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Moving Target Tracking Technique of MTI Radar Using Adaptive
Kalman Filter

In-Hwan Park*, Sul Cho** and Kyeum-Rae Cho***

ABSTRACT

An adaptive tracking algorithm selectively using a different Kalman filter according to the
stability of the dynamic system for the flight target is made, tested and implemented in real
Moving Target Indicator(MTI) radar system. When the target is not in the maneuvering mode, a
standard Kalman filter with the states consisting of position, velocity, and white gaussian noise
which represents the change of velocity is used. If it is decided that a maneuver occurred, by
comparing the sum of the weighted innovation with the threshold, the augmented type of Kalman
filter with the states consisting of acceleration in addition to the same parameters as standard
Kalman filter is used.

This target tracking algorithm is mathematically analyzed and simulated for the constant
velocity flight trajectory, the path maneuvering flight trajectory, and the height maneuvering
flight trajectory. The simulation results show the acceptable performance of the adaptive Kalman
filter which changes the dimension of the dynamic system on condition of target maneuvering
status.
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Fig. 1. System Model and Discrete Kalman Filter.
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Fig. 2. Block Diagram of Adaptive Kalman Filter.

X(K+1)  : Predicted State

XK) : Estimated State

Z(K) : Measurement

H : Observation Matrix

V(K ! Innovation

(k) : Maneuver Detection Factor

ra(k) : Constant Velocity Detection Factor
m : Maneuver Threshold

na : Constant Velocity Threshold

Fig. 2 A¢ 2% Wel9] Lwelae A4y 2
olch.

V. Al@zlo|M
5-1. AlR30IM 2l

Aed AL AT de 9 g &L Fris] 9
3 B Ao mdg FAIYA FAA2YeZ 7}
A3t 2P o3} ot

1700 00

0100 10
XK+D=|g ¢ 1 7| X&)+ ol &) - @D
0001 01

QE] & Singerr} ALRE 71l o3 F A9 &
AuEl E o] &3} 27)3}qIc}1].

X2
(x,=x)/T
Y2
02—y)/T

X©)=



#2618 W2, 19984 #S A el o] 43 MTI dojtis o] FXH 34 7|y 95

Pu P12 0 o
PO PPy 0 0
®=1, 0 Py Py | 29)
0 0 Py Py
o4y 0
Q) 0 g2 | rr——— 80)
2 0
R(k)= 0 gp| (31)
T (32)
Pyp=04+(Q202/T? (34)
Py = GF crovrmmemmremiinmsesstiii i (35)
Poy= OF/T v (36)
P,= 0}22 + (26}/1‘2) ............................................ 37

oltial X7t AL HE AuDe 245
me 4% YR

1000
Z(K)= |:0 01 0:| X(K)+1)(K) ......................... (38)

2 AN, T AEY AZdold, & =flAe
MTI =lelt] <tei} 3|A<4x7) 30 RPM 3l
T =2 sec 2 A 3s}5c}.

HA A2 doA 7}5A] o = 0.75 & 83,
7158 Gx sk Aoy A9 )= 42 HAA
gt} YAA na-d 8 X% Chi-Square & 3o 4]

95%2] AF7E ZEE A, Table 1ojA
T =155 ot} FTM A e doA 7l&E 2 ¥ E
A7) A% dlole] & =2r)= 28 A, YA
N & 4 A% Chi-Square £ Xol|A] 96%2] Al
F7+8 25 E A5 Table 1914 1. =9.490]
o},

Table 1.2 Chi-Square ¥ ¥-& ¥ oS},

5-2. WAY JLRAIQHEISS) e1Jt

A|2Ele] 17k A2 X, Y ubdk 459 10%
o #Fsh= 4 g,

2, 4to]

E[WE)WT(K)]=Q(K)=(15.5mec)? -rwrrevoe (39)

Q A& Wiz
27 g ST 2IIse] Bito]

EVEWI(K)=RE)=(12.5m) -ovvereeemecreenns (40)

2 FoiA e 4y -2 Arrsks

w4 3182 Box} Muller7} Ajqtg} sh¢] o<y
(Power Residue Method)[6]¢]] 2j&) W] 432 &
gtEo] ¥ 3(Normalize)A|7) ¥ HxF Fa4
4 .

5-3. REES Uy All2l2 U AlEolMd
=

Aedt e WA S e FRE v Ade

Table 1. The Chi-Square Distribution with n Degrees of Freedom

2 P)
Xooes  Xbo

n XBoss X2  Xows  Xbos  Xbw  Xi1s  Xeso  Xdas  XBro  Xdos X005
1 7.88 6.63 5.02 384 2M 132 0455 0102 00158 00039 0.0010 0.0002 0.0000
2 10.6 9.21 7.38 599 461 27 139 0575 0211 0103 0.0506 0.0201 0.0100
3 128 11.3 9.35 7.81 6.25 411 231 121 0584 0352 0216 0115 0072
4 149 133 111 9.49 7.78 5.39 3.36 192 106 0711 0484 0297 0207
5 16.7 151 128 111 9.4 6.63 435 267 1.61 115 0831 054 0412
6 185 16.8 144 126 106 784 535 3.45 2.2 164 124 0872 0676
7 203 185 16.0 141 120 9.04 6.35 425 283 217 1.69 124 0989
8 20 2.1 175 155 134 10.2 1.34 5.07 349 2.73 218 1.65 134
9 236 21.7 19.0 16.9 147 114 8.34 5.90 417 3.33 270 2.09 1.73
10 252 232 205 183 16.0 125 9.34 6.74 487 3H 3.25 2.56 216
11 268 247 219 19.7 173 137 10.3 7.58 5.58 457 382 3.05 2.60
12 283 2.2 233 210 185 148 11.3 8.4 6.30 523 440 3.57 3.07
13 28 217 247 24 198 16.0 123 9.30 7.4 5.89 5.01 411 3.57
14 31.3 2.1 26.1 23.7 21.1 17.1 13.3 10.2 1.79 6.57 5.63 4.66 4.07




96 sy =

RN TR

y-RANGE [m]

A

16000 |
12000+
v=200m/s

8000}

4000}

x-RANGE [m]
-

.

5000 10000 15000

Fig. 3. Constant Velocity Trajectory.

22 g9 A 7 J1E AAL A
MTI ol AlxdlefjA] 4 gl SRE H)
2 AE] e = ol A7l 7I1E AL 2=
A4 9l

A) E-FEo| #Holrje| AAlAA A e Wiz} ¢l
o] 54 Alyn|3Y-2 ¥ A5 TR EL 204
X(0)=[x,x,y,y]=[2500V2, 100v2, 25002,

100V2]
2 Fig. 339} 7Fo] 100 sec 53t 54 v] g3},
Fig. 4= AlEdol4d AE Yehidi, Fig. 9¢}
Fig. 102 §8 52 x| 235 vjepiict

y-RANGE [m]

A

16000 |

12000}

8000

4000

*RANGE [m]
15000

0 5000 10000

Fig. 4. Constant Velocity Tracking Result.

y-RANGE [m]

(-8727,8727)

10000
v=200m/s
45°
20000, -1000¢
CENTRIFUGAL
FORCE 2.25¢
(-17454,-2546)

Fig. 5. Path Maneuvering Trajectory.

x-RANGE [m]

B) ZXE0] #Heo|tg ArpAAteA 2% W3} gl
o] 7| %% 7% EREL 274
X(0) =[x, x,y,y] = [-20000, 100N2, 0, 100v2]
2 Fig. 59} 3e] 250 sec 59t 5% wj#3]n,
Fig. 62 AlE&#Hol4d AAE vlehiiol, Fig
113} Fig. 122 S22 914 225 epiich
C) 5XEo| nx W2lE 7IAHA 54 v & 73
$ ZRE-E 274
X(0)=[x,x,y,y]=[125000v2, 100V2,
12500072, 100V2]
2 Fig. 73} o] 120 sec 5t 55 nj3)3}ni,
Fig. 8& A|&#elAd AAE ehyq, Fig
139} Fig. 14& S ¥ 89] 91A] 248 Jehiic}.

viid 8

HEd 34 A2de AFH =9 AP ¢ 4
3 A3 A e Aele A A ZRE Uy A
yej e disie A4 Al2d e 2oy F2t
siglon A U AA 3 Alele L3 A2
9 A3 34 A5 H4 el Azt B2
2 vl A eF 5 A, Al U AelMe
e 715 g2 Agvt AAR QAAE b 7]
F S AN, F9Y Aad 2de St
A2z dz A3}, 71E5x seioetd] o 2
gt Gej7} Bt I, AAl Z1E o) TAEE
w GE|7} 7150 2 A AeE AAst 7158
o] WAzt A E Witk 7t wd2 A=
A}, 349 33 AR Alel9] 2abke A WA A



W24 M2 19984 A3 47 Uelg ol 4% MT alojtle) o]FEA 4 7y 97

Range Etcor [m)
y-RANGE {m] 30 A

A ’

bR 3

l—-mn.mnng Point 1 WL
a—Manouvering m o A'A M YA ﬂ‘ m /\ A

Point 2

XRANGE [m] o

-
/-zoaoo -10000 wl
Mansuvering -»-

Point 3 =50 |

Secand [sec]

A 4 A .
[) 10 20 30 40 50 Z60

L- Mansuvering Point 4 0 -60

Fig. 6. Path Maneuvering Tracking Result. Fig. 9. Range Error.

Bearing Error [degree]

o.J‘r
0.2
AZAANGE |m)
I 0.1
3000 A /\ /\/\
o \V/\.
VIV ¥ V7 Vv v
2000 -0.1
v = 200m/sec
" 0.2
1000 -
0.3
s00}
‘ ‘ . ) *-RANGE {m] o Second [sec)
2000 5000 12000 17000 21000 25000 o o 10 20 10 4;) 5;, ﬁn
Fig. 7. Height Maneuvering Trajectory. Fig. 10. Bearing Error.
Range Error {m)
y-RANGE |m] 40
A
A
L 0
20
| Maneuveting Paint 4 10
10000 x Maneuvering Point 3 o I
\ =10 P
Maneuvering Paint 2
20
2000 \____ Maneuvering Point 1 - RANGE [ -3or
K- m|
N a— . w Second [sec]
0 5000 10000 15000 o 50 100 150 700 —>,

Fig. 8. Height Maneuvering Tracking Result. Fig. 11. Range Error.



98 g - = 4. 23

WERE RN

Bearing Ersor [degree]
02

Second [sec)
. N " . . >
0.2 1t

(] S0 100 150 200 250
Fig. 12. Bearing Error.

Range Error {m]

A

40F

20F

LA /\A A [\A
WU MY

-20F

-
—<

40}

Second {sac)

Y

-60 . . ; . .
0 20 40 60 80 100

Fig. 13. Range Error.

Bearing Error [degree]

A

01

0.05f }
¢

b l /J ‘\Ir\\/’ L\/AVV ,Av_

Second [sec)

.02 i : i 2 L -
0 20 40 60 80 100

Fig. 14. Bearing Error.

$-of] w]sle] 9] Xo)7} WA stgict.

ZAIYE Asng AAadd 9l A 23k= +o0.
5 %& IR 43 3len, ey 3= +0.15 0]
W2A vy EREE 33 MTI ol A~
el A SN A PYAdqg. =3
og7)1A AHSE Zt YE 9] Ak 44 s
sevelg weidhs Ao] opuR, o2 2§ P
Hyc 7% @R A 34 Alidege] Ay e
2 Houz ERES HY A4E AL Y &
A&z FAHT 4= s} ol AA Helr] Al
oA o wejga vlo]a 2 X2 A HEE 549
A 2 A~ Fede] FAdE gol3lc)

A#ngEH

1. RA. Singer and K.W. Behnke, "Real-Time
Tracking Filter Evaluations and Selection for
Tactical Applications," JEEE Trans. Aerospace
and Electronic Systems, Vol. AES-7, pp.100-
110, January 1971.

2. C. B. Chang and J. A. Tabaczynski, "Ap-
plication of State Estimation to Target Track-
ing,"” IEEE Trans. Automat. Contr., pp.99-109,
1984.

3. Y. B. S. and K. Birminwal, "Variable Di-
mension Filter for Maneuvering Target Track-
ing," IEEE Trans. Aerospace and Electronic
Systems, Vol. AES-18, No.5, pp.621-629, Sep-
tember, 1982.

4. A. Gelb, Ed., Applied Optimal Estimation.
Cambridge, MA:M.T.I press, 1974.

5. M. R. Spiegel, Ed.,, Statistics. Shaum's
Outline Series : McGraw-Hill Book Company

6. Byron S. Gittfried, Ed., Elements of Sto-
chastic Process Simulation : Prentice-Hall.



W26 W2, 19984 A3 4t Yelg o|§% MTI dlojvld) o] FEH 4 74 99

s CEESE!
24719 2713}

R
=
Ym
(K= |75 | oeerveeemeecmmemet sttt b bbb e b e e e (A-1)
Ym
Xn
L ym]
;,. S (2/TH[Z LK) = £] -oovvveeremesrerssssmsesiosississ i s b bbb (A-2)
;-m =(R/TE[Z LK) =P rweveeerremessesmssserinsssee e st s (A-3)

A a

P R ECESL

Pim Py 0 0 Py, 0 |
Piom Ppw 0 0 Py, 0

P - 0 0 Py, Py, 0 Py,
R0 0 Pay, Py 0 Py | s (A-8)

Pisu Pysy 0 0 Py, 0
0 0 P35mP46m 0 P66m

Py = O
Py = o
an =(4/T2)03,2+(4/T2)P11+P22+(4/T)P12 .................................................................................... (A-11)
Py = (4/T2) Gyz + (4/TZ) Py+Pyu+ (4/]")})34 .................................................................................... (A-12)

Py, =(4/TH[02+ P+ 2P, T + P,,T?
Py =(4/TH[0? + P33+ 2P, T + P, T7
P, =@2/T)c2
Py =(2/T) 6}
Plom =5 /T2 B covreomeeeennm sttt s

Pagr = (Z/TZ) OF ovveermemeimesse iR

Py, = (4/T3) o+ (4/7‘3)}:'11 + (2/T) Py,+ (6/T2)P12 ........................................................................ (A-19)
P, = (4/T3) Gyz + (4/]‘3) P+ (2/]‘) P44(6/T2)P34 ............................................................................ (A-20)




