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illustration. Referring to Figure 6, it is 
seen that seven fields of information (two of 
them of an identifier nature, 5 of a dynamic 
nature) are associated with a request for 
vehicle. The total data recorded is 65 char­
acters in length. This input occurs 150 times 
a day. Corresponding information is shown 
relative to step 090. 

Other analyses that could be made include 
the following: 

1. List all input-output fields in the sys­
tem and each input-output name with 
which they are associated. This would 
show multiple use of data elements to 
help in minimizing redundancies. 

2. List input-output fields and applica­
tions within which they occur. This 
shows multiple use of data elements in 
different applications to assist in min­
imizing redundancies. 

3. Summarize volume data relating to 
information flow between functional 
areas, by time frame. This gives a 
gross picture of the data traffic flow. 

TOTAL SYSTEM POSTULATION (PHASE 3) 

USing the data developed in the first two 
phases a broad concept of a total system en­
compassing all data proce sSing at an air 
base was developed. The system concept for 
data processing was designed without regard 
to existing Air Force base organizational 
structure. Although the system was confined 
to a base the nature of inputs originating off­
base and the nature of outputs forwarded from 
the base were taken into consideration. The 
system concept designed in this phase will 
serve as a guide to subsequent phases of the 
study. 

It should be emphasized that the concept 
design phase was undertaken with no precon­
ceived ideas as to system or hardware con­
figuration. Even such fundamental matters 
as the tentative number of processing units 
were not determined until the analyses were 
accomplished. 

The efforts expended in this phase can be 
categorized as follows: 

1. Determination of the goals of each 
functional area and of the �b�a�s�~� as a 
whole. 

2. Selection of the applications, base wide, 
that are prerequisite to attainment of 
these goals ("sliCing"). 

3. Initial design and description of the 
data processing systems responsive to 
the requirements of each goal (slice). 

4. Adaptation of the data processing of 
each slice to the base system configu­
ration. 

5. Documentation of the total system in 
broad terms. 

The determination of goals was a critical 
step. Goals were chosen which related to 
data processing having definite effects on the 
response of the base to its mission. Mission 
statements for the base and each functional 
area were studied. The relative importance 
of each application to the functional area and 
to the base was established. Lists were pre­
pared showingthe objectives of each applica­
tion, what is required of each application by 
the base, what is required of the functional 
area by the base, and the base-wide location 
of similar files. Problem areas associated 
with each application were examined. The 
goal of the motor pool is to provide ground 
motor vehicular transport to the base and to 
the aircraft wings operating from the base. 

All data processing activities on the base 
were now grouped by common endeavor. 
This categorization of data processing activi­
ties inferred a restructuring of the data 
processing systems from their vertical align­
ment within functional area into a horizontal 
alignment (slicing). A slice consists of a set 
of logically related data proce sSing acti vi­
ties. Slices were chosen to cover areas en­
compassing major segments of the operation 
of the base. The purpose of this step is to 
organize the data processing systems so as 
to most effectively meet the goals of the base. 

In a broad sense any business may be 
categorized into that which involves people, 
material, dollars, operations or facilities. 
As a first approximation to sliCing, each goal 
was associated with one of these categories. 
Major data flows, problem areas, and gov­
erning regulations were studied. The loca­
tion of and reason for similar files were ex­
amined. The mission of the base and the 
functional areas were re-examined. Appli­
cations now apparently pertinent to the slice 
and the goal were collected. Finally, it must 
be established that the tentative slice fully 
responds to the goal. 

All data proceSSing applications docu­
mented in Phase 1 and all data processing 
endeavors occurring at base level, but not 
documented, were examined and aSSigned for 
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concept postulation to the pertinent slice. 
Data processing activities, which were not 
conducted at base level, but which were 
deemed advisable to encompass if data proc­
essing capability were existent, were defined 
and assigned to the pertinent slices. 

The result of this analysis was the cate­
gorization of all data processing on the base 
into five functional groups or slices. The 
five categories were: 

1. Aircraft Management - the data proc­
essing necessary to provide informa­
tion needed to efficiently manage the 
supply support, m a in ten a n c e, and 
scheduling of aircraft to achieve the 
response required by mission demands. 

2. FacilitiesManagement - the dataproc­
essing necessary to provide informa­
tion needed to efficiently maintain base 
facilities and to operate base-wide 
systems. 

3. Personnel Management - the data proc­
essing necessary to effect initial and 
daily job assignments and training of 
personnel to achieve full utilization of 
total group capability. 

4. Financial Management - the data proc­
essing necessary to plan the use, re­
ceipt, safeguarding, disbursement, and 
accounting of public funds. 

5. Per-sonal Needs - the data processing 
necessary to provide the information 
needed to initiate and sustain services 
responsive to personal needs of as­
signed per sonnel. 

The following will illustrate the relation 
between the old and new data processing 
structure. The Facilities Management slice 
encompasses 23 of today's applications. 
These applications include, for example, Real 
Property Costing and Real Property Mainte­
nance Records from the present Civil Engi­
neering functional area. The slice also in­
cludes Operation of the Base Motor Pool and 

DESCRIPTION OF 
,TRIGGER ORIGIN INPUT MAJOR FUNCTION FILES 

Ground Vehicular Maintenance from the pres-· 
ent Transportation functional area. 

After the goals of the data processing 
system for the base were established and the 
data processing applications prerequisite to 
the attainment of each goal were determined, 
it was necessary to establish and informally 
document the broad blocks of data processes 
of each slice. ("Broad block" is a term used 
to describe an unquantitized number of proc-

. ess steps expressed as an entity.) The de"!" 
velopment of the broad blocks required that 
the major data proceSSing functions be se­
quenced within the slice in such a way as to 
permit the different analysts, as they worked 
with the slices, to be able to understand the 
content of the slice and its relationship to 
the other slices. It was necessary to identify 
the inputs, outputs and files of the broad 
blocks in 'general terms. The time frame 
was then added to the broad blocks to identify 
when information within the broad block would 
be available or needed. 

To insure uniformity in documentation 
among study team members, a standard for­
mat for the informal documentation of each 
slice was established which could also be 
used in the documentation of the total system. 
The major data processing functions were 
recorded in the form shown in Figure 7. 

The development effort of the previous 
activity resulted in the establishment of an 
initial data processing system concept re­
sponsive to the objectives of each slice, i.e., 
five SUbsystems. Inasmuch as the require­
ment was the establishment of a total base­
wide system, the next task undertaken was 
the establishment of a base-wide systems 
configuration (with due consideration being 
given to the processing required by each 
slice to accomplish the over-all base mis­
sion). Here, for the first time in the system 
development plan, consideration was given 
to needed hardware capabilities. No effort 

OUTPUT DESTINATION TIME NOTES 

___ L---- ------- ~ ~ 
Figure 7. Data Frace s sing 
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was, or should have been, made to relate 
system requirements to specific hardware. 
Rather, this activity was properly confined 
to such basic factors as: (1) determination 
of the number of processors, and (2) whether 
memory should be associated with each proc­
essor separately, or common to all. 

The establishment of a tentative base-wide 
configuration of an automated system was 
considered a prerequisite to the alignment 
of the blocks of data processing actions within 
the' total system. Phase 1 documentation 
provided helpful volume and frequency data. 
Examination of the initial system concepts 
documented for the five slices provided quali­
tative information. 

By relating this information it was possi­
ble to determine major data flow channels, 
processing similarities and dissimilarities, 
similarities in input-outputs, processing time 
fact0rs, similarities in filed data, and the 
nature of communication requirements. Study, 
of this information led to the establishment 
of a tentative configuration of two processors 
sharing a common memory. The processors 
and memory would be electronically acces­
sible to specified organizational elements by 
means of selected communication devices. 
It is entirely possible that the detailed sys­
tem design phase would change this configu­
ration. However, the use of the technique is 
illustrated for this tentative configuration. 

These efforts guided the assignment of 
the processes in each slice to specific proc­
essors. The data processing required in the 
previously defined functional groupings per­
taining to Aircraft Management and Facilities 
Management was assigned to Processor 1. 

The data processing required by Personnel 
Management, Financial Management and Per­
sonal Needs groups was assigned to Proc­
essor 2. 
, It was then necessary that each process­

ing block contained in the concept be placed 
in logical order within the processing unit to 
which it had been assigned. Generators and 
recipients of data were connected and the 
concept of system memory, automated and 
manual, was defined by type, user, contents 
and mode of access. The concept for system 
communication of input and output, automated 
and manual, was defined by type of device (if 
automated), user, time originated, and mode 
of communication., 

With the system concept developed to the 
broad block level, it was necessary to docu­
ment the data in a manageable and standard­
ized format: Again, punched cards were used. 

The use of the forms will be demonstrated 
by illustrating the processing block in the 
concept solution which includes the motor 
pool operation associated with the handling 
of a vehicle request (used in describing 
Phase 1 documentation). 

Input-Output (Figure 8) 

Card 7 and Card 9 were used to record 
input and output information re spectively. 
Control Number designates the processor 
through which the input or output· data is 
processed. "Trigger" identifies the instru­
ment, situation or condition causing the ini­
tiation of action described by the block. Ori­
gins of inputs and destinations of outputs 
(Col. 41-53) were entered as applicable. 

DATE:~ 

INPUT-OUTPUT 
CARD 7- CARD 9 PREPARED BY:~. 

CONTROL NUMBER' GJ 
I 

BLK TRIGGER 
NO. 

. 7 7 o RJE Q UJEJS T F olRJ I 

7 7 0 T R~ IN,s PO R T AIT'I 

7 7 0 I ' I I I i I 
7 7 0 I ! : : i' 

i I I I II 

..... 1-
U-..... L..-J--.I- .... 

ON 

INPUT OR OUTPUT 

RIE o U EST FOR 

TR AN S P OR TA TI ON .OR 

v E HI CLE EQ U I PM ENT 

T.R I P I N S T R UC TI ONS 

I 

'-'-~'-'-'-':-'-'-'-

PAGE~OF-'::"" 

ORIGIN OR FILE IDENTIFICATION NIC 
DES TINA TION OC 

AN YO N E ON B A SE VE HI CLE IA NO !EQ U I Ip MIE NT I 7 

IRE au E S TS ! ; 'I ? 7 

UN ITS : I : 3 7 

DR IV E R - U N I T V E HI CLE lp LA TiE I I 9 

I I I 
1..-1..-

1..- ..... 1..-1..-1.- ..... 1-.... ~~ ............ 
. ......1;;;: 

I 
I 

--.-.. .' : I 
I i I ! 

/,1 i./II : i I, 1.1 :),I! II1I11111111 UiftHFrr'I'II'l,'l,! 11111 11111 III II.! I_I!,IIIII ~ 
Figure 8. Input/Output,. Card/7/Card 9. 
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Origins or destinations of data outside of the 
processor we r e de'scribed by functional 
names. If data within the processor origi­
nated in the previous step or had the subse­
quent step as its destination, no designator 
was entered. Movement of data between 
processors was shown by using the proces­
sor designator (Control Number) and the 
pe'rtinent block number. File identification 
was used to name all files used with the block. 
Col. 79 (No.) is used to number consecutively 
these cards within a given block. 

Process (Figure 9) 

Card 8 was designed for the entry of data 
describing the action which takes place in a 
block. The process description (Col. 5-65) 
was the maj or area in which the system 

concept was reflected. Time (Col. 66-78) 
refers to either the time within which the 
process (taking place within the block) must 
occur, or the interval at which a process 
was started. Col. 79 (No.) is used to number 
consecutively these cards within a given 
block. 

The result of merging the above described 
cards on block number and listing them is 
shown in Figure 10. This "process listing" 
serves as the basic documentation of the 
total system concept. 

The system concept was amplified by 
means of file analyses. These analyses in­
cluded, for each file, such information as: 
definition of file contents and expanded state­
ment of file use, identification of the mode of 
communication between file and user, and a 
statement of the reason for use of the file. 

DATE:~ 

CONTROL NUMBER'~ 

PROCESS 
CARD 8 PREPARED BY:~ 

PAGE~OF~ 

BLK 
PROCESS DESCRIPTION TIME 

N 
NO. 0 

7 7 o D I 5 PA TC HER R E C E IV ES R E QU E 5 T, CO MP E T E 5 R E Q U EST CA RD WI TH DA TA DLY ON D E MA N D I 

7 7 o R EG AR DI N G V E HI C L E OR E Q U I PM EN T U 5 E. D E 5 T I N A TI ON & TI ME NE E D EID 2 

7 7 o I F 1M ME DI ATE is E R V ICE IS NOT RE Q U I R E D ,C ~ R D I 5 FI LED BY TI M E 3 

7 7 o N E E D E D. R E Q U EST CA R D 5 FOR E 5 TA B L I 5 HE D RU N 5 WI LL B E P R EP A R E D 4 

7 7 o 0 N P R E V 10 US D A Y. A 5 V E HI C L E IS DI 5 P AT C H E D R E Q U EST CA R D I 5 5 

7 7 o P U N CH ED WI TIH I DE N T I F I C AT ION FR OM Iv E HI C L E P L AT E , TI ME o U T, AND 6 

7 7 o D RI VE R 5 MAN OR UN IT N U tvB E R 7 

-,- ,-_-1--"-

L-_'- --,-- --,-,---- ,-,---
---- ............. " 

...... 

[[lIm IIffIIIIIIIIIIIIIIIII ml.!!!!!!11 rrnIffi 1IIIIIIIl11lm 
• 
• 
• 
• 
• 
• 
• 

Figure 9. Process, Card 8. 

RLK /I TRIGGER OR IGI N INPUT IPROCFSS DESCRIPTIONI FILES T I ME I OUTPUT DESTINATION 

77n RF'lUF<;T 'OR ANYONE ONRII<;f REQUEST FOR VE'HICLE AND FQUIPMENT 
TRAN5PORTAT 10N TRAN5PORTATION.OR REQUESTS 

UNI TS VEHICLE-EQUIPMENT 

OISP~TCHfR RFCFIVES PFQU"ST. COMPLFTFS RFQUFST CARD WITH DATA DLY ON DEMAND 
RFGARDING VEHICLF OR F()UIPMFNT USE. DESTINATION & TIMF NEEDED 
IF I"MEDIATE SFRVICE IS NOT RFQUIRED. CARD IS FILFD ElY TIME 
NEEDFO. REQUFST CARDS FOR ESTABLISHED RUNS WILL BE PREPARED 
ON PREVIOUS DAY. AS VfHICLF IS DISPATCHFD REQUfST CARD IS 
PUNCHFD WITH IDfNTIFICATION FROM VFHICLF PLATF. TIME OUT. AND 
DR I VERS MAN OR UN IT NUMBER 

VEHICLE PLATF TRIP INSTRUCTIONS DRIVER-UNIT 

Figure 10. Process Listing. 
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To complete the picture, each broad block 
of the total system was analyzed to deter­
mine if it contained inputs and/or outputs. If 
inputs were found, was there a problem in 
data recording that a special input device 
could solve? Did the time requirements 
make it mandatory that information be trans­
mitted automatically or would manual trans­
mission be satisfactory? Finally, were out­
puts being generated in one processor that 
needed to be transmitted to the other proc­
essor for use as an input? The same type of 
analysis was performed regarding outputs. 
In all blocks where the answer to the above 
was affirmative, the time requirements, use 
of the device, and estimated traffic flow were 
used to arrive at a device expre ssed in broad 
terms. 

REMAINING PHASES 

Introduction 

While a detailed approach to conducting 
the remaining phases of a total data proc­
essing systems study has not been developed, 
indications are that the material developed 
in conducting the phases already described 
will be of considerable assistance in the re­
maining effort. 

The basic requirement is that of explod­
ing the system concept into a detailed design. 
This detailed design will include the entire 
system-that which is to be mechanized and 
that which should be done manually. Process 
blocks must be broken into individual steps 
so that programming can be done for that 
portion of the system which is to be mecha­
nized, and procedures can be written for that 
portion which is to be done manually. Input­
outputs must be described in terms of indi­
vidual data elements, which in turn must be 
sequenced. Likewise, information files must 
be formatted. Of cour se, the functional ca­
pabilities required of the system must be 
determined. This in turn gives rise to hard­
ware considerations. The following is an 
approach to the remaining phases of a total 
systems study. 

Concept Analysis (Phase 4) 

To make possible detailed systems de­
sign, blocks identified in the process listing 
prepared in Phase 3 c~n be grouped by simi­
lar end product. This will be referred to as 

"segmenting" into subsystems. This should 
not be thought of as regression from the 
"total" system approach, but rather a con­
venient grouping of the data processing to 
facilitate management and control of the de­
sign effort. A fir st approximation to seg­
mentation might be the data processing 
groupings or slices that were identified in 
postulating the new system concept. 

When segments have been chosen, blocks 
may be assigned to them. Individual blocks 
must now be examined. In some cases it 
will be necessary to divide into sub-blocks. 
It may be found that certain blocks or sub­
blocks are missing, i.e., simply not included 
in the original concept. After the necessary 
regrouping, blocks should be aligned within 
each segment in order of relative influence. 
Thus, if we. label blocks B1, B2, B3, ... a 
segment can be shown schematically as in 
Figure 11. The system at this point consists 
of a number of these segments. By working 
from the top down (using the top "block as a 
"control"), changes may be minimized. In 
the case shown, a subsystem would be laid 
out for B12 first. As subsequent systems 
are planned for B3 and B17 , they would be 
"fitted" to agree with the subsystem asso­
ciated with B 12' The corre sponding proce­
dure would continue until all blocks in the 
segment are covered. 

It is now possible to prepare Phase 3 type 
listings by segment. Descriptions of proc­
esses, files, and input-outputs can be put in 
order corresponding to the priority of the 
blocks within each segment, segregated by 
segment. 

Figure 11. Data Processing Segment. 
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Detailed System Design (Phase 5) 

Consider one block. From Phase 3 the 
process listing gives the over-all processing 
associated with that block; the file analyses 
furnish such basic information as "why," the 
file, the user, and the type of accessibility 
envisioned relative to the total system ap­
proach, while the input-output analysis gives 
basic system requirements in that area. 
Next, study the information collected and 
developed in Phases 1, 2 and 3. An exami­
nation of earlier documentation is necessi­
tated by the fact that the de sign of a large 
system may require the efforts of many 
people, that considerable time may transpire 
between conduct of phases of the study, and 
that the analyst doing the detailed system de­
sign in most cases will not have done all of 
the earlier work pertinent to his present 
endeavor. 

Following this initial study, a first pass 
solution can be developed. Here files, in­
puts, outputs, and process steps related to 
this block are determined. In effect, a sub­
system for the block is developed. This is 
the creative part of the effort. No machine 
or system technique is going to completely 
perform this task today. However, the work 
done in Phases 1, 2 and 3 will be of consid­
erable help. The narrative description con­
tained in the process listing of Phase 3 gives 
a guide to breaking the proceSSing down to 
the next level of detail. The Phase 3 file 
analyses give, in addition to general infor­
mation mentioned above, file sequences which 
may be used as a first approximation. The 
input-output analyses, in addition, identify 
users and note appropriate time frames. 

It is in developing a second pass solution 
that the detailed design phase comes into 
focus. Process steps now will be broken 
down to a level of detail from which pro­
gramming may be done or detailed proce­
dure s may be written. Phase 1 listings of 
existing system input-output record layouts 
may be used as a starting point in designing 
records. Once data fields have been selected 
for inclusion, record formatting may be fa­
cilitated by separating cards by "Identifier" 
and "DynamiC" categories. Of course, in the 
case of files, file redundancies must be ex­
amined for those cases where a file is shared 
by more than one block. 

At this point a subsystem exists for each 
block. These subsystems must be meshed. 

The Phase 3 process listing will serve as a 
guide to putting the subsystems in order. 
Independently, a determination of the number 
of processors and the blocks to be associated 
with each must take place. Theprocess steps 
for each block to be mechanized are associ­
ated with a particular processor in a partic­
ular order. All input-outputs between blocks 
handled by the same processor may be re­
garded as internal transfer s. Information 
transmitted between processors or between 
the system and the outside world will be 
treated as true input-outputs. 

Determination of Functional Spe.cifications 
(Phase 6) 

Information from which hardware capa­
bility can be derived will have, to a large 
degree, evolved simultaneously with the de­
tailed systems design. For example, early 
in design such basic decisions as which in­
formation files must be available on a ran­
dom basis and which can be available serially 
will have been decided. However, the type 
and amount of memory remains to be deter­
mined. The input-output analyses of Phase 3 
define functional requirements in that area. 
Input-output and processor speeds must be 
determined. A documentation of the detail 
system solution somewhat comparable to that 
used to document the present system (Phase 1) 
is foreseen. This would provide a vehicle 
for totaling file references by time frame so 
as to determine access time requirements, 
leading toward determination of memory 
hardware requirements. A similar analysis 
could be performed with respect to input­
outputs. Programming a sample of the proc­
eSSing is probably the safest way to estimate 
processor requirements. 

Other Phases 

With the total system designed a logically 
phased implementation plan may be insti­
tuted. Programming and installation may 
take place along a route directed at the de­
sired end result. 

CONCLUSION 

Motivation for the total systems approach 
to data processing is strong. The magnitude 
of the tasks and the amount of data involved 
in the design of a total system in many cases 
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requires an automat~d study technique. The 
punched-card approach described is a step 
in the right direction. It has expedited sys­
tems analysis by mechanically relating sig­
nificant data in the analysis phases. Clearly, 
more sophisticated design analyses can be 
carried out with a computer approach mak­
ipg it possible to automate a larger part of 
the total systems study effort. However, 
much research needs to be done. 
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DISPLAY SYSTEM DESIGN CONSIDERATIONS 

R. T. Loewe and P. Horowitz 
Ford Motor Company 
Aeronutronic Division 

Newport Beach, California 

INTRODUCTION 

This paper presents several significant 
design considerations (non-equipment) for 
computer oriented display systems. It be­
gins with a discussion of display objectives 
and criteria. Then coding, formats, display 
request and control, and amounts of infor­
mation displayed are discussed. Factors 
related to retinal resolution, display size 
and detail, group and individual displays and 
viewing environment are presented. After 
these miscellaneous conSiderations, a check­
list of primary display characteristics is 
presented. 

DISPLAY OBJECTIVES AND CRITERIA 

A thorough understanding of display ob­
jectives and criteria is essential to good dis­
play system design. Unfortunately, there are 
usually no quantitative measures of effec­
tiveness for display systems. In fact, it is 
often difficult to state clear cut qualitative 
criteria. 

A Single all-inclusive measure of effec­
tiveness is highly desirable. Such a meas­
ure is, "probability of success per dollar," 
which suits some types of systems. A com­
plicating factor is that display systems are 
invariably subsystems of larger systems. 
Display criteria stated in terms of the pri­
mary system criteria seldom aid in select­
ing display alternatives, or in display sub­
system evaluation. 
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Lack 01 a single all-inclusive objective 
forces consideration of many displayobjec­
tives and criteria. Some of the more appro­
priate ones for displays are described below. 
They are still subjective. It seems that quan­
titati ve criteria cannot be stated except at 
the level of detailed speCifications or charac­
teristics such as: brightness, contrast, res­
olution, response time, etc. 

The following statements attempt to pre­
sent meaningful objectives of display systems. 
Not all of the statements apply to all systems 
and they are definitely redundant, frequently 
expressing similar thoughts in different 
manners. 

Improve DeciSion Making 

The most general objective of display 
systems is to improve human decision mak­
ing. This is difficult to measure because it 
must be appraised subjectively. Even if de­
cision quality could be measured adequately,' 
it is difficult to separate the influence of the 
displays from the intellect of the decision 
maker. 
. DeciSion making is used in a general sense 

. here. It ranges from a commander's stra­
tegic or tactical decisions to a radar oper­
ator's decisions distinguishing targets from 
noise. 

Improve Understanding 

The quality of decision-making is based 
on understanding and inSight of the problem. 
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Thus, a primary display system objective is 
to improve understanding and insight of the 
entire problem or situation. The display 
system should allow' the user to _assimilate, 
perceive, comprehend, and apprehend the in­
formation available from the balance of the 
system. The display system should also take 
the initiative in notifying users of emergen­
cies, exceptions, and urgent information. 

Provide Effective Man-Machine 
Communications 

This cliche expresses the major objec­
tive well. Displays are generally the pri­
mary communication link from the machine 
to the man. The display system should allow 
the users to extend their decision making 
capabilities by use of the memory and proc­
essing capabilities of the balance of the sys­
tem. An ultimate objective might be that of 
providing a man-machine communication link 
which approaches telepathic capability. 

Clarify Complex Relationships 

Another important objective of display 
systems is to present complex situations in 
such a manner that significant relationships, 
conflicts, correlations, and extrapolations 
can be quickly, clearly, and correctly com­
prehended. It should be possible to display 
separate categories of information in a man­
ner that optimizes the user's ability to de­
tect these relationships. Displays should 
allow details to beunderstood in context with 
the whole situation and should allow the whole 
situation to be examined in detail. 

Reduce Reaction Times 

The ability to make well founded decisions 
quickly is an important objective. Availabil­
ity of proper information in an effective form 
is necessary for timely decisions .. Reduction 
of staff reaction time is important in: de­
tecting trends, conflicts, and exceptions; re­
sponding to requests from top level decision 
makers; and in planning for various contin­
genCies. Top level decision makers seldom 
need speed in direct presentation of input 
data. They generally need speed in the inter­
pretation, evaluation and recommendations 
based on such input data in order to hasten 
their decisions. 

Improve Coordination 

Improved coordination within diverse op­
erations is an objective of display systems. 
Instead of each working group or staff having 
different data, which may cause contradic­
tions, conflicts and misunderstandings, each 
user should have current, identical data. 
Even within a given display, different data 
should have consistent "as of" times to re­
duce confusion. 

Improve Availability of Information 

Any display system involving data storage 
and retrieval has a classification and index­
ing problem. Users must be able to quickly 
and conveniently identify and request various 
data categories or combinations of informa­
tion characteristics. Quick, accurate means 
which allow the user to obtain the exact in­
formation he needs is an important objective. 
It is often desirable to request displays by 
logical statements regarding relationships 
between classification parameters and data 
characteristics. 

Provide Dependability 

Dependability includes concepts such as 
reliability of data and equipment, maintain­
ability, and degree of confidence in the oper­
ation and in the data presented. The display 
system should provide thorough, accurate, 
dependable data which will minimize human 
errors and improve the effectiveness of 
human judgement. 

Improve Control 

Some display systems provide information 
necessary for control of a process or sys­
tem. Such display systems should provide 
displays that aid personnel in executing im­
proved control and monitoring. 

Improve Briefings 

Display systems are often used in brief­
ings to appraise key personnel of status, 
problems, and plans. Improvement in the 
quality, clarity and duration of briefings is 
an important objective. A display system 
should also reduce briefing preparation time 
and should facilitate better answers to ques­
tions during briefings. 



Simplify Operations 

Simplicity of operation is an important 
objective in display systems. If equipment 
is difficult or inconvenient to operate, it will 
not be used effectively. Training require­
ments should be minimized and as much in­
terchangeability of operations and functions 
as possible should be provided. 

Provide Compatability With Data Entry 

Display systems used in conjunction with 
data processing systems are sometimes 
closely related to data entry functions such 
as; editing, formatting, verifying, correcting, 
intervention, and interrogation. The displays 
should provide supporting information and 
should aid data entry by displacing formats 
and data being entered. 

Provide Flexibility 

Flexibility and adaptability are perhaps 
the most important criterion of display sys­
tems. Display requirements often change 
drastically with time due to: 

(1) Changes in commanders (or execu­
tives) and staff personnel 

(2) Changes in organization and staff 
functions 

(3) Changes in military threats (or com­
mercial markets) 

(4) Changes in defensive capabilities (or 
products) 

(5) Changes in information available 
(6) Experience from system operation 

and exercises 
(7) Improvements and additions to com­

puter programs 
(8) Technological improvements 
(9) Modifications in mission or goals 

Thus, flexibility to adapt to such changes 
quickly and effectively is a primaryobjec­
tive of display systems. 

Some of the aspects of display systems 
where flexibility is desired include: 

(1) Formats 
(2) Content 
(3) Symbology and coding 
(4) Display control and utilization 
(5) Distribution of personnel 
(6) Distribution of displays 
(7) Growth potential in both quantity and 

performance 

Display System Design Considerations / 325 

Satisfy Human Factors Requirements 

Ultimately, the effectiveness of a display 
,is dependent on the user's perception, which 
has definite psychological limits. Certain 
display design parameters must be adhered 
to in order to effectively utilize human per­
ception. Some of the more salient pOints 
which must be considered on information 
displays are: retinal resolution, brightness, 
contrast, coding and symbology, critical 
flicker-fusion ratio, and the general viewing 
environment. Other considerations such as; 
human response times, display formats, in­
dividual display preferences, and other psy­
chological differences also warrant consid­
eration in the evaluation of display systems. 

CODING AND SYMBOLOGY 

There are many different ways of repre­
senting information for visual interpretation. 
This discussion is confined to v~sible mark­
ings on a two-dimensional display surface. 

The earliest known attempts to represent 
information in visual form date back to draw­
ings in caves of the Cro-Magnon period. Pic­
tures are a familiar and effective means of 
representing information. They are visual 
simulations of the actual object or concept. 
Egyptian hieroglyphics and Chinese writing 
have evolved from crude pictures or draw­
ings. Abstract concepts not amenable to 
pictorial representation were represented by 
remote pictorial associations. 

The Phoenician alphabet and Arabic nu­
merals were perhaps the first attempts to 
represent information in coded symbolic 
form where symbol shape has no pictorial 
value. Coded symbols (letters) are combined 
into more complex codes (words) which rep­
resent real things or abstract concepts. 

Although written language is one of man's 
most indispensable tools of communication, 
it is not necessarily the simplest or most 
efficient means of representing thoughts. It 
is a compromise which limits the number of 
different symbols required. We still resort 
to special symbology to facilitate visual com­
munication, particularly where the thought 
represented has a characteristic pictorial 
shape that is easy to learn and remember. 
It is more effective to represent an air­
craft by its outline than the combinations of 
letters "Aircraft." Use of special symbols 
for abstract thoughts such as "validity," is 
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limited by human learning and memory ca­
pabilities. 

Evaluation of coding depends upon anum­
ber of factors, such as; the physiological 
limits of human discernment (e .g., the point 
at which the human sensor cannot reliably 
discriminate between two brightnesses or 
colors). Relative compatibility with other 
coding modalities, relative efficiency of the 
code (how long does the average operator 
take to make a positive identification) psy­
chological effect of the code on the operator, 
(is the code irritating, fatiguing or perhaps 
hypnotic, as in the case of some flicker rates). 
These and other considerations must be ex­
amined prior to evaluation, selection or use 
of a particular coding modality. 

Some means of coding information are: 
(1) color 
(2) size 
(3) shape (includes symbols and font) 
(4) pOSition 
(5) orientation 
(6) line width (boldness) 
(7) number (quantity) 
(8) flicker or blink rate 
(9) intensity (includes brightness and grey 

scale) 
(10) line length , 
(11) line type (dotted, da~hed, cross-

hatched, etc.) 
The American Standards Association has 
suggested the use of particular colors for 
coding; publication Z53-1-1-1953. This list 
is quite detailed and complete. 

DISPLAY FORMATS 

Figure 1 indicates some of the wide vari­
ety of formats used in displaying informa­
tion. Combinations of formats and coding 
can improve presentations. There are also 
many ways of displaying three variables in 
only two dimensions. 

In system design presentation formats 
must be determined after determining what 
information is to be displayed. These deci­
sions are as important to display system 
effectiveness as many technical decisions. 
Coding and symbology capabilitie s must be 
considered in selecting formats. 

Display systems are often used to com­
pare different activities, coordinate different 
functions, and detect conflicts. Thus, there 
is need for determining the best method of 
simultaneously presenting ,different types of 

information in formats which most clearly 
show interactions, relationships and conflicts. 

Certain types of data cannot be presented 
effectively in alpha-numeric form. Exam­
ples are: fallout contours, flight paths, cov­
erage of surveillance devices or weapons, 
planned maneuvers, meteorological patterns, 
and areas of re sponsibility. Line drawings 
are an effective means of representing such 
information that is still compatible with 
computer outputs. Colored or shaded areas 
are good representations for such informa­
tion, but are less compatible with computer 
outputs. 

AMOUNT OF INFORMATION 
IN THE SYSTEM 

The amount of information in a system at 
anyone time is a very Significant character­
istic of display systems. Some systems can 
display all their information in a single pres­
entation, e.g., radar systems. Other display 
systems are based upon large data storage 
and retrieval systems. Whenever there is 
more information required than can be pre­
sented in one display, the information in the 
system must be divided into categories for 
updating and display. The division of infor­
mation into categories is a complex problem 
involving: file organization, classification 
and indexing, data entry and proceSSing con­
side rations , and information requirements 
of the users. 

Selection of categories for data entry, file 
organization, and display is an extremely 
important part of system deSign. Organizing 
information into predetermined categories 
limits flexibility by hampering the ability to 
request data other than by the predetermined 
categories. Defining many categories com­
plicates the system but improves flexibility. 
Ease in redefining categories is a good way 
of providing flexibility. 

Some systems may have 100 or more dif­
ferent display categories. Manual prepara­
tion of different programs for each category 
would be expensive and inflexible because of 
the inevitable changes required in the dis­
play categories. An approach which develops 
basic programs for each type of display for­
mat has significant advantages. Such pro­
grams generate or compile new programs 
each time a new display is requested. The 
request message supplies the needed' pa­
rameters and control information. 
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Figure 1. Typical Display Formats. 

This approach provides tremendous ver­
satility and adaptability. It may provide 
users the capability of defining their own 
display formats and contents without requir­
ing assistance from programming special­
ists or analysts. This may reduce the amount 
of analysis of operational requirements pre­
liminary to display programming. 

DISPLAY REQUESTS 

To change the information categorie s 
presented on a display screen, the user must 

indicate the information he wants displayed 
(unless the system itself determines what 
data is to be displayed and when on the basis 
of previous analysis). A number of different 
ways of selecting the desired display infor­
mation are described below. 

(1) A keyboard with a separate button for 
each category to be displayed or re­
moved can be used. This approach is 
made more flexible by using a single 
keyboard and changing the meaning 
of the keys by overlays or other 
means. 
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(2) Where there are many categories, 
they may be selected by a code and 
keyboard. For example, when deci­
mal numbers are used to indicate 
display categories, 100 different dis­
plays can be identified by two activa­
tions of a decimal keyboard. 

(3) Displays can be requested by a limited 
syntax language or by logical state­
ments. In this manner, a user can 
define the information combinations 
and formats he desires. 

(4) Another method of defining informa­
tion to be displayed, is by pointing at 
an item on an existing display. For 
example, a user requests details of a 
particular symbolized item by point­
ing at that symbol on a display. 

(5) Searching is another method of ob­
taining the desired display. The ac­
tual display may be sequentially 
changed with the operator deciding 
when to stop the sequence of changes. 

DISPLAY CONTROL 

The display control function includes: 
routing display information to display units, 
updating display information, and rules for 
changing displays. 

The computer may store information re­
garding the routing of display information. 
It may have a rule which states; "whenever 
certain data files or display information are 
updated, certain display units should be noti­
fied or given the displays." Security con­
siderations also affect routing of display data. 

Display updating rules may also be han­
dled by a computer. Displays may be updated 
on a real-time basis so that all changes are 
immediately reflected in the appropriate dis­
plays. Displays may also be updated accord­
ing to any of the following criteria: at given 
time intervals, after collection of several in­
put messages, each time new information ar­
rives, or when display requests are made. 

Priority considerations may be incorpo­
rated in the updating rules also. Thus, one 
updating rule is used for one priority class 
while a different rule is used for another 
priority class. Forced displays, too, may be 
under computer control. If the computer 
recognizes occurrences which match prede­
termined forCing rules, selected displays 
can automatically be changed to show the 
detected critical information. 

It is also possible for certain personnel 
to force displays on units operated by other 
personnel, although this is generally an ex­
treme measure. This risks interruption of 
more important work and is annoying at times. 
A less extreme approach notifies the user 
that critical information is ready for view­
ing. Such notification may also indicate 
priority or type of information. Th~ user 
may then accept the new display at his con­
venience. 

AMOUNT OF INFORMATION DISPLAYED 

When the information required by an in­
dividual to perform his functions exceeds the 
capaCity of one display, there must be means 
of acceSSing other displays. 

Two primary methods of accessing dif­
ferent displays are given below. 

(1) A single display screen is provided, 
and the information displayed upon it 
is changed at the command of the 
user. 

(2) All available display information is 
simultaneously shown in a number 
of different displays. The user ac­
cesses different information by visual 
searching or memory and then focuses 
his attention on the desired display; 
this can be accomplished rapidly for 
moderate amounts of information. (A 
variation of this is the use of some 
magnifying means to access detailed 
information in a display.) 

An important characteristic of any display 
system is the display access time. This is 
the time lapse between a user's request and 
when the display is actually viewed. Shifting 
the eyes or head presents a convenient and 
rapid display access time. However, the 
amount of information available in this man­
ner is limited. 

There are several limitations to the amount 
of information that can be displayed at one 
time. Visual acuity or resolving power is the 
ability of the eye to perceive and discrimi­
nate precise sensory (visual) impressions. 
The human eye can, in normal light, discrim­
inate lines that are about 1. 5 minutes of arc 
apart, using parallel black lines separated by 
intervals equal to the line width. This gives 
a resolving power of 2,300 line pairs per 
radian. 

The visual angle at the eye is 2 arctan 
L/2D; the angle subtended at the cornea by a 



viewed object in which L is the size of the 
object measured at right angles to line of 
sight and D is the distance between the eye 
and the object. 

The solid angle about an individual and 
the resolution of the eye limit the total amount 
of information that can be displayed simul­
taneously to anyone person. Of course, the 
complete solid angle around the person can­
not be utilized for display purposes, but 
cockpits, for example, frequently use much 
of the total solid angle for displays and con­
trols. 

Since the amount of information that can 
be presented in a single display depends pri­
marily on the solid angle subtended and the 
re solution of the eye; the distance of the dis­
play from the user is not significant. This 
contradicts the popular concept that one 
must have a big display to see the big picture. 

Figure 2 shows the relationship between 
three interrelated variables: size of display 
screen, acceptable viewing distance, and the 
amount of detail or number of characters 
which can be displayed. This shows that for 
a given viewing distance, the display size 
must be increased if the amount of detail 
displayed is to be increased; the curve holds 
true both for individual displays and group 
displays. 

Another limitation on the amount of infor­
mation displayed is the response time re­
quired and rate at which information can be 
assimilated. If a person must respond to 
certain information very rapidly, he does not 
have time to comprehend a great amount of 
detail. Thus, highly summarized information 
should be presented when rapid decisions are 
necessary. With enough time, however, a 
complex and detailed display can be absorbed 
or understood after thorough study. In lengthy 
analysis, interpretation, and detail planning 
functions, considerable information can be 
presented for study. 

Several different displays can be simul­
taneously presented on the same display unit. 
For example, three-fourths of a display sur­
face may display a geographic situation with 
the remaining one-fourth used for tabular or 
graphical details. Some categories and for­
mats contain little detail in comparison to 
the detail capability of a display unit. In such 
cases, several categories and formats can 
be presented simultaneously in different por­
tions of a common display screen. 

Display System Design Considerations / 329 

GROUP AND INDIVIDUAL DISPLAYS 

The value of group displays versus indi­
vidual displays is a controversial topic. A 
group display is a display intended for simul­
taneous viewing by more than one person. 
This definition is independent of display size; 
although common use tends to link "large 
screen" with "group display." This may be 
due to the fact that most displays intended 
for individuals can be viewed by more than 
one person. The value of a group display 
depends on how the people work together and 
on their information reqUirements. A list of 
advantages of group and individual displays 
follows. 

Advantages of Group Displays 

(1) Where information requirements of a 
number of people are similar or iden­
tical, a group display may provide a 
more economical method for provid­
ing a large number of people with the 
data they need. 

(2) A small working group can communi­
cate more efficiently, relevant to a 
group display; whereas, such per­
sonal interchange is less convenient 
and effective if personnel are situated 
at separate consoles. 

(3) In many cases, the senior person of 
any group indirectly controls the con­
tent of the group display. This allows 
the support personnel engaged in de­
tail work to know the concern and 
interests of the top-level decision 
maker. 

(4) One group display may be more eco­
nomical than several individual dis­
plays. 

(5) There may not be enough physical 
space for several individual dis­
plays. 

(6) With a group display, coordination 
and integration may be improved since 
all concerned are seeing the same in­
formation. 

(7) Manual backup procedures are more 
effective for group displays than for 
individual displays. 

(8) Many users have become accustomed 
to operations based on manual grot1,p 
displays. 



330 I Computers - Key to Total Systems Control 

...-... z 
'-" 

UJ 
p:: 

~ 
CJ « 
~ 
::z:: 
CJ 

p;.. 
0 
p:; 
~ 

~ 
z 

100,000 

80,000 

60,000 

2 
N = .L lOS 

D2 

40,000 

20,000 

o 
o 10/1 

Dis (RATIO OF VIEWING DISTANCE, D, TO DISPLAY SIZE, S) 

CONDITIONS: 

1. Square display 
2. Character slot as shown 
3. Character height, H, subtends 

10 minutes of arc at viewing 
distance, D, (H = .003 D) 

4. Increased viewing distance at 
display edges is neglected 

S. Adequate brightness and 
contrast exist 

6. Viewing distance, D, is 
greater than 13 inches 

7. No margin allowed at display 
edge 

1. SH 

i 
.SH 

~ . 
j 

H 

~ .6SH~ ~. 

~r 

4 .7SH --. 

Figure 2. Number of Characters That May Be Displayed vs. 
Ratio of Viewing Distance to Display Size. 

1H 



Advantages of Individual Displays 

(1) Information may be displayed which 
exactly fits the particular task re­
quirements of an individual, rather 
than a composite display planned to 
fit group needs and not optimized for 
anyone specifically. 

(2) Individual displays can be changed at 
will, thereby gaining access to greater 
amounts of information without inter­
rupting the information displayed to 
others. 

(3) More information can be presented 
on individual displays than on group 
displays because the individual can 
lean over or bend over portions of an 
indi vidual display to get the detail. 

(4) It is possible to display identical data 
on all individual displays. This ap­
proaches the capability of the group 
display for allowing many people to 
simultaneously refer to the identical 
display information. 

(5) The deployment of personnel and 
equipment has more flexibility than 
group displays. 

(6) More diverse capabilities are avail­
able with the current state of the art. 

GENERAL VIEWING ENVIRONMENT 

The environment (conditions and influ­
ences, other than display "output," which af­
fect the perception and comprehensiop., of 
display information) of both the individual 
viewer and the total viewing audience is an 
important input to the overall system design. 
The more important environmental factors 
include: 'ambient lighting, seating, console 
deSign, work area configurations, tempera­
ture, humidity, and noise level. 

Ambient illumination should not exceed 
the display brightness; although work sur­
faces should have an illumination of at least 
25 ft. candles. The light bandwidth, or color, 
is dependent on the particular type of display 
used. The lighting should complement the 
display, and if possible, be pleasing to the 
viewing audience. 
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Seating is designed for the average indi­
vidual using the equipment. The seats should 
offer the individual comfortable support for 
both viewing and other work tasks. The con­
sole is designed for optimum viewing at a 
particular configuration (seating or standing) 
depending On whether the viewer is to be ac­
tive for extended or limited time periods. 

Temperatures between 68 and 72 0 F and 
humidity from 30 to 50 percent allow extended 
periods of alertness and efficiency from the 
viewing group. 

Noise control is necessary if direct verbal 
communication between the viewers is war­
ranted. The ambient noise level in a direct 
communication system should not exceed 60 
decibels. 

CHECKLIST OF DISPLAY 
SUBSYSTEM CHARACTERISTICS 

Some primary display systems charac­
teristics are listed below. They may be used 
as a checklist for specifications, require­
ments, and evaluation. Not all of these topics 
have been discussed above, but they are all 
important characteristics which must be 
considered during the design of a display 
system. Each display system will also have 
other considerations specifically related to 
the particular application. 

Amount of Display Information Available 
Updating Response Time 
Rates of Change of Display Data 
Display Access Time 
Display Request Rates 
Number of Display Units 
Display Size 
Resolution 
Audience Size 
Coding 
Symbology 
Display Formats 
Brightness 
Ambient Lighting 
Contrast 
Accuracy 
Distortion 
Flicker or Blink Time 
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ABSTRACT 

Graphic pattern recognition ill the development of total systems for 
information selection and retrieval is considered. A particular hypo­
thetical machine model for shape recognition is described. Examples 
are given of recognition of 12 to 20 categories of geometric shapes, by 
use of a contour-projection principle. Within certain limitations, the 
model identifies these graphic patterns, regardless of size, location, 
and certain rotational transformations. It provides means for detecting 
classes of patterns which would or would not be ambiguous with respect 
to any of the patterns that are recognizable. Problems in practical appli­
cation, including possibilities for recognition of constrained handdrawn 
figures, are considered. Pos sible means of implementation are also 
discussed. 

1. INTRODUCTION 

The storage, search, selection and re­
trievalof information represent one oftoday's 
most challenging areas for research and 
development. The urgent need to improve 
the effectiveness with which our total scien­
tific resources (men, machines, methods and 
findings) are utilized, requires increased 
ability to avoid replication of old work, to 
follow up new leads promptly, and in general 
to cope with the exponential growth of tech­
nicalliterature. Not only machine technology , 
but also our understanding of mechanizable 
processes, must be pushed to new limits to 
achieve information processing systems ade­
quate for these demands. 

The prospective in t e g rat ion of many 
information-handling functions in a single 
system emphasizes that mechanizable oper­
ations must be sought out and identified in 
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all phases of processing. We must determine 
the full extent to which the machine can re­
place the man, or supplement his efforts, or 
serve him as an efficient tool. We should 
consider, for example which steps can be 
automated in the preparation of files to be 
searched by machine, in the content-analysis 
of incoming material for identification of ap­
propriate selection criteria or "retrieval 
hooks," and in the framing and renegotiation 
of search-selection prescriptions. 

Because "one picture is worth a thousand 
words," the graphic material interspersed 
with natural-language text in the system's 
input must also receive analysis and storage. 
Therefore experiments in mechanical recog­
nition of graphical patterns go hand-in-hand 
with investigation of possible methods for 
machine processing of natural-language text, 
and for communication by man, in more or 
less his own language, with the machine. 



A number of possible approaches to me­
chanical recognition of certain geometric 
shapes have been proposed. This paper con­
tains a detailed description of a particular 
method, partly based on the contour-projec­
tion technique suggested by Deutsch. [8 ~:~] The 
method will be shown, within restrictions 
described later, to distinguish among octa­
gons, squares, rectangles, some triangles, 
and certain other classes of polygons. The 
procedure can be used (by hand Simulation, 
if desired) to generate large classes of pat­
terns, not in the model's "vocabulary," which 
would be misidentified as some member of 
the family; it can also be employed to gen­
erate classes of patterns for which no such 
misidentifications are possible. Thus the 
procedure can in a sense be used to gain 
inSight into its own limitations. It can be 
applied to both solid or outline figures, either 
black-on-white or white-on-black. 

Shapes recognizable by the method can 
usually be identified regardless of variations 
in size or location in the field. Anomalies 
and ambiguities are encountered, however, 
for some shapes at critical sizes or propor­
tions; some illustrations of this will be given. 
Certain rotated variants and mirror images 
can be distinguished for some, but not all, of 
the shapes. In such cases, rotated versions 
may be distinguished from their originals 
(e.g., a diamond in contradistinction to a 
square), or may if desired be given a quali­
fied identification with the originals (e.g., a 
diamond recognized as a "tilted square"). 
With minor additions to the recognition or 
decoding logic, some shapes might be recog­
nized both generically and also more spe­
cifically; e.g., a diamond might be identified 
as "parallelogram," "particular parallelo­
gram-square," and "rotated square." 

Examples of distinct shapes which are 
indistinguishable by this particular procedure 
will be given, and limitations regarding 
sloppily drawn figures will be noted. Prob­
lems likely to arise in practical application 
are considered, including questions of instru­
mentation, resolution and quantization, as 
well as the complications introduced by 
multiple figures Simultaneously distributed 
in the input pattern field, or by shapes enclosed 

~:~Contour projection technique s for pattern 
recognition have also been suggested, with­
out detailed discus sion, by Selfridge [33] 
and Minsky [26]. 

Abstract Shape Recognition By Machine / 333 

within the boundaries of other shapes. Prac­
tical implementation appears feasible for 
"closed vocabularies" of up to at least 70 dis­
tinguishable shapes, in the case of suitably 
constrained handdrawn figures such as chem­
cial structure and electrical circuit diagrams. 

2. RELATED RESEARCH IN PATTERN 
RECOGNITION 

The literature shows considerable work in 
several areas related to machine recognition 
of graphic patterns. First, there are alpha­
numeric character recognition devices, com­
monly requiring either a specially stylized 
font or a closely restricted alphabet of char­
acters in one or a few type styles. Under 
certain restrictive conditions, these devices 
may prove practicable for symbol-transliter­
ation or input operations on large bodies of 
text, for either an information selection sys­
tem or a mechanical translation program. 
The restrictions typically include a require-, 
ment for conSistently high quality of the input 
patterns, and a limitation of the recognizable 
alphabet to at most several hundred members 
with each allowable size and style variation 
of each character counting as a separate 
member. 

Second, various techniques have been de­
veloped for machine detection and recognition 
of classes of input patterns that can be asso­
ciated with the same desired output. Examples 
cover many areas of practical interest, from 
the processing of cytological smears and 
bubble chamber tracks to the analog repre­
sentation of the enunciations of various sounds 
of speech. Studies of alphanumeric charac­
ter recognition for large alphabets, including 
hand-printed and hand-drawn alphabets, are 
especially relevant to the design of an inte­
grated infor mation selection -and - retrieval 
system. 

Third, a number of investigations ha ve 
been directed toward the explanation, simu­
lation or "black-box modelling" of processes 
which might underlie perception, recognition, 
learning, recall and generalization phenom­
ena, especially in lower-level living organ­
isms. Such studies have dealt with hypothet­
ical m e c han ism s for per c e p t ion and 
recognition, for image-improvement, and for 
translations of variations in size or position 
into differences in normalized times-of­
arrival. They include work on the use of 
perception-recognition phenomena as demon­
strations of "learning" cap a b iIi tie s in 
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simulated neural n e ~ w 0 r k s which "self­
organize" from initial random configurations. 
Examples in the literature of pattern recog­
nition research range from classic hypothe­
ses by Pitts and McCullough [28], Hebb [20], 
Schade [32], and others, through image im­
provement mechanisms such as those con­
sidered by Kovazny, Arman, and Joseph [25], 
to computer simulations and working machine 
models of "learning," "conditioned reflex," or 
"self-organizing" phenomena, by Uttley [41]; 
Clark, Dineen, Farley, and Selfridge, [7, 10, 
13,33]; Rosenblatt [31]; Harmon [19]; 
Roberts [29]; Uhr [39]; Barus [4]; and Baran 
and Estrin [3], among others. 

For size-constained, and usually position­
normalized, input patterns there have also 
been intriguing proposals for recognition by 
machine of various shapes (especially shapes 
common to constrained hand-drawn alpha­
numeric characters) by such investigators 
as Doyle [11]; Sherman [35]; Johnson [22]; 
Dimond [9]; Bomba [6]; Grimsdale, et al [18]; 
Kamentsky [23]; Unger [40]; Taylor [38]; as 
well as by others, some of whom have not as 
yet rep 0 r ted their results in the open 
literature. 

Other investigations (e.g., that of Alt [1] 
on the use of moments for digitalized pattern 
recognition) have been based on properties 
of -characters or shapes which are largely 
independent of variations in size and loca­
tions, and are relatively invariant under cer­
tain rotations, certain minor stylistic differ­
ences, and c e rt ai n a mount s of noise. 
Randomly-generated operators for the ex­
traction of relatively invariant features of 
graphic patterns, especially alphanumeric 
character patterns, are considered in detail 
by such investigators as Bledsoe and Brown­
ing [5]; Uhr and Vossler [39]; and Novikoff [27]. 
There also have been interesting studies of 
possibilities for explaining shape -discrimi­
nation phenomena actually observed in living 
organisms in terms of potentially machinable 
processes, especially by Sutherland [37] and 
Deutsch [8]. 

There are other ways of classifying past 
research in pattern recognition which is rele­
vant to the maximal mechanization of the 
information-processing function. For ex­
ample, one might ask whether or not a pro­
posed method provides for adaptive modifica­
tion ("self-organization") with respect to 
perception-recognition behavior. This will 
be discussed later. Second, one might ask 

whether or not template-matching principles 
are used in reaching an identification decision. 

On this last point, we note that template­
matching schemes are generally considered 
to be inadequate for large alphabets whose 
characters are subject to appreciable differ­
ences in size or location in the field, or to 
substantial rotations. Templates (as the 
term is used here) may be photographic­
negative images of the shapes or characters 
belonging to the alphabet to be recognized, or 
they may be of coordinate descriptions of 
those shade-quantized cells in a superimposed 
grid which would be black or would be white 
if the input pattern is a particular character. 
Templates may also be in the form of de­
scriptions of topological features which can 
be obtained for each of the members of the 
alphabet-set, for example by curve-tracing 
techniques. For Perceptron devices [31], in 
which there are initially random connections 
between sensory-receptor cells and "associ­
ation" cells and between association cells 
and response cells, the recognition templates 
eventually "learned" depend, in effect, upon 
coordinate descriptions inA-unit spacewhich 
have been fIr ei nfo r c ed" for ftc 0 r r e ct 
response. " 

Template-matching systems which are 
adaptive provide little or no capability for 
generalization from a shape of one size to 
other examples of the same shape in other 
sizes and orientations unless prototypes for 
these variations have previously been intro­
duced tothe system. Fain [12] has pointed up 
the difficulties of requiring a number of pro­
totypes by estimating that the total number of 
possible coordinate descriptions for anyone 
shape subjected to size, positional, and rota­
tional transformations lies between 1Tk2 /6 
and 1Tk 2 where k is the number of cells in the 
superimposed grid or retinal array. On the 
other hand, template-matching techniques for 
small, closed-end alphabets, where recogniz­
able patterns have all, in effect, been "seen" 
before, are well-adapted to devices with rela­
tively little programmed logic, low storage 
requirements, and rather simple means for 
making identification deciSions, e.g., by 
"best-fit" integration for the response of a 
photocell array to light reflected through 
character masks. 

In most of the "criterial" or "distinguish­
ing features" approaches to the problem of 
pattern recognition, relatively invariant prop­
erties of recognizable patterns (such as 



combinations of horizontal, vertical, and di­
agonal strokes that make up a character, [34] 
number of corners left after stripping away 
most black cells [7, 10], ''lakes'' and "inlets" 
or cavities open to the left or right [11, 30], 
connectivities of selected topological fea­
tures [15, 36], and the like) are used to pro­
vide tolerance for some transformations 
which may occur for the "same" shape. This 
advantage is typically achieved at the price 
of extensive processing in the extraction of 
the discriminating features, or of consider­
able storage capacity, or of comparatively 
sophisticated recognition logic.~:~ Systems 
utilizing context -dependency p r inc i p 1 e s, 
such as those discussed by Bledsoe and 
Browning [5], whether based on template­
matching or criterial feature approaches, 
suffer the same respective disadvantages as 
those approaches involve. In addition, they 
require means for storage and recall of pre­
vious recognition decisions. 

A third basis for categorizing prior re­
sults in the field of pattern recognition is the 
degree of orientation toward hardware. Here 
there is a spectrum ranging from the devel­
opment of practical character recognition 
equipment for a given, usually small, alpha­
bet, through investigations directed toward 
the determination of relatively invariant fea­
tures of selected classes of patterns, to 
modelling of perception -recognition phenom­
ena observed to obtain in living organisms. 

In the latter area, investigations such as 
those of Harmon [19] and Singer [36] are 
concerned primarily with machine design 
implementations of procedures for recogniz­
ing selected geometric shapes with size, po­
sition, and rotational invariance. On the 
other hand, the studies of Sutherland [37] and 
Deutsch [8] are concerned with mechanisms 
to explain perception and recognition phe­
nomena in lower-order living organisms, in­
cluding anomalies of behavior in shape dis­
crimination. For example, they discuss 
findings which indicate that the octopus can 
apparently distinguish mirror images in the 
case of certain shapes but not others. Suther­
land has proposed a principle of measurement 
of the horizontal extent of a shape at each 

*For example, the requirement: "The height 
of the left leg of a V-shaped figure less than 
half the height of the right leg," in Unger l s 
SPAC [40]. 
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point of the vertical axis and of the vertical 
extent against the horizontal axis. In his dis­
cussion of subsequent tests of this principle, 
he claims that, to the best of his knowledge: 
"no other existing theory of shape discrimi­
nation would predict that animals should be 
able to discriminate some mirror images 
but not others." (Sutherland [37], 1959) 

In 1955, Deutsch [8] suggested a contour­
proj ection procedure which accounted for 
mirror-image ambiguity but not for mirror­
image discriminability. He described this 
procedure as follows: 

"Let us assume there is an array of units 
(or cells) arranged in two dimensions, each 
unit having many neighbors. This plane com­
posed of cells has messages arriving on it 
from light receptors . . . 

"1. Each unit on the two-dimensional 
array can be excited by a counter fall­
ing on the region of the retina to which 
it is jOined. 

"2. When such excitation .... arrives 
each unit will pass on a pulse down 
what will be called a final common 
cable. It also will excite its neigh­
bor .... Therefore when a contour 
is projected on the two-dimensional 
array . . . . a message conSisting of 
one pulse will be passed down the final 
common cable by each cell or unit on 
which that contour lies . . . . 

"3 Second, the contour will excite all the 
cells which lie next to it on the two­
dimensional array. These will pass 
the excitation on to their neighbors ... 
The assumption is made that a cell 
will pass on its excitation at right 
angles to the contour of which it hap­
pens to be a component ... 

"4. As such lateral excitation from a 
point in a contour advances another 
pulse will be sent down the final com­
mon cable as soon as it coincides with 
another point in a contour imposed on 
the two-dimensional array. 

"This message down the final common 
cable will at each moment give a measure of 
the number of points thus brought into coinci­
dence. . . Thus the message for any rectangle 
will consist of three sharp volleys, the pro­
portions of the last two being governed by the 
ratio of the longer to the shorter sides." 

The present paper reports the results of 
preliminary investigations of a particular 
variation of this Deutsch model. This model 
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was developed with the following objectives 
in mind: 

(a) it will consist of mechanizable proc­
esses but avoid extensive computational, 
housekeeping, feature-extraction, and stor­
age requirements. 

(b) It will successfully recognize a cer­
tain number of categories of abstract shapes, 
together with large numbers of Size, posi­
tional, and certain rotational variants for 
each such shape, and it may exhibit some of 
the anomalies with respect to rotational 
transformations observed by Sutherland. 

(c) It will be useful for some practical 
applications, e.g., for closed vocabularies of 
selected shapes which are carefully drawn 
or deliberately constrained, as might be the 
case for stylized schematic drawings. 

3. OPERATION OF THE MODEL 

In this particular model for shape recog­
nition, the principle used ,is that of fired-cell 
coincidence counting with respect to the pro­
jection of excitation from given contour­
indicating cells against the cells which are 
also members of contours. A retinal mosaic 
or quantization grid in the form of a recti­
linear array is assumed. Each cell has eight 
immediately adjacent neighbors and there are 
eight possible directions for a straight-edge 
contour line. 

For convenience, we will make certain 
simplifying assumptions and we will defer 
for later discussion questions of noise, reso­
lution, effects of quantization, and the matter 
of multiple shapes distributed in the input 
pattern field. However, shapes entirely within 
other shapes can be handled one at a time. 
We assume that correctly drawn shapes are 
imposed on a square array of n x n units of 
size; that the line width is approximately 
equal to the width of a cell, or resolution unit, 
and that input patterns are at least several 
resolution units in size. We require a space 
free of objects (i.e., a border) in order to 
determine the background color. Thus only 
shapes which can be inscribed in ann-2 x n-2 
area will be processed consistently. Means 
for detection of contour-membership (such 
as those described by Babcock [2]) are as­
sumed to be included in the scan-mode oper­
ation, described below. 

In the scan-mode operation, horizontal 
and vertical scans are made with an individ­
ual scan-line for each row and each column 
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of the array, in both directions, as shown in 
Figure 1/:' The scan-mode activities shown 
in Figure 1 proceed alo,!!e; each scan-line 
until a first "black" cell>;'''' is encountered. 
This is a contour-indicating cell. Whenever 
a scan-line reaches such a cell, it stops. 
Otherwise the scan-mode activities proceed 
along that line until the border of the field is 
reached. 

In example (a) of Figure 1, no cells have 
as yet been identified as contour-indicating 
cells. Example (b) indicates the status as of 
this initial step, plus one.t At this and in 
succeeding steps, precisely those cells which 
are the first blacks with respect to the scan­
line along which they were reached will "fire. " 
This firing is illustrated in the examples of 
Figure 3 by the dots superimposed on the 
appropriate shaded (input-pattern-affected) 
cells. 

As we have noted, scan-lines which encoun­
ter a contour-indicating cell will terminate 
at this point. For this reason, in this par­
ticular model of shape recognition, it is clear 
that the resultant activity based on fired cells 
will be the same for either a solid or an out­
line shape, examples (e) and (f) of Figure 1, 
and for shapes entirely containing other 
shapes or noise. Some contour-indicating 
cells will be reached by more than one scan­
line, but in this model the effect is the same 
for both single and multiple encounters. 

Scanning and contour-detection operations 
are followed by contour-projection activities 
as illustrated in Figure 2. This contour­
proj ection activity will be initiated in any 
fired (contour-indicating) cell which has an 
immediately adjacent contour-indicating cell, 
and it will proceed at right angles to the line 
joining such neighbors. A line of two or more 

':'For purposes of illustration, the cells of 
the array are shown as displaced from. 
their im.m.ediate neighbors by one unit in 
all directions. 

,:o:'That is, the cell at the edge of the object 
with enough black im.pinging on it to m.eet 
the quantization requirem.ents, as sum.ing 
the background is white. For a black back­
ground, this would be the first "white" cell. 

tQuestions of the tim.ing and sequence of 
scanning are imm.aterial because cells 
fired by the scan are counted only after' 
completion of scanning and propagation 
activities. Neither absolute nor relative 
tim.ing considerations are required for 
recognition in the present m.odel. 
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immediately adjacent fired neighbors thus 
defines projection ~ctivity for each in two 
directly opposed contour-projection "front" 
directions. These we categorize as "Left­
right" (ffLRft

), and so forth for the eight pos­
sible front directions, as shown in Figure 2. 

Each of the activated projection-lines 
proceeds until it reaches another contour­
indicating cell, at which time a tally of this 
coincidence hit is made in the appropriate 
directional category. It is to be noted that 
the projection-line encounter possibilities 
are not limited to the case of diametrically 
opposite contour firings. No tally is made if 
the border is reached by the projection­
propagation line without encounters occur­
ring. 

Further, only one coincidence hit per pro­
j ection line is allowed in this model (that is, 
in effect, we start proj ections from the 
borders of the field and register only the 
first encounter, if any, along a given activated 
line). For instance, although four cells are 
projection-activated in the from-left-upward 
direction in example (e) of Figure 2 (these 
four meet the requirements both of scan-mode 
first encounter and of co-fired neighbors), 
only the two lowermost become effectively 
active in this "front" direction. Example (g) 
of Figure 2 illustrates a case in which two 
different fronts are established in the same 
direction (for this example, the from-right­
upward), but in which no hits would occur in 
this direction. Figure 2 also gives the 
directional-counter hit-tallies which would 
occur for the appropriate ones of the projec­
tion-front-directions for the input patterns 
shown. Again, timing considerations are im­
material since fired cells remain active until, 
and use of counts takes place only after, the 
completion of all scanning and projection 
activities. 

Once the projection operations have been 
completed and all coincidence-hits have been 
tallied in the appropriate directional counter, 
the recognition-identification op era t ion s 
begin. These are based upon equality­
inequality comparisons for the number of 
coincidence hits tallied in the eight directional 
counters, taken two counters at a time. For 
instance, in the case of the square, examples 
(e), (f), of Figure 2, the results of such com­
pari sons which are necessary and sufficient 
to distinguish these squares from other shapes 
distinguishable by the model (Figures 3, 4, 
and 5, for example) are as follows: 
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(I) LR = un (15) LR f. RU 
(2) LR = RL (16) LR f. RD 

·(3). LR = DU (17) UD f. LU 
(4) UD RL (18) UD f. LD 
(5) un = DU (19) - UD f. RU 
(6) RL = DU -(20) -. UD f. Rn 
(7) LU = Ln (21) RL f. LU 
(8) LU = RU (22) RL f. LD 
(9) LU RD (23) RL f. RU 

(10) LD = RU (24) RL f. RD 
(11) LD = RD (25) DU f. LU 
(12) RU = RD (26) DU f. LD 
(13) LR f. LU (27) DU f. RU 
(14) LR i LD (28) DU f. RD 

Precisely these relationships will obtain for 
larger squares which have equal numbers of 
quantized units--pe..I' __ ~ide, whether outline, 
solid, -or- enclosing other-shapes. 

These results for equality-inequality com­
parison between the contour-projection 
coincidence-hit counters serve to distinguish 
an input pattern that is either a square or a 
diamond (45 0 tilted square) from other shapes 
such as those indicated in Figures 3, 4, and 
5. However, in order to distinguish the 
square from the diamond, if desired, it is 
necessary to provide a tie-breaking decision 
based upon the number of contour-projection 
directional counters which have non-zero 
tallies. ~hat is, all eight counters will have 
tallies-in the case of the square::c, but in the 
case of the diamond only the four diagonal 
counters will have tallied hits):c*. Some of the 
other pairs of shapes shown in Figure 3 can 
be distinguished from each other only by the 
tie-breaking check of the number of counters 
having non-zero tallies for the given input 
pattern. 

The hypothetical model, operating as de­
scribed' above, has been checked by manual 
simulation against a variety of geometriC 
shapes constructed of straight-line segments 
crossing near the centers of affected cells, 
specifically including the shapes shown in 
Figure 3. Obviously, shapes that can be 
separately discriminated from each other 
may also be grouped into sub-sets in various 
ways. Such grouping possibilities may be 
used to treat as equivalent the members of 

):cWith the TIlinor exception of the square that 
has only two resolution units per side, to be 
discussed later. 

):o:cSee Figure 6, exaTIlples (c) of Cases I and 
II, and exaTIlples (a) of Case I and (b) of 
Case II, respectively. 
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Figure 3. Example s of Shape s That Can be Separately Identified 

particular sub-sets chosen as categories of 
shapes which may be of interest, such as 
those shown in Figure 4. Categories such 
as those of Figure 4 may be further regrouped 
in various other ways. For example, we 
might require different responses for the 
tilted right angles and the "up right" single­
line right angles shown in Category IX, but 
assign the same output response requirement 
(i.e., "upright right angle") both to the latter 
and to the members of Category X. 

Once decisions have been made as to 
grouping, the recognition logic may be based 
either on all 28 comparisons (made sequen­
tially or in parallel) plus the 8 tie-breaking 
checks for number of counters with non-zero 
counts, or on shorter paths through adecision­
tree network or equivalent decoding matrix 
in which the results of one comparison deter­
mine which of the other comparisons need 
also be made. Recognition-decision paths 
chosen to eliminate redundancy for a partic­
ular set of shapes may be selected on the 
basis of systematic procedures such as those 
suggested by Gill [16] or Glovasky [17], or on 
a trial-and-error basis specifically including 

the possibilities of reward-reinforcements 
for "learning" from experience with various 
"teaching" examples. 

A typical set of trial-and-error decision 
paths is shown in Figure 5, in the form of a 
computer program flowchare:~. This was 
determined from observation of results for 
various sizes, proportions, and 45 0 rotations 
of the 20 categories of shapes shown in the 
output boxes. These categories represent a 
further illustrative grouping of sub-sets of 
shapes, where a given shape may (double out­
line or solid "L ") or may not (triangle) be 
given the same output response assignment 
as one or more of its rotational transforms. 

An alternative output response, "other," 
is also shown in Figure 5, but in general it is 
presupposed that recognizable input patterns 
belong to some one of the indicated shape 
categories and that they are reasonably care­
fully drawn to meet the constraints implicit 

':~In Figure 5 and later figures, the notation 
(x) -:f 0 means "exactly x of the eight coun­
ters have non-zero tallies." 
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in the system. Within these limiting condi­
tions' this program (or an equivalent coinci­
dence-gating network) would make a very 
high per c en tag e of correct recognition­
decisions regardless of size, position, and 
certain rotational transformations. However, 
in some cases, especially for some shapes 
(e.g., double outline or solid "V" and ''Un) 
not included in the groups of recognizable 
categories in Figu;res 3 and 4, anomalies and 
ambiguities will occur for 'certain critical 
sizes or proportions. 

4. AMBIGUITIES, ANOMALIES, AND 
PROBLEMS OF PRACTICAL 
APPLICATION 

Some of the anomalies and ambiguities 
observed in the model are illustrated in Fig­
ure 6. In each of the cases shown in Figure 6, 
example (a) is ambiguous with respect to ex­
ample (b), but not so with respect to example 
(c). Case Iof Figure 6 involves the exception 
previously noted that a square of the minimal 

size that is identifiable in the model (i.e., two 
cells or resolution units per side) behaves 
as though it were a "tilted square," or dia­
mond. We consider this case one of anomaly, 
since if we wish to treat the 45 0

, 90 0
, etc. 

rotational transforms of a given shape as 
being the "same" shape, there would be no 
problem. We reserve the term "ambiguityft 
for cases in which aparticualr shape is con­
fused by the model with a shape belonging to 
an "obviously" diff'erent category. Case II of 
Figure 6 illustrates a perSistent ambiguity of 
the cross and the diamond. 

Figure 6 next shows (Case m) the special 
case of the triangle which has 3x3x5 dimen­
sions after quantization. This presents the 
anomaly that the mirror images cannot be 
distinguished from each other, whereas for 
larger triangles of the same type thisdistinc­
tion may be made if desired. It is therefore 
an example of anomalies occurring at a cer­
tain critical size. Other cases such as the 
ambiguity of the double outline or solid "V" 
with the pentagon, and the anomaly with 
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Figure 6. Examples of Ambiguity and Anomaly 

respect to mirror-image discriminability for 
some, but not all, ''Uff-shaped figUres, are 
related to critical proportions. Mirror-image 
indistinguishability for other shapes, such as 
the oblique rectangle, are persistent. 

We have hitherto assumed that the cells 
(resolution units) are approximately equal to 
the width of a single line, but it is to be noted 
that for other levels of resolution, many of 
the same anomalies and ambiguities would 
appear, as shown in several examples of Fig­
ure 7. They are related to critical s~ze or 
critical proportions in terms of the resolution 
units used. 

Figure 7 illustrates some of the effects of 
quantization for various levels of resolution. 
The first example shown is that of the effect 
of quantization which explains the anomaly 
previously to be noted in Figures 3 and 4 for 
the case of the triangle having, after quanti­
zation, dimensions of 3x2x2 resolution units. 

This will be confused withany single line "T" 
whose cross-bar is oriented in the same di­
rection as the hypotenuse of this triangle. 

It will be noted from the examples of fig­
ure 7 that, for resolution appreciably coarser 
than the width of the single line, additional 
ambiguities will appear unless microposition­
ing constraints are imposed. For example, 
in situations where the resolution level differs 
appreciably from the width of the single line, 
or, in any case to insure sufficient accuracy 
of free-hand construction of input patterns 
which would be consistently recognizable, we 
might insist that the lines or boundary edges 
must cross the centers of units correspond­
ing to the resolution units used for quantiza­
tion. 

With respect to noise, it is to be noted that 
random noise entirely included in a shape 
has no adverse effect on the recognition of the 
shape in which it is included. Protrusions 
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sufficient to cause the quantization threshold 
to be exceeded in adjacent cells external to 
the proper contour will obviously result in 
incorrect recognitions in many cases. Ex­
ternal random noise which does not occur on 
any scan-line that is involved for a given 
shape will not interfere with recognition of 
that shape, but will behave, if large enough to 
meet the quantization requirements for one 
or more cells, as a case of multiple patterns 
in the field. 

It is obvious from the examples shown in 
Figures 6 and 7 that certain limiting condi­
tions must be met if this particular recogni­
tion model is to give conSistently accurate 
performance for the shapes it can discrimi­
nate with respect to each other. First is the 
restriction that the input patterns to be rec­
ognized must be so drawn or so processed 
that shapes recognizable as the same shape 
retain the same geometriC properties (with 
respect to the centers of resolution units 
affected) after quantization as before. This 
may be achieved either by pre-centering (by 
crossing the centers of units proportional to 
resolution units when the original input pat­
tern is constructed), or by subjecting the 
input pattern to image improvement opera­
tions including straight-edging and clean-up 
processes where the straight-edges applied 
must conform to an appropriate 45 0 slope 
through the centers of immediately adjacent 
resolution units or by slight jittering or 
shifting so that lines or edges do cross the 
centers of as many affected cells as possible. 
A second restriction is that input patterns to 
be consistently recognizable must be at least 
two, and preferably three, resolution units 
long per contour side. 

The third restriction in the present model 
is that the members of the set of shapes to 
be separately recognized must be distinguish­
able from each other in terms of specific 
functions of the 28 equality-inequality com­
parisons and the 8 tie-breaking possibilities 
using the exact number of counters that have 
non-zero counts. For instance, the diamond 
and the cross (Figure 6) cannot both be in­
cluded in such a set. As we have noted pre­
viously, however, the model provides a means 
for detecting whether or not large numbers of 
possible other shapes would be ambiguous with 
respect to any of the members of a particular 
set. ThiS, in Figure 8 are shown two arbitrary 
shapes constructed by a Monte Carlo Tech­
nique. These shapes, for example, are not 
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ambiguous with respect to any of the shapes 
shown in Figures 3, 4, or 5. ~:~ Moreover, by 
determining what other connected cells {cells 
marked "1", "2", "3",etc., in Figure 8) would 
not change the counter tallies if they were 
also black, large families of shapes, none of 
which would be ambiguous with respect to the 
members of the reference set, but all of 
which would be ambiguous with respect to 
each other, can be defined. Alternately, for 
any given shape investigation of connected 
cells which if black would change the coun­
ters ~:~~:~ detects large families of shapes that 
are non -ambiguous with respect to that shape, 
although they mayor may not be ambiguous 
with respect to one another. 

The three limiting conditions, taken 
together, certainly restrict the area of pos­
sible practical application of this particular 
model for abstract shape recognition. The 
first two conditions, however, can be satis­
fied if the preparation of input patterns (man­
ually or otherwise) is suitably constrained. 
The third restriction as to the closed vocab­
ulary or alphabet of shapes that can be sepa­
rately identified, moreover, does not mean 
that the closed set need be small. On the 
contrary, if we accept the first limiting con­
dition, and insist further that acceptable pat­
terns must be at least three resolution units 
long per contour line, that they must be ap­
proximately straight-line figures, and that 
they conform to the required angular resolu­
tion, the closed vocabulary may include many 
members of the set of non-contradictory 
combinations of the 28 counter comparison 
results. Each such member may also involve 
an appreciable fraction of the lower limits of 
Fain's [12] estimate for the number ofpossi­
ble size, position, and rotational variants. 

If we consider the non-anomalous cases 
of Figures 3 and 5, the number of separately 
identifiable shapes will approach at least 
60-70 different responses. This means that 
a closed alphabet set with at least as many 
members as a set comprised of upper and 
lower case alphanumeric characters can be 
used, for example, for the encoding of results 
of the subject content analysis of items to be 

~:~That is, with re spe ct to the 28 counter com­
parisons. Additional or different de cis ion 
points may be required in a Ie s s redundant 
recognition logic such as that of Figure 5. 

~:~~:~E.g., some of the cells marked with an "X" 
in Figure 8. 
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Figure 8. Determination of Additional Distinguishable 
or Indistinguisable Shapes 

stored in a selection and retrieval system in 
a form directly readable by machine. Some 
at least of the members of this set (e.g., 
hexagons, pentagons, right-angled isosceles 
triangles) might well have greater associative 
value than alphanumerics, both upper and 
lower case, especially for such cases as 
chemical structure or circuit diagram repre­
sentations. This set may be extended to 
include additional random shapes checked-out 
for non -ambiguity with respect to the other 
members, in accordance with the procedure 
previously indicated. Further, for a given 
recognition set of non -contradictory func­
tions for the 28-coincidence counters and the 
8 tie-breakers, additional specific functions 
may be found which lead to shapes that can 
be easily constructed within the constraints 
and which would still be readily distinguish­
able to the human eye as well as to the 
machine. These, by suitable provision for 

simultaneously - occurring multiple - pattern 
processing, may be linked together in various 
ways. 

Such possibilities for application of the 
model therefore pose the problems of more 
than one shape Simultaneously present in the 
field. If a shape is entirely included within 
another shape, it may be separately processed 
in an erase-repeat-scan operation. For ex­
ample, after processing of the outer shape, a 
second scan - mode operation might be initiated 
in which cells fired in the first scan will not 
refire in the second scan but cells which are 
the next inmost neighbors will if they also 
present boundary discontinuities with respect 
to the background. Alternatively, the second 
scan-mode operations might, on re-encoun­
tering cells fired on the first scan, reverse 
the background-field-determination require­
ments (that is, treat previously fired cells as 
border-zone cells) and proceed as before. 



In the case of multiple patterns not included 
one within another, we would assume that 
there are means to detect the presence of 
more than one object in the input field (e.g., 
blob-counting techniques such as those de­
scribed by Kirsch, et aI, [24] or the "numa­
tete" mechanism discussed by Babcock [2]) 
and that, for example, each detected pattern 
can be isolated in an envelope to which scan 
and projection operations would be applied 
as though the envelope were the entire field. 
With added logic, determinations of relative 
position of one pattern with respect to another 
occurring simultaneously in the field might 
also be made. Decisions with reference to 
direction and distance between, or compara­
tive size of, two or more distinct input pat­
terns obj ects in the input pattern field would 
obviously involve more sophisticated logic. 

5. IMPLEMENTATION CONSIDERATIONS 

The first consideration with respect to 
possibilities for implementation or instru­
mentation of the model is that of preparation 
or construction of shapes to be used as input 
patterns. In possible applications such as 
the recording of results of subj ect content 
analysis, we might provide the analyst with 
forms having preprinted dots so arranged as 
to conform to resolution unit centers and ask 
him to "connect-these-dots" with reasonably 
straight lines. Alternatively, various mark­
sensing techniques could be used in conjunc­
tion with the filling-in or crossing of pre­
printed boxes (e.g., the preprinted boxes of 
mark-sense punch cards). 

Without such constraints, we must assume 
a resolution level appro~imately equal to the 
line width (this is not unreasonable and is 
found in many available scanning devices and 
in optical character reading equipment), or 
else that micro-registration uncertainties 
can be resolved. We would also assume that 
the input patterns are carefully drawn or are 
produced mechanically as by a printing 
device. Various image enhancement, noise 
reduction, edging and clean-up operations 
are available in existing equipment, but they 
require other devices than are implied by 
our present model. 

This model requires as minimum compo­
nents mechanisms for the following: 

(a) Detection of a color-contrast pattern 
(e.g., black-on-white or white-on­
black) quantized in a rectilinear array 
(e.g., an array of photocells). 
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(b) Scanning for contour cells in the pat­
tern, (e.g., by exclusive-or process­
ing for black cells encountered by 
scan-lines). 

(c) Detection of a coincidence hit for a 
particular cell with some other cell 
which is along a line through neigh­
bors, under conditions as previously 
discussed. 

(d) Eight coincidence-counting devices of 
n-2 tallying capacity for the n x n 
array. 

(e) Making of 28 equality -inequality deci­
sions with respect to the tallies stored 
in the coincidence counters. 

(f) Determination of the number of coin­
cidence counters which have been 
activated (i.e., have non-zero counts); 

(g) Connection of the results of the 
equality-inequality comparisons and 
the number of counters with non-zero 
counts tothe desired output responses. 

Figure 5 presents a redundancy-reducing 
technique for instrumentation of means (g). 
It also suggests an obvious method for imple­
mentation of a complete version of the model­
that of simulation by computer. In such case 
we would assume either a direct input from 
a scanner attached to the computer, such as 
the SADIE device for SEAC [24], or an input 
such as a punch card with holes fol' cellsthat 
would be black for a gi ven pattern, or a 
machine-generated input. 

Obviously, however, we do not need the 
power of a programmed general-purpose 
computer, nor of any extensive computational 
procedures, to achieve the results indicated 
by the theoretical model. Instead, the ele­
mentary logic required can be achieved by 
relay networks, COincidence-gating networks, 
or matrix correlation techniques of various 
types. The latter might include the use of 
movable connections such as pluggable jumper 
wires, as proposed, for example, by Fitch [14], 
in a patent for alphanumeric character read­
ing equipment. Such re-arrangeable connec­
tions might be used by an operator-observer 
to minimize decision-tree paths for a partic­
ular set of recognizable shapes, to increase 
or decrease the sensitivity with respect to 
rotational transformations for shapes in which 
these can be distinguished, and to check-out 
and add new members to the set of identifiable 
patterns. 

A third possible method for implementa­
tion of the model would invol ve the use of 
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various parallel-processing devices, such as 
the spatial and pattern-detecting special com­
puters suggested by Unger [40] and Kament­
sky [23], associative memory devices, or 
iterative circuit machines. Various simple 
operations are suggested by Holland [21] for 
his iterative circuit modules-path-building, 
path-erasing, module-special-status marking 
or changing either by input or as a result of 
internal 0 per at ion s, addition, equality­
inequality comparisons. These are well­
suited to the recognition procedures we have 
suggested, but much less so to more com­
plicated computational and housekeeping re­
quirements involved in more sophisticated 
schemes. In particular, the built-in possi­
bilities in the proposed Holland machines for 
determining lines of neighbors and for locat­
ing operands at the terminals of various 
branches of a path are of interest. 

6. CONCLUSIONS 

The results of preliminary investigation 
of a particular version of contour-projection 
prinCiples in abstract shape recognition have 
been reported. These results show that some 
geometriC shapes, constructed in accordance 
with constraints which have been discussed, 
can be consistently discriminated. The num­
ber of such shapes that can be constructed 
and recognized would appear to provide a 
non-trivial vocabulary for possible special­
purpose applications. The results to date 
also suggest various possibilities for further 
investigation. 

Consideration might be given tothe incor­
poration of the present model into a more 
complex system. Thus, if recognition-results 
with reference to a rectilinear array were 
coupled with results with respect to an array 
arranged hexagonally, the vocabulary could 
be extended to include shapes having lines or 
edges at 60° intervals. A system that incor­
porates use of the actual values of the tally 
counts, of the direction of inequalities, or of 
relative-time-of-encounter determinations, 
would obviously have conSiderably more ver­
satility, both in resolving anomalies and in 
detecting comparative size, such as a "large 
square" and a "small rectangle. t! 

Improvements to the present model and 
alternate versions would also be considered. 
For example, other versions in which scan­
line contour-detection proceeds in eight 
rather than four directions, or in which the 

possible coincidence-bits for a given projec­
tion line in a particular direction are not 
limited to first encounters, would obviously 
give different results, for instance, for some 
solid shapes by comparison with outline rep­
resentations of the same shape. Incorpora­
tion of determinations as to which particular 
counters are non-zero would resolve certain 
of the anomalies and ambiguities observed in 
the present model. The finding that both 
mirror-image ambiguity and mirror-image. 
discriminability occur, in many cases with 
particular reference to critical size or 
critical proportions, may suggest further 
shape-discrimination e xp e rim e n t s which 
might be tried with lower-level living 
organisms. 

Finally, there is an implication that per­
ception-models of this type might be consid­
ered in simulated learning or self-organizing 
system ex per i men t s. Stimulus-response 
learning models which involve recognition 
means directly related to the specific recep­
tor cells affected by a given input pattern can 
be developed so as to provide some degree of 
overlap generalization, [13, 31] by exposure 
to a number of samples. If, instead, we as­
sume that stimulus-response reward rein­
forcements are applied to initially random 
links between response cells and "associa­
tion" cells which indicate or are directly 
related to equality-inequality comparison 
results for contour-coinCidence, it is obvious 
that experience with only a few "squares" 
can be generalized to successful recognition 
of very large numbers of other squares. 
Moreover, such squares can be distinguished 
from large numbers of other shapes which 
meet the limiting conditions described. Like 
the octopus, however, this particular model 
would, apparently never learn to distinguish , 
between an oblique rectangle and its mirror 
image. 
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CHRYSLER OPTICAL PROCESSING SCANNER (COPS) 

A Character Recognition System Which is Independent of 
Character, Translation, Size or Orientation 

D. N. Buell 
Chrysler Corporation 
Centerline, Michigan 

ABSTRACT 

A character recognition system is described which incorporates a 
lens-and-retina input and a relatively simple computer, The system op­
erates effectively with the image focused anywhere on the retina and may 
operate so as to be independent of image, size or orientation. 

The characters which maybe unambiguously, discriminated are those 
which have distinct transform functions T~:~. A simple algorithm is given 
for obtaining T~:~ for both curvilinear and rectilinear figures. Examples 
are given and possible means of resolving the ambiguities discussed. 

The Transform of a Pattern 

INPUT INPUT 

This paper describes the conceptual mech­
anization of an optical scanner designed to 
accomplish a specific, well defined task. After 
the machine is described, there is given a brief 
discussion of processes, events and compo­
nents which form apartofthepsycho-physio­
logical visual system. It appears that there 
are, at least superficially, a number of ana­
logous concepts. 

PR EP ROCESSOR 

Computers designed to recognize patterns 
may take either of the forms shown in Figure 
1. Some preprocessing on the inputs results 
in a transform (the round dot in the Figure). 
It is this transform which is identified or 
recognized by the computer. Usually, the 
transform is a binary number. The number 
may be identified as such, existing in some 
specific registers in the machine, or it may 
be phYSically or logically distributed, and 
represented by the binary 0 - 1 state of sev­
eral elements of different circuits. But, in 
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LOGIC CIRCUITS 
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Figure 1. Diagrams of generalized scanner 
principle s illustrating that identification is 
based upon a transform of the input, rather 
than the input itself. 
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either case, it is this number-this trans­
form-on which the identification or recogni­
tion logic operates. 

The two schemes shown here are, per­
haps, only different diagrams of the same 
functional blocks. In any case, it is the in­
tent of this paper to discuss a class of pre­
processing operations and the transforms 
which they produce. It is taken for granted 
that if a binary number exists in the ma­
chine which contains sufficient information 
to discriminate the pattern of tbe input, then 
logical operations can be formulated to pro­
duce as output a signal identifying the pattern 
presented. But the form of the transform 
function is important because it has a strong 
influence on the capacity of the memory or the 
complexity of the logic required for recog­
nition. 

The preprocessing includes, typically, an 
optical-to-digital transducer system, a mag­
netic reader, or an acoustic-to-digital trans­
ducer system. It may, also, include certain 
logical operations on the digital data. And, 
of course, it may use an analog, rather than 
digital techniques. 

The Chrysler Concept 

Figure 2 shows the system which is to be 
discussed. We are concerned with producing 
a transform; that is, a group of digital bits 
which can be uniquely associated with the 
character presented. 

For some applications, it would be nice to 
associate the characters in Figure 3 as being 
alike and to produce the same set of binary 
bits as the transform for each of them. 

More formally, it would be nice to have the 
machine identify a square form, regardless 

CHARACTER 

/ENS 
~ 

PHOTORECEPTORS 

RETINA 

OUTPUT 
(TRANSFORM 
FUNCTION) 

Figure 2. Schematic of generalized optical 
scanner. 

• Figure 3. Typical characters which should 
be identified as similar by a form-perceiver 
which is not affected by size of orientation. 

of its size, its orientation, or the location of 
its image on the retina. 

In other cases, however, these differences 
are as important as the form. If the machine 
scans the equation at the top of Figure 4, it 
will see 12 separate symbols, but these 
are made up of only 4 forms, (A, Bar, 6, and 
dot). 

A:=16.9· AI 
AA A-16 9· CHARACTERS 

011010 110111 000100 111010 

FORM SIZE ORI ENT A TION LOCATION 

A -
6 . 

Figure 4. A typical equation to be scanned, 
and a hypothetical transform in which dis­
joint sets of bits discriminate form, size, 
orientation and location of the image. 

If we can generate a transform (shown 
conceptually as a binary number in Figure 
4), in which certain digits are identified with 
shape or form, others with Size, some with 
orientation, and still another set with loca­
tion, the logical operations of recognition will 
be much Simplified. The number of shapes 
which must be memorized by the machine 
will be substantially reduced. It is not the 
intent here to justify the desirability of having 
disjoint sets of bits, each set associated with 
some property of the character. There 
is enough literature on the subject al­
ready, both in the computer field and in the 
psychological analysis of human percep­
tion. 
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To a limited degree, the system to be de­
scribed does just this. Of course, this is not 
the whole problem. A general purpose pattern 
recognizer may be confronted with Figure 5 
and must recognize not only the similarities 
but also the differences between these sets of 
characters. 

T T T T T 
Figure 5. A typical problem for a general 
pattern recognizer which should discrimin­
ate both the similarities and th~ differences 
in the sets of figures. 

But, even though it doesn't do everything 
that might be asked of it, there seems to be a 
measure of utility in the system shown in 
Figures 6 and 7. Here a part of the pre­
processing is done optically. An optical wedge 
is rotated so that the image is caused to nu­
tate on the retina. The wedge driver motor 
also drives a commutator which puts out tim­
ing signals. The circuitry is shown in Figure 
7. . 

WEDGE DRIVE MOTOR 

Figure 6. The conceptual arrangement of the 
Chrysler Optical Processing Scanner. 

A 

Transfarm Caunters 

Figure 7. Schematic circuits of the Chyrsler 
Optical Proce s sing Scanner. 

Each of the n photo receptors in the retina 
is connected to a differencing circuit or 
"flicker filter," (Symbol F), which compares 
the signal now with what itwas an instant ago 
and emits a pulse if they are different. These 
pulses are connected to one large bank of OR 
gates. The output at Point A, Figure 7, is one 
pulse every time anyone of the receptors 
changes state. The number of receptors and 
duration of single pulses are such that the 
overlapping of signals from two receptors to 
form a single output pulse at "A" is statis­
tically a rare event. The effect is ignored. 
The m timing signals direct traffic of these 
pulses so that, for the first increment of ro­
tation of the wedge, the pulses are accumu­
lated in Counter No.1, the next increment 
of rotation reads pulses into Counter No.2, 
and so on. If there are 180 counters, each 
will, after 180 0 of wedge rotation, have 
counted the flickers during 1 degree of travel. 
The counters are emptied every 180 0

• 

The counter readings may be plotted as 
in Figure 8. The curve these pOints repre­
sent may properly be called a transform of the 
character which generated it. It is denoted 
as the T* transform. 

Two kinds of differences exist between a 
real transform and an ideal one. In the left 
half of Figure 8A is shown the result of using 
an infinitely divisible retina and a finite num­
ber of counters. The curve is approximated 
by a step function, but no better approxima­
tion is possible without using smaller incre­
ments. In the right half of the same Figure, 
both a finite size and a number of retinal 
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A. The effect of a finite num­
ber of counters. 
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B. The effect shown in "A", 
together with the effect 
of a finite retinal matrix. 

Figure 8. Real transforms (A) and idealized transform (B), generated 
by Chrysler Optical Processing Scanner. 

elements and a finite number of counters are 
used. The approximation is somewhat more 
irregular. 

In what follows the idealized transform in 
Figure 7B is discussed. It is assumed that 
there are infinitely many retinal elements 
and counters. The degree of approximation 
permitted in a real machine will depend on 
the job it has to do. 

The T* transform in the counters :tnay be 
cyclically shifted, as shown in Figure 9, un­
til the smallest value lies in Counter No.1. 
The result is denoted as the T R * transform 
of the character. If after this operation.each 

T* Transform 
Counters 

TR Transform 

Counters 

TN Transform 

Counters 

Figure 9. Shift-and-divide operations which 
generate the T R ~( transform (invariant with 
respect to character rotation) and the TN ~:( 
transform (invariant with respect to size). 

counter is divided by the number in Counter 
No.1, a T*N transform is produced. 

With this description of the system in 
mind, we can now begin to discuss its charac­
teristics. The machine description above is 
entirely'conceptual. It must be emphasized 
that such terms as wedges, counters, com­
mutators, et al are only convenient terms for 
description; the hardware of a real scanner 
would be functionally the same, but phYSically 
far different. 

Discriminability and Invariance 

The transform of a circle is a horizontal 
line, (Figure 10). The rate at which the circle 
covers and uncovers the receptors as it nu­
tates is constant. 

The transform of a square is proportional 
to / sin e + cos e /, where e is the nutation or. 
phase angle; with a reference established by 
setting e = 0 at the time the pulses begin to 
accumulate in the first counter. 

Since the transforms are different, at least 
these two characters can be discriminated. 

Consider next the two characters in Figure 
11. The transforms of these two characters 
are identical, except that one is out of phase 
with the other by an amount equal to the dif­
ference in angular orientation. But in the 
computer, the TR* transforms will both have 
been shifted (by different amounts) until they 
have the same position in the counters. 
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Figure 10. Two simple characters which are 
discriminated. The T* transform of a circle 
is a horizontallinei for a square, it is a (sin 
e + cos e). 

T 
Figure 11. Two characters having distinct T* 
transforms, but identical T)rR transforms. 

Therefore, the T R * transforms of these two 
characters are identical. If we wish to com­
pare the transforms with a number of pre­
stored bits, one set of bits in the memory 
will match either character. 

But if, in the shifting of the transforms in 
the counters, we count the number of shifts 
performed to bring the minimum counter 
reading into the first counter, the result is 
a number which gives a measure of the orien­
tation of the character of the retina. 

In Figure 12, one more vari~ple is intro­
duced-size. The larger figure will "sweep 
out"-Le., cover and uncover-more recep­
tors and produce more flickers than the 
smaller one. And the number of flickers 
generated will be linearly proportional to a 
linear dimension of the characters. But, in 
generating the normalized transform, T* N , 
every ordinate of the T R * transform (or every 
counter reading) was divided by the minimum 
value. The result is that Counter No.1, which 
holds the minimum value, reads "1", for both 
transforms-and the TN* transforms of the 
two characters are identical. 

T 
Figure 12. Two characters having distinct 
T*R transforms, but identical T*N transforms. 

The information as to the size of the image, 
however, need not be lost. The reading in 
Counter No. 1 of the T*R transform gives a 
measure of the size of the character. 

The foregoing results are stated more 
formally in the Appendix. 

At this point, we may summarize the prop­
erties of the scanner, as in Figure 13. The 
form of a character generates a group of bits, 
T*N' which are identical for all Sizes, orien­
tations and locations on the retina. It is truly 
a measure of form or shape only, unaffected 
by the other three properties. 

Form 

T* N 

Size 

Counter #1 

TR 

Orientation 

Shift Count 

T* to TR 

Location 

, 
• 

Figure 13. Summary of the specific trans­
form bits associated with form, size, and 
orientation. 

The orientation of the character is given 
by the count of the number of shifts to bring 
the minimum reading into Counter No.1. 
This orientation has no meaning if we wish 
to compare the orientation of Character A 
with Character B. It is only meaningful in 
comparing the orientation of 2 A's, one of 
which can, of course, be a standard which is 
displayed erect and stored in the memory. 

The size of a letter, measured by the entry 
in Counter No. 1 of the T*R transform like­
wise does not compare the size of an A with 
a B, except, perhaps, very approximately. 

In this device, then, it appears that the 
perception of form is independent of the other 
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parameters; the others are not, however, 
completely independent of form. 

It is patently impossible for the systems 
described to provide a measure of the loca­
tion of the image. The processing takes note 
of how many receptors flicker and at what 
time during the nutation cycle. Nowhere is 
there any information as to which receptors 
change state. This is not the only deficiency 
in the device. 

Two characters, which are the same ex­
ceptfor a 180 0 rotation, are not discriminable. 
This is evident from the fact that the trans­
form is cyclic with a 180 0 period. For the 
same reason, we cannot distinguish a re­
orientation of the figure through 30 0 from one 
through 210 0 

• 

A second form of ambiguity arises because 
if two characters or parts of characters are 
scanned Simultaneously, the transform is the 
sum of the transforms of the two when scanned 
separately. This source of ambiguity may 
also be ascribed to the inability of the ma­
chine to sense the location of an image, or 
part of an image, on the retina. 

These two ambiguities are illustrated in 
the next two Figures. Figure 14 shows fig­
ures which are ambiguous due to 180 0 ro­
tation -polar symmetry. 

(I ) 

6 ...!.... 9 

Symbol I denotes two charactors 
which have equal transforms. 

Figure 14. Examples of characters not dis­
criminable (by the basic flicker-count cir­
cuits) because of polar sy:m:metry. 

Figure 15 shows figures which are am­
biguous because they are each the sum of 
the same elements, the elements being lo­
cated differently with respect to each other. 
An element is defined as a boundary between 
a black area and a white one. 

A machine which cannot distinguish a 6 
from a 9 is somewhat limited in its usefulness. 

A -• -
• - C -• • - -
5 -• -

Figure 15. Examples of characters not dis­
criminable (by the basic flicker-count cir­
cuits) because of failure of these circuits to 
provide image-location information. 

The obvious question is how to add necessary 
circuits without lOSing the desirable charac­
teristic that form, size and orientation are 
separately identified; and, also, without com­
plicating the circuitry by trying to recognize 
which receptor is excited at a given time. 
-rn a 360 0 cycle, the number of receptors 
turned on will always equal the number turned 
off. It is evident, with a little geometric 
reasoning, that each receptor which is affected 
at all must in360° change state an evennum­
ber of times. But, consider the characters in 
Figure 16. These two characters have identi­
cal transforms, but in one case there are two 
changes-of-state in each affected receptor 
and in the other there will be four changes­
of-state in some receptors. A count of the 
number of receptors which change state four 
or more times b e com e s an additional 

Figure 16. Examples of characters discrim­
inable by counting receptors which have :mul­
tiple changes-of- state. 
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transform and provides the information 
which will distinguish these two characters. 
This scheme is, of course, in addition to, 
rather than instead of, what has already been 
described. 

There are other schemes-many of them­
which will assist in the discrimination of 
characters. Some of these schemes are 
better at resolving one form of ambiguity, 
others are better for other characters. Two 
of these will be discussed. 

Imagine a feed-back circuit associated 
with each receptor, such that when the re­
ceptor changes state its output is blocked 
for a short time interval. This has the ef­
fect of inhibiting the second of two flickers 
which occur too close together in a single 
receptor. Figure 17 illustrates the effect of 
this circuit on two otherwise ambiguous 
characters. The effect is to produce for the 
two characters transforms which are differ­
ent. The flickers which would normally be 
produced by the segments shown dotted do not 
appear when the dotted segments follow too 
closely the adjacent line. It is somewhat as 
if fillets were added, but these fillets vary in 
$ize as the image nutates and only appear at 
all when the nutational phase angle is in the 
appropriate quadrants. It is, therefore, feasi­
ble in principle to utilize the transform as 
modified by this device instead of the ones 
previously discussed. 

The next ambiguity-resolving scheme was 
derived from trying to make a 6 and a 9 funda-

Numbers Refer To Quadrants in Which 
Flicker Count Is Reduced For The 
Segment Shown. 

Figure 17. Examples of characters which are 
discriminable by circuits which inhibit the 
second ,two changes-of-state occurring too 
close together. 

mentally different by optical distortion. If the 
image formed on the retina results from re­
flection from a warped mirror, so as to pro­
duce distortion as in Figure 18, the polar 
symmetry disappears and distinguishable 
transforms results. However, the equivalent 
of optical distortion can also be produced as 
shown in Figure 19. The size and spacing of 

6 

9 

Figure 18. A (hypothetical) 
strategem for producing 
discriminable images from 
characters not discrimin­
able by the basic flicker­
count circuits by optical 
distortion. 

1 Square :!: 1 Receptor 

Figure 19. Schematic representation of a 
non-uniform retina which simulates elec­
tronically the effect of optical distortion. 

retinal elements is progressively diminished 
near the bottom of the retina. The effect is 
to increase the number of flickers produced 
by the lower half of the character exactly as 
if the image had been optically distorted as 
before. The transform can still be "normal­
ized" as before to produce invariance with 
respect to Size, location and orientation, al­
though the computations to do so are more 
complex than the simple shift and divide op­
erations described above. 
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This scheme suffers from the fact that the 
retina at the top must be fine enough to pro­
duce suffic iently smooth transforms, and finer 
still at the bottom. Consider the next modi­
fication in the sequence, (Figure 20). 

1 

I -

I 

Figure 20. Schematic representation of a 
non-uniform grouping of retinal elements 
which produces the same result as the retina 
of Figure 19, but without variable size or 
spacing of retinal elements. 

Here, a uniform retinalmatrix is usedand 
transforms are generated, as illustrated in 
Figures 6 and 7. In addition, taps from the 
receptor outputs are connected to additional 
circuits. Near the top, groups of receptors 
are grouped in these circuits so· that they be­
have as single receptors. To do this, the 
circuits effectively pass the flicker pulse 
associated with the first of the group to change 
state and then inhibit the remainder of the 
group from emitting pulses. In these cir­
cuits, therefore, the group acts as a s'ingle 
receptor. The effect of grouping receptors 
in this way is the same as if the optically 
distorted 6 or 9 had been focused on the 
retina and the characters are, therefore dis­
criminable. 

The number of variations and additions to 
the se concepts has not been exhausted in the 
descriptions above. For implementation in a 
generalized pattern-recognizing computer, 
several of these schemes may be combined. 

Further discussion of the ambiguities re­
sulting from the simple circuits and of means 
of resolving them is not fruitful without more 
rigorous mathematical formulation. It is 
pOSSible, however, to list a few of the trans­
form -generating schemes which may be useful 
for specifiC applications. 

1. Count the total number of changes-of­
state and read them into counters by the use 
of timing pulses. (This is the basic count­
and-sort arrangement described above-.)--

2. Count and sort the changes-of-state 
while the image moves off the edge of the 
retina. Alternately, after 1800 of motion, 
switch out or inactivate those receptors just 
ahead of the moving image so that, effectively, 
an "edge of the retina" is artificially pro­
duced. 

3. Count and sort separately the number 
of receptors which change state two, four, 
six or more times. 

4. Count the number of receptors illumin­
ated (or dark) at some instant. 

5. Number the rows of receptors, from I 
to U, and let each row generate a number of 
pulses r, such that r = f(U). Together, with 
normalizing circuits, this scheme provides 
one coordinate of the location of the image. 

6. Number the column, as in 5, to obtain 
the other coordinate for the location of the 
image. 

7. Countand sort only the first change-of­
state for each receptor in each cycle. 

Imperfect Patterns 

Some comment on the uncertainty in the 
shape or form to be recognized is appropri­
ate. The analysis has been based upon the 
assumption that characters to be recognized 
as identical were, in fact, congruent, pure 
black on a pure white background. 

Figure 21 shows an enlargement of typical 
characters from 12 point type. The irregu­
larities on a vertical outline will effectively 
increase the flicker count most during that 
portion of a cycle when the image is moving 
vertically. The result is to increase the 
flicker count-never to reduce it. 

Figure 21. A typical enlarged character, 
originally set in 12 point type, and illustrat­
ing characteristic irregularity of outlines. 
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Several "hole filling" or contour smooth­
ing techniques have been discussed in the 
literature. It appears possible that a rela­
ti vely simple strategem can be effective in 
systems utilizing image nutation, as is de­
scribed here. If the image is optically de­
focused, a gray outline is formed, like that 
of Figure 22. The lower figures represent 
the effect of equal blurring of the characters 
above. If the s e fuzzy character s were 
scanned, using autocorrelation techniques 
depending on which receptors were stimu­
lated above a given threshold, the thresholds 
or sensitivities would have to be very care­
fully controlled. Otherwise, the low bright­
ness gradient would magnify, rather than 
diminish, the irregularity of the border. 

Figure 22. A pictorial description of the in­
fluence of defocusing or blurring on a typical 
and a perfect letter. The blurred images 
are more nearly alike. 

However, consider an image moving nor­
mal to such a fuzzy edge. The receptors 
which are at the low end of the threshold tol­
erance would change state late, those at the 
high end early. Since we are simply counting 
the changes-of-state and don't care at all 
which receptors are involved, these effects 
tend statistically to cancel or "average out." 

During that portion of the nutation cycle 
when the image moves parallel with a fuzzy 
edge, low and high threshold receptors are 
likewise less likely to undergo unwanted 
changes-of-state. This technique is, in fact, 
akin to certain hole filling schemes, except 
that the filling is accomplished by distribut­
ing light from a point to adjacent points, 
rather than by distributing calculated prob­
abilities. 

The blurring of the image may also be 
created by other means, as by superposing a 
high frequency vibration on the lens-object­
image system, or by passing the image through 
a silk screen, or equivalent grid. This latter 

technique may be considered to be borrowed 
from the photographers who "soften" their 
portraits to remove harsh contrast. 

Nutation and Other Image Motions 

Mention should be made of the reasoning 
which led to the use of nutation as the image 
motion which is most effective. It is intui­
tively evident (and is simply derived mathe­
matically) that line segments of characters 
produce little or no flickers and hence do not 
input a Signature to the computer while their 
motion is parallel with the segment.· To pick 
up lines of character in any orientation, there 
should be some interval during which the 
motion is normal to every line. Nutation is 
such a motion. 

It may be more formally stated that no 
motion generate s a transform having more 
information content than nutation. There are, 
however, many motions which do as well. 
Any of these may be resolved into a nutation 
and some superposed motion. ConSider, for 
instance, the superposition of a lateral trans­
lation and nutation, which produces a net mo­
tion, such as is shown in Figure 23, for each 
point in the image. 

The translation adds or subtracts from 
the lateral (horizontal) component of nutation 
velocity. So long as the superposed lateral 
velocity V is always less than the velocity of 
the nutation, Rw, the image vector will, at 
some time during its cycle assume every 
direction from a + 00 to a - 00 slope. Such a 
motion produced no loss of information. So 
long as the superposed motion is known, the 
flickers it produces or inhibits do not subtract 
from or add to the information content of the 
transform. When such a superposed image 
movement exists, it may be found desirable 
to generate timing pulses of unequal duration. 

Figure 23. Sketch of the cycloidal path of an 
image-point over a retina which results 
from superimposing nutation and lateral 
translation. 
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It is, therefore, nearly as easy for the 
scanner to "read" a moving character as a 
fixed one. The capability for discrimination 
of images without bringing them to rest in 
front of the lens can be a useful asset for 
some applications. 

The technique of moving the image may 
b.e thought of as a sort of time-sharing of 
~ircuitry in which the switching is accom­
plished optically. Instead of connecting "edge 
autocorrelation" circuits to various receptors 
in sequence, the image is "connected" se­
quentially with different receptors in se­
quence. Thought of in this light, the optical 
wedge replaces the switching circuitry. 

Mirrors and Fiber Optics 

There are a few further strategems which 
may be used to reduce still further the num­
ber of logic blocks and receptors required. 
Not all of these can necessarily be used si­
multaneously. The choice of which to use 
depends upon the application. 

In Figure 24 is shown a character being 
nutated over a semi-circular retinal array 
of receptors. A system of mirrors is so ar­
ranged that as the image leaves the retina on 
top, its reflection enters below. The number 
of receptors and the circuits associated with 
each is halved. 

In Figure 25 is shown a different arrange­
ment. The matrix of retinal elem~nts is 
composed of the ends of optical fibers. The 

Figure 24. Sketch of the image formed when 
a mirror system is used to bring a reflection 
onto the bottom of a retina as it leave s the 
top so that fewer receptors are required. 

other end of the fibers carries light to the 
photo receptors proper. All of the fibers 
bearing the same number communicate to 
the same receptor. In the scheme shown, 
459 fiber ends are connected to 91 photo 
multiplier tubes. 

H the largest character to be scanned can 
be completely enclosed within a circle in­
scribed in one of the large bold-face hexa­
gons, no loss of information will result. It 
is evident that with the size restriction it 
will never Occur that one part of a character 
moves to turn on or illuminate a tube which 
is already on, or vice versa. 

It is probably true that the highly organ­
ized connectivity shown, where the optical 
fibers are accurately grouped, is not really 
necessary. Within limits, the fiber ends 
could be connected "at random" to the photo 
receptors. In this case, if the multiple con­
nections are carried too far, large sample 
statistics govern, and the instantaneous 
"sample" of elements turned on and off will 
always be the same as that of the population. 
The ''population'' of flickering cells have an 
average of zero, since every receptor turned 
on will be turned off during a cycle. There 
will, therefore, be no net change of illumina­
tion and no flickers. But if the statistical 
scheme used to define "random connectivity" 
is properly selected, random connections 
may be used with only small degradation of 
information content in the transform. 

Composite Images-Words vs Letters 

Some interesting properties of this scheme 
arise from the theorem, stated earlier, that 
the transform of a character is the sum of 
the transforms of its parts, taken as if they 
were separately scanned. Suppose the image 
focused on the retina consists of two letters, 
A and B. The transform will then be the sum 
of their separate transforms. Assume, for 
the moment, that there are a sufficiency of 
the ambiguity-resolving circuits to discrimi­
nate each letter separately. H there are no 
two or more characters, the sum of whose 
transforms is identical with that of a third 
one, then the transform of AB maybeuniquely 
associated with these two letters,\ but not 
their order. 

This property opens up the possibility of 
reading words rather than letters. Obviously, 
if the output is an electric typewriter, no ad­
vantage accrues to the system. H, however, 
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Figure 25. Another scheme for diminishing the number of photo receptors 
required by connecting the optical fibers (shown as circle s) to photo recep­
tors (numbered). 

the output is to a language-translating com­
puter, which must have a dictionary stored 
in its memory, anyway, the scanning of words 
rather than letters may be useful. 

Without going into detail, this same theo­
rem may be said to offer the possibility of 
analyzing a character into its separate parts. 
The analysis will, in general, not yield com­
pletely unambiguous results. However, if 
one leg of a character is missing, it is rea­
sonable to consider predicting probabilis­
tically the intended character and the re­
checking by other techniques. 

Scanner Characteristics Summary 

The Chrysler Optical Processing System 
exhibits the following characteristic behavior: 

1. There is generated within the logic a 
transform of the image in which char­
acter form, Size, orientation, and lo­
cation are represented by diSjoint sets 
of bits. 

2. Image movement may, if convenient, 
be superposed on nutation-characters 
need not be brought to rest to be read. 

3. Character imperfections may be effec­
tively smoothed out by blurring, with­
out complex hole-filling circuitry or 
precise biasing of receptor thresholds. 

4. Accurate servo-centering of imageson 
the retina is unnece ssary . 

5. Words may be read instead of letters; 
characters may be analyzed into their 
elements. 
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6. Various means, both optical and elec­
tronic, may be used to reduce the num­
ber of retinal elements and logic blocks 
required to obtain the effect associated 
with a fine-grained retinal matrix. 

Each of the six statements above should 
include the phrase, "-subject to limitations 
as discussed in the text." 

The Psycho-Physiological Parallel 

The description of the scanner and a sur­
vey of its capabilities, both im~ediate and 
potential, is complete. It would be amiSS to 
omit mention of the striking, though possibly 
superficial, similarities which exist between 
this scanner and the processes, events and 
components of the human visual system. 
There are several of these psycho-physio­
logical analogies. 

The image formed on the human retina is 
not still, even when the observer attempts to 
fixate a particular point. The motion of the 
fixation pOint on the retina has been measured 
and looks something like that of Figure 26. 
The movements take the form of sharp, fast 
flicks, with a slower drift between flicks, 
rather than the smooth nutation which is con­
venient for the machine. Superposed on this 
is a high frequency tremor. 

It has been reasoned that the nutation of 
the image is an optimum image-movement 
tactic. Asa speculation, it would be of inter­
est to examine how well these drifts and 
jerks apprOXimate nutation. The obvious 
first choice for a straight-line approxima­
tion to a circular motion is a regular polygon. 

DIAMETER: 10 mln.arc 

TREMOR: 20 - 150 cps 
.2 IIIln. arc 
(nat ,hown) 

"FLICK": ~ 60 ",in. arc 
.03 to 5 ,econel, between flick. 

min. arc/sec 

Figure 26. Typical movement of the fixation­
point of the human eye, consisting of a high 
frequency tremor, a series of jerks, and a 
saccadic jump to compensate for the cumu­
lative drift due to jerk. 

In the inaminate scanner, we must accu­
mulate the transform for whatever time is 
required to nutate 1800 before the transform 
is complete. If after' a transform is gener­
ated the machine memory could only be ex­
posed to two small parts of it, what parts 
would yield the most information? Vertical 
motion yields the most information about 
horizontal lines and vice versa. It would be 
to our advantage to select the two parts of 
the transform so that they represent the 
count of changes-of-state of receptors at two 
instants when the image motions are per­
pendicular to each other. Or, conversely, 
after the image has moved vertically, and 
the changes-of-state recorded, the next mo­
tion should not be nearly-vertical since this 
adds less to ilie information already on hand 
than if the second movement is approximately 
horizontal. Suppose, therefore, that we re­
tain the regular polygon as an approximation, 
but traverse the legs out of order. Further­
more, movement in either direction, A to B, 
or B to A, produces basically the same set 
of changes-of-state. 

One further charge in the "regular polygon" 
idea is required. If the polygon is exactly 
regular, and of n sides, the directions of 
movement on the n + 1st movement will ex­
actly coincide with the first. It would be 
better if we chose a figure whose sides 
progress angularly. 

In summary-
1. Select a regular polygon of n sides 

(Figure 27A). 
2. Adjust the angles slightly so that no 

two sides of any group will be ex­
actly parallel (Figure 27B). 

3. Rearrange the sides out of order so 
that the angle between adjacent Sides 
is approximately 90° (Figure 27C). 

4. At random, reverse the direction of 
the sides, taking BA instead of AB, 
for instance (Figure 27D). 

With these considerations in mind, the 
movements of the image in the eye seem not 
too dissimilar to what we would build into 
our engineering artifact if mechanical con­
venience were not a factor. Straight-line 
motions which start and stop are just not as 
easy or as cheap to make out of metal as they 
are of muscle. It may be noted that the ma­
chine described fails to provide "location" 
information. It can, of course, be supplied 
by additional circuits which have not been 
described. 
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C B C B 

D A A 

E F 

o 

!5l 
Figure 27. Various steps in the deduction of 
an optiInum image-movement for a mechani­
cal scanner constrained to utilize straight­
line image movements. 

If image signals are generated in the 
human retina during both the "flick" and the 
drift, it is not unreasonable to suppose that 
the analysis of the signals generated by two 
different motions are analyzed by two differ­
ent schemes. More specifically, can one of 
the se motions be considered to generate sig­
nals which are analyzed in the brain without 
attention to which receptor is active while 
the other motion is associated with the loca­
tion of image parts? 

It would be interesting to follow the specu­
lation a little further and see what sort of 
eye movements are observed if the subject 
is exposed to a visual field composed of 
heavy vertical lines and nothing else. 

Vertical eye movements in such a field 
will not produce any changes-of - state and 
hence produce no information. This is prob­
ably not strictly true, except in an optically 
perfect eye without aberration. If the prin­
ciples discussed in this paper are truly anal­
ogous to human vision, and if there is feed­
back in the system, then a vertically-ruled 
field should induce more horizontal jumps in 
the eye scan. 

The visual process of observing a moving 
object superposes another motion on the 
image motion due to scanning. In the inam­
inate device, information is lost if the super­
posed translational velocity exceeds the ve­
locity due to nutation. In a speculative sense, 
it might be interesting to try to discover in a 
human eye what rate of movement of an object 

is associated with a loss of information as to 
its form, and to relate this to the scanning 
speed. 

Some of the other analogies between ma­
chine and eye are certainly obvious to the 
reader. Both are sensi ti ve to change s of 
illumination rather than illumination directly. 

The machine use of a refractory period 
which inhibits the second of two pulses too 
close together has a direct analog in the re­
fractory period of neurons. The grouping of 
local clusters of photo receptors to a single 
channel output was discussed as a means of 
producing the equivalent of optically distorted 
images. This is a reflection of the multiple 
connections of rods to a single neural path. 
Neither of these two phenomena has, to the 
author's knowledge, been associated previ­
ously with form perception, yet they appear, 
in the inaminate machine at least to be well­
suited to the task. 

The circuits which count the receptors 
which fH.cker more than twice requires what 
in the computer field is termed a flip-flop; 
and in the field of psychology a form of 
"temporal summation." 

The machine requires a number of counter 
registers in which to store the flicker count. 
It is inappropriate to discuss such counters 
in the physiological system. In the machine, 
signals travel to the counters at the speed of 
light and are held in the counters as long as 
needed, as in Figure 28. In the brain, signals 
travel slower. We may surmise that at any 
instant the various counters have their coun­
terpart in the various links in the neural 

Fast Transmission ~ --------....,·0 
MACHINE 

Intermittent Transmit - and - Hold 

BRAIN 

Figure 28. Comparison of the machine and 
brain storage of information showing the 
possibility that information in the brain may 
be II stored" so as to be available to have logi­
cal operations performed on it while in tran­
sit from neuron to neuron. This po s sibility 
is lacking or difficult to exploit in a computer 
because of the speed of transmission. 
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pathway. That is, the several counters are 
analogous to the several stations along an 
appropriate set of neural paths which carry 
the signal at a given instant. 

These signals may reverberate back and 
forth, perhaps undergoing phase shifts and 
other normalizing operations in the process. 

Figure 7 showed the mechanical scheme 
by which the count of changes-of-state are 
switched or directed into the various counters 
in sequence by the timing pulses from the 
commutator. Figure 29 show~ the same 
schematic in which the inhibitory or excita­
tory effects of one set of synopses accom­
plish the timing function and direct traffic 
for a set of receptor outputs. There is little 
or no direct evidence that some of the neural 
pulses are image signals and others are 
timing signals related to the scanning motion 
of the eye movements, but there does not ap­
pear to be any direct evidence that such a 
concept is impossible. The possibility also 
exists that a given axon, synapse or receptor 
acts sometimes as a timer and sometimes 
as a signal detector. 

Conclusion 

As a peroration, certain rather abstract 
observations must be brought forward. The 
neuro-visual process may be rather vaguely 

SIGNAL 
RECEPTORS 

A A A 

1 
111 

TIMERS 

Figure 29. Conceptual sketch of neural 
circuits in which SOITle signals are anal­
ogous to the COITlITlutator tiITling pulses 
of the Chrysler Optical Proce s sing Scan­
ner and others are purely iITlage- signals. 

defined as a "mapping" of certain changes­
of-state of the retinal receptors into the 
brain. This mapping process is simply an­
other way of stating that a "transform" is 
generated in the brain as a result of retinal 
activity. The map or transform may be 
either static or dynamic; that is, it may be 
defined by specifying either the state of a set 
of neurons, or a sequence of changes-of­
state. In either case, there is a powerful 
appeal, both intuitively and logically, in a 
system where the transform of two images 
is the sum of their individual transforms. 
Such a scheme is, for different reasons, ap­
pealing to the computer engineer and the 
psychologist. 

The details of machine circuitry discussed 
are not likely to carryover entirely intact 
their usefulness into the psychological field. 
The machine principles may be described: 

1. A moving image on a retina can pro­
vide much information about form, 
even with circuits which do not distin­
guish one receptor from another. 

2. More information about form can be 
developed in the scanner if the direc­
tion of the scanning motion associated 
in time with change-of-state of a re­
ceptor is available in the form of tim­
ing signals. 

3. Means can be conceived and circuits 
defined for form discrimination in 
which the transform identified is the 
sum of the transforms of its separate 
parts. 

Stated in these terms, the principles on 
which the machine operates may be equally 
interesting to the psychologist. 

This paper does not claim to present a 
new psycho-physiological theory of form 
perception. The description of the machine 
is a sequence of ,declarative sentences-the 
psychological discussion of a series of in­
terrogative ones. The questions it asks may' 
stir up a fruitful train of thought, but the 
answers are likely to go far afield from the 
present simple concept. 

APPENDIX 

Certain of the relationships between char­
acters and the transforms they generate are 
repeated here in a form more suitable for 
mathematic analysis than oral presentation. 

1. Let a character be defined as the set of 
pOints contained within a finite number 
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of closed boundary lines and distinguished 
from pOints not in the set. If points within 
the character are distinguished by being 
black and those outside are white, the 
character is positive; if the character is 
white on black, it is negative. 

2. A positive character is solid if a closed 
figure can be drawn which contains all 
the black pOints and no white ones; other­
wise, it is hollow. 

3. A character is rectilinear if all of its 
boundary lines are straight. It is curvi­
linear if one or more of its bounds are 
curved. 

4. A rectilinear character is convex if all 
of its internal angles are:::: 1T; otherwise, 
it is concave. 

5. A curvilinear character is convex if all 
of the internal angles between its recti­
linear elements are :$ 1T and if no tangent 
can be drawn to its curbed bounds which 
intersects the character. 

6. An element of a character is any seg­
ment of its boundary (and which, there­
fore, has white pOints on one side and 
black ones on the other). 

7. The T* transform of an element of a 
character which is nutated with radius R 
and has an instantaneous position, as in­
dicated by e (Figure 30), is the rate at 
which the element sweeps out area; 

expressed as a function of R, 8, and the 
dimensions of the element. Specifically, 
by definition 

T* (E) = S R d8/dt (1) 

where S = the projected length of E on 
a line parallel with the in­
stantaneous radius R. 

Letting 8 = wt 

gives 

T* (E) = R w S (2) 

8. If E I and E 2 are congruent elements 
which can be superposed by pure trans­
lation without rotation, then 

(3) 

9. The transform of a character C is the 
sum of the transforms of its elements. 

T* (C) = 
T* (E I ) + T* (E 2 ) + ... + T* (En) 

(4) 

lQ. The transform of the combination of two 
elements is the sum of their separate 
transforms. 

T* transform of a I inear element of length L 
inclined at an angle cb to the line e == eo 

~ ..e where 9 is the nutation angle. 

~ +cb 

o ~ e <: 360 
dA = Rd9· S 

9 == cut 
d9/dt ==cu 
S :: Leos (9-¢) 

T* = dA/dt 

T* == RcuLeos (9-¢) 

T* max. at (9-¢) == 0, TT, 2TT 

T* min. at (9-¢) == TT12, 3TTI2 

Figure 30. Notation and derivation of T~~ transform for a 
straight-line element. 
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The transform (2) may be written 

T * (E) = R w f (e, di, ¢ ) (6 ) 

where e is the nutation angle measured 
from a fixed arbitrary reference 

di are the dimensions of the element 

et> is the angle between the reference 
axis e = 0 and any dimension of the 
character and which, therefore, speci­
fies the angular orientation of the 
character. ' 

11. If two characters are congruent, their 
T* t~ansforms can be made equal by 
rotatIon of the reference axis for e = 0 

through an angle let> 1 - ¢21. Hen~e, if 
the reference axis for e = 0 is taken at 
the same angular orientation with re­
spect to et>, a new transform T~ is de­
fined which is independent of character 
orientation. 

12. If two characters C1 and C2 are con­
gruent, 

(7) 

13. There corresponds to every solid convex 
character one and only one transform T:. 

given 

Line Angle ( 0) Rank 

1 0 1 
2 90 2 
3 210 8 
4 180 5 
5 90 3 
6 180 7 
7 270 9 
8 180 6 
9 150 4 

10 270 10 
steps two & three 

14. 
15. 

16. 

17. 

Every hollow character is concave. 
For every concave character, there cor­
responds one and only one solid convex 
character which has the same transform 
T*. 
The family of concave characters all of 
which correspond to the same sOli'd con­
vex character, are called an ambiguous 
family. An ~mbiguous family are de­
noted by primes with the same base and 
the unique solid convex character by the 
unprimed notation. Hence, 

T~ (C i ) = T* (C 21) = T* (C) (8) 

C is called the unique character of the 
family C. l , 

1 

An algorithm for determining the unique 
member of a rectilinear family for which 
one concave member is given is as fol­
lows (Figure 31). 

10 

1. Number each line of the boundary 
and add arrowheads in sequence 
around the boundary. 

2. Tabulate the angle each vector 
makes with the first one. 

3. Retabulate 'the bounding vectors, 
ranking them in increasing order 
of their corresponding angles. 

2 
8 4 

7 5 

6 
step one 

1 

2 

5 

step four 

Figure 31. Example of generating the convex solid (unique) 
member of an ambiguous family given one concave member. 
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4. Redraw the figure, using the same 
vectors, head to tail, but taking 
them in the order in which they 
were ranked in Step 3. 

18. The algorithm for determining the unique 
member of a rectilinear family for which 
one hollow member is given is the same 
as in 17 above. Number and rank the 
vectors in both the exterior and the in­
terior boundary, as in Figure 32. 

19. If two characters or elements have polar 
symmetry with respect to each other, 
their T* transforms are identical. 

T* (C)I = T* (C) I 
B B+." 

20. Two curvilinear elements of a character 
are parallel if their chords are parallel, 
taking the chords as vectors having the 
same sense as the vectors of the curvi­
linear elements. 

21. Givena curvilinear element El described 
by y = f 1 (x) and having a derivation y' = 
f'l (x) which can be solved for x to give 
x = cP 1 (y') and given, also, a secondpar­
allel element characterized by y = f 2 (x); 
y' = f'2 (x) and x = cP 2 (y'), then a third 
element E 3 defined by the equation x = 
cP 1 (y') + cP 2 (y') has the property that 

T* (E3 ) = T* (E 1 ) + T* (E 2) 

given 3 
step one 

Line Angle (O) Rank line Angle (0) 

1 0 1 6 0 
2 67 ~ 5 7 292 ~ 
3 0 2 8 0 
4 247 ~ 8 9 247 ~ 
5 112~ 6 10 112~ 

steps two & three 

22. An algorithm for finding the unique mem­
ber of an ambiguous family, when one 
curvilinear concave member is given is 
as follows (Figure 33). 

6 

Rank 

3 
10 
4 
9 
7 

1. Add arrowheads and number the 
elements as in 17 and 18. In divid­
ing up the boundary into elements, 
(a) Each straight line segment is 

an element. 
(b) Each segment of a curved line 

is an element where the seg­
ment ends occur: (1) where a 
straight line meets a curve; 
(2) where two curved lines 
meet with a discontinuous first 
derivative; (3) at a point of 
tangency of a curved line with 
a tangent parallel to any recti­
linear element having the same 
sense as the curve; (4) where 
a point is required to divide a 
curve into an element parallel 
with another and a non-paral­
lel element. 

2. Where two or more curvilinear 
elements are parallel with each 
other, eliminate them and substi­
tute a third element which has an 
identical transform, using 21. 

3. Rank the elements by their angles, 
as in 17, using the chord of an 

step four 

Figure 32. Example of generating the unique member of an ambiguous 
family given one hollow member. 
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5 
2 

2 

given step one 

line Angle (0) Rank line Angle (0) Rank 

1 0 1 9 225 8b 
2 90 3 10 135 5b 
3 135 50 11 90 4 
4 225 80 12 45 2b 
5 270 9 13 315 llb 
6 315 110 14 225 8e 
7 45 20 15 180 7 
8 180 6 16 270 10 

step four 
steps two & three 

Figure 33. Example of generating the unique member of an ambiguous 
family given a concave curvilinear member. 

element to determine its angular 
orientation. 

4. Proceed, as in 17, to draw the fig­
ure which is the unique member 
of the family. 

23. No motion of the image of a character 
over a retina can provide more, infor­
mation about the character than nutation; 
nutation defines completely the unique 
member of the family. 

24. Any motion which translates the i-mage 
without rotation so that a tangent can be 
drawn to the hodograph of a point having 
any slope from -00 to +00 will provide as 
much information as nutation and will 
define exactly the unique character of a 
family. 

25. Specifically, a linear translation, such 
as would be produced by moving char­
acters in a straight line past the lens, 
may be superposed upon the nutation 
and so long as the net nutation velocity 

26. 

27. 

28. 

29. 

R w > V, the linear velocity, it will iden­
tify the unique member of the family. 
The unique member of a family is com­
pletely identified by 180 0 of nutation. 
If two characters C 1 and C2 are similar, 
and two corresponding sides have the 
ratio 1: a respectively, then 

aT~(Cl)=T*R(C2) (9) 

and the corresponding transforms are 
proportional. 
Define a normalized transform T: by 

Th = T*/[T*] =8 (10) 
N R R 0 

In which each value of the transform is 
divided by its value at an arbitrary nuta-:­
tion angle eo. 
Then, if two characters C 1 and C 2 are 
Similar, 

(11) 
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The rapid computational capabilities and 
large storage capacity of the digital com­
puter can provide the physician with a power­
ful tool for diagnostic procedures. Numerous 
techniques are available that can be used in 
attempts to use the digital computer as an 
aid in diagnosis [1]. For this reason, a study 
in the use of a general-purpose digital com­
puter in analyzing physiological waveforms 
of the heart and their relationship to cardio­
vascular pathology has been undertaken, and 

a pattern recognition program for automati­
cally recognizing clinically useful parameters 
in the electrocardiogram (ECG) has been 
developed. The techniques presented are 
components of a system that can be used a~ 
an automated aid for the physician in his 
diagnostic process [2]. 

I. COMPUTER CLASSIFICATION OF DATA 

A program based on multi -dimensional 
probability density functions was used to 

*Portions of this work were performed as part of the U.S.P.H.S. Contracts Number SAph-75508 
and Number SAph-70926. 
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classify normal and pathological subjects [3, 
4, 5]. The basis of this technique is similar 
to that used by the cardiologist in the diagno­
siS of heart disease. The cardiologist re­
cords physiological signatures related to the 
function of the heart. He studies the result­
ing waveform, recognizes and measures the 
important parameters in the waveform, and 
then compares the measured parameters 
with these he has memorized for normal and 
pathological subjects. By this comparison 
he makes a "diagnosis." The computer pro­
gram is based on similar logic, but substi­
tutes the probability denSity function for the 
cardiologist's experience. Measurements of 
the important parameters are programmed 
to characterize normal and pathological sub­
jects and then to classify unknown subjects 
with respect to the previously defined char­
acterization. An example of the use of this 
technique is given below. 

A. Input Data 

Simultaneous curves from four arbitrarily 
selected electrophysiological signals were 
recorded. These signals were the electro­
cardiogram (Lead V5), phonocardiogram (mi­
tral area), ballistocardiogram (acceleration), 
and arterial pulse (radial). Clinically im­
portant parameters from these curves were 
measured manually. 

The electrocardi9gram (ECG) is a meas­
urement of the electrical potential generated 
by the heart during the depolarization and 
repolarization of the heart muscle as meas­
ured from the surface of the body. There 
are 12 leads customarily used in clinical 
practice to measure the potentials. Each of 
these leads measures the heart potentials 
from different vantage pOints. In each lead 
the P wave represents atrial depolarization, 
the QRS complex represents ventricular 
depolarization, and the T wave represents 
ventricular repolarization. 

The phonocardiogram (PCG) is the meas­
urement of the sounds caused by the mechan­
ical activity of the values in the heart and 
movement of blood within the heart. A micro­
phone strapped to a speCified area of the 
chest surface is the usual transducer for 
measuring the PCG. There are normally two 
major sounds recorded with the PCG. The 
first sound primarily reflects the closure of 
the valves between the atria and the ventri­
cles; the second sound reflects mostly closure 

of the aortic and pulmonic valves after blood 
has been ejected from the heart into the 
great vessels. 

The ballistocardiogram (BCG) measures 
the movement of the body as it recoils from 
the contraction of the heart and the move­
ment of blood throughout the body. The type 
of sensor used in this study was a low­
frequency table, free to move in one dimen­
sion' with a modest amount of built-in damp­
ing. There are three classical ~odes of 
measuring the ballistocardiogram: (1) dis­
placement, (2) velocity, and (3) acceleration. 
We chose to record acceleration, which pro­
vides information about the force of heart 
contraction. Movements of the table were 
sensed by means of a velocity transducer and 
the BCG acceleration was obtained by differ­
entiating the velocity signal. Acceleration 
measurements filter out the low frequency 
(0.1 - 0.5 cycle) respiratory components 
which affect interpretability in the routine 
displacement recording. 

A surface arterial pulse (AP) is a meas­
urement of a pressure wave transmitted 
along an artery, damped by the tissue be­
tween it and the transducer. The transducer 
used in this study to measure the surface 
radial arterial pulse was a variable capaci­
tance microphone which was held in place 
over the radial artery at the wrist by an in­
flatable cuff. 

Figure 1 is a sketch of the arrangement 
of a subject with transducers and resulting 
physiological Signatures. Th~ subjects were 
pOSitioned along the length of the ballisto­
cardiogram table. Forty-five subjects were 
used. Fifteen subjects were normal, 15 had 
hypertenSion, and 15 had aortic insufficiency. 
The pathological subjects had been diagnosed 
according to standard diagnostic procedures. 

For each of the 45 subjects tested we 
measured the peak amplitudes, durations, 
and intervals of the waveforms and four 
characterizing data ppints, systolic blood 
pressure, pulse pressure, age and weight 
(Figure 2). The variables were tabulated on 
IBM punch cards. These data cards served 
as the input to an LGP30 computer. 

B. Analysis and Results 

In order to determine which clinical pa­
rameters were statistically Significant in 
separating normal from pathological sub­
jects, the means and variances of each of the 
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variables, and all of their correlation coef­
ficients were calculated for each group. The 
Significant tests used were the modified 
t-test, the F-test and z-test. 

Figures 3 and 4 describe the significance 
of the variables in distinguishing the normals 
from the pathological subjects. At the left, 
from top to bottom, are the symbols of each 
of the 45 variables measured; the first 12 are 
the ECG variables, the next 6 are the PCG 
variables, the next are the 12 BCG variables, 
followed by the AP and characterizing vari­
ables. 

The first columns (top and left) have opaque 
entries when the mean of each variable is 
significant at the 99.9 percent level or greater 
in distinguishing between normal and patho­
logical subjects. The second columns have 
opaque entries where the variances are 

significant at the 99.9 percent level or 
greater. 

The Significant correlation coefficients 
are also shown in Figures 3 and 4. Each 
opaque entry Signifies a Significant correla­
tion between the two corresponding parame­
ters at the 99.9 percent level or greater. 
Only one-half of the correlation matrix is 
filled in since the matrix is symmetrical. 

All parameters not yielding a mean or a 
variance of at least one correlation coeffi­
cient Significant at the 99.9 percent level or 
greater were eliminated from further analy­
sis. In addition the Gram-Schmitt routine t6] 
was used to eliminate all parameters having 
linear dependence since these parameters do 
not add any new diagnostic information. 

The results of the signifi'cance and linear 
dependency test y i e Ide d a total of 14 
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parameters that were significant for diag­
nosing these two pathological groups and one 
normal group. Of these 14 parameters, 9 were 
from the electrocardiogram, 4 were from the 
phonocardiogram, and one was from the bal­
listocardiogram. These 14 parameters were 
then used to form a 14-dimensional Gaussian 
probability density function (Appendix A). 
The analysis yields a score to characterize 
groups of subjects with known entities. Use 
of the same parameters in the same equa­
tions but derived from an unknown subject 

allows accurate classification of the unlmown 
into a known group. 

The ratio of the value of the hypertenSive 
group t s probability denSity function to that of 
the normal group's probability density, or 
the hypertensive likelihood ration, was also 
calculated for each subject. Similarly the 
aortic insufficiency likelihood ratio was cal­
culated. These ratios in addition to proba­
bility density values can be used for subject 
classification. The distributions of both like­
lihood ratios are shown in Figure 5. One 
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hypertensive subject has a likelihood ratio 
that is in the same range as those of the non­
hypertensive subjects. Three aortic insuffi­
ciency subjects have likelihood ratios in the 
same range as those of the hypertensive group. 

II. COMPUTER CHARACTERIZATION 
OF DATA 

The results of the previously described 
computer program demonstrate that the tech­
nique described can be used to classify normal 
and pathological subjects. The classification 
was based upon manually derived measure­
ments of parameters that characterizephys­
iological waveforms related to the heart. 

It is also possible with computer tech­
niques to characterize data automatically. 
To do this pattern recognition programs ar~ 
required. A pattern recognition program for 
the electrocardiogram has been developed [7, 
8, 9]. The techniques and methodology used 
can serve as a basis for pattern recogt)ition 
programs for other physiological waveforms. 

A. Input Data 

The basic objective was to develop a pro­
gram that would automatically recognize and 
measure parameters from anyelectrocardio­
gram taken with any lead system from any 
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Figure 4. Significant variables, hypertensive versus normal. 

subject. The clinical parameters desired 
were the P, Q, R, S, T and U waves, and the 
PQ, ST, QT, and RR intervals. 

The ECG lead was converted from its 
analog form to digital values at a rate of 625 
samples per second, and was recorded in 
digital form on magnetic tape. Time meas­
urements were thus accurate to each 0.0016 
second. The data was digitized to an accu­
racy of one part in one thousand. The digiti­
zation process was designed to be able to 
start at any arbitrary point during the elec­
trocardiographic recording. Figure 6 is a 
block diagram of the data processing system. 

Prior to pattern recognition it was nec­
essary to eliminate noise by smoothing the 
ECG signal. Several techniques are avail­
able to do this. One technique is the use of 
a moving average. With a moving average, 
the more samples that are averaged together 
the greater the degree of smoothing. As the 
number of averaged samples is increased, a 
value will be reached where further smooth­
ing will severely degrade the signal. In this 
case, along with noise elimination, there was 
serious attenuation of the amplitude and 
characteristic peaks in the ECG waveform. 
Another type of smoothing is based on 
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successively determining the parabola that 
best fits a series of ECG samples. Such a 
parabola is defined as that which minimizes 
the mean square difference between the pa­
rabola and the value of the EC G samples at 
corresponding pOints. The value of the pa­
rabola at the center sample point is the value 
of the smoothed data. To avoid interpolation, 
the number of sample pOints is always made 
odd. As with the moving average, the degree 
of smoothing increases with the number of 
ECG samples over which the best parabola 
is determined, and the degradation of the data 
increases with an increase in the number of 
pOints. For the same degree of smoothing, 
signal degradation was found to be much less 
with parabolic smoothing than with moving­
average smoothing. The nine-point (n = 9) 
least square parabola yielded sufficiently 

smooth data and decreased the amplitudes of 
the signals to be measured by less than 0.005 
mv. and was used. 

B. Analysis and Results 

Preliminary rule s and definitions based on 
conventional ECG criteria were used to de­
fine wave onset, wave peak, wave termination, 
Significant voltage fluctuations and time in­
tervals in the ECG. These definitions were 
programmed, tested, and reprogram"med as 
necessary until final definitions suitable for 
the computer program were formulated. 
Definitions for the program were suitable 
when they encompassed all possible varia­
tions of waveforms in the electrocardio­
graphic leads. 

A basic requirement for any logic for pat­
tern recognition is to locate a point of refer­
ence that is repeatable in any subject. This 
point is particularly needed if the digitiza­
tion is to be started at any time in the signal. 
The point of greatest negative rate of change 
in the ECG signal was used as this constant 
point of reference. This point, which always 
occurs after the peak of the R wave or before 
the peak of the S wave, was obtained by lo­
cating the greatest negative value of the de­
rivative in various portions of signal and 
then finding the absolute minimum of those 
values. With a reference point such as the 
one used and ECG complex can be isolated 
automatically. 

The next step in the process is to locate 
the peaks of the waves. The presence of R 
waves is ascertained by determining if the 
value of the maximum positive derivative 
proceeding the maximum negative derivative 
exceeds an empiric value. The presence of S 
waves is ascertained by determining if the 
derivative is greater than a given value after 
the maximum negative derivative. Once as­
certaining that R or S waves are present the 
peaks are found by locating the maximum or 
minimum within a given number of samples. 
Q wave peaks are found by searching for a 
minimum value in a given interval before the 
R wave peak. The P wave peak is searched 
for in a fixed interval before the location of 
the maximum negative derivative. The maxi­
mum and minimum values of the derivative 
are found in intervals during P wave dura­
tion. The order of maximum 'and minimum 
derivatives defines the type of P wave present 
(positive, negative, diphasic, bifid or trifid). 
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The T wave peak is located at the maximum 
absolute amplitude in the smoothed ECG data 
in a fixed interval after the S wave peak, or 
the R wave peak if no S wave is present. 

The next order of procedure is to deter­
mine wave duration, which requires defini­
tion of wave onset and end. The point before 
the first P wave peak having a derivative of 
less than 1.875 mv/sec for 0.016 seconds 
was defined as the P wave onset in this study. 
This and all criteria were empirically de­
termined through trial and error. 

To follow clinical practice, a baseline was 
constructed as the straight line connecting 
the start of the P wave in the second heart­
beat with the start of the P wave in the third 
heartbeat. This baseline was used as a guide 
for arbitrary but reproducible definition of 
wave onset and end. To find the end of the S 
wave, the first baseline crossing after the S 
wave peak in the smoothed ECG signal is lo­
cated. The point after the S wave peak where 
the derivative is less than or equal to 1.875 
mv/sec for 0.008 second is then found. If 
either a baseline crossing or the point where 
the derivative is less than 1.975 mv/sec is 
found, the end of the S wave is located at 
whichever is present. If both a baseline 
crossing and a derivative of less than 1.875 
mv/sec are found, the end of the S wave is 
located at the baseline crossing. Similar 
methodology was followed to find all other 
waveform points of onset and -termination. 
With these points it was possible to. deter­
mine wave duration. Amplitudes of the ECG 
signal were measured from the baseline to 
the peak of each waveform. 

This tecl1nique for pattern recognition 
provides quantitative characterization of 
data necessary and reasonable to use in a 
,computer. The data can be obtained with the 
speed and in the volume required for eco­
nomical use of these machines. The results 
obtained are reproducible and are compar­
able to those obtained by cardiologists using 
manual technique s. 

III. SUMMARY 

Parameters from physiological wave­
forms related to the electrical, mechani­
cal, and acoustical properties of the heart 
can be used as a basis for classifying and 
characterizing normal and pathological sub­
jects. The use of the multi-dimensional 
probability density function and the associ­
ated likelihood ratio is well suited for this 
purpose. 

Parameters from the ECG, BCG, PCG 
and AP wave were combined into a multi­
dimensional probability distribution. The 
different distributions for the normal and 
pathological groups of patients were formu­
lated and stored in the computer. The com­
patibilityof an unknown subject's parameters 
with those stored in the computer can be cal­
culated for classification, into a known group. 

A pattern recognition program has been 
~eveloped to automatically recognize and 
measure the prinCipal components of the elec­
trocardiogram. The techniques described in 
this paper can be used as an automated sys­
tem to aid the physician in the diagnosis of 
disease. 

APPENDIX A 

The probability density function was formulated using the following equation. 

IA 11/2 12 12 
Pi = 0 C 1/2 ~ ~ a. (X .. - m.) (X . - m ) 

(27T) 12 ~1 j~ J q J1 J qJ. q 

where X j i is parameter j from subject i m j equals the mean of parameter j 1 Ao 1 is the deter­
minant of the inverted covariance matrix. Small a j q is the element of the j th row and the q th 

column of the inverted covariance matrix. 
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