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A Fuzzy-Neural network based IMM method for Tracking a Maneuvering Target

Hyun-Seung Son’, Young-Hoon Joo“, Jin-Bae Park’
*Electrical and Electronic Engineering of Yonsei Univ, **Electronic and Information Engineering of KunSan Univ

Abstract - This paper presents a new fuzzy-neural-network
based interacting multiple model (FNNBIMM) algorithm for
tracking a maneuvering target. To effectively handle the
unknown target acceleration, this paper regards it as additional
noise, time-varying variance to target model. Each sub model
characterized by the variance of the overall process noise, which
is obtained on the basis of each acceleration interval. Since it is
hard to approximate this time-varying variance adaptively owing
to the unknown acceleration, the FNN is utilized to precisely
approximate this time-varying variance. The gradient descendant
method is utilized to optimize each FNN. To show the feasibility
of the proposed algorithm, a numerical example is provided.
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715 ¥ A (maneuvering target)el & EAlE 2 AA N9, dF 2o
Nad, 27] A8 A2" Fol QN # 2 g Fo sl 53
dolt, HeM A7 Fo B2y &4 olF MMM ZHH FHo &7
dolelE Aasn o}g oj&3ld X A #X % 34 a3 o
o] &5t ¥HE FHsE AF Wl AzddMe X vAFH 5
Wef uj¢ T uke-S 57) w o] oAl 2 Fops} o Futel Rt oz},
3 aFA 2 oj277tx 1 WHE HA ¢HE AFdn Yo
detg oz F3F/ fER, ol 59 FHEL vAYH 58 =y
Bl o] ¥x 9 A AAMNEL dd 249 YATE A
1960 ZHAESE A7) € olF 0]F o83l BF 3 FAE sFde
N7t By olFolAd foHl-3] o) A FAHY $5& HYez
A SR RdE ALgste AVYHE T4 FEEN A A9 ¥
LAY Y HYPHS o AEE HFY F UAG 3G B Wy
Agol} XY E Y3y 7|15 L I 3¢ EEE XYY 258
37 HEg 7)Ee $4% $FEYL AZE oA fued Hu, AX
o EHE ¥t A4/ AP oyF vy 2 EAHEL
@ wdoad # BwLE (extended kalman filter)[4]7 ML= 7% 8
gos, Zdde oY FAH /5L P THE FHE) AF ¥
Weog 7his 7Y, 4854 71y, dFEY /E5e dUd 2do
ANEHNE FETH5-7). 71EY FHAHY PHL A 2dg UFEH
AdolA ¢ HFH AHE Ho 27k ey U4 AxHo]
F8doz 2dyss] JAPAY 2 vA¥YE JMAe A%, 43
EXE 9% F e FAHEE A otk old WF dgozA o
7}A AgAel 71gEe] AL 2 F HA o)&F Aude e L 5
F4 A2de) A5 AAde] #F ATFES FH Aagd U@ & oo
AL AH8-10). A nAF TAHEL ol4% HA 37 7ute] 23
Aade ZugeEy AR 3 ¢ndEFE o4 HA 2 $49
Ad JAs £33 FHE BF A £ e yolgley, &9l sFelage
AA N1FEHA g 33 Falel AoM AR AEE AR FFo|
ol 1 Aes $HE & Yvhes 93 E AU Qg E =M 44
AgeA A8 $37 A AFS o]Fo] WHA FA 39 gHE
Jetd £ e 29e ANstax dd. Ay wEe WA £Fez
298 27 UHE AEE B3 33 A2dd HX 449 e £
A5 858 error back-propagation method)$ ol€8td & nelulgE
Z2#H3n oj@A o|FojA e N2YUE 434 dFEd JHIMM
! interacting multiple model)?] #-% @ (sub-model)2 AA%c} o] 7|YgL
% 2R (estimate) ol zZZe Rde] HEY Y5 W R-rd
(sub-mode)E9 #AA9 71F T(weighted-sum)22 T AT o]
FHe 71452 & AHEHoz FAHS, 3" /&R MEE 14
(acceleration interval)& WA o2 7tgstd dFrdg FAE A4 4
53¢ tUFRE(AIMM : adaptive interacting multiple model)7]'8{11]&
Alg@t o] JigE AMY AAE B-2do] asA ¢gong 0dFrd
TRE AT 715 4L 7159 54 g 44 Hodg 2 =&
FAL g 2 2-dAE 71FEH 2e AL A5Ag UFEd
21EE aAsm, 3HAME ZEAA AL 7de dFed oo
2 4-oME FEo] E&HT.
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2.1 7|SE= 29
NFERE A% A8 o]t A7t Bd(linear discrete time model)2 2+2}e)
o daio oS g
x(k+1) = Fx(k) + G[u(k) + w(k)] W

2
Fz[l T]’ G=[T /2]
01 T
714, x(ke 2d HH, F GE 47 A2¥ g} o5 golx,
wkt Z2A2 FE, wkv 432 €A #8274 3 (deterministic)
tE&E YgEolct w3 &4 UA4 L tiH 2,
z(k) = Hx(k)+ v(k) %)
o714, H=[1 0l &4 oz, vike &% #Lid wkd vks
Zzt 24 q% r& HAE 9 HT FSAS 98 Foln, F ALE
Atold] g@wAE Fo2 st
2.2 3 4=5g 529 74
g A3AL gdFRd 7Ye 449 Fo i Agd 59 P-2dES
A2, B-REEL 339 71EEs}t ofd MR dd] dAyHez
XS 7SR 502 FHEY NAY ¥-228 /X A$, dFEd
A M &3 2o} 2dHY
R M ={a(k), a(k)ie,,...,a(k)is(N_,),z} 3
714, a(kye FAHE Y HETE E vy € AR 2AE TSR
A& Jetdd 4§ 4334 29 JgelA B39 & TE vlolox
(bias)2 9} nulolo] ~-Z2(bias-free) HEIZ FAY o|d At FA7|
(two-stage kalman filter)ell 9J&) Z}Ze] & s Hd2 FHdAck 3§
4324 24 /e dudE11]e d53 £d.

2.1.1 £Fx9| d=RR(EEH
N
pol.(k-—llk—l)=Zy,.lj(k—l]k—l)(p,,(k—][k—l) @
i=l
+ [ (k=1 1) - 5 (k ~ 1]k =1))
x (xn = 1k = 1) = xos (k = 1k = 1)) ]
7] £ & (mixing probability), 44,& &3 2ok
1, (e =1k=D) = py a1 (k=11 3 py g (k-1) )
i=1
Aq714 Pye €1 e EE A FE(mode transition probability) °ith.

2.1.2 WEg w22|8

%5 (klk=1y= F xo;(k =1k =1+ Ga;(k-1) ®)
p,(klk-1)=Fp, (k-1lk-DF" +GgG" @
2, (k[k=1)= H 2, (k[k-1) @
s;(k)=Hp,(k|k-DH" +r ©)
k (k)= p,(k|k-1)H s (k) (10)
(kR = 3y (K[ =1)+ e (v, (K) an
p,(kk) = p,(klk 1)+ K (K)s, (K)sT (k) 12
A7|M, WE s ek £ A7 olxold FEAD B o|5Re
SeELY
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iy ) = 7, (03,1, =107 3 8, ()3 p, k=) .
=1 3= =t
o714, F43H4(likelihood function), A, ¥ Th&3} Zch
i 1 s -
Ak)= exp(——v, (k kv (k
(k) m p( 3 L (k)sT (kv (k) (14)
2.1.4 £ ¢

ARG 1 YoiR FRA) tig 2HS of Y 43t o] F-EdeRY
dojA & FAA% 1 el FEA HEH o o8 dojAr.

Xk =3 1, (0%, (kB as)
P(k[B) = 3 11, (), (k[B) (16

+ [ Ck ) — Xk (3 k o) - (K )T )
3. WAl FE YEN3 7|Hel AR C1ETY Y

3.1 HX 78 UESNIR 0|23 42X CIERH WY
7SR mddA, g 7 B¢ 94 & 949, wkE F7t
AQ Feoz uYn Z4z9 F-2dd Z2Aa Fed AW BAE
e M2 FHd 45 94 7t4&x B Y(piecewise constant white
acceleration mode) 2 tH&3} Zo] do| Hr}
x(k +1)= Fx(k)+ Gao (k) an

A7lN, &'k 3 BT A4 At TRAL FEos A B,
g (k)& 7HAc <29 1> A% g A g vepdch

Hk-1k 1) X k-11x-1 AE-D p (k-1
f Interaction{mixing) N
i I
Talk -0 Pugk-1) X k-Dl 8 -p
oK) With error back-
T T T T prepagation
I 1309, Ak i v (k)80 (k)
Fuary — Fuazy |:
Kntman o S| Kalman Lo .
Fierd | gk \::::I« Viler N | g () xt:::i :
Moo
uk : Prodabilisy
o® 1pdate
- Fxtivuty
N
Bk (k). Rk (k) X ckik), PkiR) AR a) Ry, RX1Y

<# 1 HA 58 UYENI (e 4538 o529 1Y

£ =2dA Agd #HA 78 MEYIY T2E <29 )% 2ot aga
JAGANA AEse 984 x5 3 x,= 47 422 2dY AR (S
I Wg Ak € JeEdz, 288 Z2HL A3 AURY, J0E
Vel A%34 % (membership layer)®] 44 ¥4 (membership function)¥:
7}$-A1¢t E4(gaussian function)E AE-3te] g # 2L 25E 4 (x)E

e, z
p(x)= exp[—l[ﬂ} J (18)
2{ o,

A7 ;9 o, 24 WA Ao Y JFEAS 25 AR
H ZWAHstandard deviation)® ‘Fe}bdch

D s s T S
Inputlayer  Membership layer Rude layer Consequence layer Quipus layer
<1 2> ®HZ| 7€ UENI =

3.2 Hxl &g 0|8 m2lojE| Y
Actel WolM Zzte) R-mde qloje] F1EUHel disf M7 E
Ealol BHsln T4E Y] O olFold e YmelEe okt 2t

Xkl =1) = F 3 (k =1k =1) (19)
2, (ke 1) = H %, (ke ~1) @0
5, (k) =, (k) = 2(k)~ H , (kJk =1) @)
33, (k) =av, (k) =, (6)—v, (k~1) @

¥ ([T r @)
> (L. e an)

of ¥ A@3)8 & 4 (N g YHHA FA4E olF9 3@ 2
%08 7Y%+ At

(23)

g,(k)=

4.8 =

2 gRoME 7158 2oz 2Hs] 94 9 {4 YENIE
o] 48 4544 dFRd JEE AdsAn Add PP A& {3
R EE o8¢ Wyd Hd AAYE Qo] AA JIF Fol HoHE
F4EA AgH e 22 £ A%ed, 7189 JEFE gFEd
NAEs 2ogest 7iAn g 3EE aYz 488 & AU
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