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INTRODUCTION

Digital image processing has continued to demonstrate the vitality of this field through the contribution of
many excellent papers at this conference. The conference covered four days including eight sessions. Most
major fields of the digital image processing technology were well represented. Specific topics included
pattern recognition, industrial applications, hardware and systems issues, various analytical techniques
including enhancement and restoration, and image compression. Similarly to previous years, a significant
number of papers were from outside the USA, indicating the growing international character of this
important technology. The contribution and efforts of the co-chairmen ang session chairmen are gratefully
acknowledged.

Andrew G. Tescher
The Aerospace Corporation
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Character Image Segmentation
Yoshitake Tsuji and Ko Asai

C&C Systems Research Laboratories
' NEC Corporation

1-1, Miyazakl 4-chome, Miyamame-ku, Kawasaki-city,
Kanagawa 213, Japan

Abstract

In the Optical Character Reader (OCR) system design, the character segmentation technique
is important. For example, the Automatic Mail Address Reader is required to manage printed
characters of many font types and poor print guality. In this case, OCR performance will be
affected by character segmentation techniqgue.

This paper describes two new methods for character segmentation under more general
conditions. The character segmentation problem can be formulated and classified as a pitch
estimation problem and a character sectioning decision problem. These problems are resolved
by using a statistical analysis method based on least square error function and a dynamic
programingy method with the minimum variance for separation between candidate positions in a
line image. The effectiveness of the proposed methods has been evaluated through actual
mail address segmentation experiments.

Introduction

OCR systems, such as the Automatic Mail Address Reader or the Automatic Document Reader,
are required to manage printed characters of many font types and poor print quality.
#Mora2over, printed characters in a line image are often touching each other or split because
of poor print quality. Incorrect characters, such as both split and merged characters, are
the cause of errors in OCR . Therefore, a reasonable and universal character segmentation
tachnigue is desired.

Several pitch based character segmentation methods have been developed in crder to
drocess the incorrect characters. These methods are basically applied to constant pitch
cnaracters. Most of those are based on standard character width and topological features
detected from the character geometries. The beginning and end positions of characters are
determined by using these different bits of information, one by one.()-(® However, under
general conditions existing for many font types and poor print gquality too, these
seyaentation methods will be affected by some local fluctuations in character geometries.
Therafore, it is necessary for all character sectioning positions in a line image to be
decided on simultaneously, rather than for each character sectioning position to be
individually determined.

On the other hand, if a line image ,which is composed of variable pitch characters, has
poor print quality and printed characters are touching each other or split, the pitch based
character segmentation will not be applied. In this case, character segmentation
difficulties are increasing rapidly, and character segmentation problem will be considered
as a character recognition problem with help from contextual information. (6 However,in such
a case, the character segmentation performance will be dependent on the character
recognition result, such as its algorithm, etc. @) =) Accordingly, when the OCR system is
requireq to manage printed characters of both constant pitch and variable pitch, it becomes
necessary to estimate the character pitch accurately and to distinguish variable pitch data
from constant pitch data. As a result, the adaptive character segmentation strategy
according to the printed characters property will be applied.

In this paper, the character segmentation problem under more general conditions is
considered and classified as pitch estimation and character sectioning decision problems.
(m A statistical analysis method, based on least square error function, is introduced for
Pitch estimation. By using this method, it is shown that character pitch can be exactly
estimated and the property of printed characters can be automatically wunderstood.

Furtherimore, in order to decide the character sectioning positions more reliably, a dynamic
programing method with the minimum variance criterion is introduced for character sectioning
decision, and its effective scope is discussed.
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Pitch Estimation

First, consilar the pitch estima;ion
problem. An er-mule of constant pitch
characters is shown in F%g.l. In Fig.l, let i P |
P denote the character pitch. The pattern

—————— ——— — e e, — —— ———

area, 1in which the vertical black bit lines
are continious, is called the black region.
This region 1is detected by wusing a known
technique such as vertical histograms. The
region can be regarded as 1indicating one
character, only if printed characters are not
touching each other or are not split. Let Bi
(i =1,2,.) denote the i-th black region
width. Let Wi (i = 1,2,.) denote the i-th
space width between the neighbouring black
regions Bi,Bi+l. Let Wi(L) denote the space w;(L)
width between the left edge of the i-th black

region and the beginning of the pitch frame
including 1its region, Let Ui,j (i< j)

denote the distance between the two left

edges of the i-th klack region and the j-th

black region. Also, the above mentioned

distance Ui,j can be defined by using the two

right edjes instead of the above mentioned

two left edges. In addition, if distance Figure I. Constant pitch characters
Ui,j 1includes k characters, it is defined by ~
distance Ui, j(k).

————————
!
|
|

ARSGREU TS S G SN PE—

e——— Bj ————W; |
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Best linear unbiased estimator for constant pitch

According to the above definitions, the distance Ui,j(k) is formulated as follows.

J
Z(Bt+wt)

t=c

k-P + Wi(L) - Wi(L)

]

Ui, 3 (k)

[t}

]

kP + wi,j(k) (1)

where error wi,j(k) is considered a distortion in regard to a multiple of pitch k-P and
can be handled as a random variable, independent from printed positions i,j, only due to
print quality, font types , character categories and the optical scanner characteristics.
Let Zx denote the sample size for distance Ui,j’" Then, distance Ui,j(k) is represented
by the following equation.

U(k,r) = kP + w(r) (r=1,2,.. ,2) (2)

where distance U(k,r) is the r-th sample value in the distance Ui,j(k) distribution.
Error w(r) can be assumed as a random variable, which has the statistical property of
expectation E (w(r)] = 0, variance E{w{r)] = V2 .
For any character number k (k=1,..,n) in the distance U(k,r), from Eq.(2), it is easily
shown that the quotient U(k,Z)/k, which divides the sample mean U(k,Zk) of distance
Ulk,r) by character number k, is an unbiased estimator for character pitch P. Hence, the

Linear Square Error Function ( LSEF ) can be introduced for obtaining the best 1linear
unbiased estimator f.

n
LSEF =§ C(k,2g)+( Uk, 2g)/k -P )2'/1>2 (3)

1
where 2. Clk,2gx) =1 (4)
K=1

;(k,;x) is a coefficient satisfying 0 4 C(k,2«) € 1. For any printed characters
satisfying Egq.(2), coefficient Clk,Zx) is determined as follows.

n ZK
LSEF = l/PZ.B[C(k,Zk)E( wir) / k-2 )2]

K=t r=|

Expectation E [LSEF} is given by

n
Bfiser] = 1/p2 § Jctk.zg) V3 / KAz

= 8750226 "
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From Eq.(5), if item C(k,Zx )/k>2Zxis equal in regard to character number k {k =1,.,n),

E LSEF becomes 2 minimum value . Accordingly, by using Eq.(4), item C(k,2x) is given by
2 = k22
C(k, Zy) =k-Zk/§';T 13 (6)

I.. Eq.(6}, 1if printed characters are produced by constant pitch machines , LSEF becomes
small in connection with the square of character number k and sample size 2k . For any
candidate pitch P(Ui,j), the best unbiased estimator P is obtained by P{(Ui,j), having the

minimum LSEF value.

Distance Ui, j Clustering

LSEF described above is determined on the assumption that distancz U(k,r) can be clearly
obtained. 1In order to obtain the distance U(k,r) distribution £(k) , the distance Ui,j
distribution ,observed from line images, should be separated into individual distributions
f(k), including unique character number k ( k= 1,2,.. n). The best linear unbiased
estimator for character pitch P will be obtained by statistical analysis method which
includes both the LSEF computation and the individual distribution detection. Let
s{f(k),f(k+1l)) denote the boundary point between distributions f(k), f(k+l). Best linear
unbiased estimator B is obtained by the following algorithm.

(Step 1) Make distance Ui,j disribution. Frequency

(Step 2) By determining a candidate pitch A q,Hm Hm qoHm
P(Ui,j) and each boundary point - ¥ >
S(f(k),f(k+l)), divide distance A U
Ui, j distribution into individual ' ‘__EL,
distributions f(k), as shown

in Fig. 2. f(l) f(2) f(3)

A v
0(2,2,) (003,25

v

(Step 3) Compute LSEF by using statistical
quantities k,Z ,U(k,2x) for each
distribution £(k)(k=1,..n).

7
(1,2,

(Step 4) Repeat the LSEF computation, for
all of the candidate pitch P(Ui,j)
and each , boundary point
S(f(k),f(k+1)).

1
i
|
|
|
I
|
t
I

—————————

0 l A LI T o

In step 4, a best 1linear unbiased 4 P ¢ 2p ! t 3p! Uyl

estimator is obtained as a candidate pitch ! P(ull) | 2P‘U|l) : 3P‘Ull’ |
1] [] ]

P(Ui,j) ,which has minimum LSEF value.
However, in order to use the above P itch s (f(O).ﬂ' )) S(f(l).ﬂa)) S(f(2),ﬂ3)) S(f‘s).f(4))
estimation algorithm, three constraints

described below, must be taken into account.
' ceoun Figure 2 Distance Ujj clustering

—

Candidate pitch P(Ui,j) range

Candidate pitch P(Ui,j) range can be predicted by using a mean character height Hm
value, such as

qﬂm<PWiJ)<qz-M1 (0<q, < g, ) (7)
;n addition, the above mentioned range>will be limited by detecting a distance Um
having the most frequent distance Ui,j in order to reduce the computation time.

MAX ( g/Hm, Um - q3) < P(Ui,j) < MIN ( g;Hm, Um + d;) ( 0< gy<Um) (8

Boundary point S(f(k),f(k+1)) assumption

Individual boundary points S(f(k),f(k+l)) exist beatween k-P(Ui,j) and (k+1)-P(Ui,j), once
a candidate pitch P(Ui,j) is determined. However, the computation time required for
de;ectlng the best boundary points is increased. The roason is that the best boundary
points must be obtained by moving them independently from each other and computing LSTU |
Tharefore, it is assumed that each boundary point S(f(k),f(k+1)) is a middle Qolnt bHotwazan k.
P(Ui, 1) and (k+1}-P(Ui,j), based on practical considerations.

Distance Ui, j obszrvation
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Generally, character pitch can be exactly estimated, according_to an iycrease in the
sample size for ¢d'stance Ui,j. It is possible that distances Ui, ( j=i+1,i+2,1+3,...) are
used in order to increase the sample size. On the other hand, if the sample size is small,
punctuation mar s, such as comma and period, or large spaces influence the pitch estimation
performance. Ac ordingly, if these regions were to be detected by a simple method, then
pitch estimation couvld be processed more accurately.

Pitch discrimination

Consider the pitch discrimination when dealing with both constant pitch and variable
pitch characters, As the result of the above mentioned method used for pitch estimation,
the character pitch can be obtained as best linear unbiased estimator #, if a line image is
composed of constant pitch characters. At the same time, distance Ui,j distribution can be
broken down into individual distributions f(k) ( k= 1,2,3,..). Each variance V*®(k) for
divided distribution f(k) 1is considered one important factor for understanding
characteristics of printed characters. 1In the case of constant pitch, each variance V2(k)
is regarded as a random interference around value k.p. It is considered that the variance
V2(k) is constant and independent in regard to character number k., In the case of variable
pitch, individual variances V®(k) are not constant and are dependent on character number k.
Therefore, printed characters c¢an be <classified as constant and variable by using the
discrimination function ( DF ), as follows.

L
DF = square root{l/@z- ‘KL:I C(k,Zk)vvz(k)} (9)
where . n
Cik,zy) = k2 2x / 32 k2.2
) K=l -
When satisfying inequality DF < & ( 0<d<1l, d is a threshold value), the line images

can be handled as constant pitch and the pitch based character segmentation can be applied.
On the other hand, if DF is larger than & , the line images must be regarded as variable
pitch. Accordingly, by inequality DF, a character segmentation method is enabled which
adapts to the property of printed characters.

Character sectioning decision

In order to decide character sectioning positions, the Dynamic Preograming ( DP ) method
with minimum variance criterion is introduced. The effective scope in which this can be
applied will be discussed.

Minimum variance criterion

A pitch based character segmentation can be basically processed by using the spaces and
the estimated character pitch #. 1In Fig.3, let x(k,i) ( i = 1,..,hy) denote the i-th
candidate position in stage k (k=0,..,n). The distance between two candidate positions
x(k,i), x(k+1,3)( 3 = 1,..,hye ) is denoted by di,j(k,k+1). The mean value or the
variance for m-r+l distances ,which are measured between stage r and stagem (r ¢ m ), are
denoted by M(r,m;i, i}, w;(r,m;i,j), respectively. According to the above definitions, the
criterion for deciding character sectioning positions is introduced as follows.

Flr,mii, j) = (L-q(DF))-Vj{r,m;i,j) + q(DF)( M(r,m;i,j) - & 7 (10)

In the above criterion, q(DF) is a coefficient satisfying 0<¢ q(DF)< 1. the first item
is represented as the variance for m-r+l distances di,j(k,k+1)( k= r,..m~1). The second
item is represented as the control item to select a series of candidate positions which
locate near the multiple position of the estimated pitch #. If the above mentioned DF value
satisfying inequality DF ¢d is larger , then the criterion F(r,m;i,j) should reduce the
influence on the second item by adjusting coefficient Gg{DF). For computing a series of
candidate positions from a line image by using criterion F(r,m;i,j), it is obviously
necessary to determine the stages able to include the candidate positions.

Stage determination

As shown in Fig.3, all of the regions in a line image are classified into two
categories, called admissible or prohibitive region. Admissibility for the region is
detgrmined as follows. Any space region is regarded as an admissible region. The black
region 15 regarded as a, prohibitive region, when black region width Bi satisfies
inequalty Bi < ( 1+ gy)-#. Parameter dx (0eg,<1) is regarded as the value depending
on DF value. On the other hand, the black region is interpreted as touching characters
when black region width Bi satisfies inequality Bi g ( 1+ gyx) ®.  In such a black region,
the two subregions in the neighorhood of the black region edges are regarded as prohibitive
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and the remaining subregion is regarded as admissible. (Seg Fig.3) This ‘constraint is to
exclude the possihility that the character sectioning positions are determined near the left
or right edges of th= black region. The conditions concerned with the stage described below _

can be effective'y operated in the admissible regions.
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Figure.3 Stage determination

Figure.4 End stage n detection

Beginning stage condition

Once the end stage described below is determined in a line image,the beginning stage is
automatically determined by using the space.

Neighboring stages condition

The relation between the two candidate positions x{k,i) and x(k+l,j) is given by
/ x(k+1,1) - x(k,3) - B/ « q - f (11)

End stage condition

Two kinds of end stages k(=n) are detected in the space region. One is determined by
estimated pitch P before the evaluation process for deciding the character sectioning
positions. (See Fig.4-a.,) Another is determined during the evaluation process. In such a
case, it 1is considered that the constant pitch property on the line image is partially
broken. (See Fig.4-b.)

In the evaluation process with criterion F(r,m;i,j), if the candidate positions enter into
an end stage n, a candidate position, which has the minimum criterion F(O,n;i,j) value, is
selected out of the candidate positions able to enter into an end stage n. As a result,
the end position x(n,i) for the last character is decided. On the other hand, if stage k+1
is determined by using inequality (11) and is included in a prohibitive region, stage k is
handled as an end stage n due to disturbing the constant pitch property.

Optimal path computation using DP

. Chgracter sectioning positions are obtained by using the DP algorithm with the above
criterion F(rfm;l,jf. Eo; any candidate position x(k+1,3j)( j=1,..,hgs; )in stage k+1, an
optimal candidate position x*(k,i) ,which is connected with the candidate position
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x(k+1l,j), is obtained by recursive equations described below.

di,j(k,k+1) = »‘x+1,9) - x(k,i)} (12)
S(k+1,3) = s¥(k,i) + &i,3j(k,k+1) (13)
WO, k+1st,3) = e [oM*(0, kit 1) + Q1,3 (k,k+1)) ( t= 1,..,h,) (14)
F(O,k+1;t,3) = (l-q(DF))°{-K—'+T-S(k+1;j) - Mz(O,k+1;t.j)}

+ q(DF)- { M(0,k+1;t,3) - ) ( t= 1,..,h;) (15)
By using Egs.(12) - (15), an optimal candidate position x*(k,i) is‘as follows.
x*(k,i) = ARG [ Min F(0,k+l;t,j)] (16)

Le (I *e, hK)

Optimal candidate position x*(k,i), optimal criterion value F*(O,k+1;t,j) , optimal mean
M*¥(0,k+1;t,3) and optimal squared summation s¥(k+1,j) are stored in any candidate position
x(k+1,3) . The above mentionad recursive equations are used to calculate whole candidate
positions x{k,i) ( k=0,..,n, i =1,..,hk) from beginning stage 0 to end stage n. As a
result, character sectioning positions are obtained as an optimal path, which has minimum
F(0,n;i,3j) value.

Scope limitations for adapting DP with minimum variance criterion

If the above mentioned DF value, used to classify printed characters, is larger than a
threshold value » DP with minimum variance criterion will not be applied to decide the
character sectioning positions. For instance, printed variable pitch characters or
handwritten characters , which do not have the character frame constraint, cannot be used.
Generally, the character segmentation problem for variable pitch will be considered as a
character recognition problem, in the presence of split or merged characters . However, in
economical practice , a simple character segmentation method using the spaces 1is applied
instead of wusing the more complicated segmentation method. It is based on the assumption
that printed quality for variable pitch is higher than the printed quality for constant
pitch.

Experiments

Actual mail addresses were scanned by CCD image scanner ( 75um resolution ). The €CD
image scanner output is an analog signal corresponding to the amount of 1light reflected
from each pixel on the source lines. Each pixel in a line image is converted into a binary
value ( black or white ). 115 samples were chosen from the actual mail samples to use as
experimental data . Address and name lines detection and skew detection were performed on
the basis of the partial horizontal histograms. Table 1 shows the experiment datz
properties. '

A—ﬁ““““-~—_“_‘ Constant Variable Constant Variable
Mail piece number 65 50 2 merged characters 613 (25.0%) 13 (0.56%)
Word number 790 552 3 merged characters 113 (6.9%) 6 (0.4%)
Character number 4907 4399 4 merged characters 54 (5.3%) 2 (0.2%)
Total merged 2004 64 5 merged characters 6 (0.7%) 2 (0.2%)
characters 40.8% 1.5% over 6 merged 26 (4.7%) 0 (0 %)
Mean character number per mail item B80.0 characters

Table 1 experimental data properties

Clustering examples for distance Ui,]j distribution are shown in Fig.S5. The values ror DF
are shown in Fig. 6. From Fig.6, Constant pitch data can be distinguish from variable
pitch data in DF value 20%.

In the character sectioning experiment, two methods were used acoording to the character
pitch estimation result. If DF for the mail sample is less than 20 %, the DP method with
minimum variance criterion is used. On the other hand , if DF is larger than 20 3, a
simple method using the spaces is applied. The correct segmentation rate in 115 pieces of
mail was 99.3 % (p=r character) and 98.5 % (per word). Some character segmentation results
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are shown in Fiq.7. In Fig.7, vertical lines represent both character image edges.
Specifically, <¢:tted vertical 1lines are sectioning lines which separate touching

characters.

Conclusion

The character segmentation problem under more general conditions can be formulated and
classified as pitch estimation and character sectioning decision. 1In order to resolve the
character segmentation problem, the statistical analysis method with linear square error
function and D? method with minimum variance criterion for the distance between the
candidate positions in a line image are introduced. The effectiveness of these methods has
been evaluated through an actual mail address segmentation experiment.

These methods have the following three advantages.

(1) Best linear unbiased estimator for pitch estimation can be obtained by the statistical
analysis method for the distance Ui,j with criterion LSEF.

(2) The property of printed characters can be determined by variance discrimination DF.
Accordingly, the adaptive strategy for character sectioning decision can be applied.

(3) The DP method, with minimum variance criterion, can be used as the pitch based
character segmentation in order to absorb some local fluctuations in characters.
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Abstract

In the automatic recognition of tactica! targets in FLIR images, it is desired to obtain an accurate and precise
representation of the boundary of the targets. It is very impaortant since the features used in the classification of
the target are normally based on the shape and gray scale of the segmented target and therefore the performance
of a statistical or a structural classifier critically depends on the results of segmentation. Generally, only the gray
scale of the image is used to extract the target from the background. The segmentation thus obtained normally
depends upon several parameters of the technique used. It is possible to obtain better segmentation by using
other sources of information present in the image such as contextual cues, temporal cues, gradient, a priori
information etc. In this paper we consider specifically the use of gray scale together with the edge nformation
present in the image to obtain more precise segmentation of the target than obtained by using gray scale or edge
information alone. A model of FLIR images based on gray scale and edge information is incorporated in a gradient
relaxation technique which explicitly maximizes a criterion function based on the inconsistency and ambiguity of
classification of pixels with respect to its neighbors. Four variations of the basic relaxation technique are
considered which provide automatic selection of threshold to segment FUR images. A comparison of these

methods is discussed.

introduction

FLIR images exhibit thermal radiations emitted by a target. Since the target is in direct contact with its
environment. there is an exchange of heat between the target boundary surface and the immediate surroundings
(background). A very important reason for the loss of contrast between target and background with range to the
observer is due to the atmospheric scatter and absorption. As a result the boundary of the target in the image is
not very sharp and there is an intensity gradient abrbss it. For the automatic recognition of tactical targets in FLIR
tmages, 1t is desired to obtain an accurate and precise representation of the boundary of the target It is very

important since the features used in the classification of the target are normally based on the shape ang gray
scale of the segmented target and therefore the performance of a statistical or a structural classifier critically

depends on the results of segmentation. Generally, only the gray scale of the image is used o extract the target
from the background. The segmentation thus obtained normally depends upon several paramezers’of the
technique used The problem addressed here is: can a better segmentation be obtained more efficiently than a
segmentation obtained by using gray scale alone? It is possible to obtain a better segmentation by using other
sources of information present in the image such as contextual cues, temporal cues, gradient, a priori information
etc  In this paper we consider specifically the use of gray scale together with the edge information (gradient of

the gray scale) present in the image to obtain 2 more precise segmentation of the target than a segmentation
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