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Abstract

In this paper we consider the eztraction of binary
character/graphics images from grayscale document
images with background pictures. This image process-
ing operation is particularly important for document
image analysis, automated data entry in geographi-
cal information systems, optical character recognition,
image transmission and videoconferencing. We briefly
review three published eziraction technigues namely,
the global thresholding technique, the nonlinear adap-
tive technique, and the local contrast technique, and
then present two new eztraction techniques: a mod-
ified nonlinear adaptive technique and a logical level
technigue. The performances of the five techniques are
compared by testing them on images of typical poor-
quality tezt documents. The results of the ezperiments
and evaluations have shown that the logical level tech-
nique is superior to the rest suggesting its suitability
for high-speed applications.

1 Introduction

In the application of document image analysis sys-
tems to recognize text and/or graphics good quality
documents are seldomly encountered. Some common
problems which contribute to poor-quality documents
are: (1) highlighted characters in various colours. (2)
smeared or smudged characters/graphics. (3) nonuni-
form change in colours due to long term storage. (4)
poor writing or printing quality. ?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 analysis system. In this
phase, a grayscale image is first captured and digitized
using a scanner or a video camera, then a binary im-
age is extracted from the original grayscale image us-
ing certain extraction technique. These poor-quality
documents are also often handled by videoconferenc-
ing systems which transmit document images for hu-
man recognition. It is sufficient to represent a char-
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acter/graphics image in a binary image which will be
more efficient to transmit and process instead of the
original grayscale image. Although various sophisti-
cated extraction techniques have been published [1] -
[7], further effort to solve these problems is still nec-
essary.

In section 2, three published techniques for extrac-
tion of binary images are briefly reviewed, evaluated
and analysed according to their performances on typ-
ical poor-quality text document images. In section 3,
two new techniques are presented and compared with
the published techniques. The last section includes
conclusions from this work.

2 Previous Work

A survey on initial work in this field can be found in
[8]. Recent techniques originating from various appli-
cation areas including check image processing (6] [9],
OCR [10], blueprint image extraction [1] and video-
conferencing systems [7] have been reported. An eval-
uation of three such techniques viz., the nonlinear
function technique Jﬁ], the local contrast technique
[10], and a second derivative technique which is vir-
tually equivalent to the integrated function technique
in [6]),( has been presented by Palumbo, Swaminathan
and Srihari [5].

We focus our attention in this work on the extrac-
tion techniques which have relative high-speed per-
formances, and therefore are suitable for high-speed
applications. In this section, we briefly review, evalu-
ate and analyse three published techniques which will
be compared with our two new techniques later.

We have implemented and applied the five tech-
niques to a number of test images. We present here
a representative test image shown in Figure 1. It is a
common text document image with highlighted char-
acters and shadows, and with width of 512, height of
480 and gray level range of [0, 255].

2.1 Global Thresholding Technique

This technique is one of the earliest and most sim-
ple technique for extracting a binary image from an
original grayscale image. A description of it can be
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Figure 1: A 512 x 480 x 8 original document image
with highlighted characters and shadows

found in text books on image processing, see for ex-
ample [11]. If f(z,y) with 1<z < M,1<y < N,
represents the original grayscale image with width
of M, height of N and gray level range of [0,255],
and b(z,y) represents the extracted binary charac-
ter/graphics image with gray level 1 representing char-
acter/graphics and 0 representing background, and T
be a predetermined constant, then the mathematical
description of this technique is

b(z,y)z{ 1 if f(z,9) < T

0 otherwise

This technique has the highest speed due to its
most simplest computation, However, it can only
handle “ideal” document images of which the gray
level distributions of character/graphics pixels and
background pixels are well separated away from each
other. It can not be applied to the poor-quality doc-
uments of which the gray level distributions of char-
acter/graphics pixels are often buried within those of
background pixels. Figure 2 gives the results of ap-
plying this technique to the test image. For the result
image, 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 misextracted as character/graphics pixels. The
reason for this is that this technique does not consider
the difference between character/graphics pixels and
background pixels and processes every pixel based on
its own value without consideration of its neighbour-
ing pixels.

2.2 Nonlinear Adaptive Technique

This technique (as in [6]), is based on comparing

the gray level of every pixel with some average of gray
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Figure 2: Image extracted using Global Thresholding
Technique

- levels in a neighborhood, about the pixel, whose size

is approximately equal to the character-size. This av-
erage is calculated with minimal memory and high-
speed using two nonlinear equations. The gray level of
the processed pixel is adjusted by a bias function and
is then compared with the calculated average. The
mathematical description of this technique is as fol-
lows:

fr(2,y) = fa(e = 1,y) + Wrlfa(z - 1,9) - (=, 9)]
fV(z)y) = fV(ziy_ 1) o WV[fV(z)y_ 1) = fH(G,y)]

1 ifZ 1 ’
5(2,9) ={ 0 :ath:gvgze > fv(=)

Where, Wy, Wy are two predetermined update func-
tions. Either Wgy or Wy has a value of zero only when
its argument has a value of zero, and otherwise has a
value between zero and the value of its argument; Z;
is a predetermined bias function; L is a “look ahead”
factor; fu(z,y) is the horizontal average calculated
from the gray levels of pixels at all the points (2/,y)
such that 1 < &’ < z; fv (=, y) is the local average cal-
culated from the gray levels of pixels at all the points
(') suchthat 1 <z’ <zand 1<y <.

The important advantage of this technique is its
high speed. However, from its result image, shown
in Figure 3, we can see that some pseudo shadows
were created in the background and that the left-top
part of the dark areas in the background, such as the
highlight dark area in the text was also extracted.
2.3 Local Contrast Technique

This technique was developed by Giuliano, Paitra
and Stringa [10]. It is virtually a window operator.
Every pixel in the output image is calculated using
the following operation on a 3x3x5 pixels window.
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Figure 3: Image extracted using Nonlinear Adaptive
Technique

begin

if (f(z,y) < T1) then b(z,y) = 1;

else

begin

a1 = Average of 9 pixels in area A;;
Ax=1(29)| (z,) in 43 and f(2,3) > T3 )
a3 = Average of pixels in area Ay;

if (T3 x a3) + Ts5) > (T4 x a;)) then b(z,y) =1;
else b(z, y) = 0;

end;

end.

Where T3, 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 technique); T3, a predetermined
parameter, is used to detect all the pixels in A, with
gray levels not greater than it as unconsidered pixels;
T3, T4, Ty, three predetermined parameters, are used
for comparing a; with a,.

Figure 4 shows the result image of this technique.
Compared with the result image of other two pub-
lished techniques, this image has the best performance
with respect to subjective evaluation. However it has
two disadvantages. One is its low speed (refer to Ta-
ble 1), The other is that this technique also extracts
the edges of large dark areas in the background, such
as the highlight dark area.

3 Two New Techniques

3.1 Modified Nonlinear Adaptive Tech-
nique

The major disadvantage of the nonlinear adaptive

technique is that it creats some black shadows in the

background and extracts the left-top part edges of the
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Figure 4: Image extracted using Local Contrast Tech-
nique

large dark areas. Figure 3 illustrates 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 fy (z,y) is calculated based on
the pixels in left-top direction of the processed pixel
only. Therefore one improvement can be made as fol-
lows. After extracting a binary image using the non-
linear adaptive technique, another binary image is also
extracted using the same update functions and bias
function but different local average which is calculated
based on the pixels in the right-bottom direction of the
processed pixel. Then the character/graphics image is
obtained by performing an AND operation on the two
binary images.

The mathematical description of this method is as
follows:
1. Calculating by, the 1st binary image

fu(2,9) = fa(z — 1,y) + Wr[fu(z — 1,y) — f(=,v)]
fv(zv) = fo(z,y— 1)+ Wy [fr(z,y— 1) — fu(z,y)]

byt = { } B2l - L) > fo()

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 a value between zero and the value of its argu-
ment; Z), is a predetermined bias function; L is a “look
ahead” factor; fy(z, yf is the horizontal average cal-
culated from the gray levels of pixels at all the points
(z',y) such that 1 < 2’ < z; fy (=,y) is the local aver-
age calculated from the gray levels of pixels at all the
points (2',3’) such that 1< z' <zand 1< ¢/ <w
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2. Calculating by, the 2nd binary image

o(2,9) = 9@ + 1,3) + Wlon(z +1,9) — £(z,9)]
gv(z,v) = gv(z,y+1) + Wygv(z,y+1) — gu(z, 9)]
ble s = { 1 if Zo[f(z = L,y)] > gv(,9)

0 otherwise

Where Wg, Wy are the two predetermined update
functions described above; Z; is the predetermined
bias function described above; L is.the “look ahead”
factor described above; gx (2, y) is the horizontal aver-
age calculated from the gray levels of pixels at all the
points (z',y) such that z < 2’ < M; gv(z,y) is the
local average calculated from the gray levels of pixels
at all the points (z',%) such that z < 2’ < M and
y<y <N.

3. Calculating b

_f 1 ifbs(z,y) =1and by(z,y) =1
b(z,y) = { 0 otherwise >

Although both images b; and b, contain the char-
acter/graphics, some shadows and the edges of large
dark areas, their “AND” image b almost contains the
character/graphics only, and therefore avoids the ma-
jor disadvantage of the nonlinear adaptive technique.
This improvement is achieved based on two points. On
one hand, almost every character/graphics pixel in by
is also a character/graphics pixel in by so that it is kept
in the final result image b; on the otﬁer hand, most of
the shadow and large dark area edge pixels in by are
not extracted again in b, so that they are removed in
the final result image b. Corresponding to Figure 3
which show the 1st image (b;), Figure 5 shows the fi-
nal result image (b) which reveals this improvement.
However, this technique has a speed which is approxi-
mately one half of the speed of the nonlinear adaptive
technique. and has only partially enforced the stroke
width restriction. The result images of this technique
look a little noisy.

Table 1: Comparison Results of the Five Techniques

Technique Subjective Width Restr. | CPU
Evaluation Enforcement Sec.
Global worst not 1.1
Threshold
Nonlinear | pseudo shadows partly 6.1
Adaptive | unwanted edges
Local unwanted edges partly 108.0
Contrast edge
Modified a little partly 10.1
Nonlinear noise
Logical best fully 1.7
Level
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Figure 5: Image extracted using Modified Nonlinear
Adaptive Technique

3.2 Logical Level Technique

The nonlinear adaptive technique and the local con-
trast technique have a common disadvantage that they
extract the edges of large dark areas. The reason for
this is that they have only partially enforced the stroke
width restriction by a comparison of two values. One
value is the gray level of the processed pixel or some
local average in a small neighborhood about the pro-
cessed pixel. The other value is some local average
in a bigger neighborhood (usually the approximate
character-size) about the processed pixel.

From these observations, an outline of a better ex-
traction technique can be to compare the gray level
of the processed pixel (if the processed image is noise-
free) or its smoothed gray level (if the processed image
is noisy) with some local averages in the neighbor-
hoods about a few other neighbouring pixels. Thus
more than one comparison is made and the results can
be considered as “derivatives”. Therefore the labeling,
detecting and extracting using the “derivatives”, the
logical bound on the ordered sequences 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 developed a new technique
called logical level technique [12]. This technique pre-
determines the stroke width range as [0, W]. It pro-
cesses every pixel by simultaneously comparing its
gray level or its smoothed gray level with four local
averages in the (2W — 1) x g2W — 1)-size neighbor-
hoods. For more details see [12].

The major advantages of this technique are its low
noise sensitivity, full enforcement 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 sat-
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Figure 6: Image extracted using Logical Level Tech-
nique

isfy the logical restriction, large dark areas are re-
moved with their edges together. From the result
image shown in Figure 6, we can see that this tech-
nique has the best performance in terms of subjective
evaluation. Unlike the result images of the nonlinear
adaptive technique and the local contrast technique,
its result images do not contain the unwanted edges
of large dark areas in the background, therefore this
technique has fully enforced the stroke width restric-
tion. This technique has very high speed which is al-
most equal to that of the nonlinear adaptive technique
(refer to Table 1).

4 Conclusions

In this paper, three published extraction techniques
are reviewed, and two new techniques are presented.
Comprehensive evaluation and analysis of these five
techniques according to their performances on images
of typical poor-quality text documents have shown
that the new techniques are superior to the existing
techniques with respect to quality of extraction and
speed of processing.
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