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Abstract 
 
Image compression is a technique to reduce the image file size without affecting the visual quality considerably. In this paper a new technique to 
compress an image based on the Three-Dimensional Discrete Cosine Transform(3D DCT) is presented. In this method the input image is first 
partitioned into N sub images and are grouped together to form an N×N×N data cube. Each data cube is transformed using 3D DCT, and 
quantized. The resulting coefficients are zigzag scanned and entropy encoded to get the compressed image. In decompression the subimages are 
first reconstructed by applying the inverse operations in the reverse order. The full size image is then obtained by concatenating the 
reconstructed subimages. The new algorithm is tested on different images for various block sizes. The quality parameters are evaluated in each 
case. The results for the same are presented and analyzed in this paper. 
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1. Introduction  

In today’s world enormous amount of images are being transferred 
over internet, mobiles, computers, hd tv’s, tablets etc,. Generally 
large number of bits is required to represent the images. It is 
impractical to store or transfer the images, without reducing their 
size as it increases the storage requirements, communication 
bandwidth and hence cost. This has increased the need to develop 
techniques to store and transmit the data efficiently.  
 
The basic objective of image compression is to reduce the 
redundancies in image representation with acceptable 
reconstructed image quality. This not only minimizes the memory 
requirements, but also reduces the cost of communication. Also 
reduction in the memory requirements results in storage of more 
data in less space and hence increases the communication 
bandwidth [1].  
 
Image compression basically aims at reduction of redundant and 
irrelevant information in the image. The redundancy reduction is 
achieved by removing duplication from the input image. The 
irrelevancy reduction removes those details of the input image for 
which the Human Visual System (HVS) is insensitive, that is the 
distortion introduced does not affect the visual perception [2]. As 
a result, some difference in the regenerated pixel values may be 
allowed as the HVS will not find any noticeable difference 
between original and the reconstructed images [3]. 
 
The performance of Discrete Cosine Transform (DCT) is very 
close to that of statistically optimal Karhunen-Loeve transform[4], 

and hence it has been used as a kernel in many standards like 
JPEG (e.g., [5], [6]) for compression of still images, MPEG-1 [7], 
MPEG-2 [8] and H.263 [9] for video coding, CCITT H.261 (also 
known as Px64), for video compression (video telephony and 
teleconferencing) [10]. Because of this a number of applications 
use it for image compression, speech processing, feature 
extraction etc[11]. 
 
The main steps in image compression are transformation, 
quantization and encoding. Quantization and encoding processes 
play a significant role in reducing the size of an image.  
 
Even though several compression algorithms are developed based 
on 2D DCT or a combination of 2D DCT with other 
transformations (Hybrid techniques), similar attention has not 
been paid for compressing an image using 3D DCT. The extension 
of 2D DCT to 3D DCT has some implicit advantages like high 
compression rates for homogeneous video sequences and 
symmetric codec structure [12]. In 1976, J. A. Roeseet al. used the 
three dimensional DCT for the first time, into inter frame 
transform image coding. The complexity of computation restricted 
3D DCT for theoretical analysis only [11]. It can be found from 
the recent literature that many new algorithms have been 
developed for the fast calculation of 3D DCT to compress motion 
picture (video) [15-19]. This has given rise to many 3D sequential 
applications based on the 3D-DCT. 
 
In this paper a new technique to compress a still image using 3D 
DCT has been presented. The performance of the new algorithm 
has been compared to the JPEG compression scheme based on 2D 
DCT in our previous work [20].In the present work the 
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experimental results for a sample image to demonstrate the effects 
of various block sizes on the quality of the reconstructed image 
are presented and analyzed. 

2. New Algorithm To Compress An Image 
Using 3d Dct  

The proposed image compression algorithm uses 3D DCT for 
compressing a 2D image. The block diagram is shown in Fig.1. An 
input image of size M×N is first partitioned into N sub images of 
equal size. Each of these sub images should have the  
 

 
Fig.1 Compression process based on 3D-DCT 

 

 
 
 

 
 

Fig. 3 Decompression process based on 3D-DCT 

number of pixels that are multiples of N along the rows and 
columns. To achieve this condition the image is initially appended 
with zeros at the ends. Then the 3D data is formed by arranging the 
N sub images in a sequential order similar to a video sequence as 
shown in Fig.2. Then N blocks of size N×N are picked from each 
sub image to form a 3D data cube of size N× N ×N as shown in 
Fig.3. 
 
These 3D data cubes are transformed using 3D-DCT. The 
transformed data cube is quantized, scanned in a 2-D zig-zag 
pattern and entropy coded to get the compressed image. In 
decompression, all the processes are inverted and applied in 
reverse order to get the reconstructed image as shown in Fig.4. 

A 3D Discrete Cosine Transform 

The forward 3D DCT of an N×N×N image block f(x,y,z) is 
evaluated from (1) given below- 
 
C(u,v,w)=α (u)α (v) α (w) 

f x, y, z cos
π 2x 1 u

2N
 

cos
π 2y 1 v

2N
	 ∙ cos

π 2z 1 w
2N

	, 

0≤u≤N-1, 0≤v≤N-1, 0≤w≤N-1, α 0 	 	and	α i 	 , i

1,2, . . N 1	(1) 
 
The u, v,w  entries of the transformed image are calculated from 
the elements of the input image matrix. 

The Inverse Transform 3D-IDCT is calculated from (2) – 
 

f x, y, z α u α v α w C u, v, w ∙ 

cos ∙ cos .	cos  

0≤x≤N-1, 0≤y≤N-1, 0≤z≤N-1 and α 0 	  ,  

	α i 	 	i 1,2, . . N 1. (2) 

 
The literature on the distribution of coefficients of 3D-DCT and 
their dynamic range for the compression of sequential images 
from video based on 3D DCT show that the DC coefficients range 
from several hundred to several thousands, whereas the magnitude 
of AC coefficients is much smaller and most of them are close to 
zero. Only in the case of busy scenes larger AC coefficients result. 
Thus the energy of AC coefficients is very less for the entire 3D-
DCT cube compared to the DC coefficient [12-14].  

B Quantization 

This is a major process in achieving the compression because it 
involves the division of the transform coefficients by a constant 
and this reduces their magnitude. The smaller coefficients require 
lesser bits for their representation. Since the coefficients with very 
small magnitudes are rounded off to zeros after quantization, these 
cannot be restored by any technique; this step introduces some 
loss of information in the reconstructed image. The selection of 
quantization matrix plays a major role in deciding the quality and 
the compression rate to be attained. Thus it is very important to 
select a proper quantization matrix for any lossy compression 
scheme using transforms.  
 
For a 2D DCT based image compression, a standard quantization 
table has been developed in JPEG compression and other related 
standards, but for 3D DCT based compression schemes, such 
standard table is not available. The 3D DCT when applied on a 
data cube gives a volume of coefficients. Thus the standard tables 
developed for 2D DCT based compression schemes may not be 
appropriate to use in the compression schemes using 3D DCT. 
Hence it is necessary to use a general quantization volume for 3D 
DCT compression. The quantization matrix design has to be based 
on the parameters like- The distribution of AC and DC 
coefficients resulting from subjective and qualitative experiments 
for some standard test data cube and the matrix elements must 
have small values at low frequencies and large values at high 
frequencies. Raymond K.W,Chan and M.C.Lee[12] have 
introduced a general formula to obtain optimum 3D quantization 
matrix for the 3D DCT given by (3). As in our work a still image 
is to be compressed using the 3D DCT, the same function for 
quantization has been selected.  
 

Q u, v,w
A 1 	for	f u, v, w C

A 1 e 	for	f u, v, w
  (3) 

 
Each transformed coefficient is divided by the corresponding 
element of the quantization matrix. The result of this division is 
rounded off to complete the quantization step as given by (4). 

D u, v,w round	
, ,

, ,
 (4)  

 
Here D(u,v,w) denote the quantized coefficients, Q(u,v,w) 
represent the elements of quantization matrix and C(u,v,w) 
represent the 3D DCT coefficients obtained after applying 3D 
DCT. 
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C Entropy Coding 

The DC and AC coefficients are separated and then entropy 
coded. Entropy coding technique is a lossless method of 
compressing the data. That is the recovered data is identical to the 
original. In this technique the symbols with greater probability of 
occurrence are assigned with shorter code words and the symbols 
that occur with less probability are assigned longer code words. 
The example for entropy coding is the Huffman’s encoding 
procedure.The scanning order should be in accordance with the 
order of quantization value from small to large and then Run 
Length Encoded. Hence a “zig-zag” scanning order is 
incorporated. This is also called diagonal scanning. 
 

D Decompression 

Image cube is reconstructed by first decoding the Run Length 
coded sequence and restoring it in a matrix form. This matrix is 
then dequantized by multiplying each value of D by the 
corresponding value from the quantization matrix Q as given by 
(5). 
 
R u, v,w Q u, v,w 	X	D u, v,w   
 
The Inverse Discrete Cosine Transform (3D IDCT) is then applied 
to matrix R. The 3D IDCT transform convert the data from 
frequency domain to spatial domain. These steps are repeated on 
each data cube to complete the image compression and 
decompression. 

3. Experimental Results And Discussions 

The new algorithm developed has been applied on different 
images of varied dimensions and content for different data cube 
sizes. The results for a sample input image of size 160 x 120 are 
shown in this section. Fig.5. shows the input image considered. 
Fig.6 shows the partitioning of the input image into sub images for 
N=4. 
 

 
 

Fig. 5 Input Image 

 

 
 

Fig. 6 Partitioning of input image into sub images 

Fig.7. shows reconstructed sub sub-images after compression  
 

 
 

Fig. 7 Reconstructed Sub images 

Fig.8 shows the reconstructed image obtained by concatenating 
the sub images. 
 

 
Fig. 8 Reconstructed Image 

Various quality measures are calculated such as Mean Absolute 
Deviation (MAD), Mean Square Error (MSE), PSNR, 
Compression Ratio(CR) from equations (6) to (9)respectively and 
execution time.  
 

MAD ∑ ∑ ∑ f′ i, j, k f i, j, k  (6)  
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MSE ∑ ∑ ∑ f′ i, j, k f i, j, k  (7) 

 
In equations ”(6)” and “(7)”, f i, j, k  is the reconstructed image, 
f i, j, k  is the original input image; M and N are the number of 
pixels along rows and columns of the image respectively. P is 
number of frames (Here P=3 as there are 3 planes R, G and B) 
respectively. 
 

PSNR = 10log10  dB (8) 

Compression Ratio (CR) =
	 	 	 	

	 	 	 	
 (9) 

 
Table.1.lists various quality measures calculated for the different 
block sizes. 
 

Table.1 Quality measures for different block sizes 
 

 
Lily 

MAD MSE PSNR CR 
Execution 
time in 
seconds 

N=4 10.6012 71.8864 29.5643 1.87128 2.937857 

N=8 10.6111 74.0051 29.4382 2.54349 3.147991 

N=16 11.6878 77.1145 29.2594 4.49648 13.020991 

  
Fig. 9 Shows the graph of MAD for different block sizes. 
 

 
 

Fig. 9 Graph of MAD versus block size 

From the graph it can be observed that Mean Absolute Deviation 
which is a measure of distortion in the reconstructed image 
increases with increase in the block size. 
 
Fig. 10 shows the graph of MSE for different block sizes. 
 

 
 

Fig. 10 Graph of MSE versus block size 

From the graph, it is observed that if the block size is increased 
then the MSE also increases. That is quality of the reconstructed 
image reduces as the block size increases. 
 
Fig.11 shows the graph of PSNR for different block sizes. 
 

 
 

Fig. 11 Graph of PSNR versus block size 

From the graph it is clear that the PSNR value reduces with 
increase in the block size. The result is that the quality of the 
reconstructed image has reduced but not significantly.  
 
Fig.12 shows the graph of CR for different block sizes. 
 

 
Fig. 12 Graph of CR versus block size 

It is clear from the graph that the compression ratio for N=16 is 
more than double as compared to N=4.  
 
Fig.13 shows the graph of elapsed time versus block size. 
 

 
 

Fig. 13 Graph of Elapsed Time versus block size 

 The time of execution increases with the increase in block size 
drastically. This is due to increase in the number of computations 
for large N values. 

4. Conclusions 

In general, 2D DCT is used for compressing a still image and 3D 
DCT to compress a sequence of images. In this research work, an 
image is compressed using 3D DCT. In this technique, the image is 
first divided into N sub images. The data cubes of size N×N×N is 
formed by selecting N× N blocks from the N sub images. Each data 
cube is then 3D DCT transformed, quantized and encoded. In the 
decompression process after 3D IDCT, the reconstructed sub 
images are concatenated to get the full size original input image. 
This algorithm is tested for different block sizes like N=4,8 and 16 
and in each case the quality metrics like MAD, MSE, PSNR,CR 
and elapsed time are computed. It is found that as the data block 
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size increases the MAD and MSE values increase which results in 
reduced PSNR value. Also the elapsed time increases as the block 
size increases. This is because, as the data block size increases, the 
number of computations also increases drastically. 
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