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Abstract. Ordered dither block truncation coding (ODBTC) employs the ordered dither
technique to produce the bitmap required in traditional block truncation coding (BTC). It can
reduce the complexity of computations in the coding phrase. However, the blocking artifacts and
undesired noises are still in the decoded images by ODBTC. In this paper, the properties of
thresholds stored in the dither matrices are considered to estimate the decoded pixel intensities.
That is, the dither matrices are used in both coding and decoding. Experimental results tell that
the proposed schema can not only reduce quantization error but also improve the visual quality
for the reconstructed images by ODBTC.
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1 Introduction

Block truncation coding (BTC) is a simple and efficient technique for image compression [1]. An image
is first partitioned into equal-sized block and each image block is processed separately. Duration the
encoding phase, a two-level quantization is performed. Pixels with values less than the quantization
threshold are set to “1” (white) and the others are set to “0” (black). That is, each image block is
converted to a bitmap B. Then two quantization levels, a and b, are calculated to maintain the desired
properties of the image blocks. At last, a triple (B, a, b) is obtained for each image block. The
decompressed image can be easily constructed by replacing the value “0” of the bitmap with a and the
value “1” of the bitmap with b. The original BTC introduced by Delp and Mitchell uses the mean value
as a threshold in each image block and finds the quantization levels such that the first and second
moments are preserved. Many variants of BTC were proposed to improve the performance of the
compression and decompression [2]. For example, absolute moment BTC (AMBTC) calculates the
quantization levels to preserve the first absolute central moment [3]. Lloyd quantization [4] and neural
network [5] were also employed to improve the coding performance of BTC.

Recently, digital halftoning are introduced to enhance the efficiency of coding for BTC [6-10]. Digital
halftoning is a technique to display the gray images with only black and white colors [11]. Hence, it can
be used to produce the bitmap required in BTC. Error diffusion [12] produces the binary image by
compares the sum of pixel value and the accumulated quantization error to a fixed threshold to determine
the output value. Then the quantization error is distributed to the unprocessed pixels. Error-diffused BTC
(EBTC) introduces the schema of quantization error distribution to find the bitmap and uses the
maximum and minimum values of each image block as the quantization levels [6]. In such a way, the
complexity of calculating for high and low means in the original BTC can be greatly reduced. Ordered
dither BTC (ODBTC) uses the predefined dither matrix to generate the bitmap [7]. Only one comparison
is needed for each pixel. Both of low complexity and better visual quality are introduced by ODBTC. Dot
diffusion and other modifications of digital halftoning techniques have also been proposed to enhance
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BTC [9-10]. These techniques of halftoning-based BTC (HBTC) treat the halftoning technique as a
binary quantizer to find the bitmap during the coding phase. However, the properties of the halftoning
technique are not applied to decompress the images. For example, dither matrix contains the thresholds
used for finding the bitmap. Thus, the upper bound and lower bound of each pixel in decompressed
image can be determined. The visual quality of the decoded images by ODBTC can be further improved
with the properties of dither matrices.

In this paper, we take the advantages of dither patterns generated by ordered dither technique to
decrease the quantization error and improve the visual quality for ODBTC. That is, the schema of order
dithering can not only be applied in compression but also in decompression.

2 Proposed Method

2.1  Ordered Dither Technique

A dither matrix contains a set of thresholds. Ordered dither technique [13] compares the pixel intensity
with the threshold number stored in the dither matrix to determine the output value. Repeating the dither
matrix over the image throughput, the output halftoning image is obtained.

Let x; ; be the (7, j)-th pixel intensity in the original grayscale image x and y; ; be the (i, j)-th pixel
intensity in the corresponding output image y. By ordered dither technique, the output y; ; can be
determined as

yij :{1 lf xi,/ 2 dimodM,jmodN (1)

0 otherwise

where d ; is the (i, j)-th element in the dither matrix d having size of M by Nand 0 <i< M-1,0<; < N-1.
It is noted that only one dither matrix is needed for the original schema of the ordered dither technique.

From the location of the pixel, we can find the corresponding threshold number. The output of a pixel is

dependent on its intensity and location only. Therefore, each pixel can be processed independently.

2.2 Ordered Dither Block Truncation Coding

ODBTC first partition the original image into non-overlapped blocks of size M x N. That is, the image
block has the same size of the dither matrix. Suppose the maximum and minimum value of the image
block are denoted as x,.x and xni,. The bitmap b can be computed by

{1 ifx,.,jzd_k +X,,

imod M, j mod N

; 2)

" 0 otherwise
where b, ; is the (i, j)-th element in the bitmap b, k = Xpax - Xmin, and d" is the scaling version of the dither
matrix d by k. It can be obtained by
d —d

dk — kx m,n min , 3
mn T 3)

max min

where 1 < k£ <255,0 <m < M-1, and 0 < n < N-1; dna and dn;, denote the maximum and minimum
values in the dither matrix. At last, we have a binary image b and two quantization levels (Xyin, Xmax) for
each image block. The reconstructed image can be obtained by replacing black pixels with x,;, and white
pixels with x,,x for each image block.

From the algorithm of ODBTC, we can find that the dither matrix needed for thresholding is
dependent on the difference of the maximum and minimum values in an image block. That is, each image
block needs one dither matrix and more than one dither matrices are needed for a whole image.

2.3 Our Method

Due to the block-based nature, blocking artifacts are commonly found in the decompressed image by
BTC and ODBTC. In this paper, we employ the concept of reconstruction of the compressed image by
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ordered dither technique [14] to decrease the quantization error and enhance the visual quality for
ODBTC.

Let y be the decoded image of the original image x by ODBTC. Now we attempt to find the output
image z from image y such that image x and image z are close as possible. In ODBTC, the element in a
dither matrix is treated as a threshold to find the bitmap. From the quantization levels stored in each
image block, we can find the dither matrix used in thresholding for each image block. That is, we can
find the threshold value d; at location (i, j). In such a way, the upper bound and lower bound of the
output pixel intensity can be obtained by

xmax ZJ( yi J = xmax
u(z,;)= { L )
! di,j if Yij = Xomin

and

di / lf‘ yi P = xmax
Z(Zi,j) = {x ! N > )]

min lf yi,j = xmin

where u(z;;) and /(z;;) are the upper bound and lower bound of z;;, respectively. In addition, Xmax and Xpin
are the maximum and minimum value of the image block which contains location (i, j). It is noted that
the quantization levels xy.x and xy;, for each image block are coded in image y, the upper bound and
lower bound of each element z;; can be obtained from image y instead of x.

Next, the neighbors of z;; in a 4x4 windows are considered to estimate the value of z; ;. Element z; ; and
its 15 neighbors are shown in Fig. 1. It is noted that z; ; and its neighbors may not be contained in the
same image block during the encoding phase. They may have different upper bounds or lower bounds.
Let L denote the maximum value of the 16 lower bounds and U denote the minimum value of the 16
upper bounds. That is,

Zi,j2 Zi1,j2 Zj,j2 Zitl,j2
ET
Zi2,j i Zi,j Zj,j Zitl,j

Zi2, j+1 Zj1,j+1 Zj, j+1 Zit, j+l

Fig. 1. Current pixel z; ; and its 15 neighbors in a 4x4 window

L=max_,, , (2., ;.,); (6)
and
U=min,, , {u(z., .,)} - (7
If U> L, we set the output z; ; = (L+U) / 2. Otherwise, z; ; can be calculated by
I(z,,) if (z,)>8
z,; = g if (z,)<g=u(z,), @®)
u(z,,) if g >u(z,)
where
&= )+ U ) ©

3 Experimental Results

Twelve 256-level images are involved in our simulations. They have the same size of 512x512 and can
be retrieved from web [15]. The reduced versions of test images are shown in Fig. 2. Four dither matrices
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size of 2x2, 4x4, 8x8, and 16x16 are used in ODBTC and our proposed schema. Fig. 3 gives the matrices
of varying sizes from 2x2 to 8x8. The dither matrix size of 16x16 is not shown here due to the length
limits. The matrices of larger sizes can be derived from the smaller ones [14].

Fig. 2. Test images

8 136 40 168
200 72 232 104

32 | 160 56 | 184 | 24 | 152
24 | 9 248 | 120 | 216 | 88
(a) 2x2 (b) 4x4

2 130 34 162 10 138 42 170
194 66 226 98 202 74 234 106
50 178 18 146 58 186 26 154
242 114 210 82 250 122 218 90
14 142 46 174 6 134 38 166
206 78 238 110 198 70 230 102
62 190 30 158 54 182 22 150
254 126 222 94 246 118 214 86

(c) 8x8

Fig. 3. Dither matrices

ODBTC and our schema are simulated with image blocks having the same sizes of dither matrices. In
order to evaluate the performance of ODBTC and our method, Mean Square Error (MSE), Mean
Absolute Error (MAE), Peak Signal to Noise Ratio (PSNR), and Structure Similarity (SSIM) are used to
measure the quality of the reconstructed images. MAE, MSE, and PSNR of the original image x and the
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reconstructed image z are calculated as follows.

1

=m20s1,_/<512 X =zl )

! 2
E:mzosl,ﬂsm[xw _Zi,j] , an
PSNR =10log,, MSE. .

SSIM for two signals x and z can be calculated by

Quyp. +C)(20, +C)

SSIM = ——= > 5 ,
(/’lx +/’lz +C])(O-x +O—z +C2)

13)

where 1 means the average value and o is the variance, C; and C, are constants. The more SSIM
approaches one, the better the reconstruction quality. The details of computations for SSIM can be found
in[16].

The averages of the quality measurements of the test images with different dither matrices by ODBTC
and our method are plotted in Fig. 4 to Fig. 7. Solid lines with square marks represent our method, while
dashed lines with circle marks represent ODBTC. From the experimental results, we can find that our
method has better results than those by ODBTC in MAE, MSE and PSNR. For SSIM, the difference
between the reconstructed images by ODBTC and our method is very close for block size of 2x2, 4x4
and 8x8. It is apparent that our method has better results than those by ODBTC for block size of 16x16
in SSIM. Furthermore, these curves tell that the larger the dither matrix is, the more it becomes that our
proposed schema outperforms ODBTC.
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Fig. 4. MAE for ODBTC and our schema
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Fig. 5. MSE for ODBTC and our schema
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Fig. 6. PSNR for ODBTC and our schema
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Fig. 7. SSIM for ODBTC and our shema

In visual quality test, Fig. 8 and Fig. 9 show the coding results for image LENA and PEPPERS,
respectively. Portions of the results by ODBTC with 16x16 dither matrices are shown in Fig. 5(a) and
Fig. 6(a). Our results with the same dither matrices are shown in Fig. 5(b) and Fig. 6(b). As shown in Fig.
5 to Fig. 6, blocking artifacts and undesired noises are noticeable in the reconstructed image by ODBTC
than those by our method. The same results appear in other ten test images. Due to the paper length
limitation, only the reconstructed versions of test image LENA and PEPPERS are shown in this paper.

(a) ODBTC (b) ours
Fig. 8. Portitions of the reconstructed images LENA
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4 Discussions & Conclussions

ODBTC introduced the adaptive dither matrices to find the bitmap for traditional BTC. It can reduce the
complexity of computations in coding phrase. However, the properties of the thresholds stored in the
dither matrices are not considered in decoding phrase. In this paper, we employ the main concept of
reconstruction for dithered images to decompress the coded images by ODBTC.

According to the simulation results, our method can improve the visual quality of encoded images by
ODBTC. It is expected that since we use not only the maximum and minimum values of an image block
but also the elements of dither matrices to estimate the pixel intensities. The larger the dither matrix is,
the more it becomes that our proposed schema outperforms ODBTC.

Variants of digital halftoning have been proposed for many applications, for example, multilevel
image rendering, image compression and image security. Each digital halftoning technique has its own
characteristics. In this paper, we take the advantage of the ordered dither technique to improve the visual
quality of the coding images by ODBTC. The halftoning-based block truncation coding may have the
potential to improve its performance by the properties of the halftoning methods.
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