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EasiSolar: Design and implementation of a high-efficiency solar
energy-harvesting sensor node system
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Abstract: EasiSolar—An intelligent and high-efficiency solar energy harvesting sensor node for wireless sensor
networks is designed and implemented. A two-stage energy storage structure is adopted to take the advantages of both
the low cost capacitors with infinite rechargeable cycles and the Lithium-battery with high energy-density and low
leakage current. Software/hardware co-design methods including maximum power point tracker ( MPPT)  energy
storage charging management and power switch control modules are proposed to improve and optimize the energy
management and maximize the energy harvest. Test experiment results show that the solar energy output efficiency is
improved by 28% using the implemented energy harvest method.
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Fig. 1 System architecture of a energy-harvesting sensor node
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1
Table 1 Rechargeable battery characteristic comparison 4
N =T -1
(W-h-kg™') (% - ) 4.1
NiCad 1.2 50 1200 15 ~20
NiMH 1.2 55 300 20 ~30 1 )
Lithium 3.7 80 500 5~10
; DC/DC
2
3.4 )
4
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(D) ’
P = Vi (D Lo + (1 = D) 1,,.,.) (1)
(1) 3)
Ve acive Laeey Do E2240 (
TelosB '*) Ez240 MSP4301611
2.4G CC2420 N N o
~LED N
2 Ez240 3.3V
MCU Loy 15.3 pA 6~8d
MCU 1.7 mA 4)
LED 4 mA
( SHT11 ) 1.9 mA
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Table 2 The measured current consumption of Ez240 node MSP4301611
1.8
MCU 15.3 pA ~3.6V . Ly 20 mA  15.
MCU 1.7 mA
3 o 1
LED 4 mA MA %
SHT11 1.9 mA (1) 0.7 mW
17.8 mA 0.7 mW x60 x60 x24 60.5 J;
19.3 mA
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9. endif
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IV Tracer 0 MCU 27 1 .
MPPT DC/DC
° 2
MCU DCDC )
; Algorithm 2 power switch control algorithm
MPPT 1. if(V, > 1.8V) then
° 2 Turn on the capacity switch.
3. else
4 Turn on the battery switch.
- MCU IV Tracer 5 endif
5
DC/DC
4.5
DC/DC 10 ~1 000 lux.
TPS63030 10 000 lux
1.§~5.5V 1.2~5.5V 5.1 IV Tracer
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Vi (4.15°V) Table 3 Comparison of MPP performance
; Vl»aHh
Vi ( 4.25 V) 1V Tracer /s /] /B
1 o
| 10 2.46 1.653 40
Loif (Vi < Ve or Vi =V, ) then 20 1.52 1.794 80
2. Stop charging.
3. elseif ( V,, < VygandV, =V, ) then 50 0.68 1.920 200
4' lf( Vhat < Vha(-ﬂ\)
100 0.52 1.944 400
5. Start constant current charging.
6. else if ( V,,, = V.. ) then
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8. end if



33

1958
o o 3
20 ( Direct Charge) ;
o DC/DC ( DC/DC Charge) ;
5.2 MPPT IV Tracer
MPPT DC/DC ( MPPT DC/DC
(0 ~1000 lux) MPPT Charge) -
MPPT MPPT
7 o °
DC/DC
3000
! de - DC/DC
250f 1! —+— ldeal
2 —+— MPP Tracking
200k 3 —*— Direct Connection
e - Direct Charge DC/DC
& 100}
50+ °
== 5.4
0 2((}(] 4[’]0 6!‘]0 Rll]ﬂ 1 &‘U{}
JEHR B lux 1%
7 7d
Fig. 7 Comparison of power output efficiency of solar cell panel 9
2 3
1
3 MPPT i
| flﬂﬂ{ AR
67% 2 ik |
MPPT 5t 3L /\
- WL .
93% ‘ N QAT .
1Hi
28% 0 2 3 4 5 6 71
fifa)/d
5.3
9
. Fig. 9 The operation status of the node system
2.5
7
| 3.5V
> 15[ 500 lux.
T
DC/DC Charge .
05F MPPT DG"DE" Charge ! 1.8V
; 2h 9 )
" 200 400 600 800 T o0 4.2V ;
B i)/s Sh ( 2 ) ;
8 3h ( 5 )
Fig. 8 Comparison of different charging methods 3
1
8 3 ( 2 6 ) 3.2V
2.7 V.10 F 0.01 V.



: EasiSolar:

1959

1 0.5W
1200 lux 8 h
2
6h ( 2 1
1.8V
5
7
1

IV Tracer MPPT

J . 2005 42(1): 163474.
CUIL JUHL MIAO Y et al. Overview of wireless

sensor network J . Journal of Computer Research and

Development 2005 42( 1) : 163474.
. J.

2009 23(12): 14.
WANG B Y. Review on internet of things J . Journal of
Electronic Measurement and Instrument 2009 23 ( 12) :
149.

J . 2006 20(6):
3135.
REN HJ DAIXH WANG ZH et al. System design of
nodes of wireless sensor networks ] Journal of
Electronic Measurement and Instrument 2006 20( 6) :

3135.

10

11

12

13

14

MIKKO K JUKKA S TIMO D et al. Energy-efficient
reservation-based medium access control protocol for
Journal of EURASIP
Journal on Wireless Communications and Networking
2010 57:1-22.

JIANG X POLASTRE J CULLER D. Perpetual

environmentally powered sensor networks C . 4th

wireless sensor networks ]

International Conference on Information Processing in
Sensor Networks ( IPSN” 05)  California USA 2005:
463-468.
JEONG J JIANG X F' CULLER D. Design and analysis
of microsolar power systems for wireless sensor networks
C . 5th International Conference on Networked Sensing
System ( INSS08) Kanazawa Japan 2008: 181-88.
ROUNDY S STEINGART D FRECHETTE L. et al.
Power sources for wireless sensor networks C
European Conference on Wireless Sensor Networks
(EWSN04) Berlin Germany 2004 :147.
RAGHUNATHAN V. KANSAL A HSUJ et al. Design
consideration for solar energy harvesting wireless
embedded systems C . 4th International Conference on
Information Processing in Sensor Networks ( IPSN” 05)
California USA 2005: 64.
CORKE P VALENCIA P SIKKA P et al. Long-duration
solar-powered wireless sensor networks C . 4th Workshop
on Embedded Networked Sensors ( EmNets07)  Cork
Ireland 2007: 33-37.
ZHANG P SADLER CM LYON S A et al. Hardware
design experiences in ZebraNet C . 2nd International
Conference on Embedded Networked Sensor Systems
( SenSys04) Maryland USA 2004:227-238
DUTTA P HUI J JEONG ]

sustainable and scalable outdoor wireless sensor network

et al. Trio: Enabling

. 5th International Conference on Infor—

Nash-

deployments C
mation Processing in Sensor Networks ( [PSN06)
ville TN USA 2006: 407415.

SIMJEE F CHOU P H. Everlast: Longdife supercapacitor
operated wireless sensor node C . International Symposium
on Low Power Electronics and Design ( ISLPED06)
Tegernsee Germany 2006: 197-202.

PARK C CHOU P H. AmbiMax: Efficient autonomous
energy harvesting system for multiple-supply wireless
3th Annual IEEE Communications
Society Conference on Sensor Mesh and Ad Hoc
Communications and Networks ( SECON06)
VA USA 2006:168477.

ZHUT GUY HEH etal. eShare: A capacitor-driven

energy storage and sharing network for long-term

sensor nodes C

Reston



1960

33

8th ACM Conference on Embedded
( SenSys10 ) Zurich

operation C
Networked Sensor Systems
Switzerland 2010: 239-252.

15 CHENCHY CHOU P H. DuraCap: A supercapacitor—

based  power-bootstrapping ~ maximum power point
tracking energy-harvesting system C International
Symposium on Low Power Electronics and Design

(ISLPED10) Austin TX USA 2010:313318.
16 ~ POLASTRE J SZEWCZYK R CULLER D. Telos: Enab-
ling ultra-dow power wireless research C . 4th International

Conference on Information Processing in Sensor Networks

(TPSN"05) California USA 2005: 364-369.

2009

o

E-mail: zhangjingjing@ ict. ac. cn

Zhang Jingjing received B. Sc. degree

from Xidian University in 2009. She is cur—
rently pursuing M. Sc. degree in Institute of Computing Technolo—
gy Chinese Academy of Sciences. Her main research interests

include embedded system and wireless sensor networks.

2000 2003

o

E-mail: Zhaoze@ ict. ac. cn

Zhao Ze received B. Sc. and M. Sc. degrees both from Dalian
University of Technology in 2000 and 2003

currently a Ph. D. candidate and assistant researcher in Institute

respectively. He is

of Computing Technology Chinese Academy of Sciences. His
main research interests include embedded system and wireless

sensor networks.
2003 2006
2010

o

E-mail: chenhaiming@ ict. ac. cn

Chen Haiming received B. Sc. and M.
Sc. degrees both from Tianjin University in 2003 and 2006 re—
spectively and received Ph. D. degree from Institute of Compu—
ting Technology ~Chinese Academyof Sciences in 2010. He is
currently an assistant researcher in the same institute. His main
research interests include wireless self-organized network and

wireless sensor networks.

E-mail: lcui@ ict. ac. cn
Cui Li is a Ph. D.

pervisor and the director of Sensor Network

professor Ph. D. su-

Laboratory. Her research interests include

sensor technology and wireless sensor networks.



