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Abstract: Block Truncation Coding (BTC) is a fast moment preserving lossy image compression technique. Tn

this paper a new image compression scheme based on BTC is proposed. The proposed image compression
scheme contains four techniques. They are prediction technique, bit plane omission technique, bit plane coding

using 32 predefined visual patterns and mterpolative technique. The experimental results show that the
proposed image compression scheme achieves a low bit rate with reasonable good picture quality compared
to the recent published work based on BTC. The proposed scheme also has low computational complexity.
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INTRODUCTION

Image compression is used to reduce the amount of
memaory required to store an image without much affecting
the quality of an image. It also reduces the time required
for images to be sent over the Internet and Intranet. There
are several different methods to compress an image file™.
Block Truncation Coding is one of the simple and fast
compression methods and was introduced by Delp and
Mitchell™. Block truncation coding is a lossy compression
method. It works by dividing the image into small sub
images and then reducing the number of gray levels in
each block. This reduction 1s performed by a quantizer
that adapts to the local image statistics. The BTC method
preserves the block mean and standard deviation. In the
encoding procedure of BTC the image is first partitioned
m to a set of non overlapping blocks. The first two
statistical moments for each block are computed. Using
the block mean as quantizing level, each pixel mn the block
are replaced by 1 and 0, resulting ina binary matrix called
bit plane. In the decoder, each of the encoded image
blocks is reconstructed using the bit plane and the two
statistical moments. It achieves 2 bits per pixel (bpp)
with low computational complexity. Tt is easy to
implement compared to vector quantization™ and
transform coding!,

Lema and Mitchell presented a simple variant of BTC
called Absolute Moment Block Truncation Coding
AMBTCY | It preserves the higher mean and lower mean
of the blocks. However the bit rate achieved with the
BTC or AMBTC is 2 bpp. In order to reduce the bit rate
several techniques such as median filtering!”, Vector

quantization™, Interpolation™ and prediction™ have been
used to code the two statistical moments and the bit plane
of BTC. Yung-Gi Wu'"! proposed a probability based
block truncation image bit plane coding. Yu-Chen Hu'
presented low bit-rate unage compression scheme based
on AMBTC. Hence the improvements on BTC are
continuing to reduce the bit rate and computational
complexity by keeping the image quality to acceptable
limnat.

In this study we propose an image compression
scheme based on AMBTC with low computational
complexity. This scheme is a combination of four
techniques, prediction technique, bit plane omission, bit
plane coding using 32 predefined visual patterns and
interpolative bit plane coding. Experimental results show
that the proposed scheme gives good image quality with
low computational complexity and with low bit rate.

BLOCK TRUNCATION CODING AND AMBTC

In the BTC methed, the image 1s divided mto
non-overlapping small blocks (normally 4 x 4 pixels). The
statistical moments the mean X and standard deviation
o are calculated for each block. The mean X standard
deviation 0 are computed using:
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where x, represent the i* pixel value of the image block and
n 18 the total number of pixels mn the block. The two values
X and 0 are termed as quantizers of BTC. Taking X as
the threshold value a two-level bit plane 1s obtained by
comparing each pixel value x, with the threshold. If x,<X
then the pixel is represented by *0°, otherwise by *1°. By
this process each block is reduced to a bit plane. The bit
plane along with X and o forms the compressed data. For
example a block of 44 pixels will give a 32 bit compressed
data, amounting to 2 bpp.

In the decoder an image block is reconstructed by
replacing by ‘1”7 s with H and the “0’s by L, which are

given by:
H—X+GJ£ @
q
L=x-c/3 “
P

where p and ¢ are the number of 0’s and 1’s in the
compressed bit plane, respectively.

Lema and Mitchell™ presented a simple and fast
variant of BTC, named Absclute Moment BTC (AMBTC)
that preserves the higher mean and lower mean of a block.
The AMBTC algorithm involves the following steps:

An image is divided into non-overlapping blocks.
The size of a block could be (4x4) or (8x8), etc. The
average gray level of the pixels m that block (4x4) 1s
calculated as:
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where x, represents the i” pixels in the block. Pixels in the
image block are then classified into two ranges of values.
The upper range is those gray levels which are greater
than the block average gray level { X ) and the remaining
brought mto the lower range. The mean of higher range x;,
and the lower range x; are calculated as:
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where k is the number of pixels whose gray level is greater
than X.

A bmary block, denoted by b, 1s also used to
represent the pixels. We can use “1” to represent a pixel
whose gray level is grater than or equal to X and “0” to
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represent a pixel whose gray level is less than X. The
encoder writes X, x; and b to a file. If x ,and x | are
represented by 8 bits then the total number of bits
required for a block 18 8 + 8 + 16 = 32 bats. Thus, the bit
rate for the AMBTC algorithm is 2 bpp. In the decoder, an
image block 1s reconstructed by replacing the " 1°s with x,
and the "0's by x,. In the AMBTC, we need 16 bits to
code the bit plane which is same as in the BTC. But,
AMBTC requires less computation than BTC.

PROPOSED SCHEME

The proposed compression scheme makes use of
AMBTC, prediction technique, bit plane omission, bit
plane coding using 32 predefined visual patterns and
interpolative techmque.

Prediction techmique: This techmque makes use of
correlation existing among the neighboring image blocks.
The prediction technique involves in finding a near similar
neighbor upper or left block for the current block and
replacing the current block by a code of the matched
block. To find similarity of the current block with a
neighboring block the squared FEuclidean distance
between the two blocks is used. The squared Euclidean
distance between two blocks x and y 18 calculated as
follows:

n
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where x; and y; are the corresponding the i pixels of the
respective blocks.

Bit plane omission technique: In bit plane omission
technique, the bit plane obtained usng an AMBTC
method is omitted in the encoding procedure if the
absolute difference between the higher mean x;; and the
lower mean x; of that block 1s less than a threshold value
and retaining the block mean only. At the time of
decoding bit plane omitted blocks are replaced by a block
filled with the block mean.

Visual pattern matching: In this techmique, the bit
plane obtained is matched with 32 visual patterns
shown in Fig. 1.

If the bit plane obtained in AMBTC for a block
exactly matches with any of the pattern, then the bit plane
is replaced with the index of the matched pattern. Thus it
needs only 5 bits to code the bit plane.
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1111 1111 1111 0000 0000 0000 | 1000 1100
0000 1111 1111 0000 0000 1111 1000 1100
0000 0000 1111 0000 1111 1111 1000 1100
0000 0000 000 1111 1111 1111 1000 1100
1119 0001 0011 0111 1000 1111 1111 0001
1110 0001 0011 0111 0000 1111 1111 0000
1110 0001 0011 0111 G000 1111 1111 0000

1110 0001 0011 0111 0000 0111 1110 0000
1100 1100 1111 1111 0011 0111 1111 1111
1000 1100 1110 1111 0001 0011 0111 1111
0000 1000 1100 1110 0000 0001 0011 0111
0600 0000 0100 1100 G000 0000 0001 Q011
0000 0000 1100 1100 0000 0000 0001 0011
0000 1000 1100 1110 0000 0001 G011 0111
1000 1100 | 1110 110 | 0001 0011 0111 111
1100 1110 1111 1111 0011 0111 1111 1111
Fig 1: Pre defined 32 bit plane patterns
Interpolative technigque: Tn this technique half (8 bits) of
the bits in the bit plane of AMBTC 1s dropped at the time || 1 5 9 13
of encoding as in Fig. 2. In decoding the dropped bits are
recovered by taking the arithmetic mean of the adjacent 2 6 10 14
values as m Eq. 9.
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Here it requires only 8 bits to store the bit plane. The
detailed steps mvolved in the compression process are as
follows:

Encoding steps

Step 1: Tvide the given image into a set of non
overlapping blocks, x of size n = 4x4  pixels

Step 2: Ncode the blocks starting from left to right and
top to bottom sequence.

Step 1: F the block is in first row or first column then go
to step 5.
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Fig. 2: The pattern of dropping bits. The bold faced bits
are dropped

Step 4: o check the current block(ch) with upper block
(ub) and lower block (lb) for similarty calculate the

squared Euclidean distance

du = d(cb, ub) and dl = d(cb, Ib) as in Eq. 8.
Fix threshold for d (x, v) as Thl. Find the dmin = minimum
(du, dl).

IF dmin < Thl THEN
IF upper block = dmin Then
encode the current block as 00
gotostep 9
ELSE
encede the current block as 01
go tostep 9
EndIF
End IF

Step 5: Compute the block mean X, lower mean X, and
higher mean X, for the block

|§H B §L|
Step 6: Fix a threshold value Th2. If < = Th2,
encode the block x with the block mean X, put ‘100 as a
indicator bit as prefix code and goto step 9.



Intl. J. Soft Comput., 2 (1): 118-123, 2007

Tahle 1: Bits needed to store an imace block in different techniques

Bit length
Size ofimage block Indicator bits Block mean Bit plane Hisher and lower mean Total hits
Predictive 2 - - 2
Bit plane Omission 3 3 - - 11
32 Visual pattern 3 - 5 G+6 20
Interpolative 3 8 fit+6 23

Fig. 3: Standard Images USED FOR experiment

Step 7: Construct the bit plane by taking 1* for the pixels
with values greater than or equal to the mean X and the
rest of the pixels are presented by 0. Encode the bit
plane using the 32 predefined bit plane pattern of 4x4
with lower mean X | and higher mean X, put “101” as a
indicator bit as prefix code and go to step 9. If the bit
plane does not match with 32 visual pattern then go to
step 8.

Step 8: Drop a pattern of bits az shown in Fig. 2, encode
the block by the remaining bits with the lower mean
X, and higher mean Xy, put ‘110 as a indicator bit as
prefix code.

Step 9: Go to step 3 until all the blocks are processed.
Decoding steps

If the indicator flag
= *00° replace the block x with the upper block
=*01* replace the block x with the left block
“100° replace the block x with the block mean X .
‘101* Get the 32 visual pattern bit plane and decode
the bit plane by replacing the 15 by and higher mean
X ; and the Os by lower mean X |,
= ‘110" block x is reconstructed by replacing the 1s
by Xy and the Os by X . The dropped bits are
estimated by the mean of the adjacent wvalues
azinEq. 9:

Thiz scheme starts with prediction technique and
ends with interpolative technique based on BTC and
hence named as Predictive and Interpolative BTC (PIBTC)
image compression scheme. Under this PIBTC image
compreszsion scheme the bits needed to represent the 4x4
block of a given image is given in the Table 1.

Here in the bit plane coding using 32 predefined
visual paiterns and interpolative technique we code the
higher and lower mean of AMBTC in 6 bits.

RESULTS AND DISCUSSION

To evaluate the performance of the proposed PIBTC
image compression scheme, we take six standard
monochrome images of size 512x512 images “Couple”™,
“Lena”, »Tet”, “Peppers”, “Girl” and *Zelda™ which are
given in Fig. 3a-f.

To implement this algorithm suitable threshold values
for Thl and Th2 are to be selected. Using the results in**,
we have taken Th2 = 20 for bit plane omission technique.
To find out optimum threshold wvalue for prediction
technique PIBTC image compression scheme, we have
applied our image compression schemes with different
combination of threshold values Thl and Th2 on the six
standard images. The results obtained in terms of bpp and
PSNR are given in the Table 2. Using the results given in
Table 2 we have decided to take Thl = 400 for prediction
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Tahble 2: PENE and BPP values for different threshold values

Thi1,ThZ =400,20 =500,20 =600,20 =700,20 =300,20
Images BFP PENE EPP PESNE BFP PEME BPP PSHE EFP PENE
Couple 069 29.06 0.66 29.03 0.64 29.01 0.62 2898 0.60 28.95
Lena 056 30.96 0.54 30,91 0452 3087 0.50 30.82 049 3076
Jet 050 30.89 0.4% 30.85 048 3081 0.47 30.76 044 3071
Peppers 056 31.01 0.53 30.95 051 30.90 0.48 30.84 047 3077
Girl 040 34.33 0.38 3416 0.36 34.03 0.35 33.92 0.33 3372
Zelda 051 3314 0.47 33.03 045 32.92 0.43 32.79 042 32.69
Average 0.54 31.57 0.51 3149 049 31.42 0.48 31.35 0.46 31.37
Table 3. PSNER and BPP values for different methods on standard images

Ambtc ¥ch Thl, Th2=400,3 PIBTC 400,20 PIBTC 150,20 FIBTC 3200,20
Images BFP PENER BFFP BFPP BFFP PENER BFFP PENE BFFP PENE
Couple 2.0 32.47 078 26.27 069 29.06 0.80 2911 042 2784
Lena 2.0 3325 068 28.65 0.56 30,94 0.63 31.07 0.37 29,49
Jet 2.0 3142 0.56 2783 050 30.89 0.58 31.02 0.38 2952
Peppers 2.0 3344 078 2873 0.56 31.01 0.72 3111 0.35 29,35
Girl 2.0 3395 053 3385 040 34.33 0.51 34 65 0.24 31.03
Zelda 2.0 36,74 062 32.61 051 33.14 0.6a 33.36 0.28 30,39
Average 2.0 3345 0.67 29.66 0.54 31.57 0.66 31.72 0.34 29.60

YR

Fig. 4: The reconstructed Standard Images using PIBTC

technique and Th2 = 20 as threshold value for bit plane
omission technique, so as to get a reasonably good
quality picture with low bpp.

We applied PIBTC image compression scheme to
each of the 6 images given in Fig. 3. For comparison, we
also used the AMBTC method and the scheme of
Yu-Chen Hu'™ (YCH). We wanted to compare the
performance of our scheme with YCH. Hence we set
Th1,Th2 =150,20 zo that the average bpp values are equal
and Thl ,Th2 = 3200,20 so that the average PSNR values
are matched. The computed PSNR and bpp for three sets
of (Th1,Th2) are given in Table 3.

We note from Table 3 that PIBTC gives better PSNR
values and lower bpp than that of YCH scheme. The
results for the set Thl, Th2 = 150, 20 gives a result
matching the average bpp of our scheme with YCH at 0.66.

The resulting average PSNR value of our scheme gives
31.75 while that of YCH is 29.66, an improvement of 7%.
The results for the set Thl, Th2 = 3200, 20 gives a
matching average PSNR value of our scheme with YCH at
29.6. We note that our scheme gives bpp 0f0.34 while that
of YCH is 0.67, an improvement of 49%. For any given
application an appropriate selection of Thl and Th2
values will give the required bpp and PSNR. The
reconstructed images of PIBTC image compression
scheme is given in Fig. 4a-f

CONCLUSION

A low bit rate image compression scheme by
extending the AMBTC scheme has been proposed. This
scheme is developed by combining prediction, bit plane
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omission, pattern matching and interpolative technicques.
Experiments using our scheme on standard images show
that an average bit rate of 0.34 giving an average PSNR
value of 29.6 is achievable. Our scheme compared to the
work of YCH!'! gives an improvement of 7% in image
quality while reducing the bit rate to about 50%. An
appropriate selection of the two thresholds in this scheme
can be used in an application to get the desired bpp and
PSNR within the region of its capability.
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