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A Rate Control Algorithm for Scalable Video Coding

XU Long” GAO Wen"? ]I Xiang-Yang” ZHAO De-Bin¥
U (Institute o f Computing Technology, Chinese Academy of Sciences, Beijing 100190)
2 (Institute of Digital Media , Peking University, Beijing 100871)
D (Department o f Computer Science and Technology . Harbin Institute of Technology, Harbin 150001)

Abstract  The joint scalable video model (JSVM) as a scalable extension of H. 264/AVC pro-
vides a high efficient solution for scalable video coding (SVC). However, there is not efficient
rate control scheme is specified. This paper presents a new rate control scheme for the JSVM
based on the special structure of hierarchical B decomposition (or motion compensation temporal
filtering (MCTF)). In a sense of bit allocation, a novel hierarchical bit allocation strategy is pro-
posed. Meanwhile, the different rate-distortion (R-D) model is provided for each kind picture
with different picture type or temporal decomposition level. Experiment results show that the
mismatch of target bit rate and real bit rate generated for coding doesn’t exceed 2% ; meanwhile,
the PSNR improvement can be up to 1dB in low bit rate; furthermore, comparing to the original
rate control method which achieves the target bit rate through regulating quantization parameter
(QP) step by step, the computation complexity of the proposed rate control algorithm base on

experimental model is reduced drastically.
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(a) foreman (QCIF QP=32bit i4#* =69kbps 15Hz) (b) foreman (CIF QP=32bit % =242kbps 15Hz)
B9 29 QP Ffi 42 i St 45 1) PSNR X b
£ 1 “football” £ 2% QP FNFY =4I % R XfLL
(a) FOOTBALL(BL) QCIF 15Hz
# % QP 7 1k ik NRy
A i & QP 1Y J ik AT APSNRy ABITS Error
[TES Y U \% fith Y U \% /dB
435. 8400 39.9776 43.2618 44. 4631 446. 9967 40. 8796 43. 7484 45. 0040 0.9020 0.026
291. 4745 37.0344 40. 9381 42.6291 294.9219 37.8552 41. 6172 43. 2944 0. 8208 0.012
195. 7992 34. 4698 39.0138 41.0352 196. 6982 35. 1303 39. 8065 41. 7985 0. 6605 0. 005
129. 8266 31. 9160 37. 4470 39. 8182 130. 7967 32. 6426 38.1627 40. 4865 0.7266 0. 007
90. 4556 29. 8129 36.1262 38. 7643 91. 8373 30. 4225 36. 9022 39. 5049 0. 6096 0.015
65. 4254 27.9089 34. 8166 37.6010 67.0496 28. 8588 36. 0051 38. 7952 0. 9499 0.025
(b) FOOTBALL(EL) CIF 15Hz
[HE QP i) T b PSNR
A b SWIRZS A A7 APSNRy ABITS Error
i Y U \% it 28 Y U \% /dB
1504. 1710 39. 2840 43. 4958 44. 6463 1531. 0360 40. 3792 44. 0526 45. 2599 1. 0952 0.018
967. 3877 36. 6979 41.6218 43.0915 969. 9562 37.5899 42.1937 43.6932 0. 8920 0.003
617.2327 34. 2149 39. 9831 41. 7505 620. 2177 34. 9948 40. 6282 42. 3457 0. 7799 0. 005
406. 8951 32.2008 38. 7358 40. 7266 406. 8429 32.5639 39. 1259 40. 9964 0.3631 0. 000
282. 3251 30. 3349 37.6961 39.7693 282. 3224 30. 6006 37.7789 39. 8871 0. 2657 0. 000
209. 5056 28. 8003 36. 7053 39.0242 211. 4201 29. 0838 37.0097 39. 3686 0. 2835 0. 009
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& 2 “foreman” % QP FOAL Tz 4 RXFEL
(a) FOREMAN(BL) QCIF 15Hz
pro > B -
A 52 QP A7 ik AT AP:SNRY ABITS Evror
fith % Y U % i 2% Y U v /dB
179. 4290 10. 8809 14.5038 45.3993 177. 7142 41. 2554 14. 3040 15. 3094 0. 3745 —0.010
109. 1164 38. 4442 12.7266 13.5938 110. 9023 38. 6072 12. 6475 43.5474 0. 1630 0.016
69. 4692 36.1096 40. 9989 41. 8184 69. 9633 36.1777 41.1232 41.9813 0. 0681 0. 007
50. 0830 34.1054 39. 8165 40. 5413 50. 6494 34.3577 40. 2937 40. 9839 0.2523 0.011
38.7319 31.9184 38.7112 39.1933 39. 2910 32.4312 40.1043 40. 7231 0. 5208 0.014
32.1352 29.7734 37.6559 37.8835 33.5926 30. 7861 39. 6252 10. 2051 1.0127 0. 045
(b) FOREMAN(EL) CIF 15Hz
A [ QP 7 ik A ARSIy APSNRy» ABITS Evror
g% Y U \% [T Y U \% /dB
743. 3007 39. 3526 43.9486 45.5160 744. 7697 10. 3175 13. 8648 45. 6939 0. 9649 0. 001
411. 8044 37.2076 42.4796 44.1270 415. 8894 37. 9885 12.4788 44. 3142 0. 7089 0. 009
242. 4091 35. 2865 41.0023 42. 6004 242. 6463 35.5666 41.0335 42.6929 0. 2801 0.001
161. 4538 33.5769 39. 9270 41. 3453 161.5183 33.7635 39. 8104 41. 2319 0. 1866 0. 000
122.1650 32. 0669 38.9163 40. 0420 122.1065 32.2274 39.1321 10. 3685 0. 1605 0. 000
100. 3283 30. 4314 37.9203 38. 7142 103. 8132 31. 2700 38.8217 40.0131 0. 8386 0. 035
#£ 3 “mobile” £ QP FIASRITHI L RXTEL
(a) MOBILE(BL) QCIF 15Hz
[ QP 1 Jr ik ARSIy APSNRY ABITS Error
i % Y U \% i 2% Y U \% /dB
419. 3909 38.6913 40. 2244 39. 907 419. 5986 39. 0365 40. 7915 40. 3437 0. 3452 0. 000
228. 7068 35. 4655 37.4848 37.0782 231. 0977 35. 81 37.9788 37.3698 0. 3445 0.010
124. 6494 32. 7649 35.2973 34.6777 125. 6698 32.9132 35. 7340 34. 9287 0. 1483 0. 008
79.5972 30. 5634 33.7425 33.0993 79. 4830 30. 7057 34. 0260 33.2425 0. 1423 —0.001
56.1012 28. 2703 32.2183 31.5536 56. 6450 28. 7894 33.0541 32. 2630 0.5191 0.010
44.1203 25. 8811 30. 7784 30. 1328 44. 9603 26. 6389 32.3416 31.5389 0.7578 0.019
(b) MOBILE(EL) CIF 15Hz
[ QP 1 Jr ik ARSIy APSNRY ABITS Error
i % Y U \% i 2% Y U \% /dB
1900. 3530 37.5987 39. 6892 39. 6241 1858. 2790 38. 4437 10.1970 10. 0883 0. 8450 —0.022
1057. 5760 34. 4895 37.5660 37.3202 1033. 2660 35. 3362 37.7929 37.5216 0. 8467 —0.023
550. 4276 31.8012 35.9059 35.4749 544.2943 32.5659 35. 9572 35.5392 0. 7647 —0.011
311. 6772 29. 6854 34. 6673 34.1165 307. 1561 30. 0454 34. 3884 33.8439 0. 3600 —0.015
198. 8160 27.8423 33. 2860 32. 7687 196. 8952 28. 0058 33.1804 32.6374 0.1635 —0.010
142. 3945 25. 8788 31.9902 31.4661 144. 5059 25. 9241 32.4015 31.7194 0. 0453 0.015
F 4 “harbour” £42% QP FIRY R4 45 B xttL
(a) HARBOUR(BL) QCIF 15Hz
2 J 3
A 52 QP A7 % ATk APSNRY ABITS Evror
fith % Y U \% fith % Y U A% /dB
377.1228 38.9736 44. 9030 16.5748 378.2781 39. 0295 15.3112 16.9725 0. 0559 0. 003
215. 6954 35.8099 13.1356 14. 8971 216. 5652 35. 8649 13. 2576 15.0385 0. 0550 0. 004
127. 6775 33.3178 41. 3927 43. 3965 128. 8461 33.4209 11. 8052 43.9067 0. 1031 0. 009
75.6720 30. 8712 40. 2703 42. 4406 76. 8430 31. 2859 10. 4910 12. 6246 0. 4147 0.015
50. 3785 28. 7376 39. 3906 41. 3970 51.1937 29. 2865 39. 8674 41.9061 0. 5489 0.016
37.8439 26. 6311 38.4179 40. 1485 38.7327 27.6765 39. 3548 41. 3490 1. 0454 0.023
(b) HARBOUR(EL) CIF 15Hz
2 J 3
A 52 QP HY 7 % ATk AP:SNRy ABITS Evror
i Y U \% i %= Y U \% /dB
1498. 0110 37.8054 44. 6855 16.1063 1501. 915 38.1254 14. 4927 15.9115 0. 3200 0. 003
831.1183 34.9216 43.3233 14.9152 834.7092  35.1831 12.7532 14. 2671 0.2615 0. 004
458. 1087 32.4796 41.9872 43.5392 461.3926  32.5798 41. 7656 13.3946 0. 1002 0. 007
262. 0883 30. 4646 40. 9378 42. 5697 264.3012  30. 4456 10. 6954 42.3332  —0.0190 0. 008
168. 4701 28. 7352 39. 7960 41.4275 169.8968  28.8228 39. 7794 41. 4149 0. 0876 0.008
121.7081 26. 9631 38. 7822 39. 9450 122.9892  27.6967 39. 3448 11. 0302 0. 7336 0.011
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Background

This paper is concentrated on the rate control for joint
scalable video model (JSVM). In the beginning of standardi-
zation of scalable video coding (SVC), there is not efficient
rate control scheme proposed for JSVM, where the bit rate
controlling is realized by multi-pass encoding. Certainly. the
target bit rate can be obtained by truncated the bit stream
compressed with high picture quality or high bit rate, which
is an important character of SVC. However, this method is
hard to achieve the optimized coding performance, so a one-
pass rate control scheme is proposed for JSVM in the au-
thors’ previous work. For rate control of hybrid video coding
H. 264/AVC, the laboratory that the authors is currently
dedicated to mading important contributions in the past sev-
eral years. A two-pass rate control scheme proposed individ-
ually by Siwei Ma from the Lab. is adopted by JVT to be a
reference solution of rate control of H. 264/AVC. And also,
a one-pass rate control scheme popularly employed in the cur-
rent reference codec of H. 264/AVC is proposed by Zhengguo
Li, Singapore and Siwei Ma.

In the beginning of standardization of SVC, the authors
have provided the rate control scheme for JSVM, which is

ceedings of the PCS2007. Lisboa, Portugal, 2007

rent research interests are multimedia data compression, im-
age processing, computer vision, multimodal interface, arti-
ficial intelligence and virtual reality.
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terests include video coding, image processing and 3D wave-
let video coding.
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published in VCIP2005. The algorithm of VCIP2005 is based
on the traditional rate distortion (R-D) model, and with a
layered bit allocation strategy which can brings much more
coding performance. The algorithm in this paper makes a
bigger improvement than the previous one, due to a set of
scaling-factors employed for bit allocation. In the new pro-
posed bit allocation, a set of weight parameters derived from
the importance of each subband/picture for the whole coding
performance is used to help bit allocation; moreover, based
on the experiments, the authors propose a leveled R-D model
for each hierarchical level of subbands. For low-pass subba-
nds, the quadratic R-D model is employed, and for high-pass
subband, the linear R-D model is used. From the experi-
ments provided by the authors, it can be seen that the leveled
R-D model can reflect the relationship between R and D more
accurately.
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