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Design of Photovoltaic Power Supply System for Wireless Sensor Networks

MA Zhongming'®, WEN Xiaoling™*,WANG Dong’, ZHANG Shuanghua’, LI Xiaosan®
1. Hubei Research Center of Video Image and High Definition Projection Technology, Wuhan 430205, China;
2. School of Electrical and Information Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: To make full use of photovoltaic power generation and hybrid energy storage technology to provide
power supply in the Wireless Sensor Network (WSN) system, we designed an independent power supply system
with the supercapacitor and lithium battery as hybrid energy storage device. First, the supercapacitor, lithium
battery and photovoltaic cell of corresponding specifications were selected according to the condition of loading,
then, a bi-directional DC-DC converting circuit was utilized as the main charging and discharging circuit of
system, and the double closed-loop control of voltage and current was adopted in the charging and discharging
process. Finally, the simulation modeling and analysis of the designed power system with the aid of MATLAB/
Simulink were conducted. The results showed that the photovoltaic power system based on the hybrid energy
storage of supercapacitor and lithium battery not only provided stable power supply for WSN systems, but also
effectively protected the lithium battery to extend its service life.
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Fig. 1 Block diagram of photovoltaic power supply system
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Fig. 2 Topology of bidirectional DC-DC converter
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Fig. 3 Block diagram of lithium battery charging control

FHIR S 2 8] S 23k % 2 o b 2 78 vl o AR AT
IME SR A

SU, C
G(s)= 2 s b (9)
LC S +R,C,S
R (SR.C,+1
Gi(s)= SR C, + ) (10)

SCy(R,+R,)+1
K()~10) T, U, WHEIL LR C, fl R, 41
ol Shy LR b 2H Y SR A MR BE s C, R R, 2D
W v 2 S AR RN B

Xof FEL R L s 12 4 B R S I R 2, D
TV L I R F A #2843 O

K+
6o @u _S5S1x57x10-38) )
' S+ S(1+8x10-5S)
CU]-p
K“(l+wS) 5551 +1.6x 10—4S
. O X —
G,(9)= == ( ) (12)

S(1+wi) T S +7.86x10-45)
142 BBEREEZEFABIEH BRBESEHHE
T BR R A 7 H, 2, S TR 2 H 2 A G FE
FEL L g A s FL R, 2 o B SRR s E IS £ 1k S
FH , P 98 7 R 4 o 25 A E J P 4 T

K3 |-

! L—I"
. 71 (s
%_'{ Gi(s) I_"PWM Iﬁ'l Gia(s) =

B4 BLEFF[ABEHSRER

Fig. 4 Block diagram of supercapacitor charging control
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Fig. 5 Block diagram of supercapacitor and lithium battery
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Ubus 2
D ( R +SC1)

G =75 (15)
15y —L 541
D R, D
RL
GUi(s)——SRLCl+1 (16)

Xt B IR I A XU e, L T B A B AR AL
TE T 2% UK v, R T4 o 8 20 1A
K1+ =)+ =)

iz2

w
G (s)* = -
S(l+%)(l+wi) (17)

ipl ip2

2.698x 107°S* +1.967S +344.8
2.618x107S°+8.183x107°S*+S
S
K (1+——
o a)uz) _ 627.98(1+1.69x 107S) (18

sa +wi) S(1+7.86x107"S)

up

)

G,()" =

2 REMEBERGERST

i jF MATLAB/Simulink ¥4 2 55 T 8 2% B, 5 4
IR TR B RE 1 AR L e R G0 1) LAY 1
HA B P AP 12 V/ 10 F,0.1 Q; # H it 41
BEFE 12 V /20 Ah, 1 Q; JF L0 5R A 20 kHz; HEHE A
RGN TAEREL A F =R TR,

B — 7R B SR R A IE BT, DG AR F T Y 4
RERoI R T e e g At 7/ Bt QU R )35 P N = g £
FIE 2 30 o R G 2 A A E A A R . D)
RGEWAF B BE R E 6 fr s, 3 {5 B S s,
BB A5 B R B A A R
F, S R PR A A b 5 P P S R R LR

16 AT, M L 25 as E AT TH R ST, SR
HLIE R/ 4 A g LR H 33 PTG (L 8.5 V
Fm 212 VE 4R AN BT Bl Tt 4
A7 4e FEBR 9 7o H , H oty H R 2 R4, 7 L L IR R
WUk /N o U TRDRE 2R L — B4R R AE 24 VfHE R
HH 92 o 2 BEAR 4 1) S B TS AR A 25 2

B 2 2 IR T 9 O IR SR R 98 SR A8 22 BT
5] 40 oK BA O B 28 AR sk 1 5 2 B ) A G A
BF, AR FE b i A R RS TG R IR R S
FHRLZER o BLB, AT 1) B 20 R 25 4% T 2R 9% K

t/s

Bo RGTEX-—mWHEEEE

Fig. 6 Simulation waveforms of system operating mode one
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Fig. 7 Simulation waveforms of system operating mode two
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Fig. 8 Simulation waveforms of system operating mode three
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