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ABSTRACT

MPEG-4 Advanced Simple Profile video provides I, P,
and B —type frames in each GOP (Group Of Pictures). To
maximize the coding efficiency, it is important to
determine the distribution of the three frame types, also
called the GOP structure. In this paper, the GOP structure
is determined dynamically in real time by using the
information, such as Sad (Sum of Absolute Difference)
and Mad (Mean of Absolute Difference), generated in the

encoding process and little amount of computation is used.

The algorithm first determines whether the current frame
is an Intra-picture or an Inter-picture. If it is an Inter-
picture, one has to decide whether it is a P_picture or a
B_picture. No more than 4 consecutive B_pictures can be
employed to reduce the video buffer size. The proposed
method is tested over a wide range of video sequences at
different data rate conditions and produces consistent
improvement compared to fixed GOP methods.

1. INTRODUCTION

MPEG-4 ASP (Advanced Simple Profile) video provides
I, P, and B —type frames in each GOP. Usually, a fixed
GOP structure is used in most MPEG-4 ASP video
encoder and the coding efficiency is better than the
MPEG-4 SP (Simple Profile) encoder. Since the content
of any image sequence varies from time to time, the
performance of a fixed GOP ASP encoder can be worse
than its SP version, sometimes. Therefore, to determine a
good GOP structure for a video sequence dynamically is
necessary. Quite a few related studies have had fine
results in this respect.

In [1] and [2], a relatively simple method was proposed
only for MPEG-1 and MPEG-2 video encoders,
respectively. In [3], the purpose of this paper was mainly
for quality scalability instead of optimizing the GOP
structure and required more computation to explore the
temporal relation of consecutive frames. In [4], it
provided a simple method to determine the GOP structure,
but failed to produce constant improvement at conditions
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of various data rate conditions and picture complexities.
In [5], an optimal GOP structure determination algorithm
was proposed for MPEG-1 or MPEG-2 video. However,
this method needs to use a whole GOP to find the optimal
distribution which requires a huge memory buffer.

The method proposed in this paper is briefed as follows.
In order to minimize the additional computation, three
parameters are used. They are Sad, Mad and Var_sad
(variance of Sad) calculated during the encoding process.
A current frame and the next image are used for the
decision making. We first decide whether the current
frame is to be encoded in Intra mode or in Inter mode. If it
is in Inter mode, we need to decide whether it is to be
encoded as a P-picture or a B-picture. Once a P-picture or
an I-picture is met, the encoder starts to encode this
picture and then those previously un-coded frames as B-
pictures. Simple decision rules are used in this paper.
However, since the situations are quite different for low
QP (Quantization Parameter) and high QP cases, the rules
are also different in their parameters. The method is tested
over various video sequences at different data rate
conditions. It is found that it provides constant
improvement compared to various fixed GOP methods.

In section 2, the proposed algorithm is described.
Computer simulations are reported in section 3.
Conclusion and future works are given in section 4.

2. ADAPTIVE GOP STRUCTURE
DETERMINATION

The overall GOP structure determination flow is show in
Fig.1 and Fig.2. To determine the type of the Current
Image, Mad, Sad;, and Var_sad, after the motion
estimation operation is performed with respect to the
reference frame are first calculated as follows.
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Sad™: The Sad value of the m ™ macro block.
Ny : Total number of macro blocks in a frame.

If Intra mode is selected, we start to encode this frame
as an I_picture and set it as the new reference frame. All
previous B_pictures are encoded and output to the
bitstream buffer, too. If Inter mode is selected, we
perform motion estimation of a new image called the Next
Image (shown in Fig.2) to obtain the corresponding
parameters, Sad,, and Var_sad,. Then, we use the
parameters to determine the type of the Current Image. If
it is a P_picture, it is encoded and set to the new reference
frame. All previous B_pictures are encoded and output to
the bitstream buffer, too. Otherwise, the searching process
continues until an I_picture or a P_picture is met. We next
describe how the above decision making works.
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2.1. Intra/Inter Determination

In general, an I_picture uses more bits than a P_picture.
However, if the scene changes too rapidly, using Intra

mode sometimes is better than using Inter mode. It is clear
that detection of scene changes to determine which coding
mode is to be used is vital. We focus on the relationship
among Mad Sad,; and Var_sad,. Fig.3 shows a typical
population of choosing between I_picture and P_picture
based on two parameters. The X-axis uses the ratio of
Mad and Sad,, and the Y-axis uses Var_sad;.
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Fig. 3 Distribution of choosing Intra or Inter.

The density function for choosing the I-type is derived
from Fig.3 and (5)-(8) as follows. The Gaussian Mixture
Models (GMM) and Expectation Maximization (EM)
method are used [6]. Statistics of both X-axis and Y-axis

are considered separately by using X as the argument.
The results are shown in Fig.4.
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11 ()" Estimated density given that Intra-type is better.
T () Estimated density given that Inter-type is better.

ot jsua, (2 Estimated density of choosing the Intra-
type corresponding to parameter, (Mad/Sad)).

rar_saa, () ‘Estimated density of choosing the Intra-type
corresponding to parameter, Var_sad,;.

2.1.1 Intra/Inter determination Procedure
If (-ﬁ'ﬂr—wd‘ (0> 80){ Choose Intra_picture.}
Else if (f var _sat, () < 30){Choose Inter_picture.}



Else if ( Saa fsaa, (2 51 4 ){Choose Inter_picture.}
Else {Choose Intra_picture. }
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Fig.4 Two estimated densities of choosing Intra-type.
2.2. P/B Determination

More B_pictures should be inserted in a slowly changing
scene generally and less number of B_pictures should be
inserted in a fast changing one. However, inserting too
many B_pictures also degrades the quality of pictures. For
real-time encoding, the maximum number of B_pictures
in a row is four. Four parameters are used. They are Sad,
and Var_Sad; of the Current Image and Sad, and

Var_sad, of the Next Image.

To obtain the statistics, we encoded many sequences and

compare the data rates generated using different coding

schemes. The following procedure is employed.

1. If the previous frame is an I_picture, we compared
IPP and IBP coding sequence. If IPP uses less
number of bits, P_type is used for the Current Image.
Otherwise B_type is used.

2. If the previous frame is a P_picture, for example, we
compared two difference schemes, IB;;P;,P;; and
IB;,P;;B;,P,; . If P;; uses less number of bits than the
average of B,; and P,,, P_type is used for the Current
Image (P;3). Otherwise B_type is used.

3. If there are N previous B_pictures, the scheme shown

in Fig.5 is employed. Let BB, P and P'be the bits

used for the respective frames. If
N+1

in +P Y B +P
k=1 k=1

<
N+1 N+2 | P_type is used for the Current
Image. Otherwise, B_type is used.

Fig.6 shows one of the statistics generated from the above
process. Note that the figure is different for different QPs
and different numbers of previous B_pictures. Similar to
the previous the Intra-Inter determination method, the
density function for choosing a B_picture is determined
by using (9)-(12) The GMM and EM method are also
used again [6].
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where Iy denotes the set where B-type is better for the

data point in Fig.6. Similarly, Tp is the set for P-type.
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Fig.5 The scheme to collect data for analysis when the
previous frame(s) is(are) B frame(s).
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Fig.6 Distribution of choosing P or B when the previous

frame is a P_picture and QP=8.

2.2.1. P/B determination procedure for QP=8

If(f(x) 20.5 ){Choose B_picture}
Else {Choose P_picture. }

3. COMPUTER SIMULATIONS

To evaluate our algorithm, two kinds of video sequences
are used. The first kind contains two QCIF sequences,
[akiyo] and [foreman], both containing no scene change.
The second kind contains two CIF sequences, [table
tennis] and [Lethal Weapon]. Both contain possible scene
changes. The [Lethal Weapon] sequence is extracted from
a DVD using the Cyber-Link Power DVD® tool. The
proposed method is compared to various fixed GOP
methods at various bit rate conditions. For the fixed GOP
methods, one to four B_pictures are inserted. As shown,
our method gives consistent improvement over other
methods.
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4. CONCLUSIONS AND FUTURE WORK

The method proposed in this paper has better performance
than various static GOP encoding schemes at different bit
rate conditions. No complicate computation is required.
Thus, it is suitable for real time encoding and streaming
applications.
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Fig.10 /[Lethal-Weapon], 270 frames

In the future, we will involve the motion vector
information to make the determination more precisely. On
the other hand, it is possible to research a backward
process to re-determine a frame which has been
determined as a B-picture if we find that the performance
decreases because too many B_pictures are inserted.
However, computation complexity will be increased
inevitably. We will also compare the proposed method
with the result produced with a truly optimal GOP
structure.

5. REFERENCES

[1] Yutaka Yokoyama, “Adaptive GOP Structure Selection for
Real-Time MPEG-2 Video Encoding,” Proceeding of IEEE
International Conference on Image Processing, vol. 2, pp 832-
835, Sept. 2000.

[2] Akio Yoneyama, et.al., “One-pass VBR MPEG encoder
using scene adaptive dynamic GOP structure”, ICCE2001, pp
174-175, June 2001.

[3] Xiaodong Gu, and Hongjian Zhang, “Implementing dynamic
GOP in video encoding,” Proceedings of IEEE International
Conference on Multimedia and Expo, vol. 1, pp.349-352, July
2003.

[4] Akio Yoneyama, et.al., “MPEG Encoding Algorithm with
Scene Adaptive Dynamic GOP Structure,” IEEE 3rd Workshop
on Multimedia Signal Processing, pp 297-302, Sept. 1999.

[5] Jungwoo Lee, et.al, “Rate-Distortion Optimization Frame
Type Selection for MPEG Encoding,” IEEE Trans. on Circuits
and System for Video Technology, vol. 7, No 3, pp.501-510,
June 1997.

[6] David W. Scott, Multivariate Density Estimation, A Wiley-
Interscience Publication, Feb. 1997.



	Index
	ICME 2005

	Conference Info
	Welcome Messages
	Venue Access
	Committees
	Sponsors
	Tutorials

	Sessions
	Wednesday, 6 July, 2005
	WedAmOR1-Action recognition
	WedAmOR2-Video conference applications
	WedAmOR3-Video indexing
	WedAmOR4-Concealment &amp; information recovery
	WedAmPO1-Posters on Human machine interface, interactio ...
	WedAmOR5-Face detection &amp; tracking
	WedAmOR6-Video conferencing &amp; interaction
	WedAmOR7-Audio &amp; video segmentation
	WedAmOR8-Security
	WedPmOR1-Video streaming
	WedPmOR2-Music
	WedPmOR3-H.264
	WedPmSS1-E-meetings &amp; e-learning
	WedPmPO1-Posters on Content analysis and compressed dom ...
	WedPmOR4-Wireless multimedia streaming
	WedPmOR5-Audio processing &amp; analysis
	WedPmOR6-Authentication, protection &amp; DRM
	WedPmSS2-E-meetings &amp; e-learning -cntd-

	Thursday, 7 July, 2005
	ThuAmOR1-3D
	ThuAmOR2-Video classification
	ThuAmOR3-Watermarking 1
	ThuAmSS1-Emotion detection
	ThuAmNT1-Expo
	ThuAmOR4-Multidimensional signal processing
	ThuAmOR5-Feature extraction
	ThuAmOR6-Coding
	ThuAmSS2-Emotion detection -cntd-
	ThuPmOR1-Home video analysis
	ThuPmOR2-Interactive retrieval &amp; annotation
	ThuPmOR3-Multimedia hardware and software design
	ThuPmSS1-Enterprise streaming
	ThuPmNT1-Expo -cntd-
	ThuPmOR4-Faces
	ThuPmOR5-Audio event detection
	ThuPmOR6-Multimedia systems analysis
	ThuPmOR7-Media conversion
	ThuPmPS2-Keynote Gopal Pingali, IBM Research, &quot;Ele ...

	Friday, 8 July, 2005
	FriAmOR1-Annotation &amp; ontologies
	FriAmOR2-Interfaces for multimedia
	FriAmOR3-Hardware
	FriAmOR4-Motion estimation
	FriAmPO1-Posters on Architectures, security, systems &a ...
	FriAmOR5-Machine learning
	FriAmOR6-Multimedia traffic management
	FriAmOR7-CBIR
	FriAmOR8-Compression
	FriPmOR1-Speech processing &amp; analysis
	FriPmSS1-Sports
	FriPmOR2-Hypermedia &amp; internet
	FriPmOR3-Transcoding
	FriPmPO1-Posters on Applications, authoring &amp; editi ...
	FriPmOR4-Multimedia communication &amp; networking
	FriPmOR5-Watermarking 2
	FriPmSS2-Sports -cntd-
	FriPmOR6-Shape retrieval


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	Papers by Session
	All papers
	Papers by Topic

	Topics
	1 SIGNAL PROCESSING FOR MEDIA INTEGRATION
	1-CDOM Compressed Domain Processing
	1-CONV Media Conversion
	1-CPRS Media Compression
	1-ENCR Watermarking, Encryption and Data Hiding
	1-FILT Media Filtering and Enhancement
	1-JMEP Joint Media Processing
	1-PROC 3-D Processing
	1-SYNC Synchronization
	1-TCOD Transcoding of Compressed Multimedia Objects
	2 COMPONENTS AND TECHNOLOGIES FOR MULTIMEDIA SYSTEMS
	2-ALAR Algorithms/Architectures
	2-CIRC Low-Power Digital and Analog Circuits for Multim ...
	2-DISP Display Technology for Multimedia
	2-EXTN Signal and Data Processors for Multimedia Extens ...
	2-HDSO Hardware/Software Codesign
	2-PARA Parallel Architectures and Design Techniques
	2-PRES 3-D Presentation
	3 HUMAN-MACHINE INTERFACE AND INTERACTION
	3-AGNT Intelligent and Life-Like Agents
	3-CAMM Context-aware Multimedia
	3-CONT Presentation of Content in Multimedia Sessions
	3-DIAL Dialogue and Interactive Systems
	3-INTF User Interfaces
	3-MODA Multimodal Interaction
	3-QUAL Perceptual Quality and Human Factors
	3-VRAR Virtual Reality and Augmented Reality
	4 MULTIMEDIA CONTENT MANAGEMENT AND DELIVERY
	4-ANSY Content Analysis and Synthesis
	4-AUTH Authoring and Editing
	4-COMO Multimedia Content Modeling
	4-DESC Multimedia Content Descriptors
	4-DLIB Digital Libraries
	4-FEAT Feature Extraction and Representation
	4-KEEP Multimedia Indexing, Searching, Retrieving, Quer ...
	4-KNOW Content Recognition and Understanding
	4-MINI Multimedia Mining
	4-MMDB Multimedia Databases
	4-PERS Personalized Multimedia
	4-SEGM Image and Video Segmentation for Interactive Ser ...
	4-STRY Video Summaries and Storyboards
	5 MULTIMEDIA COMMUNICATION AND NETWORKING
	5-APDM Multimedia Authentication, Content Protection an ...
	5-BEEP Multimedia Traffic Management
	5-HIDE Error Concealment and Information Recovery
	5-QOSV Quality of Service
	5-SEND Transport Protocols
	5-STRM Multimedia Streaming
	5-WRLS Wireless Multimedia Communication
	6 SYSTEM INTEGRATION
	6-MMMR Multimedia Middleware
	6-OPTI System Optimization and Packaging
	6-SYSS Operating System Support for Multimedia
	6-WORK System Performance
	7 APPLICATIONS
	7-AMBI Ambient Intelligence
	7-CONF Videoconferencing and Collaboration Environment
	7-CONS Consumer Electronics and Entertainment
	7-EDUC Education and e-learning
	7-SECR Security
	7-STAN Multimedia Standards
	7-WEBS WWW, Hypermedia and Internet, Internet II

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using the Acrobat Reader
	Configuration and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Yu-Lin Wang
	Jing-Xin Wang
	Yen-Wen Lai
	Alvin W.Y. Su



