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2.3.1 122 Discrete Wavelet Transform
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2.3.2 Set Partitioning in Hierarchical Trees
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PFUR = PERE X PT / PET (4-2)
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PSp_ame = (1 - FEmerr) % PSiverc T FEmeRF X PCive + (1 - FEpmerre) X PSpmerc +

FEpmerr X PCeuve + (1 - FEiprr) X PSiprc + FEpgre X PCrp (4-9)
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A= AA post-layout Al EHo]AH O

= BTIA
Hgid oz AF8 gt A SHE gol A A AAE welth

3E 4.1 H264/AVC RIIHE T35t st=9lo] REE2 cost[41]
Functional Block Gate Counts Memory (KB)

IME Module 305211 13.71

FME Module 401885 13.82

IP Module 121012 501

ECModule 29332 127

DB Module 20152 091

Others Module 45176 0.00
Total 922768 34.72

¥ 42H264/AVC J1FHE T4t st=do] BEE2 A4 [42]

Sub-function cycles
SKIP 1284
P16x16 6932
P16x8 7288
Inter P8x16 7288
Prediction P8x8 8000
P8x4 9424
P4x8 9424
P4x4 12272
I16x16 107856
Prelgi‘z;m I4x4 193408
18x8 37824
Delocking Filter 2798
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el Wl 7k gaElEel distel  @-3), (4-9), 183l (4-10)0=
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183 (4-10)0] vl A LauEFY 5F W o Ag gAa
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o2 4-7e 53 FME 259 A9 4 =
PMR¥} ES7} FME EE9 AY Fihe] dFS v]xth. PMRS FMEQ
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FEFME,RF = ESxum/Tnums PSFME,RC = PSpmr (4'12)
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FEIP,RC = ESxum/Tnums PSIP,RC =0 (4'13)

TYER, (4-11)FEH (4-13)2 4-9)°] tidshd e Tt

e

r

A8 e mvhe ggE gol T

4 =

PSp._trame = PSsr + PSpmr + [(ESxum/Tnum X (PCrvie + PCip - PSpvr)]  (4-14)

FPO] A%, 4w A9E A=y 2o F/% zda
FaelFoly] Wl @-3)9 e TeQel Y F71 Pl JFL

EEL=N
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PStorar={PSsr + PSpmr + [(ESxum/ Tnum X (PCeme + PCip - PSpwr)]} > (1 - 1/P) +
(PCime + PCryig) * 1/P (4-15)

E 43 AR ARRE A dudFe] AY ga av e
AR el 7he]aLe] Vg "A= BE
PMR RC FME
SR RC IME
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vl 7148 A daueese A9 g4 539 o ©WE RD As
Astzt AlEHeoldE Fll 44 SAHAY Y ARE SAs] A%
Al gl AdlE dtEdo] 71W H264/AVC Q1FY [35]7F AFSE s ©
B5& 130nm 2ho]H 2] “JellA4 Synopsys Design Compilers &-8-3}¢]
post-layout AlE# ] sFowx dAES FH3UTE RD A2 A5,
stedeo] darel e AARE U duds AZEYOE &85

AEdeld stk AHF RD A5 A5 Gl IS E 440

-

AANE ZAAY 278 LA ol wet ] A AdndE BFE

off Zk7h ofodel A A F 12712 HAE Jio] AEEHATH 7t

o

G 100ZH9Y AFSESleH QP 2 20, 24, 28, 183l 327}
AFEE QT Q1T B2 374 0 & baseline TE o] AFR-E GO
GoP X%+ “IPPP..°E AAQHAY. &2 Y FIFE 30 fpsE
HAs7] falA CIF G2delAl 50 MHz, 12l HD QG7delx= 162

MHz7} 7} = it} [35].

¥ 4.4 Power-Aware Design®] Al Ed oS 8] AFEE G4

=2 - A7) CIF HD
Container Aspen
Slow News Sunflower
Sean Intotree
Table Factory
Fast Bus Pedestrian Area
Stefan Tractor
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Full FMEE +3& 739 (XE 7), FMEE 16x16, 16x8, 8x16, “1&] 1 4712
882l & ¥ 7HA REE EF F¥gsth BE 59 AHSos 16%16,
16x8, 121l 8x16 = 5 F 7FA FME EE=7F Aeis o 7h¢] 8x8
2E %5 Al 7FA EME RE7F dEEo] T oAl 7k REE F3gi
BE 39 Ao 16x16, 16x8, 123 8x16 K= F 3 7}4 FME
By Aega d 7je 8x8 X = F T+ 7FA| FME REEVF A EEo] &
A 7HA REES F330 9] RE 19 ASolE IME dAtelA HA
n® A4dd 27 e FME REvho] S HETh ® 45008 BE
73 BlwEkls W 7 REeA B[ d¥ A &7, Bjontegaard Delta

PSNR (BDPSNR) [40] W3}, Z12]3 BDBR H3}7} A|A|E A} A5 HA

PMRo] &% S1E o, H+ 2l BDPSNR A3k 0.1 dB wHko]wH
H#A¢ BDBR 7} 2.52%0]th. R (o] Abg® A CIF 9Akat
HD <4 7] BDBR W3¢ o]z} w9 =w BDBRPSS 7} W&

H] 23k AHeS HQlt) o]i= HD %974% spatial complexity”} CIF 733}
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HwdS o o @7 o] FME o= & ZHAE Qs @ =12 whajo]
HD Aol o &AA Yehyr] wEolth, 1822 PMRE A go=
Qlgt e A FI¥= HD YANA CIF JART gL ¢ & 895 &
F At
¥ 45FME o5 Bt A daugse As FH7t
=71 =2 X ¥ 742 BDPSNR BDBR  BDBR/
d = a¥ (%) (dB) (%) PS
5 6.79 0.02 0.46 0.067
Slow 3 13.59 0.1 2.56 0.188
CIF 1 18.12 031 8.17 0.451
5 6.66 0.02 0.45 0.068
Fast 3 13.32 0.08 1.84 0.138
1 17.76 031 7.19 0.405
5 6.73 0.01 0.26 0.039
Slow 3 13.45 -0.06 1.9 0.141
HD 1 17.94 -0.08 2.71 0.151
5 6.47 0.01 0.41 0.063
Fast 3 12.94 -0.06 1.85 0.143
1 17.26 -0.08 2.46 0.143
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¥ 46IME B4 HE x4 duglFe A5 7t
27 2 %2 A% 742 BDPSNR BDBR BDBR/
Jd  HE A (%) (dB) (%) PS
1/2 6.43 -0.01 0.22 0.034
Slow 14 9.64 -0.02 0.4 0.041
1/6 10.71 0.03 0.73 0.068
CIF 1/9 11.43 0.14 3.66 0.321
12 7.28 0.05 1.22 0.168
Fast | V4 10.92 0.44 9.9 0.907
1/6 12.14 0.52 11.99 0.988
1/9 12.95 -1.08 24.35 1.88
172 6.86 0.01 0.42 0.061
Slow 14 10.29 -0.03 0.9 0.087
1/6 11.43 -0.06 1.97 0.172
HD 1/9 12.2 0.2 5.98 0.49
12 8.5 0.16 4.59 0.541
Fast  1/4 12.75 -0.31 9.34 0.733
1/6 14.17 -0.51 14.55 1.027
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3) 27 88 ne A4 du8E

E 47+ ES [1015 A&se o, A9 4 a3 RD He
H3k7E AA AT Al HA el A=

FAYe] AL DY (B 1134%)F FH Y] B
Atolef] w9 zpo]7b vrehb=d] ol Aol A& Ake] MBYE

271l 231 R BAHEIZE 28 47] wolvh 17wl

a
njwtolm HtZ el BDBR Z71= 1.89%°]t}. BDBR/PS #= Aty |
CIF 3ol = 0.025¢d B8, HD GatellAi= o] ko] 057607
zhol & Helth Tk, F2A 0] 22 JdelAi= BDBR/PS o] 0.19931 ]
Hlal, w29do] @ FAelAde o ol 04022 AU F AolE
R ¥R F7] A% BRE A4 daglsS power-aware design®ll

AgRel Qe §4el Ax AsA Be daeld @A o

=27) =4 Xd'é%‘ 7F2~ BDPSNR BDBR  BDBR/
o ad (%) (dB) (%) PS
o Slow 14 0.01 0.24 0.017
Fast 5.15 -0.01 0.17 0.032
up _Slow 8.67 -0.09 33 0.381
Fast 5 0.12 3.86 0.772
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AAE A=d 60, 30, 15, 18] a1 100] A &% Tl BDPSNR 312} BDBR
AEZ xygQlo] ¢ @ol AlgHF=E

H3ls Aupd U7 ZESFE (
s A7 wl¢- AskA UEbdth HD GAtel A= H % BDBR/PS

¢

o] 41922 X H

P
1o
ot

gkl 1505918 Hlall, CIF F7dellr= ol
Atk ©]i= CIF 9739] spatial complexity”’t HD 7dell H|& =okA CIF
Gl dEZ ZH) 5] cost7 HD 7ol HlEl # A7
Eolrt HE9h, SR Qo] W @A A2 FAdels E A<l BDBR/PS
kol Zhzb 1.2959 44022 & ApolE HRIth 18P = IFPE power-aware
design°l AREHel SQlolA A7I7F A wA]de]l W2 el d

ayAor Fger)
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¥ 48 AET x| F7] 4 g Fo A FHU)
27 =2 = dg—ﬂ. Zj*i BDPSNR  BDBR  BDBR/
o a2t (% (dB) (%) PS

60 1.44 0.27 6.79 4.713

Slow 0 2.87 0.87 21.62 7.533

15 5.75 -1.85 44.47 7.735

CIF 10 8.62 2.84 67.62 7.845
60 1.47 0.06 1.4 0.955

Fast 30 2.95 0.2 456 1.546

15 5.9 -0.41 9.52 1.614

10 8.84 0.62 14.11 1.596

60 1.46 -0.06 2 1.372

Slow 30 2.91 0.18 5.52 1.896

15 5.82 0.39 11.45 1.967

HD 10 8.73 0.66 18.86 2.16
60 1.53 -0.04 1.34 0.874

Fast 30 3.05 0.12 3.62 1.188

15 6.11 0.25 7.81 1.278

10 9.16 0.4 11.97 1.307
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4.4.5 Power level table®] A4 2] <A

Power-aware design® A9 vwixut dAl= FHASE 4 7HA
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o
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X,
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flo
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i)
o
ol
o
off
%

olFolfitt WM s T JRFE Aol e AAsta A4 2
giel JigE PLTE FAsStoA JI3dE &

Heks S48ksith BDBRS @ Zi57E 10719 A$-5 vla tido=
3lo] AABFATE Q= A EE (30%, 35%) G FF (CIF Slow-
Motion, CIF Fast-Motion)E <+ 7|£S=E sto] F Wl 714 e &
Tasta ZF Felag A FdE FFAAZ ARE 9 4590
AAsETE ARE AHEHE W 7HA ghE g elA EF dEe] siert
S7Hgrel wel As Ast HAasiarl o d@d JRErE 1071 AA

oA BDBR©] saturation¥]+= 7= #elgd £ Q. gEjr=E 2

(e e

el

M= olHT e 2A=R so] AF wWs 102 A8tk

445 Ed XFol A" AE fga mypyr dubdges A

[d
o

40% g =7HA vERZ] wiEel wE 3o zbAol tiE 4-5% AEE
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olgjgt WhHo=m  Hed 10709  #¥ol ¥ 440 &
FAEgom ol 10709 HEes FAse 2 duEEe A5 %
499 AAEAT E 495 AR G oFE A o7kx] F 10719
A9 w@do] EAG @ 02 oW LyIETE FEHA F 71E9

Azu7h HH A 9= 7P 2 AY A ads wHols FAdE°

ZFo] A (5, 19 mE R-D A5 AT 7HE AA ¥}, PMR, SR,

ES, 18]3l TFP €2 oA 2 AFEd Z+2F v 714 g5 S4A5S

d

e AAE] AEd PMRE FAES R LadE Aol

EAS AAY G 276l uheh vh2s AgEE 2 Bad 5

CIF 979 2%, A9 Fax asrt 7 & X 10] #4490 A2
FAelM = dE 7RE A o7bA, a8 a mA el W A=
g 6FE dE 97bx] AgErk wHe] HD 93] Ag, EE 10
wAgol A2 Gl Ul oFE el 97bA], TElal mA ol W
FelMs wd sHE HE 97bA Fgo] "n CIF 9749 45, &2
spatial complexity® <Q13}o] coefficient® <Q1sH @27} FAFe] A
WA o] 49 WME g edsl mA= Qend o A,
J2E® PMRO] R-D A Adtel mAl= FFe] AA o olgt
HHf 2 HD 974+ -9, W2 spatial complexity® <3l =24 WHZE

13t @ 2}7} coefficient® Q13+ @ xR T} ©f X A o]7] uwjFo] PMRO.Z
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A3 R-D F& A7t Aoz Ax vk 1222 PMRE A&

ol F Agel ¥ 8394 97 power-aware designol] &&= 4 ST} ES
2

g w2 dEPE d8Hy g2 A EAME wAdel A2 AFrd
wAYel B2 ARy 9 W2 ddyy g3dv ol IMES HA

eV} 16x162 AAES %7 A% RER AAEHE H|Fo] A=}

=

Sl Aol A el A ETE Al w Aol B ddET T
F7] dEolt. 18 PR ESE AR i ZF Yol A2 dielA o

SR¥} IFPO] A%, &Y oFo wet ayrt g=A yehdh
2ol AL Gl Ae, dAdEel #A glo] SRo] W 2FE W

HD

R

97kA]  Zg¥ 3 IFP= CIF Ao+ @ 9o Anl  Z1g

ZHd= 7Fe] =& temporal correlation®. 2 Q13}o] QIEZ; Q] o =3}
AY = S Abel 9 bitrate xko]7} wi-g- At 22 E SRo|] PLTE

Tt gold 2 9FYL vAL FPE 2 RD A% ARE
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sto]l PLT 740l A= 9F=ol g oz mnlsitt. o]e} Ritz,

Tl A olo] WO Ao gxol WE o] H7] uji-o
AR og Ho el MoE gHo7 sl P g A WMol 7t
RD A& A3tz FAAG 284 ojoxl= ZHdE Ho e

temporal correlation®. 2 Q13}o] QJIEZ 2y 53 AE 2y o=

Abol 9] bitrate zFo]7F AtjA o7 Z7] wjEo IFP7} PLTS FA3t=d]
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BDBR(%)

16 - H 2 Zt A 5 H30%-Slow motion
14 - ™ 2 Zk A =2 H30%-Fast motion
=M HZt A 2 H35%-Slow motion
2 =M H 2t A 2 H35%-Fast motion
10 -
g -
6 -
4 -
7
0 —
) 0 2 4 6 8 10 12 14 16
el = (#)

1% 45 A9 HH Jf5o] wE BDBRE H 3}

3 4.9 Power-Level Table2] A

CIF Slow- HD Slow- CIF Fast- HD Fast-
Motion Motion Motion Motion
Eﬂ P E IF P E IF P E IF P E IF
= M SR g P M SR g P M SR 3 P M SR s P
R R R R
0 - - - - - - - - - - - - - -
1 - - 0 - 5 - - - 5 - - - 5 - - -
2 - 12 O - 5 12 - - 5 - 0 - 3 - - -
3 - 14 0 - 5 14 - - 5 12 - - 1 - - -
4 5 14 0 - 3 12 - - 5 12 O - 3 12 - -
5 5 16 o - 3 14 - - 3 12 O - 1 12 - -
6 3 16 O - 1 14 - - 1 12 O - 1 14 - -
7 1 16 O - 1 14 O - 1 12 O 30 1 1/4 - 30
8 1 19 O - 1 1/6 O 30 1 1/6 O 60 1 1/4 - 15
9 1 19 O 60 1 1/6 O 15 1 1/6 O 10 1 1/4 O 10
91 =



ol HoMi= PLTE H.264/AVC <1 FU e L3 power-aware

design®] AHe& At oHEd AHdes V1= A7 wasto

Hltk mA|wto gz PLTE I A Ao 2 &3to] power-aware

designe 483 FF A A Y& ik

4.5.1 Power-Aware Design®] 5 574

Power-aware design®] R-D s ¥ 44°] #A|AE 12719 4 =S

ggote] SAEN=H NE LadFe] G SEAHE 7 e 20, 24,

K
ofl
)
0
id

28,329 4] 7}#A] QPR 100 Z&| g <l

3E 41000 X 490 AAE 4 e AY HEE A" d 7HA
PLTE &39S v A8 A2 (PC) ¥ Ay 7 &3 (PS)7F AlA
HAa % 4119 E 499 PLTE A E5t3ls wWel RD Aes #3rt
AA AT F 4109 AE TA &9l ¥ 4112 BDPSNRY BDBR
A= HE 09 HE A g3 9 Aed vlaste] AAEHH.

Aol AL G A, @l 194 A9 wHgk RD Ae AstE
CIF 97dolA 14%, HD GolA 6.73%2 d8 4 3as d9low

7 2 A8 A 29E Holi= dY 994 = CIF 943 HD 97delA
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Z+7} 17.95%2] BDBR =7}% 38.14%° #¥ 74 &7} 18.91%<2 BDBR

S7FR 37.14%9 AY A 3aE A wAdol W 49 A,
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IF 973elAdes 49 10] 285 Ae o, 045%2] BDBR T7FE 6.66%°]

25 23 #E 97k A{EvE 29.69%°] BDBR F7FE
37.99%2 A8 4 &35 A=tk HD Ao E A 9014 26.83%]
BDBR S7l=2 7FF & 3834%° ¥ #x adE d& + AUrh
BDPSNR ¥4 Eulw 0.1dB 7|72 BDPSNR #HAZE 2 Ydo] AL

CIF 7%ellA oF 28%, w2l§lo]l 212 HD @7dollA oF 23%<] A9 A

folr
ﬂ
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a2
tlo

= Qlth wbdef, Zqlo] W el = 22 BDPSNR
iR CIF F731A oF 18%, HD G7dellr oF 17%2] A8 4 ans
welth, ole @ Asg Ba 4¢ F42E A% RD A5 Al F490]
B2 GAdA o A YedE AE S 5 Stk

19 4600= U 7HA GAF ezl diste] PLTY A e A

H

gl Ay 74 &3¢l BDBR W3t He] Ad #AAVE agE=
AAEAT. Tz 7FRFo] AY A m3dE dEdi MRS
BDBR W= et Jg=ZE AvEd BEe 94 FHEH I elA
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¥ 4.10 Power-Level Table®] ¥ 42X 9 HYg 4 g3
CIF Slow-Motion  HD Slow-Motion  CIF Fast-Motion = HD Fast-Motion
2k PC PS PC PS PC PS PC PS
(mW) (%) (mW) (%) (mW) (%) (mW) (%)
0 17.9 - 81.1 - 20.2 - 90.1 -
1 154 14 75.7 6.73 18.8 6.66 84.3 6.47
2 14.2 20.43 70.1 13.59 18 10.81 78.4 12.94
3 13.7 23.64 67.3 17.02 17.4 13.94 74.6 17.26
4 12.9 27.71 64.6 20.31 16.5 18.09 70.8 21.44
5 12.7 28.78 61.9 23.74 154 23.75 66.9 25.76
6 12 32.86 58.2 28.23 14.6 27.53 62.8 30.31
7 11.5 35.58 54.8 32.42 14.2 29.56 62.2 32.06
8 114 36.3 52.4 35.35 13.5 33.32 59.4 34.12
9 11.1 38.14 51 37.14 12.5 37.99 55.6 38.34
¥ 4.11 Power-Level Table2] R-D A& W3}
CIF Slow-Motion HD Slow-Motion CIF Fast-Motion HD Fast-Motion
ol BDPSNR BDBR BDPSNR BDBR BDPSNR  BDBR BDPSNR  BDBR
(dB) (%) (dB) (%) (dB) (%) (dB) (%)
0 _ _ _ _ _ _ _ _
1 -0.01 0.24 -0.01 0.26 -0.02 0.45 -0.01 0.41
2 -0.02 0.46 -0.03 0.78 -0.03 0.61 -0.06 1.85
3 -0.03 0.71 -0.04 1.17 -0.06 1.55 -0.08 2.46
4 -0.05 1.34 -0.08 2.46 -0.07 1.8 -0.21 6.3
5 -0.06 1.62 -0.09 2.78 -0.13 3.17 -0.23 6.9
6 -0.12 3.19 -0.11 3.42 -0.33 7.91 -0.38 11.49
7 -0.32 8.39 -0.23 8.19 -0.51 12.16 -0.5 14.72
8 -0.44 11.68 -0.42 13.79 -0.82 18.55 -0.63 18.5
9 -0.7 17.95 -0.6 18.91 -1.31 29.69 -0.88 26.83
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CIF Slow -=CIF Fast
HD Slow =<HD Fast

I T T

0 10 20 30 40
Power Saving(%o)

71 4.6 Power-Level Table®] A2 74 &3} vs. BDBR H3}

o PMR SR ES IFP
0 - - - -
1 5 - - -
2 5 1/2 - -
3 3 172 - -
4 3 172 (0] -
5 1 12 (0] -
6 1 1/4 (0] -
7 1 1/6 (0] 60
8 1 1/6 (0] 15
9 1 1/6 (0) 10
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Power Saving(%)
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Power Saving(%)

(d)
1% 4.7 ARESH Power-Level Table®} 974 545 1elskA] &2 Power-
Level Table®] -5 H]il: (a) CIF Slow-Motion (b) HD Slow-Motion (c) CIF Fast-

Motion (d) HD Fast-Motion.
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3413 EAd A9 AE A vy 28] s Wt

- 30% AH A 35% K8 A
BDBR(%) BDPSNR(dB) BDBR(%) BDPSNR(dB)
FASTI -1.51 0.056 -2.58 0.101
FAST2 -9.98 0.504 -16.59 0.951
FAST3 -2.28 0.1 -5.84 0.257
SLOW1 -2.76 0.115 -5.71 0.228
SLOW2 -1.38 0.062 -6.88 0.327
SLOW3 -10.08 0.368 -13.03 0.47
F 414 Al A9 w9 Ag VRe] dg 28 54
oA 30% ¥ A 35% Y a4
el 2% AU E%) FEB%) G UE(%)
FAST 99.93 95.38 99.9 95.33
SLOW 99.8 92.7 99.87 95.35
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4.5.2 7)€ Power-Aware Design32] 45 H| 1
o] A= AtE PLTE &E3 power-aware designs 7|9
power-aware design [23]¥ B]Wdte] 1 5SS FHITL T A|AES

addor vwsty] faid vzt A9 A a3E Hols AskelA

7 B37F 35%d W, 49 A a9t gle
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I9 4109 A A E3E7F 40%Y W 7)o 7Y, AotH

power-aware design, 123 [23]¢] R-D Ads°] AAEHATE 40% A

JE

Ha ads 471 Yl Akst A AR akiyo?l foreman 7FolA EF
Al 95 AGsigiet. dyE AR AQks power-aware design¥ [23]
Atole] wi-g- Z s ztel7F vEhus Ale gld 5 qlvh Akiyo 979
749, 200Kbps F-LollA FH) 2dB ©]4¢ PSNR o0& Ho]w foreman
&l 45, 1,600Kbps el Al Ho 2dB ©]°e] PSNR Aol E HQIH
[2319] A%, A8 A Bx7E 35%14 40%Z dol7tdA 4% RD
s Ast7E YEbA ®ok Z1ef vlEl] A|QFE power-aware design®] 78 -5,
 7HA dags 459 HASAAA AE6t7] wZel thE 40%9)

A9 A4 A9A A R-D A4 Ast glo] o] F+= Ao 7Hssith

Aol F 207HA7HA g3E S e (IMEE SIsE 54 oAl R g
FMEZ 3 4 d 7}A], 5x4=20) ©o] =] HZA %S HeEsto

Aol A g wbdel 2319 Aol ol d Aol A 37HA
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dAF R FAste] dE ARE AT 5 AN [23]eAM = A

I 40% d=7F =¥ IME
of st et 23104 ofeiel Aol Wl IMEE
=287 B2 2 AAst=d IMEZE B8 gEthd dld MBE

QEZ oF REE Fd o1zmYd HA Hoh

if (PowerLeﬂAvg> Pve+ POTHERS) perform IME

else perform only intra-prediction (4-16) [23]

Powernaei= A HobF Sl WiEY £F (A 7ed AHHOo=

e e Ag Ba A

. k-1 Al
Power Budget _Zizl Power Usage

PowerLeftA,,g =

n—(k—-1)
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Abstract

H.264-based Low Power Heterogeneous
Video Recording System

Kim Hyun
Electrical and Computer Engineering
The Graduate School

Seoul National University

An increasing demand for mobile video recording system makes it important to
reduce power consumption and to increase battery lifetime. Video compression is
essential to store acquired video data. The H.264/AVC video compression standard
is widely used for many video recording systems because of its high compression
efficiency; however, the complex coding structure of H.264/AVC compression
requires large amounts of computation and power consumption. In this paper, two
approaches are proposed for reducing the power consumption of video compression
in the video recording system. First, this paper proposes a low-power video
recording system that incorporates multiple video compression modules and selects
an appropriate compression module. A light-weight video compression (LWC),

based on discrete wavelet transform and set partitioning in hierarchical trees,
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consumes less power than H.264/AVC compression thanks to its relatively simple
coding structure although its compression efficiency is lower than that of
H.264/AVC compression. This paper proposes a low-power video recording system
that combines both the H.264/AVC encoder with high compression efficiency and
LWC with low power consumption. Because only meaningful video data are stored
in memory for a long period, LWC is used to compress video data temporarily.
When the temporary data are determined to be meaningful, they are compressed by
the H.264/AVC encoder for permanent storage. For further power reduction, a
down-sampling operation is used for permanent data storage when the target bitrate
is low. However, the effect of power saving by the low-power video recording
system with multiple video compression modules is quite small when the portion of
long-term storage is high. To supplement this problem, it is important to reduce the
power consumption of the H.264/AVC encoder. Thus, this paper proposes a low-
power video recording system that applies the power-aware design to control the
power consumption of the H.264/AVC encoder. The power-aware design is a novel
method to determine the best combination of operation conditions for multiple
power-scaling schemes. The largest power saving can be achieved with the smallest
R-D degradation by selecting an optimized combination from among all possible
combinations. To derive the best combination of existing power-scaling schemes, the
power saving and rate-distortion performances of individual schemes are simulated.
Then, the combined effects of these schemes on power saving and R-D loss are
modeled and the best operation combination is derived. By using the proposed
modeling approach, the number of simulations required to determine the best
combination of power-scaling schemes is markedly reduced. Consequently, the set

of power-scaling schemes is easily composed. The largest power saving can be
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achieved with the smallest R-D degradation by selecting an optimized combination
from among all possible combinations. The optimized combinations are defined as a
power level table and applied to the encoder. Depending on the size and motion
speed of a video, four different power level tables are designed to achieve
performance improvements. The proposed power level table is suitable for power
control in real-time applications because the table is developed in advance. The two
low-power video recording systems, one is that incorporates multiple video
compression modules and the other is that applies the power-aware design to reduce
the power consumption of the H.264/AVC encoder with the optimized R-D
performance, are integrated in the unitary platform. The video recording system can
be optimized by selecting the appropriate system according to the proportion of
long-term storage and the target bitrate. The optimized video recording system
reduces power consumption by up to 72.5% compared to that in a conventional

video recording system.

Keywords : Video Recording System, Low Power Implementation, Multi Video
Codec, H.264/AVC, Light Weight Compression, Power-Aware Design
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