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ABSTRACT

A more efficient coding scheme for H.264 by heuristi-
cally assign macroblock partition types for video foreground
and background coding is proposed. High visual quality
of foreground regions are retained while low bit-rate back-
ground coding is achieved. More importantly, the encoding
time is reduced significantly owing to the elimination of the
exhausted searches over all partition types during the RD
optimization.

1. INTRODUCTION

One of the main features of emerging H.264 video compres-
sion standard is its adoption of a rate-distortion (RD) opti-
mization concept to find a balance between video coding
bit-rates and the quality. For this purpose, H.264 provides
more prediction options, e.g., several search modes in intra-
predictions and various block partitions in inter-predictions,
for coding macroblocks. However, the implementation of
the RD optimization needs to evaluate all possible coding
types for each macroblock intra- and inter- prediction, and
find the best type satisfying the given RD criterion. As a re-
sult, the encoding process of H.264 is extremely time con-
suming.

In this paper, a study of possible improvements of H.264
coding performance, by referencing video foreground and
background information, is reported. Some heuristics selec-
tions of macroblock size partitions for inter-predictions are
proposed to effectively maintain the visual quality of com-
pressed foreground regions and to reduce coding sizes of
background areas in a video frame. Moreover, the encoding
time can then be greatly reduced since exhausted searches
of all macroblock partitions are no longer needed.

1.1. Related work

Video content analysis has been an important topic in the
field of multimedia research. Many video layer decomposi-
tion methods, e.g., [2], [3], [9], [10], [14], are proposed to

This work was supported by MediaTech Research Center at Chiao-
Tung University.

0-7803-9332-5/05/320.00 ©2005 IEEE

segment video frames into object regions and to cluster sim-
ilar regions of consecutive frames as grouped layers. The
most generic video layer decomposition is to divide a video
sequence to two-layered foreground and background repre-
sentations. By referencing this kind of layer information
and applying different coding schemes to different layers, a
video sequence can be compressed in a more efficient way.

Many coding schemes are also proposed for content-
based video compressions. In [7], a procedure for selecting
MPEG-4 coding models is proposed to dynamically com-
press different segmentation regions of videos. In [1], Eisert
et al. use high level 3-D object models to synthesize video
frames and propose an improved hybrid scheme to combine
traditional waveform coding and 3-D model-based coding.
Lu et al. [5] decompose a video sequence into sprites and
apply a directional spatial prediction to reduce the coding
bit-rates of background sprites. Though these methods are
not based on H.264, all their results indicate higher coding
efficiencies can be obtained by referencing high level con-
tent information.

Referring to H.264 researches, adaptive block-size trans-
formations are presented in [13] to extend the uses of vari-
able block sizes in the motion prediction to the transforma-
tion coding. With these flexibilities, higher coding perfor-
mances, namely rate savings and quality increases, can be
achieved. In [6], based on simplifying the cost function
computations, an efficient intra-prediction mode selection
method is used to avoid full block mode searches as well as
to maintain similar PSNR and bit-rates. Also for reducing
the computational costs of H.264 intra-prediction mode se-
lections, Kim et al. [4] apply a multi-stage sequential deci-
sion process to filter out probable modes and adopt a simpli-
fied RD optimization method to determine the final choice.
In [8], [11], bottom-up merging designs are suggested to
lessen the burden of searching all possible macroblock par-
titions for H.264 inter-predictions.

1.2. Our approach

Through investigating the effects of using various macroblock
sizes on the compression quality and bit-rates, some heuris-



tics for selections of inter-prediction macroblock partitions
in H.264 are proposed in this paper to effectively and ef-
ficiently encode video foreground and background regions.
By employing the proposed heuristic assignments of block
partitions, the PSNR of compressed foreground regions are

increased, comparing to the standard RD optimization method.

Also, the compression sizes of background areas in P- and
B- frames are lowered down due to fewer bits are required to
encode the video background. More importantly, the cod-
ing time can thus be reduced significantly. The proposed
method is shown to be simple and effective, and the derived
video files completely agree the H.264 decoding specifica-
tions.

The organization of the paper is as follows. In Section 2,
investigations into the effects of using various macroblock
sizes on the coding performances are presented. Based on
the investigation results, heuristic partition assignments for
the foreground and background macroblocks are suggested.
Experimental results based on the proposed heuristics are
presented in Section 3. Finally, conclusions and discussions
of future works are given in Section 4.

2. MACROBLOCK PARTITION ANALYSIS

H.264 is different from the previous MPEG standards in
many ways. One of them is the tree-structured block sizes
for macroblock partitions used in inter-prediction motion
compensations. The various block sizes provide high flexi-
bility for optimizing rates and distortions in the coding of P-
and B- frames. During inter-prediction, a macroblock may
be splitinto 16 x 16, 8 x 16, 16 x 8, and 8 x 8 blocks. More-
over, a 8 X 8 block can be further divided into 4 x 8, 8 x 4,
and 4 x 4 sub-blocks. Besides, there are additional 16 x 16
skip type for P-frame and direct type for B-frame to effi-
ciently encode pictures with regions of very small motion.
These partitions are particularly efficient in coding diverse
shape boundaries.

2.1. Partition Type Decision

The choices of macroblock partitions would affect the re-
quired bits for coding motion compensated residues. Con-
ventional, for selecting a suitable partition, an RD optimiza-
tion criterion defined by

where () represents the given quantization parameters, B
stands for a macroblock, B denotes its reconstruction after
decoding, and D and R are functions measuring the block
distortion and the needed coding bits, is proposed in [12].
The scalar A of (1) is set to control a balance between com-
pression distortions and rates. The best macroblock parti-
tion can be computed by evaluating partitions of all possi-
ble sizes for a macroblock and finding the choice with the
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Fig. 1. Example of image frames and their fore-
ground/background masks used in our experiments.

minimal cost with respect to (1). It results in costly search
in deciding a macroblock partition.

The main idea of the proposed approach is that the de-
cision process of macroblock partitions can be significantly
simplified if the foreground and background segmentations
of a video sequence are obtained. In this case, we can de-
liberately conduct a high quality foreground layer encoding
while adopt a rate-saving background compression. Ow-
ing to this rather specific objective, it becomes possible to
heuristically assign appropriate macroblock partitions to en-
code the foreground and background macroblocks in the
inter-prediction process, without resorting to the expensive
RD optimization.

2.2. Partition Type Distribution

Our investigation of the effects of using various macroblock
partition types is based on the modifications of the RD op-
timization. To achieve a quality-oriented coding, a small A
value is set in (1) for foreground macroblocks. On the con-
trary, a large A value is used to find suitable partition sizes
for background blocks. Statistics of the adopted partition
types are then plotted to show the kind of macroblock size
partition that is mostly used in either the high quality fore-
ground coding or the low bit-rate background compression.

Two benchmark video sequences, Dancer and Foreman,
are used in our study of partition types. As shown in Fig. 1,
the foreground and background masks for image frames are
manually marked. A JM7.3 encoder, which is a public C
model of H.264, is adopted and its RD optimization part is
modified to allow coding foreground and background mac-
roblocks with different A values. Listed below are the de-
tailed settings for our study.

e Each macroblock having at least a foreground pixel is
marked as foreground.

e 59 image frames of each video sequence are encoded
in the order of IBPBPBI. . ..

e The default quantization parameter is set to 28.

e The default A parameters are \y = 27.41 for I- and
P- frames and \g = 73.11 for B-frames.

e \r = 0.01)\¢ is set for the encoding of foreground
macroblocks while Ag = 6 is for the background.
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Fig. 2. The statistics of partition types used to encode foreground and background macroblocks with A\ = 0.01)\g and

Ap = 6, respectively.

We call this method the optimal-A RD optimization for its
use of different \ settings to optimally encode video fore-
ground and background regions. With the above settings,
six histograms of macroblock partition types are plotted in
Fig. 2. As depicted in Figs. 2 (a) and (d), the block size of
I4 x 4 are used most to generate high quality intra-coded
macroblocks for I-frames. On the other hand, the amounts
of 116 x 16 sized macroblocks are increased in coding the
video background. The observations suggest us to use 14 x 4
for foreground and 116 x 16 for background to speed up the
computation in coding I-frames.

Similarly, according to Figs. 2 (b) and (c), the partition
size of 4 x 4 is of the largest portion among all the partition
types. It is thus considered to be the most suitable type for
encoding foreground blocks to achieve better quality. More-
over, from Figs. 2 (e) and (f), we can see there are peaks at
the skip type of P-frame and the Direct 16 x 16 type of B-
frame. However, these two types are not suitable for coding
videos with large motions, due to their lack of precise mac-
roblock motion estimation. Hence we heuristically choose
the size 16 x 16, in addition to the skip type of P-frame and
the Direct 16 x 16 type of B-frame, to yield low bit-rate
background compressions for the inter-prediction motion
compensation process. Together with using different A\p
and \pg, the proposed foreground and background coding
scheme can achieve very high level of efficiency since there
are at most two candidates that need to be taken into con-
sideration during the search of proper block partition types.

3. EXPERIMENTAL RESULT

In our experiments, three methods, the standard RD opti-
mization, the optimal-\ RD optimization and the proposed

scheme, are compared for foreground PSNRs and background
data sizes. As depicted in Fig. 3, the results show that
heuristic partition type assignments for macroblock inter-
predictions are feasible as the foreground coding quality and
the background rate-saving can both be achieved for coding
most P- and B- frames. As for I-frames, though the size of
14 x 4 gives better coding quality for the foreground, the
adoption of partition size I16 x 16 is somehow not decisive
for background coding size reduction. Even the optimal-)\
method can only lowered the coding sizes by a very small
amount. It implies that, for intra-predictions, block size set-
tings are not a major factor to compression sizes.

Table 1. The resulting comparisons of Dancer.

[ Dancer [[ Time (Sec) [ Ave. PSNR | Size (Bit) |
Std. RDO 483 35.60 192451
Opt. RDO 492 37.16 149843
Our Method 173 36.12 175836

Table 2. The resulting comparisons of Foreman.

[ Foreman [[ Time (Sec) | Ave. PSNR | Size (Bit) |
Std. RDO 496 37.52 608598
Opt. RDO 579 39.34 538662
Our Method 187 38.87 732055

The entire coding time, average foreground PSNRs and
total background bit sizes are summarized in Table 1 and
Table 2. Except for the larger background coding size in the
foreman sequence (due to its higher coding bit-rates of I-
frames), the other results match our expectations. They also
support our idea that heuristically choosing candidate mac-
roblock partition types for the foreground and background
coding can be effective and efficient.
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Fig. 3. Experimental comparisons of foreground PSNRs and background sizes are illustrated with respect to the method of
the standard RDO, of the optimal-A RDO, and of the proposed method.

4. CONCLUSION

Investigations of foreground and background coding with
different A parameters in RD optimization have been re-
ported. Heuristic assignments of macroblock partition types
are proposed and simulated. Our results show, once a more
specific compression objective is given, exhausted searches
for best macroblock partitions may not be required and the
coding performance can still be retained. The time com-
plexity of H.264 encoding can therefore be largely reduced.
Because our study is mainly focused on determining inter-

prediction block sizes, combining other intra-prediction mode

decision methods to enhance content-based codings is the
next step of our future work.

[1]

[2]

[3]

[5]

5. REFERENCES

P. Eisert, T. Wiegand, and B. Girod, “Model-Aided Coding:
A New Approach to Incorporate Facial Animation into Motion-
Compensated Video Coding,” [EEE Trans. CSVT, vol. 10, no. 3,
pp. 344-358, Apr. 2000.

B.J. Frey, N. Jojic, and A. Kannan, “Learning Appearance and Trans-
parency Manifolds of Occluded Objects in Layers,” Proc. CVPR,
vol. 1, pp. 45-52, Madison, WI, 2003.

Q. Ke and T. Kanade, “A Subspace Approach to Layer Extraction,”
Proc. CVPR, vol. 1, pp. 255-262, Kauai, Hawaii, 2001.

C. Kim, H.-H. Shih, and C.-C. Kuo, “Feature-Based Intra-Prediction
Mode Decision for H.264,” Proc. IEEE ICIP, Singapore, 2004.

Y. Lu, W. Gao, and F. Wu, “Efficient Background Video Coding
with Static Sprite Generation and Arbitrary-Shape Spatial Prediction

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

(14]

Techniques,” [EEE Trans. CSVT, vol. 13, no. 5, pp. 394-405, May
2003.

B. Meng, O.C. Au, C.-W. Wong, and H.-K. Lam, “Efficient Intra-
Prediction Model Selection for 4 x4 Blocks in H.264,” Proc. IEEE
ICME, vol. 3, pp. 521-524, Baltimore, Maryland, 2003.

E. Reusens, R. Castagno, C. LeBuhan, L. Piron, T. Ebrahimi, and
M. Kunt, “Dynamic Video Coding: An Overview,” Proc. IEEE
ICIP, vol. 2, pp. 377-380, Lausanne, Switzerland, 1996.

I. Rhee, G.R. Martin, S. Muthukrishnan, and R.A. Packwood,
“Quadtree-Structured Variable-Size Block-Matching Motion Estima-
tion with Minimal Error,” IEEE Trans. CSVT, vol. 10, no. 1, pp.
42-50, Feb. 2000.

J. Shi and J. Malik, “Motion Segmentation and Tracking Using Nor-
malized Cuts,” Proc. Sixth I[EEE ICCV, pp. 1154-1160, Bombay,
India, 1998.

Y. Tsaig and A. Averbuch, “A Region-Based MRF Model for Un-
supervised Segmentation of Moving Objects in Image Sequences,”
Proc. CVPR, vol. 1, pp. 1889-1896, Kauai, Hawaii, 2001.

Y.-K. Tu, J.-F. Yang, Y.-N. Shen, and M.-T. Sun, “Fast Variable-Size
Block Motion Estimation Using Merging Procedure with An Adap-
tive Threshold,” Proc. IEEE ICME, vol. 2, pp. 789-792, Baltimore,
Maryland, 2003.

T. Wiegand, G.J. Sullivan, G. Bjontegaard, and A. Luthra, “Overview
of the H.264/AVC Video Coding Standard,” /IEEE Trans. CSVT, vol.
13, no. 7, pp. 560-576, July 2003.

M. Wien, “Variable Block-Size Transformation for H.264/AVC,”’
IEEE Trans. CSVT, vol. 13, no. 7, pp. 604-613, July 2003.

J. Wills, S. Agarwal, and S. Belongie, “What Went Where,” Proc.
CVPR, vol. 1, pp. 37-44, Madison, WI, 2003.



	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
	Jen-Hui Chuang
	Yu-Hsin Chen
	Horng-Horng Lin
	Zhe-Kuan Lin



