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Multi relay node selection strategy for energy capture
collaborative relay network

TIAN Xian-zhong, GUO Min, HE Jia-cun, LIU Gao, ZHU Yi-nan
(Department of Computer Science, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: An energy capture cooperative relay network was studied. Unlike traditional cooperative relay networks, the

relay nodes generally did not have a fixed energy supply but could carry out energy capture. For this network, a natural

question was how to determine whether the relay nodes perform energy capture or data forwarding, and how to select the

relay node to assist the information transmission between the source node and the destination node. Based on this prob-

lem, a multi-relay node selection scheme was proposed, which select the operation according to the energy of the current

time slot of the relay node. In each time slot, the relay node that meet the battery threshold requirements was selected to

assist in transmission. The Markov chain was used to model the charging and discharging process of the relay node battery,

and the probability of interruption and throughput of the wireless network was obtained. And the value of the battery thre-

shold when the throughput was maximized, that is, when the probability of network breakage was minimum was solved. Fi-

nally, the advantages of this scheme were verified by numerical experiments.

Key words: wireless network, energy capture, collaborative relay, Markov chain

1 35
TESET, T8 AN R RE R LR A
W o2l s e tERe i E RN R 2 —. Tk, F—
AR

IetE HEA: 2017-09-19

radio frequency) REEALHAWEETIAR, ZHAEN
—FF R %, RE AR e R E KRR E T R
(R TCLk 9 2 1) it o TGk B 4% b MRS k5 i
REE VP HER RE fAes, vitisers, JRlRL RF
55 RHAT (5 BAE . B R AR R B IIRN.,

HEEWBE: EXRARPFIESEIINE (No. 61672465, No.61772472 ); WHTA ARFIFILEZBINE (No.LY15F020027,

No.LY17F020020)

Foundation Items: The National Natural Science Foundation of China (No.61672465, No.61772472 ),The Natural Science Founda-

tion of Zhejiang Province (No.LY 15F020027, No. LY 17F020020)

2017276-1



.. wOf o W

38 %

TR A FL3E £ PR A8 R B T B S A

1T 10 42k, PMEdAE th T3 8 5 0 &Rk
fE— R B E T R s N Ik Re, 23
Ok 2 (S E IR, BARR Y, gk i
g NI RF {55 HllcsEfe s, SRR AR
SR BIYE T R AR AR AT gk SUR U,
HATUMERIRARIN, BOVXATEHFE A5
fEdt . Nasir IS T Bl NI A, A H
(R 5 SR — AN W] DLEAT B RBOR I v 4k 775 A4
B =T R EAE AR, T T 2 A
HARN S, 2 S S TN ) 23 P TR AR P SR T
D#A R 4k % . Baidas 2500 T —Fh 2
JI—Z R4k R RE PGS T AR IR FR SRS, )8
BT AR AU AN RERIME, 193] TR KA B
49 H YT R A g LR S5 /N A0 mh 4R Y R 1R sl BB Y R
AR B b 4k R S . Krikidis 257 BT T 0 T
Ak AL BRI AT OL N 3 b 4k SR IR R R
W& s FESRXTYR—H 5 5 (S-D), 24~ R 5 A1
LR BT A TR A 2 o0 55, AE 24T S-D 1E
T, AR GRY RUE RS SR, T A
payoff PR EHEH 2 P A g e vk .

M ok AR, Jo & A o o 2 (1) b 4k Y i —
s ¥ F P B B IR 5 20 O BAHARONL ) 2 38
gy AR T REENCE, wE ARG B,
SCHR[8,9]0 IXJE BT 5t I HL BR A AR AT AR AN BESCHF
M RF 15 5[ NR 245 B sRRe &= . Ibah, B
HIAERZ AR IO mUS #8217 I B AR 1
et G ARSI X — B e —LL SRR 1 i)
L, SRR L. BARKRDE, MEE
RBEALEIS, Tede 17 AU BB e =, W R
T HU FFERL 1T BE VAT A RS BAE
o MIXMNAER, MFRERREAT A& R
M, A RiAeE RAMOGRIEE R, RE7EIE 4T
IR AL R B . HREBILL BN, AR —MZ2
PR RUERETT B, %07 SRS TR 4R R Y Wi IR
(R RE R B AE . AEREAN IR, 36 A2 H it
THZER I gk Y Sk P B AL . A ST 32 2
DURRAIT T

1) $EH—Fh 2 gk BT &, %7 AR
HH R R T IN BR IR e R BRI . AR
B, A H v B (SR 0 T 4T S R P )
1%

2) FIFH 7K R SR AT H 4k a5 HL I IR 7R R

RFERBAT AL, 75 i To M Ik BRIk
IS PRI 1 RE R RS A i 2 o

3) SRAG W4 L8 FEUE I AR A TR AR DA K A i A SR
B IR T A AR B, RV 2% R IR R A
ZIN IS FL Tt L AR AL D

2 REGHER

ARG EL 1 PR i) o et ae b4 1
2%, B H U H T RO AN PR A
5 R Ak ST HIEBLSES L, TR
L 5 23K 2 A HAR B (1 A% B A LA e s
RV S H R S TR AN RE B . JF
Ho PrA I fi A SR R, DRI
RIAE. PRl HIY i [ W Re R gt N,
QR B ] E 1R RE R LN A AR R L
HE i U e i R4k nBCR I e R e K
IR RN RE A5, AR MERIN W IR 2
i AR AT BLE R — B B .
QT A AR LT T DU L A 2 A AN R 1R A%
I T B SR fiE 1o

1 Mz

LR 2 o, AR A A e S ) 7,
ﬁ&%ﬁmﬂﬁ&zﬁw@,%ﬁgoﬁi~4

I REeR VR SR RS )RR B ITAT T 4R R
gk T R o R AR O A ok ke R AR
X, 7Efe A I 2 2 1 T 3 (5 5 ik
hRE R G AR B E B, 7R AR B RBOBE A B
AR BT AR, AT R R AR A B
AR SRR EOIRAS A THE B A
Ak UK LT I B T RO A B R A H

S A D 43 AR A H IR 5, R,
AR u MR AL w B TS {12, N} o X T
S-R 5 R-D {5 i&IRI I BEAILAE T 19 2 AR A 0L, K H]
Nakagami-m [HFEE AR B R, weoh, BT

2017276-2



%72 W

BT, RBP4k 2R 2 P QRoTT TP NS +3-

2 SRR TR () BT A A 0 A I A i ) ke A £ 1
IS A5 3 08 23 R AR, AR AN R IR ] By AH

MAO

T
et B
T T
2 2
(a) REJEHRERE L
T
Bl HeR AR
T T
2 2
(0) fs B R

B2 Paks i 2 AL X

BET R LMERE IR Ps ) 4R 15 5, T x R 3t
BT o IBAFELR AN IR 4R e 2 45
TN

Ve =\/Ehux+n (D)
Hrp, b, KR STRYE R, ZIHMEENZ, n RoR
SN

M R, b T RE AR N, 75 AN B
AR IR BE N

T
E,=ZnP|h,f @

b, o<y <ty FoRREEFACR.
B RORBOESE NPT SRS, AR A
I BSTIN, S A PR P AT R A B 1Y RURIE AR
B, S TR o il A — AN AT Ry R
EHfES N
X, =m,Px 3)

Kb, o, 2PN R AT o (I BUE, Al

DUl 0 = <2 SRR, PR u Arhdk

YA
Rty TS

PRk, LA ST B R T LR
Vo= gBx+n (4)

174 3 BB B (043 2 T8
(> JBg)

_ uRep
TN ®

0

3 T Ik R

3.1 P RREEEE

AR SCHE H IR R AR Y R Ry Gt B TR 4k
R RE B B (E RO HLREATIE#E . AERENIT B, Th gk
2 MR N B B ) R SR R R I A A
o BACKIE, b4y s s s/ T g e
(MBI, AT ARSI AR AR B iy =0,
T AEE KT A E I BIE R, WS PRBhYET ok
BATE B H A

RS ARAT O B EL R AT DAANIR] o [R50
TR RORVE, EATTPTRECAF IR 1) 2R3t RE
R A TR AT R YT ] AN T R
XA AR S T S AR IN I B AR BUFE S 2 I . —
JTTT, B ESUR RO ) R 4K R 2 B IR BR AR AR AE
BN, AR R . STy, IXeErh gk
DR A B T, T H T AR B, BT
ERE SR N ol e AU B IR RS D, DA
DRI B 1 5 2 10 ™ FE AR T AR . KR R I 1%
NENBERFENRERRE. k2, X TR @Y
RIS H I ROE R kY R WAZ B E R
RIRER (L. DM E AT e S b SR R s D
AMEEAT G5 E R 28

BE B, RN u DR N RE R B

z

5RuD

B, = (6)

Forp, 2 R HPRUHAE AT AP 28 i KPR AR DR )

SRR G TR 4, 6, ——
1+d5,

FHRAX. Y EHNRS, d B X Y
Bl ac[2 Al REEHFFRE. MR O,
fl LB 85 H 105 S AT

it AB TR u ARk IR T P,

_B _,A
p=7 =27 %)

2y

A CRORPTAH AR b AR, LRt
RV A B B R L Ao PR KT RO 55 7 A

%ﬁmuﬁ%ﬁq=§bewmzmiw

B, = min[e1 (815,3“1) —‘,CJ ®)

2017276-3



ca wOf o W

oo, [ Fom IO, SR B IR O A
SRIET AOE SN S
32 MEBERS

Ty T ASHTA S T 7 S b B, A4 A
R ] R R TR Ak A b A RO AT .
Sy o 45 R R Aok v LR A
BEat, A b 44 ) E RS, DA DA

TE £ ¥ 4% 35 B AR E I 1K) rh 4R s E B 00 A oK DAl
FERE

4 0,[m)e{6,,0,},m=1,2,3--- TR u NPk

W RAES m DI TR PP e £ e, o, 6,
R 9, 73 AR g A P LORE B R

0,1, [m]< B,
6’u[m]={9“ru[m]2 A )
H r [m] R ak u 255 m AW HIFAR I
R Re s, W)

min{z [m]+E, ,C},6,[m]=6;

CW+H=tﬂM—@, om=6, "

XA R, S RS 2 Rt e
g T ROREE u DT RN S S IRAS L
B, SR RE R R QA 3 PR

TI

3 AR RS R (LD S)
;' =Pr{E, =0|r,[m]<f,} (11)

Hrp, Pr{E =0} ifﬁi—i?gﬂ‘wﬁ%nmhﬂ Fe=

%,é$%%a§~¢%%w&%m%iﬁ¢,w

BT &y AETLGE R A AEZ RN, Pk
BT RIRE R |, IR 5l

b™ .
S (¥) = #mu)xm" exp(—b,x) (12)
_r(m,.bx)
Fip (D=1 () (13)

ﬁ*’F@=fF@Mﬂ¢%m%%ﬁ,@=?a
SR,

y(v,x) = J‘Oxtv’l =exp(—1)dt o ML LASKES

38 %
2C
Pr{E, =0}=F, [nPSLJ (14)
2C
T = F;hl,|z(77RL):’L[m]<ﬂu (15)
0 r[ml= g
[F 2, ATLAf3 3]
T =Pr{E, = ¢, , |r,[m]<p,}
B 2(L-i)C
— ! Flvmz[ nPL J”’u[m]</’7u (16)

O’ ]/;l [m] 2 IBu

T) =Pr{E, <&, |r[ml<f,}
= F|‘hx,\2 (Mj B F\"al2 (Mjan[m] < ﬂu

nkL nkL
O’ ’Zl[m] ; ﬂu
A7)
T/ =Prir,[m]=B,} (18)
TO,O TO,I . TO,L
o Tl,O Tl,l . TI,L .
Wz,=@)="" " . " [R&xr
TL,O TL,I . TL,L

AR R, (L + D) x (L+ 1) AREHMEHEE, X145
— ANPGRS R R, AFAE— M RE PR A0
AL

T, = (ﬂ-u,O’ﬂ.u,l"“’ﬂ-u,L)T = (Zu)T”u (19)

Hrp, ()" ERHPEREE, ,,,ie{0,l-, L} BRIR
A AHRE 7, TP N A 4R KR, M5 i A BEZRITI AR
R, NI AT DA 2 2108 BRSO RAS I, gk A R,

n,=((Z) -1+B)"'b (20)

Hrp, B =1LVi, j;b=(1,1) .

4 RGO

LSS 347, AR T RGEARE I Y R RE R
A DL o AT T EE TR DL KA i R 2 ANy T
XEASCRI R R 48T RO T S AT 0 AT, JFSR
PS94 2% F IR 3 N A o R 3 8 e DAL AT B

2% 1) P TR 5 T LU 7R

2017276-4



%72 HBELAE: i

A SR A rh Gk 99 2% 22 v AT AT PR ©5-

P, =Y Pr{p}Pr{O]| ¢} 1)

Hof, OACRSFUTHME, A=(R,R,, R} &P
N L, Y N
AL, RS A AT,
0, TR ATREAT kAR SIS 0 A T4,
2,

N(/}‘v)

P, =Pr{d}+) > Pi(p,,)Pr{Olg,} (22)

Horb, Pr{} R uTI B, BT 4k s L BE R
BIE R, BIETA T4k S AR Ak T RE AT,
PRk i 4k AR S S R

/»;
H@FIIH@=%%IIZ (23)

B, nl AT
Prip, } = H Pr(g,=0,) [] P8, =6,

u:R, €, ,

H(Z”)H(gﬂ) 24)

u:R, e, u:R, 2,

FTR (22) PO g, FHELAFHK
TIEFE P YR G o, IEWRLL y,  HLRBUN i

N,x
SR
"y pel
u:R, €p; ,
F x ~ u 5
e ) k)
_rk.a,,x)
I'(k)
=1-exp(-q,, (25)
N o » N N,
H T RRIER, % a,, =—=——, 1,
) z p.o,
wR, €@,

1)
0, = B2 R R D 2N A
H IR TT LU ] 5, (MR B 6

F;w ( ) allc{ n k-1
S 0= g e expoa 1) 26)
WIRFI y, (OAAGEREL T ELEE

PriO| g,y =Priy, <vi=F, (v)
(a v) 27

~1-exp(-q,, V)Z

Horpr, v=270 —1 R 1%0 45 Hh IT E 4 1) 45 1 L B
fH, R KSR L .
R i A 2 R AR (28), W RAAS 2]
HEA 2% [ IR R
(N

P, =Pr{@}+> > Pi(p,,)Pr{Olg,,} (28)

B A I 2% ) i
T
r=(1- Pom)2 —%(I—Paut)vps (29)

ok, v, JTETHEE P, R T LU B A R
P

HR R (29), TTLLHELHR(6) R 2 1, 7
TR 2 . A AR
SR BN AL R I 2 (O, B

argmax 7(z),

6§ <pB <Cue{l,2, N} (30)

ARz SR AR R BE

z
Eﬂu:és

R,D

B RIEL, R, AT CLHERT R %47 26 P s
SERIAN 2 OB BESN, 7 BT P
S, BRIV I FIH: 3 T 552 M Poues
T P A 2 HISCIIBH, 152 U5 (6,0.¢, 0] L
AT A SR AR DL 2 1, I A

Pou Bt/ T ERIRER B B, 2 BB IAL =, T

LA z BN AR (6,0,6,0,---,CO1 HEUH.
T [CHRER S 8tk 3 TRl 2 AR
FRAEARH AR (S, X2 M4,
AT DA b 5 H 1 BN e 3 A ol AT — 4
TR B 2 1

5 HEED
AR A B 96 45 R AIE 2 1T (K AR 28T o
N T TR I, BB T AT P R A T AN H

I s TRl ) — 2 L b ORI A H
Mo AERIR AR HED o AT STl AR A,

2017276-5



X ST =S ERRE
Wdy, =20m, BAESHER M a=2m, =2, BHD) 10°
K N, =-80dBm , AEREHMUHMEN=05.
BT RE R BE 1T S5 I P ARG B an & 4 B
TN B R BE YT S D PR ST 5 TR . gm
ATDAR I, VST ST Pk, Y A R A R g
BNy MY P, LOUEBOR, TR DL
DY 2 A . XA T EIth A B I
T LMK, W ARSI IRRS D, % T et ol e
Wi ity b 2 " 0 1 2 3 4 5
A 5 0 5t e S RS A ks
10° Bl 6 MR B AR 2 B AR
1.0
1072
0.8
£
s 10
o ﬁ 0.6
&
107 ]i’ 0.4
" . . . . 0.2
1095 20 25 30 35 40
VR A A IhEP/dBm ) ) ) ) %1073
4 eI REKBIBE PO P AN L
7 WEg AR AR R 2 TUE R B
— =15
— —1=30
—-—-[=60
-
=
&
£
=4
015 26 2'5 3b 3'5 40 — R Jj
PB4 = P/dBm —-—- CHRI8)J5 1%
B S B RBENE T SThE P AR B IO-JIS 20 25 30 35 40
VA T EP/dBm

T TR 2 B AR R 2 UL PR A8 A7 20 Gt ¥ 6
P 265 77 I e B AR e 2 B[R PR A A L B 7 s
M6 FRTLLE M, AAE— N RAER 2, REig i)
A2 I R IR o 2 5P gk S RE R B RRE L,
z TP, S REUEREMAE S T IR Z 4R R
HEANIRIRIEDFRAC. z BOKE, SR+ gk
R, AT RIE R .

5 s ARSCHTHE R 1) 55 SRR 8] 7 VA I e A
Wi 8 A 9 fror. MK 8 R 9 i LUKIL, 7E
AN () R 47T s AN BRI RURIE DN R T, AR
SCOT AT DASE I AR 0 i e, AR B g 11 Y 5%
B,

2017276-6

Pl 8 ANIR]H 4R RN HC N B TR

1.0 —
0.8
# 0.6
H
&
]§; 0.4F
0.2 )
— Ak
-~ == SCHRIS7¥%
15 20 25 30 35 40
VAT ST P/dBm
K19 A4k /N I o 2 e 52



572 W FH W AL

RE LA SR P o 4K 199 2% 22 v 11T 2k 1 © 7

6 HERIE

AT Tl AT RE AT AR UM R 2%, $2
TR AR IR A . %7 SRS T4k A
SRTIN BUK) REERIEFEILERAE, AERED IR, il
AL FE I AP SRR A 4R i Ok B B AR . Tl
T MR I B E IR, & 4897 figE R A
SE AT OL, A B 2R AT BN 4k 5 Rt 1 78
BRI RE AT A . ASSC SR T R 26 3A B I
(¥ T A LR A i R R GK K, IR 1A A i R
SRR, BT 2% BT RBE 4 e /I I P L i o 1 PR EBCAP A7
Do oo M A S IR A B T 25X P T A
LR AR AR (KI5, IR A S5 5 SRR [8] s ¥ it
77 EeER, SRR RAER W] T ARSI VA RIS B AL
LRI -

Bk

[11 LU X, WANG P, NIYATO D, et al. Wireless networks with rf energy
harvesting: a contemporary survey[J]. IEEE Communications Surveys
& Tutorials, 2014, 17(2):757-789.

[2] ZANE R. Resistor emulation approach to low-power energy harvest-
ing[C]//Power Electronics Specialists Conference. 2006:1-7.

[3] BIS, HO C, ZHANG R. Wireless powered communication: opportun-
ities and challenges[J]. Communications Magazine IEEE, 2015,
53(4):117-125.

[4] DOHLER M, LI Y. Cooperative communications: hardware, channel
and PHY[M]. Wiley Publishing, 2010.

[5] NASIR A A, ZHOU X, DURRANI S, et al. Relaying protocols for
wireless energy harvesting and information processing[J]. IEEE
Transactions on Wireless Communications, 2012, 12(7):3622-3636.

[6] BAIDAS M W, ALSUSA E A. Power allocation, relay selection and
energy cooperation strategies in energy harvesting cooperative wireless
networks[J]. Wireless Communications & Mobile Computing, 2016.

[7] DING Z, KRIKIDIS I, SHARIF B, et al. Wireless information and

power transfer in cooperative networks with spatially random relays[J].

IEEE Transactions on Wireless Communications, 2014, 13(8):
4440-4453.

[8] DO N T, BAO V N Q, AN B. A relay selection protocol for wireless
energy harvesting relay networks[C]//International Conference on
Advanced Technologies for Communications. IEEE, 2016:243-247.

[91 KLAIQI B, CHU X, ZHANG J. Energy-efficient and low signalling
overhead cooperative relaying with proactive relay subset selection[J].
IEEE Transactions on Communications, 2016:1-1.

[10] NAKAGAMI B M. The m-distribution, a general formula of intensity
distribution of the rapid fading[C]//Statistical Methods In Radio Wave
Propagation. 1960.

[11] KIM J B, KIM D. Cooperative system with distributed beamforming
and its outage probability[C]// Vehicular Technology Conference, 2007.
Vtc2007-Spring. IEEE Explore, 2007:1638-1641.

[12] SIMON M, ALOUINI M. Digital communication over fading channels,
ser[C)//Wiley Series in Telecommunications and Signal Processing.
Wiley, 2005.

EEEN:

VI (1968-) , B, WHIKUNA,
b, WivC TRz, EEHI TR
JI Gt B BT SR TC 2 N 45 B A
fhgE,

SR8 (1992-) , H, WHTARMHA, #F
VLM K24, BT ] 7
HLAL IS M 4% oLk b Bl b 4R I 2525

4E7F (1992-) , B, WHLE&EAN,
BT | Ay N2 1 oo P = 01 vy [T S A
FoHARIRAS L B SR S 4

XIE (1991-) , 5, Wbtwi,
LMK A, FEHI )T M e 7
FHAL R I 4% . T TR IR N R 4% 25

MR (1997-) , B, WrLpUNA,
BT 17 g ] e AR s 2 . TEZk
H 202 48 25

2017276-7



	01-170580-0$à

