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An Efficient AP Selection Strategy in Wi-Fi based
Vechicle-to-Infrastructure Communications

Jaeryong Hwang' - Hwaryong Lee™ - Jaehyuk Choi™ - Joon Yoo™ - Chong-kwon Kim™""

ABSTRACT

Wi-Fi based vehicle-to-infrastructure (V2I) communication is an emerging solution to improve the safety, traffic efficiency, and comfort
of passengers. However, due to the high mobility of vehicles and the limited coverage of Wi-Fi APs, the VZI system may suffer from
frequent handoffs although roadside APs can support cost effective Internet connectivity. Such problem of V2I systems can be overcome
with Mobile AP (MAP) platform. The MAPs vield longer service duration by moving along with vehicles, vet they provide a. lower link
capacities than the roadside APs. In this paper, we propose a new association control mechanism that effectively determines whether the
vehicle will select a fixed roadside-AP or a nearby MAP in mobile vehicular network environments. We consider both the achievable link
bandwidth and available connection duration as a selection criterion and provide their run-time estimation method. Extensive simulation
using real traces show significant performance improvements.

Keywords : Vehicle-To-Infrastructure Communication, Mobile AP, AP Selection And Available Duration And Bandwidth
Estimation
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#E 54 gk g7y AFe] #E olFd o3 ¥
A oAde dele 38 v g8y FA1E oyA
gt olo] wel o)F AFE w& FA Y3 A3} AP
o] AZL A7 f18te & APEH association2 3l
of &la WM =0 IE F33A €k 2y HHE
=9 = association E DHCP Adn 2L =2 o3
=& okt [2, 3] 2B olF AN 74T APE
N o2 ojd APE AHE ZARNAE T2 FAolth

oAej7Hx] W o] olF AFoAM APE MYsh= FAE
#4st7] §iste] zlt=lo] grh. Giannoulist EAl¢ FA
Al HESA FRAA AF olgAdE ANY¥ F e
=X 719 S AstAct [4]. Giannoulist =4 WESY
Ae] 5A4& wrgste] Apete] AjddE Ut ofuz APE
FE AoEd el AzlE 1At Kime Zxhd
rEo A dhslE HIME A= e HAs a7 HEd
APgte] & 7hs Alzte] M 2 APE Adsi:s wyE
AA A [5]. 28 AF HEHIANN T4 AP A F
" A5l 93 #FE HE A qHE A7 HAY
g dEo e furgic)

o] =Rt o]FABoZRYH YEYA HZE Hdlo =
it Wi-Fi 2% 7]¢g ndch 2ufy sage 2
A AP (MAP)E B3lAM olgFoll eyl H&E sho] V2
49 dFx&4e 248 F 3d. MAPE Wi-Fiswt
olyg} UMTS, 1xEV-DO, LTE ¥ WiMAX¢$} 2& A&
5& WIMAX e Hol~8 Fitstn gla, 279 WE
AZA 3G/WIMAX UE#o|28 ALE3te] Wi-Fi Au|l2
£ AFgo gM Wi-Fi QEsol27} g ol
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31 Afaknh APZEe| HE JIBAIZ oS WY

HA ZFo| A GPSEHE F& A4l olF FEE F
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& A|Algtct. MANET(Mobile Ad-hoc Network)®} 22 ¢
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g e} o5& s & F AFH FA olF g Ik A
2 GPSEHE A4l o]5AHRE & 4 g7 g2 =
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uhebd Rt MAPS) 4 ol§Ael: QA B v
o 2o Azl BE B4 DDA 9L + U3, MAPSH
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D(r)=5+ Z(v;"r;" —p AP MAPY ¢ (3)
m=1

MAPZHE H& 718AE d537] HsiM = MAPZ
HE o]FFRE Q73 o]F 9814802119 Beacon v
AAE 888 4 ot [14]. o] #AIAE Reserved FieldS
7R3 Qa, gt Sstel AEsE 28E = ok we
A MAP= A1l 91219} o]F AHE Reserved Field®
AHE3te] 48 4 i) Beacon HWAIAE B2 ke 9
o] A& o] &3t HE FHEARME AEE + ok 2y
AFE ¥l A9 APEC 23 olF AFRIF EFEHZA
& Beacon WAAIE W& & 9ok ol2d A$E M
o APS] 42 HRE AFdE MUAE o]£F £
4 & S| Wiglenet[15]2 APE9 g2E¢ 159 xg
HE L A AdF 2 ABRE AFe Qo

32 APS| 718 IYE o5 gy

ojFatEFo 2 RE AP 78 d9EL d3E3] 95ty
APRRH AFdhs FRA 7|93 g FHYEE 19
gk o] F=E2 RE 24E Wl o AP ¥-3Hload)
FAL olFxET A9 AN BYUH A APER
H 5 APE dde dlozRE FHo| sbwsit
[16]. Z&iy W2 ojFoz I8 AFE AZHESH APE Al
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[14]. @ebA] 80211 EEol Fuls]A] ¥ APE o] F3
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P, =(l_p()-(l_p(})
where, CW,=min[ 2"”(CW,, +1)-1,CW,_],

T, =tpua +lgps ek

@A 2o Hulx F2 Ad A4S 98 7g=E
AZADE sz, The dol8E 43t ACKES 7]
A% ews=o|t Fe T Apo]= o|x, L& long-
retry limit ¥ Po= dhvhe] ©g Zad msolA dlolg s}
BETHOR AFsHEe FEolth P Al &goln, P.
£ FEHEEA, (17004 A¢te W e T3 78 + o
o (W& iHA dEA %A contention window 7| E
LebdTh 80211 backoff Z2AMAME dHe] Aol Ay
4, long-retry limit7hA] CWgtg (4)o) A ¢} Ze] ddle]
& 3
3y MAPY 7H d9E¢& 3437 YsiHE MAP
o §4g wrgsiof gt UolA 27E vl Zo] MAPE
E O T4 P3g NE2A ALY dugow 3G/
WIMAXS] £%2 Wi-Figl 2748t o A
MAPZFe] A'd 3ol Fol H$ £%7} (transmission
rate) A0 S, AFe] 744 IEL A Fe @)
e Fo] o] At & Eol, [18]914 BdFE u}s}
Zo] WIMAX 4= YESIS A5 ZHL o559 9
294 o732 goodput®] 1MbpsellA 3Mbps2 #ah= A
& BoEth Aol Ao H&E 7] st Yo e
A5E 7= MAPE AME3cHd, Xgo] 54Mbpset 22
L A% £58 7HE # o3 dE, 249 718 Uy
& WIMAX #3e Hdf £% 3, 3MbpsZ AgEc
MAPE A #Eygae A3 BUEHsY ¢ +7}
QAAHT, n7le =7} associationd o] & MAP i7l w;
o] WEYa §£%& 7M1 FAHF 2AFY 93 nlY
SEqA fYEE 8I3I0Y, 24 =i 9 gz
< w/nelth 2222 MAP [ 2% €< F 9+ d9
Ze s 2o

I o

min [5, ,w, /n], (5)

b (4)ollA Folzl zn MAP i Alol9] g3 ggZ
ojt},

(@ell ©J3] MAP%E association® =2 9|3 A4 714
WEZL & F Q7] f&el, AFolA A P32 Y=g
AE3t7] 918 Beacon Z#| Yol Ad viAe] AME Az
8] &g YEhlE ChannelUtilization =& AH&%Hc}.

4. 5 JHSAIE AR 7[HE AP ME| WY

g 7H8-d APAlelol A 24 HE gAY} gy
Z5 ulgo2 AP dHe 0|52 0]7] gy, 2L &
& HA" 718 APE FolM A< association sequence

& e 7Hed APY J@E A = (APLAP,, AP, -,
APJ2 #9389, # A9l association sequencer AZEE
RE 7HsEt AP association g HEX 1 E F3f &
T Aok v 7HEs AP 47} BolXWH combinational
explosiond] &3] A< & 3L & gl 1z AR
AU =% & Fo|7] Y8l AP associationd] FEF
APTHE A AZRE FE3d a9 4FA AL Eq
71uke] gM &332 Z(tree-based search)E 3 H 19
association sequence® et

A9 942 FAHE 49 association sequence: d=(
pup2 o€ A and di<dy<--<d)2A A3 ox
APY H& 7HEAIZMA)Y £A4Z2 FEHo . Hxo
o5& F+= association sequenceE 7] 3td 02 o]
5< #H71et7] A% vEYe] "asy, YA9 I E3}
HE 7H8AbE FA st F5E ofdst 2ol A<
ia=

k
@)= b,-(d,~d,,)-b-0-g(0) 6)
i=l

~ |0 i=land p . =p,
where, g(i)= . d
1 otherwise.

d7ldH ot FE=QE Mol dot b o]FAFA
&8 AP i HE AL 2 dYEL 9ujd p=
#A association Ho] Y& APo|t} g(i)es =9 &
< A7 A8l AEEe A 09 WA it
A associationdo] = Y49 god =T QH 3
EE nYsiA ged.

dugFE 12 &9 sequence ¢S HE7] Y3 RE 7}
4% APY ¥ AZRH FE3A &2 APE AASE &
He d9dtn A FEIR Fe APE AdA YPel9
AP; Bt} & g &3} H& 7HEA7HE A FE APES

e

Algorithm 1 Extracting effective APs

I: Inputt A={AP 1< i =N}
20 Initialize effective APs set S

3 Sort APs with its duration

4 J/A=1{AP | 1< i <Nand di< o< = < dy )

3 repeat

6: Setpl. Extract the AP; which has the max duration in
T the set A. If the AP/ is not same with current
& associated AP and d; is shorter than handoff latency w,
g then stop the process.

10: Step2. For each AP;-3, delete APs having lower
1: bandwidth than the b; in the A

12: Step3. Include the AP; in effective AP set S

132 until A =1{}

140 return S={all<i <nanddi< b= - < d, }




Wi-Fi Z19te] xi2tnt 71XKI=Z2 SLI0IAM S T2 AP MEI0) 25t 45 495

Algorithm 2 Find Maximum association sequence
Input: S = {a;, as, =, a) / di b - = dy
Initialize @', Max

—

2 // make association sequences of which the last element is a
3 fori=1ltondo

4 U<{}

5 for k=1 to i do

6: if k = i then

7. if (di - dk ) < o then

& U+—UuU{@)?}

9 Continue

10: Else

1 U= U U { Ui * {a))

12:  end if

13: Else

4 U+« UU{(a)

15 end if

16:  end for

170 Ui =y, B, o, [ }

18 // find maximum association sequence d*
190 for each ®; € U; do

A calculate i @) by equation (20)
21: if i) > Max then

2 Max = fi &)

23 Ox = @y

24 end if

25 end for

26 end for

ool gk upstd, o] AP B #& tigEd HE
7HEAZHE AFEe APES AHE A =Y AP & A9s)
€ A 2g o]5& AT F §7] dEelth. 22 APES
AAE Hol associationl] FEF JF, S={all<i <
nand d;< d:< - < dy 18 9& F Atk St Y A9
FEAGoI

duglF 2= FET APIY SEHEH AP association
sequences TET 19 sequenceE e FAL A
o gk A STk Ak &AMl os) FEEY X aF
AHEEE o] o g, & AEE & Sl7] HEe, 94 aR €
U= sequenced 7Hs 2L oln] 13E a-17pA] wHEA
sequenceE | &3 UEF U AL Ural2 AT
thoold) /& 1 < | < i-1 o|t}h o] Z2A 2o 23
Bsold Ue] 948 ¢ 2 Aogrh uhsold ztzte
sequencet= (6)oll 98] 12| sequence & & #FH+=th di -
dii < o %l e aE Uid A4 B2dste AL &
38 R 4L vAEE UE HE7] 48 Ua9 4
A2 o] &3lA ¢tth welr o]5o] §lt sequences T
£2) ¢47] dFo vlasofdts sequenced FE H&H F
d & A 24 AGF wHe e E7|vte €A
uto]7] wj&o] Ao association sequenceE 27|91% &
AxE 2700 o8 HAsE APS Al &) AAHch

a2} v E& A9 association sequences A& FAFH
association sequence$t& I El7] wEe A$e] FE
om)Z Y F Utk 2A2 A5HE AT ANEHH
oA 17712 APE £ ZASdE 2" A9 M5 2foER
E] ©43] 37070 ¢association sequence$HS ] w3 ch

5 45 ¥4I

MAP7} Sl& A3 UEHI 874 AJF APAH 7]
Yol 4%& AFE sk, 44 WA Efolx 7w
Al Yol FEATE olF s, UmassTransite] 40
o] w223 E 9L DieselNet Edlol~ [8]2 #4313
t}. AlEd ool MAPE 40Ule AR 2E we} o] F3
I, AL MASY HiE £22A4 UMass FHE ol 53
o 24" APE Wi-Fi dlolg] wlo]~ Wigle[15] 25§
20074 24 AP GPS HEE A E35ar)

0 AAA A8 L FYst7] HAsto (317 [18]e] A
2 g835. MAPE 279 WEyd3az2y WIMAX/IEEE
802.16e E¥& F23 2L nsg, [18]9 d&y3a F
4 2725 WIMAX 33 d9%& 1-3MbpsZ 89313
o}t =¥ 2P APE tigFe zolE $lsted 3-5Mbps
g g9sac g AlE#HolddA MAPE IAE AP
B} B gIgZE g =0T ARAAY &7 2
HI=g 95t [3]9 4% Aol ot 742 3.88%, 032
=& g9k

Aot APAE 7149l HeE HF87 Adted F7HA
AP ¥ wyg vusdr. AR dFGZo 7|9 AP
Ag i (Bandwidth Based Assocation)S.2A #}Fe A
ol o3 HAE APFA 7HE 7HE g Fo] & AP
g Mg gety 34 =22 d9EE AFse APE A
g5 A gk & 7H8AE neshA] ol WM d=e =
E 7Y% 5 Aok A S 7HEAT JNE APHY
vk (Duration Based Associtation) .24 A#e H£ 7}
£A7ko] 7H4 71 APE AMHEg aEE WA= E 35
T EYEAY, e g9Z s AFste APE AY & £
Ack.

WA 27k €] AP WA AU E 7HAZ MAPE AHE
e 29 Z3E #Hrislyoh AAE 200709 A APg
A 79l FHAE 16070 1 APS} 40712 MAP
2 HAF ALoltt (1Y 3)& A2 AP associationAl 7+
< HojFE oo nAE AP glE A Sl APs}
associationA|Zko] 2025 WA EahA|NH MAPS &A%
AE AP Hjx] BAME AFo] 7|HH o2 MAPE AY
5t9] association AlZte]l o 21 A& & 4 Sl ofd w2t
AFE Y=o X JE 9 Hd 22 452 M2 F
Ack.

(29 4% AP association EH] o3 i HjFe
B Frh MAP7F EA4159] Sl 497 A€ AP e

4
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4R o 15% Bx F& 4%E BAFI Qi ©f
713|402 MAPE AHEste J=L

[Rl
o
2
)
2
A
o
ol
B e
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3t%17) wjolch. o|9} fEo] A<te wWHo] BBASH DBA
o ¥iET f $L A5E HAFEL ¢ F . oA
Ajetgk Wo] 718 H o2 vehts MAPS =L E HlE
B #3719 7HE Y E Alold M FYE RFE AP HYS
3}7] wj&olr}.

(28 5 A9 HF 59 ©E 371X AP HH
e A% A7E HATd () 13 AP MAP9| o
AEZE A AAH £xo] sl g2 APHY vE<
A3E BF £571 & 7% BBAS DBA 181
AQte wgo] glo] B AolE HolX| FAW, %7} o
Zt3o] wel BBAS Wyt DBASH |t wyo] ¢
0% A= o FAE AE £ F sith o|2& BBAY %
S g Y= Qe 93|y o ¥ A45E s
57] g&olt}. (b)e A AP MAPY tgE2S FYUs3}
Al 3-5MbpsZ #oig Z#HE BHoFa oh. MAPS oy
To| Eolx] AMALZ HFo] FIEE & + Joh. o
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