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A DNA Coding-Based Interacting Multiple Model Method
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ABSTRACT

The problem of maneuvering target tracking has been studied in the field of the state estimation over decades. The
Kalman filter has been widely used to estimate the state of the target, but in the presence of a maneuver, its
performance may be seriously degraded. In this paper, to solve this problem and track a maneuvering target
effectively, a DNA coding-based interacting multiple model (DNA coding-based IMM) method is proposed. The
proposed method can overcome the mathematical limits of conventional methods by using the fuzzy logic based on
DNA coding method. The tracking performance of the proposed method is compared with those of the adaptive IMM
algorithm and the GA-based IMM method in computer simulations.
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X(E+1)=FX(B)+ Guw(k) - (3).

A7)A, w(khe A2E Z2Ax Feog 999 7154y
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J=V ( X(position error))2+ ( (velocity error))®  (5)
A zZb AR 7AE HEEE o2y 2L HEgE
Shepol o8] HobEh

A
D= J+1 +

A7 ae A% FA%E Aol AEAE Ui

1=
MT1 ©

E 1 ZEoA oA WY
Table 1. Translation from codons to amino acids

First Base Second Base Third
T C A G Base
Phe (1) Ser (10) Tyr(4) | Cys(19) T
T Phe(1) | Ser(10) | Tyr(4) | Cys(19) C
Leu(9) | Ser(10) Tyr(4) | Trp(20) A
Leu(9) | Ser(10) | His(5) | Tp (20) G
Leu (9) Pro (7) His(5) | Arg(11 T
C Leu (9) Pro (7) His (5) | Arg(11) C
Leu (9) Pro (7) Gin(14) | Arg(1l) A
Leu(9) Pro(7) | GIn(14) | Arg(1]) G
Ile (2) Thr(8) | Asn(15) | Ser(10) T
A Ile (2) Thr(8) | Asn(15) | Ser(10) C
Met (3) Thr (8) Lys (16) | Arg(l1) A
Met (3) Thr(8) | Lys(16) | Arg(ll) G
Val(6) | Ala(12) | Asp (17) | Gly (13) T
G Val(6) | Ala(i2) | Asp (17) | Gly (13) C
Val(6) | Ala(12) | Glu(18) | Gly (13) A
Val(6) | Ala(12) | Glu(18) | Gly (13) G

a7 2k 2E0] ol mato WeHw, ohulmAte] 74
= AR wek SxFHe] Y4HE HPe molZu)

CODONS NE00RCHRLGEBEEHELOE
AMINO ACIDS «e+{ Gn Leu Cys Ala val |-
MEMBERSHIP FUNCTIONS

OWJ
FUZZY RULES If x is 4/ andx, is 4/, then yisw,

38 2. AYAZRE HAAFH A

Fig. 2. Generation of fuzzy rules from chromosome
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Fig. 3. Genetic operators
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2y 35 Hu

PRCEVRCDWIPRCS D WY DN IRC =Y
@714 32Kikelihood) B4, A, THEH 2ok
A (B = R (50,5 (B
—Tarear @~ 3 T RRS n (B7 n(B)
94 23
RUB = 35 (B R (HB)

PBD= 3 1 oD (P (A
+IR (MO~ RUART - [ R (BB~ R(HD]T)

a9 45 NHY 29 o]-83 DNA 24 7|9 433
£ g3Ed 7|gE veldo
Xk-11k-1)

X (k=11 k-1) k=) pyGe=1)

Uty ey Uy

Iateraction(mixing) [

7HEE f4H 2,=0.001 km/sz, u,=0.01 le/S2 il u3=0.1
ksl D3 SR 1 Ax QojA ztzte] HAFH
E& ¥3 %49 ¥59 2k

E 2. DNA 39 7|¥¢] 27] oyl
Table 2. Initial parameters for DNA coding method

w7 #®
A Aos 200
Ao 3 50
AA T 27] 500
A/ EAH )& 0.9/0.01
AA/ Y/ =& 0.01/0.01/0.01
A v 09

E 3. %=0.001 km/s?) hat] FAY A7
Table 3. Fuzzy rules identified for u,=0.001 km/s?

Parameters

No. of
rules 4] 01 Co 0 q
1 -0.9283 | 1.9564 |-0.0033| 3.3334 | 0.3000x10°
-0.6273| 0.6020 |-1.3367| 1.5000 | 0.3000x10°
1.3290 | 0.1505 | 1.4967 | 2.1667 | 0.0450%10°°
-0.9283| 1.0534 | 0.9967 | 1.3334 | 0.3000x10°
-0.6273| 0.3010 | -0.0033| 2.6667 | 0.3000x10°®

i 0N

E 4. w=001 km/s?d) th3lo] TAD HA7
Table 4. Fuzzy rules identified for w,=0.01 km/s?
No. of Parameters
rules Cy 0] &) 0 q

Xyl -1} B(k-1) Xox(k=1)| Fp(k—1T)
Off-Line truining
of Fuzzy Models

Using DAN Coding

g T
Update

XkIK), BlELE) Ru(k1K), Pk B k)  mk)  R(ktk), P

% 4. DNA 29 7% A58 oFEd 7y
Fig. 4. DNA coding-based IMM method

4. 20N An

o] AojM= RAHHE 53l Actd 7He HH5F3
Aol g Aazg derd 7)E ¢ fd duds 7
4334 OdFEY 71Ey vago DNA 29 719 At
28 x27] iR & 29 2ok
C B BolAYA FAH A sEE Yo} 0.1 km/sie
2 7134k =% Ztzhe) BrdEs FAE) 93 AR
59 F3E DNA Z3 71HE ofgsle] 2] Ao A

500

-0.2192 | 3.2778 | -1.0033| 2.6667 | 0.9075x10 "
-0.7108 | 1.4750 | -0.5033| 0.8334 | 0.9075X 10
-0.0553] 3.1139 | 0.1634 | 2.8334 | 0.9075x10™
1.4198 | 1.8028 | -0.1700| 16667 | 0.9075x10™*
0.1086 | 1.4750 | -0.6700| 2.6667 | 0.9075x10™
-0.2192 | 32778 | -05033| 2.5001 | 0.9075x 10™

IOV R I i

B 5. ug=0.1 km/s%l ti3te] TAE X773
Table 5. Fuzzy rules identified for u;=0.1 km/s®

No. of Parameters
rules Ci 41 Co 02 q
1 3.2360 | 11916 | -1.5033 | 0.8334 | 0.0077
2 44276 | 08937 | 0.1634 1.000 0.0077
3 -1.2324 | 02979 | -1.3367 | 0.1667 | 0.0004
4 44276 | 32768 | 0.1634 1.6667 | 0.0077

FA9 27) A x—y BAFNA (729, 21.5) km ©]
3, x%l st} -150° RO 2 03km/sd] dAY S
olFdTh. ZAe Fol ¥ JEE YFHL 19 59 Lol
FoiA L, Jo] ©E BH] 52 19 63 2tk

Zzre] Fofl isted, G BT B THRAL FA Fod
EE BAE 05kmola, Qe 7MEE FE, F T2Ax
F&e] BF VR 0001 km/solth, EF olg gk F47)
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Fig. 5. Acceleration input

Oy 6. £33 &%
Fig. 6. Motion of the target
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21z 2 &2 digt &9 xHnormalized error)E £33}
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VT (0B — 5 () +(p B — b AR’
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3 —
——- Proposed method }

1
scan number

(a) Normalized position error, P.(k)

o 20 40 60 80 100 120 140 160 1680 200
scan number

(b) Normalized velocity error, V. (k)
38 7. 345 AsdE gF5Ed 78 d vu
Fig. 7. Comparison with AIMM method

— - GA-based IMM method
--[[——_Proposed method =

1
scan number

(a) Normalized position error, P.(k)
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— - GA-basadlMM method
~-— Proposed method

velocky emor

80 100 120 140 160 180 200
scan number

(b) Normalized velocity error, V(&)
38 8 #4d gxngF /v AsAE dFEd 7Ea
A% " .
Fig. 8 Comparison with GA-based IMM method

E 6 A4 4% 9 A48 AAFH £ vm

Table 6. Comparison of numerical results and number of

fuzzy rules
. . No. of No. of
Configuration sub-models % b fuzzy rules
ATMMS3 3 0.6633 | 0.1818 -
ATMM5 5 0.6593 | 0.1784 -
GA-based IMM 3 05527101063 7/9/ 7
Proposed method 3 05454101027 5/6/ 4
5 2 &2
B =RAME 7F EF3E aR¥ez FFH] H3)
A =glE o]&% DNA =W 7|vk 4528 tFxd 713
< Agetich AlekE Jigol A AAl &R Keie ®H e
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o
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Z 7I6 5A8 e Rd 713 vwsie) A2 9] ¥
AAE ol 838t ta ¢E AAE L 5 AU A
tel e fA duEFE VI A3AE deEd Uyl
A} nhd AR, 7180 bR d 7IHE] AR JE &
A& nejsor drie dHS dae T FXF=E sEs}
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