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Abstract

A4 novel progressive coding scheme is presented for
the efficient display of dithered images. Dithered
images are the results of thresholding original gray-
level images with dithering screens. After the
preprocessing  of bit-interleaving, this  algorithm
utilizes the characteristic of reordered image 1o
defermine  the transmilting order and then
progressively recomstructs the dithered image.
Moreaver, the dithered images are further compressed
by lossy and lossless procedures. The experimental
results demonstrate high-quality reconstructions while
maintaining low fransmitted bit rates.

1. Introduction

Digital halftoning is a technique of converting multi-
tone images into the 2-tone format [1]. Conventional
halftoning methods include ordered dithering, error
diffusion, and least-square methods [2, 3]. And the
ordered-dithering method is known to be the most
efficient and offers good visual quality.

Consider the case that a user is to sclect one from a
number of images in a remote database. Assume the
images are sequentially compressed prior to
transmission. The lossless compression required gives
an average compression ratio ranging from 1 to 2. In
narrow  bandwidth  wireless environment, the
compression ratio will not be practical. So, a more
effective approach is te use progressive coding to
transmit an approximation of the images first at low bit
rates. If the user identifies the image of interest, further
refinement can be requested.

Kollias and Anastassiou proposed a progressive
coding scheme for error-diffused halftone images
using a distortion criterion [4]. In this paper, we
present a novel progressive coding scheme for dithered
images. The petformance of the algorithm is measured
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by PSNR, ic., the peak signal power to the mean
squared etror (MSE) between the original dithered
image and the reconstructed dithered image at every
step. Experimental results show quality halftone
reconstruction and high lossy and lossless compression
ratios can be achieved.

2. Bit-interleaving

There are several kinds of halftone screens, each of
which is used for a specific purpose. Fig. 1(a) is a
dispersed-dot  dithering screen. We now briefly
describe the algorithm of ordered dithering. Without
loosing generality, we define the size of the halftone

screen as M x N . Each pixel X; ; in the original gray

level image is mapped to a halftone screen value

HS, oo, jmoay - The dithered output b, is

determined as
255 {white} if X ;2 HS, it mod ¢))
0 (black) if X, < HS, it jmoans

After processing the original gray scale image in
Fig. 1(b) with halftone screen in Fig. 1(a), the dithered
Lena image (512 % 512) is shown in Fig. 1(c). The bit-
interleaving [5] extracts and gathers all the pixels that
map to the same thresheld in Fig. 1(a) together to form
a sub-image, and then resort every sub-images from
left to right, bottom to top corresponding to the
threshold values from lower to higher level in Fig. 1(a)
to form the image shown in Fig. 1(d), which composes
64 sub-images.

3. Progressive coding with lossy and
entropy coding

3.1. Progressive coding
A two-dimensional image such as Fig. 1{d} can be
rearranged into the form of a one-dimension data
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sequence, as in Fig. 2(a). Sub-images 1 to 8 are all
white while sub-images 57 to 64 are all black. Thus,
the pixel values of these sub-images need not be
transmitted, because the receiver Tecognizes it when it
teceives an overhead bit stream of 64 bits, In this bit
stream, the bit “1” appears in the interval (1, 32),
which represents an all-white sub-image. On the other
hand, the bit “1” appears in the interval (33, 64),
representing an all-black sub-image. By doing so, we
can reduce a quarter of data set in this example and the
receiver can reconstruct it by filling all white {or black)
in the relative positions of image after receiving this bit
stream.

Fig. 1(d) shows that the sub-images in position “32" or
“33” preserve a significant portion of the original
image’s features. In other words, the sub-images in
position "32” or “33” should transmitted and
reconstructed first (in this paper we use 32). The
receiver reconstructs the image by duplicating it and
filling in positions 9 to 56, and then conduct inverse
bit-interleaving.

The algorithm for the determination of the subsequent
sub-images to be transmitted is described as follows.

l.Let x, X3, ..., X, represent the one-dimension

sub-images. (m=n2, here n= 8, m=64)
2. Initialize flag(x, ) = flag(x, )= ... = flag{x,, ) = C.
3. Set flag( X, ) = flag( X, ) =1 ( X4,

represents the sub-image before the sub-image that a
black pixel first appears if counting from X,, where

X repreéems the sub-image before the sub-

upper
image that the white pixel first appears if counting
down from X, . In the example, the 256 X256 Lena

UMAEE, Xypper=Xg> Xypper = X57)

4, Set flag{ X .45} =1, here X, tepresents X,, in
this paper -

5. Calculate the difference D, of every two adjacent
sub-images X, , X, such that flag(x, )} = flag(x, ) =
1, define Dab=Dabm +Dab(2) , where

1))
D, =H(x,,x,  HH(x, . x ).+ H(x, x,)}

(2
D™ =H( x 0 %, WH( X 5 X, Pt
H(x, ,,x,), a<c=<b

1) ) " .
D, , Dy satisfy the  condition

1 2
D, = Dab( L X, , X, ) represents the
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hamming distance between x_ and x ;). Then x,
is the next sub-image to be transmitted, and set
flag(x,)=1.

6.The reconstructed lefi-side distance (LSD) and right-
side distance (RSD), which satisfy the following
conditions:

H x, ,

a+l

x JHH( X, . X,
HiX, X, 5o JEH(, gp, X )YH(X, _popyy, X,)
ot H(xr:ul’ xc)

H( x,

X JH+

a+l

* xc+1 )+-H( xc 4 xc+2 )+"'+

H(xc' xc+RSD) EH(xHRSDH ' xb)+H(xc+RSD+zr xb)+

Wt H(X, . X,)
LSD and RSD are then represented by five bits and

transmitted to the receiver as side information.

3.2. Lossy processing and entropy coding

In the previous section, we illustrated the procedure of

progressive transmission for lossless reconstruction of
the original dithered images. In some practical

applications, perfect reconstruction may not be as
important as the processing speed. Thus, it is of
importance to analyze the trade-off between

reconsiruction errors and processing speed. Here in
this section, we provide the overview of the algorithm

for the improvement of processing speed with a lossy

process, as follows:

1. Define a threshold N, , as the total number of

pixels of which the values can be changed in a
reconstructed progressive dithered image.
. Find the minimum minor pixel (minor pixel means

black pixel in X,
~ X, )

simultaneously searching up from X, and down

~ X, me ©f white pixel in

X psiddies1 number of the sub-image

form x,.

.Reverse a minor pixel value (white to black, or
black to white)} of the sub-image with minimum
minor pixel as given in Step 2 and then subtract 1

from N,,.
. Repeat Steps 2 and 3 until N, =0 (when N, =0

means already have amount of N, pixels changed
i a dithered image).
Thus we can produce a bit-interleaved image with
more all black (white) sub-images, or generally
speaking, an image with lower entropy.



Finally, we employ a lossless Huffman coder to
perform further entropy coding of sub-images to be
transmitted. Because the pixels are average white in
the lower half plane and black in the upper half plane,
as shown in Fig. 1(d), the coding gain can be improved
if we separated the Huffman ceding process into the
lower plane and upper plane.

4. Experimental results

A standard 256 x256 pixel 8-bits gray-tone image of
Lena, as shown in Fig. 3(a), is used as the test image of
the expetiments. The results of progressive
reconstruction are shown in Figs. 3 (b)-(h),
corresponding to step 1 to step 7, which are the
reconstructions from 1, 2, 4, &, 16, 32, and 48 sub-
images. Figure 3(h) is the final reconstruction from all
48 sub-images. This is because there are 16 all black
and all white sub-images and only a bit stream will be
required to transmit to represent the images.

The images of Peppers, Mandrill, Milk, and Airplane
were also used for the experiments for comparison
purposes, and the experimental PSNR corresponding
to the number of steps is shown in Fig. 4. The quality
of the reconstructions showed notable improvement
over the resultant images by the technique proposed by
Kollias [4].

The average Huffman lossless compression bit rate
is 0.34, while the resultant bit rate is 0.75 by Koliias
[4]. The bit rates of the progressive lossy coding of the
Lena image described in Section III(B) under 400, 800,
1200 pixels’ loss are 0.3, 0.29, and 0.26, as well as the
PSNR are 22,14, 19.13, and 17.37, respectively. Figs.
5(a)-{c) are corresponding to 400, 800, 1200 pixels’
loss, respectively, at 150 dpi.

5. Conclusions

In this paper, a new progressive coding algorithm for
dithered images was presented. The experimental
results showed high-quality reconstruction of dithering
images. In addition, the lossy and entropy coding
procedure preserved the image quality at low coding
rates. In the paper, the algorithm was applied to
dispersed-dot dithering images. Nonetheless, it can be
modified and generalized to include clustered-dot
dithering images. The performance of the algorithm
can be further improved by incorporating the behavior
of the human visual system.
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6 238 62 222 10 126 50 210
134 70 190 126 138 74 178 114
38 198 22 254 42 202 26 242
166 102 150 86 170 106 154 90
14 230 54 214 2 134 58 218
142 78 182 118 130 66 186 122
46 206 30 246 34 194 18 250
174 150 158 94 162 98 146 B2

() (d)
Fig. 1. (a) 8x 8 halftone screen (b)Original 256 x 256
gray scaled Lena image. {c)Dithered image. (d) After
bit-interleaving. (all printed at 150 dpi})
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Fig. 3 (a)Original 256 X256 gray-scaled Lena image.

Fig. 2. 1-D representation of subimages. (2)Order of 64 (b)-(h) Reconstructed dithering 256 X 256 Lena images

sub-images. (b)LSD and RSD of x, in 7 steps (all printed at 150 dpi).
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Fig. 4. PSNR v.s. Reconstructed steps of five tested
images
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Fig. 5. Lossy processing results 400, 800, 1200 pixels’

loss.

65



