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Abstract: A novel lossless compression scheme is presented
for color halftone images dithered by a clustered dot ordered
screen. In the encoder, the context template is designed ac-
cording to theline pattern of each color channel image. Based
on the designed template, then, each channel image is com-
pressed by a context-based arithmetic encoder. Finally, both
the compressed image data and the template information are
transmitted to the decoder. In the decoder, the template shape
information is reconstructed, and then, the halftone image is
decoded losslessly. Based on the adaptiveness of the tem-
plate to the input image, the proposed system yields better
compression performance than the conventional JBIG, which
saves 35% of the JBIG bitstream.

Keywords— Lossless halftone image compression, context-based
arithmetic coding, template design, line pattern, and clustered dot or-
dered halftone image.

1. Introduction

In the electronic document printing, a clustered dot or-
dered halftoning is widely used to convert a continuous tone
image to a halftoneimage [1]. Though atypical halftoneim-
age has only two gray levels, however, it requires huge stor-
age and wide bandwidth. For example, one page data (600
dpi and A4 size) takes about 4 MBytes per color channel, and
it is often prohibitive for compact processing in the pipeline.
Therefore, efficient compression of the halftoneimageis crit-
ical.

To address the size issue of the halftone image, various
compression techniques have been introduced [2], [3], [4],
[5]. The BIG isthe standard codec for bilevel images, which
is based on the context-based arithmetic coding [2]. In [3],
to enhance the performance of the context-based arithmetic
coder, a template design method was introduced. Though
the template design is computationally high, the correlation-
based template in [3] yields a promising compression perfor-
mance. In [4], the block arithmetic coding scheme was pro-
posed to replace the conventional JBIG standard. Recently,
Xiao et al. presented a weighting method of multiple tem-
plates for efficient bilevel image compression [5].

On the clustered dot ordered halftone image, line patterns
are easily obtained [1]. For reducing the Moiré artifact on
the color halftone image, moreover, each color channel im-
age showsthedistinct line patterns[1]. Asthe samegray level
pixels are located on these line patterns, it is shown that high
correlation is revealed on these line patterns. By simply trac-
ing the line pattern on each color channel image, therefore,
we can detect pixels with high correlation and build template

shapes adaptive to each color channel.

In this paper, we present a new lossless image compres-
sion schemefor the color halftoneimage. Inspired by the line
pattern on each color channel image, the context template is
adaptively designed for each channel image. Specifically, the
template is outlined according to the direction of the line pat-
tern on the input halftone image. Then, the input image is
compressed by a context-based arithmetic coder in [2], which
is transmitted to the decoder. Note that the template informa-
tion is also sent to the decoder because it is variable to the
input image pattern. In the decoder, the context isrevealed by
the transmitted template information, and thus, the halftone
imageislosslessly reconstructed. Therefore, an efficient com-
pression schemeis provided for color halftone images, which
outperformsthe conventional JBIG standard [2].

2. Proposed algorithm

Theblock diagram of the proposed systemisshownin Fig-
ure 1. In the encoder, the template is adaptively shaped ac-
cording to the line pattern of the input halftone image. Then,
the halftone image is losslessly compressed by a context-
based arithmetic encoder in [2]. Note that the template shape
is also compressed and sent to the decoder. In the decoder,
the template is reconstructed, followed by the halftone image
reconstruction.

2.1 Derivation of optimal context template

Assume that the halftone input imageis the stochastic pro-
cess S = {S;|i = 1,2,--- ,n}, where S; is the i-th pixel
and n isthe number of pixelson theimage. By the stationary
assumption of the image, the entropy rate H (S) is simplified
as

1
H(S) Jim S H (S, 82,0+, )
hm H(Sn|5n—1asn—27' o 7‘5’1)

= lim H(S,|C,), 1)

1

where C,, isthe context function and expressed as
Cn = C(Snfla Sn72a e 751)'

Asthe Markov property holds on theimage, C,, becomesthe
concatenation of finite pixels. Generally, these pixelsare laid
on the fixed area on the image, called the context template.
In the context-based arithmetic coding, thus, the goal of the

953



.| Line pattern Linear Template Template
extraction fitting decision encoder
Input halftone .| Context Arithmetic @
image g modeling encoder
Context Template Compressed template information
modeling decoder
Decoded halftone‘ Arithmetic Compressed halftone image
image h decoder

Figure 1. System block diagram of the proposed halftone image compression scheme.

context modeling isto find the template shape that minimizes
(D).

Onesolutionfor (1) isto design atemplate according to the
image statistics like the correl ation-based template design [ 3].
Though it outperforms the conventional JBIG having fixed
templates[2], the complexity for the template design becomes
critical. In this paper, as an alternative, we investigate the
line patterns on the clustered dot halftone images. Then, the
templateis simply obtained.

2.2 Line pattern extraction

In the clustered dot ordered halftone image [1], line pat-
tens are easily revealed shown in Figure 2 (a) and (b). Asthe
same colored pixels exist on the line pattern, these pixels have
high correlations. It is shown in Figure 2 (c) and (d) that the
highly correlated pixels are laid along the line pattern direc-
tion. Note that the correlation value for the halftone imageis
demonstrated in [3]. Therefore, in thiswork, it isour goal to
extract the direction of theline patternfor the templatedesign.

To derive the line pattern on the image, we first divide the
imagedomaininto K x K subimages (K = 15, inthiswork).
On each sub image, then, we extract the line segment that
crosses the sub image center. Finally, each pixel of the ex-
tracted line segment is accumulated on K x K binscalled a
cumulative matrix, where the accumulated bin position is the
position of the pixel.

In Figure 3 (a), the cumulative matrix isillustrated, where
brighter bins show more frequent occurrences of pixels on
each bin position. As shown in Figure 3 (a), the cumulative
matrix demonstrates the directional property of the line pat-
tern. Therefore, the cumulative matrix is used in the least
square fitting of the representativelinein Section 2.3

2.3 Least square fitting of the representative line

The cumulative matrix is employed to describe the line
characteristic of theimage. Specifically, aline equation is ob-

(d)

Figure 2. Example of color channel images and their correla-
tion maps: (a) magenta channel image, (b) yellow chan-
nel image, (c) correlation map of (a), and (d) correlation
map of (b), where bright pixelsindicate high correlation
and the correlation valueis evaluated using [3].

tained by the linear approximation of the cumulative matrix,
which keeps the number of pixelsat each bin location.

When the K x K cumulative matrix is given, the best fit-
ting line is obtained by solving the constrained minimization
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Figure 3. Least square fitting of the representative line to de-
signthetemplate: (a) visualization of the cumulative ma-
trix and (b) representative line segment after the line fit-
ting.

J

[ols]7]s]s]als]2]1]o]x]

9]8[7]

[716]s[4]3]2]1]0

N
w
N~

A oo|\o|

3[2]1]10)X

Figure 4. Designed templates, where cyan, magenta, yellow,
and black channel templates are shown, respectively.
Note that ‘X’ is the position of the current encoding
pixel, and the series of numbersreveal the template pixel
order.

as

K K
(0, my) = argmis S M (i, j)Ing(—9+n,G—d°, (2

i=1j=1

subject to n, %2 + n,? = 1, where M (i, 5) is the occurrent of
the pixels on the position (4, 7) in the cumulative matrix and
(¢, ¢) isthe center position of the K x K cumulative matrix
(c = 8 when K = 15, in this work). Therefore, the line
equation is describes as

ng(x —c¢) +ny(y —c) = 0. 3

In Figure 3 (b), we illustrate the linear approximation of
the cumulative matrix of Figure 3 (a), where the fitting line
is depicted as awhite dots. The line segment builds the basic
shape of the template.

2.4 Template design constraints

After the line fitting of the cumulative matrix, we employ
two constraints to regularize the complexity of the imple-
mented codec. Thus, the final template is obtained by ap-
plying the following two constraints, respectively.

o Complexity constraints: In the basic mode of the JBIG, the
number of thereferencelinesarethree and ten pixel templates
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Figure 5. Experimental color halftone images: (a) Airplane,
(b) Baboon, (¢) House, (d) Lena, (e) Peppers, and (f)
Tiffany, where the size of each imageis512 x 512.

areused [2]. In thiswork, we employ the JBIG constraints to
limit the complexity of the proposed template method.

« Neighborhood constraints. After applying the complexity
constraints, some pixels out of ten pixels may be left. In this
case, the pixels on the same line of the encoding pixel are
further selected as the template pixels.

The example of the obtained templates are shown in Fig-
ure 4. Based on both the line fitting and two design con-
straints, the shape of the template is adaptively determined
according to each color channel halftone image. These tem-
plates are used in the context modeling shown in Figure 1.

2.5 Compression of the template shape information

Asthe template shape is variable to the input halftone im-
age, the template shape is also encoded, which is transmitted
to the decoder shown in Figure 1. Though various method
might be possible, we simply extract the differences of the



Table 1. Compression performance of the proposed halftone
image compression system. ‘JBIG’ = compressed bits us-
ing [2]. ‘Proposed’ = compressed bits using the proposed
templates. Note that the data size and the compressed bits
are expressed in ‘bytes!

Data Origina | JBIG | Proposed | Bit saving
datasize | (A) (B) (1-B/A)
Airplane || 131,072 | 33,369 | 18,324 45.09%
Baboon || 131,072 | 50,605 | 39,737 21.48%
House 131,072 | 38,998 | 25,582 34.40%
Lena 131,072 | 40,260 | 24,789 38.43%
Peppers || 131,072 | 38,775 | 26,997 30.38%
Tiffany || 131,072 | 28,322 | 13,492 52.36%

position between p-th template pixel and (p + 1)-th pixel.

For example, to encode the magenta channel template in
Figure 4, we only send the sequence of the position differ-
ences as

{(_17 0)7 (_17 0)7 (_17 0)7 (_17 0)7 (27 _1)7 (_17 0)7 (_17 0)7
(-1,-1),(-=1,0),(-1,0)}.

Note that only one byte is sufficient to encode each digit.
Therefore, the overall bit consumption for each template is
20 (= 10 pixels x2) Bytes.

3. Experimental result

The proposed halftone image codec is tested on various
color halftone images shown in Figure 5. Note that each im-
age has four color channels (i.e. cyan, magenta, yellow, and
black channels), and each channel image is dithered by the
clustered dot ordered halftone method [1]. The halftone im-
age is losslessly compressed using the halftone image com-
pression system shown in Figure 1. Note that the template
shape is also compressed, which requires 20 Bytes per tem-
plate.

For comparison, the standard JBIG codecis utilized, which
is available at [6]. The three line template is employed in
the JBIG codec and the hierarchical mode is skipped in the
experiment. In order to test the performance of the template,
the arithmetic coder of the JBIG is also used in the proposed
halftone image compression system shown in Figure 1.

Table 1 summarizes the overall performance of the pro-
posed algorithm. As the shape of the template is variable to
the line pattern of the input image, 35% of overal bits are
saved compared with the conventional JBIG codec. Notethat,
though extra bits are required for sending the template infor-
mation, their bit contribution is negligible.

4. Conclusion

In this paper, an efficient |ossless compression schemewas
proposed for the color halftoneimage. According to the color
channel image characteristics, the context template was adap-
tively determined. Specifically, the template shape was de-
termined by the image line pattern which reveals the corre-
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lation between pixels. Each channel image was encoded us-
ing the distinct template, and the template shape information
was also compactly expressed. As the designed context tem-
plate was variableto theinput image pattern, the proposed im-
age compression system outperformed the conventional JBIG
standard.
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