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Abstract

Recently in the area of ICT, the M2M and IoT are in the spotlight as a cutting edge technology

with the help of advancement of internet. Among those fields, the smart home is the closest area to

our daily lives. Smart home has the purpose to lead a user more convenient living in the house with

WLAN (Wireless Local Area Network) or other short-range communication environments using

automated appliances. With an arrival of the age of IoT, this can be described as one axis of a

variety of applications as for the M2H (Machine to Home) field in M2M. In this paper, we propose a

novel technique for estimating the location of a terminal that freely move within a specified area

using the RSSI (Received Signal Strength Indication) in the WLAN environment. In order to perform

the location estimation, the Fingerprint and KNN methods are utilized and the LMS with the gradient

descent method and the proposed algorithm are also used through the error correction functions for

locating the real-time position of a moving user who is keeping a smart terminal. From the estimated

location, the nearest fixed devices which are general electric appliances were supposed to work

appropriately for self-operating of virtual smart home. Through the experiments, connection and

operation success rate, and the performance results are analyzed, presenting the verification results.

» Keyword : M2M, loT, Smart Home, WLAN, Fingerprint, LMS, M2H, Gradient Descent Algorithm

[. Introduction

2 IEL Hige] ikt AnkE 7]7)e] B o R Qlst]
T BAE bR 7)71E shtel UEYAE B Alels
o gg3he 2 Bukd IEe] o R o
ojtyx} Algo] 7hset FHIFHEIA HFE B WES Az
Fol7t gol AHSH A= @A aEa ke gE o] fHH
B9 /i3S o] A AFEQIE Y (Internet of Things), 18]
3 wHE2lElY (Internet of Everything)2] Alti7}F =& &4
= 2 AWEa ek AFEQIEYS M2M (Machine to
Machine)¥} IoT (Internet of Things) ©] & 7= thE =
ol M2M2 % |2 7]AI9F 7]AIREe] SAls o]t Ao

A JoTe Abghs Edhste] BE Abeo] IEHYS S8 vES

o

A5 4 o= Aoolvt [1112]. Ab=qlEule S Age]
ofe] 7HA wofell A& A1d ¢ le=dl, 1 Tl st vk
M2H (Machine to Home), THAl @34 20lE & (Smart
Home) -ofelt}h. 2ntE Folgh Abgho] 7Hg HIeHAl FA&
FHohz &3]l FolA tupo] a9} AlxElo] ApF oz AofHof
AREAFI A 22 a8 Aeldhs Aleshe 383 Stk
< 7129 2utE Foll frHlE s d e ARdIE M A
S ASAA NZE e 2rtE 5 skt o AT
sl AlHa vk [31[4]. HFHome ek o] BE 7t
A AT AAA AHEE7E] MEYAR 924 sl
AFUEES T4k o]go] AREA A Au|2E AFs oz A

* First Author: Daewon Kim,

Corresponding Author: Daewon Kim

*Daewon Kim (drdwkim@dku.edu), Dept. of Applied Computer Engineering, Dankook University
* Received: 2017. 02. 02, Revised: 2017. 05. 10, Accepted: 2017. 06. 26.



64  Journal of The Korea Society of Computer and Information

FEHES s Aol BAoIh AR o]HF A )5S
AgHoz BAasIA g A7) 42E AFEE Fa 4
7 Alo] i gl webd] ABAS BAL B a2 E
etz et [5](6]. & Aol A loTe M2H ds 84
sol BEAlT FEA 2vkE F ALY RS ERsha
snbe FOUESE $5E ARk AR A0E F
oA BEINE AE AVl BEe F 7L g, shhe

|
WLAN (Wireless Local Area Network) o]gl= F-4
LAN 378 288 4 et o] 7|&L o= XAy &%
o] 7Fsstthz Axdel vk [7]18]. LAN 7h=xt Rt wo]9)
Yo ZH= HEJIE Fslo] FA HEo]
7L sl Btes AA-s] s Aol 7hsslith 2~nf

=
E Fol 270 ZFold WAL Ak A8AT} &

A HRkgro] Bt dE 5o, 9 2Fe gt Wi A
7hE, At A2AE Se 7AT7] Alo], EYReR FA
7V ek @3 door-lock s°] 2A0lth E E=wol|lAE WLAN
A AR A A9k, AlE T AREREY] AR E 3
ofsto] AujFztol| A o] Adsk oo RE G524 AntE
FA2HE P53 F F ANEJEY E THEQIE Y Algo]
ogYe &8 715A4S ATt BT [91(10]. # =
oA E 2~utE F Ule] T $oA ARERE] 9A] 1AS
T F MHAE FEIL AlFel AT @A) AAHL =
x5t W83 dAAse &8 7hse TS Aol A3 €8
& g e WHE ATl wEkA] B Aol A= M2MT}
IoT 7/NdS &&3to] M2HE A&3 ~vtE & 3748 74t
I A A E 3L Foke] TEE Btk

[I. Location Estimation Algorithm

o olfz <% o] EAT. 1y

.
Z
=
@

¢

lo

o) 7}
o

0!

Za glo] AP (Access Point) THe A&317] wl&
o7 F&AQl 99X FHE o8 AFERIEY A
Vst 7 W SO A A E F

2 AT A HAJed P gadd S
12551 3} Fingerprint, K-Nearest Neighbor %4] &

o,

2
fo

E

0= 3 ox

-

=
O
5

fe o >

N
r2

>

o
0 o

1. Triangulation Method
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Fig. 2. Fingerprint Method
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3. K-Nearest Neighbor Algorithm
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V. Experiment and Results

1. Experiment of Location Estimation
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Table 3. Estimated RP Number Results from the KNN
and the Proposed Methods (K=9,10,11,12 & RP=9,12)
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Table 7. Precision Setting Range of the Estimated
Location Results using the KNN and Proposed Methods

Error Accuracy Error Accuracy
0 100% 0.51~0.6 49~40%
0.01~0.1 99~90% 0.61~0.7 39~30%
0.11~0.2 89~80% 0.71~0.8 29~20%
0.21~0.3 79~70% 0.81~0.9 19~10%
0.31~0.4 69~60% 0.91~1.0 9~0%
0.41~0.5 59~50%
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Fig. 16. Connection Result between the Smart
Phone and the Nearest Device (D3) after the
Location Estimation

Table 8. Experiment Results of a Location Estimation

Moving Node Location (SP) (2,16)
Closest Device Location (DP) (2,18)
Measured average distance (SP-DP) 1.69m
DP Connection Success Rate 95.0%(95/100)
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Table 9. Average Distance and Connection Success Rate
after the Estimation of the Distance between the Moving
Node and Fixed Device in Virtual Smart Home System (N:
No obstacles, M: Metal obstacles)

D1 D2 D3 D4
Device Location | (2,2) (8,2) (2,18) (8,18)
Movmlg Terminal (4.2) (8.6) (2.15) (8.13)
Location
Actual Distance 2 4 3 5
Average,|,gs 4.24 3.11 5.16
Distance
Connection | N 96.0% 91.0% 94.0% 95.0%
Success (96/100) | (91/100) | (94/100) | (95/100)
Rate M 93.0% 85.0% 87.0% 86.0%
(93/100) | (85/100) | (87/100) | (86/100)
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V. Conclusions

A gz o Tl ul# e ICToA Y 54 Hof &
s M2M3 [oTdll #E 7]eEolth 12 Sl Al

AL 71 BAF FEQ APE F 7lE2 AR gt

AgellA A7 APH L 9l= Folrh. 2mtEE ThH o] A&

AL S Aol e W Ao opd F2 oA

A 54 w3k Fd S Bk AR E wolauA o

A7} o] FelA AL gtk & =M= 2ntE & 7ES AT

Al 54 A oA o) 91X A A A5 A
z]| ©

RPell4] RSSI 415

o
A7 G5 1 F 540 & Al el AsA e 7)E

AR 0 FE Ropo] ] FEH= KN de & o] 43
B AYE B ARA9 debriER R K ke Aol

CRE 80| 7hsd,
Agke dnFow oAE nAREA A9 APsn
Q78 Fal AGHE FaelFl A AAIEE o)-gto]

B

F45a sHe o) ol xh yo) HE seolele] ol
27} Aol oA 0 F4E ANST 449 ©
F, o) A A9 xsh yol HEE Hoho o]
e B 1318 S of 1 2 X gol 4]
1FAVIE SAZ WEAE BEE g MR S 9

A 340 AREE otk B RN AA0 o
al

3= RSSIE S74ste] olF Wit 14 42 ko] Aels 7
A 1A 3RS sla AR A A 5 EEE A A
3 Ael JEd s ngEna ¥ 5 g =9 4
7he] el Al kag|Fo] AHEFofof showl of uwl & ¢

& & Ak Fuelss AT Al A Kk A 9l
A FA4E A% xsh yol #xe] o g AvE ARt 34
EF s Fasith i ATE ko] AR Aol Sd A
=4 ARl AAF 7H A9 Abe s TP AvtE
Fo rds ®eka 7P 7127t He 7P1E ke BAlE ol
S M= @S TH ATE AW de o]
2% 2ds £ Y S8 st ® o Sl A
OFR ZAE0l AdEe] AgHoR THsE AvE Fol
¥3e M2H 2] oT ¥ 78 A& ez 3% 79

REFERENCES

[1] J. Kim, et al., "M2M service platforms: survey, issues,
and enabling technologies," IEEE Communications
Surveys & Tutorials, Vol. 16, No. 1, pp. 61-76., October
2014.

[2] M. Chen, J. Wan, and F. Li, "Machine-to-Machine
Communications," KSII Transactions on Internet and
Information Systems, Vol. 6, No. 2, pp. 480-497.,
February 2012.

[3] S. Jung, B. Moon, and D. Han, "Unsupervised Learning
for Crowdsourced Indoor Localization in Wireless



74 Journal of The Korea Society of Computer and Information

Networks," IEEE Transactions on Mobile Computing, Vol.
15, No. 11, pp. 2892-2906., December 2016.

[4] J. Suh, S. You, S. Choi, and S. Oh, "Vision-Based
Coordinated Localization for Mobile Sensor Networks,"
I[EEE Transactions on Automation Science and
Engineering, Vol. 13, No. 2, pp. 611-620., November
2016.

[5] J. Li, D. Liu, and B. Yang, "Smart home research,"
Proceedings of the Third Conference on Machine
Learning and Cybernetics SHANGHAI, August 2004.

[6] W. Haidong, J. Saboune, and A. Saddik, "Control your
smart home with an autonomously mobile smartphone,"
[EEE International Conference on Multimedia and Expo
Workshops (ICMEW), July 2013.

[7] A. E. Ruiz, E. R. Cruz, M. J. T. Urrea, E. C. R. Lbarra,
J. R Lbarra, and J. C. Gonzalez, "Performance comparison
between simulated and real case scenario of RSSI-Based
localization algorithms on a WSAN," I[EEE Latin America
Transactions, Vol. 14, No. 1, pp. 115-121., March 2016.

[8] Y. Chen, D. Deng, and C. Teng, "Range-Based Localization
Algorithm for Next Generation Wireless Networks Using
Radical Centers," IEEE Access, Vol. 4, pp. 2139-2153.,
April 2016.

[9] K. Lee, C. Chae, T. Sung, J. Kang, "Cognitive beamforming
based smart metering for coexistence with wireless local
area networks," Journal of Communication and Networks,
Vol. 14, No. 6, pp. 619-628., January 2013.

[10] Z. Liu, and H. Wei, "The design of smart home system
based on Wi-Fi," IEEE International Conference on
Computational Problem-Solving ICCP), October 2012.

[11] S. Tomic, M. Beko, and R. Dinis, "RSS-Based Localization
in Wireless Sensor Networks Using Convex Relaxation:

IEEE
Transactions on Vehicular Technology, Vol. 64, No. 5,
pp. 2037-2050., July 2016.

[12] Y. Wu, H. Wang, and X. Zheng, "WSN Localization Using
RSS in Three-Dimensional Space—A Geometric Method
With Closed-Form Solution," IEEE Sensors Journal, Vol.
16, No. 11, pp. 4397-4404., March 2016.

[13] M. Umair, V. Kopparapu, and Y. Dongkai, "An enhanced
K-Nearest Neighbor algorithm for indoor positioning

Noncooperative and Cooperative Schemes,"

systems in a WLAN," IEEE Computing, Communications
and IT Applications Conference (ComComAp), October
2014.

[14] G. Zou, et al., "An indoor positioning algorithm using
joint information entropy based on WLAN fingerprint,"
[EEE Conference on Computing, Communication and
Networking Technologies, July 2014.

[15] S. Lee, "A Comparison of the Localization Technology
in Wireless Sensor Network," Inha University Press,

February 2008.

[16] R. Sanz, P. Corral, and A. Lima, "Adaptive beamforming
techniques for OFDM based WLAN systems: a
comparison between RLS and LMS," Mobile Future, and
the Symposium on Trends in Communications., October
2004.

[17] B. Mohr, W. Li, and S. Heinen, "Analysis of digital
predistortion architectures for direct digital-to-RF
transmitter systems," IEEE 55th International Midwest
Symposium on Circuits and Systems (MWSCAS), August
2012.

[18] J. Dholakia, V. Jain, and B. Myers, "Adaptive equalization
for 100 Mbps OWSS wireless LANs," IEEE Global
Telecommunications Conference, Vol. 6., November
2001.

[19] Q. Yang, and J. Sun, "Study on location system of
underwater robot based on LMS adaptive algorithm,"
IEEE-WCICA 7th World Congress on Intelligent Control
and Automation, June 2008.

[20] S. Vi, and L. Haijun, "An Adaptive Localization Method
for Autonomous Digging Robot," IEEE Control
Conference, July 2007.

Authors

Daewon Kim received a M.S. (1996) from
the University of Southern California, LA,
California, USA, and a Ph. D. (2002) in
Electrical

and Computer Engineering

from lowa State University, Ames, lowa,

W
- USA. Daewon Kim worked as a senior

researcher at Samsung Electronics Co. Ltd., Suwon, South
Korea (2002-2004). He is currently a professor in Applied
Computer Engineering department at Dankook University,
His research interests

South Korea. include signal

processing, mobile applications, and nondestructive

evaluation.



