATM network 
~ ....... uons 

4.3.3. Multiple Ancillary Data Services 

In ord.er to d~ons:rate, in a limited fashion, the ability of the Grand Alliance prototype 
system to deliver mul~ple mdependen: p~ograms within a single 6 MHz RF channel, the system 
1jI,'IS configured for this test to transmlt slffiultaneously four data channels at bit rates as follows: 
4738 Mbps, 5744 Mbps, 3.747 Mbps, and 4.717 Mbps. The transmission channel was 
ummpl1red, and a strong level signal (-28 dBm) was presented to the receiver. Each of the "sub
channels" was selected, in tum, for output at the decoder, and each was received error-free. 

4.4. AUOIONIOEO/CAPTIONING LATENCY 

Because the signal processing in a digital television system bas the potential to introduce 
VIJ)'108. delays between the audio, video and closed-captioning data signals, tests were performed 
on the Grand Alliance prototype system to measure these absolute and relative delays. 

4.4.1. Absolute Latency 

For the 10801 format, the absolute delay for video was 846 ms. For the nop mode, the 
absolute delay for video was 813 ms. These latencies may be of interest to future designers of 
interactive television systems utilizing the Grand Alliance system. because these delays set the 
lower bound for responsiveness of the system to a user request for a high definition video 

sequence 

4.4.2. Relative Latencies 
For the 10801 format, audio was found to lag the video by 9 - 13 ms, with variations over 

dIIJ ronge depending upon the channel examined in the 5.I-channel audio configuration. Such a 
lag lS Dot coDSldered to be perceptible to viewers, except in cases of concatenated processing 
through a series of A TV encoding systems, through which the audio lag would accumulate. The 
Grand Alliance is encouraged to investigate whether this relative delay in audio content can be 

reduced through encoding system design changes. 

For the nop format audio was found to lead the video by 36 - 40 ms, varying by channel 
m the 5 l-clJ.anneJ audio ~nfiguration . Such a lead in audio timing is nearing the perceptible 
threshold, but can be expected to be correct~ via a relatively inexpensive delay in the audio 

signal at the appropriate point in the A TV encoding system.. 

As to captioning, for the 10801 format, captioning was found to lead the video by 
17 _ 33 IDS (that is, by one or twO fields), depending upon whether the captioning was presented 
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d FI'eld One or Field Two. Correction of this lead can be expect<d 10 be I to the enco er on . 
relatively simple matter for future encoder designs. ' . 

For the 720P format, captioning latency essentially matched the VIdeo lateocy, leading tho 

video by only I ms. . . . 

ifi . and measured values for relative latenCle5 are gIVen m Table 4 2 Target spec cations 

T bl 4 2 Relative latencies of the Digital HDTY Grud Alliance system. a e . 
Target SpttificatioD Musur<dValue C ........ 

1080 x 1.920 720 J: 1110 

Video-Audio Relative Latency < 15 ms 10.3 ms 384 ms See IIoce I 

Video-Captioning Relative Latency < 100 ms JJ ms Ims 

bI!U Note 1: RelatIve nnung of vtdeo and audio 15 fully programmable. In the prototype systc:m., III ... 
not optimized for the nop mode. 

5. TRANSMISSION 

5.1. SPECTRUM UnLIZAn ON 

5.1.1. Introduction 

The Advisory Committee on Advanced Television Service considered two cmeria fOl 
spectrum utilization - accommodation percentage and service area. .. AccommodltJOD 
percentage" specifies the fraction of existing NTSC television stallons that could be assigoed an 
ATV channel. "Service area" refers to the interfere:oc,e..J.imjted coverage area of new ATV 
stations. The methodology for calculating the results of the analyses of these alieni 0" 
described in Chapter 8 of the "ATV System Recommendation" adopted by the AmUOl)' 
Committee on February 24, 1993. 

5.1.2. Accommodation Percentage 

Allotment stndies were undertaken based on the results of laboratory testing of the (]no! 

Alli~ce prototype A TV system. For terrestrial brOadcasting. an allotment/assignment plan tbI1 
proVIdes a second channel for each television licensee construction pe:rnUt bolder, and 
construction penni~ applicant was developed. In the plan, an'attempt was made to match~ .... 
ATy ~verage Wl~ th.e exJ.Stlng coverage of the companiOD NTSC station. ApprOunate 
re~tlon of ~at objectIve was achieved through reducing A TV coverage of some sunoos and 
~owmg new IDterference to the coverage areas of some NTSC stations The effect of the 
mterference tradeoffs is detailed in the follOwing section. 

5.1 .3. Service Area 

Table 5. I shows the planning factors employed in the devisin of the aUOtmelltllSSlglllDOll 
table and In the analyses of service and interference. Shown also g IIJ Table 5 I are ~ ~ 
specificabons which are based on the "Best f th B ..: •• 1 ~..;,.I 

Th '. a e est" values from the four on...- .... -systems. e carner-to-noise CO-channel and d ' hann ' d-""" 
• .. a Jacent-c eJ lnterfereoce data \\-'ere .... ,. 
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from labonltory testing of the Grand AlIi . 
interference to NTSC from an up d' ance prototype. Of partlcular note is the matter of 

per a ~acent-channel ATV operation. 

Table 5.1 ystem-specific pia . f 
rT.n;;n:;;' :::n~g;::ac:::t:;,o:rs=ro:r_G:;:r:a:n;.d~Al::::li:a:n~ce~p~ro:t:o~ty~p:e~(D:::/u::..:i~n~d~B~)::, .... 

Comments T1lr2~t Specification Measured Value 
Carric.r-T ~N oi.K < 15 . 6 dB +15.19 dB 

Co-Chund Tan::~t Specification Measured Value Comments 
ATV ....... IITSC < 36 . 5 dB +34.44 dB 
m'SC·uuo-ATV < 3 . 5 dB +1. 81 dB 

A1V-~ATV < 16 .6 dB +15. 27 dB 

Noct 1 Tarltl spoctfication is based on video interference which was met during testing (-17.00 dB). During 
tcsl1DIo It was cti.scO\ued that audio interference occurs before video inteIference; the measured value 
Ibown U\ lh1s table is based on audio interference. 

In the 1993 testing of the original systems, and in tbe 1994 comparative testing of the 8 
VSB and 32 QAM transmission subsystems (called the bake-ofl), consideration was given only to 
>-.deo lDlerference In the 1995 testing of the Grand Alliance prototype, interference from ATV 
IIIUl BTSC stereo and the second audio program (SAP) channel were tested also. In a substantial 
II1Dlber of the twenty-four NTSC receivers used in the ATIC testing program, audio was found 
to degrade before video when the interfering signal was ATV in the upper adjacent-channel. The 
threshold for video performance degradation to CCIR Grade 3 was found to be at a desired-to
undestred (DIU) ratio of -17.00 dB for the median receiver. The threshold for audio performance 
degradation to CClR Grade 3 for the median receiver was found to be at a DIU ratio of -11.95 
dB I 5mce the DIU ratio for audio is greater than the DIU ratio for video (i.e., audio degraded 
before video), in the instance of upper adjacent-channel ATV-into-NTS~ interference, the audio 
rauo was used in service and interference determinations. In all other interference considerations, 
\ldeo degraded before audio, therefore video DIU ratios were used. 

5.1.3.1. Service Area Evaluation 
atioowide coverage area and population analyses are summarized in Table 5.2 and Table 

5 J In tha analysis, the data base is the same as that used for the bake-off analysis. The 

I Tbt lhre$hold for audio performance degradation to CCIR Grade 3 was found to be at a DIU ratio of -7.95 dB for 
twtaIy pera::ot of the reoeivcn. and at _10.95 dB for thirty percent of the receivers. For funhcr information, see the 

~ analySIs report of the Trangnjssion Expert Group. 
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ts art U!Ol VHF/UHF scenario is assumed, and co-channel, adjacent-channel, and taboo COIlStrlln 

A TV performance, based on lbe prototype testing, was essentially equivalent' to th 
predicted on the basis of the bake-off test results, and substantially bener than the 
digital systems. Areas and populations served are greater and interference is less 

• perf""""" 
four origini 

Table 5.2 Aggregate population st2tistics for Grand mInce pro 
(VHFIUHF scenario, co-cbannel, adjacent-dianne!, and taboo coastra 

10type 

iDts). 

Aggregate Population Sutinics 8uedoD Sued .. 
M<di .. Video Mtdiu ""clio 

2 . 9 12 . 03 K 2 , 91 Total population for A TV and NTSC coverage areas 
30 1. 30 H 30 NTSC population lost due to NTSC interference 

2 . 03 H 

1 . 30 H 

NTSC population lost due to A TV interference 93.2 H 118 . 36 H 

A TV population lost due to NTSC and A TV interfecence 73 . 01 H 13 . 01 H 

A TV population lost due to ATV .. only interference 38. 4 ~ H 3S .45 H 

tOIJpt Table 5.3 NTSC population statistics for Grand AlJi.ance pro 
(VHF!UHF scenario, co-cbannel, adjacent-c.hannel , and taboo connrai Dts~ 

Population loss relative to 

population in conrage area 
No Interference 

o - 5 % 

5 - 10 % 
10 - 15 % 
15 - 20 % 
20 - 25 % 
25 - 30 % 
30 - 35 • 

> 35 • 

NTSC statioD.S with addtd 

Sued 011 1edian Video 
60 .9 
24.7 % 

5.1 % 

2 .8 
1.8 
1.3 % 
0 .5 % 
0 .7 % 
2 . 2 • 

TV ubtioo lou dDt: 10 A 

BUtd oa. MediuAa 
57 . 6 
24 .4 

6 . 1 
3.6 
2.1 
1.5 
1.5 
0.3 
2.9 

clio 

Interference to NTSC a d' fr 
during the bake-off testing, but u l~ 0';. lbe upper adjacent-channel A TV Iw! to be p""" 

OD video A reasonable assumption is that, haad
u 

Odie ectffi s were no, tested. concentration was 
anal . au 0 e ects been 'dered . 

YSIS based on upper adjacent audi uld ha . const m the bake-off tests, 
5.2. 0 wo ve }'Ieldod similar results to those sbo 

",,-.ng< 
WD in Tobi< 

Table 5.2 compares the effects ofNTSC . 
The numbers entered in the table fi « and A TV mtetference 00 the ",ewing 
the number of stations they potentl'aI!°r pop~ation" are the product of the number 0 

popuIJttOI' 
f ,i"" .... "" 
.. ofalmosd bill· Y receIVe This 

100. The table shows that the bi est " :' accounts for a total "populatioD 
lost because of NTSC interference~this lost ~puJatio.n is potential NTSC vje\\'efShip 

today and fo~ a baseline. Compar~d wi~op~atJ.oD stausuc describes the situario 

a/ItJrlY 
Dasit .... 

new ATV seMce are small Tb Ibis number, lbe effects on existing I'ffS 
__________ ._ e ruggedness oflbe new ATV " _ servtce 15 apparent aI50 
, 

Based on upper adjacent video. 

C of adding' 
becallSt its 
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"lost" popul.tion is smaller than th e present "I t" ul· thai the loss of populatioD coverag d . as pop anon with NTSC. These results indicate 
tranSrtion to A TV is completed. e ue to mterference will be significantly decreased after the 

HJ.2. Comparison with Four Original Digital Systems 

Figure 5 I &nd Table 5 4 have b . 
the four origInal digital syste";' Resulteen :::V1ded to allow comparisons 10 the 1993 testing of 
Recommendation." The '. so.e preVIOUS tests are included in the "ATV System 
the VHFIl1HF scenario comp.udter Input for this analysis is based on the 1993 data base assumes 

• CODSI en only co-channel d d' ..' 
uses the upper adjacent-chann 1 ATV-' an a J~cent-channel mterfenng sources, and 
Ibrtshold e mlo-NTSC DIU rabo of -17.00 dB, which is the video 

.ID 

- GA PtoIOCVI» --_. OIgiC/pher •·· .. ······· OSC-HDTV ·· -·-·-A~DTV · .. · ······ CCDC 

VHFJUHF Scenario • 5ervtc:. NH of ATV Station Re$ated to SeM,. Area of its NTSC Companion 

l,., 
~ 
! 

e , 
1 
~ 

1 
j 

"" .,. 
ID 

.
~~--~--~.~--.---.---.. --.-........ -.--.-....... ---.. -_ ..... _ ...... _ .... --------- ::::.=-.. - ..... ~...... . ....... - .. . _.".-_ ... _-_ .......... _ ...................... _ ............. -..... -.... -...... =.~.=.~:~.~~==~~.~~: 

ID 
_ .. _ .. _----_ ............... _._ .......... _-_. __ .... _ ............................ _ .... _. __ .... ' \ 

.. -- ---_._--_ ..... _---_ .... __ ............ . 
,. 
0 

0 
800 .000 ."'" .".. 16'" 

CUfT_nt NTSC Stations jn Order of Decreasing Service Area Ratio 

Figure 5.1 loterferen~Jimited service area of each A TV station relative to 
tbe inluference--limited service area of its companion NTSC station 
(VlIFIUHF scenario, co-cbannel and adjacent-channel cODstraints). 

rlgUfe 5.1 depicts the interference-limited service area of each ATV station, during the 
trlnSlUon period, relative to the interference-limited service area of its companion NTSC station 
under the VHF/UHF scenario, taking into account co-channel and adjacent-channel constraints. 
The graph shows the Grand Alliance prototype, as a solid line, along with the four original digital 
systems In the graph, the 1.657 current NTSC stations are placed in order of decreasing ATV to 
NTSC service area ratio. Examjnation of the graph for the Grand Alliance prototype reveals that 
II 'Ie (I83) of the A TV stations under this ~oario would have an ATV service area at least 
20% larger th&n their companion NTSC serVIce area, and 98.85 % (1 ,638) would have an ATV 
ser.ice area at least 80 % of their companion NTSC service area. The total A TV interference
lumted service area for all 1,657 stations is 39.7 million square kilometers. It is clear from this 
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graph that the performance of the Digital lIDTV Grand Alliance System exceeds that of any of 

the four original digital systems. 
Table 5.4 shows the interference statistics for the VHFIlrnF scenario, taking into accoum 

co-channel and adjacent-chanael constraints. During the transition period, 82 3 % of ATV 
stations would receive no interference. This wouJd rise to 89.1 % after the transition period ems. 
Also during the transition period, 0.4 % of the A TV stations would receive interference in IIXlre 

than 35 % of their noise-limited coverage area. This would decrease to 0 -2 % after the transition 
period ends. The total interference area created within the A TV noise-limited coverage area 
during the transition period is 0.41 million square kilometers Of the existing NTSC swionl, 
63,8 % would not receive any new interference because of the A TV service, while 2 2 % wooLf 
receive new interference in more than 35 % of their Grade B area The total new interference into 
NTSC created under this plan is 1.15 million square kilometers. 

5.1.4. 

Table 5.4 Interference statistics for Grand Anianee prototype 
(VHF/UHF scenario, co-channel and adjacent-c.hannel eonstrlioU). 

Intenerence Area ATV StatiolU with lnterfennu I"fTSC Sutioas .ith 
Compared to dded lnttrfermct 

Co\'erage Area During Transition After TnuitiOD 0.. 10 ATV 

No Interference 82. 3 % 89 . 1 63 . 8 i 
0 5 % 10 . 1 % 6.6 20.1 1 
s - 10 % 3 . 5 % 1.8 5 . ' , 

10 - 15 % 1.5 % 0 . 9 2.8 • 
15 - 20 % 0.0 % 0 . 5 % 2.2 i 
20 - 25 % 0 . 7 % 0.3 % 1.. , 
25 - 30 % 0.3 % 0.3 % 1.0\ 
30 - 35 % 0.3 % 0 . 3 % 0.51 

> 35 % 0.' % 0.2 • 2 . 2 % 

Summary of Spectrum Utilization Findings 

Based on this analysis the Advisory C . fin . 
superior to all of the previously' analyzed ommlttee ds that the Grand Alliance system • 

proponent systems 111 utilizallon of specuum. 

5.2. TRANSMISSION ROBUSTNESS 

This section identifies the various 
purpose and importance of the test d th tests of transmission performance For each test. the 
the results is given also for each te: 'the 

test m~thodology is summanz.ed A briefstatemem of 

Alliance system with the previous pro WI emphaslS on comparison of performance of this GBod 
panent systems. 

5.2.1. Random RF NOise Performance 

, Random noise was added at RF t '. . 
Alliance system's modulation and 0 the deSIred di8ltal signal As expected for the Grand 

d 'd error correction, d ~ recovere VI eo and audio data til th ran Om RF noise bas no effect 00 ~ 
"threshold" value. The value of camu~ e l,evel ~f noise is raised to a point VHV close to I 

. 'bl . er·to-nOlse II (CIN) '-, 
VISI e IS called the Threshold of Visibility r:rO~a 0 wbere the effects of noise begin 10 be 
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For the Grand Alliance system, the CIN at TOV was 15.19 dB. 

A> expected and d . ed ' 
ts .h."" fr eSlgn lDtO the system, the threshold is very sharp. Visible image 

IIIIjIl1ltDOII f~e am Just barely VIsible to destructive of the picture within _ I dB of 
.memng 0 the C/N. 

A SImilar measure can be made on the recovered audio data (Threshold of Audibility) For 
IheGrand Alliance system, the CIN at TOA was 14.92 dB. . 

. As expected, th~ video ~d audio. fail approximately together, with audio measuring as 
sligbtly more robust agamst RF nOise. Audio does not fail before video. 

Performance in the presence of RF noise impairment is superior to the first round systems 
aDd meets target specifications. See Table 5.5. 

5.1.2. Static Multipath 

Tolerance of single and multiple static echoes was measured. The delay of the echoes 
I ... ed ranged from -I 8 microseconds (i .e., a leading echo) to +18 microseconds (a lagging echo). 
Muluple echoes were tested in ensembles of 5 echoes at various amplitudes within these ranges. 
lngeoera1. the Grand Alliance system's performance was comparable to the best of the first round 
S)'Slem$ There were DO specific target specifications for these parameters. 

Also measured was the tolerance of combinations of random noise and multipath and 
c:ombmabons of co-c.hannel NTSC and multipath. The random Daise or co-channel impairments 
"'tI't added to the eosembles of 5 echoes. There was no target specification for the combination 
or to-Ghannel plus noise, since this performance was not measured in first round testing. 
Performance of the Grand Alliance system is judged acceptable and in line with expectations. 

There was a specific target specification for random noise plus multipath. It is stated in 
lerms of the difference between the TOV point measured with random noise alone and the TOV 
measured with both random noise and multipath; multipath levels are held constant and the level 
of random noise IS varied until TOV is reached. It is judged that the Grand Alliance system met 
!he reqwremenu of the target specification, based on averaging the performances of all the 
<nsembles See Table 5.5 . (In all of the multipath ensembles except one, performance comfortably 
l.Irpassed the requirements of the specification; the one exception was worse than target by 0.14 
dB) 

Table S S Random RF noise performance of Grand Alliance prototype . . 
Target SpccificatioD Mea.su.red Value Comments 

T1ua.bold CharacteriStics for Random < 15 . 6 dB 15.19 dB 

_-Video 
T'hra.bold Charactensucs for Random < 15.6 dB 14 . 92 dB 

_ -Aucbo 
Tbrc:sbold CharacteriStics for Random Audio usable at or Audio did not fail 

_ (Audio + Video) beyond video POU before video 

Random NOLSC 10 Presence of Muitipath < 3.5 dB 2.42 (±1.22) dB 
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5.2.3. Flutter 

Flutter is time-varying or dynamic muJtipath. This performance attribute was tested v.ith 
both ensembles of ghosts and with single ghosts at various rates of "motion" from 0.05 Hz to S 
Hz. This testing was more extensive than in the first round. Where comparable data exist, the 
Grand Alliance system shows improved performance. 

5.2.4. Impulse Noise (Burst Error) 

Both over the air and cable reception suffer interference from bursts or impulses of ooise. 
The ability to deliver corrected data in the presence of bursts of interference is imponanl. 

The 8 VSB Grand Alliance system performed hetter than the target specification by 
withstanding a 169 ~s burst at a repetition rate of 10 Hz. The second part of the test specified . 
time duration for the pulse as a percentage of the threshold pulse width. and Dot the width 
specified in the target values, so a comparison with the target value is not possible. See Table 5.9. 

The 16 VSB Grand Alliance system was able to withstand a 120 ~s burst at a repetitinn 
rate of 10Hz which ahnost met the target value of 129 ~s at 10Hz. See Table 5 10 

5.2.5. Discrete Frequency Interference 

The intent of this test is to probe for sensitivity of the digital signal to particular interfering 
frequencies, such as couJd be encountered from RF signals other than broadcast television. 
Discrete frequency interference tolerance was tested both from tones within the desired A TV 
channel and from tones in adjacent channels. 

The Grand Alliance system performed better than the larget specifications See Tabl. 56. 

Table 5.6 Discrete frequency interference perfonnance of tbe Grand AlIianct prototypt. 

Target Specific.ation Measu..red Value Commeats 
Discrete Frequencies (25) < 39.5 dB adj . c h . -48.5 (±3.51 dB 

< 12 . 75 dB i n band 11. 1 (±2.0, dB 

5.2.6. Co-channellnterference into ATV 

Tests measured both ATV-into-ATV and NTSC-in,o-ATV co-chaonel intenerence. at 
both moderate and weak power levels The Grand AJ" 

ifi 
. . uance system performed berter than wgeI 

spec canons on all of these tests. See TabJe 5.1. 

5.2.7. Co-channel Interference into NTSC 

The test measured ATV-into-NTSC . 
levels. The Grand Alliance syst rf co-channel tnterference al moderate and weal: po"" 
See Table 5.1. em pe ormed better than target specifications on all of these tesu. 

5.2.8. Adjacent-Channellnterference 

Upper and lower adjacent-channel . 
in both directions, i.e. , ATV-into-NTSC =~erference were both lested, and lests were perfurtaed 
moderate, and weak: power levels. NTSC-mto-A TV. Tests were performed at strong, 
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\\'1th ~ard to ATV-into-ATV tests the thresh Id f . ·b·li eak ed , 0 0 VlSI I ty at w and moderate 
desu" power -:xceeded performance in the first round tests. At strong desired power the 
th!esbold of vwbility exceeded that level of interference expected to occur under real-';'orld 
""","",os 

The Grand Alliance sy.stem performed better than target specifications on all NTSC-into
ATV test.! and on lower adjacent-channel ATV-into-NTSC. With regard to upper adjacent
dwmeI ",deo 1Il1e:rference A TV-mto-NTSC, the tests found a "color stripe" artifact in the NTSC 
,ideo at all NTSC power levels. Analysis shows that it is caused by the ATV pilot camer 
Dtqu<:ocy "beaung" with the NTSC color subcarrier. Analysis also suggests that another 
"1ummIDCe beal, " bidden during the testing by the color beat, would be present. caused by the 
ATV p~ot carner beating with the NTSC visual carrier. Finally, during these tests, some NTSC 
reteI\'trS showed loss of color and other picture artifacts. 

The analysis shows that use of precision carrier offset between the ATV pilot and the 
~iSC color subcarrier will eliminate visibility of both artifacts. The loss of color and other 
IItIfacu, however, would not be affected by carrier offset. 

Given the above. also examined carefully were the effects or upper adjacent-channel ATV
_NT C Interference on the BTSC stereo signal and on the SAP channel. Results show that the 
5leRO aDd SAP agnals are more sensitive to upper adjacent-channel interference than is the video. 
Assumll1& the UK of offset to eliminate the video beat artifacts. coverage was computed based on 
the mterfereoce levels measured for the stereo and SAP channels. Nevertheless, the system met 
Wg<I speaficauons, because those targets were based on video performance. See Table 5.1. 

5.2..1. Taboo Interference 

TestS were performed at all the significant traditional UHF taboo channels. The Grand 
AJhance system perfonned better than target specifications an all taboos except N+2, A TV -mto
~TSC. It nussed tbat target by about 0.6 dB. The taboo performance of the Grand Alliance 

system IS Judged acceptable See Table 5.7. 

5~ 10. P.ak...to..,Avenage power 

The ratio of peak_lO-average power. with 99.9 % probability was measured as 5.9 dB, 
~lDCb was lower (i e , better) than target specification. See Table 5.8. 

S.L1 1. Thruhold Characteristics 
Thresholds against impairments are generally sharp for digital systems wi~ error 

correcuOn. The Grand Alliance system exhibited the expected sharp thresholds, as discussed 

abo\-e m1.Ddavidual test summaries 

5.1.12. cab'. Transmission 

5.1.12 .. 1. Composite SKond Order .. 
d d (CSO) impairment arises from the distortion charactenstlcS of 

_ Com.posit~ secon I~r t:'~sion system. System performance in the presence of ~SO 
~ eJ~u lD ~ cabf th ectral characteristics of the modulation scheme and the receiver 
ttnplllJ1DelU. IS a functlon 0 e sp f CO· d . bl 
front eod design. Tbe ability to withstand higb levels a S IS eSlfa e. 
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~ormllnce of Grand Alliance prototype. . t ri rence pen' Table 5.7 Taboo ID e e 

Target Speci.!!catioD Mea.sured ValDe Com..mats 

< -23 . 5 dB -23.73 dB 
N-2 Taboo NN 

< - 28 . 5 dB -27.93 dB SeeN ... I 
N+2 TabooNN 

< - 22.5 dB -24.96 dB 
N+4 Taboo AfN 

< - 32 . 5 dB -33 . 38 dB 
N+}4 Taboo AIN 

22 . 5 dB -30_58 dB 
N+J5 Taboo AIN < 

< - 25 . 5 dB -31 . 62 dB 
N-S TabooAIN 

-43 . 22 dB 
N+8 Taboo AfN < - 36.5 dB 

-62 . 45 dB 
N-2 Taboo N/A < -53 dB 

N-2 Taboo AlA < -53 dB -60 . 52 dB 

N+2 Taboo N/A < - 53 dB -59 . 86 dB 

N+2 Taboo AlA < -53 dB -59 . 13 dB 

N·3 Taboo N/A < - 53 dB < -61. 79 dB 

N-3 Taboo AlA < -53 dB < -60.61 dB 

N+3 Taboo N/A < - 53 dB < -62 . 49 dB 

N+3 Taboo AlA < -53 dB < -61. 53 dB 
. 

Note I : T"'llet spcc:ificanon missed by less than 0.6 dB TblS os JUdpl ocapcable. 

Table 5 8 Peak-to-average power for the Grand Alliance proloC)"))t. -
T __ ~uti ... MeUW"Cd Value c ........ 

L Peak! Average Power (99.!}O/o probability) < 6 . 95 dB 5.9 dB 

The 8 VSB Grand Alliance system had a measured carrier-tO-interference level of 27 dB 
which is slightly poorer than the target value of < 25 dB, however. as NTSC pictures start 
exhibiting interference in the 50 dB range, it is unlikely the 8 VSB system would have to operate 
in a mid-20's carrier-to-interference environment. See Table 5.9 

The 16 VSB Grand Alliance system had a measured carrier-to-interference level ofJ5 dB 
which meets the larget value of < 38 dB . See Table 5. 10. 

5.2.12.2. Composite Triple Beat 

Composite triple beat (CTB) impairment also arises from the distortion charaCleristi<> ri 
active elements in a cable television system. Along with random noise. it is one of the P~ 
limiting characteristics in cable system transmission performance. System performance lD the 
presence of eTB impairment is a function of the spectral characteristics of the modulation sc.bcmt 
and the receiver front-end design. The ability to withstand high levels oferB is desinble. 

The 8 VSB Grand Alliance system had a measured carner-to-interference 10\-.1 ofJ9 dB 
which is slightly poorer than the larget specification of < 37 dB, however, as NTSC picrute'stJJ1 
exhibillng this mte~erence ill the 50 dB range, it is unlikely the 8 VSB system would ba\~ w 
operate 10 a high-30 s camer-to-mterference environment. See Table 5_9 
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The 16 V B Grand Alliance system had a ed · . 
lIio'biGb meetS the target specification of < 49 dB measur carner -to-mterference level of 47 dB 

. See Table 5.10. 

5.2.11.J. Phue NOise 

Phase DOlse is a function of the stabili f· . 
gtDCfIteor translate the frequency of the tr ~ 0 o~cillators us~. m the ~ansmiSSiOD chain to 
phase DOlSe 1$ desirable anslllltted SIgnal. The ability to WIthstand high levels of 

The 8 V B Grand Alliance syste had d· :inch be than m a measure carner-to-phase noise ratio of 78 dB 
lIio was ner the target specification of < 81 dB. See Table 5.9. 

<. h The 16 VSB Grand Alliance system had a measured carrier-to-phase noise ratio of 82 dB 
'IIIwC wu bener than the target specification of < 87 dB. See Table 5.10. 

ttl U . Roslduol FM 

Residual ~equen~ modulation is another form of deviation in oscillators used in 
frequency conversion eqwpment. The ability to withstand bigh levels of residual PM is desirable. 

The 8 V B Grand Alliance system had a threshold residual PM of 9 kHz which was better 
tIw> the target specification of> 6 .5 kHz. See Table 5.9. 

The 16 VSB Grand Alliance system had a threshold residual FM of 7 kHz which was 
boa ... tbon the target specification of> 4 kHz. See Table 5.10. 

1t 12.5. Fiber OpU<s 

Cable systems are increasingly introducing amplitude modulated fiber optic links to reduce 
~Wier cascades and improve system reliability. The lasers will clip if over-modulated resulting 

m dmoruon m the channels. 
The 8 VSB Grand Alliance system reached threshold BER with a laser modulation level of 

78.1t wtucb was better than the target value of 4.5 %; however, the number of carriers available 
to modultte the laser was lower than the number used to set the target and a direct comparison is 

1101 possible See Table 5.9. 
The 16 VSB Grand Alliance system reached threshold BER with a laser modulatioo level 

of1 ] % wtuch was better than the target value of 4 %; however, the number of carriers available 
to modulate the laser was lower than the number used to set the target and a direct comparison is 

DOt poSSIble See Table 5. 10. 

5.2.12.'. Ch.nne' Change and Channel Acquisition 

Current television viewers are accustomed to rapid channel change capability, and an ATV 
senlce must emulate this feature closely if consumer fiustration is to be avoided. Channel change 
bme lS I funcuon of twO processes: carrier acquisition and bit stream synchronization; and bit 
stream decompression through recognizable picture display and presentation of audio. 

The 8 VSB Grand Alliance system exhibited an average channel acquisition time of 0.7 

seconds which just mel the target value for acquisition. See Table 5.9. 
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The 16 VSB Grand Alliance system, with an average acquisition time of 1 I seconds, was 
slower than the target value of 0.7 seconds. See Table 5.10. 

5.2.12.1. Multiple Impairmenf- s econd Order vs. Noise 

The ability of digital systems to handle a specific. impairment is normally r<duced if. 
second impairment is present. Noise and second order distoruon trade-off was determined by 
decreasing the amount of noise necessary to reach threshold when the amount of second order 

distortion was decreased a specified amount. 

The level of second order interference was reduced 6 dB before the noise--ooly threshold 
was reached on the 8 VSB Grand Alliance system. With the second order distortion 3 dB below 
the threshold value, the amount of noise necessary to reach threshold was 'Nithin 0.5 dB oftbe 
noise threshold. The system was better than the random Doise target value of < IS6 dB. See 

Table 5.9. 
The 16 VSB Grand Alliance system traded-off between noise and distortion until the 

distortion was reduced 15 dB below its threshold value. With the second order distortion 3 dB 
below its threshold value, noise was 3 dB from its threshold value The system was sligbdy below 
the random noise threshold target value of 28.85 dB with a threshold of29.1 dB This was du.1O 
the lower tuner input level compared to the previous tests. See Table 5 10 

5.2.12.8. Multiple Impairment - Third Order vs. Noise 

The trade-off between noise and composite third order distortion was deternuned by 
reducing the level of the third order distortion in specified steps and detenmniog the DCist 
necessary to reach threshold. 

The noise-only threshold was reached on the 8 VSB Grand Alliance system when the third 
order distortion was reduced 3 dB. 

. . The 16 VSB Grand Alliance system reached the noise threshold level when the third onl" 
~stortlon was reduce~ 6 dB below its threshold value. With the third order distortion 3 dB below 
Its threshold value, nOIse was 0.4 dB from its threshold value 

5.2.12.9. Multiple Impalrment- Phase Noise vs. Noise 

The relationship between phase noise and rand . . the 
phase noise below its threshold level in s ecified om DOlse ~ determmed by reduang . 
necessary to reach thr h Id th P steps and delerrnID1D8 the level of DDdom QOISt 

es 0 at ose levels. 

The 8 VSB Grand Alliance system hed th 
reduced 15 dB below its threshold level ~"."c e noi~ threshold when ~ phase DO"" ~.., 
the phase noise reduced 3 dB below thr~hold. system was WIthin 2 dB of II. not5O threshnld .i1h 

The 16 VSB system reached th . 
below its threshold and was within I ~ nOise threshold when the phase noise was reduced 9 dB 
threshold. of threshold with the phase noise reduced 3 dB bdow 
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Table 5.9 Cable television tests rl pe ormed on the Grand Alliance tty pro 0 pe. 

Target Specification Measured Value Comments 

te Scamd Order DlStortion <25 dB 27.1 dB SceNotel 

te Tnple Beat DlSlOrtion <37 dB 39. 1 dB See Note 1 

PbueNoue <81 dB 78.3 dB 

_I'M >6.5 kHz 9.2 kHz 

Filer 000< T .... > 4 . .5% 7.8% 

QaIIDd I Channel Acquisition <0.7 s 0 .7 s 

'Tbresbold CharKlc:nstlCl (or Random < 15.6 dB 15,0 dB 

_·0 ... 
Local QsaILalor 1nstablhty >±89 kHz > ±lOO kHz 

Oywmt Mulupath - AcqwSltion Time <0.75 s 0.95 See Note 2 

l1li tbt Pleseucc of MulbDlth and Noise 

&ml Error Con-cc:non > 169", @l IOHz 180 ",@l10 Hz 

> 1.05 Idh J! 20 f.lS 240 Hz @ 118 '" See Note 3 

_I The measured value nusscd the target specificatIon by 2 dB, but there 15 more than 20 dB margin 

.,tII. typC&l opcraUr\I corutitions. This is judged acceptable. 
~ 1 T$ uw::ludod more severe multipath conditions than anticipated when target specification was set. 

Sole) Tbe IC:St was chfferent from the target specification. 

Table 5.10 nigh dau rate cable television tests performed on the Grand Alliance prototype. 

Target Spc:cification Measured Value Comments 

\C Sccood ()rdcr DlSlOrtlon <J8dB 35.4 dB 

\C Tnole Beat Dutamon < 49dB 47.2 dB 

PbaoeNeue 
<87 dB 8L8dB 

_I'M > 4.0 kHz 7.0 kHz 

Fiber Opoe T .... 
> 4.0% 7.3% 

CbanDd ~ ChannelAmuisition 
< 0.7 s Us See Note 1 

Tluubold Cba,rac:tcnSUcs for Random < 28.85 dB 29.1 dB See Note 2 

_ .0... 
Local 00alW0r \nSUIblllty 

>±89 kHz > ±100 kHz 

DyDamac Multlpalh - AcqwsitioD Time 
< 0.75 s 1.2 s See Note 3 

.. 111< Po •• NY or Multipalh and NoUe 

Bunt Em< Comcbon 
> 129", @l IOHz 120", @l IOHz See Note 4 

480 HZ@68 '" 
See Note 5 

> 1.45 kHzj!,20 IJS 

Nocc. 1. Measured ,-alue reflects proe.ocype }wdware anomaly, not a system cbaracteriSbc. Intended des:tgn 

.. for ulnmcal acqUJ.Sltion performance in both 8 VSB and 16 VSB modes. 
~ 2 Measured ,-alue fIllSSCC1 target specification by 0.25 dB. This is judged acceptable. 

Noce 3. TCSl ududed more severe multipalh conditions than anticipated when target. specification was set. 

Noce 4 MtaJured ,'I.lue ID.1SSCC1 target specification by 7.5 %. This is judged acceptable. 

Note: 5. The teSt was different from the target specification. 
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5.2.12.10. Multiple Impainnent- Residual FM vs. Noise 

The residual FM vs. random noise relationship was determined by reducing the residull 
FM in specified steps and determining the amount of noise necessary to reach threshold at """ 

FM levels. 
The 8 VSB Grand Alliance system did not reach the noise threshold when the residual FlI 

was reduced to 25 % (2.2 kHz) of its threshold level 

The 16 VSB Grand Alliance system reached the noise threshold when the residual fM '" 
reduced to 25 % (1.5 kHz) of its threshold value. At 75 % of the FM threshold value, the ..... 
was within 0.4 dB of the threshold value for noise only. (16 VSB performed better than 8 VSBiD 

this regard.) 

5.2.12.11. Local Oscillator Instability 

Variatioos in received frequencies are of concern to both broadcasters and aI* 
operators. A consumer receiver must be able to identify and acquire signab that are offset from 
the nominal frequency assignment. 

Both the 8 VSB and 16 VSB Grand Alliance systems were better <han the Wget \m 
pull-in range of > ±89 kHz. See Table 5.9 and Table 5. 10 

5.2.12.12. Minimum Isolation between Receivers 

Changing channels on ODe TV set connected to the same splitter as a secood TV set QjJJ 

change the frequency response of the signal fed to the second set The equaliu:r in the second SO! 

must respond qwckly to IDIDlmlze errors. The minimum isolation wu defined u the bigbeslle\tl 
of ghost that could be switched in and out without causing errors in tbe data. 

The 8 VSB Grand Alliance system was able to tolerate a 17 dB down gbost ~ithoo! 
producmg any errors. There is no target value. 

The 16 VSB Grand Alliance system was able to tolerate a 28 dB down gbo~ ~ithoo! 
producmg any errors. There is no target value. 

5.2.12.13. Effect of High Level Sweep 

Summation sweep systems used on cable 
in two general types a high I I systems to detemune frequency response """ 

, eve sweep and a lower level "bursty" system.. 

The 8 VSB Grand Alliance system exbib' ed . 
and no errors with the "b ty" It penodic data error. Wlth the 1vgb l<\-el,.-..p 

urs type system. 

The 16 VSB Grand Alliance st. . . ~ 
sweep and no errors with the lower I ~ "b

m ~blted periodic data errors ""Ib the Iigb '" 
. eve ursty sweep system. 

. There 15 no target specification fi 
mterference in NTSC pictures. or sweep systems The lugh Ie\-el S\\-eep system causes 

5.2.12.14. Hum MOdulation 

Faulty amplifier power li 
frequencies. supp es can annplitude modulate RF SlgIIIis at po~"" iD< 
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The 8 VSB Grand Alliance s s 
the 16 B system. reached tbresh~dte; re:ched thres.hold with 6.7 % hum modulation while 
modulauon. but these values ar t 6 Yo modulation. There is no target value for hum 
on an l'ITSC picture. e well above the modulation level that would result in visible hum 

S~1S. Summary of Transmission Robustness Findings 

The performance of the Grand AlIi . . ance system m laboratory testmg has met the 
~uoos defined by the target specifications. 10 the few instances where individual test results 
ba oot meetgrufithe target values. stated for that particular test, the deviations were minor and do not 

ve any SJ cant effect on Image quality or spectrum utilization. 

5.3. FIELD TEST 

Field testing was performed under both terrestrial broadcasting and cable conditions. 

For terrestrial broadcasting, the complete system was tested at a set of sites selected for 
thcr d1fIicult reception conditions, as measured in an earlier field test of the modem subsystem 
(doaunouled 10 SS!WP2- IJS4). In those earlier modem-only tests, a bit error rate (BER) of 
JxlO" "''IS selected as the criterion for the threshold of visibility (TOY) of video impairments. 
full system te5ung, including subjective observation of pictures and sound, verified the reliability 
or that .. ...tue of SER. Because the locations for full system testing were a selected and difficult 
su~set of the complete group of test locations, they are not a representative sample. The full 
system te5t.ul& however, verified the utility of the data taken on the full set of locations. The sites 
for fuU system testing included 10 sites in homes where tests were performed both within the 
resadmce using • set-top antenna.. and outdoors, adjacent to the residence, using a mast-mounted 

lIlteMI 

Complete system field testing begao on July 25, 1995 and was completed on August 23. 
The tests were conducted using the same facilities near Charlotte, North Carolina. as employed in 
lIIOdem-only tests As before, the NTSC transmitted peak visual effective radiated powers (ERP) 
00 channels 6 and 53 were one· tenth of the maximum allowed by FCC rules, and the average 
ATV ERP was approximately ooe-sixteenth ( 12 dB below) oftb. NTSC peak visual ERP. 

Tests of the complete system showed, as also indicated by the earlier modem subsystem 
tesnng. that satisfactory digital HOTV reception is available more widely than satisfactory analog 
NTSC reception. Even where objective measurements of BER indicate the probability of 
momentary impairment of the signal. subjective observation of picture and sound rails to detect 

tmpatrmeDt 
An objective measurement that should permit reliable prediction of satisfactory fIDTV 

ser-.1ce 11 UHF is field strength; subjective assessment of video and audio correlated very well 
wnh field strength in channel 53 testS. That correlation did not hold at channel 6 because sample 
SIU and lmpulse interference effects prevented a proper channel 6 analysis. At only two of the 
seven sacs, Wlth signal strength at or below .that which la~oratory testing had indicated to be the 
limn of HDTV service was subjectively satisfactory selVlce observed. On the other hand, every 
ate except one (out of ~ total of 15) wbere the signal strength was weak, but above the threshold, 
bad subJecuvely satisfactory HOTV service: The 28 sites With moderate or strong Signal strength 

an bad Stlbjectively satisfactory HDTV semce. 
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In brief. terreslrial transmission testing of the complete system suppnns the ~ 
that HDTV se~ce will be available where NTSC service is presen~y availoble, and in "'" 
instances where NTSC service is unacceptable. 

The complete system, with both 8 VSB and 16 VSB modulauon, ":"' tested also in aN. 
environments in Charlotte, including existing cable systems and fiber OptiC links Tests of 16 VSB 
were the more slringent. The 16 VSB receiver worked at all locations where the delivered sigoO 
met FCC specifications, and at many sites where it did DOl Some systems "'-"ere tested • 
frequencies beyond their maximum design frequency, r~ting III less thao FCC-specifiatioo 
conditions. Also, strong in-band beats were observed on some systems that affected both tIr 
NTSC and HDTV signals. The 16 VSB receiver continued to operate III these sJUwiom until1lle 
carrier-lo-noise threshold was reached. 

6 . CONCLUSIONS 

Based on Advisory Committee approved specifications, and thorough labo!1llOl)' and filii 
testing of the prototype A TV system as designed and constructed by the Dtgllal HDTV GmI 
Alliance, the Technical Subgroup finds the foUowing: 

l. the Grand Alliance system meets the Committee' s performance obJectt\'es and is beIur 
than any of the four original digital A TV systems, 

2. the Grand Alliance system is superior to any known alternative system. and 

3. the ATSC Digital Television Standard, based on the AdviJory Commlltee deogo 
specificatIOns and Grand Alliance system, fulfills the reqwrements for the US ATV 
broadcasting standard. 

Accordingly, the Technical Subgroup recommends thai the ATSC Standard be adopted. 
the U.S. ATV broadcasting standard. 
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The purpose of this paper is (01 ) provide an overview o/the capabilities andjlexibilicy of 

the Grand Alliance system. 2) assess che capability of the Grand Alliance system/or the 

nut/lip/I! service concept. and 3) provide examples of service models that might be 

consuJ.ered for multiple service transmission. 



ExeC1ICive Summary 

The FCC AdviSOry Comminee on Advanced TeleVIsion Service (ACA TS) Tec:hrucai 

Subgroup has approved the specifications for the Grand AJliance AdV~ Television 

System. While the efforts of ACATS have been centered on lugh defwuon <tlev",oo ("1de 

screen, high resolution), lhe television industry recognizes other polenuaJ benefitS mbertm 

in a flexible digital broadcast television system. 

The Grand Alliance system utilizes a layered digital system arctUlecrure. This approach 
coupled with a flexible. packetized transpon and a slandanlized approach to VIdeo 

compression provide the ability 10 suppon transmission of multiple services. 

The transpon layer provides the ability to multiplex and demultuplex muluple program and 
data services. 

The utilization of MPEG-2 for video compression provlCies the features requut:d to support 

additional program formats such as wide screen and 4x3 aspect ratio at vanous resoIutioos. 
These features include the ability to specify sampling structure. pICture aspect 1'3llO, Input 

format and information to suppon pan and scan. MPEG-2 also provtCles the ability to 

dynamically allocate the number of bits per service which is essential for mWbple service 
transmission. 

Utilization of the Grand Alliance System for multiple service l11U1SnUSSion can be supported 

by a variety of consumer products including digital HDTV. wide screen and standard 
defmition receivers. Set-top adapters are also possible. 

1 



1. Introduction 

The effons of the FCC Advisory Corruninee on Advanced Television Service (ACATS) 

ha\'e been centered around high definition television (HDTV). HDTV will provide wide 

screen. tugh resolution Images coupled with high quality sound. Many organizations and 

mWVlduals now recogruze me potential power inherent in a digital broadcast television 

system and there IS sigruficanl interest in the use of the Grand Alliance system for 

dlstnbuuon of a variety of services in addition to HDTV. This might include such things as 

tranSmlSsion of multiple 4x3 aspect ratio or wide screen programs with resolution 

equlvaJent or better man the current analog NTSC system. Utilization of the GA system for 

I!l1J\SmlSSIOn of data and other services has also been contemplated. 

nus paper Will descnbe the flexibility of the Grand Alliance System to provide mUltiple 

SCMces and proVide some examples of how these services could be implemented. It will 

also describe some of the consumer devices likely to be needed to implement these new 

setVlCeS. 

2. OvcrylCw of tbe Gcand Nliance system 

The Grand Alliance system utilizes a layered digital system architecrure with 

headersldescnplors to provide flexible operating characteristics. The layers of the GA 

system are: picture. sound. compression, transport and transmission. 

The picture layer consists of raw pixel data. organized as pixels. scan lines and frames. The 

GA system suppons multiple fonnats and frame rates. 

The compression layer lr3J1Sforms the raw video and audio samples into a c~ed bit stream 

tha be executed by the receiver to recreate the picture and sound. The Video 
l= .~ 

ax Confonns to the ISO-MPEG MPEG-2 video standard. at a normn 
compresSIOn synt .. . 

f 
. I 18 9 Mbps The Dolby AC-3 audio compresSion IS used In the 

data rate 0 approximate y. . 
'de 5 I channel surround-sound at a nominal rate of 384 kbps. 

GA system to prov l . 

'The GA uanspon layer provides the means for dynamiC allocation of video. audio and 

auxliiary data. 

2 
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.. I odulates a serial bit stream inlO a signal that can be transmmed The transrrusslon ayer m .. 

MHz I .. channel The tranSmission system IS based on a u-elilS<oded 8 ov If a 6 r te eVlSIon . 
. . a1 ·d b d (YSB) modulation tecluUque for terrestnal broadcasung. 16 VSB can be vesUgl 51 e an 

used for cable television applications. 

3. System capable of multiple services 

The GA system design is based on the ISO layer architecture which inherently provides 

flexibility and interoperability. The following sections of this paper will descnbe the 

capability of the GA system for transmission of multiple services. 

3. I Video compression system 

Multiple service transmission will not impose any slgruIicant technical difficulty on lhc: GA 

video compression system. The assumption here is that the Infonnaoon generated by each 

individual service will not exceed the specification of the GA system. The speafk 

specifications for multiple service transmission is examined agamst the: GA and MPEG·2 

specifications. 

Input sOurce 

The GA system suppons two main fonnat variations, With different numbers of lines per 
frame. These two formats have 720 active lines and 1080 acuve lines per frame. For multiple 

service transmission, the input sources could be the composite (SMPTE 170M) and 

component (SMPTE 253) analog NTSC signals. digital parallel and senal NTSC signals. 

MPEG-2 specification provide the mechanism to indicate the Video fonnat by usc of a three· 

bit integer indicating the representation of the picture prior to coding. The eight VIdeo 

formats specified are component (000). PAL (001). NTSC (010). SECA."I (011 ). MAC 

(100). unspecified video format (10 1). reserved ( 110 & III ). 

Sampling structure 

[n the MPEG-2 specification the sampling size is specified in the sequence bead<r as 

honzontallverucaCslZe_value and hOrizontallvertical_si.ze. 1be horizonta.Vverucal size_value 
is the width/height of the displayable pan of th I . . - . 

e ununance component of pICtureS 10 
samples and forms the 12 least sigrtificant bits of ho . all .caI . ~_ 

nzoot vern _SlZe. 1 I':; 
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bonZontallvenlcaCsize IS a 14-bit unsigned integer. the 12 least significant bits are defined 

In honzonta1!verucaCSlu_ value. the 2 most significant bits are defmed in 

honzontal/\-'erucaLslZ.e_extension. For multiple service the sampling sl.ructure can be 

\petlfied based on the standards mentioned in the section of input source. 

Colonm(lQ' 

The S~tPTE 274M IS one of the inpu t formats specified by the GA system. The SMPTE 

274M wluch underlies the HDTV 1920 x 1080 format allows for the use of SMPTE 240M 

colonmetry as an tntenm measure while specifying ultimate use of ITU-R Recommendation 

700 h is des1J"3ble for multiple service to have identical colorimetry as specified in the GA 

sy)tem. in the MPEG-2 specification a flag called colocdescription can be set to "1" to 

IndJcate the presence of color-primaries. transfer_characteristics and matrix_coefficients in 

the bltStream. Both SMPTE 240M and ITU-R Recommendation 709 colormetry parameters 

can be. peclfied by the color_primaries, transfer_characteristics and matrix_coefficients. 

Picture Q.mcCl ratio 

In MPEG-2. the plcrure aspect ratio information is defined by a four-bit integer. The 

aspect rauo infonnation is provided by means of aspect_ratio_information in the sequence 

header and (opuonal) displ3oy_horizontaUvenical_size in the sequence_display_extension. 

Tbe aspecl_rauo_mfonn.aLion either specifies the "sample aspect ratio" (SAR) of the 

recoosuucted frame or alternatively it gives the "display aspect ratio" (DAR). If 

sequence_diaplay_extension is not present the sample aspect ratio may be calculated as 

rouows 

SAR = DAR x -----

. ._, . d vertical size are constrained by the SAR of the source and 
In tlus case honzonuu_slZ.e an -

the DAR selected. 

If seque.nce_rusplay _extension is present. the sample aspect ratio may be calculated as 

rouows: 
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display _horizon tal_size 
SAR = DAR x 

display _ vertical_size 

Examples of appropriate values for signals sampled in accordance with ITU·R Ret. 601 for 

525-line formal are 704 (display _horizonlaCsize) and 480 (display _ venocaCslZe). 

For multiple service transmission both 16x9 and 4x3 aspect muos can be u.sed. The GA 

system, since it is based on the MPEG-2 specification. is capable of supporung both aspect 

ratios. 

Pan and scan 

Since the aspect ratio of the inpU[ source may differ from that of the display, pan and scan IS 

an essential feature. Pan and scan infonnation is supponed wittun the GA video syntax. 

This infonnation is transmitted as an extension within the PICrun: layer syntax. The: MPEG· 

2 video syntax. does communicate cenain display parameters for use to reconsaucung lbe 

video. A display window within the encoded raster may be deftned as a window OD a large 

area display device. In the case of pan and scan position of the window represenung the 

displayed region of a large picture can be specified on a field-by-field basIS. It IS spcclfJed 

in the picture display extension. A rypical use of the pan-scan wmdow IS to descnbc: the 4:3 

aspect ratio rectangle within a 16x9 video sequence. 

TransDarenr coding of compos ire video 

Decoding NTSC before transmission and recording to NTSC after tnu'lSmJssion of 

composite source signals in contribution and distribution requires a precise reconstrUCtlon 

of the carrier amplitude and phase reference Signal. The MPEG-2 specification proVides me 

capability that the input fonnat Can be indicated in the sequence header USlDg the 

video_format bits. Reconstruction of the carrier signa! is posSible by using the carner 

parameters such as field_sequence. sub_Carrier. burst_amplitude and sub_carner phase thai 

are enabled by setting the composite_display_flag in the picture header. 
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""fli rt qualm' 

II' "Inn the IOtal drua stream supponed b h G 
depends on the number of se . .y teA compression system the picture quality 

rvlces muluplexed Picture r · 
ud Pro,"1 tOn for hIgh . .. . qua Ity IS defined by the bit rate 

pic ture quahty IS made b h· h b· . . 
~\'el 11\ a pam culnr profile . The level .fi y Ig . It rate IUnIts relating to acenain 
-",mum da SpeCI les the spaual resolution and detennines the 
........ (a rate It can support Fl · . 
Jc\"cls defined by the MPEG-2 c~ ~r mu uple se~lce app.lications. high, main and low 

The fiU d fi 
. used to provide servIces with different picture quality 

pro e e Illes the Picture qual"ty "" " I m terms of codmg latency, resolution and scalab"l" 
The levels that can be d '. I Ity. use to support muluple services are simple profile. main profile and 

scalable prome" 

1n the GA y te rn speclfic3110n chrorninance band quality is specified as 4:2:0 (half as many 

samples In the hon zontal .and vertical directions). Selectable color primaries are specified by 

the MPEG-2. 1be chrorrunance can be sampled in one of three formats: the 4:2:0, 4:2:2 

(half as many amples In the horizontal direction only) and 4:4:4 (identical samples as 

Iwrunance signal ). However. the 4:4:4 chrominance is currently not supported in any 

profile" 

Data rot( 'Patrol 

hIS essenuaJ that the number of transmitted bits per service can be dynamically allocated. 

Ceruun program services may contain more information and demand more bits to be 

allocated for requu-ed quality while others may need less. The data rate conleol can be 

unplemented 10 two ways. which are both supported by the MPEG~2 specification. A 

blcrate descnpuon IS tranSmitted with the Sequence Header Code. 

For constant b it rate (CBR) coding. the number of transmitted bits per service is constant on 

me channel. Sance the encoder output rate generally varies depending on the picture content. 

me con.staOl rate IS regulated by buffering. In this mode. picture quality may vary depending 

on ItS content. 

"The other mode I.S known as variable bit rate (VBR) coding. in which case the number of 

transnutted bits per service may vary on the channel under some constriction. VBR is meant 

to proVIde constant quality coding. VBR can be used in conjunction with statistical 

lDlluplcxmg (or multiple service to achieve coding efficiency. 
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Low delay mode 

be d irable for some serviCes. such as live Ulter\-.ew and call-in A low coding delay may es 

od· d lay mode can be oblamed by setung the low_delay flag ID the programs. Low c 109 e 

Sequence Header code. 

od· d decoding delay can be kepI low by 001 using B-p.c ..... 11m The total enc mg an 
eliminates frame reordering delay. A low buffer occupancy for both encoder and decoder 15 

needed for low delay. By using intra update (progress.ve refre b) on !be b .. ~ of"", .. 

more slices per frame instead of intra frames this can be acconunoci:lted 

Examples of video compression models (or mulaDIc seO',CC 

Based on the lVtPEG·2 specification two video compres Ion mcxIels are dlscu.s.sed m Ellis 

section. They are MPEG-2 MP@ML and SP@ML 

In the MPEG-2 specification. profiles and levels prov.de a means of defirung !he 5»"''' 
semantics. A profile is a defined sub-set of the enure bit stream yniU. The profile can be 

defmed by the profile identification. A level is a defined set of coo.strI1nlS unposed 00 

parameters in the bit stream. For a given profile. the same syntax seilS supported ~ 
of level. Decoders defined for a specified compliance polO. (prome and le,~I) shall be 

capable of accommodating images encoded at lower--orde.r compltanc:e pOintS. 

The MP@ML Slands for a main profile at main level. The specification fOf !Ius """"I 
includes: [, P and B-frames, 4:2:0 chrominance samphng, frame r:l1< of 3009.9 Hz. 

maximum active hOrizontal pixels of 720 and verucaJ lines of 480 wuh QW.UIIUD d3D. rae 
of 15 Mbps. [I is believed thaI this model is sufficienllo proVide Iugh p!C1III<qualiIYf .. 

multiple service. GA decoders are capable of decodlDg a MPOML bll sueam. 

The second model SP@ML . . ~_ 
' , IS a Simple profUe wllh rnam level lbe dtffeiCOCt ~ .. .-SP@MLand MP@ML · h 

IS I al SP@ML provides lower codtng delay than thai of 
MP@ML. By nOI USing B-frames in SP@ML frame reorden delay can be re<Ju:td (O 
frame delay for the field-based I f d aa 

, rame e1ay for the rrame-based~ 

-
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32 Audio compression system 

The audio compression system in the GA system is the Dolby AC-3 multiple-channei audio 

compression system. It can support up to six audio channels for every video channel. The 

AC-3 syntax suppon bit rates ranging from 32 kbps to 640 kbps per individual AC-3 

elementary Stream. An AC-3 elementary stream may convey many types of audio services. 

The major service rypes are main service and associated service. Under the GA system 

SpeclficBllon receivers shal l support the decoding of main audio services at bit rates up to 

and including 384 kbps. and support the decoding of the combination of a main service and 

a single associated service with a combined maximum bit rate of 5 t2 kbps. 

For multiple services. the total number of audio channels can be determined by the number 

of Video serviCes and the number of audio channels associated with each video service. The 

[oW audio data rate in a multiple service data stream is determined by not only the total 

number of audio channels. but also !.he audio quality associated with each service. 

EmmplC$ oraudjo comoression model ror multiple service 

To esumate the audio data race needed for multiple services a potential model is presented: 

Assume that a tOlal of four video channels are transmitted in the GA data stream and four 

audJo channels are associated with each video service. For each video channel four audio 

channels are further defined as main service and associated service with 2-channel each. The 

matn service could be a stereo pair. The associated service could be a second audio 

program (SAP) and a descriptive video service (DYS). In this example both the maximum 

data ralC and rrunimum data rale consuained by the AC-3 specification are used for each 

category. With these assumptions the total audio data rate can be calculated as follows: 

• Maxunum data rate case: 

Total audio data rate = 4 x (2 x 256 + 2 x 192) = 3.584 Mbps 

• Muumum data rate case: 

Total audio data rate = 4 x (2 x 128 + 2 x 96) = 1.792 Mbps 
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3.3 Transport svstem 

The GA transport system is based on the MPEG-2 transport system specificauon. MPEG·2 

uansport system compatibility implies that a GA tranSport bit stream may hand1e cxher 

MPEG-2 applications. The GA transpon. system provides three major funcuons: 

packetization, multiplexing and synchronization. 

Fixed length transport stream 

In the GA transport system the MPEG-2 transport stream approach is utilized. Transpon 

streams have advantages for environments where errors and dam loss events are likely. 

Furthermore, the transport stream combines one or more programs with one or more 

independent time bases into a single stream. In the GA tranSport stream each packells 

transmitted in a fixed length with transport header preceded. 'The flXed length packetiuuoo 

offers a great deal of flexibility when attempting to muluplex multiple semce data 00 a 

single bit stream. 

Dynamic capacirv allocation 

By using fixed length packets complete flexibility to allocate channel capacity for mulupk 

video, audio and auxiliary dam services can be obtaJ.ned. 'The we: of a packet Id (PIO) in me 
packet header as a means of bit stream identification makes it possible to have a mix of 

multiple video. audio and auxiliary dam services. The enure channel capacity could also be 

used in bursts for data delivery. 

Packet identification 

Packet identification (PID) is essential for multiple service tranSnus5l00 to the GA uanspcx1 

system. It provides the mechanism for multiplexing and demuluplexmg bit streamS by 

enabling identification of packets belonging to a particular elementary o r co[ul'oI bit strtlItl-

Pro~ram specific information (PSn 

The MPEG-2 transpon syste . d . 
m 15 eslgned to multiplex a set of programs mto a single dalJ 

stream. These programs al ·th · 
. . . ong WI thell associated elementary video. audio and data 

streams, are Identlfied by the . . 
program speCIfic tnformation (PSI) tables. These I>bIeS 
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provide the SlrUCrure for the m anagement of the programs within the transport stream. thus 
enabhng a decoder to eX lr3.Cl re bl . . _ . -assem e. and display mdividual programs selected by 

~. All specific lOfonnatio n in the tables is treated as private data and left for broadcasters 

3l1d Other service providers to son out amo ng themselves. 

Muioofarng 

1be GA muluplexmg approach can be defined as a combination of multiplex.ing at two 

different layers. In the first layer a program transport stream is fonned by multiplexing one 

or more elementary bit streams such as video. audio and data. In the second layer the 

program trnnSpon. Streams are combined (using asynchronous packet multiplexing) to fonn 

the overall system. The second layer is called the system multiplex which is the key for the 

nnsnu.s.sion of multiple services. Multiplexing of multiple services within a single bit 

tteam lS achieved before the modulator in the transmitter. Oemultiplexing takes place after 

the demodulato r in the receiver. 

Sen el' orogram transpo rt mulUplex 

In ttus layer a tnnspon scream is fonned by multiplexing individual packetized elementary 

bit streams shanng 3 commo n time-base and a control bit stream that describes the program. 

Elementary PID defi nes a coded video. coded audio or other coded bit stream by indicating 

the type of data stored in the packet payload. Individual programs in a multiple service 

ltaOSnussion data sU'eam can be extracted by identifying ass igned pros. Elementary PID is 

stored Ul the link header. The program_map_table which is one of the tables defined by the 

PSI 10 the tranSpon stream provides the mappings between program numbers and the 

elementary streams that comprise them. 

The ttanSpon syntax allows a program to be comprised of a large number of elementary bit 

streamS. With no restrictio n o n the types of applications required within a program. A 

program uanspon stream does not need to contain compressed video or audio bit streams. 

or for example . It could c ontain multiple audio bit streams for a given video bit stream. 

Symm muldpiu 

In the G A transpon system. multiple services can be achieved by use of the system 

muluplex. In addition to the transpon bit streams (with the corresponding PIDs) that define 
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the individual programs. a system leve l conunl bit stream with Pro = 0 is defmed.. This bit 

stream carries the prog!aIIl_association_tabl ... that maps program Identities to their program 

transport streams. The program_association_table enables demuJtiplexing of programs by 

decoders. The program identicy is represented by a number 10 the 

program_association_table. The map indicates the progrartLmap_PID of the bit stream. 

containing the program_map_table for a program. As a table speeified by the PSI layer. the 

program_association_table is transmitted as the payload of the bit stream. 

The process of identifying a program and its contents takes place to [Wo stages. In the: fltSt 

stage the PID of the bit stream carrying the program_mop_table for the program is 

identified by using the program_association_table in the PID = 0 bit stream. In the second 

stage the PIDs of the elementary bit streams that make up the program from the appropriatt 

program_map_lable are obtained. Once the process IS completed the filters at a 

demultiplexer can be set to reeei ve the transpon bit st.rearru; that correspond to the: program 

of interest. 

Statjstical mulriQ/exin~ 

Statistical multiplexing is an efficient mechanism to provide hIgher quality and roore 

consistent video relative to a fIXed bandwidth system when bits can be dynanucallyalJoca1Cd 

among the video streams. The benefit of statistical muJtiplexing depends on the number of 

video programs sharing the bit stream and the picrure content associated with each 

individual programs. The benefit of statistical multiplexing increases as the number of 
multiplexed programs are increased. 

The data rate control mechanism in the video compression layer makes the unplementaUon 

ofst~tiS~Cal multiplexing possible. Various configurauons can be implemented fordiffertDt 
app.hcauons. For example. by using limited statistical muJtipleXlng the bit rate of any 

destgnated program video stream Cannot fall below a programmable threshold and the rest 
of the bit rate budget can be shared w'tth th 'd o er Vl eo st.reams. 

Synchronization 

Synchronization among mi ' I I 
. u up e e ementary streams is accomplished lh Presen18uon 

Ttme Stamps (PTS) in the Trans WI 
. pon streams. Decoding of N elementary streamS is 

synchroruzed by adjusting the decod ' f 
109 0 st.reams to a common master time base rather 
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man by adjustmg the decoding of one stream to match that of another. The master time base 
m>y be one of the decoders' clocks h d ' . . 1 e ala source s clock. or It may be some external 
clock. 

Synchroruzation of a decoding system with a channel is achieved through the use of the 

Program Clock Reference (PeR) in the Transport Stream. Since each program may have its 

own ume bnse, there are separate PeR fields for each program in a transport stream 

contammg multiple programs. 

Access control 

lmplementnuon of a conditional access system is supported by the transport syntax with 

bits defined In me packet header. [n the MPEG-2 specification conditional access is defmed 

by condJUonaCaccess_table as pan of the PSI. The conditional_access_table provides the 

ISSOClaUon between one or more conditional access systems. their entitlement management 

message (EMM) streams and any special parameters associated with them. The 

funcuonality is fleXIble and complete in lhe sense of supporting all transmission aspects of 

applicable key encryption and descrambling approaches that may be used. Conditional 

access can be exercised on a elementary stream by stream basis. including the ability to 

seleeu .... ely scramble bit streams in a program if desired. 

Emmolcs ofrranJporc models for multiple service 

In tlus secuon tWO examples are studied to examine the capability of the GA transport 

system for multiple service transmission. 

J. 4-channel service example 

nus model is configured with 4 independent NTSC like program channels. Each video 

program has fOW" audio channels. The following block diagram illustrates the multiplexing 

and demuluplexmg of transport bit streams. It should be noted that the layered approach to 

deflne the muluplexing function does not necessarily imply that program and system 

muluptexmg must be implemented in separate stages. Program and system level 

multiplexmg can be implemented within a single multiplexer slage. 
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For this e.xample the video daLa rate for each service can be estimated based on me lOlal 

inform .. Jon data rate supported by the GA system. Assumed that !.he total inf<XT:laOon data 

rate supponed by the GA system is 19 Mbps. As discussed earlier with the: example 18 the 

audio compression, the total audio data rate ranges between 3.584lO 1.792 Mbps. The 

higher rate provides bener audio qualiry. Therefore. the video data r:ue for e&eh program is 

about 4 Mbps. 

Elementary stream I (video) 

Elementary stream 2 (audio-I ) 

Elementary stream 3 (audio-2) 

Elementary stream 4 (audio-3) 

Elementary stream 5 (audi0-4) 

Elementary Stream map 
(program_map_tabJe) 

PID 1 

PI02 
~ 

--,-PI:.:O..:J~>-I Trnnspon 
PlD4 

P!D.5 multiplexer 

-':':'PI=-O=:-. .. 
-':':'::':'-'L ___ J Transpon busU'C:ant 1 

(muxed proaram. t ) 

• 

• 

• 

T ranspon bllstrcam 2 
(muxcd program-'l) .. 
~--~~----~~~~--. 
Transport bluttnm J System 
(m ... <d pro"",,-J) -

Transport bHsU'eam 4 
(muxed program-4) 

Program stream map ~ 
(PfOII'"U WOClauofuable) 

4-channel multiplex model 
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Dump other transpon 
packets • PlOl 

PlD2 
PlD3 

PIO-<J • 
• gr.un Pio. 

FP]ID PIDS 
ProgramJlW.p_table , 

, 
pm_os. iation_lable 

Obtain PlDs 
for elementary .. 1 
bit streams 

, 
~n~_map_PDD 
(PID 0 bilStream containing Progr.>m 
lhc propam_map_lable) I identity 

4-channel demultiplexing model 

2. 2-wui.e scrun + data service model 

video 
audio-I 
audio-2 
audio-3 
audi0-4 

nus example illu trates a service which provides twO wide-screen NTSC programs with 4 

audio channels per video program. In addition. a high speed synchronous data channel 

wruch is mdependent of video program service is provided for each video service. The 

potenual appllcauons of data service could be graphics. data and text. 

Assume that the data rate of the high speed data channel is 1.5 Mbps (TI rate) and total 

audio data rate IS between 1.792 to 0.896 Mbps (same assumption made as the example in 

the secuon of audio compression), the video data rate for each wide-screen NTSC channel is 

about 7 Mbps. II should be noted thai at this video data rate the subjective picture quality 

of wide-screen tvTSC has not been evaluated by the aUlhors of this paper. 
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PIO I Program ~tream m3p PII):.(l 
Elementary stream 1 (video) PID2 (program_assoc:iauon_w>le) 

Elementary scream 2 (audio- I) ~ 
PID 3 

~ 
Transpon + Elementary stream 3 (audio-2) PID4 

Elementary stream 4 (audio-3) 
PID !ii multiplexer 

Elementary stream 5 (audi0-4) PID 6 Transport bilStre3rn I 
Elementary stream 6 (data) 

PIO ' (mw:ed program-I ) 
Elementary stream map System 
(program_rnap_tab\c) 

PID S multiplexer Elementary stream 1 (video) 
PID9 

:Iementary stream 2 (audio- I ) 
PIO \0 Transport bHStream 2 Elementary stream 2 (audio- I) 
PIO II Transport (muxcd program-2) Elementary stream 2 (audio-I ) 
PIO 12 

Elementary stream 2 (audio-I ) 
PID 13 ul tiplexer 

Elementary stream 6 (data) 
PIO 14 

Elementary stream map ~ 
(prograJTunap_tab\e) 

2-wide-screen-channel multiplex model 

System 

bitstream 
--" PID=O - F'P]lD 

, 
Progmm_"", f iation_lable 

, r 
Obtain program_mapYID 
(PID of bilStream containing 
the program_rnap_tabJe) 

Dump other a-anspon. 
paekClS 

+ 
PlD I --" 
PlD2 
P!D) ~ PlD4 ...... PlDS 
P!D6 

Program_map_tab\e 

Obtam PIDs 
ror elemenwy 
b;tsueams 

• I' 
JPropwnJ 

(Identity 

2-wide-screen-channel demultiplexing model 
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3 4 Transmission system 

Sir" the muluplexed multiple service dala stream will be constrained within the GA total 

data nte.. It 1$ believed that multiple service transmission will not impact the GA 

tnlnSmlS Ion system. However. the threshold of visibility (TOY) for multiple service 

uansnuSSlon nught In fact be improved from thal o f a single HDTV service. For instance, 

tran nu Ion errors nughl hit one of the programs and not be seen on others. Also, in a 

muluplexed muJuple service data SlIeam, errors will be spread into different program 

packetS and the ubjecuve impact on each program might be less severe than in a single 

HDTV seJVlce. However. this possible improvement is not likely to be significant enough 

to effect any pectrum planning issues. 

3,S COO$UlDCr receiver ISSUes 

1be tnnSmJSSlon of multiple services will require the development of a variety of consumer 

devlCCS. With the MPEG-2 tranSpon architecture new elementary bit streams could be 

twK1led at the tmnSplrt layer without hardware modifications. by assigning new packet IDs 

II the tranSOlltte.r and filtering out these new PIDs in the bit stream at the receiver. The 

funcuonahty of receiving multiple service could be either implemented with receivers or set-

top ldapto~. 

Datq dtmulllDlrxcr and decoder 

The receiver deSigned for multiple service tranSmission should be capable of extracting the 

selected Video stream along with associated audio and data streams. The use of packet 10 

(PID) 10 the header as a means of bit stream identification makes the extraction possible. 

The control bit suea.m contains the program_map_table that describes the elementary stream 

map. 

Recto"r fjmqronaliN 

Some receiver functions should be considered SO as to ensure that programs tranSmitted. via 

be 
~t1y processed and presented. A receiver can be defmed as either 

the GA system can co"..- . 

eli 
·tal---iver with conventional display. The followmg are some 

a HDTV recel ver or a gI ............ 

lSSues to be considered for consumer receivers. 
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- Aspect rodo 

As mentioned earlier. programs with 4:3 and 16:9 aspect ratios may be co-existenl 

RecelVe~ should be capable of detecting aspect ratio by reading the extension ofme PICrurc 

layer header. 

- Pan and scan 

For different program and display aspect rados. the pan and scan funcuon should be 

executed automatically or selected manually based on users choices. Receivers should 

perform the conve~ion to allow a 4:3 morulor to give a fuU-screen display of a selected 

portion ofa 16:9 coded picture with correct aspect ratio. 

- Colorimetry 

By detecting the sequence display extension such as color_pnmaries. 
transfer_characteristics and matrix_coefficients. receive~ should be capable of 
convening/processing colorimetry for proper display. 

- Display 

By detecting the sequence header. receivers should be capable of recoostruCung me video 

format. field/frame rate. color field identification. colorimeuy and etc. A HDTV receiver 

should be able to decode the GA HDTV signal as well as any lower MPEG-2 profilellml. 

A digital receiver with conventional display should be able to n:ceive and process any 

MPEG-2 compliant service. This receiver should decode and downconven HDTV data 
streams for display. 

- Closed captioning 

Receivers should be capable of detecting and displaying higb speed HDTV clo.....t1 

captioning data For set-top adaptors the high speed data should be con\--erted so thai it can 

be displayed as on screen display (OSD) or insen ed on line 21 for display. 

- Graphics and data 

The ~ceiver function of handling graphics and displaying data and text should be 
conSIdered for data or graphic related services In ~ . . 

. tel lace With other deVices sucb as 
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computers can be provided by receivers so that data could be transmined. displayed. stored 

and marupula.tcd. Separate ATV modem cards for computers could also be developed. 

- OIglla! and analog VCR recording 

Along with the development of digital consumer VCRs a baseband serial digital interface for 

digital recording is necessary. The interface may exchange lransport streams (packets) with 

• dJgu:a1 VCR. To provide conventional analog VCR recording. an interface is needed so that 

an analog baseband signal can be connected to a conventional VCR. 

GAHDTV 
(8-VSB) 

D1£ltall'ITSC 
(8-VSB) 

NTSC 

GAHDTV 
( I6-VSB) 

HDTV 

receiver 

Video 

Digital bit stream for recording 

Digital data 

Multi-channel audio 

Analog baseband video for recording 

Funcuonal Diagram of HDTV Receiver 

Sct-rop adgptors 

. NTSC TV sel population provides a consumer market for set-top 
The large elUsung . . 

ada hould perfonn the functions of demodulauon. demuluplex, 
adaptors. A sel-lOp plor s 

.~ru·on and display fannat conversion. The output of the adaptor 
program data streamS ex ... .-
should mlerfoce with existing NTSC TV seLS. 
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GAHDTV 
(8-VSB) 

Digital NTSC 
(8-VSB) 

NTSC 
GAHDTV 
(I6-VSB) 

-
-
-
-

-
Digital 
receiver 

or 
Set-lOp 
adaptor 

~ NTSC 

- Digital bit stream for recording 

-DIgital data 

Functional Diagram of Digital Receiver/Set-lop Adaptor 

4, Conclusions 

The Grand Alliance system utilizes a flexible tranSport strucrurc along wuh an 

internationally recognized standard approach to video compression (MPEG-2). The 

transport layer provides the ability to multiplex and demulitiplex multiple program and data 

seIVices. 

The utilization of MPEG-2 for video compression proVides the features required to support 

additional program formats such as wide screen and 4x3 aspect rauo at vanous resolutions. 

These features include the ability to specify sampling structure. pir:rure aspect rauo. input 

format and information to support pan and scan. MPEG-2 also proVides the ability to 

dynamically allocate the number of bits per service which IS essential for multiple semcc 
transmission. 

These attributes in conjunction with the inherent benefits of digital transmission can provide 

some new benefits and Opportunities for broadcasters and viewers. 
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S01" FonnW Expen Group on Scanni.n F g annats I Compression 

Expert Group on Scanning Formats I Compression 

Report on SDTV Video Formats 

SUMMARY 

19 July 1995 

In' meeting conducted by the Expert Grou . t[tended by more than fifty persons p on SCanmDg Formats I Compression and 
Advuory Com.aunee should recom:n~:::~~ w~ reached by the panicipants that the 
til< HDTV formalS in the A TV standard: owmg SDTV formats to the FCC to accompany 

Recommended SDTV Video Formats 

Active Uoes BorizoDt2J Pixe.ls Picture AoIpec.t Ratio Pittun Rate 

480 104 4:3 16:9 60[ 60P 30P 24P 

480 640 4 :3 60[ 60P lOP 24P 

BACKGROUND 

AI the Technical Subgroup meeting on May 18, 1995 ATSC was asked to document the 

foU0wtDII SDTV VIdeo formats. 

Active Horizontal Picture Picture 

l.iiI.a fix~l~ Asg!:£! Rali2 Rat~ 

480 104 4:3 & 16:9 601, 30P, 24P 

480 640 4:3 60[, 30P, 24P 

360 480 / 640 4:3 / 16:9 60P, 30P, 24P 

240 320 4 :3 30P, 24P 

ATSC began its documentation of the formats, but found that a number of people were 
CODCemed that sufficient discussion Ilad not been conducted on the issue. Subsequently, Advisory 
Commmee Chairman Wiley asked the Expert Group on Scanning Formats 1 Compression to 
coDduct a full and open discussion OD the SDTV formats that the Advisory Committee should 
recommend to the FCC to accompany the HDTV formalS in the ATV standard. A review was 
scheduled for July 13 (and, ifnecessary, July 14) and widely advertised. 

Over SO persons attended the meeting. Twelve persons made formal presentations. A 
\'VIet) OfPOSltiOns were evident from the presentations. In summary. the combination of the 

POSitiOns Slated were that: 
1 The twO 480-line formats should be combined into one format. 

2 A picture rate of 60P should be added to the twO 480-line formats. 

3 The picrure rate of 601 should be deleted from the two 480-1ine formats. 

4 The pIctUre rate of 601 should be retained in the twO 480-lioe formats. 
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SDTV formats Expert Group on Sc:anrung FOrmalS I Compremon 
19 JuJ, I", 

5. The 480-line format with 16:9 aspect ratio should have square pIXels 

6. The 360-line format should be deleted. 

7. The 360-line format should be retained. 

8. The 240-line format should be deleted. 

9. The 240-line format should be retained. 

10. The pixel formats should be stated as ranges, not fixed numben 

II. The picture aspect ratio of2: I should be added. 

-

12. The picture rates of36P and 72P should be added, or should replace lOP, 6OP, and 601. 

A discussion was conducted on the various points. exwnl.rung each POUlt to dettrrrune 
where consensus could be reached. The participants did reach constnsus on points 2 (a PI_ 
rate of 60P should be added to the two 480-line formats), 6 (the 360-line fo rmat should be 
deleted) and 8 (the 240-line format should be deleted). Four per>Ons Indicated WI th,y did no< 
agree with the consensus . 
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Interoperability Characteristics 

[F!\lID the ATV System Recommendation. pp. 4-4. 4-5 (February 24. 1993») 

PSlWP4 identlfied a number of characteristics that contribute significantly to 
iOtIupenblluy. Scope of Services and Fearures. and Extensibility. These were based III_ and desires exhibited by alternative media advocates. not oruy for the delivery 
. """triaI broadcaSt television programming. but also for other delivery approacbes 
m:t appl)cations relating to computing, communications, motion picrures, and imaging. 
In relaUvt order of imponance, these characteristics are: 

An aJl.,hgllAl implementation based on a layered architecture model; 

The use of universal headers and descriptors (as agreed by an industry standards 

group. for example. SMPTE); 

TranslDlSSion of the signal in progressive scan format; 

Use of I flexible. packet data transport structure; 

Viewer cranspareOl channel re-allocation (limited picture and sound while most of 
the channel capacity is devoted to data transmission for conditional access 

addressmg or other purposes); 

Abiliry to implement lower-performance, low-cost ATV receivers (comparable 
price/performance options to current NTSC receivers); 

Ability to implement a low-cost ATV consumer VCR; 

System architeCture and implementation that will allow improvements and 
extensions to he incOrporated as technology advances while mamtalfU1lg backward 

compatibility; 

Square pixels. or at least the option to select square pixel presentation; 

Compatibility with relevant international standards. or commitments to this 

objecUve; and 

Easily_implementable and user-accessible "stilUmotion multi-windOW 

tranSmission .• 
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C/iaJfman s Report 
Certification Experts Group 

. . July 20, 1995 Meeting 

TIt< Ctmficalton Experts Group (CEO) met o n lui ?O . 
,[ theCOFDM.6 proposal by the COFDM.LLC (~O- . 1995 to revte~ the presentation 
Corpora"on). The CEG had been fo rmed b the Cha;DM.Ltmtted Ltabthty 
as part of an effort to determine whether th Y rman of the AdVlsory Committee 
superior" to the Grand Alliance 8-VSB ode proposed system was "demo nstrably 

m em already under test. 

TIt< proposed modem had been described' ' .. 
had responded with an extensive list of qu~~:~n:a~~e~ malh~g to the CEG" and the CEG 
majority of questions had focused ys pnor to the meetmg. The 
following: o n several key areas of concern. Those were the 

1. Recei\ier oscillator (and system) phase noise sensitivity, 
2. Peak-la-average power ratio. 
1 C::U-nne~ linearity requirements (transmitter linearity and receiver NO converter 

bn reqwrement). 
l . Dynamic gh t rejection, 

ATV to NTSC interference concerns related to the deployment of single 
u.quency netwo rks (SFNs). 

The COFD~.~LC·s respo~ to some of the simpler questions for clarification of the 
s),sttm deftnl.n,on were ~elanvely clear a~d co ncise, Unfortunate ly, the res(X>ose to most 
ohbe five ,c,nncaJ quesno?S above was either not available or the system proposed for 
test had cnncal problems In the particular area. A brief summary follows. 

I. Th< original document submitted proposed a -105 dBc (@ 10 kHz) spec on 
oscillator stability. The proposal did not clarify whether this was a specification 
or the receiver oscillator o r the entire system. If the requirement was for the 
receiver only. it wouJd represent a requirement for a 30 to 40 dB improvement 
over the tuners planned for VSB. If the requirement represented a system 
specification. then the phase jitter that could be allotted to tbe receiver would be 
even less. When questioned about this issue, the COFDM-LLC did not have a 
direct answer. Eventually. they allowed that in test at the eRe, the system failed 
at .85 dBc witb a high C/N ratio. The CEO panel concluded that the original 
.10S d8c spec was a reasonable system spec for threshold C/N, since less than 20 
dB of margin in phase noise would represent a compromise of the data eye at 64 
QAM. The COFDM.LLC pointed to a recent paper by Thomson that proposed a 
teChnique to achieve phase noise performance in this region. The system 
proposed for test. however. achieved the requisite performance by inclusion of a 
laboratory type HP frequency synthesizer for the local oscillator, It was noted 
that such oocilJalOrs had been included in earlier proposals certified by SS/WPI 
for ~t. It was also DOted that the Grand Alliance VSB system does not require 

such an oscillator. 

2. 
In respoose to questions about peak-ta-average (X>wer ratio, the COFDM-LLC 
indicated that the expected ratio was 2 or 3 dB higher than VSB. and also that the 

I threshold measured in very preliminary testing by CRC was betw~en .5 and 
I dB poorer than the Current VSB system. In the view of the CEO. this 

2 
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3. 

4. 

5. 

July 20. 1995 Meebng 

translated to a potential coverage impact for a .single transmiuer inslall~tion of 2 
to 4 dB depending on the actual ~ck-off requIrements of a real transmitter 
relative to the peak-la-average ratio. 

A number of questions were asked regarding the requirements for bOlh 
transmitter linearity, and receiver dynamic range (focused on the numbtr of bits 
required in the NO). The most useful response was that the prototype system 
used a 12 bit NO. A chart was presented showing curves for an undefined 
COFDM system with a "large number of carriers" Whether tbe chan was 
generated for a 4 PSK. 16 QAM, or 64 QAM sy~tem was not clear. The 
COFDM-LLC had no quantitative data related dtrectly to the COFDM-6 proposal 
to show the tradeoff between the number of effective bits in the receiver NO and 
the c/N threshold. The CEO concluded tbat with the data presented, a minimum 
of 10 useful bits would be required to avoid a performance impact. The typical 
accuracy reduction of 2+ bits a t high signal frequencies for off-me-shelf video 
NO converters was pointed out. and the COFDM-LLC was ask.ed 10 explain how 
the required NO could be built cost-effectively. The response p:>inted 10 the 
above mentioned chart with the possibility that 8 effective bits might be enough. 
No quantitative connection to COFDM-6 or direct answer to the AID COSt issue 
was offered. 

During the course of questioning, it was learned that the COFDM-6 prototype had 
an 8 to 10 second acquisition rime, and 6 dB reduction in diu ratio for even 
slowly moving ghosts (.05 Hz). After some intense questioning, the COFDM
LLC explained the nature of tbe acquisition and tracking system in the prolOtype, 
It was pointed out that for the system to meet the COFDM claim (and SFN 
requirement) of 0 dB diu ratio, in a practical sense, it wouJd have 10 achieve 0 dB 
for at least reasonably moving ghOSts. It was further pointed: out that tbe reason 
for this requirement is that, in the real world.. the vast majority of ghosts art 

dynamic virtually all the rime. The CEG concluded that to expect test results for 
the system that wouJd indicate successful SFN deployment in a real world of DOn
static ghosts, signal acquisition wouJd need 1'0 be several times faster. and signal 
tracking would need to be approximately 2 orders of magnirudc faster. 

~n the questions prior to the meeting. the CEG's concern with ATV 10 NTSC 
Interference was highlighted with a request for examples of COFDM and SFN 
deployment in se~era1 diverse markets. The COFDM-LLC preseoted a 
reasonably extensIve e~ample of coverage improvemeot for a single station in the 
Los Angeles market uslDg one or two regiooaJ transmitters in addition to the main 
Mt. ~i1son transmitter. Unfortunately, the presencation did not address several 
key lSSues that were highlighted in the advance questions. 

a. ~e presenta~on was made with no reference to any of the other many 
S~tlons and seIVlces originating On Mt. Wilson. and the primary concern 
wtlh SFN deployment is the oPPOrtunity for A TV to NTSC interfer<ttce 
by the remote A TV transmitters. 

J 
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b. In the exam pl . 
I 

. e glven. the remote tra . 
n pracuce. micro wave s n~mttters were fed by microwave. 

Stations in the LA mark ~%um would ~Ikely not be available for all the 
e . e cost of fiber optic feeds was nOI analyzed. 

c. The example given did not addre . 
frec ted by the deplo y me f .ss how the allocahon plan would be 

. nt 0 multIple synchro . . 
example mvalved the use of a . neus transmltters, slOce the 
desert. where the next . sec~nd tra~mltter to cover the Mojave 
Vegas. The C EG had !",le~nallY mterfenng channel allocations are in Las 
City. w he re man o f th:::lfically projX>sed th~ example of New York 
s urface. Some oi those un ':dcted Pdr~blems WIth SFN deployment would 

a resse Issues were as follows: 

~~k o~ to,;cr sile ~vailability for peripheral transmitters. 
ocan on Impact 10 an already short-spaced area. 

Incre~d. ATV to NTSC interference from peripheral transmitters 
POte~na l madeq.uacy o f 64 )..LS guard interval in flat terrain with 
muln pJe transmttters 

The members of ~he CEG had expected that after a year of investigation. the COFDM
LLC ,,"'OuJd proVlde much ~ore depth of explanation as to the details of deployment of 
both C:OFDM and SFNs. SlOce most of the pc)(entiai difficulties had been identified in the 
TechnIcal Subgroup by early 1994. 

At the end of the meering. based o n the claimed benefits of COFDM techniques and 
specifically. of .be COFDM modem proposed by .be COFDM-LLC. as well as Ibe • 
sboncomings discussed above, the members of the CEG unanimously agreed on the two 

rollowing statementS: 

'1be modem presented by the COFDM-LLC is not ready for test at this time" 

'1bc COFDM-LLC did no t demonstrate tbe superiority of COFDM over VSB [or 

the majori ty of markets." 

ubsequcnt to the above unanimous conclusions. the COFDM-LLC requested a further 
bearina approximately o ne week later. The members of the CEG were individually 
polled to determine the ir sense o f whether sufficient change could take place in 8 week to 
l(fect the outcOme. The responses varied from "Very little likelihood that a week will 
make lny diffe re nce" to 'vrhe same problems that were identified a year and a half ago 
are still here". one of the CeG members felt that a second review in the near future 
would cbangc the CEG's conclusio n. Accordingly. the CEG unanimously decided to not 

certify for .os. Ibe COFDM-6 sySlem proposed by Ibe COFDM-LLC. 
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AT SC D IGITAL TELEVISION STANDARD 

FOREWORD 

Tba Standard was prepared by the Advanced Television Systems Committee (ATSC) 
Technology Group on Distribution (TI). The document was approved by the members of1'3 
00 February 23, 1995 for submission by letter ballot to the membership of the full ATSC as an 
ATSC tandard The document was approved by the Member> of the ATSC on April 12, 
1995 Changes to Annex A, to include standard definition video formats, were approved by the 
members ofn on August 4, 1995 and by the Member> of the ATSC on September 15, 1995. 

This Standard consists of a cover document which provides background information 
ond an Ov<:rVlew of the digital television system defined by the Standard. The system consists of 
\'IIlOUS albsystems that are described in the annexes. 

1. SCOPE & DOCUMENTATION STRUCTURE 

1.1 Scope 

The DIgital Television Standard describes the system characteristics of the U. S . 
• dvlnced televISion (A TV) system. The d=ent and its normative annexes provide detailed 
!pOCl6canon of the parameter> of the system including the video encoder input scanning 
Iixmats and the pro-processing and compression parameter.; of the video encoder, the audio 
rncoder mput signal format and the pre-processing and compression parameter> of the audio 
meader, lhe servlte multiplex: and t:ranSPOn layer characteristics and normattve specificattons, 
ond the VSB RFrrransmission subsystem. 

1.2 Document4tion structure 
The documentation of the Digital Television Standard consists of~s docum~nt which 

des a eneraJ system overview a list of reference documents, and sectlons relatmg to the 
prIM g bol The system ·IS ro' odular in concept and the specifications for each of the s),stem IS • W e 
modules In proVIded in the appropriate annex. 

2. REFERENCES 
. - rna be found in each normative Annex.. The D~gita1 Tel~on 

Slandard "':':" ,:r~I1E~ MPEG-2 Video Standard, the DIgital Audio Compr-:: 
(AC-) s::oo.ro, and the ISOIiEC MPEG-2 Systems Standard. Those references are 

wility that compl.i.ance with this standard may ~ use 
SOTE Tbc DIC:f'. attc:nbon lS called to the pos51 . ti of this standard, no position is taken WIth respect 
rln 1D\'C2WOD CO\"CrCC1 by paten! rights. By publica on. ection therewith. The patent holder has. 
&0 the ,,"'ahdIty of thts claun, or of any patent rights m Ii conn under these rights on reasonable and 
~ filed • sta1CfllCIlt of wiUingness to ~t ~ .=:to obtain such a license. Details may be 
~ory termS and conditions to applIcants est 

.... " .... fiom the publlSb<r 
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, th 'ecce of the reader In addition, a guide to the use of the Digital Television here lor e convem . 
Standard is listed. 
ATSC Standard N 52 (1995), Digital Audio Compression (AC·3). 

ATSC Document N54 (1995), Guide to the Use of the A TSC Di[J1tal Television S/andard. 

ISO/IEC IS 13818·1, International Standard ( 1994), MPEG·] Systems. 

ISO/IEC IS 13818.2, International Standard (1994),MPEG.2 Video. 

3. DEFINITIONS 

3.1 Definitions 

With respect to definition of temJS, abbreviations and units, the practice of the Institute 
of Electrical and Electronics Engineers (IEEE) as outlined in the Institute's published staOOards 
shall be used. Where an abbreviation is not covered by IEEE praaice, or industty pm:tice 
differs from IEEE praaice, then the abbreviation in question will be desaibed in Seaion 1.4 of 
this document. Many of the definitions included therein are derived from definitions adopted by 
MPEG. 

3.2 Compliance notation 

As used in this document, "shall" or "will" denotes a mandatory pnMsion of the 
standard. "Should" denotes a provision that is recommended but not mandato<)'. "MIy" 
denotes a fearure whose presence does not preclude complianc:e, that may or may DOl be 
present at the option afthe implementor. 

3.3 Treatment of syntactic elements 

. ~his document contains symbolic references to syntactic elements used in the 
a~d~o. ~deo, and transport coding subsystems. These references are typOgraphically 
dlslmgutshed by the use of a different font (e.g., restricted). may contain the underscore 
character (e.g .• sequence_end_code) and may consist ofcbaracter strings that are Dot English 
words (e.g., dynrng). 

3.4 Terms employed 

For the purposes of the Digital Television Standard, the foUo"';oo definition of 
terms apply: .. ~ 

ACA TS: Advisory COmmittee on Advanced T I " S . e evtSlon etVlce. 
access unit: A coded representation of a '. . 
unit is the coded representati f p~esentat1on uwt. 10 the case of audio, an access 
includes all the coded data fi on ° . an audio frame. In the case of video. an access unit 
including the start of the next or a plctu~e. and any stuffing that foUows it, up to but DOt 

access UWt If a p' em . code or a sequence header code the a . . 1 re IS not preceded by a group_start 
is preceded by a gro~p_st~rt COd~e~ urnt begins with a the picture stan code. If a pi~ 

- an or a sequence_hud .... _code. the access unit begins with 
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die lint byte of the first of these stan c d If " . 
~_end_cod. in the bit st.ream all bytes b 0 es. It IS the last picture preceding a 
die _ ....... cod. (including the etween the last byte of the coded picture and 

- - sequenCe_end_code) belong to the access unit. 
AiD: Analog to digital conven er. 

AES: Auruo Engmeering Society. 

IDchor (!"lIme: A video frame that is used for prediction. I-frames and P-frames are 
generally used as anchor frames, but B-frames are never anchor frames. 

A.~ I: American National Standards Institute. 

Asynchronous T ransfer Mode (~TM): ':- digital signal protocol for efficient transport 
of boUt coDStant-ra~e and bursty mformauon in broadband digital networks. The ATM 
digllIi stream COnsISts of fixed- length packets called "cells," each containing 53 8-bit 
bj,es-a S-byte header and a 48-byte information payload. 

ATEt : Advanced Television Evaluation Laboratory. 

ADI : ee asynchronous transfer mode. 

A TIC: Advanced Television Test Center. 

A TV: The U S advanced television system. 

bidirKtional pictures or B-pittures or B-frames: Pictures that use both future and past 
pc:tureS U • reference This technique is tenned bidirectional prediction. B-pictures 
JIO",de the most compression B-pictures do not propagate coding errors as they are 
Irolf wed u a reference 

bit ri te: The nte at which the compressed bit stream is delivered from the channel to the 

IIIpUI of a decoder 

biOtIc A block IS an S.by-S array of pel values or OCT coefficients representing 

ktmmance or chroounance information. 

bps: B,u per second 

b)l~.ligned: A bit to a coded bit stream is byte-aligned jf its position is a multiple of 8-

bus &om the first bit In the stream. 

CDTV: ee conveouonal definition television. 

tband: A dJgJlal medium that stores or transports a digital television stream. 

codtd represen tation : A data element as represented in its encoded form. 

COIDprusion: Reduction lD the number of bits used to represent an item of data. 

COIlJtaJJt bit n le: operation where the bit rate is constant from start to finish of the 

COIIIpfessed bit stream . . 
., (CDTV)' This term is used to SIgnifY the analog 

C'OII\enuooal d efin ition teleVISion . _ . endation 470. See also standard 
"ITSC teJe>.1SIon system as defined In lTV R Recomm 
tkjinlllon ,,/n-,SlON and ITV-R Recommendation I 125. 
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li ed daney check to verilY the correctness of the data. CRC: The eyc c r un 

ded cording to an MPEG-l mode which uses DC coefficients only. D-frame: Frame co ae 

data element: An item of data as represented before encoding and after decoding. 

DCf: See discrete cosine transform 

decoded stream: The decoded reconstruction of a compressed bit stream. 

decoder: An embodiment of a decoding process. 

decoding (process): The process defined in the Digital Television Standard that reads an 
input coded bit stream and outputs decoded pictures or audio samples. 

decoding time-stamp (DTS): A field that may be present in a PES packet header that 
indicates the time that an access unit is decoded m the system target decoder. 

digital storage 'media (DSM): A digital storage or transmission device or system. 

discrete cosine transform: A mathematical transform that can be perfectly undone and 
which is useful in image compression. 

DSM-CC: Digital storage media command and control. 

DSM: Digital storage media. 

DTS: See decoding time-stamp. 

DVeR: Digital video cassette recorder 

ECM: See entitlement control message. 

editing: A process by which one or more compressed bit streams are manipulated to 
produce a new compressed bit stream.. Conforming edited bit streams are understood to 
meet the requirements defined in the Digital Television Standard. 

elementary stream (ES): A generic term for one of the coded video, coded audio or 
other coded bit streams. One elementary stream is carried in a sequence of PES packets 
with one and only one stream_id. 

elementary stream clock reference (ESCR): A time stamp in the PES Stream from 
which decoders of PES streams may derive timing. 

EMM: See entitlement management message. 

encoder: An embodiment of an encoding process. 

encoding (pr~cess): A ~rocess that reads a stream of input pictures or audio samples and 
produces a valid coded btt stream as defined in the Digital Television Standard. 

enti~~ment contr.ol mes~age (ECM): Entitlement control messages are private 
con~ltlonal acce~s information which specify control words and possibly other stream
specific, scrambling, andlor control parameters. 
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to.litiement . ~anagemeo~ message (EMM): Entitlement management messages are 
pnv&te ,condiuonal access information which specify the authorization level or the services 
of specific decoders. They may be addressed to single decoders or groups of decoders. 

entropy coding: Variable length lossless coding of the digital representation of a signal to 
reduce redundancy. 

tnlry point: Refers to a point in a coded bit stream after which a decoder can become 
properly initialized and commence syntactically correct decoding. The first transmitted 
picture after an entry point is either an I-picture or a P-picture. If the first transmitted 
pictU.r~ . is not an I-picture, the decoder may produce one or more pictures during 
acqwsluon. 

ES: See elementary stream. 

ESCR: See elementary stream clock reference. 

event: An event is defined as a collection of elementary streams with a common time base, 
an associated start time, and an associated end time. 

field: For an interlaced video signal, a "field" is the assembly of alternate lines of a frame. 
Therefore. an interlaced frame is composed of two fields, a top field and a bottom field. 

forbidden: This term, wben used in clauses defining the coded bit stream, indicates that 
the value shall never be used. This is usually to avoid emulation of start codes. 

FPLL: Frequency and pbase locked loop. 

fnme.: A frame contains lines of spatial information of a video signal. For progressive 
video, these lines contain samples starting from one time instant and continuing through 
successive lines to the bottom of the frame. For interlaced video a frame consists of two 
fields, a top field and a bottom field. One of these fields will cnnunence one field later than 

the other 

GOP: See group of pictures. 

Group of pictures (GOP): A group of pictures consists of one or more pictures in 

sequence 

RDTV: See high definition television. 

high ddinition television (BDTV): High. ~efin:ition televisio~ has a resolution. of 
approximately twice that of convention~ teleVISion lD both the honzontal (H) an~ vertical 
M ctimensions and a piClUre aspect raUo (HxV) of 16:9 .. lTU:R RecottUOendauon 1125 
further defines " HDTV quality" as the delivery of a televlSIon plClUre which IS subJecI1vely 

identical with the interlaced HDTV studio standard. 

high Iev<1: A range of allowed picture parameters defined by the MPEG-2 video coding 

speafication which corresponds to high definittoD teleVISion. 

Huffman coding: A type of source coding that uses codes of different lengths to 

represent symbols which have unequallikelibood of occurrence. 

lEC: International Electrotechnical Commission. 
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. t d d pl'ctures Of I~pictures or [·frames: Pictures that are coded usino 
In ra-co e d d" :_r. ' -0 
information present only in the picture. itself and not epen 109, on lWormaboD from ~ther 
. I 'ctures provide a mechanism for random access mto the compressed vtdeo pictures. -Pi . 

data. I-pictures employ transform coding of the pel blocks aod proVIde only moderale 

compressIOn. 

ISO: International Organization for Staodardization. 

ITU: International Telecommunication Union. 

JEC: Joint Engineering Committee ofEIA and NCTA 

layer: One of the levels in the data hierarchy of the video and system specification. 

level: A range of allowed picture parameters and combinations of picture parameters. 

macroblock: In the advanced television system a macrohlock consists of four blocks of 
luminance and one each Cr and Cb block. 

main level: A range of allowed picture parameters defined by the MPEG-2 video coding 
specification with maximum resolution equivalent to ITU-R Recommendation 601 . 

main profile: A subset of the syntax of the MPEG-2 video coding specification that is 
expected to be supported over a large range of applications. 

Mbps: 1,000,000 bits per second. 

motion vector: A pair of numbers which represent the vertical and horizontal 
displacement of a region of a reference picture for prediction. 

MP@HL: Main profile at high level. 

MP@ML: Main profile at main level. 

MPEG: Refers to standards developed by the ISOIlEC JTCIISC29 \VGII Moving 
Picture Experts Group. MPEG may also refer to the Group. • 

MPEG-l : Refers to [SOIlEC standards 11172-1 (Systems), 11172-2 (Video), 11172-3 
(AudIO), 11172-4 (Compliance Testing), and 11172-5 (Technical Repnn). 

MPEG-2: Refers to ISOIlEC standards 13818-1 (Systems), 13818-2 (Video), 13818.3 
(Audio), 13818-4 (Compliance). 

pack: A pack ~nsists of a pack header foUowed by zero or more packets It is a layer in 
the system coding syntax:. 

packet data: Contiguous bytes of data from eI d . the 
packet. an ementary ata stream present In 

packet identifier (PID): A unique integer val sed · f 
program in a single 0 0111· ue u to assoaate elementary streams 0 a 

r m -program transpon stream. 

packet: A packet consists of a head r. II 
elementary data stream. It . I .er 0 owed by a number of contiguous bytes from an 

IS a ayer m the system coding syntax. 
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p.dding: A method to adjust the ave I . 
of the corresponcting PCM samples b rage ~ngth of an audio frame in time to the duration 

• y continuously adding a slot to the audio fr 
P'flo.d: Payload refers to the hyte hi h 6 ame. 
tUIIlPle, the payload of a transport s~e:m c ~llo~ the header byte in a packet. For 
PESJl':CkIt_data_bytes or pointer field and PSI S=O: mclu~es the PESJl3Cket_header and its 
bowever consists only of PES- , or pnvate data. A PES...,packet.Jl3yload 

• -packet data bytes The tr • 
adaptaUOD fields are DOl payload. - - ' ansport stream packet header and 

pCR: See program clock reference. 

pd: See pixel 

PES picket header: The leading fields in a PES k .. PES..,PaCktL
d 

b 6 Id pac et up to but Dot mcluding the . .UI_ yt. e s where the s~eam is not a padding stream. In the case of a 
plddtng stream, .the PES packet header IS defined as the leading fields in a PES packet u 
to but DOt mcludmg the padding_byte fields. P 

PES puke,: The data structure used to carry elementary stream data It consists of a 
pICket header foUowed by PES packet payload. . 

P trum: A PES stream consists of PES packets, all ofwbose payloads consist of data 
from I smgJe elementary stream, and all of which have the same stream_id. 

P : A:rJ abbreviauon for packetized elementary stream. 

ptcturt: Source, coded or reconstructed image data. A source or reconstructed picture 
COD.SlStS of three rectangular matrices representing the luminance and two chrominance 

IISDIis 
PID: See packet Identifier 

pixd: "Picture element" or "pel " A pixel is a digital sample of the color intensity values 

of I picture I t a single point 

prtdic.ttd pictures or P. pictures or P·frames: Pictures that are coded with respect to 
the nearest prevIous 1 or P-picture. This technique is termed forward prediction. 
P-pK:turcs provide more compression than I-pictures and serve as a reference for future 
P-pictures or B-pictures P-pictures can propagate coding errors when P-pictures (or 
B-pecture:S) are predicted from prior p-pictures where the prediction is flawed. 

p ...... tatio. time-stamp (PTS): A field that may be present in a PES packet header that 
mdJcate5 the ume that a presentation unit is presented in the system target decoder. 

PrtKDtatiOD unit (PU): A decoded audio access unit or a decoded picture. 

prorde: A defined subset of the syntax specified in the MPEG-2 video coding 

spoaficauOD 

Pl"Ot
ram 

dock rererence (peR): A time stamp in the transport stream from which 

decoder tmung .. derived 
Pl"Otram dement: A generic term for one of the elementary streams or other data 

streJms that may be included in the progr=-
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. (pSI)· PSI consists of oormative data which is D<Cessa!y 
program specific ~Dformatlon rt str~ and the successful regeneration of programs, 
for the demuitipleXlDg of transpo 

. II tion of program elements Prognm elements may be 
program: A program 15 a ~ ecents need Dot have any defined Ulne base, those that do 
elementary str~. programd :: intended for synchronized presentation 
have a common tmle base an 

PSI: See program specific information. 

PTS: See presentation time-stamp. 

PU: See presentation unit. 
hi h intentionally reduces the precision of OCT quantizer: A processing step w c 

coefficients 

. Th cess of beo;nn;ng to read and decode the coded bit stream It an random access. e pro ~ 

arbitrary point. 

d· This te~ when used in clauses defining the coded bit stream, iodicates that the 
reserve ..~ . al T-' .. S dard extensions Uol ... value may be used in the future for Digit ltae~Slon tan .... 
otherwise specified within this Standard, all reserved blls shall be set to I 

SCR: See system clock reference. 

scrambling: The alteration afthe characteristics of a video, audio or coded da~ ~ in 
order to prevent unauthorized reception of the information in a clear form. This aheralJOD 
is a specified process under the control of a conditional access system. 

SDTV: See standard definition television. 

slice: A series of consecutive macroblocks. 

SMPTE: Society of Motion Picture and Television Engineers 

source stream: A single, non-multiplexed stream of samples before compressioD coding. 

splicing: The concatenation performed on the system level or fWO different elemeotar}' 
streams. It is understood that the resulting stream must conform totally to the Digital 
Television Standard. 

standard definition television (SDTV): This term is used to sigxuly • dJgllDi td ... ision 
system in which the quality is appro><imately equivalent to that of NTSC. This equiva!eot 
quality may be achieved from pictures sourced at the 4 2 2 I ... 'el of !11J-R 
Recommendation 60 I and SUbjected to processing as pan of the bit rate comp!e5SlOD. The 
resuits should be such .that when judged across a representative sample of prop 
matena!, SUbjectIve eqwvalence with NTSC is achieved. Also called standard digiuI 
televIsIon. See also corrventional definition television and ITU-R RecommeodatioD 1125 

start codes: 32-bit codes embedded in the coded bit stream that are unique They are us«! 
for several . purposes mcluding identilYing some of the layer. in the coding synt<X. SWl 
codes COOSlst of a 24 bIt prefix (OxoOOOO I) and an 8 b. 

It strum_ld 
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STO input buffe.r: A first-in. first-out buffer at the input of a system target decoder for 
storage of compressed data from elementary streams before decoding. 

STD: See system target decoder. 

still piclUre: A co~ed ~tiU. picture consists of a video sequence containing exactly one 
coded picture whicb IS mtra-coded. This picture bas an associated PTS and the 
presentation time of succeeding pictures, if any, is later than that of the still picture by at 
least twO picture periods. 

system clode reference (SeR): A time stamp in the program stream from which decoder 
uming is denved 

system header: Tbe system header is a data structure that carries information 
summanzmg the system characteristics of the Digital Television Standard multiplexed bit 

= 
system t.rget decoder (STD): A hypothetical reference model of a decoding process 
used to describe the semantics of the Digital Television Standard multiplexed bit stream. 

t im~stamp : A term that indicates the time ofa specific action such as the arrival ofa byte 
or the presentation of a presentation unit. 

TOV: Threshold of visibility, 

Transport lream pac.ket header: The leading fields in a Transport Stream packet up to 
and lOCludmg the continuity_counter field . 

uriable bit rate: Operation where the bit rate varies with time during the decoding of a 
compressed bit stream. 

VBV: See VIdeo buffering verifier, 

Video buffering verifier (VBV): A hypothetical decoder that. is conceptu~ly ~~nnected 
to the output of an encoder. lts purpose is to provide a constramt on the vanablhty of the 

data rate that an encoder can produce. 

video sequence: A video sequence is represe~ted by a sequence header, one or more 
groups of pictures, and an end_ocsequence code 10 the data stream. 

S V B: Vestigial sideband modulation with 8 discrete amplitude levels, 

16 V 8 : Vestigial sideband modulation with 16 discrete amplitude levels. 

3.5 Symbols, abbreviations, and mathematical operators 

1.5.1 Introduction 

bol bb 
. tions and mathematical operators used to describe the 

The sym s, a revta , ' d 'b' MPEG 2 and are 
OJ tal Television Standard are those adopted for use 10 escn 1O.g .-. . . 
. ~ sed . the "e" programming language. However, mteger diVIslon With 

similar .to those u dl
.
D ecifically defined. The bitwise operators are defined 

truncauon and roun IDg are sp 
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assuming two' s-complement representation of integers. Numbering and counting loops 

generally begin from O. 

3.5.2 Arithmetic operators 

+ Addition. 

Subtraction (as a binary operator) or negation (as a un.ary Operator). 

++ Increment. 

Decrement. 

* or x Multiplication. 

Power. 

I Integer division with truncation of the result toward O. For example, 7/4 and-
7/-4 are truncated to I and -7/4 and 71-4 are truncated to-I 

II Integer division with rounding to the nearest integer Half-integer values are 
rounded away from 0 unless otherwise specified For example 3112 is rounded 
to 2, and -3//2 is rounded to -2. 

DIY 

% 

Integer division with truncation of the result towards..c:c. 

Modulus operator. Defined only for positive numbers 
Sign( ) Sign(x) = I x> 0 

o x=O 

-1 x < 0 

NINT () Nearest integer operator. Returns the nearest integer vaJue to the real-valued 
argument. Half-integer values are rounded away from O. 

SIO Sine. 

cos Cosine. 

exp Exponential . 

...j Square root. 

loglo Logarithm to base ten. 

log. Logarithm to base e. 

3.5.3 Logical operators 

II Logical OR-

&& Logical AND. 

Logical NOT. 
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U.4 Relational operators 

> OTooler than. 

2 Greater than or equal to. 

< Less than. 

S Less than or equal to . 

- Equal 10 

,. ot equal to. 

max L-.• l The maximum value in the argument list. 

0l1Il [. .1 The minimum value in the argument list. 

3.5.5 Bitwise operators 

k AND 

OR. 

» Shift righl with sign extension. 

« hill. lell. with 0 fill. 

3.5.' Ass gnment 

• Assignment operator . 

3.5.7 Mnemonics 

16 Sep 95 

The following mnemonics are defined to describe the different data types used in 

the coded bil stream 
btlbl 

uumbf 

Bit string , left bit first, where "left" Is the order in which bit 
strings are written In the Standard. Bit strings are written 
as a string of 1 s and Os within single quote marks, e.g. 
'1000 0001'. Blanks within a bit string are for ease of 
reading and have no significance. 

Unsigned integer, most significant bit first 

The byte order of multi·byte words is most significant byte first. 

3.5.' Constants 

1t 3 14159265359 .. . 

• 271828182845 .. . 
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3.5.9 Method of describing bit stream syntax 

Each data item in the coded bit stream described below is in hold ~. II is 
described by its name, its length in bits, and a mnemonic for its type and order of 

transmission. 
The action caused by a decoded data element in a bit stream depends on the value 

of that data element and on data elements previously decoded. The decoding of Ihe data 
elements and definition of the state variables used in their decoding are described in the 
clauses containing the semantic description of the syntax.. The following constructs are 
used to express the conditions when data elements are present. and are in normal type. 

Note this syntax uses the "en code convention that a variable or expression 
evaluating to a non-zero value is equivalent to a condition that is true, 

while ( condition) ( 
data_element 

) 

do ( 
data_element 
... ) 

while ( condition) 

if ( Ctlndition) ( 
data_element 

) 

else { 
data_element 

) 

for (i = O;I<n;i+-+) { 
data_element 

) 

If the condition is true, then the group of data elements 
occurs next in the datil str .. m. Thlt repeats until the 
condition is not true 

The data element always occurs at lelist 0001. Tht Gall 
element is repeated until the condition ,s not true. 

If the condition is true, then the fir5t group of dati 
elements occurs next in the data strum 

If the condition is not true, then the MCOnd group of dati 
elements occurs next in the datil stTNm 

The group of data elements occurs n times CondIt1Ol'II! 
constructs WIthin the group of dltl elementl tM)' depend 
on the value of the loop control wt1abl. I, whk:h ts 11110 
zero for the first occurrence, Incremented 10 1 fof Iht 
second occurrence, Ind so forth 

As noted, the group of data elements . ed .. 
For compactness the {} . ed may contam nest condinooal constructS. 

, are Offiltt when only one data element follows 

data_element [n] 

data_element [m][n] 

data_element [I][rn][n] 

data_element [m .. n] 

data_element ( J IS In arTIlY of datil The number of dm 
elements's indicated by the cont8)d. 

d
data_element [n] is the n.,th ~ of an amy of 
ata. 

~~ta_.J~ent [mln) ,s the m.',n.' th element of. I'M> 
rmenslonal arTIly of datil 

~ar~l.ement (1Im)n] Is the '.' .m.'.n.' ttl .-.nent of. 
'menslonal IfTlry of dltl 

data element ( . 
between bit m .. n) IS the indulNe range of bits 

m and bit n in the dlta element 

Decoders must include a m -
stream) in order to begin decodin eans to look for stan codes and sync bytes (tnJlSPOrt 

g correctly and ·d . . • to 1 entify errors. erasures or insertJons 
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.ilile decoding The methods to identify th . . DOt standardized ese sltuat:J.ons, and the actions to be taken., are 

U .' .1 Definition of bytealigned function 

The function byteehgned( } returns 1 if the cu . . . 
that Is., the next bit ID the bit stream is the fi st b" rrbent posluon .IS ~n a byte boundary; r It m a yte. Otberwtse It returns O. 

U .' .2 Definition of nextbl1S function 

The function nextbtts( ) permits . .' decoded In the bit stream companson of a bit stnng with the next bits to be 

3.5.9.3 Definition of next_stan_code function 

The nexLstart_code( ) function removes any zero bit and zero byte stuffin d 
locates the next start eode g an 

Thls funcuon checks whether the current position is byte-aligned. [f it is not, 0 
swfIing bllS are present After that any number of 0 bytes may be present before the start
code Therefore start-codes are always byte-aligned and may be preceded by any number 

of 0 SlUffing bt .. 

Table 3.1 Next Start Code 

Syntax 
__ l1an_codo(){ 

while ( 'byt •• hgned( ) ) 
zero_ bh: 

~. (M'Xtbrts{ )."0000 0000 0000 0000 0000 0001 ') 

zero_ byte 

4. BACKGROUND 

No. of bits Mnemonic 

1 '0' 

8 '00000000' 

4.1 Advanced Television Systems Committee (ATSC) 
The Advanced Television SystemS Committee, chaired by James C. McKinney, was 

fanned by the member organizations of the Joint Committee on InterSociety Coordination 
(JClq' for the purpose of exploring the need for and, where appropriate, to coordinate 
development of the documentation of AdvanCed Television Systems. Documentation is 
under1Iood to include voluntary technical standards. recommended practices, and engineering 

guidelines 

1 The JOe 11 prc:seotly composed of: the Electronic Industries Association (ElA), the Institute of 
Eloctnca1 and Elc:ctroDlCS Engineen (IEEE), the National AssoCiation of Broadcasters (NAB), the 
NJUODal Cable Te1evU1

00 
AssQCiation (NCfA), and the Society of Motion PictUre and Television 

Enaanccn (SMPTE)· 

_ 13-



• 

ATSC 
Digital Television Slandarcl 16 Scp91 

sed d tation may be developed by the A TSC, by member organizations of 
Propob -'~~stanen dards committees. The ATSC was established recognizing that \he 

the JCIC or y ~=g f dinated f ' oaI . 
' ffi . d effective development 0 a coor set 0 nano standards 1$ prompt, e Clent an . I " . 

essential to the future development of domestic te evlSlon seMces. 

O J 5 1992 ATSC provided infomtation 10 the Federal CollllDlllli<ations 
n une , . fully d .L ..... _ ... ~ 

Commission (FCC) outlining proposed industry actIons 10 ocumem ~ ~ ...... 
eI .. st stan>"d The FCC has recognized the unportance of prompt disdorure of 

t evISlon sy em "'" . . f advanced eI .. 
the system technical specifications to the mass productIon 0 CC has ~on system 
professional and consumer ~pm~t m a nmely fashion. The F .. . not~ Its 
appreciation of the diligence WIth which the A TSC and the other groups parnctpat1ng m \he 
standardization are pursuing these matters? 

Supporting this activity, the ATSC Executive Committee requested that the 111S1 
Specialist Group on Macro Systems Approach '?eet and. suggest which portions ofan 
advanced television system broadcasting standard might r<qwre actIon by the FCC and whid! 
portions should be voluntary. 

Subsequently, D IS I held meetings and developed recommendations in two areas: 

1. Principles upon which documentation of the advanced television system should 
be based; and 

2. A list of characteristics of an advanced television system that sbouJd be 
documented. 

The list tentatively identified the industry group(s) that would pnNide \he 
documentation information and the document where the infomtation would likely appear. 

The recommendations developed by the D IS I Specialist Group were modified by 11 
to accommodate information and knowledge about advanced television systems d ... ..toped in 
the period since June 1992. Some of the modifications to the recommendations ensued from 
the formation of the Grand Alliance. The modified guidelines were approved al the March 31, 
1994 meeting of the D Technology Group on Distribution and are desaibed in Section 4.5. 

4.2 Advisory Committee on Advanced Television SelVlce (ACATS) 

A ''PetitionforNotice of Inquiry" was filed with the FCC on February 21, 1987 by 58 
broadcastmg orgaruzanons and companies requesting that the Commission initiate a proceeding 
to explore the issues arising from the introduction of advanced television technologies and their 
poSSIble unpact on the telOVlSlon broadcasting service. At that time, it was geoerally bdi.-..d 
that High Definition TelevISIon (HOTV) could not be broadcast using 6 MHz umsuiaI 
broadcastIng channels. The brOadcasting organizations were oonctmed that the ahemam. 
media would be able 10 deliver HDTV to the vi"";nn bli 1.,.;__ ial broadcasting 11 

disadvan _ .. -0 Pu c p~ tellesb a severe tage. 

' FCC 92-438, MM Docket No. 87·268 "Memorand Op" ()rd<1IIblld 
Further Notice of Proposed Rule ~g." Ad ted. UDlSep Ln.Ion and 0rder!Thud Rqxwt and 

op . tember 17. 1992, pp. 59-60. 
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The FCC agreed that this . 
proceeding (MM Docket No. 87-268'"% a subject of utmost importance and initiated a 
oMnced television systems. The AmL, collSlder the technical and public policy issues of 
empaneled by the Federal Comm . . ry Comnuttee on Advanced TelOVISlon Service was 
cIlainnan to develop information ":b:'::ul':'::'ssion in 1987 with Richard E. Wiley as 
le .. ision standard for the United States Th b' , the FCC 10 establisbing an advanced 
OwIer by the FCC was: . e 0 ~ectIve gJVen to the AdVISOry Committee in its 

"The Committee will advise the Federal Co " facts and . . mmurucabons Commission on the 
. ~ances. regarding advanced television systems for Commission 

coDSlderauon of technical and public policy issues In th tha th Co " d ' . eevent t e 
~~n . eades ~t ~doption of some form of advanced broadcast 

lel~on IS m the public lDterest, the Committee would also recommend 
polices, ~tandards and regulations that would facilitate the orderly and timel 
UltroduCIJon of advanced television services in the United States." Y 

!be Ad~ry Co~nee established a series of subgroups to srudy the various issues 
coocernmg ~c.es. tec.hnical parameters. and testing mechanisms required to establish an 
Ad .... nced tdevtSlon system standard. The Advisory Committee also established a system 
,,'Iluanon. tOS! aod ana1ysis process that began with over twenty proposed systems, reducing 
tbom to four final systems for consideration. 

4.3 DlgltlJl HDTV Grand Alliance (Grand Alliance) 

On May 24, 1993 the three groups that bad developed the four final digital systems 
tgeed to produce a sinsle, best-of-the best system to propose as the standard. The three 
groups (AT&T aod Zenith Electronics Corporation; Generallnstrurnent Corporation and the 
MassaclllsetU Institute of Technology; and Philips Consumer Electronics, Thomson Consumer 
Elearorucs, aod the David Sarnoff Research Center) bave been working together as the 
"o.g,w HDTV Grand Alliance." The system described in this Standard is based on the Digital 
flDTV Grand Alliance proposal to the Advisory Committee. 

4.4 Organization for documenting the Digital Television Standard 

The A TSC Executive Committee assigned the work of documenting the advanced 
ujeo,uico system staodards to TI specialist groups dividiog the work imo five areas of interest: 
1"1d .. (1IlCIuding tnpUt signal format and source coding), Audio (including input signal format 
IIld source coding) Traruport (lOc1uding data multiplex and channel codiog), 
RFtrrarumission, (U:c1uding the modulation subsystem) and Receiver characteristics: A 
...... COItlIDlttee consisting of the chairs of the five specialist group~ the chair and VIce
eIIon of TI, aod liaison arnoog the ATSC, the FCC, and ACATS was established to 
CIlOrdmate the devdopment of the dOQlIlleDts. The members of the steering CQ1DIDlttee and 

areu of l.Olerest were as foUows' 

Stanley Baron 

Jules Cohen 

8nanJames 

TI chair 

TI vice-<:hair 

TI vice-<:hair 
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Larry pearlstein 

Graham S. Stubbs 

Bernard J. Lechner 

Lynn D. Claudy 

WemerF. Wedam 

Robert M Rast 

Robert Hopkins 

Robert M. Bromery 

Gordon Godfrey 

Paul E. Misener 

D /S6 (Video systems characteristics), chair 

D /S7 (Audio systems characteristics), chair 

D /S8 (Service multiplex and IIaIlSpOrt systems c.baracterisrics), chair 

D /S9 (RFfTrnnsmission systems cbaru:terisrics). chair 

D IS 10 (Receiver characteristics), chair 

Grand Alliance facilitator 

ATSC 

FCC Office of Engineering and Technology 

FCC Mass Media Bureau 

ACATS 

4.5 Principles for documenting the Digital Television Standard 

D adopted the following principles for documenting the advanced tde>ision systtm 
standard: 

1. The Grand Alliance was recognized as the principal supplier of infortnation for 
do=enting the advanced television system, supported by the ATSC and 
others. Other organizations seen as suppliers of information: ElA. FCC, IEEE, 
MPEG, NCTA, and SMPTE. 

2. The Grand Alliance was encouraged to begin drafting the essential dements of 
system details as soon as possible to avoid delays in producing the advanced 
television system documentation. 

3. FCC requirements for the advanced television system standard were to be 
obtained as soon as possible. 

4. Complete functional system details (permitting those skilled in the an to 
construct a working system) were to be made publicly available. 

5. Protection of any intellectual property made public must be by patent or 
copyright as appropriate. 

6. The advanced television system documentation shall include the necessary 
syste~ information such that audio and video encoders may be manufactured 
to deliver the system's full demonstrated performance quality_ 

7. The advanced television system documentation shall point to e:osung 
standards, recommended practices or guideline documents These documents 
shall. b~ referenced in one of two ways as deemed appropriate for the 
applicauon. In the first instance, a specific revision sball be specified "iI<n 
Tev!..ew of chang~ to the referenced document is required before changes might 
?e IDcorporated IDto the advanced television system document The second 
tr:tance 

ref:enc:s the document without specificity to revision and allows any 
c anges to e re erenced documents to be automatically incorporated. 
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8 System specifications shall I · 
be achieved. exp am how future, compatible improvements may 

9. As ongoing improvements take place in 
~ufacturers of encoders and decod 
tnSUfe compatibility. ers 

the advanced television system, 
should coordinate their efforts to 

to. The advanced television s ste d 
of future improvements ~th m~;an ard ~ust support backward compatibility 
receivers and inherent] generatIOns of advanced television system 
withstanding that ~ s~pport production of low cost receivers (not 
be used to 8ChieveC:~ r u~tlon through reduced performance quality may also 

xpenSlve products). 

II The advanced t I .. . I . e eVlSlon system standard should Dot foreclose flexibility in 
~~ cmentlDg advanced television system receivers at different price and 
......... ormance levels. 

12 !he adv~ced television system standard should not foreclose flexibility in 
Impiemeoucg program services or in data stream modification or insertion of 
data packets by down-stream (local) service providers. 

13 The advanced televisi~n system documentation shall address interoperability 
Wlth non-broadcast delivery systems including cable. 

14 The advanced television system standard shall identify critical system 
parameters and shall provide information as to the range of acceptable values, 
the method of measurement, and the location in the system where measurement 

takes place. 

5. SYSTEM OVERVIEW 

5.1 Obj ectives 
The Digital Television Standard describes a system designed to transmit high quality 

,1deo and oudio and ancillBI)' data over a single 6 MHz channel. The system can deliver reliably 
obout 19 Mbps of throughput in a 6 MHz terrestrial broadcasting channel and about 38 Mbps 
of throughput in a 6 MHz cable television channel. This means that encoding a video source 
~1>ooe resoluuon can be as high as five times that of conventional television (NTSC) resolution 
reqwres • bit rate reduetion by a factor of 50 or higher. To achiove this bit rate reduetion, the 
S)'1telII is designed to be efficient in utilizing available channel capacity by exploiting complex 

,ideo and audio compression technology. 
The objOCbVO is to maximize the infonnation passed through the data channel by 

mtrImmng the amount of data required to represent the video image sequence and its 
IIr('.iltrd audio The objective is to represent the video, audio, and data sources with as few 
las u possible while preserving thelovel of quality required for the given application. 

Although the RFITransmission subsystems described in this Standard are designed 
sproficolIy for terrestrial and cable applications, the obJeeuve IS that the VIdeo, audio, and 

"'",;e muIuplex/traDSpOn subsystems be useful in other applications. 
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5 2 5 stem block diagram .. . 
. Y . esentation of the system IS shown ID FIgure 5.1. This 

A basic block diagram rep~ ted by the International TelecollllmlDicatiOD Vni ... 
representation . is based on one a -i) Task GTOUp IIIJ (Digital Terrestrial Televisioo 
RadiocommUDIcatlOn sectorthi(ITU od~ the digital television system can be seen to coosist of 
Broadcasting). According to s m 

3 
three subsystems. . 

1. Source coding and compressIon, 

2. Service multiplex and transport, and 

3. RFfTransmission. 

---• ........ .. - r _ =:1 
~- ---- j.. ........ .. -

-,- I- I 
"""''''" 

~ <. 

fJ'>. 

-" • 
Figure 5.1. ITU-R digital terrestrial televuion broad caning model. 

"Source coding and compression» refers to the bit rate reduction methods, also knovrn 
as data compression, appropriate for application to the video, audio, and ancillary digiW data 
streams. The term "ancilliuy data" includes control data, conditional access control data, aod 
data associated with the program audio and video services, such as closed caprionin& 
"Ancillary data" can also refer to indepeodent program services. The purpose of the coder.~. 'o 
minimize the number of bits needed to represent the audio and video information. lbe digital 
television system employs the MPEG-2 video stream syntax for the ooc!in8 of video aod the 
Digital Audio Compression (AC-3) Standard for the coding of audio. 

"Service IIR1ltiplex and transport" refers to the meatlS of dividing the digital data stream 
into "packets" of information, the means of uniquely ideotifYing each packet or packet type, 

3 ITU-R Document TG 11/3-2. "'Outline of Work for Task Group 1113 Oignal Tc:rresmal TekvlSioD 
Broadcasting," June 30, 1992. • 
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and the appropriate methods of multiplexing video data stream packets, audio data stream 
packets, and ancillary data stream packets into a single data stream In developing the transport 
~ IDt~perability among digital media, such as terrestrial broadcasting, cable 
distribunon, satellite distributlon, recording media, and colDputer interfaces, was a prime 
ooosidention. The digital television system employs the MPEG-2 transport stream syntax for 
!he packetization and multiplexing of video, audio, and data signals for digital broadcasting 
systems' The MPEG-2 transport stream syntax was developed for applications where channel 
l>and"-,dth or recording media capacity is limited and the requirement for an efficient tlanSpOrt 
m<dwusm is panu!lOUIll It was designed also to fucilitate interoperability with the AIM 
tranSPOrt mechanism 

"RFffransmissioo" refers to channel coding and modulation. The channel coder takes 
!he data bit stream and adds additional information that can be used by the receiver to 
ItCODSUUct the data from the received signal which, due to transmission impairments, may not 
"",,"tely represent the transmitted signal. The modulation (or physical layer) uses the digital 
dill. stream information to modulate the transmitted signal, The modulation subsystem offers 
"''0 modes • terrestrial broadcast mode (8 YSB), and a high data rate mode (16 YSB). 

Figure S 2 illustrates a high level view of encoding eq,:"pm~nt. This ~ew is not 
mltDded to be complete, but is used to illustrate the relatIonship of vanous clock 
fr'equeDCIe5 V¥'1thin the encoder. There ,are two ~omains within the eD~oder wh~re a set of 
fnqueocies are related, the source coding domatD and the channel COdIDg domatD 

F· S 2 High level view of encoding equipment. ., ure . . , d 
, . e resented scbematically by the video, audio an 

The source coding domatn, r P . hi h e based on a 27 MHz clock 
famil of frequenCleS w car. h ' 

transpon encoders, u~ a y a 42-bit sample of the frequency whic IS 
(f!7MHz) TIns clock IS used to generate 

the Second Meeting of rru·R Task Group 11/3, Geneva,. 
• CIotuman. mJ-R Task Gnlup 11 /3, "Report of 
Oaabcr 13-19,1993; January S, 1994, p. 40. 
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. .. arts defined by the MPEG-2 specification. These are the ll -bit 
PartItIoned IOto two P . . 

and the 9-hlt program_clock_reference_e:xtenslon. The former is 
program clock reference base . ' 

. al- - 1- f a 90 kHz clock which IS locked 10 frequency to the 27 MHz eqwv eDt to a samp eo . '. 
I k, d · sed b the audio and vtdeo source eocoders wheo eocoding the presentation 

cae an ISU y ( ) Th di d ·d ,;"" time stamp (PTS) aod the decode time stamp DTS . e au a ao vt eo samp_ clocks, 
fa aod fv respectively, must be frequency-locked to the. 27 MHz cloc1c This can be 
expressed as the requirement that there exist two patrs of IOtegers, (Ila, m,,) aod (n" 1Dy), 

such that : 

j. = (;:) x 27 MHz 

aod 

j. = (;} 27 MHz 

The channel coding domain is represented by the FEC/Sync Insertion subsystem 
and the VSB modulator. The relevant frequencies in this domain are the VSB symbol 
frequency (t;,..)and the frequency of the transpon stream (fIP) which is the frequency of 
transmission of the encoded transport stream. These two frequencies must be locked, 
having the relation: 

In> = 2 x [~][~]J.. 
208 313 ... 

The signals in the two domains are not required to be frequency-locked to each 
other. and in many implementations will operate asynchronously_ 10 such systems, the 
frequency drift can necessitate the occasional insertion or deletion of a NULL packet from 
within the transport stream, thereby accommodating the frequency disparity. 

The aonexes that follow consider the characteristics of the subsystems necessary to 
accommodate the services envisioned. 
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ANNEXA 

(Normative) 

VIDEO SYSTEMS CHARACTERISTICS 

1. SCOPE 

This Annex descri~es tbe characteristi~s of the video subsystem of the Digital 
Tde\'\SJon tandard The mput formats and bit stream characteristics are described in 
5q)II'1.Ie secbons 

t REFERENCES 

2.1 Norm_rive referencas 

The followmg documents contain provisions which, through reference in this text, 
COQSlJtute provisions of this standard. At the time of publication, the editions indicated 
were valid All standarcb are subject to revision, and parties to agreement based on this 
SWlIhrd are encouraged to investigate the possibility of applying the most recent editions 
of!he documenu hJled below. 

001EC 1 13818-1, International Standard (1994), MPEG-2 Systems. 

\SO.1EC 1 13818-2, International Standard (1994), MPEG-2 Video. 

2.2 Info,.",.tlve references 

MPTE 274M (1995), Standard/or television, 1920 x 1080 Scanning and Inter/ace. 

SMPTE SI7.392 (1995), Proposed Standard/or television, 1280 x 720 Scanning and 

Intttj_ 
ITU-R BT 601-4 (1994), Encoding parameters 0/ digital television/or studios. 

1. COMPUANCE NOTATION 
• _ .. __ • tIu.s document "shall" or "wil/" denotes a mandatory provision of the 
.ru~Ul . • d "M" 

SlIDd.ard "Should" denotes a provision that is recommended but not man atory. ay 
deDotes a feature whose presence does not preclude compliance, that mayor may not be 

presem 11 the opuon of the implementor. 

4. POSSIBLE VIDEO INPUTS . 
, ired b this standard, there are certain television productlOn 

While not reqTabU I 1 tbaY t define video formats that relate to compression formats 
1WIdardJ, shown lD e, 
spec:died by tIu.s standard 
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T able 1 Standard ized Video Input Formau 

720 

1920 

ITU-R BT.601-4 483 720 

SMPTE274M 1080 
Video standard Acth-e lines Actin. sam lesl liDe 

SMPTE S17.392 1280 

The compression formats may be deri.v~ fro~ one or m~re appropriate video 
input formats. It may be anticipated that additJoDaI VIdeo produCtloD standards will be 
developed in the future that extend the number of possible input formats 

5. SOURCE CODING SPECIFICATION 

The ATV video compression algorithm shall conform to the Main Profile syntax of 
ISOIIEC 138 18-2. The allowable parameters shall be bounded by the upper 1imiu 
specified for the Main Profile at High Level.' Additionally, A TV bit streams sbaII meet !he 
constraints and specifications described in Sections 5.1 and 5.2. 

5.1 Constraints wnh respect to ISO/ lEG 13818-2 Main Prome 

The following tables list the allowed values for each of the ISOIIEC 13818-2 
syntactic elements which are restricted beyond the limits imposed by MP@HL. 

In these tables conventional numbers deDote decimal values, Dumbers preceded by 
Ox are to be interpreted as hexadecimal values and numbers within single quotes (e.g., 
< 10010100') are to be interpreted as a string of binary digits 

5.1.1 Sequence header constraints 

Table 2 identifies parameters in the sequence header of a bit stream that shall be 
constrained by the video subsystem and lists the allowed values for each. 

Table 2 Sequence Header Constraints 

Sequence header syntactic eiemeat Allowed value 

see Tablel 
see Table 3 
see Table 3 
see Table 3 
s 48500 

s97000 

The allowable values for the field bit rate . . 
prunary. application ofterr tn·a1 b - _volue are applicatJoD dependent In !he 

es roadcast, tbi Ii Id h · ·cb . less than or equal to 19.4 Mb In . S e s all correspond to a bit rate whi ~ 
less than or equal to 38.8 Mh;:'· the high data rate mode, the corresponding bit ,a"" 

I See ISOfIEC 138 18·2, Section 8 for more inti . 
ormabon regarding profiles and l(\.--ell. 
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5.1.2 Compression ronnat constraints 

Table 3 lists the allowed compression formats. 

value 

1080 

720 

480 

Table 3 Compression Format Constraints 

horizontal size 
value -

1920 

1280 

704 

640 

aspect ratio 
informatlon-

1,3 

1,3 

2,3 

1,2 

1,2,4,5 

4,5 

1,2,4,5,7,8 

1,2.4.5,7,8 
4,5 

1,2,4,5,7,8 

4,5 

Le2ead for MPEG-2 coded values in Table 3 

progressive_ 
sequence 

I 

o 
I 

I 

o 
I 

o 

16 Sep 95 

JIPId rabO lnformation 1 - samples 2 - 4:3 display aspect ratio 3 16:9 display aspect ratio 

tame rite code 1 - 23 .976 Hz 2 - 24 Hz 4 "'" 29.97 Hz 5 -30 Hz 7 - 59.94 Hz 8-60Hz 

progr.lIW_sequence o - mterlaced scan 1 - progressive scan 

5.t.3 Sequence extension constraints 

Table 4 identifies parameters in the sequence extension pan of a bit stream that 
shall be con.st.rained by the video subsystem and lists the allowed values for each. A 
MqOeI"ICe_extenslon structure is required to be present after every sequence_header structure. 

Table 4 Sequence Extension Constraints 

&Queace utentiOD syntactic dement Allowed values 

progressive sequence see Table 3 

pronle_and_'eveUndication see Note 

chroma_format '01' 

honzontlll size_extension '00' 

verbcaLsize_extension '00' 

bfU'1Ite menslon '0000 0000 0000' 

vbv buffer_sile_extension '0000 0000' 

trame_fIIte_extension n '00' 

trame fIIta_extension d '0000 0' 

ote The pronla_and-,eveUndication field shall indicate .the lo~est pro~le and 
level defined in ISO/IEC 13818-2, Section 8, that IS cODS!steDt WIth the 

parameters of the video elementary stream. 

l __ .~II _ ...... in order to 53':-' the MPEG·2 requirement that the coded 
~ \hal 1088 lanes are ~..-uy ~ . "'-7 

¥a'bC:IJ AU be. multlple of 16 (progressive scan) or 32 (mterlaced scan). 
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5.1.4 Sequence display extension constraints 

Table 5 identifies parameters in the sequence ~play extension part of a bit stream 
that shaJl be constrained by the video subsystem and lists the allowed values for each. 

Table 5 Sequence Display Extension Constraints 

AlIOlftd values Sequence disp12y extension syntactic eleDlr.Dt 
'000 ' 

The preferred and default values for color"'pnmaries, trlinsfer_charact«tstJcs, and 
matrix coefficients are defined to be SMPTE 274M) (value 0x0) in all three cases). While all 
value; described by MPEG-2 are allowed in the transmitted bit stream, it is noted that 
SMPTE 170M values (Ox06 in all three cases) will be the most likely a1lernate in common 
use. 

5.1.5 Picture header constraints 

In all cases other than when """_delay bas the value 0xFFFF, the value of ""_delay 

shall be constrained as follows: 

IIbv_delay ::s;: 45000 

5.2 Bit stream specifications beyond MPEG-2 

This section covers the extension and user data pan of the video syntax. These 
data are inserted at the sequence, GOP, and picture level. The syntax used for the insertion 
of closed captioning in picture user data is described.4 

5.2.1 Picture extension and user data syntax 

Table 6 describes the syntax used for picture extension and user data. 

Table 6 Picture Extension and User Data Syntax 

No. of bits 

extension_data( 2 ) 

user_data(2) 
} 

} 

J At some point in the future, the color ut 
defining the uansrer charncteristics ' gam . may be extended by aIIOWUl& no,"",'" ,..mos of RGB ool 

Jor negatIve RGB values 
" In order to decode the user data. the d . 
identifier at the PSI stream level (see ISO!IE~3~~~. Properly recogmze t.be 32-btt ATSC repsuabOD 
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5.2.2 Picture user data syntax 

Table 7 describes the picture user data synt ax. 

Table 7 Picture User Data Syntaxs 

5.2.3 Picture user data semantics 

u • .,_datA_atart_cod. - This is set to OXOOOO 01B2. 

16 Sep 95 

ATSC_ldentifler _ This is a 32 bit code that indicates that the video user data conforms to 
this specification The value ATSCjdentifier shall be Ox:474 1 3934. 

uH,_dab_type_code - The 8· bit code is set to Ox03. 

t Shaded oells in this table indicate syntactic and semantic additions to the ISO/IEC 13818-2 standard. 
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d t flag This flag is set to indicate whether it is necessary to process the 
process em a a - . . 
em data~ If it is s~t to 1. the em_data has to be parsed and ItS meamng has to be processed. 
when it is set to 0, the em_data can be discarded. 

process_cc_data_flag - This flag is set to indicate whe~er it is ~ecessary to process the 

cc data . If it is set to 1. the cc_data has to be parsed and Its meanmg has to be Processed. 
When it is set to 0, the cc_data can be discarded. 

addltionaLdata_flag - This flag is set to 1 to indicate the presence of additional user data. 

cc_count _ This 5-bit integer indicates the number of closed caption constructs following 
this field . It can have values 0 through 31 . The value of cc_count shall be set according to 
the frame rate and coded picture structure (field or frame) such that a fixed bandwidth of 
9600 bits per second is maintained for the closed caption payload data. Sixteen (16) bits of 
closed caption payload data are carried in each pair of the fields cc_data_, and cc_data_2. 

em_data - Eight bits for representing emergency message.' 

cc_valid - This flag is set to ' I ' to indicate that the two closed caption data bytes that 
follow are valid. If set to '0' the two data bytes are invalid. 

co_type - Denotes the type of the two closed caption data bytes that follow.1 

cc_data_1 - The first byte ofa closed caption data pair. 

cc_data_2 - The second byte of a closed caption data pair 

additionaLuser_data - Any further demand for picture user data could be met by defining 
this part of the bit stream. 

, Syntax and semantics to be specified by EtA 

7 EIA. Recommended Prac/ice/or Advanced 1", I .. 
e evlSlon ClOUd Captioning, draft, July 1. 19'94. 
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ANNEXB 

(Normative) 

AUDIO SYSTEMS CHARACTERISTICS 

1. SCOPE 

This Annex describes the audio system characteristics and normative specifications 
of the Digital Television Standard. 

2. NORMATIVE REFERENCES 

The following documents contain provisions which in whole or part, through 
reference in this text, constitute provisions of this standard. At the time of publication, the 
editions indicated were valid. All standards are subject to revision and amendment, and 
parties to agreement based on this standard are encouraged to investigate the possibility of 
applying the most recent editions afthe documents listed below. 

ATSC Standard Al52 (1995), Digital Audio Compression (AC-3). 

AES 3-1992 (ANS I S4.40-1992), AES Recommended Practice for digital audio 
mgrnurmg - Senal transmission format for two-channel linearly represented digital 
audio dota 

ANSI SI 4-1983, SpecificatIOn for Sound Level Meters. 

lEC 651 (1979), Sound Level Meters. 

lEC 804 (1985), Amendment I ( 1989) Integrating/Averaging Sound Level Meters. 

3. COMPUANCE NOTATION 

As used in this document "shall" or "will" denotes a mandatory provision af tbe 
standard "Should" denotes a pr'ovision that is recommended but not mandatory. "May" 
denotes I feature whose presence does not preclude compliance, that mayor may not be 

present at the option of the implementor. 

4. SYSTEM OVERVIEW 
As ill strated in Figure 1 the audio subsystem comprises the audio 

eocodmgId~' function and resides between the au.dio inputs/out~uts and ~e 
IBDSpOn subSY:m. The audio encoder{s) is (are) responsIble for generatIng the audio 
d hich .,. encoded representations of the baseband audio mput 

emen.ary suearn(s) w ~ . d d' tb clio 
signals At the receiver, the audio subsys.tem is responsible for eco mg e au 

demenlary stream(s) back into baseband audIO. 
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Figure 1. Audio subsystem in the digital television system. 

5. SPECIFICATION 

This Section forms the normative specification of the audio system. The audio 
compression system conforms with the Digital Audio Compression (AC-3) Sl8Jldard, 
subject to the constraints outlined in this Section.. 

5.1 Constraints with respect to ATSC Standard Al52 

The digital television audio coding system is based on the Digil!! Audio 
Compression (AC-3) Standard specified in the body of ATSC Doc. N52 (the annexes are 
not included). Constraints on the system are shown in Table 1 which shows permitted 
values of certain syntactical elements. These constraints are described in Sections 5.2 . 
S.4. 

Table 1 Audio Constraints 
AC-3 syntactical Comment AlIowtd valut 

element 
neod Indicates sampling rate '00 ' (in<ticates 48 kHz) 
frmsizecod Main audio service or associated audio service S '011100 ' (indK:atcs S 3114 kbps) 

containing all nec:ess;uy program elements 
frmsizecod Single channel associated service containing a S ' 010000' (tn<tiCllOS S 128 kbps) 

single program element 
frmsizecod Two channel dialogue associated service S '010100' ( iD<tiCllOS S 192 kbps) (frmsizecod) Co~ed bit rate of a main and an associated (tol!! S 512 kbps) 

servtce mtended to be simultancous.ly decoded 
aemod Indicates number of channels 

~ '001 ' 
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5.2 Sampling frequency 

The system conveys ctigital audio sampled at a frequency of 48 kHz, locked to the 
27 MHz system clock. The 48 kHz audio sampling clock is defined as: 

(I) 48 kHz audio sample rate = (2 +1125) x (27 MHz system clock) 

. . If ~og signal inputs are employed, the AID converters should sample at 48 kHz. 
If digital inputs are employed, the input sampling rate shall be 48 kHz or the audio 
encoder shall contain sampling rate converters which convert the sampling ;ate to 48 kHz. 

5.3 Bit rate 

A main audio service. or an associated audio service which is a complete service 
(containing all necessary program elements) shall be encoded at a bit rate less than or 
equal to 384 kbps A single channel associated service containing a single program 
element shall be encoded at a bit rate less than or equal to 128 kbps. A two charonel 
associated service containing only dialogue shall be encoded at a bit rate less than or equal 
to 192 kbps The combined bit rate of a main service and an associated service which are 
Intended to he decoded simultaneously shall be less than or equal to 512 kbps. 

5.4 Audio coding modes 

Audio services shall be encoded using any of the audio codiog modes specified in 
AlS2. with tbe exception of the 1 + 1 mode. Tbe value of acmod in the AC-3 bit stream shall 
bave a value in the range of 1-7, with the value 0 prohibited. 

5.5 Dialogue level 

The value of the dlalnorm parameter in the AC-3 elementary bit stream shall indicate 
the level of average spoken dialogue within the encoded audio program. Dialogue level 
may he measured by means of an "An weighted integrated measurement (LAeq). 
(Receivers use the value of dlalnorm to adjust the reproduced audio level so as to normalize 

the dialogue level .) 

5.6 Dynamic range compression 
Each encoded audio block may contain a dynamic range control word ~ dynmg) 

which is used by decoders (by default) to alter the level of the reproduced audio. The 
conuol words allow the decoded signal level to be increased or decreased by u~ to 24 dB. 
In enera1.. elementary streams may have dynamic. r~ge control words mserted ~r mJfied without affecting the encoded audio. When It IS necessary to alter the dynamtc 
range of audio programs which are broadcast, the dynamic range control word should be 

used 
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6. MAIN AND ASSOCIATED SERVICES 

6.1 Overview 

An AC-3 elementary stream contains the encoded representation of a single audio 
service. Multiple audio services are provided by .muJtipl~ elem~ntary streams. Each 
elementary stream is conveyed by the transp~rt . ~u1tJ.plex WIth a urn.que PIO. There are a 
number of audio service types which may (mdiVldually) be coded mto each elementary 
stream. Each AC-3 elementary stream is tagged as to its service type using the bsmod bit 
field. There are two types of main service and six types of associated service. Each 
associated service may be tagged (in the AC-3 audio descriptor in the transport PSI data) 
as being associated with one or more main audio services. Each AC·3 elementary stream 
may also be tagged with a language code. 

Associated services may contain complete program mixes, or may contain only a 
single program element. Associated services which are complete mixes may be decoded 
and used as is. They are identified by the fulLs'"' bit in the AC-3 descriptor (see N52, 
Annex A). Associated services which contain only a single program. element are intended 
to be combined with the program elements from a main audio service. 

This Section specifies the meaning and use of each type of service. in general, a 
complete audio program (what is presented to the listener over the set of loudspeak",) 
may consist of a main audio service, an associated audio service which is a complete mix, 
or a main audio service combined with an associated audio service. The capability to 
simultaneously decode one main service and ODe associated service is required in order to 
form a complete audio program in certain service combinations described in this Section. 
This capability may not exist in some receivers. 

6.2 Summary of service types 

The audio service types are listed in Table 2. 

Table 2 Audio Service Types 

bsmod Type of servic.e 
000 (0) Main audio service: complete main (eM) 
001 (1) Main audio service: music and effects (ME) 
010 (2) Associaled selVice: visua1ly impaU.d (VI) 
011 (3) Associated service: impa>r<d (Hl) 
100 (4) Associated sen>ice: dialogue (0) 
101 (5) Associated sen>ice: commentary (C) 
110 (6) Associated service: (E) 
11l(7) Associated service: voiClC-O\"C:t (\10) 

6.3 Complete main audio service (CM) 

The CM type of main audio ' . 
with dialogue, music, and effects) ~:ce cohntalns a complete audio program (completed' 

. S IS t e type of audiO service normally provtd . 
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The CM service may contain from I to 5 I di cohanced by means of the VI HI C E . au 0 channels. The CM service may be further 
J1l muluplc languages may be ~ro~d;;r bV~:s~~lated se~ces described below. Audio 
ddferenllanguage. y pp ymg muiltple CM services, each in a 

6.4 1A.ln .udlo service, music and effects (ME) 

The ME type of main audio service contains th . 
program. but Dot the dialo e for e ~USIC and effects of an audio 
oudJ chann Is Th . gu the program. The ME servtce may contain from I to 5 I 
. ~ e

l 
~runary program dialogue is missing and (if any exists) is supplied by 

~.taneous y enc ~ a D as.sociated service. Multiple D associated services in different 
_'6 .. &ge:s may be associated WIth a single ME service. 

6.5 Visually Impaired (VI) 

The VI associate,d service typically contains a narrative description of the visual 
program content lo ~s case, the VI service shall be a single audio channel. The 
~taneous reproductJon of both the VI associated service and the eM main audio 
1tl\'1ce allows the visually impaired user to enjoy the main multi-channel audio program, 
U well u to follow (by ear) the on-screen activity. 

The dynamic range control signal in this type of VI service is intended to be used 
by the ludlo decoder to modify the level of the main audio program. Thus the level of the 
awn audio setV1ce will be under the control of the VI service provider, and the provider 
may SIgnal the decoder (by altering the dynamic range control words embedded in the VI 
IUdio elementary sueam) to reduce the level of the main audio service by up to 24 dB in 
order to assure that the narrative description is intelligible. 

Bessdes providing the VI service as a single narrative channe~ the VI service may 
be provided as a complete program mix containing music, effects, dialogue, and the 
DIITllIOn. in this case, the service may be coded using any number of channels (up to 5.1), 
&Del the dynamic range control signal applies only to this service. The fact that the service 
~ I complete !Ill" shall be indicated in the AC-3 descriptor (see Al52, Annex A). 

U H.arlnl1lmpa/red (HI) 
The J-O. associated service typically contains only dialogue which is intended to be 

reproduced SlIDultaneously with the CM service. In this case, the ill service shall be a 
llOgle audio cbannei This dialogue may have been processed for improved intelligibility by 
beanog unpAlfed listeners Simultaneous reproduction of both the CM ~d J:II services 
allows the bearing impaired listener to hear a mix of the CM and HI seJV1ces 10 order to 
em.pbaslz.e the dialogue while still providing some music and effects. 

Besides providing the m service as a single dialogue channel, the HI. service ID:ay 
be provided as a complete program mix containing music, effects •. and dialogue WIth 
enhanced 101eiligibility. In this case, the service may be coded USlOg any Dumber of 
cbanneis (up to 5 I). The fact that the service is a complete !IlIl< shall be IOdicated 10 the 

AC-3 descriptor (see Al52, Annel< A). 
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6.7 Dia/ogue (D) 
The D associated service contains program dialogue intended for use with an ME 

main audio service. The language of the D service is indicated in the AC-3 bit stream, and 
in the audio descriptor. A complete audio program is formed by simultaneously decoding 
the D service and the ME service and mixing the 0 service into the center channel of the 
ME main service (with which it is associated). 

If the tv1E main audio service contains more than two audio channels, the D service 
shall be monophonic (I /O mode). If the main audio se~ce contains two channels, the 0 
service may also contain two channels (210 mode). In this case, a complete audio program 
is formed by simultaneously decoding the D service and the ME service, mixing the left 
cbanael of the ME service witb the left cbannel of the D service, and mixing the right 
cbanael of tbe ME service with the right cbannel of the D service. The result will be a two 
channel stereo signal containing music, effects. and dialogue. 

Audio in multiple languages may be provided by supplying multiple D services 
(each in a different language) along with a single lvlE service. This is more efficient than 
providing multiple eM services, but, in the case of more than two audio channels in the 
ME service, requires that dialogue be restricted to the center channel 

Some receivers may not have the capability to simultaneously decode an ME and a 
D service. 

6.8 Commentary (C) 

Th~ commen~ associated ~ervice is similar to the 0 service, except that instead 
of conveymg essenttal . program dialogue, the C service conveys optional program 
commentary. :he C se~ce may be a single audio channel containing only the commentary 
content. 10 this case, slOlUltaneous reproduction of a C service and a eM service will 
allow the listener to hear the added program commentary. 

The dynamic range control signal in the single channel C service is intended to be 
used by ~e audi? deco?er to modify the level of the main audio program. Thus the level 
of ~e mam au.dio se!V1ce will be under the control of the C service provider, and the 
proVIder may SIgnal the decoder (by alteriog the dynamic range control words embedded 
m tJ:e C audio elementary stream) to reduce the level of the main audio service by up to 24 
dB m order to assure that the commentary is intelligible. 

Besides providing the C se . . b . ded fVIce as a slDgle commentary cbanne~ the C service may 
e proVl as a complete program mix containi . _a". dial and the 

commentary. In this case the ' . ng r:nUSIC
• cuects. ague, 

5. 1). Tbe fact that the se . sefVIce may be prOVIded USlOg any number of cbannels (up to 

(
see N52 Ana A) moe IS a complete ffilX sball be indicated in the AC-3 descriptor 

, ex . 

6.9 Emergency (E) 

The E associated service is intended ' . 
priority announcements The E '. to allow the Insertion of emergency or high 

. seIVlce IS always . gl ' . . 
given priority in transpon and in audi d . a sm e audio channeL An E ~ce .IS 

o ecodmg. Whenever the E service is present, It will 
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be d~vered t~ the. au~io decoder. Wh~never the audio decoder receives an E type 
lSSOClated serYIce. It Will stop reproducmg any main service being received and only 
reproduce the E service out of the center channel (or left and right channels if a center 
loud~~er does not exits). The E service may also be used for non-emergency 
applicau~ns. It may. be us~d whenever the broadcaster wishes to force all decoders to quit 
reproducmg the mam BudlO program and reproduce a higher priority single audio channel. 

6.10 Vo/e&-over (VO) 

The VO associated service is a single channel service intended to be reproduced 
along with the main audio service in the receiver. It allows typical voice-overs to be added 
to an already encoded audio elementary stream without requiring the audio to be decoded 
back to baseband and then re-encoded. It is always a single audio channel. It has second 
priority (only the E service bas higher priority). It is intended to be simultaneously 
decoded and mixed into the center channel of the main audio service. The dynamic range 
control signal in the VO service is intended to be used by the audio decoder to modify the 
levd of the main audio program. Thus the level of the main audio service may be 
conlToUed by the broadcaster, and the broadcaster may signal the decoder (by altering the 
dynamic range control words embedded in the VO audio elementary stream) to reduce the 
level of the main audio service by up to 24 dB during the voice-over. 

Some receivers may not have the capability to simultaneously decode and 
reproduce a voice-over service along with a program audio service. 

T. AUDIO ENCODER INTERFACES 

7.1 Audio encoder Input characteristics 

Audio signals which are input to the digital television system may be in analog or 
dJ.g.ttal fonn. Audio signals should have any DC offset removed before b~in~ encoded. If 
the audio encoder does not include a DC blocking high pass filter, the ~udlO s~gnals should 
be Iugh pus filtered before being applied to the encoder. In general, mput SignalS should 
be quantized to at least 16-bit resolution. The audio compression s~st.em can convey audio 
SIgnals with up LO 24-bit resolution. Physical interfaces for the audio mputs to the encoder 
may be defined u voluntary industry standards by the AES, SMPTE, or other standards 

orgaruz.aUons 

1.2 Audio encoder output characteristics . . 
I the out ut of the audio encoder is an elementary stream whi~h 1S 

Conceptual Yic .uJ:, the tranSport subsystem. It is possible that systems will be 
formed mto PES pac ets Wl . f dio PES packets takes place within the audio 

:en~ec:b:b= !eo~~;:~)~f':n:~udiO encoder(s) would be PES packet~ :~cal 
tnterf:es for these ~utputs (elementary streams and/or PES pa~ke~) may be e as 
volunwy industry standards by SMPTE or other standards orgaruzallODS

. 
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ANNEXC 

(Normative) 

SERVICE MULTIPLEX AND TRANSPORT SYSTEMS CHARACTERISTICS 

1, SCOPE 
This Annex describes the transpon layer characteristics and normative 

specifications afthe Digital Television Standard. 

2, NORMATIVE REFERENCES 

The following documents contain provisions which in whole or in pan, through 
reference in this text, constitute provisions of this Standard. At the time of publication, the 
editions indicated were valid. All standards are subject to revision and amendment, and 
parties to agreements based on this Standard are encouraged to investigate the possibility 
of applying the most recent editions of the documents listed below. 

ATSC Standard N52 (1995), Digital Audio Compression (AC-3) . 

ISOIlEC IS 13818-1, International Standard (1994), MPEG-2 Systems 

ISOIlEC IS 13818-2, International Standard (1994), MPEG-2 Video 

[SOIlEC CD 138[8-4, MPEG Committee Draft (1994), MPEG-2 Compil=, 

The normative reference for the Program Guide will be the standard developed 
from ATSC document 13/S8-050, ''Program Guide for Digital Television", 

The normative reference for System lnformation will be the standard developed 
from ATSC document 13IS8-079, "System Information for Digital Television", 

3. COMPLIANCE NOTATION 

As used in this document. "shalf' or "will' denotes a mandatory provision of the 
standard. "Should' denotes a provision that is recommended but not mandatory. "Mat 
denotes a feature whose presence does not preclude compliance that mayor may not be 
present at the option of the implementor. • 

4. SYSTEM OVERVIEW 

The transport format and protocol for the Digital Television Standard ~ • 
compatible subset of the MPEG-2 Systems specification defined in ISOIlEC 13818-l.lt ~ 
based on a fixed-length packet transport stream h which has been d~-'" --, 

tmnz' , d' di 'tal ' , approac <uu<u .... 
op e lor gt teleVlslon delivery applicati oos, 

As illusttated in Figure 1 the trans rt fun" licariOD 
(e g audio or video) e din ' po ctJon resIdes between the app 

, " nco g and decoding functi d th " b"""em. The encoder' s trans rt b · ons an e transmISSIon SO ~J"" 
po su system IS responsible for formatting the coded element!!)' 
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streams and multiplexing the differ t 
r~ver: it is responsible for r:v::po:nts of the program for transmission. At the 
apphcauon decoders and for tb g _ e elementary streams for the individual 
also . e corresponding error s"gnalin h 

.mcorporates other higher protocolla fun ' .1 g. T e transport subsystem 
rteelver yer ctJ.onality related to synchronization of the 

Ii if 
h 

Transmitter 

r 
: ~ ~ - c .!!' 

6:8"; ',q ~. ~ 
• ~ .t:!- Modem 

:tw • ftI]1 -; • · .,:u E .. ""'" ... _- :!.-g bI_m 

bI_ • 

Clock + • 
Receiver 

'T 
c .8" 

~J 
1::8= 

i 
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,g 5t.tl .. 
• c:.~ Modem 

r t - · I! ~ e "-0: · .- .. 
- · ~~ bI_ 

.~ ... -~ --- ~ c 
0 -bO ...... ---dOCk 

Clodt lpontrol 

Figure 1. Sample organization of functionality in a 
transmitter- receiver pair for a single program. 

c 
.2 .-•• . - E 
Ii. 
c~ • .-

The overall system multiplexing approach can be thought of as a combination of 
multiplexing at two different layers. In the first layer, single program transport bit streams 
art formed by multiplexing tranSport packets from ODe or more Packetized Elementary 
Stream (PES) sources In the second layer, many single program transport bit streams are 
combmed to form a system of programs. The Program Specific Information (PSI) streams 
contam the information relating to the identification of programs and the components of 

each program. 
Not sbown explicitly in Figure I. but essential to the practical implementation of 

this Standard. is a control system that manages the tranSfer and processing of the 
elementary streams from the application encoders. The rules followed by this control 
system are not a part of this Standard but must be establisbed as recommended practices 
by the users of the Standard. Tbe control system implementation shall adhere to the 
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requirements of the MPEG-2 tranSport system as specified in ISOIlEC 13818-1 with the 
additional constraints specified lD this Staodard. These constramts may go beyond the 
constraints imposed by the application encoders. 

5. SPECIFICATION 

This Section constitutes the normative specification for the transpon system of the 
Digital Television Standard. The syntax and semantics of the specification conform to 
ISOIlEC 138 18-1 subject to the constraints aod conditions specified in this Standard. This 
Section of the Standard describes the coiling constraints that apply to the use of the 
MPEG-2 systems specification in the digital television system. 

5.1 MPEG-2 Systems standard 

The transport system is based on the transport stream definition of the MPEG·2 
Systems standard as specified in ISOIlEC 138 18- 1. 

5.1 .1 Video T-STD 

The video T-STD is specified in Section 2.4.2.3 ofiSOIlEC 13818-1 and foDows 
the constraints for the level encoded in the video elementary stream. 

5.1.2 Audio T-STD 

The audio T-SID is specified in Section 3.6 of Annex A of ATSC StandardN52. 

5.2 Registration descriptor 

This Standard uses the registration descriptor described in Section 2 6.8 of 
ISOIlEC 138 18-1 to identify the contents f o programs and elementary streams 10 
decoding equipment. 

5.2.1 Program identifier 

identifi:r~=s,:hiCh ':':0';' to this specification will be identified by the 32-bit 
ISOIlEC 138 18-1 T~ndo tifie rogram Map Tahle (PMT) detailed in Section 2.4.48 of 

. e 1 en er will be coded acco din S · 6 8 and shall ha a value of Ox474 I 3934. r g to ectIon 2., ve 

5.2.2 Audio elementary stream identffier 

Audio elementary streams whi h . 
the 32-bit identifier in the secti c conform to this specification will be identified by 
2.4.4.8 ofiSOIlEC 13818-1 Thont ~ Program Map Tahle (P!AT) detailed in Section 
shall have a value of0x4143 '2D3;: en er will be coded according to Section 2.6.8, and 
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5,3 The program paradigm 

specifies the method that shall be used for allocating the 
or (PIO) field of the transport packet header in a systematic 
n multiplex, television programs that follow the program 

The program paradigm 
values of the Packet ldentifi 
manner Within ODe tr&nspo 
pmdigm are assigned a pro 
program number is used to 
pmdJgm shall have b'2 equal 

gram number ranging from I to 255. The binary value of the 
form b11 through b4 of the PIO. Programs adhering to the 
to ' 0 ' . Programs not adhering to the paradigm shall have b12 

equal to I I ' 

We funher defioe: 

• ~H_PIO ... program number « 4 

fen to each program within one transport where program number re 
corresponds to the 16-bit prog ram_number identified in PAT and PMT. 

the PIO are assigned according to Table I . 

multiplex and 

ntify the transport bit streams containing certain elements of 

The bQ through b3 of 

The paradigm to ide 
the program i. defioed in Ta ble I. 

Table I Pro M.ignmea t for the Constituent Elementary Streams of a Program .... PID Ddinitio D 

b.s._PID+OxOOOO 

~se_PID.OxOOO 

b ••• _PIO+OxOOQ 

, , 

A 

Description 

PID for the bit stream containing the program_map_table for the 
,-,>-rogr.un. 

PID for the bit stream containing the video for the program. 

Implies the video bit stream also carries the peR values for the 
I program 
pm for the bit stream containing the primary audio for the 
program The primary audio shall be a complete main audio 
service (eM) as defined. by ATSC Standard N52 and shall 
contain the complete primary audio of the program including all 
required voice-overs and emergency messages. 
pro for the bit stream containing the data for the program. 

. 
The m map table must be decoded to obtam the PIDs for servtces not defined 

by the .::'" but ;;;cluded within the program (such as a second data, channel). 
ACCOro!s to r. program paradigm. every 16th PIO is a PMT_PID and .may be asSigned to a 

program. If a PMT PID is assigned to a program by the program paradigm, the next
th

l5 PI.Ds 
- f th t ogram and shall not be 0 erwtse after that PMT _PIO are reserved for elements 0 a pr 

ISSIgned 

5.4 ConstnJints on PSI 
Th constituents for all programs, including television programs that 

e program . d other programs or services that do not follow the 
foHow the pr~gram pardadi~bed~ the PSI There are the following constraints on the PSI 
program paradigm, are escn 10 ' 

lnfOrmatlOD 
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• Only ODe program is described in a PSI .transport bit s~c:am corresponding to a 
particular PMT_PID value. A transport bit str~ CODt31DIDg a program_mapJable 

sball not be used to transmit any other kind of PSI table (Identified by a 

different table_id). 

• The maximum spacing betWeen occurrences of a program_map_table containing 

television program information shall be 400 ms. 

• 

• 

The program numbers are associated with. the corres?Onding PMT_PIOs in the 
PIOO Program Association Table. The ma:omum spacmg between occurrences 
of section 0 of the program_association_table is 100 ms. 

The video elementary stream section shall contain the Data stream alignment 
descriptor described in Section 2.6. 10 oflSOIIEC 13818-1. The ";gnmOl!JYpe 

field shown in Table 2-47 oflSOIIEC 13818-1 sball be 0x02. 

• Adaptation headers shall Dot occur in transport packets of the PMT _PIO for 
purposes other than for signaling with the diseontinurtyjndictor that the 
ve,,;on_numbec (Section 2.4.4.5 oflSOIIEC 13818-1) may be discontiouous. 

• Adaptation headers shall not occur in transport packets of the PAT_PlO for 
purposes other than for signaling with the d lsoontJnurty-'~tor that me 
ve",;on_number (Section 2.4.4.5 oflSOIIEC \3818-1) may be discontiouous. 

5.5 PES constraints 

Packetized Elementary Stream syntax and semantics shall be used to encapsulate 
the au~io and video elementary stream information. The Packetiz.ed Elementary Stream 
syntax IS used to convey the Presentation Time-Stamp (PTS) and Decoding Tim .. Swnp 
(o~s) inf~rmation .required for decoding audio and video information with synchronism. 
This SectIon descnbes the coding constraints for this system layer. 

Within the PES packet header, the following restrictions apply: 

• 
• 
• 

PES_scrambling_control shall be coded as ' 00' . 

ESCR_flag shall be coded as '0' . 

ES_rate_flag shall be coded as '0' . 

• PES_CRC_flag shall be coded as ' 0 '. 

Within the PES packet extension, the foUo · . . . 1 WIng restnCtlons app y 
• PES...,private_data_flag shall be coded as ' 0'. 

• 

• 
• 

pack_header_field_flag shall be coded as ' 0 '. 

program...,packet_sequence_counter_ftag shall be coded as ' 0 ' 

P-STO_buffer_flag shall be coded as ' 0 ' . 
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5.5.1 Video PES constraints 

Each PES pack~t s~all ~egin with a video access unit, as defined in Section 2.1.1 of 
lSOllEe 13818-1, which IS aligned with the PES packet header. The first byte of a PES 
packet payload shall be the first byte of a Video access unit Each PES head hall . Addi . nall . . er s contaIn 
a PTS tic Y. It ~hall contain a ors as appropriate. For terrestrial broadcast, the PES 
p~cket shall Dot cont8.1n more than one coded video frame, and shall be void of video 
picture data only when transmitted in conjunction with the discontinuity indicator to signal 

that the contmulty_counter may be discontinuous. -

Within the PES packet header, the following restrictioos apply: 

• The PESJackeUength shall be coded as ' OxOOOO', 

• dat8_8l1gnmenUndicator shall be coded as 'I'. 

5.5.2 Audio PES constraints 

The audio decoder may be capable of simultaneously decoding more than one 
elementary stream containing different program elements, and then combining the program 
elements into a complete program. In this case. the auelio decoder may sequentially decode 
audio frames (or audio blocks) from each elementary stream and do the combining (mixing 
together) o n a frame or (block) basis. In order to have the auelio from the two elementary 
streams reproduced in exact sample synchronism, it is necessary for the original audio 
elementary stream encoders to have encoded the two auelio program elements frame 
synchronously. i e., if audio program I has sample 0 of frame n at time to. then audio 
program 2 should also have frame n beginning with its sample 0 at the identical time to. If 
the encoding is done frame synchronously, then matching audio frames should have 

identical vatues ofPTS. 
tf PES packets from twO audio services that are to be decoded simultaneously 

contain identical values of PTS then the corresponding encoded audio frames contained in 
the PES packets should be presented to the audio decoder for simultaneous synchronous 
decoding. If the PTS values do not match (indicating that the audio encoding was not 
frame synchronous) then the audio frames which are closest in time may be presented to 
the audio decoder for simultaneous decoding. In this case the two services may be 
reproduced out of sync by as much as 1/2 of a frame time (which is often satisfactory, e.g., 

I VOIce-over does not require precise timing). 

The value of stream_id for AC-3 shall be 1011 1101 (prtvate_stream_1). 

5.6 Services and features 

5.6.1 Program guide 

5.6.1.1 Master program guide PID 
At the option of broadcasters, an interactive program guide database may be 

transmitted in the transport stream. If present, the master program guide data stream shall 
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. 10 OxIFFD. This PIO sball be reserved exclusively for the program 
be transported ill P . de sball be formatted according to the structure and syntax 
gUIde: The programdgUld developed from ATSC document TJ/S8-050, "Program Guide 
descnbed In the stan ar . d ball ' build . . .." The program gwde ata ase ows a receiver to an on-
for Dlgat~ TeleVision . information and contains control information to facilitate 
screen gnd of program 
navigation. 

5.6.1 .2 program guide STD model 

E h am guide bit stream sball adhere to an STD model that can be described 
by an ~~d';~~othing buffer descriptor (Section 2.6.30 in ISOIfEC 13818-1) with lite 

following constraints: 
• ,b_'.ak_"t. shall be 250 (indicating a leak rate of 100,000 bps) 

• 'b_'''. sball be 1024 (indicating a smoothing buffer size of 1024 byres) 

Note that the smoothing buffer descriptor is referred to here to describe the SID 
model for the program guide, and does not imply that a smoothing buffer descriptor for 
the program guide is to be included in the PMT. 

5.6.2 System infonnation 

5.6.2.1 System infonnation PID 

At the option of broadcasters. certain system information may be transmitted in the 
transport stream. If present. the system information data stream shall be transpOrted in PIO 
OxlFFC. This PIO shall be reserved exclusively for the system information. The system 
information shall be formatted according to the structure and syntax described in the 
standard developed from ATSC document TJ/S8-079, " System Information for Digital 
Television". Constraints applying to specific transmission media are given in that standard. 

5.6.2.2 System infonnation STO model 

The system information bit stream. shall adhere to an STD model that can be 
described by an MPEG smoothing buffer descriptor (Section 2.6.30 in lSOllEe 1l818-1) 
With the following constraints: 

• 'b_'eak_"t. sball be 50 (indicating a leak rate of 20,000 bps) . 

• 'b_,". sball be 1024 (indicating a smoothing buffer size of 1024 bytes) 

Note that the smoothing buffer descriptor is referred to here to desaibe lite SID 
model for the system information, and does not imply that a smoothing buffer desaiptor 
for the system infonnatlon IS to be included in the PMT. 
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5.6.3 Specification of private data services 

. Private data provides a means to add new' . 
te1CV1S1on service specified in this st d d P ' ancill~ sefVlces to the basic digital 
locations an ar . nvate data IS supported in two bit stream 

Private data can be lr . ed . . k (. an5mItt Within the adaptation header of transport 
pac ets SectIons 2.4.3.4 and 2.4.3.5 ofISOIlEC 13818-1). 

I 

2 Private data can be t . d ran5IDltte as a separate transport stream with its own 
PIO The contents can be identified as being ATSC' b . d pnvate y usmg the 
pnwte_ ata_lndlcetor_descnptor (Section 2.6.29 of ISOIIEC 13818 I) ·thin h 
PMT - W1 te 

1n etlher case, it is n~ssary t~t the standards which specify the characteristics of 
sucb pnvtta_ltrNms be consistent WIth the Digital Television Standard Stand d £ 
prIVIt ball' I . . ar s or ,a_Itr.ams S precise y specify the semantics of the transmitted syntax as described in 

SeclIOOS 5 6.3 I and 5 6.3.1.1 . 

5.6.3.1 Verification model 

The standard shall be specified in terms of a verificatioo model by defining the 
chanctensucs of the translDlned syntax and an idealized decoder. In ISOIlEC 13818-1 
ml13818-2, this is accomplished by using the T-STD and VBV models, respectively. The 
elements required for specification by this Standard are described in the following 

Sections 

5.&.3.1.1 Syntax and semantics 
The syntax and semantics of the transmitted bit stream that implements the 

ancillary service shall be completely and unambiguously specified. The decoding process 

sball also be completely and unambiguously specified. 

5 .'.3~1 . 2 Ancillary service target decoder (ASTD) 

An Idealized decoder model must be precisely defined for the service. Figure 2 
muoduces a concrete model for pedagogic purposes. It is modeled after the T -SID. 

The salient features of the model are the size of the transport demultip\exing buffer 
(TIl), the minimum transfer rate out of the transport demultiplex buffer (Rteak), the 
required System buffering (BSsys), and optionally the partitiooing of BSsys between the 
smoothing portion and the decoder portion. The decoding process, represented as the 
decodlng times T_decode(ll, must be completely specified. The behavior of the BSsys buffer 
must be completely modeled with respect to its input process and its output process. 
Certain parameters of the service such as bit rate, etc., should also be specified. 

5.6.3.2 Stream type and PMT descriptors 
A new ancillary service shall be described as a program or elementary stream 

through documented Program Specific Information. 
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To other 
elementary stream decode~ 

Transport 
stream Bs.,. 

TB 
~ 

, 
T_decode(i) 

1 
1 

--L 

Bs..- BS_ 

Figure 2. Ancillary service target dec.oder. 

5.6.3.2.1 Stream type 

Several identifiers that are part of the transpon section of the Digital Television 
Standard may be used to identifY either the signal or constituent pans thereo~ ho_"" 
the fundamental identifier is the User Private stream type. The stream_type codes shall be 
unambiguously assigned within the range Ox80 to 0xAF Ox81 bas already been assigned 
within the Digital Television Standard (see Section 5.7.1). 

5.6.3.2.2 PMT descriptors 

The Ancillary Service specification shall include all pertinent descriptors that ue 
found within the Program Map Table. Specifically, it is recommended that ~ther lb. 
private_stream_identifier or the registration_descriptor. o r both, be included Although this is DOt 

required for a stream with a unique stream_type code within this Standard. it will enhance 
interoperability in the case where the stream is stored outside this Standard, or tr1JlSDlitted 
in some other network that has its own set of stream_type codes. 

5.7 Assignment of Identifiers 

In tbis Section, those Identifiers and codes which shall have • fixed value are 
summarized. These include PES Stream IDs and Descriptors. Str_m type codes from Ox80 
to 0xAF shall be reserved for assigrunent as needed within the Digi~ Tdevision sWKlard. 
Descn~t~uag cod.~ from Ox40 to 0xAF shall be reserved for assignment as needed \\ithin 
the DIgItal TelevISIon Standard. 

5.7.1 Stream type 

The AC-3 audio stream_type shall have the value OxSI . 
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5.7.2 Descriptors 

5.7.2.1 AC.J audio descriptor 

[n the digital television system the AC.J audio descriptor shall be included in the 
TSJrogt1lm_map_seclion. The syntax is given in Table 2 of Annex A of ATSC Standard 
A1S2. There are the following constraints on the AC-3 audio descriptor: 

• The value oftbe descriptor_tag shall be Ox8 1. 

• Iftextlen exists. it shall have a value of 'OxOO' , 

5.7.2.2 Program smoothing buffer descriptor. 

The Program Map Table of each program shall contain a smoothing buffer 
descriptor penaining to that program in accordance with Section 2.6.30 of [SOlIEe 
13818- I. During the continuous existence of a program, the value of the elements of the 
smoothing buffer descriptor shall not change. 

The fields of the smoothing buffer descriptor shall meet the following constraints: 

• The field sb_'eak_rate shall be allowed to range up to the maximum transport 
rates specified in Section 7.2. 

• The field Ib_l ize shalJ have a value less than or equal to 2048. The size of the 
smooIhing buffer is thus " 2048 bytes. 

5.8 Extensions to the MPEG·2 Systems spec,"catlon 

This Section covers extensions to the MPEG-2 Systems specification. 

5.' .1 Scrambling control 

The scrambling control field within the packet header allows all states to exist in 
the digital television system as defined in Table 2. 

lnupon_ 
.tenmblioL 

cootrol 

00 
0 1 
10 

II 

Ta ble 2 Transport Scrambling Control Field 

Function 

t oavload not scrambled . . 
not scrambled. state may be used as a flag for private use defined by the SCIVlce provIder. 

load scrambled with "even" key 

packet payload scrambled Mth "odd" key 

S for which the transport scrambling_control field does not Elementary treams . - h st carry a 
excluSlvel have the value of ' 00 ' for the duratIOn of t e program, mu 

Y . d ce with Section 2 616 ofiSOIIEC 13818·1. ~desc:nptor In aecor an . . 
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The implementation of a digital television delivery system that employs conditional 
access will require the specification of additional data streams and system constraints. 

6. FEATURES OF 13818-1 NOT SUPPORTED BY THIS STANDARD 

The transport definition is based on the MPEG-2 Systems standard, ISOIlEC 
13 818- 1; however, it does not implement all parts of the standard. This Section describes 
those elements which are omitted from this Standard. 

6.1 Program streams 

This Standard does not include those portions of ISOIlEC 13818-1 and Annex A 
of ATSC Standard AJ52 which pertain exclusively to Program Stream specifications. 

6.2 Stili pictures 

This Standard does not include those portions of ISOIlEC 13818-1 Transpon 
Stream specification which pertain to the Still Picture model. 

7. TRANSPORT ENCODER INTERFACES AND BIT RATES 

7.1 Transport encoder Input characteristics 

The MPEG-2 Systenns standard specifies the inputs to the transport system as 
MPEG-2 elementary streams. It is also possible that systems will be implemented wherein 
the process of forming PES packets takes place within the video. audio or other data 
encoders. In such cases, the inputs to the Transport system wouJd be PES packets. 
Physical interfaces for these inputs (elementary streams and/or PES packets) may be 
defined as voluntary industry standards by St-APTE or other standardizing organizations. 

7.2 Transport output characteristics 

Conceptually, the output from the transport system is a continuous MPEG-2 
transport stream as defined in this Annex at a constant rate of T r Mbps when transmitted 
in an 8 VSB system and 2Tr when transmitted in a 16 VSB system where: 

T, = 2 x ( 188)(3 12)(684) x 45 = 19.39. Mbps 
208 313 286 .. 

and 

(~::) x 45 

is the symbol rate Sr in Msymbols per second for the transmission subsystem (see Section 
4.1 of Annex D). T, and S, shall be locked to each other in frequency. 

All transport streams confonning to this Standard shall conform to the IS0llEC 
13818-1 model. 
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Dewls of the interface for this output, including its physical characteristics, may be 
defiD<d IS • ,'Olunwy lndusuy standard by SMPTE • or other standardizing organizations. 
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ANNEX D 

(Normative) 

RFITRANSMISSION SYSTEMS CHARACTERISTICS 

1. SCOPE 

This Annex describes the characteristics of the RF rrransmission subsystem, which 
is referred to as the VSB subsystem, of the Digital Television Standard. The VSB 
subsystem offers two modes: a terre~trial broadcast .mode (8 .VSB), and a high data rate 
mode (16 VSB). These are described 10 separate SectJODS of this document. 

2. NORMATIVE REFERENCES 

There are no Normative References. 

3. COMPLIANCE NOTATION 

As used in this document, "shall" or "will" denotes a mandatory provision of the 
standard. "Should" denotes a provision that is recommended but not mandatory. "May" 
denotes a feature whose presence does not preclude compliance. that mayor may not be 
present at the option of the implementor. 

4. TRANSMISSION CHARACTERISTICS FOR TERRESTRIAL BROADCAST 

4.1 Overview 

The terrestrial broadcast mode (known as 8 VSB) wiU suppon a payload data rate 
of 19.28 ... Mbps in a 6 MHz charmel. A functional block diagram of a representative 8 
VSB terrestrial broadcast transmitter is shown in Figure I. The input to the transmission 
subsystem from the transport subsystem is a 19.39 ... Mbps serial data stream comprised of 
188-byte MPEG-compatible data packets (including a syoc byte and 187 bytes of data 
which represent a payload data rate of 19.28 ... Mbps). 

The incoming data is raodomized and theo processed for forward enor correction 
(FEe) in the form of Reed-Solomon (RS) coding (20 RS parity bytes are added to each 
packet), 1/6 data field interleaving and 213 rate trellis coding The raodomization and FEe 
processes are not applied to the sync byte of the transpon packet, which is represented in 
transmission by a Data Segment Sync signal as described below. Following randomization and 
forward error correction processing. the data packets are formaned into Data Frames for 
transmission and Data Segment Sync and Data Field Sync are added. 

Figure 2 shows how the data are organized for transmission. Each Data Frame consists 
of two Data Fields, each containing 313 Data Segments. The first Data Segment of each Data 
Field is a unique syochrooizing signal (Data Field Sync) and includes the training sequeooe used 
by the equalizer 10 the receiver. The remaining 312 Data Segments each carry the equivalent of 
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the data from one I 88-byte tnIIlSpon packet plus its associated FEe overhead. The actual data 
m each Data egment comes from several transpon packets because of data interleaving. Each 
Data Segment consists of 832 symbols. The first 4 symbols are transmitted in binary fonn and 
prmide segment synchronization. This Data Segment Sync signal also represents the sync byte 
of the 188-byte MPEG-<:<>mpatible transpon packet. The remaining 828 symbols of each Data 
Segment carry data equivalent to the remaining 187 bytes of a transport packet and its 
assoaat<d FEe overhead These 828 symbols are transmitted as 8-level signals and therefore 
carry three bits per symbol. Thus, 828 x 3 = 2484 bits of data are carried in each Data 
Segment, which exactly matches the requirement to send a protected transport packet: 

,----- -
I optlo".. I 

, 'r--, r--, , : 
t ",..qllallz, I vs • 

~, , Madlilator , , 
: _ _ _ ~ L-_-' '-_.J 

,-- -..... ... 'R" . ... - - -" t." 1 .. ,nlOfi ". , • • ....... ...... ~ ...... , 
~ M' 

""w_ 
'--

Figure 1. VSB traosmitter. 

>\-j. ll2as~ -I 

I I 
'" Data + FEC 24.2 

• .....- -, 
• 
n 
t 

"" S , 
n 
< Data + FEC 24' 

'" .....- -
1 1 

I' 1 Segnwnt ~ 
.n.3us 

Figure 2. VSB data frame. 
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187 data bytes + 20 RS parity bytes = 207 bytes 
207 bytes x 8 bit&'byte = 1656 bits 
2J3 rate trellis coding requires 312 x 1656 bits = 2484 bits. 

The exact symbol rate is given by equation I below: 

(I) 5, (MHz) = 4.51286 x 684 = IO.76 ... MHz 

The frequency of a Data Segment is given in equation 2 below: 

(2) f,..= 5, / 832 = 12.94 ... X 10' Data Segments/so 

The Data Frame rate is given by equation (3) below: 

(3) f_ = f..,J626 = 20.66 ... frames/so 

16 Sop 9l 

The symbol rate S, and the transport rate T, (see Section 7.2 of Annex C) shall be 
locked to each other in frequency. 

The 8-level symbols combined with the binary Data Segment Sync and Data Field Sync 
signals shall be used to suppressed-carrier modulate a single carrier. Before tnlDsmiwon, 
however, most of the lower sideband sbaIl be removed. The resulting spectrum is Oat, "'cept 
for the band edges where a nominal square root raised cosine response results in 620 kHz 
transition regions. The nominal VSB transmission spectrum is shown in Figure 3. 

At the suppressed-carrier frequency, 3 IO kHz from the lower band edge, • small 
pilot shall be added to the signal. 

:%im 

Suppressed 
carrier 

.31 --1 ~I-----
i" 

it 
I 

5.31 MH. --------.j'1 i'- ~1 

6.0 MH. -------'1 

Figure 3. VSB channel occupancy (nominal) . 

4.2 Channel error protectIon and synchronization 

4.2.1 Prioritization 

All payload data shall be canied with the same priority. 

4.2.2 Data randomizer 

A data randomizer shall be udall . . d 
( 

" . se on mput data to randormze the data payioa 
not IOcludrng Data F,eld Sync or Data Segment S RS · b ) Th d t. 

rand . XORs all th . ync, or panty ytes . e a 
olll1Zer e rnconting data bytes with a 16-bit maximum length p"",do 
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rondom binary sequence (PRBS) wbich is initializ . . 
The PRB S IS generated in a 16-bit shift . ed at the begmruog of the Data Field 
rtgISIer outputs are selected as the fixedreg1~er that has 9 feedback taps. Eight of the swft 
used to individually XOR the carres on:: mruZlDg byte, where each bit from this byte is 
to MSB LSB to LSB. p g mput data bit. The data bits are XORed MSB 

The raodomizer generator polyoornial is as follows: 

~16) _ XI'+ XIJ + Xll+ XII + X' + x'+ XJ+ X + 1 

The initialization (pre-load) to FI80 hex (load to I) . 
S)1lC interval prior to the first Data Sfg1Deot. occurs durmg the Data Sfg1Deot 

The randomizer generator polynomial and initialization is shown in Figure 4. 

.. 

Generwtor Polynominal G (1'1 = X16+XU+X12+X11+X7+X'+X3+X+1 

The Inltallution (pre toad) occurs during the field sync Interval 

InttalluUon to F180 hex (load to 1) 

.. 

X1. X16 X14 XU X' )(8 

D' D' D' 

Th. generwtor Is shifted with the Byte Clock and one 8 bit Byte 
of data Is extracted per cyt:te. 

Figure 4. Randomizer polynomial. 

4.2.3 Reed..solomon encoder 
The RS code used in the VSB transmission subsystem sball be a t ~ 10 (207,187) 

code The RS data block size is 187 bytes, with 20 RS parity bytes added for error 
COrrection A total RS block size of 207 bytes is transmitted per Data SeglDent. 

In creating bytes from the serial bit stream, the MSB shall be the first serial bit. 
The 20 RS parity bytes sba1I be sent at the end of the Data Sfg1Dent. The parity generator 
polynoaual and the primitive field generator polynomial are shown in Figllre 5. 

4.2.4 lnteneaving 
lbe interleaver employed in the VSB tranSmiSSion system shall be a 52 data 

segment (tntersegmcot) convolutional byte interleaver. Interleaving is provided to a depth 
of about 1/6 of a data field (4 ms deep). Only data bytes shall be interleaved. The 
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hr . d to the first data byte of the data field. Intrasegment interleaver shall be sync oruze . din 
. I . . also performed for the benefit of the trellis co g process. mter eavmg IS 

The convolutional interleaver is shown in Figure 6. 

;. 21-1 .. r:" r. .. r',J'-... -r "" -l".,... oJ" fIi"'J -I'" -J"J"l.J of" i". or-"" oJ". i J"t-l J"l i,/'f. -I J"l t '" J'* 
n {X+Q I) a -l" .. i il' .. X~ .... ... ;r -I ' .J oJ -I .J -I t. . {'. .. ~ x..J! t': 11x'~Jlo,"_i ••• ,nor.a ._ . , .. · \.11 . ,11 . , ... " . ,. 0 • /:U.I:r. ,.x':_ .IX.'" ....... _ ., 

---W-O""'I ... -~- .,... .... i; . : "",l~ : ".)~ ! , !';,' 1 v_1 ; II _~ ~..,.; : R"'I:II .• _k_ . I ' i' ' . . . ' I, ' . _ L h-" .,... 
, , 

" ,.-G .... (lNl .« ... now ~ .. (.,.. .. ) ., --~1IooI{_l"""'.;.'f';'D""_ ".1I>. • _ _ a == ~ :: :: ~_r.; .. 
D ...... - ...... -~·) 

Primil ive Field Gener alo r Polynomial (Galois Field ) 

G(:a~8)_ I .. x·~ l .. i+ I 

~ 
z..cb .bitI. of lb. ,..,_lor prod .. c ... 0 ..... I ........ t 

Figure S. Reed-Solomon (207,187) t=10 pa rity generator polynomial. 

From 

Reed-Solomon 
Encoder 

1 

:2 ~-~I I 2~ : 
.3 Il III ~~~/ To . /":. . 

..ll1 
(B~ 

• 
• 
• 
• 

(8-2)M 

'OIIlI---o 1---1 
,8 -t IM 

1---1 I I I I--

Pre-Cod« and 
T,.III. Encoder 

Figure 6. Convolutional interieaver (byte shirt register illustration). 

4.2_5 Trellis coding 

The 8 VSB transmission sub-system shall employ a 213 rate (R=2I3) trellis code 
(with one unencoded bit which is precoded). That is, one input bit is encoded into two 
output bits using a V2 rate convolutional code while the other input bit is preceded. The 
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SlgDBling waveform used with the trellis code is an 8-level (3 bit) one-dimensional 
constellation. The transmitted signal is referred to as 8 VSB. A 4-state trellis encoder shall 
be used 

Trellis code intrasegment interleaving shall be used. This uses twelve identical trellis 
eDCO<I<n and precoders operating on interleaved data symbols. The code interleaving is 
_Iisbed by encoding symbols (0, 12, 24, 36 ... ) as one group, symbols (I, 13,25,37, ... ) 
as a second group, symbols (2, 14, 26, 38, ... ) as a third group, and so on for a total of 12 
groups. 

In cnating serial bits from parallel bytes, the MSB shall be sent out first: (7, 6, 5, 4, 3, 
2, 1,0)' The MSB is precoded (7, 5,3, 1) and the LSB is feedback convolutional encoded (6, 
4,2, 0) . Standard 4-state optimal Ungerboeck codes shall be used for the encoding. The trellis 
ende utilizes the 4-state feedback encoder shown in Figure 7. Also shown is the precoder and 
the symbol mapper The trellis code and precoder intrasegment interleaver is shown in Figure 8 
wluch feeds the mapper shown in Figure 7. Referring to Figure 8, data bytes are fed from the 
byte mterleaver to the trellis coder and precoder, and they are processed as whole bytes by 
each of the twelve encoders. Each byte produces four symbols from a single encoder . 

P.- Trelli Encoder • ... ..evel S~boI Mapper 

x, '+ 
Y, 1., MAP 

~ 
1.,1.,z, R 

000 -7 
001 .s 

R 010 -3 

1., 011 -1 
Y, 100 +1 

l~, 
Z, 1 0 1 +3 

110 +5 
111 +7 

x, 

(0 _ 12 Symbol. Del.y) 

Figure 7. 8 VSB trellis encoder, precoder, and symbol mapper. 

The output nrultiplexer shown in Figure 8 shallcodadvanshallce b~ bfO~~S ;:e :~ 
H the state of the trellis en er no e . 

"'8ffi"'I' ~ .,;~::; shall foUow normal ordering from encoder 0 through 11 for~ 
C()IIlIng out 0 but on the second segment the order changes and symbols are 
lint segment of the frame, d th 0 through 3 The third segment reads from encoder 8 
&om encoders 4 through 11, an n:'tbree- ";t pattero shall repeat through the 312 Data 
through 11 and then 0 through 7. the~erlea";na sequence for the first three Data 
Segroeots of the frame. Table I shows tn .~ 

Segroeots of the frame. . 

S t Syn
c is inserted the ordering of the data symbols IS such 

After the Data egroeo ' b I 
Is fr h encoder occur at a spacing of twelve sym 0 s. 

that symbo om eac 
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"., .. 
.1-----1 = 1-----1-

" 
"., .. 

J------j = I---"i-. .. 
~""~":1---l ~+-----j~ -' ......,... .. 

".,h 
Encoder" ......,... .. , 

".,h 

'i-----i= 1-----( .. , 
Figure 8. Trellis code interleaver. 

Table Ilnterleaving Sequence 

Block 0 Block 1 '" 

DI D2 '" D11 DO Dl D2 ' " D11 
DS D6 ". D3 D4 DS D6 '" DJ 
D9 DIO ... D7 D8 D9 Dl0 '" D7 '" 

Trtlll. -, ... p,...,.. ... 
"'~ 

Block " 
DO DI D2 ." 

D4 DS D6 '" 

D8 D9 DIO '" 

16 Sep 95 

011 
OJ 
07 

A complete conversion of parallel bytes to serial bits needs 828 bytes to produce 
6624 bits. Data symbols are created from 2 bits sent in MSB order, so a complete 
conversion operation yields 3312 data symbols, which corresponds to 4 segments of 828 
data symbols, 3312 data symbols divided by 12 trellis encoders gives 276 symbo~ per 
trellis encoder. 276 symbols divided by 4 symbols per byte gives 69 bytes per trellis 
encoder. 

The conversion starts with the first segment of the field and proceeds with groups 
of 4 segments until the end of the field , 312 segments per field divided by 4 gives 78 
conversion operations per field . 

During segment sync the input to 4 encoders is skipped and the encoders cycle 
with no input. The input is held until the next multiplex cycle and then fed to the correct 
encoder. 

Table 2 details the byte to symbol conversion and the associated multiplexing of 
the trellis encoders. Segment 0 is the first segment of the field. The panern repeats fNtrj 
12 segments; segments 5 tlu"ough 11 are not shown. 
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Table 2 Byte to Symbol Conversion, Multiplexing of T rellis Encoders 
s~ ",enl 0 Se2IDent 1 Segment 2 Segment 3 S~ent 4 .,.,. ... '!'ftl& B,.. .... T ...... BY'< BI" T ..... ByO' B1U T..ru. BY" BIU T..ru. .,.. BI" 0 0 0 7,6 4 208 5,4 8 412 3,2 0 616 1,0 4 828 7,6 1 1 1 7,6 5 209 5,4 9 413 3,2 1 617 1,0 5 829 7,6 

2 2 2 7,6 6 210 5,4 10 414 3,2 2 618 1,0 6 830 7,6 
3 3 3 7,6 7 2 11 5,4 11 415 3,2 3 619 1,0 .. . ... ... 
4 4 4 7,6 8 212 5,4 0 416 3,2 4 620 1,0 ... ... ... 
5 5 5 7,6 9 213 5,4 1 4 17 3,2 5 62 1 1,0 ... ... ... 
6 6 6 7,6 10 2 14 5,4 2 418 3,2 6 622 1,0 ... ... ... 
7 7 7 7,6 11 215 5,4 3 419 3,2 7 623 1,0 ... ... ... 
8 8 8 7,6 0 204 5,4 4 408 3,2 8 612 1,0 .. . ... ... 
9 9 9 7,6 1 205 5,4 5 409 3,2 9 613 1,0 ... ... ... 
10 10 10 7,6 2 206 5,4 6 410 3,2 10 614 1,0 ... ... ... 
11 11 11 7,6 3 207 5,4 7 411 3,2 11 6 15 1,0 ... ... ... 
12 0 0 5,4 4 208 3,2 8 41 2 1,0 ° 624 7,6 ... ... ... 
13 1 1 5,4 5 209 3,2 9 413 1,0 [ 625 7,6 ... ... ... 

... ... ... ... ... ... ... ... ... ... ... ... ... ... . .. 
19 7 7 5,4 11 2 15 3,2 3 419 1,0 7 631 7,6 ... ... . .. 
20 8 8 5,4 0 204 3,2 4 408 1,0 8 632 7,6 ... ... ... 
21 9 9 5,4 1 205 3,2 5 409 [,0 9 633 7,6 ... ... .. . 
22 10 [0 5,4 2 206 3,2 6 41 0 1,0 [0 634 7,6 ... ... ... 
23 11 11 5,4 3 207 3,2 7 411 1,0 11 635 7,6 ... ... ... 
24 0 0 3,2 4 208 1,0 8 420 7,6 0 624 5,4 ... ... ... 

25 I I 3,2 5 209 1,0 9 42 [ 7,6 [ 625 5,4 ... ... ... 

... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 

3 1 7 7 3,2 11 2[5 [,0 3 427 7,6 ... ... ... ... .. . ... 
32 8 8 3,2 0 204 [,0 4 428 7,6 ... .. . ... ... ... ... 
33 9 9 3,2 [ 205 [,0 5 429 7,6 ... ... ... ... ... ... 
34 [0 10 3,2 2 206 [,0 6 430 7,6 ... ... ... ... ... ... 

35 11 11 3,2 3 207 1,0 7 43[ 7,6 ... ... ... ... .. . ... 
36 0 0 [,0 • 216 7,6 8 420 5,4 ... ... ... ... ... ... 
37 I I [,0 5 2[7 7,6 9 421 5,4 ... ... ... ... ... ... 

... ... ... ... ... ... ... ... ... ... ... ... ... .. ... ... 
47 11 11 1,0 3 227 7,6 .. . ... ... ... ... ... ... ... . .. 
48 0 [2 7,6 4 216 5,4 ... ... ... ... ... ... ... ... . .. 
49 I [3 7,6 5 217 5,4 ... ... ... ... ... ... ... ... . .. 

... ... ... ... ... ... ... ... ... ... ... ... ... ... . ... 
95 11 23 [ ,0 ... ... ... ... ... ... ... ... .. . ... ... . .. 
96 0 24 7,6 ... ... ... ... ... ... ... ... ... ... ... . .. 
97 [ 25 7,6 ... ... ... ... ... ... ... ... ... ... ... . .. 

... . .. ... ... ... ... ... ... ... ... ... ... ... ... ... 

... . .. ... ... ... 19 [ 1,0 ... ... ... ... ... 767 11 ... ... 
768 0 192 7,6 ... ... ... ... ... ... ... ... ... ... ... . .. 

769 [ [93 7,6 ... ... ... ... ... ... ... ... ... ... ... . .. 
... . .. ... ... ... ... ... ... ... ... ... ... ... ... ... . . 
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Segment 0 Segment 1 Segment 2 Segment J s.g,.tn" 
Sym .... TnIIh .,.. .... TWIio B,u .... ,.,.".. .,.. .... T .... BY'< ... T ..... .,.. ... 
815 11 203 1,0 3 419 7,6 7 623 5,4 11 827 3,2 ... ... ... 

816 0 204 7,6 4 408 5,4 8 6 12 3,2 0 8 16 1,0 ... ... ... 

817 1 205 7,6 5 409 5,4 9 613 3,2 1 817 1,0 ... ... .. . 
... .. . ... ... ... ... ... .. . ... ... .. . .. . .. . ... ... ... 

827 11 215 7,6 3 419 5,4 7 623 3,2 11 827 1,0 ... ... ... 

4.2.6 Data segment sync 

The encoded trellis data shall be passed through a multiplexer that inserts the 
various synchronization signals (Data Segment Sync and Data Field Sync). 

A two-level (binary) 4-symbol Data Segment Sync shall be inserted into the 8-level 
digital data stream at the beginniDg of each Data Segment. (The MPEG sync byte shall be 
replaced by Data Segment Sync.) The Data Segment Sync embedded in random data ~ 
illustrated in Figore 9. 

A complete segment shall consist of 832 symbols: 4 symbols for Data Segment 
Sync, and 828 data plus parity symbols. The Data Segment Sync is binary (2-leve\). The 
same sync pattern occurs regularly at 77.3 ~s intervals, and is the only signal repeating at 
this rate. Unlike the data, the four symbols for Data Segment Sync are not Reed-Solomon 
or trellis encoded, nor are they interleaved. The Data Segment Sync pattern shall be a 
1001 pattern, as shown in Figure 9. 

"'" ... ...- J Datil + Fee -., '"'" ... 
oS r= .. ., r= ., 
4 r= ~ L- C-., r= '-- -, 

• 828 Symbol • • PIIoIAd<lllon ....... 207 Byt •• -.....,'" 
Dota 
132 Symbol. 

208 Byt .. 

Figure 9, 8 VSB da'" segmenL 

4.2.7 Data field sync 

. . The data are not only divided into Data Segments, but also into Data Fields, each 
CODSlSting of313 segments. Each Data Field (24.2 IDS) sball start with one complete Data 
Segment of Data Fteld Sync as sh . F' . 
data (2-level) The 832 b'I' own In .gore 10. Each symbol represents ODe bll of 

. sym 0 s m this segment are defined below. Refer to Figure 10. 
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832 Symbol, 
, 

c.:: 

PN511 """ PI£! """ 1= -... t= 
f= 

--I" .... 
51' 63 " 63 " '04 - Sjm. Sjm. '''''' 'ym. 'ym""" 

""" ...... b"" """ 

Figure 10. VSB data field sync. 

This correspoods to Data Segment Sync and is defined as 1001 . 

4.2.7.2 PN511 
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,- -= 
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This pseudo-raodom sequence is defined as X' + X' + x' + x' + x' + X + 1 with a 
~oad value of 010000000. The sequence is: 

0000 0001 011 1 111 1 1100 1010 1010 1110011001101000 1000 1001 11100001 1101 
0111 1101001101010011 10110011 10100100 0101 100011110010000101000111 
1100 1111 0101 000 1 0100 1100 00110001000001000011 111100000101 01000000 
1100 1111 111011101010 1001 01100110001101110111 101 1 010010100100 1110 
01110001 01 11 0100 00 11 01001111 101100010101 1011 1100 1101 101011 10 1101 
100101101101 1100 1001 001011100011 1001 0111 10100011 0101 10000100 1101 
111100010010 101 1 1100 0110 01010000 1000 11000001 1110 11 11 1101011 01010 
1100 1001 1001 0001 1101 1100 0010 1101 0000 0110 1100 0000 \001 00000001 110 

' •. 2.7.3 PN63 
This pseudo-raodom sequence is repeated three times. It is defined as x' + X + 1 with 

I pro-load value of 100 Ill. The middle PN63 is inverted on every other Data Field Sync. The 

sequence IS 

11100100 1011 0111 011001 10 10101111 1100 000100001100 01010011 1101000 

The generato" for the P 63 and PN511 sequences are shown in Figure 11 . 
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Shift----· 

lot 1 .... 

63 PN Sequenc., X'+X+1 
Preload 100111 

Shift ---_. 

511 PH Sequence, 
X'+X1+X'+X4+Xl+X+1 
Preload 010000000 

'M 

Figure 11. Field sync PN sequence generators. 
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These 24 bits determine the VSB mode for the data in the frame. The tir& two bytes 
are reserved. The suggested fill pattem is 0000 1111 0000 1111 . The next byte is defined as: 

PABCPABC 

where P is the even parity bit, the MSB of the byte, aod A,B, C are the actual mode bits. 

PABC 
0000 
100 1 
1 0 1 0 
00 1 1 
1 1 00 
010 1 
o 1 1 0 
1 III 

Reserved 
Reserved 
Reserved 
Reserved 
16VSB 
8VSB* 
Reserved 
Reserved 

* In the 8 VSB mode, the preeMing bits are defined as : 

0000 P AB C P AB C 1 1 1 1 

4.2.7.5 Reserved 

The last 104 bits shall be reserved space. It is suggested that this be filled with a 
continuation of the PN63 sequeoce. In the 8 VSB mode, 92 bits are Deserved followed by the 
12 symbol definition belOw. 
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4.2.7.6 Precode 

In the 8 VSB mode, the last 12 symbols f th 
symbols afthe previous segment. 0 e segment shall correspond to the last 12 

All sequences are pre-loaded before the beginning of the Data Field S 

L
' ~ 
ike the Data Segment Sync th D F' encoded. Dor is it interleaved • e ata leld Sync is DOt Reed-Solomon or trellis 

4.3 Modulation 

".3.1 Bit..to..symbol mapping 

. Figure 7 shows the mapping of the outputs of the trellis decoder to the nominal 
SIgnal levels of (-7. -5. -3 • .- I. I. 3. 5. 7). As shown in Figure 9. the nominal levels of Data 
Segment Sync and Data Field Sync are -5 and +5. The value of 1.25 is added to all these 
D?nuna11~els after the bit-la-symbol mapping function for the purpose of creating a small 
pilot earner 

".3.2 Pilot additIon 

A small in-phase pilot shall be added to the data signal. The frequency nf the pilot 
shall be th~ same as the, suppressed-carrier frequency as shown in Figure 3. This may be 
generated 10 the foUoWlOg manner. A small (digital) DC level (1.25) shall be added to 
every synobol (data ,and sync) o f the digital baseband data plus sync signal (;±:I, ±3. ±5.±7). 
The power of the pilot shall be 11.3 dB below the average data signal power, 

4.3.3 a VSB modulation method 

The VSB modulator receives the 10.76 MsymbolS/s, 8-1evel trellis encoded 
composite data signal (pilot and sync added). The ATV system performance is based on a 
linear phase raised cosine Nyquist filter response in the concatenated transmitter and 
receaver. as shown in Figure 12. The system filter response is essentially flat across the 
entire band. except for the transition regions at each end of the band. Nominally. the raU
off m the tranSmitter shall have the response of a linear phase root raised cosine filter. 

5. TRANSMISSION CHARACTERISTICS FOR HIGH DATA RATE MODE 

5.1 Overview 
The high data rate mode trades off transmission robustness (28.3 dB signal-to

OOlse threshold) for payload data rate (3 8.57 Mbps), Most parts of the high data rate 
mode VSB system are identical or similar to the terrestrial system. A pilot, Data Segment 
Sync. and Data Field Sync are all used to provide robust operation, The pilot in the high 
data rate mode also is 11.3 dB below the data signal power. The symbo~ segment, and 
field signals and rates are all the same. allowing either receiver to lock. up on ~e other:s 
tranSmined signaL Also. the data frame definitions are identical. The pnmary difference IS 
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th b f tr·M~;tted levels (8 versuS 16) and the use of trellis coding and NTSC e num er 0 c:u=u-u. . 

interference rejection filtering in the terrestnaJ system.. 

R=.1152 ----

f~--- -~~--
d d 

d = .31 MHz d d 

5,38 MHz 

6 MHz 

Figure 12. Nominal VSB system channel response 
(linear phase raised cosine Nyquist ftlter). 

1.0 

.5 

o 

The RF spectrum of the high data rate modem transmitter looks identical to the 
terrestrial system, as illustrated in Figure 3. Figure 13 illustrates a typical data segment. where 
the number of data levels is seen to be 16 due to the doubled data rate. Each portion of 828 
data sytobols represents 187 data bytes and 20 Reed-Solomon bytes foDowed by a second 
group of 187 data bytes and 20 Reed-Solomon bytes (before convolutional interleaving). 

""' ... _n 
.... . FEC --." .... me 

~ ." 

~ 
~ 

IV ~ 
~ 
t: - - = 

$F = , 121 -- s_. , 

~ --
Figure 13. 16 VSB data ,egment. 

terrestri~~;B Is4
yst

Sh
em

OWS the bthlOCk di.agram o f the transmitter. It is identical to the 
except e trellis codin hall b . whicb 

convects data to multi-level b I . g s e replaced WIth a mapper 
sym 0 s. See Figlue 15. 
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-- ... f-o 
... 

..... oIzo - I- .... f- r- J--o "., '" - J--o "'" .- -. .... "' .... J--o f---.~ 
~ 

""""-- .. ~ 
AIIId Sync 

L-

Figure 14. 16 VSB transmitter. 

X. X X. X. 0 
Byte to 1 1 1 1 +1S 
Symbol 1 1 1 0 +" 

Con~rslon 1 1 0 1 +11 
usa 

7 X •• ~} ~ 
1 1 0 0 +9 

• x.. 1 0 1 1 +7 

• x.. f-- I'~- X. 1 0 1 0 +, 

F" .. • .. ~1. 1--\ ~ 1 0 0 1 +3 
. . 1 I--.,.. 3 Xd t::y ~ 

0 0 0 +1 

...- 2 ~ 
0 1 1 1 ·1 To 

1 x.. 1--"'- x. 0 1 1 0 -3 MUX 

0 x.. I-- ~ 0 1 0 1 .. 
.... 0 1 0 0 ·7 

0 0 1 1 .. 
0 0 1 0 ·11 
0 0 0 1 ·13 
0 0 0 0 ·15 

Figure 15. 16 VSB mapper. 

5. 2 Channel error protection and synchronization 

5.2.1 Prioritization 

See Section 4.2.1. 

5.2.2 Data randornlzer 

See Section 4 2.2. 

5.2.3 Reed-Solomon encoder 

See Section 4.2.3. 

5.2.4 Inteneaving 
The interleaver shall be a 26 data segment inter-segment convolutional byte 

interleaver. Interleaving is provided to a depth of about 1/12 of a data field (2 ms deep). 

Only data by1es sball be interleaved. 
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5.2.5 Data segment sync 

See Section 4.2.6. 

5.2.6 Data field sync 

See Section 4.2.7. 

5.3 Modulatfon 

5.3.1 Bit-to-symbol mapping 

Figure 15 shows the mapping of the outputs of the interleaver to the nominal 
signal levels (·15, -13, -II , ... , II , 13, 15). As shown in Figure 13, the nominal levels of 
Data Segment Sync and Data Field Sync are -9 and +9. The value of 2.5 is added to all 
these nominal levels after the bit-to-symbol mapping for the purpose of creating a small 
pilot carrier. 

5.3.2 Pilot addition 

A small in-phase pilot shall be added to the data signal. The frequency of the pilot 
shall be the same as the suppressed-carrier frequency as shown in Figure 3. This may be 
generated in the following manner. A small (digital) DC level (2.5) shall be added to every 
symbol (data and sync) ofthe digital baseband data plus sync signal (±~ :t3, :t5, :t7, :!:9, 
:tIl, :t13, :tIS). The power of the pilot shall be 11.3 dB below the average data signal 
power. 

5.3.3 16 VSB modulation method 

The modulation method shall be identical to that in Section 4, except the number 
of transmitted levels shall be 16 instead of8. 
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This informative Annex provides material to belp readers understand and 
implement the normative ponions of the Digital Television Standard. The normative 
clauses of the Standard do not specify the design of a receiver. Instead, they specify the 
tr~ned bit stream and RF signal with a thoroughness sufficient to permit the design of 
a recetver 

Although the normative portions of the Standard are written in the traditional way 
_ by specifYing tbe signal format, not the receiver - the ATSC believes that the 
introductory phase of this new Standard can be made more orderly by listing some 
receiver design considerations in this informative Annex. Service providers need assurance 
that their programs will be correctly processed in all receivers. and receiver manufacturers 
need assurance that their receivers will function properly with all broadcasts. 

This Annex also contains references to existing (both voluntary and mandatory) 
standards for television receivers and notes work in progress on voluntary industry 
standaro. being developed at this time. 

2. REFERENCES TO EXISTING OR EMERGING STANDARDS 

47 CFR Part 15. FCC Rules. 
EtA IS.132, ElA Interim Standard/or Channelization ojCable Television. 

ElA 15-23, EIA Interim Standardjor RF Interjace Specification jar Television Receiving 

DeVICes and Cable Television Systems. 

ElA IS-lOS, EIA Interim Standard for a Decoder Interface Specification/or Television 
Recelvmg /)tVlCes and Cable Television Decoders. 

3. COMPUANCE NOTATION 

Co li 
with mandatory or voluntary standards and recommended practices 

mp anec . . ·th NTSC 
for digital television receivers can be inferred only from prevIOUS expenence v.:. . 
Actual standards for digital television receivers have no~ h.een developed at this ~e. As 

sed 
.c,_ d ent "appropriate" means that the exlstlDg rules for NTSC which are 

u lD L1U3 ocum di ·taI I .' Furthermore the 
ref 

•• .1 contain most elements of future rules for gJ te eVlSlon • 
eren~ . . 

rules may be expanded to cover digital teleVlSlon. 
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4. STATUS OF RECEIVER STANDARDlZAnON ACTIVITIES 

4.1 Tuner performance 
The FCC Rules under 47 CFR Part 15 which are applicable to cooveotiooal 

television receivers are expected to be appropriate for digital television receivers. 

4.1.1 Noisefigure 

The 10 dB noise figure used as a planning factor has been reviewed considering 
the needs of digital television reception and has been found appropriate. 

4.1.2 Channelization plan for broadcast and cable 

The cable channelization plan specified in the FCC Rules under 47 CFR Pan 15 
which are applicable to conventional television receivers are expected to be appropriate 
for digital television receivers. Broadcast channelization is specified in the FCC Rules 
under 47 CFR Part 73. 

4.1.3 Direct pickup 

The FCC Rules under 47 CFR Part 15 which are applicable to conventiooal 
television receivers may be appropriate for digital television receivers, as well. 
Performance characteristics for reception of digital signals, whether standard or high 
definition, have not been developed by the industry. It is expected that direct pickup of a 
given level will have less effect on digital signals than on NTSC. 

4.2 Transport 

Significant work for identification of multiple programs within a single cligital 
television channel has not taken place in the industry. It is recommended that a cligital 
television receiver provide appropriate features to assist users in the selection of the 
desired video program seIVice, if multiple video programs within one channel are offered. 

4.3 Decoder Interface 

The FCC Rules which are to be adopted for a decoder interface on NTSC receiver 
advertised as "cable-ready" or "cable-compatible" are expected to be appropriate for 
digital television receivers. Much work has been done on this interface standard (IS·l05) 
by the Ioint Engineering Committee of EIA and NCT A. Although that interface standard 
is ~ot intended to ~pply to digital television receivers., it will almost certainly provide a 
basiS for a decoder mterface standard applicable to them. 

4.4 Digital data Interface 

Work on a digital data interface is being performed by the EIA's R.4.1 
subcommlttee on ATV Receiver Interfaces. R.4 .1 intends to define a baseband serial 
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digit~ interface so that d.e~ces may exchange packetized data, for example, when a digital 
VCR IS connected to a digital television receiver. 

. It i~ ~ecomm~nded that manufacturers of digital television receivers wishing to 
mclude a digital data mterface give consideration to the interface developed by R4.1. 

4.5 Conditional access Interface 

The National Renewable Security System (NRSS) Subcommittee of the Joint 
Engin~ring Committee of EIA and NCT A has the responsibility to develop a standard for 
a plug-m secunty module. The NRSS standard may be applied in either a standard 
definition or high definition environment. 

It is recommended that manufacturers of digital television receivers wishing to 
include a conditional access interface give consideration to the NRSS standard developed 
by the lEC. 

4.6 Closed captioning 

Closed captioning for television is covered by the FCC Rules under 47 CFR Part 
15 which are presently applied to conventional television receivers. These rules are 
expected to be appropriate for digital television receivers. 

Work on defining the technical standard for closed captioning for the digital 
television system is beiog performed by the EIA's R-4.3 subcommittee. 

5. RECEIVER FUNCTIONALITY 

5.1 Video 
It is recommended that a digital television receiver be capable of appropriately 

decoding and displaying the video scanning formats defined i~ tb:; .Digital Televisio.n 
Standard and described in Table 3 "Compression Format Constramts ID Annex A of this 

Standard 

5.2 Audio 
It is recommended that a digital television receiver be ca~able of selec~g and 

decoding any audio service described in Section 6 of Annex B of this Standard, subject to 

the bit rate constraints io Section 5.3 of Annex 8 of this Standard. 

It is recommended that a digital television receiver be ~pa~le of n?nDa~jz:ing au~o 
levels based on the value of the syntactical element dialnorm which 1S contaIned m the audio 

elementary stream . 
It is recommended that a digital television receiver be capable of al~e~g 

reproduced audio levels based on the value of the syntactical element dynmg which IS 

contained in the audio elementary stream.. 
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It is recommended that a digital television receiver provide appropriate features to 
assist users in the selection of program related audio services . 
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1,41,21.90 
To : RDVAX::FULLER,RDVAX::GANNON.CSAC::BISMUTH 
cc, 
Subj: 

From: 

ACATS meeting at the FCC 1 

NAME: Grace Hinchman ODCC 
FUNC: Government Relations 
TEL , 427-5003 (Fax 5030) <HINCHMAN.GRACEOCOPSS2AlOSOAREAOAL 

F> 
To : Sam FullereLJO, 

Tom GannoneLJO 
CC: Bruce HolbeinOMSO. 

Tom SiekmaneMSO, 
Robert BismuthOLJO 

The ACATS meeting yesterday at the Commission went smoothly. Between 
Craig Mundie of Microsoft and myself, the computer industry presented a 
unified and coordinated position . In fact. Craig Mundie came-off as being 
quite the diplomat! Our conversations with him prior to the meeting seemed 
to have paid-off. As a result. his comments were thoughtful focusing on the 
rapid evolution of computer technolgies. He never mentioned his laundry list 
of objections to the ACATS recommendations. in fact, he never used the words 
"progressive scan". 

My remarks centered around the CSPP letter applaudeding the ACATS 
process . I also took the opportunity to stress the industry's continuing 
concerns that failure to migrate to progressive scan quickly will retard the 
convergence of video and computing technologies . After I finished, Jae Lim 
from MIT said that he seconds the comments made by Digital Equipment. 

Finally. when the vote was taken to approve the ACATS recommendation. 
Dick Wiley was very clever by taking a voice vote and not a roll call vote. 
First he asked for those voting in favor of the ACATS recommendations -- a 
loud vote of yes, but Craig and I were silent. Then Dick asked for those 
voting to oppose the recommendation -- there was silence . Again, Craig and 
I were silent. Dick neve r asked for a vote of present or to abstain! 

All's well that ends well. 

Regards, Grace 
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Digital Equipment Corporation 
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To SAM FULLER & TOM G~~ON 
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Total pages inetuding cover Date 1l/16 /95 

From Grace L Hinchman 

Manager, Public Affairs 

Fax (202) 383-5030 DTN lax 427-5030 

Phone (202) 383-5003 DTN 427-5003 

Interne! address grace.nlncnman@dcc.mls.dec.com 

ubject Sam 6 Tom: Attached is a copy of tha Hicrosoft 

submission co Dick Wiley which actually r8fl~cts Apple's 

position. Also attached is a memo Paul Misner (A partner o~ Dick 

~iley'5) sent to Microsoft to try and explain the iS$ues outlined 

in the Microsoft mama. Apparently, Cra1g Hoc day of liicrosoft is 

going to try and call Sam to try and discuss these issues prior to 

the Novamber 28th meeting. Please giva a call if you have any 

any quest.ions . Crace. 

" you have any problems receiving this lax, please call 

Phone Sherri Thomas Phone (202) 383-5831 (DTN 427) 

This document is inrended solely for the use of the person to whom it is addressed. It may 
oonurin mmeriw which is propnewy. privileged. confidential and exempt from disclosure 
under applicable law. If you received this transmission in error, please notify the sender and 
rerum it. either by FAX or mail it to the address above. Thank you for your cooperation. 
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Overview 

M 
Advanced Television (ATV) 

Position Paper 

Novnnbttr 15, 1995 

The <amputer industry as a whole has not U5ee1 the national television 
standardl for computer displays for many years now, finding it inadequate for 
clear, crisp presentation of modern computer applications. The bifurcation of 
the display technology business into disjointed computer and television 
branches made sense so long as television broadcast was analog &lid computer 
displays were, of course, driven digitally. It did not matter when the number of 
personal computers was small tel.tive the number of home televisions. 

The massively influential digital revolution. now in Iullllower, has changed 
the logic. Television broadcast i5 to be completely digital, &lid home computer 
sales approach or exceed those of home television sel3. Digital technology is 
now sufficiently developed to actually implement the "digital convergence" 
between video lind computers. 

w. believe tlmt the ,uTTent ACATS proposal 10 the FCC for. ntIC digitol t.lmsion 
/lroadcosl .t""d.rd do"" nol adnjualely support lhe digitol =tTgeru:< now possible 
b.lTDeen Itlernsion .nd linS!. 

The ACATS proposal' does include some accommodation for computer 
industry concerns. We believe, however, that the approach ldvonted will cause 
compliant displays to be so expensive that market pressures will force vendors 
to subvert the praposeel standard, honoring only convenient subsets of the 
proposal. nu, would lead directly to a continuation of todly'S bifurcation into 
two unconverged markets. Those parts of tho proposal that the broad"",t 
industry found U5efu1 would be honored by one subset of vend on, those parts 
compatible with computer industry needs by another. Neither branch would 
Iully honor the standard as proposed - the "standard" would fail to st&lldardize. 

I NTSC In the US. A similu statement holds tor PAL and SECAM ill otN!r rountriet. 

I Es50lldally that of tIta Grand A1Uance. .-

11'1 .02 
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Thelssucs 
The following specifie issues are addressed subsequently in some detail: 

"-

• No data capability (a digital data channel without spec:ifitation) 

• Intedaoed seanning (as opposed to progressive) 

• Req.urement of multiple unrel~ted display fonnats (as opposed 10 a single 
base level plus optional layered improvements) 

• 60 Hz tran5Illission rate (os opposed to, say 72 Hz) 

I . Non-square pixelspaeing for lower resolution formats 

/ . Awlcward aspect ratios (mosl popular film aspect ratio not honored) 

/ . Overscan nol defined 

I . Limiled colorimetry 

• Musl deploy now 

Data CapabIlIty 

2 

A general way to look at. digital broadcasl channelis as A stream of bits, 
nol necessarily carrymg video information,. to each consumer. The MPEG-2 
digital compression standard, upon which thl ACA TS proposal is bWlt. permits 
transmission of arbitrary data. The ACATS proposal, however, does not provide 
for standardlzation of this g<!neral and powerful dala capability which could be 
of immense importance in the transmi&sion of, for example, text, graphics, 
alternative audio, computer prognms, and overlay planes. 

We believe that the FCC should slandardlze the use of its channels for 
g<!neral data transmission as well as video - (or applications other than JUSI 
broadcast television. Particularly important would be error correction 
mechanisms and transmi&sion protocols. 

Interlacc v Progrcsslve 
We believe that interlaced sc:anning should no longer be supported. If video 

were being created for the first time today, interlace would not be sugg<!Sted by 
anyone In our industry as a new standard. 

Almosl no modem computer displays use interlacing because of the 
difficulty reading text and line graphics on interlaced displays. Horizonlallines, 
in both 1",,1 and graphics, £licker in a most unpleasant manner. 

Integration of digital video with text and line graphics is happening now in 
the multimedia component of the compuler industry, a very expansive consumer 
market. 

..' 

p.a 4 1-
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Mlcrpspftl, ATV Pasttior. Paaer 3 

Although it is possible to up-convert interlaced to non-interlaced 
(progressive) san by cimlitry in a ciisplay or receiver, we believe the cost per 
unit to do a conversion of adequate high quality to be prohibitive for the 
consumer market. Quality should matcll or exceed today's COD1D1on standard in 
the computer indus try. 

We believe that it is possible to compress high resolution fonnal> with 
progressive san into the allowed channels. 

Multiple Formats 
Tha ACATS proposal offers 14 different ciisplay fonnats, 11 if intwlaced 

ones are disallowed.' A television receiver, to be compliant, would have to 
honor all of them. We believe the cost of this, per set, would be .0 high as to 
make the proposal unrealistic. 

Although the collection of 14 formats is desaibed as a '1ayered" system, it is 
not a layered system as that term is used in the computer industry. A layered 
system would have a base layer that all displays honor. Then each higher 
resolution or wider lonnat layer, from a logical /rtmily of formats, would b. 
combined in or over the base layer if the receiver honored it. There is no 
rrqulred, or base, format in the current proposal (since presumably all formats 
are honored). The 14 formats do not form a logical. interrelated family; they are 
simply listed. 

Refresh Rate 
A 60 Hz refresh rate (or slowerl is insuffident for the computer ciisplay 

market, in particular for text ciisplay of the quality currently oxpected by users of 
computer applications. Even with proS""'sive scan, a 60 Hz progressive display 
of bla<k text on a white page background - quite common in word pro<essing 
- very noticeably flashes, an unpleasant and tiring phenomenon. The computer 
industry ha. seWed on displays with refresh rate. of 70 Hz or higher. 

It is possible to up-convert from 60 Hz to 70 or more, but ... with intedace
to-progressive scan conversion, the ercultry to do so per unit at a satisfactory 
quality level (at or exceeding current computer indu.stry standards) we believe 
to be unrealistically expensive. 

A tate of 72 Hz is compelling. being an exact multiple of the 24 Hz rate used 
in the film industry. Since film is used to produce a high percentage of 
television content, we believe a rate easily converted from the standard film rate 
and slightly greater than the 70 Hz required by the computet industry is 
attractive. 

a Actually 18 and 14, ~tively~ if ditferer\t iSptct ratios are COUJ\U!d as ditt'tlrtt\t fonnats 
too. 

,"" 
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Micrvsoft" ATV po.itic" Paplr 

Square Pixel Spacing 
The ACA!S proposal supports square pixelspating' for "most" of the 14 

formats. However, three of the lower resolution formats have no""'quare pixel 
spacing: 704><480 on a 4:3 sO'een. 704x480 on a 16:9 50'een, ."d 64Ox4BO on a 16:9 
saeen. 

Although it is possible to compensate for non-square pixel spacing with 
specal circuitry, this again add. expense to the display. Furthermor., the vast 
majority of computer operating 5ysterns and applications progr= assume 
square pixel spacing. Image file formats would have to l>i! changed to include 
fields indicating the pi""l spacing ratio (the ratio l>i!tween horizontal spacing 
and vertical .pac:ing). 

We believe it makes more sen •• to simply disallow formats with non-square 
pixel spacing. A logical layering scheme would honor this rule. 

Aspect Raloos 
The ACA!S proposal suppo", two aspect ratio: 16:9 and 4:3. Th.lower 

ratio 4:3 (about 1.333:1) is that of the current national television .tandard. We do 
not oppose this standard l>i!ing continued for low resolution formats. 

We believe, however, that the higher rotio 16:9 (about 1.777:]) is a <Urious 
one that may •• c,fy viewers looking for a broader formiIt, but does so in 
iBollltion from the rest of the communications world. In particular, the film 
Industry - again_ the sowoe of much television content and soon multimedia 
content for the computer industty - use. two aspect ratios commonly. One 
very common format is 1.85:1. The other, wid",screen (Clnemascope, or 
Panavision) format is 2.4:1. 

We believe that an aspect ratio of 1.85:1 makes more sense than 1.777:1. The 
2.4:1 format is probably too expen5ive to realiu In cathode-ray Wdmology to b. 
feasible. A truly layered system of Interrelated formats could provide a 4:3 base 
layer with higher layers at 1.85:1 (or larger) aspect ratio. 

We also believe that the television and filIn Industrtes should preserve film 
properties during the dlgitization process applied to fIlm and only conve-rt them 
to some other format at a last step, if necessary, In • receiver or display. Thus 
aopplng and letterboxlng standards for digitized film displayed on FCC 
formats should also be established. The MPEG-2 compresSion standard could be 
used In this regard, using its "pan-and...,.n" apability . 

.. Pixels Ani points, not .squares. It is the spaang 01 these poiJtts that is the issua. '"'Square 
pi1<ol.padng" rnuru that the piuls are equ.aJly spaced horizontaJly and venically ard is tho 
p"'(lIn'ed wording. .., 
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Compuh!r applications ooDUllonly use the edges of the displayed image for 
l.lSer interface cOl'ltrols, South as menus, buttons, and sliders. Therefore overscan 
is not used in the computer industry. We believe that the need for overscan is 
arguable in the digital world and that it compromises the artistic intent of frames 
creah!d fuJI frame. 

I! overscan is allowed then it should be precisely defined, rather than 
undefined as in the ACATS proposal. A precis. definition would specify exac:tly 
the area of a frame visible On ali displays. 

ColOrimetry 
An increasingly serious problem with computer displays is color constancy. 

An image on one display ofh!n looks very different when seen On a different 
display, even from the same manufacturer. This problem is beooming more and 
more important as color applications, such as multimedia and graphic arts, 
become prevalent. 

We believe that the ACATS proposal does not adequately addres. this 
complex issue. 

Must Deploy Now 
The ACA 1"5 has urged the FCC IX> act promptly on deployment of • new 

digital television standard. We believe that the npid development of digital 
computer technology has changed the nation's needs during the eight years that 
the advanced television issues have been studied (not counting the even longer 

eriods in other rountries). Some of these needs are sketched above. 

We believe these issues are 100 important 10 be overlooked in a rush to 
deploymen~ The current standard has been with us for many decades. We can 
assume that any new standard will generate an equally inertial infrastructure. 
We suggest that the isiues above are serious and require reasoned deliberation. 

ConclUSIon 
We believe, for the reasons ouilined above, that the ACATS proposal 

currently beIore the FCC is inadequate and will not be honored. We beIi.ve that 
this is a once-in-a-Iifetime opportunity for infrastructure redesign and that, 
therefore, revisions are required. 
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DRAFT 
MEMO 

To: Jack Krumholtz 
From: Paul Misener 
Subject: Response to Apple Presentation 
Date: November 16, 1995 
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Pursuant to our telephone conversation yesterday, I prepared this memo based on an 
wonna! paper I \\Tote a few months ago with the help of Advisory Committee technical experts 
in response to various points made by Apple. I hope this is helpful. I look forward to talkini 
with yOll some time soon. 

I. Introduction 

In sum, Apple's objcotions 10 the Grand Alliance ATV system under consideration by 
the Advisory Committee contain technical inaccuracies and/or misunderstandings of the tenets 
by which the FCC regulates television broadcasting, and a complete lack of consideration of 
the market coonootics and operational constraints that face the broadcastina industrY . It is fair 
to say that Apple seeks a computer standard, not an interoperable broadcasting standard. 

U. Apple's Basic Assenions 

Contrary to Apple's assenion, computer interoperability has not been iiDored by the 
Grand Alliance or in the Advisory Comntirtce process. DurWg the period 1990-1993, when 
four different dlaital systems were competing for selection, extensive interopcrability reviews 
were held and a list of recommendations were developed by PSIWP-4. Apple was a key 
participant in lhis process. In(erope:rabiliry crireria were considered and balanced with picrure 
quality, coverage area, and other criteria during the Special Panel meeting in early 1993. Each 
of the competing systems had different fearures that provided intcroperability advantages, and 
the Special Panel roconunendation to allow improvements or a combination of the proposed 
systems paved the way for the formation of the Grand Alliance in May 1993. The current 
Grand Alliance ATV system contains every interoperability feature of all of the predecessor 
systems and addresses every interoperability consideration developed by PSIWP-4. Further, a 
digital video workshop co-sponsored by NIST and ARPA, and heavily attended by computer 
industry companies, endorsed the Grand Alliance system with no disseruina votes. Similarly, 
a federallnfonnation Infrastructure Task Fon:e comntirtce endorsed rapid adoption of the 
Grand Alliance system as being critical to the future video rich NIl. 

Despite the imponance of the interoperability of the FCC terrestrial broadcastin& 
standard with computers, it must be kept in perspective. In some instances, in(eroperability 

.,. ,-. 
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comes at the expense of picture quality, coveraae area, or excessive coSt to broadcasters or 
consumers and, accordingly. must be balanced against these diverse requirements placed upon 
a terrestrial broadcasting system. Broad uses and application of a terrestrial broadcasting 
standard are highly desirable, but should not derer the FCC from its primary objective. In fact, 
the current ATV proposal carefully considers and balances technical parameters that result in a 
system that serves both entertainment and computing applications, within the constraints that a 
6 MHZ broadcast transmission system allows, Of course, the Advisory Committee also has 
endeavored to facilitate interoperability with other transmission media and devices, including 
NTSC broadcasting systems. 

Apple's seems to believe that relevisions and computers should be forced to merge or, 
more specifically, that televisioDS should become computer displays . Most experts take a 
more balanced view that although the convergence of technologies creates opponunities for 
such mereed products, the initiative to create them is best left to competitive forces and 
consumer acceptance. 

Ironically. Apple would need the single TV~ompU(er device standard to come from the 
television industry because it seems highly unlikely that a single approach could emerge from 
the computer industry, particularly because that Industry has been unable to standardize a 
uniform display format and frame rate that works across multiple vendors' computers . One 
need only to look at a mail-<Jrder computer catalog to see the incompatibility and lack o( 
interoperabiliry in the computer dispJay market. 

Moreover, today's multimedia computers are capable of handlina NTSC video, which 
is fundamentally rar less interoperable with computers than the Grand Alliance SYStem. NTSC 
is the worst of aJl worlds from a computer intcroperability standpoint: it is analog, interlaced, 
non-square pixels, 59.94 Hz frame rate, etc. Aod yet, • wide variety of NTSC video relared 
computer products are available from many different vendors, including Apple (see, for 
instance, their cenrer advenising insen in last week's Business WUk). 

If, as Apple warns, a separate ATV system were to emerae for computers, both 
compurer manufacturers and television receiver manufacturers would be free to produce 
premium products with the flrnctionality to decode both staodards. Such products will be 
technically and economically feasible using software based decodina on hiah performance 
microprocessors that will be used in future pes. In the era of the Internet, decoding software 
for many different video compression approaches can be downloaded from an online server. In 
fact, Apple's own Quicktime video software product for the Macintosh allows different types 
of video compression to be applied to video files . It seems likely that the broadcast ATV 
standard will be an important fonnat (or video, bUI possibly DOt the only one - if only because 
the computer industry seems to foster diversity. 

. " , , 
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Finally, in a networked computing environment, the computer industry's own lack of 
inreroperability across vendor-specific operating systems, file formats, and display formalS 
constirutes afar more ftmdamental interoperability barrier than any broadcast ATV issue. 
Most corporate users of computers continue [0 be frustrated by the inability of Windows-based 
PCS, Apple Macintoshcs. and various workstations running different flavors of UNIX to share 
application software and to seamlessly inrcroperale with text, graphics, sound, and video. 

So much for Apple's basic philosophy on ATV. In addition, however, many of 
Apple's specific objeclions to the ATV system that are flatly untrue, technically inaccurate, or 
they concern issues that are Dot relevant to a transmission standard and, thus, are not within 
the regulatory scope of the FCC or its Advisory CollllDittee. 

ill. Specific Apple Allegations 

A. Interlace Scanning 

Apple's objects to the use of inrerlace in some standard deftnidon ATV formalS. 
Progressive scan, square pixel formats that are VGA compatible (640 x 480) are provided for 
the sorv applications of A TV that benefit from their use. lnIerlace is just another fonn of 
compression, which bas its place in a multiple fonnat system wherein - within the constraints 
allowed by the bit rate that can be transmitted in 6 MHZ - program producers can choose the 
format and frame rate that provides the combination of spatial resolution, temporal resolution, 
and transmission bit rate thal is best suited for their appIication. Each of these parameters bas 
its own associated artifacts, which have different levels of visibility on different kinds of 
picture content and which must be balanced in a compressed video system. 

Indeed, reducing spatial resolution results in fuzzy. unclear pictures that are 
unacceptable in many applications. Reducini frame rate results in jerky motion. Reducing bit 
rate resulLS in blockiness and noisy pictures. The use of interlace is a compromise between 
spatial and temporal resolution WI simultaneously provides smooch marion rendition and full 
venical resolution on still pictures. This approach has served television quite well for the last 
50 years, and cannot be hastily precluded as one of the format options in an ATV system. 
Apple's attempt to limit the scope of fannat choices available [0 coment producers is 
inconsistent with the flexibility in its own Quicktime product and, more fundamentally, it 
ignores scientifIC principles and good engineering practices which enable moving images to be 
represented in the fonnat that represents their content with the least objectionable degradation. 

Apple claims thaI perfect de-interlacing is theoretically intpossible. Although it is true 
that cenain pathological cases can be identified where de-interlacing algorithms will nOI 
properly remove interlace artifacts, these pathological cases are of linIc practical consequence. 

- ,~! F 
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The kinds of picrures, text, and graphics that are commonly used in both television and 
computers can be de-interlaced extremely well. The television industry has been developing 
de-interlacing techniques for well over 10 years and the performance of de·interlacers will be a 
source of competition among manufacturers. Furthermore, contrary to Apple's assertion, a de
interlacer is not a large expense. Relative to the complexity of High Level MPEG·2 decoders 
and the other functionality required in an ATV receiver, a very good de-interlacer can be 
provided in receivers at small incremental cost . The level of Ie technology used to produce a 
cost-effective ATV receiver (or a high performance microprocessor) allows a de-interlacer [0 

occupy a small portion of a single IC. The COMe.nsuS opinion of the five consumer electronics 
andlor IC manufacrurers in the Grand Alliance (Thomson, Philips, Zenith, GI and AT&T) 
who are committed to produce ATV receivers with de-interlacing circuitry credibly rebuts 
Apple's unsubstantiated assertions. 

B. 60 Hz Scanning Rate 

First and foremost, Apple's arguments relate 10 display issues that have nothing to do 
with a transmission staodard. The notion that a transmission frame rate is tied to display frame 
rates is an obsolete technical concept. The ATV system allows transmission at 23 .98,24, 
29.97, 30, 59.94 and 60 Hz. These rates are adequate to represent a wide range of camera 
panning and motion rendition. Of course, motion picrure films successfully continue w usc a 
24 Hz frame rate despite the fact that higher frame rates are technically possible. Double or 
triple shuttering is used to reduce display flicker in theaters, with 48 Hz beini the most 
common display frame rate for film . In computers, where there is no standard for display 
format or frame rate, it is the responsibility of software to determine lhe method of conversion 
between source and display frame rates. Some software alters the speed of the video clip to 
match the display frame rate, while other software occasionally repeats (andlor deletes) 
frames . A similar approach has been successfully used for showing 24 Hz films on 59.94 Hz 
television for over 40 years. Apple's own Quicklime product is an example of such video 
display software , which is capable of showing 59.94 Hz video on either 66 Hz or 75 Hz Apple 
computer screens. 

As for Apple 's assertion that 70+ Hz is required for displays, it is notable that many 
computer screens (including most of Apple 's) run at 66 Hz. It seems rather strange that while 
Apple is such a Staunch advocate of 72 Hz, it makes 66 Hz and 75 Hz displays for its 
Macintosh computers, but no 72 Hz display . (If it's such a good idea - why not?) Computer 
displays are also available at 60 Hz and a wide variety of omer rates. The real technical need 
is to achieve a display rate that is adequate to eliminate human perception of large area flicker. 
Perceptibility of flicker is a function of display brightness and viewini distance (flicker is 
actually more perceptible in peripheral vision than in foveal vision) , Flicker perceptibility is a 
rather smooth function of display rate that has no sharp threshold . Thus, ir is not surprising 
that a wide variety of computer display ratc:s have proliferated. Also, the requirements of 

,IS • • ~ • 
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entenainmen{ displays are different than computer displays, which are scrutinized at very close 
viewing distances. Entertainment television display has been sufficient at 60 Hz, and no need 
for higher display rates is accepted by the consumer electronics industry, panicularly since a 
higher display rate increases cost . Receiver manufacturers are free to provide any display rate 
or rateS that they desire, and accomplish this wilh either multi-scan displays or eleccronic 
frame rate conversion. 

The MPEG-2 standard used in A TV identifies its frame rates in a header/descriptor, 
bur despite extensive participation by computer companies, no explicit provision was made for 
a 72 Hz frame rate in the MPEG-2 header. Many representatives of the computer industry 
panicipated in the MPEG-2 process (indeed, as you may know, the Information Technologies 
Industry Council (Om") is the secretariat for the U.S. MPEG group), and Apple's assertion 
tha[ 72 Hz transmission represents computer industry interests is unsubstantiated by me facts . 

The observation that 24 Hz movie transmission (provided by the ATV system) would 
look very good on a 72 Hz display is quite correct. But the display frame rate (or rates) used 
by A TV receiver or computer manufacturers is outside the domain of a transmission standard 
and the regulatory authority of the FCC. Further, it is a product decision that is best left to the 
competitive marketplace. Any HDTV manufacturer can provide 72 Hz display capability as a 
competitive feature. As for handling 60 Hz transmissions on a 72 Hz display, this requires the 
very same ratio conversion as the 50 to 60 Hz cODversion that is routinely performed when 
European television is aired in the US. 

C. Lack Of Dall! or Code Capability 

Apple 's assertion that the ATV system bas no data or code capability is totally 
unfounded. The Grand Alliance prototype hardware bas been subjected to extensive bit error 
rare measurements in bom Laboratory and Field testing. These measurements document the bit 
error rate performance of the system as a function of carrier-to-.noise ratio (CNR). In any 
wireless transmission system, the eNR at a given receiving location is a function of 
transmitter power. RF propagation. and receiver antenna gain. 

Of course, viewable picture and acceplable audio tests at error rates in the 10.4 to lQ"6 
range are being tested - this is what determine the limits of television service broadcast in the 
extremely difficult VHFIUHF over-tbe-air environment. The fact that picture and sound can 
tolerate higher error rates than pure data is a fundamerual characteristic of their naU1fe . Since 
the A TV channel will be allocated to broadcasters for the primary use of providing television 
service to the public, it is eruirely appropriate to establish planning factors that reflect the 
requirements for this application. Other frequency allocations for data PCS and wireless LANs 
(such as proposed by Apple) would undoubtedly consider different requirements for their 
primary use. 

~--------------------------------------------------------------- . 
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Of course, error free data transmission is not guaranteed by any transmission system 
(panicularly nO! by telephone modems used extensively for computer communications). In 
fact, communications theory tells us that there is a fundamental tradeoff between channel 
capacity and BER - raising the bit rate on a given medium inevitably increases the BER. 
Except near the limits of ATV coverage, a BER in excess of 10,9 is easily achieved and is 
more than adequate for most data applications. Further, near the limits of ATV coverage, BER 
improves by about one order of magnitude for a 0.2.5 dB improvement in CNR, meaning that 
consumers requiring better error rates for data applications can simply purchase a bener 
antenna to improve their data reception reliabilicy. In computer communications, it is up to the 
end~[o..eod application to ensure that usable data has been reliably received . Protocols like FTP 
apply error derection codes to assure the correct receipt of data - similar software approacbes 
can be applied to data broadcast in the ATV channel by those applications that require it. 

D. Non-Square Pixels 

Apple's arguments for square pixel formats center on applications that require overlay 
of geometrically accurate circles. Although this is certainly a virtue of the Grand Alliance 
HDTV and 640 x 480 SDTV formats, it must be recognized that not every application has 
such a requirement,' Apple's position on this issue is philosophically similar to their position 
on interlace. Despite the inclusion of the 640 x 480 (compatible with VGA computer displays) 
square pixel format in A TV, Apple wishes to deny other users of A TV the flexibility to choose 
formats with rectangular (non-square) pixels. The non-square pixel standard definition formats 
(704 x 480 in both 4:3 and 16:9 aspect ratios) are included in ATV to provide interoperability 
with the large archive of content and the installed base of production facilities of broadcasters. 
The 704 x 480 format corresponds to an international standard, ITU-R BT.601, that has been 
the basis for most diaital television equipment purchases over the las[ 10 years, resultina in a 
substantial archive of programming content in this format. Apple's move to deny the existence 
of the 704 x 480 non-square pixel formats is odd, panicularly because video caprure boards 
that utilize this format in its interlaced form BIe available for virtually every brand of 
computer. 

E. Lack nf Overlay Planes 

Apple's perspective assumes tha[ all applications are computer-based and require such 
capabilities. O.erlay planes Simply are not required for simple television viewing. The 
definition of such extensiom to basic television service need not be (and should not be) defIned 
as part of an FCC transmission standard. If necessary, they could be subsequently defined 

Apple's viewgraphs incorrectly state that a 640 x 480, 16:9 aspect ratio format 
is included in the Grand A..lliance syscem. It is not. 
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without delaying the introduction of service. Note that there is no unified computer industry 
standard for cursor control, text and graphics definitions, sWldardized color lookup tables, 3-
D graphics or window controls, &tc. Microsoft and Apple prodUCts are completely different 
on these issues. They even differ on window controls, and the mouse. Until a single computer 
industry smndard emerges for overlay, any voluntary or FCC-based standards are premarure. 

F. Requirement to Decode All Formats 

Apple's position on this issue is irresponsible· it would let the public buy receivers 
that will unexpectedly and unexplainably (to them) Dot function wheD certain formats are 
transmitted. The advocated solution of layered compression is impractical. Extensive work in 
layered coding has shown that it is not as efficient as single layer compression. While such 
approaches are inteUectually appealing and suitable for applicatioM where limited bit rate is 
not a constraint, this is not a practical approach to providing high quality HDTV pictures in a 
6 MHZ channel. Apple's approach is 'viewgraph engineering' - it remains !Otally 
unsubstantiated. Apple has not demonstrated for the Advisory Comminee so much as a single 
video simulation of the approaches they advocate. 

G. Lack of Digital Interface Specification 

Apple's allegations on his issue are unwarranted and incorrect. Digital iruerfaces for 
consumer television equipment have no place in the discussion of transmission standards . They 
are (otally outside the scope and purview of me FCC and its AdviSOry Comminee process. Of 
course, the COMumer electronics industry recognizes the need to develop such standards. The 
EIA is the appropriate standards body. and work on developing appropriate interface standards 
is in progress. 

H. Poorly Conceived Aspect Ratios 

There are many different film formats - if there were one film standard, HDTV would 
have used it. The 16:9 aspect ratio is a compromise - developed by the Hollywood community 
-- that minimjzes the cropping required for pan and scan in the most commonly used film 
formats; it likewise minimizes the loss of resolution when the original aspect ratio is 
maintained. Broad na[ional and international consensus on 16:9 aoes back to the ntid 1980s, 
when the issue was actively discussed, particularly in a SMPTE standards comminec chaired 
by Universal Srudios. It has been used in an HDTV production standard since the SMPTE 
240M standard and the O1J-R (formerly CCIR) 50 Hz and 60 Hz production standards were 
established in the late 19805. 

The "any aspect ratio" approach advocated by Apple is unnecessarily complex. The 
concern voiced by Apple over interpolation required to transform. non-square pixel formats to 

, . 
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square pixel ODes is simple by comparison to the imerpolatioD needed to handle the variety of 
aspect ratins that they advocate. The simple solution that Apple totally misses is that by simply 
performing the letter boxing at the broadcast source, any aspect ratio picrure can be transmitted 
within the 16:9 transmission format. With this approach, ATV does not need any rules and the 
presentation of picture content in different film formats can be decided on a case by case basis 
by the program provider, using good artistic judgmeDt. 

I. Overscan Not DeflDed 

The discussion of overscan is a receiver issue that bas no place in a transmission 
standard. Although overscan is commonly used in computer monitors, it is not defined or 
required by any standard. Why should TV be different? Apple 's idea of a rigidly deflned menu 
bar is outdated. It 's own Macintosh software established the precedent of "tear~ff" menw that 
can be separated from the main menu bar. Software should define "menu items · and leave the 
presentation details (where the menu is placed and how it looks) to the receiver. 

J. Limited TV Colors 

Film. printers and TV have different color because they are different physical 
processes. Nothing about the A TV defmitioD can change that . 

Apple's assertions about computer color are misleading; - mosr computers have a very 
limited color gamut (8-bit color is still quite common). There is no standard for color 
reproduction in computer monitors, and extremely inconsistent color matching among the 
many monitors that can be used with a given computet. A problem that Apple fails to 
acknowledge is that computer ifRphicS are usually rendered in linear space rather than ganuna 
corrected space, resulting in color errors on computer monitors. 

The constaD! luminance principle suggested by Apple was well-understood and rejected 
by the proponents of all four digital HDTV systems and again subsequentiy dismissed by the 
Grand Alliance. Constant luminance has never been used in an imagina: system (television or 
computer). The theoretical advantage of this approach is that transmission errors result in 
slightly less perceptible visual errors. Even in error-prone analoa transmission systems, 
however, this approach bas never bad enough practical value to be used in 8 deployed system. 
In digital systems that exhibit perfect transmission over a wide ranae of impairments and then 
sudden cataStrophic failure, constant luminance is of no practical value. It would be interesting: 
to know whether Apple plans to suppon consrant lUminance representations in its Quicktime 
software . 

, - , 
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Apple ' s criticism of the Advisory Committee testiog methodology is totally 
unwarranted and irrelevant to the ATV standard. Apple claims [hat software resting was never 
done. To the contrary. extensive software testing was done by the Grand Alliance and 
reviewed by the Advisory Committee during system development. As every video engineer 
knows, such simulations are a valuable step in developing a viable system design, But every 
experienced video engineer also has experienced techniques that appear to work well in 
simulation aod exhibit unacceptable performance when implemented in real hardware. 
Accordingly. and by early agreemeru of the Advisory Committee, simulations are not 
sufficiently rigorous for establishing a nadonal transmission standard . 

Advisory Committee testing is far more rigorous and spans more material than software 
simulations . For example, software simulations do not usually adequately [cst rate control 
dynamics that involve performance over periods of picture material that fill the buffer and 
require rate control intervention. This was not of particular concern in developing the generic 
MPEG-2 standard, which left such details to subsequent competition. It would have been 
irresponsible for the FCC Advisory Committee to accept thar adequate picture quality could be 
produced at a panicular bit rate without hardware verification. It should further be noted that 
in addition to hardware testing. software verification of cenain syS[eD] aspects HAS been done 
in Advisory Committee laboratory testiog (e.g., MPEG syntaX compliance ,od bit stream 
splicini). It also should be noted that, in its years of participation in the Advisory Comminee, 
Apple bas Dot presented simulation results for the ideas that it advocates. 

L. MiiTation Strategy 

Apple 's aUegatiollS about migration strategy are way off base. The whole multi-format 
approach of A TV provides different formats so that each application can usc the format most 
suitable for its particular characteristics. Forcing computer values onto entertainment television 
makes no more sense than attempting to force every computer display to be 60 Hz and use 
HDTV colotimet!}' in order to be TV.;:ompatible. Apple just doesn't accept the fact that other 
companies PREFER to use formats that Apple doesn 't like. (Maybe the FCC should outlaw 
Microsoft DOS file format, too!) 

The approach of ensuring that A TV receivers can decode all fonnalS is a responsible 
approach that protects me public and content creators from obsolescence. Corurary to Apple's 
assertion, no one advocates that interlaced content should suddenly become unwatchable on 
A TV. On the contrary. responsible panics involved in A TV standardization observe that if 
progressive formats indeed demomtrare cheir claimed advantages to the public, interlaced 
formalS will gradually fade in popularity; the inclusion of multiple formalS allows the 
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marketplace to determine which formats are most widely used and accepted. Apple's approach 
is both restrictive and presumptuous . 

N . Concluding Remarks 

Apple's continuing confusion between transmission staodards and receiver related 
issues is doing a disservice to the broadcast, consumer electronics, and computer industries . 
Attempts to regulate A TV receiver performance can only be rationalized if the same rules are 
applied to computers. The result would be a harmful restriction of diversity and a distortion of 
marketplace preferences. 

The Advisory Committee has sought to develop an inclusive stBndard which addresses 
the needs of terrestrial broadcasting - for which this ATV transntission standard is primarily 
intended - and all other affected industries. Apple. a company not known for its open systems 
standards. takes the opposite approach. Havina: failed to achieve consensus standards in its 
own industry, it seeks to exclude the needs of other industries in the standardization of A TV. 
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