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Exploiting Electronic Paper Display Update Scheduler
in Extremely Low Power Mobile Platforms
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EPD (Electronic Paper Display) is a widely used non-volatile display which can retain images on screen even with powers
removed. While exploiting EPD can significantly reduce power consumption for idle durations, updating such non-volatile
displays requires much energy switching between bistable states. Therefore, power reduction during EPD updates is an important
issue. This paper introduces EPD update scheduler which dynamically rearranges update requests ill-suited for EPDs to localized
and collision-free low power consuming requests in the device driver level, thus realizing extremely low-power without need for
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application modifications.

1. [XLC®HIC

U, EHROZ T Ly MNERRS Y =T 7 7 ARDO A~
— UGy F R EOFRLFRRICB VT, BAFMAOR
ALK BEERFFRE L 7> TS, 2N HOHERIZEW

T, BIROEEEIOH>H LCD R EORREED v 7
TFA MR 7Ly v anEO5EERENT ERMLT

BH[1]. FXICHIS LT, AERMEAEY ZT7 L —A Ny
7?Kﬂ%¢5$417v4[ﬁ>n&ﬁﬁ@ﬁwU7v
v a b— N CREE A RR AT REZR 1IGZO [3]%° A € V ikl

BREDEHBEEIMELIZT 4 AT VA Bx BHE LTS,

FOHTYH, #ETX—/%(EPD: Electronic Paper Display)[4]
1L, BRAFICEDN WS ITITERZ R LT #z
PR TEAREREDT 4 AT LA L LTHEAEESNTE
Y, kkx 72 EPD HRADMFAET 5[5][6][7]. EPD H:ifixitEAk
ZHel 7 CTE Y, Kindle[8]72 & Dt KL L7 E T B
X?f<ﬁ&waéElmH Sk E) 7 2 C I R A
ARNRSEDY 7Ly v 2 AR HIRT BN e Sh
721, Mirasol[6][9]72 & D F 7 —TwEii#7: EPD %45 L T
&TW%. ¥£7z, EPD & LCD % 1 DO¥uEIZFF-2*Android
MOS A LAY —T 4 [10)R B AL ER T

TLERORE AFER R 2 —
TOSHIBA Corporation, Corporate Research & Development Center

(©2014 Information Processing Society of Japan

5. E R R DT 4 AT LA WA EFREMED EPD % 1
T5HZET, BTN HHBRK TR a2 A N —2 &
ToTWAERTTHI—FREHEZHEL TWAANED
REETIL, LCD O L S ITEMAICY 7 Ly 2§ DMEN
V. FORY, FoRrERidRETT ot v 2 KIEE
BHE— NIBITSETT A NAVROWEEE N2 T 52
&, REEFEMEZ TS D U O LRI K OV B T 7 % KiE
WK 2 2 3 TE, ZRETICAVE ) BREEE
N7 R A RBTX D A[EEERHTE TV D

LU, RERMET 4 27 LA OBFE, iz 0B
EIR AR L CHRIRE MR TE 2LE L7 REE F"ﬁ%‘@]@
iz B, KRERE 7775» L n. LOD/NSWENT
EPD #5# 5K % BRE) A 6 TA/T)#$®WL%m
éb\/\yT)T%Eﬂ:%%fﬁﬁ‘ét Zh, HIZBEfFO
LCD % EPD CTE & #ix 57217 Tld+4 fﬁ< EPD D&
B LB D DB T & I/ IME T 2 e e IRVH R 7R
N EETH 5.

ARTIX, ERIMBEIEITRHFICT AL ART AR
NTCHERERT D EPD A7 Y 2—F 2K T 5. EPD A7

2—F T, HlzlE, FXxa A bEa2—T»5, EHA
’Ci‘%ﬂ“éﬂéﬁi&“\_‘/§ﬁ@20@$@Kunﬂ75’§”b‘
MR THRITESND L, 1 BEIOEH X M4 CRIFFC %Téh
%X D ICHEMERLT . EPD TIE, s oz i



TE LB 2 T
IPSJ SIG Technical Report

RONRHLGE, EHILENRBIETARERS D, Z0
e, —PFRKUTT bR WERE ORIV %o E
Mz meEHmD, BERYDORVWNSRE TERZ R
MRICEBRT 5.

LIF, 2 ®T EPD #dlissARIZII1T 5 EPD E i x LB D
B 23R~ 3 B TZOFREIC O TS, 4 #FTiX EPD
EHLZ RO B I AN EREL, 5 ETHRA O
B L7- EPD #5#inn RsE A — K ECHREFEMZ1T5. 6
ECTHBOMEONTHRN, 7TETELDD.

2. BFR—NERIVLEDOHE

AKEETIL, EPD iz LR DA i 5 oo 774
THW5 E Ink EPD £l KA A — N L ToEHz L
V= v AOMEETHT 5.

Fox OB LIZFHlAR — KT, EPD 2> hur—F %N
L= iMXS08[11]7 7V r—varratwyhERAL
TW5.

£9, iMX508 ETEMET 27 7Y r— 3 A%, EPD
WCRRTHERIHT ¥ % ELE LD RGB B 7 L
— LNy 7 7 ICEXATe. LCD 72 Y, EPD (I E A
R T VLo afNRpnoT, T7) 45— a URNHRIIIC
EHAX A% EPD 22 b —F DT NA A RT A NTH
79 5.

WIZ, TRAARTANN, TFVr—a UPHRE
ENEEBRZIAT—FET 7T V—HFTHD
ePXP(Enhanced Pixel Pipeline) % #|f L C RGB 7% EPD T
FORAFRIR 7 L — A — NAAZE~ DA 72 £ D EPD fF
HORMLE 2 ETT 5. AiEELAT —Z 1%, ERELIZ
ek Shiz EPD 2 he— 9 HAOU —F 2 7 Ny 77
WZa b —&, TIPLEBRINBENFITIND.

EPD I%, HfED LCD L %72V, EPD 2 br—J12 &
D A E IS ERX DN ORFEO—DTH D,
iMX508 ot d EPD @ hu—Fik, 16 DO EH
ZTUVULUDEA LTEY, EROEHSHEKREIEHIC
DA ORI ER X ARETH 5.

3. BFR—IERZANEDORE

AREETIX, EPD OEW X K ICHEE AT 2 EIKIC
DWNWTIRRS .,

3.1 WiHIICRIT S D BB A MAIC X 2 F B2 AR
Lz hill

27 Ly Mkl ETHET 2BEFEDOEL 0T 7Y r—
va sk EPD#EHGR ECRIHTE A Z ENEELWL. L
ML, ZhHIELCD ZHiRICER SN TEY, LCD OF
BRI E X ATREZR R 2RI L CHYERR A2 & D 272912
W CEXZbONLRR L TUSENERDZD, ez
Tzl FEMMLTWD. 207D, 2 LCD |7 7
Vr—arPNT7Lb—AbN\y 77 IlEKRT —F 2 EZIAD

(©2014 Information Processing Society of Japan

Vo0l.2014-SLDM-165 No.29

Vol.2014-EMB-32 No.29

2014/3/16

RFIZ HAAEIZ EPD ICEM X M A2 HITT 57T OHE T,

TV =g b ERZ S NERRICEI TSR TL
9.

EPD IX, T /34 ADRE I, EH 2 MERR(EPD =
kv —Z BREIEFR OB A LCD & T 25 EEFITEW
DM TH 5. E Ink EPD I21E, BEOEMHRZ E— R
B, AL D A EHL X R A e m R E L X R
—FbHDEN, EEEESTICERZ 2BEERZET—F
T, ’x OFliR— K ET 1 RE#HND. 20k,
Wit B HH 2 a3 RIS T 5 & & O, FIC EPD A3 EHf
ZMBEBHOEEIZ/R->TLED.

1T, WEE2—7T15Y LR ANFROBRIZEED
EgEOERZ M A, B, C NEBBICEF L TRITSN
HH1%FAWCHHATS. EPD 2> b —J OFEFEDOT A
ARTANG, FRIGDTLZEBE 2 —T00%ET 2 &
J<IZEPD = b r— I EW B EZ R T 5. T
5 &, e A OFERZIRBLE DS C OFEH X LB
TETOM, EPD 721 T2, EPD =2 hr—F 2 AL
TW2% SoC, EPD 2> hu—F DT —F I Ny 771
% FFeiE, EPD [ZEJRAELKS L CW\% EPD i® PMIC 72 &
WDEEET 77 4 710 HEBHIBPKRELS RoTLES.

A B C

- BEST

FTIVr—ay

EPDCRZA/\

EPDEHRINIE
EPDavhA—5 .

_—

EPD Pﬁﬁ%

AE#BS EPDAY  CEMET
A

~

B 1 ERLTRITSNDERAMTICED
EPD 4 2 AL BRI ] o> H3

Figure 1 Update time increases with converging updates.
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Figure 2 Update time increases with collision events.
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Figure 3 Reducing power with localized updates.
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Figure 4 Reducing power with collision avoidance.
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Figure 5 Delay time auto-tuning method.
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Figure 12 Delay time auto-tuning (PDF reader).
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