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Adaptive Scheduling Algorithm for Energy Harvesting Embedded System

GE Yong-Qi', DONG Yun-Wei', ZHANG Jian', GU Bin'?

!(School of Computer Science, Northwestern Polytechnical University, Xi’an 710129, China)
%(Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: The task scheduling of energy harvesting embedded systems (EHES) should take into account the energy supply of energy
harvesting unit, the energy level of energy storage unit and the energy consumption of energy dissipation unit. A real-time task can meet
time constraint only if its energy constraint is satisfied. Against this background, conventional fixed-priority tasks scheduling algorithms
are not suitable for EHES. A group-based adaptive task scheduling algorithm is proposed in this paper. It can select suitable task
scheduling algorithm adaptively according to the non-energy constraint condition and the energy constraint condition caused by the
uncertain energy supply of energy harvesting unit. In the case of non-energy constraints, the algorithm can reduce the tasks preemptions
and enhance the tasks schedulability. In the case of energy constraints, the algorithm can reduce the battery-mode switches and increase
the average energy level of energy storage unit, thus decrease the system energy constraint. The proposed algorithm is validated with large
scale simulations comparing with other two existing classical algorithms.

Key words: energy harvesting; real-time; embedded system; cyber-physical system; adaptive scheduling
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TR AR OB B Tl g 2D R b A X ) 8 P 9 JE B35 (battery-mode reduction task scheduling algorithm, & #%
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Bo& 2. b i A S U M 5 5T (BSRTS).

1. /lprev IR TS5 next 37 ME 48 BAH1 1 B 1K) D) 455

2. <0

3. chflag<0 A R AR 7,0 R, SRR R
4. st<0 ITRR SIS Ti)

5. loop

6 We {71,725 3T} 17380 2 DA B 4 [ 7 A0 56 ek e
7 If W=J then

8 next< 1, IBAES RS W i e AT 55
9 If chflag==0

10. If Py(t)+E((t)—Enin=Ei/C; then

11. AT next — AN i) BLA

12. Else

13. chflag«1

14. Endif

15. Else

16. st«—getslacktime J13RAGF 2 Bt B[]

17. If st>0 && E/C>P;,

18. FuHL st AN ] LA

19. Endif

20. Endif

21.  Endif

22, tt+1

23. Endloop
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J

WE(t)zZ(;‘GCj+I§1<i?Sj(l) (10)

16t WA i AT 55 IR S5 PR 0 B8 22 5 =R A 76 I8 18] (8] B 10,4, 04T s T 28T & AT 45, BN AL e 4o
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h
23 ETSHEMBENESAERR

JERe ARG OL T, B T4 5 BIE R 51N PTST Fk 452 i 2R 40 HA AR 45 1 1E #3847 0 0k PTSI &
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1) A, T T B0R PR SE AT 45 B T B AN B 08 3k A L I 180110 FL7E EHES A7 AE 2 A R AR AT 45, 17 LT 5%
HHRAE RS 8 5 D RJIR 25,70 L 00 Sk B AT 45 A [R) 20 14 4T 55, VR JEE S s A, 25 A S ()8 X A 45 3R AT 43 4L e
5 B 25 A [ 28 BRI AT 45, 8 G A T 3R Lo AT 45 2 E 1R 88 SR s ko LA 28 R PR A 45 77 2 5 T, 38 T a4 77 %oF
BAE RGO S R G R TL, R R A R GE I m] SE .

IR AR ST 2 HY 31 40 21 10 136 Y O i 5790 (group-based adaptive task scheduling algorithm, f&j#% GATS)%
XF ZRGAT 55 BEAT I 5, O A0t R e 24 TR AR S T T I b R A T R BV
2.3.1 By AL A GG N A

TEXRAT 55 43 8 2 W0 AT 25 3 B 56 4 b 18 B HE 7 A 18 5o 3R 28 OC B AT: 55 AN LA AT 55 2 1B) ELAH 5 ) K AT 5%
93N RGATS N TS R G5 & NWIRVE RGIRBE RGN RENR S5 384T THAE RGP RS2, i g
Wi PREERR P IR AR, AR S LR A K [0,low); N AT 45 24512 AT THRME R4t b 3R ALEF 2 D RE i Y. H
T, A S B X 8] A [low, high] e AT Ml FHAT 2 bR Tflag X B R GATL 45 TN FHAT 45, Tlag=0 Rm N RGATS,
Tflag=1 RS FATM RGAES5 00— A AT RGBT SR AR 1L T L, BN AR5 1 €
R HAESS 43 h T4 N T 45 L 408 F AR 55 1 e 3L

EX 2. € ARSI T X Lic[low,high),L; AN BEHL B, W RAT 55 o AR S5 S me L, WA 55 04 L N ]
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SR S5 HEAT 20 RANFRAT ST, GATS 52325 119 43 41 30 00 4 F

W 1. RGAES 5 AN A0 FAT 5 7 AL 58 2 e [0,1ow), 3 B Tflag=0,WZAE 45 Ty REGAES , MAN R GAE
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il G,

QTR 55 S G306 B R [0,high), 22 G4 45 10 56 91X 18] 2 [0,low), B AT 45 10 56 91X 18] 4 [low, high] AR 4js Xof
PAE RGP AT 55 1000 28 0 AT 55 K190 4 3R BT 55 R0 B FH AT 25 ARSI 23 BN, BT 6 R GAT 4500 o — 4L B, R GiAT
5o WLBCR 1N AT SR 58 G2 X [0 4 [Low, high] 75 B 3 18 L T, WS L=[low, high], B0 ¥4 B N AT 45 93 — 41,
WU FAAT 45 B T LAy 249 1 40 SR [Low, highTHR A5 — A e 0 %oF I (9 B PR AT 45 46 43 A — 28,0 1 o AT 55 B
Z [ LAY R high—low+1 4 BEA RGN 55 43 HESE T A 8 AT 55 (0 53 4B RGAT S5 7 4B AL B R G
Iy AL T2, hight—low+2]2 [4].

BRI RGP I n DNENATS 1,10, T P ME S H Go, G Ik NMES 11,10, B T RGT S5
H Gon—k NMT55 st Ty oo T JB T N AT 54 GLA T RGAT 5521 Go, R FAZE T8 2 AR e G W4 o = B2 p 58
g 540 A BEARSE T N AR S A Gy, MR e 1 20 3T W7 4% 1 B [ 1 1 FE SR s TR AR RE R A R IB DL R 2K
JH PTSI 53270 g ik 9 A% 0, 5% ] BSRTS 529 T 45 B A4 21 ) GATS 53k,

Bk 3. HT 40 BIE N I B (GATS).

Lo /PSR o LRI REAT 3 20 300 N8 B2 45 J5 06 8 SRS et 227 Ml 28 A 41 36 B A VD AT 55
2. <0

3. loop

4. WeA{11,02..., T} 178 2 BA B [ e AR o AR

5. If W=D then

6. nexter IBARSAES W b iS5
7. IMRIEOLSE AR R KT 45 40 4

8. If nexte[0,low) && Tflag=0

9. Go<—next IAT S o I G,

10.  Else

11. G <next IS AES5 7 I 7341 Gy

12.  Endif

13, /EANWERAN

14. If nexte Gy

15. It 52 A0 S B4t oy I 2

16.  Elself 22 5(5) IMESS JE T 93 41 Gy BT e A R A1
17. PTSI HiL(HE 1) //3EfiE B LA

18.  Else

19. BSRTS 5k (51 2) /IRE LI DL

20.  Endif

21. Endif

22. t«t+1

23. Endloop

GATS $i 0 1 6 G I AE 55 ¥ 9 52 SR 52 ) 28 S A 55 1O DR W s AT R R LA 55 oy o — AL A R e
AT B2 SR i LR SUAE 55 90T o 1 NI AE 55 IO S 4, ORAIE L S I PR AT T B e R AR 55 70 4 G 84T (R e
AN IRBET N Epmin, TR HUERF RGN FEAISAT (R TCIEIAT B FIAE 5524 W AT 5570 2 Gy & AT IR RE S FE i SR/
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Fig.2 Scheduling comparison in non-energy constraint
2 ARREE LR O T I R E
Table 1 Attributes of tasks set in non-energy constraint

F1 FREEARNI MESESEIE

1% C E; D; T; i %
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2 3 9 9 10 6 6
7 4 12 17 18 9 6
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W,ASAP Hik A 25 W ALAP Hik kA H 23 IGATS ik Rk AH N 21 IK.GATS Sk il T8 &
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Fig.3 Scheduling comparison in energy constraint
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Table 2  Attributes of tasks set in energy constraint

F2 BERARMGN MESESRME

1% Ci E; D, T; 7 %
7 2 4 3 8 3 3
) 3 9 9 10 6 6
73 4 12 17 18 9 9

fett B I E N E(0)=20,E 50=35, Emin=10,50~2,38 1T IF & Duration=100.

o I 3(2)fi7R:ALAP SRR EAHEIRAT 55 BT, TTHR K 52 14 205 PR B [ >R Ay Rt 70 H, R 6 DR R P L 4k T
A T BT BB B KT (E 125 B 3 AT 25 3 4 b e 1)

o XIF ASAP Bk T4 HEREN,IF FLAE &I L BT AE 598 AT, W S7 2087 10 R BE AN A2, AT 25 25 B
Ls, 0 S BE 36 2, W 37 203047 20 B 3(b) i 7 AE 228 I, M S T BE R E(O)=Emin=10,1£%5 o 25N 1s,4M 78
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WHZ AT, S50 78 L s 5 JT AR 4k 9B 47; T 7E GATS 5095, 1 TAT 4% 1 16 225 Jo PR FE TSz 25 M 7e AR
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o GATS B/EHrdy 13 WK, H A4 21 WX,
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3 %X I
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AR 7 2L TR YartissPOSE L 7 36 T4 4100 G B J3 5005, 1% T BRI 07 SO AT LUK 346 AN 17 (1)
e 2 OIS [F) SR AT KR AT 55 4 45 FA DRE B S W 2 B 70 1) R 12 1 55 ) - RE SR AR FE T K e, BRI [
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Fig.4 Experiment comparison in non-energy constraint
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Fig.5 Experiment comparison in energy constraint
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