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SUMMARY

A pattern recognition system utllizing an initial man-
machine learning phase was simulated on an IBM 709 computer,
Transformations on a deformed set of U8 samples of each of ten
numerals were used to form separation filters, while a second’
set of 480 similarly varied numerals served as the "unknown"
characters which were examined,

Measured probablility density distributions of the inked
:areas of all characters are establlshed, and a weighted stencil
or fillter 1s created to distingulsh each character relative to
Eth@ poesible set of characters,

The numerical experiment demonstrated the extent to whieh
the actual value of the best "score of matech" between the un-
known and each character in the set provided confidence in
recognition, Whenever the best score 1is too low, it is pos-

- 8ible to call for more complex processes to ald recognition
:permitting the construction of recognitlon systems of greater

~accuracy than the basle reading mechanism,







INTRODUCTION

A digital simulation on a general purpose computer of a
proposed recognition scheme was undertaken to determine the
feasibility of a new approach %©o machine recognition of a set
of characters encountered in regular printed material, such as
in foreign language'publications, where a large variety of
type faces 18 encountered.*

Tn the design of aueh mechanisms, the important effective~
ness criteria inelude the abillty to recognize characters de-
formed by imperfect printing devices,

The philosophy adopted was one which established recogni-
‘tion eriteria based upon the prior scanning of a significant
sample of the text to be read. During the statistics gathering
phage, the characters are identified by a human operator. The
dats gathered from the scanner and operator 18 then used to
effect a transformation on unknown characters S0 that the
recognition algorithm may he computationally simpler. This

geparation between the learning phase and the recognition phase

permits the definition of a hierarechy of transformations. The
simulation deseribed here deals with a very simple model
utilizing elementary sub-areas and disregards conditional

probabillties in the plane of the character.

%Part of this work was performed in partial fulfiliment o?
the requirements of the M.S. degree 1n Engineering at U.C.L.A.
and is described in the companion P-1990.
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The dlgital simulatlon was performed on the IBM 709 at
the Western Data Processing Center at U.C.L.A., and we express
our appreclation to the staff of that organization. We further
thank Dr., Yates M. H1ll and the International Business Machines
Corporation for supplylng us with the raw data cards used in<
their experiments on automatic recognition.*

These sample characters were originally printed on a
single IBM 407 business machine at various phases of the life
cycle of the printing ribbon, ranging from a brand new over-
inked (sample 00) ribbon to the same ribbon at 150 percent of |
normal life, These latter samples represent a much greater
deterloration of printing than 1s encountered in conventional

printed matter.

¥E. C. Greanlas, C., J. Hoppel, M. Kloomok, and J. S.
Osborne, "The Design of a Logilc for the Recognition of Printed
Characters by Simulation," Convention on Digital Computer
Techniques, April, 1956, A Supplement to the Proceedings of
thi Institution of Electrical Englneers, Vol, 102, Paper No.
2149,
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THE EXPERIMENTAL PROGRAM

The parameters of the recognition simulation are estab-
lished by the constraint of original character cards supplied
by IBM:

10 characters each scanned into
30 vertical scans, or rows,

32 columns and

96 samples

Of the 96 samples of each of the ten separate characters,
one-halfl were used for generating a matrix of probability
digtribution frequencles associated wilth each cell, while the
other 48 samples were retained as a source of unknown characters
to be analyzed,

Eaech of the 30 IBM cards per character represented one scan
or row with 32 column positions.

Thus, there were a total of 960 cells per character re-
quiring 30 cards each for the 10 X 96 = 960 gample characters,
or a total of 28,800 cards to be handled. As indicated above,
gthese were broken 1lnto two decks; the first, a probabllity fre-
;quency distribution funetion generating deck (F-deck) and, the
’second, the cards for the 48 samples comprising the "unknouwn"
characters (U-deck),

The following illustrations, Figures 1 and 2, display
print-outs of some of these representative samples, Note the
range of character density between the low numbered samples
and the higher numbered samples. The edge data was caused by

adjacent characters in the text.
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EXPERIMENTAL RESULTS, RUN NUMBER 1

Run No, 1 used all forty-eight samples of the F-deck to
form the frequeney distributions, and all cells of the unknown
characters were examined,

Pigures 4 to 12 indicate the probability density distribu%
tion for the oceurrence of ink spots for all examined char-
acters, Only the 0.1, 0.5, and 0.9 contour lines are shown.
Examination of Flgure 5 shows, for example, no portions of the
character "1" would be expected to have ink spots for over ,9
“of the samples of character "0" examined. The "cell weight
factor" of Figure 3 1s a number assoclated with a particular
eell of any character and is derived for the complete get of
480 "F" samples. It may be viewed as an expected value of the
oecurrence of a blaek cell at a particular coordinate location
in the matrix. Henee, there are certain areas of the character
whieh, although always present, still may convey little dif-~
ferentiating information because such areas would also probably
‘be found in other characters as well. The cell weilght factor
%ia the a priori probability density distribution for the occur-

‘rence of an ink spot for any unknown character.

Pigure 4 shows the frequency distribution for the char-
‘acter "0," Examination of the contour diagrams show how ex-
;tremely poor the distribution is, l.e., there is only one cell
Ehaving as many as 90 percent of the samples of character "O"
:having a black spot in such a cell. Even the area between the

50 percent contour lines is very small. Henee, a badly
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6861T~d




CHARACTER O
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"smeared" distribution exisbed. It should be noted that the
~edges of the characters have values of high cell occupancy of
an apparent non-random nature., The character samples provided:
were not developed on a random basls with regard to adjacent
character contacts., Character "2," for example, always had a
"1" to the left and a "3" to the right of itself., The cards
provided were~n0t wholly suitable for the purpose contemplated
iin the sense that such strongly correlated contextual informa-
Etion would not usuwally be present,

Another limitation of the samples used was the hilgh degreé
of misalignment of the characters in the sample, There is
1little misalignment for most of the samples with low sample
numbers, but in the higher numbered samples some characters
were many rows and columng displaced as indicated by the fre-
quency distribution of the characters and the wide spread of
~ the fringes.

Thus, having considered the limitations of the samples of
Echaraeters used, the results of the actual compubter runs will
anw be deseribed, |
| Out of a total of 480 unknown samples; only 45 were incor-
krectly read in the first run wlthout any shifting, to give an
average correct reading rate of 91 pereent. For the first half
of the samples, up to sample number 47, only 13 characters were
gread ineorrectly out of a total of 240, or a raw reading rate |
f@f 94,5 pereeﬁt.

The number of errors lncreased wilith charaecter deteriora- E

tion as the sample numbers increased,
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Flgure 15 shows the scores of mateh as a funection of
eharacter deterioration for character "5." It should be noted
that the three incorrectly read samples had low scores of matech
as might be expected,

Figure 16 shows a table with the distribution of the num-
ber of samples read correctly vs. the scores of mateh for Run
No. 1. Also 8hown is the distribuﬁién for those characters
that were incorrectly read, The difference in these two dis-
tributions provides a device for error removal. As 18 shown in
éthe companion paper* high error rates--higher than those found
in this examination--are tolerable in certain applications
kpfaviéed an indileator is available as to the certainty of the
guess,

Plgure 17 shows the probabllity of a correct estimate vs.
the value of the score of match and shows that 1f a character
had a score of mateh of about 16,000 the probabllity of it
:being ineorrectly read would be low.

If each score of mateh bar on the graph is assumed as a
éseparate sample space, we may estlimate the probability of a
fsample being correctly read by virtue of the magnitude of the
seore of mateh, Thus, for samples having a score of matech
fbetwe@n 7750 and 8250, the probability of a correct estimate

is only 0.43 since, of the 7 samples having such a score, only

- A
f P, Baran, and G. Estrin, "An Alded Adaptive Character
Reader for Machine Translation of Language," The RAND Corpora-
‘tion, Paper P-1990, May, 1960. ,
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3 were read @ereetiy, In a similar manner, the probabllity \
ng a correct estimate can be computed for the entire range of |
‘scores of mateh, and such data is shown on Fligure 17, Note |
‘how the curve starts at a low value and very rapidly rise% to g
Eappr@ach a probability of correct estimate of 1.0 asymptetiéally.
i Examination of Figures 16 and 17 reveals that the great :
é%ulk of the characters fall in the domain where the probabllity
Eof‘ cérpeet estimates 1s extremely close to 1.0, Thus, a power-
ful means 1s avallable to the designer of the character reaﬁing
%machine to explolt the scores of mateh to geparate the daubtfui
characters meriting more detailed examination,

| Another indicator that can be used to appraise the canfimg
dence of the estimate is the value of the first differential |
seore and is shown in Figures 18 and 19, Here the first dif-
:ferential score, 1l.e.,, the score of the character with rank 10
%minua the score of the character with rank 9 is plotted for a |
%number of samples, The distribution of the ocecurrence of the
Efir&t differential score 1s plotted, Again, the heavy dark

Zline,corresponds to the correctly read characters, the dotted

line to characters incwrreetly réad, and the dash, dot, dot
line to characters for which rank 8 was assgigned,

No signifieant improvement 18 obvious using the differentilal
scores, Further, the differential score computation requires |
:subtraetion of the scores of mateh and so is less attractive tﬁan ‘

original score of matech value estimator,
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'EXPERIMENTAL RESULTS, RUN NUMBER 2

In Run No. 2, the size of the sample forming the frequency

idistribution was reduced from 48 samples to 24, The results
'are of interest even though generally what one might expect.
The total number of samples read incorrectly increased by a
large amount, Sixty-seven out of a total of 480 samples were
incorreetly read. Not only was the number of errors much
greater in samples 49-99, but even samples 1 through 47, in
;which the characters were relatively well formed and dense?
%showad an Increase in errors, In this latbter group, there
éwere 18 errors in Run No, 2 compared to 13 in Run No, 1, Al-
ﬁthough the 24 samples of Run No, 2 represented more closely
{the'dgnser samples used in the frequency distribution, this
did nét improve the recognltlon process, Better results were

éobtained when the sample distribution contalned the entire

irange of variation in samples likely to be encountered in the

%reading process rather than only relatively complete and dense

isamples.

EWRIWL RESULTS, RUN NUMBER 3

| Run number 3 was designed to determine the changed per-
ifarmance when the examination 1s restriected to the ceﬁtral
épar%ion of th@-maﬁfix. The intent was to remove material on

the edges of the character samples. It is to be remembered

ithat the flying spot scanner used to prepare the samples always

‘saw character "3," for example, between character "2" and

character "4 gince the original IBM sample cards were not
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prepared on a random basis., In a deck prepared on a random
‘basis, one would not expect side information to be coherent.

In Run No, B%in which only 352 cells out of the total 960 cells
were used in the comparison, the number read incorrectly 1in-
ereased to about double the number wrong in Run No, 1. Thus,
the eoherence of the edge noise materially ailded recognitlon

in Run No., 1. All 480 samples were ineluded in the frequency
~distribution for Run No. 3. The number of samples read incor-
érectly was 99, approximately double the number of errors found
Ein Run No. 1.

| It should be emphasized that such a relationship exilsts

to the degree found here because of the constant contact of the
original character samples adjacent to one another at the time

of preparation of the original frequency distributlons,

' OPTICAL SEPARATION FILTERS

The mathematical funetion used in the charaecter recogni-
tion algorithm may be written in the form of a summation of
éweights for each sub area of the character analyzing matrix
éfield. It is possible to create an optical separation stencil
ffor each character where‘light is projected through each stgn-
%cil conseceutively, The value of total reflected 1ight from
fthe text is then exactly proportional to the score of match,
Figure 20 shows the shape and transmlttance values for
sueh a steneil designed to separate character "0." This sten-
~eil looks very little like the probabillty density distributien

of ink spote for character "0," Figure Y4, Reference to the
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probablility density distribution for character "O" shows that
émnly-a single spot had a 90 percent probability of occupanecy, .
;yet in the filter stenclls these areas had little weight in
éthe separation determination of the character. This differeﬁeé
%may be explained by reference to Figure 3 which shows the
Ep:t*@bability density distribution for any character taken at
:randam. Here the probability of each spot in the 90 percenﬁ

eontour of Figure 4 is also within the 50 percent contour of

éFigure 3. Thus, 1t 1s apparent that a filter to separate a
%Qarticular character must be designed to separate that single

Eeharacter relative to all others., Figure 20 is such a filter

gand has been computed from the data of Figures 3 and 4,
| Four thinge are to be noted:

1) The separation filter does not greatly resemble the
character being separated.

2) The light output i1s normalized relative to the collec-
tion of yassible’eharacterﬁ.

3) The critieél areas of the stenclls are small compared
to the 30 X 32 quantizing matrix used, Thus, an even f{iner

cell resolution and better positional alignment would appear

useful,
) Language bigram and trigram contact frequencles may be
utllized automatliecally by increasing the size of the analyzing}

matrix,




