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1.	Introduction



This paper presents an improved synchronization for error-resilient H.263+ syntax against low error-prone channel, where bit-error-rate (BER) is low - e.g., 10-3 or lower. In order to achieve reliable video communication over mobile channel, error robustness needs to be added based on one or more aspects of the followings:

- Use of back channel to employ adaptive error protection, refresh, error tracking, etc.

- Use of feedforward channel to have error-robust encoder and/or intelligent decoder.

The proposed syntax (for low bit-error-rate mobile channel) in this document features:

- long COD to have improved macroblock (MB) synchronization

- fixed length MCBPC/CBPY for potential use in data partitioning

It turns out that improved MB synchronization would be quite helpful for mobile channel having low bit-error-rate, which also means that improving only synchronization would not be a good solution against highly error-prone channel. In such a bad channel (e.g., DECT1) forward error correction (FEC), refresh via back channel would be much more effective than resynchronization technique.

Section 2 illustrates in detail the proposed syntax change, and computer simulation results will be given in section 3. Finally, section 4 has conclusive remarks. Also, D1-tape demonstration will be provided.

2. New Error-Resilient Syntax



Figure 1 (a) illustrates simplified MB layer and (b) represents the new MB layer reflecting long COD and fixed length MCBPC/COD. Syntax (MODB, CBPB, MVD 2-4, and MVDB) to be used when advanced options are employed is not presented for simplicity. Overhead due to long COD and fixed length MCBPC/CBPY is almost negligible at bitrates 32 kbps and higher. If an encoder aims to have 32 kbps and 10 fps, each INTER frame will generate around 3,276 bits. In reality, average length of MCBPC and CBPY per MB is 1.7 to 2.5 bits and 2.5 to 3 bits, respectively. One thing noticeable is that the overhead of CBPY is almost zero, because increased length of MCBPC make CBPY simpler than before. Briefly calculating overhead in employing 3-bit COD and 5-bit MCBPC at 32 kbps and 10 fps:

COD: 2 bits x 99MBs = 198 bits/frame

MCBPC assuming 3 bit overhead in average: 3 bits x 99 MBs = 297 bits

Summing up, total of 495 bits/frame equals approximately 495/32768 �EMBED HunEquation��� 1.5 %

Table 1 shows generated average bits and mean quantizer in a frame when using normal H.263 syntax and the above-mentioned syntax.
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(a) MB layer
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VLC area

Modified MB layer reflecting long COD and fixed length MCBPC/CBPY



Figure 1. Macroblock layer



Note that if rate control to regulate video buffer is well operating, then total number of bits in each MB in figure 1 (a) and (b) are almost same. This can be done by varying DQUANT and pattern of coded blocks. As is depicted above, long COD would provide possibility for more accurate decision on COD, while fixed length MCBPC/COD reduces length of VLC bitstream





Table 1 Statistics comparison

(Legend	    1: Normal H.263, 2: 3-bit COD, and 3: 3-bit COD and fixed length MCBPC/CBPY)



(a) Mother_Daughter at 32 kbps, 10 fps, 315 frame encoded



Condition�Y�C�MV�CBPY�MCBPC�COD�DQ�Header�Total Bits�MeanQ�PSNR

Y��1�2073�60�273�245�122�99�36�285�3195�8.66�33.76��2�1896�54�270�239�118�297�35�285�3196�9.07�33.52��3�1743�49�269�228�285�297�35�285�3194�9.49�33.32��

(b) Foreman at 48 kbps, 10 fps, 121 frame encoded (119 frames encoded in case of 3)



Condition�Y�C�MV�CBPY�MCBPC�COD�DQ�Header�Total Bits�MeanQ�PSNR

Y��1�2845�129�849�332�180�99�48�285�4770�14.32�30.14��2�2666�120�844�328�178�297�49�285�4771�14.90�29.98��3�2402�115�851�357�446�297�49�285�4805�15.92�29.70��

In case of "mother_daughter" sequence having relatively small activity (scene change and big motions) excessive frame skip to meet target bitrate was not occurred, while high activity in "foreman" sequence induces more frame skipping. However, it will be turned out that the proposed syntax will also be valid even for high-activity sequence at low BER.

2.1 Long COD



H.263+ has some resynchronization features such as group of block (GOB) sync and slice structure mode. GOB/slice resynchronization turned out to reduce erroneous decoding hence error propagation in both spatial and temporal domain. However, H.263-family has poor MB synchronization, because COD is only 1-bit long. This short MB identifier can cause a problem in images, in particular, having low activity over low BER channel. Consider a GOB having all CODs (11 CODs in case of QCIF) set to 1, which means that the current GOB is exactly same as the GOB in the previous frame. If one or more of those COD values are flipped and a decoder does not recognize the error(s) to continue decoding process. Now, it could be highly possible that the decoder finishes decoding of the current GOB with wrong combination of received bitstream, but the decoder will later find that the next GOB sync is missing. This situation will be more examined in section 2.3.

2.2 Fixed Length MCBPC/CBPY



A new set of MCBPCs is designed to have fixed length code of MCBPC. Since length of normal MCBPCs can vary 1 bit through 13 bits, erroneous decoding, when having channel errors, is highly probable. In designing 5-bit MCBPC, startcode (first 17-bit of PSC and GBSC: 0000 0000 0000 0000 1) and stuffing symbol (0000 0000 1) emulation should be avoided. Reflecting this, we designed a new set of fixed length MCBPC as is in table 1. Like fixed length MCBPC, a new set of CBPYs was also made to have fixed length (4-bit long). Current version of H.263+ has sixteen CBPY values, four bits can represent all CBPY values without causing sync code emulation. Since MCBPC defined in table 2 also has been designed so as to prevent sync code emulation, fixed length CBPY dose not get involved in sync code emulation either.



Table 2. H,263 MCBPC for P-Picture and its FLC version (Column 5 and 6)



Index�MB Type�CBPC�Number of Bits�Code�Number of Bits�Code��0

1

2

3�0

0

0

0�00

01

10

11�1

4

4

6�1

0011

0010

0001  01�5

5

5

5�10000

10111

01111

00111��4

5

6

7�1

1

1

1�00

01

10

11�3

7

7

9�011

0000  111

0000  100

0000  0101�5

5

5

5�00001

10110

01110

00110��8

9

10

11�2

2

2

2�00

01

10

11�3

7

7

8�010

0000  101

0000  100

0000  0101�5

5

5

5�11101

10101

01101

00101��12

13

14

15�3

3

3

3�00

01

10

11�5

8

8

7�0001  1

0000  0100

0000  0011

0000  011�5

5

5

5�11001

10100

01100

00100��16

17

18

19�4

4

4

4�00

01

10

11�6

9

9

9�0001  00

0000  0010  0

0000  0001  1

0000  0001  0�5

5

5

5�01000

10011

01011

00011��20�Stuffing��9�0000  0000  1�5�11110��21

22

23

24�5

5

5

5�00

01

10

11�11

13

13

13�0000  0000  010

0000  0000  0110  0

0000  0000  0111  0

0000  0000  0111  1�5

5

5

5�11011

10010

01010

00010��

2.3 Analysis



This section explores that how the proposed long COD and fixed length MCBPC/CBPY could provide advantage against low BER mobile channel. Consider two  consecutive GOBs of QCIF having fourth MB (MB 3 in black) of slice N corrupted, which is presented in figure 2 (a). In case of images having low activity, which means many CODs are set to 1, we can consider two cases: normal 1-bit COD and long COD.

1)  With normal COD: erroneous decoding might continue before the end of current GOB (detected error at MB 9 or 10 for QCIF) and can over-run into the next GOB (detected error at MB 11 or later) not recognizing that the decoder has passed the GBSC of slice N+1. In case that an error occurs in static area and the error was not detected by a decoder, then the decoder would realize that an error occurs somewhere in the next GOB (as is in figure 3 (a)). As a result, the slice N msut be remained wrong deoded, which can persist for long time especially the slice N reprsents low activity area.

2)  With long COD: possibility of erroneous decoding could be reduced, say, long COD could increase probability that a decoder would detect an error closer to actual correupted MB.

Three-bit COD can alarm when one of three consecutive CODs set to 1 is corrupted given that the length of burst error is less than or equal 9 bits.











(a) Slice N











(b) Slice N+1



Figure 2. Possible detected error position w.r.t. reliability of COD with actual error at MB 3



Possible error concealment with simple GOB copy can be done as is illustrated in figure 3. GOB copy routines to fulfill concealment were inserted in UBC 3.1.2 codes.
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(a) Error detected at MB 11			                           (b) Error detected at MB 9



Figure 3. Concealed slices/MBs w.r.t. detected error position





In the case that the FLC MCBPC/CBPY can be incorporated with syntax-based data partitioning (shown in figure 4 (a) and (b)), an encoder does not have to insert additional markers following MCBPC-CBPY, because firm resynchronization with MVD can be easily achieved. We did not explore feasibility of FLC MCBPC/CBPY in conjunction with data partitioning. Future works will include this aspect.
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 Resync.        Header      MCBPC      CBPY      MVD Markers        MVD         DC       AC        Resync.
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(a) A possible data partitioning with resync + MVD markers
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(b) A possible data partitioning with resync but without MVDmarkers 



Figure 4. Data partitioning with and without FLC MCBPC/CBPY

3. Experimental Results

3.1 Simulation Conditions

To simulate realistic environments, we have chosen the simulation conditions as follows:

- Test sequence:  90 frames (reflecting frame skip) of hall_monitor, irene, news at 32 kbps, 10 fps

- Channel error profiles: DECT1 and 2, three wideband CDMA error profiles

			         

Error Profile�Doppler Frequency [Hz]�Average BER�Average Burst Length [bits]��WCDMA2�70�1.26 x 10E-3�17��WCDMA4�5.3�8.17 x 10E-5�11��WCDMA6�211�9.37 x 10E-5�11��

- Concealment: simple GOB copying 

	       - No advanced options used

       - QI = QP = 10

3.2 Results 



Figure 5 through 7 present computer simulation results to show that 3-bit COD can offer PSNR gain. One more thing noticeable is that measuring PSNR might be quite difficult when channel errors occur, because concealment and unknown frame loss induces frame-to-frame mismatch in calculating PSNR. Subjective picture quality, which would not be consistent with PSNR, should also be a part of cost function to evaluate error resilience algorithm.

In any cases, use of 3-bit COD always offers improved picture quality (to be demonstrated with D1-tape) and PSNR. In particular, proposed method is quite helpful for reduction of green/pink artifacts for low activity area.

4. Conclusion and Caveats

A possible error-resilient sync code, 3-bit COD, was proposed to have better MB resync against low error-prone channel. Through computer simulations, the proposed 3-bit COD turned out to be effective over DECT2, wideband CDMA channel (parameters specified in 3.1). Data partitioning with FLC MCBPC/CBPY would be intensively explored later.

As is mentioned in section 1, to have H.263++ be more error resilient adaptive error resilience schemes would be desirable. For example, in a very bursty and/or high error-prone channel, resynchronization is definitely not be satisfactory. In such a case, strong error protection of abrupt refresh would be better solution than resynchronization. On the contrary, an encoder does not have to such a heavy protection or other sophisticated techniques in low error-prone channel to gurantee goo coding efficiency rather than error robustness. Improved synchronization, intelligent error concealment, or very light error protection would be okay in low error-prone channels.







� EMBED Excel.Chart.5 ₩s ���� EMBED Excel.Chart.5 ₩s ���Figure 5. Simulation results for Hall_Monitor



� EMBED Excel.Chart.5 ₩s ���� EMBED Excel.Chart.5 ₩s ���Figure 5. Simulation results for Hall_Monitor (continued)



� EMBED Excel.Chart.5 ₩s ���

� EMBED Excel.Chart.5 ₩s ���



Figure 6. Simulation results for Irene



� EMBED Excel.Chart.5 ₩s ���� EMBED Excel.Chart.5 ₩s ���

Figure 6. Simulation results for Irene (continued)

� EMBED Excel.Chart.5 ₩s ���� EMBED Excel.Chart.5 ₩s ��� Figure 7 Simulation results for News � EMBED Excel.Chart.5 ₩s ���� EMBED Excel.Chart.5 ₩s ���Figure 7 Simulation results for News (continued)
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