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Abstract: To minimize the number of RSU deployed to cover a specific area, a ¢ street model transforming the area cov-
ering problem to streets covering problem was designed, and a greedy-based polynomial (GBP) time approximation algo-
rithm was developed to obtain the optimal RSU deployment for area coverage. For complex urban environments, a Cue
model (complex urban environments model) was proposed. In this model, the target area was divided into different parti-
tions. Then, based on shifting strategy, a polynomial time approximation scheme was designed. Theoretical analysis that
include the approximation ratio and time complexity of the proposed algorithm were also presented. Simulation results
show that GBP can efficiently solve the coverage problem in urban VANET.
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i@ L =B UB, U---UB,_ £/l i—1 4
MEHXBMWES, B i > shifting R & H
P={L,L,L. L., A% BT XK B FFk)
sWREB=LULUL, UL, . B 3 57T
shifting SRBEEITRTELoR ], L, k=6 [=3, KX
B oy 6 NN 2r (NTEE XK B, B,, -, B, » 2R
JE¥ 3 MAHASX AL & N SEECA 6r X 3K
L,Ly, L.

g4 LR shifting TG, A LR T —4NZ
TR AL, Wk 3 Fion. X3 B 1
¥ i ANEHLR S PRRN B(Bi), B(Bi)MIH

%39 %

D e B i B e B e B B

- > >l >l > L >
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
T T T T
<—I—I—>| 1 1
1 Ll 1 1 1 1
! t ] LZ 1 b 1 1
I<—I—I—>l
1 1 L3 1 1

[ e S EE—

1 1 L,
l———p
1 L

& 3 shifting $EN% 7~ 4

AR LR IR A B, (B,i,0), 5 j(j =D A X L
FINN P.(B,i,j), P,(B,i) K P,(B,i, ) W55 %
7R B[RS i IR RIS @ ASIKAERI 5 j A
X 3 .

Bik3  SLT shifting 5 119 22 102X i [R) 2 A
RS

WA HERXIE B, #iEX WS P, RSU %
A R, JREE A

Wi AL B WHTIEX M RSU 45
SA(B)

1) B3k B R s B2k 2 ) X, 3
RN B,,B,,,B, ;

2) K XA A SR ER S, KRN
B, (B,1), B,(B,2),"+,B,(B,m);

3) AE XL B, (B (B,i,))) KK, Rom
F,(B,i,));

4) KB 271 x 2r1 X3k P, (B, (B.1, j),s,t) 1155
hET T E a

i,j.s.t

5)fori,j,sdo
6) ai,j,s = zai,j,s,t >

7) end for

8) fori,jdo

9) a, ;= min, a; ;.
10) end for

11) for i do

12)  a=>a,;
J
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13) end for

14) SA(B)=ming,;

15) end
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k RS THE. WMRA 2T d A RSU i i
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A & X2 pLp,up, BEEW T HE. K
s =12,k BB R JE R, Ry, R, T IRIERILTT AT,
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R,R. ,--,R JT AL i X IO MR . T
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P&, LS5 C %47 d /> RSU 781 1
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SIEE 4w N IEREEL, A0 wr xowr TR RS X 5
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XIS, KN W+2rx(w+2)r, SHIS L

A, S'HEEH f(w+2) MBI,
WPETIPE 3 AT40, BRI ¢ ib, 2 d 4> RSU
Wi o BN R T EEES, RAEIUR
i 2 N D 2 AR sE e . Rk, AN FR 2%
FE f(w+2)d > RSU KA E 2R X I8 55 7 %
Xk S' Wi ZH g(w+2,n) ™ RSU, Mk
f(w+2)d A RSU (W73 ¢/

g(w+2,n)

X FAREANMETTE X B], %A % AR RSU
B, AU USRI E TR, W
BEA O(mlogm), m A T78 5 iX L5 [A] [ RSU %4
Ho BRI, 755 O(mlogm)is 0] KAk v B T X ]
(W78 55 ). 25 BPTR,  SKRAFIX 3K wr x wr [f] RSU
BT SN ) 2R LN R O(CL 0 nlogn)

UEEES

EIE3 K Cue B8, A £(1) =17, £}
PRI TSR (1 DX 2 ), A7 2 T )
(PN=R7S

WERA ESCUEBHAE Cue A58 Hh i w78 25 ) YY)
LR RS EI10 RSU J5 2 554 RSU 7
IR H+e), HHeeO,) . EHFBEHS

2
ﬁhlﬁ&@+ﬂz§ngomﬁﬁﬁzﬁmﬁm

JRER S A SRARAF RN 200 > 2] DX IR B AL
BT, AR A 1 shifting HEmE ALK Py,

%E}@<@+ﬂsﬁ+go%ﬁh TUom) o 1

2 x 2l T4 J) DX 3N SR A e A7 5 5 SR v E B
[f], ABAKET shifting SRHE UK v 550 [H]
5 O(nIT(,n)) »

mTegl,ny<n, FHH £@)=1°", WL,
XTI E S 1, i A URE I o L R 2 2
T 1]

s,

A R4 55 bR U I (5 B 7 5 1) AT LA ],
FEAAEZE 5 )8, AR A E AR e 1. AR
1M, PEASSCU IR 1 DX 56 )il rh, RSU R B4
6 538 R BB AR J e N B

6 MEERS5HH

FEART, EIE, NHOTEIAEL Ra, fid
T REAT LB SE DU R VP SRR PR e b
W, il TR
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T o0 WS 11 22 DI (R LS GBP B 5K
FRiy i aa sy, S5HAh RSU #5357 ZibA7 LI,
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6.1 FEIRE
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T2 FATTE A A, AR TR I iE
P EER, RO/ 10 kmx 10 km o 31T 1
R 2 HOETE #1410 SO K I T OpenStreetMap!™!,
SRJE A SUMOPI R EE Ak, Rl 117 1 1% (X1 25

AT I8 I R B A A R AT T
UEFITIE, K P H R 265 T D00 SR 1) 22 T U [
UEABLA Y GBP 15 Yan 25O HL (1) Tailorp 7 % LA K
Cheng 25" H1 9453 BCC (budgeted continuous
coverage) REATLLHL, HIRVEAG VLM TERE . 18I
FLA RSU fiide sl H A2 40 X a7 56 %2 (RSU
TR 7 PR R (M X 8 SR X LD T
IFTE) DL I RL L 3 (SR 15 201 RSU #iE £~
AR I XA G S B LA G T AR TR Xk 7 G T
LER) SEFRERIIREM, XLV RE AT VP4
62 HE%

AR RSU figidke s H 246, GBP.
Tailor-p LA N BCC S0 N [P X 3078 55 2 TS
5] LA A AL 2R R AR A O o
6.2.1 RREZEF

Kl 4 FHIE S 20l s T3k 1 AT 2 35 2 B
W EE N 15092 GBP. Tailor-p Al BCC A X
WAE R TG RR T 8 EIEN R SER RS
H bR X3 A AT IR PR 1) RSU B3k S 20 H KRR
ATLVE Y, 1E 2 PO E 3T AT, GBP Sk
X 3k 78 55 AT Tailor-p 77 M1 BCC 53445 H 7k
MR %. B RSU (B IL S 2, s
VRN G R it s IR PR 2 I A
W2 m, SEYRERFEH T XSGR RSU #H thkl

I, MR R X EVE . S4h, il
BN (M8 s AR R 2RI, T RESS T B
BURMI I 2, el ez X AT % RSU
ISRV

0.80

| | —%—GBP L
075 —o— Tailor-p
0.70} | —&—BCC
0.65F /

ﬁmﬁ 0.60

Sosst

g 5ol
|

0.45F
0.40

0.35F
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RSUf#i% s 3 H
Bl 4 T RSURE SMCR Gl

090
0.85¢
0.80f /
5075 e
b=
o070}
=
&g 65t

0.60r
——GBP
0.55F —6— Tailor-p
—8—BCC
0.501 L . L
15 20 35 40

25 30
RSUf&i% =% H
Bl 5 R RSU R i OCR (Il 20

R, P& 4 Ak 2 e R T S R AN A
LI E SR R T UG Y, 7R BRI i G
D) RSU TEAR MRS b DA 5 K73 H AR X
. PR, TE e A EE A TR D 1K RSU,
B G0 H BRI 3™ AR AR 1) 78 6

i1 GBP. Tailor-p fll BCC iX 3 FhETLVELE 2 Bl
[FIRTT AL RSU B 45 T 50, % n 205l
FE A 60 F1 40 I, GBP 45 21| [ X I8l 3 7 ZE0F X 3
(1178 35 R T Tailor-p A1 BCC, MMt T GBP
DN AN R AT T AT Jm) B ()38 N PR R R 9 bk
6.2.2 itH

B IEE 1 AT, SRR 4k DX 18] 38 56 (1 ST VL I 1]
KA O(nlogn), IX B n N NI X ] AL H «
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