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Abstract: Two maneuvering target tracking
techniques which are based on the Input
Estimation (IE) approach are compared in
this paper. The performance effectiveness of
these methods are evaluated and compared
in a high maneuvering target parameter
estimation process. It is shown that both of
the above techniques are degraded when
targets move with high maneuver. In this

paper an innovation matrix covariance
resetting is proposed to overcome the
inefficiency exist in high maneuvering target
parameter estimation.

Keywords: High Maneuvering Targets,
Maneuver Detection, Matrix Covariance
Resetting, Fisher and Bayesian Uncertainty
Models

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006

VT YA it 5 = it~ -t S i it oot e (G



@9@02 Jawwing pue Bunids -T"ON -€'J0A - S1eau1Bu3 $21U0.108|T PUE [E9L1193]T JO UONERIJ0SSY UBILEI] JO [eulnor

5 SleMbl 51T gl s U5 4 5yl e 9> Slid ppes Lol
2 oty oM sla g ol TS JSs a L
Lo olad wld SO plgs @ ol oK s
. R .. . L e .
4 B Jio pl g 0 (5,8 (atuieg oled | Siuwende>
L o olKin o] 5,Slae g 0390 yoile b Glaal b,
P 2]l o ialS sl <8 s g (ol s pa) Glud
a ol b dlial pess g il T ol By, ;50 dlie
P o ausip eluly ey cpl «eul oad @l GLR' b
WS (o Jos ygile 3929 4n2 )3 (65503 5 y5ile d2g pis g
do bl by Gua gl 861 Jas! cans &S LK
L3l (oo Bum <S> )3 ygile d92g (sime 41 39 18 (une
ol Slaie (0 8 ela s 5l cdel oboy Pl o
Pdaa gy cla o, S og b e odlaiwl pi, 5L
Ola e oy 4 el gls 008, Gl el Claise
Joce 6l Jae odad Slaise p3 oS s aiiis o)
ol bicwl (b (298 Jho Jlie 3 (Jy cul (as e
(mded Ola w5 j3) 1) Gua Cuow 9 3 (sl yial )b oy 4SSl
ol Loy (siludse (sl (el Sl 155 (oo (05T
2SS Claiz j3 5 diiws yuuwlie (BUd Curdg (6 S
il dnd 5o 213 oo 009 (s > 4 (el Al
o3l glalas ‘_5_J9 dgd (o0 oaliiwl LB sl yzalyly (eSS g
355 Jods (B 4 (n )5 Claisee Sl WL Ciew 530 65
[4]42> (oo domsi 1) ol (29,5 (as 18 Jio &5
b3y Sl 09y I3, 101355 (oo o3l (sl 0l sl ks
Ol el o dlpidy o3l IS il 1 solasl b Blaal oy
b piese SO 4 ol (ilo ST Lo 4 L e
oero 1S yild 5l enlatwl Kl ¢ 29 (Jad o &y oS 029
oolol g & gy plo b duglio )3 gy cul WS (0 w23,

% Batch

4 _ Recursive

°_ Online

®_ Auto Correlation
"_Generalized Likelihood Ratio

D AYAD bl 5 o g1 oo — o500 S — ol Seig 550 3 3 o (30291 e mm Y V.

dodo -

S da i sl yielb Slelis g Bua oo, aiues
S s 3 (bl Plus Jl (S (o o 5 99)55) OT
0l plosl (godaie Gladss ST bl opl ol (540
Sl g )3 i 9 39000 e oot )N Wl &y &S ol
b 48 Cuwl 0l e o pf g Clisre Glaiswe I edlaiwl ez g0
ol el sl e glite g d g cimds Ll lyls ol
(Coows) Bad gl g (2y) Bid Alold asuds diwej » WY lae
@l g 0352 3898 ol Claa )3 9o b g o5 slaygile L
5 3l 03505 a8l zelyly 98 ol eSS daue (sl 1y (oelles
S S g oy JLwlid g jacsils dise) ) 45590
(stars 3, Slasig 039y s (glyl> 0L Heile b Blaal (¢lyy Bun
AHb )

2 Sl leand gy st lo wi)sSl (rivren
b aezlge 5 L)ool )15 3929 (05 9 (e Sliaise
Fygle b Glaal b g jole a0 9 Cob cepw gl Glaal
Ll e B (0bs) kS 5 il and S (S)9e
g5l Vs I ol s gy (oo Cawd I sy Sbd) Cuols
S b3y lygle gk g ogle b Blaal (o5 S 9
le (gl I Lame 4 & Cuip ol 4 S e Gaa
b 3 Ban 0bd)y wh)eSl 4 (Jgeme il 5l 0l 39240
oS sy o)sl 4 el D98 (e @ise sl b
B85 ooy 355 Vgame .l (6908 o] 90 o 9 gile
Sl sl o8 sl)ls s OLJ Baa ele o
ol o el 4y ©yge y5le gopd ol (il
Ml gl gile boysd ooy JyS (slp gy S callio
Sl JSS A (9399 omeSS by b Bae el (g5l
Ao 3l eolatel b [1] (ooleiin gy «tunl sas 1)l (RIE)
Gl ol o nl & ol @85 15 byl 390 ) e
slad g ol (o Gkl Ban Sl b g diged Sl
oL j1 45" Sladg) b dunlie 3 sgile 955 )3 Ban (3,5 Jlo>
Al o palS Wy o opme by 0 (gl y diged ol Sl
Sl )l 3929 s5ile b Blaal (g3l and (sl LAl (clods,
O &dew g @l Wl yd 5l a8 gl ild 5l eslaal , ke

! Recursive Input Estimation
Z _Monte-Carlo




5 a4l |y o S S @ oM el g Sinaso cblje
B9y ool s AL (o0 )30 syt el sla il )
Glaal gl 4SSl youd 00 Ban (g0l 4y s )X Sl
28 @ ol slolid 5 3L sl el b

b jogle b lual (gilo and )3 0> (lads) I Se
JSd a Baa giladae slive 2 gy ol @ly 5> ol b
5 Col Jlgzal o393l allS ld gile ely b g el (glas
Sl ol )3 a8 ey g e Cumsg Hop b Ban il Jie
199355 oo Jla! s 4 A lal £39y5 Sy UK 4
Ol n0bg) ol o 4kl Logas s oo Casd 4 Loy, o
dl)b 9 oS = J_uo).n_.o Cow u‘flﬂ‘)) dUa:- RS u»bl)
Gizd )0 .0l e el S ol jeile WYL 40 0 gy oy
o Dl lad pil)lss” g lo (SLESL olad 2 )8l pol
L Glial sl yiol)b (aseis o gl aasMo b Doy 45 23,5
3y5] (oo ol o 3L (sl gle

\0..“ I “SP'\GLSLQJM _Y
crie sledde doguadad pae (5l s 3 awlal Jae g

claa ]y 5loas aslis JS5 90 s ol ““:’l%@\v)»-&gég
A Lo sl o JSSw Sl (sl

\Yd

pis lodie (p )5 Jgeme g oy 1S (pie Jio
sl e IS5 4 Cunlad pae pio sldie )0 ol Cualab
oaseice WalS 5Vleis] aihes b 3T slan] s by o ol
725 JSb 4 g Bgd e J e (rmeipgd 9 Jol slaygliiS L L g
Sgd o3y iuled Mlgy oo

M aseiel Mol IS5 4y Wl o W a3 j)l8 51 (gl o
A el has i Jhe 4 Jhe 00 cnl 3 2L
45 By i Jhe i Al lgis 4 b Jse 3)lge ]
Ay Lbazdlogd oas)S ) 000l 0 Q(0) = ool

B_Augmented Kalman Filter
“_Unkonwn

5_Models of Uncertainty
16_Bayesian

Y_Fisher

18_Completely Unknown

38es (Ghls WS (0 Y 9 X slajgoe Job > el Sl
J10] coul (s im0

b i SIS o ot (sl ol i Jio (S 15 &
5 g Jold 45 odm b b gl sy oK ) eslizl
[11, 12]54) o SIS0 Canl (35,8 laiBeo pium 53 Cusbgo
polde ez SUlgy aS jilid Sl oolasiwl ¢ gdaaie Yoy
o Ty A4S 5 58l 2l lnl lid 5 Curbgn ono
P osle b S 4 Glaal aYle cpl ) cul oads Sl cunl
Ao Jdo g odblieJde 90 4 jld g Cowl odd a3 LS
wialie Jio 13, 14] 355 Lo Jlosl Gun <8 il
o Sogo loly Lauigs &5 1, s 57318 3 (slg S o3l
o Oy Ban O 2 55 (Seelns Jio NS (o o pdS Oy
Cepw Ja 588 boils bd 5l Ve jl auws opl o a8
8y e opg (CA) Vel Glis Jao b5 (CV) Venls
2 gl Sy gloj 3 & Cui) gy ol Sledns dler
151 5ikd g &by oo 5l yg00 4 o] 23y 2L a5 >
gl Gl aly cop Juo b Bun (0bd) il Sy 09 (0
s Sy JSutie opl b ablie slp (CAV) el cspu
D sl dgy Alie oyl il and b . [15] el
Sy o i (CA) 4 (CV) L aslie (0 1) CunBgo i

bomgy el Siwss Ky 5l [16, 17, 18] gl
by ey wlbmgy el Kiass ol sl 0id edlizl
bl dlex Gl 4 B Clid (28 b Blaal gla gl
P9y ol Sleimdgione dex Sl sl aiby SIS b Sy
ot o gyl b 4 5 350 o2l &S Cany]
S Wod b gl 455 4 Wb byl ool 5 e eles
o o8 by I cusgize cpl gy cuws I ld (glub
Saa 23y wh)sNl S [19] 3 bl nl 8l (o g,
ez b ol 2 Slas 5 o sl (93909 oe55 b ysilo b
nbo Gl wsis sy opl a0l dunlie adl—ga S
S glgie a ]y Gan Qs o wdg adlb—g0 (Koo b aslice
5 S99 NS Su g aB)S e (Balal — e dlex
rode 5oy o e il JSS & yele Lo ST S

8 Range

°_Elevate

0 yaw

!1_Constant Velocity

12_ Constant Acceleration

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006

YV ATAD it St ot - 1 535503 1 i ot 2 (D



@9@02 Jawwing pue Bunids -T"ON -€'J0A - S1eau1Bu3 $21U0.108|T PUE [E9L1193]T JO UONERIJ0SSY UBILEI] JO [eulnor

> (nn) = E[(X (n) = X (nfn))(X (n) = X (|n)) "] ’

D NGRS ..
w);l_nz 5 o5 glas il leS” wplae
o gl 5, 615 Sy (slls il S

b3y oy ¥

slad ) Baa (il 4t slady) 4 SV I ()l 5
[5-8] el 005 0,31 s

Gim 93 Slaiduw jd Bun &S wld (56,8 Olidss oyl )
Jie gl S o Lo 3 domis Sy 5 LS oS, ko
u(n) =0 5le gamr Ban lo sl pj JS5 & b (slad

Dgd (oo 48)S Jlai )

X(n+1) = F(n)X(n)+G(n)w(n) )

X =[x x y yT

325 W i 295 gt ile Gl g le B ol o o8
e 4B a3 O eilyly b ks S5 4 oS Col s
el SYolae (5lw wtwnS G g F cla o jlo g
= oS yes opwiled 5l ookl b T 15 p@ges lajily diogn
Ban Codge Y g X Volae ool 0] oty oS >
5l le G g F 5 el

2 T

T2/2 T 0O
G=

00T?2/2T

o O O -
o o+~ -
o O O
~ 4 o o

Do dales 15 Cyao & o pS 0kl dlee
z(n) = H ()X (n)+v(n)

ojll 13g5 V(N) 5 039) 15 0jl8l L le H(N) ol o &8
4,5 5 3R GublsS e b oS S5 &0 g sl S
g o 03 i S5 & H(I’l) o yle g 0

1000
H=
{0010}

N ATAD bl 5 ot gl o5kt —oges s ! Siig S 5t (it eyl oo = ¥ ()

L5 glls A Ly (ogede 515 51 e 93 ol o5 2l
[4])

X(n+) =Fn)X(n)-+Gnw(n)
2(n) =HM)X()-+v(n)

X(n) state
z(n) observatio 0
v(n) whiteobservatiounceriaty

w(n) whitesystemrivingnceriaty
X0 initiatondition

R(n) n=n,
0 n=n’
R

E{x(0)x" (0)} =y, E{x(0)}=0
» E{w(0)}=0, E{v(0)}=0

E{v(n)v" (n,)}= {

O glde 3 gl s Y

Sl Yl glodie 5l conbad pas (gl opjr Joo
o ysio olese auW(N) , V(N) | X(0) g 59— (o o3l
Lo (o 1538 o (1 lo L Ao (B3l

oo o (b G() , F(N) , H(N) sl e
b X(N1) (re55 (gl 5d §) Ban sl 00h (55 poles s
o35 &S Sygo > wul Z(1).....2(N1) @lanlive ;) exlizuwl
Ao periee (peS glad uillsS uple g1y g el (e
OolLS il By pme 9 Jgese (Slalgerd 4 (398 Al o 2l jlas
Pyd o i i S5 &

X(n+1|n)=FEmX(n|n)+ KN +D[z(n+1)
—HM+DFM)X(n|n)]
KM+)=X(n+1n+DH" (n+HR*(n+1)
Tn+1n+))=TM+1n)-Z(n+InH" (n+1)
[R(N+1) +H(M+)X(n+1|n) (v)
HN+D)' T"HM+)Z(n+1)
Z(n+1{n)=FMmZM[n)F"(n)+GMnQnG" ()
3(0]0)=0, X(0]0)=0




adolre asy Bl dlor S§ Cjgo 4 Ol Ggile b e o
23,5 o Jles! (3)

ol 3 EYs s e X(N+1[N) 50,20 K(N)
s Gy ol N 459¢u;,1_\muw444?,;1{4§w|€1n+1
- ]rm n JJL»BL 1 MQ} :.A)L’jn . J.;]
510 sladl xS 20 G e D) = EX (15 Gl G .
Conl gl el LB 525 )9ile

il ool diej )3 (3390 Ve Jl (S5 o ke lgie

ﬁ(n) = ﬁ(n -1)+G, (n)rm(n) ' v) wdls 93 gl edl cledas 8] Gan b, sla 43,6
ol < e bye S0u S 15 JSG 4 jeile (g0 g yeile b i
G, (n) =P, (n-1)W A 19
W =MT(MHT(HMMP,(n-HMT (MHT +R" () X™(n+1|n)= X +1|n)+M(n+1nu(n)
P,(n) = P,(n—1) — P, (n —)WHM ()R] (n-2) )2”‘(n|n)= X (n| n) + N (n)u(n-1) ()
s 00 002 2ol LuilylsS (R™(N) « (A) alslso 5 s

Wby Ol (o0 9 Sl
R™(n)=HP™(n|n-)H" +R ®)

M(n +2) = FN (n)+ C (n) *)
N (n)y=[I'= K (n)H]IM (n)
ol Hgile b Gun el Slis M sl

Actual and Estimation Trajectory in ¥- direction (m)

Actual and Estimation Trajectory in Y- direction (m)

200 T 250 ;
— Actual Trajectory — Actual Trajectory
. - Estimation Trajectory - Estimation Trajectory
£ T 200r -
= 180 F =
) 3
E: S qm0f 1
o o
£ 1001 g £
[ [
= 2 100t 8
[&] [&]
g g
T gl | =
= = E0f 1
D 1 1 D 1 1
0 5 10 15 3 10 15
tirme [sec.) tirme (sec.)

Actual and Estimation Welocity in #- direction (m/sh(@)=10 m#s vy([0)=15 m/s Actual and Estimation “elocity in - direction (m/spvx(03=10 m/s w(=15 m/is
T 2 T T

— Actual velocity
L ---- Estimation velocity

— Actual velocity

- Estimation velocity

i 20t
= T =
o i =) H
= : s '
| % g
5 sf 1 5 |4
g | ERTIY ]
= H = H
= of 1 =
: 5h 1
I rI
5 L L i} [ L L
1] 5 10 15 0 5 10 15
time (sec.) time (sec.)

Wang uuj)s\JysxUM):umusmgsdﬁjs‘u&ﬂbd&u&ﬁsuﬁy‘”&db)ﬂo& (\)J&w

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006

VP A G5t o~ = S0 i it oot e (G



@9@02 Jawwing pue Bunids -T"ON -€'J0A - S1eau1Bu3 $21U0.108|T PUE [E9L1193]T JO UONERIJ0SSY UBILEI] JO [eulnor

o adsl copaBse oy (le and (pl 53 sl ol (5l
4 Al cue B d
Gl o, 5 V() =, (0 v, @] =[0 15](m/s)
ol)lgsS e ple adgl jlade sl o a5l ) jho j
ol 95 5 2218 g slemile 5 0290 D (00) =101 s
Aigei 23 R=0515, Q=0.251, 1)l ajle i 3o 5

ol 456 0.1 55 gl

@ 35 5le b Jde (gl (155 5 (o Ui slleS uil)lgS
ol pj IS5

P™(n|n)=P(n|n)+N(n)P,(MNT (n)
P"(n+1/n)=P(n+1|n)+M(n+1)P,(MMT (n+1) (0)

5 Cmdgo sl ially by st 5 Slas SOLE (V) JS
) 38 sy 1ol L ¥ 5 X lia e > iy

Ao )00 de g lid &S b o IS5 opl .cwl MWang

Actual and Esimated Acceleration by Method of YWang

1.4 T

08k |

06k |

Acceleration of Target

oabi i

=
(&)
T

T
— Real Acceleration
---- Method of YWang

time (sec.)

Wang b9, & Clud (9 (Jg gl Sy b B Gl (paessi 3,Shos 1Y) JSWO

A at) =la, ) a,0f =01 02)m/s?) s
aS ()leo 30,5 o odrlin a5 jshailes .l ol 48 )3
b olid ez Hlade oyls GLid b ol pen (6)gile Baa

N AYAD bl 5 e g1 oo — o500 S — o] Seig 550 3 3 o 30291 e mm ¥ Y

g Cbge slayial)l (olody 2)Slae (F 9 ¥) (sl 5>
GandaS s pWang oy Y 9 X Glaie jd ce pw
M il and cpl )0 0d 0 0lud Cunl (B Gl (gl

gl copw oy g o a gl adse
Sl s V(0)=[v,(0) v,(O)] =[3 2](m/s)




Actual and Estimated Trajectory in ¥ direction {m) Actual and Estimated Trajectory in Y- direction (m)

500 300
— Actual Trajectary — Actual Trajectory
- 400 ---- Estimated Trajectory i = 250 ---- Estimated Trajectory
z 1 £ 200 i
E =
= =
= =
£ k! £ 150 b
= =
2 =
2 1 2 100 1
= =
> | = g |
o \ \ \ ] \ \ \
] 5 10 15 20 ] 5 10 15 20
tirme (sec.) tirme (sec.)
Actual and Estimated Velocity in ¥- direction (m/s) Actual and Estimated Velocity in Y- direction (m/s)
wieiF3 mis wy(l=2 mis w3 mis wy(li=2 mis
a0 25
— Actual Velocity — Actual WVelocity
40 ---- Estimated Yelocity <7 o0 ---- Estimated Velocity
Z =
g 1 ERRE 1
2 2
5 g 10 i
G b5
2 2
= 1 35 5 1
5% = ;
] ok ]
n \ \ \ 5 \ \ \
5 10 15 20 ] 5 10 15 20
tirne (sec.) tirne (sec.)

Wang (g, a1y 9 X Slaisuw ;3 Coll olid b of jod adghias pw b Ban s pw g CurBigo (o3 3,80es (1) S5

Actual and Estimated Acceleration in ¥- direction (mfsz) ax(t)=0.2 mis? Actualand Estimated Acceleratian in - direction (mfsQ)‘ ay(t)=0.1 rmis?
— Actual Acceleration . | — Actual Acceleration

i — - Estimated Acceleration o Estimated Acceleration
B D2p E 037
= . — [I
ER - e s |
E 0113?!1-}]“‘\' T ] £ o2l 1
=z = o
3 g 3 .

h o |
Z ; L
s B 1 R e e
2 . S (L T
g ! g h
3 017 B £ of 1
= ! = [

0z 1 . . 01 . . .
i 5 10 15 20 0 5 10 15 20
time {gec.) time (gec.)
Actual and Esimated Acceleration by Method of Wang
0.4 : T T T T T I

I I
— Actual Acceleration
---- Estimated Acceleration by hethod of Wang

Acceleration of Target

|
i 2 4 5 ] 10 12 14 18 18 20
time {sec.)

la(t)| = yaZ (1) +a’(t) =0.2236 m/S*Wang g, 45 culi biad L ol yoi g gl Cib puo b Bt i (o5 3, 8has 1(F) JS5

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006

VA— yras Ol 9 5= o 05lond —pg Sl =2l Sig 7SIl g (32 comtiage (oo M@



@9@02 Jawwing pue Bunids -T"ON -€'J0A - S1eau1Bu3 $21U0.108|T PUE [E9L1193]T JO UONERIJ0SSY UBILEI] JO [eulnor

RAug = E{VAugV/;rug} =

E{(HGw (n) + v(n +1))(HGw (n) + v(n + 1))

HGE {w(n)w(n)"}G"H" + E{v(n + Lv(n+ (\Y)
= Rayg = E{Vay (N)V 5 (M)} = HG

L Slual sla el (pedS (sildie dlins o cpt
Copalad pae (Slodio oS 5 bl sim 93 Olaise 3 55lke
IS s ool clls (slad p,8 005 o oSS puind = oy s
eSS 5 &b |y cpin Gl pae b cdls slad o)kl
0 Oygo Dlliwl el ild lul y X0 e Sl by
M ader g poile syl Xpyg cnpd & ags b opdy
Conia] 5503 95 B &5 09 (0 03] (o5 (lojer Sl
O sbayiall 4 o g (el 000 B2k ST UGS sy oS
D9 (o0 59y 4 9 3pdy (o0 8B B S ojluil alex I g s
b9y L o glie 5 [20] (ooleiiy w8 (5l dns ol
Wl o o3l L (£ 4 0) S5 > Wang

Ol b (obd) 3es &S 258 (o0 0 (F)JS 4 429 b
Gollao s (Jgl 456 2z > o] )38 )13 I e by,
5 b3y 3Ses sl bl (o (Ol (ue3T e g 0392
S 50 Bas alold 5 Cs p dlos 1 Gua Glb ol )b e
By g o sl CuxBas by (il aud il )0l Cunlin
5 V(0)=[v,(0) v, (0)] =[3 2](m/s) alsl s yu
» s My
s oat)=[a,(t) &0 =01 02)(m/s?)
ol 8 el sl G Iajags cilasuiie (sl o0d 48,5

odliul (35,8 wlaie )3 ellS jild 5l aSul 4 a g b
2Bl B Sl 137568 uil)lsS Sl ilo g Canl 003
2 bl €8> 4 bgpe SLSJUE 4 a2 L) Cunl (oo
5 2218 g b Sl le 485 ©pp0 slosl 4
Cawl 04 QB! gl 465 (op 3,8 Glaisee ) 18 ojl0l 59
Ban ayly g dlols jel)ly ¢ lad Slaises 4 Joas I g &
sl ly s b cuslize (uilylsS olen (glylo

N AYAD bt 5 e g1 &l — o5 Js — ol Seig 550 9 i oo (30261 e mm Y A

ZAug (n) = Z(n +1) =H Aug (n)x Aug (n)

B9y xS b Bae b, [20] (ooleiey wiapsSUl 5
B9y ol 2 29 (oo Pl 03938l Kb 4y 18 g (njm (o5 ¥
aslae o Magae Ny aslial JiSew o olye 2 U(N)
plgs Cupalad pas 93 b G900 cnl )39 (o 4B)S Jl5 )3 il
$35939 (i JAe) s koo 295 olgie 4 W(N) (S
5 (b o) g0 Jy il e 54 ol 4 U(N)
Al 2,8 b b el muled )59 pw 00 039381 a4
¥ adles 4l gydas i el oy S s 4 U(N)
A 04 03938 i s Y0lee b eile el Jae S
Dodan LA Y 5 Vsl dolee jo okl p 50 IS

{X(n+l)}:{F CHX(M}{G}W(”)
u(n +1) 0 I |l u(n) 0
z(n)=H (n)X (n)+v(n)

0 1 0

C G
XAug (n):[x(n) u(n)]T; FAug :|:F :|;GAug :|: }

zn+)=HX(n+1)+v(n+1)=
H{FX (n) + Cu(n) + Gw(n)} + v(n +1)

2(n +1) = [HF HC{)J((:))} + HOwW(n) + v(n +1) (@D
= H,, =[HF HC];V,, = HGw(n) + v(n +1)

s 9995 (o bml G 3kl Jae S cul g

o=l @8lg p3 g0 Jlesl ol gy 1y 3 lnkal a8 jild olgs
xAug (ﬂ+1) = I:Aug x(n)+GAug W(n) )
AR

L | dgan it g 5 V(N) W(N) &8 b )

725 JSab a1y ead o393 8l b uillS il Gl (o0
2015, cuws

19 Unknown but Bounded
2 _ Uncorrelated




Actual and Estimated Trajectory in 3 direction (meter) Actual and Estimated Trajectory in Y- direction {meter)

*I=0 m, wdED m #{M=0m, y[0FD m
500 300
— Actual Trajectory — Actual Trajectory
5 ---- Estimated Trajectory T 250 ---- Estimated Trajectory
T 400 ] 2
£ £
& T 200 1
& 300 1 g
3 E}
= é 150 E
S 200 ] =
3 = 100 i
2 2
= 100 1 =
B o &0 j
o : L L 1} L L L
0 5 10 15 20 0 5 10 15 20
time (sec.) time (sec.)
Actual and Estimated Welocity in ¥ direction (m/fs) Actual and Estirnated Velocity in Y- direction (m/s)
wi{o)=3 mis, wy(0)=2 m/s wr(0)=3 mis, wy(0)=2 mis

m
[=]
]
3]

— Actual Welocity — Actual Velocity
---- Estimated Yelocity ---- Estimated Velocity

=

[=]
]
[=]

= =
E ERE ]
S 2
S s |
e B
= = Gr 1
= > ;

10 ol |

0 . . . 5 . . .

] 5 10 15 20 ] 5 10 15 20

time (sec.) time (sec.)

o
i
=
L

Actual and Estimated Acceleration in - direction (mf32) Actual and Estimated Acceleration in ¥- direction (mfaz)
ax(ty=0.2 mre?, ay(e0.1 mis ax(t)=0.2 mre?, ay=0.1 mse?
5

— Actual Acceleration — Actual Acceleration
&y 2.5l —— Estimated Acceleration by Propased Method [20] N 1.8 Estimated Acceleration by Proposed Method [20]
E E
c 2 1 =
= 2 1t j
o m
= 1.5 E =
o a
2 g
< 1 R £ 0574 ]
= =
e =]
g G
@ 2
= =
= =

#
D 4
ns . . . ns . . \
5 10 15 20 1] 5 10 15 20
time (gec.) time (gec.)
Actual and Esimated Acceleration by Proposed Method [20] and Method of ¥ang
25 T T T T T T T I I
— Actual Acceleration
---- Estimated Acceleration by Method of Wang

5 2 —— Estimated Acceleration by Proposed Method [20] [
g

s 15 |
c
1=

B .
©
5
g

05 —

0 I T L Y H [ [
1] 2 4 B g 10 12 14 16 15 20

time (gec.)

Wang yig, b o dmlio 9 [20] w5551 31 a5liw] b Cull Glind opodd 5,Shos 3(F) JS

a(t)|=4aZ(t)+a’(t) =0.2236 m/ s*

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006

LRI Ol 9 5= o 05lond —pg Sl =2l Sig 7SIl g (32 comtiage (oo M@



@9@02 Jawwing pue Bunids -T"ON -€'J0A - S1eau1Bu3 $21U0.108|T PUE [E9L1193]T JO UONERIJ0SSY UBILEI] JO [eulnor

. ont
a,(t)=0.1-0.1sin(—),
% (t) (200)

27t
a, (t)=-0.2+0.8cos(—
y(® (100)

95 9 [20] olodsy () 93 485 a3 5

aS jghailan sl salgs (V) JSob an (63, Slas Wang

s9Le b Blal (30035 b 3)55 52 55 (1B9) 93 » 398 (o0 odalie
LY oo i 263l Cams (00 Slas 0L

s il )leS o Flo guomad (09, -0
hI> (6503 4 Sl oS g dled (o0 Joo (3890 oS y5ile
2 bebyy (=l poes oSy 8l (0 355 (ol Gulee 5 Ll
Ol ol i gl ) a5 6eSlen 3L Hgile b Glaal b,
by ol el a5 johas 039 Sladns (gl 1 Aalgs o)Ll

) ok lid ©yga Qb ST Jlie (lginy 98 (o 15T

Actual and Esimated Acceleration by Proposed Method and tethod of Wang

14 T T T T T T T T T
— Actual Acceleration
121 --- Estimated Acceleration by Method of WWang  H
- —e— Estimated Acceleration by Proposed Method
g r 7
=
B 08l -
=
o
® 0.6
o . S
[ pe =y
o 0.4 —
<L o Pt
02 i DN T
g’ . | | | | | | |
2 4 B a 10 12 14 16 18 20
time (gec.)

[20] (o3l 1995 9 WaNG (s, 31 o3iisllalyj y9ilo b b (e 3 Shos :(V) JSud

Actual and Estimated Acceleration in 3= direction (mi’sz)
2ult)=0.1-01sin(Z*pi7/200)

Actual and Estimated Acceleration in Y- direction (rru"sz)
ay(t)=-0.2+0.8cos(2%pi"t 1000

VYAD (bl 5 = g1 & o — 030 Jlos ol g 750 3 2 oot cyo2! e mm Y )

W= Actual Acceleration = —— Actual Acceleration
& 06 —s— Estimated Acceleration by Proposed Method G g —— Estimated Acceleration by Proposed Method
E E
5 5 05
® =
i o=
T
g 2 0
=L =1
5 5 05
o 5
2 2
= = R
> s
06 : : L 5 L L 1
i} 5 10 15 20 i} 5 10 15 20
tirme (sec.) time (sec.)
Actual and Esimated Acceleration by Proposed Method and Method of Wang
148
T ‘ M— Actual Acceleration T T T
- Estimated Acceleration by Method of Wang
- —— Estimated Acceleration by Proposed Method
&
Rl -
B
c
S
"
i
g 0.5 H H
Ed
0 I 1 1 1 1 1 1 1
0 2 4 B g 10 12 14 16 18 20
time (sec.)

J31ate &g B (il 95 (s ilo (LS5 b ol yo WANG (g 5 [20] solaus it 3591 3,5 :(A) JSud

Y(nIn)=k,(0]0) =05 g




Actual and Estimated Trajectory in - direction (meter)
ax(t}=0.1-0.1sin{2*pi*t/200)

Actual and Estimated Trajectory in Y- direction (meter)
ay(t)=-0.2+1.8cos{Z*pi*/100)

— Actual Trajectory — Actual Trajectory
= ---- Estimated Trajectory ey --- Estimated Trajectory
T 100 1 5 -100
& T
E g 200
2 -
g 5
+ A0 1 £ -300
o 2
= =
=t o -400
] \ , , 500 , , ,
0 5i 10 15 20 0 5i 10 15 20
tirme (sec.) time (sec.)
Actual and Estimated Welocity in - direction (m/s) Actual and Estimated Yelocity in Y- direction (m/s)
25 T T T 10 T T T
— Actual Welocity ) — Actual Velocity
o0 ---- Estimated Velocity ] ---- Estimated Velocity 1

- direction Yelocity
=

- direction Velocity
(o8]
[ ]

5 B -30
0 1 -40
5 L 1 1 50 . . \ =
0 3 10 15 20 0 3 10 15 20
time (sec.) time (sec.)

s (il 155" me y5le (U3 b ol yod [20] iz 55307 51 m3Lisard b3 5 93l b B s pow 9 CunBigo (e A1) JSUS
Z(n+1ln+1)=k;E(n[n);k, =15 (sdkduin & oy

Actual and Estimated Acceleration in - direction (m!sZ)
ax(ty=0.1-0.1sin(2*pi*t/200)

Actual and Estimated Acceleration in Y- direction (mfszj
ay(t)=-0.2+0 Beos (2*pi*tA00)

— Actual Acceleration — Actual Acceleration
Sy 04 —— Estimated Acceleration by Proposed Method r‘l; 1 —— Estimated Acceleration by Proposed Methad
£ E
g S 05
& E
&=y o
]
g R ]
< <
s -02 R S 05 |
= 248
£ 2
= 0.4 1 34 ]
»® o
DB 1 1 1 1 1 5 1 1 1
0 5 10 15 20 0 5 10 15 20
tirne (sec.) tirne (sec.)
Actual and Esimated Acceleration by Proposed Method and Method of YWang
15 T T T T T T T T T
— Actual Acceleration
---- Estimated Acceleration by Method of ¥Wang
. —— Estimated Acceleration by Proposed Methad
5
c
=
=
]
@ 05 JUPTEEEEEL A W TTOO
g B N
< " LN
gl - I I 1 I I I I I
0 2 4 B g 10 12 14 16 18 20

time (sec.)

s (puily 15" (s il (U35 b o poie [20] s y5T 31 23liisl Ly 35 poile L b Qlud (e 3(V +) JSWS
Wang (9, b amslio 9 S(n+1 n+1) =k, 3(n|n); Kk, =1.5 5okl &9

VT AAD s et I oo~ g Sl S0 3.

i
%.
%
y

@ Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006



@9@02 Jawwing pue Bunids -T"ON -€'J0A - S1eau1Bu3 $21U0.108|T PUE [E9L1193]T JO UONERIJ0SSY UBILEI] JO [eulnor

aS B gyl 4 ol G g 5 (Sily e AL g5
oo oidlS Hluws Cul Bun (sl el ez sdes S ]
L olyon o201 olod) wolkas 5,Slee (104 9) U by

w9y L duslie o )y e il jleS o ilo (ealgiiig (LS50
Ao LS (las wil)lgs s pile (SLES3L 3429 L) Wang

S5 a5 -F
spbe L dlal sla el (1055 4 barje oy
abgye g9 lw ol p g odg Hole (so2)liw 4 atunly oL

0353-8] yoJLS jilid yog, 5l oolatwl b oL Heile b Claal Lo,
A duly 5 Gl 0ad 031 Arwgs (35,8 laise 45 [20]
3Slas 485 )90 ddaie (Sl jlus dnd )3 5 0355 g2yl
s S oo Glalidl Jolie ) g 4l | (g5 sl
Uk g movas jlams (e li 395l pglie (63 Sles
9 Jglise JSd 90 4 Bus oLy (sld uil)lsS il
SUlg oads plodl (sla (g5l duds (Canl o ool (golpiuiny

a3 o i ol eile b Blual Loy jo 1) ey ol

&l
[1] M. Keche, I. Harrison, M. S. Woolfson‘and A. Ouamri,
Adaptive Update Time Tracking Using. Recursive Input
Estimation, IEE Int. Conference on' Radar. Systems 97,
University of Nottingham United Kingdom, pp. 620-623
IEE 1997.
[2] R. A. Singer, Estimating | Optimal Tracking Filter
Performance for Manned -Maneuvering Targets, IEEE
Transactions on Aerospace and Electronic Systems, AES-
6, 473-483. 1970.
[3]J. Korn, S. W. Gully;and A.'S: Willsky, Application of
the Generalized ' Likelihood Ratio Algorithm to
Maneuver Detection and Estimation, Proceedings of the
1982 American Control Conference, 792-798. 1982.
[4] F. C. Schweppe, Uncertain Dynamic Systems,
Prentice-Hall. 1973.
[5] A. N. Shiryayev, “On Optimal Methods in Quickest
Detection Problems,” Theory of Probability and Its
Application, 8, 1, 22-46. 1963.
[6] L. Pelkowitz and S. C. Schwartz, Asymptotically
Optimum Sample Size for Quickest Detection, IEEE
Transactions on Aerospace and Electronic Systems, AES-
23, 263-271. 1987.
[7] Y. Bar Shalom and K. Birmiwal, Variable Dimension
Filter for Maneuvering Target Tracking, IEEE
Transactions on Aerospace and Electronic Systems, AES-
18,621-628. 1982.

N AYAD bl 5 o g1 &b — o5 S — ol Seig 550 3 3 o 30291 e mm 1 Y

Ioles el L Slaal )3 (e ess 5y Shos (132 YU 6l
Moas 39 o 03l "Und il lsS e pls SLisssh
9039 (2 Ayl ol )Sem £ (Gl Jolite (a8 (sl yilid
03100l s pu il (oo sllad il )gS) l)lsS e yile
L cslite 45 ollS )0 51,5 i Sl g 9 48l (Soo8
odl gd9e (1l 9 (o K55 Jlewn 38 (o0 9y A (eSS
ol 4 olele 5> (o5t sllad uilylsS uaile (SLiSSL
Vgoo kS (oo Wl]) 358 (00 yiSarsS (dane 2> Iy yilo (]
odl&isl Ly Lo ol ylgin lad il )leS™ o yile trace
Ll od 398000 el (2D o5 el S0l 9 0
[21] 5,9 Goteliage g 1) 2Vl ) Sem 5 gsane
ol @elS gl (asS sbaoyiall jiin ol Sen sl
o1 o3l e i JgS il LS5l 51 2L ysilo dgong
e dea ol 5, S5 gl piley > X(N|N) 5ol
S9b o Jas X(n|n) =k, X(0]0)=Kk,I
olyod (o3lotiiy ool ol 3 Slee Silits (8) St
(dohe 39)) 398 Ubey 4 s uslles” upile SLassl L
Cudy ky =05 (il 5 b oy 5 (8) S s .l

ol oel

(V) aoleo &y asgs b (edlS yilid j5 odlatl 5y50 (sl I3y

) ol s z(N+1D) —HO+DF ()X (N]N) 5 consyles
Mﬁb))f oLl uojlf °)-Q).L.)€‘)’. G"K b)'l.\lllg)].))g U"‘
N omwess lad cellS il ol 4 d2g b AST (o0 59y 42
2 350 JBLSI o) oly o & 35 1y ezt sllas il leS
Ol wépele &S 039 S5 di Sl IS 000 (18 S8
P sk bl dinge okl Canw & o)sS| g (65
Lo bls (e e i e dlail 4y 550 Gl (S0 S8
W%JWJPWUL@P Z(n|n)a&u|¢c\>y
ool ol 5 odel Cand 4 i e canl jipn ) 0 |,
9 g Cogl L8 caa olen > ol e Lisg sl azily |,
IS a4 s uslyleS s ylo SLiS5U 51 00 o dlpiig 1Y
4 03)5 odlazwl Y (n+1n+1)=k, > (n[n);k, >1
oy o=l dasMe LB s ;Sbles ouds ploul daxie (slos sl
o=l i eslawl b g sl 0L yeile b Glaal (gl yiolyb ppesd )

21 Matrix Covariance Presetting




[16] C. Hsieh and F. Chen, Optimal Solution of the Two-
Stage Kalman Estimator, IEEE Trans. Automat. Centr.,
Vol 44, pp. 194-199, 1999.

[17] A. T. Alouani, P. Xia, T. R. Rice and W. D. Blair,
Two-stage  Kalman  Estimator  for  Tracking
Maneuvering Targets, Proc. IEEE Inter.Conf. Syst. Man
Cyber., Charlottesvlle, VA, Oct. 1991, pp. 751-766.

[18] G. A. Watson and W. D. Blair, Interaction
Acceleration Compensation Algorithm for Tracking
Manuvering Targets, IEEE Trans. Aerospace Electronic
Syst., Vol. 31, pp 1152-1159, 1995.

[19] K. Zhou, X. Wang and M. Tomizuka, A New
Maneuvering Target Tracking Algorithm with Input
Estimation, Proceeding of American Control Conference,
Ak May 8-10, 2002.

[20] H. Khaloozadeh and A. Karsaz, A New State
Augmentation for Maneuvering Targets Detection, IEEE
Inter. Conf. on Signal Processing and Communications
(SPCOM 2004), Bangalore, India, 2004.

[21] G. C. Goodwin and K. S. Sin, Adaptive Filtering
Prediction and Control, Prentice- Hall, 1984

Y-

[8] T. C. Wang and P. K. Varshney, A Tracking
Algorithm for Maneuvering Targets, IEEE Transactions
on Aerospace and Electronics Systems, Vol. 29, No. 3, 910-
924. 1993.

[9] O. Lanka, Circle Manoeuvre Classification for
Manoeuvring Radar Targets Tracking, Tesla
Electronics. Vol. 17, March 1984, pp. 10-17.

[10] J. A. Rorcker and C. D. McGillem, Target Tracking
Maneuver Centered Coordinates, School of Electrical
Engineering Purdue University, 1988, IEEE.

[11] S. S. Blackman, Multiple Target Tracking with
Radar Application, Artech House, Dedham, 1986.

[12] P. Bogler, Radar Principles with Application to
Traking Systems, John Wily & Sons, New York, 1990.
[13] Y. Bar-Sharom and T.Fortman Tracking and Data
Association, Academic Press, New York, 1988.

[14] A. Gelb, ed., Applied Optimal Estimation, The
M.L.T. PRESS, Cambridge, 1974.

[15] T. Matsuzaki and H. Kameda, Maneuvering Target
Tarcking Using Constant Velocity and Constant
Angular Velocity Model, IEEE International Conference
on Systems, Man, and Cybernetics, Vol.5, On pp. 3230-
3234 vol.5 2000.

YPAD (i 5 st ! eskond ~mges s o] iS5 35t

i
%.
%
y

@ Journal of Iranian Association of Electrical and Electronics Engineers - Vol.3- No.1- Spring and Summer 2006
[
\



