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Abstract—A new hybrid DCT-SVD (HDCTSVD) 

video compression technique is proposed in this 
paper. Discrete cosine transform (DCT) is widely 
used in video coding due to its high energy 
compaction and efficient computation complexity, 
singular value decomposition (SVD) is a transform 
that provides optimal energy compaction for any 
data. DCT and SVD are combined to achieve 
optimal performance of the transform part in the 
proposed video compression technique. SVD is 
used only for the blocks for which DCT cannot 
provide good compression. The decision criterion 
is set in the DCT domain. By dropping a certain 
number of coefficients in the DCT domain, the 
energy loss is calculated. Whether or not sending 
the block to SVD domain is based on the energy 
loss. The simulation shows that the proposed 
Hybrid DCT-SVD system provides good 
performance for both intra frame coding and inter 
frame coding. 
 

Index Terms—adaptive vector quantization, DCT, 
inter frame, intra frame, SVD, video coding. 
 

1. INTRODUCTION 
Transform coding is one of the core algorithms 

in video coding. By applying different linear 
transforms, the original data are decomposed 
into a set of coefficients in the corresponding 
transform domain. In the existing video coding 
standards such as H.264/AVC, H.263, MPEG, 
etc., discrete cosine transform (DCT) plays the 
role of transform coding due to its high energy 
compaction and efficient computation complexity 
[1]. Singular value decomposition (SVD) is a 
transform that provides optimal energy 
compaction for any data [2][4]. However, the high 
computational complexity associated with 
computing the eigenvectors and eigenvalues has 
limited its application. Besides, only modest 
compression can be achieved by using SVD 
because when eigenvalues are transmitted, the 
corresponding eigenvectors must also be 
transmitted [9]. Dapena and Ahalt proposed a 
hybrid DCTSVD algorithm for image compression 
[6]. This algorithm can reduce a lot computational 
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cost that occurs by using only SVD and also 
improve the image quality when only using DCT.  
 

Based on the characteristics of video data, we 
propose a hybrid DCT-SVD (HDCTSVD) 
technique for video coding. It will take 
advantages of DCT first, and use SVD only for 
the blocks that DCT does not compact energy 
well. Adaptive vector quantization (AVQ) 
technique is used to code the eigenvectors so 
that higher compression of SVD can be achieved 
[7]. 

 
This paper is organized as follows: Section 2 

introduces SVD coding techniques. Section 3 
briefly reviews the most popular video coding 
technique and explains the motivation of the 
proposed HDCTSVD technique based on the 
characteristics of data extracted from video 
compression. In Section 4, after a short review of 
the existing HDCTSVD algorithms in image 
coding, we propose our new video coding 
system. Section 5 shows the simulation results. 
Conclusions are presented in Section 6. 

2. SVD CODING 
SVD provides optimal energy compaction for 

any input data [8]. By taking only a few largest 
eigenvalues and corresponding eigenvectors will 
give good representation of the input data.  
Matrix )( nmA ×  has a singular value 
decomposition, which can be represented by  
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Λ  is a nm ×  matrix 
whose off-diagonal entries are all zeros. The 

diagonal elements of 2
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If  q  eigenvalues and corresponding 
eigenvectors are chosen to represent the original 
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block, the reconstructed block is: 
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The square error is equal to the sum of the 
discarded eigenvalues:       
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where ),( nmA is the original pixel of the 

subblock and ),(ˆ nmA is the reconstructed pixel 
of the subblock.  Thus, the energy of the 
reconstructed subblock is the energy in the 
q retained eigenvalues: 
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In conclusion, SVD decomposes the original 

data into two orthogonal matrices U  and TV , 
representing the eigenvectors, and a diagonal 

matrix 2
1

Λ  representing the eigenvalues. 
Eigenvectors are usually encoded by vector 
quantization techniques, while eigenvalues are 
encoded by scalar quantization techniques. 

 

3.INTRODUCTION OF VIDEO CODING AND  
CHARACTERISTICS OF VIDEO DATA 
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Fig.1. Block diagram of a video coding system. 

(a), Encoder  (b), Decoder. 
 

Video data are highly correlated data. In the 
most popular video coding techniques [3][13], the 
idea to compress video is to reduce both spatial 
correlation and temporal correlation of the 
original data. In the existing video coding 
standards  (like H.263, H.264, MPEG2, MPEG4, 
etc), 2-dimentional DCT has been adopted to 
reduce spatial redundancy and inter-frame 
prediction is used to reduce temporal 
redundancy. When temporal prediction is 
applied, we call the coding mode INTER, as the 
compression techniques are applied to predict 
errors between adjacent frames; while if no 
temporal prediction is applied, the coding mode 
is called INTRA, as the redundancy reduction is 
applied to a single frame [3]. Fig.1 shows the 
block diagram of a typical video coding system.  

 
The standard deviation of a block describes 

the pixel activity for an INTRA block or movement 
level for an INTER block. High standard deviation 
indicates many abrupt changes in intensity in an 
INTRA block or heavy motion occurrence in an 
INTER block, while low standard deviation 
means nearly uniform intensity in an INTRA block 
or slight motion occurrence in an INTER block 
[11]. Applying DCT and SVD to blocks with 
different standard deviations will give us different 
results. DCT has the similar performance as SVD 
when the standard deviation of the block is low, 
but when the standard deviation is high, SVD 
performs much better than DCT [5].  
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(c) 

Fig.2. Motivation analysis. (a),(b),(c), 
performance comparison between DCT and SVD 

by taking the same ratio of coefficients. 
 

A series of tests have been done to illustrate 
this property. We take 45 frames from three 
different video sequences, Container, Foreman, 
and News [6]. They are QCIF sequences, with 
frame size 176x144, and 8 bpp. Each frame has 
been divided into 8x8 blocks. 17820 blocks are 
used in this testing, and the standard derivation 
of the testing blocks is concentrated in the range 
[0,80]. We applied DCT and SVD on these 
blocks. DCT coefficients are arranged in zigzag 
scan order, while SVD eigenvalues are arranged 
in descending order. In the three experiments, 
we dropped 50%, 25% and 12.5% of the lowest 
frequency coefficients in DCT or smallest 
eigenvalues in SVD domain respectively. There 
is no quantization and coding involved. 
Comparing the reconstructed block with the 
original block, we get the MSE for each block. 
Fig.2 shows the results in terms of mean square 
error versus standard deviation of the block, 
when different number of DCT coefficients or 
eigenvalues /eigenvectors retained in the 
reconstruction. It can be easily seen that for 
blocks with standard derivation less than 60, both 
transforms can achieve small MSE; while for the 
blocks with standard derivation greater than 60, 
the MSE caused by both transforms become 
high. Comparatively speaking, SVD performs 
better than DCT for high standard derivation 
blocks. Therefore, it can be concluded that SVD 
can be a compensating technique when DCT 
cannot provide good compression quality. 

 
To achieve high compression, motion 

compensation technique with the search window 
15x15 is applied. Generally speaking, INTER 
differential data will have relatively small standard 
deviation. While for the blocks with heavy motion, 
the standard deviation can be very high. Fig.3 
shows the histogram of data in INTRA mode and 
differential data in temporal prediction INTER 
mode. By observing this distribution, it can be 
seen that both of them have high standard 
deviation blocks. Therefore both INTRA data and 

INTER differential data can benefit from the 
HDCTSVD technique. 
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Fig.3. Distribution of INTRA data and INTER 
differential data at different standard derivations. 

 

4. HDCTSVD VIDEO CODING SYSTEM 
There are several approaches to combine DCT 

and SVD in image compression [6][12]. In these 
approaches, standard derivation is used to 
choose between SVD and DCT. Wongsawat 
extended the HDCTSVD [6] into color images 
and modified eigenvector quantization method by 
applying adaptive multistage vector quantization. 
   To design the HDCTSVD system for video 
compression, the approaches need to match the 
characteristics of video data well. The overall 
block diagram of the proposed HDCTSVD video 
coding system is shown in Fig 4. At the encoder 
side, both the INTRA data and the INTER 
differential data go through the HDCTSVD coder, 
either DCT or SVD coefficients will be 
transmitted. A HDCTSVD decoder is designed 
for the purpose of reconstruction. And the 
difference data between an inter frame and the 
previous reconstructed frame is processed by the 
HDCTSVD coder. The motion data and header 
information are transmitted directly. The decoder 
side is just the inverse process of the encoder 
side. 

DCT  or  SVD   Coefficients
HDCTSVD

Encoder

HDCTSVD
Decoder

Motion
Compensated

Predictor

Motion    Data

0

 
 

Fig.4.  HDCTSVD encoder overview 
 
The details of the proposed HDCTSVD 

encoder and decoder are illustrated in Fig.5.  
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Fig.5. Block diagrams of HDCTSVD encoder 
and decoder. 

 
The system will nominally divide a video frame 

into 16x16 macro blocks. In each macro block, 
the data is organized as four luminance 8x8 
blocks and two 8x8 chrominance blocks. 4:2:0 
sampling pattern is used. The decision of 
whether DCT or SVD is chosen for a particular 
block is made in the DCT domain. We compare 
the DCT coefficients after quantization and 
energy dropping with the original DCT 
coefficients. If the MSE is smaller than our 
threshold, it means applying DCT gives good 
result at the given bit rate. In this case, the 
quantized DCT coefficients are transmitted. The 
first quantized DCT coefficient is coded using 8 
bits, and the remaining quantized DCT 
coefficients are coded using 6 bits, each. If the 
MSE is greater than the threshold, the original 
block will go through the SVD branch. In the SVD 
branch, the mean of the block is subtracted and 
uniformly quantized using 8 bits. We calculate 
the eigenvalues and select a certain percentage 
of energy that is the same as the energy retained 
in the DCT domain. Then only a reduced number 
of eigenvectors are calculated. This decreases 
the computation cost. Scalar quantization is 
applied to the eigenvalues and adaptive vector 
quantization is applied to eigenvectors to achieve 
more compression [10].  

 
At the decoder side, for each block, the first bit 

indicates which transform is used. If SVD is used, 
the eigenvalues will be recovered by inverse SQ. 
And matrices U and TV are recovered by the 

inverse adaptive vector quantization. 
TVU ∑ yields the reconstructed 8x8 block. If the 

flag indicating DCT is used, the quantizer DCT 
coefficients are retrieved. 

5. SIMULATION RESULTS 
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Fig.6. Performance comparison of HDCTSVD 

and pure DCT for video sequence Carphone.  (a) 
for INTER coding (b) for INTRA coding 

 
Two sets of simulations have been performed. 

One is for INTRA frame coding, the other one is 
for INTER frame coding. The HDCTSVD video 
coding system is compared with a pure DCT 
video coding system, according to the rate-
distortion performance. The formula to calculate 
distortion is: 

dB
MSE

PSNR
2

10
255log10=                (7)                       
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where ),( ijx  is the original value,  and  ),(ˆ ijx  
is the reconstructed value. 

 
Figure 6 shows the results for INTRA frame 

coding and INTER frame coding respectively for 
Carphone sequence. The bit rate in DCT part is 
controlled by adjusting the percentage of energy 
that has been dropped. 8 bits are used to 
represent the first DCT coefficient in each block, 
while 6 bits are used for the rest of the 
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transmitted DCT coefficients. The bit rate in the 
HDCTSVD system is controlled by applying SVD 
for a different number of blocks in a frame. Using 
8x8 SVD requires high bit rate but provides good 
quality, while using 8x8 DCT requires lower bit 
rate but provides degraded quality. The 
computational cost varies at different bit rate 
since different percentage of blocks is processed 
by SVD. At very low bit rate, the computational 
cost is as low as a pure DCT system; while 
higher computational cost is needed when bit 
rate becomes higher as more SVD 
decomposition are applied. It can be seen that 
HDCTSVD system has better rate distortion 
performance than the pure DCT system for both 
intra frame coding and inter frame coding.  

6. CONCLUSIONS 
This paper proposes a new HDCTSVD video 

coding system. If DCT can compact the energy of 
the block well, DCT will be used; otherwise, SVD 
is applied. Adaptive VQ has been used to 
improve the compression in the SVD branch. 
Simulation results show that the proposed 
technique provides better performance than a 
pure DCT system for both INTRA frame coding 
and INTER frame coding. However, there is 
limitation using SVD for data compression 
because when eigenvalues are transmitted, the 
corresponding eigenvectors must also be 
transmitted. Although the proposed technique 
can outperform a pure DCT video coding system, 
it has limitation to outperform a more complicated 
DCT based video coding system. However, all 
the widely used video coding standards H.263, 
MPEG, H.264/AVC [13] integrate many efficient 
compression tools together with transform coding 
and entropy coding, the proposed HDCTSVD 
technique does not seem to have the potential to 
outperform those state of art video coding 
standards. 
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