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October 14, 1971

Dr. Edward E. David, Jr.
Science Adviser to the President
The White House

Washington, D. C. 20500

Dear Ed:

| have a very negative reaction to the proposed Presidential Initiatives on
Communications for Social Needs.

| am sure | am unduly cynical, but my immediate reaction is that this is a

way to justify new NASA satellites, | am also suspicious that people might

feel that a Presidential Initiative would give such high priority that the projects
would not have to suffer the dangers, risks and delays of planned, well-thought-
out and open-to-criticism type programs.

The FBI is well organized, and their needs are quite straightforward and hordly in
need of a Presidential Initiative to solve them.

The Post Office has many needs and has to study many alternatives, but to con-
centrate on one could be very embarrassing.

Promising significant help in urban problems by use of communications is an area
where angels should fear to tread. Before proposing 13 new channels of educational
television, much analysis of previous dxperience should be carefully made before
this idea is even leaked to the outside.

We could instead propose bold new experiments to develop the "best mail system in
the world" and bold new experiments to demonstrate uses of modern technology in
health, education and urban problems.

| would encourage the FBI, but | would not use it for publicity because it does not
make for good political propaganda.
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The Office of Science and Technology could use these experiments as vehicles

to demonstrate how science explores unknown fields. We might start a tradition in
government science that could be a more significant contribution than anything else.

| om afraid that many of the administrators within the community are confused between
buying tools and doing science. In most of these problem areas, we don't know what

the answers are and we have to use systematic and probably traditional scientific methods
for finding the optimum answers.

We should be sure that they define their problem and that they lay out the alternatives
and systematically go about finding the best alternative. After a set of experiments,
results should be reviewed and then the next step token according to the predetermined
plan. Above all, the final answer should not be predetermined because the President
was talked into making it a Presidential Initiative.

| probably missed the introduction of this set of Initiatives, and because of my ignorance,
my comments might be rather naive.

| look forward to seeing you next Monday.

Sincerely yours,

Kenneth H. Olsen

KHO/d




October 12, 1971

NOTES ON ELECTRONIC MAIL

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems.

Some version of electronic mail | would assume is inevitable, but it will take careful
planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office’s problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail,

If the costs of communications gets very low it would encourage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system

like TELEX that presented facsimile or fast printing might take care of much of the
business mail.

The proposal seemed to ask for much technology development to avoid the need for

rational rate fixing. If each plece of mail was made to pay its fair share, it would
help solve many of the problems of the Post Office.

Kenneth H. Olsen
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BBEILEHHE

BoeBoe npumeHenue HcTpeGuTeseil-nepexBaTYHKOB CBA3aHO C pas-
JMMYHBIMH 06/MaCTAMH HayKH H TeXHHKH. [lJsi yCMeuHOro HCnoJb30Ba-
HHS CBOEro OPYXKHSi aBHATOPbl H3YYAIOT KOHCTPYKUHIO JIETATEIbHbIX
annapaToB M BOOpPYKEHHS, AHHAMHKY noJjera, TeOopHio 6oeBoli shdex-
THBHOCTH, TaKTHKY BO3IyliHOro 60s W Apyrue aucuuminuel. Kak mo-
Ka3blBaeT 0630p OTKPbLITOIl 3apy6e)KHOil JHTEPaTypbl, YacCTb H3 KOTO-
poit yKasana B KOHIle KHHTH, HanGoJee MoApOGHO K HACTOSILUEMY Bpe-
MeHH OMHCAHbl o6LHe NPHHIMNE! JefiCTBHS CAMOJIETOB H pakeT. 3HauH-
TeJbHO MeHbllle, MTPHYEM Pa3pPO3HEHHO B PASJIHYHBIX HCTOUHHKAX,— KO-
JIyecTBEHHble MeTOJbl OLeHKH 00eBOro NMpHMeHeHHs aBHALMH.

JluHaMHKa MaHeBPHPOBAHHA HCTPeGHTeNst B BO3AYLIHOM 600 06-
CTOSTENbHO PAacCMOTpeHa B I13BecTHOfl Kuure B. A. Byaunuckoro
(1)*. Ongnako B sTOif KHHFe He PACCMATPHBAIOTCA nocnenHH 3Tan
nepexBaTta BO3AYIIHOf IeH — HaBeJeHHe PAaKeThl Ha LeJlb — H BOMPOChI
sddektuBrocTH nepexsara. OOulile NMOJOXKEHHS H METOALbI pacuera
6oeBoft 3GGEKTHBHOCTH OPYKUSA ONHCAHbI B KHHIAX [3, 4, 8], a Bonpo-
chl GoeBoit S(M(HEKTHBHOCTH JieTaTe/IbHbIX annapaTtoB B [3, 14, 15].
B nuteparype [9—21] nanarajorcss NpHNUINbI YNpaBleHHd, KHHEMA-
THKAa W ANHHAMHKA TOJeTa paker, MeTOIbl HaBeAeHHs JeTaTeJblblX
annapartop Ha BO3nylHble neai. Muoriie BONpPOCH 6oeBoro npumetie-
HHA HcTpeGHTeNCH-NepexBaTYHKOB H3/1araioTcs B BHAE crateil B OT-
KPHITOf OTeuecTBeHHO [22—24] u ocoGeHHo B 3apy6exHoil meyaTH
[25—28], xoTsi GONBUIMHCTBO STHX MaTEpHaJOB HOCHT OMHCATENBIIbIH
XapakKTep, a KOJHYeCTBeHNble COOTHOUIEHHUS! He JOBOAATCA N0 MPOCTLIX
pacueTHblx ¢popmys. Taxum o6pasoM, xoTs 6oenoe NMpHMeHeHHe HCTpe-
GuTenei-cpexnaTuiKOB 1 ABASIETCH MPEAMETOM pACCMOTPEHIs  BO
MHOTHX HCTOUIHKAX, TeM lle MeHee B HACTOfIEe BPEMsl HET KHHIH, 10
KoTOpoft MO:KHO GulI0 6Ll COCTABHTL JIOCTATOUHO NO/HOC npeacrasJe-
HHe O TPHMEHEHHI aHaJNTHUCCKIX METONOB NpH HCCAEAOBAHHH 6Goe-
BOro mpuMeHeHHst HCTpe6uTeneli-nepexsaTIHKOB.

¢ Homep B KBajpaTHOll CKOOKe B JaHHOM caydae M B nocneayiouleM TeKcTe
03HauaeT NOPAAKOBLIfI HOMECP 1ICNIONb30BAHHON JIHTEPATYPL], CMHCOK KOTOPOR npiBe-
JeH B KOHUe KHITH, S o

" . 8




INTRODUCTION.

The combat employment of fighter—interczptors is connected with the
various areas of science and engineering. For thes successful use of tneir
weapon the airmaces study the airfrane structure and armament, flight
dynamics, theory of combat effectiveness, to the tactician of the dogfight
and the other disciplines. As it shows a survey of the open foreign
literature, are frequent from which is shown at the end of the book, most
jetailed at the present time are describzd the general/total operating
principles of aircraft and rockets. It is considerable less, whereupon are
separate in various sources, - the quantitative mz2thods for an evaluation

of the combat employment of an aviation.

The dynamics of the maneuvering of fighter in the dogfight is
thoroughly examined in V. A. Bulinsky's known book [1] *. However in this
book are not examined the last/latter stage of the interception of air
purpose/target - the missile guidance to purpose/target - and the questions

»f the effectiveness of interception. The general/total positions and the
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methods of calculation of the conbat effectiveness of weapon arez described
in the books [3, 4, 8], but the juestions of the combat effectiveness of
the flight vehicles in [3, 14, 15]. In literature [9-21] are set forth the
principles of control, the kinematics and the flight dynamics of rockets,
the guidance methods of the flight veshicles to air purpose/targets. Many
i»qugstions of the combat employment of fighter—interceptors are set forth in
the form of article in open domestic [22-24] and especially in foreign seal
"25-28], although the majority of these materials bears descriptive nature,
but the numerical ratios are not led to simple design equations. Thus, the
khtoya the combat employment of fighter—interceptors and is the object of
axamination in many sources, neverthzless at the present time there is no
booky on which it would be possible to compose the sufficiently full
representation of the use of the analytical methods during the

investigation of the combat employment of fighter—interceptors.
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THE COMBAT EMPLOYMENT AND COMBAT
EFFECTIVENESS OF FIGHTER INTERCEPTORS

(PROBLEMS WITH SOLUTIONS)

V. R. Durov

The combat employment and combat
effectiveness of fighter inter-
ceptors. M., Voenizdat, 1972.
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INTRODUCTION |

| The combat employment of fighter interceptors is connected

| with the various areas of science and engineering. For the
successful use of their weaponry the aviators study the aircraft
structure and armament, flight dynamics, theory of combat effective-
ness, tactics of aerial combat and other disciplines. As a survey
of open foreign literature shows, part of which is shown at the
end of the book, at the present time the general operating
principles of aircraft and rockets are described in most detail.
Considerably less described, separately in various sources, - the

quantitative methods of evaluation of the combat employment of

aviation.

The dynamics of maneuvering a fighter in aerial combat is
thoroughly examined in V. A. Bulinsky's known book [1]!. However
in this book there are not examined the last stage of interception
of an aerial target - missile guidance to the target - and
questions of the effectiveness of interception. The general
positions and methods of calculation of the combat effectiveness

of weapons are described in books [3, 4, 8], and the questions of

!The number in the brackets in this case and in the subsequent
4 text means the ordinal number of the literature used, the list of
: which is given at the end of the book.

FTD-MT-24-1158-72
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the combat effectiveness of flight vehicles in [3, 14, 15]. 1In
literature [9-21] there are set forth the principles of control,
the kinematics and dynamics of rocket flight, the guidance methods
of flight vehicles to air targets. Many questions of the combat
employment of fighter interceptors are set forth in the form of
articles in the open domestic [22-24] and especially in the foreign
press [25-28], although the majority of these materials bears a
descriptive character, and the numerical relations do not lead to
simple design equations. Thus, although the combat employment of
fighter interceptors is the object of examination in many sources,
nevertheless at the present time there is no book by which it

would be possible to compose a sufficiently complete representation
of the use of analytical methods during the investigation of the

combat employment of fighter interceptors.

FTD-MT-24-1158-72
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Distribution of Electronic Mail Over the Broad-
Band Party-Line Communications Network

“WILLIAM B.*GROSS, MEMBER, IEEE

Abstract—Cable television (CATV) is unique in that it is the only
wire, besides telephone, with potential access to 80 million customers.
Many new services have been proposed to utilize this access—from
meter reading to transmission of an entire book in seconds. The
author postulates that electronic mail is the market CATV should
pursue and describes the market potential, a system design in some
detail,'and an estimate of the costs involved. An intriguing result of
this analysis is the possibility of sending mail electronically for only
10 cents a letter.

I. NEw RoLE OF CATV—ELECTRONIC MAIL

ABLE television (CATV) is in the unique position
C of being the only wire, in addition to telephone,
ultimately to have access to every household and
business in the United States. Access to this market of 60
million households and 20 million business subscribers is

~likely to cause a radical change in the services supplied by

CATYV systems since direct access to the customer virtually
guarantees an increase in magnitude and diversity of service.
CATV is in this enviable position.

CATYV has now grown to the point where it can inde-
pendently promulgate its growth. With 2300 systems on
line and 4 million subscribers, production of software (TV
programs) and hardware has reached the point where one
can consider the economies of scale. Further, by virtue of
its entry into the metropolitan markets, CATV will be
expanding at an even steeper rate. New York City is now
being wired and other major cities are not far behind. Thus,
one can see that CATV is at an important juncture. De-
cisions as to which new markets are undertaken will deter-
mine whether CATV will grow in value and importance or
level off into being an alternative to other entertainment
media. X

With CATV’s broad-band capability and access to sub-
scribers, the door to new markets is open. Many new ser-
vices have already been proposed [1], [2] and generally
relate to information dissemination, computer services,
and communication services (see Table I). Of all these
services, a choice of mail as the most important new market
should be considered.

Mail has a known predictable volume, and it is huge. By
1980, 108 billion pieces of mail per year will be handled. The
ability of the Post Office to handle the present volume is
marginal. Over the past decade, service has declined to such
an extent that a crisis is developing. Thus, if one can de-
velop an alternative to the physical transportation of mail
at an equitable price, the door is open for entry into this

Manuscript received March 20, 1970; revised May 6, 1970.
The author is with the General Electric Company, Philadelphia, Pa.

TABLE 1
ProPOSED CATV SERVICES

Real;Time

Broadcast Point-to-Point Store and Forward
Commercial TV Telephone Library access
Instructional TV~ Videophone Newsprint and magazines

Computer services
Interactive instruction
Time-shared computation
Aided design

Transaction exchange
Remote vending .

Airline and theatre tickets
Point of sale vending
Banking and credit
Securities

Polling
Meter reading
Voting
TV shopping

Mail
Alphanumeric
Graphic

Commercial radio  Telegraph/teletype
Instructional radio

Source: EIA. response 'Io FCC Docket 18397, Part V,-Electronic In-
dustries Association, October 29, 1969.

market. That such a substitute exists has already been de-
termined by the President’s Commission on Postal Organi-
zation [3]. They indicate that the telephone is used as a
substitute for about 2 percent of all mail and that the class
of mail known as “transaction mail” is most amenable to
electronic substitution.

Transaction mail consists of those communications
relating to bills, purchase orders, proposals, and the like.
In general, they consist of alphanumeric information and
thus are susceptible to transmission by teletypewriter or
other electronic typers. Further, mail does not require
immediate delivery; i.e., it can be stored and forwarded.
These two factors, alphanumeric information plus store
and forward, permit development of an electronic transac-

" tion-mail system that can provide mail at 10 cents per letter.

At this price, demand is inelastic, and electronic mail is a
direct substitute for all transaction mail. In reality, demand
is elastic. Other substitutes such as Telex, TWX; PMS, and
facsimile are $1.00 or more per letter, yet they all enjoy a
substantial volume. Although ten cents per letter has been
used herein, considerable pricing latitude would be avail-
able to the CATV operator electing to introduce the elec-
tronic mail service.

The immediately available market is that called business-
to-business transaction mail. This comprises 16 percent of

-




GROSS: DISTRIBUTION OF ELECTRONIC MAIL

e e

1003

TABLE 11

Service Class  Characteristics

Where Used
Full time Local
Low speed (150-600 wpm)

Alphanumeric (ASCII-8)

Instant

3-second delay maximum
Variable speed (50 bits/s to 20 Mbit/s)

Immediate

Local and national

SERVICE CLASSES

Comments
Will handle most transaction mail and data.
Instant full-time access dictated by man-machine interface.

Required to satisfy response to inquiry
Speed varies with subscriber station capability and data requested.

Same day Within 4 hours National

Overnight By 0700 next morning Interchange

Permits spreading traffic over 24 hours.

Reduces National Interconnect capacity.

all mail and would represent a volume of 17.3 billion mes-
sages per year by 1980. At 10 cents a letter, this market of
$1.73 billion provides a respectable foundation for the de-
velopment of the electronic mail service. Expansion of
service would be directed toward all transaction mail,
including households, and toward data communications.

The total volume of transaction mail is 40 percent of all
mail for a projected (1980) volume of 43.2 billion pieces per
vear. To capture this market, a low-cost subscriber station
is needed. Such a station is discussed later.

"~ The total market including data communications, which
has been estimated as equal to transaction mail, would be
86.4 billion pieces per year, or at 10 cents a message, $8.64
billion per year. With this size of market available, it be-
hooves the CATV industry to develop a system specifically
for mail and data. Although a patchwork of systems can
satisfy the need, albeit inefficiently, there is no pressure to
follow this route. CATV has not been encumbered with
huge investments in equipment intended for the general
communication service. Thus, the industry can develop an
efficient system specifically for mail and data; such an ap-
proach is developed herein.

II. ConVERTING CATV—A TOTAL SYSTEM DEVELOPMENT
A. Services

In addition to alphanumeric mail, ideally the new system
should be capable of assimilating other functions by simply
changing the subscriber’s station. Obviously, this cannot
be accomplished for every class of user, and in particular
the real-time point-to-point services that require a switched
fctwork. But CATV cable systems are suited particularly
for broad-band party-line operation, and for mail and data
this is implemented readily by a store and forward system.
Thus, the design will be developed to handle, in addition to
the TV channels, many and varied services ; from 50 bits for
Meter reading to Mbits/s for newsprint and magazines.

Iraffic Characteristics

Two interfaces determine the important parameters
“ontrolling the system response requirements. First, the
flan-machine interface sets the local loop characteristics
91 its class of services and second, the machine-machine
¢rface controls both the local loop and national inter-
“onnect characteristics.

it

»

The man-machine interface has these basic character-
istics.

150 wpm typing speed

600 wpm reading speed

instant access

contiguous access

response to inquiry in 3 seconds.

The 150-wpm typing speed was derived from the necessity .
of reacting without error to all typists; the 600 wpm reading
speed does not respond to all readers but does satisfy 98.5
percent. To satisfy all readers would require 2000 wpm and
since a slower speed does not introduce errors, the increased
systém cost is not commensurate with providing the service
for only 1.5 percent more readers.

The instant access is dictated by all people being annoyed
by waiting for access to the line. Experience gained with
time-shared computers tells us that once the subscriber has-
seized the line, he stays on it for extended periods. The
combination of instant access and long hold times dictate
continuous access.

The response time to inquiries was derived by all people
being annoyed by a wait greater than 3 seconds. The other
interface, machine-machine, requires speeds from 50 bits/s
to Mbits/s. Access times range from instant to overnight.

From the foregoing man-machine and machine-machine
characteristics, a group of service classes has been deter-
mined that sets the basic system requirements. Table II lists
these service classes and their characteristics. To satisfy
the requirements, a system capable of providing con-
tinuous low-speed local channels and a local store; which
can transfer information immediately or at times 24 hours
later, is needed.

B. System Concept

To satisfy the above, a store and forward communications
system (SFC) has been delineated and is block diagrammed
in Fig."1. The elements that comprise the system are

substriber station

local loop (CATYV cable)

store and forward communication controller (SFC)-

national message interchange (national loop).

The electronic typers and other low-speed subscriber sta-
tions are assigned 4ull-time channels into the SFC and the
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LOW SPELD STATIONS;
TRANSACTIONS, DATA,
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FLECTRONIC TYPERS = FULL TIME CHANNELS, 150/600 WPM

oo —
Lav

Zonms
E (LOCAL
LOOP)

REMOTE ACCESS TERMINALS
DEMAND CHANNELS, TO 2,25 MbiS

L e ‘I:;
5 S oy
7

COMM'N | STORE
CONTROL |~

INTER

SysTem | 10 20 MbIS 1o

COMMN [~/ OTHER

CONTROL |/ LOCAL

T b / SYSTEMS
,7 ZNATIONAL

/ LooP

STORE AND FORWARD

COMMUN ICATION

CONTROLLER (SFC)

Fig. 1. Block diagram of local system.

TABLE 1II
SUBSCRIBER STATIONS

Type Characteristics

Typical Use

Data collection
circuit or verification lamp.

Reads coded cards, meters. No display. May have a release - Gas stations sales. Utility meter reading. Voting. Remote

shopping.

Transaction recording

Credit card and price ticket reader and keyboard entry. Point of sale transaction recording.

Alphanumeric display of entry and computer response.

Electronic typer:
Soft copy

~

Basic business and home unit for mail, computer time sharing,

Simple keyboard and “billboard™ or “‘line-a-time* display. and transaction exchange.

Electronic typer:
Hard copy

and modified electric typewriter are typical.

Typewriter keyboard and paper printout. Teletypewriter Business or home unit for those desiring hard copy.

Console

Special purpose units with keyboard, cathode-ray tube or Designed for specific applications such as data entry and re-

matrix display, light pen, frame-by-frame memory, or other. trieval stations, computer-aided design, interactive computer-

special features. -

aided instruction; newsprint, and magazine typesetting and
graphics.

high-speed subscriber stations use a low-speed channel as
an order wire for the demand assignment of high-speed
channels capable of bit rates to 2.25 Mbits/s. Information is
exchanged between the subscriber station and the SFC. -
The SFC can transfer the information to either a local sub-
scriber or put it on the national loop for:transfer to the
SFC at another location. In addition to the communication ~
functions, .the SFC can hold the information for later
transfer or can put the information into a permanent mem-
ory for retrieval at some future time.

III.. SYSTEM DESIGN

A. Subscriber Station

As will be seen under the section on cost, two thirds of the
system cost resides in the subscriber station. Fortunately,
subscriber stations for most services are already available
orin development. Table I1I describes the various subscriber
stations needed to satisfy the variety of services contem-

plated.

The basic unit will be the hard-copy electronic typer used
* if the reader will experiment by using a pencil as a stylus

for business-to-business transaction mail. Suitable station

equipment exists and units capable of both upper and .

lower case (full ASCII character set) are also available.
Providing an electronic typer with “executive” font will
permit use of the machine as a regular office typewriter or
as a communication terminal. The duality of function will
move electronic mail directly to the user thereby providing
secretary-to-secretary communication. This should have a
profound effect on the convenience and speed of business-

to-business mail.

But,.in order to proliferate the electronic mail system, a
low-cost soft-copy unit is needed. This unit will be used in 1
the home and on the office desk when acceptance of stored
data, instead of hard copy, grows.

Since the soft-copy unit will be used mainly by persons
not trained as touch typists, a new kind of keyboard is
needed. Attributes of the keyboard will consist of the

following.
Numbers and létter's in numerical and alphabetical order

to eliminate learning their location on the keyboard.
All characters in field of view without moving head or

eyes.

A small keyboard has been suggested for military field
teletypewriters as a means of miniaturization [4]. By using

" a stylus to probe the keyboard, size can‘be kept small. The

complete keyboard, with numbers and characters in
chronological and alphabetical order is shown full size in
Fig. 2. Convenience of the keyboard is understood readily

and operate on Fig. 2 as if it were the real keyboard. '

The-station outline is also shown in Fig. 2. Character dis-
play is by multicell flat gas discharge array or by monolithic 3
arrays of light-emitting photodiodes. They act as their
own memory and can be used for a line-at-a-time display
similar todhat used for rapid reading training. The number
and size of characters in a line are such that the reader need
not move his eyes, thereby permitting rapid reading. The
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THE QUICK Fox

a«—>, 34" —»

Subscripter station exterior layout showing stylus probed keyboard and monolithic display panel. Stylus probe “hunt and peck” keyboard

with chronological and alphabetic layout of characters is shown actual size.

overall size of the station was deliberately chosen the same
as a telephone, a size every businessman and householder
accepts. Communication electronics for the subscriber
station is shown later in Section III-C.

B. Local Loop

A number of outside plant configurations have been con-
sidered. Round-robin cable-looped configurations are at-
tractive for the two-way digital transmission since virtu-
"‘”}’ no guard time is required to separate individual trans-
missions. But they have a very high first cost, in"the range
0f 2.6 times that of a tree. Frequency-looped round robins
“an be implemented on a tree configuration but at double
’;m first cost in extra equipment. Thus, round robins may
¢ altractive for ease of design but are not desirable from a
5t standpoint. The remaining plant configurations con-
idered are “trees” or “‘hubs” and require either separate
€ables for transmission and reception or a single cable with

the band above 54 MHz for reception and the band below
48 MHz for transmission.
_The choice between a single-cable or a two-cable outside
_plant is controlled by the number of subscribers on the
tree, but in actual practice the viability of providing two-
way communication will center about the ability to provide
service under the worst of field conditions.

If one were to design the data communication system to
operate under conditions that make TV viewing intolerable,
the viability of the two-way service would be assured. The
assumption is made that customer complaints on ja%
quality will force repair of the outside (cable) plant. Specific
requirements for these conditions are shown in Table IV.
Calculations to determine the error rate at the data ex-
change design level follow.

Data transmission quality can be characterized by the
bit-error probability P,. To determine P, the modulation
method and signal-to-noise ratio (SNR) need ‘to be known.
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TABLE IV

Requirement CATYV Design Level

DESIGN REQUIREMENTS FOR TV AND DATA

TV Viewer Intolerance Level Data Exchange Design Level

Picture grade: (S/N) per spec.
NCTA-005-C :

Cross modulation: N/S per spec.
NCTA-002-0267

Grade I (44.5 dB),
—48 dB

Grade IV (23 dB)

20 dB

~40 dB —37dB

Noncoherent frequency shift keying (FSK) has been chosen
-as the modulation and the P, will be calculated accordingly.
The channel SNR will be

=)= £l
\<N)0 Nc+Nr ()

where

2t\?
4=<1—T>' )

€)

where

~ (8/N), =signal-to-noise power ratio
So=signal power
g=average bit synchronization degradation ratio
N_=cross modulation noise power
N, =thermal noise power
t=average bit synchronization error time
T =bit width time.

Allowing an error in synchronization of t=0.1T
g=08x10"1? =64 x 10~2

and from previously set field conditions

N logiy (=37dB) =2 x 10~4
So

% = log;o (20dB) = 1x 102

r

% /5 %1072
So

Thus,

8\ 64 x 1072
NJo 2x107* 4+ 1x 102

The probability of error for a noncoherent FSK channel
is [5] ¢ )

= 64

(18 dB).

e-é(S/N)o

e 3% ~ 13 x 10714, )

s
P('_Z
e 7L
= el

At this error rate, excellent information transfer is attained

even during the periods of customer intolerance for the
TV reception.

‘Embedded in the‘statements about TV picture quality
and the related SNR is am-assumption that the digital signals
and the TV signals arebeing processed by the same ampli-
fier on the same cable. Such a system has been suggested
[6], [7] and defined [8]. The use of a single-cable system
would assure that the system will stay within maintenance
margins, plus it is amenable to applications requiring con-
version from one-way to two-way cable plants.

The other dominant factor in assuring that the system
will remain within maintenance margins is the bit synchroni-

- zation error g, see (2). Two alternative systems.can be con-

sidered for subscribers: frequency division multiplex or

time division multiplex. If each subscriber station is allo-

cated a separate frequency division multiplex (FDM) return

channel, no guard time is necessary ‘and the ASCII code

format provides for asynchronous transmission when start
“and stop bits are inserted.

Although the cost of frequency multiplexing each sub-
scriber station to its allocated return channel tan be kept
low [9], the cost of demultiplexing-each subscriber is exces-
sive when compared to the cost of a single time division
multiplex (TDM) channel to serve all subscribers. But,
TDM to each of the. possible subscribers would require
most precise bit timing for each subscriber’s transmission
on the return channel. To determine the bit timing that can
be readily achieved and maintained on the return trans-
mtission under field conditions, propagation and bulk delays
in amplifiers and cables need to be estimated for the distance
.associated with each subscriber.

The time position of the subscribers burst in a TDM
frame can be determined from

P = D, + nB, + mS, )
cV,

c
"where

P;=wait time from beginning of frame to insert sub-
scriber. burst in correct slot
D =distance on cable to subscriber
- c=velocity of light &
«V,=propagation variation factor due to cable
" n=number of amplifiers and associated: filters to sub-
scriber
B,=bulk delay of amplifier and filter
m=number of time slots to subscriber position in frame
S, =time for each slot.

. - ‘
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TABLE V
BitT TIMING ERROR
Term Error Cause Error Value Equivalent Time Error
— SFC clock I part in 107 6.6 x 10~? second ;
- (15 frames/second)
D, ) Actual distance to subscriber 0.1 mile 2x0.72x 107° second
Cable length change with temperature 9.5x 107 °/°F coefficient. 2x0.21 x 1076 second
—40° to 160°F temp. range :
(1.9 x 10~ 3 miles/mile) (15 mile path)
V. Change in dielectric constant & with Negligible for foam poly- -0-
1 temperature, pressure and humidity ethelene cables
V==
3]
nB, Change in filter components 29, of nB,term 2% 1.29.x 10™¢.second
[ 0.6 Ds] (15 mile path)
nB, ~ ——
cv.
Total Error - 5.4 x 10~ ° second
: : SR : " RETURN CHANNEL FR
Of interest is the variation in each of the terms of (5), in order PETURNCHANNCL FRANE ks 5

to determine the expected bit synchronization error.. This
error will set the value of g in (2) and thus determine the ac-
ceptable bit rate of the TDM channel. Field conditions are
expected to yield values shown in Table V.

Most of the error is contributed by two of the terms,
change in filter components, and distance to subscriber.
The change in filter components is a function of the atten-
tion paid to outside plant maintenance and is set at cus-
tomer (TV viewer) intolerance level plus a margin. The
other factor, distance to subscriber, has a value such that a
subscriber station can be set up by reference to his location,
thereby eliminating the need for special field tests to “fine-
tune” his TDM burst. Eliminating the need for .a special
field test permits plug-in installation or replacement of the
subscriber station by untrained personnel or even the sub-
scriber. Further, this approach is in line with the Carter-
phone [10] decision, which permits subscribers to furnish
their own station equipment. :

To maintain the P, of 1.3 x 10~ '# and the attendant high-
quality digital communication, the bit timing error ¢ in (2)
was set at 0.1T. With t=5.4x107° second, T becomes
54 % 10~ ¢ second for a bit rate of 18.51 kbits/s for the return
channel.

C. Local Traffic Interchange

The foregoing calculation sets the bit rate for the TDM

return channel. Previous discussion of traffic characteristics
required 150 wpm as the station rate and that. sets the
frame rate at 15 frames per second. At this frame rate and
at 18.5] kbits/s, each TDM return channel will support 102
subscribers (see Fig. 3). The return channel occupies 46.275
kHz (including 25 percent guard bands on each side) when
transmitted as noncoherent FSK. A 6-MHz TV channel
will FDM into 129 channels. Thus, each TV channel will
support 13 158 subscribers (102 TDM x 129 FDM). In the
band below 48 MHz there is bandwidth for seven TV

18,51 kb/s

AT

1234 BITS/ FRAME l

e T3 e
NOT STA '| STA | STA
USED 7 101 2a

STA | STA STA STA STA
13 41 26 5 8

<
(TYPICAL ALL 102 STATIONS), %
(TYPICAL ALL 102 STATIONS)

BITS - 12
S 45 68

RETURN CHANNEL STATION BURST
———m—————

e S e e Y =
START [BIT1 {BIT2 1BIT3 |BIT4} BIT5!BIT6 |BIT7 | BIT8 IPARITY| STOP JGUAR

" |CARRIER
RECOVERY

TARRIER
OFF

18.51 Kbls

Fig. 3.

numbers need not be chronological;

~ most convenient solution of-(5).

Return channel frame and station burst formats. Note: Station

station positioned in frame for

TABLE VI
N SUMMARY OF RETURN CHANNEL CHARACTERISTICS
Che 1 : Bandwidth ;
T;r;ze : Total Available or Slots Bit Rate
TV 7 6 MHz 2.25 Mbits/s
FDM 903 46.275 kHz 18.5t kbits/s
(7% 129 per TV Ch)
TDM 92 106 102 slots per 135 bits/s
(7% 129 x 102) FDM Ch

channels. If these were all allocated to low-speed subscriber
stations, the single-cable outside plant would support
92 106 subscribers. Except for the highest density metro-
politan installations, a single cable will have excess ca-
pacity. Unused capacity can be demand assigned for data
transmission at the various rates shown in Table VL.
Unlike the return channels just discussed, forward chan-
nels can be operated synchronously; since they all originate
from one point; the store and forward communication cons

-

o dalab i R Al L 4Ly
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15 FRAMES/SECOND
3702 BITS/IFRAME = e

55,59 kb/s l

GUARD JUNTQUE] STA | STA | STA '
TIME | WORD 1 2 s T Tt

e e
BITS 10 20 9FOR 150 WPM

StA s | STA
.......... o A RSP S

36 FOR 600 WPM
TIME 135 2710 162 FOR 150 WPM e
1S 648 FOR 600 WPM v/»'/ .
i FORWARD CHANNEL STATION BURST 1

R BITS + PARITY | B BITS * I‘AHITY] 8BITS ¢+ j HVIVSi P;\;Iﬂ

15 WM -+
1625

600 WPM  ————— . -l

648 1S

Fig. 4. Forward channel frame and station burst formats. Note: Station
numbers need not be chronological; station positioned in frame for

most convenient solution of (5).

TABLE VII

SUMMARY OF FORWARD CHANNEL CHARACTERISTICS

Channel Type Total Available Bandwidth or Slots Bit Rate
T TV . 1 6 MHz 2.25 Mbits/s
FDM 301 138.825 kHz 55.53 kbits/s
(7x43 per TV ch) . :
TDM 122 808 at 150 wpm *408 slots at 150 wpm 135 bits/s at 150 wpm
30 702 at 600 wpm =102 slots at 600 wpm 540 bits/s at 600 wpm
(7 x 43 x 408 or 102) per FDM Ch
SYNC
clock —=(C =
AGC
i PHASE
LOCKE
e oS kTR
SYNCHRONOUS FORWARD 70 PRINTER OR
DETECTOR PgLSJ?TSITON SToP ;‘EEY';‘T'ES DISPLAYO
LEOUNTER 3 70 STUNT
INFO. e
DROP CABLE

CARRIER ON

FSK

- Fig 5. Block diagram of subscriber station communicat
Fy=return channel frequency, TDC=time delay closing (range 15 us).

F=forward channel frequency,

troller. Start—stop bits and guard times are eliminated bring-
ing the bits per character down to nine from the twelve used
for the return channels. To achieve the 600 wpm rate for
forward transmission, only 55.53 kbits/s are required. By
using one to four characters per frame, the word rate can
be varied between 150 to 600 wpm. Characteristics of the
TDM frame are shown in Fig. 4 and the channel character-
istics are shown in Table VIL. The communication equip-
ment to implement the forward and reverse channels at the

subscriber location is shown in block diagram in Fig. 5.

MODULATOR

RETURN
BURST
POSITION

RETURN
REGISTER

o FROM KEYBOARD,
ETC.

ion equipment. LO=local oscillator,

- National Traffic Interchange
To develop the interchange network an estimate of the
.number of local systems and the interchange traffic is re-
. quired. Estimates on the number of local systems that will
* ultimately interchange data range from 5000 to 50 000 (See
Table VIII). The exact number that will emerge is fairly de-
pendent on regulatory and economic factors, but is most
dependent on demography. As few as 5000 systems could
provide service, but the area coverage for each would be
excessive. The area coverage value per Feldman [11] in-
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TABLE VIII

ESTIMATES OF ULTIMATE SYSTEM Si1ZE

Eslimntmg chhmquc Numbu of Lm |I Sy\luns

Tree capacity (20 000 subscribers):

Each tree is separate system 5000 e
7 Nl;]l:b(‘l’ (V)Ftclcbhonc‘;xchdngcs iy lO 00077 2%
Arcacoverage 0 by 0 miles) 16000
: Post office deli_\;ery stations 34 000
‘;Area + multiple operations in
metropolitan areas 50 000

cludes every square inch of the conterminous United States
and is regular in distribution. The population of the United
States concentrates at the seacoasts and border. The best
measure for selective area coverage is the number of
telephone exchanges, and the boundary value for a satu-
rated system is the number of Post Office delivery stations.
A conservative estimate on the ultimate number of systems
is 50 percent above that for telephone exéhanges. This
value provides area coverage plus an allocation for multiple

. systems in metropolitan areas. It results in an estimate of

15000 systems.

With a projected traffic of 86.4 billion messages per year
at an average message length of 150 words," the bit rate to
interchange all traffic as a continuous stream on a national
party line is 5.8 MHz. Efficiency of interchange is assumed
to be only 20 percent and with local traffic at 33 percent,?
the required rate for all national interchange is 20 Mbits/s.
No such 20 Mbits/s party line exists and alternatives are re-
quired. The alternative developed must be capable of
providing service immediately to the 2300 existing systems
and have the capability of growing as the number of CATV
installations and traffic increases.

To satisfy this need-a three-phase approach has been
developed as follows.

Phase I: Use of switched network to provide immediate
coverage.

Phase I1: Improve the service by leasing a TV bandwidth
channel for a national party line.

Phase I1I: Provide full bandwidth capability by a com-
bined party line and domestic satellite system.

Phase 1: Switched Network National Loop: As an initial

step, traffic can be routed via the switched network. With a
message length of 150 words and 72 bits per word, each
message is 10 820 bits. At a rate of 3600 bits/s, each message
is transmitted in 3 seconds for a message rate of 1200 per
hour. With the projected ultimate traffic of 86.4 billion
messages per year and with 15000 systems deployed, the
average load per local system is about 16 thousand messages
per day. Of this, 11 thousand are for national interchange.

Although all traffic could be interchanged via the switched

! Telex and TWX average is 100 words.
* See [3], Annex I1L
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s e -

TYPER
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Fig. 6. Phase 1: Switched network national loop. SFC=store and for-
ward communication controller, NCS=network control signaling
units, POD = Post Office Department.

»

station 1[ svnc [ ack] station 1 [son]ro star. no. [sTx| Messaces - -

[en]

[enx[ems [ ena Jsta 2Jeor |

[son]ro star, no, [5Tx | messaces ==+ §--- -

STA]?QN ?{ SYNC IACK I STATION 2 ISUHITO STAT. NO. |STX l MESSAGES” """ lET)(}

[son] 1o star. no] s1x [ messaces -9+~ -+ Jerx[ere [ ena [s1a 3[eor]

3 srL:rslgn [ sync Jack ] sationn [son] 1o star. no. [stx | wessaces ----[enx]
[son] 10 s1ar. no] stx [ messaces - 5%+ [ex ] ems |
N
Fig. 7. Party-line message interchange format.

network, limited bandwidth of voice circuits and delays in
network control signaling mitigate against more than 10

5 percent being routed this way. At this loading; the average

local system would interchange about 1100 messages per
day; a 2-hour task. :

One other element required to assure utility for the
Phase-I system is receive-only typers: at local Post Office
delivery stations. They would act as the means of exit from
the CATV system to the Post Office, thus providing the
link to individuals and companies who are not subscribers.
This may be available soon. Western Union Telegraph
Company-is placing Telex machines in Post Office delivery

Stations; these machines could be the means for linking .

the electronic mail to regular mail. Fig. 6 ties these elements
into a block diagram for the Phase-I system.

Phase II: National Party Line: This system operates in a
party-line mode on a full-duplex TV channel. The message
format is shown in Fig. 7. Each station begins transmission
with a synchronization signal (for carrier and bit recovery).
It transmits the acknowledge code, its own station number,
and then messages addressed to other stations in the net.
At the end of the text material it requests the next station in
line to acknowledge with its station number. Thus, each
station disposes of its traffic and hands over the line to the
next station.

. One station is designated to monitor the response. of all
stations. If a station does not respond within 1 second, the
monitor bypasses it by transmitting ENQ and the next sta-
tion number. When' traffic is cleared by all stations, the
monitor station will reinitiate the. round robin. Each sta-
tion is limited to time on line by periodic calculations of its
percentage pf total traffic, thereby preventing queue
formation. Fig. 8 is a block diagram of the system.

Tt bt
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DOMESTIC

%u 1T

SFC ﬁ-'“,,. DISTRIBUTION CABLE, j\
LOCAL SYSTEM /R0
MM
S
INTRAREGIONAL TR
- DUPLEX CIRCUIT - CIRCUIT iy Py AN
e mi-L M sk
) i H“‘ DISTRIBUTION CABLE,
LOCAL SYSTEM
T
MM

SFC

P~ INTRAREG IONAL

Fig. 8. Phase II: National party line. M =modem, SFC =store
CIRCUIT

and forward communication controller.

Providing service via a wide-band party line permits the

transfer of data at 2.25 Mbits/s. Services previously pre- Fig.f 9 dPha’se I11: Combined party line and satellite. SFC=store and

. : 2 : . orward communication controller, RO =receive only (satellite earth
cluded via the voice b.an.d sthcl}ed network (Phase I) Ca.n station), TR = transmit-receive (satellite earth station), M =modem.
now be served on a limited basis. Total traffic handled is

limited to 10 percent by bandwidth ; a 20 Mbits/s party line

instead of the 2.25 Mbits/s is needed. Possibly the new net- '« = LSECOND, =% ——]
works specifically aimed at digital communication, being REGIONAL | REGIONAL | REGIONAL ph REGIONAL | REGIONAL

. B . 2 STATION 1 STATION 2 STATION: 3 [ obins o st m e e e N
approved for construction by the FCC, could provide the . " o g S Rk

required capacity for interconnection,- perhaps even at — AS ALLOCATED BY TRAFFIC ANALYSIS
reduced rates.

Phase III: Combined Party Line and Satellite: An

examination of the character of the traffic reveals that not PR e e Sl ol b o NESSAGE
1 i Fsinat (dorband datasl il b 10 rm]&om ro!rm lsom
all locations originate wide-band ata. In ac ua.1ty, prob= L R B a
ably not more than 20 major locations in the United States us 01 02 108 o0m 04 08 04 04
originate data of a wide-band nature. These locations are in Fig. 10. Partially variable demand assigned multiple access

major metropolitan areas or associated with government (DAMA) message interchange frame format.

installations such as NASA, the Library of Congress,_€etc. 3

A study of population density and traffic demand indicates Fig. 11 details the equipment that the local and regional '

that 200 standard metropolitan statistical areas (SMSA) will  systems will need to implement Phase III.

provide 99 percent coverage of the population. If one were .

to assume 200 such regional centers for information genera- IV. COST ANALYSIS

tion and storage, wide-band data could be transferred to the

14 800 local SFCs for temporary storage until used by the . A. National Service :

subscriber. The request for transfer of data from the regional National message interchange costs vary with the method

memory to the local SFC requires very few bits. Thus, by employed. During Phase I, when the switched network is

using a receive-only satellite station at the local system, used, messages between local systems would be stored in

broad-band information could be received, and by using each SFC until a 3-minute minimum is on hand. As previ-

wires, cable, or microwave from each local system to the  ously discussed, each message takes 3 seconds to send, thus

regional system, information could be requested. This during the 3-minute period, 60 messages will be sent. On

arrangement would be economical since only 200 regional this basis, an approximate transmission cost for maximal

stations would require the expense of transmit-receive = distances, e.g., Philadelphia to Los Angeles, can be estab-

stations. The bit rate from the local to regional system is 100 lished by using AT&T rates. Costs for various times of day

kbits/s, assuming evenly distributed traffic. For this purpose, - are listed below.

a leased party line (Telpak C at 240 kHz) would be adequate.

Flg.‘9 isa block diagram Of: the:syatem. ; . Daytime 0700-1700 $1.70/3 min  -2.83 cents per message
Since all of the traffic is store and forward, there is no Eyening 17001900  $1.253min  2.08 cents per message

requirement for a fully variable demand assigned multiple . Night 1900-0000 ~ $1.00/3 min 1.6 cents per message 1
access (DAMA) satellite system. The partially variable ¢ < O hours -0000-0700  $0.75/3 min —1*.25 cents per message
(control) channel suggested for the domest_ic sat.ellite [12] Kidaee 2.0 cents per message !
will suffice. Thus, the format of Phase IL (Fig: ) is used for: | simpui——crmr st s 1

regional traffic interchange and the partially variable
DAMA format shown in Fig. 10 is used for both inter-
regional traffic and for traffic to local receive-only stations.

In addition, 1.5 cents per message is required for trunk and
network ‘control signaling equipment (NCS) lease, for a
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TOM, FOM e l
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¥ 2.25 Mbis
TOM 30) [FOMy, FORWARD
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£ P : s 05
- STORE AND FORWARD

INTRAREGIONAL CIRCUIT
100 kb/s PARTY. LINE

COAXIAL

COMMUNICATION CONTROLLER (SFC) FEEDER

HEAD END

Fig. 1. Block diagram of local system, showing store and forward communication controller (SFC)
and equipment for local, regional, and national information.
TABLE IX ‘.
SySTEM ELEMENTS AND COSTS '
Element Total in System Element Cost ~ System Cost Remarks
Transmit-receive station 200 $200 000 $40x10° 30 foot antenna.
Redundant transmitters and receivers. Standby batteries
Receive only station 14 800 $25 000 $370>10° 15 foot antenna.
Redundant receiver. Standby batteries.
Satellite 4 — $90x 10° - Cost includes engineering, launch support, and satellites
(1 active and 1 spare each 5 years) for 10 years. Satellite life 5 years. Coverage: 7.5° an-
tenna. :
20 watts RF per channel.
12 channel capacity.
4 and 6 GHz band.
Total System Cost ~ $500 x 10°

total charge of 3.5 cents per message to interchange any-
where in the contiguous United States.

The Phase-II party line dramatically reduces transmission
costs. To interconnect all the local systems, approximately
30 000 circuit miles of full-duplex TV bandwidth is required.
The yearly cost for this service at $140 per channel mile
month [13] would be $50.4 million and the system would
have 10 percent of full capacity.? Since the modem is part of
the SFC, termination charges are negligible and the total
message charge for interchange anywhere in the contermi-
nous United States is only 0.87 cent.

Further savings and a wide-band capability are accrued
by deploying the Phase-III system. The party line for this
phase is on a regional basis and interconnection mileage is

20 000 at Telpak C rates of $30 per mile month [13]. The

yearly charge is $7.2 million and at 57.6 billion messages;

- * To handle all traffic projected for 1980 would require 20 Mbits/s.
Existing channels will handle only about 2 Mbits/s.

TABLE X
PrICING FACTORS

Item Factor Comments
Capital recovery 0.149 8 percent interest
10-year life
Maintenance and operation 0.19
Return on investment 0.225

Total of Pricing Factors=0.564 of investment per year.

intraregional traffic costs 0.013 cent per message. Remain-
ing costs associated with national interchange are in 200
regional -transmit-receive - stations, 14 800 receive-only

stations, and a satellite. Table IX details the system elemerit
costs and-Table X shows the pricing factors.

Total system cost is $500'million and at a pricing factor of
0.564 per year, $282 million per year revenue is required.
At 86.4 billion messages per year, cost per message is 0.326
cent each. Including .the regional party-line charges, na-

By,
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tional interchange charges total 0.339 cent per message
anywhere in the conterminous United States.

B. Local Service

To develop the cost for local service, the total traffic
(86.4 billion messages per year) is allocated to each,local
system and subscriber on an average basis. The assumption
is made that all households and businesses will be supplied
with service. This represents a total of 80 million sub-
scribers and 14 800 local and 200 regional systems; each
would have, on the average, 5333 subscribers. Each sub-

scriber would send 1080 messages per year.

Cost to provide the local service, excluding the sub-
scriber station, consists of the store and forward communi-
cations controller and the two-way outside cable plant.
The store and forward communications controller is esti-
mated to cost $150 000. Required revenue is ($150 000
%0.564) $85000 per year. The two-way cable plant is
estimated to cost 20 percent more than the one-way plant,
or $1.00 per month per subscriber. These two items rep-
resent 3.055 cents per message. In order for electronic mail
to cost no more than 10 cents a letter, revenue remaining
for the typer is 6.606 cents per letter, o a yearly basis
$71.35. This revenue would permit a typer costing $125.00
being supplied to each subscriber.

Whether the basic soft-copy electronic typer described in
the previous section can be produced for $125.00 is un-
known. If one compares the complexity of the electronic‘
typer to existing equipment, it would appear within the
realm of possibility, particularly when one considers that
the available market is 80 million units. : :

GENERAL COMMENT

The pattern developed by this cost structure is unusual
in its distribution when compared to existing telecom-
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munication systems, but this can be expected from the
nature of the system.

The single (at most double) hierarchy switching associated
with the national systent concentrates the equipment to the
local level. Since the subscriber is given instantaneous and
continuous access to the SFC, the cost per subscriber is
greater than that associated with sharing the same equip-
ment with other subscribers, again concentrating costs at the
local level. Relative to existing telecommunication systems,
the service is more than competitive in price and further
has the advantage of broad-band information transfer, not
now available at a reasonable price.
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Wachines to

crack the

postal code

The postal code at the end of an address is the key
to the automatic sorting system that the Post Office
are installing. On the strength of their experience in
developing similar equipment for other countries,
Plessey have achieved a leading position as a supplier

in the UK

by Eric Jeffs

Automatic code sorting is being intro-
duced to create the high-speed postal
system of tomorrow in Britain. The
outward signs of this transformation
are the move to standardized envelope
sizes and the introduction of alpha-
numeric codes at the end of addresses.
These initial steps have not been well
received by the public—the Post Office
is a fair target for public criticism, much
of which is born of a failure to realize
the complexity of the service and the
need for dramatic technical solutions to
its problems. Some measure of stan-
dardization is necessary if machine
handling is to be applied economically,
hence the Post Office Preferred envelope
sizes, and the address codes, translated
into a binary phosphor-dot form, are
the programmes which guide the letters
through the sorting machines to their
penultimate destinations, the postmen’s
bags which take them to the addressces.

Extending coverage of automatic
sorting to the whole country will take
some years. So far, only Norwich has a
fully operational automatic sorting
facility. Three more offices, at South-
ampton, Newport, and Croydon, are
under construction,: and the remainder
shown on the map in 1 have been
authorized and are in the initial stages
of planning. But one office, at Stoke on
Trent, has been let as a turnkey contract
worth £500,000 to the Plessey Company.
establishing them in a leading position
as suppliers of mechanized postal
sorting systems.

Sorting machines are the products of
one division at the Plessey Flectronics
Group plant at Poole, Dorset. Their
assoctation with the Post Office in the
UK is a long one, covering many fields,
and they have played a significant role
in the development of sorting equipment
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1 Map of the UK showing the location of Post Offices which are
currently planned to receive code sorting equipment

already installed. The experience is not.
however, confined to the UK. Their
Australian subsidiary has developed
designs in collaboration with the Post
Office there and were responsible for the
installation of a 2M letter a day
automatic system in the Sydney Mail
Exchange, and in the United States
Plessey Airborne Corporation have
subcontracted for the mechanical hand-
ling element of a US Post Office auto-
mation scheme.

Postal mechanization is not therefore
exclusively British. The evidence of its
intended adoption is there in many
addresses in many countries. American
addresses terminate in a S-figure zip
code. Canada is trying to construct a
code system that will integrate with the
US codes in the same way that direct
distance dialling covers the telephone
networks of the two countries. Australia
also has a numerical code, but in the
UK it is alphanumeric.

The British postal code is constructed
from the analysis of the delivery net-
work in each postal district. An example
is the hypothetical address of a Mr
A Whiterose, 100 Minster Road, York
YOI 6EB. In it, 6EB defines the postal
round in which the house is located. It
may be a street or a single building and
is determined by the volume of mail at
first delivery each day. Thus the round
can be constructed so that it can be
divided up according to the availability
of postmen so that each has an equal
load. The YOI defines the district
office, in this case, in York. If White-
rose’s address was a place of business
with a sufficient volume of mail, the
6EB might be an exact identity. Then,
in theory. it would be possible to write
Mr A Whiterose, YOI 6EB on the
envelope and still expect delivery. But

what happens to the letter en route?

The bulk of the mail on any one day
is handled between 4 pm and 9 am—
around 80%,. This is collected up and
taken to the outward sorting office where
it enters a segregator. This is simply
a rotating drum formed from a number
of slats with slots between, through
which any letter less than } in thick falls
on to a conveyor. This conveyor feeds
the letters through a set of pinch rollers
which deposit them on their long edges
on a second conveyor. Further pinch
rollers set above this conveyor remove
envelopes whose dimensions fall out-
side the POP size. The remainder are
stacked in three groups to be fed to the
automatic letter facing machine, ALF.

ALF can process 20,000 letters an
hour, segregating first and second class
and unstamped mail, cancelling the
stamp, and stacking the letters ready for
coding. The ingoing envelopes may
have the stamp leading or trailing,
facing towards or away from the scan-
ner. The reading heads are sensitive to
the emission from the phosphor stripes
on the stamp. The value of the stamp is
recognized by counting the number of
stripes, but if the first scan produces no
response the envelope is diverted on to
a separate path which causes it to turn
over before joining the main stream
again. If there is then no response, the
letter is transferred to the postage due
stream. The bulk of letters are separated
into those of each class with the stamp
at the leading edge and those with it at
the trailing edge. The reading heads can
also identify the red ink of prepaid
postage marks and the black of Official
Paid mail.

The transfer to the coding machine
is done by hand. Partly this is a buffer
between machines of differing speed and
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2 Plessey large letter sorter takes non POP
sizes and enables manual sorting to be
speeded up

partly the result of economic necessity
in cramped conditions. Many British
Post Offices are. old buildings which
could not be economically adapted to
take a completely automatic system.

The letters are fed into the coding
desk so that they drop into a window
above a keyboard. The operator types
out the address code, and the signals
from the individual keys are fed into a
translator which generates the signals
that print the phosphor code on the
envelope. In the example, the YOI is
printed below the address at the bottom
" of the envelope and the 6EB at the top.
If the letter carried no code, it would be
possible for the operator to apply an
extract code which would at least get
it to the correct district office at York.
There a similar extraction would be
made to locate the part of the round
containing the actual house.

The coding operation climinates the
need for further human intervention in
the actual sorting process. The initial
sorting can be performed on the coding
desk to separate local from distant
addresses. In the Sydney office, the sort
is even more precise due to the simpler
structure of the postal system and the
layout of the office. A conveyor system
runs under a bank of coding machines
and the letters drop into the appropriate
channel. With a smaller population
concentrated in a few large cities,
Australia has only five main postal
centres like the Sydney Exchange.

The main sorting operations are
carried out in an automatic machine as
shown in 3. This has 144 separate
pigeon holes on four levels and can
handle 8,000 letters an hour. The
envelopes are fed in at the bottom, long
edges to the front and stamps to the
rear. This ensures that the two parts of

3 Medium speed letter sorting machine can sort 8,000 letters into 144 compartments
every hour. Gap between letters enables vertical gates. right, to be cleared before the

next enters the system

4 Plessey coding desks at Croydon Head Post Office are one of the earhest units in
the UK The design was developed in collaboration with Post Office engirieers

the address code appear consecutively,
which makes for easier interpretation.
An ultraviolet source is exposed to the
phosphor pattern and a detector reads
the emission pattern. The signals
are translated into command impulses
which cause the appropriate giates to
open to direct the envelope correctly.
The heart of the translator is a
matrix of magnetic core switches
through which individual circuit wires
are threaded. Each wire, and hence
each command circuit, can only be
excited when the cores correspond to
a given address code are energized.
Each sorting programme has its own
matrix which must be manually changed

by a series of simple plug connections.
Plessey recognize that there is scope
for a computer in the translation
function. They have a suitable processor
which could replace the matrix system.
It is, however, a design for the future
and it could well be that a foreign
customer will be found for it first.
This is not to accuse the Post Office of
excessive conservatism—in many re-
spects they are in advance of other
countries—but the present system of
collaborative development with industry
dictates the speed with which technical
innovation is introduced in a complex
exercise where standardization can pay
dividends in reliability early on.
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When it comes /to seeking new ideas in ma-
terials-handling equipment, fluidic devices,
with their inherent advantages of few mov-
ing parts and rugged construction, offer a
natural‘favenue of investigation. Here are
two flu?&ics-based mail-handling techniques_

being evaluated for the Post Office Dept.

Letters

Inclined guide

Biased

amplifier

!

Fluidics Moves
the Mails

C. E. SPYROPOULOS

Harry Diamond Laboratories, U.S. Armi}
Materiel Command

Feasibility models of fluidic devices designed to count
stacked mail in trays and to “singulate” the mail, a
Post Office term meaning to withdraw a single letter at
a time from a stack of letters standing on edge, have
been built by Harry Diamond Labs. Fluidic circuits
are being used for sensing, counting, logic, and letter
acceleration, eliminating the need for complex clec-
tromechanical devices.

Fluidic mail counter

A system has been devised for counting stacked
mail in trays as it passes a pickup head on a conveyor
system. The counting does not interface with normal
operation, and can be made automatic if desired,
The system is designed so that all outlets exhaust in
normal operation and, as a result, fibers shed from
the letters cannot be ingested.

Here is how it works:

Mail to be counted is placed in a standard-type mail
rack, modified by three narrow slots cut along its base
(Figure 1). Counting is done by passing the edges of
the vertically stacked row of letters over a sensing
port located on an inclined guide in a sensing unit.
The sensing unit also contains a biased fluidic ampli-
fier and a fluidic binary counter.

As the edge of cach letter blocks the sensing port,
the fluidic amplifier changes state, triggering the bina-
ry counter. Air jets located above the sensor are di-
rected downward between the letters to assure ade-
quate letter separation during sensing. System sensi-
tivity is assured by raising the sensing ports above the
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FIG. 1. Fluidic stacked mail counter.

letter guides and making the guides elliptical, with
their major axes in line with the edges of the letters.

The letter-edge sensor itself consists of an aspirator
and a load-insensitive bistable amplifier. Air flow is
introduced into the binary amplifier at P; and into
the aspirator at P, (Figure 1). Flow introduced at P,
causes aspiration of fluid from control port No. 1 of
the binary amplifier, and the mixed flow exhausts
from the sensing port. When the aspirator lowers the
piessure sufficiently at control No. 1, the amplifier be-
comes biased to output No. 1. The result is a quies-
cent condition in the system.

- As a letter begins to pass over the sensing port and
its edge partially blocks the jet, a portion of the flow
from P, is diverted to the amplifier’s control No. 1,
causing the output of the element to be switched to
output No. 2. When movement of the letter unblocks
the sensing port, the aspirator switches the amplifier
back to output No. 1. Thus, as a stack of letters
sweeps past the sensing port, the output of the am-
plifier changes state twice each time a letter passes
over the port.

A ten-stage binary counter counts the output pulses
from the sensing circuit. Each counter stage con-
tains a buffer amplifier and a logic circuit. The out-
puts of the sensing circuit are fed into the controls of
the buffer amplifier of the counter’s first stage, which
returns to its original state after every second input
pulse. In the feasibility model, readout is obtained
by connecting one output from cach counter stage to
transparent vertical ~cylinders containing pistons.
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FIG. 2. Fluidic mail singulator.

When the piston is down, the cylinder is in state O;
when it is up, the cylinder is in state 1. :

When counting mail in trays passing along a con-
veyor, the counter can transfer its binary output to a
card on the side of the moving tray that gives the
binary count of the number of pieces of mail in that
particular tray.

Fluidic mail singulator

To be faced, canceled, or sorted, letters must first be
separated from a stack and individually transported
to a work station. This process is commonly referred
to as singulation. The usual requirements for a singu-
lation system—that it be rapid, inexpensive, and as
maintenance-free as possible—are all met here; and
in addition wear on the letters is minimized.

Like the mail counter, the fluidic singulator uses
shop air and is designed so that in normal operation
all outlets exhaust to atmosphere to avoid system con-
tamination by ingested fibers from the letters.

As shown in Figure 2, the singulation system con-
sists of a letter-acceleration station, a letter position-
sensing station, and a horizontal guide on which the
letters are transported. The speed of each letter is ac-
celerated by horizontal air jets blowing between the
moving letter and a vertical wall. The entrainment of
the jets reduces the pressure between the letter and
the wall, thus drawing the letter toward the wall. At
the same time, a drag force exerted on the face of the
letter by the turbulent boundary of the air jets slides
the letter along the wall. The letter moves to a sensing
station where its leading edge turns off the first pair
of jets and turns on a second pair located downstream
from the first jets. The second pair of jets exhausts be-
tween the letter and the vertical wall, causing the let-

ter to accclerate.
The next letter in the stack remains in place until
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the trailing edge of the preceding letter moves beyond
the sensing station. Then the first set of air jets is ac-
tivated again, causing the second letter in the stack to
be singulated. This cyclic operation continues as the
letters, one by one, are transported along the hori-
zontal guide.

The logic controlling this operation is shown in
Figure 2. Air supplied to each of the propelling noz-
zles is obtained from the output of bistable amplifier
Al. One or more fluffing jets may be directed be-
tween the letter being singulated and the following
letters in the stack to reduce friction between the let-
ters and make sure that only one letter moves at a
time. This air flow may be directed from above,
below, or in front of the first letters in the stack.
When directed from the front, the fluffing jet not only
separates the letters but also causes a slight force on
them in a direction of motion of the letter being sin-
gulated. This helps to hold back letters not yet sched-
uled to be moved.

Biasing nozzle N, and sensing port N, are located
at a fixed distance downstream from propelling noz-
zles N2, at a fixed height above the horizontal guide,
and they exhaust across the direction of travel of the
letters. When a letter is at the sensing port, the biasing
jet from N, does not interact with sensing port N,.
Air introduced into the input of the aspirator at P,
flows unimpeded from N,, causing aspiration of fluid
from control port No. 1 of bistable amplifier A,.
When pressure is lowered sufficiently at control port
No. 1, amplifier is biased and the fluid issues from
output No. 1. At this point, if the sensing port is
clear, air from nozzle N, interacting with the output
of the aspirator at N, raises the pressure at control
port No. 1. This causes the amplifier to switch and
exhaust from output No. 2.

The output of sensing amplifier 4, is in turn am-
plified by intermediate amplifier 4,, which controls
the state of power amplifier 42. Thus, when amplifier
A, exhausts from output No. 2, amplifier A2 ex-
hausts through the first propelling nozzles (N1). The
first letter of the stack then accelerates under the in-
fluence of the force exerted on it from this nozzle.

When the leading edge of the letter reaches the
sensing station, the air jet from nozzle N, is unable to
interact with the jet from N, and the aspirator ex-
hausts through N, to atmospheric pressure. Pressure
at_control port No. 1, which switches amplifier 4, to
output No. 1, is lowered, and A1 switches from the
first propelling nozzles (N1) to the second (N2).

“The next letter in the stack remains stationary as

“the second propelling nozzle N2 continues accelerat-

ing the first letter—until the trailing edge of the first
letter passes the sensing station. At this time, amplifi-
er A, is once again switched to output No. 2 and am-
plifier A1 switches to the first singulating nozzle. The
next letter in the stack at once starts to accelerate.
This operating cycle continues as the letters _are
picked off one at a time and propelled along the hori-
zontal guide. O
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Product
Engineering

Post Office is beginning to enlist
technology for handling mail

The postal system has surprisingly
sophisticated equipment—but not
enough. Optical readers now handle
typed addresses, and it wouldn’t be
too difficult, says one expert, to
process all letter mail automatically

The happy side of last month’s paralyzing
walkout of postal workers is that the
strike brought to the front page what’s
long been %nown and longer ignored:
The Post Office is the most under-
engineered organization in the nation. In-
deed, Ben Franklin would feel right at
home at most of the 32,250 branches that
span the country today.

The reason is obvious. Postal service
has grown like Topsy, but postal author-
ities have failed to automate as the vol-
ume burgeoned. Until very recently, new
procedures have almost never been tried.
The typical approach to handling more
mail has been to hire more men to do
more of the same.

The increased labor cost resulting from
the recent settlement will make the need
for automation even more pressing. Right
now, postal revenues of nearly $6 billion
barely cover the wages of the system’s
720,000 employees. Congressional appro-
priations are necessary to cover building
costs, equipment buys, research, etc.
Postal fees would have to skyrocket to
cover all expenses.

Running to stand still. Fortunately,
the move to automation has’been acceler-
ating in the past 3 years; and if the Post
Office has its way, it will continue to gain
momentum in the future. Since the De-
partment has not kept pace with tech-
nology, officials are now finding they
must spend large amounts on devel-
opment projects just to catch up. This
year, the research and engineering budget
amounts to $60 million—-only 1% of the
Department’s total revenue, and not
much as big R & D budgets go, but that’s
more than 100 times what the Post Office
spent on research and engineering only a
few years ago.

As a practical matter, R & D in the
Post Office today is more “D” than “R.”
Says one postal researcher: “Just to catch
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up with the state of the art is a super-
human job. And besides, there’s no rea-
son to push technology for the kinds of
jobs we want to do.”

Some advanced equipment already.
Put simply, the postal research job is to
develop machines for moving the mail
quickly, reliably, and as cheaply as pos-
sible. Ideally, the mail would never be
handled by humans. The ideal, however,
is impossible even with today’s sophis-
ticated, optical character reader (OCR).
Ten OCRs—Model Ones, built by Philco-
Ford—are now in use throughout the
country, and the Post Office has 10 more
on order.

A. P. Hanes, chief of the Letter Mail
Processing Div. in the Bureau of Re-
search & Engineering, reports that only
75% of the mail fed into the OCRs is
readable. Unlike the standard in a manu-
facturing operation, however, a failure
rate of one in four is tolerable for mail
handling. When a letter is rejected, it’s
merely set aside for hand sorting, with no
appreciable time lost. Even with only 75%
success, the OCRs handle 8000 letters an
hour. They take the place of 12 human
sorters and pay for themselves in a little
more than a year. (Unlike some union-
ized employees in industry, postal work-
ers don’t seem to résist such dis-

placement, probably because of their

guaranteed job security.)

For outgoing mail, the OCRs read the
city/state/zip-code line, and they pro-
gram a delivery system to drop the letter
into one of 277 receptaclcs The reader is
connected to a ‘memory with 40,000 en-
tries, accounting for all possible spellings
and abbreviations of common addresses.
The reader compares what it sees with
the memory bank, and if it has read ei-
ther the address or the zip code com-
pletely, it earmarks the letter for the cor-
rect location.

The Model One can be less than 100%
successful if, for instance; it reads just the
state. The letter is then gent to a recep-
tacle that covers a somewhat broader
area. But the equipment is not sophis-
ticated enough to interpolate: It can’t rec-
ognize that “Bro-klyn,” for instance, is
Brooklyn, at least not in all cases.
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approach to processing mail isn't used.

Improvement sought. For mail com-
ing into a city, the OCRs read the street-
address line to make a similar sort. But
either way, the machines are used only
for “high quality” addresses such as those
that commercial customers print auto-
matically. Post Office officials would like
to develop an OCR to read and sort all
the way down to the individual carrier’s
route, but they’re pessimistic about their
chances, since, they say, the memory for
such a system would have to be larger
than what’s currently feasible.

But work is progressing on an ad-
vanced OCR that can read more than one
line of an address at a time. The new
models will be tested starting sometime
in the coming fiscal year.

So far, the Post Office has made no at-
tempt to sort general mail with optical
readers, and postal researchers don’t
think it’s feasible in the near future. But
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Semi-automatic sorting machines are the most common today.
Machines feed envelopes one by one—with help of swiveling
suction arm—to operator, who keypunches destination.

Special training is necessary to teach operator code.

experts in industry disagree. “Script-read-
ing machines are possible,” claims Jacob
Rabinow, a vice-president of Control
Data Corp. and a leading expert on op-
tical character readers. Rabinow is also
an authority on postal equipment. While
with the Bureau of Standards in the mid
’50s, he first proposed semiautomatic
sorting machines, which were later built
for the Post Office by the Burroughs
Corp. and are still in use today.

Rules needed. “After all,” Rabinow
explains, “to read envelope addresses, a
machine really only needs to recognize a
few words. Certainly it’s possible to de-
sign a machine that can read hand-writ-
ten numbers, at least.

“With a few simple rules, the Post Of-
fice can easily automate letter-handling
completely. The problem is that the de-
partment has been much too timid. Right
now, for instance, it’s studying the possi-
bility of using phosphorescent ink or two
colors in meter stamping machines, be-
cause the Department’s canceling ma-
chines can’t locate the light meter lines as
they can ordinary stamps. There’s no
need for anything like that if postal au-
thorities instructed the public to stick to
some basic procedures.”

Rabinow’s list of basic rules is sur-
prisingly limited. First, he says all enve-

lopes should be sealed—tucked-in flaps
should be done away with. Envelopes
should be light-colored with dark print-
ing, and practically any shape except
square. On the back of the envelope, the
upper right hand and lower left hand cor-

‘ners should be completely blank—the

mailer could write or print as much as he
liked everywhere else. On the front, the
stamp or meter mark should be in the up-
per right hand corner, the return address
at the upper left only. The forwarding ad-
dress, Rabinow says, can be put any-
where else.

It would help, he adds, if envelope
manufacturers settled on a few standard-
size envelopes, instead of the infinite va-
riety now offered. But other than that, he
claims nothing else would be necessary
for engineers to design all the equipment
the Post Office needed.

No zip code? Surprisingly, Rabinow
doesn’t stress the zip code. In fact, he be-
moans it. “I'm opposed to any postal
scheme that requires some action on the
part of the system’s 200 million custom-
ers, except for adhering to the few rules
I’ve mentioned. Besides, it’s easier for
OCRs to read words than numbers, for
handling mail at least, because of the re-
dundancy inherent in a word. A machine
can miss part of an address and still fig-

&

Canceling machines are fed envelopes in any orientation.
They locate stamps and discharge envelopes into four
different slots, covering all four possible orientations.

But they can't find postage marks affixed by office meters.

ure out what’s meant, but what can it do
when it misses just one number in a zip
code?”

Rabinow cites other inherent dis-
advantages of numbering systems. “The
Post Office has just about got the public
trained to use zip codes,” he explains,
“and it’s already discovered that five
digits ~aren’t enough. Zip codes can’t
break the mail down to the local street
addresses. So now the Department is
faced with the dilemma of either telling
all the bulk mailers to change their ad-
dress banks, or living with the short-
coming. I predict zip codes will even-
tually disappear.”

Rabinow argues that any mail that
doesn’t fit his guidelines should be con-
sidered a package, whether it is or isn’t.
The customer wouldn’t be forbidden to
violate the rules, but any mail that didn’t
fit the guidelines would obviously take
longer to reach its destination, and might
cost more as well.

Packages studied, too. Packages
amount to only about 1/60 of the .unit
volume of the Post Office, but in cube
volume—perhaps a more meaningful
measure—it accounts for almost half.

A prototype system for handling pack-
ages is now being built in Secaucus, N. J.
When it goes into operation in 1971, it
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Optical readers are surprisingly sophisticated, though probably not the most
advanced systems that can be designed today. Operator merely stacks envelopes
in feed bins in front of him. Reading head is around corner to his right. Gy
Automatically programmed conveyor is behind wall at far right of machine.

will be an elaborate semi-automatic agree on: The postal system should be

f model for handling an even flow of mail  better in the future. “Things are chang-
during a 16-hr. work day. The system ing” says Rabinow, “but traditions are
calls for an operator to read the address strong in the Post Office.”
and punch in a code that is fed to a com- But while the postal engineering staff
puter memory bank. He will then place doesn’t talk about it, Rabinow is quick to
the package on a conveyor belt, and the point out a critical turning point coming
machinery will automatically route it into. up: Much of the hope for postal modern-
the proper storage area for truck loading. ization rides on the Administration’s pro-
George Cavell, who heads the devel- posal for turning the Department into a
opment effort for nonletter mail han-  government-owned corporation, like the
dling, hopes eventually to develop an  Tennessee Valley Authority.
OCR “wand” that would read the tags on Currently, all modernization attempts
parcelpost bags automatically. must be authorized by Congress. The

The Department is also having RCA  processing time is painfully slow and the
study the possibility of using voice-ac- outcome too often tinged by a political
tuated machines, which would free the battle. A postal corporation would have
operator’s hands for loading only. (RCA  the power of quicker decisions on financ-
is heavily involved in voice-actuated sys-  ing development projects. It would also
tems and is currently studying one for be staffed by officials appointed on
NASA as well.) merit, not favoritism; and presumably

Here again, Rabinow disagrees with they could then serve for long enough pe-
the approach. “I recommended that they riods to plan and develop long-range im-
develop a machine to recognize special  provements.
sounds that could be taught to the oper- Furthermore, adds Rabinow, “The cor-
ator. It’s difficult for a machine to under-  poration could—and shoutd—have its own
stand English, but an operator could eas-  research laboratories, where it could do
ily learn, say, ten sounds in some much of the work itself.-It's a $7-billion
machine language corresponding to the business, yet its engineers do no more
digits.” than call shots from their desks—and

Momentum there, at least. One thing  that’s not engineering.” [1.21; 6.322; 11.6]
that Rabinow, Hanes, and' Cavell do A. J. Parisi; W. Hickman, Washington

-
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Paper close to oxygen
may have downed Apollo

Incredible though it was, astronauts
Lovell, Haise, and Swigert limped the
300,000-mi. circumlunar loop home in
their half-dead stack of spaceships, prov-
ing the extraordinary versatility and the
reliable redundancy of the Apollo equip-
ment. By the time they were picked up in
the Pacific, their life-saving lunar module
and the telltale service module had both
burned up in the atmosphere.

Overpressure. NASA officials say the
pressure in the oxygen tank that ruptured
rose from 935 psi to “over 1000 psi” be-
fore plummeting to 0 in less than 1 min.
During flight, the tank pressure is sup-
posed to be 900 * 35 psi. There’s a poppet
relief valve for each tank; they begin to
open at 983 psi and reach wide-open po-
sition at 1010 psi. The tanks are designed
to withstand a pressure of 1530 psi.

It’s conceivable that if the relief valve
for Tank 2 failed to open, the pressure
buildup might have ruptured the con-
tainer. But it is unlikely that a simple ex-
pansion—however rapid—could have ac-
complished the staggering damage the
astronauts saw after they jettisoned the
service module. An explosion—that is, a
combustion and shock wave—seems more
plausible.

Paper in fuel-cell bay. The question
is, what burned? The spherical oxygen
tanks have an inner shell slightly over 25
in. dia. (0.061 in. thick) and an outer shell
abouti26% in. dia. (only 0.020 in. thick).
The 1% in. between the two Inconel shells
is first evacuated, then filled with fiber-
glass insulation, aluminum foil—and pa-
per matting.

Possibly, a slight leak developed in the
inner shell, filling the gap with oxygen. If
this happened, the paper could have been
ignited by some kind of spark from the
tank heater.’A chain reaction would have
culminated in the “bang” the astronauts
heard.

Each tank is equipped with a heater
that maintains the pressure. There are
also fans to circulate the fluid, and sen-
sors to measure the pressure, tempera-
ture, and quantity. The tanks begin the
mission with 326 lb. of oxygen each. By
the time the mishap occurred, each had
about 250 1b. left.

Interestingly enough, an official with a
top contractor on Apollo 13 says that one
of the oxygen tanks “appears to have had
an abnormal amount of abuse.” He ex-
plained that the tank had been installed
in a previous spacecraft, then removed
and later installed in the Apollo 13 ser-
vice module. [1.211]
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‘WH?\' “research _and devel-

opment budgets had:to be
axed during the waning infla-
tion-riddled term *of  the John-

i 0

»

was tht of the 'Past Office De-
partment. Such favored treat-
ment testified to both the urgen-
cy and viability of the govern-
ment’s newest and fastest grow-
ing technical venture—the auto-
mation of the mails. A relatively
unpublicized affair overshad-
owed by lunar landings, ocean
habitats, and artificial hearts,
the drive to develop a first class
engineering and research capa-
bility within the postal system,
nevertheless, represents a radi-
cal innovation in the manage-
ment of the multibillion dollar

operation. It is giving rise toza =~

mushrooming source of oppor-
tunities for engineers, scienti_s
and businessmen and, in ma
ways, poses a challenge tot
Nation’s technology. :
Behind the research thrust.:of

course, is a widespread concern. ¢

Sack handling and sorting, often done manually, poses a weighty problem. Here, an FMC prototype
system, installed at Oakland, California, automatically transports, sorts, stores, and dispenses sacked
mail and parcels at a rate of 2,000 items per hour.
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Mail
Factories

As oNE of its final acts, the

1 o MOdQ'GH mail | factory outgoing Johnson Adminis-

! L;]"' ’ ‘exterior,‘:iﬁgove, and
| linterior, below

tration recommended a
change in the construction
of post offices away from
the public monument style
located in congested center
cities to a “"more appropri-
ate” single design built ad
jacent to arterial highways
in outlying areas. These

i

“mail factories” would be
constructed so that future
mail growth would not re-
quire a new building, but
only an extension on land
already set aside. Under the
concept, the buildings would
all be constructed from a
master set of plans—one de
signed for warm climates,
another for cold. Each fa
cade would be varied to
meet esthetic wishes of In
dividual communities, but
the basic inner-box com
prising the work area would

always be identical

; r

"Eighf-posi'ion letter sorting machine from
Improperly coded letters are

dropped automatically into a reject bin.

A parcel-sorting system, wholly controlled by computer, is
being built by the Jervis B. Webb Co. for the new Boston Burroughs.

postal complex scheduled for completion in 1971, Instruc-
tions are fed to the computer by an operator who punches
the zip code of each parcel into a keyboard terminal. A
central control unit, developed by Milgo Electronic Corp.,
then routes the parcels to destination bins on conveyors.

March 20, 1969" 3% puk® 144 s ¢ Audadll




over the wretched condition of
the nation’s postal complex,
which has led to deteriorating
mail service, rising postage
rates, and mounting deficits. A
thorough study by the Presi-
dent’s Commission on Postal
Organization judged the postal
system to be in ‘“serious trou-
ble” because of ‘“decades of low
priorities assigned to its mod-
ernization and management
needs.” “Bring back the pony ex-
press!” is how the New York
Times whimsically summed it up
in a recent headline.

Just how badly the neglect
has been is reflected in an R&D
budget that, for all of its re-
cent growth, is still less than
19, of postal revenues. Capi-
tal investment expenditure
amounts to a meager $1,145 of
net fixed assets per employee.
(The latter figure may be com-
pared to $151,710 for power
utilities, $25,053 for transporta-
tion, $7,170 for manufacturing,
and even $2,836 for merchandis-
ing.) Understandably, postal
productivity has gone up only
a negligible 2.5% over the past
ten years at the same time the
private sector increase has av-
eraged 34%. Since mail volume
was climbing 50% to 90 billion
pieces during the same time
span, more and more people had
to be hired to process the in-
creasing workload, until now
the postal labor force numbers
720,000. The average salary,
meanwhile, has risen 56%. In
what has thus become an extra-
ordinary labor intensive opera-
tion, personnel costs come to
809% of the total postal budget.
Without adequate automation,
deficits and postal rates are now
not only likely to soar further,
as the extrapolation of trends
suggests, but also the postal sys-
tem threatens to break down en-
tirely as occurred in Chicago
two years ago.

A serious constraint that se-
verely taxes the postal operation
is, like other public utilities, the

March 20, 1969

Letter sorter, from FMC
Washmfg’ton, b e,

THE cLAssic post office setting of
a clerk perched on a stool stuffing
mail into a bank of pigeon holes is
being altered by high-speed sorting
machines. Letters, carried auto-
matically by conveyor, are passed
_in 1rm o@tramed operators, who
instructions into a ter-

according to sort schemes
itte memen VE g

which occur seasonally

ticularly, at the énd

business day. Also, the raw mail
contains items of greatly vary-
ing sizes, weights, thicknesses,
enclosures, and address legibil-
ity, all of yvhxch strain both men

letter .

|s benrlg tested at the Postal Laboratory in

NW? il..‘ , s !'“

Operator removes sorted letter from the pockets of the machine.

Speeding the Sort

277 destination bins. Light indica-
tors and audible alarms alert work-
ers stationed in the rear of the
machines when a bin is nearly full.
When interfaced with optical char-
acter readers, as many as 12 key-
board operators can be replaced.

the year's end,” 178 of Bur-

1 i
~:‘ “mghs machines are to be in-

_stalled in 71 cities; another design
by FMC is undergoing trials.

and machines alike, especially
the machines. Thus, what other-

|| wise might be an ordinary fac-

tory-like function, the process-
ing of mail becomes a highly
sophisticated materials- handling
problem that entails culling, fac-
ing, canceling, address reading,

23
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«Automatic Address Reading

S0 CRITICAL has been the need for automatic address
! reader; that Post Office-sr n the field
qﬂ},‘gﬁ)back to 1954. The new Bureau has even created
a distinct unit to mon its burgeoning programs in
optical-character res: 2. As in 1954, the
remains to aid the processing of letter mail
{1l Though still considered experim
erbnihQ‘readers have been installed and
onsline: IR the most sophi
réader is! linked to autc
Ealch mail piece is sca
addréss '‘block. Relevant
fed to a
g0 'its appropriate bin via a conveyor system

Bécause of limitations on first generation equipment,
thg ‘nuaﬂ processed by OCR bear address im-
pressions of high quality. Preselected mail, therefore,
Effective mail sorting requires the filtering out!of fefsersl, || has to be used; this consists of carefully-chosen, first-
that can not be read by optical sconnets»xﬁub?éyorwr,m i C!I!_‘BS)“W;Igterga mail from high-volume mailers. Unfor
above, did not work out too well, so mpr'e. éficferﬁ [l ! tunal etl ,\spch OCR-compatible mail accounts for only
signs are being sought. The character réad t, below, pfuaflei) i Mm.o.owr' i .f)f UV e
mqkes possible. mail sorting anid il of 134 00\ kel m nt‘xs eing comm(-cl( to ‘“‘out going' mail vgherg the

g9 _ © IOr e, PieCes i1 machine need only locate and read the last line in an

pgr hr. It reads city, state and zip code,»fk\kﬂﬂends fhe\}llf ? dddress)lile., the zip code and/or city-state. OCR procs
piece of mail to one of 275 bins. LR ' éssing of “incoming” mail, which is inherently more
difficult, entails locating the middle line of an address
block and interpreting more varied and complex street
designations.

To overcome these inadequacies and others, the
Post Office is seeking an improved version of its cur-
rent. . reader and advanced designs that will have a ca-
pability to handle degraded print, interference mark
ings, poor address formats, a greater range of print
sizes, and various color and patterned envelopes. In
its quest, the Bureau is investigating a myriad of tech-
nologies:

e Electro-optical and all-optical techniques for scan-
ning.

e Laser, as well as ordinary light, in the optical scan-
ning systems.

e Digital and analog m(ins for making logic de-
cisions. .

e Adaptive and non-adaptive processes for charac-
ter recognition.

main thrust

nine first-gen
are oper
installations
sorter
OCR to
is extracted
the

locate the

ton and

Y

3
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computer/directory which routes letter

5

AN

must

o
W

0

sorting, sweeping and tying,
sacking, and dispatching. An
additional headache is that post-
al schedules must be matched
to .the arrivals and departures
of common carriers.

Even in those facilities, how-
ever, where the latest technol-

ogy is used, the effects are not

always salutary. Postmaster
General W. Marvin Watson,
who served under President
Johnson, was stunned by 2
study that showed a highly
mechanized post office to have
lower productivity than one
“from the horse and buggy era.”
He blamed the poor showing on

24

sten egration in
deploying postal hardware. In-
‘dividual machines, 'he observed,
lare requently operated “in iso-
lation as islands of mechaniza-

tion.”, A hu nan to,load, tote,
nd ‘nload 4:3;\*64 gsboiﬂé inter-
ﬂ face] between the sundry mech-
nized stations.
s -“a;‘ Ay ‘

| RO i [y

; Itid{vas'ﬂfthfﬂ‘.‘totﬁl*i’flack of tra-
dition by the Post Officeiin sys-
tems engineering, industrial en-
gineering, human factors, and
R&D that prompted the Presi-

dent’s Postal Commission to

conclude: “The depressed state
of postal productivity reflects
not the performance of individ-
ual workers but the primitive
state of postal technology.” It
observed that the productivity
of major postal facilities could
be advanced by as much as 50%
through the use of such tech-

il

niques as process control, scien-

tific plant layout, worker train- 4

ing, improved production proc.
esses and mechanization, = af
used in conjunction with W ARy
overall systems approach. X
Not everyone believes that

beefed up R&D and automation=§

program alone will alleviate the
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No one likes to receive anonymous
letters, but in many cases we can
understand why some people who
correspond with this column would
rather not have their names printed. We
promised the author of the following
letter, and any future people who
request such treatment, to divulge
nothing but their opinions.

Your March 20 issue had an article
describing a current problem that has
been -misdirected—the mechanization
of mail processing. The concept upon
which the system is based has been
selected by a theoretician who has lost
contact with reality. The theoretician

made the mistake Jocob Bernoulli

described in ‘‘Arts Conjectandi”
published in 1715. In the discussion
- that forms the basis for the develop-
ment of statistics, Bernoulli divided
problems of prediction into two
different types—ones like predicting
the weather where the outcome is
controlled ,by the forces of nature or
the will of man.

The basic error made in establishing
the proposed mail system was in
basing it on the ZIP code. This

assumes that the problem is one like a |

game of throwing dice where all of the
possibilities and probabilities are
known. But the problem is like pre-
dicting the weather—all of the possi-
bilities and probabilities are not
known. The system assumes that all
mail will contain the correct ZIP code
and that the necessary optical reader
can be successfully developed. The
article states that there were no
problems where pressure could be
applied to-the addresser to conform
with the assumptions—high volume
_addressers had to conform but the
cooperatron of individuals was. no
assuretd. Even then, the lack of an
effective optical reader made the
operation possible only with outgoing
mail.

Rather than design a new sorting
system that is based on non-standard
sizes and on location designators that
all people understand and are familiar
with, the original system designer
made his job easy by establishing an
arbitrary system.

The original design concept, then,
set up conditions that produced a net

52

1 who_designed: the, system
made mdreh xcult the. '!ﬁbkg of all
thoSb‘ ;the
Ofﬁce Department on PO Notrce 42
(September, 1967) grves this advice
“for thekmj ‘ wdu; Wrrte 'to most
often "} BN, 114

Check the retum addresses on
your mall andlrecorrd the: ZlPs in your
addre |
.Ikhe Natronal ConfDirectory
in’ the pbst

3! Fm""ur aﬁd frbill *séebral ZIP
Locater Cards ‘available at your post
office i e it bt Lol
4. Call the pogd Selhf

The error in logrc made with' the
present systemis the,same one that
had toibelc VH‘W&M B fﬂhﬁ mit
ﬂrghtwrman always tried to imitate
the, &rh, a e Wnﬁht hrothers got
around; this iobstacle: The  Post Office
Depar vrﬁ §| error; %isﬂmfulrymg to
develop a systim based ‘on a machine
that/ acts like a craftsman. The indus-
trial revolution was accomplished by
substituting 'an ‘assembly line for the
craftsman—the high skill in one person
was réplaced by adding the lesser skills
of a larger number of people. The
development of the mspcc.tmn
function, was the way the craftsman’s
pride in workmanship was added to
the product.

Lest this be considered as an excuse
for {hel theoretician, a second example
involves' the basic 200-year-old mail
system and the theoretician’s panacea
for all problems—the computer. The
computer functions in the same
manner'as an assembly line—its out-
puts are produced by performing a
large number of simple operations in

S he lheoretrcmn sees the

who perform

“dream system” thag hdo the job in
a socially constructive y is'a “dis-
assembly line” where the logic
elements are trained ‘Workefs  per-
forming simple tasks in series! The key
to the success of the ‘“‘disassembly

line” is that the human workers are
able to perform the function of direct
reading.

Despite all of the publicity to the
contrary, the ZIP system is not func-
tioning in the advertised manner. The
efforts to mechanize the process, as
your article indicated, have reduced
the effectiveness of it down to a level
below that which is possible manually
This was determined experimentally as
the result of a problem with my mail
The ZIP system makes it possible
i$ amazing-to train people for a “dis
assembly line” operation. The Post
Office Public Relations man who
visited my home said that,
any new employee can sort incoming
mail —the craftsman operation is
reduced to a simple operation that can
be performed by a person with little
training. When (and if), by association
with the ZIP code numbers, he learns

this

using 1,

the associated location designators, he

can graduate to the higher level task of
sorting the mail that is not ZIP coded.
Any well-educated person, then,
would not have tried to automate the
mail by means of the ZIP code. Any
person who had any experience would
know that the feasibility of the
mated system was questionable on
technical and economic grounds

auto-

Name Withheld by Request

“Do something, cried the editorial in
the May 15 issue. Do something about
the slow destruction of air, water, and
land, and our crumbling cities and
society. Most scientists do their part, it
went on, but engineers and their sock
eties tend to run off and hide. Of the
people who reacted to the accusation,
the following two letters are typical,
and state that a whole new organi-

Wzation or society needs to be created.

After reading your editorial in the May
15 issue, my faith in the engineenng
profession as a social force was re-
juvenated. But, sir, it also left me quite
perplexed. I do not accept your grand-
sounding idiom, “‘technological back-
lash.” because it's true and effective
meaning is obscured by jargonism in
much the same way as gobbledegook
obscures official government litera-

&

ture. 5
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Government electronics

Computers replace clerks
in parcel post prototype

Keeping manpower down while
providing more service is a tricky
task—but it’s what the reorganized
U.S. Postal Service was chartered
to do. To pull it off, the service
is eyeing computer-controlled, self-
service stations that will eliminate
the need for window clerks to han-
dle parcel post at new locations.
Field tests of prototype hard-
ware, which Design and Develop-
ment Inc. of Cleveland built under
a $325,000 contract, are scheduled
to begin in November, says Thomas
Lanyi, the program manager for
the parcel post mailing facility. If
they support the claim that the pro-
gram will pay for itself in five years,
postal engineers will next attempt
to simplify the machine to reduce
its cost and only then tugd to in-
dustry for production. Ulfmately,
he adds, “a very large market for
_the units could result.”
“2" " To use the prototype, the  cus-
“: tomer places his package on a
:built-in scale and punches in the
- parcel post code of the package’s
- destination. The postage required
is then displayed on cold cathode
readout tubes and the customer
inserts either coins or bills into
the machine. A printer developed
especially for this application then
prints three copies: one for postal

f\ arecords, another that serves as the

= eustomer’s receipt, and a third that
" is affixed to the package as postage.
«" Postal rates are stored in one
"% ‘quarter of a custom-built com-
 puter’s 4,096 words of 16-bit core.
" “Lanyi says that speciaf postal
restraints required a custom ma-
chine. One was that postal rates
are nonlinear and could not be cal-
culated with each use, so that spe-
cial features had to be added for
efficient table look-up. The other
restraint was that rates change
about once or twice a year. Since
postal workers are at best semi-
skilled repairmen, the unit had to
be easily reprogramed with avail-
able manpower. This was achieved

42

by adding mechamcal sw,xtches that
change 'the values of the' rates
stored in memory.

Lanyl notes, that the prototype is
a “Cadillac” unit that will have to
be simplified if it is to be widely
used. But reducing unit cost—at
present $40,000 in small! u
—will 'be easy, ‘he feels I)
thing, the Desngn and De%vel ment
machine/offers seven' prs of spe-
cial serlece including the _capacity
to handle special delivery mail.
Chances are| good tha the: ma-
chine’s ' co8t  ‘can/ be"I ered by
dropping some of these little used
services. The use of newer (tech-
nology, such..as MOS foi‘ é .com-
puter’s ld”dg dircuits| 4d Srogram-
able read- memones for storing
rates, shoul 5o, reduce its, cost.
F mally, Lans’l says, the 5-mega-
hertz computer has excess capacity
to sharel Ifjeach computer were
time-shared between a number of
stations, the unit cost of the stations
would drop sharply.

Medical electronics

A digital advance
in patient monitoring

Changes have come slowly to pa-
tient mbmtormg systems. But this
month 2 system is being introduced

in similar ]ayouts as many as 50
leads come out of a single console.

At the central station the mini-
computer reduces the data, does
trend analysis, and looks for the
lrregu]ar heartbeats called arryth-
mias. It can also control instru-

, ments or send information back to

a physician at bedside. “The cen-
tral station has the‘capacity for con-
trolling as many as four activities
at each of the bedside units,” says
Abbott Medical president Elliott
Farmsworth.

Instrumentatlon

Computer system
tests, matches diodes

When diode maker KEV Electronics
Corp. found that it couldn’t check
out its products with commercial
production test equipment, it de-
veloped its own. Now the equip-
ment, which tests the devices at
operating frequencies instead of at
dc or kilohertz, will be marketed.

KEV, in Wilmington, Mass.,
makes ion-implanted voltage vari-
able capacitors for electronic tun-
ing of TV and fm receivers. A major
problem is selecting the three or
more diodes needed for a tuner so
that their capacitance changes
match as tuning voltage varies.
According to Jerome L. Hartke,

technical director for device devel-

Laboratories, | and

firm, SCI Systems Inc. t, ;
The system. ﬁ"ubﬂt;pleﬁas altol reduce
cables, and has'a n’umcomputer to
process data and control bedside
eqmpment In adetlom x‘.heJ Sys-
tem’s modlﬁz stic chassis

to reduce ‘$hock WL
In layo ctiew bot f\j\&; re-

sembles older' units. ‘At Ehéh Bed

is a console cont

for taking cardiograms

ing and displaying b T

and other physxolbgnc&l pm'ame‘térs

Signals from all the consoles in a

ward are fed back to a central sta-

tion along a single pair of wires,

thanks to the fact that each console

multiplexes its outputs. Normally,

opment, KEV’s diodes have tightly
controlled capacitance versus volt-
age curves, and are sorted into only
10 categories instead of the 1,000
typical for conventional double-
diffused or epitaxial diodes. Never-
theless, they do have to be matched
before shipment, so KEV put to-
gether its computer-operated sys-
tem which is now matching diodes
in pilot production lots.

KEV feels the system should in-
terest other diode makers, too, but
would rather make diodes than test
equipment. So it developed the
tester with Digital Equipment
Corp.—partly because Hartke lives
across the street from Roger Pyle,
manager of DEC’s custom software
group. KEV makes the rf test head
and analog circuitry, which DEC
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Reorganization act will free management and R&D ‘fu?'ri&i"h"dfirci)f'n political

Postal automatidn
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outlook brightens

bl 0l Al

By Jim Hardcastle, washington bureau

The struggle to convert the Post
Office Department into a public
corporation took 12 years, and it
will take at least as long again to
change the deficit-ridden, $8 billion
giant into an efficient, self-sustain-
ing operation, predict officials of
the new U.S. Postal Service. The
process will make the service a big
market for electronics companies,
since it will take a lot of money
i.. to develop and build the automated
“ equipment necessary to handle the
' nation’s mail. But it won’t happen
overnight.

A relatively limited research and
development budget rules out a
technological revolution in the
Postal Service. But Harold Faught,
the former Westinghouse Nuclear
Rocket Program manager who
‘#=Heads the Bureau of Research and
~Engineering, believes the outlook
for automating the system is bright.
i+ Outlays for Postal R&D in fiscal

. 1971 will remain essentially un-
changed at $63 million. But as the
system becomes self-sustaining, he
feels the percentage of R&D will
more nearly resemble private in-
dustry’s—about 3% of sales. Based
~ on a total budget of $8 billion,
i postal R&D could eventually reach
¢ $240 million a year. The largest ex-
penditures will go for optical char-
acter readers and computers.

Meanwhile, Faught says, the
service will be able to use some of
its $10-billion borrowing authority
to develop and acquire automation
systems. And because the service
. has lagged in developing new ma-
' chinery,” opportunities for savings
" 'are. plentiful. Programs already in
“the planning stages should save
$1.9 billion a year by 1975 by cut-
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interference, spurring outlays for imbléﬁiér’ﬂvéﬁon Bf’ipéW‘systems

‘ ' i} i\‘\l B

{14 Wil i}
ting costs in major postal denters,
Faught claims: (ki i gk

Broader R&D, programs 'may well
be launched following complétion
of major systems studies the Postal
Service ‘iﬁ‘f'g&%&r&ihgi!f&’ dustry:
Faught wam%, however, ' that the
Postal Service right now is more
interested in applying ;e'xiMﬂg’téch-
nological knowledge than in/devel:
oping new technology. '|

The program with by far, the
most significance for the electronics
industry is {code ‘mail,”;.]w#ﬁcmﬁses
computers’ an ;{bptit'ai.‘@ﬁaracter
readers to'sort letters. It began in
Cincinnati in 1968 with a $5 million
effort to develop an advance letter
handling téstbed. Eventually, the
techniques' developed there are ex-
pected to be applied in the 110
largest post offices, which handle
70% of the nation’s mail.

In the Cincinatti system, which
was assembled by LTV Electrosys-
tems Inc., letters are fed into a
drum located at a coding station
and rotated before a clerk at the
rate of 60 a minute. The clerk ex-
tracts the portions of the addresses
needed for the code, typing the
code on a keyboard. A Xerox Data
Systems Sigma 2 computer then
searches a disk file, matches the
code with addresses stored in mem-
ory, and automatically prints a
series of bars on the back of the
envelope. These identify the zip
code, house number and street.

Next, the letter passes to a con- - .
veyor where the bars are read-

by a simple optical code reader.
Then the code is fed to the com-
puter, which runs a mechanical
sorting machine that puts the letter
in the appropriate bin. At present,

L
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the machine breaks down the mail
by carrier route, but the computer
could be programed for sorting in-
dividual routes to match the order
of delivery. Thus, Faught says,
code mail may someday eliminate
the 1.5 hours a day that the Postal .2 ¢
Service’s 200,000 letter carriers -’;
now spend sorting mail by route.
Code mail offers further advan-
tages, he notes. Because the com-
puter’s memory allocates bar codes,
the coding station operator needn’t
remember which of 150 to 200 bins
a letter should be placed in. ., -~
Such a system should encourage
large mailers, such as publishefga*
and credit card companies to invests
in. equipment that could imprint

Approved. Supervisor authorizes
employee overtime by inserting both
the employee’s badge and his own
info transactor.
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bar codes on all their mail, Fought
believes. For their investment,
these mailers would get better ser-
vice and probably a cost rebate.

In addition, the bar code system
leaves room for the advances in
optical character recognition equip-
ment that are expected to revolu-
tionize mail handling. Abraham
Tersoff, an engineer who heads the
Postal Service’s OCR efforts, says
that his goal within the next five
years is to develop equipment cap-
able of reading at least 50% of the
mail. Such readers could scan all
mail coming into the sorting sys-
tem, and also assign bar codes.

To date, some $20 million has
been spent on OCR development,
an amount Tersoff says is justified
because of the demanding nature
of the postal mail service.

Automation equipment, however,
is not the postal service’s only re-
quirement. It also needs improved
systems to keep track of the flow
of the mail and keep tabs on its
750,000 employees. Thus, it has
spent  $50 million to date for its
Postal Source Data System.

In the system, more than 10,-
000 input devices—mostly employee
badge readers and transactors
which input payroll and labor dis-
tribution data, plus scales that
monitor the flow of mail through
postal facilities—feed data concen-
trators at each main post office.
Leased voice-grade lines then lead
to four dual Control Data Corp.
1700 computers that edit, format,
and further compress the data for
processing by dual CDC 3300 com-
puters at data processing centers
in Wilkes Barre, Pa. and St. Louis.

The system’s critics charge that
the setup is underused and overly
expensive. Only 20% of the com-
puter’s capacity is employed, and
115,000 miles of leased lines cost
$2 million a year—facts expected
to draw fire in a forthcoming Gen-
eral Accounting Office report.

Industry and labor also have
their reservations, although their
complaints follow entirely different
lines. One industry source says the
machine could do much more than
payroll processing, which he says
is its main task: For example, it
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No organization plan by, itself can guarantee that the Postal Service
can either develop or use; automated equipment, but Harold F. F aught,
-the; former Westinghousel Nuclear Rocket Manager who heads the Postal
Service’s Bureau of Research and Engineering, says that reorganization
should step up the pace of electronics rap for two reasons:
| First, he says, {theireorganization of the Post Office will end political
interference in appointments of top postal research managers and will
]e‘vefl‘g‘oqt‘ the cyt;]icdl r'nﬁ)tdre"of the postal research and development
bq?ﬁ H,"Ml:h,mqs‘td.‘tppj{iqanagem being replaced every two years and
the rap'budget fluctuating wildly, he notes, there was a “very disruptive
influence on engineering programs where you're trying to do things over
a five-year period.” . 0
tﬂdhl]ﬁiﬁw J‘it"is“ﬂfé‘&mtonomy granted by the reorganization act.
Congress willl appropriaté 107 or less of the budget through 1979;
the remainder will come out of revenues and its $10 billion bonding
‘authoriz‘ationﬂ’ This new) management freedom will permit the Postal
a
)

S?ﬁ?\‘;ﬁ > It ’oc‘.;'até,w its'g?{c 1 funds on the basis of projected benefits,
rath n on what is left in Fh‘e Federal budget, Faught says. The same
autononty will be uSed!| to upgrade salaries so that the Postal Service
“can- hir ﬂhfhg{l?est ‘engineering talent.

( R T TiH5E A TS

System manager Anderson, how-
ever, is not particularly worried
about the criticisms of the data
system. Already, he notes, the sys-
tem has surpassed manual report-
ing in both accuracy and timeli-
ness. And while he concedes that it
is greatly under-utilized, he views
the excess capacity as just another
opportunity to put more applica-
tions on line.

gl
coufd?ﬁiwl‘ 'seéiﬂfgf xﬁévsﬁaﬁ accounts
payab ea gigé%‘?i\lﬁble and general
ledger accbunﬁ'ngé U
Labor, on the other hand, fears
the ;ﬁﬁ@é f’é‘%ot’éﬁh ﬁf(% ﬁ{gﬁﬁor-
ing an| individual’s. efforts. “It’s
what' we call ‘a_clock watching
systéi'ﬂ?,ﬂig%ysf D’a"v‘r Si}vergleid,
president of -fuﬂw,q Jational Postal
Union wh ;Préi)r’{eﬁeﬂfs‘ about 80,-

000 pb‘siﬂlqé]eﬂ{s'.‘ R B A

S

Coded. After "bddél:h‘i&"l’a'$syll§fem in'Cincinnati removes mail that can’t be
sor’rec.hb){ hiné;ﬁ{p S ééothbr letters to computer-assisted stations where
they get “:ﬁccddes‘; en m ail goes tolan optical card reader where the code is
entered infoja co'%pufe'

| *M‘ M

‘ ‘}fglmibﬂ\é sorter where to put each letter.
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Focal points

Automatic letter sorting to ease the postal load?
It may be with us someday but not for quite a while

After listening to a number of tech-
nical papers and speaker comments at a
recent symposium on artificial pattern
recognition, one could only come away
with the conclusion that pattern recog-
nition is still among the most amateur
of technical fields. The symposium,
which was sponsored jointly by the
U.S. Post Office Department, the
National Security Industrial Associa-
tion, and the IEEE Systems Science and

~ Cybernetics Group, and was held in

Washington, D.C., on May 6 prior to
the start of the International Conference
on Artificial Intelligence, brought out
the fact that there is much controversy
among adherents of various pattern-
recognition techniques; and although
many methods have enjoyed limited
success, no one way has proved op-
timum.

Discussions at the symposium were
limited to work being carried out under
the direction of the Post Office’s Bureau
of Research and Engineering. According
to Paul G. Hendrickson, Acting Assis-
tant Postmaster General, the Post Office
has been engaged in automatic address
reading research since 1954. This work
has been referred to as optical character
recognition (OCR).

For the researchers, their efforts fall
mainly into two categories: the develop-
ment of techniques and a system for
reading handwritten script; and the
improvement of an existing system for
reading machine lettering, as well as the
development of a new OCR for machine-
imprinted letters.

Perhaps the biggest stumbling block
in the path of automatic letter sorting is
how best to read script—and some 50
percent of the addresses on letters and
packages are in handwritten script.
Some people write large and loose;
others write small and tight. Some
people use capitals; others use a com-
bination of upper- and lower-case letters.

8

Add this to the many styles of shaping
the address block and you begin to get
a hint of the magnitude of the problem.

An ideal character-recognition tech-
nique is one that is orientation-free and
able to read any type of lettering,
machine or handwritten; is insensitive to
degradation of any kind; has relatively
simple logic to keep costs down; and
has a low error rate. Current techniques,
however, are orientatian dependent.
That is, they require that the address
block maintain a certain format. They
are also extremely sensitive to degrada-
tion, and multifont capability has been
a real problem. To implement any of the
existing techniques, a complex logic
system is required.

During the meeting, several pattern-
recognition techniques, such as the
“feature extraction method” and the
“nearest neighbor classifier,” were brief-
ly discussed. In commenting on them,
Dr. Laveen Kanal, senior staff scientist,
Philco-Ford Corporation, and chairman
of the meeting’s morning session, said he
felt that of all the methods described
the technique using Fisher determinants
seemed to outperform all others. He
questioned the validity of reading in-
dividual characters, pointing out that
“instead of reading characters and put-
ting them together, we should emphasize
reading blocks and splitting off where
needed into separate characters.” He
went on to say that he felt that any
attempt to identify characters by curve
following, orthogonal- expansions, etc.,
is not relevant.

Relevant or not, it appears that this is
the direction in which the majority of
recognition research is headed.

About the only piece of hardware
capable of reading script (numbers) has
been developed by Philco-Ford. It uses a
flying-spot scanner to locate hand-
written Zip codes. A combination of
feature extraction and storage logic

.
-

is used with a computer-aided decision
process to recognize characters. Under

_laboratory conditions, this OCR has

been able to recognize the last two
digits of the Zip code about 70 percent
of the time; the first three digits about
61 to 63 percent of the time; and all five
digits about 47 to 54 percent of the
time. Although the machine is still in
the early stages of its development,
there already appears to be some ques-
tion as to whether it will ever be installed
in Post Offices.

What about those letters whose ad-
dresses have been machine imprinted ?
The Post Office does have a reader—
sorter capable of reading such addresses,
although not very well. According to the
Post Office’s own figures, the present
OCR reads only about 25 percent of
machine-imprinted addresses. And only
by preidentifying ‘“good” mail (ad-
drésses) with special tags can an accept
rate of 75 to 80 percent be achieved. An
improved version of the OCR will soon
be introduced; however, it will only
increase sorting capability to about
35 percent whereas a future Mk 1II
reader—sorter is expected to increase the
sort rate to about 50 percent.

The reasons for this apparently poor
performance are obvious. The OCR is
sensitive to fonts, misspelled words, tic
marks, degraded print, pattern back-
grounds, orientation, irregular indenta-
tion, spacing, and so on. In other words,
it is sensitive to the same problem areas
as the numeric script reader. Automatic
reader—sorters for machine-imprinted
addresses are used in about eight cities
across the U.S.: Detroit, Houston,
Boston, and New York among others.

As far as the Post Office is concerned,
all of the work now being carried on is
futuristic. That is, the OCRs now
under development are being designed
to work with the expected mail mixes
five or ten years from now though they
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must also be compatible with the
present-day mix,

And still the price of a postage stamp
continues to climb. It is evident that
charges will level out only when the
Post Office Department becomes more
cost effective. Postal officials hope that
OCR machines can cut costs by almost
eliminating manual mail handling and
reducing “time in transit”’ to a minimum.
But also needed is closer cooperation
between the Post Office and industry,
and the consumer. Standardization of
envelopes and the adoption of a uniform
font for machine-imprinted mail would
help. Congress could help too by provid-
ing incentives, such as a reduction in
postal charges for mail conforming to a
specified standard.

Among the companies and universities
researching the problems of pattern
recognition for the Post Office are the
Philco-Ford Corporation, Control Data
Corporation, IBM Corporation, Bur-
roughs Corporation, Recognition Equip-
ment Inc., Radio Corporation of
America, Cornell Aeronautical Labora-
tory, Inc., Battelle Memorial Institute,
and the Rensselaer Polytechnic Institute.

Apollo 10 module carried
color TV and ‘mini’ monitor

A color television camera that weighs
less than 7 kg (15 pounds) and a “mini”
monitor—a television set with a screen
smaller than a credit card—were part
of the equipment carried by the Apollo
10 astronauts on their mission to the
moon in May. The equipment was
built for them by the Westinghouse
Electric Corporation. '

THIS TINY television monitor was used by
the Apollo 10 astronauts in focusing their
color television camera during their mis-
sion to the moon. Carried inside the
command module, it enabled astronauts
to see in black and white the exact pic-
tures that were transmitted by the camera
back to the earth.

U —
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Focal points

The camera is about 43 c¢m long, in-
cluding a variable-focus “zoom” lens.
It was designed to be carried aboard the
three-man Apollo 10 command module
and is the first color television camera
designed for use aboard a manned
spacecraft. The use of a zoom lens and
a television monitor aboard a manned
spacecraft are algo space “firsts.”

The lens has a variable focal length
ranging from 12.5 to 75 mm and
provides a diagonal field of view variable
from 54 to nine degrees respectively.
There is a range of aperture stops from
f2.2 to f22 for operation in the expected
light levels and a focus range to infinity.

The little television monitor, which
weighs less than 2 kg, has a black-and-
white viewing screen that shows the
astronaut using the camera the exact
scene that is being transmitted back to
earth.

The color camera uses an imaging
tube called an SEC (secondary electron
conduction) imaging tube that can
produce an image at very low light
levels. The tube is the same type that
was “used in the lunar camera flown
on Apollo 9 and is scheduled to be used
on the moon’s surface during the Apollo
11 flight. However, a significant addition
to the camera is a rotating color wheel
with red, blue, and green filters arranged
so that the filters pass in front of the
imaging tube. The wheel spins at 600
revolutions . per minute and is divided
into six sections so that the sequence of
color filters as they pass in front of the
tube during one revolution is red, blue
and green, red, blue and green. Separate
red, blue, and green images are trans-
mitted to earth receiving stations where
they are combined to produce a single
live color picture. The conversion equip-
ment produces images at the rate of 30
frames per second compatible with the
standard rate for commercial television.

The “mini”> monitor on the spacecraft
receives its power and video signal
through a cable connected directly to
the camera. The monitor requires about
three watts of power.

List of radio museums
may interest traveling readers

Bruce Kelley, secretary of the An-
tique Wireless Association, has assem-
bled a list of radio musgums in various
parts of the United States. This list,
which is reproduced here, is by no
means exhaustive, but it does indicate a
number of interesting and well-organized
exhibits, both public and private. It
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Recycling
Programmens

For process control, photocopy-
ing, vending machines, control
timing, automatic system con-
trol, electroplating, injection
molding and alarm timing.

'|SEALECTROSWITCH"

These economical programmers fea-
ture a 60-position programmable
;memory drum which rotates at syn-
thronous motor speeds providing high
timing accuracy and program repeat-
ability. Sliding contact actuators
permit program changes in seconds
while a drum position indicator greatly
simplifies program set-up. Contact
‘ratings are 15 amperes, 115 VAC
resistive or 6 amperes, inductive.
Working on a system requiring an in-
expensive, highly accurate method
of programming or control? Sealectro
has the Sealectroswitch that will
work for you. Complete catalog in-
formation yours for the writing.

O
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SEALECTRO| ®

PROGRAMMING DEVICES DIVISION

SEALECTRO

CORPORATION
MAMARONECK, N. Y. 108543
PHONE: 914 698-5600 TWX: 710-566-1110
Sealectro Ltd. Portsmouth, Hants, England
Sealectro S.A. Villiers-le-Bel, Paris, France
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E. POSTAL:SERVICE

1. EXPERIMENTS
2. PURPOSE OF EXPERIMENT

The purpose of the Electronic Mail Handlipg (EMH) experiment
program is to evaluate subsystems concepts,. gain operational
experience, and provide a performance information bank from
which the operational equipment design specifications can be
formulated.

3. EXPERIMENT DESCRIPTION

An experimental EMH station will be established to operate
an evaluation program. After the EMH system becomes a rea-
lity, state-bf-the-art equipment technology will be evalua-
ted to enhance the efficiency of the operational system.

The station will be divided into four major subsystem areas:

Input conversion

Data processing and storage
Data transmission

Output conversion

o O O o

Initial testing will be directed to each major subsystem and
will be effected through simulation modeling, actual equip-
ment testing, and equipment interfacing. Overall system
tests will be conducted when feasible and early point-to-
point demonstration will be performed to gather data on load-
ing factors, based on user acceptance and the progress of
system development. The various series of tests that will

be performed are outlined below:

a. Input Conversion Subsystem M
° Scanning rates
° Paper handling problems
° Rejection and thru-put data rates
° Resolution and data compression performance
[e]

Multifont reading capibility

b. Data Processing and Storage Subsystem

° Input and output conversion control and monitor func-

tions
° Storage and sorting stage techniques

° Error and reject rates

30
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c. Data Transmission Subsystem

° Determination of acceptable transmission links error

rates
° Refinement of station-to-station transmission speci-
fications
° Development user-to-EMH station transmission require-
ments b
d. Output Conversion Subsystem

Acceptable thru-put rates

Paper-handling techniques

Sorting, storage and delivery techniques
Output device noise levels

O O O o

e. System{Tests

System loading factors

Multiple store-to-store transfers
Overall system capacities

Overall error and reject rates

O 0 o o

f. Module-to-Module Test

A point-to-point demonstration test over a combination of
land lines plus satellites will be conducted between two EMH
modules to determine the degree of user acceptance and meas-
ure progress within the evolving system. The data gathered
will be used to refine the operational system loading-design
specifications and determine system weaknesses and require-
ments for further testing.

4. KEY MILESTONES

The point-to-point demonstration can begin 20 weéeks after
authorization to proceed. The projected schedule is as
follows:

31
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Equipment Delivery
Y
PIASE I o W

¢ Integration & Checkout
PHASE II A AN ‘
KPoint to Point Test
PHASE III A A
) f. L | SRR | l |
S 15 20 26 41 - ) 58 93

4
5. REQUIRED COMMUNICATIONS SERVICES SUPPORT

All tests, except the point-to-point demonstration test, are
conducted in the EMH experimental station and require no ex-

ternal communications support. However, the point-to-point
demcastration test will require communication support. A
cross-country loading data base would be useful and would be

obtained with a communications hook-up between the East and

West Coast EMH modules. One effective low-cost method would \
be to interface the East Coast module into the Goddard Space o/
Flight Center by .land communications, then via the A®S-1 or

-3 satellites to the Mojave Tracking Station (California),

and from Mojave to the West Coast module by land communica-

tions.

)

6. OPERATIONAL SYSTEMS

a. Description of System .

A systems concept which will provide the services required
for the postal system is discussed in this section. Thesap-
proach to technical studies has been highly conservative.
All of the technology required for the described system pre-
sently exists in operational or demonstrable prototype form.
Thus no major technological breakthroughs are required for
this system to be feasible. Cost data are eonservative; in
each case the price used reflects a cost at which the item
is presently available in small lots. The types of equip-
ment required for this system are in a field where new devel-
opments are presently increasing the ability and decreasing
the cost of the individual components very rapidly. ©No al-
lowance has been made for either technological improvements
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or cost reductions.

The system described is capable of processing one hundred
million letters a day. This adds up to a volume of thirty
billion pieces a year, assuming full usage for three hun-
dred days each year. It will accept letters in computer-
generated form on magnetic tapes. All handling of input
letters will be mechanized so that the Original letter can
not be read while being converted for trahsmission. All
materials will be finalized in sealed letter. form. Thus
the letter will never exist in a form which can be read dur-
ing the time it is in the Post Office, and the sanctity of
the mail will be preserved. .
The system is sized assuming that 70%.o0f the mail will be
originated by business users in computer output form. It
further asgumes that 20% of the mail will be in printed
form which can be read by optical character readers. The
final 10% of the mail will be handled by full scanning and
will be capable of transmitting handwritten documents and
graphics with better resolution than a TV set.

Hardcopy letters which are to be transmitted via the Elec-
tronic Mail Handling system will be submitted at an EMH serv-
ed Post Office by the originator. The letter will be submit-
ted in flat open form with the destination ZIP code added :
in a fixed location by a special Post Office printer. The
letter will be inserted by the originator into a machine
handling cartridge and will not be handled in open form by
any Postal Service employee. Digital data messages will be
submitted on magnetic tape reels. High volume users may
elect to obtain a direct connection to transfer data via
common carrier to Postal Service storage rather than submit

tapes. e

Hard copy letters are then processed by optical character
readers or graphical scanners in accordance with the patron's
desires and converted to electronic storage form. The mes-
sages will then be processed through a computer which will
provide inventory control so that no message can get lost.
The message will then be transmitted from an antenna on the
postal station to a spacecraft located in a stationary orbit
over the United States. The spacecraft will retransmit the
message to a receiver in the destination post office. The
data is then sorted and automatically printed out in the
order the carrier delivers it.
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The initial Electronic Mail Handling system will interconnect
the 125 largest mail originating locations. One station may
serve several closely located cities and thus this system
will actually interconnect apprOleately 180 cities. (A

list of the interconnected cities is given in Appendix IV-C-5.
Several of the cities (e.g. New York, Chicago, etc.) will

have a higher daily volume than a 51ngle processing unit can
handle and thus approximately 160 modules will be required to
service the 125 cities.

b. Supporting Experiments Required

The experiments program (App. IV-C-5- -a) will be used to define
the operational system requirements, and no supporting ex-
periments per, se are requlred. When two stations are oper-
ational and the spacecraft is in position (reference intro-
duction schedule, milestone 6), operatlons tests will be
performed to verify experlmental data i.e., station load
limits, acceptable transmission error rates, reject rates,
etc.) and to galn operational experience prior to implement-
ing EMH service in the next 23 cities. Similar data will be
collected once 25 cities are operatlonal and prior to going
to the full 125 city system.

c. Introduction Schedule i 3

Figure IV-2 shows the schedule required to develop a
fully operational EMH service for 125 cities by 1982. ~The
milestones on the schedule are as follows:

° 'The fundind’for the experiments program is approved
and the experiments project is manned.

°© The East-West coast EMH demonstration takes place.

° The operational EMH program is approved and funded.

° The final specifications for the operational system
are approved.

° The first operational EMH station is installed and
tested.

° The second EMH station is operational, the spacecraft
is launched and operational tests begin.

° EMH service is started between 2-4 cities.
°© EMH service is available between 25 major cities.

\w../
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Figure IV~2 Program Plan-Electronic Mail Handling System




° The EMH system is fully operational between 125 cities.

The system will be capable of processing one hundred million
letters a day. This adds up to a volume of thirty billion
pieces a year assuming full usage for three hundred days

each year. It will accept messages in letter form, printed,
hand written or with graphics. It will alsa. accept letters
in computer-generated form on magnetic tapes. All handling

of input letters will be mechanized so that the original
letter can not be read while being converted for transmission.
All materials will be outputted in sealed letter form.

Thus the letter will never exist in a form which can be read
during the time it is in the Post Office, and the sanctity

of the mail will be preserved. ’

4
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October 21, 1971

DRAFT I
R
Mr. Patrick E. Haggerty / P
Chairman of the Board 4‘ \ i
Texas Instruments, Inc.
13500 N. Central Expressway

P. O. Box 5474
Dallas, Texas 75222

Dear Pat:
| was pleased WIfh the enthusiasm and competitive spirit of the peopje representing the

/ Posfcln Servvi’;;;’r H':e meeting on initiatives on communications for social good. | am not,

| however, completely sold on the conclusions they have apparently reached.
In trying to figure out in my own mind how science and technology is run in the government,
it seems to me that first of all there are two kinds of organizational situat ions which we
encounter.

A. Those situations in which the management of a government organization
sees the problem and feels that the proposed solution is theirs, and they
are willing to take the responsibility and claim the success or failure
as their own afterthe-faci

B. Those organizations in which someone lower down in the organization
is carrying the ball, but the top management of the organization
doesn't know about it, doesn't care, or thinks that OST or OMB is
running it.

C. Those organizations which either don't see the problem or don't see

the obvidws answer, and OST is trying to initiate a program where none

is seen.
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Then, it seems to me that there are three categories of technical program.

].

Those in which a tool is necessary, such as a telescope, an
accelerator, or a bomber. In this case, the organization at least
makes believe that they are confident of what they are asking for

and puts on a hard sell to get a specific device.

Those cases in which the problem isn't clear, or at least the solution

is far from clear. Because so many people have seen the success of
this professional approach to trying to sell the idea for a tool, when
they have a problem in this category they feel they have to make
beleive they know the answer and sell it hard when really they

should sell a program which in a careful, planned way outlines the
alternatives, lists the experiments for finding the best alternative,

and plans how decisions will be made as a result of each of the
experiments. This sounds like classical science, but | don't remember
hearing anyone talk this way because it apparently sounds like a sign
of weakness to admit you don't know exactly where you are going.

The third case is a program to find knowledge. This is true research.
Where we are just looking for knowledge we should feel free to do so,
but we should define what knowledge we are looking for. Sometimes
our justification for this effort is quite misleading. We point out examples
of people who have found something very significant for mankind while
looking for something else. We must be careful that from this people
don't imply that if you are out spending money looking for nothing that

you may accidently happen upon something else. | believe that in most




October 21, 1971

Draft = Page 3 |

of these cases, someone was looking for something specific and ;
happened upon something else. We have to avoid the situation
where we define basic science as looking for something that isn't
useful. A lot of things aren't useful, but are not science nor are
they knowledge. You have heard the statement that nothing came

out of the program so it must have been basic science.

It seems to me that the Postal Service problem comes in categories A and 2. The responsibility
is clear and the management understands that it is their program. However, the solutions

are not at all clear and it will take a careful program to find out the optimum solutions,

and a good part of that problem is which solution will be acceptable to the customer, to

the politicians and to the rate fixers.

| very much liked the people that made the presentation, but did feel they overstated their
confidence in the solution they picked because they felt they had to show confidence in

order to sell a program in the same way that so many other programs have been sold in

Washington.

The Postal Service has many problems. Technology can help in most of them, but
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NOTES ON ELECTRONIC MAIL

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they

really should be committed to the best possible mail service. This means programs

and experiments to solve all of their problems.

Some version of electronic mail | would assume is inevitable, but it will take careful
planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem,

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail,

If the costs of communications gets very low it would encourage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system

like TELEX that presented facsimile or fast printing might take care of much of the
business mail.

The proposal seemed to ask for much technology development to avoid the need for
rational rate fixing. If each piece of mail was made to pay its fair share, it would
help solve many of the problems of the Post Office.

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION




E. POSTAL SERVICE

1. EXPERIMENTS
2. PURPOSE OF EXPERIMENT

The purpose of the Electronic Mail Handling (EMH) experiment
program 1is to evaluate subsystems concepts, gain operational
experience, and provide a performance information bank from
which the operational equipment design specifications can

be formulated.

3. EXPERIMENT DESCRIPTION

An experimental EMH station will be established to operate
an evaluation program. After the EMH system becomes a rea-
lity, state-of-the-art equipment technology will be evalua-
ted to enhance the efficiency of the operational system.

The station will be divided into four major subsystem areas:

Input conversion
Data processing and storage
Data transmission
Output conversion

o O o o

Initial testing will be directed to each major subsystem and
will be effected through simulation modeling, actual equip-
ment testing, and equipment interfacing. Overall system
tests will be conducted when feasible and early point-to-
point demonstration will be performed to gather data on load-
ing factors, based on user acceptance and the progress of
system development. The various series of tests that will

be performed are outlined below:

a. Input Conversion Subsystem
° Scanning rates
° Paper handling problems
°© Rejection and thru-put data rates
° Resolution and data compression performance
o

Multifont reading capability

b Data Processing and Storage subsystem

° Input and output conversion control and monitor func-

tions .
° Storage and sorting stage techniques
° Error and reject rates
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c. Data Transmission Subsystem

° Determination of acceptable transmission-link error
rates

° Refinement of station-to-station transmission speci-
fications ‘

d. Output Conversion Subsystem

Acceptable through-put rates
Paper-handling techniques

Sorting, storage and delivery techniques
Output device noise levels

0O o O o

e. System Tests

System loading factors

Multiple store-to-store transfers
Overall system capacities

Overall error and reject rates

O o O o

f. Module-to-Module Test

A point-to-point demonstration test over a combination of
land lines plus satellites will be conducted between two EMH |
modules to determine the degree of user acceptance and meas-
ure progress within the evolving system. The data gathered

will be used to refine the operational system loading-design 1
specifications and determine system weaknesses and require- 1
ments for further testing. E

4. KEY MILESTONES |
The point-to-point demonstration can begin 30 weeks after

authorization to proceed. The projected schedule is
depicted on the following page:
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Equipment Delivery

$
PHASE I A A

v Integration. & Checkout
PHASE II A A
KPoint to Point Test
PHASE III ' A A
) [t l S W P—
Haslks 15 20 26 41 52 58 93

5. REQUIRED COMMUNICATIONS SERVICES SUPPORT

All tests, except the point-to-point demonstration test, are
conducted in the EMH experimental station and require no ex-
ternal communications support. However, the point-to-point
demonstration test will require communication support, A
cross-country loading data base would be useful and would

be obtained with a communications hook-up between the East
and West Coast EMH modules. One effective low-cost method
would be to interface the East Coast module into tue Goddard
Space Flight Center by land communications, then via the
ATS-1 or -3 satellites to the Mojave Tracking Station
(California), and from Mojave to the West Coast module by
land communications.

6. OPERATIONAL SYSTEMS

a. Description of System

A systems concept which will provide the services required
for the postal system is discussed in this section. The
approach to technical studies has been highly conservative.
All of the technology required for the described system pre-
sently exists in operational or demonstrable prototype form.
Thus no major technological breakthroughs are required for
this system to be feasible. Cost data are conservative; in
each case the price used reflects a cost at which the item
is presently available in small lots. The types of equip-
ment required for this system are in a field where new devel-
opments are presently increasing the ability and decreasing
the cost of the individual components very rapidly. No al-
lowance has been made for either technological improvements
or cost reductions.
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The system described is capable of processing one hundred
million letters a day. This adds up to a volume of thirty
billion pieces a year, assuming full usage for three hun-
dred days each year. It will accept letters in computer-
generated form on magnetic tapes. All handling of input
letters will be mechanized so that the original letter can
not be read while being converted for transmission. All
materials will be finalized in sealed letter form. Thus
the letter will never exist in a form which can be read dur-
ing the time it is in the Post Office, and the sanctity of
the mail will be preserved.

The system is sized assuming that 70% of the mail will be
originated by business users in computer output form. It
further assumes that 20% of the mail will be in printed
form which can be read by optical character readers. The
final 10% of the mail will be handled by full scanning and
will be capable of transmitting handwritten documents and
graphics with better resolution than present commercial TV.

|
Hardcopy letters which are to be transmitted via the Elec- }
tronic Mail Handling system will be submitted at an EMH ' ‘
served Post Office by the originator. The letter will be - |
submitted in flat open form with the designation ZIP code {
added in a fixed location by a special Post Office printer. -

The letter will be inserted by the originator into a machine J
handling cartridge and will not be handled in open form by

any Postal Service employee. Digital data messages will be

submitted on magnetic tape reels. High volume users may

elect to obtain a direct connection to transfer data via

common carrier to Postal Service storage rather than submit

tapes.

Hard copy letters are then processed by optical character
readers or graphical scanners in accordance with the patron's
desires and converted to electronic storage form. The mes-
sages will then be processed through a computer which will
provide inventory control so that no message can get lost.
The message will then be transmitted from an antenna on the
postal station to a spacecraft located in a stationary

orbit over the United States. The spacecraft will retransmit
the message to a receiver in the destination post office.

The data is then sorted and automatically printed out in

the order the carrier delivers it.
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The initial Electronic Mail Handling system will interconnect
the 125 largest mail originating locations. One station may
serve several closely located cities and thus this system
will actually interconnect approximately 180 cities. (A

list of the interconnected cities is given in Appendix V.
C-5). Several of the cities (e.g. New York, Chicago, etc.)
will have a higher daily volume than a single processing

unit can handle and thus approximately 160 modules will be
required to service the 125 locations.

b. Supporting Experiments Required

The expériments program (App. V. C-5-a) will be used to define

the operational system requirements, and no supporting ex-
periments per se are required. When two stations are oper-
ational and the spacecraft is in position (reference intro-
duction schedule, milestone 6), operations tests will be
cerformed to verify experimental data (i.e., station Joad
limits, acceptable transmission error rates, reject rates,
etc.) and to gain operational experience prior to implement-
ing EMH service in the next 23 cities. Similar data will

be collected once 25 cities are operational and prier to
going to the full 125 location system,

c. Introduction Schedule

Figure IV-2 shows the schedule required to develop a
fully operational EMH service for 125 cities by 1982. The
milestones on the schedule are as follows:

° The funding for the experiments program is approved
and the experiments project is manned.

° The East-West coast EMH demonstration takes place.
° The operational EMH program is approved and funded.

°® The final specifications for the operational system
are approved.

° The first operational EMH station is installed and
tested,

° The second EMH station is operational, the spacecraft
is launched and operational tests begin.

° EMH service is started between 2-4 cities.
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' SPACE CRAFT LAUNCH
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COMMUNICATIONS TESTS (6) OPERATIONAL TESTS (8) EMH OPERATIONAL (125 CITIES)
EAST-WEST COAST

PROGRAM APPROVAL WITH (6a) SERVICE BETWEEN 2-4 CITIES
FIRST YEAR FUNDING

OPERATIONAL SYSTEM
SPECIFICATION DEFINED

Figure IV-2 Program Plan-Electronic Mail Handling System



° EMH service is available between 25 major cities.

(o}

The EMH system is fully operational between
125 locations.
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October 14, 1971

Dr. Edward E. David, Jr.
»Sclence Adviser to the President
The White House

Washington, D. C, 20500

Dear Ed:

1 have a very negative reaction to the proposed Presldentlul Initiatives on
Communications for Soclal Needs

| am sure | am unduly cynical, but my Immediate reaction is that this lsa

way to justify new NASA satellites. | om also suspicious that people might

feel that o Presidential Initiative would give such high priority that the projects
would not have to suffer the dangers, risks and delays of planned, well-thovght-
out and open=to~criticism type programs.

The FBI Is well organized, and their needs are quite straightforward and hordly in
need of g Ptesldenﬂol Inltiative to solve them, _

‘Tho Post Office has many needs and has to study many ultemaﬂvu, but to con-
' centmn on one could be very embommlng. :

Promlslng significant help in urban problems by use of communlcatlons Is on area
where angels should fear to tread. Before proposing 13 new channels of educational
television, much analysis of previous éxperience should be carefully made before
this Idea Is even leaked to the outside.

We could instead propose bold new experiments to develop the "best mail system in
the world" and bold new experiments to demomtrafo uses of modern technology in
health, education and urban problems.

| would encourage the FBI, but | would not use it for publicity because it does not
make for good political propaganda.




Dr. Edword E. David, Jr. = 2 October 14, 1971

The Office of Science and Technology could use these experiments as vehicles

to demonstrate how sclence explores unknown flelds. We might start a tradition in
government sclence that could be a more significant contribution than anything else.

| am afrald that many of the administrators within the community are confused between
buying tools and doing sclence. In most of these problem areas, we don't know what

the answers are and we have to use lystemaﬁc and probobly trcdiﬂonol sclentific methods
’for ﬂnd!ng the optimum answers. ;

: - We should be sure that they deﬁno thelr problem and that they lay out the alternatives

and systematically go about finding the best alternative. After a set of experiments,

~ results should be reviewed and then the next step token according to the predetermined
- plan. Above all, the final answer should not be pudotarmtned becaua the President
. was tolkcd into moklng lf a Prosldenﬂol Inmaﬂva. . o i _

. ”l prcbobly mlsud tbo lntroducﬂon of thls sot of lnlﬂatlves, and bocouso of my !gnorence, =

' my comments mlgh’ bo rather mlvo.

o l look forvmd to seelng you next Mcnday

Slnceraly youu, )

D el
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FURTHER THOUGHTS ON TECHNOLOGICAL INITIATIVES

Soclety made some unbelievable organizational mistakes when computers came along.
People concluded that the organizations responsible for certain activities, whether
they be in the government, in business or in the local high schools, were not competent
enough to use computers so they used experts to run the computers, With two groups
sharing responsibility, no one could be blamed for failure and no one could fix the

problems.

Five years ago, if the local high school consistently fouled up its schedules, they

would have fired the administration. For the last four yaars the schedules have been
unbelievably fouled up. Year ofter yeor everyone blames the computers and the software.
The administration has no responsibility because the school board hired experts from the
outside to do the job and the experts, of course, have very limited responsibility. This
also goes on in the organization which | run ond In almost every organization with which
| have ony contact, A i

We now have a wonderful new opportunity to do the same thing with communications.

" 1t s clear that HUD is not technically competent to use modern communications to solve
their problems, so if we impose new communications experts on them they can have an
excuse for falling In thelr commission and they can blame it on the communications

- software.

~ The only dehumanizing result of computers that | will admit to Is where responsibility

and authority for the solution of a problem s taken away from the only group commissioned
to find a solution and given to someone else who runs the computer. We can further
destroy this authority and responsibility by taking away the control of communications

-and glving that to an expert. e ey

{

Every experiment should be considered an experiment with a predetermined checkpoint
and an algorithm on which the decision to continue or stop will be made. It is misleading
to call something an experiment, but make o commitment to go on Indefinitely.

Kenneth H. Olsen
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Post Haste |

The U.S'.L_,:*sPostal System
Begins to Take Notice
- Of Speedy Compét’itof'éf ;
United Parcel and "Of’hers

Often Give Better Sérvice,'
But U.S. Now Fights Back |

“We No Longer Throw Stuff’ |

By TIMOTHY D. SCHELLHARDT

Staff Reporter of THE WALL STREET JOURNAD

WASHINGTON — By now, mailmen hope,
you've addressed the last greeting card, licked;’
that final stamp, wrapped and sent the holiday |
packages. If you heeded the much-advertised
plea, you mailed early to “help the people who
help bring you Christmas.”

For that, Elmer T. Klassen sends you his
warmest season’'s greetings—and so do Paul
Oberkotter, Tom Murray and J. Kevin Murphy.

Mr. Klassen, the nation's Postmaster Gen-
eral, captains the 650,000 U.S. Postal Service
workers who help bring you Christmas; he’s
naturally pleased when the holiday mail gets
delivered on time. But so are Messrs. Ober-
kotter, Murray and Murphy, because each also
heads a huge mail-delivery service that abets
Mr. Claus—and annoys Mr. Klassen,

All three operations are private, profit-mak-
ing ventures that compete head-to-head with
the money-losing public Postal Service, and in
this year’'s holiday mail ‘melee they've been
grabbing away great chunks of its business. [

A Monopoly on Cards

In fact, this Christmas that package you
open probably was delivered by Mr. Oberkot-
ter’s United Parcel Service, not by the Post Of-
fice. Those Christmas catalogs may well have
been left at your door by one of Mr. Murray’s
Independent Postal Service of America car-
riers, or couriers from one of 150 firms like Mr.
Murray’s. And the checks you wrote to pay for
gifts undoubtedly were transferred from your
bank to a Federal Reserve center by American
Courier Corp., a unit of Mr. Murphy's Purola-
tor Services Inc.

(Christmas cards are still delivered by the
Postal Service alone, since it enjoys a legal
monopoly in delivery of first-class mail. But
that monopoly is expected to be challenged in
the near future; private carriers plan to ask
the Postal Rate Commission and Congress for
the right to tote letters and postcards.) i

Within the past few years, hundreds of pri- i
vate firms, discovering that the mail business
is big business, have sprouted up to challenge
the giant Postal Service in one way or another.
But the greatest success has been scored by an
older outfit, the United Parcel Service, which
has actually surpassed the postal goliath in!
hauling parcel post.

During the past 11 years, the brown-uni-
formed UPS delivery men, in their familiar
dark brown vans, have qua\drupled their deliv-
eries of packages weighing one to 50 pounds—
to about 600 million deliveries annually. This
year’'s volume will top last year’s by about
10%. The Postal Service’s comparable business
plummeted during the same 11 years to about
498 million parcéls from 800 million. (The ser-
vice still delivers almost twice as many pack-
ages as UPS if library materials, catalogs, par-
cels weighing less than a pound and certain
special items are included, but that total has
been declining, too.)

Not Playing Dead

Until a year or two ago, before its reorgani-
zation into a semipublic corporation, the Postal
Service didn’'t seem to mind losing profitable
business to competitors. ‘“We sat back and
acted as if they were doing us a favor by tak-
ing our business,” says Assistant Postmaster
General Edgar S. Brower.

But, stirred by Mr. Klassen, the former
president of American Can Co. who became
Postmaster General last January, the service’s
yuletide spirit this year is a fighting spirit.
‘““We’re no longer going to lie down and play
dead,”” the crusty, 64-year-old Mr. Klassen as-
gerts. And the service has begun to win back
some lost business, partly by borrowing some
ideas from the UPS success story.

It’s readily apparent how UPS overtook the
sleeping postal giant. For one thing, the New
York-based company, which in effect is owned
by its employes, rapidly gained federal and
state go-aheads and expanded its delivery ter-
ritory to include 40 states, parts of six others,
and the District of Columbia; in 1971, in its
largest territorial expansion, UPS added nine
states, picking up 7,500 new shipper accounts.

But the company lured business away pri-
marily because it gave customers what the
Postal Service couldn’t or wouldn’t provide.
““As a result of our poor performance, they of-
fered better service at better prices, with less
damage,” says Mr. Brower, who for the past
year has headed the Postal Service’s bulk-
mail-processing division. ‘“While we were read-
ing regulation books and discouraging busi-
ness, they were accommodating customers.”

Prompt Service Guaranteed

UPS, unlike the Postal Service, offers ship-’|

pers regular pickup service for packages at a
general fee of only $2 weekly, an automatic
$100 of insurance coverage for each package,
and three attempts at delivery of parcels.
Moreover, it practically guarantees prompt,
reliable service.

“The Postal Service is quite capable of
matching UPS delivery time, but they don’t
match it consistently; you just never know

when to expect a package to arrive,” says
James Edler, transportation manager of Amer-
ican Greetings Corp. in Cleveland. Joseph F.
Santino, traffic manager of Sarah Coventry
Inc., the nation’s largest direct-mail seller of
costume jewelry, finds it takes six to seven
days to get a package from its headquarters at
Newark, N.Y., to Texas via UPS; with the
Postal Service, the time is seven to eight days
or longer.

In addition, UPS packages arrive in better:
shape. The Postal Service admits that until re-
cently its damage rate was five-and-a-half|
times that of UPS. One reason for the private,
carrier’s gentler treatment: It has installed |
highly mechanized package-sorting systems in
100 centers around the country; these setups
generally eliminate any sharp drops of pack-
ages. And when packages are loaded into UPS
vans, lighter weight parcels go atop the heav-
jer items rather than underneath. |

Perhaps most important to shippers, UPS’
rates generally are lower than those of the!
Postal Service. Avon Products Inc., which uses|
UPS whenever it can, calculates that the!
Postal Service rates for parcel post a.verage{
nine cents a pound, while UPS charges seven |
cents to 7.5 cents. ‘‘Consequently, the Postal
Service just doesn’'t compete,’” says Wayne,
Hollowell, the cosmetics company’s general
transportation manager. |
Fighting Back

Despite the rate disadvantage, the Postal
Service is fighting back by copying what Mr.
Klassen calls UPS’ “management flair”’ for at-
tracting business. In the past year, he has as-
sembled a staff of 61 employes under Mr.
Brower just to handle parcel post affairs. Look-
ing ahead, the service is borrowing' UPS’
mechanized package-sorting and distributing
ideas and incorporating them in a $1 billion
network of 33 bulk-mail processing centers that
will reach full operation in 1975 or 1976. 1

[

The mailmen also have begun more imme- '
diate efforts to speed parcel delivery, reduce
damage and guarantee reliable service. ‘“‘For a
starter, we're no longer throwing packages,”
admits Mr. Brower. The service has rear-
ranged its processing system to try to elimi-
nate damaging drops, and it has strengthened
'supervision to see that packages reaching the
end of a conveyor line aren’t crushed because
conveyors aren't halted in time. ‘‘Surprisingly,
that has been one of the worst areas in the ser- |
vice,” says Mr. Brower. !

That isn’t all. Parcels marked fragile now
are being treated as such and handled sepa-
rately rather than being mingled routinely with |
other mail. ‘“We’'re no longer mixing grand-‘
mother’s cake with William Brothers’ four-gal-
lon buckets of paint,” Mr. Brower says. The
service also is loading its trucks so that some
packages won't be crumbled at the bottom of
the heap.




The result of all these changes, say the post-
men, has been a one-third reduction in dam-
aged packages and a 25% cut in the number of
ripped parcels requiring rewrapping.

To speed delivery of parcels, the service has
revamped truck schedules and added special
trains between Chicago and the West Coast
that carry only bulk mail. The Southern postal
region has established 10 nonstop truck routes
linking Atlanta with 10 West Coast cities; pack-
ages from Atlanta now get to Los Angeles in 55
hours, little more than half the 105 hours for-
merly required.

“Who Are You?”

Furthermore, big mailers are being wooed
back with a package pickup service similar to
UPS’. The service is considering a built-in in-
surance arrangement like its rival’s. And it has
beefed up its sales force of ‘‘customer service
representatives’” and sent them out seeking |
business—astonishing some corporate execu-,

tives not used to blandishments from the mail-
men.

“When I visited Kodak’s advertising distri-
bution manager, other puzzled executives
came out of their offices and just stared at me
in disbelief. ‘Are you really from the Post Of-
fice?’ they asked,” says John Wargo, a postal

rheadquarters official who until a month ago

was a postal sales representative.

While concentrating on the parcel post com-
petitien, the Postal Service also is striking’
back at private mail carriers like Independentj
Postal Service of America which delivers ad-|
vertising circulars door-to-door, and at over-
night-delivery specialists like American Cou-
rier Corp. One tactic: an experimental ‘‘ex-
press mail’”’ service to compete with American
Courier in speeding high-priority items such as
medicines and company records.

In the parcel post arena, at least, the come-

| back efforts seem to be working. Parcel post

business has risen about 6.5% since July, offi-

| cials calculate, and some customers have been
'lured away from UPS.

In Boston, the service has won back some
gift-store business by guaranteeing next-day
delivery of parcels within that metropolitan
area; bright red stars placed on these pack-

‘ages assure expedited treatment. In the West,

the service has picked up parcel business of
Frederick & Nelson, a Seattle department
store, Montgomery Ward & Co. in Oakland,
Calif., and Sears, Roebuck & Co. in Los Ange-
les.

But UPS strategists, retaliating, have
wrested away some more of the Postal Service
business. For example, D. & H. Distributors, of
Savage, Md., has lately gone over to UPS be-
cause ‘‘the Post Office is slower and damages
more of our packages,’” says a warehouse
manager at the firm.

Actually, UPS officlals say they welcome
fiercer competition, as long as it’s fair. But
they fear the service will subsidize parcel post
and cut rates below costs to win back more
business. They may have cause for concern:
The Postal Service next month is expected to
ask the Postal Rate Commission to permit re-
duced rates for major parcel post customers
who do much of the pre-sorting of packages
themselves.
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HEALTH INFORMATION
EALTH SERVICES
SOCIAL SERVICES INFORMATION

CULTURAL SERVICES

EACH OF THE ABOVE INITIATIVES WILL INCORPORATE THE FOLLOWING ELEMENTS:

. DEVELOPMENT OF INNOVATIVE SOFTWARE

. CREATION OF SIX TO TEN DEMONSTRATION-EXPERIMENTATION HARDWARE COMPLEXES TO
PERMIT LARGE SCALE EVALUATION OF COMMUNICATION BASED APPROACHES TO HEALTH AND

EDUCATION SERVICES

. PROVISION OF UTILIZATION SUPPORT INCLUDING TRAINING AND SPECIAL PERSONNEL
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HEALTH AND EDUCATIONAL COMMUNICATIONS

IMPORTANCE

PAYOFF

SUBSTANTIAL SEGMENTS DO NOT RECEIVE NEEDED SERVICES

HIGH COST OF HEALTH AND EDUCATION SERVICES OF. CONCERN TO ALL COMMUNITIES

VALIDATED COST EFFECTIVE SYSTEM MODEL THAT WILL PERMIT HEALTH AND EDUCATION SERVICES

TO BE EXTENDED TO PRESENTLY UNSERVED GROUFS
IMPORTANT COST REDUCTIONS IN PRESENTLY PROVIDED SERVICES

MARKET CREATED FOR WIDE RANGE OF PRIVATELY PROVIDED SERVICES

INCREASED EMPLOYMENT IN' BOTH TECHNOLOGICAL (AEROSPACE AND ELECTRONICS) AND ARTISTIC

CREATIVE (PROGRAM PRODUCTION) AS WELL AS LOCAL AbMINISIRATiVE AND OPERATIONAL

USE CF FEARDWARE FOR SERVICE COMPONENT AVAILABLE AT MARGINAL COST

PUBLIC IMPACT

INVOLVEMENT OF DISADVANTAGED MINOCRITIES THROUCGH EXTENDED SERVICES

EASILY RECOGNIZED EXAMPLE OF HIGH TECHNOLOGY APPLIED TO CIVILIAN PROBLEMS

IMMEDTIATE VISABILITY THROUGH COMMUNICATION INDUSTRY INVOLVEMENT
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TECHNICAL FEASIBILITY B

o LARGELY STATE~-OF-ART. SOME DEVELOPMENT REQUIRED TO REDUCE PER UNIT COST

ESPECTALLY FOR TERMINAL EQUIPMENT

- DIFFICULTY OF ENGAGING ACTIVE PARTICIPATION OF TARGET POPULATIONS
RESISTANCE FROM EXISTING ESTABLISHMENTS PROVIDING SERVICES IN SELECTED AREAS
UNCERTAINTY 'IN VALIDATING FULL RESULTS CF SERVICE
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ROSENHECK : FASTFAX, FACSIMILE SYSTEM

over voice band channels. Utilizing a two-dimensional
compression algorithm and sonic delay line memories to |
store a previous scan line, the tefminal provides a fives:
fold increase in traffic capacity over pr‘esenf"}:oriventiorm:
facsimile techniques. Cherry ef al. [2] describe a system
for gray scale based on run length coding and elgtic‘ |
buffering. Typical compression ratios achieved range in
the order of 3 to 1. Gordenhire [3] describes &dil,‘
ferent system for gray scale based on nv‘ﬁrst-order pr.‘-:"

dictor and interpolator. Good quality, reconstructions -

have been achieved at compression ratios of 3.5 tdid.¢
CoMmPRESSION TECHNIQUE A ibe

The choice of compression technique is dependent ,
upon the nature of source material to be transmitted. |
For black-and-white graphics such as text, drawings,
and weather maps, examination reveals that the number
of black-and-white changes on a single scan line are but
a small fraction of the total number of resolvable ele-
ments along the scan line. As the scanner crosses wide
regions of constant level, the additional information
contained in each successive sample point is extremely
low. That is, there is a high degree of intersymbol in-
fluence between runs of identical elements, and the
probability that each successive element will be the
same as its predecessor is quite high. Therefore, there is
no need to transmit each element as in conventional
facsimile systems. Only the length of the run of elements
need be transmitted. This technique is particularly well
suited for long runs as the length of the run could be
transmitted in digital coded form requiring far fewer
bits than the number of elements in the run itself. For
example, a run of 100 elements could be transmitted by
the binary signal 1100100. As- this signal requires the
transmission of only 7 bits instead of 100, th#& run is
transmitted with a time compression factor of 14.3 to 1.
Since the time compression factor for a particular run
depends upon the length of the run, either a variable
scan rate capability or a buffer storage must be provided
at both the transmitting and receiving ends of the system
in order to keep the transmitted digital data at a con-
stant rate.

A
BUFFER STORAGE OR VARIABLE SCAN RATE?

In order to achieve a transmission time of 7 seconds
for an average complexity 8}- by 1l-inch document
scanned at 135 lines per inch, an average scan rate of
212 scans per second is required when seanning AcCross
the 83-inch dimension. However, redundancy reduction
requires the scanner to operate at considerably higher
rates for an on-line system, because the information
rate can vary by more than two orders of magnitude in
different regions of the document. Transmission of this
variable rate information at a constant rate over the
digital channel can be accomplished by a buffer memory
which will store the high data rate information for
transmission during low data rate periods.

".,: i ‘,;"'
mission and reception of 18 inch wide weather maps
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“ Biffer size becomes excessive, however, unless un-

reduced information is applied to the buffer one scan line
'affl"i}&iii’i)e: Calculations show that a buffer of 6000-bit
“c:?pacltzwi‘s sufficient for both single- and double-spaced
‘Gypewhtten material scanned at 135 lines per inch.
JAlthough this technique is applicable for document
transmission times of one minute per page over voice
band facilities, it is not applicable for higher speed trans-
?Eﬁs.‘*‘i.",“, (7 seconds) as the corresponding rate of copy
'advaﬁg’e would be in excess of 400 steps per second.

An alternate approach is to use a variable scanning
speea which will change its speed according to the amount
(‘)t; information present. The variable speed scanner in
effect utilizes the paper on which the copy is present as
the storage media. This eliminates the electronic storage
requirement entirely. As a consequence, the system may
be eharacterized by scanning and recording mechanisms
which traverse a fixed raster pattern, but whose seanning
and recording: rates vary according to the information
content of the graphic material.

SysTEM DESCRIPTION

A variable scan rate facsimile system employing run
length coding for redundancy reduction has been built
and evaluated by Litcom. The terminal is a feasibility
demonstration model whose prime purpose was to verify
the soundness of the design concepts chosen for scanning,
recording, and time-bandwidth compression. The system
is- capable of transmitting a typical 84- by 11-inch docu-
ment at a resolution of 135 lines per inch in 7 seconds
over a 50-kbit/s group channel and in 70 seconds over
a 4800-bit/s voice band channel.

The seanning and recording systems are incremental,
permitting data compression to be used without bulk
data storage buffers. The scanned document itself serves
as the storage medium. The scanning pattern is a stand-
ard line-by-line raster similar to that employed for
conventional facsimile or television. A digitally controlled
cathode-ray tube (CRT) flying spot scanner provides
horizontal motion of the scanning spot with respect to
the paper. Frame advance is by paper motion, combined
with a small vertical CRT spot deflection to compensate
for the instantaneous error in the paper position servo.
Recording is accomplished with a CRT having a fiber
optics faceplate in contact with the recording paper.

Use of paper feed rather than spot deflection for major
vertical motion (full frame raster scan) permits a lower
resolution CRT to be used for scanning, and allows the
use of fiber optics contact printing for high recording
efficiency without the extremely high cost of a full page
size contact faceplate. Recording is made on high speed

oscillograph paper with heat development, gmd the out- -

put copy becomes visible within 3 seconds.

Data compression is accomplished with a simplified
run length code, where only white runs are coded. '!‘his
guarantees a sufficient exposure time for recording, limxt;ed
only by the transmission bit rate, and still gives signifi-

cant data compression.
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JFig. 1. FASTFAKX siniplified diagram.

The FASTFAX terminal has six major components as
shown in Fig. 1. The original copy is fed past a ‘scanning
mechanism which detects the spatial information and
converts it into an electrical analog signal whose ampli-
tude variations represent the densitys variations along
the scan line. The output of the seamner is sampled
providing a sequence of bits consisting of alternating
black and white runs, with varying number of bits per
run. Each bit corresponds ‘to a resolution element as
determined by the incremental advance along the scan
line. The sweep advance is determined by the com-
pression logic which causes the sweep to start whenever
data is required, and stop at the end of a run. Thus
storage is net required, and data overflow will not occur
for any copy.

The data compressor provides a constant rate stream of
reduced data synchronized with the transmission link
clock. The transmission link reproduces this data stream
at the receive destination. The data expander accepts
the reduced data and recreates the original data stream
of black and white runs.

The recorder exposes the recording paper according
to ‘the output data of the expansion logic. The final
output copy is therefore an exact duplicate of the origi-
nal copy at the transmitter.

FASTFAX SCANNER

Ineremental scanning is achieved by use of a hybrid
combination of a fast decay P16 phosphér CRT flylng
spot scanner for horizontal scan and a servo driven set of
rollers for document feed. The major components of the
seanner are shown in Fig. 2. A projection‘optical system
forms an image of a raster scanned on the face of a CRT.
The doeument is kept in a dark space, so that thc only
light falling on it is that from the focused CRT spot.
The light reflected from the document at the scanning
spot is detected by a photomultiplier. The signal is then
threshold detected, sampled at the scanning rate clock,
and applied to the compression logic circuits.

The system is basically & line scan rather than an
area scan system. In an area scan system, the entire
document, while stationary, is scanned by projecting a
full frame raster sweep of the CRT faceplate on to the

e s il T
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document.. In a line scan system, a narrow rectangular
area ($-ineh high) on the face of the CRT is projected

with its long side across the width of the document. A

digital controlled servo system drives the document past #

this seanning -aperture. The subframe raster scanning
technique employed in the FASTFAX system has the
following advantages over a full frame raster scan method.

1) The resolution requirement of the CRT is reduced.
The subframe technique requires 1148, resolvable ele-
ments across’ the tube diameter for 83-inch width copy
scanned at 135 lines per inch. The full frame technique
requires 1880 resolyable elements across the tube diam-
eter, corresponding to the diagonal of an 83-by-11-inch
document scanned at 135 lines per inch.

2) The system is capable of handling input copy of
unlimited length such as teletype or computer print-
outs.

3) Access time for consecutive documents is reduced.
After scanning, the document need not be removed from
the\scanning station before inserting a new page. In the

recorder, during exposure, developing of the latent image

can commence on previously exposed portions. A separate
processing cycle is not required.

4) It is easier to eliminate specular reflections from
getting into the photodetector. When the scanning beam
strikes a glossy document, a portion of the incident light
is reflected with an angle of reflection equal to the angle
of incidence. This signal contains no information about
the printing on the document, and if it is intercepted
by the photodetector, it will act as noise which can be
many times stronger than the signal obtained by diffuse
reflection.

A full frame scanning raster will have a wide specular
reflection cone in all directions, and the photodetector
would_ have to be placed far off axis where its efficiency
is low. In contrast, a subframe raster scan has a narrow
specular reflection cone in a direction po_rpendicu]nr to
the scan lines. A photodetector can be placed near T,he
optical axis, which increases light efficiency and saving
space. :

5) Contact printing may be employed in the recordfrr
by means of a fiber optics faceplate CRT, resulting 4n
greatly increased light efficiency (by a factor of 50 to
100) over a full frame projection raster.
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6) The tube and opties introduce distortion in one_ scan is advanced by the horizontal counter, controlled
direction only, and the optical space required is smaller by the reduction logic. When the horizontal coumter
because of the reduced magnification requirements which advances to the end of the scan line (1148 counts) a
reduces the length of the optic axis and field of view in 5 most significant bit verticul position ecounter is ad-
the long dimension of the copy. : vanced (by one count) by the horizontal retrace pulse
i ,,,gcgrc st,.urtm,\, the gext sweep. The- vertical deflection

' ‘ 'countor 18 aqm\ alent to 32 scdn lines, .uul

aperture. This teclunquo u]lm\s the \ubframe rastel“‘ The paper rollers are (lrmn by a bang-bang type
sean to be used with no sacrifice in variable sean rate, setvo, whieh operates with a binary input, receiving a

capability, which is met by a 10° elements per %econd |sTop or Go command at any time. 'If the o command
d peak sckn rate, interruptable at any resolution element. is:applied continuously, the paper will accelerate to
The choice of this scanning rate is explained later. ' * 10 in/s and maintain this velocity by means of a tachom-
‘ The peak vertieal scan rate (at 135 lines per inch eter feedback loop. When the stop command is applied,
i L _resolution).is 1/1148 of the peak horizontal scan rate or ' the mator will decelerate .to zero velocity and remain

ol " 872 Hz (assuming an all white area, zero retrace time, at rest. : _
3 and absence of an-end-of line synchronization character). { The sror/Go command is providesl by the polarity
+%. '~ This corresponds to a rate of movement of the paper of the ymost significant bit of the 5 most significant bit
i+ past the secanning aperture of 6.5 in/s, This rate is readily, eounter (the 16th count position). When the vertical
8 ‘provided by the mechanical step paper-feed subsystem. |position’ of the scan line exceeds 16 (midway mark on
.. Although the mechanical paper feed easily provides the subframe raster), the o comm: and is applied to the

; ~, E the required peak vertical scan velocity, it canrnot provide servo system and the paper. begins to accelerate,

Ad. the accelération required for startmg and stopping due A shaft’encoder on one of the paper feed rollers pro-
i © to the sluggishiess of the méchanical systém. To com- d)ueeq a pulse for each } of a $can line width movément
" ” pemate for this }he mstantanéom error-in paper pém- of the paper. This pulse is applied to a 3 least significunt
l "tion is momtored to an aqgumcy of § of/a’scan line width, |bit couugér and: causds the beam to move up by } of a
" and is applied to the vertlcal deﬂectxop system so that scan lme width. Affer eight pulses have been*®pplied

the HPOt position cotnpensateﬂ for thl.s BITOT. M"the 3 ledst significant bit counter, this counter resets
R;ferrmg to liig."9, tHe~ heam deﬁeétxon is cod‘,rolled to.zero aqd applies-an up pulse to the 5 most \1;,1\1!1( ant
by horizontal éud verticpl i)osmon counters, each driving “bit ¢ou iter. The net effect/of the 8th pulse is to cause the
e a dlgital bo—auu’og (D -A) conv;ertgr"ﬂ‘he ﬁi:tﬂ%m%ntal beam,&o move up by } of a scan line width.
. ant
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“trophotographic paper) which requires longer
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Becaush the maximum paper velocity of 10 in/s ex-
ceeds the maximum peak vertical scan rate of 6.5 in/s,
over correction occurs, and the 5 most. significant, bit
counter is driven back past its count of 16 at which.time
the sToP command is applied to the gervo system. Papef
movement overshoot is compensated for by eorrécting
in increments of } scan line as described previously. The
servo has sufficient acceleration capability, so that the
vertical beam position is never more than =16 line
widths from its center position on the subframe raster
window.

The dynamics of this servo system have been analyzed,
and the velocity and distance curves are shown in Fig. 3
based on a 2 to 1 ratio of peak paper velocity to peak
vertical scan rate. As seen from these curves the maximum
raster displacement from its center position of 16 is £8
scan lines, leaving a safety factor of 48 scan lines. The
feasibility model actually has a 1.6 to 1 ratio and as a
consequence exceeds somewhat a +8 scan line peak
deflection. A

CHoice oF REpunpancy Repuction Cobe

In order to simplify the redundancy reduction logic, a
code was selected which would not require bulk data
storage such as a delay line or core memory at either
terminal, yet would still yield reasonable data ‘com-
pression. With this restriction, the choice ‘of a code
became dependent upon the characteristics ‘and limita-

tions of the scanning and recording mechanisms.

The important limitation in the.scanner is the maxi-
mum elemental area scanning rate. It is. possible to
sample -a single elemental area at a time upon command
of the reduction logic. However, the minfm_um time
between samples is limited by deflection amplifier settling
time and phosphor persistance. To assure accurate scan-
ning the maximum scan rate was limited to 10® elements

‘per second. This corresponds to a peak scanming to line

transmission rate of 20 to 1 at 50 kbit/s. This ratio i8 |

sufficient to yield a compression ratio of 5 to 1 for average
documents. Uy i ol
. The critical limitation in the recorder is elemental area

exposure time. This is the time necessary for the beam : \ LS
'design of the data expander, the horizontal position

to be on in order to expose one black elemental area.
Although the high speed oscillographic paper employed
in.the feasibility model can be exposed in less than 5 us

per elemental area, of interest was a more permanent

but less sensitive recording medium (dry silvér or’elec-

exposure
times. . A ‘
Statistical analysis indicated that close to optimum

compression could be obtained by coding the data repre-

sented by the.white elemental areas and transmitting
black elemental areas at the line clock rate, on a one-for-
one basis. At a 50-kbit/s transmission rate, each trans-
mission bit takes 20 us, insuring that sufficient time is
available at the recorder for settling and exposure time
regardless of the number of black elemental areas or
their distribution.
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In the scanner, the beam steps along in 1 s steps per
white elemental area. Horizontal spot deflection is con-
trofled. by ‘an 11-bit position counter driving a D-A
converter. The use of an 11-bit counter allows division
of the 84-inch wide scanning dimension into 1148 ele-
mental areas corresponding to
per inch:

After the first black elemental area is reached, the beam
ddvancdes one more
beam ‘stops and waits 19 us before it advances to the
next elemental area. If it is black the preceding process is
repeated until a white elemental ‘area is reached. The
net time per black elemental area is thus 20 us

All ‘of the black elemental areas are transmitted as a
logic one except for the last black in a run, which is

a resolution of 135 lines

“ transmitted as a zero. The zero bit instructs the recorder-

decoder logie that this bit is the last in the black run,
@nd that the next bits represent a white, run,
White runs are coded using a five-unit binary code for

{'runs up to 30 elemental areas in length. For white runs
longer than 30, ie., 31 to 284, an eight-unit overflow

cpde is sent. I'or run lengths Jonger than 284, the com-
bination of five- and eight-unit codes are repeated as
ofteén as required.

The maximum white run length that can be trans-
mitted in a five-unit code is equal to 30, since the code
word for 31 (5 ones) is used to inform the decoder that
an eight-unit overflow code word will follow. Similarly,
an all’one eight-unit code is used to inform the decoder
that a five-unit code will follow.
|| Specifically, during the time that the last black elemen-
tal area is being transmitted (20 us) the sweep must ad-
vance enough to detect the most significant bit of the
whité ‘run length code. Since the most significant bit
0f~a five-unit code is 16, thete is ample time for the
geanner. to step 16 elemental areas in 20 us at a 1-MHz
gtepping rate. ;

Sefintiing in the recorder is similar in that it also uses
a digital controlled incremental deflection system. How-
evbr, the recorder béam does not have fo come to rest
on 'every elemental area scanned, but only on the black
eléements which are to be recorded. To simplify the

register is a parallel accumulator rather than a counter.
The data indicating white run lengths are added to the
contents of the register as they are received, and the

, beam jumps from the last black elemental srea of a

prévious:black run to the first black elemental area of the
Hekt run. Since the most significant bits of the white
runs arrive first, the large steps occur first allowing
additional settling time prior to recording the first black
elemental area after each white run.

|| This coding method, consisting of self-adaptive coding
for white runs, and transmitting black runs in uncoded
format compares favorably to the theoretically -best
possible Huffman+[4] codmg method. However, unlike
the Huffman code, the FASTFAX algorithm is more
eggily implemented and shited for a finite speed scanning

-

elemental area, and if it is black the * -
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A
system. In fact, of all the one-dimensional coding méthods
considered, the FASTFAX method is one of the simplest,
with very little sacrifice in compression efficiency. For a
typical typewriter memo (single-spaced) theicompression
factor achieved with the FASTFAX algori(,hm i8.5.1 as
compared to 5.7 using 4 Huffman code. :

Error CONTROL

Although faesimile signals are highly immuné to noise, '
because of the two-dimensional spatical correlation of
graphic data, redundancy reduced signals'are muech more
susceptible to noise. Facsimile signals can tolerate error
rates as high as 1/10? or 1/10%, the effect 'of noise appear-
ing as speckling which does not destroy legibility. Re-
dundancy reduction signals, however, requiré error rates
of 1/104 to 1/10° in-order to limit the effects of noise, as
a single-bit error may cause many bits to be in error on
the recorded output. One method ¢ limit the effect of
errors is to ignore these errors, bt limit their,effect tq|
one scan line, or fraction thereof. This results in black
or white streaks in the recorded output whenever an
error oceurs, but will normally not make the copy illegible
if their number is kept low.

The transmitter adds, at the end of each scan line, a
31-bit pseudorandom end of line sync character [5] of the
Barker type (maximum run length sequence) having an
autocorrelation ratio (in the absence of errors) of +31
to —1. Thisysync retrace character is highly immune to
data errors, and has the following properties.

1) The probability of false recognition of the sync
character due to two or more errors in the received
sync word is:

a) 1/10 000 documents for £ = 10~°
b) 1/100 documents for £ = 10~*.

Thus one scan line will not retrace in every 100 docu-
ments transmitted at a communications line error rate
of 10:3%

2) The coded source data may itself appear as the
sync character, resulting in a spurious abort of the re-
corded line. The probability of this occurring, that is,
the source data being identical in 30 or 31.bits of the
code word is once per 2793 documents.

The disadvantage of using a 31-bit sync word .is a
slight loss of co pression efficiency, as a sync word is
sent for each of the 1485 scan lines comprising an 11-inch
document. Of the total of approximately 7 seconds
required for the transmission of a typical typewritten
single-spaced letter 0.92 seconds (13 percent) is spent for
‘the syne words. This method is more easily implemented
than forward error correction, for example, and does not
have as high a loss of compression efficiency associated
with it. o e

PERFORMANCE S

The compression efficiency achieved fc .
different type documents is shown in Fig. 4 as a°
of document resolution. At 135 lines per inch ¢

!
|
|

v

these 83-by-11-inch documents would require 35 seconds
transmission at a 50-kbit/s rate using conventional
facsimilé methods. As seen from Fig. 4, a typical single-
spced typewritten memo (at 135 lines per inch) requires
)71 stfconds yielding a compression factor of 5 to 1. A
| typleal IEEE TRrANsSACTIONS page requires 9.7 seconds

yielding a compression factor of 3.6 to 1,

) Of particular interest to note is that the compression
'efficiency increases with resolution. At 200 lines per inch,

the typewritten memo requires 13 seconds compressed as
opposed to 77 seconds normal, a compression ratio of
55 to 1. The reason for this is that the length of white
runs . increases with resolution yielding more efficient
coding. Actually, at 200 lines per inch resolution, a
6/9 eode for white runs would yield even higher com-
pression than the 5/8 code depicted in I'ig. 4. Of interest
alko i1s that an all white page requires 3 seconds at 135
lines per inch resolution, where in theory, an all white
page containing no information should not require any
time’ to transmit. In practice, however, as a minimum,
the sync retrace character must be sent every scan line,
thus accounting for a finite transmission time of 0.9
seconds. The balance of time 2.1 seconds could be elimi-
nated by storing one scan line of data; observing that
it is all white, and sending the retrace character instead
of coding the all white line.

EXPERIMENTAL RESULTS

Resolving power was measured with a set of United
States Air Iorce tribar test targets. The awerage re-
solving power over eight targets at various orientations
was 80 lines per inch. The fundamental limitation on
resolving power was due to the recorder employed in
the feasibility model. Although the sample spacing and
line feed in both scanner and recorder were adjusted for
135 lines per inch, the CRT employed in the recorder
could not be focused for this resolution, as its original
design intent was to serve as a high speed alphanumeric
line printer.

The Koédak linograph paper used in the feasibility
model belongs to a family known as “direct print paper”’.
Paper of this type is characterized by very high sen-
sitivity, low contrast, and rapid development. In addi-
tion, the contrast becomes worse after exposure to room
light unless it is chemically processed. Because of this
lows contrast, sample output of the feasibility model
could not be reproduced for inclusion in this paper. .

CONCLUSIONS

The incremental CRT scanning and recording tech-
_nique employing subframe raster scanning and redun-
uction has been shown to be feasible for a

(less than 10 seconds) graphic communications

eoause & 5 to 1 compression ratio can be

> n is now possible over group chan-

s wheré before super group channels were required.

¢ consequent savings in line toll charges of $20.50
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per mile per month for hauls greater than 500 miles .
readily justify the cost of the terminal over conventional
facsimile units. In addition, the data compression achieved
by the terminal is applicable to reducing computer data
storage requirements of complex imagery.
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Mutual Coupling Effect on Maximum-Ratio
Diversity Combiners and Application
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tual coupling effects on an M-branch maximums= I. INTRODUCTION

orrelated signal fading in general are con- 4 ] 2 ¢
.DIVERSIT\ combiner has been defined as a linear

ase show that the average|, !
less. &s the antenna combination of all the branch signals of a multi-
r. In general, different branch signals may

maxi mn)-mtio diver-

Abstract—The mu
ratio combiner with ¢
sidered. The results in the mobile radio ¢

power delivered to the receiver becomes : .
spacing of an antenna array decreases (i.e., the mutual coupling  pranch receive

inacmlwitheitheranoﬁmumlondnemrkoranoﬁmnm . H TSR,
resistive l)o‘d network conn:cted to the antenna array at tll:e.front be W(’lght("d by d:ﬁa.r‘m nt ‘“““‘ - '}h‘
end of the receiver. However, there is not much effect on th sty combiner [15] is defined by the pro rtyithat among
power as long as the antenna spacing is equal to or greater than ﬁ i a1l diversity combiners, it vields the maximum Signal-to-
certain value dependent on the number of the branches M. For ' noise ratio (SNR) of the combined signal at the output.
M £ 4, the required antenna spacing is equal or greater than 0.2\. | The maximum output SNR is realized if and only if the
e ;‘l' ul o' 380 R EROVEORE ‘"m‘“z‘ “Tf h“:::l“' % {:m optimum weight for each branch has a magnitude propor-
:;ect on .&e‘mﬂ:? d:::l;\:;n oqfu:l'u ';:“!“’m‘nﬂ:\;p‘m‘ I tiopal to the rms signal and il\V}‘lS(‘l)’ pru}mrtiorﬂl to the
branch mobile diversity array is also small, Hence for an in-line mean-square noise in that b“('h. In this paper W ~ar\e

ering the mutual coupling effect on the maximum-

array with M < 4, the antenna spacing of 0.2\ can still grovldo’ consid i
most of the dsual diversity advantage. ong ratio diversity combiner due to the mutual impedances
) .' branch antennas when the adjacent antenna

among the
small, say, less than 0.5

-

A Y %
jcatiol  gpacings become

Paper 70TP58-COM, approved by the Rad) .
g g IEEE Communication Tech"(:lﬂi;ed 18, ™ Without taking the ‘mutual coupling among the branches
it has been found that

lieation without oral presentation. Manuserip : ; : :
; : - Lal : of the combiner into consideration,
mlw }'lnow r?“;'_}??&',‘"“" stories, Crawford a 70 percent correlation between two

received signals in

f




@® The reception area of a small companysin

Conn., $warms with activity® theses d‘ﬁ\'&

Graphic| Sciences Inc., a young company th

dominate the graphic traffic: market the way the Inter-

national Business Machines Corp. dominatés computers.
Every! desk has a white sign that says; DECIDE, “Not

THINK,” says Graphic Sciences’ chairman, - Dre Sullivan

Campbdll, “DECIDE! THINK also implies procrastinate.”
Right!| now Graphic Sciences has a single product,
dex-1. “Dex,” says Campbell, “‘stands, for degision. ex-
pediting, and that’s precisely what dex-1 is intended to
do.” The unit is, in fact, a telephonesattached st simile
gransceiver. “We don’t like™it e woplé [
facsimile transceiver,” says Campb@
communication unit!” it e
If dex-1 is a graphic communication umity 1t ol
the hottest new black box to come out of the co
nications industry since the 1BM 360. There are .
ten devices like it on the market and nu-)gt:pﬁ; their i
facturers claim to be sweeping the field, But whes, ¥
tgy to pin them down on figures, they are extremel
sive: a little checking into actual salestturns ups
Z€r0s.
“We have over a thousand in the field now,” Cam _
says bluntly. as his assembly line cranks them out| an
tests them. Out behind the plant, workmen are buildin
another wing that will almost double plang atca. Of

cad of production, but the
it there. Orders for units are even
: r iy over Ml transceivers—oops, graphic coms
" munication -devices=in the hallway alongside the execus
tive offices. Eauckilyithere are enough dex-I's around to/ 4
handle thens £ - MR 4t iy
- Thepareose yeasons customers are flocking to &
Graphic Sciences: dexT is a facsimile device that was'#
engineered with.gﬁhtﬁcnsitivity to the customer’s prob- 8
Jem as well as tojthe general problem of getting good
transmission aver some pretty awful telephone circuits,= 8
“We designed the dexl to operate satisfactorily on anysg
’ ou can. hea V\‘Oi(‘(‘&\'t'r.” says Campbelli§
jere—on any a-c line from 40 to 400 ¢
o 140 volts.” %
déx-I's popularity is that many O
breath; current passing from §
¥e paper on a rotating
ding to current density. The
‘and an odor like that from
M most facsimiles. In dex-1;3@8
the smoke from the styl
Ca_m}pbe.ll,v “There was a Ve v

: hq air must come out of t
v g
‘a spectral response tf t
npbell and his engincerss

ear images, ‘4

i

n.proposition'




Decide, dont think./Gra
S { irman Sullis
pIo.’es‘l ,
riew facsims

were able to make sure dex-I wouldn’t be “cologil
_that is. colored material would not wash ‘out
to appear at the other end, : il
To work out dex-I's mechanical’ designs Camp
hired one of the best graduate students in me
engineering at MIT, Eric von Hippel. “Simplg
cal difficulties can make it hard to sell machines;
Campbell. “Like if a secretary breaks 'her }%‘3
every time she tries to load a_paper drum, 3 gy
a problem.. She’ll get to dislike your cqmpmg’n
von Hippel’s design, the paper is dropped in @
tray, which feeds it right on to the drumy
every time. " Kt
However, dex-I's best feature is not inats opti
mechanical design, but rather in its circuit designJuis
his competitors, Campbell had to solve the problem o
line interference in the telephone nctwork., His com-
petitors, reasoning by way of analogy with B asting, v
chose acoustically-coupled f-m signals to carry’ ‘
“Give me 50 khz and T'll give you the damndes
transmission you ever saw,, says Campbelly
ktz. a-m is far more suitable.” ;
For a-m transmission, the telephone ling pre
problems: noise and fading. Line-noise, and &
noise, except that which looks just like a'8
fltered electronically. Fading, Campbell ¢
an acoustical single-sideband techniquies Ko

i




$

+]

RN,

this
dIi it

that the patents;

A

m-,"n.\ut,‘.ﬂnng with the ‘infor-
‘ which teadjusts: the level
propriately. Thus, as the telephone

Ver

the test:bars  riding:in
lvsed by ‘speeidl ‘circtitry,

STILEEeS;

to achieve al tmiorm image.

to put up with the problems of

savs Campbell, “which ‘puts  a.

pv due to phase distortion, of

In the end, dex-Tused: 27 inte grited

signal, detect andtanalyse the -

vl v

and synchromize dtims.

o to CampbelljGraphic Sci-
siness because, it knew (what:

od on a machine developed
iich was 'set -11}): zl»t‘\ the indilé-
KLI to generatéha fanmily  of
hicts. One ' product) was an
o ¢ transceiver. 4

s to build the m;u'hih(;’ with' Kigh
But then KLH was Hottght by Singer,
to Campbell. did not appeae to.be
ting industrial produets:! The!‘Arthur
lown the block. and tried " to }ll‘lp

‘ writing process:
turned the idea down '_h(‘(.‘ill\ﬁl‘ tl\(‘_\'
which , seetried, 5o ‘gen-

ectrica

Jto take J: facsimilo record the image

P lxl“
craliiwonld in fact be issued. Other companies didn’@
reject theridea, but didn’t make up their minds either
We ealked in and we knew we wanted that machine

We offéred to buy all the rights to it for a half-million

dollars—S150.000 cash, the rest over seven years. We

were there with a solid offer and they took it.”
“Thuis, Graphic Sciences was born in May 1967. Thé
finute the agreement was signed, Campbell and hi§

- partners started redesigning the box and weaving a welf

of | patéatSaround it. “The only components left” fro
the. origmal dosign,” he says, “are the photodiode ang
the Tight ‘bulb.” n
Nows Graphic Sciences is working on other machinesy
[tk doxeIT attaches directly into the telephone system (of
fwo units can be connected with lampeord). When dexd
HI arkives: it will automatically answer the telephond§
on magnetic tape
cither a three-minufi
{5-second maching

- ‘ .
tHes hang tp. And*dex-IV will be
machine [(dex-I takgs 6 minutes), a

ygan :1“.{“!‘1 LGASC ‘m‘it that would converse with co
l)[!l r® 1';1!Q |;' ntYK'r dex models. .

“OF cgl g~ Campbell pointed -out. “it doesn’t ma
sensogd

i#roduce a portable dex-T\ il there is
well-estab ‘(1 number of machines for it to talk tod
As he finishc® he was intorme d that thrée people werf
waiting o .see him, and four were try ing to call him.
Sullivan,Campbell smiled.
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good communications, designed. built, main-
used by humans, is fal llible. But wheh a

ations system is put to a uSe for whieh it was

led. frustration is almost ]]!l’\ltu] le. q

-t 76th Street on Manhattan’s Upper East Side,

n exists. There, Hertz

rental 'stations. In

ymmunications svstel

many automobile
fhic
nd at Hﬂll‘[’ stations in New \.UI'L".
Hertz confident he will drive away
irin.a:matter, of minutes.
location things are diffezent.

man named Mr. Levernson' stands:

1ded by electronie communications

yoraph, a computer console, a tele-

ctic mornings than he cares to
irate customers.

ars in Manhattan “ave

made
numbeér—661-7100. Be-
vaticnists” handle incoming calls;

l¢ ‘Er].un!'

1 ]
:‘.]\Y‘ cl

the reservationist tells the cus-
confirmed rescrvation,” theh sends the
Lstomer's name, intended tine of, pick-
I instructions—directly to'the Telautos
priate statiom. Thefe, las cars come
Lind the desk enters rental transace
ater’s memory: using a CDC time-
miced for the parpose. A ChHC-8081
6145 First Ave., maintains .an up-to-

all metropolitan statmm

irs o

e -k-znml primarily “for “car

ient in dealing with customersd

controli=that, is., it'keeps inventory and mileage data
on* cars ta locate those that are not returned and to
insure tHet' all cars'get periodic maintainance. It
not designed for on-line reservation che \“Lm“ However,
by using printout from the computer oft- lm Hertz
found it could put'the expensive system t ¢ updating
records of atailability.

The Hertz teservation system has three flaws. One is
inhcrent in car rental derive from the fact
that the CDC system wasi¥ intended for reservations.

The central —.m(l amsolved—problem in car rentals is
tnat the qpfg.p\am'“hh\um ¥ must make reservations
sOMetines seldys Sor wec ks in advance. but it cannot pos-
sibly know SRICIE cars will return to what stations, and
whari! So \\lnn"th( reservationist savs a customer has a
[hursday at the 76th
at least one car
to get

was
1O W \]

S the other two

confitmes ‘teservation for 9 am.
Street station, lie is really betting that
will'ha! there by'flien, or that he
one there fromya nearby station.

The, snaglin® using the
that the system was not intended for on-line display of
inventory.' Prése ntly, a city manages gets a- printout
from the ‘computer- cvery half hour. He checks to see if
ufi' station is low on cars. but the score sheet is always
behind by a few. minutes to . half hour. and there are
too “many varialsles to guess wv;'f every time.

rmall\ tlic computer has no tee Iback for reservations.
It knows (mh witether cars are checked in or out; not
if customers are getting into them and driving away.

At li\(.)st Hertz stations these flaws ar n't evident, and

the system weorks fine. But at the Fast 76th Street sta-

will have time

:wnmxH r for reservations is




ndicate then

Pt
oINg

awry. Ur

g l‘ﬁzm oy othﬂﬂ"
motnte mi mr*«nwaﬂ he h'f

ften is painfully “obvi
L}
number of mnfnm« d 1(‘s(r\aﬁoh<
mers start agriving to" claim " thelr
ot alwavs forthéoming, and Levenson
hat there is ‘@ delay of perhaps 15
to have a seat. By 9:30 on some
arc as many as eight or 10 disgruntled
d into the small %seating “aréa—=Some
for aver an hour.. Levenson_ periodically
cvits through the door at thé. rear of
om—and reappears looking even more ¢on-
hen he left. Meanwhile, ‘confirmied yeserva
to spew forth from' the “Telautograph,

1
isks them

xpecting them to ‘be honored. contintue,

telling them abeut this.’. Levenson
but it doesn’t seem to' do any good.”

roblem, according to ‘an’ informed

Some days the stdtion is short-

- only one man to washt clean out,

s. In addition, says the observer,

rents space in a garage ab 353 East

ge employees have priority over>Hertz

automobile clevators. So onée a ear,is

ustomer. the Hertz employee, may have

carry cars to garagél customers.

circnmstances, the computer only: coma

alties. With no way ofiknowing that cars

ing to customers, the eomputer nu'n‘ily con-

availability, and clerks, assuming

reservations, which keep

of all this is Levenson,

y
fevators

make confirmed
rth. In the middle
t

bl

e

b s Jh
fﬂun(ﬁﬁlec? .»\ exotic comi

1 $
(‘)""‘,Mi: r

» bl d i tell the

fits/its sn up‘l\tfv view of how
the H'\FI“..(HMH clerks who ar
tionsron the Ba&s of the half-

Ironically, Heértz is ownct
of the infermation business.
pany’s 76th gStreet station har
this alliance. Itate
arc likely m\fu vaf waitir
are to, nodvail.

Perhaps, most ironic is
for solutipn hinges on the abilit
involved to commui

Feustomers ai

ki

dompanics
problerhs to those

Commenications dificaltics

firms or othér dompanies—th

\\"lﬂ can

tronics industry.
Unfortunately,
communications $vstemns tend
“the carpet. Executives who recomme nd
development ofan ‘electronic system . us
dlined tostalk aboutiits slortcomings
oxetutives in theit own firm. Often
belicve' that if shéutd diffi
qaently dévelop, éven with the consulta
the next client migh
]

the ‘companies

discu

the system. for
petitor. And rarely will JH‘ firm was
to be dirty linen in [ﬁl ic—so the
out of any investigation of .
example, refused to (]I.\Llf*\ its reservat

|8 i

£4)

vstem probl

rental

1
ol (Y

into new
os under
isition or
ren’t i
{o x)”x(‘l'
doesn’t
subse-
designed

e a com-

considers

often shut

Hertz, tor

stem.




A postscript

@ Historians may \HIIH‘([J_\' cl'(‘dil l]n‘(‘(‘
E. Shannon

men—David Sarnoff, Claudé
and Edward R
arcatest influence on the déevelopmenitof
the communications industrychiring %llis
century. ’ el

Sarnoff. who first gained fame asithe
wireless operator whose messages “sent

the doomed Titanic

aid ol
to the industry a verve:
that it has never lost. It was Sarnoff who,
in the early days of broadc¥sting risked

1
1
|
1

.\‘.Hj.\\ to the

in 1912, brought

4
fuin«

s to popularize radio by puting on
the air a blow-by-blow account e the
Carpentier-Dempsey prize fight. It was
Sarnoff who pushed tv and tv program-
ing just after the second world war. And
it was Sarnoff who made color agghat it.s
today. Indeed, it was he 6 forced
the communications indastry’ to be bold
and imaginative.

Shannon, in his paper \ Il]dﬂl(‘lll Ati
cal Theory of (mnmm atipn.” formal
ized the ’IQIH
the way James D. Watson uml Frangis
H. C. Crick formalized L,(‘n(‘lh:(s ‘or as
Albert Einstein formalized the re thlml-

ship between mass and energys Shammon

in hu 1948 paper, examined ‘\u\thmg_,_

from pulse-code modulation techniques
and \I rkoff chains to crossword przzles
and James ‘Finnigans Wake.” In
the end. he reduced the entire question
of the theoretical capacity of @ transmis:
line—to, ja

[oyce's

sion  line—any transmission

mathematical relationship be tyegn noth-

e more than bandwidth and slf'n.ﬂ tol

,')';!:ﬁ'w 1tio

Murrow as h;!\f!lg the

¥ It was Murrow,

N

| b

SBRE it was Murrow
mmnications perhaps its
Q‘i{t—g(m({ content. He was
jonrralist who first cained
then tyv:

politcal figures

o

To him. actors imitating famous

and reciting hy }‘\";M‘Uk\li.
even mythical, conversations, and movie

prnj(-(-trn\ showing recent events in

which much of the footage and the
entire sound track were actually dubbed
in—these were travesties of journalism.
more than any other in-
who ided the conceptual
tostinal fortitude 11}‘
witich mere news readers were replaced
by, the Chet Huntleys, the David Brink-
1(}5 and the Walter Cronkites:

Loutonniers and still slides of peoj

dividual,
framework ant

white
le in
sthe news were replaced by live, on-the-
scene, tv coverage.

Murrow addressed himself to the
question of communic ations content, a
questiors thats engincers and executivey

sttt addressing themselves as dis-
soft-

bire hecome incrcasingly blm +ed. For

mctions: between hardware and

ig they who must take on some of the
ponsibility of what is communic: ated,
ot just how.

i :
Perhaps these men—the eng

incers and

exeautives—would do well to be guided

l)\‘ sihiat Albert Einstein once s vid:
Wevar let the containey he more valu-

.1')1( il(JH the contents. @

Repr‘mts of this special report are available at

$1.75 each.
{ i Bomyright 1969, Electronics
Publication.

A McGraw-Hill
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an-—corporate ne v.'::Iu

can be descri | S ol ?.wt chippy
[n the contes i inod ﬂf'r -\(’w.
tance at which *direct !
than. say. the te ]lll}‘\rlj“
( 'rliwull,‘(]u'\ 1 ”‘4‘ ]
where 'ltul.:‘\ almost all « POT AR
down <00 that they are handl d by
with members of each clust
another, If some provision
enable people to operate
proximity, then it would no I
bers of such clusters had
,:\«:".!i‘.‘?l ds of miles apart.
1 cross the 30-toot gap. the bnsiness
needs electronic snbstitutes ton travel
rce puts it this way: “The te '!4-plynu' R
mt to communicate with voundggandiioth

en it comes to you INISEreSSe datt

Just where the cutoff point COMES biitween pl
| and eleetronic communicalion s @ moot 15su .'Br"
ne thing is certain: the tele p]mn(,. by x'\.-: and " asts
appears: today, is inadequate asiay mb\t.\nh for travel;
Something is Ll(l\m(f in ‘commiunications;. savs Pierce
n an executive must fly from Néw York to the West
( \:\f and back just to attendig@ithree-hour canference
One logical corrective measure Wwould be:to add vision
the telephone?This, conceivs ably_couldicut down sor Console syndrome
iness travel, because it would afford users face=to-face )
wf sorts; hence, the Pictarephone.
¢ Picturephone, even if it were to find wide-
d use. still couldn’t be a completessolutiony Clearly,
onic \H})\(’ltllt‘ s must be developed forfévery thm”
cople can do in_a roon, save physical contact and
?..n.a:(- of xuhﬂ‘ull)ut\ This ‘meansghigh-fidelity
nos. high-resolution  cOl@R!Pictire phum 6 highs
1 color facsimile, and déVices for manipulating
There st also be provisions. for: storing,
and routing inforigation) Not only must all

‘-:-lw])ui they i, marketed at a pncc

i
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Hx-'\v VOT. Vit Hm found that the addition
ificrs to an v\x']‘m iy voice-crade line can forestall
ost the useful
-more
. This is how
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ill be comnected to
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and whether the small, suburban

spreads. to-the suburbs diring the next five years.
3 vonsiderable disparity of opinion
veringithe first question. Data users
\T&T in

computer

vl“l« e seems o }n
when it ¢omes to ansy
gystemn in general, and

contend the tel l‘]' nme

hasn't properly prepared for the
Wall Street as a
lata flow at the nation’s
seenters—the York Stock
an - Stock Exchange—caused
serviee in the entire Wall
Mnd if the Bel

i viph
a suaten surge of data in the
tv. what can be expected fr

]mrfn nlar

]
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Exchange
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e ».dr‘f'r*hng plans,,Km%r*‘i
wed' perfecting. its color process"lf :
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wnicative society expands in the 1970°s, s
Domestic communications satellites, of COURS
doubtedly play ‘a major role in future. Widé
Originally. such satellites were plannedit P
two relatively low microwave frequenciéss
ground to satellite, and 4 Ghz, satellite to g
could provide just about 14,000 voice:gs
®ay Tillotson, a scientist at Bell Labsg
wo higher frequencies be used mstcad—' ;
ellite, and 18 Ghz, satellite to ground.
cies could accomodate 75,000 vo,xch-
five times that of the lowers
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On the tape.

= Have calls forwarded automaticallyi
<S10N where the use l 1 | :
= Have the 2750 monitor, the ur.ﬂ icts Of a ré]-n the‘m '
dial a previously arranged telephone numbeér and issue:
a prerccorded voice announcement. (Ehuss the syvstem
gan be trigge red by a thermostat to alertithe fire dépn
ment with a voice-mes that tclls the locationtot't e
thermostat.) R 4R
3 : ) N4
Without sophisticated electronic S itching, the gl}?i‘"-
phone system. which was intended expressly for cenver
Sations between people., is far more snitable as a switch-
ne network for point-to-point communicdtion ot the dbrt
normally:  cneaged  in by machines “Approghitately,
machine-to-machine connunication promises 10 agiount
for an increasing percentage of telephoné trnfﬁc%ﬁiﬂ
the next several decade: %
Right now, the mach that talks moStito its brcthers
is the computer. Last y 15% of all the (qﬂral -prot-
essing units made i were attached to a common'
carrier. This percentage climbs each year by 3% 0r. 4%.
But such ficures could be misleading, if thr\ are corrdy
lated with telephone network usage.;Compaters that are
how being equipped with provision for (rmnecﬁbn te
ommon carriers feed many more telminalss perhaps
dozens, or even hundreds—than wmplﬂ‘ms of the early
1960’s. And at least two of IBM's conipetitors, General
Electric and RCA, are aiming primarily at time- shating
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v the same A.mm'l wcturer, I‘}us,he orn ge,,ns tru]\, admirable, but left' by the way-
- oW X ith lant-head color yideo rrcm‘deﬁ '? eral mmhm that could sacrifice a bit
ich head alignment.is critical. f éul'm\——‘mxi rcad almost any font or
test enrchiné-to-thachine incompatibility, stnldes / ". nbingUEReE Wits. There is an OCR unit that mere or i
imer directly, Those two old rivals €BS a ' b thisLdesc tmn mad },'\ a small New I]ersey
intro “11\(.! two systems for playing back prerceogs & @mpuScan. The nachine however, sells for !
programs over an ordinary tv receiver, The/CBSitie ‘08,, . 8 900 ” Tic: hciudu a modest-sized computer. in the ! .
called EVR lul clectronic video recording, puts; mmgea : £ ts up a major drawback of today’ S'OCRS& 1
on high-resolution black-and-white h] m w lt]l the CO ‘ J 'CT\ expensive, too expensive v the .
coded on «uh went frames. The !ti 1] (ﬂ(‘ﬁhzﬂ USErs.
SelectaVision, stores the color frames lh the fonmoigholo. An er  approa R, ¥aken 1,\- Recognition Equipment
grams, whi h arc cembossed on glear vinyl tapetEVIRE ’iﬂc«)' nk OCH! machine to a facsimile device,
adapters will cost $800 initially; Sele ctaVision 1dapters,,. ich | 'ét'd at anv remote location.! Thus, a
$400. Neither unit allows the viewer to'tape his own + do me ¥an beorwarded by facsimile to the batch-
choice of broadcasts, and neither can play the tapes ofis featﬂlq Jdeffect, the facsimile device enhances the
the other. The two systems represent the f‘lﬂt md)mgﬁu ‘OCR ma& e .admL range
ible additions to the home entertainment!marke€s! n“*" x AnOtJ'lbr,&tc Fof embryonic ‘1‘ velopment in: people-to-
All is not quite as bleak as it inay seem. One (onsunktr 'g]ﬂcl]lﬁ mmunicatum an be found in information
item virtually became a standard by virtue of umrl\(‘tmg' K’“"éval gam ~§0m0 impressive systems have been
strategy that could work with other products. The Philipse Cleated 501; Spécgﬁc problems. Successful application of -
Co. developed a compact cassette for magneti¢tape i ase .ﬁnc‘”ﬂ was first accomplished for both =5 -ﬂ,,
then let anybody who wanted to make it ot use lf' for' the. petrolbun astry and the military, Other' indus- {
their own machines do so without cost. The conipany dxd tries, %&dl aw tig information blocks with singular
this on the theory that easy availability of its (1s§ettcs { ahelS-—-ﬂ] Wi of salicnt chemicals in the drug indus-
would help sales of its recorders: and the ‘preserige of " try, foryexamp Q—-fONO\\(‘d Now publishing &nshtuﬁons,»
other recorders would help sell casscttes. The resultwas: such as/ T d The New York Times, are de
a booming market. And Philips is doing a greas dea!‘- ‘opinggconiperized: information-retrieval systems. The ‘*J
better with both cassettes and recorders than would s e
have had the firm jealously guarded the cassette. '
Probably the least mvestlgated and I\ east developed
irea of communications is people-to-madchine comifuied
mf.w.} Page reading, spearheaded by firms like RCCOg
nition Equipment Inc, and the (nntml Data Corp.su
’.;L}w'nu\\ Laboratory, has become a profitable pursuits
largely ],r(.um the literate \\m!d can supply tonus i
mental reading assignments—tasks so big, in facf' the
justify development of special machines suited’ Uh% 0.
i specific job at hand, such as zip-code reading. "w
Consequently, nph(n] character recognitionithas; p,;
ily bitten mﬂ two. small parts of the goncral probl etﬁ
The machines read either,a féw alphasy
icters in a wide variety of fonts,.or all th"e\ Qi
st a few pre detern nm(l fonts. Eiﬂ’](‘r wayy
cr recognition mac lmu S oporat*e at S[N‘Cds
even thousands of characters
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there is ne able mathématies
len to help bring abput its sola:
lson is one su¢ h scientist. “Years ng(‘

sers could recognize Only a few

oked pretty drmlsti'n!." he savs: “But
It a deviee that apj nroaches a 200%vord

When vou get to 500 wi wds. yvou ve got ity

At the Stanford Iaboratory, one scientist! Raj Rodd\.
lesioned a 500-word speech-re cognition sys-

the \\\tz-m did not comercasy. At thc

m is a PDP-10 that Has devoted abont,

time for two vears to thesprobleni of

ut what humans are saving to it. Words

« microphone; the computer program

rst, the machine decides what constitutes

‘,“, the word seems to.start and stop.

hine analvzes cach utterance in térms of

tives, vowels, stops. svllables, und SO on,

oks up the (]l\\k(f((l utterance in its

;,v! . 2 match. If it believes it has found
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communications is the"
deal of future network

3
words, and accuracy. For example, he believess@
ent state of the art could yield a black box capibie
handling 40 to 50 sounds in English at a costjof @
$500; a yes-no recognizer, for only $10. By relal
parameter, results- often can be quite surprising s
maining parameters. For example, a 81 milliom a

handling 1,000 words might take 20 seconds t0 answer
with a 90% to 93% accuracy. Allowing an 80%,accuracy i
i

would speed response time to two seconds. " A

Reddy hasn’t built devices that perform to theseispeei-
fcations, but his experience with the 500-word program
suggests that such devices are now possible: As to what
may he ahead, he says: “The duty cyele for most appli-
cations. you can think up is quite low, so the machine
could spend considerable time mulling over previous
sources of confusion. We could program into it associa-
tions that could trigger past phrases and sentences the

machine couldn’t understand when firstyit heard them.

Interrupt mechanisms operating. on variousgleyels:

priority would bring the machine back iDiog

actiog, if needed. Of course, if you hadya i

of ill-defined priorities, the machine cotll

confused.” B
Should this happen, the machine could suffer a'hun

frailty—a nervous breakdown. iV
Recently, Reddy and two graduate students

to combine efforts in an interesting project that

:
+y

vy ¥

"‘-.n of each. Karl Pringlthaci been A

h vision; Jeff Singer had huilt a power-
en hydraulic arm. The three attempted
stem that could take spoken instrue-
B8an and, under the supervision of its own |
sion, o what'it was told. The resulting automaton was
a nominal success.

[
For a typical command such as “pick up the lazge;?

" 'block at the right and put it on the block on the left,”
the computer wotlld labor over each word—checking the
program to see how the word functioned in the sentence
and what. it meant—then the arm would move to th
d carefully place it on the othe

block, slowly Tift it

block as instructed. " ./ "y
Toward the end of the coming decade, speech recog-

nizers may become a fagtor in bridging the.50-foot gap.

But there are many systems and devices, either in use

at present or further along in their development, that

etint Tole in e carly 1970’s. Among

¢ likely to play major jales: Yoy

tv broadecasting. Probably tbg;“"*'

@ vosouirce ifi all of communica-
eal of the future of network broad-

in to center on the little-used chan-  , §

ough uhf waves are more prone to
nce than very-high frequencies, the
; | ‘gre;'&ctually more suitable "
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ylv ﬂ‘xi&
Powed

\H\,.md was
as the name
re multiplexed
listener! is a>ked
n answer to 2 ‘questonifg
ne multiplexedi chantiel,
. rs instructions appropriate to the liStenerss
SPONS vania still pes to vj[»!’hl]i/‘ on Edticast,
but the systemn has been awaiting a precise approach; to.”
the problem of marketing. )
= Hard- opy broadcasting. Television, de \l)llt"' its p(’l'-'v'_
vasiveness, lacks the impact of the written wond ﬂﬂdl
knowledgeble -observers attribute this Achilles heeli to
the transieat nature of }H-ul(llki\lil]L’,»**”lt“.Iil(‘k of per-
imanent record that can' be referred to should a broads
cast (or advertisement, for that matter) warrant further
serions consideration. One attempt to add hard copy- to
broadcasts was announced in 1967 by RCA. Called
Homefax. the system is essentially a one-way facsimile
system. Signals are transmitted in the blank spage
between video frames on spectrum that otherwise would
be wasted to generate that black bar seen on the screen
when the horizontal hold is thrown jeut of udjux‘tment
and the picture starts rolling. Thus uu‘l‘l{,d Jlopo‘

I\n)il(‘h of a normal trm\mi\\mn the Homefax '8 w&
'S me by way of the ordinary tv antenna

enters the home 1
is decoded, Such a system cna \ln s the viewer to get an

electrostatic printout at the mere push of a buttond

Although the system works well. it has been tunporaﬁly'
shelved by RCA. For now, the co ompany €al 't figure outu
how to m;n'l\(-t what can best be described ‘as instanti
publishing. But tomorrow may be another dady. :‘-;
= Data/Picturephone. With I‘m arrival of the homc
communications center, ancillary information . that IS
germane to a broadcast may be handled in a number of |
other ways. It may be s stored on magnetic tape for sub-
sequent conversion into readable form. Printout may be
on either microfilm or the even more diminutive mlcr
fiche. Tt someday may be pumped automatically mto “
magnetic-bubble memory. In any case, what is clearly
m, .ded is a data version of the Picturephone: & cathode-
tube system designed ex yressly for, the purpose of .-

¥

(tion retrieval and (l\ play. There are,.of ‘%
nany such displays on the market -or L LA

141y
One unit, at Bell Labs, uses a simple key-
ining Hall-e [h‘l switches that Bave no con-
five additional blank buttons-are arranged
hottom of the viewing . screen. Thus, the
m label the buttonsfwhich ‘can. then be

unmon new material’ to thejscreen. Thes

hich fits atop a desk, is barely' larger than .
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Adatrdisetvspapers. Xerox has Begn |

}ivears witl or Xerography.

mmunications
standpoint, :
h. But ardinary

e SO '}"-\"r‘;ii".\‘-t‘

ns takes it into
put red figures i
yerfecting the qual- j8

trving to identify

lor, Xerox is purs

d copy from just about
etic tape or disk T
pv., print to microfilm—14
insfer information. j

Weeadcasting, The next big trend in home enter= 8

P ) h

i ‘&t‘ 1?'”5 {gtering . the communications industry by}
Weiaha il et radib stations. That trend is guadrophonicl
sound of fonrchannel andio. Two stations in New York_:‘
SWKCRI B UWNYC, and two in Boston, WGBH and |
i i "“ pput. to broadcast quadrophonic sound ex-
perinientally over two stereophonic f-m channels. A Newy
York engineer, William S. Halstead, has developed a syss
tem for multiplexing four channels over one carrier. Hak
stead’s system and several others are under consideras
tion by FCC. In anticipation of the quadrophonic boom,
H.H. Scott has developed a four-channel amplifier, whi
the company is prepared to incorporate into a design}
with appropriate tuner and multiplex circuitry the instan
FCQ decides in favor of one of the available multiples
systenms. Quadrophonic sound has several advantages
over stereophonic sound. Quadrophonic sound is rela
tively independent of room acoustics, speaker placement,8
‘and listener location. And it is better suited fof reproduc
=+ tion of both symphonic and rock music. For the former,§
the back two channels can reproduce the reverberative
envelope of sound oné would hear in a concert hall; for
the latter, four speakers can conjure the dizzying spatial
effects a teeny-bopper wonld encounter in a discothequ
Thus far. neither CBS nor RCA has given any indica-
tion as to what it plans to do about quadrophonic sound.
i pithe t&o companies have been thinking
Emultichannel sound for some time,
e undoubtedly awaiting FCC adjudi-
honie f-m. applying themselves in the
; s s -1 Re task of deyising a compatible quads 0+
ant) Y ¢ pRorto, ¥ The adaptation of Stereo-8 tape
Quadrophonics ahead. To electron‘?cdwm e 24 e Gy ghonic sound should be no problem
whisk the listener in his blue-carpeted T S PAC AlRSOPVIoNS ]y And plenty of unadrophonic progran
living room to a choice seat in Carnegie | e already: n.oarl,\' all recording sessions arg
Hall, future hi-fi systems will add the + a(‘l\ half-‘mch masters. i
reverberative envelope of sound he & paging d(‘\'l('.‘(“i. For._vears some men hav;
would normally hear coming from the § tbeir pockets little devices .that sound a be
back of the concert hall. Quadrophonic; ving a coded broaflcast signal. These s
or four-channel, sound system—the natural ks SE R PREE ces.are really nothing more th.an‘ the portabl
successor to monophonic and stereqphonic 4" ‘ " ["extension of a telephope bell: upon hearing a beep, th
setups—will recreate reflected sound u earest tek:-phone and c:}lls aprearrat;lg
returning to thé listeners on two additional [ that of his office. Paging Sysl.’(‘m§ »
hannels. which will fill the rear of the s¢ because very few firms could justify thé
room with sound from two additional ptire system. Recen.tly, however, the FCQ
cpeakers. Quadrophonic sound Glso CORWIRE L § ; Rla ' decision that explicitly permits collectivey
o soontaneity of a pulsating IR TR ing syste - h can be shared by many compans
discotheque and .adds another dimension” e W, A v peopld \agﬂejmote paging can be nffered to th
e ‘ ' The, most i ely market for such sy
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Lot if ' manufacturers
compatibilig ligh=",
! l !|";}‘. }ll';l}l-l'f mlivtiml‘ }
cubstantial markets i ORIy IR
ip his own “'\m\:ufssion‘ ¥ o RS
vy uni with sliichsbe: - L ihimador B2 Records called “*Switched on Bach™
o jd‘id‘ff!v \ﬂ)é ‘M'.\v hold in pop music. Moog music, as
Mobile :‘.l(hr>-!(‘Twphnn("$f;f the s"\'mhi-t"l‘v("‘ll"«“‘f’r\lin\ have been dubbed, poses two prob4
und for years, hasve groved ™ fems BPet P doesn’t seem to have the power associatedd

'
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Airliner InSls ublo
May Parachute Down

Are drag ‘chutes and large «para-
chutes practical as a method of
saving airliners in distress? Yes,
LiLu‘(d/H\g to two safety researchers.

They point out the concept has
already been tested with heli-
copters, and they emphasize that
no serious attention has been given
to midair emergency evacuation in
civil air transportation. They argue
th today’s military technology
could and should be adapted for
the general population Abtoll

Here is the system as seen by Dr. Lo v *}
Richard G. Snyder, University of :wu
Michigan, and Air Force medical I%he two cbth‘pan
doctor Col. John P. Stapp: Cact
e When an airliner develops d g,
trouble, the pilot pﬁs%a button esigl ot
before he loses con
® The fusela@E=tet
engines, wings, and taifs” 4nd a drag

‘chute is deployed. g -and .
! o i , Large scmé I ed 0. display  The netwox' SRR ¢
e After the craft is slowed, main 1nfonhm ulta ficky m 1 connecting i l n z "

parachutes go out and the airliner iy s
floats down gently and safely. b ' through a switchboard at’

. Long" ;
held vid v

Voice
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he companies % " Three :édr-ﬁrojecuon? 4
e they teamed each site display written or printed -
a NASA contract to . matter just as it is shown at all
ace-shuttle . system.  other sites. The visual aids are '
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«sx;nce 67, using thesystem to cut  Distance’ Xerography, before or g
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The need is both obvious+and = _ R xchange Of‘% Huntsville. :Heéﬁ%

urgent, according to the safety
experts. Projections are that 2,000
passengers will die in crashes each )
year in the mid-1970s, at least
15,000 persons in the ‘80s, and as
many as 60,000 per year within
three decades.
o« Much work needs to be done, ] W
the researchers admit. For one Q
thing, physiological effects on
passengers exposed to extreme
environments are influenced by
many factors. Yet little is known
about “the range of tolerances for
infirm, infant, or elderly individuals dumps is.under way'
in a hostile environment. Existing University of Wisconsin.
data are for physically fit, healthy will attempt to dete
young males, mostly from military America’s huge ferrous u
air crews, who have experienced the ,can be put back m metallm
high-altitude environment in the furnaces to produce
past.” shapes for new products.

Advances in techniques for Nationwide . acoumulaf,‘
emergency in-flight evacuation have
been confined largety to military
and aerospace’ requirements. There
is no civilian version of the rocket-
powered ejection seat or the protec- il
tive capsule which separates the OF {OSERE " ;

_ ¥t consumed annual

pilot from the disabled aircraft. The industry, but'm
techniques, say Snyder and Stapp, seletL type: ik
might be applicable to commescigle t
airliner flights
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SECTION I

INTRODUCTION AND SUMMARY

This report provides the results of a study performed undgr
the aegis of the Office of Science and Technology, Executive
Office of the President, in response to a request of the
President's Domestic Council. The request was to identify
national problems whose solutions presented new technolog-
ical opportunities in the civilian sector and to suggest
national initiatives that might accelerate changes of
national priorities. In this study, the technological
opportunities were to be provided by telecommunications.

4
This study was conducted on a multi-agency basis recogniz-
ing the operating agency as the ultimate user of a service.
Problems of national importance have been identified by
detailed discussions with users in education, health care,
public broadcasting, law enforcement, postal services and
disaster warning. These problems are summarized in Section
II. In the delineation of problems and possiblessolutions,
the user agencies hawve helped to identify applieations of
telecommunications which are necessary to implement their
solutions,* The communications services required for such
applications have been defined. E

Existing telecommunications resources available in the
nation today and the planned expansion of those resources
have been examined. The telecommunications capability
available without a Federal initiative for further expan-
sion is inadequate to provide the required new services.

The Federal initiative suggested by this study has theintent

of providing solutions to a number of nationally re@egnized
social and cultural problems involving applicatiohs of com-
mun;cations technology. The need to augment thewpresent
national telecommunications capability to inclmde wired ser-
Vices for our cities and satellite service at  least to rural

areas by 1980 is apparent. Included in theZgnitiative is the

concurrent development of the programmatic teghniques and

materials necessary to the solution of social problems. Near-

term visibility can be provided by bringing into being new

* The Information contained in the OE Educational/Cultural
Report was made available for use by the technological op-

pgrtunities activity at the close of business on 16 August
1971.
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1 ‘facilities to permit development of the services

experimenta ' '
and to demonstrate their effectiveness.

enumerated

s of experiments has been described in which the
c applications to solve the national
the users will be evaluated. These
experiments will also be directed toward .making visible the
Y social benefits and economic viability of the services they
-demonstrate. Visibility will be achieved initially by ex-
periments already underway. Continuing visibility will be
achieved during subsequent years by additional experiments

which the initiative will support.

A serie
suitability of specifi
problems identified by

A possible program responsive to the recommended Federal
initiative is described in Section IV. Assumptions are

that all the telecommunications services determined to be
necessary for the successful solutions of national problems
identified by the users are implemented; that the experi-
ments are successful in delineating the nature of the
operation resources necessary to their implementation; and
that the operating agency will embark upon parallel programs
leading to the solution of the identified natiopal problems.

The social and economic benefits accruing from such a
program are summarized in Section II, as are the pelitical,
social, and economic impacts and problems to be anticipated
from their implementation. An additional benefif of imple-
menting the Federal initiative which includes these programs
may be to redirect the technological resources deéwveloped

by the nation over the last decade to the solution of
significant national problems of a social and cultural
nature.

o
.
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SECTION II

CONCLUSIONS

A. URGENT NATIONAL PROBLEMS

The major conclusion of this study is that there are '
urgent national problems broadly recognized by the public,
whose solutions require improved telecommunication services.

1. EDUCATION

In education five problems have been identified:

a. The present formal education system does not provide
adequate and equal availability of education to all
segments of the population.

b. The present formal educational system does not provide
adequately for education outside of the normal school
years. Opportunities for pre-school preparation and
post-school education are needed. Better opportunities
for completion of high school must be provided. The
overloading of universities must be alleviated.

c. Training for a beginning or changed career is inadequate.

d. Opportunity for the educational professional to confer
with other professionals is limited,

e. Training aids to assist the teacher in the educational
process are inadequate. y

2. HEALTH SERVICES
In health services two major problems have been identified;

a. Professional health services are not adequately access-
ible to the public. Contributing to this problem are
limited facilities for consultation among medical per-
sonnel, the difficulty of access by professionals to
patients medical records and to other medical infor-
mation and limited means of distributing health infor-
mation to the public.

b. Cost of medical care has risen disproportionately.




(0¥

PUBLTIC BROADCASTING

public noncommercial services reach less than 75 per-
cent of the population of the 50 states. Access to

ocducational and cultural television programs Or non-
commercial channels is needed for 100 percent of the

population.
LAW ENFORCEMENT
In law enforcement three major problems emerge:

a. The protection of the lives and property of our
citizens is inadequate.

b. There are delays in the apprehension of criminals.
c. There are delays in the administration of justice.
POSTAL SERVICE

There is public awareness of the problems within the
postal system:

a. Material handling costs, and therefore rates, are
increasing due in part to increasing mail volume.

b. The existing postal system cannot provide the im-
proved postal services that the public demands.

c. Current mailing practices prevent an economically
selfsufficient postal service.

DISASTER WARNING

~

Unnecessary losses occur from natural disaSters be-
cause of limited ability to warn the public.

URBAN PLANNING

In urban planning two problems have been identified:

a. The pgblic feels a remoteness from the government.
Contributing to this feeling is the inadequacy
of communications within the urban community due
to a lgck of planning. Adequate information about
community actions is not provided to the public.
There are limited means for communicating the con-
sensus of individual opinion to government agencies.

TR L T Sy




Means for the individual to request services from
government agencies are inadequate.

b. There is no effective guidance to the public on
the use of urban facilities and services.

Solutions to the problems enumerated above have been de~
fined by the users. The user requirements have been ana-

- lyzed to determine the specific communications services
required to implement and support the solutions. The
study has determined that:

(1) The communication services required cannot be met
with existing or planned expansion of national
communication resources.

&
(2) The costs to provide the total communications sys-
tem are estimated to be within the economic capa-
bility of the nation.

(3) Economies of scale evolve from combining individ-
ual user requirements into a single service system.




B. PUBLIC INPACTS

If the initiatives recommended in this report are implement-
ed, they will produce the following impacts (which are de-

scribed in more detail in Appendix I). ‘

1. EDUCATION .

.a. By FY 1975 the number of people who will achieve an ed-
ucation of high school equivalence will be increased by

1 million and by 1976 by 3 million.

b. By FY 1974 the day-care model program will have trained
5000 adults in early childhood education; by 1976 an
additional 20,000 will have been trained.

2. HEALTH *

a. By FY 1976 the man-power training program will have
trained 10,000 specialized health personnel.

b. The health program is expected to provide from 20,000 to
40,000 new jobs distributed throughout the neighborhoods
of the nation. An additional 14,000 people skilled in
health education or in computer-assisted educational
techniques will be needed. An estimated total of 90,000
new jobs will have been created by FY 1975.

e

3. PUBLIC BROADCASTING

a. By FY 1974 the Open University of the Air Program will
have at least one model operating with an accreditation
system. The program will demonstrate cooperation among
the Department of Health, Education, and Welfare, the
Corporation for Public Broadcasting, and the National
Science Foundation. B

b. In FY 73 a demonstration using ATS-F will demonstrate
instructional and cultural television distribution to the
Rocky Mountain states, Alaska, and Appalachia.

c. In FY 75 the opening of a new segment of the elec-
tronic spectrum at 12-GHz and multichannel coverage of
selected geographic areas with non-commercial television
will be demonstrated.

4. POSTAL SERVICE

The Postal Service will achieve a point-to-point transconti-




nental demonstration of Electronic Mail Handling (EMH) in
the late summer of 1972. By 1975 a basic EMH service will

be operational.

5. NATIONAL EMPLOYMENT OPPORTUNITIES

A result of this initiative will be the greation of new jobs:

4700 by 1972; 13,400 by 1973; 15,700 by 1974; and 35,000 by
=1975.




C. BENEFITS AND COST COMPARISONS

In the course of the study, the benefits of implementing
the recommended initiatives have been assessed. The
costs of implementing the programs described in IV have
been determined and then effects on emplQyment have been

estimated.

-

The benefits start when the experimentation is complete

and phases of the programs beain. The dollar values of the
total economic benefits as a function of time for three pro-
grams are shown in Figure II-1l. The three programs
selected are those having quantifiable benefits in terms

of the cost of supplying the service by present methods
compared with the costs of supplying the services by
modern teledommunication; the costs of undertaking these
programs are shown also in Figure II-1l. No attempt was
made at this time to quantify other benefits from these
three or any benefits from the rest of the program.

But increased effectiveness in delivery of health care

could help to reduce health care costs and eliminate time

lost to illness of present delivery inefficiencies. Ex-

pansions of public broadcasting will markedly improve

availability of cultural and educational opportunities : i
to the general public. Delivery of modern instructional ‘ §
material and techniques to remote regions could praovide :
greater opportunities to the inhabitants than now exist s
for formal education. These important social and cultural
benefits were not quantifiable in this study, but should
be during the course of the recommended initiatives.

3 ]
W

During the study, a comparison was made between the costs
of implementing the required telecommunications gystem
improvements by terrestrial means and by a combined
terrestrial and satellite system. The terrestrial system
calls for an investment of 2.9 billion dollars and an
annual operating cost of approximately 400 millions. The
combined terrestrial-satellite system requires an invest-
ment of approximately 600 million dollars and an annual
operating cost of approximately 200 million dollars.

Further comparison of two of the largest users (Public
Broadcasting and Postal Services) indicates a similar result.
Their combined total annual communications cost by terrest-
rial systems is approximately 235 million dollars while the
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corresponding cost by combined terrestrial and satellite
systems is less than 32 million dollars. Thervefore, it
is concluded that for the services studied a combined

terrestrial-satellite communications system is more
cost effective than a terrestrial system.

-~

Dollars
X 105 Dollar benefit with time
1000 s
900 L /
800 ;
05 / Total cost (public & private)
of Disaster Warning System,

Electronic Mail Handling
System, and Law Enforcement
System

600

500

400

300

200

100

72 74 76 78 80 82 84 86 88

' Figure II-1
Estimated Program Costs and Benefits

AR DT o NG PR e S TS S REaG SRy ba B




D. BUDGET IMPACTS

The estimated cost of the recommended program as it affects
the Federal budget is shown in Table II-1, displaying the
contribution of each user component. The portions of these
budget items allocated to experimental and operational
phases of the programs are shown by fiscal year in Table
II-1. Since the experimental program is"to lead to an
operational system one can anticipate an increasing invest-
ment in the operational phase as time progresses. By FY
1975 the annual cost of the experimental phase has decreased
by 23%. This decline can be expected to continue as the
experimental results contribute to operational system growth.

The largest costs associated with the operational phase are

in the education and health programs. These costs are also
the most difficult to estimate accurately. Additional effort

will be required to refine them.

TABLE II-1

FEDERAL BUDGET BY PROGRAM

($ in millions)

PY 72 73 74 75 76 Totals
Education 2 24 29 12 14 81
Health Services 15. 12 8 35
CPB/PBS 29 42 54 46 171
Law Enforcement 1 2 2 2 : 7
Disaster Warning 29 55 54 138
HUD 2 3 5 5 15
Satellite Systems 38 44 82 129 293
Totals 4 110 163 218 245 740

10 o




FY 72 73 74 75 76
Eiperiment
Costs 4 70 116 122 101
Operational
Phases Costs 40 47 96 ~ 144
Total
4 110 163 218 245

Program Costs

TABLE II-2

FEDERAL BUDGET ALLOCATIONS
BY PROGRAM PHASE

($ in Millions)

11

Totals

413

327

740




E. POLICY

Two basic types of policy considerations arise from the
recommended initiatives.

1. POLICY CONCERNED WITH IMPLEMENTATION OF THE EXPERIMEN-
TAL PROGRAM

-

Such policies as are required should be establi§hed at the
-outset of the program and used by the implementing organ-
izations as guidance. These include approaches to funding

(government versus private), encouragement of industry and
commitments to stimulate it, organizational assignments,
standards, and frequencies to be used. Establishment of

such policies is generally the function of the Office of
Telecommunication Policy, and that office should execute

this responfibility.

2. POLICY CONCERNED WITH USES TO WHICH FACILITIES MAY BE
PUT

Under this head, questions of the legal and ethical aspects
of a proposed use might be considered. Examples might be
the use of facilities to convey governmental information
(from the executive agencies or legislative or judicial
bodies), the use of facilities for political campaigning,

or the delivery of educational material by national institu-
tions to local interests. These considerations involve the
Federal Communications Commission and Department of Justice,
as well as a number of other concerned agencies. Questions
of these types can arise at any time during the course of
the program as new uses of facilities and services are con-
ceived and these ‘uses are requested. To deal with these
types of problems, it would appear desirable to form a
Committee for Policy on Information, which would involve

the concerned agencies and interests as necessary.

Questions could be put to this committee by OTP or any of
the agencies concerned.

4.-

Specifiq areas of risk and policy are implicit in providing
the various services recommended in the report. Some of
these are outlined below.

1. PUBLIC BROADCASTING
In public broadcasting the extent of ability to control

program content should be evaluated in view of existing law
and regulatory authority at Federal, state, and local levels.

12 s’




onal determination should be made concern%ng
certification of educational achievement through public

television.

A jurisdicti

2. LAW ENFORCEMENT

In law enforcement the question of legal rules of evidence
as applied to video tape depositions and "confrontations of
witnesses through television must be addressed.

3. POSTAL SERVICE

In electronic mail handling the issue of common carrier
status for the Postal Service must be determined. The
impact of electronic mail on the existing common carriers
of message services must be more adequately determined.
The authority to police and maintain privacy of the mails
when electronic means of transmission are employed must be
determined.

4., DISASTER WARNING

In disaster warning there is a possible impact on non-English

speaking members of our society in that they may not be able
to comprehend instructions given in English over the system.

There is jurisdictional question of authority and responsi-
blllty for disaster warning and recovery between NOAA,
Interior, OCD, Earth Resources, and state and local author-
ities.

5. HOUSING AND -URBAN DEVELOPMENT
In the Model Cities the impact on local regulatory agencies

with regard Fo control of services provided over a Federally
planned and implemented system must be determined.

13
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F. ORGANIZATION AND MANAGEMENT

For the initiatives recommended in the report, two types of
management roles are required: that for implementation of
the experimental programs and that for implementation of the

operating systems.

The recommended initiative should be implemented by existing
agencies insofar as possible. Where an operating agency has
dominant responsibility, it should have the assignment; for
example, HEW/CPB for all educational and cultural program-
ming and Health Service experiments, HUD for the determina-
tion of a wired communities design and test, Postal Service
for electronic mail experiments, and Department of Justice
for law enforcement experiments.

For some functions no single responsibility exists. This
condition is more applicable to the operational phases than

it is to the early experimental phases, where ad hoc respon-
sibilities can be assigned without prejudice to the Einal
organization. This situation permits time for ultimate de-
cisions to be based on some actual experience in operations,

just as the experimental program provides experience on

which to base technical systems, user methodology, and

assessment of benefits. Therefore focus of attention on the
organization of the initial experimental phases is recom- ¢
mended. '

k‘*'\.w* g

In the case of the Disaster Warning System, although several
agencies are concerned (DoC, OEP, DoD, and othersg), DoC has
taken the lead, and it is recommended that they carry out
the experimental program.

Where purely commercial experiments are suggested by private
enterprise, OTP should coordinate their participation.

Regarding the implementation of the required systems, where
existing or already planned facilities can be employed, they
should be, and the already assigned authorities should be
asked to participate with the use of their capabilities ;
e.g., commercial facilities or planned experimental satel-
lites. Based on the past performance of the agency, where
overall systems management is needed, NASA would appear to
be the logical choide.

Orgapizational responsibilities for operational phases of
combined services should be determined after some time for
accumulation of experimental experience on which assignments
can be based. This problem cannot be adequately considered
w1thogt such experience, and time is needed to develop ap-
propriate policies.

14
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SECTION III

RECOMMENDATIONS

It is recommended that a Federal initiative be established
to s :

A. Bring improved social, educational and cultural
services to every individual in our Country.

B Establigh a modern, rapid, electronic mail service.

C. Increase the quality and availability of health
care.

D. Improve our ability to enforce the law and
administer justice.

E. Establish adequate means for warning the public
of natural disasters.

F. Make significant improvement in urban planning.

Having concluded that modern telecommunications techniques
can contribute materially to these needs, it is further
recommended that the nation proceed with the introduction
of the required services over the next decade.

It is recommended that this initiative be implemented in
several progressive steps that will minimize risk taking
at each phase of the program and demonstrate decisively
to both the decision makers and the public at large the
benefits and desirability of continuing.

The recommended steps include:

A. Funding and authority to proceed with the experi-
mental portions of the users' program to provide
solutions to their indicated problems and the
development of techniques for the beneficial appli-
cations of advanced telecommunications.

15
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Involvement of those elements of existing and al;eqdy
planned developmental telecommunications capabilities

in the users' experiments.

Funding and authority to proceed with development or
expansion of existing communications capabilities re-
quired to support the completion of the users' experi-

ments.
Direct a study to be performed to:

1. Determine the actual national communications capa-
pilities required to sustain the users' operation-
al objectives as a result of demonstrated benefits,

anq

2. Develop a detailed plan for the most cost effec-
tive, and least costly to the Federal Government,
means of establishing these capabilities in time
to meet the needs.

16




SECTION IV

PROGRAM DESCRIPTION

A. EDUCATION

Experiments are proposed during the period from 1972
through 1976 in: increasing the number of.pgople

with high-school equivalency training, training '
personnel in early-childhood education for the staffing
of day-care centers, training of health-care personnel ,
making university training broadly available through
television and providing television instruction 1in
mathematics to school children. 1In each of these
experiments, the effort focuses on the development : §
and application of program material for use with
television and on the delivery of that material via
telecommunications. The program materials would be
developed during 1972 and 1973; sites and target
populations for the experiment chosen during 1973;
and tests run and evaluated during 1974-1976.

In order to obtain a complete sampling of the various i
target groups which, it is hoped, would benefit from the |
educational programs, it is necessary to have communi- |
cation facilities that can reach into rural and remote
locations as well as urban communities. The opportunity |
to use NASA experdimental satellites to reach these ;
isolated populations provides an attractive and cost

effective method of conducting the needed sampling

of different target populations during the process

of developing program material. Critical questidns

about the appropriate size of audience that can be

served by a single variation of a program affects

the per capita cost and must be answered early in the

development program. In addition, several different

arrangements of the communications facilities will have

to be provided in order that different approaches to a

total delivery system, which includes support services, ? :
can be evaluated. ’

2o 3 PN L e

At a very early date in the development of each of the ? ;
educational programs, certain technical communication
facilities will be required to test and evaluate the
material being produced with a wide range of target
populations. It is anticipated that one-way transmissions
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of experimental television program material can be begun
almost immediately utilizing the network and over-the-
air broadcast facilities of the Public Broadcast System
and the facilities of a number of cooperating cable TV
systems. The availability of the NASA experimental ‘
satellite ATS-F in mid- 1973 affords the first opportunity
to test material with certain remote populations. It
also can provide two-way communication capability to
both test interactive program material and to enable .
field test teams to communicate evaluation data to the
production center. Similar two-way capability will be
available on selected cable systems in late 1972 and
early 1973.

Target populations are found in different parts of the

country and will have to be reached in a variety of

different ‘viewing environments. Conventional broadcast

and cablecast facilities will be sufficient to reach

an adequate sample of the urban target populations.

The specific structure of the required urban communication
capability will be discussed in the following section.

The various rural and isolated populations can be most

effectively reached by satellite. The sort of geographic

coverage that would adequately sample. the target popu-

lations mentioned above during the time period 1973-1974

includes the Rocky Mountain Region, Alaska, and €D
Appalachia. The communication service into these regions
can be on a time shared basis and would consist of a
single TV program distribution channel with limited

audio and data feedback channels.

An estimated 500 receiver terminals throughout the areas
mentioned, feeding broadcast facilities, cable front ends,
and individual institution closed circuit systems,

would permit a valid experimental sample to be'gathered.

A pictorial description of the coverage is provided in
appendix IV-C-1.

In densely populated urban areas broadband cable systems
offer the best prospect of an early experimental capa-
bility. Many questions involving the involvement of
various intermediaries in the educational process can-
not be resolved without some opportunity to experiment
with different system configurations.

A part of the experimental program would designate a
number of cities (perhaps a representative cross section
of from 10 to 20 drawn from those already selected

for increased Federal assistance) as test sites for a
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comprehensive cable communications experiment designed
to permit a wide range of commercial and public commun-

ications services to be developed.

The specific locations should be selected on the basis
of a combination of factors including: composition and
specialized needs of their populations, the interest
and resources that the community itself is willing to
devote to the project, the cooperation of private cable
operators, and the prospect of a sufficiently advanced
cable system with adequate penetration to permit a wide
range of experimentation.
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Frequency halving speeds
phone transmission of texts

A new facsimile transmission sys-
tem -uses a frequency halving tech-
nique called “bandwidth compres-
sion” to send text and drawings over
phone lines at more than twice the
speed of existing equipment. The
availability of low-cost, solid-state
digital circuitry able to perform the
necessary binary conversion in a
compact space makes this commer-
cial product practical.

The Bandcom-1000, designed and
developed by Graphic Transmission
Systems (GTS), Inc., Hanover, N.J.,
can send and receive 8%2 x 1l-in.
facsimile copy in less than three
minutes between direct-dial tele-
phone locations. The system consists
of two compact typewriter-size units,
a sender, and a receiver. The re-
ceiver, which can also be used as a
computer terminal, produces dry
electrostatic copies.

Sending documents. To send a
document, the first step is to call the
receiving station on the telephone
and insert the document into the
sender for transmission.

When the document enters the
sender, it interrupts a light and
photocell combination that initiates
both transmission and reception (dia-
gram). Fluorescent lamps illuminate
the lines or characters on the front
face of the original copy. A slotted
strip selects successive lines of copy
as the drive rollers draw in the paper.

The reflected image of the copy
viewed through the slot is reduced
optically and reflected down onto a
slotted helical drum. The rotating
drum acts as a horizontal scanner as
it admits successive increments of the
line image to the optical system
within the helical drum.

As the drum makes one revolution,
it scans the complete 8%%-in. width of
the document. Successive trains of
alternating darkness and light fall on
a photomultiplier tube that produces
a pulsating direct current output. This
output is the electrical analog of the
scanned light and dark sequence.

Drum scanner and photomultiplier
are able to resolve marks on the
document as small as 10 mils high
and 7 mils wide. About 10 horizontal
scans are necessary to transmit a
standard typewritten line of copy.

Two-level format. The analog out-
put of the photomultiplier is in a so-
called two-level format; that is, zero
voltage represents white, and the
peaks represent black. This analog
signal could be sent over the tele-
phone lines and is comparable to the
signal used in facsimile systems.

Engineers at GTS, the designer of
the compression circuitry, say that
by processing the analog signal, the
-Bandcom-1000 sender not only
speeds up transmission but makes
more effective use of the available
telephone-line band-width.

“Most facsimile transmitters send
the raw signal that we obtain from
the photomultiplier directly over the
phone line,” says the spokesman,
“but we amplify this signal and clip
it to uniform amplitude to produce a
true binary signal with steep leading
and trailing edges. Then we convert
this two-level binary signal to a three-
level binary code.

“By setting the black level equal
to 3.5 v, we designed the circuits so
the white level can then be either 0 v
or 7 v. As the two-level signal alter-
nates back and forth from white to
black, the sender electronic circuitry
converts it to a three-level signal. A
two-level change from black to white
is converted alternately from the
3.5-v level to either 7 v or 0'v. This

Paper transport for receiver is checked by
engineers Al Libbey and Ted Richardson.

alternation turns out to be a fre-
quency halving of the original analog
signal and, therefore, leads to band-
width compression.

The engineer added that, after
frequency halving, the signal is con-
ditioned to improve its transmission
properties before it is sent over the
telephone lines. The conditioning
minimizes signal degradation.

Double duty. Receiver electronics
convert the three-level code back to
a two-level binary signal and then to
a voltage that is applied to moving
styli. The styli, mounted on a car-
riage, are scanned in the X-direction
over moving plastic-coated paper in
the receiver. The electrostatic charge
induced on the paper is an analog of
the original black-to-white tone scale.
Probe charge will swing to about
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Document
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slotted
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2-level output
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Mirrors transfer image ofldocument, line by line, to rotating scanner drum. Helical
slot on drum scans horizontally, and electro-optics form 3-level transmit code.

Copy of revised index code (heavy type numbers) for filing information is available for 50¢ from Reader Service Department.
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Developments to watch

A new high-brightness photodiode for use in alphanumeric charac_tcr
displays and readouts has been developed by Hitachi of Japan. Like
other solid-state devices of this type (PE—Jan. 13 ’69, p 56), the light
it emits is red, but it differs from most solid-state diodes now available
in that it employs large crystals of gallium-arsenic-phosphate, has a new
type of monolithic integrated structure, and can bé used for segmented
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displays like those shown in the photo. (The pen-point is included for
size comparisons.) Also, low voltage requirements_permit operation on
dry-cell batteries, so the diodes can be used in portable units. (4.444)

Temperature-compensated dielectric substrates for integrated circuits
are being custom-tailored at Raytheon by mixing titanium dioxide and
several compounds that have positive dielectric constant-temperature
coefficients.

A. E. Paladino of Raytheon says, in a report prepared for the Ameri-
can Ceramic Society’s New -England Section, that a series of sintered
mixtures has been prepared for microwave use. Dielectric constants
range from 22 to 36, and X-band loss tangents are less than 6 x 107, (4.8)

A new piezoelectric
switch has been designed
by E. Gikow of the Army
Electronics  Command.
The switch, especially
suitable for remote con-
trol, has a piezoelectric
ceramic element in place
of the conventional coil.

A good many different
arrangements are possi-

Electrodes

Movable switch arm

ble. The basic design re-
quires only that at least one switch contact arm will move in response to
flexural or radial deformation of an arc- or disk-shaped piezoelectric or
electrostrictive transducer member as a result of exposure of that trans-
ducer member to an electric field.

In the system diagramed,the transducer is in the form of a split ring

provided with electrodes to which a unidirectional control voltage (bat-
tery at left) may be applied. Flexural movement of the split ring causes
the ends of the ring to move relative to one another so the switch arm,
mounted on one of the split faces of the ring, will move with the face.

Advantages of the design: small size, very low power requirements,
and insensitivity to external fields. (4.411)

An electrically-driven garden tractor is being readied by General Elec-
tric for introduction this spring. At the Electric Vehicle Cdtincil’s Inter-
national Symposium last fall, GE showed an experimental electric pas-
senger car. But the company sees the tractor as an introduction to
electrically-driven vehicles for the public. The tractor will also serve as a
portable power source for attachments (mowers, snowblowers, saws,
etc.). It will, the company hopes, put GE and the electric industry in
the farm and garden equipment business. (4.11)—Annesta R. Gardner

For more Developments to Watch, see pp 17, 86, 88.
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600 v, while the special plastic-
coated paper is maintained at ground
potential.

The charged paper passes through
a toner bath containing black or
colored toner powder. Upon heating
and pressing, the toner forms a per-
manent reproduction of the original
copy. It will roll out of the receiver as
a continuous print, or it can be cut to
8% x 11 in.

Graphic Transmission engineers
point out that, in addition to being
the first facsimile reproducer to pro-
duce dry electrostatic copies, it can
double as a direct readout unit for a
digital computer, with design modifi-
cation. (4.9; 4.42)

Ceramic device switches

home circuits from afar

A new solid-state ceramic trans-
ducer may soon be remotely con-
trolling home appliances, heating sys-
tems, lamps, or even office equipment
and industrial tools.

The electrical properties of the ce-
ramic can be adjusted electronically
to turn on, turn off, or smoothly vary
the electron flow in circuits, accord-
ing to its developers, RCA Labora-
tories, Princeton, N.J.

Two pushbuttons will operate the
device—one turns on a lamp or con-
trol circuit gradually, and the other
turns it off gradually. If circuit and
pushbutton are near each other, they
could be wired together, but if widely
separated or if mobility is desired, the
pushbutton output could be trans-
mitted to the control circuit by radio or
ultrasonic signals.

Source of control. The device is
made up of two ceramic wafers
bonded by epoxy. Each wafer exhibits
ferroelectric and piezoelectric charac-
teristics. :

When a radio or ultrasonic signal is
applied to one wafer, it vibrates be-
cause of its piezoelectric properties.
These vibrations are transmitted
through the epoxy to the second wafer,
which converts them back to an elec-
tric output signal.

The amplitude of the piezoelectric
output signal can be raised or lowered
by subjecting either wafer to an elec-
tronic control pulse, thus changing the
amount of ferroelectric polarization in
the wafer. The output signal is stable
and changes only when the polariza-
tion is changed. (4.43; 4.8)
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Summary: The automatic picture transmission (APT) sub-system carried
on weather satellites transmits, at facsimile rate, cloud cover photographs
of the Earth below. Frequency modulation of a carrier in the 137 Mﬂz
band transmitted at a level of 5 watts is used to give pictures representing
an area approximately 2400 km (1500 miles) square with an average
resolution of 3 km (2 miles).

Major factors governing the design of a ground statiqn which has t?een
operational since early 1967 are presented. Signal/noise con51derat'|ons
show that a desirable combination is a tracking antenna having a gain of
10 dB followed by a receiving system having a noise figure not greater thz_ln
4 dB. Except for a doubling of line frequency a standard wire facsimile

is used for final picture print-out.

Many additions to, and ¥efinements of, the basic station are possib.le. A
few of these are outlined and assessed in terms of operational convenience.

1. Introduction

In weather prediction, meteorologists have been,
and still are, hampered by a lack of information on
the current state of the atmosphere which they need to
forecast the complex movements that determine the
weather. Satellites are an obvious surveillance plat-
form provided they can sense the atmospheric para-
meters from a distance. To date, the only useful link
between our atmosphere and a satellite has been
electromagnetic—either at the visible or infra-red
wavelengths. Despite this limitation much valuable
atmospheric information can be conveyed by cloud
cover photographs.

Out-of-date information is of no use to the
meteorologist except for research purposes. The
Earth’s atmosphere is a dynamic system with the
situation changing hour by hour. Hence a means of
automatic picture transmission (APT) direct from
satellite to local ground stations was devised. An
additional incentive for the development of such a
system was the overloading of available data channels
which would follow if the pictures were collected at a
few central stations and distributed from there to the
local forecaster.

This paper outlines the design of an APT station.
Foremost objectives throughout the project were
reliability and ease of operation by the meteorologist.
Other major factors influencing the design decisions

T Department of Electrical Engincering, University of Canter-
bury, Christchurch, New Zealand.
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were economics, ease of manufacture and maintenance
and non-critical alignment—both electrical and
mechanical.

'S

2. Satellite Characteristics

To satisfy the meteorological requirement of com-
plete Earth coverage at least once per day, weather
satellites are injected into a near-polar orbit. Simul-
taneous consideration of camera characteristics,
picture overlap, resolution and aspect-ratio limit the
mean orbital height to between 900 and 1500 km,
giving an orbital period between 104 and 116 minutes.
Picture interpretation and latitude/longitude gridding
problems are eased if the orbit is circular and the
satellite is Earth-stabilized.

The satellite sub-system which is of concern for this
paper is presented in Fig. 1. A picture sequence
begins with 300 Hz modulation of the 2-4 kHz sub-
carrier for 3s as an alert signal, followed by 5s of
white level tone interrupted at line scan rate by a
12-5 ms black pulse for phasing purposes. In accord-
ance with standard facsimile technique, no further
synchronizing pulses are transmitted.

Concurrent with the above procedure the vidicon is
exposed for 40 ms and the picture, typically repre-
senting an area 2400 km (1500 miles) square, is
‘charge stored.” During the 200 seconds following the -
completion of the phasing sequence the picture is read
from the vidicon at 4 lines per second and the video
information is amplitude modulated on the 2-4 kHz
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Fig. 1. Satellite sub-system.

sub-carrier; maximum carrier indicates white level
and the video bandwidth is 1-5 kHz. The sub-carrier
is frequency modulated on a 137 MHz r.f. carrier at a
deviation of 10 kHz. Effective radiated power is 5 W.

Daytime cloud cover pictures may be supple-
mented by night-time infra-red transmissions for which
the line scan rate is 48 lines per minute. Other
differences occur in the picture format and an absence
of phasing pulses in the infra-red system. However,
since the main features determining ground station

_ design are unaltered, this system will not be con-
sidered separately.

Further details on meteorological satellites are well
_ presented in References 1-6. -

3. Ground Station System: General Considerations

3.1 Antenna

A preliminary estimate of the station complexity
may be obtained by calculation of the received signal/
noise ratio. At an orbital height of 1500 km the path
length of an horizon signal is 4000 km from which the
signal received on a unity gain antenna is —140-2 dBW,
increasing to —131-7 dBW when the satellite is over-
head. (See Appendix). :

At 137 MHz, antenna noise temperature due to
natural sources” is typically 1000° K to which an
additional 1000° K is added to account for man-
made noise. Assuming a system noise-figure of
4 dB, which may ‘be readily obtained by careful
application of standard techniques, the total equiva-
lent noise temperature is 2450° K. Further, by use of
the simplified formula,®

r.f. bandwidth = 2(f;, + Af)
maximum modulating frequency

where [,

Af
the minimum pre-detection bandwidth may “be
calculated as 28 kHz. Allowing for receiver drifts and
tuning inaccuracy the i.f., bandwidth, B, is taken to be
40 kHz. A noise temperature of 2450° K then cor-
responds to a received noise power of — 148-7 dBW.

frequency deviation,
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Siting to eliminate man-made noise reduces this
figure to approximately — 151 dBW.

An estimate of the base-band signal/noise ratio
necessary for satisfactory picture quality must now be
made. The dynamic range of the video signal handled
by facsimile machines is typically 32dB. If some
‘spotting’ in the black is tolerable a minimum base-
band white signal/noise ratio of 38 dB would be
permissible. By application of the formula®

(SIN), = 15 (SIN), (Aflf)* (B/frn)
where (S/N), is the base-band signal/noise ratio and
(S/N), is the pre-detection signal/noise ratio
it is found that a pre-detection S/N ratio of 18-3 dB is
necessary. In the calculations above, the received
signal and noise powers were — 140-2 dBW and
— 1487 dBW respectively, giving a (S/N), ratio of
8-5 dB. Hence an antenna gain of 9-8 dB is required.

Since the antenna to be used in this service must be
circularly-polarized (the incoming signal may have
any polarization) either the helix or ‘crossed’ Yagi
array is suitable. Table 1 summarizes the performance
of these for a gain of 10 dB.

Table 1.
Comparison of helix and Yagi antennas

Parameter Helix Yagi

length 1-5A
7 elements/plane

General form  length 1:5A 6 turn,
76 cm diameter
A/4 phasing section
required

Polarization  naturally circular

Axial ratio closely unity may vary widely
Beamwidth 45° variable, but
: typically 40°

variable; generally

higher than helix

Side-lobes less than —12 dB

same order as
received band;
tuning critical

Bandwidth 50%

Feed coaxial balanced
Impedance 110Q variable, typically
40-100Q (folded)

Size lengths comparable,
wind-load 30% higher on helix

Construction  helix simpler, particularly in weather
sealing

Cost comparable

For both antennas the beamwidth is such that the
ability to track during an orbit is required. If an
‘elevation-on-azimuth’ mount (el/az) is used a
tracking speed of 6 degrees per second on both axes
is sufficient for all orbits above 650 km and with
maximum elevation angles less than 84 degrees.*®
Orbits passing through greater elevations may be
considered as either overhead or at 84° for tracking
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purposes, since any reasonable pointing error is
adequately offset by the lower signal path loss.

Other mounting arrangements may be used to
advantage. For example, the X-Y mount avoids thes
infinite azimuth velocity required of the el/az mount
for overhead passes. However, difficulties in mechani-
cal arrangement, together with the ready availability
of tables for the conversion of latitude, longitude and
height data to azimuth and elevation co-ordinates,
make the use of the el/az mount almost compulsory.

A few calculations comparing acceleration and
wind-load forces!! soon show the latter to be the more
significant. Furthermore, it becomes obvious that to
withstand winds over 100 km/h (60 miles/h) the
pedestal and antenna structure must be large and
robust with an all-up weight approaching 750 kg
(3 ton). This, combined with a turning radius of 3:6 m
(12 ft), introduces some minor siting problems when it
is remembered that read-out at existing meteorological
offices is required. At best it can be expected that a
distance greater than 50 m and up to 240 m between
the antenna and the operator’s console: must be
allowed. Because of cable loss and consequential
deterioration in signal/noise ratio, a pre-amplifier will
be needed at the pedestal.

3.2 Tracking System

With the beamwidths listed in Table 1 it is apparent
that an overall tracking accuracy within + 10° should
be sufficient. However, to allow for other operational
errors it would seem appropriate to design to closer
limits. A + 19 accuracy (say + 4° in 360°) would
seem a reasonable first specification which could be
tightened or relaxed later when balanced against the
cost of methods of system implementation.

Since accurate and up-to-date satellite orbital data
are supplied regularly by N.A.S.A. there is no need
for a completely "automatic, «self-locking tracking
system. This leaves the possibility of various systems

which basically fall into the categories of open- or

closed-loop and which may be further subdivided into
continuous or discrete types. The decision between
open- or closed-loop system hinges mainly on operator
convenience. Will more than one operator be re-
quired if the system is open-loop? Is there sub-
stantially less chance of error if a closed-loop system is
used? Experience has shown that for general use an
open-loop system is satisfactory, but for an experi-
mental station, where the operator may be fully
occupied with other equipment, the closed-loop
system may have an advantage.

_ In general, with a moderate beamwidth antenna, it
is likely that step-by-step or discontinuous tracking
woul.d‘be less expensive than continuous tracking
provided that the stepping frequency required is not
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too great. A continuous system must of course be a
variable-speed type.
3.3 Signal Path

Typical losses in 9:5 mm (3 in) diameter coaxial
cable at 137 MHz are 10 dB per 100 m. Any such loss
arising prior to amplification must be added to the
system noise figure which has been assumed to be
4 dB. Hence the need for a pre-amplifier.

To avoid the need for low-noise design in the
receiver a pre-amplifier gain at least 10 dB in excess of
cable losses should be provided. A noise figure of
4 dB without cable loss would then become 46 dB if
the receiver noise figure were 6 dB. :

The f.m. receiver design is governed by the standard
considerations of spurious response, image response,
and bandwidth, with the additional demand for
facsimile signals of linear phase shift in the pass-band.
Since the range of signal level to be handled is small,
no a.g.c. is required, but the 2-4 kHz output level
must be constant to within 0-2 dB. Discriminator
linearity of + 1% is an advantage for infra-red
transmrissions. A pulse-averaging discriminator seems
most suited to this and limits the maximum usable
intermediate frequency.

Because of the ‘one-shot’ nature of the transmitted
signal the display device must be readily operated
with a minimum of skill. Furthermore, there is the
méteorological requirement to have the picture
available within a few minutes of reception. Both the
above, without further consideration of the associated
technical problems, eliminate an oscilloscope display.
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Fig. 2. System functional diagram,

A facsimile machine using either photographic or
electro-sensitive paper seems to be the most reliable
available picture display device. The photographic
mac.hine gives the better resolution and grey tone range
but is more expensive and difficult to operate than the
electro-sensitive type. The latter has the advantage
that the picture may be viewed as it is formed.

The above considerations lead to a system for
which the functional block diagram is as shown in
Fig. 2.
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4.6 Position Control System

Velocity calculations'® show  that if step-wise
tracking is used with 10° increments the average
stepping rate is a little greater than 1 per minute, with”
a maximum rate (for an orbit with a maximum
elevation angle of 84°) of four in any one minute. This
rate is well within the capability of small three-phase
induction motors, which are more robust, reliable
and less expensive than the more usual d.c. motors.
Other methods of drive, notably hydraulic, were
rejected as unsatisfactory at an early stage.

By fitting the motors with a brake, a very simple
closed-loop control system was devised. This is
pictured diagrammatically, together with the switch-.
ing characteristic of each direction, in Fig. 4. The
combined switching characteristic is shown in Fig. 5,
where the guardband must encompass brake operating
time and overrun during braking. Insufficient guard-
band will lead to hunting oscillations of the control
system.

Most of the control system block diagram is self-
explanatory except perhaps, the first-order inter-
polation unit. This enables satellite positions at one
minute intervals to be programmed but the desired
position fed to the error-detecting network to be a
linear time interpolation between these positions.

Potentiometer feedback, as compared to synchro,
was used because the signal indicating the desired
position was more simply derived electrically. Further-
more, in view of the likely cable lengths of 240 m, a d.c.
system was judged to be preferable. Errors were well
within bounds at + 0-4° for potentiometer linearity
and + 0-9° for worst case potentiometer loading.
These figures are quoted for azimuth and must be
halved for the elevation axis.

Not represented in Fig. 4 but incorporated in the
final design are three possible modes of operation.
The input from the interpolation unit may be replaced

by a single desired position with the backlash in the
switching characteristic reduced accordingly. Further,
there is facility for open-loop manual control both at
the console and at the pedestal, with appropriate
interlocks where necessary.

5, Refinements

The. requirements of a basic APT station capable
of successful operation by a non-technical operator
with the minimum of training are presented above.
However, there are a few refinements which would
increase the versatility of the station.

5.1 Tape Recorder

All the detail within a picture may not be obvious
in a single mean level exposure. It may be that
expansion of the white or black contrast will highlight
additional features. Tape recording of the trans-
mitted pictures allows these additional exposures to be
taken. Further, it supplies ‘back-up’ in the case of
facsimjle equipment malfunction or operator error.

A CORRECTIVE
EFFORT

A
GUARD-BAND

-6° -4°

4 6° ERROR

-

GUARD-BAND

<
<

Fig. 5. Control system switching characteristic.

Most good-quality domestic tape recorders have
satisfactory speed stability and bandwidth. However,
since the signal to be recorded is amplitude modu-
lated, ‘drop-out’ caused by head misalignment or
low-quality tape contributes marked picture degrada-
tion. To overcome this the picture may be frequency-
modulated on the tape, or alternatively, a high-
quality tape must be chosen.
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5.2 Video Remodulator., - . . ;

In Section 5.1 mention was made of contrast
adjustment by photographic exposure level. However,
electronic methods of implementing this are more
convenient, repeatable and add considerably to the
evrsatility of the station. Although adjustment may be
made on the directly received picture it is more usual
to use the remodulator in conjunction with the tape
recorder. i

As its name suggests this apparatus remodulates the
incoming signal to alter overall contrast or to expand
the contrast at either end of the grey scale, or to carry
out both operations.

5.3 Control System

The control system outlined in Section 4.6 allows
for a wide range of desired position input devices. If
considered desirable it would be possible, without
alteration of the present system, to control the antenna
positioning from a punched paper tape. This would
allow up to one month’s orbits to be pre-computed
and to be clocked to the control system at the appro-
priate time.

5.4 Interference

It is unfortunate that most meteorological offices
are stationed at airports. This is one of the worst
environments imaginable for the reception of low-
level signals, particularly when these signals border on
the aircraft communication band. Further, the level
of man-made noise at airports is often high.

The most obvious solution to this problem is to site
the antenna at a remote location but maintain control
and read-out at the meteorological office. Such
remote control would be readily incorporated in the
station described above. The alternative is a rather
stringent design of the receiving system; the most
difficult requirement is the rejection of a 50 mV signal
(satellite horizon signal is 2 uV) at a frequency as
close as 1 MHz to the 3 MHz wide satellite band.

A preliminary investigation has shown that blocking
and intermodulation. may be avoided by utilizing
3-pole Chebyshev filters as interstage and output
coupling in the pre-amplifier. To maintain interstage
losses within acceptable bounds helical resonator
filters must be used.

i

Fig. 6. Cloud montage of a single day’s orbits,
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6. Conclusions

An outline of the factors influencing the design of a
meteorological satellite receiving station has been

given. Throughout the design the overriding con;

sideration has been the satisfaction of the meteoro-
logical objectives.

Over a period of operation of 16 months, during

which at least 6000 orbits have been tracked, the total
down-time has been 114 hours involving the loss of
five orbits. The loss of three of these orbits could be
directly attributed to prototype faults, i.. design
features or manufacturing imperfections which were
already noted as requiring correction in the produc-
tion model.

The antenna structure has, without ill effect, with-
stood a measured 200km/h (125 miles/h) gale.
Azimuth backlash has settled down at a rather large
+ 1-8° but methods of eliminating this in future
modeéls have been devised.

Antenna beamwidth was measured as 43° with the
maximum side-lobe level 14 dB down. With the pre-
amplifier noise figure and gain measured at 3:3 dB
and 30 dB respectively, combined with the receiver
noise figure of 4:5dB, a total cable loss of 21:3dB
could be tolerated before the system noise figure
deteriorated to 4dB. An average overall noise
temperature was measured on site as 2600° K with

fluctuations rising to 300° K above this in directions of

industrial activity. . Thus the detected signal/noise
ratio, although not measured directly, should have
been within 1 dB of the preliminary design estimates.
Received pictures indicate that this was so. A typical
set of pictures received from a satellite in one day has
been assembled as shown in Fig. 6.

The meteorologist has found cloud cover photo-
graphy an invaluable aid to weather prediction.
However, before accurate forecasts are possible the
meteorologist must have access to the measurement of
atmospheric parameters at a large number of sample
points. It would seem that satellites are destined to
fill a major role in this instrumentation, both for
operational and research purposes.
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9. Appendix ¥
9.1 Received Signal Strength

Signal attenuation or path loss, L, between isotropic
antennas separated a distance, D in free space may be

expressed as®
L _ (4D}
xR

or more conveniently as

L (dB) = 32:5 + 20 logf + 20 log D
if distance is expressed in km and frequency in MHz.
For f = 137 MHz :
D (horizon range) = 4000 km.
L may be calculated as 147-2 dB.
Transmitted signal power is 5 W or 7dBW. Hence
the received power (assuming unity gain antennas) is

—140-2 dBW, which increases by 20 log (411(5)—88> af

8-5dB when the satellite is overhead.
9.2 Noise Power

In general the received noise power may be ex-
pressed as %
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4. Design Solutions :

A more detailed indication of the design solutions
incorporated in the station under discussion will now
be given.

4.1 Antenna

Since the overall size of the antenna and pedestal
structure is dependent solely on wind-loading,. an
early decision on allowable wind conditions had to be
made. A maximum operating wind-speed of 130 km/h
(80 miles/h) and a survival speed of 200 km/h
(120 miles/h) were finally chosen as suitable for local
conditions.

On the basis of the factors outlined in Table 1, with
emphasis being placed on the absence of critical
alignment and the comparative ease of manufacture,

the helix was chosen. To obtain a little extra gain'? it

was designed for a centre frequency of 125 MHz which
with 6 turns gives a calculated gain of 10-5 dB and an
expected beamwidth of 43°. Although the design
formula of Kraus'? applies to an axially-terminated
helix, it was found that performance was not notice-
ably impaired with circumferential termination.

Difficulty was experienced in obtaining a reliable
measure of antenna gain but the beamwidth was
within + 1° of that calculated. Since less than 209, of
the system noise power is introduced by the amplifier
any small deviation of antenna gain from optismum
will have a second-order effect on system signal/noise
ratio. Thus it was deemed unnecessary to make
extensive gain measurements.

To reduce the necessary driving torque the antenna
was counterbalanced against both weight and wind.

4.2 Pre-amplifier

Since the helix impedance is 110 Q it was decided to
mount the pre-amplifier directly behind the ground
plane to use it for impedance matching to the 50 Q
cable.

A two-stage amplifier mounted on printed circuit
board and enclosed in a cylindrical housing was
designed following the mismatch techniques outlined
by Ghausi.’® Active components used were Fairchild
SE5020 transistors. 1Interstage coupling and input
and output matching utilized single-tuned circuits. A
stability factor of 11 was obtained for an alignability
of 0-3, and a typical gain of 28 dB over a bandwidth
of 3 MHz. The noise figure, measured by the noise
doubling technique, was 3-3 dB.

Some difficulty due to condensation of water
within the pre-amplifier has been experienced.
4.3 Receiver "
In outline, the receiver is double superheterodyne

using intermediate frequencies of 10-7 MHz and
1:5 MHz. It would be more usual in a receiver of this

126

type ‘to choose a higher first i.f. but initially it was
envisaged that a standard 10-7 MHz crystal or block
filter might be used in the 1st i.f. Five switchable
crystal frequencies are provided. ~The measured
receiver noise figure is 4-5 dB.

The single 10-7 MHz stage is followed by three
stages of amplification at 1-5 MHz using integrated
circuit i.f. amplifiers chosen for their excellent limiting
action. This completely eliminates the need for a.g.c.
All the bandwidth determination of 40 kHz is done
using double-tuned interstage coupling within the
1-5 MHz amplifier. Both Foster-Seeley and pulse-
averaging type of discriminators are provided; the
output from the latter is too low to drive the tuning
indicator without introducing drift problems. Signal
strength indication is derived from the first stage in the
1-5 MHz chain.

4.4 Facsimile

A commercial unit is used. It should be noted that
the line-scan frequency is double the maximum usually
provided in facsimile machines.

4.5 Pedestal Structure

Mechanical details of the pedestal will not be
elaborated in this paper. Figure 3 shows the general
structural form.

4

i3

! Pt
3 LS

Fig. 3. Pedestal structure.

The antenna is mounted directly on the output shaft
of the main elevation gearbox, which is driven from a
subsidiary gearbox and } hp 3-phase induction motor
housed in the upper structure. This unit is rotated in
azimuth by similar gearboxes and motor housed in the
lower cone.

Signal, power and control cables limit the azimuth
rotation to 370°, but the elevation may travel + 92°
from vertical to allow continuous tracking for all
possible orbits.

The Radio and Electronic Engineer, Vol, 38, No. 3

T

A Lol v s VRN 1 T A

ot o g

Ao e o it

S




-
v

W. K. KENNEDY and J. K. BARGH

P, = KTB where the symbols have the fol}owing
~ meaning: j
K Boltzmann’s constant, 1-38 x 10722 joule/deg K
T equivalent input noise temperature, °K
B pre-detection bandwidth, Hz.
Hence, if T =2450°K and B = 40 kHz then
P, = 135 x 107> W or —148-7 dBW.
9.3 Signal/Noise Ratio

Above threshold the narrow-band noise model
relates pre-detection and base-band signal/noise ratios
by the following formula.’

. (SIN) = 1:5 (S/NY, (Aflfw)* (Blfw)
where (S/N), = 38 dB = 6300

Af = 10 kHz
f. = 4kHz
B = 40 kHz

Hence (S/N), may be calculated as 67-3 or 18-3 dB.
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COMMTUNICATIONS FOR SOCIAL NEEDS

Overall review of the six major areas:
Education
Health Services

Cultural Opportunities and Public Broadcasting
Law Enforcement

Postal Service

Urban Planning: The Wired Community

All the presentations are rational but it takes more than 1fationality to make such

new programs acceptéd and successful.

EDUCATION

- Any improvement in the methods of education is worth studying and pioneering.%ile
the use of satellite to broadcast education programs is one of the available methods,
altemative solutions as video-cassettes should be also investigated because of their

timing flexibility and possible savings.

The advantages of TV direct broadcasting are in the implied possibility of two way
exchange but one must consider that this interactive feature is very difficult to achieve
with a large audience, which is the case of satellite distribution and broadcasting.
Also, the two way computer program education with one terminal per student is to be
strongly considered on a broad scale. It involves also communications but probably

limited to the computer location.




The proposal foreducation should include the full study of these important applications

some of which have been already successfully tested.

HEALTH SERVIGES

If used efficiently these services should be quite beneficial.

CULTURAL OPPORTUNITIES AND PUBLIC-BROADCASTING

Is an increase of 20 times in capacity - 20 channels instead of one - realistic?
Will the value of the programs be such that the interest will be maintained and
increased over many years. Of course formal educational programs might be

sustained regularly for ever.

LAW ENFORCEMENT.

This application seems to satisfy a very specific requirement.

POSTAL SERVIGE.

I report separately on this application

URBAN PIANNING:

There seems to be some duplication with Public Service Broadcasting.

evalnsle
The acceptance and use of such systems on a broad scale is difficult to foresee.

There is no question that wideband wire service will be provided in many homes.
The practicaJ’L\ses of such a facility by society will depend on many factors. The

distribution must address large groups first/as the wideband on a home by home basis

is not going to be technically economical for some time.

In the group use, the interactive service is quite limited as well as the personal

interrogation and video answer. %/WW el n Ay wren «afw
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t being critical @ pessimistic, but as realistic as

These views do not aim a

possible, to orient, if possible,the first applications in the right direction.

GENERAL COMMENTS

Who will own the satellites, and the networks ?

Who will finance the education network:.s ?

How will the Health Services be financed?

How will the investments costs be absorbed and recuperated ? ThPs(prokierrymust be
studied in some details.

The financing and operation of the Postal Service is obviously clearer.

POSTAL SERVIGCE:

The electronic mail system described is certainly realistic but also clearly addressed

" to the future.

On the technology used, I only recommend that the most expert advice be obtained in the
establishment of the specifications for the first tests particularly in coding, storage and
proper multiplexing of the total signals to minimize the number of rep?x:tg necessary because
of simultaneous transmission{to centers.

The organization of the signals is particularly important in such a large simultaneous

and common transmission system. This is feasible but f=thirk it has never been

achieved before. {'lw/\.v.éfw_o_ , clifont MW/»”" ﬂM""VLIr/-L aucle

The planning of the successive phases of the undertaking is well done.

There is one aspect on which I wish to call the attention particularly. It is the marketing

of the services. It must be established as accurately as possible what categories of
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distribution +e-them at the output,-part of the service will have to be céfrectly

estimated.

eSS,
It is indispensable to correctly assist the market to be served as the system
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When considering the application of communications technology towards the

social needs of this country, it is important to take into account today's living
pattern, where the vast majority of the country's population lives on a minuscule
percentage of our land in over-populated urban and suburban areas. The resultant
problems, involving crime, pollution, traffic, education, social, etc. we are

all aware of, but perhaps we do not realize that we are rapidly approaching

such critical conditions that the survival of the nation may very well be at stake.

I have requested the National Academy of Engineering and HUD to allow me to
carry out a parallel study of applying communications technology to urban problems.
The result of the parallel study has been published together with the main report.

It is my conviction that the activities of my panel were of equal importance in
both of these areas. As a matter of fact, the parallel study, which I called "The
Cities of the Future', is intended to be funded for its next phase by HUD, and it
is this approach which for its success will require large-scale new applications
of communications technology.

In "The Cities of the Future" our thesis has been that those reasons which caused
originally today's cities to come into being, exist no longer and that today's
needs for cities cannot be satisfied with our cities as we know them at present.

Our study showed that today's pattern of life, the major problems and also some
of the benefits resulted from science and technology growing at an ever increasing
rate as a result of the first and greatest invention in communications, namely

the printing press. What happened since, was not planned, hence in many ways
we are living in an era dominated by urban conditions. The paradox of communi-
cations today is that the closer together people now live, the more difficult they
find it to communicate, which is typical of our over-populated urban and suburban
complexes where people live under stresses and strains to which our species

has not been able to adapt itself, nor will it for tens of thousands of years.

Today we represent an angry race, and our studies have shown that crime and
pollution, for instance, increase non-linearly with city size. Where the

density of population is high, crime and pollution also increase.

We have examined the reasons why people migrate from our vast rural areas to
the already crowded urban and suburban centers, and why people from these
are not induced to live in an attractive country environment. The major ingredients
seem to be the lack of choice, of job opportunities in the rural sections; the
lack of cultural, educational, entertainment opportunities, inadequate health
services, etc. It has been our belief that imaginative application of known
principles and existing inventions to new systems of communcations could solve
these problems and make it possible for instance for business not to expand into
suburbs, but into distant and attractive rural towns, and at the same time, we
have pinpointed communications techniques whereby education, cultural, enter-
tainment, health services etc. and other essential factors for a high quality of
life can be created in any part of the U.S.




We do not propose that new towns be built. This requires a large amount of
capital and time. We have studied the distribution and the existence of towns
between 5, 000 and 100, 000 inhabitants and found that 100 million Americans
between now and the end of the century could easily be attracted to these
existing towns which would act as nuclei for enlarged centers, but growing in
population not above 200, 000.

Analyses have shown that the additional land use based on such a pattern, is
insignificant, sormething on the order of 4 %, thereby leaving intact the great
majority of our land resources. .

The proposed plan simultaneously changes the role of the large cities and would
tend to solve their problems. The transformation of the large city, its new

role, it social and economic life under such a plan should be the subject of
another discussion. At this time, I am anxious to point out that all the technologies
and their pattern of application, as outlined in the current reports of this
presidential study, tend to assume that the current mode of population distribution
and mode of life will not change. For that reason I wonder whether attention
should not be drawn to other uses and forms of distribution as well as new
combinations of currently known or proposed terrestrial, satellite, cable

or cassette TV systems. Such telecommunication systems must be capable of
getting us under way in solving what generally is considered the nation's
paramount problem.




October 15, 1971

MEMORANDUM
TO: Dr. Peter C. Goldmark
FROM: Mr. Edwin D. Campbell, President

Education Development Center
Newton, Massachusetts

SUBJECT: Comments on "Communications for Social Needs: Technological
Opportunities"

You have asked me to comment on the educational portion of the
President's Domestic Council Study on "Communications for Social Needs:
Technological Opportunities." Before discussing the educational section, I
would like to make several comments about the overall study itself.

In my judgment, there will be a need for a comprehensive communi-
cations system similar to that described in the study. Furthermore, it is
heartening to see the degree of cooperation, commitment, and competence demon-
strated by the many government agency personnel involved in this study. 1In
a relatively short time, they completed a study which provides a comprehen-
sive starting point for developing the type of communications system this
country will require in the years ahead.

Many of my specific comments which follow can be interpreted as
negative. Therefore, I wanted to state first my belief in the need for a
comprehensive communications system for some types of national problems, and
my admiration for the study's efforts. I would appreciate your reflecting
on my following observations within the context of the foregoing statements.

My reaction on reading the report as a whole was that '"a solution
is looking for problems." I have seen this occur many times in industry,
where the proponents of a program fall into the familiar trap of making a
presentation rather than an analysis. By presentation, I mean the marshalling
of data, both general and specific, which support the proposed program. By
not presenting enough hard data in an analytic fasion, the proponents end up
creating many straw men which opponents then begin to knock down. Sometimes
the proposed program is destroyed by this process.

For example, there is a wide difference between the application
of the proposed communications system to problems of the postal service and
its application to education. For the postal service, the problems of




and at the same time improving
e "solved" by the communications
direct correlation between some of
ffered by the proposed

handling an ever-increasing volume of mail
the efficiency of the mail service might b
system. In reading the report, I see a
the needs of the postal service and the services o

communications system.

In the areas of education and health services, I do not see a
similarly direct relationship between the communications system and pressing
problems which the report has identified. Likewise, I did not find a direct
relationship in the oral presentations last Saturday. Regardless of how im-
proved a communications system we construct, and regardless of how much it
may be needed by these two sectors of our society, it certainly will not
solve" the educational and health problems which were enumerated in the
report. I am sure that the individuals involved in the study do not believe
that a new communications system will solve these problems. But unfortu-
nately, by presenting the application of the proposed communications system
to certain education and health problems in an oversimplified, general way,
the authors create straw men which can easily be destroyed.

At this point let me make some specific comments about the pro-
posed impact and benefits of the communications system on the educational
problems which are defined in the report.

By 1975, the number of high school graduates or graduate equivalents could
be increased by one million.

In my opinion, increasing the number of high school graduates is
not one of the high priorities in education. Making education more useful
and usable, and making it more meaningful to the existing school populations
are much more serious problems. Furthermore, many members of minority groups
who currently have a high school diploma cannot get jobs. I would almost

argue that turning out more high school graduates who have aspirations toward *

satisfying employment or higher education and who cannot get either is . . J
actually damaging to our society and to them. LAl "/

Another point concerns the percentage of high school dropouts.
The report cites the fact that 40% of urban students and 25% of all students
nationwide do not finish high school. From this I infer that the percentage
of dropouts in rural areas must be less than 10%. 1In a cost effectiveness
sense, if a high school equivalency is deemed desirable, then why not concen-
trate solely on the urban areas? And, I would doubt if a new satellite/wired
city communications system would be a prime factor in the urban areas.

By 1976, 20,000 people could be trained in early childhood education

This is an important new national priority, and substantial funds
have already been allocated for the establishment of day care centers. At
the same time, the major problem in this area has to do with the overall



philosophy (custodial vs. developmental) which early childhood education
should espouse. For advocates of the developmental role, there are related
issues of what should be taught, who should teach it (peer groups, older .
children, adults, etc.) and how it should be taught. No doubt, new communi-
cations systems can profitably be employed in this area, and imaginative
experimental programs certainly should be undertaken. But a communications
system is a delivery technology and will not solve the most important issues
and problems in the area of early childhood education.

By 1976, 10,000 new health personnel could be trained.

Training new health personnel is another important area of
national concern. Again, the study does not really address itself to the
major problem. It would be fair to say that educational TV, computer-assisted
instruction, and other attempts to utilize technology in education and train-
ing have not lived up to expectations. Indeed, some people would argue that
these attempts have failed. A 3

I believe the report should address itself to this question, dis-
cuss some of the reasons why educators and other professionals believe tech-
nology has failed, and identify possible new experimental approaches which
might be followed. Our having greater technological capacity to reach people
will not train them to be effective health personnel unless we know more about
how to utilize that technology most wisely. What constitutes effective
training? What portion of this training can best be undertaken via telecom-
munications technology?

By 1976, an open university and a model for accreditation could be established.

Again, the major factors here certainly do not depend upon a more
effective delivery system. While such a delivery system will eventually be
needed, first priority must be given to such questions as developing the spe-
cific role for such a university, providing it with stature so that it will
not be a second-rate '"degree mill," working out associated and meaningful
tutorial and guidance systems, and so forth. 1In short, the problem is to de-
velop an entirely new educational concept which will make higher education
available to more people at lower cost. As in the area of child care train-
ing, I can envision the utilization of a system such as the one described in
the study. But a comprehensive communication system, by itself, will not make
such a university possible. Unfortunately, the report seems to imply that it
will.

By 1974, models for deliverying modern instructional materials to remote
regions will be demonstrated.

The comments pertaining to training of health personnel are appli-
cable here. The major problem is to develop effective new models, not merely
to deliver the models.




Miscellaneous Points

1. During the presentations and in some of the material, '"Sesame
Street" is cited as "the successful educational TV model'" in such a way that
the statement cannot be challenged. Yet, its truth has been challenged.
Many educators have questioned or disputed '"Sesame Street's' effectiveness
and value as an educational experience. The BBC decided not to carry the
program, partly because of its concern with the effects upon children of
learning via the "Sesame Street' model. I am also told that there is con-
cern about the effect upon children of education without opportunity for
human interaction and contact.

2. There was no mention of the possible role of video-cassettes
as a means for disseminating knowledge and what this might do for education.

A
Conclusion

In conclusion, I suggest that the study should not approach the
reader from an "educational problem" perspective (high dropout rates, need
for health personnel, etc.) but rather from a pedagogical viewpoint. To be
convinced of the importance of this telecommunications system, the reader
needs to know (1) what attracts people to telecommunications media, (2) what
telecommunications systems (such as educational TV) have accomplished in the
past and what newer versions such as two-way TV might accomplish in the
future, and (3) what type of educational problems can best be resolved by an
improved delivery system which utilizes telecommunications technology. By
not addressing itself to some of these essential points, the study fails, I
believe, to present its case for this important idea in convincing enough
fashion.

The early childhood day care and open university areas may well
represent the best places in which to conduct major experimental educational
programs aimed at utilizing such a telecommunications system. Both of these
areas present the need for new educational concepts, and it should be easier
to work out such concepts in areas which are not bound by existing practices.
Once demonstrated, however, I am sure they could be a major factor in attain-
ing educational objectives in existing areas. For example, new techniques
worked out for an open university should certainly be applicable to reducing
costs and improving the teaching efficiency at traditional colleges and
universities.

Finally, there is not a doubt that our country needs more effec-
tive means of education and training for all its citizens. But, in my
opinion, a more comprehensive delivery system is not sufficient. It must be
coupled with the human resources, programs, and other incentives which are
prerequisites for an educational system that truly educates.
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COMMUNITY INFORMATION AND SERVICES CENTERS

GOA L
. PROVIDE EFFECTIVE RESPONSE TO COMMU Ul 'l'"Y PROBLEMS AT THE NEIGHBORHOOD
LEVEL

PROVIDE EFFECTIVE DELIVERY OF LOCAL GOVERNMENT SERVICES TO EVERY

A
NEIGHBORHOOD \

AN A\
\




. ESTABLISH A SERIES OF ONE-STOP COMMUNI NFORMATION AND SERVICES
O SERVE AS A TWO-WAY 'LINK DEI JEEN THE INDIVIDUAL AND CITY

~ AT T T O
CENLTRERD
TATLT

LAy adld

\

“RVI S CENTERS TO EXISTING CITY
JAY BROAD.‘D‘ANU CO\/IA’I.U\ CATIONS

SERVICES AGENCIES Tt ‘L. OUGH TV WO

T MY o
NETWORKS

. LINK COMMUNITY INFORMATION AND SER
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. PUBLICIZE THE EXISTENCE OF THE COMMUNITY INFORMATION AND SERVICES
CENTERS AND THEIR ACTIVITIES

. INTEGRATE SERVICE DELIVERY ON A NEIGHBORHOOD-BY-NEIGHBORHOOD BASIS

-- ESTABLISH CENTERS AT EASILY ACCESSIBLE NEIGHBORHOOD FOCAL POINTS

-- TRAIN NEIGHBORHOOD TEAMS TO WORK IN EACH CENTER

-- ESTABLISH HOME-BASE COMMUNITY SERVICE CENTER TEAMS AT ESTABLISHED
RESOURCES TO PROVIDE NEEDED INTERFACE WITH THE EXISTING COMMUNITY
RESOURCES AND THE NEIGHBORHQOD TEAMS :

. SERVE AS A FRONT-LINE SOURCE or I\/LEDIC_AL‘INFOR;\AATION '
. RPROVIDE _PPORTUNITIES FOR CONTINUING EDUCATION AND JOB TRAINING
PROVIDE JOB PLACEMENT FOR UNEI\/IPLOYED WORKERS
K PROVIDE ASSISTANCE IN OTHER FUNCTIONAL ARF;AS:
-- PAYMENT OF BILLS AND TAXES
* == REQUIRED LICENSE APPLICATION
-- PUBLIC ASSISTANCE DETERMINATION AND W'ELFARE
-- PROBATION AND PAROLE SERVICES

-- CLIENT ADVOCACY AND LEGAL AID

III-6 "
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TECHNICAL FEASIBILITY

.  DEMONSTRATION IS BASED ON THE ASSUMPTION THAT BROADBAND COMMUNICA TIONS
SYSTEMS WILL BE OPERATING IN THE CITIE

-- CATV SYSTEMS ARE NOW BEING PLACED IN URBAN AREAS

BE USED TO CONNECT NEIGHBORHOOD

A
V. ¥ i L3
ASSISTANCE TO A POPULATION BASE OF OVER 220, 000 RESIDENTS
o DEMAND FOR NEIGHBORHOOD SERVICES IS RA PIDLY.INCREASII\ZG:

-- MORE THAN 3.5 ?‘/ITLLTO\’ PEL ’:’;ON WERE SLRV'“D IN’ CLIICAGO CENTERS

BETWEEN T‘“LB RUARY 1965 AND DECEMBER 1970
-- REQUESTS FOR SERVICE IN CHICAGO CENTERS INCREASED BY 21 PERCENT
BETWEEN 1969 AND 1970
. MODEL SYSTEM FOR COORDINATION CF SOCIAL AND OTHER SERVICES HAS BEEN
DEVELOPED FOR HUD AND HEW BY THE INSTITUTE OF INTERDISCIPLINARY STUDIES

|
|
AN 2,500 MULTI-SERVICE CENTERS NOW PROVIDE NEIGHBORHOOD

1II-8



PAYOFF
.  DECENTRALIZATION OF ROUTINE GOVERNMENT SERVICES:
-- IMPROVES DELIVERY OF SERVICES TO THE CITIZEN
% REDUCES DELIVERY COST
% DECREASES BUREAUCRATIC RED TAP
.- REDUCES NUMBER OF DIRECT CONFRONTATIONS BETWEEN CITY HALL AND
CITIZENS BY PROVIDING INTERACTION ALTERNATIVE
.  IMPROVED COMMUNICA TIONS '\

-- BUILDS COMMUNITY PARTICIPATION IN LOCAL GOVERNM

H
3

«-- REDUCES DUPLICATION QF FACILITIES AT\' SERVICES
-- REDUCES CITIZENS' COST OF OBTAINING SERVICES:
% SAVES TRAVEL MILEAGE AND TIME

% SAVES PARKING F

t=§

ES OR BUS FARE

-- FACILITATES "REAL TIME" RESPONSE BY GOVERNMENT TO LOCAL INQUIRIES
AND NEEDS
. EXPANDED OPPORTUNITY FOR EMPLOYMENT AT THE LOCAL LEVEL

I11-9
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& MEMORANDUM TO: D@ WEPm cddoiin; @ .sMEMORIAL FuUuND

33 West 56th Street New York, N. Y. 10019

FROM: T. ¥F. ROGERS, MITRE
SUBJECT : OBSERVATIONS ON THE TELECOMMUNICATIONS "INNOVATIVE PROGRAM"
DATE: OCTOBER 17, 1971

1. mwwmxmm,mmmwmmmwmwm
amnmmmhwwu«»mmn, in general, as sound and
thoughtful. While, in the circumstances, the individual experiments/development-tests
designed to address them cannot have been thought out adequately as yet, they are

generally of a character as should warrant Federal support at (at least) the fund
levels indicated if they can be brought into satisfactory professional focus. And,
certainly, the civil areas addressed here cannot but profit from seeing an infusion
of new concepts, and of energetic, competent, scientific and engineering activity.

2. To the extént that the aspirations envisioned here are realized, our society will
be even more influenced by the character, amount and availability of the nation's
telecommunicative capabilities. It is important, therefore, that we obtain a more
comprehensive and quantitative understanding than we now have, apparently, of how
telecommmications affects the efficiency, i.e., "the productivity", by which goods
and gervices are produced and delivered in both the public and private sectors. I
do not have a high degree of confidence in the semi-quantitative estimates given to
us of the economic benefits to be expected from the conduet of this program.

3. The conduct of socially- and politically-releted experiments/development-tests is
a complex and sensitive matter. Today, the amount of true knowledge that we have
relative to the social, political, psychological and cultural causal responses to
any given major "techmological intervention” is smell. Also, the number of scien-
tists, engineers and other professionals schooled end experienced in the conduct
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DamMoN RuNYQN, MEMORIAL FunpD
33 West 56th Street New York, N. Y. 10019

and evelustion of such experiments/development-tests is very small. Therefore, we
wmmmmmumm.mmmmwmm,
1umuamuymmmunmmm--m,w
to confront unexpected difficulties and accept public failures. And, I would not

be surprised in the least if they were found to require
mumummxm“mnmun. And I believe it
WN“M“WM,&M&“&WM&%“W”WW
fundamental experiments/development-tests described here, reasonably comprehensive
mmm'nmmumuwumuobunumwm-
muuwannmmmamm.mum.

To the extent that the experiments addressed to providing the individual citizen
n&sMMMMWWWGfWMNW
various services which it offers prove to be successful, we can expect an increased
demend (perhaps large and rapid) for the general provision of this information snd
these services. The overall experimental situation should be very carefully design-
ed so as to be prepared to meet these increased demands.

Wmm.:mmummm.mmm Prob-
ably they could profit from being developed and carried out in reasonably close
conjunction with one another and, to some extent, sharing any new and expensive
telecommunicative facilities. For instance, the envisioned public broadcasting,
postal delivery snd law enforcement service activities all call for prompt and
reliable telecommmicstive services being provided among a large mumber of our
cities. Too, many of the educational, health delivery snd urban service experi-
ments could be carried out wtilizing one (or a few) city cable/telephone/over-the-air

i




DAMON RuUNYON.NMEMORIAL FUND
33 West 56th Street New York, N. Y. 10019

broadcast complexes.

mmw;mmmw"m'mwumnmpwcw
ing ares is so large as to appear to be able to accommodate all of the other inter-
eity eircuit requirements deseribed with only a very modest incremental increase --
including even the very large postal service requirements. It is important, there-
fore, that early conclusions be reached regarding the validity of this "regquirement":
the capacity, the locations to be served, the schedule for eircult introduction end
the technical means for circuit provision -- and the financial basis for so doing
be identified. For inmstance, the pace and character of any satellite communications
technology development beyond ATS-F and -G could be sffected, importantly, by con-
clusions reached in this regard.

Of all of the experiments and development-tests suggested, the one that impresses

me the most in terms of its likely technical soundness, positive and large economic
impact, and clesr public visibility and acceptability, is that of long-haul pointeto-
point electronic mail delivery. I suggest that this ares be given a relatively high
priority. And, I further suggest that, in conjunction with the other activities
undertaken with respect to ascertaining the true utility of wideband coaxial cable
systems, thought be given to expanding the postal service experimental program to
include an exploration of electronic mail delivery directly into the industrial plant,
the commercial office and, perhaps, the individual residence.




