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Abstract:  As a high energy consumption component of embedded devices, the power consumption of AMOLED displays is determined
by the pixel value of all pixels of the displayed content. And human visual system gives priority to the important regions of the display
content, while pays less attention to the unimportant region. Based on the above features, a power optimization method is proposed for
AMOLED display based on multi-region visual saliency. The core of the method is to extract the important region of the display content
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by the multi-region visual saliency algorithm, and then the display content is divided into multiple regions according to saliency map of
important region of the image. At last, the dynamic pixel adjustment is carried out based on the visual attention level, which minimizes the
display power without reducing the overall visual effect of the display content. Finally, through a number of image testing, the results
show that the power consumption of image can be reduced while maintaining a good visual effect.

Key words: multi-area; content awareness; AMOLED; image; power optimization
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Table 1  Power consumption of different components under different working state
1 Bah%im Galaxy S-19000 &AL A F TARZE T D FE(E

CPU Display Wi-Fi GPS Cellular Bluetooth
S5PC110 1.0GHz ARM Cortex-A8 | AMOLED 800x480 | 802.11 b/g/n | A-GPS/GPS WCDMA V2.1
100 200 400 800 | 1000
muz | Muz | Maz | Muz | MazZ ON FULL ON | ACTIVE ON SCAN | ACTIVE | ON | ACTIVE
55.4 | 82.1 | 113.7 | 205.4 | 259 49 260 4 120 50 88 185 0.3 142
B8
i
o 50C 500 7. s0C
i e Wi 7a% P 5
18.8%
cPU
46%
CcPU cPyY CPY
X A% % A2 8%
(a) Idle System (52.4mW) (b) Android Browser (235.6mW) (c) PPStream (77.2mW) (d) Doodle Jump (170.2mW)

Fig.1 Power consumption of different components running applications under Galaxy 19000
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Table 2 Performance comparison of different algorithm for salient region detection

T2 BB XG5 SR TR AR b

Algorithm Processing time (s) Precision Recall AUC F-measure

1T 2.271 0.645 6 0.3323 0.530 2 0.524 3
ACk 1.071 0.613 2 0.4757 05749 0.575 4
SR 0.057 0.578 9 0.4435 0.540 8 0.557 8
PFTE! 0.049 0.610 8 0.459 4 0.564 1 0.567 7
PQFTE 0.103 0.655 4 0.461 2 0.597 3 0.628 9
cstl 0.065 0.699 8 0.492 4 0.612 5 0.654 7
1ti 12! 0.067 07121 0.487 4 0.6312 0.679 8

Fig.2 CS algorithm (from left to right are original graph, abstract graph, salient graph and standard graph)
K2 CSHEHEEXERMANLER LK RE . Hig -, W% &b vE )

MALRE RCR b B3 T U 258 G 0 Vel 45 18 S 25 DX, ) I DA D AR DI A i A3 Pl 45 1) 22 DX AL 1 (multi-
region saliency map), A # 5 AL P 0T P A5 AN [7] F) D3 v 50 396 A2 400 2880 SR B % 1 P 45 3% U1 B . e e, B
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IR IFVER ST, O ARAIE S A A SR T A A B S ) N ORIE B A5 A R A, R AR A B R v )
SR A BAGRFR P BN AS T ITVE R 58 B 7S A BRI RIOR AN B2 45T 1R [R] N, BRI S 7R T 6.
Table 3 Comparison of advantages and disadvantages of various methods
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Fig.3 Power consumption of three color under different intensities and power consumption after linear fitting
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Fig.4 Image multi-area segmentation based on Itti algorithm
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(K475 0 1 22 DI D A J 35 A B 0 AR e 4 ], 9 EL L 75 10 0 2 K T BEd PR 0 A O T T P X
SR BE T 73 ). () I AR heti S R P AR S P R DL PP A MR R I OGRS AR AR 0 B 1 2
[8]:1 AR AZ X IR AT S5 vt 199 3 B KT LA R [ 08 35 L 0 15 3% el LA AH ) 5 38 PR A0 B 0 e R AR 1 3%
IRLBE SRV B, O 2 2% LU oy 8 % 7 1) B4 R, e Bl DURE RG34 n AN Y B R - B R mior b
N ANAR S R T DX R AL T 7 R A ) R o I B LA R S s I 175 D R e o B R 3 — i 1 45,
R N BRI (K XA L 5 A [R]85 56 73 b BT 1A ot 1 K 2 5 s o 4 2 ) X3l PRy B A
3~5 I, LN P52 i1 DAB AL A B i SR ) S5 D RE T LHKAS S L F) 14
() ZXEBERBE MBI L
e E BB B N ADAFAZ R XTI LS R KE R R={ry,ra,..., 3 BHER 2 DXCAR R 5 & I B R A A
NAELTRE N A DR 25 0] Y £ DR P13 AR 28R A R A A P SR 25 X et K 1 1 2R 8, A 754 i
RAEW L TR I AT S A1 BB AR AR foe /A 1 1) R, H A o i 22 2K (4) s
2 2 Poin (% x0(0) (4)

r, R xer;
o xi 7 24T e 1) T FE BR L, ) s Rl I 1 T R AL
LIS, A 1 D DG At A2 i 3 % DX 33 KU 0 R A AR B S, 7 AR 2 i X 3 R i G T P R T T S 1
P {5 AR AL B 0 TR W B 1 X PR AL B8 T Bk (i), C (1) W Bh A TR EE R BNy BG Hb I X el B R R B
A A (5):
Ai)=C(i)x(1-n(i))/IN (5)
B 23 2 (5) T 01, VA ZR B0 2 DR 3 PR AL B DG R s e b BT i DX 3 SR DG v R e, U0 G R Y o R
BN IR 2 YR R B O S T Y AR B R SRR BN AS TR R 4L C().
Ry PRI R 8 DR A5 18 R0 B 00 R, FRATT A P PSR 5 A AR ABL 3R £ (SSIM) Sk 24 B G 74 R B8, 78 T SRS, 23l
S5 DX 3 R A i T 225 A AR 2R B8 ER T 5 DXl R A 0 DG BE A [R), i DA SIS0 oF - DX 3 o i A 52 (1) Ok B0 1
AN TR ABEAWL U S B g/ DX IR 1) SSIM B4 B, I 98 4% IX 35k (¥ SSIM BB Y6 L 2 B~1.585 1 AN X 311 SSIM IR EU{E A
2 3(6):
SSIM(i)=1-C(i)x(1-A)IN (6)
R 22 2K (B) A1 2 K (6) 11 PR 6 442k, BV vy SR At H iy ek 4
A b I A 2 18 T SRV A A AT X 3 R 4 AR B R R K, U P A R 408 DX 3 ) 2 4 Ak T 4 HH IR W A8 13 A
I 185 8 PG 30 25 VA AN S T 38 T 5 TR R0 B 280 SR A ¥ A R 80 X 38 P e S 3R 900 0 280 R, 75 T AR 408 DX 38 P 1 R
AT PR 3R ATT ] 56 /N AT 5 2 (just noticeable difference, f& Fk JND)K R sl 48 AT X 45 6 T4 15 1 2 7T B B34
SR8, RS S B PRAN DI ZE (/N T de /N AT 22, 1 L A 3X(7):
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2|C(>i)-C@)l/C(i)+C(j)<d (7)
C(i)15 CQ)AAE— PN FH A X 5k 1) )y 2 T B 2R 550, 3 2R AR 2 0 BBk DA 3 1RO~ P44, B0 D 4 408 X ek ) 2l
ARG B .d B/ AT 22 B A AN W 8 DR, 7 SR % DX 4811 20 25 T R I I I 4 =X
(7), LAY B T B s oA P AH 408 X sy 2800 B AR 1 S5 R o,
Algorithm. Calculate dynamic coefficient of each region.
Input: A region set R={ry,r,,...rn}, SSIM of the lowest attention region and the just noticeable difference;
Output: coefficient of each region.
1. p«SSIM of the lowest attention region;
2. d<«-the just noticeable difference;
3 fori=1to N do
4 get SSIM of each region by Eq.(5) and Eq.(6)
5. for j=2to N do
6 if region i and region j adjacent
7 check Eq.(7)
8 if true, continue
9

else
10. update S
11. minimize Eq.(4)
12.  end for
13. end for

4 KBERKSH

T A AR SR IR S 36 PR 5 S SR it P SRV R AT SRR DA ) ST B (K R EA T NS BB A BT, 45 R
Pl 45 A ARl 1] B — O 8 R O B0 (WIRA B09%), 08 D RSG5z /N RE TG B 55 [ I R 0 a2 5 1 AT Ak 21 505
(RRA H3E), DL R A SCHR H 1K 22 X 38l A A BV (MRA 5032) dJa & R T B3 3 R aRi vk Ak B8 5 1) v 4 1
Fe A% ) 4% o< gt g A5 B Sk BT Google 1% % (image.google.com). [ i, S 56 30E 5 305 1 A5 R0k e 3 1k,
1t Google &4 7 h BEHLIZEHX 200 7K P AL S0 Y S3000 Ak B, %o Ak P/ ) PG DA A A BOR BEAT G vt 23- AT
4.1 IWINE

NARTFEG AL AMOLED _E /S os DS, B 56 2E3RIR 3 AN B 73 18 i REFE R L £(-),h() AT k(). EHZY 504
nOLED-32028-P1 AMOLED 1 4 A 3 i 7R SE P & FL 43 i % 0 320x240, 4 %5 65K. R F HOIKI 3334 £ i fig
Ty 2000 e (S04 00 5k 1% I DR AN 5 v Th 6, KAB005P #5428 LAt i U 4 A 7 AT 458 v I, SE B & F A R B 2 A
*3.

Table 3 Key parameters of each component in the experiment

w3 OEBA RS

AMOLED (apOLED-32028-P1) Power meter (HOIKI 3334) Power supply (KA3005P DC)
Resolution 320240 Sampling frequency  74.4kHz Voltage range  0V~30V
Display color 65K colors accuracy +0.5%rdg Currentrange  0A~5A
Diagonal size  2.83 inch Range 1.5000W-9.000kW Voltage <0.5%+20mV
Current <0.5%+10mA

SRR AN T B R ¥ OE Z R B I S R AMOLED Ji 4, 1 1% (0 58 2 090 3% 24 AT (it 2
B DR BEAS 08 S AR 18] Dy 30s, v SV RV D iR R B DA, I A5 R B 3(a) s A
Bl 3 4950, 45 B 7 B 1K) D AG e B0 — AN AR R B, 0 fRg A T 55,06 3 A A e P R SO0l Y o /s i il AT I 26
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=

Sfedded

Fig.5 Original image, edge image, feature image, image processed by WRA, RRA and MRA algorithm
K5 JlEl. UK. FHIEE . WRA SR FEER . RRA SR FE AR . MRA S5 AL 31 &%

R A TR 3 PR AL B (¥ B AR SRR AR 2 2 AR 45 I ARDLE 35 S B 47 S Power 7k B {8 A8 S I 47
52 e L [¥) 5% I T AR, MSSIM 73 A S0 A L () Pl 45 46 A AR AL 85 ) 25 B 1) 1 40 (0 (B 4% D SRy 45 Ry AHALLEE
(R3~F- S5 ) SR PP A J5 Pl 5 5 it P8 A kg L IR AH A, Reduce ratio 7~ B4 ) 1) LA LG st BB IR T RE AR AL
AT G RN T P T A A, 3 R IR AR R 7 PR i AR P P Jes PR AR AL L.

Table 4 Key attribute information of different images

x4 FREGRBEEFELR

Image Approach Original WRA RRA MRA
Power 856.12mw 671.2mw 635.24mw  745.51mw
Imagel MSSIM = 0.95 0.95 0.95
Reduce ratio = 21.6% 25.8% 24.6%
Power 893.62mw  738.13mw  717.58mw  725.62mw
Image2 MSSIM - 0.95 0.95 0.95
Reduce ratio - 17.4% 19.7% 18.8%
Power 768.46mw  641.66mw 628.6mw 634.75mw
Image3 MSSIM - 0.95 0.95 0.95
Reduce ratio - 16.5% 18.2% 17.6%

I 5 A3k 4 R BN 3 kSRS H 10 5 L s PR 30 LA S 1 S RE . M BR i BRI 1 38 45 44
LR EL(MSSIM) A 0.95 If:xf T 1% 1,5 FH WRA HikESIhFERFK 21.6%,8% FH RRA 51k EHE ThFE K
25.8%, M [T} MRA 535 B 15 ThFE IR A% 24.6%; 50 T BI% 2, 1 WRA 5095 15 ThEE FR A% 17.4%, 3 1] RRA 5914
B INFEFRAR 19.7%, 5 MRA 53k R ThFE IR 18.8%; %t F K% 3, ] WRA 5y R ThRERR (% 16.5%, M
RRA 57 EG ThFE R 18.2%, 5 ] MRA HIE BUE ThFEREAK 17.4%. 0 T 3 I B, A SCHE (1) MRA 01513
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T I T FERC G OL T MRA B35 AH BT 250 2 o) AN [ 1845 0 X 3174 ) 8 28 5 A7 2 5 BR o, 5 07 A i 28 SR
b B S A A RONE T A SC R D MRA S35 TR A [ R A X8 R 4 R A AT T BRI, T LLIL AR 4L
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13 4 R 5 150 & 5243 B T LA M b 00 5% 31, FRAT T4 1 (9 MRA B35 L WRA K RRA BVE IR R B 4f.
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ElRISTASECE S UNGE TR Ve

id 3 EIENE A 1 A BRI ShFER AR 2 X 2 BT % G 1 12 25 DS R A 6 e/, B 3 1 2 DX S T
TRV OR T A U 0 I 3 308 25 DXl ) R 5% 2R 00 R AT A 45 LR 1) S AR D FEARAL S8R LU B8R % T3 3 A
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Fig.6 Original image, edge image, feature image, image processed by WRA, RRA and MRA algorithm
6 S, WHEL KRR WRA SRR, RRA SRR . MRA HIELLHLE 5

K5 P KBRS 5K 4 PR RS & S,

Table 5 Key attribute information of different images

R5 FEGERBENEE LR

Image Approach Original WRA RRA MRA
Power 678.24mw  609.05mw  613.13mw 607.7mw
Imagel MSSIM - 0.95 0.95 0.95
Reduce ratio — 10.2% 9.6% 10.4%
Power 746.78mw  663.14mw  675.84mw  659.41mw
Image2 MSSIM - 0.95 0.95 0.95
Reduce ratio — 11.2% 9.5% 11.7%
Power 712.36mw  644.69mw  654.66mw  643.97mw
Image3 MSSIM - 0.95 0.95 0.95

Reduce ratio - 9.5% 8.1% 9.6%
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Fig.7 Power optimized proportional distribution of test samples
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