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Short Paper

WAVELET-BASED IMAGES COMPRESSION OF COLOR

DOCUMENT BY FUZZY PICTURE-TEXT SEGMENTATION

Bing-Fei Wu*, Chung-Cheng Chiu, and Wen-Long Lin

ABSTRACT

In this paper, we present a new compression method for color document images
based on the wavelet transform and fuzzy picture-text segmentation. This approach
addresses a fuzzy picture-text segmentation method, which separates pictures and texts
by using wavelet coefficients from color document images. The picture components
and the text components are encoded by zerotree wavelet coding and by the modified
run-length Huffman coding, respectively.

Key Words: wavelet transform; zerotree coding; fuzzy picture-text segmentation; color
document image compression.
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I. INTRODUCTION

A typical digital image encoder initially converts
the input image data into coefficients by means of
one of the transform procedures, such as DCT or FFT.
The combination of discrete wavelet transform
(Antonini et al., 1992; Mallet, 1989) and zerotree cod-
ing (Shapiro, 1993; Said and Pearlman, 1996) was
proposed to compress a pure image.  However, using
those methods on text has produced poor results.
Since the characteristics of text and pictures are
different, it is not suitable to compress them by the
same method like JPEG (Leger et al., 1991) or dis-
crete wavelet transform.  Many approaches devoted
to processing monochrome documents have been pro-
posed in the past.  Wahl et al. (1982) designed a sys-
tem for document analysis and a constrained run
length algorithm (CRLA) for block segmentation.
Nagy et al. (1986) presented a system with the X-Y
tree and formal block-labeling schema to accomplish
document analysis.  Fletcher et al. (1988) proposed a
robust algorithm to separate text from mixed text/
graphics document images.  Kamel and Zhao (1993)

presented two new extraction techniques. Tsai (1985)
proposed an approach to automatic threshold
selection.  Some other systems based on the prior
knowledge of some statistical properties of various
blocks (Fisher et al., 1990; Akiyama and Hagita,
1990; Shih et al., 1992; Pavlidis and Zhou, 1992;
Zlatopolsky, 1994), or texture analyses (Wang and
Srihari, 1989; Jain and Bhattacharjee, 1992) have also
been developed.  Suen and Wang (1996) presented a
text string extraction algorithm, which uses the edge-
detection technique and text block identification to
extract text strings.  Haffner et al. (1998) proposed
an image compression technique called “DjVu” that
is specially geared toward the compression of docu-
ment images in color.

In this paper, we present a compression method
for color document images by using a new fuzzy pic-
ture-text segmentation algorithm.

II. THE CHARACTERISTICS OF
COEFFICIENTS IN WAVELET TRANSFORM

After the second level of wavelet transform,
seven frequency bands (LL2, LH2, HL2, HH2, LH1,
HL1 HH1) are obtained.  After the wavelet transform,
the coefficients extracted from text components hold
more edge information than the coefficients from pic-
ture components.  Therefore, the edge feature is a
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good parameter for segmenting picture-text com-
ponents.

The number of colors, also a useful feature, can
be used for color-document image segmentation. Be-
cause the coefficients of the LL2 band are very simi-
lar to the original image after wavelet transform, the
color number can be obtained by counting the color
number of UV-planes from the coefficients of LL2
band.

The fractal dimension indicates the complexity
of images.  Because the picture components are more
complicated than the text components, the picture
components have higher fractal dimensions than the
text components.  The coefficients of the LL2 band
are applied only to obtain the fractal dimensions from
text components and picture components. In this way,
the processing time to compute fractal dimensions can
be reduced.

III. FUZZY PICTURE-TEXT
SEGMENETATION ALGORITHM

We propose a fuzzy picture-text segmentation
algorithm to separate text components and picture
components from color document images.  The flow-
chart of the algorithm is shown in Fig.1.  Details of
the algori thm are explained in the following
subsections.

1. Spreading and Region Growing for Block
Extraction

Before the process, we need to convert the co-
efficients of the LL2 band into bi-level data, and use
the thresholding method to decide the location of fore-
ground and background.  We use the Constrained Run
Length Algorithm (CRLA) to remove noise pixels.
The algorithm was proposed by Wahl et al. (1982) to
preserve the pixel when it comes from valid continu-
ous pixels.  The CRLA is performed in horizontal and
vertical directions, and the bi-level images, “Mv” and
“Mh”, are obtained, respectively.  Then, we apply the
“OR” operator on Mv and Mh pixel by pixel, and get
a bi-level spreading image, Mhv.  Therefore, the
methods of thresholding, CRLA and logic operation
are called the spreading process.

The steps of region growing are described
below:
Step 1. Merge the pixels of image Mhv row by row.
Step 2. Compare the pixels merged from Step 1 with

the current blocks.  If there exists any over-
lap between the pixels and blocks, the pixels
and blocks are merged into the same block.
If there is no overlap, make a new block for
the foreground pixels.

Step 3. After region growing, every block will be

checked.  If the block is neither growing big-
ger nor coming a new one, stop the block’s
growth and regard it as an isolated block.

Step 4. Check if there is any overlap between blocks
or not.  Merge overlapping blocks into the
same block.

Step 5. If Mhv comes to the last row, then go to Step
6; if not, return to Step 1.

Step 6. Change all existing blocks into isolated
blocks.  If there is any overlap between
blocks, merge the overlapping blocks into the
same block.

Step 7. Delete those smaller noise blocks.

2. The Calculation of Local Edge Projection
Variance Ratio

The edge projection is calculated from the bi-
nary image which combines the binary images of high
frequency bands (LH, HL, and HH) using the logical
OR operator.  The local edge projection variance
ratio is defined by

Fig. 1 The flowchart of fuzzy picture-text segmentation algorithm
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Local edge projection variance ratio (LEPVR)

=    1
Mean × (P(i) – LMean(i))2Σ

i

, where P(i) is the magnitude of the ith projection,
Mean is the projection average, and

   LMean(i) = 1
N × P(k)Σ

i – N/2

i + N/2 – 1
,

N is the local average width.

3. The Calculation of Color Number

The color number is calculated in the UV-plane
of the LL2 band as follows:
Step 1. Calculate the histogram of the UV-plane.
Step 2. Set LB as the threshold value, calculate ef-

fective color candidates (ColorCandidate)
whose pixel numbers are larger than LB.

   

LB =

10 , if 1000 < TotalPixel

TotalPixel
100 , if 400 ≤ TotalPixel ≤ 1000

3 , Otherwise

Step 3. Define the effective mean value (MeanPixel)
of each color candidate as:

  MeanPixel = TotalPixel
ColorCandidate

Step 4. Set MeanPixel/2 as the threshold value. Cal-
culate the number of colors whose peak his-
togram values are larger than the threshold
value.  This number of colors is called color
number in the UV-plane.  We can calculate
the color numbers of A and B in the UV-plane.
We define the value of A×B to be the color
number of the foreground block.

4. The Calculation of Fractal Dimension

We use the Two Dimension Box Counting
method (Buczkowski et al., 1998) which is easier and
faster to calculate than others.

5. Fuzzy Logic Decision System

The fuzzy membership functions are shown in
Fig. 2(a).  By using Hamming Distance, and the reli-
ability of three parameters, we set a Fuzzy Rule Table
(4×4×4 cube) as shown in Fig. 2(b).  The fuzzy

number of the fuzzy rule table is relative to the rule
function in Fig. 2(c).

Let us now discuss the basic steps involved in
the design of the fuzzy logic decision system.
Step 1. Calculate the FD, color number, and LEPVR.
Step 2. Find the probability PS, PCS, PCL, and PL for

FD, color number, and LEPVR from Fig.
2(a) .  Therefore,  the P x(FD ) ,  Py(color
number), and Pz(LEPVR) are obtained, where
x, y, and z∈ {S, CS, CL, L}.

Step 3. Use the combination of Px(FD), Py(color
number), and Pz(LEPVR) to find fuzzy rules
from the fuzzy rule table.

Step 4. Calculate the defuzzified value by the center
of area method.  The center of area method
(Klir et al., 1995) is selected to define the
defuzzified value.

The threshold value is set at 100 : if the de-
fuzzified value of foreground blocks is smaller than
100, it belongs to picture components; and if the
defuzzified value of foreground blocks is larger than
or equal to 100, then it belongs to text components.

Fig. 2  Functions and rule table of fuzzy logic decision system
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IV. COLOR DOCUMENT IMAGES
COMPRESSION METHOD

After the fuzzy picture-text segmentation algo-
rithm is applied, the document images are classified
into text components and picture components.  In this
paper, zerotree coding is used to compress the coef-
ficients of wavelet transform for picture components.
For text-components, we have to extract the colors
of text from the original document image, making
each color of text component a single color plane and
using Modified Huffman Code to compress each
single color plane.  However, the run-length of blank
pixels between text-lines can be very long, and may
reduce the coding efficiency of Huffman Code.  To
solve this problem, we use Modified Run-length Code
to deal with the long run-length, and Modified
Huffman Code to code the short run-length.  The flow-
chart of the proposed compression algorithm is shown
in Fig. 3.

1. Color Quantization in Text Components

Text components are separated into several
single-color planes.  Therefore, we have to decide the
number of colors in the text components by calculat-
ing the foreground histogram (His[i]) and then de-
ciding the locations where the pixels are gathered.
The steps are listed as follow:
Step 1. Let His[i] pass the low-pass filter, and set the

result as Fhis[i].
Step 2. Find the maximum values of Fhis[i].
Step 3. Get rid of the maximum value which is

smaller than TH_LowBound.
Step 4. Set a threshold of duration (TH_UV), and cal-

culate the local-maximum between ±TH_UV.
Here the value of TH_UV is set to 15 and
TH_LowBound is set to 10.

2. Using Modified Run-Length Huffman Code
(MRLHC) to Encode Text

The text components are segmented into several
single-color planes.  Those planes are compressed by
Modified Run-Length Huffman Code.  The algorithm
is designed as follows:

Run-Length= 1728×Multi-code+64×Makeup

code+Terminate code

Run-length

   

=

0~63 , only Terminate code
63~1727 , Makeup code'1~26' +

Terminate code
1728~(216 × 1728) , Makeup code'27'

+ Modified Run Length
code

Modified Run Length code

=Continue-code+Multi-code+Makeup code

+Terminate code.

The first four bits are Continue-code which in-
dicate the number of bits which can be read in Multi-
code.  By using this approach, the maximum Run-
Length is represented being as long as 1728×216=27
×222.

3. Compression Method of Picture Components

When the blocks of text are extracted from the
color document image, many gaps are located in the
color document image.  The boundaries of those gaps
produce many high-frequency coefficients after wave-
let transform.  The zerotree coding algorithm will
waste bits to encode those high-frequency coef-
ficients.  In order to improve the efficiency of com-
pression, those gaps must be compensated for with
appropriate coefficients.  Our method is to directly
compensate the text components by the average
of neighboring data in the LL2 band, and set the

Fig. 3  The flowchart of proposed compression algorithm

The coefficients after
wavelet transform of layer 2

Picture and Text Segmentation

separate foreground and
background

quantize the color
in Text-plane

coding each single-color
plane by MRHC

The data after compression

clear text’s coefficients in
picture components

continue wavelet
transform of layer 3,4...

coding the coefficients 
by zerotree

extract the color of background

Text
components

Picture
components
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coefficients of text components in HLi, LHi, and HHi
(i=1, 2) bands as zeroes.  After compensating the text
components in the sub-band coefficients, the wave-
let transform is adopted for the coefficients of the LL2
band continuously.  Then, the zerotree coding algo-
rithm is used to encode the coefficients of wavelet
transform.

V. EXPERIMENT RESULTS AND
CONCLUSION

The proposed coding algorithm was simulated
on Window 2000 (Pentium III 700, 128 MB RAM)
with programs written in C++ language.  In our study,
we used the 24-bit true color image format and 200
dpi in processing.  Each pixel in a 24-bit true color
image is characterized by its R, G, and B color values,
and 8 bits represent every value.  Fig. 4 shows the
comparison of the JPEG and the new compression
algorithm.  The time needed for performing fuzzy pic-
ture-text segmentation in Fig. 4(c) is 0.02 sec.
We can find that the picture color compressed by
JPEG loses very seriously, the block effect is very
obviously and the text contour is blurred.  Experi-
mental results show that the compression algorithm
based on fuzzy picture-text segmentation has achieved
better and clearer quality of pictures and texts than
JPEG.

This paper has proposed a new compression
method with promising performance on color docu-
ment images.  The method uses different compres-
sion algorithms based on fuzzy picture-text segmen-
tation for sub-images with different characteristics.

The fuzzy picture-text segmentation algorithm is
based on the coefficients of wavelet transform.  It
quickly finds the text components and picture com-
ponents from the coefficients of wavelet transform.
We have also compared our method with JPEG.  The
results show that the new compression method has
achieved better and clearer quality than JPEG.
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NOMENCLATURE

FD fractal dimension
LEPVR local edge projection variance ratio
MRLHC modified run-length Huffman code
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