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The extraction of binary character/graphics images from gray-
scale document images with background pictures, shadows, high-
light, smear, and smudge is a common critical image processing
operation, particularly for document image analysis, optical char-
acter recognition, check image processing, image transmission,
and videoconferencing. After a brief review of previous work with
emphasis on five published extraction techniques, viz., a global
thresholding technique, YDH technique, a nonlinear adaptive
technique, an integrated function technique, and a local contrast
technique, this paper presents two new extraction techniques: a
logical level technique and a mask-based subtraction technique.
With experiments on images of a typical check and a poor-quality
text document, this paper systematically evaluates and analyses
both new and published techniques with respect to six aspects,
viz., speed, memory requirement, stroke width restriction, pa-
rameter number, parameter setting, and human subjective evalua-
tion of result images., Experiments and evaluations have shown
that one new technique is superior to the rest, suggesting its suit-
ability for high-speed low-cost applications, @ 1993 Academic Press, In.

1. INTRODUCTION

Documents are the primary information medium in the
information society today. Common symbols represent-
ing information on documents are handwritten or ma-
chine-printed characters and graphics. With the availabil-
ity of computers, video terminals, optical disks, fax
machines, laser printers and scanners, these symbols can
be generated, transmitted, accessed, stored, displayed,
printed out and reabsorbed automatically. As a substitute
for manual handling, document image analysis systems
can recognize the symbols on documents and organize
them in either data files which can be manipulated by
various word processing and graphics softwares or data-
bases. Various such systems have recently appeared or
proposed in both academic journals and commercial mar-
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kets. The systems range from PC-based OCR (Optical
Character Recognition) software packages [1] to special
systems which include automatic character recognition
and graphics vectorization systems for engineering draw-
ings [2, 3], maps [4], and automatic mail sorting systems
(5, 6].

The application of these systems is greatly limited by
their requirements for good quality documents. How-
ever, clean good quality documents are seldomly encoun-
tered in real applications. Some common problems which
contribute to poor-quality documents are: (1) highlighted
characters in various colours, (2) smeared or smudged
characters/graphics, (3) nonuniform change in colours
due to long term storage, (4) poor writing or printing
quality, and (5) shadows due to poor lighting conditions
when the document image is captured. Although more
processing can be made in later phases, these problems
are mainly handled in the first phase of a document analy-
sis system. In this phase, a grayscale image is first cap-
tured and digitized using a scanner or a video camera,
then a binary image is extracted from the original gray-
scale image using certain extraction technique. These
poor-quality documents are also often handled by vi-
deoconferencing systems which transmit document im-
ages for human recognition. It is sufficient to represent a
character/graphics image in a binary image which will be
more efficient to transmit and process instead of the origi-
nal grayscale image. Although often in good quality,
checks provide us a similar problem. In the perspective
electonic check image processing systems which are be-
ing developed by some manufacturers, once a check ar-
rives, its image is transmitted, stored and accessed elec-
tronically, and the characters on it will be automatically
recognized using OCR readers. At the first phase of such
systems, a binary character image is extracted from the
original grayscale check image and the background pic-
ture is suppressed as much as possible. Although sophis-
ticated extraction techniques have been published [3, 7-
9], our experiments have shown that further effort to
solve these problems is still necessary.

This paper is concerned with the extraction of binary
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character/graphics images from grayscale document im-
ages. In Section 2, previous work with an emphasis on
five published techniques is briefly reviewed. In Section
3, two new techniques are presented. In Section 4, speed,
memory requirement, stroke width restriction, parameter
number, parameter setting, and human subjective evalua-
tion of result images are proposed and discussed as six
aspects for evaluating and analyzing extraction tech-
niques. With experiments on a typical check image (Fig.
1) and a common text document image with highlighted
characters and shadows (Fig. 2), both new and published
techniques are evaluated and analysed with respect to
these six aspects. The last section includes a summary
and conclusion drawn from this work., :

2. REVIEW OF PREVIOUS WORK

One of the earliest but also most simple techniques for
extracting a binary image from an original grayscale im-
age is the global thresholding technique, which can be
found in text books on image processing, see, for exam-
ple, [10]. This technique does not consider the difference
between character/graphics and background, and there-
fore usually cannot give satisfactory results. Later tech-
niques consider the difference between character/graph-
ics and background. They consider both characters and
graphics as line drawings and either fully or partially en-
force a restriction on stroke width by assuming that the
stroke widths of all these line drawings lie in a predeter-
mined range. Based on this restriction, every character/
graphics pixel is extracted according to not only its own
gray level, but also the gray levels of the pixels in some
approximate character-size neighborhood around the
pixel. These techniques are called locally adaptive tech-
niques [7, 11]. However, these techniques do not differ-

FIG. 1. A 640 x 512 x 8 original check image.
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FIG. 2. A 512 % 480 x 8 original document image with highlighted
characters and shadows.

entiate characters from graphics and treat the separation
of characters from graphics as another problem for which
some techniques have been reported in [12-16]. In this
paper, we also follow this approach, and therefore will
not differentiate characters from graphics.

A survey on initial work in this field can be found in
[17]. Recent techniques originating from various applica-
tion areas including check image processing [8, 18], OCR
[11], blueprint image extraction (3], and videoconferenc-
ing systems [9] have been reported. An evaluation of
three such techniques viz., the nonlinear function tech-
nique [8], the local contrast technique [11], and a second
derivative technique which is virtually equivalent to the
integrated function technique in (8], has been presented
by Palumbo, Swaminathan, and Srihari [7].

Considered as part of the optical scanning process, this
extraction is often implemented using minimal software
and/or hardware in scanners or personal computers.
Therefore, we put our research emphasis on the extrac-
tion techniques which have relative high-speed perfor-
mances and minimal memory requirements, and there-
fore are suitable for high-speed low-cost applications. In
this section, we briefly review five published techniques
which will be evaluated and compared with our two new
techniques later. For simplicity, unless specified, the
physical meaning of every mathematical symbol intro-
duced from now on will not be changed.

2.1. Global Thresholding Technique

Let flx, y)ywith = x= M, [ = y< N, be the original
grayscale image with width of M, height of N and gray
level range of [0, 255], b(x, y) be the extracted binary
character/graphics image with gray level | representing
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character/graphics and 0 representing background, and T

be a predetermined constant, then the mathematical de-
scription of this technique is

U ffx, =T
MLy)={ S )
0 otherwise.

2.2. Technique by Yasuda, Dubios, and Huang (YDH
Technique)

This technique was proposed as the first phase of a
check image coding scheme by Yasuda, Dubois, and
Huang [18]. It uses a combination of fundamental image
processing techniques which can be mathematically de-
scribed as follows:

1. Dynamic Range Expansion (normalization)

_ f(x, y) — min

Hilx, y) '
max — min
where
max = max v N
IsysM,1=ysN LG 9
min = min P
I=ysM, |sy=sN [f( ? -))]

2. Smoothing.

filx, ) if range(x, y) > T
falx, y) =
> filx', y)/8 otherwise
(' yIEAlY,Y)
where
range(x, y) = max filx’, y') = min
(v yIEA(NY) (x' " IEALx,Y)
A,y
Alx, ) = {(x', yOllx’ = xl = L [y =l

= land (x', ¥) # (x, V]

T, is a predetermined parameter.

1. Adaptive Thresholding and Dynamic Range Ex-
pansion. Dividing the whole image area into overlapping
hlocks with size of T» x Ty, for any (x, y) in the it block,
we have

flx,y)
255 it maxb(i) — minb(i) < T; or
folx, y) = aveb(i)
falx, y) — minb(i)

255 otherwise,

aveb (i) — minb (i)
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where
maxb (i) = N _\-Egizllhxbluck [ fA(x, W
minb(i) = o, min [ flx, )]s
aveb(i) = >, [Alx, WIUT: X Ty);

(x,y}Eith block

T,, 15 are predetermined parameters.

4, Segmentation.

1
b(x, y) = {

0 otherwise,

if min3(x, y) < Tyoro(x, y) > Ts

where

min

—l=i=s],~1sj=

min3(x, y) =

LA =y =)

o (x, y) =( >

—l=isl,-igj=

[Alx =i,y —J)
0
- ave3(x, y)]z) /3;

aved(x, y) = E

—-i1=i=l,~-i=j=1

[fi(x — i,y — D9
T,, Ts are predetermined parameters.

2.3. Nonlinear Adaptive Technique

This technique as proposed in [8], conceptually com-
pares the gray level of every pixel with some average of
gray levels in a neighborhood, about the pixel, whose size
is approximately equal to the character-size. This aver-
age is calculated with minimal memory and high-speed
using two nonlinear equations. After adjusted by a bias
function, the gray level of the processed pixel is com-
pared with the calculated average. The mathematical de-
scription of this technique is as follows:

Fule, ¥) = fulx — 1, ) + Wplfu(x = 1, ¥) = f(x, )]
Folee, ) = fule, y = 1D+ Wyl fylx, y = 1) — fulx, ¥
1 if Z,[f(x — L, »] > fvlx, ¥)

0 otherwise,

b(x, y) = {
where
Wy, Wy are two predetermined update functions. Either

Wy or Wy has a value of zero only when its
argument has a value of zero, and otherwise has
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a value between zero and the value of its argu-

menti;

is a predetermined bias function;
is a “look ahead" factor;

x, ) is the horizontal

average calculated from the

gray levels of pixels at all the points (x', y) such

that | = x' = x;

is the local average calculated from the gray lev-

els of pixels at all the points (x, y') such that |
s=x'=xand [ =y =< y.

Figure 3 gives the update functions and the bias func-
tion adopted by White and Rohrer [8]. The update func-
tion provides the rate of response of the average to
changes in the gray levels. Its value is zero only when its
argument is zero, otherwise it has a value between zero
and the value of its argument. This will guarantee that the
average never exceeds the range of the input and will
converge to the input for uniform gray areas. The bias
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FIG. 3. The update functions W, (x), Wy{(x) and bias function Zy(x)
used in Nonlinear Adaptive Technique.

FIG. 4, Binary check character image extracled using Nounlinear
Adaptive Technique.

function is used to offset the decision level and to elimi-
nate the noisy background.

The major disadvantage of this technique is that it cre-
ates some black shadows in the background and extracts
the left-top part edges of the large dark areas. Figures 4
and 5 illustrate this disadvantage by the black shadows in
the check image and the left-top part edge of the highlight
dark area in the text document image. One reason for this
disadvantage is that the local average fu{x, y) is calcu-
lated based on the pixels in the left-top direction of the
processed pixel only. Therefore a possible improvement
can be made as follows. After extracting a binary image
using the nonlinear adaptive technique, another binary

mj ﬂ:a.nnmhﬂr of blaﬂf plxels ]
!m*e sional tatios: are e?sﬂy ob-

ion. 7Th:s 2lgonthm is deqcnbed
h this 3lgomhm is mmllar to the
he diterature [11], [12], in our
ge the value of each pixel fo its

ET‘J{:
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ot Each con-
] dithqr Yejected or acccpted as a

FIG. 5. Binary document character image extracted using Nonlin-
ear Adaptive Technique.
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image is also extracted using the same update functions
and bias function but different local average which is cal-
culated based on the pixels in the right-bottom direction
of the processed pixel. Then the character/graphics im-
age is obtained by performing an AND operation on the
two binary images. On one hand, almost every character/
graphics pixel in one of the two images is also a charac-
ter/graphics pixel in the other so that it is kept in the final
result image, on the other hand, most of the shadow and
large dark area edge pixels in one image are not extracted
again in the other image so that they are removed in the
final result image. However, our experiments has shown
that this technique has two disadvantages. One disadvan-
tage is that the strokes are also significantly eroded, the
other is its low speed. Although this technique can be
extended by including images calculated from right-top
and left-bottom directions, it will not be further re-
searched due to its two disadvantages.

2.4,

This technique as presented in [8] is virtually equiva-
lent to the second derivative technique evaluated by Pa-
lumbo, Swaminathan, and Srihari in (7]. It first detects all
the pixels lying near an edge (sharp change in gray level)
and labels the pixels on the dark side with + and the
pixels on the light side with —. The mathematical descrip-
tion of this operation is as follows:

Integrated Function Technique

0 ifA(x, y<T

S(x, y)y =< — if A(x, y) = Tand ddxy(x, y) <0
+ if A(x, y) = T and ddxy(x, y) >0
where
dx(x =i,y — ) =fx—i,y—J)

- flx—i—=1,y— 0
dy(x — i,y —j)=|fx—i,y—J7
~ flx =i,y —Jj— 1D

T is a predetermined parameter;

Alx, y) = >, 2 ldx(x =i,y =)
i

~lI=i=l —isj=
+dy(x — i,y = )
ddxy(x, y) = f(x + 2, y) + flx =2,y

+ f,y +2)+ flx,y —2)
— 4 X flx, y).

Considering all the pixels along with some straight line
passing through the currently processed point (x, y), we
get a sequences of +, — and 0. If the processed pixel is a
character/graphics pixel, then this sequence should be
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bounded by ordered sequences as illustrated below,

— t, o S,y =00r+], ..., +, —

and the distance between (—+, +-) is the ‘‘stroke
width’” along this line. Background pixels tend not to be
bounded by such ordered sequences. Therefore charac-
ter/graphics pixels can be extracted out by examing the
two sequences corresponding to the horizontal and verti-
cal straight lines passing through the currently processed
pixel. If these two sequences are bounded and one of two
“stroke widths” is in the predetermined stroke width
range, then the processed pixel is a character/graphics
pixel; otherwise it is a background pixel.

2.5. Local Contrast Technique

In their patent for character recognition applications
[11], Giuliano, Paitra, and Stringa presented this tech-
nique which is virtually a window operator. Every pixel
in the output image is calculated using the following oper-
ation on the 3 X 3 X 5 pixels in a window as shown in
Figure 6:

begin
if (f(x, ¥) < Ty)then b(x, y)=1;
else
begin

a, = Average of 9 pixels in area A;;
Ay ={(x, y) | (x, y) in A; and f(x, y) > To};
a, = Average of pixels in area Aj;
if (T3 X az) + Ts) > (T X @) then b(x, y) = ;
else b(x, y) = 0;

end;
end.
x X X X X x
A2 X X X X X X A2
X X X X X X
X X X
Al b3 * X
(x.y)
X X X
X X X X X X
Ay X X X b3 X XA
X X X X X x

FIG. 6. Window operations in Local Contrast Technique,
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where

T, a predetermined parameter, is used to extract all the
pixels whose gray levels are less than it as character/
graphics pixels (similar to the parameter in global
thresholding techniques);

T, a predetermined parameter, is used to detect all the
pixels in A, with gray levels not greater than it as
unconsidered pixels;

Ty, Ty, Ts, three predetermined parameters, are used for
comparing a; with as.

3. TWO NEW TECHNIQUES

3.1.

YDH technique, the nonlinear adaptive technique and
the local contrast technique have a common disadvan-
tage that they extract the edges of large dark areas. The
reason for this is that they have only partially factored
the stroke width restriction by a comparison of two val-
ues. One value is the gray level of the processed pixel or
some local average in a small neighborhood about the
processed pixel. The other value is another some local
average in a bigger neighborhood (usually the approxi-
mate character-size) about the processed pixel. How-
ever, unlike the integrated function technique, they are
not sensitive to noise because they use local averages.

The integrated function technique has fully factored
the stroke width restriction in the sense that it can re-
move all the large dark areas completely. Similar to the
three techniques mentioned above, this technique also
uses derivatives, but further, it labels the processed pixel
according to the values of its derivatives, detects all the
possible character/graphics pixels using the logical bound
on the ordered sequences and finally extracts all the char-
acter/graphics pixels whose vertical or horizontal
“‘stroke widths’ lie in the predetermined stroke width
range. The labeling and logical detecting assure that
every large dark area is a connected black blob which is
removed from the image in the final extraction phase.
Therefore the result images from this technique do not
have the unwanted edges of large dark areas. However,
this technique is very sensitive to noise because of the
sensitivity of the derivatives to noise.

From the observations, we get an outline of a better
extraction technique. Conceptually, the idea is to com-
pare the gray level of the processed pixel (if the pro-
cessed image is noise-free) or its smoothed gray level (if
the processed image is noisy) with some local averages in
the neighborhoods about a few other neighbouring pixels.
Thus more than one comparison is made and the compar-
ison results can be considered as ‘‘derivatives.’’ There-
fore the labeling, detecting and extracting using the “*de-
rivatives,” the logical bound on the ordered sequences

Logical Level Technique

KAMEL AND ZHAO

and the stroke width range can be adopted. Since local
averages are not sensitive to noise, these ‘“derivatives”
should not be sensitive to noise.

Based on this idea, we develop a new technique called
logical level technique, This technique predetermines the
stroke width range as [0, W]. It processes every pixel by
simultaneously comparing its gray level or its smoothed
gray level with four local averages in the QW + 1) x
(2W + 1)-size neighborhoods centered at the four points
P;, Pi, P\, Piv; shown in Fig. 7. If for certain {, the
(smoothed) gray level is at least T levels below all the
four local averages, then the processed pixel is extracted
as character/graphics pixel. Mathematically, this tech-
nique can be described as follows:

I if\/feq [LP) N L(P; AN L(Pi) N LPI)]

b(x, y) = is true
0 otherwise
where
%4 is the predetermined maximal stroke w1dth
Pl’ = P(l+4)nmdﬂa fori = 0 s 7) .
L(P) = ave(P) — g(x, y) > T,
T is a predetermined parameter;
ave(Py = SR =i, P, — DIQ X W+ D)

=WwsisW -W=s/j=w
P., P, are the coordinates of P;
g(x, y) = f(x, y) or its smoothed value.

In order to reduce the computation, we adopt the fol-
lowing fast algorithms:

1. A fast algorithm to calculate local average

> flx—i,y

-WsisW

ap(x, y) =

=ay(x — 1 - fx=-W-=1,y)
+ flx + W, y)

Il

> avlx,y = )

-Wsjsw

ay(x, y)

ay(x, y = 1) — ay(x, y —
+ CIH(X, y + W)

W-—1

ay(x, y)

avels, ) = 05w

2. Logical decomposition:

3
\/ IL@) ALY A LP) A L)

i=0
= {\({ [L(P) A L(P,-’)]} A\ {\I{ [LP) A L(P,-’)fl}-
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FIG. 7. Decomposition of logical detection,

The major advantages of this technique are its low
noise sensitivity, full factoring of the stroke width and
high speed. This technique is not sensitive to noise since
it uses local averages as basic computing units. Since few
of the large dark area pixels satisfy the logical restriction,
large dark areas are removed with their edges together.
Although usually not all the AND and OR operations are
performed in both the original and fast algorithms of this
technique, we can approximate the computation reduc-
tion brought by the fast algorithms. The computation re-
duction in calculating local averages is [QW + 1)? — 4]
add/subtraction operations and the reduction in logical
comparisons is (3 — 2) OR operations and (12 — 5)AND
operations. Figures 8 and 9 show the result images of this
technique.
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FIG.8. Binary check character image extracted using Logical Level
Technique.
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FIG. 9. Binary document character image extracted using Logical
Level Technique.

3.2. Mask-Based Subtraction Technique

This technique predetermines the stroke width range
as [W,i,, W1. It considers every original grayscale image
as a sum of its background image and its character/graph-
ics image, and consists of four steps. In the first step,
most of the background pixels are detected using a logical
filter, Considering all the pixels along some straight line
passing through the processed pixel, we get a one dimen-
sional signal sequence in which the character/graphics
pixels look like some kinds of “‘particle noise.” There-
fore we get a logical filter which can be considered as an
extension of the median filter for removing particle noise.
For more accuracy, this filter is applied to four sequences
corresponding to the four straight lines passing through
the processed pixel with slopes of 0, #/4, 7/2 and 3w/4.
The resulting image of this step is a binary image in which
black pixels are possible character/graphics pixels and
white pixels are background pixels. We call this binary
image ‘‘mask image.’’ In the second step, the mask image
is modified by detecting more background pixels using
the predetermined stroke width range (W, W1 (refer to
Fig. 10). In the third step, for every possible characters/
graphics pixel detected out in the modified mask image,
its gray level of background image is estimated by a linear
interpolation of the four background pixels, F(P), f(Pr),
f(Py), f(Pp), in the modified mask image (refer to Fig.
10). In the last step, a grayscale characters/graphics im-
age is obtained by subtracting the estimated background
image from the original image, and the binary characters/
graphics image is extracted out by applying the global
thresholding technique to the grayscale characters/
graphics image. The mathematical description of this
technique is as follows:
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1. Mask image detection using logical filter

begin
if at least W pixels of {f(x + i, y), - W=i= W}
have values greater than f(x, y),
then b,(x, y) = 1
else
if at least W pixels of {f(x, y + i), - W=i=< W}
have values greater than f(x, y),
then by(x, y) = 1;
else
if at least W pixels of {f(x + i, y + i), -W =i= W'}
have values greater than f(x, y),
then by(x, v) = 1
else
if at least W' pixels of {f(x — i,y + i), -W' = i< W'}
have values greater than f(x, y),
then bi(x, y) = 1
else by(x, y) = 0;

end.
where begin .
if by(x, y) = 1;
w! !'s the integer F:losest to W/ﬁ; ' - dletectydR, d;, dy, dp;
bi(x, y) is | for a possible cparacter/glaphlcs pixel and 0 width = min(dy + dp, de + dp):
for a background pixel. if width <W,,;,, or width >W, then bl(.l y)
=0

2. Mask image modification using stroke width range end.

3. Background image estimation using interpolation

begin
if by(x, y) =1
detect dR, dL: dU, dD;

Sy = du)ldy) + flx, y + dp)(1/dp)
if dg > Word, > W, then f,(x, y) = (Mdy) + (1dp) :

else

o _f(x + dR._\')(]/dR) + f(x - dL._v)(l/dL).
ifdy > Wordp> W, then f,(x, y) = (de) + (17d) :

else

£ilx, ¥) _ Sy = do)(Udy) + f(x, y + dp)(1/dp) + f(x + dp,)(1/dg) + flx — dy. ‘)(1/d,,)
e (1/clu) + (1/dp) + (Mdg) + (1/d,)

else
Folx, ¥) = f(x, »);
end.
4. Character/graphics image extraction The major advantage of this technique is that it has
fully factored the stroke width since it examines every
Ui e y) = flx, y) > T possnble character/graphics pixel using the predeter-
b(x, y) = { ' . ' mined stroke width range. Figures 11 and 12 show the
0 otherwise

result images of this technique. This technique has some
disadvantages such as low speed, and large memory re-

where T is a predetermined parameter. quirement which will be discussed in the next section.
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background pixels

FIG. 10. Four points used in mask image modification and back-
ground image estimation.

4, EVALUATION, ANALYSIS, AND
EXPERIMENTAL RESULTS

Since there are many evaluation aspects for extraction
techniques and there are conflicting requirements for
these aspects, it is difficult to find a technique which is
superior in every aspect. The lack of quantitative mea-
sures for some aspecls such as subjective evaluation of
output images and parameter setting makes the evalua-
tion more difficult. Therefore the best evaluation is test-
ing in practical applications.

Evaluations of three of the extraction techniques have
been reported in [3] and [7]. However, these evaluations
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FIG. 11. Binary check character image extracted using Mask-Based
Subtraction Technique.
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FIG. 12. Binary document character image extracted using Mask-
Based Subtraction Technique.

did not consider the memory requirement which is very
important for low-cost applications.

In this section, we first discuss six evaluation aspects
or measures, then systematically evaluate and analyse
both new and published techniques with respect to these
six aspects based on theoretical analysis and experi-
ments. We implemented and applied the eight techniques
to a number of test images. We present here two repre-
sentative test images shown in Figs. | and 2 on which we
base our evaluation. One is a typical personal check im-
age with width of 640, height of 512, and gray level range
of [0, 255]; the other is a common text document image
with highlighted characters and shadows, and with width
of 512, height of 480, and gray level range of [0, 255]. All
the implementations and experiments were done using
software written in C programming language in the UNIX
operating system on micro VAX-1I computer. Table 1
gives a summary of this evaluation and analysis.

4.1. Six Evaluation Aspects

1. Subjective Evaluation of Result Images. While
some applications require machine recognition and the
performances of the extraction technique involved can be
measured in terms of recognition ratio, human subjective
evaluation is still a reasonable and widely adopted evalu-
ation aspect especially for the applications requiring hu-
man judgment. For example, in videoconferencing sys-
tems, the transmitted document images are used for
manual reading. In check image processing systems, the
extracted character image is also sometimes used for
manual reading. Even when automated readers are eXx-
pected to be used, it is still reasonable to use such mea-
sure rather than using recognition ratios as the latter may
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TABLE 1
Evaluation and Analysis of Seven Character/Graphics Extraction Techniques
Subjective CPU Memory Parameter Parameter
Techrnique evaluation Width* time requirement number setting
Global Worst Not 1.1 0 l Easy
threshold
YDH Block lines, Partly 74.8 MN 5 Easy
unwanted edges
Nonlinear Pseudo-shadows Partly 6.1 M 1276 Difficult
function unwanted edges
Integrated Noise Fully: 14.5 W + )M 2 Easy
function
Local Unwanted edges Partly 103.0 oM 4 Difficult
contrast edge
Logical Best Fully 7.7 (4w - M 2 Easy
level
Mask-based Better than Fully 30.3 2MN 3 Easy

subtraction some others

Note. Width*, how the stroke width restriction was factored. CPU lime, the CPU time (represented in second) used for processing the check
image. Memory, the number of registers used to store the intermediate results. M, N, the column number and line number of the processed image,

W, the predetermined maximal line width,

depend on the software and/or hardware used for the
recognition. In any case it is expected that good visual
quality will lead to improved recognition ratios.

2. Memory. Since the extraction is often completed
along with an optical scanning process, it is often imple-
mented with minimal software and/or hardware within
scanners or personal computers. Therefore memory is a
key measure for evaluating techniques in low-cost small
scale applications. This memory is used to store interme-
diate results and can be measured in terms of number of
registers or bits. In this paper, we adopt the number of
registers measure. Therefore an intermediate result data
is considered to occupy the same-length register no mat-
ter what its data type is.

3. Speed. Speed is mostly of concern to the users,
especially those who have high volume documents to be
processed. Speed is mainly determined by the computa-
tion but also depends on the software/hardware imple-
mentation. Here we will use CPU time as an inverse
proportion of speed.

4, Stroke Width Restriction. All extraction tech-
niques except the global thresholding technique have ei-
ther fully or partly factored this restriction. This restric-
tion comes from the fact that most character/graphics
encountered in real application consists of line drawings
with almost uniform stroke width. However, for images
which contain character/graphics of different stroke
widths, factoring this restriction will require adapting the
parameters to change from one region to another.

5. Number of Parameters. Each of the techniques
considered has some parameters that need to be prede-

termined. For example, the global thresholding technique
has one and the local contrast technique has five. Gener-
ally, this measure reflects the complexity of using the
extraction technique.

6. Parameter Setting. Parameter setting is another
measure for technique complexity. For every parameter,
an initial value needs to be predetermined or set through
either some estimation from the processed document or
manual direct setting. For example, the only parameter
of the global thresholding technique can be set either
based on histogram properties [19, 201, **busyness’ prop-
erties (21, 22], global edge information [23, 24] or by the
user. Therefore the parameter setting for the global
thresholding is easy and simple. But for the nonlinear
adaptive techniques, three functions Wy, Wy, and Z,
need to be predetermined or set for every processed doc-
ument by the user, and no systematic method or detailed
guidance for setting these functions were provided [8].
Therefore the parameter setting for the nonlinear adap-
tive technique is difficult and complicated. This aspect
should be given much consideration when the techniques
are to be used by non-professional users.

4.2. Analysis and Experimental Results

1. Global Thresholding Technique. Global threshold-
ing technique has the highest speed due (o its most simple
computation, minimal memory requirement due 1o no in-
termediate results, smailest parameter number due to
only one parameter, and easiest parameter setting due to
the availability of various systematic setting methods
[19-24]. However, this technique can only handle
“ideal” document images of which the gray level distri-
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FIG. 13.
Threshoiding Technique.

Binary check character image extracled using Global

butions of character/graphics pxiels and background pix-
els are well separated away from each other. It can not be
applied to the poor-quality documents and checks of
which the gray level distributions of character/graphics
pixels are often buried within those of background pixels.
Figures 13 and 14 give the results of applying this tech-
nique to the two test images. For these two result images,
the parameter was manually set to the optimal value
based on subjective evaluation. It is obvious that many
character/graphics pixels have been lost as background
pixels and many background pixels have been misex-
tracted as character/graphics pixels. The reason for this
is that this technique does not consider the difference

the coordinates
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FIG. 14. Binary document character image extracted using Global
Thresholding Technique.
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between character/graphics pixels and background pixels
and processes every pixel based on its own value without
consideration of its neighbouring pixels.

2. YDH Technigue. This technique has partially fac-
tored the stroke width restriction through dividing the
processed image into blocks of size T» X T>. As pointed
out in [18], if T» is too large, the background will stili
contain wide variations within the blocks, so that this
technique does not work. On the other hand, if T3 is too
small, a big character could be mistaken to be back-
ground and removed from the processed image. How-
ever, because of the discontinuity between two adjacent
blocks, this dividing may bring a pseudo line at the
boundary between two blocks. Another disadvantage is
that this technique also extracted the edges of a large
dark area in the background such as the eagle’s wing in
the check image and the highlight area in the text docu-
ment image. These unwanted edges and pseudo-block
lines can be founded clearly in the result images of this
technique shown in Figs. 15 and 16. This technique con-
sists of a series of computation on the whole image,
therefore its speed is not high and it requires approxi-
mately M X N registers to store its intermediate results.
Although the parameter number of this technique is five,
the parameter setting is easy since the physical meaning
of these five parameters is clear, and Tz, T4, and Ts have
been suggested by Yasuhiko, Dubois, and Huang to be
16, 128, and 20 respectively.

3. Nonlinear Adaptive Technique. The important ad-
vantage of this technique is its high speed. It also requires
approximately M registers only. However, from its result
images shown in Figs. 4 and 35, we can see that some
pseudo-shadows were created in the background and that
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FIG. 15. Binary check character image extracted using YDH Tech-
nique.
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FIG. 16. Binary document character image extracted using YDH

Technique.

the left-top part of the dark areas in the background, such
as the highlight dark area in the text document image,
was also extracted. There are two reasons for this. One is
that the local average fy(x, y) was calculated based on
the pixels in the left-top direction of the processed pixel
only. The other is that this technique has partially fac-
tored the stroke width restriction through its two update
functions Wy and Wy. For different images, different val-
ues should be set to the two update functions. Although
White and Rohrer [8] have given some basic suggestions
for setting the update functions, the setting is still very
difficult because there are no systematic methods or de-
tailed guidances. For the two test images, although many
other settings have been tried, the functions in Fig. 3
seem to give the optimal results shown in Figs. 4 and 5.
Although when setting the update or bias functions, peo-
ple usually choose mathematical functions rather than
individual values, we can approximate the number of pa-
rameters as follows. Since the argument range of the two
update functions is [—255, 255] and Wx(0), Wy (0) have
been fixed as zeros, there are 2 X 510 parameters Wy(i),
Wy(i), 1 < [i| = 255, to be predetermined. On the other
hand, for the bias function, there are 256 predetermined

parameters Z,(i), 0 = [ < 255. Therefore, the numbers of

parameters is approximately 1276.

4. Integrated Function Technique. Of the five pub-
lished techniques, this technique is the only one which
fully factors the stroke width restriction. After detecting
all the possible character/graphics pixels using first- and
second-order derivatives, it extracts only these pixels
which are in the bounded sequences and whose vertical
or horizontal “‘stroke widths”* lic in the predetermined
stroke width range. For the result images of this tech-
nique shown in Figs. 17 and 18, the stroke width range
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FIG. 17. Binary check character image extracted using Integrated
Function Technique.

was predetermined as [0, W] where W is the maximal
stroke width and had value of 4 for the check image and 6
for the text document image. We can see that the major
disadvantage of this technique is the noise in its result
images. This noise comes from the sensitivity of deriva-
tives used by this technique. However, the speed of this
technique is moderate (refer to Table 1), parameter num-
ber is only two (7'and W), and parameter setting is easy
since the physical meanings of T and W are obvious so
that the user can easily set values for them according to
the processed image. Since only the pixels in the current
line and the (W + 1) lines above and below are needed for
processing a pixel, the memory requirement of this tech-
nique is QW + 3)M.
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FIG. 18. Binary document charcter image extracted using Inte-
grated Function Technique.
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5. Local Contrast Technique. Figures 19 and 20 show
the result images of this technique. Compared with the
result image of other four published techniques, the im-
ages in Figs. 19 and 20 have the best performance with
respect to subjective evaluation. The memory require-
ment is small (9 X M registers) since this technique is
virtually a 9 X 9 window operation. However, this tech-
nique has three disadvantages. The first is its low speed
(refer to Table 1). The second is its large number of pa-
rameters and difficulty of setting. Since only two out of
the Ty, Ty, and Ts are independent, the number of param-
eters is 4. Ty, T, have easily-understood physical mean-
ing and are easy to set. For a given image, it is not clear
how to set the values of T;, Ty, and Ts5. Palumbo,
Swaminathan, and Srihari [7] set Ty, T», T3, T4, and T as
20, 20, 0.85, 1, and 0 for their test images. But our result
images using this parameter setting look very unsuccess-
ful. After many trials, we got a sefting (40, 40, 1, 1, =3)
whose result images look best, shown in Figs. 19 and 20.
Different parameter settings can yield quite different
results for a given image. The third disadvantage is that
this technique also extracts the edges of large dark areas
in the background, such as the highlight dark area in the
text document image.

6. Logical Level Technique. From the result images
shown in Figs. 8 and 9, we can see that this technique has
the best performance in terms of subjective evaluation.
On one hand, its result images do not look as noisy as
those of the integrated function technique. On the other
hand, unlike the result images of YDH technique, the
nonlinear adaptive technique and the local contrast tech-
nique, its result images do not contain the unwanted
edges of large dark areas in the background, therefore
this technique has fully factored the stroke width restric-
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FIG. 19. Binary check character image exlracted using Local Con-

trast Technique with (7, = 30, T» = 50, Ty=1,Ty=1,1s = -135).
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FIG. 20. Binary document character image extracted using Local
Contrast Technique with (T; =40, T, =40, Ty = 1, Ty = 1, Ts = —3}.

tion. Compared with the integrated function technique
which has also factored the stroke width restriction, this
technique has the following similarities. Every logical
comparison L(P) is similar to the comparison Alx, y) >
T; every L(P;) /A L(P;) is similar to the bound on the
ordered sequences along the line passing through F; and
P; . This technique implicitly assumes the predetermined
stroke width range is [0, W1. In order to make more
accurate extraction, four points P;, Pi, Pi,; and Py, are
used instead of the two points P; and P; . This technique
has only two parameters T and W and the parameter
setting is very easy because both T and W have obvious
physical meaning. The memory requirement is (4W —
1)M registers which can be met by usual low-cost hard-
ware because W is usually small. In addition, this tech-
nique has very high speed which is aimost equal to that of
the nonlinear adaptive technique (refer to Table 1).

7. Mask-Based Subtraction Technique. Unlike the
other two new techniques which are based on the pre-
vious works, this technique comes from an independent
idea. Figures 11 and 12 show the result images of this
technique. Figures 21 and 22 show the modified mask
images. Compared with the result images of the five pub-
lished techniques, the result images of this technique
look better than those of YDH technique, integrated
function technique and nonlinear adaptive technique, but
worse than those of local contrast technique. It has only
three parameters W, W, and T whose parameter set-
ting is easy. It has fully factored the stroke width restric-
tion because it examines every possible character/graph-
ics pixel using the predetermined stroke width range.
However this technique seems inappropriate to handle
mixed text font and size documents, which is revealed by
the result images. This technique has another two disad-



216 KAMEL AND ZHAO

SOE0000
ot 2

M ",,ﬁ- T Tt v
SRS TP R,

FIG. 21. Modified binary check mask image obtained using Mask-
Based Subtraction Technique.

vantages. One is that it requires approximately 2 x M x
N registers of which M X N registers to store the binary
image b, and other M X N registers to store the original
image. The other disadvantage is its low speed (refer to
Table 1). These two disadvantages restrain its use for
high-speed low-cost applications.

5. SUMMARY AND CONCLUSIONS

Aiming at high-speed low-cost applications, this paper
reviews five published extraction techniques and
presents two new techniques, of which one is an im-
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FIG. 22. Modified binary document mask image obtained using

Mask-Based Subtraction Technique.

provement on previous work and the other is indepen-
dent. Systematical evaluation and analysis of these eight
techniques with experiments on images of a typical check
and a poor-quality text document have shown that one of
the new techniques, the logical level technique, is supe-
rior to the other seven with respect to subjective evalua-
tion. The analysis has also shown that this technique is
most suitable for high-speed low-cost applications due to
its high speed, small parameter number, easy parameter
setting, and minimal memory requirement.

REFERENCES

1. Calera Recognition Systems, Inc., TrueScan: Software Developer's
Manual.

2. V.Nagasamy and N. A, Langrana, Engineering drawing processing
and vectorization system, Comput. Vision Graphics Image Pro-
cess. 49, 1990, 379-397.

3. H. H. Chang, Image thresholding for blueprint image extraction,
Conference Proceedings: Vision 87, Delroit, Michigan, June 811,
1987, pp. 5-1-5-18.

4. R. Kasturi and J. Alemany, Information extraction from images of
paper-based maps, IEEE Trans. Sofiware Eng. 14(5), May 1988,
671-675.

5. A.C. Downton and C. G. Leedham, Preprocessing and presorting
of envelope images for automatic sorting using OCR, Puttern Ree-
ognition 23(3/4), 1988, 347-362.

6. S.N. Sirhari, Feature extraction for locating address blocks on mail
pieces, From Pixels 1o Features, pp. 261-273, Elsevier, Amster-
dam, 1989,

7. P. W. Palumbo, P. Swaminathan, and S. N. Srihari, Document
image binarization: evaluation of algorithms, in Proceedings, SPIE
Symposium on Applications of Digital Image Processing 1X, 1986,
Vol. 697, pp. 278-285.

8. J. M. White and G. D. Rohrer, Image thresholding for optical char-
acter recognition and other applications requiring character image
extraction, JBM J. Res. Dev. 27(4), July 1983, 400-411,

9. J. L. Mitchell, W, B. Pennebaker, D. Anastassiou, and K. S, Pen-
ninglon, Graphics image coding for freeze-frame videoconference
ing, IEEE Trans. Commun. 37(5), May 1989, 515-522.

10. R. C. Gonzalez and P. Wintz, Digital Image Processing, 2nd ed.,
Addison-Wesley, Reading, MA, (987,

1. E. Giuliane, O, Paitra, and L. Stringa, Electronic character reading
system, U. S. Patent 4,047,15 (Sept. 6, 1977).

12. L. A. Fletcher and R. Kasturi, A robust algorithm for text string
separation from mixed text/graphics images, IEEE Trans, pattern
Anal. Mach. Intell. 10(6), Nov, 1988, 910-918.

13. D. Wang and S. N. Srihari, Classification of newspaper image
blocks using texture analysis, Comput, Vision Graphics Image Pro-
cess. 47, 1989, 327-352,

14, D. G, Elliman and 1, T. Lancaster, A review of segmentation and

contextual analysis techniques for text recognition, Paitern Recog-
nition 23(3/4), 1990, 337-346.

I15. W. Scherl, F. Wahl, and H. Fuchsberger, Aulomatic separation of
text, graphics and picture segments in printed malterial, in Paitern
Recognition in Practice (E. . Gelsema and L. N. Kanal, Eds.), pp.
213-221, North-Holland, Amsterdam, 1980,

16. F. M. Wahl, K. Y. Wong, and R. G. Casey, Block segmentation
and text extraction in mixed text/image documents, Comput.
Graphics Image Process, 20, 1982, 375-390.



17,

18.

18.

20,

EXTRACTION OF BINARY CHARACTER/GRAPHICS IMAGES

M. Nadler, Survery: Document segmentation and coding tech-
niques, Comput. Vision Graphics Image Process. 28, 1984, 240-
262,

Y. Yasuda, M. Dubois, and T. S. Huang, Data compression for
check processing machines, Proc. IEEE 68(7), July 1980, 874-885.
N. Otsu, A threshold selection method from gray-level histograms,
IEEE Trans. Syst. Man Cybernet. 9, Jan. 1979, 62-66.

J. S. Weszka and A. Rosenfeld, Histogram modification for thresh-

old selection, IEEE Trans. Syst. Man Cybernet. 9, Jan. 1979, 38~
52.

21.

22,

23.

24,

217

F. Deraviand 8. K, Pal, Gray level thresholding using second-order
statistics, Pattern Recognition Lett. 1, 1983, 417-422.

J. S, Weszka and A. Rosenfeld, Thresholding evaluation tech-
niques, IEEE Trans. Syst. Man Cyberner. 8, Aug. 1978, 622619,
I. Kittler, J. Lllingworth, J. Foglein, and K. Paler, An automatic
thresholding algorithm and its performance, Proc. 7th International
Conference on Pattern Recognition, Montreal, 1984, pp. 287-289.
I. Kittler, J. Lllingworth, J. Foglein, and K. Paler, Threshold selec-
tion based on a simple image statistics, Comput. Vision Graphics
Image Process. 30, 1985, 125-147.



