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Moving vehicle location method based on traffic wireless sensor network

LAT Lei, QU Shi-ru

(School of Automation, Northwestern Polytechnical University, Xi'an 710072, Shaanxi, China)

Abstract; To improve the location reliability and accuracy, moving vehicle location system based
on traffic wireless sensor network was studied. Based on the law that vehicle location changed
along with its speed, a variable interval quantum particle swarm optimization algorithm was
proposed, by which the measured vehicle location parameters could be used for the rough
estimation of vehicle coordinates. For the noise interferences and signal delay, the rough
estimated values of vehicle coordinates were always prone to error. The current statistical model
was introduced into the algorithm under the motion constraints of vehicle, and the extended
Kalman filter was used to eliminate the location errors. The proposed method was tested by the
evaluation indexes of speed and accuracy. Tested result indicates that the location reliability is
improved for that the enormous sum nodes of wireless sensor network can be disposed. The
variable interval introduced into the quantum particle swarm optimization increases the
convergence speed by 39. 13%. The Kalman filter corrects the errors, and improves location
precision by 56.48%. The proposed algorithm demonstrates the superiority in terms of location
reliability and accuracy. 1 tab, 8 figs, 19 refs.

Key words: intelligent transportation system; vehicle location; wireless sensor network; particle
swarm optimization; time difference of arrival; Kalman filter

Author resumes: LAI Lei(1983-), male, doctoral student, +86-29-86914294, lailei(@mail. nwpu.
edu. cn; QU Shi-ru(1963-), female, professor, PhD, +86-29-88431387, qushiru@nwpu. edu. cn.

Y8 HH#9:2012-10-23

BEEWA & F 4RI AR S L WRHIF L 4500 H (20096102110027)  fiii KB 81137 £ 4: T H (CASC201104)
TEE /A ok F(1983-) B BRii 16 22 AL P AC Tolh R T B 98 2 35 400 A0 5 R T 5%

S Um B A AL A (1963, L BRPE PG ZE L PE I Tl K¥ 8% T4+



B R KA R BB ) A AL T 115

%18 Rk E.FR
0 351 7
e HE R G (Intelligent Transportation

System, I'TS)J& K K $& = i I 2 % B8 J7 , Ok [ 38 %
ﬁgﬂiﬁéﬁﬁﬁj}%ﬁ@,,\ VT 22 50 B HOR R b A
TR A S R AR . z@i%ﬁﬁ]
LA AR SR B AC I R G 1 — OGRS,
Hi o F2 20 B 4008 LR GPS JE i fiE'F
L AE L LA HE S SE . GPS E A N T Tz B
F IR 115 5 1% 23 X o 6 WG B8 3 B — 2 19 5% 1
W A B R R GPS (55 5 XA 23 3 BUE 07 19 4
B S MESMMETSRETAEFMNAR
Gt N E KT EBGE AR R R 2Z R HE
PAFFEAR 25 . DA E AR R SR (o FH B 238 A8 3 1y
K BEE ML ROCR . Kao #2H 1 GPS 5 il #ER 45 &
0 ZE LA S0 0 GPS (5 5 % A7 4 48 6 47 &
SR B AR A o () IR AT 07 42 35058 2o 3y P DS E X GPS
LR 22 EATEIES s Sharaf 226 GPS 58 #E: S i i
Tl A it m e PR D s FAEm ST TR T
IR R I Y B W N B A R R 2 R D # L X GPS 5
L T3 8 A BRHE HEAT TR 5 M R T U
HRIREWHESE W THET UK FIEEM® GPS
SR A A S 8 s L S GPS E AL M
LA Kt PRAT B G T GPS L8 067 40 050 4 7 o7
R AR AT S0 A s Drawil 28K 0 A5 19 4
B AR G BE B 5 GPS Rl A o 48 = 4 6 8 RS
JE s Jo BEWEAE T F S B e A 58 T A A
il GPS il % 8 % J& 5 15 5 #F 47 52 7" 5 Alonso
SR ST AR 20 A ZE 4 I8 S B0 9 5 T BT
b 1 DG i D7 356 A5 2 30 A

To A% B 2% W 4% (Wireless Sensor Networks,
WSND & i K i 1k 3R 3l i % 8 g L B4 U0 K
S TC L I 45 o R LA IR i J 2 L R 4 L Ak BRI A
i W A5 B . WSN )z i T8 650l R 40
W, Barbagli %544 HIUAT 75 18 % BR 55 b (10 75 o 4% 12
YL TG 4R A I 0 4%, R B B R R AR B
Chen 45 7618 #% 52 X H 2 57. WSN £ 5 5 Bk &
Gt S W AR A SO B A o AT 9 o 21 SR AT 1) A 4
JRIHAE™ s Martinez 554 JC 2% A% 8% 25 9 4% 1 F %4 g

S ARG B A HAE s Boukerche 55 S25 T 4% Fh
TR L T5 15 IR A R R E AR B AT e

5 R BRI
FIARTITE AT GPS 5 A £ L 4 i R
B HB A 5 T 32 S 52 RS HE LA Sy R

DR Ry - GPS {55 5 2 A R W (5 5 &
2N GPS TR By ik A 4R 4T 19 H bR S5 R 2 1
JE A 2R G ) R R A O A o T WIS 4 17 A
FEAE TP TE MG BACRAE . ARG T T
SE I TCEANG SR 25 1 L S I e AL R GE . R Bk
B[] 22 (Time Difference of Arrival, TDOA) Ji2 ¥ il &
TENL SR, MGG TT 0 AT AL bR Al T I AR IS
TR o AH SR 0 A 1 A e B TRt L AR S
I R R R AT AR AR . R i E
AL B AR 4 s Sl R P SR Y T i 2 X ]
TR HEARBRG T . e E R . 5l A T 24
Hige it iz 2 B8 5 P J& Kalman J§ % (Extended
Kalman Filter, EKF) & 1F 5 fif 1% 2% .

1 EHEMNES

WSN BA A vk B AU w52 3K &

P 4% 14 S IF L A1 XAk B ] I S0 90 15 i S L L 2
REETHO/N  ELES A fay B AR A AR s T
AESCE RAEHIME BoRE S, HAT. B AT
B30 TC AR A T A 19 245 14 O A Ak T B E 5 45 0 45
S B B R R e W0 3K R R LD AR T OJE 2R
22 S I 2 78 RE SC T AR 4 T B i 7 A2 Tl PR PR
T S T IR Y A X A ST R R R
SVEAT AN L 5 3 o e 5 3 A% i 2 B P W
il e o Ak BECHE 45 ) L0 AR AT AR . A SR
B2 30 TC AR A TR B RS W 45 g L il 2 5708 Bl R E
BLRGE . g S Wi 22 O H i MR B, 2L B
PRI R AR UL IRT 1 180 o [ i A3 A A B 5
Hh [T S o7 B 0 AR St T R T AR AR T A DA 4%
A O R AV A i HEAT A A {5 A T L
WRERE 0 E 5 2 A1 S BE RS B PR S £ B
PEAT Ak B AT A5 21 A 50 1) A AR B

______ﬁﬂuni______

______WHWUH

Bl EREf ARG

Fig. 1 Vehicle location system
2 ENUSENE
T B 5 A6 38 Ao 00 i 5 R Al A ) 4 X B S L O

I



116 R @ B &

I B2 F R

2013 &

PIZ 4 %t B2 o 2 ok B e AL H A A # AR R
HR R, HE R RS . W U BE HO R A
=5 5 B 7 (Received Signal Strength Indication,
RSSD) ., 3|35/ )& % (Angle of Arrival, AOA) . 3|k
i} ] 3 (Time of Arrival, TOA) fl TDOA 3 %,
TDOA 38 25 ) £ A [7] © 0 A bk 21 3% Ff 0 B Ax 19
IR ) 22 o 52 B L » FL AR A0 AN 20 0 B A W) 25
B R] o 2 ALAE FE 5 o R A SO T TDOA 25 3k
HEMNSH.

TDOA ¥kl 3155 3 A 5L 2 {5 5 21 3k i) |
ZEEMERENL . B A L BRI (s o) s TF
SENL AR R Coy s yv) s 35 1 AR5 B3R 15 E AL
RIS IE] Ry 2 D Caegy s yne) B Caoy s v ) BY LR
Bd

d,=C, |=1.2,,n (@D
AP C N E TR s n i R SR

TR (g s ) BIR AT R (o s ) 5 (g s )

MIEREY 2% di

dy, =d —d,
W ey s y o AL TR 2 A AR (g o g )~ (g s
Ine) REE R LA 2 AN ] B S 22 Sy A Y XUl
&b [ A3 55 A —H UL (s v ) 5 (g s
e ) AR BE RS 25 ds 50U T A R 4 1 22
P DAL W o BT A S TR VA R Y

) 35 B () 22 8 A7 R L I 20 A AR R 5 T
PLAER AL BRI C R R

/o2 F o) —

<xw—xv>2+<yw—yv>2]—dz:o 2)

AR SORE (2D Hh 2 40 A8 b 19 SR A B 16 Dk pR R
AL R AT 7 T e L A B 0 0 SR

|
(x> Vs) !
(xys v)

B2 Eak i ) 22 % 7 J5 8

Fig. 2 Location principle of time difference of arrival

3 TEfLERKAR
3.1 EFHFRER

ki T B A B (Particle Swarm Optimization,
PSO) fix B & 1 Eberhart 5 Kennedy 3t 6] #2 H
R 3 R e LW SV L A R E A
HEATH RIS FRASRL 7 2 BB b H i AL T fe 42
B B B OB W AL BRI 2P
WRITm . fE—1 DJZERNERE RS, 5
AR E A BN — A SRR R E AR
AL i g RS AL Z; . KR I R (E
BRI Z, Y A R BT R T
[

TE B YR AE AR L B R B SR R

Vi = vy Har (py — Ziy) +
1 (P — Zijp) (®))
Ziary = Zij + 0000 (€Y
Hepy WA b EARLT @ 55 ) 2R YR
BN MCEE IR 5 P P B AR 24 FIHE 2R B 10 SR 45
Heso,, ARTIAE R & ABPERE R 7500 .0
N2 W s L0 T Z IR A BERLEL .

72 PR T B AT B A5 R ) AR R A T
AARE ST RE T AT 1) B C P S8 e G s S AR I
SRR AT B R R REA v, B
MBI 0o HEBE I K22 T BORL 7 B 5 Fe O i L K
N FEON A A R AT

D) 1 A £ = s R AR LA S N - -
E BRI AN RE L 2 ME R 0SB 4 R R AL % . Sun 5§
W BRI 5] A BT RE R U D R ROk
TR 1B SRS 38 3 SR A B E 1 7 B AR B
FE S 8] 3 A I A T R R P T SRR
B 7 AR B BRL L T R

b—|—%ln(l/ul) u >=0.5

Zijk = L (5)
biﬁln(l/ul) u1<0.5

b= (Ltz[),jk +u3pgjk)/(uz + uy)
Ly =2y | szk - Zijk ‘

E
Mifk - Zpgk/E
i—1

A0 NEEHLOLE SR wn s vus 01T Z I
BEMLEC Le 95300 b UGV RRIE R BES 5y ik
A4 5 AR A A o 53k 1) WA B T 5 M, D LT
RSB S IRV



% 14 kX B.F B ALK RN LB F AL T R 117
AR R ORIV BE S AW =) Bl AL IE B — 55 b

B b+yIMy—Zy | In(1/w,)  w, 2=0.5
Co—yIMy, —Zy [In(1/w)  w,<<0. 5
DL F & TR BE SR % (Quantum Particle Swarm
Optimization, QPSO) T B S50 e A5
S WOBIORE ok, WAL S R R
3.2 BREEHEE
QPSO VA TE4E R 4 Jmy fe L B o FL48 R X Ja) 2y
P 3 v PR [ AR Y e LR ) R X0

(6)

ij e+ 1)

@ @ ()
/ \/ N\
1 [ -
\
N >\ R\ 7/
() @ | @
t t+1

B3 QPSO B kil 4 X 5
Fig. 3 Searching zone of QPSO

B T E AL AR BRI, QPSO B SR
BEASFEIE DX AT 58 e P A A, o T T X I 48 R
b W 7 A R B . AR SORR AR 30 3 s KL
AR X 6] 7 F B F B # R J7 3% (Variable Interval
Quantum Particle Swarm Optimization, VIQPSO) , X
JRBANR A 1 2R AL B AR AR e 20 A
EE R AT O AT DA SR M AR -1 I 2 Y R
BALE =+ D AEFYGE MR LL (1) Ky
O PR AR X B UL E 3 2 DR ED AR A
LT~ HE A 18 2R 2 (] DT 45 /N 48 2R3 [ s 3 b g
PR H .

3.3 ErLfRfhit

TR TR R E AL A AR A T AR BRI

Step 1. 58 k0) i Ak, BEALAE B E AR5, B4
AR AV T s = DA VAR SE N A R VAR 4 o 1 =g v
(] N B AL A BT AE P~ P

Step 2 #3453 (2) 71 5 A= Bk F A0 E W B {E .
ISR T I ES R py, BOE N RE (H JEAT L HC, 0 2R
U3 N SRS T S i A 5 R B (U4 Y
B L& Z AE BT Py o

Step 3+ 55 FIr A RL T e DG 25 R 1 3 L 2 AH L LA
W€ 42 Ry e L 4 R 3 1V FE (B F oy

F = arg min[f(p;) ]
P e ) T8 R eR R

Step 4: LY HT 2R I A5 Dy L e i, &
B4 SRy Fe A

Step 5: 0 TR HY B — 248 5 N p Bl p e i

Step 6 : AR 420 (6) B F v B
S [ IMe—Zy Q) =05

T by My, — Z | In(1/w) w4 <<0.5

Step 7 F % QAR 2 4R 2k 2% 14 00 AR OB
R F-, % 2 Step 25 Q1AW 2 2 1k 218 I )
DAL B I BEAE 1) S 801 A bR Al THE . 2 2k
G R« e 035 N AE R T 7 — 2 R A &
A AR R R L 1 B R AR IR
4 TEIREMEILE

T EAS TR AR AR B T EN S E TR SA
BEHL A 1R 22 T S A5 5 15 5 O B Ak 31 AR A (AT
—EMWIRZE., BIELREWE S HA —E W,
A IE R0 1R 25 . EMAEAT M A h &
O35 B B i R L A2 AT e 2 A AR s Bl DL
BB e iz g, R, R A A mE R, H
AR AL B AR BB A CV B R | Singer £5 7Y
S5 YT GE TR T SR B A 0 A R R RS
Jor i R A 2 $A IR () A S RS AR, R I ] DA R G M
WIE G EWN B SR E . AR SCR S AT g AR AL AR
SRS T AR AR ARG THE A UL & L N ] EKE BEg

B IEE LR 22
2 G0 T T P A ) SR A T R

X, = ¢X, +U, +W, 0
0 1 O

¢ =10 0 1
0 0 —r=¢
S

X, = |V,
La, ]
"0

U =10
Lra |
07

wW,= 10
w,

KX A RGORAE 52V, a0 90 8 A4
O BRI BE s RS e RS R W UL O 45
WA s W, 9 R G s a i X {E s < D9
P A A AR A G I TR] BB BB @ R T A
W s

gl T AW R R A 1 B HCIR S T fE



118 X @ B o T B F 4R 2013 4
X1 :¢ka+Uka +Ww, (€)) lﬁﬁj‘jfﬁ{ﬁ%,ﬁ ﬂitg/ﬁ%%ﬂlz] 4~7,
1 T %(—1+7T+e*ﬁ> 10°r
- i
=10 1 —%(1—5”) ol ¢
0 0 e
1 T2 1—e 7 g 10°F
ST i
U,= T_l*effT 10k
T
1—e @ . . .
LR T80 30 A A (0 S A b X i ) “o Lo 300
NI 5 .
Yo = HX, T, 9 Fig.4 Curves of a;ia1>ta;ion degree
KoY, N RGOWM 5 s H, Ry 5 0 A [ 5w, o 5 oo
R R —o— VIQPSO
EKF i it 4 41— i 20 A b 000 5 4948 31 sol- T CRLB
{ELSK R — B 20 TR P45 & T — B 220 A A ) o .
{E R 4240 T — Bk 20 0 S e A ST DA/ A R fg 60
2%, b R g Ve R R E ol
X, =X K (Y, —H.X 1) (10) =/
X1 = Xo U ok
K.,=P,, H (HP,, H +S)'
Pir=¢, P, T0. 0 2 20 50 20
P.—U—KH)P,, Wi 4% 2/m
X X AR EIRS AT 1 5 5 ey Py 53901 FIS ERriRE A
By X R A T W 5488 22 97 22 I 5 K, A 0B U Fig.5 Comparison of location errors
WaRE R s Py MR 22T 22 W 5 S o 22 N W 75 7 22 1 5 Qu 2001
N R G Ty 25 T R B ol
5 WIEHRH e
PN A7 3 J3E 55 K 9 7 TR A AR S 7 A T %
HEAT IR B0 E . HEHR 250 m X 800 m ) JH B IX B, 2
TE % DCIN S 2 43 A 30 AN TCZR I 45 747 a5 L 1T A AL A wl
C . Al Pk T el 3 QPSO 557k X % A Ak R i
SRR EMNEE S S 5 AR

Bk R Z2 1B 1R 5 28 RS B A B v 2R . Se B b S
PRBE R Y R T A R A Rt & 2 B A
[F) B2 118 T4 o DA 0 o ASUA7 7 5 i 2 A M R 2%
WRAEEW AT AP AEAR A AR IR 22 . A
B e [l B B2 T AR 25T B9 E 0K B2 1 v 45
2 a I e 0. bR E2E 4350 10,20, -+, 80
(R T O AT R 22 o R E A I e B i O DX SR 2
A ARSI A SRR RO 7 A e 8 A

B 6 ANTE Y mOE e iR 2
Fig. 6 Location errors of different node numbers
&l 4 AR SCTE & - v ] S IXC ) A Y
TN RE TR . ARG N /N AR A T M EL kL
R0 2 A B 1 B A SR AN & A AT Bk R4
TR, [ ALk S 1A s B R W i L e
HORE T~ 1 B KA RERCH 30, ) KB AR B 300, L



T A% B P %

B F A T AL Ty ik 119

% 1 4 k &.FRE
200 -
150}
— R AR
g ¢ B IERT A AR
E\E 100 @’EE%*‘R
2
Y
ey
ES) 50
=
0
_50 | 1 1 1
0 200 400 600 800

I 7% 4T B B 5 /m
B 7 L S
Fig. 7 Vehicle trajectory

TFHEECH 2. 2 BB BE B D 107 OB G L 4
RKERM AEN A AR REAERST
39. 13% . FEWA K AR DX (8] Aif » bz 7 38 7 S 78 it
A S 254 P LS DX AT AR AR A R . R
BB AR R BRERPE ) R B S Sk . MR A
FAI32 SIS T B L AT LT — B[R] A R AR A B s DA
AR AR R, 2 4R 10 m K8 AT DIE R R —
IR AT REAL . DASCAS T R S A R L 5
S5 75 T B XSO L T AR 2D 50 00 22 A A
I B 8 I — R A R 5 R Y R ) A AR v

Fe 1 ORI T A B E R A E A6 50 IR
S IR A YR W] DL B Bk a0 SRk kA B
FNT AT, B 4 SRR 3 N B R AR
[ 10710, 24 52 B o FH o R e B A T
B L 7 3 (L T AR Ok A 3 Ry O
B O SR 3% AR B 2928 30 3k AT A58 B — IR Ak
PRiZ 5

F1 OEHERRY

Tab. 1 Average iteration times

AR QPSO
ARSI 253 154
K5 WAL EE S 2P T 7
(Cramer-Rao Lower Bound, CRLB) & fif % 2% A It
B, CRLB N A S5 Frfig ik 2 19 e IR 2= B .
E LR ZE 1Y VT M 45 B5 2R T 3 75 R % 22 (Root Mean
Square Error, RMSE) ., & 5 AJ DL H 76 & =
ZAH/NT AT 30 m B, VIQPSO A b Al 11 1 i 22
MZedZis T CRLB T 5. 22l &AL RN %15 5
% 1 5 B 0 52 PR 0 T W3/ 0N 08 R 518 2
57 B AT DAAS 30 558 v 00 RS BE . AE SE B B FH I,
VLY A5 AR T B L AT S O e Y

VIQPSO

W — A K F 500 m. 76 SR TDOA 7 i
et R BE B 2 A L R 22 R R T2 AN
R IT A I BR IR 25, il R OR 25 B N, I
IS 7€ 500 m yi [ P 5 | A A 00 A 05R 2 58 A ) T
30 m, JU A TR 2 58 B

6 e B S AR ZE MR R,
BR2EH 20 m B Bk 3 B E LR 25 130 m,
W T B AR ZE WA 17 m., U A]
PLT B 38 22 25 A ARG I 200 R LR BRE L TS
OB B 2 SR N T AR R R AL Ty
T A0 TR s Al S R AL Y SR R R A B =2
BR . WSN 1 S8 2 Wk S0 36 T 3 @ A S0
P75 ORG B  ARLE 8 7 B 3 22 1 38 iy s i A 8K
SRS AR R EWH M, Lar 2, Kk
B2 AT B 3 I B 7 A R 2
MY BEAR R R YW R KR T 7 A 8 iR 25 1
AR R AR A 0%, R, AR SCRE I 7 S5 AR S
L2245 3 WERE W 2 0 ALK B 0 75 2 dL BB W 2
SRR AR . AR AR R 7 e S R T R L 1 AL
3hig gl . B R A0 A o & TR R S A E)
HODAER VALY TS R o TS N i RO B o . B S
X2 R A AE DN 4 5 ) () ) 5k 25 i, T A AR
B 2200 7 A 0 I R 2 . Y AN TE SR R TR
T2 AR SR A b B A A E B /NI R 25 AL T R )
ARz 2 7E mE %) 250 s BF, R 25 & OF 1Ak bR R
(329.50, 146. 00) » {H H 52 Pr A2 5 2 (330. 80,
144.40) X BARAFF G E Wiz sh A, v LR
G B RE IE IR 25

[ 8 JR iz SR EKF A& IE 1 J& #9 € L 1%
ZEXF b B IE T ¥R 22 O 5.63 mu B IE 5 ALK
2.45 m, i F/NFAEIEHT, 8 RS B4R & T 56. 480,

30

25t B IR

20

—
wn
T

FE LR Z/m

—_
=3

1
0 100 200 300 400 500
A i 18/

K8 B IEHE E MR %

Fig. 8 Location errors before and after modification



120 X @ & W L B OF R 2013 4
Funchal: IEEE, 2010 1657-1662.
6 4 iE . -
=A =] [8] DRAWIL N M, BASIR O. Intervehicle-communication-

AR SCAE S 18 TG AR T 45 B H O L5 0 19
&SP AN R S bR R Y L R TRIBE W SR VA
2 TDOA ZRECE 0 6 2 1 R B0k i 4t 1
LB B SR AR 07 A A 3 %l/\‘gzjﬂzliﬂ’}élﬁu
SRR EKF 8 1 € iR 25 . 2838 Jo 4 A% M
w5 5 i B R L T AR I R R AROR R
TR E L B AT SRR SRS BT 9 A 7 A B SR A
%ﬁ&ﬁf@%%?’i%ﬂ@ﬁ%ﬁﬁfﬁ,iﬁﬁﬂ‘%‘l/\%’lﬁﬁéfﬁ
TR 20 B o AR R E LA S . R 2 A0
n,wilﬂ GPS it 7 #E 5 B T 25 15 AR S o fir
T7 Tl A5 LA — 25 2 15 2 A7 14 7 S P RS 88 2 7 5
Ja Ak ATF 5 L

S % LW -

References :

[1] SOMDA F H, CORMERAIS H, BUISSON J. Intelligent

transportation systems: a safe, robust and comfortable strat-
egy for longitudinal monitoring[ J ]. IET Intelligent Transport
Systems, 2009, 3(2) . 188-197.
KOWSHIK H, CAVENEY D, KUMAR P R. Provable sys-
tem wide safety in intelligent intersections[ J]. IEEE Trans-
actions on Vehicular Technology, 2011, 60(3): 804-818.
KAO W W. Integration of GPS and dead-reckoning naviga-
tion systems[ C] // IEEE. Proceedings of Vehicle Navigation
and Information Systems. Piscataway: IEEE, 1991. 635-643.
SHARAF R, NOURELDIN A, OSMAN A, et al. Online
INS/GPS integration with a radial basis function neural net-
work [ J ]. IEEE Aerospace Electronic System Magazine,
2005, 20(3): 8-14.
FAEH AIEF L XIF A B FRRZ WM A GPS/DR S fi5
Bl A kL) ] 225832 4 TR 242 . 2006, 6(2) :65-69.
YU De-xin, YANG Zhao-sheng, LIU Xue-jie. GPS/DR

[5]

navigation data fusion method based on Kalman filter[ ] ].
Journal of Traffic and Transportation Engineering, 2006,
6(2): 65-69. (in Chinese)

o i S W51 7 A -84 7 (e i o M Rl
S FHCTD. o B 2 B4R - 2007, 20(2) : 108-112.

ZHAO Mei, ZHANG San-tong, ZHU Gang. Application of

L6]

improved particle filter algorithm to integrated navigation[]J].

China Journal of Highway and Transport, 2007, 20(2) . 108-
112. (in Chinese)

[77] LIH, NASHASHIBI F, TOULMINET G. Localization for

intelligent vehicle by fusing mono-camera, low-cost GPS and

map data[ C]//IEEE. Proceeding of International IEEE

Annual Conference on Intelligent Transportation System.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

assisted localization [ J ]. IEEE Transactions on Intelligent

Transportation Systems, 2010, 11(3): 678-691.
JO K, CHU K, SUNWOO M. Interacting multiple model
filter-based sensor fusion of GPS with in-vehicle sensors for
IEEE Transactions on
13(1): 329-343.

ALONSO I P, LIORCA D F, GAVILAN M, et al. Accurate

real-time vehicle positioning [ ] ].

Intelligent Transportation Systems, 2012,

global localization using visual odometry and digital maps on
IEEE Transactions on Intelligent
Transportation Systems, 2012, 13(4) . 1535-1545,

BARBAGLI B, BENCINI L., MAGRINI I, et al.

urban environments [ J ].

A real-time
traffic monitoring based on wireless sensor network technol-
ogies[ C]/IEEE. Proceedings of International Conference on
Wireless Communication and Mobile Computing. Istanbul:
IEEE, 2011. 820-825.

CHEN Wen-jie, CHEN Li-feng, CHEN Zhang-long, et al.

A realtime dynamic traffic control system based on wireless

sensor network[ C] // IEEE. Proceedings of the International

Conference on Parallel Processing Workshops. Columbus:
IEEE, 2005. 258-264.
MARTINEZ F, TOH C K, CANO J C, et al. Emergency

services in future intelligent transportation systems based on
vehicular communication networks [ J ]. IEEE Intelligent
Transportation Systems Magazine, 2010, 2(2): 6-20.
BOUKERCHE A, OLIVEIRA H A B F, NAKAMURA E F.
Vehicular Ad Hoc Networks: a new challenge for localization-
based systems[ J]. Computer Communications, 2008 (31):
2838-2849.

EBERHART R, KENNEDY J. A new optimizer using particle
swarm theory [ C] // IEEE. Proceedings of the 6th Inter-
national Symposium on Micro Machine and Human Science.
Nagoya: IEEE, 1995. 39-43.

BERGH F. An analysis of particle swarm optimizers[ D].
Pretoria: University of Pretoria, 2006.

FRISIR 0 . B TR RS 1 8L B b AT R M 28 3R,
83 32 iy TR 4%, 2010,10(5) :61-65.

CHEN Ling-juan, PU Yun. Dual-objective reliable network
design based on particle swarm optimization[ J ]. Journal of
Traffic and Transportation Engineering, 2010, 10(5):. 61-65.
(in Chinese)

SUN Jun, FENG Bin, XU Wen-bo. Particle swarm optimiza-
tion with particles having quantum behavior[ C]/IEEE. Pro-
ceedings of 2004 Congress on Evolutionary Computation.
Portland: IEEE, 2004(2) . 325-331.

COELHO L S. Gaussian quantum-behaved particle swarm
optimization approaches for constrained engineering design

problems [ ] ]. 2010,
37(2): 1676-1683.

Expert Systems with Applications,



