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Abstract: As more and more flexible block modes are introduced into video coding, mode decision technology becomes an important
coding tool. The performance of mode decision has great impact on both coding performance and computational complexity. This article
proposes a complexity controllable multi-mode decision algorithm to attain optimized coding performance under different computational
complexity constraints herein. Instead of speeding up multi-mode decision merely, the algorithm predicts the Lagrangian cost and
complexity slope (J-C slope) of MD for each macroblock (MB) by exploiting their temporal and spatial correlations. The larger J-C slope
is, the higher coding gain over each unit of computational cost will be. In the environment of limited computational resources, multi-mode
decision should be performed in a cost effective order, i.e. the order of their J-C slopes, to achieve optimized coding performance. In
addition, an adaptive method is proposed to adjust the computational complexity of the algorithm dynamically by discovering the
relationship of J-C slope thresholds and their corresponding complexity. Experiments demonstrate the proposed algorithm can both

precisely adjust the computational complexity and optimally perform mode decision under different computational constraints.
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Fig.1 Seven modes of H.264/AVC
Bl 1 H.264/AVC i 7 Flfit

BE AR, AT 45 A0 AT 4 i (scalable video coding, fij#X SVC)E LA H.264 LA L5 T 8 2 I gm i =X, N i
e N T AP S o BV FE.SVC 2 USRS D AR HE H.264 4K T ) = v A0S0 145 1T Wit(H.264 high profile)
J [0 S AT ok T — UG B i A 45 b AS [ P B A g ¢ ity 5 3R 1) ) SVIC A 348 1) Ao 4 1V 3 A A 1 3
R RIX 3 510 2 & SVC N —ANTE .

1

1

: " 8x8 | 8x4

1 H T T

! 2 4x8 | 4x4
N P ': J

T 1 \ ,oon \

1 N s 1 i i |

' i 1) 16x16 | 16x8
! \ =g

1 : ! H

: %ﬂ }Hz w | | } w | L | !

1 ’ 8x16 [ 8x8 -
! : |

X ‘

1

Fig.2 Different modes of H.264 SVC
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Fig.9 Rate-Distortion curves of the proposed algorithm
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Fig.10 Complexity-Distortion curves of different CAMD algorithms
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Table 1 Different groups of test sequences

R 1 WP AR 4oL

Sequences

Group  Format
A QCIF
B
(C CIF
D 4SIF
E 720p
F 1080p

News, Bus, Husky, Intros
SIF Stenfan, Mobile, Garden, Tt, Tennis
Foreman, Sign_irene, Silent, Students
Vtclnw, Galleon, Washdc
Ducks take off, Parkrun, Old town cross
Park joy, Riverbed, Pedestrian_area

R 2 AT FIAEAFIREA 7 51 9 b i FE 92 (K v S5 5 2% BE AN T35 3 (K OR K 3R- AR S5 8 0 e L K H
PRk S BE SR BUR H AT K S — A [ 8 (L R T LORE He B 25 B, LLIE I 22 A4 i S B I T 5 3K 4 2 o
TARSRAE A~F B 475 ERAIE KA KPR AL FIATime (¥17H 523 5000 F
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AL = (J16x16 - JK)/(J]6><16 - Jmult[»mode) (13)
ATlme = (Timel()xl6 - TimeK)/(Timel()xm - Timemuhi-mode)
Forh AL RARF DS o 16x16 B W FIRA% B A 2 L ATime Rm X P8 TR E 20 B8 2 L AR 3
T LAE AL M ATime #i&HEE K 3 KIS K, ATime JEA L IE T KARI,AL #8 K {EERR S HKAG 5

PRIX G T AL J-C slope 19K/ REAT 2 8L 3, KRB, BRI S0 K {ELIT BEAS 2 (AL UK 1%
RV IE R AT .
Table 2 Rate-Distortion performance comparison of the proposed algorithm with different QPs

R2 AFENSHE SRR B

Sequence | K (%) QP:I? QP:ZO, QP=24_ QP:ZS_
AL (%) ATime (%) | AL(%) ATime (%) | AL (%)  ATime (%) | AL (%)  ATime (%)
25 46 26 45 29 50 26 59 28
A 50 77 51 81 51 81 52 84 53
75 88 77 91 76 92 77 93 77
25 41 25 45 26 13 29 61 29
B 50 69 53 82 45 77 54 83 54
75 90 86 95 82 89 79 94 79
25 45 29 43 27 51 28 58 27
C 50 79 48 79 51 84 57 82 51
75 89 81 91 83 91 80 93 74
25 ) 28 45 24 61 29 51 28
D 50 81 48 81 52 84 55 81 50
75 87 78 93 79 96 79 91 72
25 39 26 45 26 59 29 49 26
E 50 76 52 79 54 81 53 83 53
75 88 71 89 74 92 82 94 77
25 46 27 46 30 50 26 53 27
F 50 77 53 78 49 74 52 75 51
75 88 78 91 79 94 81 93 74

K 3 AT A 2B K F R HAEA FASUT B Lo SRR T b, M Ak
(Baseline) [ 1F S E A FEH G —FrIR A 100%, HoAh vk i 542 I8 B 40 2 5 B vE VR B AR 6B W3R 3 Fh T LU
YA SC R S ML e 5 53 A P Rl B2 (Baseline A1 Su’s method)AH b #8 HL A B & 40 34

Table 3 Percentage of time cost of different multi-mode decision algorithms (%)

R 3 A BCR A PTRE S 1 I 18] L ) (%)
MHTF 51 SEAMESTL Su 5 NI AITTIE
A 100 86 72
B 100 81 68
C 100 82 73
D 100 79 71
E 100 73 61
F 100 79 62

g T AN T SE AR AR B e B0 BB A SO P R SR 2 U B AR T Su ST R I SEILL R

T B ATHZAN A K AE 73 59 25 H AR S K V155 52 23 RE R 3 O SO PR e, G r B0 - MR B adt Jog ) o 5505 3
{APSNR = PSNR, — PSNR,,, ¢ (14)
ABit-rate = (Bit-rate,q,,, — Bit-rate, )/ Bit-rate g,

FCrf PSNRy H1 Bit-ratex 73 3l Ji& 425 50 K B 0y A7) BRI 50925 FR 4 16 U RIS %, 110 PSINR 1616 A1 Bit-rate s
73 3 BURH 16x16 73 B oI 16 £ e Ll A i <.

4 EARTLRAE AEA FIREA PP 91 i 45 W BRI 22l T A SCR D T 1852 A6 2 B0 e B 5 5, B AR
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Table 4 Rate-Distortion performance of the proposed algorithm with different K
R4 AW KAL R ASCEER AR HAERE

Sequences Average APSNR (dB) Average ABit-rate (%)
K=25% K=50% K=75% K=25% K=50% K=75%
Group A 0.004 0.01 —-0.007 5.5 6.3 6.7
Group B 0 0.001 —-0.008 4.6 5.1 6.1
Group C 0.009 0.012 —-0.02 6.4 9/3] 7.5
Group D 0.01 0.009 0 7.2 8.5 8.9
Group E 0.009 0.011 -0.01 6.1 7.6 7.8
Group F 0.01 0.012 —0.01 5.9 6.1 7.0
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Fig.11 Comparison of computational performance of the proposed algorithm with different K
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