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Introduction


The performance of candidate codecs for H.26L under imperfect channel conditions is of recognised importance.  This contribution addresses this concern by demonstration.


Data used


Two test sequences have been prepared and compressed at 64kbps in an identical fashion to the sequences reported in Q15-H-14 �.  This bandwidth was chosen for compatibility with the error patterns used.  The resulting bitstreams have been convolved with various standard error patterns appropriate to different channel conditions to produce playable corrupt versions.  These corrupt versions are available for demonstration.


Packetisation is an open issue.  For this demonstration no assumptions are made about size of packets or response to packet loss with respect to any particular scheme.  The approach is to assume that lost packets are not stuffed with standard patterns but simply represent lost segments of data.  Our approach is to delete portions of the compressed scheme and concatenate the two remaining portions.  Software has been written to perform this action which allows an arbitrary file to be processed.


Error control strategy applied


The codec as currently implemented has no intrinsic error resilience strategy applied.  The only response to channel errors is frame rejection.


This strategy is non-optimal except that it minimizes the overhead for error detection/correction/hiding and therefore maximizes the use of non-corrupt channel.  Its effect is twofold.  Firstly the codec (relatively infrequently) allows frames that are not identified as being corrupted to be displayed and to enter the reference frame set.  Secondly the frame(s) immediately following a rejected frame can be corrupted by motion compensation from an inappropriate reference frame.


It is anticipated that this strategy would be greatly improved during the development of a standard codec.  Its interest at this time is solely to demonstrate the intrinsic error resilience of the SCT approach.


Response of the SCT to the applied Error Conditions.


In general the response of the SCT in visual terms is good with graceful degradation of the source material being observed as a function of error rate.


This is attributable to the presence of the Vector Quantisation component of the codec.  VQ, aided somewhat by residual encoding, is constantly rebuilding detail that is distorted by scene motions not addressable by motion compensation.  Examples of such motion are image-component dilation, and 3D rotation of scene objects.


The result is that the most active parts of the scene tend to be self-healing.  Artifacts can persist in static portions of the scene but they tend to decay and are, in general, short-lived due to scene evolution.


Test parameters


Three error models have been used to test the SCT. Two sets of Inmarsat error patterns (Viterbi and Turbo Code), and Ericsson’s WCDMA. These patterns are intended to simulate different 64kbits/sec channels under various error conditions. The error patterns are applied directly to the SCT compressed stream by exclusive ORing the error bits with the stream. The tests therefor assume that all available channel bandwidth is assigned to the video stream without additional protocol overheads. Additionally, the stream header is not corrupted, simulating successful video stream negotiation.


Additionally, a simple packet loss experiment has been run. This simulates the effect of losing a fixed size packet at a regular interval.


The error conditions applied are described below, quoted without comment from the source documents.


Ericsson WCDMA (from q11f05.doc)


User bit-rate: 64 kb/s


Carrier frequency: 1.9 GHz


Info bit rate: 65600 b/s (incl. a 16 bit CRC for a block of 640 bits)


Target bit-error rates: 10-3 and 10-4


Doppler frequency: 5.3, 70, 211Hz (i.e. 3, 40, 120km/h)


Number of frames processed: 18000 (3 min)


Interleaving :  10ms


Coding: Convolutional code rate 1/3, constraint length 9, code length: 656 bits, 8 tail bits


Channel type: Vehicular A


Diversity: 2 antenna branches, 4 RAKE fingers in each branch


Chip rate: 4.096 Mcps


Spreading PDCH: 16





Error File�
Target bit-error rate�
Doppler frequency�(Hz)�
Average bit-error�rate�
�
wcdma-64kb-005hz-3�
10-3�
5.3�
1.35 10-3�
�
wcdma-64kb-070hz-3�
10-3�
70�
1.26 10-3�
�
wcdma-64kb-211hz-3�
10-3�
211�
9.73 10-4�
�
wcdma-64kb-005hz-4�
10-4�
5.3�
8.17 10-5�
�
wcdma-64kb-070hz-4�
10-4�
70�
1.21 10-4�
�
wcdma-64kb-211hz-4�
10-4�
211�
9.37 10-5�
�



Note that the bit-error rate does not vary monotonically with Doppler frequency.





Inmarsat Viterbi and Turbo (from readme.tur) �


The nominal operational point for the mobile satellite modems (considered in our Link Budgets) provide average BER of 10e-6. This corresponds to a steady-state SNR in Gaussian conditions.  BEP are provided for two types of modems: convolutional code based modem (existing Inmarsat-B, 64 kb/s modem); and Turbo-code based modem (the next generation of Inmarsat-B, 64 kb/s modem) other planned rates, which are not covered by the BEPs, are 14.4 kb/s and 28.8 kb/s with same modem technology)


The mobile satellite channel is normally Ricean and characterised as follows:


required availability of 95-99%, which corresponds to 2 dB fade margin.


The BEPs were derived at the nominal operational point (2 dB margin) and at reduced margin settings (1 dB and 0 dB) which represent more severe/error prone situations.


A typical Ricean parameter for Land/Maritime applications is carrier-to-multipath (C/M) = 15 dB, and in the worst case C/M=10 dB (close to edge of coverage). 


The fading bandwidth is typically 0.7 Hz for Maritime applications and can vary up to 60 Hz for land vehicular, and up to 100 Hz for Aeronautical applications. The maritime fading BW (0.7 Hz) is considered to impact applications the most, and therefore is the case which was simulated in the above BEP files.


Delay: 


modem loop-back delay (Viterbi-B 64 kb/s) ~500 ms


modem loop-back delay (Turbo-B 64 kb/s) ~150 ms


satellite hop delay (one way) 270 ms


no ARQ, flow control, or PSTN-modem buffers have been considered above.





Error File�
C/M�
fade margin (dB)�
Average bit-error rate�
�
vit_con1�
10db�
2�
1.1292 10-2�
�
vit_con2�
10db�
1�
2.1999 10-2�
�
vit_con3�
10db�
0�
3.8514 10-2�
�
vit_con4�
15db�
2�
1.3020 10-6�
�
vit_con5�
15db�
1�
2.5260 10-5�
�
vit_con6�
15db�
0�
7.7044 10-4�
�






Error File�
C/M�
fade margin (dB)�
Average bit-error rate�
�
tur_con1�
10db�
2�
8.1826 10-3�
�
tur_con2�
10db�
1�
1.6181 10-2�
�
tur_con3�
10db�
0�
3.1332 10-2�
�
tur_con4�
15db�
2�
0�
�
tur_con5�
15db�
1�
9.5052 10-5�
�
tur_con6�
15db�
0�
1.9454 10-3�
�



Packet Loss


This is a very simple packet loss test that removes packets of data from a stream. The strategy is "for a given large block of N bytes discard the last M bytes".








Error Type�
N, block size (bytes)�
M, loss size (bytes)�
�
loss_6000_0100�
6000�
100�
�
loss_6000_0500�
6000�
500�
�
loss_6000_2000�
6000�
2000�
�
loss_3000_0100�
3000�
100�
�
loss_3000_0500�
3000�
500�
�
loss_3000_2000�
3000�
2000�
�
Generated Streams


As noted above, two SCT streams have been used for these tests.  The characteristics of the two streams are





file name�
bit-rate (bits/s)�
fps�
size�
�
glasgow_64k�
64,000�
15.0�
QCIF (176x144)�
�
errors_64k�
64,000�
15.0�
QCIF (176x144)�
�



Corrupted streams have been computed with observed properties as tabled below.  The filenames of the streams in the demonstration are constructed by a combination of the source name and the error pattern applied.


For glasgow_64k.sct3 being corrupted


Error Type�
bits processed�
bits corrupted�
�
wcdma-64kb-005hz-3�
3,215,440�
4,693�
�
wcdma-64kb-070hz-3�
3,215,440�
3,772�
�
wcdma-64kb-211hz-3�
3,215,440�
2,695�
�
wcdma-64kb-005hz-4�
3,215,440�
207�
�
wcdma-64kb-070hz-4�
3,215,440�
304�
�
wcdma-64kb-211hz-4�
3,215,440�
317�
�
vit_con1�
3,215,440�
37,996�
�
vit_con2�
3,215,440�
66,356�
�
vit_con3�
3,215,440�
117,944�
�
vit_con4�
3,215,440�
10�
�
vit_con5�
3,215,440�
122�
�
vit_con6�
3,215,440�
4,734�
�
tur_con1�
3,215,440�
26,479�
�
tur_con2�
3,215,440�
52,463�
�
tur_con3�
3,215,440�
96,489�
�
tur_con4�
3,215,440�
0�
�
tur_con5�
3,215,440�
486�
�
tur_con6�
3,215,440�
6,889�
�
loss_6000_0100�
3,215,440�
53,040 (lost)�
�
loss_6000_0500�
3,215,440�
267,440 (lost)�
�
loss_6000_2000�
3,215,440�
535,440 (lost)�
�
loss_3000_0100�
3,215,440�
106,640 (lost)�
�
loss_3000_0500�
3,215,440�
535,440 (lost)�
�
loss_3000_2000�
3,215,440�
1,071,440 (lost)�
�
For error_64k.sct3 being corrupted


Error Type�
bits processed�
bits corrupted�
�
wcdma-64kb-005hz-3�
10,294,976�
14,154�
�
wcdma-64kb-070hz-3�
10,294,976�
13,002�
�
wcdma-64kb-211hz-3�
10,294,976�
10,081�
�
wcdma-64kb-005hz-4�
10,294,976�
831�
�
wcdma-64kb-070hz-4�
10,294,976�
1,135�
�
wcdma-64kb-211hz-4�
10,294,976�
973�
�
vit_con1�
7,680,000�
86,729�
�
vit_con2�
7,680,000�
168,897�
�
vit_con3�
7,680,000�
295,789�
�
vit_con4�
7,680,000�
10�
�
vit_con5�
7,680,000�
194�
�
vit_con6�
7,680,000�
5,917�
�
tur_con1�
7,680,000�
62,839�
�
tur_con2�
7,680,000�
124,272�
�
tur_con3�
7,680,000�
240,632�
�
tur_con4�
7,680,000�
0�
�
tur_con5�
7,680,000�
730�
�
tur_con6�
7,680,000�
14,941�
�
loss_6000_0100�
10,294,976�
171,200 (lost)�
�
loss_6000_0500�
10,294,976�
856,000 (lost)�
�
loss_6000_2000�
10,294,976�
1,712,000 (lost)�
�
loss_3000_0100�
10,294,976�
342,400 (lost)�
�
loss_3000_0500�
10,294,976�
1,714,976 (lost)�
�
loss_3000_2000�
10,294,976�
3,430,976 (lost)�
�






� The first is Glasgow.  The second is a lengthy sequence composed by the concatenation of shorter standard sequences.  Long sequences are used to ensure that the error statistics applied are valid [i.e.not subject to small number statistical inaccuracies].


� Found initially on standard.pictel.com ftp site, but could not be relocated for this report!
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