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Abstract: The application of Dynamic Voltage Scaling (DVS) technique in real-time system energy
management will result in the decrease of system reliability. A dynamic energy management method based on
Improved Bird Swarm Algorithm (IoBSA) is proposed in this paper. Firstly, the population is initialized
uniformly with the principle of good point set, so as to improve the quality of initial solution and increase the
diversity of population effectively. Secondly, in order to balance better the global and local search ability of
BSA algorithm, the nonlinear dynamic adjustment factor is proposed. Then, a power consumption model with
time and reliability constraints is established for the dynamic adjustment of processor frequency in embedded
real-time systems. On the premise of ensuring real-time performance and stability, the proposed IoBSA
algorithm is used to find the solution with minimum energy consumption. The experimental results show that
compared with the traditional BSA algorithm and other common algorithms, the improved bird swarm
algorithm has a strong advantage in solving the minimum energy consumption and a fast processing speed
energy management.
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FEBEE IR B LR AR R R IZ N H
PARAEFR G VERE P T R BEAE TR R 5 A IR b A &
Z AT G R R . ARSI RERERL B, TTRES
SEAL SRRt 45 . B . AT EE TR PR .
A HJE 1T (Dynamic Voltage Scaling, DVS) &
— A R AR D AR B R D, e P HL YR
H s AN AL B PR SR D AR FR bR . HAT, 124
RO Zis B REFEEH . 2T, AbF SRR
B2 3G DA S5 AT I 8], I AR AE B AR S5 H
RS . [FII, TR TR R, AR AR AR
PRt SR ARG AR T R, fRgGARED.
B, X THETDVSHIBEFE P, REHISEI A
AIEEMERE IR H R SCR[4) 3R T — MBS
RAFRTT R, ST EZH TR BEA LR R
JIE B SN 55 ) TSR R e RERE R /MK TR R
SCHR[5] B 78 RE K T0 e A% 13 25 I 2% (Wireless Sensor
Network, WSN)Hfd  Zfir . £FX0 155 2% BERL
YW SN B FH 5 357 S H 35 A7 A2 AT S5 B, 42 i
— R TR GRS R 1) B 78 U R B B (Hy brid -
task-model-based Dynamic Voltage Scaling, H-
DVS). SCHR[6]75 R [ 7545 & i ) Al B 2 20 o 2% A4
N AT BB RN, KA B s —
SRS I ] SR, B A SEVE AN SEIN 2
W IR REFEE BEANR DB TS, TIXE X R4St
MR AR E . i, G U7 A SR I AN TR
L, R RESENENE N —ZSB Y R A SRl 8 )
FAN TP AR P 700, PR ) R e LA SRR AE
SRR IR R L B RAFIERERIRE £, SEIAE
SHE I S IR AL RS A 1 R R B T 0T REFBAE BT SRtk AT
oAt SCHR[10]42 1 5T N Tl 3 5% (Artifi-
cial Bee Colony, ABC)JREFER Hiik. ANididid %L
Pt ZBEER BERE R R A R B ik BB 45
o Nt FETHA R e SR T R
R R — A R A A ) ]

20154F, SCHR[11]%Z 3| SRR RN E K,
S HY — M4 R R Re LA VR —— SRR R
(Bird Swarm Algorithm, BSA). Z&EiEMEER
RERIE T X S B BB A RATAT AR LA &
PR R I EE R, A
5% (Differential Evolution, DE). ki ¥R 5H %
(Particle Swarm Optimization, PSO)%# WAL 4t
WALSEE, ZEEADSOE B E . BELF, m
HAA 12 BAR A R S 47 114 1 Rtk
H#EwrE. HANZEED R OGIRED, BFRTTIR
B AT BIER SO IR o SRR

Jiifl, BCeRE NE Y T Levy H @ b Bl S5
% (Levy Self Adaption BSA, LSABSA). % kL
TR Levy ©AT S (1 B AL & A58 Xk 38 b %
FEPERIEE R i e, IRt (0,1) BENLII 2] 40 A0
3 S SO P A B DA B 2R M VR A S R A 2 R4
KT B BSAFIEI & R AR S R AL 1 2 e e S
N T S0 S AT MR HE P, 7EEE H AR
PRI, SR T AT A A B AR B B LI Y
759%, FEEEIE AT AR IBCE BAR e iR T RATAT
AR P IE RS K KM 5 5 30 BRI AN
Ao FEENEN I, RS NERE T SRR
HARAL, FERIEH TotusEg 401, EoEREE AL
W MG ) S B AL B (Weight BSA, WBSA) Iz
FHBIR A A = b A BE VIR L 16 B AR AL I . H
AT, BTSRRI R, MU TR BRI A
FWE T WA RO B SR SRR A e, A
HE U PR R AT R R & R LU T I

ASCHREH T — RS T AR N R O SR
ERBIASRRREE EE . H, RAME AR EIUG
EFREEAR,  AERTGEFIREY 51 0 A TR (Al 3
SRFPEFRZ R IR, N T AP ATBSA R L
LR AR RAE ), R FAEE, mblsiin
FE, I T AR DR 7 Bh A P BRI 22 2] &R
s BRSO SRR N H B R AR E
W, SRIGZE AR, SO AR TR PR AN ST 1 £
WF, Rems PROEH ISR G TIFE.

2 ETHHEREL(IoBSA)RBEFREIRIRE!

2.1 BEEL(BSA)

5 Pl W 5% B AR B B R AR S
Je s ARYEHAL AT Dy PR B — RO R RE SR
Forr, SR04 AT AT DO — SER U R R4k

A &R SR AR SR T A E AT
A EAT A Z [T .

A2 HASERELEPICRIFERA S
RAEZRABEANFRENRELK, DIkIHRE
Y. WEATAREB AR

ot =al ;4 (pi; — 2 ;) x C x rand(0,1)

+ (g5 — xfj) x S x rand(0, 1) (1)

Hrpr, jel,2,-, D]; rand(0, 1) fA5R (0, 1) Z TA] ) At
SERIE) ARG CANS 73 BIFR AN RIS 3] 2 B A4t
AR pRRHIA S LRI R E; 9iQ
TR SE AT S A B

MW B R SERFFE SN, AUl B R
bR sl . XN A2 R A e S, Rl A
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xf“;l =z} ; + Ai(mean; — z} ;) x rand(0, 1)
+ As(pr; — xfj) x rand(—1,1) (2)
pFit,
! alxexp( sumFit+€x ) ®)

A o pFit, — pFit, N x pFity,
= ap X ex
2o P |pFit,, — pFit;| + ¢ ) sumFit + ¢

Hp, ke{l,2,-- N} HE#1i; aiFlaa HIEE, H
ay € [0,2]; az € [0,2]; pFitR iz ZI55i X & 1 i
TENEAE; sumFit R a7 P R RIS N AR 2
s e HTlERERERE, —BREBUE N ENL™
A P ER/NE fE mean SRR BEANFEAR AL T2 548 1Y
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FMMa HREGSEH B DT, bk
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2.2 BT ESERIEELMEFRIBSAE L

BS AL BT HA G MR 2 2548 T 0L, i
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SO A ) b B ST AR, e € Gy, FE N
Py (k) = {({r{" x K}, o {r{™ x ko {rl x B}, 1 <
k<n}, W% o) =Clrnen '+,
C(r,e)f H 57 file (e AT R IF 50 A =0 %, Tl
Fipn (k) HEESE, Tkt B{re = {2 cos(2nk/p)},
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SHWUSKAE, G REERENRER . Adil
BT M, BEE ISR AR REAT, [ %)
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RN 1 t
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YNSRI
1 t ’
L(t) = 5 <<2 X - — 1> + 1)
—x} ;) x C' x rand(0,1)

Ty =g+ i
+ (g5 = @) x 5" xrand(0, 1) (11)

g BT, ASCHEH I ToBSABIE I SELE 2
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PA N Cs, Ss, Cey Se, a1, az, FL;

T 2 MR SRAME R TR i
WIGEAEE s THENANAMAR 118 B A FF i B UA

B3 WEL = 1(AETEARE);

TH A WIERE <t

5 CUtRFQ #£ OWF, X T8 R SRk,
RSN S R AR P, AR R, &
R (2) &

6 HtNFQ = O, K SSREZHIN 734
PEMBEE.. N TRRY, mRNEE, R
KGR BN, R (6)HRH;

R T TR ATEAR R AR & B
8, FHFEHmIE;
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2.3 BEFEEIRAREL N o) iR
2.3.1 ESEH

AT, B8 T — ML) A S A S
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Di~Hig >0 (12)
2.3.2 IhERH
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P, = CuVad® f: (13)
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(5 B Vaa bl R, fih Ab 3 S8 I e 4 2216
A TR BRENAS R B FEE B R ONE, = P T, T
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2.3.3 BPEIRE
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F, W g(fuax) = 1o d(d > 0) AR T Fa Z 505
HL S AP AR BE ) R BB o fi g R BE SR I B A H.
Ji € (fminafmax) , Jmax UEI - ’Hﬁ y‘j 1, %fz < fimax y
g(fi) > 1o Pk, M EWTLUE W, 8 7 ATRembE
R 2 3 BRI A bR A, HoBR Kb
Mo10% 5 HEAE SN froin A -
2.3.4 [EJRRHER
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R e b B A3 I Bl R f € (fmin, frnax), IFH5 3L
PRUEAL N1 o XS T A S R B SE AT 5%
I={T\,To, - Tn}, FEL455E 1A WINPT A 55
P AR B Ko Bom N

E:Z&m> (19)

AT H R R G AR M, T AR
I i 2 T FE AR AN SR PR A 25, DR s 1) i SO

min »  E;(f;) (20)
i=1
Hiw e
m_m%zo (21)
A(fi) < Ak (22)
fmin S fi S fmax (1 S Z S 'fl) (23)

H, HERRBEFREN T HHRATE [ (WCET),
DiNAR S T A R 18] . At — N8, HE S
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(210 BT AESSEUE AR 29 5, 0 (22) %
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fE TREAUAL Uk, SIS s o —Fi A 2
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T HBARIE AR Ny

F(z) = f(x)+ Yk x [max(g;(x),0)] (24)
i=1
Hrp, o MR, f(o)hHARREUE, FA—A
BRI IS, gi(z) 2R 21R.
Ft, HARRE T RRN
mz&—%zo (25)

d1—f;)

fobj = Y Ei(fi) + L+ |min(g1,0)| + L - | max(ga, 0)|
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927 AR SE AN EVE LI
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N T BRI T ToBSA S I8 A5 REFEE HE I 14
e, BEIES5E4BSAM, LSABSAMY, CSBAIS,
GWOM, CJADELL S SCHR[10)5¢ H T & T AN T
TSV (ABC) REFER BVE AT b . SRBGIA TS 2
windows7 6407 #:1E & %8, 2.93 GHz CPUAI4 GB
WAEIPCHL, MATLAB R2014a’T & A,
HESHRE, WERIFR. T AP,
JIT B SE M EEAEN = 60, AR E tmax = 1000,
WFRGESHOWE, W2 3/NTFTR, " LLES:
AR D B B AR (foad H— A1) Hod, B
Jmax BETH JE SEB P FI AT SEME LW, FEff T BT
FE, 4Cu=1 k=1 V, =1, fEHTFLYEHE
Wil R AR I . TR MESRRH, R
(1) LA 15 AN ] PR Al R i e 5 e A e, Bk T 4
EEAER. (HRERE KL S —EREE LY
G SR, GA%E LRREE, AL = 5000,
WAk, AR SR R 2 IR N VARA 20 A o oY
BN faxl TR RN = 107000, R GeH T
FA(fi) = 1070 x 109A=F)/A=Fuin, - lyFiZ%40d(d > 0)
FONHUFE RN DVS FIRBUB: , PRI AR 52560 6 AN [R] 1
i i AR A BUE Y5 B LRI 6HEAT VAL« A2 80K A1
P 48 TBORE IR, B 5 0 R R R A = A0 107,
BI2 AN RS f . ASFHHd S e R . 24K,
BE & SR, BRR RN TN, dih,
BN R RN . Hd = 18, XTI R A IR R
1072, #a(22) e = 107 R R 2 3R
TR BR ) AT S5 AL IR @ A, X
BH3NAF BMES & (55810, 30F150), 5511

®1 BAEESHIIER

A7 SHUE

az=1,FQ=5P €08, 1]

o
=
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BSA 1 [0. ,0?9]
LSABSA 21 =@ = é:gﬁQ = 575125
AL a1 =ax=1,FQ=5P¢
IoBSA C.=S,=0,5Cs =S, =
CBSA  Quin = 0, Quax = 2, A = 0.7,7 = 0.4, P, = 0.25
CJADE F =08,C, =0.5,c=0.1,p=0.05
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H3 5] A A fE20 1502 [8] « Dy € (20, 220) NEEAMTE HEARZE L, B R A W R 1) 7 R AT

2 BEMLA AT 25k H 1

K2R BRISLW S N TR EAE,
A LIS HAT20K, LA R EEE. &ZEE.
SERMERPRAEZERAE . R3S HER TIELE
10, 30FI50IfEfb 45 3. Hd, RANPM-Val
RN HIRE E (No Power Manegement, NPM) [

AFME S B T INPM-Valt 2 (28), #(29)
x|

NPM-Valy;, = dim x37.5566 (28)

NPM-Val, = dim x342.7051 (29)

Hrp, dimFIR{E% (10, 30/150), NPM-Val,;,
FINPM-Val,, . 5 3 (F 55 B Aydimitt e 7

PNZ=N

10° — ) 3 AE A /)N %EB%% KAEEFEHL, H $37.5566 Al
- — 2 342.7051 4% 5] %75 24 3 (17) H1fi = fuuin = 0.1,C; =
107 - dzg Cuin =20 5 f; = foax = 1,C; = Ciax = 501}, FAS
E el - =6 1R 55 B AR 5/ INRUR R R R, 9B b, e T4
L MU L4, NPM-Val,, EFRiS FRA AT A
o SR, o foin 0 T KRR
" , e ME3EIRSITLUE Y, M55 LR A,
01 03 05 07 09 ToBSATS 31 1) i BH I 56 $20T T B SEi AR 2 v
B ZVRMINPM-Val,,;, . $5 5 A2 B & AT 55 HAH [ 14
2 i MR i, ToBSAMIMLH TR . K59 LR ~R TR
. g5 R NPM-Val,,, SRR . AR,
w2 BRI BEEL SR, LML R E LT
ZHH fig ZHE fii BORES . AR, WAL =W, ToBSARIEIAR
FivHE AL 60 R 10:30 50 B RARMAIEE . HEEERR, £5hE
s 0.1~1.0 LR 1] 20~220 AANFEIStd. Dev e B B Am K, s S AE T
WCET 20750 ISR 1000 T IR AP RIETE R E T S B R R AR AL LA
AT 20 SalliEs 5000 BRI AR, AN A P b %25 1
%+ 3 ESZENIMMKMLESR
NPM-Val St. BSA A LToBSA LSABSA CSBA GWO CJADE SCHR[10]
375.57 Best 853.45 821.52 896.57 1040.55 830.83 904.09 1187.05
(min) Worst 1110.96 1040.01 1090.47 1178.55 1053.47 1123.84 1061.25
3427.05 Mean 967.95 913.04 1005.06 1105.57 964.94 1035.83 1147.21
(max) Std.Dev 58.18 57.66 60.36 34.85 50.46 53.92 55.25
* 4 IRBROMRILER
NPM-Val St. BSA A LIoBSA LSABSA CSBA GWO CJADE iﬁﬁ}i[lo]
1126.70 Best 4355.13 3642.20 4197.41 4048.74 4353.49 4382.29 4881.90
(min) Worst 5158.38 4936.64 5175.33 5033.73 5234.853 5021.29 5470.92
10281.15 Mean 4771.52 4368.30 4739.58 4519.13 4681.22 4677.56 4928.57
(max) Std.Dev 215.87 345.31 269.02 238.77 223.95 150.11 304.62
= 5 ESZERS0MMHMMESR
NPM-Val St. BSA A LToBSA LSABSA CSBA GWO CJADE SCHR[10]
1877.83 Best 8572.38 8281.54 8610.62 TR 8384.88 8416.94 TRk
(min) Worst 10442.74 10023.18 10149.21 Tk TRk P TR
17135.25 Mean 9557.82 9319.57 9513.31 TR TRk TRk TR
(max) Std.Dev 587.00 535.50 520.50 643448.64 529852.01 75029.97 1147609.95
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ETTREA —E IR . AL, SEkREARE BT 26
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