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Abstract

The progress of data transmission technology through the Internet has spread a variety of realistic contents. One of such
contents is multi-view video that is acquired from multiple camera sensors. In general, the multi-view video processing
requires encoders and decoders as many as the number of cameras, and thus the processing complexity results in difficulties
of practical implementation. To solve for this problem, this paper considers a simple multi-view system utilizing a single
encoder and a single decoder. In the encoder side, input multi-view YUV sequences are combined on GOP units by a video
mixer. Then, the mixed sequence is compressed by a single H.264/AVC encoder. The decoding is composed of a single
decoder and a scheduler controling the decoding process. The goal of the scheduler is to assign approximately identical
number of decoded frames to each view sequence by estimating the decoder utilization of a GOP and subsequently applying
frame skip algorithms. Furthermore, in the frame skip, efficient frame selection algorithms are studied for H.264/AVC baseline
and main profiles based upon a cost function that is related to perceived video quality. Our proposed method has been
performed on various multi-view test sequences adopted by MPEG 3DAV. Experimental results show that approximately
identical decoder utilization is achieved for each view sequence so that each view sequence is fairly displayed. As well, the
performance of the proposed method is examined in terms of bit-rate and PSNR using a rate-distortion curve.
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Fig. 1. Video mixing and encoding for a baseline profile sequence
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Fig. 2. Block diagram of the proposed multi-view decoder
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4.2 Decoded frame selection
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Fig. 5. Skip methods: (a) sequential skip, (b) non-sequential skip
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Table 2. The selection order of GOP frames

Baseline
profile | [P1] P2| P3| P5| P6
Ex 1| (N=6,M=1)
Selection 11213/ 45 8
order
Main profie | | | 51| B2| p1| B3| B4| P2| BS| B
(N=9,M=3 )
Ex2 Selection
114/ 7/2/5/8{3|6|9
order
Main profle | 1 51| B2| B3| P1| B4| B5| BS
(N=8,M=4)
Bx3 Selection
113{6|712|4]6;8
order
Main profie | | | g1\ 82| B3| B4| P1| BS| BB | BS| B7
(N=10,M=5)
Ex 4 Selection
ele 113/ 56|92/ 4/86| 8110
order

V. og 4=

AR AE T BHIAE 5942 YE KDDIYA Al
23 aquarium, flamenco, objects, & race ot 19
2 AHE FAES HAFY, 939 A3z EF
320x240°]t}. H.264/AVC JIM(Joint Model) 7.6 3% AX
EYE A3l T83}H 21, bit-ratex 512Kbps, QP
#2282 7Yt Intra Decoded Refresh(IDR)< 022
&%t IDRE ZPE PHE FAFNAM ] 45 2AEY
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°] 2 URHY BE HHE X739tk B =7ME
7t Zg Yol £ HE Lol fste &atol A T
frame numE ©]-43l¥ =4 IDRL frame num 3}2}H E
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72! 6. KDDI A8 Al A|fA~
Fig. 6. Test image sequences of KDDI

94 HIAE SIS Wol2ER] B v Z28kYelA
ek K, N, M) 38 &3t Attt O ZelA &
Me Hhio g By JA4ES A FEI, H264/AVCE H3
3Bttt & 32 wlojxgiel =28y 2 vl Z23Ye)

B 3. 4% vojrziel 22l 3 ool Z2sig SN Ny = BY U 4%
Table 3. Test baseline and main profile sequences. Nt = total frames

Test sequence K N M Nt Encoded file
b11.yuv 1 4 100 b11.264
b12.yuv 1 12 300 b12.264
b21.yuv 2 12 300 b21.264

Baseline| b22.yuv 2 24 300 b22.264
Profile | b41.yuv 4 12 400 b41.264
b42.yuv 4 24 400 b42.264

b81.yuv 8 12 500 b81.264

b82.yuv 8 24 500 b82.264

mit.yuv 1 4 1 80 m11.264

mi2.yuv 1 12 2 120 m12.264

m21.yuv 2 12 3 240 m21.264

m22.yuv 2 12 2 | 240 m22.264

Main m23.yuv 2 12 6 240 m23.264
Profle | m4tyuv | 4 | 12 | 6 | 480 m41.264
m42.yuv 4 12 4 | 480 md2.264

m43.yuv 4 16 8 512 m43.264

m81.yuv 8 12 3 576 m81.264

m82.yuv 8 24 6 576 m82.264
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Table 4. The performance of test baseline profile sequences

View V4 V2
| 9 9
Decoded —p 53 55
Frames -
Total 62 64
b21.264 -
Decoding 5753 | 5597
Time (msec)
Decoder
Utilization 0.506 | 0493
View V1 Vz Vi V4
| 9 9 9 9
E;";:;d:: P | 27 | 21 | 27 | 27
Total | 36 36 36 36
bd1.264 i
Decoding 3362 | 3295 | 3417 | 3203
Time (msec)
Decoder 0253 | 0248 | 0.257 | 0.241
Utilization
View Vi Vz Vs V4 Vs Ve V7 Vs
| 4 2 4 4 4 4 2 4
[,’fr;f:eesd P 6 6 6 6 6 6 6 6
Total | 10 10 10 10 10 10 10 10
b81.264 i
Decoding ‘954 | 938 | 907 | 74 860 968 892 905
Time (msec)
Decoder 0130 | 0128 | 0124 | 0119 | 0117 | 0132 | 0122 | 0.124
Utilization
View V1 Vz Vs V4 Vs VG V7 VB
| 4 4 2 2 4 4 4 4
r‘l’:‘::r’::sd P 8 ) 8 8 8 8 8 8
Total | 12 12 12 12 12 12 12 12
b82.264 i
82 Decoding 1547 | 1531 | 1580 | 1423 | 1327 | 1576 | 1406 | 1515
Time (msec)
Decoder 0129 | 0128 | 0132 | 0.119 | 0111 | 0132 | 0118 | 0427
Utilization
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Fig. 7. The variation of decoder utilization for baseline profile sequences
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Table 5. The performance of test main profile sequences
View Vi Va2
| 9 9
Decoded P 25 26
Frames B 17 22
m21.264 Total 51 57
Decoding Time (msec) 5044 4574
Decoder Utilization 0.538 0.461
Cost Sequential 254 202
Non-sequential 117.9 90.6
View Vi V2
| 9 9
Decoded P 30 33
Frames B 12 15
m22.264 Total 51 57
Decoding Time (msec) 5045 4562
Decoder Utilization 0.526 0.473
Sequential 270 231
Cost
Non-sequential 174.7 147.7
View V1 Vz
1 9 9
Decoded P 9 9
Frames |. B 37 35
m23.264 Total 55 53
Decoding Time (msec) 4609 4702
Decoder Utilization 0.487 0.512
Sequential 187 200
Cost
Non-sequential 113.8 120.8
View Vi Vs Vs Vs
| 9 9 9 9
Decoded P 9 9 9 9
Frames B 9 9 9 9
md1.264 Total 27 27 27 27
Decoding Time (msec}) 2842 2561 2778 2484
Decoder Utilization 0.264 0.241 0.262 0.231
Cost Sequential 405 405 405 405
Sf
Non-sequential 231.3 231.3 231.3 231.3
View Vi V2 Vs Vs Vs Vs Vr Vs
I 5 5 5 5 5 5 S 5
Decoded P 3 3 3 3 2 2 2 3
m81.264 Frames B 0 0 0 0 0 0 0 0
Total 8 8 8 8 7 7 7 8
Decoding Time (msec) | 702 719 765 704 767 890 860 717
Decoder Utilization 0.111 | 0.115 | 0.122 | 0.113 | 0.128 | 0.149 0.144 0.114
Cost Sequential 297 297 297 297 308 308 308 297
Non-sequential | 251.1 | 2561.1 | 261.1 | 2511 | 2774 | 2774 2714 251.1
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Fig. 10. Performance comparison of simulcast sequence and video-mixed sequence
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