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ABSTRACT

In this paper, we introduce the concept of cyber-physical intersection systems (CPIS) which interconnects
roadside units (RSU) located at the intersection, on-board units (OBU) of moving vehicles, and the smartphone
apps, named the Smartphone Agent (SA). At the pedestrian mode of the SA, the connectivity management
schemes, such as a location update and a handover control algorithm, are proposed to better support the CPIS
services while minimizing the power consumption of the pedestrian’s smartphone. We develop a real prototype of
the CPIS, including RSU, OBU, and the SA. Based on the numerical results collected from a pedestrian moving
around the Pusan National University campus, we validate that the proposed connectivity management schemes

can improve not only the power efficiency of the pedestrian’s smartphone, but also the quality of the CPIS
services.

s o] (e ks Afab STl sl ATy
First and Corresponding Author : Department of Electrical Engineering, Pusan National University, hyjeong @pusan.ac.kr, %-415]%1
* Department of Electrical, Electronic and Computer Engineering, Pusan National University, tommy.adhyasa@ gmail.com,
nguyenhoahungit @gmail.com, &-33]<
= E D KICS2014-04-133, Received April 15, 2014; Revised June 3, 2014; Accepted September 23, 2014

518

o

www.dbpia.co.kr



TR AR WAR ALdeld BAAE AT 2vhEE A 924 Bl

I.M E

AARZ7 T Rae] wa2wd vipd AlA] 25Ak
APAE = ok 1209 B, HAFR} = ok 5 Ak |
of ol2fllny mRwEyrte] FAXIE jshd,
2012 =l SLEARALR Q1gE ARSA AE B]ge] 23
25,9009 ¥°2 GDPY ¢F 1.9 FHAE, F7]ell4le
°F 10.6 A E|| sidgict 53], Sl argAkaL o
oF 4394l E, pAkzLe] oF 45 SR BT} wApR el 4]
A7) wiiell, A2 FHA T 58S TSP
213} vlgle] HQ 3o}

71% AellA] ol2ldt HAlE sk $18k wieke
2 32 F2AA 71 $586F AR
A 7)&o] Ak el w3l Vehicle-to-Everything
(V2X) B4 7]9e] b qbal Al2ele 913k Thep
@ o AaEE AN, TR, g1e) A
WP wEAae] Pl RaAhEe] wEAbT
A9 LA Foke EARE 47 5, ole]
g FARE s g8, = (71 naxe] F
bt} Apbgat s A3 Sl ols-EAlwt
= F vEH=ZE aefslar, 7|2l A AdE
AAstek el A wakE oA maizlet
A2}, 7R TS S AAE X5 2E AlA
glel| 3 A= d#Al vk ok

A wAE o) BaAst A5 §
Al g A5 dgste] HAst AE49 AF
g Az wE AElaE AF] 91T AolHl-E
2] 3AZ  AAE(Cyber-Physical Intersectlon
System, CPIS)S A3t /‘]7‘ S s}
Apolul-5e] AR Azge] Fo BEAL thgw) 72
t} A CPISE APEES F83lo] walgE W&
e =g o S R e A B o 2 I g o T
SEEEERES R B PR IEE AP
= A3k B4, CPISe) AAES A5 s
A8l V2xX g BA1% Wi-Fi, 352 59 o
¥ $A ﬂﬂﬂ]ovi g3t} A, CPISE t}
Ft B4l 7S 2Esle] naAtel A 2
A= S Xﬂlﬁbﬁ_ °l5 A&AE W] 9
g ohekrh ARlaES Al

B =rolde CPISE $3 t=Zole EHE
718k 2~utEE 9Ql Smartphone Agent(SA)2] <

O-

o

o

F

1) 2003114-€] 2006 7t olek= Aol A WAk A A AR}
o] 57} oF 109~151F Hl-& 7k o, mipd ﬂ% s gl
gk AR 7 A o2 Ik AE AE 4 9ok

AA #e] 7|9-& Agkelch SAE Wi-Fi, 2552
Lejso] 29| A7 &3} wAtzele] Ag, o] 5
¥, = F9 oF A wEt AR YPA} =
= A%} CPIS A¥]| 2 AlF 958 A5 = 2
glt}l 4} REoxi= 3} Wireless Access in
Vehicular Environment (WAVE) 7|8} 253} o=
2 U=l AR o] A o] sAte AXRE vzl
(Beacon) HA|A]ol| o} F7|2 o2 ukighc}2) Hind,
Bzt e A2 FHE CPIS AH|A A
A U -4 TH T A55TE 431 olF
she Aol AU AAHE AT A8
7140 R, B Felal oF 914 CPIS A
Hls 7o) o]eld] ALGEA ol Fshe wah vt
=E] oA PulE Haskeb] AT 97 AN @
TeB QD T LA Aol olEshe 13
21 o)% ulske]| ule} g o w7 AFAILS A
e A= ow Aol daE|FS A Al”te=
T 744 3] 7HES Bzl ATk aAz
9] A7AE Z7|d AR AAR 2T AH]|2]
AIE sk 540 olrh & =Ee] 8 7)o
ARFe ehgat e
D 2l )= Azl AEAEATE =
WH7|AF, t=Ro|= ~vkEE <} Smartphone
Agent (SA)*] ”7412 3l Alelw-EE AR
Azde) ASEE At
GPS/W l-Fl/'F—i-_‘-E["-Er‘—{‘- AL E 7|Hko g Rz}l 4
<A R AHFleR AR H&e &v
EE o SAE Aljtetay, Heal Reojd My
A= AAE 5’&\3]5}7] A% 914 A 2
= Ao
1) vt 151 3 F0 oleb 4
3 A9 A9 ol Ak sA 434 B
Fi%ie] 2viEES) Y 4ug Folw P4
CPIS A¥|2~E AFE F &S Hlrh
el PAL ke el 2 AolA A
CPISY] 789} EAS- Avlsky, 3 Aol 2vfE
£ o sas] Ul sl naA A wE 3 A
Aol el =Stk el napae) @y Ue)
2 918 917 B4 2 A= ol Ae] dwelE Ak
s, SR CPIS AHES 831e] 43 4
@ Ane welgh vhzeR el B
Ags A

2

~

2) SA®| AA} o] FARE =F [12]94] thErh

www.dbpia.co.kr



The Journal of Korea Information and Communications Society *14-09 Vol.39B No.09

37 1. Aelul-g] Atz Al 2y

Fig. 1. The concept of cyber-physical intersection systems.
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i eli-Ee] AR Asdold HARE % AvheE gl 24 B

A&y XA da=lE
INPUT: state, X, Xew> tias> t Dy,

OUTPUT: minTime, minDist
PROCEDURE:

cur>

Calculate the distance D,;, to the closest IA.

min

D,, = (state==PA_OUT_OF_SVC) ? Dy : Doyr ;

1

2

3 if (D, < Dy)

4 minTime = minDist = 0,

5 else {

6 minDist = (D,;, — D)/2;

7 minTime = ;Nu"ithm - minDist;

cur — “last

}

requestLocationUpdates(provider, minTime,

minDist, listener),

j-_rél 5. Z—Lﬁlﬁé 0];]71.5]}\] Ol—j_a]%
Fig. B. Pseudocode of adaptive LU algorithm
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2 7be o5 wl (27 7 (b), A2 CPIS A&
ATEE S 1:&47111% 7+ Wi-Fi 8l
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i
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Haezte] SAV} wARE FIR F 9)AE AIE
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gt SF/E <EElr] fl8l A=W FREl (el
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=90 Ao dwEF

IA

INPUT: 74.,,
OUTPUT: /4,,
PROCEDURE:
1 if (distance to 7A4., > D) {

2 Find the closest approaching IA, 74

1gt> ctr

appreh

3 if (74, = null) {

4 if (1A4,,,==14,,) {
5 if (++ctr == C) {
6 ctr = 0;

7 return 74,,;
8 }

9 }

10 else {

11 ctr = 1;

12 return /4,, = IA,,..;
13 }

14 }

15 else

16 ctr = 0;

17 }

18 return null;

% 6. W= Ao daeli
Fig. 6. Pseudocode of handover control algorithm
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