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[Abstract]

The control system for the efficiency of resource utilization in sensor network environment based on
object detection and environmental sensor requires active control function which based on sensor data
acquisition and transmission functions and server’s data analysis. Using active rule-based mobile agent
middleware, this paper proposes a new distributed control framework that reduces the load of central
sensor data server in sensor network environment by implementing remote data sensing and
Zigbee-based communication with server and data analysis method of server. In addition, we
implemented a power-saving system prototype using active rule-based distributed control methods that
applied consumer’s demand and environmental variables, and verified the validity of the proposed
system through experiments and evaluations in the mobile agent middleware environment. The proposed
system is a system framework that can efficiently autonomously control distributed objects in the sensor
network environment, and it can be applied effectively to the development of demand response service

based on optimal power control for the smart power system in the future.

» Key words: Mobile Agent Middleware, Agent Migration, Active Rule, Distributed Control System,
Sensor Network
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I. Introduction
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II. Main Technologies

1. Mobile agent middleware platform
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Fig. 1. Proposed structure of mobile agent
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Fig. 2. Mobile agent middleware platform
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2. Distributed control framework
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Fig. 3. The distributed control framework in mobile agent
based sensor network environment
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III. Power-Saving System Prototype
using Distributed Control

1. Active rules for device control
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RULE Temp_Control [p_data, n_data, Threshold]
WHEN Receive n_data
IF (/p_data - n_datal) >= Threshold
THEN Send (node_id, n_data) to sink node.
IF Mig_List(node_id) is in User Defined Mig_Table
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2. Migration and rule execution of mobile agent
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IV. Experiments

1. Environment of the experiments

Agent Migration Manager?} Agent Senders &t
o] )i} =2 0|Z3} o]Zojo]NEZHE AXE Al
dlolel S5 AlARe] ARI 02 AE], 34
Tejrto] o @ow AT} AR T2 HolE 55
Moz Aajstel 23 ATS Aujo] BUP Bk

ol Follo|FE o] FAl Futs T 2405MHz
o AIMUEHZ DvlEfol FHAM AN ZE

Hmote2420(MCU: MSP430F1611)°} X-Hyper 320WN
AMACIEHClE  AFESIZAL,  Tiny0S-2.x  EHgofA]
Cygwin £ AH83lGT) o572 242 9% Age
OMG9] MAF HAfQ} OrbixWeb 3.2 2F30f|A] JBuildere}
JDKE AMgstdon], wt 71o] 7jal= Al 7m ~ 12m
2 9gshn 871 wE(ya EZR TSI

2. Experiments and their results
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Fig. 5. Experimental results of mobile agent migration
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V. Conclusion

B2 4R A D 87 S AA 718 A ES S
oI} A 284 B APSo] Fus| AR 9
k. ol2i3t Ao} A|AELE AAIlo]E] S O £441 7psat

i N
o

Ao Ao 245 &t 584 Aol 7152 TR= oIt




Distributed Control Framework based on Mobile Agent Middleware 201

& =wolAie AMUIEH I oA o] ool E t]s
oIS olgsto] HlolEo ¥A A, Auete] Zigbee
718 SA R AHofMe] 25 dlojH 24 7] 44 A
& Y 52 7o HEgo=H, o]FOfoRES ol &et
AMUEAT 7]Hre] A2 241F Ao} AJARIS ARt
SHt AAUEA S FF0llA 712K 02 a4k= Hlof
B 24 71, HolE 2= 84l 715 R AR 71t glojd
A2l 715 S& AIEsk] Yt sstAlE B ols
oe]RE Z]re] AU EHN T u]S¢ofS sk, o
S 7IHOR o] Fo]HEY Y5t HES olEsto Al
AMUIEHS tlSdo] 7504 5 AIAHolE AfH9
FolS Al 24k Alo] ZAHIE Attt
AMUEYS 7IRte] 4 Alo] = dH3 et
ALS 7o oAe] a4 5 ol o2 oot ¥
P2 A8 SEAl 7R Alo] AlAF Z2 EER])
2 73 A8sto] Frteto=M, Aok A|ARS F3F AllA

25 A S8 R HYY a8 A
oo AT AH|A ThHoo] FRFS ASsH &
TS Atk AMEE F7 R e AIA
578, AMEE HiR] 3 AloE s

nm

il

Ak A 2E e Hlofg 5574 YAl oo e
£ olgslo] BAE Cujolx JHES EgHoE A
Ae] B4 ALHIOPE TPSetES SO RM, § § B
oL} 40419 3PS st 2 ol W HA|[14] SO 1
2 5] A3 RatHo] YL ABSH Al A A
28] 7]9te] 2.QuRg M| A T 8 B85 RARY Aol
714 2hao Kol 7ssict.

|

ACKNOWLEDGEMENT

This research was supported by Basic Science
through the
Research Foundation of Korea (NRF) funded by
the Ministry of Education (018R1D1A1B07051045)

Research  Program National

REFERENCES

[1] X. Zhang, “A Node Localization Algorithm based on Wireless
Sensor Network,” International Journal of Performability
Engineering, 14(4), pp. 821-830, 2018. https://doi.org/10.23940/i
jpe.18.04.p24.821830

[2] K Jin, et. al., “Wi-Fi RSSI-Based Indoor Location Detection
System with IoT Device,” Journal of KICIS, 42(12), pp.
2346-2349, 2017. https://doi.org/10.7840/kics.2017.42.12.2346

[3]1 Y. Lee, M. Jang, “Location Trigger System for the Application
of Context-Awareness based Location services,” Journal of the
KSCI, 24(10), pp. 149-157, 2019. https://doi.org/10.9708/jksci.20
19.24.10.149

[4] S. Feng, "WSN Deployment and Localization Using a Mobile
Agent," Wireless Personal Communications, 97(4), pp. 4921-4931,
2017. https://doi.org/10.1007/s11277-017-4747-5

[5] H. Park, “Design of the Agent Migration Information System for
Shortest Migration Order,” The KIPS Transactions : Part A, 9A(4),
pp. 555-562, 2002. hittps://doi.org/10.3745/kipsta.2002.9a.4.555

[6] K. Lingaraj, et al., “OMMIP: An optimized multiple mobile agents
itinerary planning for wireless sensor networks," Journal of
Information and Optimization Sciences, 38(6). pp. 1067-1076,
2017. https://doi.org/10.1080/02522667.2017.1374740

[7] P. Ardakani, "A Mobile Agent Routing Protocol for Data
Aggregation in Wireless Sensor Networks," International Journal
of Wireless Information Networks, 24(1), pp. 27-41, 2017.
https://doi.org/10.1007/s10776-016-0327-y

[8] S. Sasirekha, et. al., "Cluster-chain mobile agent routing algorithm
for efficient data aggregation in wireless sensor network," Journal
of Communications and Networks, 19(4), pp. 392-401, 2017.
https://doi.org/10.1109/cn.2017.000063

[9] Y. S. Lee, “Lightweight and Migration Optimization Algorithms

Mobile
Agent,”Journal of The Korea Society of Computer and
Information, Vol.25, No.5, pp. 91-98, 2020. https://doi.org/10.97
08/jksci.2020.25.05

[10] G. Damianos, et al., “Mobile agent itinerary planning for WSN

for Reliability Assurance of Migration of the

data fusion: considering multiple sinks and heterogeneous
networks," International Journal of Communication Systems,
30(8), 2017. https://doi.org/10.1002/dac.3184

[11] G. Cabri, et. al,, "Strong agent mobility for aglets based on the
IBM JikesRVM," Proceedings of the 2006 ACM symposium on
Applied computing, pp. 90-95, 2006. https://doi.org/10.1145/11
41277.1141298

[12] H. Ito, Y. Miyagi, “A Study on Distance-Based Control of Mobile
Agents for Formation Avoiding Entire and Partial Reflection,”
Proceedings of ICCAS 2019, pp. 753-758, 2019. https://doi.or
2/10.23919/iccas47443.2019.8971714

[13] Y. Yang, et. al., "Detecting and resolving deadlocks in mobile
agent systems," Journal of Computer Languages, 42, pp. 23-30,
2017. https://doi.org/10.1016/j.jv1c.2017.08.002

[14] D. Kim, J. Lim, S. Kim, “Design of Mobile-based Security Agent
for Contents Networking in Mixed Reality,” Journal of
Convergence for Information Technology, 9(3), pp.22-29, 2019.
http://dx.doi.org/10.22156/CS4SMB.2019.9.3.022



202  Journal of The Korea Society of Computer and Information

Authors

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

degrees in Computer Science from Chonnam

National University, Korea, in 1982 and 1984,

y respectively. And, his PhD. degree in
m - .

[ Computer Application 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,
Korea, in 1986. He is interested in sensor network
middleware, active rule system, agent system and cloud

computing.



