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Deployment strategy for static chargers in WRSN

HE Hao, CHEN Yong-rui, YI Wei-dong, LI Ming

(School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences, Beijing 100041, China)

Abstract: The traditional deployment strategy of static chargers in wireless rechargeable sensor networks (WRSN) cov-
ers all the area. The basic idea is to cover all the positions of nodes. A mathematical model of distance between a charger
and the farthest node was established, the relationship between the number of nodes and the mathematical expectation of
minimum radius of charging was analyzed, and deployment strategy for static chargers was proposed. The method based
on the locations of all nodes that need to be charged in the area, used the smallest enclosing circle (SEC) algorithm and
finds the optimal location of the charger through Euclidean delivery boy algorithm. It will decrease charging radius, re-
duce the minimum required transmitted power, thereby saving the average charging energy consumption. The experi-
mental results demonstrated that the less the number locations that the nodes existed, the more energy will be saved.

Key words: wireless rechargeable sensor networks, chargers deployment strategy, transmitted power saving, RFID

1 35|1F

TCE AL [ AR P25 (WSN) T i AT R BV . FiEE
Rl HAGWET Ry i, ORI R AR 2 —,
H AT 2 T AR gt s s R A Ak
PP BTS2 8 WSN AT AR RUR A 2
PRIZ 2T, Bediinl s WSN IR — KBkilk. 1445t
(1) WSN 2R AEAEMCAE e ithfe e L, i eeok,
LA (15 J T B e a1 1 HL R, il ANVE
ST SRR A, M0 HIE G dr oy WSN
¥ 2% 7F iy o ST PR LT o

N T gk WSN I REJRfibgn ) idl, w44 2
RELEMMG O RERTTAMBERRI. R

IetE HEA: 2017-09-19

REEAE % NEEE ST BUN D NP B 5 N .3 B
FEAEEOR, A LI R I RERE, RIS
iy A o XAl BRI BRI R, (H %
710 T BEAE REAE T ) R Y i 2 TR R AT LA
A REA RAR IR BE T HL NS 199 2 7 i J] 400 1) S
KA MR EIRIEA, HEEA A WA
Berh SRECRE R, BB mEhB RUAaglsE
FCAHoE T UM ) [ O R g, (B R e e
WAG, O TIREB] MR R RUR, AL KA
Rt B A R ECR I e e s, JF Hog R

PRCRAR, HEENE, h AN R
(AR R P BE R SR DO R AN ml 42 I HLXE LUK
T .

2017248-1



% Z1 W

PSS JEEk T 7 AT R I % e [ 78 HL A 1 2 SR 157 -

N TR R, AT AR ER R T A T 5
AT RRIRAL S, T, PR T JCZR nT T AR s
2%(WRSN) {2 . WRSN i i To 4k 758 L 28k 15
SN yres A s SRR e s o e DR P S
A i AN 752 LD 2 i B R R B (R 12 o 1l T
WSN 7 5 AR R 52 At B oA Kb s AR K, i
WRSN 3 A] LLMAR KRS /N AT T4 B oAk 1)
WM, A WRSN 1 sl il ELLARE /o BERGE B
I, XA WRSN 55— MR 417, &
A SR AN [R)E U ) WRSN RIS, Wil
HURGAR ST TR & e Wi-FiPl. RFIDU 4% 78
7 AR 25T A g .

{H2, 7E WRSN HiARH, Wi 9 78 AR
MR . —J7 1, EEORUELS RS SR
RefEs oy — I, ZE N BEVE/IN 7 H A 2 R g
Feo MESCPRN Y, IR BB/ ERREZD,
WRSN g 78 7 KB EA S 2 fh: Bainw
Jr R e e T K. BEAi R KGN T3
R E, HMEAAEE R, HRAERT
PEAT IR AL, 38 R 8 1A Bt R 45 DL S HoAh D R,
JSR I TR B

Y WRSN A s (A5 R 2z K T 78 W R
I, T AR S A S IR R AREOC R, B
11 N T W 4 28 i s B WD 8 i =5 g B G
TLEA PIAZ Lo ] L WA AR 15 R A i L, ARl
5l 70 LA IR s UL A8 ML R AR 5 FE WIS ) o FE CRIUEJIT
A AR E AR, RN R
s b, JFHEA DRI Bahn
7 20 T R ) B AT O B B I o, LG
T 7 AT 5 o L AREAN T o TAE R A — LN H 15
SN, WS S )RR SR HAS WA S s mT L
WK, In7E N B R S S5 PR EE T Y
M, a7 v 7 A &R b 2

[i] 72 78 FE 7 A — S ] e W e 2k 7o
A DI T A R AL S — AN TR LR
PR () T ) B WA AR DR UE BT AT RUERIE B L
TER R4~ , b M Eow /b, R RIK. W
RICL A7 Rl e, LS E ik
WS — MR Tf B A, T H &R
HH 28 58 4 78 i T A DX o IX A 5 v e T — Rl R e,
R AE ZE AT 78 0 0 1 S IR AE X 3k A 1 BT A A
BHo fHA2, W TR SHGE R AR, L
PATIREHE s AL, WA SR 55 A X

W, TR R AN R ALE, AT DG P
RUEH 78 H o AH BT X3k 58 4 78 05 1) 78 40 AN 0 22
ZAF, X AR RELM . XA
70 HL A B AR

ARTSOR I 2 78 ¥ 7 207 WRSN #H4T T HF
GU, FENL T 70 A 7 i DX 3 7T A B s T R
B (RTE/N TR AR AR, 400 799 A
5 /N PRI MFOCR, JFE e
W T 7 F AR AL BB 1 R A T V. TV
(P AS SRR 78 F 2 70 H DX 3078 i T A 19 A
AR 85 T A7 X3 X EERR A T ZE R
RALE, T E/NEGEIR(SEC)H L, SR
HLAs I AU, PR BB R S I TR), - AT
N R AERE. LT RFID (L4 m
£ WISPPIMIBLK RFID i35 38 0E4T T 47 B o 45
REIR, TSRS = MBHEHELL YK
BN EAECH 2~100 B, A SCHEVSFRE R K
DR 14%~79%. HATRER R 51 A EEH
Ky DRI SR>, AR .

2 MXIE

LA, WRSN 78 H ) R 5328 8 B A T 5T
e IR EERIE T A SRTE AN R AR 78 v I B R LRy
AU A RS R A SRS WP,
RFIDV%% ; HCAR BRI 1 78 F i B, i 7
Fhe s MR L AR, BULR 78N 5 RERS
G2y

SCHR[S1E ok RE BRI 2Rk, B KX 48
BAREIRIIA RN . SR, SCHR[8E ST H 178
HL A B AL R AR U AEAE R BE I TR Py, 1Y
2% 1) E R TH MBIV 1% 2D T 78 VL AR A8 8 1Y 2% ) fE
IN_EFTE T S RE R . BEAh, M
BORSEE, * e i EEREAT T8k, JFF9T T o4k
e Y R

FEARZ BT AR, AR S 2 R 2 TR E P
HA Lz (o BE s, i EEE A S S b
S PRI I ) LT R i, (A0, B3 7e vy 5
HE NS S b WS e P (1 78 F R, BT LUK 2
WFE A T 2 A r A s se Wy sUIa e . 3¢
BRCI2D RN SCHR[ 1314 17— ol I oROx BF A1 AT
FEHRMTC T B, FF TR R AT T
Irpr, PRt TSR BARIIERAE TS & 1T > RFID
78 L A ] DATR] IR 22 AN AT 7e L, R LR

2017248-2



+ 158 ¢ ST =S

38 %

#A B L REIRAE G R, T LASCHR[ 140K T —Fh
M n i kG, bLE T e
W fE— SO B R, XL BN ST e 2 M o YT
R, (EIXEEAT SRR AE S ATHT I, A A AR
Fe/Mb . TSCHR[IS1ERH T —FH TE AR A
A, RN THMNBE SRR

e 7E M T 3 RIRE T 2% 8 T A R AIE
P s IR TAERIRTEE , RN b
UIRERAK. AR TEAX T, BN
SIS A R, s i EREEL Atk
RN T RFID &R A s H O 2 bk
Iz N TC g E AR, AR E R R EE
Bk 7 AR, Philipose 2! Mg AN H T LT
RFID [fJ—Ff WISP Jo4k 78 AR LS B ik /7 =k
MBAERN T o Intel FFR T WISP FIFFUE-T- 6129, {§
WISP A Jigh—INZ s (PR B L R . 7
WISP #', RFID 5 %% (reader) i A RGN 78 LAY,
AT PAZE Z A0 0 B AR B (tag) 7o HL . B RREAL T
HIBRN AT EEN, BT PO S 48 K21 RF
55 P3RERE Y. BT LA 'S 3R A7 BN % BE S 5
UEPT A bRZEARRE TS L, BN R FE HL T R AR Y
DT,

SCHR[221H Nk, B2 S 28 N 1% 5 28 (A B
VIR — N AT, RIS — AR AT A &,
#Re e P 78 . BT LASCHR[22] 0, M (5 4 ek
ORI i B B A A3 = A TR I T AR b
(Ul 1 o), ] DLSRASRERE OR UF 56 4% 7 o ~F 1
i B R D B A . PR SR LT
Bah AR . SCHR[24~26]R 1518 T 5 £ 11 [ el
T o DX ) . SCHR[24 1SR [26], HEAT T gl
A FH (530 Pl 2 i il s T AR () XS T S 4 5
SCHR[26]%F WSN A% 8ds B ot o [ 3547 7 158, X
TRESRNS T AMESEASENE. KATE
WSN A, 1 508 508 F SRR H A5 R S A5
TMAE WRSN H1, 78 L 28 4 58 8 H R A5 451
RFEH . SCHER[27100 98 T ] g b FiT ik o0 78 HL Al
SRS

2476 L[ B A2 [ 5 (K I i, KE 98 H B B B AE
L = ATERT 3 AT AT LASEIUH B /D 115k 58 4
B VI . BBl R SR A A R I o 0 28 TR
Aefs 7 5 B ARV, AN AL G S A0 A .
PAAE WRSN [ s 78 7 =0 7 78 a6 I X3k, v
T IXFAG o AHAE, 7o HE A 7 2590 2 I R B4

AT T RO E, A ST k. A
SRS RE W 78 o5 3K 42 A7 L AN 78 L X Ol A2
DXCtsko AR LG T8 S AT X 5 58, /NI X
S R R 78 WL AR AR A Th A B M R Zh AR
SRLI A I SEfr b, DO Y e 2
BRIKS, A B AL B W RO E, I H
TRALE AN FERA BRI KR BT Lk
IIHT ARSCHEST T —F WRSN 78 HEL % 5B B A
Wik, KRR SR 1A%,
D4k A AN ] 9 R BOREXT T Fe L BERE AP A S R

B AR5l =L e s iy

3 el RRtE A

H T RN YR DS b BT A RO IR R AR,
7 WRSN g sm it firh, TEHE 2 Mk
A5 ) 7

1) PRUEDIR Q Ay it 2, BifE
M, WARIFRHIIZR px, y) KT EEE TREHLIZR
Ds» Bl

st. p.(x,y)=p,V(x,y)eQ (1)

2) AU R ATREN, R R I T AR
it 2 N R AL E L 78 AR TR S I R R e]

N,

= o

N
min [ > p{” (x. y)dxdy @
i=1

FEE e e H AU, ARG se iy U
e 7o A B T AL =8 3 NIk, XFERTLA
SEIUAE 78 B ARAH R I, e/ 10 76 R 8 SE B 2
DRI B R o IXFE IR T 28 DX T AT T
AENE 78 LRI TE O 251, ORUETY RAE XN AT AL

2017248-3



% Z1 W

PSS JEEk T 7 AT R I % e [ 78 HL A 1 2 SR <159 -

EASREE A 78 L .

SR, AESEBRff R, Y AR L A
DS R E AL B e e — AN, BT RS R
B3, ERTATREEAE . T I s
DRI E A R HA ), s bl A X
B AR AT DU — AN /N 78 v A ) [ Pl 7 s P
TR, XA /N7 55 R e A LAY 7R L A
A7 B R S A BRI IR TR) AR e o ARt e
TEORUEREN Y AR IEH R AT T, Fm s
(I AE A Dl 2 HRAEAEAR A ) 23 1) o A% 48 70 W 2 7
B S =TGR E T 0] BeAE AR AN [RIFE FE 1) 1)
FEEIR o, IXHL P T SR DX I 15 RO AN 40
R DA

TEXS 78 A B BB LA T e, AR50k 3 A
e R A A R A = 1) 057 s DX i an e 4l
grs 2)7 AR AN 3) I R A
W o3 A e fEARGSEL =ML, A5
B) AL SR G Ee ] LB e — M ANIE NI, /)
IR BB H A — i, P R XA
P A, AR SO IE ST T X 380 2 73 B Rt %, WF
FUAEAZ DI Y 2 B A [R] AN O 78 W A B LAk
FELEII M

H T USSR, AR SCAEH] WISP AR28AE A
A o2k 7e s figiff: . WISP, HIEZe iR S RE 1
3, s/l RFID 35 2833047 78 AN S %
S G e LEB NS 87421 RF 5
SHORIAE R, ATFE M. WISP 2 — /M,
TFIRZERS ) EPC Class 1 Generation 2 RFID #1455,
AL E /N AT GifE 16 bit fas il a8 FIAT =R AL B -
R4 1) RFID AR BEPATAE S iRy, e
SRR A « A SCHT ] WISP Jii Ay WISP4.1DL,
7 32 KB frfifas — A =R v — /MR
8 s R — A L AR s

4 RHFERBNT S D HIEER

A4 WRSN HH ) — ik - RFID (R c 2k 7
B o AR HE XA 5 AL R e
{743 55 B AT 19 A K 78 P 2 P i 10 78 AR R )
HZIMIRR, SRR A S TIA I 2K
fiio WURFEHUA i A2 N T ARG = I ik
o, WBEHI AT LLg /b 78 B s IR RE G o
4.1 FTEFTRRE

AT R A TE SR PR AL Th & . T AE B

s P AR, TR Friis A i w3 3)it
HRAIh R p,

A
M=Qy&ﬁﬂﬁ 3)

L, p AR DIZ, G G, R IR 2R 1)
Waas, A NP, d ORI . Friis A
Ao e g, i P ALEAS .

7t WISP R4, 125 8% (reader)i@ il —AMRAL
RERIETLBNE S, 11 WISP Ar2(tag)th il it —
AN BHEWAR FREHNUE 5. FrLh, Ao
MBI o BEAh, B R 5 (i
R . SCHR[28]4E Friis ANMERE L, 4T —4
T T IR 45

GG ( 1 Y
”_lw[ﬁw+mj“ @
Seop, L, RRALE, B Frits 2 kB s fegnt
T 7
(EF B UL F I N 1
SR, )R

GGn( 1Y
— T 5
T 77{5)“ (5)

LA TR po = 1W IR, 331 =
4.32x10* LL K& f=0.231 6.

M AN N A BB R I, Y A L ARAS
PR S 28 K RF 55 Zh A LLZ g AS
e BTCL, MRS B s AL, RS
PRI E R (0, 0), XS T07 B () AR T e R
By hen] H(6) 5.

=r

4
(d+p)
0, d>r,

SEhr b, AR RS SRR B, 1 R
Ui p, LI 35400 3 B WL g AR
wIMTERAA L, WP,

p.(x,y)= (6)

D,» d<m
T
p.(x,y)= @iy nsdsr (7
0, d>n

Hr, py AW EAERIIR. 15 d<n BEKN, BA
TR T A R Ts B, FE RIS DA

2017248-4



+ 160 * ST =S

38 %

BAEX, B, HEl IR Lige—idh ps 1M
T n<d<nr JEllN, HPATEHREBEMEBL Y HTTH,
HILI p<p» JoiEFEHE, T LU 50 e
BB AR, 24 dor KINHK, KL, 7
HUAT LU o A ORISR Fe s il i, W5 R e
g e 2R RPIRES, M d<r KIS

WA, Fe A SR/ TR T DL i 5 (8) ok
E N

N
min [ 3 " (x, y)dxdy ®)
i=1

Hrp, Q RAEGXIL, B40E —MILE S ASTIX
WHARLTFEN . A E R FEEETA
T IR B B AT . TR 5 T AR
RS0 5530 = TR T s 8 7 S — DR A b
B,
42 TEPHBREESMERBEENHE

FESEZBRN A, PRA WL s 3R i A bl
BUERE, DI AR B e X Al L0k IR
MBI Ao BT AARSOR G I NI S o Ay, AR5
IR BB AN R (P I, ) dpcdze i B e re A
PSS R BCE IR 5 . 2T UGS
YA BT T EL M 7 AR KD, b0 e T e
AT T EMRERE. O TAFEIY s S s e
B2 RMER, WWEHAS 3D 1) X —A
B O PR R B PR R 2 A MR 3R 85 152 5 2) T SRAE
DI 0 ARG ISR e R B o ) B PR AR
ROATFIRE RS, X L TFHE 28 )P s Hs
3) HRHEAE 2) 0 (s A, VAR R A B (1) R 1
W,

1) BT i AE DI 1) x Ry 5 1) 53 S AR A [ a,
bl LA 04, x~Ula,b), y~Ula,b). 15 1i(x, y)F
DB B A z = X2 + 37, T LA 34
BT R AL

Fz(r):P(z<r):P{\/(x—%) +(y—%j ér}

7[}"2
“o-ar ¥
LR 55 5 pR BN
d 2nr
fz(l”)—an(”)—(b_—a)2 (10)

2) T AR D B AT EL AL, A

Nz, z WAL AT, A 2, =max(z,-,z,) o B

\\\\\\\\\\

17
fon (=0 (NA=F.(r))"”

. 2nr2[1_ 2nr2j (11)
(b-a) (b—-a)

3) HEUA) AT, 7 s 3 A A I R B T
WD A E R . WS oA, w5
DX sl o AN B B R T 3 D R R 1 S0
B E(Zmax) Z A IR FR o 1B E(zmay) AT LR K (12)
.

E(zmﬂ)=L)(ﬁmxﬁﬂdr
2 2 n—-1
= anr%e_g {1 - e_wJ dr
0 o2

_n(b—a) _ﬁ _En 4n(n')’
= N ( 2(1 2j+ J (12)

(2n+1)!
] Wallis 220t —246 ], 4 n—oooltf, 7
___n(b—a) n ! m(b—a)
ECp) =" (1 4) Y P

M a=0, b=2 Itf, WA 0 HiCEARKIE
E(Zma) ZIH RO RUTE 2 s . IKdslrp s ik 2,
PRI, XA 10 MR, B
MRS 0.95 (SE), BT HN T AEL
ZAIRE R FEAR PR RZD . MEARN
W 5 e g Tl EE AN REAE A 5% 2 Ut
T, PSS RN . BRI T 2
Ryl AT DA et AR T e o H R, 1 SR AR AT)
SR L D AP Y S RAR AL B RE o

5 BEMAMEEMLEE

RIS AT A2, FTLLRNE: 1) FEH AR 7S
HA PR 70 B A P B i (RN GO BT 9 i AL L,
ANTEPTAT DX, 27 A DX AR 7 75 i 2 A
TARFEALEZ MBS, AR AU — A Heig ey
P8y AR SN (R 0 7 R X LA 2) XYY
S B S B 93 A i DL e/ R AR AR R B 22
[AIfEAE—ERAR, XN RO B A B,
TR BN o ASOHRARIX 2 AR O 78 LA
HREFEREAT AL -

2017248-5



% Z1 W

PSS JEEk T 7 AT R I % e [ 78 HL A 1 2 SR - 161 -

K2 BT R, IR SN e SRR
W1 B (zman) Z AR DG

N
min [ p (x, y)dxdy (14)
=1

G ik, @), i Q 75 4
HIE NI (HSE, R I 0T, Xk
WAELAAt,  FUTE B G AT A5 IR A el T
Plo FTLL Q TTLAAS . Qo HIJREE 20X I, 755
B o AL e, Wal(14). XA
Kt W 3 Wi T HAL GE 7 55 X IR R X ek
Z A AN o

KT LRAHT, REG I = A T A By
AT R, 32 H —FF WRSN H ] 5 78 HL 2547
BIRAL T, L WISP 2404, T F 71 1%
s

U1 RS AR RS T AU A
ro LK B BRI S0 = T . A
W TR = AR, BRI R X R i =
FIBSEAE o FIX = A TS L, i
L AR, IO By e 5 v e v
JE A AL B AL (U 1 TR

B2 ALl BRI, ARSI AR IRE
2, M AANTEANIG . PR IR 4

ENATE, BHRA WS RINIENUE.

WK 3 AehE AN IEANEX Y, SR
P 556 A U B /NE 75 B (SEC), B IMERR K
{37 (minimax location) jn) &

W 4 AR HR B [ 7R (5 Lo M A R A S
B AR AL B L R D RGN A5 24

A RR 3 v, Sk NE T B (SEC) i) BLid i
Wk 2 #% 3 5 7% 5 7% (Buclidean  delivery boy algo-
rithm) A2 BL, Wl 4 B

K4 wolBas Y 250k

1) EFATRE 2 MR, RIEHEATE 2),

2) HIX 2 AT RIE S e MR EAS. W
Rz T ITA R WHE . SRR AN
SN AT, DL A 2 N, AR 3),

3) WIHIX 3 AN AN E A A E
=AM, EFEAKTEEET 90°Ti s iy s,
HCARI R 2 AR R EP IR 2). B0, Wil = fh
JERBLA =AM, HADIR 4),

4) i 3 AN ST R B T T AL
fEile NEEREBITEAMHI T AL PR R D, A
Je 4 A L BE 2 D Bz AN RO Ao JEKTT AT
A IR EAR, BTy 2 NP 5 D e
[ — A2 BB SRR B, 05— AN SRRk Cs
WERET AL C R D NS 3),

Wi FdRAPER, AT LAk B f /N 55 [ (SEC)
PR FIAL R, Wi 5 s

1E0ER 4yrh, FREN 5/ 55 P (SEC) R L 1)
IR AT LA Y O A R, AR Reee
A DRSS (15) 3 — 2 v 5T 7 22 10 B /N KA )
R 2 p WE I, R] R4S 2
BRI pC , %)% 5/ ME 55 [(SEC) 4%

2017248-6



. 162 - g

i o538 &

Y/m

0 0.5 1.0 1.5 2.0

Y/m

X/m
(b) n=20

Y/m

0 0.5 1.0 1.5 2.0
X/m
(¢) =100

K5 AN HAIER, 2 r=10. 20. 100 I #5355 (SEC)

K, HEEGITIEMR S DIF pIrave 2 [ f7AE
NRA

SEC _ (RSEC + /B)z . Tradition
pt - (R+ﬂ)2 pt (15)

6 FELE

AT T 3T WISP - AR SHUN Al FL 5K
Bro %A FA 2 H bR B R SR 0 B RN AL
Ko ML SLY, HERAEXINIREN T n AR,
HMEIA ARG DL, BLRFEBR AR T e s B
i B (BN ARG DL o

WRYEZ AT S, RO BT R MR 2
BN

T

p, :W (16)
_GGn( AY
T= L [47[) pt (17)

14

Horp, Al ] WISP4.1DL #2441 (K kR 25 4F y fig
PR s, JIF HAE AR HER FTH RFID 35
#% Octane3 Speedway 114 78 HL# o FR4JE SCHR[28]11) 7
%, UHHEA R RS G, = 8 dBi, G, =2 dBi,
4=0.33 m, 7= 0.125, L, = 3.193. M550 = f
BB BB R RPN Ep K1 W,
ri=lm, RS AREE A . R K (S),
A3 = 4.32x10 A T = 0.231 6.

XSG IR i 0 A 2 B 20 FEAT O
FLSEES, FAL 1 000 RHCF, AR SC R A a4 0X
Sl AT B e /N AR TR IR AR Repes WTE 6
Fime WA RAE A ARS8, P22
PR DI pPC i 7 s

AR, JEAT T AN 2 31 100 525, Y
HGEE = A RN DI R 1 W RIS, AR S0 5
JIT it SR RN D pPc in el 8 Fior .

PiE S8 R i .

1) B/NERER (SEC) 48577 AR X%
Ro NE 6 mTLLEH, g aat-m RN Im E
W R IE ST D sk, B A DXk P 4 SR 4
%, w/NERFPEAEARIE R, MR R 2 A
R, PP AR 041 m,
2 AN ECE N E 20 AN, BT E T R
HA 4204 0.85 m.

2017248-7



PSS JEEk T 7 AT R I % e [ 78 HL A 1 2 SR <163 -

2 4 6 8 10 12 14 16 18 20

Ko TiniMn A2 320 W, fR/AVE G R FFEIEAR Reee

0.8

0.7

0.6

P

0.5t

0.4t

0.3}

0.2

2 4 6 8 10 12 14 16 18 20
n

B 7 A e 2 220 B, TR PR ST ThER pite

0.9

0.8f

0.7

Z 06¢

fﬁ

<
0.5¢
0.4t

0.3f

0.2
0 10 20 30 40 50 60 70 80 90 100
n

B8 A e 2 2100 I, Fo BT FR TR ST TR piEe

2) i AR RS AR R RN T
TG B R D g IS TR, AR S dE AT
TAE 2 B 20 AT AR 2 2] 100 A5 15K
5 WL 7 ATUVE AR A A TR R 1 m

Xk, ARGER I )% piritn FEL LW, ATHIA
SCOT S T F AN R R S Th R AT,
RANECH 2 AN, FTis ZE R A I R D% h
0.21 W, 571 55N 20 AW, BTl L1 78 s as 13
RESTHE N 0.73 We WK 8 il LI HL, 4715 ANl
100 M, B 220 78 A R RS Dh 20 0.86 W

WK 9 froR, WML 1 000 UK ESLR
AR AT UG, A A ST JRAAE s Ak
Sk, MRS = AR rE A, RiEX
AT AN AT, AR R, X
BN R D, PR TR IR T R

E 5 E=fAENE
O AR X A
W
%E’é- 0.86 W
R 0.73 W
=
K
021W
n n=100 n=20 n=2

Bl ARG IE = B BB R S ) A 28 X S A SR AE AN R T A 5K
T DL T 70 HLs i i 2 P38 S T A

7 ZERIE

ASCHFIL T WRSN A i 5 207 FL 2 8 o
DAk ), ST T 70 AR o X S 7 L B
AT PR (N AR AR, bt
TS A A T NS B R AR TR
KA, WU T — 7 A A 8 1 S 3 AT 2
DR 7705 KL G553 = T8 5,
B T R T AN B A s AR SOV
FAAT AL, AR A . ZEEAR
BT T B8 HLIR T A, R Be/NE 55 121 (SEC)
Jiid, IR A L T e AR 1 A
B R SN AT s B GEATOC, ASUE
HEET RFID MR FG WISP Kb AT BL5K
5o T OKEAG RS, KRB ARSI SEL =
FHIERE I, EITVERE AASRIREE L B GRE
FE: 7EEES 1 000 KIMBENLRIG T, Xk 2 4>
WA, ST ATLARRE 9% R S TR 1y 24 X 3,
HAE 100 AN, BARRIE 14% RS Th*. 5K
B ek R IR, DR I AR B A I A

2017248-8



- 164+

WG

1R

38 %

b, FARRERME . KA R T RERRE
FEMIZETH R, X RS RR UL, SEpr k2 >
RERE, L5 DX 1Y RS EIORTY R AR B 5

Bk

(1]

(2]

(4]

(3]

(6]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

STOJKOSKA B R, AVRAMOVA A P, CHATZIMISIOS P. Application
of wireless sensor networks for indoor temperature regulation[J]. In-
ternational Journal of Distributed Sensor Networks, 2014 (1): 975-978.
KAFI M A, CHALLAL Y, DJENOURI D, et al. A study of wireless
sensor networks for urban traffic monitoring: applications and archi-
tectures[J]. Procedia Computer Science, 2013, 19(Complete): 617-626.
RAJBA S, RAIF P, RAJBA T, et al. Wireless sensor networks in applica-
tion to patients health monitoring[C]/IEEE Symposium on Computa-
tional Intelligence in Healthcare & E-health. IEEE, 2013:94-98.

RAGHUNATHAN V, KANSAL A, HSU J, et al. Design considera-

tions for solar energy harvesting wireless embedded systems[C]//In-

ternational Symposium on Information Processing in Sensor Networks.

IEEE Press, 2005.

MENINGER S, MUR-MIRANDA T O, AMIRTHARAJAH R, et al
Vibration-to-electric energy conversion[C]/International Symposium on
Low Power Electronics and Design, 2005:48-53.

PARK C, CHOU P H. AmbiMax: autonomous energy harvesting
platform for multi-supply wireless sensor nodes[C]//Sensor & Ad Hoc
Communications & Networks, Secon 06 IEEE Communications So-
ciety. IEEE, 2006:168-177.

YANG Y, WANG C, LI J. Wireless rechargeable sensor networks -
Current status and future trends[J]. Journal of Communications, 2015,
10(9): 696-706.

YANG Y, WANG C, LI J. Power sensor networks by wireless energy -
Current status and future trends[C]// 2015 International Conference on
Computing, Networking and Communications (ICNC). 2015: 648-652.
TALLA V, KELLOGG B, RANSFORD B, et al. Powering the next
billion devices with Wi-Fi[J]. Economics Papers from University Paris
Dauphine, 2015, 3(2): 17.

BUETTNER M, PRASAD R, SAMPLE A, et al. RFID sensor net-
works with the Intel WISP[C]/International Conference on Embedded
Networked Sensor Systems, SENSYS 2008. 2008: 393-394.

XIE L, SHI Y, HOU Y T, et al. Bundling mobile base station and
wireless energy transfer: modeling and optimization[C]//INFOCOM,
2013 Proceedings IEEE. IEEE, 2013:1636-1644.

XIE L, SHI'Y, HOU Y T, et al. Making sensor networks immortal: an
energy-renewal approach with wireless power transfer[J]. IEEE/ACM
Transactions on Networking, 2012, 20(6):1748-1761.

SHI Y, XIE L, HOU Y T, et al. On renewable sensor networks with
wireless energy transfer[C]//INFOCOM, 2011 Proceedings IEEE.
1EEE, 2012:1350-1358.

FU L, CHENG P, GU Y, et al. Minimizing charging delay in wireless

rechargeable sensor networks[C]//INFOCOM, 2013 Proceedings IEEE.

1EEE, 2013:2922-2930.
CHIEN W C, CHO H H, LAI C F, et al. Dynamic charging planning
for indoor WRSN environment by using self-propelled vehicle[C]//

International Conference on Knowledge Management in Organizations.

Springer, Cham, 2017:547-559.

GU Y, LO A, NIEMEGEERS 1. A survey of indoor positioning sys-
tems for wireless personal networks[J]. IEEE Communications Sur-
veys & Tutorials, 2009, 11(1):13-32.

[17]

[18]

[19

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

BUETTNER M, PRASAD R, PHILIPOSE M, et al. Recognizing daily
activities with RFID-based sensors[C]/International Conference on
Ubiquitous Computing. ACM, 2009:51-60.

WEINSTEIN R. RFID: a technical overview and its application to the
enterprise[J]. It Professional, 2005, 7(3):27-33.

PHILIPOSE M, SMITH J R, JIANG B, et al. Battery-free wireless identi-
fication and sensing[J]. IEEE Pervasive Computing, 2005, 4(1): 37-45.
SAMPLE A P, YEAGER D J, POWLEDGE P S, et al. Design of an
RFID-based battery-free programmable sensing platform[J]. IEEE
Transactions on Instrumentation & Measurement, 2008, 57(11):
2608-2615.

SAMPLE A P, BUETTNER M, GREENSTEIN B, et al. Revisiting
smart dust with RFID sensor networks[C]/ACM Workshop on Hot
Topics in Networks. 2008.

HE S, CHEN J, JIANG F, et al. Energy provisioning in wireless re-
chargeable sensor networks[J]. IEEE Transactions on Mobile Compu-
ting, 2013, 12(10): 1931-1942.

ZHANG H H, HOU J C. Maintaining sensing coverage and connectiv-
ity in large sensor networks[J]. Ad Hoc & Sensor Wireless Networks,
2005, 1(2).

STOYAN Y G, PATSUK V M. Covering a compact polygonal set by
identical circles[J]. Computational Optimization and Applications,
2010, 46(1): 75-92.

KERSHNER R. The number of circles covering a set[J]. American
Journal of Mathematics, 1939, 61(3): 665-671.

WANG X, XING G, ZHANG Y, et al. Integrated coverage and connectivity
configuration in wireless sensor networks[C]// International Conference on
Embedded Networked Sensor Systems. ACM, 2003:28-39.

TIAN Y, CHENG P, HE L, et al. Exploiting time of charge to achieve
collision-free communications in WRSN[C]//International Conference
on Heterogeneous Networking for Quality, Reliability, Security and
Robustness. IEEE, 2014:115-121.

HE S, CHEN J, JIANG F, et al. energy provisioning in wireless re-
chargeable sensor networks[J]. IEEE Transactions on Mobile Compu-
ting, 2013, 12(10): 1931-1942.

ELZINGA J, HEARN D W. Geometrical solutions for some minimax
location problems[J]. Transportation Science, 1972, 6(4): 379-394.

EEEIT:

& (1987-) , %, mmEWA, &+
EEp RN A A e 2X T S b
LA % BG AL,

BEkER (1978-) , 55, WWImGWIEEIN, rPEREGE K

R, BT W oL s M &% . PRI

SID% (1959-) , B, =mmEWIA, PEEEEREKY:

s W0, RIS 1 T ek & W 2% S S LA
KN o

B (1987-) , B, WARFEAN, PEEHEBFE

A, BETTUT AR R BOR .

2017248-9



	22-170579-UO

