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Depth video fast macroblock mode selection
algorithm based on mode complexity
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Abstract: To reduce the complexity of encoding depth video and to improve the efficiency of encoding
depth video, a depth video fast encoding algorithm was proposed by utilizing the consistency of the
complexity of depth video texture. Firstly, the mode complexity in different areas was analyzed. The
complexity factor of a macroblock mode was defined, and the depth video was divided into two kinds
of areas, simple area and complex area, by using the factor. Then, the distribution of macroblock
mode of depth video and the correlation characteristics of macroblock mode selection were analyzed in
detail to provide a theoretical basis for the proposed algorithm. Finally, a fast selection algorithm for
depth video macroblock mode was implemented based on different encoding strategies from the simple
area or the complex arca. Experimental results show that the algorithm can save 65.57% —92. 72%
encoding time while maintaining the encoding rate-distortion performance and the quality of virtual
view. Furthermore, more encoding time can be saved in the condition of low bit rate. Therefore, this

algorithm is more effective under low network bandwidth limitations.
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Fig. 2 SAs and CAs in test sequences
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Tab.2 Mode correlation between current macroblock and its adjacent macroblocks

P(O=M | m(K)=M)P(m(O=M| m(K)=M)P((O=M, | m(K)=M)I)P((O=M | m(K)=M,)

Sequence
K=EA K=EB K=D K=EA K=EB K=D K=EA K=EB K=D K=EA K=EB K=D

Leave Laptop 0.96 0.97 0.99 0.03 0.03 0.0l 0.55 0.50 0.69 0.24 0.32 0.21
Door Flowers 0.97 0.98 0.99 0.02 0.02 0.0l 0.65 0.56 0.69 0.24 0.35 0.24
Lovebirdl 0.95 0.96 0.97 0.04 0.04 0.02 0.61 0.55 0.60 0.25 0.26 0.27
Newspaper 0.91 0.91 0.95 0.06 0.05 0.03 0.45 0.45 0.41 0.30 0.31 0.35
Book Arrival 0.95 0.97 0.98 0.03 0.03 0.0l 0.55 0.40 0.65 0.24 0.43 0.24
Average 0.95 0.96 0.98 0.04 0.03 0.02 0.56 0.49 0.61 0.25 0.33 0.26

CA) T R0 7 7 R R &8 70 5 SR AR & 1 2 B

3 A TFHX G LEWEE R TR R B S My AR ML A(6) L T A

BXEELE

WL E M RSB T — 4R TR L
T B 1 T B A0 B o 2 e A R ok R Ak L BVEAE
EanE 5 s, HARWEERGARMT .

“alculate MM

0,EA4 and £
1l are M2

L Search | | Search | Search L Search I | Search |

M M2 and Mg All modes My and Mg M Mz and M My and My

P15 TR 20 A % i 0 TR R o s S R 0 vk
HE
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Tab.3 Test environment

Depth test sequence Views Virtual view

Door Flowers, Book Arrival,

7,10 8

Leave Laptop
Nagoya Dog,Champagne 38,41 39
GIST Newspaper 4,6 5
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Tab. 4 Comparison of coding time

Sequence QP Tisve /s Trroposed /S Tyoon /s ATe /(%) ATy /(%)
22 5 168.77 1277.21 2 230. 84 75.29 56. 84
27 5 025.59 968. 04 1 967. 85 80. 74 60. 84
Door Flowers
32 4 844.21 672.62 1 751.48 86. 11 63. 84
37 4 671.76 489. 62 1 586.18 89.52 66. 05
22 5 722.74 1 964.59 2 498.19 65. 67 56. 35
Book Arrival 27 5 495. 39 1 558. 39 2 316.70 71. 64 57. 84
32 5 243. 88 1 133.95 2 182.54 78.38 58. 38
37 5032. 37 823.23 1 949. 24 83. 64 61.27
22 5 201. 50 1 211. 26 1 822.61 76.71 64. 96
27 4 941.63 845.78 1 663.82 82. 88 66. 33
Newspaper
32 4 727.59 623.01 1 541.61 86. 82 67.39
37 4 578.21 481. 18 1 447.93 89. 49 68. 37
22 5 274. 89 1 416. 90 2 340. 55 73.14 55.63
27 5 108. 45 1079.73 1 941. 60 78. 86 61.99
Leave Laptop _
32 4 900. 61 756. 62 1 730. 04 84.56 64. 70
37 4 728. 34 554,22 1561.77 88. 28 66. 97
22 8 073. 60 2 169. 95 2 104. 57 73.12 73.93
D 27 7 764. 28 1 566. 33 1 951. 28 79. 83 74. 87
°8 32 7 411.96 1 068. 42 1817.23 85. 59 75. 48
37 7 160. 23 736. 33 1 700.93 89.72 76. 24
22 7 061.13 811.15 1764.21 88.51 75.02
27 6 882. 27 621. 04 1641.59 90. 98 76. 15
Champagne
32 6 745. 22 529.59 1 580.98 92.15 76. 56
37 6 705,03 488. 04 1561.52 92.72 76.71
X5 HBETWA B LRGN REE R, ~ BRproposed — BRimve 0
i ) ABRp= BR X100% »  (6)
ABR. il ABRy 4851 7K SCHF v A SCHR L1715 1 pave
L 018 25 A B T 35 970 50 0 ABR,— BRv = BRuwe 000 o

B RJ MVC
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Tab.5 Performance comparison of coding rate %)
ABRp ABRy
Sequence/ QP 22 27 32 37 22 27 32 37
Door Flowers 2.42 1.72 —0.10 —2.76 0.27 —0.27 —0.22 —0.06
Book Arrival 3.02 2.53 2.13 1.35 —0.06 —0.63 —0.19 0.17
Leave Laptop 3. 26 2.65 1.22 —0.65 —0.03 —0.90 —0.44 —0.26
Dog —1.02 —2.07 —3.39 —4.78 —0.388 —1.08 —0. 64 —0. 36
Champagne —0.15 —3.61 —3.19 —2.01 —0.95 —0.82 —0.30 —0.29
Newspaper 3.93 3.92 3.95 0.03 —0.53 —0.11 0.13 —0.13
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APSNRp= PSNRpioposcd = PSNRjuve s (8)
APSNRy= PSNRy,n — PSNRjves (9
H 1 PSNRpuoposed » APSNRyoon #l APSNRjuve 43

M ARSCHEE  SCR[ 17 )8 R JMVC B3k 2
ALY PNSR, A SCH 3 JE DA AU B9 PSNR
ZH N —0.05~0.03 dB, CHR[17 B R 21 K
—0.06 dB~0.07 dB., #* 6 HF 5 X} b g5 S &
B A S vk R SRR (17 5 32 2 4 g 000 25 19
PSNR Al JMVC #3219 PSNR A 24, B #5458 %
HBAE PR UEZ: 6l B & W T i . R 6 R W, AR
PREAE T A5 A 7 5. &6 45 i T News-
paper JT 41 i i i AR L SCHR 17 15880 1 FAS SO
T2 0 R A R A A5 A . A X L AT
AT, T AR I Y R LR e 2 o PR R R R R
XAGEIR IR 6 Y % 00T i 4] b2 R o8 4 — 3L

®6 EHMS PSNR ZEXLE

Tab. 6 Comparison of PSNR difference for virtual viewpoint (dB)
APSNRp APSNRy
Sequence/ QP
22 27 32 37 22 27 32 37

Door flowers 0.01 —0.01 0. 00 —0.02 0. 05 0.07 —0.06 —0.06
Book arrival 0.01 0.03 —0.01 —0.04 —0.01 —0.03 —0.4 —0.02
Leave laptop 0. 00 0. 00 —0.01 —0.04 0. 00 0.08 0.05 —0.03
Dog —0.01 —0.01 —0.02 —0.05 0.01 0. 00 0.01 —0.01
Champagne 0.03 0. 00 —0.01 —0.01 0.02 0. 00 —0.01 0.02
Newspaper 0.01 0. 00 0. 00 —0.02 0.01 0. 00 0. 00 0.01
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Fig. 6 Subjective quality comparison of Newspaper sequence by using different methods

5 % #

TR AR5 7 (0 0L 17%) 80 RS SR TR
T3] ) 40 % SRR s AS ) VR B AL 1) G R R 4 . %
R ) RS R AL 5 L B G D B R 08 T X s B
Y T AH 48 72 B 55 Y i B 2 2% B A G L R
JFH 3 R it T DA R v R AR 3508, AR SCF)

Sk

[1] VERRO A, TOURAPIS A, MULLER K, et al..
3D-TV content storage and transmission [J]. IEEE
Transactions on Broadcasting, 2011, 57(2):384 -
394.

[2] SMOLIC A, MULLER K, MERKLE P, etal.. 3D
video and free viewpoint video-technologies, appli-
cations and MPEG standards[ C]. Toronto, Cana-
da: Proceedings of International Conference on
Multimedia and Expo,2006, 2161 -2164.

[3] TANIMOTO M, TEHRANI M P, FUJII T, et
al.. FTV for 3-D spatial communication [J]. Pro-
ceedings of the IEEE, 2012, 100(4):905-917.

[4] MULLER K, MERKLE P, TECH G, et al.. 3D
video formats and coding methods[CJ. Proc. of
IEEE International Conference on Image Process-
ing» Hong Kong »2010, 2389 2392,

[5] FOIX S, ALENYA G, TORRAS C. Lock-in Time-
of-Flight ( ToF) cameras: a Survey[]].
Jowrnal, IEEE, 2011, 11(9):1917-1926.

[6] B, T, Tk, F. HTHENELERRZ
WEREBR O EL] &5 25, 2012,27(2):
229-234.

Sensors

FH 2 Bt 352 2% B DR 14 T B ARl kg A 52
Fe A ]ty A8 2 X3, Xof A [) DX B A8 P AN [ £
i SR e AT 0 % o B0 0 ] B ASE 5 DX i 2 ik 0 A
2 B2 A X OR AR 0 5 2 i R e A, 5
B2 R RN, 5 00 3005 7 PR IR Al P R AR
AAERIEBLR L R BE B AR T g5 S A B BE T 4
65. 5720 ~~92. 726 i) & 5 I [6] . 1% A% 2 (9 1% L T
LY B G B[R] B 22
SHI G K, WANG Q H, LID H, etal.. A method
for depth map extraction of defocused image based
on segmentation [ J]. Chinese Jowrnal of Liquid
Crystals and Displays,2012,27(2): 229 -234. (in
Chinese)
(7] AL, skab. ST A H. 264 BOULI G % R 52
[J]. &% #h% T4, 2013,21(3): 774-781.
ZHU SH P, ZHANG L.
based on fractal and H. 264[J]. Opt. Precision
Eng., 2013,21(3): 774-781. (in Chinese)
[8] MULLER K. MERKLE P, WIEGAND T. 3D vid-

Video coding system

eo representation using depth video[ J]. Proceedings
of the IEEE.2011,99(4) :643 -656.

[9] MORI Y, FUKUSHUMA N, YENDO T. et al..
View generation with 3D warping using depth infor-
mation for FTV []J].
Communication, 2009, 24(1-2):65-72

[10] R436. &A%, KT, F. 54 H 264 PREER

R EL] b5 HE T, 2013.21
(4): 1017-1025.
WU Y H, JINL X, ZHANG L, etal..

Signal Processing: Image

Improve-
ment of fast integer pixel motion estimation algo-
rithm for H. 264 [J]. Opt. Precision Eng. , 2013,
21(4): 1017-1025. (in Chinese)



2204 b=

k% TR

522 %

[11]  Z4R76, & &, kA7, B Jmode i 598 1 i R

P iR Rk k& E 25,2013, 28
(2):266-272.
WU Y H, JIN L X, ZHANG K. Fast P-frame
mode decision algorithm using monotonicity of
Jmodel J]. Chinese Journal of Liquid Crystals and
Displays, 2013,28(2):266-272. (in Chinese)

[12] WANG M H, JIN X, GOTO S. Difference detec-
tion based early mode termination for depth map
coding in MVC [ C]. Nagoya: Picture Coding
Symposium, 2010, 502 -505.

[13] MA X, HUO ], YANG X, etal.. Rate-distortion
performance-invariant early termination algorithm
for depth coding [J]. Electronics Letters, 2013,
49(1):36-38.

(14 e, o Sk, BARZ . — Fl = 4E LI IR 2 I 4R

PN k)] B e FHBERFER: A
ARAF M ,2012, 39(3).7-13.
YANG X, CHANG Y L, HUO J Y, et al.. A
fast intra coding method of depth map of 3d video
[J]. Jowrnal of Xidian Uniwversity: Natural Sci-
ence Edition,2012, 39(3):7-13. (in Chinese)

[15] LEEJY. WEY HC, PARKDS. A fast and effi-
cient multi-view depth image coding method based
on temporal and inter-view correlations of texture
images [J 1. TEEE Transactions on Circuits and

Systems for Video Technology, 2011, 21 (12):

EERN

B 351973 —). . I 4B K A i
+ R A A R, 1999 4R T rp
FEL B B O B, 5 A T 5% 0T 4R 45 0 - 2
i, EENE B F 5 A R A
FOGEARBA 2 W A0 4t b 55 7 T
[ WF 5% . E-mail: chenfen @ nbu. edu.

cn

[16]

[17]

[18]

[19]

[20]

[21]

1859 -1868.

PENG Z J, YU M, JIANG G Y, et al.. Virtual
view synthesis oriented fast depth video encoding
algorithm [C]. 2010 2nd International Conf. on
Industrial and Information Systems, Dalian,
2010, 204 -207.

YOON D H, HO Y S. Fast mode decision algo-
rithm for depth coding in 3D video systems using
H. 264/AVC[D]. 5th Pacific Rim Symposium
PSIVT Proceedings Part II, South Korea,
Gwangju, 2011, 25-35.

SHEN L Q, LIU Z, AN P, et al.. An adaptive
early termination of mode decision using inter-layer
correlation in scalable video coding [C]J. 2010 17th
IEEE International Conference on Image Process-
ing (ICIP), 2010, 4229-4232.

SHEN L Q. SUN Y W, LIU Z, et al.. Efficient
SKIP mode detection for coarse grain quality scala-
ble video coding [J]. IEEE Signal Processing
Letter, 2010, 17(10) :887 -890.

ISO/IEC JTC1/SC29/WG11, M16923. Depth es-
timation reference software (DERS) 5. 0 [ R ].
Xian, China, Oct, 2009.

ISO/IEC JTC1/SC29/WG11, M18356. 3DV/FTV
EE2: Report on VSRS extrapolation [ R], Guang-
zhou, China, 2010.

BRE3—.H. MR
+ R, B R R, 2010 AFEF R
Bl B 1155 07 3R A5 Wl 24, 2
SRR L £ AR R 5 4k 11 5 58
{5 WF 55 A1 JK A1 4 6%, E-mail: peng-
zongju@nbu. edu. cn

(RRILERE REWW FEEH)



