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Abstract 
 
This paper proposes a direct DCT-to-DCT resizing 
algorithm for 3-D DCT based video coding. An 8 ൈ 8 ൈ 8  cube is resized to three modes along 
temporal dimension: a single 8 ൈ 8 block, a downsized 8 ൈ 8 ൈ 4  cube and two 8 ൈ 8 ൈ 4 cubes. The mode 
selection is based on the local motion activity and 
determined after 2-D DCT on each block. In addition, 
the proposed resizing scheme directly resizes the DCT 
blocks in the transform domain using the DCT-to-DCT 
algorithm. Compared to traditional resizing approaches 
the proposed algorithm does not require the inverse 
transform and the computations in the spatial domain, 
thus is superior to other methods in terms of complexity. 
The proposed model is evaluated with the baseline 
video codec and the reference codec in the literature. 
Experimental results show a promising performance in 
terms of both coding efficiency and computational 
complexity. Potential applications could be for portable 
digital devices with low-power processors and other 
areas with real-time requirement. 
 
1. Introduction 
 
        Most today’s video coding standards such as 
MPEG-4 and H.264 rely on the motion estimation/ 
compensation to exploit the temporal correlations 
among inter frames. However, this requires a large 
number of computations and significant computational 
power for hardware. Therefore, it is not appropriate for 
most portable devices such as mobile phones and digital 
cameras. Since for these types of applications, low 
complexity implementation and low power 
consumption are still the most critical issues.  
     An alternative approach is to use the three-
dimensional discrete cosine transform (3-D DCT). A 3-
D DCT video codec extends the 2-D DCT to the 
temporal dimension and can remove the temporal 
redundancy instead of utilizing motion 
estimation/compensation. Therefore, it is able to reach 
adequate compression efficiency with much less 
complexity. 
      One of the major problems in a 3-D DCT video 
codec is that if only utilizing fixed-length transform 
regardless the level of motion activity, the compression 
efficiency is usually inferior to the standardized video 

codec such as MPEG-4 and H.264. To solve this 
problem, several 3-D DCT algorithms [1]-[5] have been 
developed. These techniques utilize variable cube size 
of 3-D DCT based on local motion activity. All the 
methods deal with sequences containing static 
background well, but the coding efficiency maintains 
the same for those sequences with drastic motion. In 
addition, since the motion analysis is always performed 
in the spatial domain, the complexity is highly 
increased. In 2007, we proposed a resizing 3-D DCT 
scheme [6] to improve the compression efficiency and 
even simplify the complexity for sequences with low 
motion activity.  
      In what follows we describe a direct DCT-to-DCT 
resizing algorithm in the 3-D DCT domain. The 8 ൈ 8 ൈ 8 cubes are resized into three modes based on 
the level of local motion activity. Compared to our 
previous work, this technique presents a higher coding 
efficiency and a lower complexity. Therefore, it is more 
suitable for low-power processors in portable digital 
devices and for the real-time applications. 
      The rest of this paper is organized as follows. The 
direct DCT-to-DCT resizing algorithm is presented in 
Section 2. In Section 3 the proposed method is 
implemented based on the 3-D DCT video coding. The 
experimental results are presented in section 4. Finally, 
we conclude the paper in section 5. 
 
2. Proposed DCT-to-DCT resizing method 
 
2.1 1-D DCT-to-DCT algorithm 

 
For an input vector ࢄ ൌ ൛ݔ଴, ݔଵ, … , ேିଵ,ൟݔ , the DCT 
output vector ࢅ ൌ ൛ݕ଴, ݕଵ, … , ேିଵ,ൟݕ  is given by the 
relation 
ࢅ                                                  ൌ  ሺ1ሻ                              ࢄࡺࢀ
 
where the ܰ ൈ ܰ transform matrix for ܰ-point DCT is 
written as 
 

ேܶሺ݅, ݆ሻ ൌ ඨ2ܰ ቐ 1 ඥ2,⁄ ݅ ൌ ݏ݋0ܿ ሺ2݆ ൅ 1ሻ݅2ܰߨ , ݁ݏ݅ݓݎ݄݁ݐ݋           ሺ2ሻ 

   
      Let ࡮ே ଶ⁄  denotes the type-IV DCT matrix, which is 
defined as 
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ேܤ                 ଶ⁄ ሺ݅, ݆ሻ ൌ ට ଶே ଶ⁄ ݏ݋ܿ ሺଶ௜ାଵሻሺଶ௝ାଵሻగଶே                ሺ3ሻ 

     
      Then, one of the two transform matrix [7] for the 1-
D DC- to-DCT computation, ࡷே/ଶ, is  
ே/ଶࡷ                        ൌ ே/ଶିଵࢀே/ଶ࡮                                      ሺ4ሻ 
 
where ࢀே/ଶିଵ  is the inverse matrix of  ࢀே/ଶ. 
     The other transform matrix, ܫே , is defined as  
 

ேܫ ൌ ۈۉ
1ۇ 00 െ1 ڮ 0 00 ڭ0 ڰ 0ڭ 00 0 ڮ 1 00 െ1ۋی

ۊ
ேൈே

 

 
     Let vectors ࡲሼ௫ೖሽ and  ࡲሼ௫ೖశಿ/మሽ ,  ݇ ൌ 0,1, … , ேଶ െ1, denotes the two subsequences of ܰ/2 -point DCT 
coefficients, respectively, and ࢅሼ௬మೖሽ and ࢅሼ௬మೖశభሽ , ݇ ൌ0,1, … , ேଶ െ 1, denote the even-indexed subsequence and 
the odd-indexed subsequence of ܰ -point DCT 
coefficients, respectively.         We can calculate the 1-
D DCT-to-DCT as  
ሼ௬మೖሽࢅ           ൌ ܿ ቀࡲሼ௫ೖሽ ൅  ሼ௫ೖశಿ/మሽቁ                    ሺ5ሻࡲே/ଶࡵ 
ሼ௬మೖశభሽࢅ            ൌ ே/ଶࡷܿ ቀࡲሼ௫ೖሽ ൅  ሼ௫ೖశಿ/మሽቁ       ሺ6ሻࡲே/ଶࡵ 
 
where ܿ ൌ 1/√2. 
     The signal flow graph for the 1-D DCT-to-DCT is 
shown in Fig.1.  
 
2.2. The proposed resizing algorithm 
 
   The outline of resizing scheme [8] for 1-D signals is 
shown in Fig.2. Let B1 and B2 denote the ܰ/2-point 
DCT of two consecutive ܰ/2--point blocks b1 and b2, 
and let ࡮′ be the resulting resized ܰ/2-point block. The 
traditional resizing scheme can be described as follows  
 
1) Take the ܰ/2 -point DCT for block ࢈૚  and ࢈૛ , 

respectively; 

2) Take the ܰ/4-point inverse DCT for the ܰ/4-point 
low frequency coefficients in ࡮૚, and the same as ࡮૛; 

3) Combine the two ܰ/4-point blocks ࢈૚′ and ࢈૛′  into 
one block (࢈૚′ , ′૛࢈ ), then take its ܰ/2-point DCT. 
Finally, the two ܰ/2-point blocks ࢈ଵ and ࢈ଶ are 
resized into a  ܰ/2-point DCT block ࡮′. 

    
      In the proposed resizing scheme, the DCT block ࡮′ 
is directly calculated from the two blocks ࢈૚′  and ࢈૛′   using the DCT-to-DCT algorithm in (6) and (7). 
Thus, the inverse transform and the computations in the 
spatial domain in step 2) and 3) are saved. The signal 
flow graph of traditional resizing method and the 
proposed resizing algorithm is shown in Fig.2.  
      Take ܰ ൌ 8  for instance, the DCT-to-DCT 
computation for the two blocks ࢈૚′  and ࢈૛′  only requires 
6 multiplications (MUL) and 9 additions (ADD) [7]. 
While the inverse transform and the computations in the 
spatial domain in the traditional resizing methods takes 
8 MUL and 14 ADD. Therefore, the proposed method 
is superior to other approaches in terms of complexity. 
      The resizing method relies on two principles. One, 
if the consecutive blocks are similar enough, the 
resizing operation does not produce significant high-
frequency coefficients into the resulting block. Two, if 
the quantization is going to remove the high frequency 
of the blocks, the truncation of high frequency 
information with downsizing operation is justified. 
 

3.  Implementation of proposed method 
 
In a 3-D DCT based codec, a video sequence is divided 
into a number of M×N×L cubes, where M×N is an 
image block of pixels, and L is the number of 
successive frames. The forward 3-D DCT is then 
defined as 
 

 
 
Fig.1. The signal flow graph of the 1-D DCT-to-DCT algorithm. 

 
Fig.2. The traditional resizing algorithm at ܰ ൌ 8  and the 
proposed method replacing the computations inside the 
rectangle for the DCT-to-DCT algorithm.  
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      The 3-D DCT can be computed by taking one-
dimensional transform separately in each of the three 
dimensions. Although a number of transforms are 
required, the computational complexity – even without 
taking the motion estimation into account – is superior 
to 2-D DCT video codec. A typical 3-D DCT based 
codec is described in Fig.3. 

 In the proposed method, three modes with variable 
size of cubes are used to perform the transformation. 
The mode decision and the resizing algorithm are 
determined in the process of temporal transform, thus 
the 2-D DCT can be first performed for each block as 
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where ),,( tyxp is the pixel value at position ),,( tyx in 
the cube and ),,( tvuF  is  the transformed coefficients.  
     
3.1 Mode 1: 2-D DCT 
     The selection between 3-D DCT and the 
approximation algorithm 2-D DCT is made by 
computing Normalized Pixel Difference (ܰܲܦ) of DC 
coefficient and a few AC coefficients and by comparing ܰܲܦ  with the threshold  ଵܶ . The ܰܲܦ  is calculated 
between the first and the other seven time-dependent 8 ൈ 8 blocks within the cube as  
 

        
∑∑

= =

−=
1

0

1

0 1 ),(
)0,,(),,(

4
1)(

u v vuQ
vuFtvuFtNPD

                  (9) 

 
ݐ׊                                                               א ሼ1,2, … ,7ሽ   
                                       
where ),(1 vuQ is the quantization for the 2-D DCT 
block. 

  If one of the ܰܲܦ  values exceeds the threshold, 
which means that the cube is not constant enough to be 
approximated, the 3-D DCT is selected. Otherwise, only 
the first block is encoded. In the decoding side, the 
other seven blocks are retrieved by duplicating the first 
decoded.   

  
3.2 Mode 2: Resizing of 3-D DCT 
 

  Mode 1 is only suitable for the cubes with very low 
motion activity. For other cubes, use of the resizing 
algorithm can remove efficiently the temporal 
correlations. The resizing of 3-D DCT is described as 
follows 

 
1) We continue the transform along temporal 

dimension on the first four blocks and the last four 
blocks, respectively. 
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2) As aforementioned, two conditions have to be 

satisfied to ensure that the resizing algorithm 
improve the compression efficiency. This is done 
by comparing ܰܲܦ  between the two cubes and 
checking the high-frequency information. 
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,ݑ׊            ݒ א ሼ0,1, … ,7ሽ, 0 ൑ ݓ ൑ 3 ܽ݊݀ ݅ ൌ 1,2 
 
and  
 

                0),,(/),,( 2 =wvuQwvuFi                      (13) 
                                      

                                }7,...,1,0{, ∈∀ vu ,  2,1=i , 3,2=w   
 
3) If both ܰܲܦ  is smaller than the threshold ଶܶ and 

(13) is   fulfilled, we apply the proposed resizing 
algorithm in the temporal dimension to the first 
blocks of each cube. Therefore, the 8 ൈ 8 ൈ 8 cube 
is downsized to a new 8 ൈ 8 ൈ 4 transformed cube. 

 
3.3 Mode 3: 8ൈ ૡ ൈ ૝ 3-D DCT  
 
      If mode 1 and 2 are not fulfilled, it indicates that the 
cube contains high local motion activity. In this case, 
smaller cube size in temporal dimension is usually 
better for coding efficiency since the temporal pixels 
are not highly correlated. Therefore, if one of the two 
conditions in (7) and (8) is not fulfilled, we directly 
encode the two 8 ൈ 8 ൈ 4 cubes QF1  and QF2  instead of 
the 8 ൈ 8 ൈ 8 cube. 
 

 
 
Fig.3. Block diagram of typical 3-D DCT based video codec 
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4. Experimental results  
     
The proposed 3-D DCT model was tested against the 
baseline 3-D DCT codec and the reference codec [6]. 
Video sequences with various motion activities were 
encoded and decoded. The Peak Signal to Noise Ratio 
(ܴܲܵܰ) versus bitrates curves are plotted based on the 
experimental results. The quantization strategy in 
accordance with [9] is defined as 

ሾ݇ሿሬሬሬሬሬԦݍ                ൌ උܳ௣ሺ1 ൅ ݇ଵ௣ ൅ ݇ଶ௣ ൅ ݇ଷ௣ሻඏ                ሺ14ሻ 
 

where ݍሾ݇ሿሬሬሬሬሬԦ  is the quantization step for 3-D DCT 
coefficient at position ሬ݇Ԧሾ݇ଵ, ݇ଶ, ݇ଷሿ , ܳ௣ is the 
quantization parameter, and ݌  is the parameter to 
control the rate of delay in the quantization volume. 
Here, it is fixed to 0.3. For the 2-D DCT block, the 
value of ݇ଷ is zero. 
      The selection of the thresholds ଵܶ  and ଶܶ  is 
empirically determined. In the experiments, different 
thresholds are tested using various video materials. 
Finally, the constant thresholds of  ଵܶ ൌ 2 and ଶܶ ൌ 8 
usually gives the best results.    
      Experimental results show that the proposed model 
achieves the best coding performance than the baseline 
codec and the reference codec. Best improvement can 

be expected for sequences with low motion activity at 
low bitrates. Fig.4 shows the PSNR versus Bitrates 
curves of the four sequences. Based on the obtained 
results, the proposed model significantly improves the 
compression efficiency over the baseline codec. In 
addition, since the proposed model allows Mode 1 to be 
adaptively determined relying on the quantization, it is 
more efficient in mode selection and outperforms the 
reference codec in terms of compression performance.  
    Table I shows the utilization ratio of the three modes 
in the proposed codec. Since the mode decision is 
partially dependent on quantization, the utilization ratio 
adaptively changes with quantization.  Fig.5 shows the 
utilization of the three modes in frame 63 of Akiyo and 
136 of Paris at different quantization. The utilization 
ratio of the three modes is adaptive to the change of 
quantization. More cubes are usually processed as the 
first mode with the increasing of quantization, thus the 
proposed model gives a higher coding efficiency at low 
bitrates.  

 Based on our previous analysis, the first mode of 2-D 
DCT requires the least complexity and the second mode 
of the resized transform is most complicated. Therefore, 
the overall complexity of the transformation in the 
reference codec and the proposed model is determined 
by the utilization ratio of the three modes. Experiments 
show that the proposed algorithm achieves a lower 
complexity than the reference codec. The required 

        
                      (a)                                                                                                   (b) 

           
                                        (c)                                                                                                  (d) 
 

Fig. 4 The PSNR versus Bitrate for (a) Akiyo, (b) Claire, (c) Paris and (d) Glasgow based on three different codec: the baseline 
codec, the proposed codec and the reference codec [6] 
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number of MUL and ADD is compared in Fig.6. for the 

sequences of Akiyo and Glasgow. Based on the 
experimental results, the two codecs have almost the 
same complexity at high bitrates, but the proposed 
model outperforms the reference codec at low bitrates.   
      
 
5. Conclusions 

     
An adaptive DCT-to-DCT resizing algorithm is 
proposed for the 3-D DCT video coding to improve the 
coding efficiency and reduce the complexity. The 
proposed model adaptively resizes the DCT cube 
depending on the local motion activity. Experiments 
show that the proposed algorithm achieves the best 
results in terms of coding performance. In addition, 
since the inverse transform and the computations in the 
spatial domain are not required in the proposed resizing 
approach, the complexity is reduced. Although the 
compression efficiency is still lower than H.264, the 

encoding process of 3-D DCT is much faster. This 
makes the 3-D DCT video codec especially suitable for 
low-power processors. Potential applications could be 
for portable digital devices and the real-time 
applications. 
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