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ABSTRACT 

MPEG is currently developing a new scalable video coding (SVC) standard which should provide compression 
efficiency similar to current non-scalable video coding standard. The extension of H.264/AVC hybrid video coding 
using motion-compensated temporal filtering (MCTF) is a current solution. This paper presents a dynamic group of 
picture (GOP) structure to improve the quality of the SVC coded video by using variable GOP sizes along the video 
sequences without the restriction of the fixed GOP size or the limited adaptive GOP size. The dynamic GOP structure 
keeps temporal importance information of frames in the encoded video, which helps in coding efficiency and provides 
better user perception. An effective GOP size determination method is also proposed in this paper. The proposed scheme 
has been validated by experimental results. 
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1. INTRODUCTION 
Scalable video coding (SVC) is attractive due to the capability of reconstructing lower resolution or lower quality signals 
from partial bit-stream. Because of its highly flexible functionality for many application scenarios, it has been studied for 
more than 20 years. However, the lack of compression efficiency has prevented the SVC from widespread adoption of 
scalable codecs by the market. Recent breakthroughs in motion-compensated temporal wavelet filtering, which entirely 
abandons any recursion in encoding and decoding, have finally enabled the implementation of highly efficient scalable 
video codecs. 

Following some recent technical advances, MPEG decided to start the specification of a new scalable video coding 
(SVC) standard. The most recent MPEG-4 solution included in the so-called Scalable Video Model (SVM) [1] can be 
roughly described as an SNR-scalable motion-compensated time filtering (MCTF) extension of the H.264/MPEG-4 
AVC standard. The adopted solution meets the SVC requirements [2], namely in the three main scalable dimensions – 
spatial, temporal and SNR – by using a decimation of the original sequence to obtain the desired spatial layers. MPEG 
adopted a MCTF decomposition of the sequence for temporal scalability and the fine granularity scalability (FGS) based 
on the successive improvement of the quantization step to achieve SNR scalability. 

Temporal decomposition is performed using successive groups of a fixed number of pictures. Due to the temporal 
decomposition employed in MCTF, residual frames may be predicted from reference frames temporally far apart; for 
sequences with fast motion, this can result in substantial quality degradation of a decoded frame quality comparing with 
the non-scalable coders. Thus, it would be more efficient to use, when necessary, smaller GOP sizes than those initially 
imposed by the random access needs in order to reduce the maximum distance between I and P frames. Then, by 
improving the quality of the predicted frames, the overall quality of the coded sequence would also be improved. To 
implement this dynamic change of the GOP size, it is necessary to have an algorithm for the encoder to select the best 
GOP size to be used according to the video sequence characteristics. 

The organization of the paper is as follows. Section 2 introduces the concept of MCTF, Section 3 summarizes the 
temporal decomposition structure and Section 4 describes the techniques proposed in this paper. Experimental results are 
provided in Section 5. Finally, Section 6 concludes the paper. 

 

 

Visual Communications and Image Processing 2007, edited by Chang Wen Chen, Dan Schonfeld, Jiebo Luo,  
Proc. of SPIE-IS&T Electronic Imaging, SPIE Vol. 6508, 65082R, © 2007 SPIE-IS&T · 0277-786X/07/$18

SPIE-IS&T/ Vol. 6508  65082R-1

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 04/24/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx



 

 

2. MOTION COMPENSATED TEMPORAL FILTERING (MCTF) 
The temporal decomposition of the input signal relies on Motion Compensated Temporal Filtering (MCTF). MCTF is 
based on the lifting scheme [3]. The lifting scheme insures perfect reconstruction of the input in the absence of 
quantization of the decomposed signal. This property is valid even if non-linear operations are used during the lifting 
operation. 

The generic lifting scheme consists of three types of operations: polyphase decomposition, prediction(s), and update(s). 
In most cases the MCTF is restricted to a special case of lifting scheme with only one prediction and one update step. 
Fig.1 illustrates the lifting representation of an analysis-synthesis filter bank. 

Fig. 1. Lifting representation of an analysis-synthesis filter bank. 

At the analysis side (a), the odd samples s[2k+1] of a given signal s are predicted by a linear combination of the even 
samples s[2k] using a prediction operator P(s[2k]) and a high pass signal h[k] is formed by the prediction residuals. A 
corresponding low-pass signal l[k] is obtained by adding a linear combination of the prediction residuals h[k] to the even 
samples s[2k] of the input signal s using the update operator U(h[k]): 
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Since both the prediction and the update step are fully invertible, the corresponding transform can be interpreted as 
critically sampled perfect reconstruction filter bank. The synthesis filter bank simply consists of the application of the 
prediction and update operators in reverse order with the inverted signs in the summation process followed by the 
reconstruction process using the even and odd polyphase components. For a normalization of the low- and high-pass 
components, appropriately chosen scaling factors Fl and Fh are applied, respectively. However, in practice, these scaling 
factors are included into the quantization step sizes. 

Let s[x, k] be a video signal with the spatial coordinate x = (x, y)T and the temporal coordinate k. The prediction and 
update operators for the temporal decomposition using the lifting representation of the Haar wavelet are given by 
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For the 5/3 transform, the prediction and update operators are given by 
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The extension to motion-compensated temporal filtering is realized by modifying the prediction and update operators as 
follows 
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where the reference indices r ≥ 0 allow a general frame-adaptive motion-compensated filtering. The motion vectors m 
are not restricted to sample-accurate displacements. In case of sub-sample accurate motion vectors, the term s[x+m, k] 
has to be interpreted as a spatially interpolated value. 

As can be seen from the above equations, both the prediction and update operators for the motion-compensated filtering 
using the lifting representation of the Haar wavelet are equivalent to uni-directional motion-compensated prediction. For 
the 5/3 wavelet, the prediction and update operators specify bi-directional motion-compensated prediction. 

Since bi-directional motion-compensated prediction generally reduces the energy of the prediction residual but increases 
the motion vector rate in comparison to uni-directional prediction, it is desirable to switch dynamically between uni- and 
bi-directional prediction, and thus between the lifting representation of the Haar and the 5/3 wavelet. The choice of the 
transform can be made on a macroblock or sub-macroblock basis and is signalled as part of the motion information.  

The difference between MCTF and hierarchical B pictures is that with hierarchical B pictures, the temporal update step 
is omitted, leading to a purely predictive coding structure. An MCTF without update step is also referred to as 
unrestricted MCTF (UMCTF). 

 

3. TEMPORAL DECOMPOSITION STRUCTURE  
In the SVM model the temporal decomposition relies on the basic MCTF structure. The MCTF is applied on a GOP 
basis as depicted in Fig. 2. The temporal decomposition structure allows for prediction over GOP boundaries. In the 
prediction steps, the low-pass picture of the previous GOP that is obtained after performing all N decomposition stages is 
used as additional reference picture for motion-compensated prediction. However, the motion-compensated update is 
only performed inside the GOP; i.e. the low-pass picture of the previous GOP that is used for prediction is not updated. 
In Fig. 2, a general dyadic temporal decomposition for a group of 16 pictures is illustrated. The picture 0 refers to the last 
(low-pass) picture of the previous GOP, which is used as additional reference picture in the prediction steps, but not 
altered in the update steps [4]. For clarity, only the prediction and update steps using direct neighboring reference 
pictures are illustrated.  
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Fig. 2. Dyadic temporal decomposition of a group of 16 pictures 

 

The SVC model uses the fixed GOP size such as 8 or 16 and provides the temporal scalability through the MCTF 
structure on that GOP unit. In order to maintain the compatibility with H.264, the base layer of the SVC uses the 
hierarchical B-picture structure that excludes the update process on the MCTF procedure [5]. As shown in Fig. 2, the 
encoded bitstream of the MCTF in JSVM 2.0 consists of the encoded data of L4(0), H4(1), H3(2), H3(3), H2(4), H2(5), 
H2(6), H2(7), H1(8), H1(9), H1(10), H1(11), H1(12), H1(13), H1(14), and H1(15) frame information. If a sequence 
presents fast motion, the high-pass frame H4(1) generated in the last decomposition level will contain much information 
since the reference frame L is different from the frame L3 and thus is not very similar because of the strong motion 
present in the sequence. This issue can be resolved by dynamically adjusting and controlling, GOP by GOP, the 
decomposition structure that performs better, i.e. the GOP decomposition that generates the highest overall PSNR.  

 

 
Fig. 3. Possible decompositions of a GOP with 8 frames 
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For this purpose, the adaptive GOP structure (AGS) is proposed to improve the coding efficiency according to the 
properties of video sequences in temporal direction [6]. Fig. 3 shows an example of the AGS with maximum GOP size 8. 
Various AGS’s that are combinations of the groups of sub-GOP’s such as (8), (4,4), (2,2,2,2), (4,2,2), (2,2,4) can be 
applied. The coding efficiency will improve by changing the full-sized fixed GOP structure into the proper AGS 
structure using these available groups of sub-GOP structures. 

 

4. DYNAMIC GOP STRUCTURE 
Since sub-GOPs in adaptive GOP structure are only divided by 2 repeatedly on each separate side, AGS structure can not 
fully represent the temporal image characteristics. In addition, the computing time to find the best sub-GOPs within full-
GOP increases exponentially as the full-GOP size increases. So, this AGS scheme is inadequate to be applied to the 
practical implementations.  

This paper presents a dynamic GOP size structure to overcome the restriction of AGS. The dynamic GOP size can be 2, 
4, 8, 16 and 32 according to the scene information without any full-GOP size restriction. For example, if the variations of 
the continuous scenes are large, the dynamic GOP size will be a small one like 2 or 4, and vice versa. 

Fig. 4 shows the possible decompositions when total number of video frames is 8. In a dynamic GOP structure, (2,4,2) 
sub-GOP group can be a new candidate for the scalable video coding. 

 

 
Fig. 4. Possible decompositions of a dynamic GOP with 8 frames 

 

As an example to show the coding structure variations, Fig. 5 illustrates the MCTF procedure based on the dynamic 
GOP structure when the 16 frames are partitioned into (4, 8, 2, 2) according to the characteristics of video sequence. The 
encoded bitstream of the MCTF in JSVM 2.0 using the (4,8,2,2) sub-GOP’s consists of the encoded data of L2(0), H2(1), 
H1(2), H1(3), L3(4), H3(5), H2(6), H2(7), H1(8), H1(9), H1(10), H1(11), L1(12), H1(13), L1(14), and H1(15) frame 
information. The low frequency frame, Li(j), is encoded by the I frame or P frame coding and the high frequency frame, 
Hu(v), is encoded by B frame coding which performs bidirectional prediction among inter frame coding used by H.264. 
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Fig. 5. The MCTF structure using dynamic GOP size 

 

To determine the dynamic GOP size, the following video sequence analysis algorithm is proposed. 

 

Step 1: Set k1  = 1, offset = 2 

Step 2 : k2 = k1 + offset 

Step 3 : Read k1th and k2th  frames, 1kf and 2kf . 

Step 3 : Calculate ][][1
12

1

0

ifif
N

SAD kk

N

i
−= ∑

−

=

 , where  N is the number of pixels in a frame. 

Step 4 : if SAD > TH then save a GOP size as the above offset and set k1 = k2 and offset = 2, else offset = offset * 2; 

Step 5 : if not end of video sequence go to Step 2, else stop. 

 

This algorithm is very simple and fast, so it does not increase the complexity of the overall SVC system. 

Fig. 6 shows a new SVC system using dynamic GOP structure. Dynamic GOP size prediction module uses the above 
video sequence analysis algorithm. 

 

 
Fig. 6. SVC system using dynamic GOP structure 
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5. EXPERIMENTAL RESULTS 
To evaluate the proposed dynamic GOP structure, we compare it to the JSVM 2.0 which has a fixed GOP size. The test 
sequences we used were “Mobile” and “Football” and these sequences were coded with the JSVM 2.0 software using a 
constant GOP size of 16 for QCIF 15 Hz sequence and 32 for CIF 30 Hz sequence. In “Mobile” sequence, we set the 
base layer bitrate to 96kbps and set the enhanced layer bitrate to 384kbps. In “Football” sequence, we set the base layer 
bitrate to 256kbps and set the enhanced layer bitrate to 1024kbps each. To determine the GOP size for dynamic GOP 
structure, we used the proposed video sequence analysis algorithm with threshold value 34. This threshold value was 
determined by trial and error for scene detection.  

Before conducting the main experiments explained above, we investigated the variation of PSNR in JSVM 2.0 according 
to the variation of the fixed GOP size. Table 1 shows the average Y-PSNR in each GOP size. As it can be seen in Table 
1, the average PSNR increases as the GOP size increases. However, even though the average PSNR with a small GOP 
size is lower than that with a big GOP size, the PSNR with a small GOP size in some segments is higher than that with a 
big GOP size as shown in Fig. 7. If we can adjust the GOP size smaller in those segments which have much video 
information because of a scene change, the average video quality will be increased. That is the point we should adjust the 
GOP size according to the video sequence information to improve the video quality. In Fig. 7, Y-32 is the Y-PSNR with 
the fixed GOP size 32 and Y-16 is the Y-PSNR with the fixed GOP size 16.  

In order to increase the average PSNR of the entire sequence, it is important to detect a fast scene change position and 
set a reasonable GOP size between this position and the next scene change position. The proposed video sequence 
analysis algorithm can do this effectively. 

 
Table 1.  PSNR vs. GOP size in JSVM 2.0 

Sequence Resolution Bitrate 
[kbps] 

GOP 
size Y-PSNR 

32 32.61 
16 31.77 
8 29.39 Mobile CIF 384 

4 27.03 
32 33.21 
16 33.05 
8 32.35 Football CIF 1024 

4 32.01 
 
 
If we can control GOP size adequately, it is possible to get better quality by using smaller GOPs in some segments of the 
sequence. Table 2 is the results of the dynamic GOP size for each sequence when we perform the video sequence 
analysis algorithm. Because “Football” sequence is faster than the “Mobile” sequence, many small GOP size are 
allocated to the “Football” sequence.  

Table 3 presents a comparison between the luminance PSNRs achieved using the JSVM 2.0 with the fixed GOP size and 
the proposed SVC system with the dynamic GOP size. The results obtained show that using the proposed SVC system is 
useful to improve the average PSNR quality of the decoded frames in sequences with fast motion. 

As it can be seen in Table 3, the coding efficiency of the dynamic GOP structure is almost always better than that of the 
JSVM 2.0 with the fixed GOP size. 
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Fig. 7.  PSNR comparison according to the GOP size 

 

Table 2. Dynamic GOP size for test sequence 

Frame Number Sequence From To GOP size 

0 16 16 
17 32 16 
33 48 16 
49 80 32 
81 112 32 
113 128 16 
129 160 32 
161 192 32 
193 224 32 

 Mobile 

225 249 32 
0 32 32 

33 40 8 
41 48 8 
49 80 32 
81 88 8 
89 96 8 
97 104 8 
105 120 16 

Football 

121 124 16 
 

Table 3. Comparison between fixed and Dynamic GOP 

JSVM 2.0 
Fixed GOP Dynamic GOP Sequence Resolution Bitrate 

[kbps] GOP size Y-PSNR Y-PSNR 
32 32.61 
16 31.77 
8 29.39 Mobile CIF 384 

4 27.03 

32.67 

32 33.21 
16 33.05 
8 32.35 Football CIF 1024 

4 32.01 

33.34 
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6. CONCLUSIONS 
We propose a dynamic GOP structure for scalable video coding to achieve better coding efficiency and to improve video 
quality. This scheme is based on a measure we proposed to estimate the temporal importance of frame in a video 
sequence. Especially, sequences with fast motion clearly benefit from using dynamic GOP structure.  The adoption of a 
dynamic GOP prediction algorithm before the SVC encoder to arrange the adequate GOP size along temporal direction 
would allow the MPEG SVM to become more flexible and thus be adaptive to the content being coded. Moreover, 
dynamic GOP structure maintains all benefits of the standard fixed GOP structure without increasing the complexity of 
the standard SVC encoder. Experimental results have demonstrated that the proposed dynamic GOP structure indeed 
achieves an improved scalable video coding efficiency. 
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