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1 Introduction

Block truncation coding (BTC) [1] is a simple and
effective coding technique. In the original form, the image
is first divided into a series of nonoverlapping blocks of
pixels, and a two-level quantizer is independ entl
designed for each block. Both the quantizer threshold and
the two reconstruction levels are varied in response to the
local statistics of a block.

A more efficient algorithm, the absolute moment BTC
(AMBTC) [2] has been extensively used in signal
compression because of its simple computation and better
mean squared error (MSE) performance. Several different
BTC approaches have been proposed during the past 15
years. [3]

BTC has the advantages of preserving edges and having
low computational complexity. However, due to limited
quantization levels, staircase artifact and ragged edge will
appear. Thus it is necessary to develop multilevel BTC to
improve the quality of the image. For the original
two-level BTC, it is easy to searchall the possible
threshold candidates exhaustively to obtain the optimal
results. However, it requires an enormous amount of
computation and is thus impractical while we take an
exhaustive search for the multilevel BTC. Recently, man
multilevel BTC schemes have been developed i ncluding
three-level BTC [4,5,6] and four-level BTC ([7.8,9].
Ronson and DeWitte [4] exploit the ouiput of 2 -level

AMBTC to generate the two thresholds for 3 -level BTC. N.

Efrati et al[5] employed a simple single iteration
two-level and three-level BTC coding. They got the new
threshold from the two outputs of the first pass. Therefore,
the resulis of this method are not closed to the optimal.
The other improved scheme spent a great costin
computation to increase the image quality. [6] L. Hui [7]
proposed a Minimum MSE quantizer to design multilevel

C-35

OB 1
BTV AZIPNE-LT P
EEMT01KEEE 57
sctai@mail.ncku.edu.tw

BTC. He developed an iterative algorithm to determine the
optimal threshold based on MMSE criteria. Wu and Coll
[8) have given a simple non-uniform n-level quantizer,
where each of the quantization levels isite rativel
determined aiming at minimal MAE. However, it does not
improve image quality. Kuo et al {9] described an iterative
technique, in which they segmented a block into n region
to find n codewords based on the reduction in mean
absolute errors (MAE) at each iterations. The performance
of their algorithmis better than other multilevel BTC
algorithms that have been proposed. This paper proposes a
new multilevel BTC that has better both MSE and MAE
performance. This improve is achieved by exploiting light
weighted searching to search the better thresholds in the
block.

The remainder of this paper is organized as follows.
Section 2 gives abrief description of block truncation
coding. Section 3 describes related works on multilevel
BTC. The new searching mu ltilevel BTC scheme is
proposed in Sec. 4. Simulation results are given in Sec. 5,
and conclusions are drawn in Sec. 6.

2 Block Truncation Coding

The image compression technique Block truncation coding
(BTC) was proposed by Edward J. Delp and O. Robert
Mitchell on 1979. It uses a two -level nonparametric
quantizer that adapts to local properties of the image. The
quantizer that shows great promise is one that preserves
the local sample moments. The main advantages of BTC
are less data storage and low computati on.

In Block Truncation Coding, an image is divided into
nXn (typically, 4x4) nonoverlapping blocks of pixels,
and each block needs a two-level quantizer independently.
Both the quantizer threshold and the two reconstruction
levels are varied in response to the local statistics of a
block. Therefore, encoding is the generating of the two
reconstruction levels and a block consists of an nX7n
bit map indicating the reconstruction level associated with
each pixel forone image. Decoding is aprocess that
reconstructs the image by placing the comresponding
appropriate reconstruction value at the pixel location as
the bit map representation. Fig. 1 shows the diagram of
the basic BTC scheme.

Many reported BTC schemes make use of
moment-preserving quantizers. These quantizers preserve
a limited number of moments of a block, mean and
variance. Letthe image block be of m=mnXn, and

X, X X, be the pixel values in the original picture

block. Then the first and second sample moments and the
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sample variance are
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As a one-bit quantizer, there is a threshold, X,,»and two
output levels, @ and b, such that
if X, 2X, output=>b
if Xi<X, output=a “
Jori=12,...m
Let ¢ be the number of X,'s that have values greater

than X, (=X Then, to preserve X and XZ, we have

mX =(m-q)a+gb )
mX? = (m-gq)a’ +qb*

Solvingfor a and b, we have

a=%-5 [—‘7— ©)

The disadvantage of the quantizer is that it needs the

squaring and square root op erations. An approach with
simple operation is absolute moment block truncation
coding (AMBTC), in which the quantizer is designed to
preserve the absolute moments. The absolute moment

block truncation coding preserves the mean and the first
absolute central moment of a nxn(m=nxn) block.

The first absolute central moment is defined as

a=tf]x-7 ™

where X, S x_...S£X,, <X, .Therefore, MSE

optimal quantization cab be obtained by selecting the
quantization threshold so that it minimizes

m=g-1 m
MSE="Y () + ¥ (x, b’ (n

i=1 i=m-q

An obvious method to find the right threshold, isan
exhaustive search among the m candidate pixel values of a
block. [3]. In the similar way, we can get the MAE optimal
quantization by an exhaustive search among the m
candidate t0 minimize:

m=g-1

MAE= Y ~al+ V-4 (12

i=m-q

However, it requires an enormous amount of computation

and is thus impractical while we take an exhaustive search

for the multilevel BTC. For example, the three-level BTC

requires ii search points that each search point needs
=1

to compute the Equation (11) or (12) for the MSE or MAE

optimal quantization. The time complexity is 0(1712) .

Therefore, the 4-level optimal BTC needs an enormous
amount of computation oGn) and is thus impractical.

However, a practical implementation limits the number of
levels to four.

Ronson and DeWitte [4] exploitt he output of 2-level
AMBTC to generate the two thresholds for 3 -level BTC.
To start with, each block is coded with 2-level AMBTC
algorithm. Then the two thresholds are generated by:

t,=(3b, +a,)/4, (13)

1, =(3a, +b))/4. (14

where a2 and by are the two outputs of 2-level AMBTC.
The final outputs are as, (as+bs)/2 and bs, where

a, = mean of pixels<t,, (13)

b, = mean of pixels > ¢,. (16)

The reconstruction levels that preserve X and O are therefore

_y__ma (8)
2Am-q)

b=X+1% )
29

3 Related Works on Multilevel BTC

The AMBTC still is notthe optimal two -level BTC
quantizer. Let a block with 7 x n be sorted into a sequence
X that has m=n" pixels, That is

"{‘“0$ [N m-’n _1} (10)
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Only a3, bs and the bitmap will be transmitted. The
advantage of 3-level AMBTC is that the extra level does
not send to the receiver. N. Efrati et al {5] employed a
simple single iteration to improve the quality of three-level
BTC coding. They got the new thresholds by repeating the
encoding processing using (as+3b3)/4 for t; and (3az+b3)/4
for t2.

In 4-level BTC, Wu and Coll [8] have given a non-uniform
n-level quantizer, which minimizes the maximum
quantization error in each block. They have much better
MSE performance than the Max quantizers because they
are adaptive to the local statistics. Recently, Kuo and Chen
[9] present a nearly optimum multilevel BTC with an
iterative technique. Their method segments a block into n
regions to find n codewords based on the reduction in
MAE at each iteration. Their algorithm has the best results



among the other methods proposed in [5,6,7,8].

We have reviewed several related works that are expected
to find the minimum MSE or MAE multilevel BTC
quantizer. In the next section, the two -steps search for
generate the nearly optimum multilevel BTC is proposed.

4 A New Searching Multilevel BTC

By studying image statistics, many pixel distributions are
found biased in some block. The AMBTC still is not the
optimal two-level BTC quantizer. We assume that the
optimal threshold(s) will also be biased, but lie around the
mean of t he block. We propose a two -steps searching
method to achieve nearly optimal solution. In the step one,
the three positions that contain the initial threshold(s) and
the both sides of the initial threshold with a fixed length
are searched. We can choice the  position, which get
minimum MAE (or MSE) from three positions to be a new
center. Then, we can the final threshold(s) by the similar
way as the step one. The initial threshold(s) set on the
mean of the block for 2 -level BTC, the t; and t; as
described in Equation (13), (14) for 3-level BTC, and the
means of lower segment, the block, and the higher
segment for 4-level BTC as shown in Fig. 1. The distance
of the both sides and the center pointis two for 2 -level
BTC but one for 3-level or 4-level BTC. The algorithm is
given as follows.

(1). Sort the data of the block.

(2). Calculate the initial threshold(s) of the block as a
center searching point,

(3). Compute the MAE between the original block and
the reconstructed block by the candidate thresholds.

(4). Find the minimal MAE threshold(s) as the center of
the second searching point.

(5). Repeat (3), and get the best threshold(s).

It needs only 3+2 searching points for 2-level BTC, 9+8
searching points for 3-level BTC and 27+26 searching
points for 4-level BTC. By comparing to the e xhaustive
search, the proposed scheme can obtain nearly the same
results with only much less computation.

5 Simulation Results

The four tested 512x512 images including Lena, and
Peppers, Airplane and Baboon are used to simulate the
proposed multilevel BTC al gorithm as shown in Fig.2.
The block size for BTC is 4 x 4. Table 1 listed the results
by the exhaustive search based on the minimum MAE. As
a measure of reconstructed image quality, the PSNR (peak
signal-to noise ratio) is also listed in Table 1, defined as
follows

] 2
PSNR =10log,,| 222 an
MSE

where 255 is the maximum intensity and MSE is the mean
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square ermor betweenthe original image and the
reconstructed image. Tt needs only 5/16 searching points (s.
p.) for the proposed two -steps scheme in 2-level BTC,
17/256 in 3-level BTC, and 53/4096 in 4-level BTC,
Therefore, the results of the proposed scheme are ver
close to the optimal quantization. The MAE difference
between the optimal result and the proposed scheme is
only 0.09 for 2-level, 0.32 for 3-level, and 0.16 for 4-level
in average.

6 Conclusions

In this paper, we presented a two ~steps searching method
to achieve nearly optimal solution for muitilevel BTC with
less computational complexity. The performance of the
proposed algorithm is significanl  better than the other
related works. The resulis of our proposed method do not
achieve the global optimal solution yet. We will further
study other schemes including the genetic algorithm,
neural network to the design of multilevel quantizer.
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Figure 1 Block diagram of BTC
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Figure 2 Examples of two-steps searching method (a) 2-level BTC (b) 3-level BTC
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(2) (b)

(© (d)

Figure 3 Test images (a) lean, (b) pepper, (c) airplane, and (d) baboo.
Table 1. Optimal MAE results by exhaustive search with 4x4 block size.

2-level 3-level 4-level
MAE MSE | PSNR | S.P. MAE MSE | PSNR | S.P. MAE MSE | PSNR | S.P.
Lena 3.49 37.27 | 3242 16 2.12 14.31 36.57 256 141 6.77 39.82 4096
Pepper 347 41.02 | 32.00 16 2.08 1517 | 36.32 256 138 } -7.10 39.62 4096
Airplane | 3.29 44.53 | 31.65 16 1.91 15.69 | 36.18 256 1.25 7.27 39.51 4096
Baboo 8.65 154.59 | 26.24 16 5.27 60.49 | 30.31 256 3.56 2893 | 33.52 4096
Table 2. The resulis of the proposed two steps searching method with 4x4 block size.
2-level 3-level 4-level
MAE MSE | PSNR | S.P. MAE MSE | PSNR | S.P. MAE MSE | PSMR | S.P.
Lena 354 3790 | 32.34 5 2.32 1635 | 36.00 17 1.52 7.87 39.17 53
Pepper 3.53 42.15 | 31.88 5 2.39 17.72 | 35.65 17 1.50 8.53 38.82 53
Airplane | 3.38 47.09 | 3140 5 2.13 19.08 | 35.32 17 1.37 9.17 38.51 53
Baboo 8.79 158.54 | 26.13 5 5.82 7170 | 29.58 17 3.86 3447 | 32.76 53

C-39




