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1. Summary

In this document, we discuss the results on the cross validation of the data partitioning based error-resilient video coding techniques proposed by UCLA/Samsung. The relevant documents used for this work are Q15-F-29 (Simulation results for modified error resilient syntax with data partitioning and RVLC), and draft text of proposed data partitioning annex from UCLA/Samsung (Note: Contains the refinement of Q15-F-29. But different from Q15-G-13 data partitioning slice mode annex description.). Based on these documents, cross-check decoder implementation is developed and all the simulation results are performed in accordance with the revised common conditions outlined in Q15-F-45 (Common conditions for video performance evaluation in H.324/M error-prone systems) and Q15-F-16 (Simple video packet MUX simulator). The organization of this contribution is as follows. First, pseudo MUX transmission error characteristic analysis according to the error pattern and video packet generation is conducted. Then, simulation results by cross-check decoder implementation based on Q15-F-45 conditions will follow. Finally, we will raise several issues which possibly enhance and extend the data partitioning scheme to a more robust and generic one. 

2. Pseudo MUX error characteristic analysis

First, we check the typical statistical characteristics of the used error patterns, and then analyze the effect of deployed pseudo MUX on the video packets generated by the GOB-based "Anchor" and the "Data Partitioning". 

BER statistics of error pattern files (Note: This data is negligibly biased because they are obtained from portion of error pattern files applied to the video packet of a bit stream.)

Table 1. BER statistics of error pattern files.

BER Statistics of Error Pattern Files

Error pattern
size of error file (bits)
BER
Average Error length (bits)

WCDMA -6
11520000
8.99E-04
1.685

WCDMA -5

1.12E-04
1.737

WCDMA -4

8.77E-05
1.719

WCDMA -3

9.21E-04
1.788

WCDMA -2

1.24E-03
1.813

WCDMA -1

1.35E-03
1.822

Dect 1.4km/h 10dB
17280000
2.27E-02
1.229

Dect 1.4km/h 20dB

2.30E-03
1.210

Dect 14km/h 10dB

2.32E-02
1.235

Dect 14km/h 20dB

2.64E-03
1.231

Packet Structure Used for test bit stream generation

For every generation the encoder output will vary to some extent due to the randomness involved with the I-MB refresh (Note: I-MB refresh used here is applied only for coded MB's on regular frame interval basis and different from forced I-MB fresh.)

- Anchor case #1 : AN I132  (Note: different from UBC anchor)

The H.263+ syntax structure described in H.263+ document is used for the video bit stream generation with the following parameters. (Using the encoder provided by UBC 3-2-0.)

· GOB mode on. (Generation of new packets per every GOB)

· Compression enhancement options: using the high complexity mode of TMN10 without RD optimization (including Annexes D, F, I, J, and T) with intra refresh of FI= 132.

· Intra-MB refresh: random refresh only for coded MBs.

- Anchor case #2 : AN I5  (differs from AN I132 only by I-MB refresh)

· Same as above except for intra refresh of FI= 5.

- Data partitioning case #1 : DP I132
The data partitioning packet structure described in document Q15-F-29 (Figure 1) is used for the video bit stream generation with the following parameters. (Using the encoder provided by UCLA/Samsung.)

· Variable MB scheme.

· Packet Size : Soft limit of 350 bits for 24K sequences, 700 bits for 48K sequences, respectively.

· Byte aligned RM (PSC for PN=0 case), not byte-aligned HM and MM.

· Compression enhancement options: using the high complexity mode of TMN10 without RD optimization (including Annexes D, F, I, J, and T) with intra refresh of FI= 132.

- Data partitioning case #2 : DP I5 (differs from DP I132 by I-MB refresh and packet size)
· Different packet size to adjust the impairness caused by pseudo MUX : 

24K sequences: 180 (Silent), 250 (Container, Hall),  270 (News)

48K sequences: 360 (Silent), 420 (Glasgow), 500 (Container, Hall), 540 (News), 700 (Foreman)

· Intra refresh of FI= 5.
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Figure 1: Packet structure of data partitioning syntax (Q15-F-29).

Effect of Pseudo MUX on the error pattern and video packet generation method

As specified in Q15-F-45, we can use any de-packetization and bit-stream reconstruction scheme, and even ignore the result of the CRC check performed by the Pseudo MUX simulator. So, the output of pseudo MUX can be classified into three kinds of packets; clean, corrupted (CRC check failed packet and its use is dependent upon implementation) and discarded (unrecoverable error in sync and header of MUX packet). In Table 2 and Table 3, the comparison of above three kinds of output packet type for both the "Anchor" and "Data partitioning" cases are shown. As expected we can see the ratio of three kinds of packet is quite dependent on the size of each packet utilized. In most of the cases, the smaller size, large number of "Anchor" packets suffer less loss (more clean packet % in comparison tables) than the "Data partitioning" packets, which in turn causes the total transmission overhead to increase to some extent. For example, the comparison of total number of bytes including overhead is 1454266 : 1411710 = 1.03:1 for News 24K, 1454072 : 1389135 = 1.047 : 1 for Hall 24K, 2653759 : 2611662 = 1.016 : 1 for News 48K, and 2653937 : 2604981 = 1.019 : 1 for Hall 48K.  

This observation motivated us to adjust the packet size of "Data partitioning" for the generation of bit stream set #2 (FI=5) in order to reduce the impairness in total bytes used. Since "Data partitioning" scheme allows the control of packet size, we lowered the soft limit of packet size to adjust the total (including overhead) bytes within more reasonable narrow range than the case of Table 2 and Table 3.  (Please see above for the actual packet size  utilized.)

Table 2. Comparison of pseudo MUX effect - DECT pattern case (DP I132 vs. AN I132).

Sequence
Error 

Pattern
DP/AN
Receiver

BER
            Packet Number 
Byte Size





clean(%)
corrupted(%)
discard(%)
clean(%)
corrupted(%)
discard(%)

news
D 0 10
DP
8.89E-02
15825(64.61)
6719(27.23)
1951(7.96)
776399 (62.60)
363772 (29.33)
100074  (8.07)



AN
8.88E-02
24137(67.04)
8911(24.75)
2954(8.21)
785396 (65.33)
319517 (26.58)
97339 ( 8.10)


D 0 20
DP
9.28E-03
23354(95.34)
943(3.85)
198(0.81)
1178010 (94.98)
52303  (4.22)
9932  (0.80)



AN
9.44E-03
34488(95.79)
1202(3.34)
312(0.87)
1147765 (95.47)
44580 ( 3.71)
9907  (0.82)


D 1 10
DP
9.94E-02
12288(50.17)
10149(41.43)
2058(8.40)
568919 (45.87)
568078 (45.80)
103248  (8.32)



AN
9.62E-02
20955(58.21)
12067(33.52)
2980(8.28)
644378 (53.60)
459667( 38.23)
98207  (8.17)


D 1 20
DP
1.16E-02
22634(92.40)
1620(6.61)
241(0.98)
1136364 (91.62)
91946  (7.41)
11935 ( 0.96)



AN
1.25E-02
33857(94.04)
1798(4.99)
347(0.96)
1119484 (93.12)
71076  (5.91)
11692 ( 0.97)


total
DP

24495
1240245 (with overhead 1411710)



AN

36002
1202252 (with overhead 1454266)












Sequence
Error 

Pattern
DP/AN
Receiver

BER
            Packet Number 
Byte Size





clean(%)
corrupted(%)
discard(%)
clean(%)
corrupted(%)
discard(%)

hall
D 0 10
DP
8.78E-02
15271(64.27)
6579(27.69)
1911(8.04)
758281 (62.01)
367420 (30.05)
97107 ( 7.94)



AN
8.77E-02
24719(68.65)
8421(23.39)
2865(7.96)
765411 (63.68)
341381 (28.40)
95245 ( 7.92)


D 0 20
DP
9.65E-03
22667(95.40)
897(3.78)
197(0.83)
1160948 (94.94)
51631 ( 4.22)
10229  (0.84)



AN
9.41E-03
34568(96.01)
1139(3.16)
298(0.83)
1143759 (95.15)
48489  (4.03)
9789  (0.81)


D 1 10
DP
9.75E-02
11810(49.70)
9976(41.98)
1975(8.31)
547380 (44.76)
576223 (47.12)
99205  (8.11)



AN
9.72E-02
21602(60.00)
11421(31.27)
2982(8.28)
588160( 48.93)
515267 (42.87)
98610  (8.20)


D 1 20
DP
1.22E-02
21936(92.32)
1586(6.67)
239(1.01)
1116441 (91.30)
93801 ( 7.67)
12566  (1.03)



AN
1.04E-02
33924(94.22)
1770(4.92)
311(0.86)
1106693 (92.07)
85228  (7.09)
10116 ( 0.84)


total
DP

23761
1222808 (with overhead 1389135)



AN

36005
1202037 (with overhead 1454072)

Table 3. Comparison of pseudo MUX effect - WCDMA pattern case (DP I132 vs. AN I132).

Sequence
Error pattern
DP/AN
Receiver

BER
            Packet Number (Byte)
Bit Size





clean(%)
corrupted(%)
discard(%)
clean(%)
Corrupted(%)
discard(%)

news
WCDMA 6
DP
4.75E-04
26405(99.12)
226(0.85)
9(0.03)
2399800 (98.95)
24443  (1.01)
939  (0.04)



AN
5.07E-04
35774(99.36)
215(0.60)
14(0.04)
2380946 (99.13)
19783  (0.82)
1009 ( 0.04)


WCDMA 5
DP
6.30E-04
26358(98.94)
265(0.99)
17(0.06)
2395492 (98.78)
28424  (1.17)
1266  (0.05)



AN
4.68E-04
35735(99.26)
255(0.71)
13(0.04)
2377632 (99.00)
23255  (0.97)
851  (0.04)


WCDMA 4
DP
5.40E-04
26405(99.12)
223(0.84)
12(0.05)
2398711 (98.91)
25361  (1.05)
1110  (0.05)



AN
3.82E-04
35765(99.34)
224(0.62)
14(0.04)
2380830 (99.13)
20191 ( 0.84)
717  (0.03)


WCDMA 3
DP
5.28E-03
25068(94.10)
1461(5.48)
111(0.42)
2257523 (93.09)
157025  (6.47)
10634  (0.44)



AN
4.58E-03
34339(95.38)
1528(4.24)
136(0.38)
2256142 (93.94)
 136752  (5.69)
8844  (0.37)


WCDMA 2
DP
6.24E-03
24871(93.36)
1631(6.12)
138(0.52)
2236712 (92.23)
176111  (7.26)
12359 ( 0.51)



AN
6.13E-03
34218(95.04)
1607(4.46)
178(0.49)
2242911 (93.39)
146804  (6.11)
12023  (0.50)


WCDMA 1
DP
7.53E-03
24420(91.67)
2051(7.70)
169(0.63)
2189034 (90.26)
220901  (9.11)
15247  (0.63)



AN
7.25E-03
33740(93.71)
2059(5.72)
204(0.57)
2202406 (91.70)
184832  (7.70)
14500  (0.60)


 
DP

26640


2425182 (with overhead 2611662)


 
AN

36003


2401738 (with overhead 2653759)












Sequence
Error pattern
DP/AN
Receiver

BER
            Packet Number (Byte)
Bit Size





Clean(%)
corrupted(%)
discard(%)
clean(%)
Corrupted(%)
discard(%)

hall
WCDMA 6
DP
4.56E-04
25598(99.13)
213(0.82)
11(0.04)
2398295 (98.93)
25030  (1.03)
902  (0.04)



AN
4.33E-04
35784 (99.35)
223  (0.62)
11  (0.03)
2373940 (98.84)
27070  (1.13)
801  (0.03)


WCDMA 5
DP
6.69E-04
25553(98.96)
257(1)
12(0.05)
2393805 (98.75)
29083  (1.20)
1339 ( 0.06)



AN
8.08E-04
35753( 99.26)
244 ( 0.68)
21  (0.06)
2372935 (98.80)
27193  (1.13)
1683  (0.07)


WCDMA 4
DP
4.93E-03
25585(99.08)
227(0.88)
10(0.04)
2396561 (98.86)
26679  (1.10)
987  (0.04)



AN
3.57E-04
35781 (99.34)
227  (0.63)
10  (0.03)
2374611 (98.87)
 26545  (1.11)
655 ( 0.03)


WCDMA 3
DP
4.76E-03
24254(93.93)
1462(5.66)
106(0.41)
2248014 (92.73)
166829  (6.88)
9384  (0.39)



AN
5.46E-03
34407 (95.53)
1461 ( 4.06)
150  (0.42)
2224133 (92.60)
166665  (6.94)
11013 ( 0.46)


WCDMA 2
DP
6.35E-03
24096(93.32)
1585(6.14)
141(0.55)
2231943 (92.07)
179635  (7.41)
12649  (0.52)



AN
6.28E-03
34247 (95.08)
1581  (4.39)
190  (0.53)
2208126 (91.94)
181336  (7.55)
12349  (0.51)


WCDMA 1
DP
6.71E-03
23633(91.52)
2049(7.94)
140(0.54)
2177690 (89.83)
233412  (9.63)
13125  (0.54)



AN
6.64E-03
33777 (93.78)
 2043 ( 5.67)
198  (0.55)
2150371 (89.53)
238545  (9.93)
12895  (0.54)


total
DP

25822
2424227 (with overhead 2604981)



AN

36018
2401811 (with overhead 2653937)

3. Cross-check simulation results

Data Partitioning Decoding Scheme (Without error indication from Pseudo MUX - Similar to  Q15-F-29)

The decoder's strategy against the injected error is similar to document Q15-F-29 with additional features listed below. Since there is no direct use of channel error information except for the knowledge that all "0" bits are inserted for discarded packets, the output performance of this decoder should be viewed as one special case of multiple variant decoder implementations.

· CRC failed packet use: To demonstrate the enhanced error handling capability of data partitioning, the CRC check and the packet size information is not utilized.

· For de-packetization from pseudo MUX: All "0" bits are inserted for discarded packets.

· Error handling for picture header: Recovery of most non-varying picture header parameters are assumed. (If we detect an error in the picture header, the information from the last known error-free picture header can be used.)

· Use of a prior knowledge on the data partitioning syntax order (selectively applied and no delayed decision is made at this trial).

· Assume packet of PN=1 after successful decoding of packet of PSC (PN=0) with picture header.

· Assume packet of PN+1 after successful decoding of packet PN.

· Decoding flow: Hierarchical control (header data, motion vector, and DCT data) with dependency upon the prior level's decoding result.

· Error concealment: Modified TCON model with spatial EC for first Intra-frame.

· Startcode corruption fix: With indirect knowledge upon the discarded packet (all '0's), up to 1 bit error correction for RM code  (partially applied).

· Unimplemented features: Use of channel information, reverse decoding of header data, and error locating capability of RVLC, delayed decision on PN/MBA, and lots of minor decision issues to be fine-tuned. (Note: Minor performance improvement is still possible due to the inherent difficulty of decoder implementation for error-prone bit stream.)

About using Error Indication from Pseudo MUX in Data Partitioning Decoding 

In fact, the adopted pseudo MUX model delivers the decoder the received bit stream along with the CRC check field information and packet size. Since we are using packet size limitation in "Data partitioning" packet (usually much smaller than MAX_PACKET_SIZE (254 byte = 2032 bits), we can assume (In fact, verified during the pseudo MUX process.) that for every pseudo MUX packet there is a data partitioning packet. Thus, we can use all of the RM and most of PN to double check and possibly to help locating the corrupted bit positions. Interested readers are suggested to see UCLA/Samsung contribution Q15-G-12 for this issue.

Anchor decoding Scheme (Minor addition of error handling to UBC's implementation)

For decoding the error injected "Anchor" bit stream, UBC's implementation is slightly modified to handle the resynchronization problem of public version 3.2. Again the error indication from pseudo MUX is not utilized for fair comparison. However, in order to keep the decoder's operation to the end of severely corrupted bit stream, only clean packet output of pseudo MUX is utilized for this case.

· CRC failed packet use: Same as "Data partitioning".

· For de-packetization from pseudo MUX: All "0" bits are inserted for corrupted and discarded packets.

· Error handling for picture header: Similar to "Data partitioning".

· Use of a prior knowledge on the packet order of GOB based packets.

· Decoding flow: Sequential control is the only option.

· Error concealment: TCON model with spatial EC for first Intra-frame (TCON model is designed GOB packet in mind).

Simulation Method Used  

· Error indication from pseudo MUX based on Q15-F-16 : Not used.

· Error pattern and sequences:  Four DECT / six WCDMA patterns and four 32K sequences / six 64K sequences (superset of Q15-F-45).

· PSNR calculation: For all display frames as suggested in Q15-F-45.

Simulation Results : See the separate Excel document : q15g23.xls.

· For DECT error patterns, the "Data Partitioning" scheme shows consistent large improvement over "Anchor" cases, except for several DECT 14km/h 20dB cases.

· For WCDMA error patterns, "Data partitioning" scheme performs better than "Anchor" scheme for pattern 1 - 3 and shows similar results for pattern 4 - 6, except for Silent sequence. 

· Note for Glasgow sequence: It is found that the direct comparison between both is meaningless due to the following problem regarding the current "Data partitioning encoder", which causes skip of frames to match given bit rate is observed. For example of Glasgow sequence, "DP I5" bit stream has 4000 encoded frames among 1 - 11420 frames and "AN I5" bit stream has 4000 encoded frames among 1 - 7998 frames, which explains the big PSNR gap for no error case. (This phenomenon is also observed for other sequence, although most of the case it is negligible.) However, the comparison with corresponding error free case shows that "Data partitioning" loses less PSNR for all WCDMA patterns.  

4. Discussion and Suggestion

Overall opinion on the proposed "Data partitioning Annex"

· Performance gains over the anchor model varies with sequence and error pattern, and drops many fewer frames for most of sequences/error patterns.

· More improvement in cases with bad channel error conditions (DECT case), which is the intended application of this error resilient mode of operation.

· Works on NO pseudo MUX error indication information case and handles the decoding of corrupted bit stream.

· Thus, we believe that the enhanced functionality of "Data partitioning" is worthy of a new Annex. However, it is also felt that with some refinement in the following directions should be investigated to design a more robust and generic Annex.

Opinion on the combination with slice mode Annex K : Data partitioning slice mode

Pros: 

· Increased credibility in new Annex design.

· Size dependent MBA.

· Better emulation prevention.

· Possible utilization slice mode features: Rectangular slice sub mode (which enables vertical division of a picture).

Cons:

· Limitation for "Data partitioning" field design.

· No separate packet for first slice and removal of PN field.

Proposal #1: [PN, Start-MBA, End-MBA]  fields for simplified and robust decoder design

Decoder operation for a packet is highly dependent on decoded [PN, MBA], which is subject to injected error and thus may result in misplacement of a packet to a wrong location of a picture (although it is happening rarely). So, under the error-prone environment, the decoder should consider all possible scenarios to verify the [PN, MBA] pair. However, since the number of MB's in a packet varies, (If we try to regulate this, we will meet the transmission efficiency tradeoff.) the only direct information which gives the starting MB location is MBA field itself. In fact, this complicates the decoder design while affecting the performance of decoding. Thus, it is recommended to extend [PN, MBA] fields to [PN, Start-MBA, End-MBA] fields. The addition of End-MBA field can help the decoder to resolve the ambiguity problem in [PN, MBA] pair and can help the reverse decoding of RVLC encoded header data. 

Note: This modification is designed to support a simple and no delay decision (no look-ahead of next packet) on the utilization of received packet.
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Figure 2: Data partitioning modification proposal #1.

Proposal #2: Possible extensions for UEP transmission environment

· Relation with MUX for scaleable video packet of Q11-G-14: To exploit the multiple layer granularity support from transmission MUX design, the packets should exhibit one of the following properties. 

1. Regular size granular priority portions inside in a packet (See Figure 3): "Data partitioning" in current form supports this feature, with a loss of efficiency in case regular (equal) size is required.
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Figure 3: Granular priority supports in video MUX interfaces (Q11-G-14).

2. Separate variable size packets in different priority: Although this is for basically scalability modes of H.263+, it can be employed for "Data partitioning" (Note: The advantage of combining data partitioning with unequal error protection for basic H.263 video is described in Q11-G-12.). But it needs the proposed modification #2 for this feature support.
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Figure 4: Separate variable size packets for UEP video MUX interfaces.

· Modification for the support of separate variable size packet generation: With the proposed modification depicted in Figure 5, the current "Data partitioning" scheme can be extended.

· Data Partition Mode (DM): If notified in upper layer (picture header layer for "Data partitioning"), this mode plays the double check role of identifying header/MV/DCT. If disabled, this field will play a emulation prevention role. 

· Optional existence of header, MV, DCT data fields along with relevant markers: Required to allow separate packet generation. But in terms of MB's included, the sequential order of header/MV/DCT should be preserved.

· Enhanced synchronization capability of HM and MM: Byte-aligned HM/MM is recommended for error resiliency.
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Figure 5: Data partitioning modification proposal #2.
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