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Target tracking and decision-making for collision avoidance

based on multisensor fusion
LIAO Chuan-jin, HUANG Xi-yue, CHAI Yi
(Navigation & Guidance Lab, Automation College, Chongging University , Chongging 400044, China )

Abstract: To realize target tracking and collision avoidance in the system of vehicle active safety,a hybrid information fu-
sion structure model of vehicle collision avoidance system( CAS) is presented to implement the target tracking with the method of
hierarchical fusion. A new algorithm for multisensor fusion based on residual track error and predicted residual error is proposed
and the realization architecture for the new algorithm is also presented . Then, an information fusion method based on fuzzy inte-
gral is presented to make a decision for traveling model. The experiments show that the new algorithm is stable and exact.
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Table 1 Influence of weather condition to sensors
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Table 2 Influence of traffic condition to sensors
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Fig. 1 Flow chart of system information
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2 ETHREEBSH BIRERE (Target
tracking algorithm based on multi-level infor-
mation fusion)
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2.1 {888 EMER (Tracking in sensor level)
HEEBRBRERED, RE RS RN BES

a4, BB — A RS T F A Kalman

B EAE T I RS EH R 12,

X(t +1) = d()X() + G(e)V(e). (1)

Hep xX(¢) ¢« BZBRRES R, B

X(¢) = (pxt’Pﬁ’vxt’vyt’ayt)a’yt)T- (2)

AbEO

ﬁ*: Dt s Pyt At H‘j’%ﬁﬂﬂﬁ%ﬁ‘?{m&ﬁ;vﬂ,vﬁ
SRFTR e W2 %, y T ERITEE ; ayy 5 0, 2 BIFR
¢ B2, y TR RO EE . & (o) AR ESHBERE,
G(t) ALBRFE WA, V() ITEHEAEH
RN &, B _
E[V(:)] = 0, ELV(2) V()] = Q(£)8y. (3)
MRS i, MEFBERN
Z(t) = Hi(t)X(t) + W(t), i = 1,2, FR.
(4)
Horp il B 7St BT IME A R R
E[W,(t)] = 0, E[W()WI(j)] = Ri(t)akj-
(5)
I 3CER[ 13 ] A SR AT, RS T — 2 T mi
HEN
XCGe1e) =%(e 16 -1)+ P.(e | )HY(HR'(¢) -
[Z,(¢) - H()X(e ) e -1)]. (6)
T 5 22 (OURRYE BUERE ) N
Pi'(e1¢) = P7Y(e 1t = 1) + HI(O)R:'(2)H, ().
(7)
2.2 {ZEME MR (Tracking based on fusion)
HRBEE T RENREMITHEREIEA
e, 23RER83—- 1 N2RRESMEHT, XS
R—ITEERG LR, 7 — il IR EE &S
BENT .
XA, MR RERRHA
Z(t) = H()X(1) + W(t). (8)
Hr
Z(:) = [ZI(¢) ZI()]T,
H(:) = [HI(:) HI(D)],
w(e) = [Wi(e) wi(e)]".

Ve W(e) MBTEN R(¢) = diagl R,  R,]. 264

- TR

XG 1) =X@G1e-1)+ P 1 )H ()R (2) -
[Z(s) - H()X (e 10 - 1], (9)
PUWele)y=PUWele=1)+ H()RW(e)H(2).

(10)
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Fig. 2 Implementation structure of algorithm

3 MASHEEBRHREREIEITRE (Dec-

sion making for vehicle safety based on multi-

information fusion)
RERLEBTHER MY S (Classifying the
traveling model of vehicle)
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3.2 HMETER A E I (Eigenvector of each

model)

T 5 MHEERNERE TRENL BT
B BERF SRR ERARENETERN, 5
AETEAR A BUER AR A ] , B /TR A R B 7 3
RUBRBITRNERNE CEEN R ITER
RARFIEE &R ASARE T, KB T REER
B M EEA M TR/ S HiETER
LR T AR R 233 MEA, BRBRBITEAMN
FHERE & 3 k.

A3 SHABAEXNGHAEGTELHE

Table 3 Experiment data of 5 models’ eigenvector

BITER FHEFRIR
(FEA%0) 2 %/m  x3/m EA x5

mEGEER1)(56) 092 23 250 0 -0.32
BE@M®2)(T) 098 75 141 0.72 -0.56
BEM#®3(62) 1.27 61 109 0 0.37
BWH(ER4)(30) 1.20 69 97 1 -0.33
FEMBS)E) = 55 60 0 -0.25

bR, FAIBIT 21, 20, 23, x5 BIBR{E @D
TEPBRELBIIMERFATURE, HETEER
SRR TSHE, AT

xy BBUE: 1(FE%F),2(E8F);

xs MEBUE (L EE) 2(FHEH), 1CFH#
Hil), O( L EHE), - 1(FEBH), - 20F8%
TiE).

3.3 S EHERRAR FIETER B0 R & (Affect
coefficient of eigenvector to traveling model)

5 Fhis Fr AR R R A TE A ) B Y00 B P R
8, B FE MR ERE TR R ES—,
MEWMALCERAE, HERERRANER BE
SESE IR , A2 30K F A 557 B: 5 18 FFAE
s E R .

BEERBEA BRI x1, 52,5 25
SHREBTHANERBERA—HH. BE 1
BE R E TR NERBE R »,(1 < i < 5),
&b i) n/I\P‘FZF}JX:x(I'),xé‘),"',xgl)(l <l <
n). BRI 5 MEEIRIRER AL 5 MAE IE3M S B £
Sy, y0,ys, BERERER R vy = CX. K

Enk
Ch Cp = Cis "

c- | 2 O _In| gy
Ca Cs - Css ¥s

BT yi 2., ys HEIESS M7, I n PDREA S
XAFE v,y BT ZG = k) R70,80
" = (CX)(CX)" = CXX"CT = diag(A,,",As5).
(18)
BE X ACIRAEAL B A B BIRE R, W XXT
HRHEARAT %1, %257, x5 B SR IR BRI MO AR DL S0 1S,
QR = XX", RR—XMHERE, ELEE —TRK
IERFAEAR A, FIH N S E & €, Cper, Cos, B
LA
y1 = Cnux + Cpaz + - + Cs. (19)
A RBRT y MR ERE,M ¢, R8T
x; 3y BB, B x, X BT R B
j‘] CliAls m
wy. = Cydy, wy = Cphy, ws = Cishy. (20)
A3 LA 233 DMEARIE I B E T REIRIR 1, 22,
X35%44 %5 ﬁéﬁﬁiﬁ%%"ﬂ%ﬁﬁ
(w1, 02,03, w4, ws5) =
(0.39,0.42,0.10,0.32,0.12).
3.4 EMRIBERLEITH S B S (Fusion of
safety traveling information based on fuzzy integral)
T, SE R AN A SRR A B
gm[ls,m]‘
EX 1 B (X,3) RS TZ E, & kst
g(+),Z2—[0,1]1 W2
Dele) =0, g(X) = 15
@ A c B=g(A) < g(B);
@ A C Ay C A limg(4,) = g(limA,);
@A,BcX,XNB=9¢,A>-1,g(AUB) =
g(A) + g(B) + Ag(A) - g(B),
MFR () K g () BERIRE. 2 =0, 5.(4) RIR
THEEGARANTRATERE. L <0,8(4)
RELT A& A KB BRI EES A FriER iy
HRMIENEER.
EX 2 #®(X,3) REMTHMZE, R X —~
[0,1] 2— R, ME A C X WENKRK
h(x) HXT FHBIRE g, () BB A

Lh(x) > g;(*) = sup(min(a, g, (A N F,)).
(21)
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Hf:0<a<,F, = {x€ X,h(x) > al.

MTERES X = 11,20, 2] , B h(x) W
R h(x1) = h(x) = = h(x,) (MRS
RLRABEES X PRENKFEZHEZEL
), 0 h(x) AXTTF g(-) BRI

Lh(x) + g(+) = maxmin(h(x),g(4,)). (22)

HAP A = {x,20, 50,2 g, (o) BRI EF
wg = lg(x), W g(A,) HEBER

g(A) = g(x) = g', (23)
g(A) = & +g(A_) + Adg(A), L < i < m.
(24)

AFTHIMT FEEE

A+l= f[(1+/1g"),a >-1,HA %0, (25)

BV AT R K B R A AL — .

B TEN R 28 XA E LM —FhIEL
R, CAERASZHEEBMEESN T ENAT
BEAE EREZSTWIFLTEEINEBRER, A
FRREN R E 2infTHEA.

B j EETENFER RN

6; = (6;1,0p,,05), 1 <j<5.

BHEEX —THEEMTMEE M- RMETF
[0,1] EEITTIMRE h(x) K

h_,-(x,-):l—‘ ylgjs4, 1gig).

==

%; — 0;
max(x; ,6;)
(26)
IR B T R ERERRIERIFER « =

B 255

B 5 60 &K 509

(xl ,xz,"',xs) E?’% J %Eﬁﬁiﬁﬁﬂfﬁ&'ﬁlﬁ,ﬂi
T 5 RBTERMNE TR MEER o,
RELHIMELR, WA h R ESEMRERE S
BRENMAFHERS. FHEWS hs(x)(1 <
i<?9).

HRFBRIEIEIR x,, x5, , 25 MK BITH
KHEEEE w,, wy, ws HIE— M EBITIRE .

/%(g‘,gz""vgs) = (wl’w2""’w5), FFIETE
HER » = (x1,%,,x5) BT 1,2,3,4 817
ﬁﬁmﬁm{ﬁ €1,€3,€3,€4. % €, = max(el,ez,"',
es) MIRERCRASE | Kt HEREZENA
HERARKRETREITSHMME, AT ABIRE
ZEBITHAK.

4 3LLHHEE (Results of experiment)
4.1 HE#RERER (Target tracking)

AR R C 2N AEEENREES
ZEZET . TRRY, CREXH AR EH REE
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34 SHNBRARTREAELHF LBRISBE
AirE AR R . (ER—FEN B FERA
SERE HEHRRICR THENITEEE OM
2002 813 2003 ) H B+ UGE 5000 km #) L5
FORE MR RLE 97% LA L, 7E M8 /R B4
R R WERT , RA BRI A BRI A
AaimARIE B3 RRTHENFREEELF
WATRRER . E 4 XA TSRS HHRE )T
Z BisHiEN , RANMET LA B SR E BirEER,
i R e R X > R TER — %8 .

B A 1035
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Bk 875
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Fig. 3 Image sequence of single target tracking results
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Fig. 4 Image sequence of multi target tracking results
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RIYEREXT HE, 3% 5 BT T FI RIS SR A 15 B MR
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Table 4 Comparison on processing efficiency

and accuracy

KRB RABRE KEABR FAB
LEER BERL BEEEN BEEBRR
WK WHE  EHER EHE/ %
/(Wis!) /(Wi-sT!) /%

Hir %

1 4.8~7.2 7.9~10.2 98.8 98.2
2 43~6.7 7.0~9.3 9.1 97.6
3 40~6.2 6.6~8.7 97.6 97.1

% 5 B4
Table 5 Contrast with estimation

EREE/(km-h!) fHHHEE/ (km b)) RE/%
80 78.5 1.8
90 7] 2.2
100 102.8 2.8

4.2 {734 R K (Decision making for traveling )
BRI, F RS IR BT B A9 15 L ER Al A8
I, B 5 8 0 B AT R R AR O . BLET X X
B, WNRREFPE 5 MEEERMEER
(%1, %2,%3,%4,%5) = (1.15,75,170,1, - 2).
RI\R 3 RELAFRAE R (21)K 55 ) 4 Fhiz
AEARRIER h(x;) TR 6.
% 6 HAEFEXBIEN h(x,)
Table 6 h(x;) value of each traveling model

e h(a)

B h(x) k(%) h(x3) h(x) h(zxs)
#H®1 0.8 0.3 0.68 0 0.16
#R2  0.852 1 0.82 0.72 0.54
BMA3 0.905 0.813 0.64 0 0.85
R4 098 0.92 0.57 1 0.165

FH(20)3
(g'.8% 88" 2°) =
(wl!w29w31w4’w5) =
(0.39,0.42,0.10,0.32,0.12).
AT AR L1 BRI U B, DA R IE IR IR A (s
%0, %3, %4, %s5) = (1.15,75,170,1, “2)aRETFEL
¥2 %3 %4 RKBTEAWENEN 0.461,0.
732,0.69,0.848. Bk 0.848 = max(0.461,0.732,0.

¥

69,0.848) , BT LLRFE L 2 TN RBUE 4 #
BATEER, BT N 4 AT DUE Y, ERE 40,
AEMEERTHERE, BFE LA E, W REER
HETH. X RAA AR EERERNER
HERFETELE—-BH.

5 45 (Conclusion)

REGEREANFE, FHTRARXMESEN
BRI TR EN R AN . RAEHHG
EFRAT B CPU M RA % FTHEPLA CAN Sk
TR ERESS . KA REARMAXHBRE
EHESETETRERBREMTMRE RELS
FRERRGE S, FRHEA FHRNYDEE R
HORA M R TR TENRL) T RS S
FHEXEEMRES A EEER, 238+ K
ifT 5000 km B3R, REHZE R AHRIFHE
EHEMERE.
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