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THE GM DAC-I SYSTEM 

DESIGN AUGMENTED BY COMPUTERS 

In mechanical design, graphics, e.g., drawings, are necessary for the 
development and communication of design ideas throughout the conception 
and implementation of any new device. In order to learn how computers 
can be used to assist man in his design work, in 1963 GMR placed in 
operation a special laboratory for the study of graphical man-computer 
communication. 

This laboratory consists of a large digital computer, devices for direct 
graphic input to and output from the computer, a graphic display console 
for man-computer communication and control, a data file for storing the 
current state of the design, and an extensive library of computer programs. 

The hardware and software, combined to form a system for Design 
Augmented by Computers has become known as DAC-I. A first report on 
the DAC-I system is contained in the following reprints of papers presented 
at the 1964 Fall Joint Computer Conference. 
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A LABORATORY FOR THE STUDY OF GRAPHICAL 

MAN-MACHINE COMMUNICATION 
EdwinL. Jacks 

Research Laboratories, General Motors Corporation, Warren, Michigan 

INTRODUCTION 

Engineering has evolved rapidly during the 
last fifteen years as analysis techniques geared 
to the computational power of a slide rule and 
desk calculator have been replaced by tech
niques which make extensive use of computers. 
During these years, however, graphical tech
niques for conversion of design ideas to final 
products have not changed significantly, nor has 
the role of drawings in engineering design 
changed. The drawing plays a vital role in each 
phase of the evolution of a product. The ori
ginal design proposals, the engineering anal
ysis, the design compromises, and the proto
type product fabrication all depend on graphical 
communication among engineers and designers. 
Whether the product is to be machined, assem
bled, stamped, wired, welded or hand modeled, 
a drawing is made so that a two-dimensional 
representation of the product may be reviewed 
by the engineers concerned with the product. 
Prior to the final product drawing, many ideas 
are exchanged by the use of sketches, drawings, 
plots, and engineering reports. 

The drawing board is used as the basic mech
anism for resolving problems in design pack
aging. For instance, "Where can part B be 
located if part A is made larger?" and "Can 
part A be assembled to part C ?" As the design 
evolves, many decisions are made by the engi
neer while the drawing representing the design 
is being produced by the draftsman. The ques
tions are endless, and, in many design prob-
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lems, are not finally resolved until after early 
prototypes of a product are made. 

Two key points in this process are : ( 1) the 
engineer is an integral part of the graphic de
sign process, and (2) the draftsman is doing a 
task that requires considerable attention to de
tail and mechanical precision. In many me
chanical design situations the two functions of 
engineering and preliminary product drafting 
are done by the same man. A drawing serves 
as his way of exploring design ideas. 

The dependence of engineering design on 
graphical techniques is fundamental to the de
sign process. Graphics serves as a language of 
communication among design personnel and, as 
outlined above, as a mechanism for design 
evolution. 

The General Motors Research Laboratories 
had been using digital computers for engineer
ing and scientific analysis for several years dat
ing back to a card-programmed calculator in 
1952, but notably absent from the applications 
were problems relating to graphical design. In 
the late 1950's, the Research Laboratories ad
dressed the question, "Could computer tech
niques significantly improve the design proc
ess?". To answer this question, a study was 
started on the potential role of computers in 
the graphical phases of design. Prototype hard
ware and software components were developed 
to investigate the problems of image process
ing. A 7 40 cathode ray tube recorder attached 
to the 704 computer was already being used to 
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plot results of engineering computation . It 
satisfied the requirement for graphical output. 
The a ociated 7 0 di play unit provided 
graphical on-line di play which, along wi h 
simple switchboard, b came an l m nt ry 
man-machine con ole. A program-controll d 
film scanner wa devi ed u ing th 7-1 r -
corder; a photocell detector w, ub titut d for 
the film magazine, and it output ign I w 
connected to a computer en witch. \\ ith 
this breadboard etup, Jin on film c uld 
digitized under program control. Progr m 
were written for graphic input and output nd 
for the manipulation of imag in thr dim n-
ions. The e early oftwar and h, rdw, r 

component were integrated into , n op r in 
Y tern that demon trated the f , ibilitr of 

using the computer a an aid in th graphi~ d 
sign proce . 

On the ba i of thi early f a ibility d mon
stration, the deci ion wa • mad to t, bli h , 
more comprehen ive labora ory for r, phic, I 
man-machine communication xp rim n . Th 
facilitie were to permit th compu ation I 
power of a large- cale digital comput r 

0 
bro?gh~ to bear on the problem f gr, phic I 
?es1gn m a manner which fully r c S!"nized h 
importance of the man in de ign. Thi. proj c 
on De ign Augmented by omput r. h l 
come known a DAC-I. 

The initial goal of the De ign Ausmi nt d bv 
Computer project wa the d \·eJopm nt of • 
combination of computer hardwar and of -
ware which (a) would permit "conv r a(ional'' 
man-machi~e graphical communication and (b) 
,~o_uld provide a maximum programming ft i
b1hty and ea e of u e for experim nta ion. Thi 
goal wa achieved in earl•· 1963 Th" 

• J • 1 pap r 
gives a_ broad outline of the comput r t chnol-
ogy which wa developed to me t the abo,· goal. 
~ther paper i •• s •• pre ent approach to olu
tions and example of performance of the ,·ari
ous hardware and software compvn n of th 
system. 

The pre ent hardware complex con i . of an 
IBM 7094 computer and an IB 1 796 . I 
Im p . • P c1a 
i age rocessmg Sy tern. The Image Proc _ 
ng ~yste_m was de igned and built by IB. f to 

specification provided by the G I 1 
Re h Lab enera • otor searc oratorie (GAR).-
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seconds have the film ready for optical scanning. 
The output drawings are also ready for viewing 
30 seconds after film exposure. 

The second type of drawing communication 
desired was dynamic. The system should simu
late the type of man-to-man communication 
where one man is drawing or pointing at a par
ticular part of a drawing while another man is 
observing or 'discussing details of the design 
with the first man. This capability was provided 
in the graphic console of the 7960 through the 
combination of a 17-inch display tube and a de
vice called a position-indicating pencil. When a 
designer touches the pencil to the glass plate in 
front of the display tube, the computer program 
can detect what position on the tube face is 
being pointed to and, hence, can react to any 
comments the man may wish to make about the 
indicated portion of the display. Thus, after 
the computer generates a picture on the display 
tube, either the man (by pointing at the dis
play) or the computer (by placing an "x" on the 
displayed picture) can in effect say to the other, 
"Consider this portion of the picture." 

The third drawing communication objective 
was simulation of the comparison function. The 
system should allow the overlay of two pictures 
to permit comparisons of the differences and 
similarities in the information. 

This feature was provided by having the 
image processor designed such that pictures 
can be recorded on two separate film trains and 
then projected automatically onto a common 
view screen. This feature allows, for exam
ple, overlay of scanned data with the original 
film source for verification. By programming 
techniques, the graphic console can also be 
readily used to compare drawing information. 

The fourth design objective was to achieve 
man-machine communication of non-graphic in
formation. The system should provide, via the 
graphic console, a convenient means of com
municating (a) alphabetic and numeric infor
mation to the computer, (b) multiple choice de
cision responses to the computer, and (c) 
permissible actions by the man. For alphanu
meric information, a 36-position keyboard with 
upper and lower case and a slow-speed card 
reader is part of the graphic console. For com
munication of gross actions, the console has 36 

program control keys and 36 message lights; 
the computer receives a signal when a program 
control key is depressed by the man, and in
versely the man receives a visual signal when 
the computer turns on a message light. 

A detailed description of the 7960 Special 
Image Processing System is contained in the 
paper by B. Hargreaves, J. D. Joyce and G. L. 
Cole, et al. 2 

OBJECTIVES OF THE COMPUTER 
HARDWARE COMPLEX 

Studies at the GM Research Laboratories in 
1959 and 1960 were made to estimate the com
puting facilities required to adequately support 
the DAC-I project. Considered in the studies 
were the number of instructions required to 
support the experiments, execution time for the 
required programs, and man-machine response 
rate. These studies indicated that approxi
mately 200,000 to 500,000 instructions would be 
programmed for the graphic communication ex
periments. The computation required for 
these experiments was estimated in terms of 
central processing unit use per hour and 
amounted to 6 minutes of 7090 time for each 
hour of console use. 

The response rate considerations were stated 
in terms of system objectives. We wanted the 
designer to be essentially working on-line and in 
"real time." The measure of real time was that 
the man and machine could carry on a mean
ingful conversation- about a design at a rate 
satisfactory to the man. The response consid
eration then required a real-time approach to 
receiving and handling data arriving from the 
man. But the computer programs and hardware 
did not need to have a fail-safe time limit ap
proach to sending a response to the man. For 
this reason the system is best described as on
line console system rather than a real-time sys
tem. 

Another more independent consideration was 
the computing requirements of the GM Re
search Laboratories. In 1959 and 1960, a 704 
was in use between two and three shifts per 
day, and it was forecast that a 7090 or equiva
lent computer would be reqired by 1961 to sat
isfy the continuing needs for an engineering 
graph 22 x 22 inch drawings and within 30 
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and scientific computing facility at G. I R -
search. 

The combination of the abo\'e r quir m nt . 
we believed, could be met by a 7090 compu r •. 
The speed of the 7090 would adequat ly hand) 
the computational load and, if prop rly multi
programmed, the machine would eff th· ly o 
able to give the re pon e time d ir d for on
sole communication and computational pur
poses without wa ting the e timat d .it minu 
per hour of non-con ole u e. Th r quir m nt 
for multiprogramming implied that th com
puter would need to be modifi d uch th, t t ·o 
independent program could re. ide in it or 
memory with a minimum ri k of ith r pro
gram modifying the other program. For hi 
purpo e, a core memory protection y ·t m wa 
designed which prevent in truction. fr m 
storing into program- pecified 1K block of th 
memory. 

Multiprogramming al o implied th: for 
counting purpo e a clock b at ch d ti 
computer so that proper timek ping could 
performed during the witching from progr m 
to program. A clock wa built by th D Jc 
Radio Di ision of General ~Iotor for ,. f , 
with a milli econd a i ba ic in n·al of im . 

The requirement for 0.5 x 1 word. of pro
gram storage could be ati fled by h \'ing di. k 
memory on the computer. The origin 1 70 
configuration had a 1-105 di k conn cted vi , 
1401 and a direct data conn ction to h c m
puter. The current facility u~ a 130l di k 
and three. ~rum torage unit for the pro 1 m 
and . data library. The com put r comp) - r"
sulbng. from the abo\'e et of pecifica ion i 
shown m Figure 1. 

OBJECTIVES OF PROGRA.LIL 'G 
SYSTEMS S PPORT 

The combination of the IB. I 7090 and h 
IBM:. 7960 system as de cribed al O\' wa o 
~rovide an experimental graphical communica-
tion hardware facility. To upport thi . t 
from th ft • • Y ~ m _e so ware tandpoint, it wa. decided 
that an mvestment would be mad . • . , e m pr gram-
mmg techniques which would minimiz th tim 

• In 1963, the originally in tailed -ooo . 
to a 7094. ' " wa up rad 
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The specifications of the programming sys
tem revolved around three broad statements 
of facility operational policy. First, for pro
gramming purposes, the 32K computer memory 
was to be considered as two 16K blocks of mem
ory *. This is represented symbolically in Fig
ure 2, with 16K assigned to the DAC-I console 
support programs and 16K assigned to the 
standard batch monitor operation. 

Second, all input/ output programs in both 
the DAC-I operation and the batch monitor 
operation must use the trapping hardware built 
onto the 7090 and all trap program operations 
must be compatible with a trap control system 
(TCS) developed at GM Research. 

The third policy statement indicated that the 
batch monitor's use of the computer was lim
ited to channels A and B while the DAC-I con
sole program's use was limited to channels C 
and D. This condition was imposed to prevent 
conflicts in hardware use and means, for in
stance, that tapes in use by the batch monitor 
could not be used by DAC-I during multipro
gramming. One major exception to this rule 
was that the use of the disk was permitted by 
programs being executed under batch monitor 
control for purposes of compiling or checking 
out programs being developed as part of the 
DAC-I project. 

TRAP CO TROL SYSTEM 
SPECIFICATIO S 

Based on the above operation policies and on 
the programming system's objectives, specifica-

* As of March, 1964, the 7094 was expanded to two 
32K memories. 

TAPE UNITS 

'----l CHANNEL 
A 

..---~ CHANNEL 
B 

TAPE UNITS 
I 

TAPE SWITCH 
I 

7094 
COMPUTER 

CHANNEL 
H 

7960 SPECIAL IMAGE 
PROCESSING SYSTEM 

CHANNEL 
C 

CHANNEL 
D 

DISK AND ORUM 

STORAGE UNITS 
1401 UNITS DELCO TIME CLOCK 

Figure 2. Split-Memory Operation. 

tions for the trap control system's performance 
in multiprogramming and the programming 
techniques for DAC-I were developed. 

The trap control system (TCS) was to meet 
the following broad specifications: (Refer to 
Fig 2) 

1. DAC-I channel traps terminate monitor 
job central processing unit (CPU) op
eration. Machine status is saved by TCS 
prior to transfer of control to the appro
priate DAC-I program. 

2. If DAC-I has CPU control, monitor job 
channel traps are saved for later acticn. 
Monitor job traps are processed immedi
ately upon return of CPU control from 
DAC-I. 

3. TCS must switch memory protection re
gions as CPU control is switched. 

4. TCS must honor DAC-I requests for ad
ditional memory space by a dump and 
memory protect release of all remaining 
core ( except TCS) . Restore and restart 
procedures for monitor jobs must be pro
vided. 

5. DAC-I channel traps should not be in
hibited unless absolutely necessary. 

MONITOR SYSTEM'S OBJECTIVES 

With the above type of trap coLtrol system, 
the batch monitor and DAC-I program se
quencing monitor each had distinct operating 
objectives. 

1. The batch monitor should be a general 
purpose batch processing monitor and 
should be able to execute any program as 
long as the program was compatible with 
the trap control requirements and the 16K 
core limitations. 

2. The DAC-I monitor was to accept from 
the graphic console card reader a single 
card containing job accounting informa
tion and a program name. The program 
name was to be the name of any subrou
tine stored on disk. The monitor loads 
the subroutine and turns control over 
to it. 

3. Any program being executed on the 
DAC-I side should be able to enter a job 
into the batch monitor job stack. This 
permits conventional printed and punched 
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output from a DAC-I program without 
using channel A and B at the tim the 
output is generated. The di k i u ed a • 
the temporary torage pace for the out
put while waiting for a between job br , k 
in the monitor operation. 

4. The DAC-I programming r t m hould 
be duplicated within the cope of the b, t h 
monitor. Thi permit d bugging of pr -
grams independent of the "960 y ·t m 
and prior to execution in the DA I n
vironment. ,v hen operating in b, t h 
monitor mode a ba ic monitor f, cility 
must be provided for the compiling of 
DAC-I program in the O::'IIAD 1, n
guage and the ub equent filin11: of th r -
suiting object program in the di k file. 

THE DAC-I MO ITOR 

The DAC-I operating monitor w, de\' lop d 
around the idea of a di k pr gram library 
where all system function and program x cu
tion sequences are built up from a the ba ic 
operations of storage, retrieval and updating 
of a library, and b) the allocation by th cur
rently running program of memory ~or pac 
for program and data. • 

Basic concepts of the system are : 

a) The basic unit of a program i a ubrou
tine which has a name, an entry point 
name, and a di k file area name. 

b) Data for a subroutine may be ith r 
global or transmitted to it by a tandard 
subroutine calling sequence. A global vari
a_ble is declared at ubroutine compile 
time, but no memory location are a . 
signed until the subroutine i load d into 
core. 

c) Progra1:1 execution involve the loading of 
su~routmes from di k a they are needed. 
It is th~ function of the loaded ubroutine 
to assign subsequent location within 
n:iemory for whatever additional ubrou
tmes_ and global variable a ignment ar 
reqmred for the program's ta k. 

B~sed on the above concept ' the DA 
monitor was i·equfred to provide: 

a) ~ table which contains the location 
size of each subroutine in memory. 
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When uncertainties, such as arise when scan
ning low contrast film, become the dominant 
problem, then the man, as referee, can obtain 
control. One can argue that for each uncer
tainty a program can be written to analyze the 
situation and then the man is not needed to aid 
the process. The strong point of man-machine 
communication via graphic consoles is that for 
any given problem, one may now ask which 
parts of the problem are easily solved by the 
computer and which parts are best solved 
heuristically by man. This results in programs 
being written which have decision points in 
them at which the man at the console can be 
a ked for advice. Many of the past discussions 
of man-machine communication have been 
based on the concept of "let the man get to the 
computer" so he can directly ask questions of 
the computer program. Experience at GMR to 
date has been that the payoff from consoles 
comes not from asking the computer a question 
but assigning the computer a task from which 
the response is one of the following: "What is 
my next job?" "Here is the answer; what 
next?" or, "I don't understand; and here is my 
analysis of the situation." 

From the standpoint of a laboratory facility, 
the system is performing excellently. We are 
learning that man and machine can communi
cate readily via graphical means. 

SUMMARY 
The software development for the graphical 

man-machine communication laboratory has in
corporated three major departures from con
ventional higher level language programming: 
1) multiprogramming, 2) source program stor
age allocation control, and 3) a disk library of 
programs available during program execution. 
Each of these programming techniques is es
sential to the concept of Design Augmented by 
Computers. Multiprogramming permits com
puter programs to be written such that, even 
though they work at the man's pace, they 
achieve efficient utilization of the computer's 
processing unit. Program storage allocation 
control allows each program to adjust storage 
assignment dynamically as a function of data 
needs. 

A disk library available at execution time al
lows a control subroutine to view other subrou-

tines as black boxes which required certain 
inputs and produce outputs. The size and name 
of the black box does not need to be known at 
programming time and, in fact, are data at 
execution time, for the control subroutine. This 
feature allows continued growth of the design 
support programs with no change to control 
programs. 

The above three software techniques com
bined with the flexibility of NOMAD, permitted 
a fourth major departure from conventional 
programming techniques. Ninety percent of 
the DAC-I programming system was written 
in NOMAD. The trap control system and the 
basic subroutine relocation programs were the 
major exceptions to the above. With the new 
laboratory facilities at GM Research, the proc
ess of man-machine communication for design 
can now be explored with both formal experi
ments ( direct comparisons of methods with 
planned testing) and informal experiments 
(let's try something to see how it works). 
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OPERATIONAL SOFTWARE IN A DISK ORIENTED 

SYSTEM 
M. Phyllis Cole, Philip H. Dorn and C. Richard Lewis 

Research Laboratories, General Motors Corporation, Warren, Michigan 

1.0 INTRODUCTION 

This is one of a series of papers which de
scribes the General Motors Research Labora
tories DAC-I (Design Augmented by Com
puters) System. <1 , 1?, •· 5 > For a summary of 
the overall system objectives and organization, 
the reader is referred in particular to the 
paper "A Laboratory for the Study of Graph
ical Man-Machine Communication" by Edwin 
L. Jacks. 1 

In using the DAC-I system, the man at the 
console wants to perform the following types 
of tasks in solving his problems-

1. Introduce data rapidly and accurately to 
the computer. 

2. Operate on this data. 
3. Observe the results of these operations 

and have the ability to modify them 
while still in the on-line environment. 

4. File the original data and final results 
for future references. 

To accomplish these tasks requires the inter
play of the 7960 Special Image Processing 
System,* the 7094 Computer Complex, and the 
man. 

It is the purpose of this paper to discuss the 
systems software developed in support of this 
interplay. 

* The IBM 7960 Special Image Processing System, 
consisting of a graphic console, an image processor, and 
a modified data channel, was designed and built by IBM 
to specifications provided by GM'. 
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Requirements of this software system in
clude: 

1. Establishing efficient storage and re
trieval methods for handling large 
numbers of data arrays and subroutines. 

2. Creating an environment within the com
puter which would allow subroutines and 
associated data to be brought into mem
ory, processed, overlayed, filed, etc. based 
on the operational demands made by the 
man at the console. 

A disk oriented software system (hereafter 
referred to as the D-System) has been imple
mented in order to provide the basic software 
support. The objectives of the D-System are 
to provide compiler level accessibility to the 
new hardware devices and minimize the im
pact of disk usage on the general programmer. 
The D-System provides all of the necessary 
subroutines required in using the disk for data 
storage and retrieval, for scratch space during 
intermediate computation, and for the loading 
of subroutines based upon program needs. The 
D-System is accessed through a batch monitor 
system in order to generate subroutines and 
data for storage on disk. Program execution 
may be accomplished through the batch moni
tor or the on-line console. 

Establishing an operational computer en
vironment also required the development of 
compilers to satisfy needs for both the object 
and system codes which were to be written. 
The NOMAD compiler was used extensively 
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for central processing unit (CPU) code nd 
the MAYBE compiler was developed for 7960 
data channel codes. Proce or for di k book
keeping and a complete y tern for loading nd 
overlaying subroutines in memory were al o 
required. 

This paper consider fir t the organization 
and maintenance of a di k file and then de
scribes an operating y tern ba ed on di. k 
with both system and execution time featur 
detailed. A brief di cu ion of the on-line D
System operation is included. Finally, c rt in 
conclusions are drawn ba ed on exp ri nc 
with a disk-oriented y tern. 

2.0 THE ORGA IZATIO A D .!AI TE-
A CE OF A DI K FILE 

2.1 Introduction 

During 1961, a 
to the computer permitting experim n in 
disk file u age. Although the file wa bo h 
small and slow, it capaciti w re uffici n 
to allow meaningful imulation of the ultimat 
system. When the final D y tern ( di k 
oriented software y tern) wa being d ign I, 
certain design principle learned during imu
lation were applied. 

It wa a certained that when planning 'tor
age allocation for a random acce device, th 
following design criteria hould be followed: 

1. An absolute integrity mu t b main ain d 
between the data to be tor d and th 
programs which deal with the data. 

2. The programming y tern hall not im
pose re triction on the quantitie of data 
retrieved from or tored on di k. 

3. The system must be free of fixed loca
tions on the disk file. The optimum i to 
provide one fixed track location and r f
erence all other location from thi one. 

4. The design of object time program 
should not be concerned with the manner 
in which data is phy ically tor d on 
disk. 

5. The number and time duration of di k 
arm movements to reach a particular 
piece of information mu t be kept to a 
minimum even at the co t of inconveni
ences to the operating y tern. 
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uniquely named area assigned on a project 
basis. Each logical area consists of a block of 
physically contiguous tracks bounded for min
imum access time. 

A separate dictionary is maintained for each 
disk area. Each dictionary entry contains the 
following information for each subroutine 
within that area: 

1. subroutine name 

2. disk address of the subroutine 

3. length of the subroutine 

4. date the subroutine was filed on disk 

Subroutines are stored on disk in a blocked, 
relocatable binary form. Output from com
pilers and the assembler is post-processed into 
blocked form and then filed in a two record per 
track format. Each record contains a pointer 
to the following record except the last record 
which has a null pointer. When subroutines 
are being retrieved, the pointer becomes a 
command to the loading routine to access the 
next record. 

Allocation of a particular location to a sub
routine is made from a subroutine space as
signment table. This table contains the 
following information for each disk area: 

1. area name 

2. location of area dictionary 

3. next available dictionary track 

4. fir t and next available tracks in the area 

5. number of available records in the area 

6. next available record in the area. 

In addition, the subroutine assignment table 
contains the location of a track "pool" to be 
used by an area whose basic space allocation 
is exhausted. Should this occur, subroutines 
enter the "pool". The area limits may be en
larged during edit time *. Subroutine areas 
and their respective indexes are located by 
rererencing this table; should it become neces
sary to redefine any or all areas, only the 
assignment table need be changed. The sys
tem refers to track as ignments through the 
table; references to absolute disk locations are 
not permitted. 

• The edit function is explained in Section 2.6 en
titled, "Disk File Maintenance Procedures". 

2.4 Permanent Data Storage 

All permanent data is stored in uniquely 
numbered files assigned on a project bais. Each 
file may contain four different data types 
where a data type is defined as one of the four 
different record sizes maintained on the disk. 
The types are : 

type 1: 25 word record-stored 15 records 
per track 

type 2 : 111 word record-stored 4 records 
per track 

type 3 : 229 word record-stored 2 records 
per track 1 

type 4 : 465 word record-stored 1 record 
per track 

To establish a data file, the user must indi
cate how many records of each type his file will 
contain*. 

A directory table is maintained for each data 
file permanently stored on disk. The directory 
tables are stored on disk in numeric sequence 
beginning with file number 1. The table con
tains information as to whether this particular 
file number has been assigned, and if assigned, 
where the first track of each data type may be 
located. The location of the first file directory 
table is maintained in memory so the operating 
system may access the directories quickly. 
Given a file number and the number of direc
tories per track, it is simple arithmetic to 
compute the disk address for a file directory 
which in turn points to the data file. 

Disk space allocation for permanent data is 
made from a table stored on disk. This table 
has an entry for each group of uniquely for
matted tracks.** A group of tracks is called 
an area and the entry for each area contains: 

1. the first track in the area 
2. the currently available track 

3. the next available record on the cur
rently used track 

* Space allocations, if not sufficient, may be changed 
after the file has been assigned space. This process is 
not, however, performed automatically. 

** The IBM 1301 requires a strict formatting of any 
given cylinder for the size of the records to be main
tained on the tracks within that cylinder. The file can 
be reformatted under program control but this proce
dure is not generally available to D-System users. 
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4. number of available track in the ar 

5. number of available record in the , r a 

System ubroutine have been provided to 
store and retrieve permanent data. In gener, I, 
data files are referred to at execution im 
record of type M. 

2.5 Scratch Data torage 

A cratch file i available to programm r. 
for temporary torage of data during .• cu
tion. To use the scratch area, a r qu t i 
made for n track of 465 word to :y t m 
ubroutine. A ignment i on a "la ·t-in, fir:t

out" basis. If the pace i available, th ·y_
tem return a key word containing the fir t 
and last track of the area a ign d. Any 
sub equent torage and retrie,·al i. by r ord 
number with the key being u d a. a b, 
addre for computation of th phy ·ical r, ck 
referenced. 

When the programmer i fini h d, h 
ecute a "clo ing" ubroutine and th tra kL 
which were made available to him will b 
turned for future a ignment. 

2.6 Disk File Maintenanc Proc<dur 

Becau e the di k file may have occa ional 
mechanical, hydraulic or electronic failur a 
back-up procedure wa d veloped to in ·ur 
the pre ervation of the p rmanently r '. id nt 
information. ince both data and L·ub routin 
change from day to day, a working proc dur 
was developed which con i t.- of writing a di. k 
~ave tape(s) daily. The.e area ar the only 
disk area aved. Di k back-up tap (. ) ar 
retained for everal day before being rel a. d. 

Both ubroutine and data area. are p riodi
cally edited by eparate program:. Editing i 
a clean-up procedure; information i phy:icallv 
moved to designated area and pa mad· 
available by deletion is returned for rea . .;ign
ment. 

Subroutine editing i ba ically the proce. of 
con ~ructing a new area dictionary by omitting 
entries for deleted ubroutine . The . uh
routines are taken off di k and plac d on a 
scratch tape for temporary holding. At thi . 
point in the edit proces any change to th 
boundaries of an area may be made. The uh
routines are then as igned new location . 
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Figure 1. D-System Functions. 

placed on the disk. Object programs are placed 
in one of two disk areas-either checkout or 
scratch, depending on the programmer's re
quest. Subroutines filed in scratch disappear 
at the end of the job while those filed in 
checkout remain on disk for approximately one 
month. 

The input processors are shown diagram
matically in Figure 2. 

3.2.1 The NOMAD Compiler 
NOMAD is an algebraic compiler adapted 

from the MAD * language to meet the special 
needs of this installation. It is a high speed 
compiler which permits a wide latitude of gen
erality in expre sions. Since MAD was imple
mented in a highly modular fashion, there was 
little difficulty redefining code generation se
quences, adding new operators and enlarging 
the statement repetoire. Although MAD is of 
the ALGOL '58 family of languages, it has been 
modified considerably since its original design. 

The NOMAD dialect developed at GM Re
earch Laboratories has four basic areas of 

difference from MAD: 

1. additional operators 
2. new variable types 
3. new relocation cheme 
4. real-time statements 

Thirteen new operators were added to the 
language to permit a full set of logical opera
tions. Of special note are three bit detection 
operators that seek the first, last, and number 
of "I" bits in a variable, and a set of address/ 

* The Michigan Algori thmic Decoder (MAD) is an 
a lgebra ic compiler based upon ALGOL '58. It was 
originally developed hy Arden, Galler, and Graham of 
the University of Michigan Computing Center for use 
on the IBM 704. The language and compiler have been 
updated through a series of revisions for the 709 and 
7090. The OMAD compiler springs from the earliest 
7090 version circa 1961. 

decrement packing and unpacking operators. 
These operators were especially designed to 
permit coding of system subroutines in the 
NOMAD language. 

A new class of variables, the GLOBAL 
VARI ABLE. was introduced. A global vari
able is defined as a variable, single or array, 
to which storage is not assigned at compile 
time. Unlike the COMMON variables in a 
FORTRAN program, global variables not used 
in a program do not have to be declared merely 
for the information of the loader. No special 
ordering of global variable declarations is 
necessary. 

For each global variable used in a NOMAD 
program, the compiler generates an entry into 
a list attached to the program card informa
tion**. Each occurrence of a global variable 
results in special relocation bits being pro
duced to indicate that one or more fields of this 
instruction are global. Additional bits indicate 
the slot in the list to which the global variable 
is assigned. If the global variable is sub
sc1·ipted, the numeric subscript is placed in the 
field normally assigned to the address. 

The relocation scheme is based on a variable 
number of bits assigned to each instruction 
type ( e.g., absolute, relocatable address with 
absolute decrement, etc.) . The most frequently 
used class of instruction is described by one 
bit, the second most frequent by two bits, the 
next most frequent by three bits, etc. The 
first "0" bit reached acts as a delimiter. Com
parisons made to other schemes have shown 
non-trivial operating efficiencies as well as 
considerable core and disk space savings. 

The real time statements within the NOMAD 
compiler seek to acknowledge the presence of 
man in the program loop. Since a console for 
display of graphical information is part of the 
hardware configuration, system users output 
data onto the console display screen rather 
than the system output tape. Because the 

** A NOMAD subroutine contains on its program 
card{s) data relating to the global variable(s), the 
entry point(s), the program length and the number of 
program cards. When the subroutine is actually filed 
on disk, additional information is added during the 
blocking process such as the program's checksum and 
the length of the transfer vector. 
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Figure 2. 0- y m Input P·roccuors. 

OMAD statement for writing tape output ha~ 
the form : 

PRINT FORMAT F, Li t 
where F . is the name of a format and Li.-t i: 
the data to be written, it i appropriate and 
logical to give the statement: 

DISPLAY FORMAT F, Li t 
for displaying information on a creen. A 
similar statement exist for production of hard 
copy output through the recording RT: 

RECORD FORMAT F, Lit 
where F and List have the ame meaning a 
above. 

These statements repre ent tep toward 
development of a language which recognize 
parallel processing in a large scale computer. 
Since the IBM 7094 has the capability to drive 
multiple channels in parallel, it i es ential to 
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substitution and byte testing as well as driving 
I / O devices. It cannot, however, add, sub
tract, shift or mask. The data channel can be 
viewed as a special purpose processor attached 
to the 7094 memory and capable of running in 
parallel with the 7094 central processing unit. 
It was necessary that means be provided to 
program this special purpose computer in a 
higher level language. 

The MAYBE compiler was designed and 
implemented to provide the instructions, com
mands and orders for operation of the data 
channel and 7960 I/ O devices. In addition, 
MAYBE automatically produces the necessary 
system linkages to process the data channel 
interrupts and central computer traps. Figure 
3 shows the relationships among the computer, 
the data channel and the 7960 system. 

Each subroutine generated by MAYBE con
sists of prologue instructions and a main body 
of data channel commands and orders. Stripped 
of its frills, the MAYBE compiler is a macro
generator which feeds symbolic input to the 
standard assembly program. MAYBE was 
coded in NOMAD and utilizes standard system 
I / O routines. 

The MAYBE language includes approxi
mately 75 declarations and statements divided 
into the following classes: 

1. storage allocation declarations 
2. replacement statements 
3. iteration statements 
4. control and linking statements 
5. device manipulation statements 

MAYBE declarations are essentially the 
same ones found in the NOMAD compiler and 
provide a means to utilize local and global 
storage for data variables. The replacement 

£R.!!!!.ill. 
MOIIIAO 

••r•ucr1ow1 

COll~ILU 
MAYII 

COIIMANDI 

Figure 3. 7909 Relationships. 
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statements allow substitution of data variables 
even when they are positioned in non-standard 
fields *. Iteration statements permit loops 
within the data channel and testing of the loop 
control index. Control statements permit the 
transfer of control within MAYBE subroutines 
or externally to other MAYBE or NOMAD 
subroutines. Device manipulation statements 
permit the starting, continuance and stopping 
of I/ O devices attached to the 7960 system. 

Linkages generated by the MAYBE compiler 
permit MAYBE subroutines to interrupt op
erations and transfer control to NOMAD 
(main frame) subroutines. In this way, a 
nesting of alternate MAYBE and NOMAD 
subroutines is achieved. The maximum depth 
of this nesting operation is the programmer's 
ability to remember where he is; there is no 
system specified limit. At each step, the data 
channel and the main frame will be jointly 
interrupted and their respective status saved. 
Thus, no matter how deep the nesting, the ma
chine status will be restored upon return to 
each higher level. 

MAYBE is essentially a compiler for use of 
system programmers. Most users operate de
vices through NOMAD statements (such as 
DISPLAY or RECORD FORMAT). Sub
routines coded in MAYBE provide the I/ O 
commands to drive the requested device. 

3.2.3 The Combine Processor 
The COMBINE processor permits the D

System user to reduce a set of NOMAD object 
level subroutines into one physical subroutine. 
This installation's programming standards 
emphasize subroutinizing as a checkout tech
nique. Advantages may be gained by using a 
combined package of subroutines since the 
number of disk accesses at load time is sharply 
reduced as are the bookkeeping tasks during 
subroutine execution. 

In addition to producing one relocatable sub
routine from many, the COMBINE processor 
has the following features : 

l. Global variables used for communication 
between the set of subroutines to be com-

* Instruction fields for 7960 commands and orders 
vary from the address and decrement fields normal to 
7094 instructions. Provisions had to be made to handle 
fields as small as three bits. 
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bined may be drawn in ide the pt ckag 
and a igned local torage or left , :' .·
ternal global variable at the u er· op
tion. 

2. A merged external tran fer v ctor Ii. 
produced for the combined packag · n
ternal connection between the t of 
subroutine involved are handled thr u h 
an internal tran fer vector. Ref r nc 
between one ubroutine of the • t nd 
another within the t do not produc 
external tran fer vector entry. 

3. Any entry point or et of entry poin 
a sociated with the ubroutin . of the 
et may be retained, di carded or r -

named at the u er' option. A di card 
entry point ha no external m aning and 
doe not exi t out ide the :'cop of h 
set. 

Since all D- y tern proc ~ 'Or ' ha,· th m
elves been through CO::\IBI. rE, th r r m, i11 

only the ingle merged tran fer vector to b 
et during proce or loading. 

3.2.4 The Assembly Program 

A standard 7094 a embly program, F P , 
h.as been built into the D y tern. Although 
it i available for general u ·e. programm r 
are di couraged from u ing it except for high) , 
special case where extreme p d or etnci nc: 
is required, or for pecial purpo. utilit • 
routine (such a number conver ·ion and in
put/ output). The bulk of the D- v. m and 
the processors, a well a over 95 of th ap
plications program , are coded in .. 'OMAD. 

3.3 The Bookkeeping Proc or 

The bookkeeping proce or exi for th 
purpo e of allowing the programm r to add, 
replace, and delete ubroutine: within the di k 
area to which their project ha been a. ign cl. 
Since the sy tern permit retention of many 
subroutines with the ame nam bu allow 
only one version to be in any area at anv tim 
users' are respon ible for having the right ver~ 
sion in the right place at the right tim . 

The following bookkeeping proce ·or ar 
available in the D-Sy tem: 

1. Move 

2. Delete 
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tor for comparison, the following major differ
ences may be pointed out: 

PORTRAN 
SYSTEM 

Subroutine loaded 
from tape 
Core loads 

Ping-pong and 
overlay 
COMMON vari
ables loader as
signed 

3.4.1 Dynamic Loading 

D-SYSTEM 
Subroutines loaded 
from disk 
One subroutine loaded 
at a time 
Continuously chang
ing core configuration 
Global variables not 
assigned until needed 

While grouping subroutines in a core load is 
reasonably efficient when using magnetic tape 
as an input medium, this · procedure becomes 
wasteful when a random acce s on-line device 
is available. Subroutines can be loaded indi
vidually from disk as they are needed without 
the burden of tape spacing and rewind time. 
Variables placed in COMMON in a FORTRAN 
ystem are assigned locations at compile time. 

D-System global variables are assigned loca
tions at execute time when the actual core 
availability determines the location assigned. 
This floating quality of a global variable is es
sential to maintaining a flexible core arrange
ment. 

Since multiple versions of any subroutine 
may exist, the D-System loader must receive a 
specification of the area in which the sub
routine is located. When a global variable is 
first referenced by a subroutine, the dimension 
of the variable is needed to assign space. A 
D-System programmer defines the scope of 
his program by supplying area information for 
his subroutines and dimensions for his global 
variables. The D-System performs the func
tion of an interface between the programmer 
and the loader to initiate execution. The sys
tem accepts the name and area of one sub
routine and the dimensions of a set of global 
variables and passes this information to the 
loader as "starter" parameters. Execution 
commences with one "starter" subroutine 
which may be located anywhere on disk. The 
disk areas of other subroutines and the dimen
sions of other global variables are dynamically 
passed to the loader as execution proceeds. 

When a program is in execution, the status 
of individual subroutines may vary as indicated 
in Figure 4. The status of a given subroutine 
is one of the following: 

1. Undefined-This status is included for 
completeness and indicates the basic state 
of all subroutines on the disk. 

2. Not In-The subroutine has been lo
cated on disk and may be loaded as 
needed. 

3. Active-Whenever a subroutine is ex
ecuted for the first time, it is loaded from 
disk and becomes "Active". 

4. Inactive--A subroutine declared "Inac
tive" by the programmer remains in core 
in anticipation of later use. However, if 
additional core storage is required, it is 
returned to "Not In" status making the 
core location which it occupied available. 

When subroutines have served their pur
pose, they are declared "Out" and return to 
undefined status. 

The status of global variables may vary as 
shown in Figure 5. A global variable is as
signed storage when the first subroutine which 
references it is loaded from disk. The storage 
is released when all subroutines referencing 
the global variables are declared "Out". 

Availability of core space is maintained by 
the loader as subroutines and global variables 
change status. Therefore, the functions of 
the loader may be summarized as follows: 

1. Change status of subroutines as directed 
by the executing program. 
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Figure 4. Subroutine Status. 
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2. Change statu of global variable a. di
rected by the executing program. 

3. Maintain torage a ailability. 

3.4.2 Dynamic ubroutine Definition 
A D-System feature allow the checkout of 

a new version of a ubroutine without di turb
ing the production execution of a pr viou v r
sion of that subroutine. Thi i done by pla ing 
the newer ver ion in the cratch or che kout 
area. The production program anti ioat 
finding the ubroutine in a perman nt ,'tor g 
area. However, the loader may override th i r 
instructions and find the ubroutin fr m 
cratch or checkout. Thi i accompli h d by 

means of the U E proce or which tran. mit · 
a user's request to the loader. All r que.'t. to 
load thi ubroutine will be trapped and th 
version from scratch or checkout load d in tead 
of the production ver ion. 

3.4.3 Error Procedures 

The D-Sy tern error package operat : in on 
of two mode . The programmer may ele t to 
monitor all software error condition and tak 
corrective action, or he may allo, th rror 
package to perform tandard pro dur .. 
Four clas e of error condition are monitor d 
in the error package: 

1. arithmetic underflow overflow in float-
ing point operation 

2. illegal subroutine parameter 

3. I O format and data error 
4. loading errors 

The standa1·d action of the error package i 
to reset and continue on underflow /overflow 
errors and to emit a diagno tic and a dump of 
the programmer' ubroutine and data area 
in all other situations • . 

• The system is not normally dump d. 
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flag 2 = 1 if data has been filed, = 0 other
wise 

flag 3 = 1 if data has been deleted, = 0 
otherwise 

An example will be t illustrate the control 
and chaining techniques used. Assume a data 
array, TORQ, 129 words long. Assume also 
the record revision number is 0. The first two 
words of TORQ are as follows: 

Assume the directory table for this file to be: 

The encoded name in TOltQ(0) references 
the fifth record of data type 2 in file #19. Data 
type 2 (stored 111 words per record, 4 records 
per track) begins on track 1280 for this file. 
Therefore, TORQ ( 0) points to record 1 of 
track 1281. Since the length of the array is 
greater than 111 words, the first record will 
be chained, as shown on the next page, to an 
additional record taken from a pool of avail
able records. 

If it is desired to store a revised version of 
the array TORQ at the ame time retaining 
the original data, a lightly different procedure 
is followed. First, the data stored on track 
1281, record 1, is moved and the original rec
ord of 106 words on track 1281 is chained to 
the new location. The remaining 23 words on 
pool track 1682, record 2, do not move. The 
revised data is stored in a newly assigned rec
ord and another chain in record 1, track 1281 
is set to point to the location of the revised 
data. 

The name given in TORQ (0) identifies re
vision number 1 of the data. As before, rec
ord 1 of track 1281 is to be referenced. 

Under this addressing scheme, the program
mer need only give the name of a data array 
to retrieve it-the length of the array is stored 
in the array itself and will govern the number 
of words transmitted from the disk. 

4.0 ON-LINE EXECUTIO 

In addition to execution within the batch 
monitor system, a D-system program can be 
executed on-line from the graphic console. In 
this operation the batch monitor is restricted 
to half core and the other half of core is made 

' available to on-line operation. A simplified 
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Figure 6. Data Name Encoding. 

system exists for on-line execution to act as an 
interface between the man at the console and a 
slightly modified D-system loader. The man 
at the console indicates to the system the name 
and disk area of the subroutine which initiates 
execution. 

While there is no difference in basic philos
ophy between batch monitor and on-line execu
tion, implementation is quite different since 
tapes are not used directly when operating on
line. Graphical output is used whenever pos
sible to replace normal output tape functions. 
When printed output is required, as in produc
ing core dumps, the information is placed on 
the disk and inserted in the output stream of 
the batch monitor system between jobs. The 
on-line program has the ability to insert jobs 
into the batch monitor system via the disk. A 
circular file is used to pass data to these jobs. 
The program in execution must also use the 
disk rather than tape for scratch space. 

5.0 CONCLUSIONS 

Our experience indicates it is feasible to op
erate from a disk and gain rapid access to 
large amounts of information, thus attaining 
considerable on-line capability. To obtain this 
on-line capability, users must pay a penalty in 
several areas. Core memory space must be re
served for an in-memory loading and reloca
tion routine. Machine time must be granted 
for disk bookkeeping and editing functions. 
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Figure 7. File Directory Table. 
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Compatibility with other in tallation: com-
pletely lost. 

In return for thi inve tment, the y:tem 
allow acce to an enormou.- library of 
routines without having to deal with an ob
ject level deck. Large quantitie of data ar 
stored on-line and may be added to, modifi cl, 

deleted or used with no difficulty. Both :ub
routine and data are alway a,·ailabl ; run 
preparation time harply reduced. 
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I TROD CTIO 

The General Motor Re earch Laboratories 
(Gl\.lR) obtained th IBM 7960 Special Image 
Proce ing y tern in order to provide a labora
tory for the tudy of graphic data processing 
and related man-machine communication prob
lems. The IB 1 7960, de igned and built by the 
IBM Data y tern Divi ion to specifications 
provided by G IR, con i t of: 

a) A graphic con ole which includes a dis
play tube, control buttons and lights, a 
card reader, an alphanumeric keyboard 
and a po ition indicating pencil. 

b) An image proce or which permits com
puter-controlled canning of film images 
and comput r-controlled recording on 
35mm film. 

This paper i divided into two parts. Part I, 
written by th IB 1 authors, describes the de
sign of the pecial image processing components 
and the integration of the e components into 
the sy tern. The main functional requirements 
for the e component are computer compatible 
image generation peeds and high image qual
ity. The de ign how how the diverse technol-

363 

ogies of analog circuits, cathode ray tubes, 
optics and film processing were successfully 
combined to provide a new type of image proc
es ing system. 

Part II, written by the GM authors, is a re
view of GM's experience with the hardware as 
a component in the General Motors Research 
Laboratories' DAC-I (Design Augmented by 
Computers) System. Other papers in this 
eries (1, 2, 3, 4) cover various aspects of this 

sy tern. 

The hardware is a working model of auxil
iary computer equipment for designers. Pre
viously, experiments have been conducted on 
individual components of equipment such as 
man-machine consoles or light pens, or image 
digitizers or image recorders or plotters. These 
experiments have pointed out possibilities for 
future developments in computer-aided design 
equipment. Now, all the necessary hardware 
components have been developed and put to use 
as a complete DAC-I hardware system. 

In addition to having demonstrated the capa
bilities of this equipment for man-machine re
lationships in design experiments during the 
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past one and one-half year , G 1 Re earch ha 
created and used exten ively new type of pro
grams that both improve the effectivene of 
the hardware by calibration and evaluat and 
display the status of the hardware for the u er 
or maintenance engineer. One te t program i 
described briefly as an example. 

PART I-E GI EERI G DE IG. 

FU CTIO AL DESCRIPTIO 

A block diagram of the 7960 pecial Imag 
Processing Sy tern is shown in Figure 1-1. Th 
attachment of this system to the cenh·al pr c
essing complex i through data-chann I logic. 
In relation to the central proce ing y tern, the 
Special Image Proce ing y tern app ar al
most identical with any of the other data chan
nels which may be attached to the y tern. In 
fact, the special data channel i an IB.1 79 9 
Data Channel, modified lightly to make it bet
ter suited to the particular tempo of data flow 
that exists with this sy tern. 

The 7960 sy tern compri e three ba ic unit . 
The display adapter unit perform uch func
tions as control of the ba ic y tern, control unit 
selection, and digital-to-analog conver ion. 

,--------------7 
I 1090194 I 
I CPU I 
I ._____,___. I 

I 7302 76ot 7607 TAPES I 
I CORE DATA CAROS I 

STORAGE MULTIPLEXOR tttAHHEL 

L CPU_£0MPLEX_ _ _ _____ ~ 
I ..---,~ I 
II SPECIAL I 7960 

DATA CHANNEL I I SPECIAL IMAGE 

I PROCESSING SYSTEM r----''------. I 

I 
DISPLAY I 

ADAPTER 
I UNIT I 

I ..-------r----'--- I 

I IMAGE PROCESSOR ~---"'---- I I R£CORO£R SCANNER ~---" l 
L _____________ _J 

Figure 1-1. Sy tern Block Diagram. 

Th imag pr ~ • r pr vid for the input 
and output of data in gr. phic form. The unit 
cont. in a RT photo r cord r, proj ctor·, RT 
photo c. nn r, an input camera (for photo
graphing drawing· and d um nt ) , and rapid 
film-pr ing qui pm nt. ( Figur • 1-2 and 
1-3). 

Th p:raphic on ol i pri em 
contr I point (Figur 1-t). co RT 
di play, p:raphi p ncil inp l in-
put from k y and punch d d unc-
tion input from k y , , nd u ogram 
ta u indicator.. Information ma) t red 

or modifi d in th . h th f the 
graphic p ncil, th pr 1tro , and 
alph, -num ric k y . d input. The 
r of calculation pl, y d on the 
cathod ray tul., or on th tatu 
light . D t, ii d d er ach of the e 
unit follow. 

dapt r ni 
Th di play , dapt r unit nti ol th tran. -

mi:. ion of data, unit ontrol information, and 
unit. tatu information, and th qu ncing and 
. yn hronizing of th ,. riou uni in th y -
t m. In addition, digital data r ceiv cl from 

Figure 1-2. !mag Proce. r 'nit. 
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Figure 1-3. Image Processor Unit. 

computer torag i formatted for deflection 
command for the RT devices. 

The di play adapter unit and the data chan
nel recognize five states that may exist. Four 
tandard command ( control, write, read, and 

sen e), perform all data movements in the sys
tem. The e command rve to transfer data in 
6-bit byte , which contain the encoded informa
tion as ociated with the operation to be per
formed. The fifth state, an interrupt signal, is 
u ed to notify the data channel when operator 
action require a branch in the program. 

Image Proce or 
The image proce or provides the input and 

output of data in graphic form. The unit con
tains two photographic-film transport units 
which are similar in operation but which differ 
in the function that they perform. For con
venience, they are de ignated transport A and 
tran port B. Figure 1-5 is a simplified repre
sentation of the film transport and optical sys
tem. 

Tran port A: 
a. Expo e film from a high-resolution re

cording cathode-ray tube. 

b. Exposes film from a paper input station. 
c. Processes the film ( develops, fixes, wash

es, and dries). 
d. Scans processed film for computer input 

at the read station using a high-resolution 
scanning CRT. 

e. Projects the processed film from the read 
station to a 20 x 22-inch rear-projection 
screen located at the front of the unit. 

Transport B : 

a. Exposes film from the record CRT. 
b. Processes the exposed film. 
c. Projects processed film. 

Both transports can be operated independent
ly and simultaneously, within the limits im
posed by the optical and shared data paths for 
the CRT's. For example, exposing film from 
the record CRT involves a mirror which directs 
the image to the selected film transport; there
fore, only one film may be exposed at a time. 

Image Input 
The source document for an image-processing 

design system is normally graphic information 
on paper. The paper documents will include 
engineering drawings, sketches, or graphs 

PONEI CONTROLS ANO INDK:ATOIS 4 POSITION PENCIL 

17•JNCH CRT SCPEEN AND CONDlJCTiNG Gt.ASS S All~A-NUM!ll(' KEYIO.UO 

flttOG~M FUNCTION SWIJCHES ANO INDICATORS 6 C,00 RfA0ER 

Figure 1-4. Graphic Console Unit. 



366 PROCEED! GS-FALL JOI T cm1PUTER co FERE, TCE, 1964 

which must be converted by a digitizing proce 
into a form acceptable to the computer. In the 
7960 System, paper document are photo
graphed on 35mm film and the film is used a 
the media for the image input proces , a shown 
in Figure 1-5. 

Film was chosen as the media to be canned 
because of the need of being capable of proce -
ing a range of paper sizes and image qualitie . 
The reduction of various document ize to a 
standard image size for scanning permits high
er scanning speeds and the ability to control 
image quality. 

Paper documents up to 22 inches quare are 
reduced to a 1.2-inch square on sprocketle 
35mm film by the paper input camera. To ex
pose the paper it is positioned in the paper
input drawer and held flat by mean of a 
vacuum. An array of eight flood lamp il
luminates the paper. The inten ity of the 
illumination is under operator control and 
exposure can be varied to adjust for difference 
in image density and contrast on the paper. A 
paper-input shutter provides a timed expo ure. 

The use of 35mm silver film a the image in
put media requires an on-line-computer-con-

r-
1 

I 

I 

I 
I 

/~I 

---i--'""""" I 
I 
I 

e 

Oll'Q9( 

/ICAIICJff 

\l 
Figure 1-5. Image Processor Schematic. 

trolled, rapid-film pro or o that the expo ed 
film can be de,· loped for imm diat canning. 
A three- tation cup , pplication pro e was 
cho en t provid an im, g with uniform den-
ity, high-imag tability and a re olution com

parable to that obtain d by hand-proce ing 
method . 

Th proc . d film imag • digitiz d under 
comput r control by a fl·· ot, RT scanner 
(Figur 1 wa en for 
th r du ata to digi ompu-
ter data nn ompu-
t r-c m fl ity. The RT 
b am ca r the 1.2-inch quare 
film im, gr, m control. Light 
fr m th ough the film and i 
inten it. h dark and light , rea 
of th im odulat •cl light i cl t cted 
by a phot - and th nmplitude-modu-
lat d ignal i. co1 cl t digital information. 

Th primary con id ration. in th de ign of 
th canner ,,. r high canning . p d and ac
curacy. Accuracy inclucl both the reliability 
of det ct d data and th high r lative po. itional 
tability ov r th p riod that th imag i • b ing 

:canned. The RT b am i: mo\' d from point 
to point ov r th imag by v ctor • com po d of 
tn ight-lin . egm nt. of varying I ngth. This 

method of b am po itioning i. call d an end
point v ctor method b cau • , r gardl . of the 
length or direction of a \' ctor, on! • the n w 
nd-point mu t b p cifi d. Thi r ult in 

minimum comput r data to control th canning 
,·ector. 

The data r quir d to dra\\' on v ctor i given 
by th computer in 12 bit. for . ' po. ition and 
12 bit for Y po ition. Th . digital valu are 
converted to analog voltag which determine 
the deflection curr nt appli d to th d flection 
yoke of the RT. The. canning b am can be po-

ition d over -1 96 x 1096 adclr abl p sition . 
An eff ctive increa in po itional re olution of 
the canner i obtained by th u e of a con tant
time- can v ctor y tern. In the course of a 
vector, the light pa ing through the film inter
cept a line or line of the image contained in 
the frame. Each line interc ption is ensed by 
the P IJ:T and i called a strike. With a constant 
time vector y tern, it is po sible to divide a 
vector into time egments which can be related 
to position. A strike occurring during a par-
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ticular time segment can be related to the posi
tion on the image corresponding to the position 
of the canning vector at that time. Scanning 
response re olut ion to a fractional part of the 
vector length can be obtained by this method. 

In the scanner, the t ime required to draw a 
vector i either 32 or 256 usec. The 32-usec
scan-vector time is used for short vectors; the 
256-u ec-time for long vector . To accommo
date a wide range of image with varying 
image den ity, contra t and line widths, it is 
neces ary to provide program controlled 
scanner dete tion en it ivity. The detection 
thre hold of the trike or hit can be varied 
by commands o that optimum detection sen-
itivity can b elected by the program. 

Image Output 
After an image i proce ed by the computer 

program and modifi d and veri fied by the op
erator at the graphic con ole, it is frequently 
nece •. ary to produce a permanent output docu
ment of the pro e ed image. Film i used for 
the output imag med ia, a fo r the input 
media, becau of it, compatibili ty with com
puter peed., fl xibil ity of u e, and high image 
quality. 

RT recording on ilver fi lm permits image 
to be generat d by computer control at com
puter-data-channel p d . The RT u ed for 
output image r ording imilar to the type 
u ed for input imag As in the 
canner, a RT image i fo rmed by vectors 

drawn on the RT er en. The vector trace is 
vi ible when th beam i unblanked, in order 
that the b am trace can be recorded on the 
film. When th beam i blanked, the trace is 
not vL ible and th beam can be po itioned over 
the image without exp ing the film . An 
image-for xample, a drawing-is divided 
into traight lin gment . ore storage 
contain the and Y coordinates of the end 
point of each vector . Vector may vary in 
length from the very hort t races required to 
form a mooth arc to longer t race which are 
u ed for t ra ight Jin egment of the drawing. 

The deflection ci rcui t u ed for CRT record
ing are the same a tho e u ed for CRT scan
ning and graphic con ole di play. Therefore, 
two fixed vector t ime are available for image 
recording : 32-u ec vector time, generally u ed 

for drawing short vectors, and 256 usec gen
erally used for long vectors. Four vector line 
widths are selectable: basic, 2x basic, 4x basic 
and 6x basic. A constant vector time system 
for recording results in a beam velocity that 
varies with vector length. If not compen
sated, this would result in varying film ex
posure and therefore, varying density on the 
recorded image. To provide even exposure for 
all vector lengths and vector widths, dynamic 
intensity control is used. This analog circuit 
provides continuous compensation for beam 
speed and line width. 

Other analog circuit corrections must be 
used to obtain a h1gh quality, high resolution, 
linear image on film. Continuous beam focus 
compensation is required to maintain a per
fectly focused beam over the CRT face. The 
flat screens of the record CRT and scan CRT 
require focus compensation that is a maximum 
when the beam is deflected to the edges of the 
screen, and follows a parabolic function which 
gradually diminishes to zero compensation 
when the beam is at the center of the screen. 

The X and Y signals, which cause beam de
flection at the record and scan CRT's must be 
corrected to prevent "pin cushion" effect. This 
effect is inherent in flat CRT screens and 
causes the sides of a square to become concave 
arcs and the overall area to be enlarged. An 
analog pin cushion corrector is used to modify 
the deflection current to make the beam posi
tion a linear function of the angular position 
of the beam. 

The output image is exposed to film at the 
expose station of either Transport A or B of 
the CRT recorder. The film is pulled through 
the expose station in one-frame increments, 
and is exposed to an image from the record 
CRT as for the paper input. The exposed film 
is accumulated in a storage loop until a suffi
cient quantity of film is available for rapid 
processing. A loop .of film is maintained in 
front of the expose station so that the frame 
can be quickly pulled down by the drive mech
anism. The processing of the exposed film is 
identical to that which occurs after paper in
put exposure. 

After the output image is processed, it may 
be immediately viewed by the operator by pro-



jecting the film image onto a 20-inch by 22-
inch rear projection creen (See Figure 1-5). 
At the projection station the film may be ad
vanced or backspaced one frame at a time 
under computer control or advanced or back
spaced incrementally under operator control. 
By utilizing both of the film tran port , each 
with a projection tation capable of projecting 
a film image onto the common projection 
screen, it is po ible to compare two image or 
to produce 3-dimensional effect on the creen. 

The large screen projector permit the op
erator to tudy the output image off line from 
the computer. The image is larger and of 
higher quality than can be obtained on the 
graphic console and the image can be tudi d 
and compared with drawing or other graphic 
console images. 

Graphic Console 

The graphic console ( ee Figure 1-4) pro
vides primary system control. The man-ma
chine - communication component of the 
graphic console are: 

1. A 10-inch- quare CRT di play urface, 
and a position-indicating pencil. 

2. Thirty-six program- tatu light (with a 
message overlay) and 36 program con
trol keys. 

3. An alphanumeric keyboard. 
4. A card reader. 

The IO-inch-square display urface i a CRT 
display with a phosphor coating designed to 
control flicker and improve viewing comfort. 
As with the scanner and recorder, the di play 
is created by having the computer pecify the 
end points of the vector to be drawn. The dy
namic CRT display utilizes a transparent con
ductive screen with an impre sed voltage 
gradient and a voltage-pickup position pencil 
to aid in operator modification of the di played 
image. Basically, the data read under pro
gram control notifies the tracking routine 
whether the pencil position is to the left or 
right and above or below a particular (X,Y) 
position. 

Thirty-six program control keys are pro
vided for use in addition to the input pencil. 
The function of a particular program control 
key is assigned by the program and can be 

chang d from program to program. Replace
able overla' ( ee Figure 1-6) ar u ed to 
identify the function of each ke • for each 
application. The de riptive label on the 
overlay can b illuminat d by the program-
tatu indicator which ar 1 o under program 

control. An alphanumeri keyboard, con i t
ing of 36 k y arrang d in a 6-by-6 key matrix 
pattern enabl th op rator to enter data at 
the con ·ol . \\ h n th k yb ard i operated 
in conjunction with < n upp r • nd lower ca e 
witch, alphab tic, num ric . nd ·p rial char

a t r od • can b g n r, t d. Ther i , in 
addition, a m nually-f cl. card-r ad r input for 
the entry of limited amount of <lat,. 

The cod g n rated by ither the keyboard 
or the card r d r can b int rpr ted by the 
program a· d . ir I, giving , <lditional fle. i
bility to th e cl vie : . 

Rll TI 

Film Tran port ontrol 
A film tran p rt con. i t. of the following 

unit (Figure 1-7): 
1. A film upply a. • tte and tak up ca. -

tte. 
2. Driv motor , clutch , film guide and 

other control· that move the film from 
th upply ca ett . 

3. An expo:e .-tation. 
4. A proc • ta ion with it· a.-. ociated 

proce or - applicator - elevating mecha
ni m. 

5. A r ad tation for projection or can
ning. 

Figure 1-6. View of Graphic Con.ole Overlay. 
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Figur 1-7. Film Transport. 

Film i fed from a upply ca ette capable of 
holding 400 feet of 35mm un procketed film. 
The film i moved through the channel to a 
takeup ca ett by mean of a friction drive. 

Initially, th film motion control thread the 
film through the film tran port. Independent 
motions at each of th three tations ( expose, 
proce ' and read) are permitted within the 
limit imposed by film torage loop between 
tations. 

A , mall loop of film (Loop Feed) is main
tained prior to th xpo e tation o that the 
film can be quickly pulled down by the drive 
mechanism without ncountering excessive 
drag. The film i pulled through the expose 
station in one-fram increment at a rate of 
approximately one fram every 210 m by the 
expose station drive motor. The expo ed film 
i accumulated in torage Loop 1 until proc
e ing i de ired. The maximum capacity of 

torage Loop I is 20 frame before proces ing 
mu t be performed. When the computer sig
nal the channel to proce the expo ed film, 
the film i moved through the process station 
at a rate of 31 inche per minute by the proc
essor drive motor 

torage Loop 2 (b tween the process and 
read tation. ) accumulate the proce ed film 
until the computer advance the film to the 
read tation. If torage Loop 2 becomes full 
and proce ing i till going on, film is forced 
to advance through the read tation. In this 
way, proce ing i not interrupted to prevent 
film from being ruined through over-develop
ment or under-development. Film can be 
back paced at the r ad tation into Storage 

Loop 2; its maximum capacity is 20 frames. 
At the read station, film may be advanced or 
backspaced one frame at a time under compu
ter control at a rate of approximately one 
frame every 170 ms or advanced or backspaced 
under operator control at one of two speeds: 
¼ inch or one inch per second as seen on the 
screen. 

Photographic System 

Optical Elements 
There are five essentially independent opti-

cal systems in the image processor: 

1. Input camera system 
2. Scanner system 
3. Recorder system 
4. Projection system 
5. Alignment system 

The first four systems are used in the opera
tion of the image processor while the fifth is a 
maintenance aid. All of the optical paths ( ex
cept alignment) are shown schematically in 
Figure 1-5. 

The input camera system consists of a 22-
inch-square, paper-input drawer (See Figure 
1-2) with a vacuum-actuated platen to keep 
documents flat; a series of tungsten, line-fila
ment, light sources located above the drawer; 
a series of reflecting mirrors; a 4-inch, f/ 4.0 
lens with an electrically-actuated shutter and 
an expose station on channel A. 

In operation the drawer would be extended 
outside the image processor, a document placed 
in the drawer, and the hold-platen actuated. 
Upon depression of a control switch, the 
drawer with the document on it will automati
cally return to its normal position, the light 
sources will be turned on, the shutter will be 
opened, and an exposure made on 35mm film 
at a reduction of 18.3X. Both the intensity of 
the light sources and the shutter timing are 
variable to provide for flexibility of exposure. 
The resolution of the optical system at the 
film plane is approximately 150 lines/ mm. 

Film images at the channel A read station 
can be projected for visual examination or can 
be scanned electronically by means of the fly
ing spot scanner. Optical switching is used to 
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obtain the functional election ( ee Figure 
1-5) . A 9-inch, f/ 4.5 CRT !en wa designed 
to reduce t he CRT presentation 2.5X to can 
the 35mm film. The lens, corrected for the 
P16 phosphor emi sion band, yield a re olu
t ion at the image plane of 160 line . mm with 
a distortion of le than 0.1 %. 

A collector !en i placed behind the film 
image which image the exit pupil of the can
ner lens on the sensitive cathode of a photo
multiplier tube (PMT) detector. Thi !en 
erves to uniformly di tribute the light pa ing 

through the film over the PMT cathode. 

Dual-channel recorder optic are provided 
to expose film on either channel A or channel 
B (See Figure 1-5) u ing a common CRT 
source with optical witching. Optical witch
ing i. also used to elect the expo ure ource 
from either the paper input or the recording 
CRT on channel A. The recording operation 
utilizes a !en imilar to that u ed in the can
ner optics except that it is corrected for the 
P11 phosphor emi sion band. 

The imultaneous projection of film image 
in the read stations of the two channel to a 
common viewing creen i provided ( e Fig
ure 1-8). The ame !en as that u ed in the 
paper input camera wa elected for projec
tion. Off-axis projection, u ing the di placed 
image plane technique, give maximum creen 
illumination with minimum di tortion. uper
po ition of the two projected image i ac
hieved by moving the film along the vertical 
axis of the creen and by racking the channel 
B projector lens along the horizontal axi . 

Color filter are provided in the projector 
lamphou es to aid in differentiating the two 
images at the creen while projecting imul
taneou ly into the projector to provide tero
scopic or 3-D viewing. When the e filters are 
introduced by electrical command into the pro
jector light path, the projected image are 
selectively polarized. Complementary polariz
ing glasse must be worn by the viewer. The 
capability of advancing and back pacing the 
film in the read station i provided. A mag
nification of 18.3X is u ed in projecting the 
film on the 20 by 22 inch projection screen. 

The CRT's internal alignment optic erve as 
a reference to which the recorder and scanner 
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cathod ray tub ar al ign d. An illuminated 
reticle i brought into vi ual ·up r po. ition 
with either RT di play. witching from the 
recorder RT di play to the cann r RT dis
play i accompli hed by manual rotation of a 
beam pli ter. Variabl magnification of th e 
alignment ·y tern allow. fo r both gro and 
detailed in pection of th RT di 'play . 

Recording .1edia 
The lection of photo. n itive material re

quired the weighing of : everal de ired char
acteri tic . For rlocum nt-r cording, a film in 
the microfilm re olution cla:. wa de ired. For 
CRT recording, a film with an extr mely high 
en itivity wa d ired. An additional de ign 

criterion wa that of elevated temperature, 
hort-time film proce ing. The ilver halide 

film emul ion de igned for thi unit ha a high 
blue en itivity, a rea onably high re olution-
130 line mm, medium contra t and capability 
of with tanding the rigor of a high-tempera
ture proce . 
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Rapid Film Proces ing 
Upon a command, the expo ed film is auto

matically proce ed in the rapid-film processor, 
which bring chemicals for processing at high 
temperature in contact with the film emulsion. 
Thi high temperature increa es the chemical 
activity of the olution uch that the film can 
be proce:- ed with a total contact time in the 
develop r, fixer and rin e of only five seconds. 

A negative-pre ure, cup-application method 
was . elected for the proce ing (See Figure 
1-9). The compliant rubber lip on the solu
tion-applicator caviti form a eal with the 
film emu! ion. Pump ituated in the heated
fluid container draw the olution from the con
tain r through the ho e to the applicator cav
ities and back to the pump. The negative
pre: ·ure fluid y t m greatly reduces liquid 
pillage hazard ince any leakage in the liquid 

circuit re. ult· in air being drawn into the cir
cuit. This is particularly important when a 
proce :uch a thi one i integrated into a 
comple. electronic d vice. The rubber lips on 
the applicator act as . queeg e between the 
equential pr ce . ing tep to minimize con

tamination of . olution . The exit lip of the 
applicator r move the .'u rface moisture from 

Figur 1-9. Film Processing System. 

the film to minimize drying time. The film 
dryer directs high-velocity heated air against 
the film emulsion which is thus dried in ap
proximately one second. Vent valves located 
in the return line to the pump are used when 
the processor is moved away from the film. 
When these valves are actuated, air enters the 
fluid line allowing for gravity drain of the 
applicator cavities. The applicator can then 
be lowered away from the film, without spil
ling any chemicals. 

The processor processes film at a 31 inches/ 
minute rate. The compartmented solution 
tank has a volume to accommodate the proces
sing of 400 feet of film. The solutions in the 
tank are maintained at 130° F through the use 
of a blanket heater and a temperature control
ler. The one solution tank and two sets of 
solution pumps supply the solution to the two 
rapid film processors, one for each of the two 
channels. 

Analog System 

General Description 

The analog system, which controls the scan, 
display, and record CRT's, scan detection, and 
position-pencil operation, is shown in Figure 
1-10. As can be seen, a single set of analog 
circuits is used to control all three CRTs. 
Switching between tubes is done with relays 
and is under computer control. 

The control circuits relating to the CRT 
perform three basic functions. The deflection
control system precisely controls the position 
of the electron beam on the face of a given 
CRT as a result of a sequence of digital X, Y 
addresses supplied by the computer through 
the control unit. The focus control provide 
a uniform (in ize), round CRT beam over the 
entire usable area of the flat-face reco1 u and 
scan CRTs. Without this control, the CRT 
beam would increase in size and become astig
matic ( oval) as the beam position moved off
axis. A farther requirement of this control 
is to provide for four program-selectable line 
widths (CRT beam sizes) for film recording. 
The intensity control is required to maintain 
constant beam brightness in the system CRTs, 
independently of beam size (line width) and 
beam velocity. 
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Figure 1-10. Analog ystem Block Diagram. 

The position-pencil control sy tern allow the 
pencil, when in contact with the conductive 
glass screen of the GCU, to be located by the 
computer such that the CRT beam (either 
blanked or unblanked) appears at the pencil 
location. The scan detection y tern sen es the 
light output of the scanner CRT which is mod
ulated by the film image being canned and 
correlates the amount of light received at a 
particular time to a position of the film image. 
There are 64 program selectable threshold 
levels representing image transmissivitie 
from 0 to 100 %. 

The following sections de cribe each of these 
major control systems. 

Deflection Control 

The deflection control circuits utilized in the 
7960 System are shown in block diagram form 
in Figure 1-10. Note that the circuit config
uration is identical for both X- and Y- deflec
tion channels. The main elements of the X-

deflection Y- deft ction control circuit. are the 
12-bit, digital-to-analog com· rter or decoder, 
the waveform haper, the int grating network, 
the pre-amplifier and the deflection yoke cur
rent amplifier. Another circuit v,,hich i • com
mon to both the X and Y channel i the dis
tortion correction y. t m which provide de
flection yoke current compen ation to minimize 
pin-cu hioning eff ct on the flat-face record 
and can RT . 

The decoder convert the digital addre ses 
received from the computer into an analog 
ignal proportional to the 12 binary-weighted 

bi . The output of the decoder i a current 
level which remain con tant until a new ad
dre is received from the computer. The out
put then change in a tep-like manner to the 
new current level where it remain until still 
another addre i received. 

The decoder output i then fed into the 
waveform haper network which converts the 
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current steps into a voltage waveform. As 
may be recalled, the 7960 System operational 
characteristics require a so called constant
time, end-point, vector-generation mode in 
which the CRT beam is deflected from a previ
ous end-point address to a new end point ad
dress in a straight line and in a constant time, 
T, regardle s of the distance between the 
points. A further requirement imposed by the 
scanning sy tern was that the beam move be
twe n the points at a rate linear with time. In 
other words, the beam would move one quarter 
of the di ·tance between points in a time T /.4, 
half the di tance in T /2, etc. In order to 
acliieve these two objectives, it is necessary to 
generate a deflection waveform in which the 
chang jn current or voltage from one level to 
the next take place in a con tant time T and 
at a linear rate. The shaper output, when in
tegrated, provid uch a waveform. The time 
period, T, is program selectable to be either 32 
or 266 micro econds. Restrictions on dynamic 
ranges of the circuit limit the maximum posi
tional change in any one cycle to 1/s of the 
total , Y po ition in the 32-microsecond 
mode, and 111 of the total X, Y po itions in the 
256-micro econd mode. The output of the in
tegrator i then f d into a preamplifier which 
provid an impedance match with the deflec
tion-yoke power amplifier and also converts 
the ingle-ended input ignal into a push-pull 
output ignal. 

The deflection-yoke power amplifier pro
vide the current into a high-performance 
push-pull deflection yoke for driving the 5-
inch record and can RT . The yoke was 
elected for maximum perpendicularity and 

linearity, and minimum re idual magnetism 
(or hy teri i ) . The power amplifier drives a 
lower performance, pu h-pull deflection yoke 
when connected to the 17-inch di play CRT. 
The maximum display area utilized is 10 inches 
square. 

The record and can CRTs are provided with 
optically-flat faceplate for utilization with an 
optic system. Becau e of the flat faceplate and 
the fact that a change in deflection current pro
duce a proportional change in the sine of the 
deflection angle, an optical distortion known 
as pin-cushion i observed at the faceplate. 
This di tortion can be explained best with the 

aid of Figure 1-11. If the face of a CRT had 
a radius of curvature equal to the distance 
from the center of the deflection coil to the 
screen, the deflection distance A would be 
proportional to the sine of the deflection angle 
and thus to the deflection current. The image 
thus produced by independent X, Y deflection 
would appear, when viewed from a distance, 
to be undistorted as indicated by the inside 
box in the figure. 

With flat-faced CRTs, however, the deflec
tion distance, A 1, is proportional to the tangent 
of the deflection angle and thus proportional, 
non-linearly, with deflection current. The ef
fect of this is that deflection distance increases 
somewhat faster than the current. Under 
these condtions, the X and Y deflection compo
nents interact, producing the pin-cushion pat
tern shown in the diagram. For the maximum 
angles of deflection utilized in the record and 
scan CRTs, the maximum displacement error 
at a corner of the image would correspond to 
approximately + 6 o/o ( proportionate distance 
between B and B 1) . To correct for this error 
and meet the requirements for positional ac
curacy, a distortion correction circuit is uti
lized to provide correction which can be ex
pressed mathematically as follows : 

t.. X = - KX (X2 + Y2 ) 

t.. Y = - KX (X2 + Y2
) 

FLAT FACE 
CRT SCREEN 

Figure 1-11. CRT Pin-Cushion Distortion. 
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where ~ X and 6 Y are the deflection correc
tion currents, K is a proportionality con tant 
which is a function of the sy tern geometry, 
and X and Y are the deflection currents. 

Focus Control 

The focus control ystem provides two epa
rate and concurrent functions: 

1. A dynamic control to compen ate for 
beam defocussing a a function of beam 
position. 

2. A static control to generate the correct 
ize of the CRT beam a determined by 

the programmed line-width election. 

The requirement for dynamic focu compen
ation i , like pin-cu hion, cau ed by the op

tically flat faceplate of the CRT. A the 
beam i deflected off-axi , the di tance to the 
creen increa e and, for a con tant value of 

focus current, the beam defocus es. By chang
ing the current in the focus coil, and thu the 
magnetic field, the beam can be refocu ed at 
any point on the CRT creen. 

Becau e the CRT geometry i radially ym
metrical, the focus error function i al o radi
ally symmetrical and mathematically approxi
mate a parabolic function. The block diagram 
of the focu control is shown in Figure 1-10. 

The rho generator produce a ignal which 
is the approximate vectorial addition of the X 
and Y deflection components referenced to the 
electrical geometric center of the CRT. The 
output of the rho generator i then fed into a 
parabola generator which provide an increa -
ingly large amount of compensating signal 
through the dynamic focus coil driver a rho 
increa es (or a the beam moves toward the 
edge of the CRT screen). 

The static focus circuit produce the current 
required to provide four different pot size . 
It is tatic in the sen e that for a given spot 
size, the current in the static focus coil re
mains con tant regardless of beam po ition. 
The smallest beam spot is the true focu con
dition; the larger spots are obtained by de
focussing. Each spot size provides different 
line widths for image recording of vectors. 
The line widths are provided in the ratio of 
1 :2 :4: 6 where the minimum spot size or line 

width relative to the 1.2-inch quare film image 
i le than 0.001 inch. Line-width control i 
provided by relay el ction under computer 
control. 

Inten ity Control 

Int n ity compen ation i r quired to main-
tain con tant beam brightn in the RT's. 
Two operating condition ccount for thi 
requirement. 

1. Beam we p p d. B au. e th vector 
time, T, i con tant ( eith r 32 or 256 
micro econd ) r gardl .• • of \"ector 
length, th b am . w ep ·p d or velocity 
varie . In order to maintain con tant 
brightn . , the RT b am current must 
be increa d proportionat ly with vector 
length. 

2. Line , idth. A • Jin width i increa ed, 
the b am current i ff tiv ly .'pread out 
over a larger area. In ord r to maintain 
equal brightne.: ov r all line width , 
beam curr nt mu t be increa ed propor
tionately to th incr a· d line width. 

Th requirement for int n. ity comp n ·ation 
applie only to the r ord and di. play RT' : 
the re ord RT to provid an even e.·po ure of 
the film; the di play RT to provid an evenly 
illuminated di play. The b am velocit • range 
of the can RT i much mor r tricted and 
only the ba ic lin width i. utiliz d. Thu , no 
com pen. ation i r quir d for the can 'RT. 

Dynamic beam int n:ity comp n:ation i 
accompli hed by cl t rmining the :tatu.' of the 
three variable quantitie. : 

1. ctor length ( ·ontinuall • variable from 
zero to 1/1 full imag ize). 

2. Line width (ba. ic, 2X ba ·ic, 4X ba ic, 
6X ba ic). 

3. ector time (32 or 256 micro econd ) . 

A block diagram of the inten ity control 
circuit i hown in Figure 1-10. 

The length of each ector i determined by 
sampling the X, Y deflection ignal ·, differen
tiating and rectifying the e ignal , and then 
feeding them into a rho g nerator. The rho 
generator produce an output ignal which is 
the approximate vectorial addition of the 
change in the X and Y deflection components. 
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The output of the rho generator is thus a sig
nal proportional to vector length or velocity. 
This signal i fed into a circuit called a line
width multiplier. Thi circuit is controlled 
by the status of two digital lines from the 
computer which relate to the particular line 
width elected at any given time. The ignal 
out of the line width multiplier i proportioned 
in the ame ratio a the line width options 
(1 :2: 4 :6). For xample, if the 4X basic line 
width i el cted, the output i four times as 
great a when the ba ic line width is selected 
for a vector of a given length. Another input 
to this circuit i th ve tor time selection. The 
ignal level, a d cribed above, i further 

modified a a fun tion of the vector time, 32 
or 256 micro econd . 

The CRT beam intensity is, for all practical 
purpose , Jin arily proportional to the beam 
current. The inten ity control circuit changes 
grid voltag to contr 1 thi beam current. How
ever, the CRT grid voltage-to-cathode (beam) 
cunent tran f r charactertistic is not linear. 
Ther fore, it i nece ary to provide a non
Jin ar function gen rator circuit which compen
sate for th RT characlerti tic such that the 
intensity comp n ating ignal, as derived from 
the output of the Jin width multiplier, pro
vide a non-linear grid voltage signal in such 
a way a to provid the proper level of beam 
cunent. Th final block i the intensity drive 
amplifier which i a gat d amplifier controlled 
by the blank/ unblank line from the computer. 

The inten ity control is capable of providing 
an inten ity 1 vel for film reeording that per
mit line of varying I ngth and thicknesses 
to maintain a den ity tolerance of ±0.lD about 
a nominal le el of 0.7D after rapid processing. 

Position Pencil ontrol 
The po ition-pencil control system allows the 

pencil, when in contact with the conductive 
gla creen of the graphic console, to be lo
cated by the computer and a CRT beam 
(blanked or unblanked) to appear at the pencil 
location. By ampling at a rate high in com
parison with the motion of the pencil, the po
sition-pencil control y tern can maintain the 
position of the beam under the pencil, making 
it appear that the pencil traces an image on 
the CRT screen. 

The block diagram of this system is shown 
in Figure 1-10. The conductive screen is a 
piece of glass 14 inches square, coated with a 
thin transparent layer of tin oxide and placed 
directly in front of the display CRT. A voltage 
is alternately applied to the screen through the 
X, Y glass switches causing a voltage gradient 
to develop on the screen, which is oriented left 
to right (X) or top to bottom (Y). The pencil 
when in contact with the screen will thus al
ternately detect a voltage which is proportional 
to the distance that the pencil is from the left 
side of the screen or the top of the screen. This 
voltage is fed into one side of the voltage com
parator. The opposite side of the comparator 
is supplied with a signal alternately from the 
X and Y deflection decoder. A comparison is 
thus made at a given time of the Y position of 
the pencil and the Y position of the CRT beam 
or the X position of the pencil and the X po
sition of the CRT beam. The output of the 
comparator is two digital lines to the computer 
which indicate that the pencil coincides with 
the CRT beam, is to the right or left (for X) 
or above or below (for Y) the CRT beam, or 
that the pencil is not touching the conductive 
screen. 

Programs have been written which use the 
interpretation of the digital output of the com
parator to direct the CRT beam to coincide 
with the location of the pencil to accomplish 
pencil tracking. 

Scan Control 
The scan operation is initiated by an un

blanked (visible) beam deflection, or scan vec
tor written on the scan CRT screen under 
pr;gram control. Light produced by the sweep
ing beam is sensed by photomultiplier tubes 
PMT 1 and PMT 2 (see Figure 1-10). PMT 1 
receives light directly from the CRT screen. 
Consequently, PMT 1 receives light whenever 
the beam is sweeping. PMT 2 receives light 
from the CRT screen through the film image. 
Thus, PMT 2 receives light only when the beam 
sweeps through the clear areas of the film. 

The object of writing a scan vector is to in
tercept the lines on the film image as the beam 
sweeps. Thus, assuming that the film image 
is composed of black lines on a clear back
ground (positive mode), the beam light sensed 
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by PMT 2 will be momentarily interrupted 
when the sweeping beam intercepts each line. 
Assuming that the film image is composed of 
clear lines on a black background (negative 
mode), PMT 2 will sense light momentarily 
when the sweeping beam intercepts the clear 
lines. 

However, the PMT 2 output depends on the 
relationships of beam speed, beam spot diam
eter, and width of the intercepted line (Figure 
1-12). Section A shows positive-mode scan
ning, in which the line width is greater than 
the beam-spot diameter. In this case, when the 
beam intercepts the line, PMT 2 senses total 
darkness and, accordingly, produces a maxi
mum amplitude level. Section B shows the same 
beam spot intercepting a line whose width i 
smaller than the beam diameter. In this ca e, 
PMT 2 does not sense total darkness but a de
gree of light dimming called gray level. The 
PMT 2 output then reflects this gray level with 
a signal of proportional amplitude. Section C 
and D illustrate negative mode scanning where 
line width is greater and smaller than beam 
spot diameter. 

In practical operation, the most common oc
currence is that interceptions with lines of 
average width produce different gray levels. 
The PMT 2 signal indicates a gradual transi
tion from light to dark and dark to light. Thi 
corresponds to the gradual dimming of the 
beam in either transition. 

A B 

BEAM SPOT o----H---f--- LINE INTERCEPTION 

DARK 

LIGHT 
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Figure 1-12. Scan Signal Generation. 
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Since line width is ensed by PMT 2 in terms 
of varying gray level , a search is required to 
make sure that all interceptions, or meaningful 
levels, are accounted for in the scan proce s. 
This search is done by comparing the signal 
level with a reference le el which can b varied 
by predetermined value . Figure 1-13 illus
trate this compari on with example of typical 
vector can operation . In thi figure it is as-
urned that the po itive and negative 'er ions 

of the same image ar b ing scanned and that 
the sweeping beam make two line intercep
tions. 

Section of th figur hows that the ref-
erence level, which la t for the length of the 
scan vector, can b t to any one of 6-1 thr h
old level by comput r program. 

ection B how ( 1) the up rimp ed signal 
and reference lev I a they are placed for 
comparison at the differential amplifier (Fig
ure 1-10) and (2) th thre hold level which 
are lowered until they cro the higher I vel 
ignal. Thereafter, the earch process requires 

an additional can operation with a lower ref
erence thre hold to cro the lower-level ignal. 

ection indicat th output ignal trans-
ferr d to the control unit to indicate a trike 
in po itive-mode canning. 

ections D and E indicate th earch for sig
nal levels in the negative mode in which the 
program rai e th thre hold until it crosses 
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Figure 1-13. can Output Generation. 
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the higher-level signal; an additional scan op
eration with a higher reference threshold is 
required to cross the lower-level signal. 

In the section on deflection control, it was 
stated that a requirement of the deflection sig
nal was that it be linear with time. The reason 
for this is that the strike or output data from 
the scanner is sampled at 16 equal intervals 
during one vector time. Thus, in the 32 micro
second mode, the scan output is sampled and 
stored every 2 microseconds; in the 256 micro
second mode, the output is sampled every 16 
micro econds. By making the deflection signal, 
and therefor the scan vector, linear with time, 
the tim egm nt during which an output was 
ensed from th scanner can be correlated to 

beam po ition. This is extremely useful in 
either one of two ways. It provides the equiva
lent of 16 separate vector scans in one scan 
vector time period thereby increasing the eff ec
tive can rate by 16, or it can be considered to 
increa the r olution capability of the scanner 
for a can ve t r of a given length by a factor 
of 16. The xampl hown in Figure 1-14 
illu tr thi point. A can vector is gen
erated which trav r from point A to point B, 
interc pting four lin on the film image. If 
the scan output wa ampled only once per scan 
vector, the only information which would be 
retrieved would b that a line or lines were 
locat d om wh r b tw en points A and B. 
By ampling 16 tim during the generation of 
the ingl can tor, not only was it deter
mined that h r wer four lines but the loca
tion of the lin r lative to points A and B 
can b comput d to within one part in sixteen 
of the di tan b tween the points. 

The maximum 1 ngth of the scan vector (and 
therefor th RT beam velocity) is restricted 
by the band width of the scan deflection circuits 
which are in turn restricted in order to mini
mize noi e. The r olution of the scanner is 
primarily a function of CRT spot size. The 

• h scanner can r olve lines 0.0005 of an me 
thick eparated by 0.0015 of an inch relative 
to the 1.2-inch- quare film image. 

Cathode-Ray and Photomultiplier Tubes 
The RT's utilized for canning and record-

ing are identical except for their phosphors. 
Each is a 5-inch, round, high-resolution CRT 
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Figure 1-14. Scan Output Time Sampling. 

with an optically flat faceplate. Both the de
flection and focus is magnetic. Nominal spot 
size at the CRT screen is 0.001 inch. 

The scan CRT employs a P16 phosphor which 
was selected because of its ultra-fast light
decay characteristic. It has a spectral energy 
distribution which peaks around 3800 A (violet 
and near UV). The scan lens is color-compen
sated for this spectrum and the scan detection 
photomultipliers employ an S11 photo cathode 
which is quite sensitive to the P16 spectrum. 

The record CRT employs a Pll phosphor 
which was selected because of its high light
output capability, which is required for expos
ing film. It has a spectral distribution which 
peaks around 4600 A (blue) and is considered 
medium fast relative to its decay characteristic. 

The display CRT is a 17-inch, rectangular 
CRT with a curved faceplate and requires mag
netic focus and deflection. The nominal spot 
size is 0.020 inch and the P19 phosphor peaks 
around 5900 A (orange). This phosphor was 
selected for its long persistance characteristic. 
The usable display area is 10 inches square. 
The focus control is not connected to the dis
play CRT. Because of the larger spot size and 
the curved faceplate, a permanent magnet focus 
was determined to be adequate. 



PART II OPERATIO AL EXPERIE CE 
I TRODUCTIO TO PART II 

The specifications developed by General 
Motors Research for new man-machine graphi
cal communication hardware evolved from ex
perience with early GMR Laboratory equip
ment and from projected requirements of a 
designer in a computerized de ign proce . The 
designer, unconcerned with the hardware speci
fications outlined in part I of thi paper, enter 
the computer room with a drawing or sketch of 
standard drawing quality as input to the de ign 
process. While in the computer room, he u es 
the graphic console and the computer a tool 
for rapidly developing, modifying, and review
ing his design. When he leaves, he expect to 
take with him (without delay) a roll of paper 
documenting his computer-aided de ign. 

The remainder of this paper evaluate the 
degree to which the hardware ha approached 
the requirements of a de igner in the proce 
of design. In addition, some programming 
techniques for improving the effectivene s of 
the hardware by testing and calibration are 
described. 

THC GRAPHIC CO SOLE AS A 
MA -MACHI E I TERFACE 

Continued use of the graphic con ole by a 
large number of people has led to some con
clusions regarding the equipment a a tool in 
a design environment. 

The CRT and pencil have proven to be a 
highly successful man-machine interface in 
spite of the small screen size (10" x 10"). Ex
cept for a period of two months when a lower 
persistance phosphor tube was tested in the 
unit, there have been no serious operator com
plaints directed toward use of the display tube. 
The lower persistance phosphor caused a highly 
objectionable flicker when large amounts of 
data were displayed. The operator antagoni m 
toward this flicker was sufficiently severe in 
some cases to keep the individual from the 
equipment. 

The position-indicating pencil has been found 
to be functionally very suitable. One rea on 
for this is the positive action-reaction; that is, 

the program i alerted whenever the pencil 
touche the creen. ontra t this action with 
a light pen which mu t be placed clo e to a 
pecific area of intere t and requires in addi

tion ome type of manual witch to alert the 
program. Another advantage of the pencil 
compared to a light pen i that pencil po ition 
can be determined in milli econd when the 
pencil i pointing at a void p rtion of the image 
area. This quick po ition location i e ential 
in an on-line problem olving environment. 

er of the pencil mu t b able to quickly lo
cate in real dimen ion any point of the dis
play area. \\ ith a light pen it i necessary for 
th u er either to wait for a earching opera
tion or to point at part of a di play and then 
track the pen to an area of int re t. 

The peed and po itive action characteri tics 
make the pencil a comfortable tool in an alpha
numeric di play-and-corr ct mode in , •hich the 
u r p int to a charact r of the di play and 
u e • th alphanum ric keyb ard for correction. 
The u er of the pencil n cl only touch the 
er en in the g neral vicinity of a particular 

character and the program can d termine 
which character i to b r pla ed. er have 
adapted very rapidly to u ing the pencil a a 
pointer. 

ne di advantag of a po ·ition-indicating 
pencil when compar d to a light p n i that the 
pencil do not tabli h a po iti\·e reference 
to a particular line of the di. played com po ite 
line image. It i nee~ ary to compare pencil 
po ition with th po. ition of each of the dis
played line to determin at which line the p n
cil i pointing. 

From the e exp rienc with the u e of the 
pencil, we have I arn cl that the functional 
characteri tic of a cl vie for pen-pencil man
machine communication hould include mode 
uch that: 

1. The control program i al rted each and 
every time the pencil touche the di play 
urface. 

2. The control program i able to determine 
within milli econd the po ition of the 
pencil on the creen independently of the 
presence or ab ence of any display. 
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3. The control program is able to establish 
a po itive id ntification by the pencil of 
a particular line of a displayed image. 

The use of a man-computer pen or pencil for 
the input of graphic data i an interesting topic 
in it elf. When analyzing the tracking mode, 
howev r, it i difficult to parate the charac
teri tics of th hardwar , the programming and 
th application. \\ hil th pencil or a light pen 
could b u ed for nt ring image consisting 
of conn ct d ·traight line , a highly sophisti
cat d progr, m would b required to track and 
accurat ly digitiz drawing of curves which 
are connect cl to form an image. In the GMR 
DA I yL·t m, pr ci ion graphic data input is 
ent r d through th pap r input facility of the 
image proce •. or. 

Th program tatu light and control keys 
hav al o prov n t b xc llent both for the 
programm •r • and for th man at the console. 
The alphanum rick yboarcl, on th other hand, 
ha be n an obj ct of much di cu ion from 
which the following controver ial points have 
ari. n: 

1. Th k vboarcl :hould b a tandard type
writ •r ·k •yboard to take advantage of the 
. pe cl of tho. who know how to type. 

2. The typi. t-cl . ign r inter ection is small; 
th •r ,for , u: , a k yboard that i arranged 
in om ord r to minimize learning. 

:3. The typ writ r . hould be in talled imme
diat h· in front of the di play tube to 
ma. i~iz di play f dback of a typed 
m ag. 

1. pac in front of the di play tube 
. hould b re n· d a· a work area for 
Ii. ting , drawing., note pad , etc. 

5. Th typ writ r would be of great value 
for long m . ag input. 

6. ,. I hould be entered at o ong m .. 
the graphic con 

Thi typ of di. cu ion can be and has been 
carried out to gr at length by human factors 
people. Our ,_ ·p ri nee ha hown that _an 
alphanum ric k •vboard i difficult to cope with 
and not a natura·l devic for man-machine com
munication. ntil a p ncil entry device a_ccom
pani d by charact r r cognition is. availa?le, 
however, the keyboard mu t re~am an im
portant part of the man-machine mterface. 

EVALUATION OF THE 
IMAGE PROCESSOR 

The graphic console provides the user with 
the facility for a dynamic display of compara
tively low accuracy and repeatability. The 
voltage pencil is also dynamic in its functional 
capabilities and not intended to be used for the 
entry of precision graphic data. The image 
processor on the other hand is expected to pro
vide the more static man-machine graphic com
munication with higher precision input and 
output. 

When establishing criteria for the evaluation 
of image processing equipment, it is essential 
that the criteria be defined in terms that give 
an overall evaluation of the unit, encompassing 
electronic circuits, optics and photography. The 
resolution of the CRT as measured by the 
shrunken raster method, for instance, is of 
little interest to the user of an image recorder. 
For Design Augmented by Computers the user 
wants to know, first of all, the line width and 
resolution as measured on the paper of the 
hard copy output from the recorder. If he must 
supply his own hard copy machine, the user 
wants the specifications as measured on the 
processed photographic film. From the user's 
standpoint, all specifications must be based 
upon the response of the unit in the final out
put state and the specifications must be meas
urable at that final output state. 

What follows is an important subset of 
image processing evaluation criteria and pro
grams resulting from daily use of the image 
processor since early 1963. The criteria are 
specified in a manner that allows rapid evalua
tion whenever possible. The programs are in
tended to provide versatility for the evaluation 
of the equipment over a wide range of condi
tions and requirements. 

Accuracy 
The user of image processing equipment for 

Design Augmented by Computers wants to 
know the accuracy of the positioning of a point 
on the output image when referred to any other 
point on the image. He wishes to meas_ure with 
a rule the distance between two pomts and 
know his confidence limits. Accuracy to the 
user is then defined as the maximum error in 
the distance between any two points on an 



image. It is measured by recording a pattern 
of vectors with known spacings. The distance 
between vector endpoints is measured on hard 
copy if provided, on the film image with an 
optical comparator, or on the film image using 
the image scanner. The maximum error en
countered in measuring the distance between 
any two points is the accuracy characteristic of 
the unit. With a little experience, the user 
learns the particular pattern and vector end
points that demonstrate the maximum error. 

Figure 2-6 shows the accuracy errors of vari
ous points (referred to the center point) on the 
scanner image magnified by a constant factor. 
Note that although the accuracy figure is stated 
in terms of per cent of image size, the error 
measured is an absolute value that includes 
pincushion error (distortion corrected) and all 
other electronic, photographic and optical er
rors. Note also that this method of measuring 
accuracy results in a figure nominally twice 
that of those techniques that measure accuracy 
as the error of one point referred to an origin. 
This method does, however, yield a value of ac
curacy such as a designer would measure with 
his rule. 

Users of the equipment are not completely 
satisfied with the accuracy (approximately 
1 70 ) resulting from uncalibrated scanning in
put and output recordings in spite of the fact 
that the equipment represents an advanced 
state of the art. Calibrated input and output 
accurate to 0.2 o/'o barely meets the requirements 
of static man-machine communication. 

Stability and Repeatability 
To the user of DAC-I image processing 

equipment, stability means freedom from drift 
of analog components including power supplies 
and deflection circuitry. This specification is 
important since it is essential in maintaining 
constant raster shape and size on a recorder 
and scanner CRT. Accuracy can be improved 
by calibration procedures, if and only if the 
hardware stability is such that the calibration 
runs can be spaced at practical intervals of 
time. A practical interval of time might be ap
proximately one hour unless some form of auto
matic calibration is provided. 

Repeatability is the degree of capability of 
the hardware to exactly duplicate an output 

condition after an intervening number of ran
dom input conditions. Other definitions of re
peatability which are dependent on repeating 
a sequence of inputs are of little or no value 
to the users of image processing equipment. 

Imperfect vector e n d p o i n t repeatability 
shows up dramatically in circles (see Figure 
2-1) which do not clo e properly and at inter
sections of a number of lines which are all sup
posed to pass through the same point. Another 
example of repeatability error is the case where 
two or more lines are paced close together. 
The lines may touch or even cross if the re
peatability is poor. Although this type of error 
may be aesthetically le s troublesome than poor 
repeatability at intersections and at closing 
points of circles, it would be important if a user 
were trying to evaluate po itions of edge· of 
parts which are to fit together. 

It has been ob erved that it is the natural 
tendency of the human eye to notice the wor t 
ca e of repeatability on recorded output even 
if all the remainder of the drawing represents 
high-quality output in terms of repeatability 
and accuracy. The width of the line affects 
the aesthetic appearance of the output. The 
observer immediately pot repeatability error 
at the junction of thin line while the same 
error with thicker line are overlooked. Since 
thin lines are normally more desirable on re
corded output, ome compromi e is frequently 
required. 

Figure 2-1. Circle Pattern for Demonstrating 
Repeatability. 
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The pattern in Figure 2- 1 has proven to be 
excellent in hawing the limit of the recorder 
repeatability for quick approximations. The 
error in the clo ing of the circles can be ob
served in t rm of line widths and then con
verted top r nt of image size. The maximum 
repeatability error for the circle , for instance, 
mig-ht be approximat d at one line width. 

Repeatability i al o an important factor in 
canning op ration . In line tracking, repeata

bility i. parti ularly imp rtant, hen input lines 
hav, mall chang in urvatur and the po
ition of infl tion p int ar important. Re

peatability rror al put a limit on the effec-
ti,· n of calibr, ting for improved accuracy. 

E.·p ri nc I hown that the effective re-
peatability of r improved by 
r peat d can ion and then 
aYeragin, ti everal scans. 
How vcr, thi rep atability 
rror , hut 1 agnitude of 

the e1ror wl 

Lin W 'dth and Int n ity 

R corder Jin width mu t b defined in terms 
of m a ur m nt on micro-den itometer record
ing from th, output film. The width of the 
Jin i rbitrari lv d fin d a the width of the 
!in , a th m •an ·light tran mi ion level where 
th mt>an L th aY rag of the film background 
light tran:mi: ion and the tran mission at the 
p ak of th Jin . of th microdensitometer 
gi\' s a num rical mea urement of the line 
width ind p nd nt of human observation. Line 
int n itv of r ord r output film is defined as 
th opti~al <l n ity of a line at the center point. 

Variation: in th optical density and line 
width ar v rv notic able to users of the image 
proce :or r c~rd r. Line den ity and thickness 
variation with v ctor I ngth frequently 1·esult 
in hort v ct r ha ing a greater density t~an 
the long r ,. ctor . Thi i particularly obJec
tionable in ar a of a drawing where informa
tion in th form of harply curved line is con
centrated. In thi ca , sharply curved lines _re
quire many hort v ctor with a correspo~d_mg 
high d n ity and lo of fine detail. In addition, 
mall alphab tic character , normally reada~le, 

may b ome illegible when line width and m
t n ity ar out of adju tment for short ~ectors. 
Variation in line d n ity and width with vec-

tor direction and position has also proven to be 
very noticeable to the equipment users. Even 
if drawings are made accurately with only 
small repeatability errors, poorly controlled 
line widths and peak densities will make the 
recorded output look poor. 

The pattern of Figure 2-2 was generated by 
a program that has proven excellent in testing 
for the conditions mentioned above. The po
sition, direction, and lengths of the vectors 
were selected at the graphic console to show 
how uniform the line widths and intensities are 
over a wide range of these parameters. 

Film Processing Time 
It has been observed that any time an opera

tor has nothing to do, or no drawings or dis
plays to review, a forced delay of one minute 
or even half a minute becomes annoying. Even 
though the rapid film processor develops, fixes, 
rinses and dries film at a rate of approximately 
one frame every three seconds, a minimum of 
25 seconds is required to process the first frame 
plus three seconds for each additional frame. 

Whenever practical, the graphic console op
erator should be given a choice of other func
tions to perform while film is being processed 
for the best man-machine interaction, at least 
until film processing speeds increase by another 
order of magnitude or some other more rapid 

F • 2-2 . Intensity Control Pattern for Demonstrat-igure . C d .. 
ing Line Intensity and Width on 1t1ons. 



form of static image documentation is avail
able. 

Scanner Sensitivity 
The sensitivity of the scanner is defined by 

the thinnest line the scanner can consistently 
detect and the range of thresholds for this de
tection. Typically, the scanner, using the paper 
input facility, can consistently detect lines .01" 
wide (on the 22 x 22 inch paper) over a range 
of three thresholds. 

A considerably more complex algorithm can 
be used to define the sensitivity of the scanner 
over a range of line and background densities. 
This is essential for determining which photo
graphic images can be expected to be scanned. 
A simple definition and measuring technique is 
necessary, however, for determining the hard
ware sensitivity. 

Figure 2-3 shows what is di played on the 
graphic console within two minutes after the 
start of the sensitivity test. This display dem
onstrates to the user that line nominally 9. 
raster units wide (referred to the 0-4095 raster 
unit image) can be detected over a range of 
17. threshold . It further points out the line 
thickness that one may expect at each of the 
threshold levels. It i now tandard practice 
to test the equipment daily using te t program 
which are highly application oriented and 

which can analyze the equipment and display 
the results for immediate 1·eview by the mainte
nance engineers or by users of the equipment. 

TEST PROGRAMS 

It i no small task to define the exact per
formance status of electronic systems which 
are compri ed only of digital components. It is 
till harder to define the tatu of electrome

chanical units. In the first instance, it is the 
complexity of the system that causes the dif
ficulty even though the ystem operates at a 
di crete level for performance evaluation. In 
the econd ca e, the mechanical po itioning in
volved may re ult in a eries of di crete levels 
that must be evaluated. Defining the perform
ance level of an analog-digital-mechanical sys
tem such a the image proce or i still more 
difficult becau e of the continuou range of the 
operational tatu which is biased by the dis
crete digital-mechanical level . Test programs 
which are under lood and u ed by both the 
maintenance peopl and the operator of the 
equipment have prov n e ential in obtaining 
the maximum performance from the equipment 
for the operator and computer time im·oh'ed. 

Hardware te t program for the DAC-I sy ·
tern have been written primarily for the scan
ner and the recorder. The recorder programs 
ba ically provide a vari tr of te t patterns to 

Figure 2-3. Scan Sen itivity Test Program Display. 
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show r cord r rep atability, accuracy, line in
tensity, width and moothne . The patterns 
are lect_ d. t d mon trate dramatically each 
chara t r~ t~c to b t t d. Thi frequently al
low: pr hmrn_ary valuation at the projection 
tabon. D tail d \'aluation is made with test 

instrum nt wh n n ary. Te t programs 
for th cann r includ th program for line 
en iti 1ity d crib d arlier, line resolution 

thr hold ch, r. ct rL ti and canner and re~ 
corder accuracy and r p atability. 

With a m, n-ma hin c n ole, te t programs 
hould includ th following f atures : 

1. rapid m a ·ur ment 
2. r, pid diting of th mea ured data so 

thnt only a . mall . mount of important 
information will b di play d 

:3. rapid cli:play f r ult 
•L option to r c rd r ult on fi lm 
5. pictorial r, th r than numeric di play of 

m I ur •m nt • wh n r qu :t d 
6. option for conv ntional printout 
7. fnciliti, to a ily change and di play pro

rrnm param l r . 

P •rmnn •nt r cord: of t st pr gram re ult 
ar kept to monil r and ignal when a long
term d -rt, in hard war p rformance hould 
be corr ct cl. Th • r cord al o aid in the 
,·aluation of chang : in th hardware. 

om tim ·1dju. tm ,nt or chang are made 
that r ult in a t mp rary improv ment in the 
qualit • ol h • hanlwar . Th te t program re
. ult , wh 11 analyz •d o,· r a p r iod of t ime, 
:how if th, •hang co1T cted a problem or 
m r ly adju:t d around it temporarily. To ii
Ju trat om of th,. d :irable characteri t ics 
oft• t program .. ,,. will outline a an example 
th main f •atur • of th calibration le t pro-

The calibration t ·t program u the can-
n r to m a. ur th nonlinearitie of both the 
• canner and r cord •r cau cl by electronic and 
optical ff cu·. Th, magnitud and po itions 
of th s non-Jin arili . ar display d fo r imme
diat r vi •w an<l :tor d for later calibration of 
both .·ca1111 r input data and output r cording • 

Th r f r nee for Jin arity and ize mea ure
m nt i. a m ta! plate with grid lines inked 

on its surface. The locations of all the inter
sections have been previously stored in the 
computer. The grid is exposed onto film through 
the paper input station, processed, and moved 
to the scan station. 

Before executing a complete scan of the grid, 
a preliminary scan for the four-corner crosses 
and the center cross is made. (See Figure 2-4) 
This allows the operator to check the image 
size and the optical alignment of the system and 
insures that the entire image to be scanned is 
aligned optically and electronically within the 
scan raster. 

Figure 2-5 shows the type of alphanumeric 
information displayed after scanning every grid 
intersection and comparing the scanned iter
section locations to the reference values. Here 
a large amount of data has been condensed to 
a few numbers giving the most pertinent in
formation about the raster size and linearity of 
the raster. This reduces the question of ac
ceptability of the machine to a matter of com
paring the numbers on the graphic console to 
figures which are previously defined to be ac
ceptable. 

For diagnostic purposes, the information 
hown in Figure 2- 6 is most useful. The errors 

a ociated with each point are magnified by a 
facto r and added to the reference points to 
produce an exaggerated representation of the 
non-linearity and size of the raster (see Figure 
2-6. Thi graphic presentation shows the non
linearity of the raster size and shape. A nu
merical figure for scanner repeatability is dis
played by the calibration program if repeated 
cans of the grid pattern are executed. 

Experience has shown that test programs 
uch as the calibration program have been able 

to define scanning status before actual digitiz
ing begins and have maximized the usefulness 
of the scanner operation. Programs like the 
calibration program are also valuable in sep
arating hardware deficiencies from errors in 
new programs; that is, if new programs fail 
but the test programs run normally, then it is 
likely that the new programs are either in 
error or expecting too much from the analog 
hardware. 

The calibration program illustrated above 
has resulted in improved scanning and record-



Figure 2-4. Corner and Center Crosses on Scan Program. 

ing to the extent of nearly one order of magni
tude. The hardware has proven itself suffici
ently stable to allow a significant improvement 
in scanner accuracy by a calibration procedure 
which uses the error data measured by the test 
program. 

The recorded output can also be calibrated to 
show a significant improvement in accuracy. 
The scanner is used to scan recorded output 
and the errors of the recorder raster relative 
to the scanner raster are then modified by the 

canner errors and tor d for calibration by 
recording program . Two of the mo t impor
tant values of the e GM te t program are that 
they provide a good overall te t of the system 
and they are oriented to e aluating the user's 
1·equirements. 

UMMARY 

The IB !f 7960 Special Image Proce sing Sys
tem wa de igned and built by IB i to speci
fications provided by the General fotors Re-

Figure 2-5. Scanner Accuracy and Raster Size. 



r to the man-
m im hardware for 
th ch . 

,. I functional r quire
ng y t m were im-

p • typ of computer 
in omp n nts were 
cho t wer compatible 
with d and accuracy. 
T Im o ·gn to computer 
t chn fully integrat d by 
car •f on of th interface between 
com ff ct of ach component 
on • • ormance. ome of the 
f •a •ar sy tern such as 
th• llent accuracy and 
th for pictorial input 
and outpu ion of the state of 
th ir f ature have al o 
indic quality and peed for 
a gr int ract with a man in 
the it ra n cycle. 

Th h rdwar ha proven to be valuable as 
a laboratory tool for th analy i of equipment 
r quir d in an onlin computer aided design 
facilit •. 

The u of imag proc ing equipment in a 
facili : ha. al. o p int d out some of 

ting op r tional characteristic • The 
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digital program-analog response characteristic 
of the hardware makes system testing and 
status documentation a necessary part of op
erational procedures. In addition, program
ming techniques that improve the apparent per
formance of the hardware must be used. Man
machine programs such as the calibration pro
gram described in this paper have proven to 
be a solution to these requirements. 
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INPUT/OUTPUT SOFTWARE CAPABILITY FOR A 

MAN-MACHINE COMUNICATION AND IMAGE 

PROCESSING SYSTEM 

Thoma R. Allen and James E. Foote 
P t, 1 arch Lal,onrtori . General Motors Corporation, Warren, Michigan 

I TR D "I I 

on i t nt wi th th d ign obj ctiv s of the 
G n ral f tor I ,arch Lnboratori DAC-I 
( D i ugm nt d by mput r ) project, 1 

th InM 7. O p ·i, I lmng Proc ing Sy tern 
inpu / output (I 0) capabili

ti .•·• In ore! r to f, ci litnt th programmed 
control of thi n w hardwar th OMAD and 

' f A YBE progr, mming languag w re devel-
op d.1 Bow , r, whil , th languag provided 
th pro ramm r with an ff ctive means of 
controlling th n w hardware they offered 
littl' a i nc • in m ting the hardware data 
format r uir m nt . Th programmer still 
would h ,. had to com· rt hi output informa
tion from hi o, •n int rnnl format to the output 
form. t r qui r d by th hardware. imilarly, 
all input from h hardwar would have had to 
b conv rt d b th p1 grammer back to a form 
uitabl own u . foreover, these con-

ver. ion proc ar typically ery involved 
and compli n d. In hort, th programmer was 
till not in p it ion to mnke a y, efficient, 

and fl xibl u~ of th I O capabilities of the 
new hardwa r y t m. Thu , the need to pro
vid a lay r of g n ral purpo e I O software 
b tw •n th pr gramm r and the hardware was 
ver appar nt. 

The ff ort to d v lop a g neral purpose I/ 0 
oftwar c.'lpabilit , r ulted in a hierarchy of 

utility routin . At th lowest level of this 
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hierarchy is a set of very basic utility codes. 
These include numeric-to-BCD (binary coded 
alphanumeric information) conversion rou
tines, BCD-to-vectors character generation 
routines, 5 simple display and recording routines, 
and basic film train operation codes, all of 
which permit the programmer, if he so desires, 
to operate very close to the basic hardware 
without having to understand all of the intrica
cies of the hardware's operation. Each of these 
basic codes represents an implementation of 
only a very small facet of the total I/0 capa
bility but, as such, serves as a building block 
for subsequent level codes in the hierarchy. 
These higher level I/0 utility codes are pro
gressively more inclusive in their total I/0 
capabilities and, at the same time, relieve the 
user of the task of dealing with the hardware 
on its own terms. 

This effort to develop an I/0 software capa
bility was not designed to culminate in one 
single all-inclusive routine. Rather, the aim 
was to produce a set of sophisticated, general 
purpose, problem oriented subroutines and 
source languages statements, each of which 
would serve as a powerful tool in the utilization 
of the various I/ 0 capabilities of the new hard
ware. The body of this paper describes five 
representative utility subroutines, three source 
language I/ 0 statements, and some typical ex
amples of their application. 
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UTILITY SUBROUTINES 

This section describes five different tasks and 
the I/0 utility subroutines which were devel
oped to meet their requirements. The basic 
problem associated with all of these tasks is 
that of requesting various types of information 
from the graphic console operator. Hence, the 
emphasis is on the implementation of the vari
ous input devices associated with the graphic 
console. The graphic console display CRT 
(cathode ray tube) is used to indicate what 
type of information is required. 

Alphanumeric Input 
Subroutines names, variable names, titles for 

recorded film output, etc. constitute one type of 
information frequently required from the 
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graphic console operator. This information is 
most conveniently handled by the programmer 
in the form of BCD character strings. Thus, the 
task here was to provide a facility for request
ing and accepting these string . Two input de
vice are appropriate: the alphanumeric key
board and the card reader (see Figure 1). 

In addition to the primary requirement that 
the I/ 0 subroutine for this task be simple for 
the progi-ammer to u e, two other requirement 
were felt to be important. First, there wa the 
need to give the graphic console operator imme
diate feedback which would permit him to 
verify that each character ha been entered 
correctly. Concomitant with thi wa the need 
to provide the operator with a means of cor
recting erroneously entered characters. 
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Figure 1. The 7960 Alphanumeric Keyboard and Card Reader. 



The ubroutine RI SE (Request for I for
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Figure 3. RINSE Subroutine Display. 

Numeric Input 

Another type of information which the pro
grammer may require from the graphic console 
operator is numeric data. The task here is one 
of providing a facility for initializing and/ or 
modifying data variables. Two subroutines 
were developed to meet this requirement. The 
difference between these two routines stems 
from the two basically different ways in which 
data variables can be defined: as elements of an 
array or as a set of distinct variables which 
may be widely scattered throughout memory. 
In the first case, each variable is referenced by 
giving the name of the data array and the sub
script of the particular item. In the second case, 
each variable has its own unique name. 

Figure 4. RINSE Subroutine Display. 
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In addition to the three task requirements 
mentioned in connection with the RINSE sub
routine (i.e., ease of use, visual feedback to 
permit verification, and an error correction pro
cedure) there was the additional requirement 
that the operator be able to enter numeric data 
in either floating point, integer or octal mode. 
For this task, the only input device which has 
been implemented is the alphanumeric key
board. 

The subroutine SETDA (SET up Data Ar
ray) permits the inspection and modification of 
items in a data array. To use SETDA, the pro
grammer specifies four items of information 
(see Figure 5) : (1) the BCD name of the data 
array, (2) the length of the data array, (3) the 
symbolic name (i.e., location in core) of a sec
ond array which defines the mode (integer, 
floating point or octal) of each item in the data 
array, and (4) the symbolic name of the data 
array. If each item in the data array has the 
same mode, the mode need only be specified 
once for the whole array. 

Figure 6 shows the display which will be gen
erated upon execution of SETDA, as indicated 
in Figure 5. 

At this point, the operator can modify the 
value of the current item, step the display to 
the next item in the data array, define the sub
script of any item in the data array which he 
wishes to see displayed next, or terminate the 
subroutine. 

The operator enters a new value for the cur
rent data item by using the alphanumeric key
board. The visual feedback and error correction 
procedures are identical to those described for 
the RI SE subroutine. Figure 7 shows how 
the display would appear during this process. 
The operator can cause the new value of 27 to 
be stored in DATA(O) by depressing the E D 
key. 

V~CTOQ VALUES NAM£= SOATAlS 

VECTOR VALUES OAlAt = 2,3.7,77K 

EXECUTE SETDA . (NA,_,.E ,3,MOOE ,OATA1) 

Figure 5. Source Language Statements for SETDA 
Subroutine. 

TH[ ·CURRENT 

QH,\I ( 

: rs CURRENT 

ITS M8DE / S 

ITEM IS 

0) 

VALUE IS 

2 

--------- ----- - - - - ------
TS DEFINE NEW SUBSCRIPT, 
HIT = KEY 

Figure 6. ETDA ubroutine Di.·play. 

If the operator trie to tore a number of the 
wrong mode, the di play change to that shown 
in Figure . 

If the operator wi he to step the display 
(Figure 6) to the next item in the data array, 
he depre e the alphanumeric key label d "," 
and the upper portion of the di play changes 
appropriately. If, on the other hand, the opera
tor wi he to "move' the di play directly to any 
item in the data arrar, he fir t depres e • the 
"=" key. The di play then changes to that 
shown in Figure 9 and the operator enters the 
subscript of the desired item. 

If the operator trie to enter a ubscript 
which i too large, the di play change to that 
shown in Figure 10. 

Control i returned to the calling program 
when the operator depre • e the E. TD key from 
the display indicated by Figure 6. 

The econd ubroutine ( ETPAR) developed 
to facilitate numeric input permit th inspec
tion and modification of a et of di tinct data 
variable . The programmer u e this subrou
tine in e sentially the ame manner a SETDA. 
However, the format in which the current 
status of the data variables i di played \Vas 
altered in an attempt to gain in ight and ex
perience in the pre entation of information. The 
information di play technique used by the 
SETDA subroutine can be characterized as the 
"player-piano" approach: the data items appear 
as if they were listed sequentially on a long 
strip of paper which is being moved back and 
forth past a one-item viewer under the opera-
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ENTER VALUE SF 
NEW SUBSCRIPT 

Figure 9. SETDA Subroutine Display. 

the alphanumeric keys labeled " j " and " j., " to 
move the pointer to the desired data item and 
then enters the new value of this item using 
the alphanumeric keys exactly as in the SETDA 
subroutine. To "turn the page" the operator 
depresses the "," key and to terminate the sub
routine he hits the END key. 

Positional Data Input 

Since the GM Research Laboratories DAC-I 
ystem was developed specifically to investigate 

the field of graphic data processing, it was 
necessary to provide a capability for presenting 
the graphic console operator with a display of 
graphic information and receiving positional 
input from him relative to this display. The 
position indicating pencil provided the basic 
hardware capability necessary to meet this 
need. The requirements for this task were: (1) 
to display the graphic information specified by 
the calling program, (2) to determine the posi
tion of the pencil relative to this display, and 
(3) to return this position to the calling pro
gram when the pencil was removed from the 
screen. 

ENTER VALUE 8F 
NEW SUBSCRIPT 

------------- -- - - - -
ILLEGAL SUBSCRIPT, 

iRY ~GA 
Figure l0. SETDA Subroutine Display. 
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Figure 11. SETPAR Subroutine Display. 

Because of the very general nature of graphic 
information, no attempt was made to assist the 
programmer in formating his display. To in
crease the flexibility of the I/0 utility subrou
tine designed for this task (PE 2) an option 
was added which allows the graphic console 
operator to terminate the display by depressing 
either an alphanumeric key or a program con
trol button. In any case, however, the calling 
program is fully informed as to the condition 
which terminated the display. 

Figure 12 shows the source language state
ment necessary to execute PE 2. The 2nd and 
3rd arguments define the location and size of 
the array containing the graphical information. 
The 4th argument describes the condition which 
terminated the display. The 1st argument pro
vides information pertaining to the pencil. 

Upon execution of PE 2, a display of the 
specified information begins. At this point, the 
graphic console operator can depress an alpha-

FXFCUTE PFN2 ■ (PEN , ARRAY , SIZE , RETURN) 

Figure 12. Source Language Statements for PE 2 
Subroutine. 

• • 
numeric key, a program control button, or b1·ing 
the position indicating pencil into contact with 
the display CRT. If a key or button is de
pressed, the display i immediately terminated 
and control pa es back to the calling program. 
If the pencil i touched to the creen, a small 
cros appears uperimpo ed on the di play. This 
cro defines the po ition of the pencil relative 
to the di play and provide the operator with 
visual feedback. The vi ual feedback i particu
larly important here becau e of severe parallax 
problem . If the pencil i moved acro:s the 
screen, the cro will follow. When the pencil 
leaves the screen, the display i terminated and 
the last location of the cro is returned to the 
calling program. Figure 13 show the pencil 
being used to point to a region on a grid. 

This ubroutine ha proven to be very flexible 
and easy to u e, re ulting in a wide variety of 
applications. One uch application of PE ~2 
was in the development of a higher level I/ 0 
utility ubroutine p rmitting the entry of de
cision type information. 

Decision Information Input 
The ta k as ociated with the entry of deci ion 

information is to pre ent the graphic console 
operator with a et of po ible action available 
to the controlling program and to allow him to 
select an ordered sub et of the e actions. 

The I O ubroutine HOI E wa developed 
for this ta k and require three item of infor
mation from the calling program: (1) the num
ber of alternative to be pre ented, (2) the 
symbolic name (i.e., location in core) of an 

Figure 13. Positional Input Via the PE 2 Subroutine. 
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THIS SPACE IS 
ALLSTED TS THE 
FIRST ALTERNATIVE 
----------------------
THIS SPACE IS 
ALLSTEO Te THE 
SEC9ND ALTERNATIVE 
----------------------
THIS SPACE IS 
ALLSTEO Te THE 
THIRD ALTERNATIVE 
--------------------
THIS SPACE IS 
ALLSTEO TS THE 
F9RTH ALTERNATIVE ----------------------THIS SPACE IS 
ALL9TED 19 lHE 
FIFTH ALlERNAllVE 

-------------------------
OeNt BACK SPACE 

Figure 15. CHOICE Subroutine Display. 

display CRT in much the same way as the on
line printer was used in "the good old days." 
The implementation of this "on-line print" 
capability provides the programmer with a very 
convenient way of presenting a wide variety 
of information to the graphic console operator. 

The maximum amount of information which 
can be displayed by DISPLAY FORMAT (i.e., 
its unit record) is 480 characters. These 480 
available character positions are in the form 
of 20 lines on the CRT with 24 character posi-
tions per line. 

THIS SPACE IS 
ALL9TED T9 THE 
FIRST ALTERNATIVE 

THIS SPACE IS 
ALLSTED re THE 
SECBND ALTERNATIVE 

THIS SPACE IS 
ALLBTED T6 THE 
THIRD ALTERNATIVE 

THIS SPACE IS 
ALL8TED 19 THE 
f9RlH ALlERNATIVE 

THIS SPACE IS 
ALL81ED 19 lHE 
FtfTH AllERNATIVE --------------------------
08Nt. BACK SPACE 

Figure 16. CHOICE Subroutine Display. 



The DISPLAY FORMAT statement has a 
list and a format associated with it. The list 
gives the values and items to be displayed and 
the format gives the display pattern to be used. 
The format is composed of a sequence of for
mat specifications of the form Cw. The char
acter C is the control character and defines the 
type of operation or conversion to be per
formed. In general, w refers to the number of 
character positions associated with the opera
tion defined by C. If, in any format specifica
tion, the field width w is zero, that format speci
fication and its associated Ii t item (if any) 
are ignored. 

There are three types of format specifications 
available for the conversion of numeric data. 
Octal and decimal integers are generated by 
using the Kw and Iw specifications respectively. 
The Fw specification provides for floating point 
variables which will be displayed as either float
ing point decimals ( e.g., .2E-3) or fixed point 
decimals (e.g., .0002) depending on which form 
produces the fewest characters for display. 

There are two types of format specification 
available for the conversion of BCD informa
tion. The Aw specification is identical with 
that used in other OMAD I/ O statement . In 
particular, one word (six characters) will be 
picked up from the list and right justified or 
truncated on the right, depending on whether 
w > 6 or w < 6. The Hw specification differs 
from ordinary I/ O statement usage in that the 
Hollerith information is specified in the Ii t 
rather than in the format. 

The specification Xw provides w blank in the 
display. The specification /w results in a down
space of w lines. An automatic downspace of 
one line results when the number of character 
on a line reaches 24. The specification Pw ( 1c 

has no particular significance in this case un
less it is 0) resets the current character posi
tion to the first character position of the first 
line. This specification has proven very useful 
when putting out columns of information which 
comes from several different arrays in memory. 

The specification Rw causes the succeeding 
portion of the format to be repeated, if neces
sary, until the list is exhausted ( w, again, has 
no particular significance unless it is 0). If the 
specification Rw does not appear anywhere in 

the format, the entire format will be repeated 
until the Ii t is exhau ted. 

The form of the "DISPLAY FORMAT" 
statement and a sample format i shown in 
Figure 17. 

Perhap the mo t radical departure of the 
DISPLAY FORMAT tatement from tandard 

OMAD I O tatement involve the u e of it 
econd "argument" (i.e., the item called I O T 

in Figure 17). 

I O T will, in general, be the fir t cell of a 
short array in which the program using DIS
PLAY FOR fAT can: 

a) pecify the tatu light configuration dur
ing and upon t rmination of the di play, 

b) pecify the input device which the 
graphic con ole op rator will be p rmitted 
to u e in terminating the di play. 

c) receive a de cription of the condition 
which cau ed the termination of the dis
play. 

The graphic con ole di play hown in Figure 
1 corre pond to the DI PLAY FORAAT 
tatement of Figure 17. 

Becau e of it flexibility and ea e of u e, the 
DI PLAY FORMAT tatement ha been a 
valuable aid in the de\'elopment of a cooperative 
man-machine problem- olving y tern. 

R cord Format tatrmcnt 
The RECORD FOR 1AT tatement pro\·ides 

a means of producing hard copy alphanumeric 
output through the u e of the r cording feature 
of the image proce or. The form of the REC
ORD FORMAT statement i identical to that 
of DI PLAY FORMAT (i.e., RE ORD FOR
:\IAT F1IT, L 'O 'T, Ll, L2, L3, ... ) . RECORD 
FORMAT recognize all of the format pecifica-

VECTOR VALUE~ LI • SCQO~S LOCATIO ~s 

VECTOR VALUF.:S X • SXS 

VECTOR VALUES LEVEL • SLEVEL" 

VECTQR VALUES FMT: S(X5,Hl5 . /1 ,X3,HH,X4,F6,/1• 
J )(7 , Ht ,XS, HJ , X:3,Ht; , RS, /l ,x5, 14, X2, 14, )(4, t 2 )S. 

DISPLAY FOR~AT F"'T, INOUT,Ll ,OAT E ,TJ,-.E,X,Y,LEVEL, 
1 DATA( l J,,, OATA(l5) 

Figure 17. ource Language Statements for DISPLAY 
FOR:\IAT. 
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the operation of the CHOICE subroutine (see 
Figures 15 and 16). The GENERATE FOR
MAT statement was specifically designed to 
meet these needs. 

With respect to formats, input lists, and 
statement form (i.e., GENERATE FORMAT 
FMT, INOUT, LI, L2, L3, ... ) , GENERATE 
FORMAT is identical to the previous two state
ments. However, instead of producing output 
directly (as is the case with DISPLAY FOR
MAT and RECORD FORMAT), GENERATE 
FORMAT provides the programmer with the 
array of CRT coordinates needed to produce a 
display of the alphanumeric information. In 
addition, GENERATE FORMAT enables the 
programmer to specify character size and line 
spacing (i.e., the user can define his own unit 
record). 

By executing GENERATE FORMAT several 
times with different unit record specifications 
and combining the resultant arrays of CRT co
ordinates with an array of coordinates repre-
enting graphic data, the programmer can, 

through the use of a basic display or recording 
subroutine, produce output of the type shown in 
Figure 19. 

The special features of GENERATE FOR
MAT were utilized in the I/ O utility subrou
tines SETDA, SETPAR, and CHOICE _to 
quickly and efficiently produce sequences ?f d~s
plays in which only portions of the basic dis
play are altered. For instance, Figure 16 can 

r. R8LL R£8P8NSE 

,, 

11 

liiij•---11 

Figure 19. Application of GENERATE FORMAT. 
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be produced from Figure 15 simply by adding 
the three coordinate pairs necessary to generate 
the character 1 to the large coordinate array 
for the basic display. 

The DISPLAY FORMAT and RECORD 
FORMAT statements provide the programmer 
with an easy and efficient method of utilizing 
the output capabilities of the 7960 system. The 
GENERATE FORMAT statement rounds out 
the output software package by providing the 
additional flexibility needed to handle the situa
tions described above. 

SUMMARY 

Any attempt to implement a system which 
stresses cooperative man-machine interaction 
must concern itself primarily with the problem 
of man-machine communication. Furthermore, 
the man-machine communication will typically 
take place in a wide variety of situations and 
at many levels of problem discourse. Attempts 
to define all possible communication situations 
and develop specific programs for each will lead 
to a tremendous amount of redundancy and 
duplication of effort. It is possible to avoid this 
problem by realizing that all man-machine com
munication must pass through the 1/ 0 hard
ware interface. Thus, by providing an exten
sive, flexible, and powerful 1/ 0 software capa
bility, the presence of the hardware interface 
need not concern the programmer and he can 
devote his whole attention to the more signifi
cant aspects of man-machine communication. 
The software described in the body of this 
paper has proven to be an immensely powerful 
tool which has enabled programmers to rapidly 
design and evaluate the wide variety of com
munication techniques necessary to any man
machine problem-solving system. 
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versatile, and accurate method for converting 
graphical data to digital form. While it pro
vides only for the digitizing of lines, a natural 
outgrowth of the work will be a library of pat
tern and character processors to be used by pro
grammers in much the same manner as card 
and tape input/ output (l/ 0) routines are used 
now. 

The application requirements of the DAC-I 
project dictated that one of two approaches be 
used for the analysis and processing of a two 
dimensional graphical form: 

a) Algorithms are specified which prescribe 
the rules for analyzing a graphical image. 
This approach assumes a structure for 
each characteristic image, and relies upon 
the availability of individual pattern proc
essors to detect image components. 

b) o fixed structure is assumed for the in
put document. Minimal restrictions are 
placed on image quality only. Emphasis 
is placed upon providing elementary 
functions which an operator may call 
upon and combine in order to process a 
complex form. All decision capability 
and selection of functions is left to the 
operator who is controlling the scanning 
device from an on-line console. 

The second approach was selected since at 
this point in the project it was not possible to 
specify the structure of the large variety of in
put documents anticipated. We felt, for in
stance, that the system would be used to digitize 



398 PROCEEDINGS-FALL JOINT COMPUTER CONFERE CE, 1964 

Figure 1. Image Processor. 

documents ranging from mathematical graphs 
to engineering drawings. Therefore, it seemed 
advisable to concentrate our efforts on provid
ing a reliable set of basic pattern analyzers. 
These elementary functions would then provide 
the basis for processing much more complex 
forms. 

Since the console operator now becomes an 
essential part of the scanning sequence, it was 
necessary to devote considerable effort to the 
problem of man-machine communication. De
velopment of the system has permitted us to 
carry out a series of experiments, designed to 
discover the best interface between man and 
computer. Scanning functions have been made 
automatic when practical, but the decision capa
bility of the human operator is still used to best 
advantage. Thus, flow diagrams for scanning 
functions in many instances contain a block in 
which the operator is controlling the selection 

of a branch or etting the value of a parameter. 
Each ituation ha warranted an investigation 
to an wer the que tion: "Who can perform the 
job better-man or machine?" 

An es ential part of thi process was to eco
nomically match the peed of the computer with 
the speed of man. The solution wa to multi
program a 32K digital computer being used to 
proce regular compilation and executions 
under batch monitor control.a, G A 16K-16K 
logical core split was made available for use by 
the on-line operation and the batch monitor 
programs*. The on-line con ole operation has 
millisecond acce s to the CP of the computer 
on a demand ba i . When u e of the CPU is no 
longer required, control is returned to the batch 
monitor program. 

"'This configuration has been updated to a 64K mem
ory with a 32K-32K logical core split. 
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age on the graphic console CRT. Similarly, a 
scanning function may display intermediate re
sults by logically depressing the DISPLAY but
ton. Thus, one function may logically depress 
other program control buttons. In addition, 
while one function is being performed, it may 
be advantageous to make other functions op
tionally available. Thus, function (B) can al
low program control buttons (A) or (C) to be 
depressed, and subsequently signal the control 
program which option has been selected. 

The functions themselves logically fall into 
four distinct areas: Film Operations, Scanning 
Operations, Display and Review Operations, 
and Modify and Store Operations. Each area 
presented the same problem; namely, how to 
best communicate with the man in order to 
perform a specific operation. The variety of 
solutions that have been employed are discussed 
in the remainder of this paper. 

FILM OPERATIONS 
A line scanning problem will, in general, re

quire more than one film frame (i.e., more than 
one input document) and the user may wish to 
use either the exposure and rapid processing 
facilities of the image processor or off-line film 

Figure 2. Graphic Console. 
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Figure 3. System Organization. 

which has been pre-exposed and may or may 
not have been processed. During the course of 
the scanning operation, the user may at appro
priate times wish to record current results on 
film either for purposes of verification or to 
form a permanent record of his work. 

It was therefore necessary to include in this 
line scanning system a facility for the console 
control of both of the film trains 7 in the image 
processor which is shown schematically in Fig
ure 4. 

One film train (train B) may be used only 
for recording and reviewing output. The other 
film train (train A) may be used either for re
cording or for exposing input documents onto 
film and scanning the resulting film images. 
Both film trains can process an exposed film 
frame in approximately 30 seconds and project 
the image onto the 22x20 inch viewing screen. 

BUFFER I 

The 22x22 inch paper input station can ac
cept documents for exposure onto raw film in 
train A. Alternatively, pre-exposed microfilm 
may be inserted in the supply ca ette. Film 
transport commands allow the film to be ad
vanced into buffer 1, developed, and advanced 
or back paced into buffer 2 under program 
control. 

The console operator is provided with several 
film functions which make u e of the e facili
ties. An exposure processing function readie 
the paper input station to accept document . 
The operator may then in ert document and 
make exposures by depre ing an EXPOSE 
button on the side of the image proce or. Each 
expo ure is automatically advanced into buffer 
1. A count of the number of expo ure is dis
played on the graphic console creen. When all 
expo ures have been completed, the operator 

BUFFER 2 

DMLOPER 

RECC>«O 
STATION 

RECOllD Oil 
EXPOSE ST A TION 

BUFFER I 

TRAIN I 

TRAIN A 

DMLOPER 

BUFFER 2 

PROJECT 
STATION 

PROJECT OR 
SCAN STATION 

figure 4. Film Train Configuration. 
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tiat d at an ti •ia a FIL i O TROL func-

tion. By means of manual controls on the image 
processor, a processed frame can be centered on 
the viewing screen. By appropriate manipula
tion of both film train projection lamp rheostats 
and positional controls (2 dimensional motion 
is possible on train B), both the scan results on 
train B and the original document on train A 
can be superimposed on the viewing screen for 
purposes of comparison. 

The user also has at his disposal the ability to 
develop or clear film which has been moved into 
any of the film buffers. Clearing the film moves 
all exposures onto the take-up reel from which 
they can be removed and mounted in aperture 
cards. One of the accessory pieces of equip
ment available to the user is an aperture card 
printer. Thus, hard copy output is available to 
the user in a matter of minutes after he leaves 
the console. We find that this is particularly 
valuable in evaluating results and maintaining 
a record of work accomplished. 

SCAN OPERATIONS 
The unique feature of this line scanning sys

tem is that only those elements of an image 
which are selected by the console operator will 
be scanned and digitized. The basic element of 
an image is a line segment defined as a contin
uous curve terminated by two ends, two junc
tions or a combination of both. Since compli
cated images may contain many intersecting 
curves, a line will, in general, consist of several 
segments which must be added together logic
ally. Experience has shown the junction to be 
a far more accurate delimiter than the end of a 
curve. The normal procedure of this system 
has been, therefore, to define the end points of 
Jines precisely by means of perpendicular slash 
marks. Figure 5 shows a typical document 
from which line AD is to be digitized. Line AD 
consists of segments AB, BC, and CD. A line 
may, of course, consist of only one segment. 

The requirement of digitizing selected lines 
which represent only a small fraction of the 
entire image suggested a line tracking tech
nique. Analysis of a raster scan of the entire 
image area was deemed impractical because of 
the volume of data involved. 

The automatic line tracking procedure which 
forms the heart of this line scanning system is 
described briefly below. Figure 6 shows a typi-
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Figure 5. Sample Document. 

cal line with two points (PA and Pa) that have 
been sampled. The next point is estimated to 
be P'c : a distance (6.H) away from Pa on the 
line defined by points PA and Pa. Two "scan 
feeler vectors" (P,-P2 ) and (P3-P,) are then 
plotted on the CRT parallel to and a distance 
(6. V) away from the line (Pa-P'c) . .iH and 11 V 
are specified by the console operator. 

If nothing is encountered by either feeler 
vector, a scan vector (P2-P,) is plotted and the 
next point Pc is determined by the intersection 
of (P2-P,) with the line as shown in Figure 7. 

The procedure is repeated until the line ends 
or one of the feeler scan vectors gets a "hit" 
indicating that either a junction has been en
countered, or that the tracking step size (11H) 
and the feeler vector spacing (.1 V) are not 
compatible with the curvature of the line. When 
this occurs, a block of code will be called upon 
to analyze the situation, and action will be re
quested from the operator if necessary. 

At each point, the threshold level ( detection 
sensitivity of the scanner) is adjusted within 
rigid bounds, based on results at the last point, 

p 
I 

Figure 6. Line Tracking Procedure. 

p 2 

Figure 7. Line Tracking Procedure. 

to the mm1mum necessary for line detection. 
When a new point is obtained, the threshold 
level bounds are modified if necessary. In this 
manner, large variations in density across a 
film frame can be accommodated while still pre
venting erroneous scanner responses duP. to im
proper threshold level. The threshold level 
bounds, along with tracking step size, feeler 
vector spacing and several other scanning pa
rameters can be modified if necessary by the 
user at the console via a CHA GE PARAM
ETERS function. 

The automatic method of line tracking is 
utilized by the user whenever possible. If area 
of difficulty occur, the u!-er may request or the 
scan program will automatically generate a call 
for a raster sweep (TV scan) of the area of 
difficulty. The u er may then utilize the sweep 
display on the graphic console screen for diag
nostic purposes. 

The graphic con ole operator is required to 
combine tho e functions which will enable him 
to process a complicated image. It is assumed 
that a film frame has been centered in the scan 
gate before any can functions are selected. A 
RESTART function readies the ystem to ac
cept result from a new image. All previous 
scan results are deleted. 

A REGISTRATIO function may be used to 
search for a border around the image corres
ponding to a 20x20 inch square border on the 
input document. The main function of this 
border is to provide an easy means of supplying 
the scanning system with coordinate and scal
ing data. The coordinates of the border are as
sumed to be (0,0), (0,20), (20,20), (20,0) but 
can be modified by the console operator by using 
a CHA GE PARAMETERS function. If regis
tration is successful, the border, plus lines di
viding each side of the border into quarters, will 
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along with an appropriate comment and a box 
indicating the region of trouble will be dis
played. The operator must then take the proper 
action which usually begins with a TV sweep of 
the problem area. After a portion of a line has 
been scanned, an ADD A SEGMENT function 
may be used to add segments to the given line. 
Selecting this function (active only after the 
first segment of the current line has been 
scanned) readies the system to scan a segment 
adjacent to one end of the current line and add 
it to the current line. 

The user is immediately requested to indicate 
with the position-indicating pencil the approxi
mate location and initial slope of the next seg
ment. A search will then be initiated for a 
point on the next segment which is separated 
from the endpoint of the current line by a dis-
tance equal to the tracking step size ( L. H) . 

This point and the endpoint will then be used 
to initiate line tracking which will proceed to 
the end of the segment. If any difficulty is en
countered during this operation, all previous 
can results, plus an appropriate comment and 

a box indicating the problem area, will be dis
played. The user must then take appropriate 
action. If this entire operation is successful, 
the egment will be added logically to the cur
rent line to form the new current line. 

Figure . Line Selection. 



404 PROCEEDINGS-FALL JOINT COMPUTER CONFERENCE, 1964 

A TV SWEEP function allows the user to ex
amine a localized area for diagnostic or correc
tive purposes. This function will be initiated 
automatically whenever the tracking procedure 
encounters difficulty. The console operator may 
also use this function to investigate any data 
point along a line by selecting the point of in
terest with the position-indicating pencil. The 
scan responses are analyzed and a display is 
generated which nominally fills the entire 
graphic console screen. This enables the user 
to observe a magnified view of a localized area 
on the image (as it appears to the scanner). 
Figure 9 shows a TV sweep display of a typi
cal junction. The size of the sweep area is ap
proximately .5 x .5 inches on a 20x20 inch docu
ment. 

The "X" indicates the center of the scan 
raster. The user may adjust the threshold 
level or change the location of the scan raster 
via appropriate alphanumeric keys. The raster 
may also be moved by indicating a desired lo
cation with the pencil. A new raster scan and 
display will then be generated. The system un
derstands that the position-indicating pencil 
position superimposed over the TV sweep dis
play refers to the corresponding position in 
the actual scan raster. Other appropriate sys
tem operations may be initiated from this mode 
at any time. 

If a diagnostic study reveals that automatic 
line tracking is impractical for some reason, 
coordinate points may be stored in conjunction 

Figure 9. Junction of Two Lines. 

with the TV sweep facility. This function al
lows the user to add the current center of the 
scan raster as a data point and thereby move 
manually over an area of difficulty before re
suming automatic tracking. Under extraordi
nary circumstances ( e.g., very poor film, poor 
document quality, or an extremely congested 
image), an entire line can be digitized in this 
manner. 

The CHA GE PARAMETERS function al
lows the user, through a combination of multi
ple choice and alphanumeric keyboard re
sponses, to change many of the scan param
eters. The value of each parameter is displayed 
on the graphic console CRT along with suitable 
descriptions (Figure 10). Through the use of 
a multiple choice sequence employing the posi
tion-indicating pencil, the user may select a 
parameter and type in a new value for that 
parameter. This function allows the user to 
materially change the performance of a subrou
tine from the console. These parameters are 
used within the programs both as numeric 
constants and as switches for branching opera
tions. 

DISPLAY A D REVIEW OPERATIONS 

The graphic console l0xl0 inch CRT is the 
principal medium by which the computer com
municates with the user. Throughout the sys-

[NT[R NE'w' VALUES 

H8RZ, 8RIGIN= 
VERT, 8RIGIN= 
88RDER SIZE = 
SEGMENT AREA= 
LINE AREA = 
MINIMUM STEP= 
MAXIMUM STEP= 
EPSIL8N = 
RES8LUT I 8N = 
SCAN RAD I US = 
CURRENT TL = 
MINIMUM TL = 
MAX I MUM TL = 
START SWITCH= 

0 +-

0 
20. 
50. 

200. 
25. 

400. 
2. 

25. 
50. 
35. 
30. 
40. 

1 

Figure 10. Parameter List. 
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Figure 12. Error in Scanning. 

Any can data which falls outside of the field 
of the CRT i deleted by appropriate program
ming. Reselection of a display returns the scan 
re ult to their original scale. The CHANGE 
MODE function may be used to display all lines 
either a a continuous curve or as a series of 
cro e . The latter mode allows the user to 
a certain the number and location of each single 
digitized point. The ability to view individual 
canned points is essential when the scanner is 

being u ed to capture a minute feature of a 

line. 
If ome portion of the display outside the 

field of view is desired, the pencil may be used 
to point to the edge of the field. Removing the 
pencil from the screen will cause the scanned 
data to be redisplayed with the selected point 
relocated at the center of the field of view. Fig
ure 13 illustrates a display in which the user 
ha reviewed his scanned results by centering 
the field on the end of a line and magnified the 
cale four times to examine an end condition in 

detail. 
Within the operation of the scaling and field 

centering mechanism can be found a lesson in 
man-machine interaction. A variety of func
tions can be selected subsequent to a display. 
Typical of these is the LINE SCAN function. 
After this function is selected, the user is re
quested (by comment on the graphic console 
creen) to use the pencil to point to a location 

on the screen. Thus, the sequence of opera
tions was to select a function (by depressing a 
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Figure 13. Magnified Di play. 

program control button) and then point. Our 
initial operational experience taught u that the 
more natural instinct wa to point and then e
lect an operation. Similar instances of man
machine interaction being uncomfortable were 
noticed throughout the development of the sy -
tern. In most cases, the problem wa rectified 
after user and programmer discussed alterna
tive sequences of operation. Thus, many op
erations communicate with the man in more 
than one way, thereby anticipating the variety 
of way in which a man may respond to a given 
situation. 

While in review mode, the user is also fre
quently concerned with the accuracy of his 
results. The system provides two means for 
reviewing the accuracy of the scan data before 
storing the data on disk. If a square border 
has been registered from the film image 
( J.09xl.09 inches on film), all interior points 
are related to the coordinates of the corners of 
the border through the use of a four point per
spective transformation. At the paper input 
station, the border would normally appear 
20x20 inches square. The user through the use 

of the CHA GE PARA 1ETERS function may 
define the coordinate of the corners of the 
border. Thus, the u er may elect any point 
interior to the border and receive the inch co
ordinates of that point. The point may be se
lected by pointing with the po ition-indicating 
pencil or by using linear arrow on the alpha
numeric keyboard to vernier a pointer. 

If no border regi tration i available, the 
only accuracy te t which can be made is to 
check the chordal di tance between two points. 
For example, if the canner were used to dig
itize a ine waYe con i ting of two cycle , the 
user could mea ure the chordal di tance in 
inche between the end of the cycle on the 
original document. An IDE TIFY DIME -
SIO function allow the u er to u e the pencil 
to point to two location on a line and receive a 
di play of the chordal di tance between the two 
point . In thi ca e, the program searches for 
the two point on the canned line neare t to the 
two location elected by the u er. The pro
gram di play the di. tance a urning an 1 .33 
reduction ratio between document and film 
image. 

::\IODIFY A TD TORE OPERATIO S 

The development of an elementary set of 
modify operation wa a direct re ult of monit
oring the u e to which variou u ers put the 
,. tern. The mo t frequent reque t was for 

o·peration to delete erroneou data. Here again 
let u empha ize that the canner and computer 
are utilized to perform the elementary opera
tion while the u er (through graphic console 
di play ) retain judgment a to the correct
ne of the re ult . 

A typical ituation might be that the canner 
began to digitize a cratch on the film rather 
than a line on the film image. The requirement 
for data deletion operation led to three meth
od for deleting data. The con ole operator may 
elect a DELETE LAST SEG IE TT function 

and cau e the l<ist element of canned data to be 
deleted from in-memory torage. An entire line 
or a single point may be deleted by pointing to 
a location on the graphic con ole screen with 
the pencil and electing the de ired operation. 
In the e two ca e , the item of scanned data, be 
it a line or point, nearest to the selected loca
tion is deleted from in-memory storage. 
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e) Multiple choice operntions by pointing 
with the position-indicating pencil on the 
face of the graphic console CRT 

The options which are currently available 
are (a), (b), and ( e). Our experience leads 
u to believe that ( d) is not practical, simply 
becau e of the ea e of u ing a typewriter and 
monitoring the message on the face of a CRT. 
canning and recognition of character sets on 

the film image i obviously very desirable. This 
work i under current development but will 
not be reported on in this paper. 

When a line or series of lines have been 
canned, reviewed, and modified, the console 

operator may elect to save the results by 
choo ing the TORE function. At this point, 
all canned data is corrected according to a 
table of calibration data stored on disk each 
morning by maintenance personnel. The cali
bration data give a measure of the distortions 
in the can raster. This data is obtained by 
canning a high accuracy metal target. The 

calibration data may then be used to correct 
ub equent can results. 

After correction, all extraneou coordinate 
point (tho e lying within an epsilon of a 
traight line) are removed from the line. Re
ultant lines are then displayed singly on the 

graphic con ole CRT. A typical display is 
hown in Figure 14. 

The density of points will be a function of 
line curvature. The user then has a multiple 
choice option in which he may choose to utilize 
card data, typed data, or border dat~ for sup
plying coordinate information relati_ve to the 

I• e The pencil must be used to pomt to one in. · t 
of the field in order to select the appropria e 
mode of input. We have found that when 

oce ing a volume of information, the users 
P~ll prepare data cards ahead of time and 
WI • • t If 
utilize this mode of alphanumenc mpu • 
only one or two lines ar~ to be processed, the 
t ed input will more hkely be selected. In 

tyh~ ca e the STORE function leads the user 
i ' • d through a series of ques_tions an respons~s, 

. h' h he 1·s either reqmred to make a choice 
Ill W IC . 
or type in a reply at the alphanumenc ke~-
board. In all cases, a message on the graphic 

I CRT instructs the user as to the next 
con o e dd d 

t • or required response. As an a e opera ion 



Figure 14. Display of Sampled Line. 

feature, the user may select the BORDER 
DATA option, in which case the coordinate of 
all digitized points are related to the coordi
nates of the corners of a 20x20 inch border. 
The coordinate values of the corners of the 
border are assumed to have been preset by 
the CHANGE PARAMETERS function. 

After all alphanumeric information has been 
entered, a summarizing mes age is displayed 
on the graphic console screen. An example i 
shown in Figure 15. The console operator i 
requested to pass judgment on the quality of 
the results before they are stored on disk. 

RESULTS 

The actual performance of the equipment 
and system can best be rnea ured by the ac
curacy and detection capability of the scanning 
operations. For these reasons, a series of ex
periments was conducted, aimed at determin
ing the accuracy and detection capability of 
the device under various operating condition . 
Figure 16 is a plot of the distribution of errors 
in scanning a vertical straight line located at 
the center of the image field. 

Figure 15. ummary Di play. 

It hould be noted that thi figure was gen
erated via the RT record r which i. a fea
ture of the image proce or. Al o note that 
the unit quare along the hordal length of 
the line are mea ur d in unit of 5 inche , while 
the deviation are mea ur d in unit of .05 
inch . A can be noted, the maximum devia
tion of the data from a traight line i _.02 
inches and there i a high fr quency noi. e level 
of ± .005 inche . The original y tern objec
tive wa ± .01 inche average deviation on a 
20x20 inch document. If thi te t i repeated 
with no utilization of calibration correction, 
the re ult are a hown in Figure 17. 

otice that while the high frequency noi e 
level doe not change, the maximum deviation 
or di tortion i now .04 inch . 

i 
~ 
~ 
~ 
i td'<;/--'--- f-------"'......,.'------+---
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Figure 16. Error Distribution With Calibration. 



E SCANNING SYSTEM CONTROLLED FROM AN ON-LINE CONSOLE 409 

CHOU> DISTANCES 
IN INO!M!NIS Of S INCHES 

Figure 17. Error Distribution Without Calibration. 

Th nd mea ur of ystem performance 
is the detection capabi lity of the canner. The 
range of thr hold over which a line can be 
located i a mea ur of d tection capability. 
Below a c rtain thre hold level, the scanner 
can not det ct any change in the percentage 
of light tran mi ion between background and 
line.. Abov a certain thre hold, the canner 
will clet ct light over the entire image. This 
type of data m. y be plotted for a single film 
docum nt for line of various thickne . Fig
ur 1 i. a typi al plot of minimum and maxi
mum thr . hold level ver u line width. 

Th ma, imum thr hold level is the noise 
level, or th point at which the photomultiplier 
will alway. light. Thi i a fairly constant 
value o er ntire film image. The mini-
mum thr . hold I vel i , of cour e, a function 
of Jin ,vidth, until uch time a the line widths 
become appr ciably gr ater than the effective 

RT ;pot diam t r. ariou qualitie of docu-
mentR and variou film expo ure will move the 
wedge left or right and widen or close the 
w •dg . F r ach particular digitizing applica
tion, w dg amp! : may be taken to determine 
the limit of det ction. Optimum operating 

60 

..,--------- NOISE LML 

~-•~•maoo"~' 

0 .__ __ -+-_..,__ __ -+--+---

.01 .02 . 03 

LI E WIDTH (INCHES) 

Figure 18. Detection Wedge. 

performance may be obtained from the com
bination of parameters which provide the 
widest wedge located furthest to the left with 
respect to line width. Extensive tests are now 
being conducted on a range of documents to 
determine these limits of detection. These test 
results will serve as a guide line for judging 
the quality of all documents. 

CONCLUSIONS 

This system can best be described as a line 
digitizer which is being used as an experiment 
in processing graphical data. It combines the 
speed and accuracy of automatic line tracking 
with the decision capability of a human oper
ator. The system as conceived and imple
mented has proven the feasibility of close 
man-machine interaction. While it is not 
practical to operate the equipment and system 
with no training, users have become proficient 
in its use after only one or two hours of in
struction. Through the use of graphic dis
plays, it has been possible to program the 
computer to communicate with a console op
erator in a medium which is easily understand
able. Thus, the utilization of a human operator 
as the key system component has been very 
successful. This has been particularly true 
when automatic line tracking is impractical 
and the user has had to intercede to assist the 
scanning. 
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