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Abstract— In this paper, comparison between spatial and 

frequency domain image compression methods is 

investigated. In the spatial domain, compression is achieved 

by decomposing images into their bit planes, and ignoring 

some of them. In the frequency domain compression is 

done using discrete cosine transform. The level of the 

compression is controlled using different quantization 

matrices. In both cases, the compression ratio is 

determined, and the signal-to-noise ratio between the 

compressed and the original image is calculated. 
Keywords—digital image compression, bit plane 

slicing, discrete cosine transform. 

I.  INTRODUCTION 

Reduction the space for storing digital images is of 
fundamental importance. Modern technology allows 
cameras with 20, or even more megapixels, so each 
digital image can take several megabytes of disk 
space. Image compression is the method of reducing 
the needed amount of space by eliminating image 
redundancy. There are three types of redundancy in 
digital images:  

1. Psycho-visual redundancy: this type 
corresponds to different sensitivities to all 
image signals by human eyes. Because of this, 
eliminating some less relative important 
information in our visual processing is 
acceptable. 

2. Inter-pixel redundancy: It is a redundancy 
corresponding to statistical dependencies 
among pixels, especially between neighboring 
pixels. 

3. Coding redundancy: The uncompressed image 
usually is coded with each pixel by a fixed 
length. For example, an image with 256 gray 
scales is represented by an array of 8-bit 
integers. Using some variable length code 
schemes such as Huffman coding and 
arithmetic coding may produce compression. 

Digital image compression methods can be 
divided into two different classes: 

1. Lossless compression, and 

2. Lossy compression. 

In lossless compression the original image can be 
completely restored after decompression (the inverse 

of compression). Such methods include .zip and .png. 
On the other hand, lossy compression damages the 
image so only partial reconstruction is possible after 
decompression. The greater the compression ratio, the 
less space will be occupied by the image, and the 
worse the image quality will be. Compression 
algorithms aim to reduce the needed amount of storing 
space while keeping descent image quality. 

The compression ratio can be defined using 
equation (1):  𝑎 = 𝑈  𝑧 𝑧  (1) 

In practice, lossy compression can achieve a high 
compression ratio (sometimes 50:1) because it allows 
some acceptable degradation, but it can not recover 
completely the original data. 

 

Figure 1. Lossy image compression 

 Digital image compression can be achieved either 
in the spatial or in the transformed domain. In this 
paper we’ll present one algorithm of each type. In the 
spatial domain, we’ll decompose the digital image into 
its bit-planes, and investigate how the ignoring of 
some of them influences the resulting image. In the 
transformed domain we’ll use the discrete cosine 
transform (DCT) to achieve the compression. 

II. BIT PLANE SLICING 

 Bit plane slicing is the method of partitioning the 
digital image into as many planes as each pixel is 
represented with. For a standard 8-bit per pixel image, 
it is decomposed into 8 bit planes. The method is 
shown in Figure 2. Most significant bits (MSB) from 
each image are transferred to bit plane 7, the next 
following bits are transferred to bit plane 6, and so on. 
In the end, least significant bits are transferred to 
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image plane 0. As it will be seen later, the MSB plane 
gives the contours of the image, and the lower the 
number of the bit-plane, the less its contribution to the 
final image is. This feature will help achieving the 
compression. 

 

Figure 2. Bit planes of a 8-bit digital image 

 As an example, a three-bit image decomposition is 
shown in Figure 3. The image is decomposed into 3 
bit planes (MSB, middle and LSB). 

 

Figure 3. Bit-plane slicing of a three-bit digital image 

 The idea behind lossy spatial image compression 
using bit plane slicing is to ignore some of the lower 
bit planes. The question that arises is how many bit 
planes can be ignored, but to keep acceptable image 
quality. Figure 4 shows the bit planes of a well known 
Cameraman test image. 

 

Figure 4. Cameraman test image and its bit planes 

 The MSB plane contains the contours of the 
image, while the two bottom planes remind of noise. 

This is a logical result since the finest details are 
spread through the whole image. By ignoring each bit 
plane, we save 1/8 of the memory needed to store the 
image. This result can be further improved by using 
Huffman, or some other coding algorithm. Figure 5 
shows the result of adding up bit planes one-by-one. 

 

Figure 5. Adding up bit planes one-by-one 

 By inspecting the images it can be observed that 
there is no visible difference between the original (top 
left) and the image where 5 most significant bit planes 
were added together. It means that in this case the 
lower three bit planes can be ignored with no visible 
degradation. The needed number of bit planes to 
achieve a good quality image also depends on the 
image content. Experimental results show that usually 
3 or even 4 bit planes can be ignored. The objective 
measure to determine image quality is the signal to 
noise ratio. It is defined with equation following 
formula: 𝑃 = ( 𝐴𝑋√ ) = ∑ ∑ ‖ , − , ‖−−     (2) 

 PSNR is the ratio between the maximal power of 
the signal and the power of the noise. In this case 
image is the original signal, and the noise is the 
degradation due to compression. Depending on image 
content, if PSNR reaches 25-30 dB, the reconstructed 
image will have good quality. Table I shows PSNR 
values for adding up bit planes one-by-one. 

TABLE I. PSNR VALUES FOR ADDING UP BIT PLANES ONE BY ONE 

 

The content of Table I approves that 4-5 bit planes are 
good enough to restore the image quality of around 
30dB. By ignoring 3 or 4 bit planes, the need for 
storage reduces by 37.5 and 50%, respectively. This 
reduction is followed by Huffman coding to further 
improve on this result. 
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III. COMPRESSION IN THE TRANSFORMED DOMAIN 

(JPEG) 

 One of many transformed domain compression 
methods is to apply the Discrete Cosine Transform 
(DCT) to the image. DCT is capable of compacting 
the energy of the signal into only few coefficients, and 
low coefficients can be set to 0. The JPEG process 
consists of the following steps: 

1. The image is broken into 8x8 blocks of pixels. 

2. The DCT is applied to each block. 

3. Compression is done using quantization. 

4. The compressed blocks are stored in drastically 
reduced amount of space. 

5. The image is decompressed through Inverse 
Discrete Cosine transform (IDCT). 

For the mathematical explanation of the DCT process 
see [4]. A DCT equation gives a 8x8 matrix T that will 
be used on each block. Let’s note a 8x8 image block 
with M. The discrete cosine transform is 
accomplished by matrix multiplication  = ∙ ∙′. The obtained matrix consists of 64 coefficients. 
The top left coefficients correlates to the low 
frequencies of the image block. As we go down or to 
the right, we get to higher frequencies, and the bottom 
right coefficient correlates to the highest frequency in 
the image block.  

In the following step the DCT coefficients will be 
compressed by quantization. By choosing between 
many quantization matrices, different compression 
ratio and image quality can be obtained. Subjective 
experiments resulted in the standard JPEG 
quantization matrix. 

 

Figure 6. The standard JPEG quantization matrix 

 Quantization is achieved by dividing each element 
in the transformed image matrix D by the 
corresponding element in the quantization matrix, and 
rounding to the nearest integer value = (𝑄 ) (3) 

After the rounding step, the majority of the 
coefficients will be equal to 0. By using different 
quantization matrices the number of zero elements can 
be controlled (Q10 gives more zeros, but 
reconstruction quality is poor, while Q90 gives very 
few zeros and gives almost perfect reconstruction). 
The final step of the JPEG process will be the zig-zag 

coding. Decompression is done using the inverse DCT 
process. 

IV. RESULTS 

 Figures 7 and 8 shows the comparison between the 
two lossy digital image compression methods. Figure 
7 shows the PSNR values after adding a bit plane. 
Those values are identical to the values in Table I. 
Figure 8 shows the influence of different quantization 
matrices on image quality. The author investigated 
which quantization matrix should be used to achieve 
identical PSNR values for bit plane slicing and JPEG 
compression. For example, the PSNR between the top 
left image of Figure 7 and the original image is 13.52 
dB. The same PSNR is between the top left image of 
Figure 8 and the original. The two images have same 
PSNR, but the degradation comes from two different 
sources. On Figure 7, degradation comes from 
ignoring number of bit planes, while on Figure 8 
degradation comes because of the JPEG compression 
process. The same holds for the rest of the images. 

 

 

Figure 7. Adding up bit planes one by one. Under the 
images is the PSNR value between the image and the 

original 

 

 

Figure 8. JPEG image compression and 
decompression using different quantization matrices 

 Figure 9 shows PSNR change as a function of 
quantization matrix. As expected, the PSNR increases 
as the order of matrix Q increases. For quality level 
greater than 50, the standard quantization matrix is 
multiplied by − 𝑎 𝑦_ /5 . For quality 
levels less than 50, the standard quantization matrix is 
multiplied by 5 / 𝑎 𝑦_ . 

4th International Conference and Workshop Mechatronics in Practice and Education – MECHEDU 2017

59



 

Figure 9. PSNR as a function of quantization matrix 

V. CONCLUSIONS 

In this paper two image compression methods were 
compared. The first one was that gained space 

reduction through ignoring some of the bit planes. 
This method was done in the spatial domain. The 
second method (JPEG) transformed the image with 
the DCT transform, and achieved different 
compression ratios based on the quantization matrix. 
The two methods were compared by examining PSNR 
between the original and the degraded digital image. 
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