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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.
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Fig. 1. The concept of cyber-physical intersection systems.

. AIO|H-22| TAIZ A|AE (CPIS)

Alo|H-E2] A]2El(Cyber-Physical System)< 4l
A EAehs B4 B Al A7 clekgk A4 A
BES A Bl 71eS 243l A3 wdtsla,
o] 52| Qikg Fall v Eel AlaElE & Alefs)
= A Azde ekl CPISE wAkRe #1338
7RI AFAE Wil A A EREAld
, T1E|al Baxie}l AAE B A lEhs avtE
= 2l SA7F S QlEsle] AR T B}

AR 2 PN H8AS ISR AR
Algghet. CPIS7F Algehe A5 vk

")

1l

|

[N DO A

r

¢

—_
~

< B AR wEAlse] Alefe} Ak
1748 BaryAzlelA Adshe 98 axtz
EAZ ARAZE AU

A2 Tl f1Ag BaRyAFEARE] $1HE

TR AR 912 34 (Tracking) AJH] 23
3) AFATA R, ARG o]F Ak, watRele] A

= ke g AAg S A WS Algehs o]F

Z<2l (Mobility Advisory) AJH]

CPIS AM|25e] 35 Hate FARHEFAY7}
% AT TEAE Al 18 e A}
FAHR YA O] FY (R3S AA = o] &
g ARE AlFshedl gick 2 A= olF 94
3l7] 913 CPISS] 23 ANt

TS
o o

(

3

2)

3) AR 917 2 AElas sk uaxie} AREAtel] o)
@ WAR FEAT Y LEAE AT Al 5 Top
& AR A ARIAES ATE 5 9l A0 S|,

580

2.1 CPISQ| 7HR

I8 1edlA= CPISe| R3S TA3leick 1qle
A 7R s BAE 218l wAlEe) oA
H oRE 2 s gk spAAde] Fn
(Line-of-Sight, LOS)=]= $]x|oll Ax]€c) =7]#]

2 w2kRe] WwEAISA )77} s A aE
Aol oAzt ARG FAlsle] Alsake] 2
Al7KSignal Phase and Timing, SPAT) ™A|X]5 A)
Al o] 2 sube g watgel| Hoehs WAl
o} AR ECAl 22t Wi-Fi B3 WAVE 7]ub
V2X 418 E3) SPAT vAA| S F7|4 o wkst
o223 A WAR WFAE ARAG AR]jaE Al
BRI} w3yl 7ol 2hgake) Baalse] Adshs
AXZE o] SRS S ol s d) RS A
3lo] o] 59 A5 FAFH WALR 91F] 54 A
2% 7 AlgEi

15 18] 22l e vt} o] CPISellA 2k
FAEE Ul el ksl A AsAlgh e Axte]
2ntEES BRRs BALS B Ak ERF
Folg)& T8 AP} Alee A (A Z=2))
SA¢} AFEAHEAlR RS BF52 o] AR
AR} ~vkEE GPS A7) Algshs $13/4
TR AR s ER5 QA4S Fa pAlsh,
AEAEAITHE-S- 1] (Beacon) W AR S AJAd3}e]
7R = 2REAE) A WAVE 7|8 v2X
SAE B3 IR uEhe 7ss dieith
ESE 7RSO 2 HE SPAT HAA|E V2X 541
< 53 paleh, wals wEAS AES 7k
AFsAke] wALR 7| A7 #HAskshs HAA5 S
A3} FYEE 2] AB|AE Ay




= AtelH-ER] AR AlawelA] B 8 2ntEE o] dHA e

J2 2. CPIS Afolu] A28 AHE: (a) 2714, (b) AFsAREAIA]
Fig. 2. CPIS entities: (a) Roadside unit (RSU) and (b) on-board unit (OBU)

CPIS?| & EAL Wy |X|=3}e] Wi-Fi 972
53 BYPAEA A5y 2T A" Mu|~
AFshz Aolck o $8l (H3xl =) SA
= GPS 41719 S1A&yx18ney JuE 7|uke
2 AT WA= Wi-F A48 AAska, )
o2 o]EAe] AHE UDP 27 BA1S B4
7|15l ARy Wk ope), wAkEzkA] A}
W3] &% 72|37 SPAT HWAA]e] AKWE 7|Hle R
WAZ WA H S HAA1 3235 13
&% 2o Au|&aE AlFditt

¢ do

2.2 THI|X|Z3 XSAtEACe| 7 J|E

a3 2% AFsxEAIEE 2 |R=e] Fleg)
o] AL vepdich. CPIS7} 8781 AAI7E g/
oFA Afr]ze] Alg-s- flel ads W4 et =
QlHEgl ALIX HEE ARSSle] 2¥7|A=3) 25
2ABAwbt-S s}l CF 7h=el 2lsA 78k
OpenWRT = AAE o]Agkc}. WAVE 7|4k v2X
EX 3} Wi-Fi 412 913 2% 2004 23] mini-PCI
lEjsllo]~ 7]k M ES T 7l=E AR} AFEat
FA4& $18F =EQl Grand Cooperating Driving
Challenge (GCDC) %41 =& 7HEe g WEH =
7}=E AlefEkaL CPIS A2t Sehe A 2 &
Al 7158 g} &, AvtEETe] 7S 98
AREAEA b USB 7|HF B35 229 galks)

3, BlueZ 7|4} RFComm 47 APIE &-83lo] &5
Fou A 715s gk

. SAQ| MA|

CPISE M7 |A|23} Ha)zfe] AvlEES Wi-Fi
FACE A5 QAT =EH, 7| WAVE 74t A5
o aF Mu|2d] WA AEAF AR e
ES A8 mazle) ol Al s A AR Z 3
sl qlok B Aola]= CPISE 93 ArtEES]
T8 EAS algkaL, Bkl SAAE 97 k=
Rol= ZE 7]4F SA 9] A Ede] Al I

3.1 CPISE ¢Ist AOlEES| E7

CPISOllA] Baaol Apgabe wake FelA &
Aoz £2]lek. 28, CPIS AH|A5-S F3pd o
=2 A3 flsids Barke ARsAke] o] A
ruUEHs, A% A ARES 52 CPIS A
A5 A3 wdsin, o5 el Bl EAR}el|A|
g AHE AFsP] 913 53 o] Fesich
B =elde olE Sl mE maixie}l 2xbEe]
2w EES AR 9 7P vt EES o}
w7 72 AT vl Baae}l AsAkE 918 #
o] 58 white] & 4= glrh.

581



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

A, wHAzgsy FAA54 FAC u=w
20149 29 I ~RlEE 7181x) =& o]v] 3,800%F
WS 233 Aw g 0 Bgso] g = o
9] BRyAIREe] AF AntEES Frdsh] wt
of hde] 7184 gl vig- =2 Ao glek B =
TollAe 7P BEEe] & gquRolE ZYPES
7k E W Exle) SAAE B X4
E 92l SAE sk

&
>
d
m

A4
S(EEA, 71EEA, A AlA S-S 7R AL sle]
Haxiel 2pEAte] o] s HRE A8kl Sol
shct. 23, A A ES o)F B9l Bl -
tle] 22 8lel] J3kE A W] wiiiel], 2 i=tollA]
= B3z} 2REAke] o] FAE] AHHE ZH|E] ¢
3 2~utEE GPS 41719 XS A g
Fg3hcl

AR, 2rtEZS F9o] CPIS A S} RS o
Falr] 97 olkel B4l QlE]So]|~E(3G/4G,
Wi-Fi, 8352 NFC 5)& 7}XL §J7] wfitol] $-
57 ARG AFRIT) B =iexde Bkl =
W7|x)e] £418 9)s)4+= IEEE 802.11g %5 7|
Ut Wi-Fi 92E AMSkan, ARk Wiella] 5]
A ARG AP A8 55 AdS AR =)
FAEAlhd ) EAlg.

YA, 2mtEZELS HE|Fo| nlo|aRZ IS &
S3to] 7Fg ik 2 A7) e AlgRich o)}
A, HEl2, oM E 7|k wAX] Az, HE]v]T]
o] A4 52| AR} s =R aeH] Filo] g
gk 54o] gt} SA+= olE|’t ~ntEEe] 5AS &
S3to] By ztel| A 72 7]Hke] GUI QlE#]
o|xel ZAA T A3} LrFels SA02 gk}

= 7 Al

3.2 SA H3lx} 2= My 2 He|
31464 AHgl AvfEZE] AHES Fgaly)
A3 ==3F SAY] Haat me A ] 27 A}
e vt 2k
[R-1] SA+= GPS/Wi-Fij&552~ REEY 94 A&
eof] w2} 2AA; RS} Bz} Rl Hol
F Ao E FPF = glofof gk
[R-2] SA= CPIS <% Wellx] B3z} o]& AlelE
FAZ 4= glofo} dlar, o o FelA] AvtE
EAY AnE HA43E 5 glofof g}
[R-3] CPIS <% ZAlA] g-2lo]= Baztel| A 14
Al Wi-Fi 2S Al 5 glefof dirk.

582

[R-4] EFAQ] W] LwxalS 93] Bz} o] v
gl 9 ey |25 ARE /Mo 2 Wi-Fi
P=on S Aol 4= glofof grk
[R-5] SF=E0|= GoogleMap APIS &-83lo] X3}
Zke] @Al $1x19}F CPIS 3, Begz}e] o]57
25 FAZ 5 glofof gl
F1e] LTRSS WEshe SAS] Al Al &
TIEES] GPS AXNE FAske AASEAPHY
g Apel ERFAWi-Fi 94 A 2 4541 v
AF 9] W&ol w2t AAZke R o] FA2 HA
o s HAkeE EAlolth £ =Rl 9o &
TS T3] 913k SAS] AxEde] 725
Ak, dZ4A B2l 7SS AARIh

3.3 SA9 A= EQof = L AENMO|

I8 3elliE SAL AzZEY] TRE EA5S
th CPIS®] AMu|~EE Hrl 39402 P3| ¢
3] SAT 4AITS] E5E0] s AFske du= A
Akt e AlFolMs 7729t Wi-Fi o
AL FEla, AsAREAIR ) 27| A=) v
A2 8] Al 7155 el G A A ATl
= SA? T8 JeE AT T UEE dERe=
ZE} APISS AT,

SAS] F8 Al 7155 vlEde] AlE o E]
Aol AlFelA] o] Foixick vlEHe AL thok
g ojZe]Alold B4 FTEOR AMES= GPS
FAlN-et U EL = QlEldo| 29| 7e5s 4318
1§18l AR mEEeItk 27 252 SAS] EH~
2 oS $1g 20 AHRE gl AAsk= 7]
o HATh AN AT ArtEE o

N

¢

SAM DSC SMM 1AM Application
Layer
Middleware
Layer
Bluetooth UDP BB
Socket Socket
Android OS Layer
Blue- Interface
tooth Layer

DSC: Device State Control
LM: Location Manager

BSM: Bluetooth Socket Manager
IAM: Intersection Agent Manager
SAM : Smartphone App Manager
USM: UDP Socket Manager

LS: Logging Service
SMM: Smartphone Mobility Manager

a2l 3. SAQ] AzZEYe] T
Fig. 3. Software architecture of the SA



T [ AtelH-EE] AR A sElelA RBIAE I3 AvtEE 9] o

iy
o,
)
)

1. SAS] A A<
Table 1. State definition of the SA

2 e FARE C
INIT_SA SA P& A3ty WFE 2|38k Al
INIT_GPS . GPS A wAdell gt AREAF A di7]she A
EXIT_SA =t AR GPS A7) AME-S 318514 fdolA] TRk A
INIT_BLTH LE5~ A4S 2y|dsla AFEAEAIREe] Ex)] o 2 Eelale Al
DA_WAIT_GPS EF5s e AR F Al RedA AAAlE $A1S d7lEhe A
DA_IN_IA A2 | AFEAP 2W71Ae] FAld el CPIS Mu]e] Alge] 7hsg A
DA_OUT_OF_IA APt e 7IAEe] alede] oo gle] CPIS A~ Algo] Brlsdt A
PA_WAIT_GPS B AdZe] A F Balal meda] $14s S dizlshe A
PA_CONN_IA wa Haxe} 1y |A| =] Wi-Fi o] $kEE|e] CPIS AM]|Z2 Algo] 7153k Al
PA_IN_SVC BalAr} ey | AT Baleded el 9lovt Wi-Fi 7S 317 ok Ak
PA_OUT_OF_SVC WA} ey A=) FAlGS ool Sl A

2] (SAM) EE, SA °]54 FE|(SMM) 2E, kH7|
A= #H] (JAM) EE, 223l SAS] AEf Alo]
(DSC) ZERE FA%EL}: SAM ZE5& GUI 7|4 A}
421 "HEvlt]o] QlEjge] 7|58 ©3la, SMM
25 SAC] 913 BAlel| e | Am ke A4
)5 i) IAM ZES Fe 9x|g watR
=7 SAte] Al 2 218 wiskel| vl A4S A
sk B3 WA S(Target 1A)E AAS= 7155 &

g}, vlA]ulo 2 DSC RES GPS/E-FF/Wi-Fi
14 Aol wje} 5oz SA AlElAe]E Felsh=

Eolck
X 1ollA] vehd A HoE 7HEe R 7 40014
= SA°] Ao =E veldt) SA°] A= GPS
2 Al QlEdo]x 27] A4S HPelsle 2|3 =
E(NIT_X)®} TR & 22o]= H3PAE 93t B3
2} RE(PA_X_X), 183 AEAE -45Hs 944}
HEDA_X_X)E EFEch SA A8 Z7] AleellA
2ulEFE] GPS QB Ho|AE Avd Adgshd &%
T2 278 AR Aoldlar, AsE Hpelli= SAS]
AEgt fA|slete] 7] vl SAS Aldls ¢k
ght} INIT_BLTH AlejellA] £55F2 27135 3]

l"ﬂ [} O.YL s

e

SPAR [RA1E 5] S8 225 A
ol weh g4 mEsh waln BEE A,
SR (A Z EAT AR wATE AR %
faoll Shaje] AFAEARIITS] B
o] AR MhE $AA} PR AR, W
= EA ANY AL A $4E FRsE BT

T ddo] AAlERA Haal meg Fmobrks

2t Agom Sl Beb, 2ohEE AHEA
] 24 glo] kel weh 24 CpIS Al
1% AFOE APEE 5 Sk

SAE XH7|AFES] A9} BAlEA ARl 3
& dlofelulle] 2% 7A 3 98-S 71k sAE &
TAR} [R3]E uHEsl7] 94 SAL: 5 A9 A& o
E AAAL(Dyyy Dopr) s 7IMECE S 2EE AL

Succeed in Failed to
turning on GPS

turn on GPS
Failed to Success in a
connect DA connecting DA
Moving in

service (Dyy)

oving out
of service

Moving in
service (Dyy)

Bluetooth
In Disconnected
) /Bluetooth
Connected
Moving out
of service
PA_OUT
(Dour) — —
OF_sVC

Moving into
service (Dpy)

Yhe target IA

Consecutively
approaching to
the target IA

O3 4. SAY] AeEzlelx=
Fig. 4. State transition diagram of the SA

583



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

(hysteresis) S412 g-83l}. &, ®3zp7} CPIS %
o ool URR Eold we] HAIA=R Dol
CPIS °3Y uUFellx &%= 2 ufe 7474]74'3]

Dy Bt 2% AASA(D, <Dyyp), B3}
ZAA =] T% wkEH o2 gxlo|r7l: Wi-Fi &
Ae) A S 2 4 9l

B3A} wEox] GPS $41719] 271348 Alsh=
£l SA= PA_WAIT_GPS Aejol|4] ojugh %’—%E
F33HA] b=tk GPS 41717} 91415 E SAlske
wagzte] dAf (1%, AL b FoiRH, 7P b
7he- Aol Sl wakEele] Azt by, Hel 2o
W SATE PA_IN_SVC A2 Ho|glc}. viek B3z}
o} w2 7] At pLEe 2 73S, SAE
PA_OUT_OF_SVC AelZ zo]sle] 27413} [R-2]
5 s slel HeHem $1A S gk
PA_IN_SVC Aeljellx] =72 ==}e] Wi-Fi e1Ze]
=%l PA_CONN_IA A2 Holsli QA1
[R-2]1¢] B3z} o] gAte) 325 agich
IV. SAQ| oiZM 22| 7|

3AellA] A SAS] S E o] FEE 7o R
Aol i 2vtEEe] wEE] 4AvnE FHadshe
%7841 (Location Update, LU) &x2E5} 94

3 F WALR APl F o] F3 Bl SAV) B

Aoz =9 (Handover)S 53J3}7] 93 A=

24 A IEiaas

izr}r:

4.1 IXAA L=

GPSE AgF ~rkEEe] HgEo] Folxlel wet
2] %]718kAH] 2~(Location-Based Services, LBS) <}¢l|
gt FAle] F7kskar qlrk 1Rdl, B2l LBS
WEo] AMEAMY] 5 =S Fdl A wEell
A= 7]*9"‘401 w2 EAFe] sl

olgf gt A S AAFIAL A5 2 A BAE
&3l= LBS °§°ﬂ gt A7) U] 213 Folch
U131 o)2igt Qd-52] Al AfulA X Gl FAt
Ao FAslEA, 2 9 A gelA GPS FAlew
QA7 AFtEES] wiEy] ARE FHAskehe gy
T2 el otk =& [14]elA= sk "Jf(HOtSPOt)
Ao 2 nE]e] Aot AMEARe] AR o] FHlEke
#3lo] GPS FA1719] $1A78Al 18 AAs= ‘?-lf
TS AR 23, o] E=EellME AR}
9] o]F &EE 5 ~ 15 Kmh= Agkgho 2, A8}
7} ks o] gallA] ol Fdt A kTt dd s

584

T AAAl Bl Al o] RHRkE =i [15]90
e ol FEAIgelA B2 wEALES A5 s
2~El (ITS) Aol E8407 Adslr] 93 gzl
A8k} EFA]RE GPS 5417]19] $]1x]7441 57
7]— 4.:& TAE] glo] ARlEE uElg] AnE =
oli=dl AL sirk

QrEol= FUF vk FEald 914 A4 1%

AR APIS) 3 A o) Rl

void requestLocationUpdates(String provider, long

minTime, float minDist, LocationListener listener);

29] < LAY providers $1# 73S 5=
3l7] $1k ] A ZAVE, minTime-S 93] 73418 ¢
gt A4 AZMAL, minDist= 913 7§41 913k F

o

A o= AR E, listeners $1%| 7841 oWl E HkA)
339 9 (Callback) 5 Aelgt 2lolck
gteRo|= Zel3E requestLocationUpdates() API F
= minTime3} minDist 7% EAol| W=3} ofjqt
912 AL FRI wlebs, wPES minTime
3} minDist®] 7+ ZA AAsPH CPIS AA A 9]
2] 7YAle] o] b Ao HhAg) whd,
w7 =] ke A AP CPIS 3 #]-ellA
wele] 4wrb =4 Ag) 284 o= CPIS %
o W -9 el HEA LR e 3hE 2A
3li= Zo] CPIS AW FAL Fo|a AvlEE o)
Elge] £2E Folad AU J3E Tt
H el A= CPIS 3 WiellA] A= 93533
AR A Algsl] fleE ETES #Ha
o AAghe} whid, CPIS 3 offellM= 71
7V7k&- CPIS <393} Aze tr—}a} ﬂ%&ti 7|
e 3he AdAs= o

I8 5% CPIS <19 EITOM SA2 "LEH(state)Q}
F AAAYM(D,y, Doyp), LBIAL SAS] o] FEeE
7ke s FHa XA A=l(minDisnt T
(minTime)S AAsH= =744 g
o}, gl x, 9} ¢, = 27 7 HE 91507
*101 Aot &A% Fxet Al7hS viebditt w3l
o &t A $1X|7PAle] HAYSE ST FaE
9Jr A1Z4e vebdich Aljkels 9174l a2
SAS] A YA F 7FoR 7 7R e A=
] A(D,,,)E Ak, SAS] Al Aol w2t
(3.3"0A 7]&3h J|2EHP A A BAS AU 9
g CPIS ¥ A (D,)E 2RIt 1~2). Btk

=
>




R Aol-Ee] AR Axdgol BAAE 9% AvhEE o) 44 el

A8y A d3vF
INPUT: state, X, X,u»> tiae t Dy,
OUTPUT: minTime, minDist
PROCEDURE:

cur>

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

2 D, = (state==PA_OUT_OF_SVC) ? Dy : Doyr ;
3 if (D, <Dy)

4 minTime = minDist = 0,

5 else {

6 minDist = (D,;, — D)/ 2;

7 minTime = bow ~ biast_ minDist;

X,

cur — “last

}
9 requestLocationUpdates(provider, minTime,

minDist, listener);

O3 5. Ay A dalE
Fig. B. Pseudocode of adaptive LU algorithm
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INPUT: 74,,, 1A, ctr
OUTPUT: /4,
PROCEDURE:
1 if (distance to 7A., > Dy) {
2 Find the closest approaching 1A, 74,
3 if (74, '= null) {
4 if (14,,,==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;

T8 6. A=W Al daels
Fig. 6. Pseudocode of handover control algorithm
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