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Abstract

Block truncation coding (BTC) divides an image into blocks having given size and then encodes each block by two repre-
sentative gray levels and a bit-pattern. In this work a modified scheme of BTC is proposed where the computed representative
gray levels are the bias and the contrast in each block. Secondly, instead of determining bit-pattern for each block, an optimum
bit-pattern is selected from a pattern-book. Thus the index of the optimum pattern is used to encode in lien of the explicit
pattern. Thirdly, if the contrast is low the block is assumed to be smooth and bit-pattern is not required to reconstruct the
block. This leads to significant reduction in bit-rate (bpp). Finally, the contrast component and the predictive residual of the
bias component are entropy coded to achieve further reduction in bpp. Performance of the proposed scheme is measured in
terms of peak-signal-to-noise ratio and bpp, and is compared with other recently reported methods.

Kevwords: Image coding; Block truncation coding: Vector quantizntion; Pattem fitting

1. Introduction

Data compression is the mapping of a data set into a bit
stream to decrease the number of bits required to represent
data set. Image compression is one ty pe of data compression.
Image compression and image sequence coding has huge
applications in video conferencing, video phones, TV trans-
mission. Since 1970s the block truncation coding (BTC)
[1-3] has been studied a lot. It is a lossy but attractive im-
age coding scheme for its simplicity, low computational cost
and relatively high quality. Like other image compression
methods, quality of the reconstructed image is measured in
terms of peak-signal-to-noise ratio (PSNR) and the degree
of compression by bits-per-pixel (bpp). In this method sharp
gray-level tansitions and textured areas are reconstructed
well; whereas smooth gray-level transitions are less well
preserved. The BTC output data set includes a bit-pattern,
which defines the quantization bin of each pixel, and two
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reconstruction levels determined to preserve the original
mean and variance of the pixel gray level over the block.
To form the bit-pattern in this method, block mean is set as
threshold. Instead of geometric moments of gray levels (ie.,
mean and variance), absolute moments may also be used
[2]. The main drawback of original BTC is the high bit-rate
{2 bpp). Many modification have been proposed to reduce
bit-rate, such as median filtering [4]. adaptive coding [5],
DCT-BTC [6], BTC with decimation and interpolation{Iv1)
[7]. etc. In order to reduce the bit-rate vector quantization
(V) [8.9] technique has also been applied to quantize the
vector formed by the two values corresponding to the recon-
struction levels generated by the BTC for each block [10].
To form bit-pattern BTC uses block-mean as threshold and
is used in coding. Generated bit-pattern may be represented
by one of a set of pre-selected bit-patterns [11] so that the
index of the representing bit-pattern can be used to code the
block. Thus bit-rate is finther reduced. However, since the
approximating bit-pattern is selected based on the minimum
Hamming distance between the generated bit-patternand the
bit-patterns in the set, original gray levels in the block may
not fall in appropriate quantization bin.

In the present study we try to fit two-level patterns or
templates, taken from a collection called pattern-book, to



2132 B.C. Dhara, B Chanda! Pattern Recognition 37 (2004 ) 2131 2139

the gray levels present in a block in least-square error sense.
Pattern fitting is an well-known concept in image process-
ing and analysis, and were used to detect edges [12], local
features [13], and object of known shape [14]. The pattern
that best fits the block represents its bit-pattern and is used
in BTC. Thus, the index of the selected pattern is sufficient
to reconstruct the block. These patterns are designed based
on spatial homogeneity as well as the expected nature of
local features. Based on the best fit pattern two quantities,
namely bias and contrast, are computed and that are used
in the reconstruction of the block. Both these values are en-
tropy coded to further reduce the bpp. The paper is organized
as follows. Section 2 contains basic concept of BTC and
the proposed method. How an image block is represented
by a two-level pattern is discussed in Section 3. Coding of
the reconstruction levels is studied in Section 4. A summary
of test results appears in Section 5. Finally, conclusion are
drawn in Section 6.

2. Basic concept

The BTC algorithm is a lossy fixed length compression
method that uses a @ level quantizer to quantize a local
region of the image. The quantizer levels are chosen such
that a number of moments of gray levels over a local region
in the image are preserved in the quantized output. For a
two-level {1 bit) quantizer, one of the two intensity values
is selected for a pixel in the block. These values are chosen
such that the sample mean and variance of the reconstructed
block are identical to those of the original block. After cod-
ing a bit-pattern of image block and two values a and &
corresponding to two quantization levels are obtained. It is
easy to understand that smaller data rate can be achieved by
selecting bigger block size or by allocating less number of
bits for reconstruction levels o and b, Suppose an image is
divided into a number of n = & blocks. Let & be the num-
ber of pixels in each block (& = ). Let Fix)xeC are
the intensity values of the pixels in a block of the original
image where C represents the set of coordinates of pixels
inthe block, i.e., C = {xi,%2,.... % }. The first two sample
moments my and mo are given by

&
1 .
= T _,E_] %)

K
1 2

my = ;1 (%),

where m, is the sample mean and the sample variance a” of

image block is given by

& =m — m.

Suppose based on the pixel intensities the quantizer parti-
tions the C, in other words, the block into two sets of pixels
Co and . such that C = Co U Cyand Go 1 G =1, where

Co={xy.%%....xp }and €y = {x1%x3,....x}_p}. Then
{ f(x) % = Ca} defines the candidates of a quantization bin
and { f(%)x; € C1} that of the other bin. Suppose this parti-
tion is represented by assigning one of two labels, say 0 and
1, to the pixels. Without loosing generality, let the pixels of
set the Co are marked by 0 and that of ) by 1. Thus the
partition can be represented as a bit-pattern as stated above.
During reconstruction, the pixels marked by O will be given
the value 4 — & and that marked by 1 will be given the value
A+ d. The values 4 and o represent the bias (low frequency
component ) and contrast (high frequency component ), re-
spectively, within the block. These values are to satisfy

kmy = k(A —d)+ (k —k" W4 +d), (1)

kmy = k(A — dY + (k= E"YA + 4P (2)

Solving for 4 and d we get

a2k — k)

A= e
T TR Y

(3}
G 9K (4)
2k =K

Like original BTC method in the proposed method too two
gray levels A +d and A —d are used in image reconstruction
at decoding phase. Hence, intensity f(x,) of the pixels of
the corresponding block of the reconstructed image is given
by

- A F ﬂr i.f X; & C‘j_
fixi)= (5}
A—-d ifxeC.

It is evident from Eqs. (3)and (4 ) that e =4 —d and b=A +d,
where quantization levels @ and £ are used in conventional
BTC. Advantage ofusing (4, d ) instead of (a, &) is explained
later. Only relevant question we are left with is how to define
the partition, which is given in the following section.

3. Partitioning

In conventional BTC method to generate the bit-pattern
representing the partition of an image block, block mean is
used as threshold and each pixel is labeled independently
depending only on its intensity value. Thus the bit-pattern
is generated as

0 if fix)= my,
Bix)= (6}

1 if f{x) = my.

So two partitions are defined Gy = {x|8(% =0} and C, =
{%|8(% )=1}. Fig. 1{a) shows original "LENA" image of
size 512x 512, Reconstructed image after conventional BTC
is shown in Fig. 1{b) for which PSNR= 32.89 and bpp=2.
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Fig. 1. (a) Original image and (b) Beconstructed image with con-
ventional BTC { PSNE= 3289 and bpp=21.
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Fig. 2. Set of two-level patterns (also viewed as bit-patterns | used
to fit with gray levels of image block in the proposed method.

CGienerally for any image there is spatial homogene-
ity in pixel intensity and this is not taken care of in the
conventional BTC method. Some works [11,15] have

implicitly exploited this characteristic through sub-sampling
and interpolation of pixel intensity. Here, on the contrary, we
use this characteristic explicitly in our partitioning method.
To define partition we consider a pattern-book containing
N two-level patterns (one level is represented by 1 and the
other by 0). These patterns are designed based on the spatial
homogeneity as well as finer details like edge, line etc. in
different orientation. Then we try to fit the candidate image
block to each of these patterns P, 7 = 1,2,.... N, say, in
mean-square-error sense. For example, if we try to fit the
image block to the pattern £, mean-square-error in fitting
is computed as follows. Suppose P = P U P, where all
pixels of the set Py, have label 0 and that of P, have label
1. Then

1 . 3
en=1; D (f(x) =), (7
xEF
1 ] 3
en=r—3 2 Ux)-m), (8)
xEPR
where
po=(KY Y fix) and
% EF g

m=k=-K) Y fx).

X EFy

Hence, total error in fit for the jth pattern is given by g =
ep + ey Finally, index m of best fit pattern is obtained for
m = arg min, {e; }.

Hence, the proposed BTC sends the index m instead of
the entire bit-pattern. That means only log, N is transmit-
ted instead of k. If former one is much less than the latter
{which is usually taken), a significant reduction in bpp can
be achieved. Once the pattern is fixed, 4 and 4 are caleu-
lated using Eqgs. (3 ) and (4). The encoder will transmit these
two values and index of the selected pattern. In our exper-
iment we have used first (top) 30 patterns of Fig. 2, their
complements and last four patterns making & = 64, Result
of BTC obtained from fitting patterns of Fig. 2 is shown in
Fig. 3{a) where PSNE= 31.79 bpp= 1.375.

Fig. 3. Output images after pattern ftting: (a) 4, & (PSNR= 3179, bpp= 1.375) (b} 4, " (PSNR= 31 61, bpp= (L.88) () 4", d" (PSNR=

3157, bpp= 0.64),



2134 BC. Dhara B Chanda! Pattern Recognition 37 (2il4 ) 2131 -2139

4. Encoding the block

In conventional BTC and also in absolute moment BTC
{AMBTC) [2] the quantization data to be stored in the com-
pressed file is either the pair (a.b) or (a.b — a). They are
usually expressed by 8 + 8 bits, but they can also be stored
by 10 bits using joint quantization [16,17]. Joint bit rate may
also be reduced by Vector Quantization [10]. The pair can
even be coded by discrete cosine transform (DCT) [6]. In
our work 4 —d and 4 + o are vsed as quantization lev-
els and are used in reconstruction of block. Here we store
A and d. This gives advantage over the usual quantization
level @ and & in coding purpose because of the following
PEasONSs.

It is evident from Egs. (3 )and (4) that 4= {5+ a)/2 and
d =k —a)/2. Inview of the Wavelet theory [18], 4 may
be considered as the response of the scaling function or the
low-resolution {i times ) representation of the block and o
is the response of wavelets whose natures ave represented by
the patterns shown in Fig. 2. There may be many different
pairs of {a. &) for which & or (& — a)/2 is same. So the
standard deviation of  is smaller than that of  and &, and
this leads to higher compression for by entropy coding.
Secondly, the contrast or d-value close to 0 means the gray
levels within the block are more or less uniform. In that case
the gray levels within the block can reliably be represented
by the bias value, ie., 4 only. From this point of view we
apply a small threshold, . to obtain

d—dy

. 0 if o = du,
o ()
otherwise,

dyy is selected in such a way that the ervor introduced due
to this approximation does not reduce the PSNR of that
particular block below a fixed quantity, say, Z dB (see Eq.
(14}).

Thus, in peneral, we need to transmit 4, 4 and
index of the corresponding pattern in the said o
der. However, it may be noted that if d' is zero, we
need not transmit the pattern index. This leads to fur-
ther reduction in bit rate. The result of using J, = 4
{corresponding Z wvalues is 35 (approx.)) is shown
in Fig. 3(b) for which PSNR = 3161 and bpp =
0.88 considering entropy coding for o and 8-bits
for 4.

The values of 4 do not usually cover the whole dynamic
range spanned by 8 bits. The range of values also vary from
image to image. So we tansform the values of A to cover
the range from O to 2, where / is the largest integer not
exceeding logy( Ama — Ama ). Hence, the transformed value
is defined as

e 2NA = Awin)

A= i
{AM' = Am.w}

(10}
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Fig. 4. Blocks wsed in Prediction of 4 in cument block.
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Fig. 5. Pixel intensity at the time of decoding of Block 4« 4, if
d =1

It may be noted that this needs transmission of dqw and e
once at the beginning. Corresponding output is shown in
Fig. 3(c) for which PSNR=31.57. As mentioned earlier that
A is bias or average intensity of the block, it has stronger
correlation with that of its neighboring blocks compared
to @ or & as used in conventional BTC because of spatial
homogeneity. So for further reduction in bpp, A" is coded
by predictive coding. Fig. 4 shows the blocks that are used
for prediction of A", Suppose the 4" values of the blocks
numbered 1, 2, 3, 4, C are 4}, 43, 45, 4 and 4, and are
known. Assuming a linear model, the prediction error is

4
Al =d z wad!, (11}
dm

where wi, wz, wi, wy are weights and are estimated consid-
ering a large number of images such that mininum A4 is
achieved on anaverage. It is evident that the variance of A4’
is much less than that of A", Hence, through entropy coding
AA" can be represented by less number of bits than that is
needed to represent A" directly. This prediction coding does
not introduce any further error in reconstructed image. So
output is same as Fig. 3(c) for which PSNR=31.57 and the
bpp is now reduced to 0.64 by predictive entropy coding
for both " and A4". During reconstruction the approximate
value A (resp. d) of A" (resp. d"} used, where

i= A Amar — Amin}

5 + Amin, (12)
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Fig. 6. Synthetic images wsed to compare INTM and CONM.

Tahle 1
Results of INTM and COMNM method

Imape PSME
INTM COMM

Imagel 472 4417
Image? 4553 1964
Image3 40.47 iR 57
Image4 48.26 45493
Image5 46,95 4208
Imaget 41.60 IR96
i 0 if ' =10,
d= ; s (13}

d +dy Fd =0

At decoding phase when a block is smooth (d =0) the inten-
sity of all pixelsare setto A, Let us call this method CONM.
However, instead of setting all pixels to A, we propose to
setonly central 2 = 2 block (see Fig. 5)to A, In the second
pass intensity of pixel py, fori=1,2,..., 8 is determined by
linear interpolation using horizontal and vertical set of data
depending on context. In the next pass the intensity of pix-
els marked with *+* are computed by bi-linear interpolation.
Let us call this method INTM. It is expected that INTM
should give higher PSNR as well as smoother visual ap-
pearance than the method CONM. We have experimentally
verified this by applying both the methods on six synthetic
images as shown in Fig. 6, where intensities are generated
as two-dimensional sine wave of various frequency and ori-

entations. Table 1 shows the comparative performance of
these two methods.

5. Experimental results

We have studied the nature of a°, 4" and A4 on several
images namely, Airplane, Baboon, Barbara, Boat, Couple,
Lake, Lena, Man, Peppers and Zelda as shown in Fig. 7. The
used images are monochrome still images of size 512 <512
and intensity resolution is 8 bit. According to the average
distribution obtained from the study, the weights wi, wz,
wi, wy are determined and two Huffman codebooks for
and Ad” are developed. This is done to make the system
applicable for a wide variety of images.

The block size is 4 = 4 and oy value is set to 4. Here
number (&) of two-level patterns used is 64 as shown in
Fig. 2 (first 30 patterns and their compliments plus the last 4
patterns ). The performance is evaluated by bpp and PSNE.
PSNR is defined as

255
PSNR = 10log,, s dB, (14)

E
where MSE (mean square error )} for a reconstructed image

f(x,) is defined as

T =1 ) 2
MSE M}Zlm,} fix )T,

where M is the total number of pixels in the image.
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Barbara

Couple

Zelda

Fig. 7. The orginal images used in the experiment.

The results of the proposed method, and two other recently
proposed modified BTC techniques namely VOQ-CIBTC [19]
and Adapt.V1 [15] are compared in Table 2. The recon-
structed images using proposed method are shown in Fig, 8.
In VQ-CIBTC method we have set Thrl to 10 and Thi2 to
50 as suggested in the original paper [19] and used 2 bits for
identifying the class of a block. In Adapt. V1 method Thrl
and Thi2 have been set to 6 and 3, respectively, to achieve
the PSNR close to what was reported in the original paper

[15] and bit-rate has been measured without as well as with
predictive entropy coding,

6. Conclusion
BTC is known for maintaining high PSNE, but com-

pression ratio is low. In this paper a modified scheme of
BTC is presented to achieve higher compression ratio, ie.,
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Table 2
Experimental result of proposed method and others
Image Proposed method VO-CIBTC [19] Adapt. VI [15]
PSMNR bpp PSMNR bpp PSMNE bpp
Without With
predictive predictive
coding coding
Admplane 3052 LR 3015 076 3159 124 1.17
Bahoon 2379 110 2370 0495 2687 2o 1.81
Barh 2618 037 2612 084 2953 154 1.3
Boat 3003 070 2948 LR 2993 136 1.30
Couple iLas 075 ElK 082 3240 152 1.30
Lake 2616 044 2570 089 2787 194 1.649
Lena 3159 004 3092 078 ILET 144 1.20
Man 2996 08D 2933 084 £ Bk 1.59 1.36
Peppers RN 068 3076 079 3269 160 1.30
Zelda 3489 LR 3357 076 3414 1349 1.10
Owverall average 2965 076 2903 082 3082 156 1.36

lower bpp keeping PSNE as high as possible. Here in-
stead of determining bit-pattern for a block, an optimum
bit-pattern is selected from a pattern-book. So in lieu of
the explicit bit-pattern only the index of the optimum pat-
tern is used to encode the block. The bit-patterns stored
in the pattern-book are designed considering spatial ho-
mogeneity as well as fine structures like edge, line, etc.
However, these patterns are designed heuristically based on
extensive observation and experimentation guided by in-
tuition. So a well-devised technique for determining the
pattern-book need to be developed to avoid human bias
and error. We have computed representative gray levels
in such a way that they represent the bias and the con-
trast in each block. The advantage is that the low contrast
component indicates that the block is smooth and, in that
case, only bias value (and no bit-pattern) is needed to re-
construct the block, However, instead of assigning the bias
value to all the pixels of the reconstructed block, we as-
sign this value only to the central part of the block and
the remaining pixel values are determined by linear inter-
polation using the gray levels of the neighboring blocks to
achieve high PSNR and smoother visual appearance. This
of course, incurs higher computational cost during recon-
struction. Another advantage is that the bias component
shows much stronger spatial correlation than the conven-
tional representating gray levels. So predictive residual of
the bias component shows a very strong unimodal p.d.f
which suggest very efficient coding by, say, Huffman cod-
ing scheme. In this work we have adopted a simple linear
prediction model. However, a better prediction model may
be searched out. The performance of the proposed scheme
is measured in terms of PSNR and bpp. In case of most
of the images, it shows reasonably high PSNE and low

bpp. Comparison with other methods shows its acceptabil ity/
superiorty.

7. Summary

Block truncation coding is a well-known lossy image
compression technique and is being used for last two
decades. BTC divides an image into a number of blocks
of fixed size, and encodes each block independently by
two representative values and a bit-pattern of size equal
to that of the block. The technigue is known to preserve
high PSNE, but achieves low compression ratio, In this
work a modified scheme of BTC is proposed to achieve
high compression ratio keeping PSNE as high as possi-
ble. Here instead of determining bit-pattern for a block
an optimum bit-pattern is selected from a pattern-book.
Pattern-book is designed considering the spatial homo-
geneity as well as fine structure like edges, line, etc. For
encoding purpose the index of the optimum pattern is
used. Here representative levels are computed in such a
way that they represent the bias and contrast of the block.
Ome advantage of these representative levels is that the
bias components of neighboring blocks are strongly cor-
related. So predictive coding can successfully be used.
Contrast component and the predictive error of bias com-
ponent are entropy coded to achieve more compression.
Finally, low contrast component indicate that block is
smooth, in that case, only bias value is needed to re-
construct the block, no bit-pattern is needed. Instead of
assigning bias value to all pixels of the reconstructed
block, this value is assigned to central part of the block
and remaining pixel values are determined by interpolation
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Lena Man

Couple

Peppers

Zelda

Fig. & The mconstructed images using proposed method.

using gray levels of neighboring blocks. Advantages
are achieving higher PSNR value and maintaining spa-
tial homogeneity in gray levels across the border of the
blocks.
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