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1 Introductions for AVS techniques 
AVS-P2, a video coding engine, is approved in February and applied from March 1st, 2006. The formal name is: The Standards of People’s Republic of China GB/T 20090.2—2006, Information Technology, Advanced Coding of Audio and Video, Part 2: Video.

The Purpose of this standard is established in response to the growing need for better compression of moving pictures for various applications such as digital television broadcasting, digital storage media, Internet streaming, and communication.

Applications include but not limited to the following:

CATV Cable TV on optical networks, copper, etc.

DBS Direct broadcast satellite video services

DSL Digital subscriber line video services

DTTB Digital terrestrial television broadcasting

ISM Interactive storage media (optical disks, etc.)

MMM Multimedia mailing

MSPN Multimedia services over packet networks

RTC Real-time conversational services (videoconferencing, videophone, etc.)

RVS Remote video surveillance

1.1 Overview of the Design Characteristics

In this Standard, a number of techniques may be used to achieve highly efficient compression, including inter prediction, intra prediction, transform, quantization, entropy coding, etc. Inter coding uses motion vectors for block-based inter prediction to exploit temporal statistical dependencies between different pictures. Intra coding uses various spatial prediction modes to exploit spatial statistical dependencies in the source signal for a single picture. The prediction residual is then further compressed using a transform to remove spatial correlation inside the transform block before it is quantized, producing an irreversible process that typically discards less important visual information while forming a close approximation to the source samples. Finally, the motion vectors or intra prediction modes are multiplexed with the quantised transform coefficient information and encoded using entropy coding.

1.1.1 Intra Predictive Coding

Intra coding needs not refer to other pictures; Intra coded pictures can provide random access points to the coded sequence. 
There are five 8x8 luma intra prediction modes:

0 Intra_8x8_Vertical

1 Intra_8x8_Horizontal

2 Intra_8x8_DC

3 Intra_8x8_Down_Left

4 Intra_8x8_Down_Right

There are four 8×8 Chroma intra prediction modes:
0 Intra_Chroma_DC

1 Intra_Chroma_Horizontal

2 Intra_Chroma_Vertical

3 Intra_Chroma_Plane

All 8×8 intra prediction modes are illustrated in Figure A
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Figure A
1.1.2 Inter Predictive Coding
Inter coding needs to refer to prior coded pictures, and the order of the decoding process can be different from the order of the source picture capture process in the encoder or the output order from the decoder for display. In inter coding, motion vector precision can be up to ¼ pixel, and motion vectors are coded by predictive coding.

In this Standard, the basic processing unit of the video decoding process is a macroblock, which consists of a 16×16 block of luma samples and corresponding blocks of chroma samples. A macroblock can be further partitioned into sub-macroblocks for prediction. The minimum size of a sub-macroblock is 8×8. There have 16x16, 16x8, 8x16, 8x8 four prediction block sizes for luma. Less inter prediction modes simplifies the encoder motion estimation process. 
Totally two reference pictures are designed for the forward prediction or also for the backward prediction. This can largely reduce the memory cost.

1.1.3 Transform

The transform block-size is 8×8, an approximation transform DCT, the integer part of the transformation matrix is shown is Figure B. Transform coefficients are scalar quantized.

[image: image2.wmf]8

8101098642

8942810106

8641082109

8210689410

8210689410

8641082109

8942810106

8101098642

T

éù

êú

-----

êú

êú

---

êú

----

êú

=

êú

----

êú

-----

êú

êú

---

êú

----

êú

ëû


Figure B
1.1.4 2D-VLC coder 
The Run-Level pairs along the Zig-Zag scaned quantized transform coefficients are coded by 2D-VLC coder. Totally 19 VLC tables are designed, different orders of Exp-Golomb codes are used. 

1.1.5 Luma Sample Interpolation Process

Figure C gives the position of integer, half and quarter samples of a reference picture, where capital letters indicate integer positions, lowercase letters indicate half and quarter sample positions.
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Figure C. The position of integer, half and quarter samples

Half pixel interpolation uses 4-tap filter F1(-1, 5, 5, -1), , which reduces the memory required when doing the interpolation inside chips.

1.1.6 AVS-P2’ s system 

AVS-P2 uses MPEG-2 system as its system layer specifications. 
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Figure D

From Figure D, it can be seen that AVS-P2 can directly share the same MPEG system with MPEG-2 video.  
1.2 Summary

Above are some key technologies in keeping the high coding efficiency, and it can be seen that the realization is largely simplified. 
2 Test results for AVS-P2
Verification tests are done for AVS-P2 vs. H.264/AVC.

2.1 Reference software
jm9.6for H.264/AVC Main Profile

rm52c for AVS-P2 JZ Profile。
2.2 Test sequences 

Table 1: 1080i

	sequences
	resolution
	frames
	frame rate (Hz)

	fireworks
	1920x1088
	58
	30

	kayak
	1920x1088
	58
	30

	flamingo
	1920x1088
	58
	30


Table 2: 720P

	sequences
	resolution
	frames
	frame rate (Hz)

	Spincalendar
	1280x720
	148 
	60

	Harbour
	1280x720
	148
	60

	City
	1280x720
	148
	60

	Crew
	1280x720
	148
	60


Table 3: 576p

	sequences
	resolution
	frames
	Frame rate (Hz)

	city
	704x576
	298  
	30

	crew
	704x576
	298
	30

	harbour
	704x576
	298
	30

	soccer
	704x576
	298
	30


Table 4: cif

	sequences
	resolution
	frames
	Frame rate (Hz)

	bus
	352 x288
	150  
	30

	football
	352 x288
	250
	30

	mobile
	352 x288
	300
	30

	paris
	352 x288
	300
	30

	coastgard
	352 x288
	300
	30

	canoa
	352 x288
	220
	30

	table
	352 x288
	300
	30

	foreman
	352 x288
	300
	30


2.3 Test conditions and results:
Entropy coder: Both AVS and H.264/AVC use VLC based entropy coder;

Interlace: Both use Picture AFF (PAFF);

Reference pictures: AVS: 1 or 2 reference pictures; H.264/AVC: 1, 2, or 5 reference pictures;

Averaging coding gain: AVS-P2 coding gains over H.264/AVC are:

1．CIF sequences, PSNR: averaging -0.48574dB;

2．4CIFsequences, PSNR: averaging 0.038875 dB;

3．720p sequences, PSNR: averaging 0.008878 dB;
4．1080i sequences, PSNR: averaging 0.049017 dB.
AVS-P2 JZ vs.  H.264/AVC (VLC＋PAFF) for different test sequences:

CIF ：

	sequences
	Reference picture 
AVS : AVC
	Gain (dB)

	Paris
	1:1
	-1.1613

	
	2:2
	-1.0781

	
	2:5
	-1.1595

	mobile
	1:1
	-1.1487

	
	2:2
	-1.0398

	
	2:5
	-1.5185

	football
	1:1
	-0.1628

	
	2:2
	-0.0689

	
	2:5
	-0.1196

	bus
	1:1
	-0.6487

	
	2:2
	-0.4350

	
	2:5
	-0.5729

	coastgard
	1:1
	-0.283

	
	2:2
	-0.148

	
	2:5
	-0.205

	canoa
	1:1
	-0.207

	
	2:2
	-0.118

	
	2:5
	-0.184

	table
	1:1
	-0.39

	
	2:2
	-0.228


	
	2:5
	-0.277

	foreman
	1:1
	-0.882

	
	2:2
	-0.67

	
	2:5
	-0.795

	Averg
	1:1
	-0.61044

	
	2:2
	-0.47323

	
	2:5
	-0.60394

	
	All
	-0.56253


4CIF

	sequences
	Reference picture 
AVS : AVC
	Gain (dB)

	crew
	1:1
	0.5037

	
	2:2
	-0.0437

	
	2:5
	-0.0935

	city
	1:1
	-0.3167

	
	2:2
	-0.5645

	
	2:5
	-0.6069

	harbour
	1:1
	0.5451

	
	2:2
	0.1368

	
	2:5
	0.0221

	soccer
	1:1
	0.6392

	
	2:2
	0.1488

	
	2:5
	0.0961

	Averg
	1:1
	0.342825

	
	2:2
	-0.08065

	
	2:5
	-0.14555

	
	All
	0.038875


720p:
	sequences
	Reference picture 
AVS : AVC
	Gain (dB)

	spincalandar
	1:1
	0.5412

	
	2:2
	0.5840

	
	2:5
	0.5099

	harbour
	1:1
	0.3139

	
	2:2
	-0.0023

	
	2:5
	-0.0709

	crew
	1:1
	0.3697

	
	2:2
	-0.3997

	
	2:5
	-0.4644

	city
	1:1
	-0.1485

	
	2:2
	-0.3588

	
	2:5
	-0.3877

	Averg
	1:1
	0.097669

	
	2:2
	-0.01583

	
	2:5
	-0.05521

	
	All
	0.008878


1080i

	sequences
	Reference picture 
AVS : AVC
	Gain (dB)

	flamigo
	1:1
	0.6456

	
	2:2
	0.0218

	kayak
	1:1
	0.2414

	
	2:2
	0.0344

	fireworks
	1:1
	-0.0989

	
	2:2
	-0.5502

	Averg
	1:1
	0.2627

	
	2:2
	-0.16467

	
	All
	0.049017


3 Conclusions:
AVS-P2 has low complexity in implementation, two reference pictures in total, 4-tap half pel interpolation, less intra and inter prediction modes, use only VLC entropy coding, and uses MPEG-2 system.

Under the test conditions, for large size sequences, AVS-P2 has almost same R-D performance as that of H.264/AVC; for small size sequences, H.264/AVC is better than AVS-P2, averaging gain is about 0.56dB.  

We suggest ITU-T IPTV adopting AVS-P2 as a mandatory video coding engine.
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