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ABSTRACT

Recently, intensive research has been performed for reducing video decoder energy consumption, especially
based on DVFS (Dynamic Voltage and Frequency Scaling) technique. Our previous work [1] has proposed the
optimal DVFS algorithm for energy reduction in video decoders. In spite of the mathematical optimality of the
algorithm, the precondition of known frame decoding cycle/complexity limits its application to some realistic
scenarios. This paper overcomes this limitation by frame data size-based estimation of frame decoding
complexity. The proposed decoding complexity estimation method shows over 90% accuracy. And with this
estimation method and buffer underflow margin of around 20% of frame size, almost same power consumption

reduction performance as the optimal algorithm can be achieved.

.M E W b F0% A 3 skl 59,
=]
u

A Y A A T 2T AT Azsde]

£ 7= AeElsdsia 20119 sabd dra A A AE gk

FAAL 7 @AAA} - A3t 21713 R A 2~ElF-8l3), heejune @seoultech.ac.kr, £413]<]
(3 Y*Y, snghojeong@gmail.com, 3]

=FHF  KICS2012-10-474, AU} 120129 1049 29, HE =45zt 20129 129 259

www.dbpia.co.kr



ol F8Ade] vl ok AlzEl il AHH s)ee
Z o] k]l 2ol 3 531 (1) 210 20E
o] glom], B =4 DVFS ]S ] =
o] ARS-gE Bl it thRES gt

34k t]3r] ] DVFS a2 olslishr] $lsiA]
= vt 22 AR olal|rt dasiel dAt]Fr
o] BlazE g A=A tEHoR Ao
sz, AR A7 R s EHE7| ¢35}
tl=2}l(deadline)& WH3loof 3fE 2 AATE Al
wo] BAS Zherh ey 4k Zejle] vz A
7ke] 7haAQl B4 Adid dl=elel Azkeloh et
A el Az o] Fgslct. o2t Ao e
slo] edakr) el E31% DVES &ae|&Eo] Agk
Hgef*? 7)) o] ol W 2o mn g
zHql 74 53k Z 9] YIS Alegsleiosh=
deziel 228 7Hska gtk o5 Sof oA Mo
A AR Fedare] shd v Al of s]lE e
7)Z&3le] dA $F2] QoSE W=k, 3 2|9

_%
2|55 At

I

4

t)zdsaA CPU 38 24sh= odar
stk &, o] daEle] A58 vFr e dakylE A

o, wpebs] dub o g ik T T Al AwElelA] ARg-
& = 9l t]FZr]e} taF o] Aleldl W& AA
3] Zgapr] Elck AT Wleae olzidt taz
o] wuje] 2188 gspd DVESE 53l ] ¥
o] Azte FAE & 9lo-S Btk el
= =20 diz=eRRIZA] W A7k #etke] -
l2=9] ARk ot L 7wt BAAE o] g3},
dl=alels sk DVES 2ae|Ee Aok,
Lu 52 =3 Plo] Aslo)] zojo] 28 A EAA, v
2] 7715 A% vl =F(dead-zone) 27 A A7 =
dwe]ES Algksle] 5] RS o]Felck
71% AT Anpse] ARt As e Axt 9l
AAHE 1) WA (heuristic) AW 0 ZA] o] EA]
Ql FHAEE S AABHA] Zsidvks A o
2ZHo] MHe] F7]9] Aleks A Werhe
A 5o FAE 2 gldeh AR = o
gt Holl T3t v~Feo] W7t Aok 241
o4l et om H4dHE AH8hs DVFS dare]
=5 Algkelsic). o] daE|Ee o R A9
AE 7P AR ARl et sd oz Al
Abede A3 gleke 2318 RESSlofof sk, o=

tjzrle] S-gel we} WEH] ofele 497} £

¢

B = o]9} 32 olo|r]ol & RISl AlH
ol 52t dae]Es sk AA delelE ARgs)
o] A8AS A= Aol HA o], olof we} o
3} #o] FAEIATt. A 24 ellA = AljlkshE ZE
3le] tEd EAlw o= dwe]Ey) At dlolEE
&3 A5s AR 3R = o] S daEEs
A gz Zel 23 A 22 DVFS dag|&S 4
7WstaL, o] ]SS AR Ades HA daElE

g
N
X

£ YEdme)Es) vlasle] ARk Al 47

2.1. &% HlolH
A B =Telld ARR AddlelEle i
=]

oo

o] X ERO] g5 Aol CPU 295 = 34
gk F A3 Aok 7t =ZH|qle] AE ok lEl
IA3862] w#do13]l ‘rdsc’(read time stamp counter)
125 o)lgsled CPU F2j55 olgsle] Axtslsich

£ 18 ABelol el AHgT Jake] BAE A

£

Al Edlo| el AREEE Ak = F 71X 2 Drama
Zel=2] o2}l A|EF “The Big Bang Theory” 2]
A4 ol|¥] 422202 0:09:57~0:12:575 7R3 JAk
I} SF <3} A"l=o] ogrlel <3} “Avatar’]
2:27:15~2:30:155 ZAAg JAolrk F IAFe AA
2 ¥ 9, H264FHe] Qlade e AMguE
x264!%12 0] 83}¢] Baseline Z =233} Main Z&
gl 2 tfefgl Bitrated} NS vlRT =S
l¥ddct 18]z GOP=7|+= 152 IAFon,
Main Z23}8]9] 7-$- Bx#|glo] 2HA A&y e
aAsk] 219l GOP Rl 2 JIE s A4

ek
47

www.dbpia.co.kr



Z] °13-01 Vol.38B No.01

E 1. AEToAde] AReE i B4
Table 1. Video trace statistics used for our simulations
video characteristics complexity charactersitics
Media clips | Playback | play time . Bit-rate . mean max min std./avg.
I . .
rate (fps) | (min:sec) resultion (kbps) coding std (cycle) (cycle) (cycle) ratio
SF Movie 23.98 3:00 HD 1080 5M H.264 MP | 43.83M | 86.69M | 22.88M | 0.1607
(Avatar) 23.98 3:00 HD 720 SM H.264 MP 25.74M 74.92M 11.63M | 0.2294
23.98 3:00 HD 720 5M H.264 BP 13.00M 33.38M 3.35M 0.3138
23.98 3:00 HD 720 M H.264 MP | 20.04M | 79.45M 4.12M 0.6043
23.98 3:00 HD 720 2.5M H.264 BP 10.69M | 29.19M 3.38M 0.3341
Drama 2398 3:00 HD 720 2.5M H.264 MP 15.61M 56.76M 431M 0.5027
(The big bang| 23.98 3:00 SD 2.5M H264 BP | 3.92M | 13.81M | 0.86M | 0.3831
theory) 23.98 3:00 SD 2.5M H.264 MP 7.48M 40.43M 1.10M 0.8745
23.98 3:00 SD 1M H.264 BP 2.97M 11.54M 0.95M 0.4483
23.98 3:00 SD 1M H.264 MP 4.6’TM 24.27TM 1.07M 0.7865
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Table 2. the accuracy of estimation of decoding cycle from the frame data size
I- ic. P- ic. B- ic.
video statistics (st diz;'/rj;ir) % etsi.pi:rlr)o(r: e;i].erfo: egp:rrrz):
Media clips (std(e)/mean) % (std(e)/mean) % (std(e)/mean) %
resol. Bitrate combined picture- combined picture-d combined picture- combined picture
(kbps) dep. ep. dep. -dep.
HD 720 M 14.94 12.99 5.27 3.81 21.07 15.23 0.00 0.00
Drama HD 720 2.5M 11.68 10.50 5.21 4.69 20.83 18.76 0.00 0.00
BP SD 2.5M 16.13 14.65 6.57 5.63 26.26 22.53 0.00 0.00
SD M 15.43 13.88 7.90 7.24 31.59 28.96 0.00 0.00
HD 720 M 11.01 8.93 4.00 1.68 16.00 6.73 22.81 18.90
Drama HD 720 2.5M 12.97 9.86 5.46 3.53 21.86 14.12 21.05 16.33
MP SD 2.5M 13.10 12.40 6.58 6.23 26.33 24.94 26.06 23.73
SD M 18.30 15.88 9.12 8.26 36.47 33.03 31.03 26.66
SF Movie | HD 1080 | 5M 1068 | 743 | 5.00 1.95 20.36 7.78 2321 | 1637
MP HD 720 5M 8.82 6.45 4.14 2.42 16.56 9.69 20.72 14.67
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Table 3. estlmauon window size selection
. .. . - frame type
deo statist L S
video stalisties st Ee e I type frame P type frame B type frame
. . Bit- .
Media clips 1t (std(e) |opt. win| (std(e)/ |opt. win| (std(e)/ | opt. win | (std(e)/ opt
resol. rate . . . win
/mean) % | size |mean) % size | mean) % size mean) % .
(kbps) size
HD 720 M 10.55 15 10.99 9 43.95 317 0.00
Drama HD 720 2.5M 10.77 15 11.83 20 47.30 317 0.00
Baseline profile SD 2.5M 12.63 15 13.78 27 55.12 317 0.00
SD IM 12.51 15 14.97 30 59.89 317 0.00
HD 720 M 10.87 15 16.06 11 64.26 96 16.91 161
Drama HD 720 2.5M 13.05 15 14.23 26 56.93 110 16.66 155
Main profile SD 2.5M 13.66 46 19.86 71 79.44 122 21.60 161
SD IM 18.70 75 19.49 52 77.97 310 26.23 112
SF Movie HD 1080 M 9.40 15 7.78 16 31.14 81 18.37 147
Main profile HD 720 M 8.61 15 9.43 29 37.72 27 16.67 27
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STEP 0. Set the default estimation parameters with system
parameters and variables

STEP 1. Get the next frame size,

STEP 2. Estimate the complexity of the next frame to decode.
(using eqn. (1))

STEP 3. Calculate optimal freq. and the corresponding voltage.
(using modified algorithm below)

STEP 4. Decode one frame: measure the decoding clock count
and decoding time that frame, and the result buffer occupancy.
STEP 5. Update the complexity estimation parameters. (egn (2)
and (3)

PROCEDURE DYNAMIC_SMOOTHING_PATH_FIND

(t,,d(t), )
IF buf()(t( ) /VIlLIgIFL (t)_Df’ét (t)’ apply margin:
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END
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min
BREAK
ELSE
SET t, =t/
END IF
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UNTIL t, =N
END PROCEDURE
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Fig. 3. the estimation based, modified optimal DVFS
scheduling algorithm
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Table 5. Energy consumption performance in comparison with the optimal DVFS algorithm
. Bitrate . Dead- Proposed Proposed Proposed 20%
genre resolution (bps) optimal zone 0% Margin | 10% Margin Margin
SF 1080 M 1 1.1249 1.0142 1.0165 1.0173
720 M 1 1.0898 1.0144 1.0150 1.0166
720 M 1 1.0894 1.0116 1.0136 1.0154
720 2.5M 1 1.0846 1.0112 1.0107 1.0112
Drama VGA 2.5M 1 109508 1.0144 1.0181 10198
VGA 1M 1 1.0782 1.0162 1.0270 1.0271
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Table 6. Buffer underflow frequency for all test durations

. Bitrate Panic Dead- Proposed Proposed Proposed 20%

genre resolution (bps) factor zone 0% Margin | 10% Margin Margin
SF 1080 M 3 0 36 14 1
720 M 1 0 21 6 0
720 M 5 0 12 3 0
Drama 720 2.5M 2 0 12 4 0
VGA 2.5M 2 0 19 5 0
VGA IM 2 0 2 0 0
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