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Design and implementation of loT based controllers and communication

module interfaces for stand—alone solar system
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Abstract

This paper is part of research and development for stand-alone solar system without commercial

power supply. It implements firmware of controller for operation of stand-alone solar system by

applying IoT technology and also develops communication modules that allow multiple solar lamps to

send and receive data through wireless network.

The controller of the developed stand-alone solar system can effectively charge the power

generated by the solar module, taking into account the battery's charge and discharge characteristics.

It also has the advantage of attaching wireless communication modules to solar lamp posts to

establish wireless communication networks without incurring communication costs.

In addition, by establishing [oT gateway middleware platform for each installation site, it forms a

foundation to operate multiple solar lamp posts into multiple clusters. And, it is expected that the

data collected in each cluster will be used to enable configuration and control of operational

information, thereby inducing convenience and efficiency of remote operation and management.

» Keyword: loT, Stand-alone solar system, loT based monitoring and control,

Gateway middleware
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[l. Related works and design topics

2.1 l1oT based monitoring and control system
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Fig. 1. loT based monitoring and control system

599 "G 7tRS =g 474 g RS
TR RS, T U B O] 55 Y SeF
2 sk, 2t Fel2Hdle 9] Wjl 557 EAlgh 7
Sz vl T FH2E Yo BE FFEY o7F
A SA &4 dlold ARE A% [oT AlolEge] &2
S x33}4,6,9]. T4 BEARES Zighee B3I} RFE
Al BES el AMgstaL 7hRS A S 918k GPS EE
S 53 A, @A 2 A ARE oGS dit) 7fR 5
A BAREY AEZHY B4l AlgdEals A,
AEZH A F4H vold F2lo] 7bsstes gk

2.2 Controller of stand—alone solar lamp
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Fig. 3. Flowchart of stand—alone solar lamp controller
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2.3 loT gateway
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Fig. 4. Operation flow diagram of loT gateway
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[1l. Implementation of communication
module interface and controller

3.1 Communication module
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3.2 Controller firmware
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3.3 loT gateway middleware platform
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V. Experiments and results

4.1 Experiment of controller operation
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4.2 Experiment of loT gateway operation
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Fig. 7. Middleware class diagram for lIoT gateway operation
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Fig. 9. Screen of stored files(in case of TCP/IP communication
connection failure)

3 Figure 9+ TCP/IP 41 A2 Aafjgk 49 “Socket
Server Error’ MIAIAIE &93ta, HEEH A HEE dlo]
HE [T AC|Ego] nEdo] ZHFAA 10T AHIZ AW =
AET 5§l A7t Hol B2 Adste 7es Agg
shdo|t} E}Oa]i A7 dlolE & 10T Anl2 A9} AZ ]
AY 2utEZY| EFFAR A4d A SAFoR AEs)
i, AEd H]O]Ei% el A AbA| g

9o A @ﬂ"ﬂ*ﬂ Holzo] [oT A2 B Az o]

T
|

FEFAS 0% 87 A4 LE 94 A golg 74

JoT8] 7L =21 =13} B4 Asf Al9] dlolH o] 437159
s Sotol, 73" IoT Ale1ESele] 2nke 753 9T

(B9 FhS g0 5 Atk

V. Conclusions

T HF 7R AlaEe] e 9 A BEE Al

A2al7] 913 10T 71ke] F4 AN M=) B4 BA S
g8 BUHY Alxde] ATH L Yk 71E HYY 2 E

EUEY A2Pe e Aoe] A8 By Azl A
FARE HgA7 BANE F4 G Sol waysh: B
AT T A BN HEND FHoR 2 2 AEE Hol
B1E 245k Aui PCE $9% F1te] Lo wilo] ol
o1 HA) 3 ¢ gl 5UY 4% e

]

TEE 0T 7] AEZHE g S4d 548 1
Aol HYE BEA HAE AYS agHo AT 5
dom, Wi FHeol & M-S @i SRE 7T AlEY §
A3} Zighee B RF B4 02 [oT Alo|Eglo] 9} Hlo|ElZ 4~
TABIES FHE 74 A BES Fote] F14 SAME
o] WA glo] A EAl YEY IS FHo] 7153S B
TSt U] HYE VMRS5S AA A% HE [T AlelES 9]
nEdo] FAES THto] v S AHE ko]

7 Fej 2ol A E o]

1 Aol7h F5HES FHel 9

d 2
i)

_VE Ho
Ho OR

_Ihl

REFERENCES

[1] A. Jain, C. Nagarajan, “Efficient Control Algorithm for
a Smart Solar Street Light,” 2015 9th International



Design and implementation of IoT based controllers and

communication module interfaces for stand—alone solar system 135

Conference on Next Generation Mobile Applications,
Services and Technologies, pp.376-381, 2015.

[2] M. F. Pinto, et. al., “Street Lighting System for Power
Quality Monitoring and Energy-Efficient [llumination
Control,” 2016 IEEE 25th International Conference on
Industrial Electronics, pp.34-39, 2016.

[3] C. J. Kim, et al., “Real-time Remote Monitoring System
for Distributed Photovoltaic Systems,” Journal of KIICE,
19(10), pp.2450-2456, 2015.

[4] M. Kim, et al., “Universal Interface for IoT Platform,”
Journal of KIPS, 7(1), pp.19-24, 2018.

[5] A. Al-Mutairi, “Designing and Implementation of Solar
Street Lighting Management System Using Wide Area
Network Technique,” Journal of Babylon University/
Engineering Sciences, 24(1), pp.203-215, 2016.

[6] M. SU, et. al., “Design of the Wireless Monitoring System
of Solar Lamps Based on ZigBee and GPRS,” Power
Engineering and Automation Conference, pp.1-4, 2012.

[7] B. W. Park, et al., “Development of Integrated Photovoltaic
Monitoring System Using ZigBee Communication,”
Journal of KIIEE, 31(7), pp.56-62, 2017.

[8] S. Siregar, et. al., “Solar Panel and Battery Street Light
Monitoring System Using GSM Wireless Communication

2014 2nd International
Information and
pp.272-275, 2014.

[9] Xiaopu Wu, et. al., “Solar Street Lamp System Using GPRS
and ZigBee Technology,” 2016 IEEE 11th Conference
on Industrial Electronics and Applications, pp.2561-2564,
2016.

[10] C. Lee, et. al,, “Design and Implementation of a Universal

System,” Conference on

Communication Technology,

Smart Energy Management Gateway based on the
Internet of Things Platform,” 2016 IEEE International
Conference on Consumer Electronics, pp.67-68, 2016.
[11]J. J. Lee, et al., “loT-based mobile smart solar power
monitoring system,” Journal of IEEK, 54(8), pp.55-64,
2017.
[12] M. H. Park, et al., “A Study on the Development of
of KIPS, 5(10),

Energy IoT Platform,” Journal

pp.311-318, 2016.

Authors

Yon-Sik Lee received the B.S. and M.S.

degrees in Computer Science from
Chonnam National University, Korea, in
1982 and 1984, respectively. And, his Ph.D.
\ degree in

Computer Application

p z 1 AR
;,%W | Engineering from Chonbuk National
University, Korea, in 1994. Dr. Lee joined the faculty of the
School of Computer Information and Communication
Engineering, Kunsan National University, Kunsan, Korea,
in 1986. He is interested in sensor network middleware,
active rule system, agent system and cloud computing.

Young-Chae Mun received the B.S. and
M.S. degrees in Computer Information
Science from Kunsan National University,
Korea, in 2007 and 2009, respectively. And,
his Ph.D. degrees in Computer Information

Engineering from Kunsan National

University, Korea, in 2018. Dr. Mun joined the technical
manager at Hailight Company, Jeonju, Korea, in 2014. He
is interested in wireless sensor network, [oT service

management and software agent system.



