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Linear Modeling and Online Predicting for Video Decoding Complexity
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Abstract  Multimedia applications, such as video decoding, always take heavy computational
complexity and cause huge energy consumption. To save energy, existing hardware platforms
tend to adjust their resources according to the actual decoding computational demand. The effec-
tiveness of such methods depends on the prediction accuracy of decoding complexity. Based on the
linear relationship between frame length and the decoding complexity of each frame, this paper
proposes a linear modeling and online predicting method which utilize State-Variable Analysis
(SVA) for video decoding complexity prediction. The state equation of decoding system is estab-
lished as follows. The semantic meanings of state variables which directly affect the linear rela-
tionship between frame length and decoding complexity are exploited through analysis on

decoding procedure. Then combined with the semantic correlation between neighboring frames in
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compressed streams, the state equation is established as a piecewise function which can reflect the
variation of video content. Considering the different characteristics of state trajectory between
intra-frame and inter-frame, we provide online decoding complexity predicting methods for them
respectively. The mean values of state variables for intra-frame are obtained through offline sta-
tistical analysis and then utilized directly during online process to predict decoding complexity.
For inter-frame, the values of state variables are calculated using state equation in the online
process and then the decoding complexity can be predicted. The proposed method is implemented
on both software-based simulation platform and DSP-based hardware platform, the decoding
complexity of compressed streams which use either H. 264 or MPEG-4 coding standards is predic-
ted. The experimental results show the proposed method can give fairly accurate prediction for
decoding complexity. The average prediction errors are less than 7%. Moreover, since the state

equation can update the state variable at a very low cost, the runtime overhead of the method is
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very small. It is very useful for those resource-limited mobile devices.
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IB = (C,+C,+C) XN

H SR AE B K M4 43 - Co o i 1 i A5
o R R R TR A (O B R A e =3
AR A ARE AR KD K (A R/ Tk T
Cs X (Ly/LYW RN Hodr Cy 2 MC/TP #2534
T 50 T OB it ~F- 4 1 5 B R B SR 2
A (0 TN A X L8 Bl Ok 1R 3 RO BiE L8 Bl Ok = 3
RKEF Cy M EBER. L /L W ZRAE (7 /2 Wk 7 i
(4 EE A8 32 A 2R R B AR T e R R U IR 7 Sk
T FNER A5 BT K B 2 (R A e 4 1 - A
I LT/ N 55 0 38 4 i 5 W A R AL AR P 25 D) A K
MRS 2R 43 LK ST A A Y 7R AR AL ER /N L AH AR it
PR i Sk A T T 7 B 481 0 35 A FR AN A A5 D) b
3 BAELRE B TR B S50 A 5 2 B R iR AR S A
S AR AT K AR R B A AR Ak TR K g R/
H A0 i 15 5 B 2R T

FERSAE T B ALK 5. C . Co WCoar il oy
Reorder IQ&.IT LA K MC/IP #iHe b %} [ 5 A /N e
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P B A 09 1 243 3 B PR ANAE Y (N B
(6 FZIRT N AR/ B A 1. (H 2 2 TR 4
BRAR 22 Z AT O A I i 2 A R B AT A
JL AR s SO0 & 1 R BOIR Z2 i 1Q/TT BBt f5 %
W R PR A3 B B T B R T R
AR AR X RIS BT L 3R 2 AL DR E T B (Y
ARAR. AER WA B Y 02 TR 25 08 1B W RS R 26T
ANHTRE R BUIT A B R B 5 00 . IR E B E 32
ATHER AU 1

TR B xRS AL (KL By B 3L oy
Hr A5 CIF F1 ACTEF 6 2 ol I 3 15 47 7 A [ 1 5
N REAT TR AR I AR A L T Wi B3 0 250, X6 2K 45 (1 ol
KA AT UG - 15 B W) 85 = i 45 903 e 41
IR 2SS BEAULG . SE IR A5 R 3k 1 A3 2 Fiw.

F1 AEBETCIFEXNRFIRESEEMNEE
WL B A% 3 (cycles/byte) N 14L& (H
K_200 K_400 K_500 K_600 K_800
Akiyo 355. 15 285.19 275. 32 269. 86 264. 82
Hall 453.87  356.77  325.44  322.78  270.13
Coastguard  367. 54 215.57 210.64  209.42  208.32
Crew 762.48  710.70  624.43  559.20  497.98
Foreman 589. 93 363. 96 327.16 315. 28 288. 38
Mobile 264.06  263.23  266.16  265.79  265.13
5 ARG (105 cycles) T B 4LE1H
B_200 B_400 B_500 B_600 B_800
Akiyo 1.7594  1.8181  1.8369  1.8458  1.8555
Hall 1. 9003 2.0765 2.1648 2.1739 2.3725
Coastguard 2. 2687 2.2916 2.3194  2.3408  2.4035
Crew 2.6730  2.0473  2.0626  2.0958  2.0764
Foreman 2.1015  2.2660  2.3136  2.3340  2.4009
Mobile 2.4263  2.4055  2.4079  2.4184  2.4289

x2 FAEABETACIFEANRFIIRESEEMUSE
AT Ceycles/byte) T 1914 (H

E 2]l

K_800 K_1500 K_2000 K_2500 K_3000

City 358. 30 313.53 295. 63 278. 26 274.56
Crew 829. 68 808. 13 677.74 606. 98 533. 26
Harbor 351. 88 373.05 341.71 345.92 305. 79
Ice 427. 67 332. 20 292.83 283. 46 268. 62

g S m@%(loﬁcyclcs)‘f:m*u_ﬁﬁ

B_800 B_1500 B_2000 B_2500 B_3000

City 9.1524 9.3952 9.5363 9.6922 9.7274
Crew 11. 3620 7.8848 8.0159 8. 0077 8. 3511
Harbor 9. 4620 9. 4887 9. 7558 9.6878 10.1810
Ice 8. 3821 8. 4888 8. 7077 8. 7200 8. 8715

WLgE BRI AT LUK B -

(D) B P90 7 51 i 2l 2 2% BE 3 - K {5 AE A
Wit oK. Crew 81 iz gl 5 2 B e KL L K (W] 2
RFHEFI.

(2) 4CTF A AT 51 B (L5 H K2 CIF
A% AT S ELAY 4 A5 . 5 1 Fof 00 0001 1 1) LE
{ELAR 2.

(3) 5 WAL 3 s T A (] B o B 2 B o A ke 2
e ny g B E¥ 35 K. 40 Mobile J7 51 H 8r #HE
W%, T Bk B KK Foreman J¥ 41, H AL 2
B AR AR A K X T Crew P4, H T
Hz 2h 52 3 BEAR =1 o 7 G 05 15 FH DA 35 7 2 e 2 1 A5
K B3R SSRGS E BN TR E e A RS
FRZEBIR R, LR R W, Crew 5 51 Bl 4 1 5% 22 &
B & /N T B T 1L 7E 500 kbps B B 22 BF A K
JEA A W 19 5320 . [a] 4 K 45 £ & Mobile J¥7 51
X —H il 76 %.

(4) Fifi 5 R 2838 T, Bk o B 3% 2 H5 it 1 BB
i N R

bR S A5 HE R KR S 35 S A T A
K12 Bl % 0 L FORS BE RS2 e L B EE AR 5 1
AR AIAT G 1 15 5 TIC O 7 W T A ) 2% R T o 4 i B
RO B 1Y 52 0 B8R 5 >4 AR T8 A [A] I B AR
AR R iy K Y7282, B, K F1 B 1)

Py 5 SCRTLARE A

RS K 0] LA AE Bl 20 05 000 4 15 15 2 7%
A L BB 25 % 1 8, 32 B4R B RS L3z 2l 2k RS
J Je iz gy % i L

RS B RJ LI AE 4 2 15 A0 0 IR 1T 11 A2 AL

2 PR T A ()BT BT SR 4 20 05 5 25 1) S 4K
4.1.2 RS RGURZS T BRI S

WRASTT R FAL R GEAR AL 1A i AU T
Jit 7 A 1A A Al TR g T 2R 9 A R S S A 408 ot
WA (KL, B) Z AR, il Xt K A B P85
SCH 3T+ 1T LU AR S8 MR 285 42 8 1) 722 A i 55 2 4
B 15 S LA B Bl i 5% 22 9 A Ak

ARG AT 247 D B DA 408 it 22 A ) 2 oA i » i
% JE R 2 ) 3 22 2 [ T A Y S AR L B A 48
T =2 1) 1) A2 P Sl ek 2 A 3 2 1 M A A AR
TIPS B 5 25 P00 PR 28 A A Sl B A A I 0 2 % 22
I R AR AR R B AR AL . I B S B 25 25 K B fh R B
TR 25842 1 A LR s 3 2o 82 4 1 15 R Of 2 i TR 4 AL
WA EAERE. U K #1 B Z ) 19 58 R AT LA
RS 5T R 5 AR 5 DARE AT A A I A B A AL R R
A D i oA 5 A A o U DA

(1) A &I it A1 330 A 28 2 A /0 o BB 25 1) 22 )
E A B 3 2 1) IR 110 A AR AR B AR AR T K
{ERFFAAE . B fH % 421k

(2 &I T 410 330 PA 2 A2 Ak K A9 2 1 22
=y A A A £ S S AR MR B AH AR T K {E A2
ft. B RIS AE.



104 O . U R 2
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R VBTG % b3 2o B R A7 R I A] DL &
HH — o ARLAS PN 25 A8 Ab R 3 S 2% 1 14 43 B o B kit
RS T FEHEAT R A BEAT— I i — 1 WD AR S A2
A (K1 By s 8 8 Z0IR A AR (i 00 A5 2 Y wi
Wi CER @ D A A S 115 B s R 5 05 A5 210 24 1 It 1Y
FAGHRRR Croy » 55 i WIAR S AR /R (K, B,
DU 204 07 0 e e 5 A FE A TR 22 R Crey —Cu B

jC,- =K, XL;+ B, ;
|Cry = K. X L, + B,

WA PN 28 728 Ab 55 /N B 5 R 40 TR 2 AR iy 3
AL D) 254 505 i 07 fie e 5 2% B A TR 22 48/ 5 T 24
PRATE PN 25 748 A0 ] o A AR bR 245 4% o 22 S K XY i
WP A D 52 2 R A 58 25 A . TR I T Y i I 1
Fifp A B2 25 Ay 11 25 ke S AE WA P 25 A8 A R L F
T K LA Ay 3k R 2 R 1) 249 SR 45 1

FITE B 52 2% B A T H 5 25 A0 9 25 A8 6 DL
RAAR AR L = Z (R A B 5 56 R L ff RS R G R3S
FREAHR (.0 LH.

AR TRE 1o 200 Wt A 15 52 2% B35 Al 11 1% 25 76 —
EFEEN LA <Croy —C, <A, , N

K, =K,
{B,. = Cre» — Ci + By 0

AR TR 22 Y i WL A 05 52 2% B A 1R 22 8 5
—SEJLH B Criy —C=A, || Creyy —C,=A,

JKI‘ = 7(/1«1) — (/l +Ki—1
L, (10)

1Bi - Bifl

4.2 MBHEFEELZHTTN

IR DR 2 O A R A A5 T 55 O 4 R AT AE A
Th. il TR R AR R SR T WK S AR B AR Ak
KFR L MAE LG 75 Bk 4 T WUT 50 40, T i — i il
SR B H S SRt R P WUR B i, 5 s AN
(7] o A G TG 7 3 o R A T R AR B R I AR SRR R T
WCFT P TR 25 A2 300 R R RN TE g A A R A AL
o N T 1 o e R e v O O
BT R G A T WK 2548 & 1 481 4
P I LX) fife B 52 % BE R AT 5000 5 %k T P i 0]
SR GETT o AR S 5 R R AT sh A T B i A
S ) S oA 106 [ R SR P W I 0000 5D, G A T
RS P WL 78 R Bk e

R T 53 A7 A [5) 4 A5 5 2O AR A AR i G it
R DA B AR SR8 WTIR 285 A8 f: 14 728 1k 8 0 52 ) L 8 4
X MPEG-4 fil H. 264 4 i br o 47 %F Foishig.

4.2.1 FEFGIT AT T ik 5 A 4% 5

F 3 A T T CIF# 4 1 i MPEG-4
JE 45 5% A H. 264 JR 45 55 3 76 S [ 15 22 i) 40 15
FN W (K.B)H. 7 L& BXF MPEG-4 J& 45 1% ¥ »
MALAT PN 2 R 4 A 5 kAR AR RS AR (KL, B)
H FEAAR R AR 28, X T H. 264 15 45 059 3 . 24 90 4
P2 R 46 1 R % A A fb it K & AR B A8 {6, B
{EA — & X0, A AR AL i B AN BH .

£3 AEWBERT CIF &KX £ 1 i MPEG-4 [EH /iR
RETEMEE
AR # (cycles/byte) T YL & 18

K_800 K_1000 K_1500 K_2000 K_2500
Akiyo 218.59 219. 32 207. 46 203. 20 201. 98
Hall 214. 38 212.58 208. 95 206. 26 214.91
Coastguard 218. 69 215.57 210. 64 208. 32 206. 90
Crew 238.58 233. 24 222.33 215. 20 212.91
Foreman 210. 36 211. 21 216. 98 221. 38 218.79
Mobile 206. 68 206. 63 206. 65 206. 28 203.78

AT 54 (10% eyeles) T AL

T 51

RAF B_800  B_1000 B_1500 B_2000 B_2500
Akiyo 6.3157  6.3523  6.4301  6.5007  6.5210
Hall 6.4069  6.4261 6.4642  6.4931 6.3916
Coastguard ~ 6.4146  6.4408  6.4961  6.5310  6.5552
Crew 6.3531 6.3799  6.4448  6.5010  6.5356
Foreman 6.4098  6.4114  6.3677  6.3004  6.2971
Mobile 6.4826  6.4834  6.4829  6.4991  6.5545

F4 TEBET CIF X2 17 H. 264 EFHBIR
RETEWMEE
A% (cycles/byte) T W& (4

AR K_500 K_800 K_1000 K_1500 K_2000
Akiyo 318.17  274.37  248.67  261.17  103.58
Hall 374.25 379.10  333.37  275.49  146.82
Coastguard ~ 238.33  228.36  221.96  203.55 191. 01
Crew 227.73  244.44  265.60  259.40  176.53

Foreman 312.93  326.30  310.34  286.84  241.33
Mobile 185.62  178.90 182.28 177.06  156.58

AT 53 (107 eyeles) T BB

BT B_500 B_800 B_1000  B_1500  B_2000
Akiyo 1. 4223 1.4358  1.4358  1.4332 1. 5888
Hall 1. 3848 1. 3811 1.3997  1.4554 1. 6002
Coastguard  1.4130 1.4200  1.4213 1. 4440 1. 4720
Crew 1. 4896 1.4830  1.4704  1.4743 1. 5579
Foreman 1. 3812 1. 3812 1. 3987 1.4238 1. 4670
Mobile 1. 5523 1.5525 1.5374  1.5296 1. 5790

HE TR S A B K SRAE Bl 2 1 400032 3l 5 5L
AL T iU SR AT B 7 MPEG -4 85 25 15 b5
HE R A PR S 1) B i I RS A R A
FRIF R AL i K (A IR FF 2 A A L. X T H. 264
GBS bRvEE . i TR 9 R 44 BU AL A 4 Fh
16X 16 F I A 5, HL 4 i A8 50 590 52 2% 1 IX 001 4%
IR o [5] Hsf  Aof FT0 A6 CT 7  A  AS []  DRY IHg Bt  L
IS AL A KR S R W) AR Ak,

xRS AL T B Y WU W AR R . B A
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B 2t 1 3 2 i AR A AR G, MPEG -4 [ 45 15 3t v 2%
ol it g 50 00 5 9 A 1) T A ) 7 () R D 5 Y 2%
81 1 2 B 3 2 R AR I B ABLAR AN 2 AEAS [ 4
HEENETE B B AR I B AL 25 0 (E AT
B A Y R /N R U i /D T X T HL 264 1R 46 )y
B1] o B R A b PTINAE TH FE RS 7 A S L AE R T
THA R LI AW R N B A —E &
o AEHE T2 S PR 3R 040 2 R A M T

i ad PLE Al LA B, B MPEG-4 J 45 i%
T H. 264 [k 4 5 U 00 4R 25 728 8 40 T 2 il 2 6
7 AN [ T e A i A o L) B SCHR A PR AN AL
Xt AERS I R B Tt T A A
JHE S5 W2 18] A9 A 5GP A7 R 285 74 o ) B ORf » 2 o
Py B SO — Sk 2 A5 0 O H 2 il g e A IR A
AR JIT A (9 s 240 60 00 P 0 o 1 S S R 2 A AR
Pery EZE PR O AT T WOIR 2578 B (9 G2 31 R Ak
Peft T RIS ST HE. R U0 A0 UL, R R IR A
(K.Bym & 53 3.8 4 pIREZ RS

FrtE RS & . A3 3]
ME L YU I — 2 . B L A

JEAE S R B AR A RS 1 (K B EIE AR RS,

X TS [ i TG A A0, 5 45 i T ACTF A% =X
4 Tt MPEG-4 J 45 ith it 76 A [A] i 28 i 485 15 3]
(K. BH KT 53 3 %k, il L& HL .

ME2. CHOUE AR RE L B K BE
FEARRA RS A B B WA & A28 4k 5 H X A [
W TR P A8 R S AR B G 24 55 F i T Y
oA

®5 AEBET 4CIF XL 14 MPEG-4 [EHB R

KRETEUEE

W /f<|lﬂﬁ%$<CyCICSibth)—Fﬂﬁfuﬁﬁ
K_2000 K_4000 K_5000 K_6000 K_8000
City 219. 54 212.27 209. 55 208. 65 205. 58
Crew 240.75 222.80 218. 47 220.02 212. 14
Harbor 212. 38 205. 63 202. 32 200. 15 196. 87
Ice 206.07 216.72 216. 76 211.58 209. 74

WL B 4§m@$(107<f):clcs)_f:ﬂ4ﬁuﬁﬁ

B_2000 B_4000 B_5000 B_6000 B_8000
City 2.5289 2.5548 2.5659 2.5731 2.5911
Crew 2.5082 2.5445 2.5544 2.5501 2. 5802
Harbor 2.5706 2.5956 2. 6094 2.6209 2. 6405
Ice 2.5275 2.5079 2.5115 2.5263 2.5317

T ELAE W, AR HL 264 RS K EHIY
AR I AN LA S A L R T T AR O Ok
SR AR A5 U F B A AR ARARR L T 2R 22 3 R 4
e AR BE AR5 ) IR L T L 3 S 22 S R e B L 7
i€ T B AERY LR b T WTi - 2 000 i 22 o AN

it A%, FRBUART LN & H. 264 FE45 RS 3.

FUFHHLAE 1 ARRLAE 2,60 Tt g A 1+ 5 52 2 B Ak
THT DL 43 R B 4 43 #1 FTE 4 T R S 58 4. B R 4y
BT A5 B0 B %o B — W T ) R 46 A g 09 R A5 A = 4 1
8, 76 2k iz A7 I AR 4 422 Wie IR W 5 88 46 43 B i il
A AT P RS TET ) L (L O OBR AS AR A 4 T AT
B PR e 0K R X T M i R AR 2% R E AT T
. A Ak L

ik 1 Tt 4 B .

B PR AR LA P T A Hi

By s E BT W 5 A A R A A

1. B 40 B 45 30 J P i T A0 AR S A e

L1, 248 5 R0 48 BT SR FH 09 15 47 0 1 — 35000 5 4%
e JHT I 4 0 s 0 5 R TR /N GG A S ) B AR o S5 A 3 LA
4 T RAEA R iR T 3047 g i 5

L. 2. 6 40 1 3 00 A7 F % I 2% BUAEE 6% B — T 1% 31 3
S22 FE B AWK 28 (C, s L) s

1.3, RAid ok @ A8 o fif 5 11 5 42 4% B O PR AR B X
A B (C L) e/ o ik AT e M0 3015 T i
RS G HE 8 8 (K, B

2. FEL TV 1WA 155 5 AR BE

2.1 MR RSB 1AE 2 (Ko » Biw ) = (K1, B 5

2. 2. VT B 1 SOA AR T S R A B L ek A D 5
W R IR T S, 525 1 A I a9 AR B Sy =2t B
r=3S, /S ARYE r xR AAR B S AT BB 48 B (K, B =
(Ko s7X Bieoy ). 5 WIARKE (K B AR

2.3, BB ETMIWIRK L, MAARX C=K, XL+B %
JT i A AR A R
4.2.2 FASIH AR R P oiirh A R 4R

JE 3y 25 i

BIR MPEG-4 5 H. 264 5 7 A% = | iz
BlR MG BE 18 Bl R 3 1R A g i T EL A B X
EZ T AR A AR 4B i = 18] A 4 56 M R A 7R 2
SR o PR T 2 A v e T P d i) A R AR % B S
TRl B 4 g5 W T X PR S TR A A R AT
o A 5

____________________________________

& wexn bR
S| e NN
) g |
C w BB
gz | 01 RTR 2
2 |
S - . |
! RIS 52 2 1 !
! T !
| {E4fliit 5

____________________

B4 R R 2R A TR I
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TE fiff B AT it 22 17 bR A A o R A MO
Je PR S A% 8 g A 28 A S T 050 02 2% BE A 2 T N A
P, FoUIN A T 255 R A AL ot ) Wit 4, X A T B AR R
B SEAT U HRAE R G AR w0 A5 B 0 A s
AT DVES P85 Z J5 » i B 2% X0 24 1 il 25 47 % 65 5
ISR SR A 6 B of o A F R AR
B P, BT R B b B8 > i W S 5R A k JRE AN S
{ELZ 18] ) 22 I L 26 A4 o B A AT U 4K, i
AL 2 TR T IR A O AR (9 BE (10) X AR
DRI EER . EHE RS T RS T
— TP RS T B AR AR B . P it R R R E A
T A W 2 PR

ik 2. P WA E R EIE .

BN R 4R P P B i

AR PRS2 B A

1. B HT A% B 2 G0 4R 3 A48 it 3% A0 1 A0 3 4 4 )
A -

1L B SE AR B (AL Ay AR 1 5 i 0 IR
B B IS (Buas » Buin) KT E (A1 A 5

L. 2. i EAWIHAE (Kb, Be).

2. LRSS TG A P WA 53 52 4% B

2.1 W IR A R G RS A R (E Bk AR B, 4
(Kpcor » Becoy ) = (Kp s Bp) s Bunaxcor = Bunax » Bunincoy = Buin 3

2. 2. I B 0 A T 1A A A A A A
BSOS I TS S, 525 1 vk BT A A e T S, =2 HE L B
r=2S,/S,. MHE r R AT BAEIEAT H B4 B (K, Bp) =
(Kpcor 57X Brcor ) s (Buin = 7 X Buincoy » Buax = 7 X Bunsco ) 75 ]
5 FR GOIR A5 A 8 B 3 A 4 o) o (AN 728

2.3, BREBCHETmImIK L, HEFMAAR C=Ke X L+
Be Al 51 F AT T i T 5 A A

2. Ao X 2R T AT AR L AR S A B ELSE T R Cr L
Jo 2 i WA 1 52 2 B AN R 22 A=Cr — G5

2.5, VALY A WU R R A A TR 2 M B LA
A: 1341 = Buiw — Bp s Ay = Buuw — Be s JIBAl 132 22 B7 4k 3 (8
R AR A <A<A, (D FEH Be iy Be =B +A; 7
M4 X AT Koy Kp=A/L+Kp 4558 J5 1 (Kp , Bp)
FF T —A P Wi i 3158 52 2% B B

FH T R 0 PR s 326 A4 AR (AL A BL R
EARHIME (Ko » Be) B 3HR 5 3 A R Bk 7 ik
n 2 F A A AR

5 XRWERSOH
R 3 T e v 19 8 0 o B A 2 0 WO B 9k

(Statistical Analysis based Prediction, SP) Ll f gl
BT 4 M MRS 5 R Y R 6D B 2y B T Ak

(Statistics merged State Variable Analysis,SSVA)
S35 TR Pt i) e 6% 52 % B2 AT Al AT, i T AR
TR TE S PRas AT Wy BOR T T AH QB U 25728 i 22 8] 1Y)
AHORME HEAT M 11 55 52 2% 2 TUA L T 1 3 1 T 5
2 AR 25 S R B R 24 B AR 4 Nahrstedt
2 NP Y CDP(Cumulative Distribution based
Prediction) 5 i B9 %) Eb.

Y I UE SR A O L S 43 ) e TR
MPEG-4 1 H. 264 Wi 7 0551 20 A% A o4 14 Ak 415 i - 76
AFEE & AT Hd MPEG-4 fif 5 8% iz 17
e F TI TMS320DM642 DSP it i #y#x AT %
M b. ok DIVX fif 6% 4. H. 264 i i 4% 12 17 78
SimpleScalar {j L 1", 4 B 48 Fr 45 BL (1) B 14 2R
Be R AT X86 4 il H PC, figg it £ U5 i 2k B I
PEACHS P264. qnSCHRL8 ik . CDP Bk & 3 4%
2 5 DA WA 9 2R o B ARG B H w0 AN
R R A BR ¢ AR T o35 3
4 0.96, 50 WA 10000 A4~ B J] 1.

501 EFZitame InitEERXERNER
5.1.1 MPEG-4 JE4F %y T Wi &5

I 42,1 1 b B 2 0 A S0 10 T ot gk 1
R 8 AT A 1. & 6 ik Bt Akiyo. Coastguard,
Foreman 1 Mobile 5§ CIF #% = 89 #1350 7 51 7F N
M7 51, ok MPEG-4 i i b o 45 H 78 K W] 7Y
T (800kbps, 1000 kbps, 1500 kbps, 2000 kbps #l
2500 kbps) A4 T mitfe 24T He 4 I i i . il sg B —
WOTRE AT 4 TR A A B 58 5 2% B L2 o (G L L)L B
WLy B AR o R O A 2% B Dy DR A L R T )
TAIEXAFEIW (C, L) AT R A R EDRE
A5 (KW B){E M (215.51,6. 4108 X10%).

A G A5 30 09 AR 28 A2 B B CIF % =X
MPEG-4 [ 45 8 3 i) A 18 1 50 52 7% B2 0 3l L A3t
(Akiyo, Hall, Coastguard, Crew, Foreman #1 Mo-
bile) 7£ A [ % % F (800 kbps . 1000 kbps , 1500 kbps.,
2000 kbps 1 2500 kbps) &4 1 Wi 47 15 45 » 3% e
i AN i i EAT A SR 2R EE Sh A TN 8] 5 45 i
I 5 2 P AR 3 B AT

WE S R RSP 5 3 B Al 158 22 i A %
WO AT IR B AR 22 R 0. 4700, 0k
89 /0 AL T T 35 2 3 R AE 10 LAY e R T a3
2209 2. 949, SP Jr {E K 4 B w5 T CDP J5 k. i H.
KM SP ITE LIS AT P AR /N PR R 20
AT DL o — YR LA B — Wi T A5 3. AE A S
A5 T L SP AEZ B T TS 54 cycles/ .
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50
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5

=

2 30

=

po

= 20

£V

17
10 CDP
0 N D
—40 —20 0 20 40 60

Rz /%
5 CIF #& 2CH0 500 3 51 3 ) 245

B2 R CIF A% X050 5 5] i 75 21 19
ARZS A R S A T 4CIF A% 20045 77 2 fide 5 1 54
B2, Bk FF %) (TIce, Harbor, Crew #11 City) 7E
AL T (2000 kbps. 4000 kbps., 5000 kbps . 6000
kbps 1 8000 kbps) 44t 4> T WiJE =X 4 , 345 Iy A
S i i 2% Hh AT R RS B R FE S A TN, BT AE L
A g 1T CACTE) 55 88 2% 43 b7 90450 ot >R ) %) i T
(CIF) ASTal #5084, 2.1 45 B 2 10 A A 2, AR
MRS TR b (K R S A | (KL, B E B IE R
(215.51, 2.5643 X 107). i TP LA 2 B9 A %
Mo A S A 25 T R ACTE i v 40 400 E 17 25 2k
PUE 2 B BT A5 B RS AR fE{E - (218,25, 2. 5421 %
107).

6 25 T SR FHAS [R) 0 77 32k Jor A 381 114 i 152
25 AR 2R 9 B o A ForP ol R B IE )G Y CIF A% X
RRATE 3 0 40045 75 3] A R 2 A8 (00 A7 0000 17 %1
iy SPSimple, & i 4CIF g If 9045 B 4% B LR & 15

B AR A AR A AT O Y Jr k0 A SP.
60
< 50 SP
= 10
= SPSimple
§ 30
m
o 20
L0 CbpP
0 . . o o X
—20 —10 0 10 20 30 40
iR 2/ %
& 6  ACIF & =008 3 51 T 25

TUR A5 R F W], SP Iy ik 150 45 5AT) SR AR HE
XFRISE T 4.2.1 5 b pr 3R 2 a9 H A 1, B X [R]
— I TE AT 1) LR A S ) AN AR i — AL R
IER Y. B 9% SPSimple (1) 7 I 25 S B A7 SP A5 1
R A5 S A 11 T00 00 445 2. 30 69. 79 Yo AR AR it g 5

MR 2ZEAE 1% LA 32 99 % AY A1 45 ot 750 ) &5 S8 78
2% LA I RPN R 2 2. 32 %, X — &5 R
B2 JRIERA Y, 53— I R T AR LS,
B4R SP M SPSimple R4 B EHFA A F . (H P&
HB AT LA IR B Lo A A ) 10 AR
5.1.2 H.264 JEATRS U T wiss &5 R

e HL CIF #% =X 5 #0451 7 1) ( Akiyo, Coastguard,
Crew , Mobile) fE Rl i 7 51 . & H. 264 % it b 1fE
B EHAE R [T (500 kbps. 800 kbps. 1000 kbps.
1500 kbps 2000 kbps) LA 4> T WiJE 2 H 45 I fi i . A
/N 3k AT A 13 BRE 2 7 (KL B E
H(222.6,1.4749X107).

FIH LA 15 3 1 RS AZ B AE X CIF #%2UH. 264
JE 48 1 3 1 e A5 1 55 A2 A B AT L o O
MAH ( Akiyo, Hall, Coastguard, Crew. Foreman #ll
Mobile) £E A [ 52 T (500 kbps, 800 kbps, 1000 kbps,
1500 kbps 2000 kbps) ##% 4> T Wi gE 17 IE 45, 7K Hofi
AN B fiff i 2 AT A S AR FE S A T K 6 45 T
AN TF) B A AN [ R 23 B (78 000 158 25 448 6 (6L 114 244

F 6 RAH 264 HBIRAENSE LN F 3 E

AEBEREFMNRE ST EHE
T 15 25 4 A 1 B4/ 0%

T 51

500 800 1000 1500 2000

Akiyo 1. 88 1. 16 0.70 0.75 0.31
Hall 3. 45 2.05 1. 26 1. 24 2. 86
Coastguard 3.92 3.48 3.52 2.84 2.08
Crew 1.27 1. 30 1. 28 1. 67 2.21
Foreman 3. 66 3.22 2.46 1. 21 0.92
Mobile 3. 96 3. 69 2. 60 1. 30 1.32

ST 2R LW L AR HL 264 G AR o i i iy
T L X 8 MPEG-4 g it b5 i 52 4% IR AS 728 5 25 ]
AN BE AL BT E TR AR B (K, B) B %
LA B A7) RE PR A SRS B BT DUl 4 A i
ZE AR FRAE A 20 LA,
52 RESRUSHMRESFEN P MBEEITES

F TN &R

5.2.1 MPEG-4 Wity P wire 2 1 25

FIT 4. 2.2 755 B 3d (1 B0 % P g i 52 4 B ik
Fifli it & B CIF #% X i 7 41 Akiyo, Hall,
Coastguard,Foreman,Mobile,Crew {E iz 51 ,
I BESCHR L9 e Jor ik Ty ik AR L3 AR 4 o) o A B 3%
RHME: A =1.7X10° =B 1, Ay = 2.4 X 10° —
B s (Kp,Bp)=(325.58, 2.3171X10%).

FIR ERWIE X MPEG-4 45 15 7 #5171 75
W EZREALAI. 27 41T SSVA #1 CDP 1)
- 34y e oAk R 2%



10 1 i}

ISR . MR AL T O O 2% R I R Ik A I e AR R TUIY U7 vk 2059

R 7T ARBER POIHNIRE S ERNHE

0 15 22 4 %o {8 14 3 4E/ %6

800 1000 1500 2000 2500
SSVA 6. 28 3.95 2.33 3.76 2.96
CDP 21.11 26.04  43.87 104.20 115.95
SSVA 2. 89 2.05 1.52 1. 50 2.78
CDP 10.32  12.86 17.19 10.98  36.04
SSVA 2. 46 2. 65 1. 85 3. 36 2.58

Coastguard

CDP 13.95 12. 31 12. 66 15. 96 18.16
SSVA 4. 80 5.00 5.32 5.47 5. 49

WHTF) BJ5 1%

Akiyo

Hall

Crew
CDP 50.15 61.86 63.96 60.20 57.54
. SSVA 3.63 3. 84 3. 86 4.12 3. 60
Foreman
CDP 15.70 15.21 18.57 18.28 22.85
. SSVA 2.33 2.45 2.36 1. 95 2.38
Mobile

CDP 20.24 20.81 20.24 18.11 15.08

LHSE R LW SSVA & H T A A N A& A [6] 55
R FE G LA R 0 0 8 8 A 4 AR AU R
J B v S AR 51 (A Hall, Coastguard Al Mo-
bile JF 1), - ¥ 0 5% 25 — AR AE 320 LA X Fi2
ShAEw BIZL S (N Crew JE51) . g1 F 41 4B i =2
TFT) P4 R P A 555 53 SR 808 TR 2 2 0 A B 1 /)
TN &5 R 5 2% AR HE ARG TR 22 8RN 6 2.

BT 45 T 45 7 50 T00I0 15 22 A 2R 4% B A1, A
Bl u] LIE H SSVA S fliihiR 22 R ES a1, B
i P12 25 (B AN Jy 22 #0455 0, UFBH SSVA 53 3% i

50 50 T

—_
=]

== SsvA] 4 "
%40 —CDP | % 10 "
2 " 2 N
£ 30 i 2 30 0"
£ " = n
= Y = '
E’E 20 i % 20 . '
w " gl o
= ! a :

1
VA N

0 A\
=200 —100 0 100 20

50 100 150

IS
Jo

50-100 =50 0

flivhiR /% vt /%
(a) Akiyo (b) Hall
50 35
x =30
=40 = N
] 325 n
= 30 2 n
= =% H
& 20 15 i
= 210 i
B 1 ) _ -
i -5 1
M
—0150—100 =50 0 50 100 150 —(iSO—lOO =50 0 50 100 150
TR 2E /% TR 2E /%
(¢) Coastguard (d) Crew
40 50
x ! X
= " =
= =40
= " £30
%20 " ;E;j
= ! R20
= ' =
m 10 T 1o
i A o

7%507100750 0 50 100 150 701507100 =50 0 50 100 150

kiR 2 /%
(e) Foreman

7

vtz /%
(f) Mobile

TR 52 22 B 4 4 JEE 53 A7

AR . X 6 NP HILEA I AT R ETE 5%
LN BB Ry 84. 6%, iR 22 4E 10 % LA N B EL ]
96. 6% , SSV A W i J3 5 v

W E— 25 1 B CIE A% 20085 5 1 e 15 210 1
ARZSAZ B IE S 25 WU ACTF ¥ 20900505 9] ik 4 1
BE . ¥ )] (Ice, Harbor, Crew #1 City)
16 K [ % 2% F (800kbps, 1000 kbps, 1500 kbps,
2000 kbps F1 2500 kbps) & 45 » 344 F iy A 2] i 5 2%
TR AT A A AR R B A TN R T TR 4R A AL
1 (4CTF) 5 8§ £ 43 B #0450 57 % 1 114 i 17 (CTE) AN
[Fi) o AL 408 00 A5 G T ) L bR S A8 o R AR WD M 18 I
S (325.58,9. 2684 X 107). K T WAL 2% 3% 484 1 1
AR AR SRR g5 T R ACTE g i A0 40 i A7
BEERAUG o T T A 3 1) 15 AR (344. 24, 8. 6397 X
107 AT FE LAk 1T I 45 1 1 Al 1145 5.

LE AR AR 8 Fin R A CIF J3 41 9) {5 45 3|
M4k T {E i o EST, D1 7 51 B 4 40 & 15 291 {E
iCA FIT. A& 8 Hn] LA Y, 0 35 5 R 25 01, R
J3E B B3 e . 3 106 BH 3% X (X A ST 8 T B ik
S AN K H A e RS AR i (KL B I B 4
T2 TN 595 5 0Tt AR A A0 5% 2 DR ROR A AR
K 54 B, ik 8P sl s sor .
#* 8 MPEG-4 [ CIF I f5 it D1 & 51l & #1E (ESD A&

3 DI B 5 #)0& % BU) B (FIT) B9 T U 48 X 32 22 39 8

T 24 %oF 1R 22 0
800 1000 1500 2000 2500

BT T 5 ik

. FIT 1.36  1.25 1.34 160 2. 18
i EST 142 1.26 1.48 1.38  2.07
: FIT 4.30  5.10 4.52 4.87 4.74
Crew

EST  4.74 4.74 4.66 5.16  5.25
FIT 2.56  2.23 194 193 1.77

Harbor
EST  2.57 2.26 2.18 2.77  2.20
N FIT 3.11  3.14  2.38 2.31 2.11
¢ EST  2.98 2.96 2.34  2.34  2.24

RIS I T B IR AT o3 . — B i B
LA G e T 3% A AR R I AR 2 A ik AR A
TELBAT 2 B b U5 2000 5 — YOm ik f— e ik
EAT AR AT T 5 4% B U A . TR 2 7 i 8 R
s L O i R — WK ofe 12k AR AR S5 BT Y
DSP J 58T 5 I TEL 2 47 T4y 103 cycles/ il
5.2.2 H.264 JEGTRS U P WITE LR B 45

KR MPEG-4 & 45 % i 71 55 52 4% B Al 1 2%
LA J7 3% 1B e CIF 4% =000 3L /7 %1 Akiyo, Hall,
Coastguard,Foreman,Mobile,Crew {E il 5 51 ,
I BESCHR L9 v B 3 J ¥ 0 M3k A48 1) 19 (L B 3%
RWIME A =9.5X10° =B, » A, = 1. 26 X 10" —



2060 it (= . 2 i 2012 4F

By (KpyBp) = (1109. 99, 1.061 X< 10"). ¥ CIF 5.2.3 RIS R GRS A BT o b

#% 22 7 41 (Ice , Harbor ,Crew Fl City) 7£ A ] % TG AR SO A RS S R A 3 A S
T (200 kbps, 400 kbps, 500 kbps, 600 kbps #i AN 25 R PR S O R X bR A A8 R AT R A S5 BT
800 kbps) AT 4 XF H H. 264 gufpr b7 90t 15200 R — Wil B RSB . KIS Al T
(I 32 91 R AT A 4R i R 02 2% B 20 28 TN S 5 2 TERS 22 500 kbps B . 5% ] MPEG-4 g f4 45 ffE#E 17

RN 9 Frs. JE 45 9 & DU 2] 1 BR824 A R 285 5 ) (9 B3k

=9 3 H. 264 %5 AE KR R RSN E S E M 8 AT LU . 24 ML iz Bl B IR R

ARBETHHNRELE EE Ao FRAE AR T A2 X B B Ok i A R FE RS

wares o DWRERNMWBR K f9 75 {6 i B 82 /0. 1 Akiyo, Hall, Mobile &

Akiyo  0.53  0.76 L1118 0.80 S K AHZE AR AE 30 LA s =5 BRA th B 5 2 I A

Hall 0. 76 0.63 0. 63 0. 61 0. 89 Coastguard JFF7E 80 Wi I % A — W s 3k U1 e, K
Coastguard 0. 55 0. 43 0. 55 0.77 0. 96 .

Cregw 1. 60 1.65 1.65 1.68 2.05 {E K A K BE B ER s Foreman J¥ 81 A 180 i 3] 230

Forc@an 0. (_38 0.78 0. 90 1.16 1.59 mﬁkﬁiTﬁﬁ\%ﬁ%m}ﬁ%vK {E,@Z{/EETJ‘L{j(E;EQ’
Mobile 0.51 0.39 0. 74 0. 64 0. 87 Xﬂ‘:j: Crow J?ﬁl] ’ F_f;] ﬁ‘:éf%ﬁlj E@;@Zj]jlﬁﬁﬁ% ,K fﬁ
M9 R LLE W A SO Y PR S 5 2 B ORPIEV SR LE BRI

SIS WL X H. 264 b i L4l A 3 A4 MPSE s TREE. K HhEARE 2
iR AT 2%, B9k MPEG-4 F1 H. 264 Rl )5 RS8R e 5 — K (BP0 Fd i 5558 B (8 CHp
TN 2 S R AT O R R LR SRR R S A0 R B E Y R B
& A SR Z 0] (A Dok 48 8 RGERAEAE EHAER - K EHPHTPRYG. Wik — PRI T %
RTINS A R RN 2 S B — B SRS R 2 Z AT R OE R,
Tl fge A7 7 3 o W S g A 255 A T AR IR 0 T ek SR A {E S E = 12 . 728 8 th Mobile, Akiyo £ 51 #
WP TR e g 0 AT g R R KT R G Ak & AR e KR D) 4 X 32
CIN B F BRI i i (1 ROTM) R HOR 3L 3 AR (E Ir FAE 1 90530 P9 25 1 R AE 5 24 1107 410 1)
F MC-DCT R4 g HE 4L 40 i Z [ADIRAS 25 k. FRAEAS — SO0 T 20, ff 65 45 2 4000 2 38 K (87 1
LA M 8 R D S g AT AR AR SCRT 3R AR S O T T T SR P B — L 3T e bR AP 1k
725 ) 1 28 A L R AT SR o B0 35 3 P . W3 oL NIR TR B Y Oy RS 4 R i E

’

300

200

=R 200 _
10U ™

100 s

(a) Akiyo (b) Hall (¢) Coastguard

200 3 200 200

¥ 100 v 55 \ 100 4 wve 5 4, 100 6755

e 1570 T e 1570 T LA 15Ty
(d) Crew (e) Foreman (f) Mobile

8 CIF A% i3k e 41 4R 25 25 ] 22 4k A



104 O . U R 2

JRE F 2 P AR B O K T R T vk 2061

6 % %

ARSCET T — P R RS AL ik 1 AU A A
W AR BEAG Tk, B il i Geit e A s X i it
TR 2% E S WU 22 I 1 56 AR R AT Al L 45 2 g 1
B AT IR B S WK Z [ A9 LR 56 2R I 20 i Ao i A6 7R
B RS 5 T A0 5 0 ) B S MRS A 2%
H Y 28 JOR ik ) UG Al o 2R e AR 28728 AT BB
Y [r] L.

i ST B R BT T T HORR 25 A
5 L0 W TR S T g S 2 a0 A T ik AR AR S R
T (E AR L s 17 o B 1R T AR X A
TR 28 FEAEATAG T 6 P iz, UL A T AR 28 A 5
ot 2 % 15 5 S 3 22 WY S A 4 a5 B RS AR s B
(RIbE7/BL S @ R KRR L IR P ER AR SR N
AR AR PN 7 7 A T A A 9 B S I DA % 22
VE Ry R BRBh25 TR A48 P TR A A8 (L e & PRk
T A58 TN fip B 3B AL TR L

AR T35 2R JH ] B 14 2 P A TR ) fife B 52 % T AT
. R Ge A (WU AT by 46 1 3 B A4 i i
Tor BT VAR BT B R A AR AT s BEXT R RS
PEAT B A HUHT - Bt S WAL N 75 AL AL Al T2 SRR
B J3E o 5 AT T % ST I LA ) b — O T 4
ey BB 58 . R ST AT I T8/ R0 A B A TR
i ARG

B« AR SO 4R H AR 258 R 0k ) A Y
B2 E Bl 2 IR S i R & SO
HAGRE TR R IE TR A BRI e E
FRIR S T e L S W T 2 B A A B AR 4 L AT R W)
PRUREIE o R AT Al i B RIOCR . X — R IR O
He 2 B & 5ok 47 B8 o0 A F0 g B 4 4t 1 0f
Y

TIAN Ting., born in 1985, Ph. D.

candidate. Her main research interests

-

= include cross-layer design for embedded

- multimedia system, multimedia streaming.
——

y

7

2 £ x #

[1] Benini L, Micheli G De. System-level power optimization:
Techniques and tools. ACM Transactions on Design Auto-
mation of Electronic Systems, 2000, 5(2): 115-192

[2] Li K, Kumpf R, Horton P, Anderson T. A quantitative
analysis of disk drive power management in portable comput-
ers//Proceeding of USENIX Winter Technical Conference.
San Francisco, USA, 1994. 279-291

[3] Ishihara T, Yasuura H. Voltage scheduling problem for dy-
namically variable voltage processors//Proceeding of the
1998 International Symposium on Low Power Electronics and
Design. Monterey, USA, 1998.:197-202

[4] Huang Y C, Tran A. V, Wang Y. A workload prediction
model for decoding mpeg video and its application to work-
load-scalable transcoding//Proceeding of the 15th Interna-
tional Conference on Multimedia. Augsburg, Germany,
2007 952-961

[5] MaZ, Hu H, Wang Y. On complexity modeling of H. 264/
AVC video decoding and its application for energy efficient
decoding. IEEE Transactions on Multimedia, 2011, 13(6):
1240-1255

[6] Kontorinis N, Andreopoulos Y, van der Schaar M. Statisti-
cal framework for video decoding complexity modeling and
prediction. IEEE Transactions on Circuits and Systems for
Video Technology, 2009, 19(7): 1000-1013

[7] LeeS W, Kuo C-C J. Complexity modeling of spatial and
temporal compensations in H. 264/AVC decoding. IEEE
Transactions on Circuits and Systems for Video Technology,
2010, 20(5): 706-720

[8] Yuan W, Nahrstedt K. Energy-efficient soft real-time CPU
Scheduling for Mobile Multimedia Systems//Proceedings of
the 19th ACM Symposium on Operating Systems Principles.
New York, USA, 2003: 149-163

[9] Tian T, YuSS, Guo H X. Linear model-based adaptive pre-
diction for video decoding complexity//Proceeding of 2011
IEEE International Conference on Multimedia & Expo. Bar-
celona, Spain, 2011. 1-6

[10] Austin T, Larson E, Ernst D. SimpleScalar: An infrastruc-
ture for computer system modeling. TEEE Computer, 2002,
35(2): 59-67

[11] LuS P, Zhang S H. Saliency-based fidelity adaptation pre-
processing for video coding. Journal of Computer Science and

Technology, 2011, 26(1): 195-202

YU Sheng-Sheng, born in 1944, professor, Ph. D. su-
pervisor. His main research interests include computer stor-
age systems, multimedia technologies.

GUO Hong-Xing, born in 1971, Ph. D. , associate pro-
fessor. His main research interests include embedded compu-
ting, multimedia networking.

SU Shu-Guang, born in 1975, Ph. D., lecturer. His
main research interests include video coding and multimedia

communications, embedded system and middleware.



2062 i "

Bl

2012 4F

E

i

Background

This work is supported by the National Natural Science
Foundation of China (Grant Nos. 61173044, 60873029) and
the Fundamental Research Funds for the Central Universi-
ties. The main purpose is providing high-performance and
energy-efficient multimedia technologies over a variety of
hardware and software platforms.

Energy-efficient optimization has been becoming an in-
creasingly important aspect in the design of those highly com-
plicated multimedia systems, especially for battery-limited
mobile devices. Scalability of hardware components provides
us a new dimension to achieve this goal. Since the computa-
tional complexity and storage demand of the multimedia sys-
tem vary with the video content, hardware platforms can ad-
just their resources according to the demand of the multime-
dia applications during runtime process. The effectiveness of
such methods depends on the prediction accuracy of computa-
tional complexity and storage demand.

Video decoding is one of the most popular multimedia
applications on mobile devices. Two kinds of methods for
video decoding complexity prediction have been evolved dur-
ing the past years. The first is analysis-based modeling,
which works in a fine granularity manner and the prediction
results are accurate. However, fine analysis causes redun-

dancy in either video decoding process or compressed bitstre-

ams, which leads to low efficiency. The second is prediction-
based method, which utilizes the correlation between the
neighboring frames. Although the prediction overload can be
low in terms of the coarse grained feed-back control strategy,
desirable prediction results are hard to achieve since it is dif-
ficult to exploit the correlation between decoding complexities
of the neighboring frames.

In this paper, we utilize the linear relationship between
frame length and decoding complexity and consider the deco-
ding system as a state-driven system, where the state means
the characteristics of video content. Unlike those complicated
mathematical modeling methods, our method utilizes the in-
trinsic semantic characteristic of video content and exploits
the state variation patterns from the semantic layer. Then the
state function is derived naturally with the state variation pat-
tern and applied to update the state trajectory and perform
online decoding complexity predicting for both MPEG-4 and
H. 264 compressed stream. The experimental results indicate
our method can achieve good prediction results for bitstreams
over a wide range of video contents and coding standards.
It’s very simple and effective.

Our past work was published at IEEE ICME 2011 and
nominated as the best paper candidate. We will continue our

work on design of energy-efficient multimedia systems.



