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ABSTRACT

Sensor nodes that directly collect data from the surrounding environment have many constraints, such as power supply
and memory size, thus efficient use of resources is required. In this paper, in a sensor node that receives location data
of a vehicle on a lane, the data reception period is changed by the target’s speed estimated by the Kalman filter and
distance weight. For a slower speed of the vehicle, the longer data reception interval of the sensor node can reduce the
processing time performed in the entire sensor network. The proposed method was verified through a traffic simulator
implemented as MATLAB, and the results achieved that the processing time was reduced in the entire sensor network
using the proposed method compared to the baseline method that receives all data from the vehicle.
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Fig. 1 Sensor network cooperative data collecting from
vehicles

T 13 o] AN eEBo| R 9 Fol 4
Z

Z2HE HolHE salshal diks AX
AHE Aeshe 33 0 7 wA)5)sl 2 9l

2UbE AR 380 A 84 B AN B A,
= A o] vlsf 23 ALS TS 4 /e 78
o AABIER oA 2EE FHAssof Tt whahA
=M A Aol whet X]%K.EE ALA
Eof o]y A4l #7118 WA shE 7 ¥ AlSkRitt. o

A Aol 212l o) FE Al A ol
2291 245 B 9IoNA] o] A A =7t AR
) 23 vjo] B S SISk 4L stk ol
WA S} AR ZE dlolEE SAIBHE 7719 7

4& RS JMOR AN A2, RO FHiet |
FIHOR Lhipo] BHATH qlAko] AUES 7hashel
oF [41. SHXIEE, F19] thgol B AR 47k ARt
ALk AR 0|5 B ok HE7 AT glo] mAH
Aok wetAl, AR o) F BAT AR EE B
W AL§3 A B o] o] W st

B legol A AA sk AeFEe) gaele X3
o BAE AXFL olo] thSste] ol 541
A BgA 02 WS $I9) 11 20k 2ol A
of ol Ae)E 7|uko 2 o] 4241 7715 AAshs
71WE ARk o] Fl BAlo] et FAe ha
SaE|E 0T 44T 5 ek (5, 6] T 74, FHgol

) Data receipt
Q. 2-D coordinate > from vehicle
—_— >
1
 —r> |
v | —>
3 M >>
|3 >
v > - - Dense sensing
v S | interval
J :
—_— > Traffic-aware
' —> “ operation change
2 > I )
L Sparse sensing
2l : 7 interval
n > > i
v . 1
: |
Q’ ...................... > i | =¥ Transmission
S —>> > Reception

Fig. 2 Traffic-aware based sensor node data reception
period change

1698



Rkl lojEf M| 2BI=E 07| 2IFt 0I5

ot
dg
=2 ot

ﬂ.lﬁltoﬁ~

of thsh 212 AN 71 et B
o $g-o= AMgaTHT). 7120 7
o LS 9P AsEE Fol7] Sl
He| 2elE A Aue] 25
1. olof whal, 2 ol A= A4 Y=g

17 AHGE 9L ), oK) tlufe] 2 el A

2 He Q] WES Zolk Wgoz

r
N
TS, Sl m
oo N rl rlo wp

oo MY
o
=

l‘

rocll 1L )
m

2
X

2 oo 32 ok o T

Mt = 5L ofo o
i)
2]
J

712 A9 917 dlolEE Al
,AlA leEs B glo]E ol
S R, A4 S U3 2 B g
24 Ago] SRk eSS o A5 PolE g 44l
Rtk ghef 2wko) £27) LjXivhd, of & AlA k=
oA AAISHIL tute]A0) FAS WSt FE Ao
2 HolE & AlSHES Stk ofuf, AllA kmEofA 7]
F40l H= olF A= = WAt St whE 2=k
of dish el =4l Rl o] 71 & Fold <= it

AQksHe 7192 4537 919 AL B A A
Beolelt 234e) ZE B §lofA LAY m2et
22 Qo] A}eFo] 3PSt EE 3T IR o A] HFAY
e 2[Eko] 7] ulg] AojE AL a2 519
om WA E= 2k 21l 2] A, ARl Ll AR
W9 ol A FAp9)E AR =R slck A Bdol4
time step©] XY wjujck x}=Fo] %] FEE AA =
=2 Hekslo] 2 W) Aabo] S EE A7 1Y
skt

e thgat 2o] Ptk 28elAE g 2

2 AR 249 S 27 AT} AR 0] A
o1 71482] ol ] 241 7] 73 71l ol 3 hck
T2l 3 AES S Ak 71Ee] Ak Al
2 s AEE B0, viRe 4ol 4 2EE W

= T;]—
= .

ok

II.

T

=

2.1, Ziol T g9l 2x1el &£ 8

ZHF YEj= Al ()3 )X H A& (linear) Ael-37F
(state-space) 4 © 2 Lpehdl %= 9l A28 o]
489 % 9,

29} 2| 2 7leke] MA Hl0|E] 4 57| ol 71

Ty = Az, +w, 1)

z, = Hx, v, )

N
N
=
)
-
1o
I
i)
rlo
Ay

g Aike g e 2R A
2"}%{:’_{“’ A= AR 245h0] AlE] of
2y Ay H, wy, v= 22 nx 1
L mx1 % gk W, nxn A28 A,
A AE RS HE], mx1 &4
.%_JJJEMW Al2~Eof] -9l =
e w, o A 25 2
= up2cha 7}

£ o oy

55?1‘ Y, H
o
2
)
e
i

o 2 m 3 ox x>
Sy do X
o E S
i) 3
2 O
T
2 oX g
of L
it
oot 3
mfg 2 X
ot T
rlr

ot
o L rr
>

oo ox

it
lo
=

o N oX
Eu&
)

o |- @
E
TE“O%FIO

LS
o
0,

)
o

Mr -
(R

L)
i; fr lo
e
¢ go &L
;t i)
o
B ™

[of
Bl

)
rlo
ik
=
i)
a

¢

2o
fllo
o
4>
o PN i
of
e
rr
ol il
e
rCI
<)
o
of
ol
i

A (3), @ekel, oA
2p ZEAO R YRS P,

P, = B~ K.HP, (7)

R e 2 A (7)ol A FA] AR=E R

A2 24 B4 A8 AU, 1.8 A A
AbE 0] AFE o138 2Rk AR kB

X ). (0l A8 Ho] 93] FHE B Ao
& Zut JE oF e 20| Eaksich

1699



2 HEASHS| 2| Vol 24, No, 12: 1697-1703, Dec, 2020

=Bl A 2k WS 23 FuolA ] HES
AR S 2 -Gl Agstela bk 2k Ue o
SN WA g1} Sz Afole]
BAZ vheo 2 Al2g B A9lok gk X A7)
7} <) o] 23410 B2, o, y Wl that 91X p2t
S 02 A (8)3 o] el W, 2 ol

= oo o]” ®
Zhek Belo] 2gko] YEE 718 Atz Ao
Sh, vhe A1) A 913 ppt = A 917 g R
B A S 0 2 At AR 0156} 74?4% ogt A
ot MY TAES & 5 9k ® v A2
e wyoll ARt S A= % UETEi S
2ol hat 4] (1) 4] (9)2k Zro] T = gk
[pkﬂ] - [Wr”kx At]+wk ©)
Uk+1 Uk

2241, Q9] A2y 2e OIE—E— ey Ag} HY3
o 4] (102} o] 73 4 9

O

|

1At0 0
0100 _[1000
A= 00 1AL’ H= {0010} (10)
0001
G2 W Q9 RO ghE Aellad Ank I g darg
E& Y5t AF] AR FHEH ST vE IS
St

22 H|gksh= 7|4

=B mE mEo] A A ST AA =ES
2249 2t ol EARTAL R Agos
71k 217k A 5L legrz F7|ukek A =
o A A1) ZHE 917 LA S A
o] x5
&2 A A mE
Agksieh. A4 =
QLS ‘1‘7]% Attzi ©
At,, F7Ikc} glolE & 4=

REEE RS L

flo

¢

r
o
L7

Nooal
e o
& dg 4y 1
32
o
4o
_1'»
H1
o H
" in)
N rle
2 g
.Lu ot FlO

N
ol M
Y~
ﬁ
_L

ok

o
-

> Lo |1 o A 4>
)

I

2

& Coordination data from vehicle

At Kalman Filter At = D
Estimation v} )
ST T | P L |
/o : H : H - : H H H
TP IO S R N P il B R :
Vehicle i T :
vV VYV VY vV VY Y VYV
Sensor node
Kalman Filter : AL _b
. . j ™
i Estimation v, Vp
Vehicle j = e — ——t
YV VY YV VUV VY l vV VvV

Sensor node

Fig. 3 Proposed data reception interval selecting technique

o] glolg] 4241 7] At,, S A3 olu = ﬂuﬂ
o &=7t o WEsS tﬂolﬁ A 710l 7R AE
ofsl] flafl 24 == dA3 AR DE 0150}#‘41

Aels AHe AL 19 33 o), i Ao
B QAT 7] At, 2 HolE 7 SAE T g ), Al
A Bl mE A A 8814 QL o] 1 S48
AR Ak P daelFow 2HE S o2
7|2] Dyt ol k=t Helis AZE At o] X|upof o}
2 olEl 5 AIgH Hlo]ElE $:A181%] ke A1 o]
ke o] W) e AR AMEBIES Bt i X
of ula) &7} el j XjeFe] A9, FUT A2 E o)

shedl o W Aol 2e8th Haby e e
AW ), 541 77 AP 0 Aol w8 F1e
olF AeE 7|+ & AlA =E9 flo lE] SR

FE i7bA o] A4 A7 2w, Z42re] Ak
E2FE AFEE dolHE fAlshe AlA 2] 3
7| TRIANGLEY, = W& £5=0] 543z ol A7
7VEA DE QA 24 STt 0,9 v Q) F A
AA7F EAD w, D7} A-GF AN =27} 2RO
REE do|g & AlsHe 7] At o Al ST
. & 7] Abole) vl At /Al & WA A,
T F719] &po] Aty — At = D] 719} ulFste]
VA Eek 9 4 F Aeke] 24 £ o,
ZY7y 2ms, Sm/s2 7HSE A 9-o, 7|&0] Hi= o]Eﬂ
gl D2 S7M7IH AlA =29 HolE 4

v7e

1700



Aol to|E] 2| 2HHI=E 07| 2lFt 01 St Ha| F& 7|Hh| Mdl ojo|H £F F7| #lof 7Y

50

Ti”‘ (vi =2m/s)

40 o (VF =5 1m/5)
11 . t2

35k = = 4

[sec]

X

i

30F 1
25F 1

Receipt interval t

0 10 20 30 40 50 60 70 8 90 100
Distance weight D [m]

Fig. 4 Change of ¢ _ difference according to increment
of distance weight

Aty,, At 9F T F717E2) Alo] At — At], 9] )3}
£ FFE ettt D7t S7HE S AlA w BTt =
AeFo 2RE HolEE £AlISHE 7] AL, — Al &
Ediisy
ulebA, olF Al DO] g AT uf, Do 27|7}
S7VE 4 Srrh wE X AR 2RE Q] AlA
== glojg Al 7] At ol B 2 7S E Fos)
o] 784 FAlS 314 "t
A= 78S ARE-EHHE AllA] k= 0] =4l 7] 7}
I R F2she Aol ofUef, Al A S ¥
&

stohs 4 Aol Tfg3to] Hlole] 44l 3718 24
o2y tutol o)A o]Fol A qite] ke £
2= olek. sfLhe) AN wEo] tel A eliter 7ol

=
>
o

Atz o5 A 719 AlA =& HlolE] 4241 &
7] §17 71 AFsH] 9l AF mdS MATLAB
R2020b 2 &3} T A3 o AR 2742 Windows
10 64-bit OS, Intel i7-10510U 1.80GHz CPU, 16GB
RAMO]|t},

A’k 71 HE5E7] f18 AFEeE @& A
o= 19 59 £t} [9]. MATLABO.= 2%
AlEglolEl =, 22+ #h3 HH 9o =29} wAR S

150 Node 1 Node 2 Node 3
(-84.6,159.6) (159.6,84.6) (403.8,84.6)

10

" ) ) &

* Origin

o

50

" ] ® ®

: Node 4 Node 5 Node 6
szl (-84.6,-84.6) (159.6,-84.6) (403.8,-84.6)

-100 0 100 200 300 400

(a) Traffic simulator intersections and sensor nodes placement

Time =98.70
Moving
vehicles
[ ] l L ]
L] @ L ]

(b) Traffic simulation window in progress
Fig. 5 Traffic simulation environment
TATHL, MR HE SRR st JaFEo] L9
2 Ego] Y= E shglek 19 5(a)9} Zo] A5
o] ol AL E2ok AA =7t X E Q). £l
BEl= 2719 AARE 7HAH 679 AllA m=of A 2}
o] 91X 5 alstehar 7L AR oA A
Zhst 1 S(b)2F 22 sho] theH time step T
2 w2 9] e o5 YA 5 ek B2 o)
Ao M= AlgdleldolA ARE Az FR o utet
Hjzpo] ) 7] 514 ek
Az ol ol Al Ak AAI7E AlA i ER §13] 23t
£ AE3he 7712 4 o time step2 0.10] 0k AllA] =
Soll Al AISE 2R LG SES T,
Znk Ay daR|Ee AR A% A (42 (5)] @
Rge o4 Aol St 1032} 5002 Hehdtgieh. 1
62 AlA k=7t )E 24l glolE of sl Zvt dE
2 F3k= 7 -(Baseline) 2} A otsl= 71HS A
Proposed), ©|-& A 74| D7} 7kl ut
48 AZES H]Ea A 7S A8
ime stepS- 2003 HHE3SE 790 o]F A 7HF
Fholl mhE AAE AIZEE Ht A SR 6.33% rast
3003 HHESE A Q= HF A O & 11.54% 745
- AlEFolAd 9l time stepo] 2009 HHEE H9+=
o] 2| &= AlZto] 3003]] H]sf From =

~
g
fllo

o, F
P

A

Q

=
= =

c

RO oo fu oot 12

2 LR

=
B
.

1701



BH2E HEAISS|=2X| Vol, 24, No, 12: 1697-1703, Dec, 2020

I Baseline (200 iteration)
s Proposed (200 iteration)
04
—_ s Baseline (300 iteration)
8 05 s Proposed (300 iteration)
=0
.E
o 03]
=
w2
wa
o o
5 0.25
s
0_2 B
0.15

(0 ‘{é' 54 o - Hz B

Distance weight D

Fig. 6 Processing time measurement results according to change of distance weight D

U DA AL AI7To] AT Sh FUT HS
% EARICh WA AAZE A7 SOk S B
U5 A 1M QT AR ARE ZFAae] 5

P45 A& HolFl 9]

(x

& =EollAs AllA lEofAf o] Fojx= AAte]
Ihdlolg A RIEE 820 Fol= 7HE Al
ek Aijtets 7S =25 8 $Q AF olF
7212k AlA k= UfolA] o] RofA|= Lt T Aito
2 34 Ao S5 7HEeR gloly ¢4l F71E
gl ek ge) ARt Akgol £ £=2 oF
72| 712 DRk ol Edhs E9F AllA =0l A] Ho]
B #Ale AEel=s stk MATLABO.2 3t
aF Al olE = H5et A, 7] gl wlsf A
A Y E A 9] T AL AJTto] sk 212 2
sk AljFsh= 7ol A HIE] =] 82t
T, AR Sk oM AllA B Hufo] o] 7}
A= Ak AR g 71 & Sl

2 0%

ACKNOWLEDGEMENT

This research was supported by Basic Science
Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry
of Science and ICT (NRF-2019R1A2C2005099),
and Ministry of Education (NRF-2018R1A6A1A
03025109), and BK21 Four project funded by the
Ministry of Education, Korea (Sep. 2020).

REFERENCES

[1] D.Feng, C. Jiang, G. Lim, L. J. Cimini, G. Feng, and G. Y.
Li, “A survey of energy-efficient wireless communications,”
IEEE Communications Surveys & Tutorials, vol. 15, no. 1,
pp- 167-178,2013.

[2] R. Salarifard, S. Bayat-Sarmadi, and H. Mosanaei-Boorani,

—

“A Low-Latency and Low-Complexity Point-Multiplication
in ECC,” IEEE Transactions on Circuits and Systems I:
Regular Papers, vol. 65, no. 9, pp. 2869-2877, 2018.

[3] H. Kirti and R. Keyur, “Energy-Efficient Constant Gain
Kalman Filter Based Tracking in Wireless Sensor Network,”
Wireless Communications and Mobile Computing, Apr. 2017.

[4

fa—

J. Kwon and D. Park, “Implementation of Computation-
Efficient Sensor Network for Kalman Filter-based Intelligent
Position-Aware Application,” International Conference on

Artificial Intelligence in Information and Communication

1702



Aol to|E] 2| 2HHI=E 07| 2lFt 01 St Ha| F& 7|Hh| Mdl ojo|H £F F7| #lof 7Y

(ICAIIC), Fukuoka, Japan, pp. 565-568, 2020. [7]1 R. E. Kalman, “A new approach to linear filtering and
[5]1S. Kim, J. Cho, and D. Park, “Moving-Target Position prediction problems,” Journal of Basic Engineering, vol. 82,

Estimation Using GPU-Based Particle Filter for [oT Sensing no. 1, pp. 35-45, 1960.

Applications,” Applied Sciences, vol. 7,no. 11, 2017. [ 81 M. Raitoharju and R. Piche, “On computational complexity
[ 6] K. Ramya, K. P. Kumar, and V. S. Rao, “A survey on target reduction methods for kalman filter extensions,” [EEE

tracking techniques in wireless sensor networks,” Aerospace and Electronic Systems Magazine, vol. 34, no.

International Journal of Computer Science & Engineering 10, pp. 2-19, Oct. 2019.

Survey, vol. 3, no. 4, pp. 93-108, 2012. [ 9] E. Gravelle, “traffic-simulator,” 2016. [Internet]. Available:

https://github.com/evangravelle/traffic-simulator.

AHX|g=(Jisu Kwon)

20191: Z=0HSt HRTEHL S}
20191~ BIRf: ZSTHHI RAKHY | ZoH Muta S ek
B0} QTS AILSY SHERIOfATE o] A7, AIZ SlEil WIESIS, M1 SIBALS & A7, Eelo] eiElo|E

Z|Hst

HicXl(Daejin Park)

200144 ZE0stnl MARMT | SEHE ShAt

20031: KAIST 77| 2! Mx}Zsta} AjA}

2014iA: KAIST 77| 2 FX}Z3}D} ek}

20033~201443: SK Hynix/ Samsung (XAICH LS| A47) $:A{et7d

201414~20164: ZS0HSHm MRS SR 0122 14> (20141 CHER Postdoctoral Fellow A7)

2016A~EXY: ZECHE W MAITT |SEHE 4

xEAIR0F: XAE SoC M|, SHEL0-A~ZE2|0f Co-design, Dependable A0E loT A|AE! Robust QH|C|= A|AE

1703



