
 InternatIonal Journal of electronIcs & communIcatIon technology 243

IJECT Vol. 2, IssuE 3, sEpT. 2011ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Abstract
In this paper, a new method for image compression based on 
adaptive quantization using set of selected bit planes is being 
proposed. This technique combines adaptive quantization with 
an additional unit that selects only those bit planes which are 
visually sensitive and contain coarse information. The results 
obtained showed a good reduction in bpp compared with the 
AQC algorithm, with a little loss in PSNR due to the dropping of 
some blocks that claimed to be low intensity variation according 
to a comparison with predefined thresholds for each color plane 
and hence are visually less sensitive.

Keywords
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Adaptive Quantization Coding (AQC), bit planes, Discrete 
Wavelet Transform (DWT).

I. Introduction 
The amount of image data grows day by day. Large storage 
and bandwidth are needed to store and transmit the images, 
which is quite costly [1]. Hence methods to compress the 
image data are essential now-a-days. Image compression 
addresses the problem of reducing the amount of data required 
to represent a digital image. It is a process intended to yield 
a compact representation of an image, thereby reducing the 
image storage/transmission requirements. The digital image 
compression techniques are based on the exploitation of 
information redundancy that exists in most digital images. The 
objective of compression is to reduce the number of bits as 
much as possible, while keeping the resolution and the visual 
quality of the reconstructed image as close to the original image 
as possible [2,3].                    
As most of the planes as produced by quantizer that are used 
for representing the various blocks of image do not appear in 
the coding of images, hence resulting in very low contribution 
to the visual quality of the reconstructed image. Also, some 
different bit planes produce very similar visual perception result 
due to the properties of the human visual system. So, here 
we have proposed a technique which uses set of selected bit 
planes that are visually sensitive for coding based on certain 
predefined threshold using AQC technique.                          
Section-II gives literature survey of related work. Section-III 
describes the Adaptive Quantization Coding (AQC)  method. 
Section-IV describes the proposed algorithms in this paper. 
In Section-V, Simulation results of the proposed method with 
objective and subjective tests are explained. Section - VI gives 
the conclusion for this paper.

II. Related Work
Image compression is important in digital image transmission 
and storage. For the transformation independent types we 
can mention block truncation coding (BTC), which was first 
implemented by Delp and Mitchell in 1979 [4]. This algorithm 
is used for grayscale image compression with a bit rate of two 
bpp and a good PSNR. In variable block truncation coding with 
optimal threshold, the image is divided into variable size blocks 

rather than fixed size, and an optimal threshold is adopted to 
minimize the mean square error [5]. 

Chen-Kuei Yang and Wen Hsiang Tsai [6] proposed a new 
approach for gray image compression by defining a set of line and 
edge bit planes independently of input image. Amarunnishad 
T.M. [7] proposed a method to improve the Block Truncation 
Coding (BTC) by using a set of predefined bit planes. Jun Wang, 
Yeun-Cheul Jeung, Jong-Wha Chong [8] proposed a Hybrid 
Block Truncation Coding (HBTC) algorithm for color image 
compression. In the HBTC algorithm only luminance bit-map 
was employed to represent the edge information of the coding 
block. Doaa Mohammed, Fatma Abou-Chadi proposed Absolute 
Moment Block Truncation Coding (AMBTC) [9] which preserves 
the higher mean and lower mean of the blocks and use this 
quantity to quantize output. J. Wang, K.Y. Min, J.W. Chong [10], 
presented a Cost Effective Block Truncation Coding (CE-BTC) 
using low cost approach for color image compression. 

S.G Mallat [11] reported knowledge to compress an image 
by decomposition of a multi resolution image. Sonja Grgic, 
KreSimir KerS, Mislav Grgic [12] provided fundamentals of 
wavelet based image compression.Marc Antonini, Michel 
Barlaud [13] proposed a new scheme for image compression 
taking into account psychovisual features both in the space and 
frequency domains. Maria Grazia Albanesi [14] addressed the 
problem of thresholding Wavelet coefficients in a transform-
based algorithm for still image compression. He proposed a 
new solution to the problem of an accurate choice of thresholds 
based on the concept of local contrast and exploited the 
localization properties of Wavelets and a maximization of the 
entropy to find the optimal threshold for the Wavelet coefficients. 
G. Sreelekha and P.S. Sathidevi [15], proposed a perceptual 
image coder for the compression of monochrome images, in 
which the coding structure is coupled with a vision model to 
produce coded images with an improved visual quality at low 
bit-rates. 

III. Adaptive Quantization Coding (AQC)
The AQC compression algorithm was introduced in [8] for 
overdrive of motion blur reduction in a liquid crystal display 
(LCD). The algorithm was composed of the following steps:

i) Divide the image into non-overlapped blocks of (m×n) 
pixels.
ii) Compute the quantizer step using the following relation:
              Qstep = (Bmax-Bmin)/Q L                            (1)

Where QL represents the number of quantizer levels, and 
Bmax and Bmin are the maximum and minimum of the block, 
respectively. 
iii) Compute the bit plane (Bplane) of each block using a three-
level quantizer according to the following equation:
             Bplane = ( Iin – Bmin) / Qstep                       (2)
 
where Iin represents the intensity values of the input image.
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The encoded bit stream includes a bit plane, quantizer step 
and the minimum of each block. The resultant bit rate of a gray 
scale image compressed using this algorithm can be computed 
using the following equation :
         bpp = ( bitstep+bitmin )/ (m×n) + bitplane        (3)

Where bitstep is the bits required for quantizer step encoding, 
bitmin is the bits used for encoding the minimum of each block 
and bitplane is bits required for encoding bitplane for each 
image pixel. 

For color image bpp is calculated separately for Red, Green and 
Blue color channels and added to get total bpp for complete 
image.

The decoding process will go according to the following 
relation:
           Idecod=Bmin+ Bplane × Qstep                          (4)
 
where Idecod is the decompressed image.

IV. Proposed Algorithm

A. Bit plane Selection using Threshold (BPST) 
technique
Fig.1 displays the block diagram of Bit Plane Selection  method 
BPST for image compression proposed in this paper.  This new 
algorithm is an improvement over AQC method [8] for image 
compression. In AQC technique all the bit planes information 
produced by encoder are transmitted resulting in high bpp 
for the reconstructed image. An Image contains both low and 
high frequency components but human visual system is more 
sensitive to high frequency components. Taking this feature 
of human eye in consideration, instead of transmitting all bit 
planes only those bit planes which contain information of 
high frequency blocks in image are selected. To differentiate 
between high and low frequency blocks of image, a threshold 
is selected on basis of intensity variation of each image block. 
The proposed algorithms aim to reduce the high bpp of an 
original AQC whilst trying to keep the quality of the compressed 
image at an acceptable level. This algorithm is a combination 
of an original AQC and an additional unit which select the bit 
planes to be transmitted on basis of predefined threshold, as 
shown in Fig.1. 

Fig.1: Block Diagram for BPST technique

Steps Followed:
1. The image is first divided into non-overlapped block (p×p) 

pixels.
2. For each block the difference between the maximum, 

minimum and quantizer step is computed according to 
[1].

3. The threshold is predefined for each color plane (Red, 
Green and blue) on basis of intensity variations in image 
blocks for color image. For gray image only single threshold 
is to be defined for complete image.

4. The quantization step is compared with a predefined 
threshold, it exploits the fact that the low variation blocks 
required lower quantization steps compared with the high 
variation or edge blocks.

5. For each of the pixel value in block, bit plane is computed 
on basis of intensity according to (2).

6. For the blocks where the quantization step is less than 
the threshold, flag is set as ‘1’ and block is classified 
as smooth block. For smooth blocks the bit plane and 
quantization step bits are discarded and only the minimum 
intensity value is encoded for all pixels in block.

7. For the blocks where the quantization step is more than the 
threshold, flag is set as ‘0’ and block is classified as edge 
block. For edge blocks all the information i.e. bit plane, 
quantization step and minimum value is encoded.

8. Repeat step 1-7 until all the blocks of given image are 
processed.

9. Only selected bit planes were encoded and compressed 
image was obtained.          

On the decoder side, the decoder will be sensitive to the flag 
bit. If it is in high state the block is classified and decoded as 
a low variation block, otherwise it will be decoded as a high 
variation block.

B. Bit Plane Selection on Basis of Threshold using 
Discrete Wavelet Transform (BPST-DWT) technique
Bit rate obtained by BPST method can further be reduced by 
introducing discrete wavelet Transform in proposed algorithm. 
In a discrete wavelet transform, an image can be analyzed 
by passing it through an analysis filter bank followed by a 
decimation operation [12]. The analysis filter bank consists 
of a low pass and a high pass filter at each decomposition 
stage [13]. When a signal passes through these filters, it is 
split into two bands. The low pass filter, which corresponds to 
an averaging operation, extracts the coarse information of the 
signal. The high pass filter, which corresponds to a differencing 
operation, extracts the detail information of the signal. The 
output of the filtering operations is then decimated by two [16]. 
The low frequency components (smooth variations) constitute 
the base of an image, and the high frequency components 
(the edges which give the detail) add upon them to refine the 
image, thereby giving a detailed image. Hence, the smooth 
variations are demanding more importance than the details. 
Block diagram for BPST-DWT algorithm is shown in Fig. 2.

Steps Followed at BPST-DWT encoder:
1. Apply 2-D DWT (haar transform) on input image and obtain 

components LL1, LH1, HH1, and HL1.
2. Apply 2-D DWT on LL1 component obtained in previous 

step to get LL2, LH2, HH2, and  HL2
3. HH1 coefficients obtained in step 1 contain high frequency 

information and can be discarded in order to reduce the 
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bits required for encoding.
4. LL2 coefficients obtained in step 2 contain low frequency 

information (approximation component) and are 
transmitted without any change.

5. Remaining coarse wavelet coefficients are first divided into 
non-overlapped blocks (m×n) pixels and then classified 
into high or low intensity variation blocks, according to a 
predefined threshold using the BPST encoder (Section 
A)

6. Only selected bit planes are encoded and compressed 
image is obtained.

At the decoder side inverse process is followed. For HH1 
coefficients zeros are placed at all pixel values and LL2 
coefficients are obtained directly from decoder. For remaining 
coefficients BPST decoder is applied. Finally different 
components i.e. LL, LH, HL and HH are arranged properly and 
inverse DWT is applied to get the reconstructed image. The 
process is repeated for different block size and quantization 
levels in similar way as for BPST algorithm.

Fig.2. Block Diagram for BPST-DWT technique

C. Adaptive Thresholding Based BPST-DWT Technique 
(ABPST-DWT)
BPST-DWT has a problem that user has to select different 
threshold levels and has to check quality of compressed image 
for these values, then select the one which give low Bpp for 
good image quality i.e. high PSNR. This process does not give 
optimize result and is also time consuming. Hence to reduce the 
problems in BPST-DWT technique concept of adaptive threshold 
is introduced in this technique. BayesShrink method [15] is 
applied to calculate the value of threshold so as define smooth 
and fine blocks in the image. 

Fig.3: Block Diagram for ABPST-DWT technique

Steps Followed at ABPST-DWT encoder:
1. Apply two level DWT to the input image as described in 

BPST-DWT technique.
2. Discard the HH1 component and transmit LL2 component 

without any change.

3. For coefficients obtained at first level DWT decomposition 
i.e. LH1 and HL1 calculate median value (y1).

4. Calculate value of standard deviation of noise σn1ˆ at 
level 1 by using [17].

     σn1ˆ= Median (|y1|)/ 0.6745,     
            where, {y } ∈ LH1 and HL1                   (5)
5. Calculate σx1 i.e. standard deviation of noise free 

coefficients at first level DWT decomposition i.e. for LH1 
and HL1.

6. Calculate value of threshold for level 1 decomposed 
coefficients by using

                T1=4√log(size(subband))*σn12/σx1       (6)                           
7. For coefficients obtained at second level DWT decomposition 

i.e. LH2, HL2 and HH2 calculate median value (y2).
8. Calculate value of standard deviation of noise σn2ˆ at 

level 2 by using [17].
       σn2ˆ= Median (|y2|)/ 0.6745,               
 where,{y}∈LH1 and HL1                        (7)
9. Calculate σx2 i.e. standard deviation of noise free 

coefficients at second level DWT decomposition i.e. LH2, 
HL2 and HH2.

10. Obtain threshold for  level 2 decomposed coefficients 
         T2=4√log(size(subband))*σn22/σx2        (8)                                         
11. Divide coefficients LH1, HL1, LH2, HL2 and HH2 into non-

overlapped block (m×n) pixels
12. Use threshold value T1 for first level coefficients and T2 

for second level coefficients to define smooth and fine 
blocks classified into high or low intensity variation blocks 
and apply same procedure for encoding as is BPST.       

13. The process is repeated for different block sizes and 
quantization levels.

Block diagram of Adaptive thresholding based BPST-DWT 
encoder is shown in Fig. 3.For decoding same procedure is 
followed as in BPST-DWT process taking into process calculated 
threshold values i.e. T1 and T2.  The algorithm is applied for 
different block sizes and quantization levels, so as to determine 
for which block size the better compression is obtained.

V. Results
The performance of proposed methods was assessed using 
objective tests and subjective tests on several test images. The 
PSNR was used as an objective test. These tests were evaluated 
using 4 and 8 quantization levels. Some of the parameters, 
such as block sizes, thresholds and number of quantization 
levels, were shown under each figure as required. We have 
performed tests on manu color image of size (512x512). A 
discussion of acquired results will be presented in following 
sections.

A. Objective Results for Test images
In this section Bpp and PSNR values are analyzed for AQC 
method and proposed algorithms. The simulation is performed 
for different blocksize and quantization level (QL) as shown 
in the figures below. Results of manu color images for AQC 
method is shown in Fig.4. For BPST and BPST-DWT algorithm, 
threshold is to be applied for Red, Green and Blue color channels 
separately as selected by user. Fig.5 and 6 show the results 
for BPST and BPST-DWT algorithm respectively with threshold 
shown as R, G, B for Red, Green and Blue channel in the figure. 
Similar Analysis is done for Adaptive BPST-DWT algorithm and 
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results obtained are shown in Fig.7. The comparative analysis 
of manu color image compressed using discussed methods 
is shown in Fig.8.
From results it is concluded that best compromises between 
Bpp and PSNR is obtained for block size (8x8) with quantization 
level 4.Comparative Analysis of AQC, BPST, BPST-DWT and 
Adaptive BPST-DWT algorithms for color image with threshold 
level RT=10,GT=0 and BT=10 is shown in Fig.8. As analyzed 
from results image compressed using BPST algorithm has 
high Bpp value and high PSNR. The results show that the Bpp 
value is best obtained for BPST-DWT method but with low 
PSNR as compared to Adaptive BPST-DWT algorithm. The best 
compromise between Bpp and PSNR is obtained for Adaptive 
BPST-DWT method. Also simulation time for encoding is least 
for Adaptive BPST-DWT method.

BS 4 4 8 8

QL 4 8 4 8

Fig. 4: PSNR and bpp for manu color image using AQC with 
different block sizes and quantization levels

BS 4 4 8 8 4 4 8 8 4 4 8 8

QL 4 8 4 8 4 8 4 8 4 8 4 8

RT 5 5 5 5 10 10 10 10 20 20 20 20

GT 0 0 0 0 0 0 0 0 5 5 5 5

BT 5 5 5 5 10 10 10 10 20 20 20 20

Fig. 5:  PSNR and bpp for manu color image using BPST with 
different block sizes and thresholds for each color band at 
different quantization levels

BS 4 4 8 8 4 4 8 8 4 4 8 8

QL 4 8 4 8 4 8 4 8 4 8 4 8

RT 5 5 5 5 10 10 10 10 20 20 20 20

GT 0 0 0 0 0 0 0 0 5 5 5 5

BT 5 5 5 5 10 10 10 10 20 20 20 20

Fig. 6:  PSNR and bpp for manu color image using BPS-DWT  
with different block sizes and thresholds for each color band 
at different quantization levels

BS 4 4 8 8 16 16

QL 4 8 4 8 4 8

Fig.7. PSNR and bpp for manu color image using Adaptive BPST-
DWT with different block sizes and quantization levels

Fig.8: Comparative Analysis for manu color image

B. Subjective Results for Test images
In subjective test visual quality of  manu color image  compressed 
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using AQC and proposed algorithms is compared for block size 
(4x4) and (8x8) with 8 and 4 quantization level respectively.
Fig.9 and Fig.10 show visual impression of manu color image 
compressed using discussed algorithms. Threshold level is set 
as RT=10,GT=0 and BT=10 for Red, Green and Blue channels 
for BPST and BPST-DWT algorithm. 
As seen from results, image compressed using AQC method 
is giving same visual effect as original image but with some 
noise. Image compressed using BPST algorithm is having poor 
contrast and produce blurring effect. The low bit rate obtained 
from BPST-DWT is accompanied by blocking artifacts. The best 
compromise result between bpp and PSNR is obtained for 
Adaptive BPST-DWT. Also image compressed using Adaptive 
BPST-DWT method is having good contrast. Blocking artifacts 
produced in compressed images decrease as block size 
increases.

VI. Conclusion
In this paper the algorithms based on AQC algorithms have been 
introduced. The objective is to reduce bpp produced by AQC 
while preserving the image quality. The proposed algorithms 
uses only selected bit planes of those produced by encoder 
using BPST technique .The bit planes are selected by using an 
additional processing unit to check the intensity variation of 
each block according to a predefined threshold. The results 
obtained are further improved by introducing DWT and adaptive 
thresholding to BPST technique. As demonstrated the best 
compromise results between bpp and PSNR is obtained for block 
size 8x8 and quantization level 4 for proposed techniques. 

                                   
                                                     (a)             

               
(b)  bpp=12                                 (c) bpp=2.0018,
       PSNR=48.03dB                   PSNR=29.314dB

           
            (d) bpp=0.88             (e) bpp=1.0457,
            PSNR=30.852dB     PSNR=33.563dB
Fig.9  (a) Manu color image (Block size 4x4,QL=8) compressed 
using (b)AQC, (c)BPST, (d)BPST-DWT and (e) Adaptive BPST-
DWT

                      (a)            

           
  (b) bpp=6.75                           (c) bpp=0.5461
   PSNR=50dB                         PSNR=25.287dB

         
   (d) bpp= 0.2425                      (e) bpp=0.2951
   PSNR=31.616dB                     PSNR=37.306dB 
  
Fig. 10.  (a) Manu color image (Block size 8x8,QL=4) compressed 
using (b)AQC, (c)BPST, (d)BPST-DWT and (e) Adaptive BPST-
DWT.
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