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A New Missile Guidance Law Design based on Interception Point
Strategy and Fuzzy Logic against High Maneuvering Targets

Amin Adineh Ahari, Ali Karsaz

Abstract: This paper presents a new hybrid guidance law based on classical interception point
strategy and intelligent fuzzy logic methodology for missile guidance in the terminal phase for high
maneuvering targets tracking. Due to the linear relationships of the missile -target engagement against
the low maneuvering targets, the guidance law will be simply obtained based on the desired course
angle of the missile. Since the missile-target engagement equations are highly nonlinear models, the
guidance law solution against the high maneuvering targets is so complicated and time consuming.
Therefore, the new guidance law against the high maneuvering targets is provided to calculate the
interception point and time by using the obtained guidance law from the low maneuvering target and
fuzzy logic. Performance comparisons are shown between the new fuzzy collision point (FCP)
guidance law and the traditional sliding mode control, recently proposed augmented proportional
navigation and collision point methods. Reducing in interception times besides the considerably
improvement in control effort on four different missile-target engagement scenarios are among the
achievements of the new hybrid method.

Keywords: Missile guidance and control, Fuzzy interception point guidance law, High
maneuvering target tracking
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12- Modified proportional navigation guidance
13- Random target maneuvers
14- Fast adaptive guidance
15- Predictor observers

16- Missile seeker

17- Engagement geometry

18- Pure collision

19- Vertical guidance plane
20- Horizontal guidance plane
21- Angle of attack

22- Roll angle
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1 - Midcourse phase

2 - Terminal phase

3 - Homing Phase

4 - Point of collision

5 - Pursuit guidance

6 - Line of Side

7 - Sliding Mode Control

8 - Proportional-Integral-Derivative
9 - Inertial delay

10- Proportional navigation

11- Augmented proportional navigation

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian F yled O tlor =87 s


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

va VU 5 5le Coltal s 53 (6506 Glate 555550 s a3 oaly s mee S ge Culda W g, 65 b

Sl e sl auaT ol

23 il 4l S 25 e ke G5B Gl bl 5 Cyle 058
S ol s S e s oS s T sl oy iy
5> APN s PC SMC ¢ 5 o slaj2s) b amlio 53 o3lgiiny 23,
el 43S S s s Ly 3y g0 83 4l (6,8 e iy

S5 o DYl § (6 5 30 dwidy iy &5 Y
Jd&gt‘_(:a}o

WSase g B b s Culia b sy SV 55 Vgane
Cods (6,815 a5 o 5 Slazbes oK 3 (6,8 )3 ddia
$Sisn (6,5 53 Dlaibue Subay 53 i i3 8 o g Sy 5

@‘eMT(\)p):M@‘&J}')%J’GWQ-@)

L;.,\;g}:&ijj\fc\..aséua&wb)AQM}&yéﬂf)bmv\;h(\)Jﬁ

Lilsy Syge 4 p 5 Sl 3 dby e (S o SVsles

Ll Ol BB 5
XT = VTCOS(ZT M)
YT = VTSinaT ™
Ar
ar = W. = — (\p)
T 7
Xy = VyCosay ®
Ay
Ay =W, = — ®#)
M m VM

SN g 5 a4 (Xag, Vi) 5 (X7, Yp)oT s o

slace m Sl Vips Vi 5,8 Slames s oSige 5 Coda
SWe Sge 5 Oda Sl glacks Ay s A g 5 Sa
S een Gl G 4 Qs AT 5 Sl sl glals . Wiy
OLs X goen 4y S 1) S g0 (315 1 s 5 (Tn )y 58) oo
OF s o polie bais 8 e lisl wlb o Olyie 4 Ap ins oo
3 s s Sl S5 05 gt o 88 53 (el jatete
Sl dewst Oda Sl Olje s b 5 2,557 5 g YR
S5y hien Dy me palaal (63955 e 4 & Suin 9 eSS
S a4h 0 o b S OVl G5l esle (6l L] [T wls

o)lpen (S 5 ulda iy pl 53 s 8 )bl ailir 5 ils Ghe
S o et 53 45 § SN F G S ke i e S5
Y sl olsly Oolal gl 2o ol 6,8 K 1 eoyls Coaa
e 056 (5,8 S8l e 51 0L 5 Sl (slacks e
Sy S g 11y 039 Jab psks S olg 5 Sle 5305 SB35 3
O gumen dlin ol s 3lgiin B9y Culas dax Tl GYsb Sde
G5 656 Gl Al 2y &K o 4 [Y5] e dlis 53 8
5l ol gl L L 5 (Sl Clasl 61, (FSMC) SMC
S L o QLS codd (o ya5 gl 53 50 dllae opl ys (g5l and
) 185 Ghate o Bl b e L S 50 S5 gl a3
23 Jad BB b hls 8l sle o 5 STl (Sie Oolaal 1
Y gle (e Sltal (s oy ol 68 S (S5 035 Al s
s rlin
Goili 5 3,55 1 4l 3 paly all o gy &G lie oyl o
bl dlons gy ol Ouls 1338 s @yl (656 late b OT e
SV 1 5ok 53 bl o YU ) gle lols Oolaal b SCasn 5, 55
Gl 5 oy (s s 2 Ol 4 S e (Sl Sl Al
SVsles Jo dlie ol 53 &GT Jlo ol 035 acsloes 5 4255 3550
8 3 e oS e sl S 515 s bl (ol
Collas G w3l 4 Sge Cgllan Sl Sld s 1
G S oslinal b o a3 (s 4 35 g Sl
— s O ey ol 033 pdy o oo (K a3 0SS
s 5 B8 Do S lathe 53 JoS (s sl
3b5 s oS ssle o 95 5 ey cpl 358 or ks (b Dlazes
3l sl el cl 5SS a3 Sl o Ly (SCb e olutal
Sl sl 5 4wl Do a S a ol 68 slasle
Sy Sl 2555 2 Ol 9 3,55 5 okl aloes lii 0 (55 (da
st S ol Ll 155 dy e D se S s 0S5k
5 0b) o g adsn SV 5l Oolal gl 4T dlo 3y sl
SWslas o i 4 0355 S S S pllas w515
Lans 5035 6O1ST labns 2 (e Jo o) 48 938 o 5L o 2
5 Sign 6,555 Glasl 53 Jdrs &y S s 0L
el mls 5 658 plumal gt Gl 501500 YLl b Ot
.3 g3 o3lazul ‘.5),1‘ [P
25 e 5 e (S o SVl Ol 5 (6,8 55 din iy
Slatie 5o SWoslas ol dnu g 55 5 0dd ke dllde pgo iy
Gy b Vsl g Lailgy gs s 0L po Ui 2 S
ol 03 0d S5 eoler it 03 )5 5 4l p e $Sie Sulla

C’uﬂi‘))\f\.&b)}ylﬁu)-b;}\uu‘équ‘u&uij)sby:wu;’u

23- Target course

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian; F yled O tlor 287 lons


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

YUy sle ol ol 55 (656 Glate 5 5555 5 a3 paly pr i $Kge Culia e g5 S5 b A

jb;‘f ;{L" s M_JT J,:al

SN B O &S gl S sty () el ol 5o

w);‘_;‘e\i}big.:awéul.&u@‘)w‘J:deauw_)ybt}}&
() sy 53 (1) s 55Hs e U osy o sl 7Tl
Sl gme Sl 53 Cota ol lalsy cal 31 5,8 U1S 5 (1)

t
a
Xp = f VrCos(—u(t) + ar(ty))dt
t VT

0

ay)
a
= VTtCOS (V_T + aT(to)) + XT(tO)
T

t a
t VT

0

Oy
. ar
= VTtSlTL(V— + aT(tO)) + YT(tO)
T

SN Camisn o 4 Yr(to) 5 Xr(to) G5l s
23 S Slases 5 5k gars 3 Jd sl b j3 o
4G S SIS 5 crmes Ll Y 5 X Sla) e Sl
310k 4 6T (Saals pule 5 e 5onS 5 st 5 03 b e
LS oS G iy el b gl e Osk IS
©rb Sl sl) S e (Sl DS Gae k Os gl 5L e
2 el Sl lhe 65 4 s ey ST 25 x

YU 5ok Cardg 50 Bud oS5 > (wy g -T-Y

Condy dly 15 6 D)o 0 Ol Sl ol 8 5 5 s
Coda il olid St 0l BB 5L sl Sl 4 s VU ke

1238 (oA A7 wals b 5t Ol s dy wb S s o
Ar(t) = aru(t —to) v
Al healoe 5 dlaly Do 4 O IS )5
ar
Vr
4—1(J&dﬁw);)d-u@ffq;\j‘d@b&l‘&

S e 4 Cand g ol Sl 18 Jl 5o Ol b sl &y s
el (1) JSC las (gl 2l s 655 55 ol plad L o

dy ol ol 3l 4 YU gl 5 Codta &S o (sl pls e (1) IS

Cg 5 hitd Col (Ko g0 lsly (gl &5 505 loj oL 5 Viy sV
4.:.%)?}]&3); Ve 3l ,:f;}: Vg s3ds jldia o)y 5 035 es
b Coa b oS g (6,515 dhols (P) 6 (1) Laslys a5 L35 o

.Mw;w:):ﬂj@l)jl}g(e(t)).\iaJa;'-e\w\})(R(t))":ﬁ

RO = (60~ X ©)' + (5O~ Ya@) V)

o (r®-Y@®
G(t) = tan (m) W)
Olaiske )0 XChgo 9 Sud &5 o> i -V

P

GBL s Sl O - giledie Lolta 058 (b Sl
Coda OS o o Cal (S50 (60l kB 0L 55 oda Soleaites
DA o s Jeles 350 YL HEL" 5 sl Hsl" Candy 55 o
ol s oS 03505 Bl L VL 55l Cands iy 05 b 3,8
55) ol sl Mol b e B8 55 Oos $Sals
53 el sdaze SVlie (M 3550 45 (L5 5 5l) Ve Hsle b (oS
Ll e e SIS o o 55 Aoy s ok gre 4l
G ¥ Y] i sl Bl 355 e 35 0T o i 4y i S
Olgie 4 0 s wb (531 Sl oslinul L o ol (6168 4 o
CS o p oSl Ll 33 8 e el ks Sl e ] (Ooule e
R R
D Colgi s 5 dmloms ST g0 o i o lan 515 (83555 (o
gl g aBehun 9A Cond ga @U

Sad (il sgile Curog 33 B S B g T

(Ol ol Candy 53 5L 5 5m Sla el anle 5 o (6l
s ygle oS = &8 05 8 k5 s Csde Oles gl 1y ul AL
K 3 a5 o s 5 g 5 s ol 5o les (gileand
a5 8l 5l Olgte 4 1LOT (bl (Sor S i (gl)ls oS alan)
Sl S Rl e s S $Kalys 53 5 50 ol e o
ol Pl 35 53 bl (o5 Bl S gl 20655 (sl
B R g e T O e ST
G5 S Do 4 Oos Ol 1 s e 03557 8l 55l S
33,8 oo b 3 S 4 Ar wals b5 Eo Ol s 4

Ar(t) = ard(t —to) ®

5 daty 51 SIS O S o e oy o

b a5 s 5 s 4 ()l OkE (58 i L

a
ar(6) = ;ou() + ar(to) A
T

24- Range

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian F yled O tlor =87 s


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

A YU ysle Colal Ll 55 (636 Glate 5 5555 a3l y e EKge Culla Wk g, &S5 b

Sl e sl auaT ol

dlons 4y b gy e o i OBl e 5 (M) Kb g a5 L
G3955 b S OS o ptes (Shige (Sl Old (55 ) Cean
S5 Sl eslinl sl §adse ol G 6l el 0L BB e
ol o lp IS nesle o pd gr el (ot (et oanST J 28
sl (F) S Gollan ¢ a3 oS J 28 Sl e lil ¢ e

AM 1 (247

VS —|

S led o ot Cad Sl (s o ks oS J ST (F) S
g oS >

Ama 5+2
K

S+ P

h A

)}K@;@{jZﬁ—é‘P;.Jaﬁl{égi%)bﬂmdij;\
Q&)ﬁw‘j(aMd) &yuﬂb@@b:ﬁw;ﬁ
el Ol BB 555

K(S+2)

= (Yy)
%Md =y 52 4 (PVy, + K)S + KZ M

S b yolie O gllae 3 Shas L Ik pr &S sl 51
.::;da:%ﬁju)w)z&ﬁ-)wl{a&j

0<Z<1 P>1 (Yf)
P

K=V, (_) (Y0)
M\z

5 Gl s () daly (B ik oS S 1 eolind L

Sige &S o gllan S Olen & Ay S o ESlatn (63555
23 63l s B s Loty Sl eslimal b adly 55 dibe g (SL el
s 0557 G (615 Culda OB 1 b 5 dclons (gl 4 s oy
Al S e ol sl sllan S e IS 4 el Sl
e IS 8 S G s ki oS S ) 4 a5 L s

el 3 b ol 355 8,8 )3 S 51k

ay = (XMdu(t - to) 829

25kl Spe 4 O) 5 (F) Lals,y ell oS se Dliamiee

Ll Ol L6
t
Xy = f VMCos(aMdu(t))dt )
to
= VytCos(ayq) + Xu (to)
t
Yy = f Vi Sin(ayqu(t))dt A
t

0

= VytSin(aya) + Yu(to)
Yl{)}ibj&;b’.)y'h W}}J):;')M QK?J::"?)‘J"L
Colal (5,805 Condy g3 S O o S8 Hov 4 Suy

S e ESS a5k s (Y9) s e dbaly b ()5l Comd g 53

flad o nls &K (55 1 s (Oos Skt dly 93505 Jlesl L

sy e g plad S e &858l OS o (1) S8 ke b
iy Do 4 (1) 5 (1) Lilsy 53 OF) dasly 1K L 6!

.;:Jf@ dwlen
V:
X = Xr(to) = —=Sin(ar(to) 0o
T
V2
T
2
L= %
lar|
0c(t) = wet + 0¢(to) Oon
ar
= — (14)
We v,
0. (ty) = tan™? (—cot‘l(aT(to))) (9

oplo gnd Re e io o J 5o b pepls S 0 (Ko, Yo)
G syse 0 pls 65y s CS - Glasl) S We b s
st Okl s epls S 4 So Oua wsly Oc(0)
Slasiue 3 5 gle g 55 damd 53 Cos Slazies (X7 (60), Y1 (20)
Jsm O 4 sl 15 3 10 c(19) 5 (V0) Laulsy b il a0 5,
s Jlosl dasd 5 (el i o b s Gl ols e« 0T
L Oods oS > (V4) 5 OA) dasly plal 33 8 o S5 il
b S 4 0Ly b a8 o o) S M 03 g Cub (sl sl e
adaly (Y 6 (V0) Lty 5 (V) Ko a5 b ol 21330 s
sl 13 3 e & Lo 0 5518 Slains 53 s (6,551 3 Lo o
Wl e BB Gl i 55 (X, Vi) o
Xr(t) = X + RcSin(6:(1)) )
Yr(t) = Y, 4+ RcCos(6.(t)) )

P e (SN i 9 hge o8 2 (g g -T-T

S ge &S o Sleiw e 5 (F) B (F) SVsles 4 42 55 L
= 5 (O) 5 (F) Laulyy) ot 8 2oe g3 4y Ll 015 oo el
daly (8) dslas cdalg)y ool 28 a5 45 b s ped KK ((B) dayl)
daly e 0) 5 (F) Lalyy 5 &Sgn o) S 5 (Sl Olid o o
IS Dlazinn 53 $Shsn 6,8 Lumbgn 5 ) sS o ot b
el (1) S ol

Linear part Non-Linear part

st g e it 93 4 8K 5 OS o 0Slat £l ) oSS (F) S

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian; F yled O tlor 287 lons


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

YU sile Colal ol s 53 (6306 late 53,5555 s abas 3 paly y s g Clls o g, &S5 b AY

jLAJK ;{L" s M_JT J,:al

. (ar ,
VrtepSin <V_T + aT(t0)> — VytepSin(ayq) oY)
+ Yr(to) — Yy (o) =0
23 Dase d 2y L g 2y 5 5 O (G Lails, J b

.n)fde dwlen

Ama
_ _y (X7 (o) — Xy (£o)
- ~tan (YT(tO) — Yy (%))

+ Cos™?

Vr
VR (t) (Wt”) o)

— Yy (to))Cos (? + aT(to))

- (XT(tO) — Xym (to))Sin (? + “T(%)))l
T

Xu(to) — Xr(to)

V;Cos (% + aT(tO)) — Vi Cos(ayg)
T

tep = (*f)

.;;ﬁ@yuﬁjb‘l”&ow@&pgf
a

V.
ayg = —@ + Cos™! <—T Cos (—T + ar(ty) + (p)) (¥o)
VM T

%

—R(to)COS(Q(tO))
VrCos (3—; + aT(to)) — VyCos(ayq)

tcp: (\"9)

— Lo Al 53 B 5 Se w45 G Luls) s3 S
23 g danloa bl 1 ST S

Q= 7'[—9(1"'0) ¥v)

b gt 3 s BB osllan oy 87 1l (¥0) ol Sl eslizal |
4 ol sl Ghls Oda by 0l (1) dlaly 55 K
LS ST b Olej o a8 55 Sise 5 358 gr dlee )
315 o 55 YU 5l b Oolal gl gy o 31wy dal s OT 4 S
Jlaz 5 Sal530 55 95 gllas a7 Csls LB s il Jg 5 S eslical
o J O s ol s Dol 4 SiL sl 2alS ool
Al o YUl b Ol g1
gsjléomm%}blgé;séﬁwuig)—i—f

S o (55l abayl Slealinal L OV=F) iow alian 55 Siow ol 5o
delous Cigllas wgl) 5 S ) dbsd yy Sige 5 oda
):JM}&Z}AQL&&LM&:&;JE):QJQC{.:;;@

s o Jole p5 bls, dep 55 2 0L
Xr(tep) = Xu(tep) Y

Yr(tep) = Yu(tcp) (A
5 YD) M) YL sl b Oolal & = Luly, 6,1 L

FAYR) Lilgy 53 (YA) 5 (VW) S g0 &S o oSl Loy,

Sl ok Gy o olotins 53 EKipn IS o ol ] 00 51 S o
Do 53 b ke ol SIS o (gl a7 aoniT i YU ke Colutal
Sy dalis s 8 oL (r-Y)

4905 9s b Salod i (>4 ¢
gl

4 ESgn Odewy 3555 4515 oy b (1 b edes o 53
S5 510 g 2eS el (6550 2eS b 5 Olej o j2eS 53 Coda
DB U3y e 53 Sige o Bl o W1 Slo B n
ol i & 53 1) SKden ks 5 8K go s K03 Dol 43,8
by 4 e 43l OT Cod Slgo &8 o 87 glasl 4 e

S 3y sl 5 8 e e
o 29k 9 sgile g SBlunl (Sl 3595 p dlai 9y —£-)

LS Lsle b (Spn Slal (sl 3,55 2 w315 ad onl 2
BL Qﬁ bﬂ“\f-@ rl’u\(\—r) gfi;;q)b ol 4..«\’5& Jaa.‘j) J‘ oslaiw!
s 53 s gy Sl s S oy 25 S e

c&,;h‘)}atﬂ@l:h&(abu‘)‘ﬂjo:r;df@uw‘;;buw

D3t Sl ) ST s et s 6 (63 05bs3 oda

@\a&ab‘b&&dym(b)ﬂbjW}d|b,;fsa

ol gl 2 3555 2 4l Comnn Syl i > S ST 000 (0) JSC
A osl S

Db 3555 Gl e w5l (BL dUs 4 g o)
Ol 53 a5 &Ko go Slaaties 558 0 Lo b yslte ol gl
.&j‘ﬁ‘:ﬁ@o:\: ﬁutcp li‘\f:)jiﬁ
Xr(tep) = Xu(tep) o)
Yr(tep) = Yu(tcp) )
Codn &S Lalg, Olen S (V) d0)) Laslsy (6,105 b ey
L OYA) 5 (VW) 51 @S ge 8 Lail gy (oS 5 ol oS sl
ol 5 daly F0) 5 (Y8) Lalsy 55 osllan oo dlons 53
S sl g
ar
VrtcpCos <V_ + O-’T(to)> — VntcpCos(aya) )
T
+ Xr(to) — Xu(to) =0

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian F yled O tlor =87 s


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

AY VU ple Coltal il 55 (656 Glate 5 3,55 a5 aly e S g Cylda W bg, &K b

Sl e sl auaT ol

Cods oolas amals Llie (R(tg)) Coas b &Sgo 55 Jold & 55
Gy s sl e 5 (Re) i 2 e 530505 gl @)
3 31008 o 00) 5 (V) Ll & 4 g b A3l e (@) o115
e g sl b byl ol 150,87 i O e o sl sl s
ar sR(E0) s e slaws 2alS 1 L1 diteas Coda Slad dtels
Olsie @y s R(Ep) e 03l e o Bl ol e 55 0l 5e
o) 55 a8 515 5 S e bl y (3 e 4 (53958 5
el Dl o5k Olge 4 i sy g0 s OB 0L ST 55 5 Lo

s 5 L6y e

1

ST SN Al
ige

LSJG&J‘;‘Mlib))’.jWQ'MM’)QWGKU";(;)JQ

(algiy o) VL H5le b a6l

7
+

A =P =P x
Ar — M gt sige B ¥
— + > Aoma

R —> 2195 51 43\ iy deilna 1
> X
T

Amce

36 Glate ool 3,5 S e Sylida hg ol s STk (V) S
ol

43503 35 (536 Glate by 55 5 s 5 Gl plizal g 55 9

I A5l o (636 ¢S aomt i b 5 ($35)8 e o0 S s
Gl}: ar 35,9 3 .:;sta sledig dlae ol 6l Gl o
sbe b Clal gl s Low ;5 05 Colal gl s Z€T0 & pie
b Slasl sl High (Jsems 55l b Oolasl ¢l normal 5
53 01 1y Slal o o ivates ol 33,8 (o s YU 5k
VU sl s 55 4 0T 583,55 55 sl i 5l s 2y slag 55
23 el i ol 53 636 Glate Sl 1 (S 0SS s s 3
o 0305 0l (A) JSKs 55 Z sl L oS &y g c‘ﬁR(tO) 833,58
long s Jolp ¢l » short (S s Jols o), Vshort
ST e o g w5 e 3 S e i 505 ol
oS p3lis SR MIN Gho & K35 psliae 51, Z€T0 Glasls LB

5 (€K lie) 5L palis g1, 0N clow 5o 3lis gl yTE

RCCos(thCP + Hc(to)) — VytcpCos(ayg) £4)
+ X, —Xyu(ty) =0

RcSin(thCP + 6. (to)) — VyytepSin(ayg) 1)
+ Y. —Vy(t,) =0

S sl 83 g5 5 Ol 9 S 21y 4 (FA-F4) Lol )
e J Gl Ml ) Ol e el 55l S
SYsb Ul 8 i8530 5 gade glais, 3l Jslize Ko & 5Yslas
b33 8 e ool s o Son b3 ule) tiajl 5 35
Sl )3 S 480k 50 Jo il Balsy (2l 015 o oB s
ok (1 o dmbomn o llan s 15 51 e 8 0Ly (1-F) s
Vs sile Bldal b agrl go (12 o shlan Con alonn (612 0S5 5le L
L oo cnl o3 e sl last Ol 47 (b5 a5 sl e3linl Ol 5 0
Colal 1 4t 5 o shae o (F0) alaily Ko Sl 405,87 0
Slal (s g b il s osllan G imen 5 3l e (S5
oy bl Calin Lol 6 5 0T 5> Sk LS el VL sl b
2305568 55l )3 ES o Dl o 5 ol Sl dal s | Ol
e Dlbus 5 Bllae Da (057 5ile 53 Al r B S s
s s 33 50315 38 40315 kSt b Db Jlosl 51 g ¥
Lopls 6oy V-1 ide Dlwd 5 il YU 5ile 5o 5 A8 (0 25 >
03308 g Gl p il OS et 5 Sl plad 5 S
o3lizul Sig sl i b 530 pls S0 51 b ooplls S
o 1l3 S 0 5 &Slisn S m o asl3 &S Ao 43l sskie pky 25 gel
(ool ook 03ls 0L (B) JSKb )3 g dgn ol 33,8 (0 B yme el oo
1l 5 dasly glyls oS

(FY)

a _ tan_l XC _XM(tO)
mee YC - YM(tO)
L‘wl;)\:id{\;‘}:}ﬁj&)yég(\f)j(\o) .E!b))'loé\iul\if

Omcc =

2
R(to)Cos(6(ty)) — Z—;sm(aT(to)) — Xy (ty)

tan
) V2
R(to)Sln(e(to)) + a_;COS(aT(to)) - YM(tO)
(F¥)
— podaly S 4l @opma) a3 55 5 S 5 5 0l
285 s ol
aoma = (1 — Blama + Baucc (F9)
O oM 5355 a IIKabe 415 S e IS o B S
Sl dcloen (6l sl o BB Caliden Loyl 5 534S 5415 ¢S b Lo
S0 i e 5 gad ool Al ga Sla B9 51 015 o oy 8
K153 51 oslazal b Llg oo |5 Gl (656 oS 1S s 1 (6l

3,55 ki 5 oS el sl g5le ooy 1 ki Ll L)

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian; F yled O tlor 287 lons


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

YU sile Colal ol s 53 (6306 late 53,5555 s abas 3 paly y s g Clls o g, &S5 b A¥

jLAJK ;{L" s M_JT J,:al

Dl skt cpl gl el 68 g0 (s Sae Sl Db ST
5 Ooda Calisee glaclid b o glize Cods 5 ST g0 (5,5 45 (g0 ylim
ok 4 8 i 53 (Y) St illas Couda (5,87 51,5 osline (slaomd e
20t (6,8 IS (s3de Ll a5 palie oS Sl 34 p5Y
Cods 5 6SKagn 6,8 55 Dbl bl (o5 i b egdr o
g 5 ok S [Y0] o 53 0 iy 5 sla sl 51 S
23lie Sy g & sl palie alS (o3l 2553 Shas (g p
JB sode polas 4 bl S (Sileand Gl 2l 5o s ooy (ol
Colad pde Loy Ve ol en 3L LS b sleand anl e i
ki iy x5 pslie bl il (6,850 b alie 4 S
505l 03 OS o S5 ey Sl ) o)led (sl oY) g
LS o a5 e gl 1 Y sile 65 O 0l (55l Blde s
(Xm(0), Y (0)) = &SCage il Combpn clag sl pl 55
Sige o 5 Oy (0) = %n g il w5 (0,0)
i s 400? Sie (V) Coia o 500? i (Vap)
b oSage 6,8 515 adsl ol R(Ep) clin ol 55 380 35
53 palie 4 a5 b (636 o slas3555 51 (K O 4 5 s
03l Cpoman (Sl 0dd Blod el STV STl (Y) Jgde 5 0l
4 aS 05g ail Hodoms p e Ve Wy Ooda Old (gl Ok S
Soay el ok Blod (A) S8 55 Sy e @5 Sl o3l Ol
oo b awlie Sy ([0] Wi 5 ealgin (SMO) o3 ae oS
ok 43,8 5 3 5 el oslgitn

M D) [-2R6 + 56 + sgn(8)] ()

" cos(ay — 6)
S (APN) 035551 sl (6,596 o5y b o3lgidey 2sy omomen

codd 3l s ol 0dd Fal 2y, G Ol 4 OT Sl asie s
oo Olge 4 [o] Wlin 53 ulan Bg) cpl il o Al
odd (65K s b (6,855 amin )3 a5 Slhge 3,5,

ol APN bJ‘-&\JL‘Lﬂ‘JJJJﬂJ{‘)a‘)C#ﬂ‘

Ay = RO + A cos(ay — ) (%)

B cos(ay —6)

Degree of membership Degree of membership

Degree of membership

W) P 55 556 U8 s 5 5 S2908 Supie wls L3S

) 0l 03l OLES

1[ze0 7 ' Low 7 ' nbrmal ' ' " High]
. o
\\\ p N P
05f N 4 |
e N g ,/
g -
of S ——— ]
0 1 2 3 4 5 6 7 8 9 10
2
aT(mls )
12 ' Vshbrt T short ' T —_Tong]
™ e ™~ /_/' -
N \ -
\\\ // h ,//
05 /\\ e 4
‘/, SN e
0 . L L L b
0 0.5 1 1.5 2 25 3
R{t,)(m) «10%
1 [zeo —_mih_ med one]
— -~ -
~. - ~
05+ / /\/\ h > ,/// 4
. “ . -
0 B _ =

b gy 03B s s Ar sR(Bp) slasssss Cosie pls W) IS
3L RSP
Gl sle )3 45 ol lin )y oS J 287 oyl il bt ol
3,8 0B =1 om s e 2t f o SYsb slailus YL
s 338 o o Qopa = Apee Aoy (FF) dasly olal o8
Cilus 5 by sile 53 5 A5 0 S 013 5 0 Caons 4y g0
Aoma = Ama VB 2,8 o b o G 555 e o 208 B oS
Clal (gl ols (a5 3y 5 4l o 4 S g0 S 3 ]
Bsp ok Ly a0 Sludl (Bl Sleslinal L .uS o &S = 59l 09k
e opl bl 3 sed ol 15 (V) sl (656 Glate 5l Ol 5 o0
Ss2003 IS p sl ot S5 0 Ll Ller x5 s
g el ol gl BB IS 058P sl (656 gl gt

B 575 ar sR(Eg) 3555 534 636 oaSJ 28 a3 (1) s

ar zero Low | normal| high
R(to)
zero Zero Zero Zero min
vshort Zero Zero min med
short Zero min med one
long min med one one

&W 9 &l duls -0

bl 5 636 Gl oS 5 ol oy o Shes i ol o
wor Y syl 5 Sulus ol s b (FCP) ™5,
—u:ég)z@tg-dzil.uwbuiueﬁgﬂbz J.f""@“”;d‘

30 S 53 ot bs ) g s bl 4y Oy 0,1 55 |5 sla

25 - Fuzzy collision point

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian F yled O tlor =87 s


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

VU ) 5le Ooltal il 53 (656 Glate 535 55 a5 8l e ESCoge Culds ke S5, &5 b

Sl e sl auaT ol

JJA;&ys;)bx)b)l@?d\ﬁ;}#gu}t;ﬁM&ff@\.ﬁ.&u&(\')d}v\?

4 3 2 1 pepLom
3 2 T
7 __
- o 37 2 ar(0)
1km —10km 2.5km S5km X7 (0)
—10km S5km 10km 10km Y7(0)
m
m 80— 10<t<15
5 0<t<30 52
s m
m 40— 25<t<30 m
~10— 30<t<50 5 t20 57 05 t>0 Ar(®)
s m s
m 20— 45<t<50
8 2 t>50 s
s m
0— other time
s

Lols ol ails Hldis o a bad 03 Sige J 25 Ol5 odins
S s el 1) ety bl OIS K Bl 5l
Mo 52 S ViS5 L O 5 Sipe (S e (V)
S s o Siuled o 5ul8 Olaiee 53 1) ods b (65 5l
e 4 5L e gla ) Aol bl (o e )3 55 ge dmlie
Lo g o (6,8 G Sl Ol 5 515 Oy () sidor 1 o3 gy oS
G348 gl S o Ol s ¢ 2590 o B3, 5SS 5o oSl o
03 Sleand al Sslite slay ST (Il a4 Jad pl 53 odd S5
el 4y Doy g Sy V0 Lalad ke Lol Gy i Gla gy 5l
VoS 5 S 68 Oles bl dp5 s 4 1S Ol
el ys ols oSG Jlsl L FCP 5 CP )y 55 Conl Laseio
W il e Jsb 53 VU ld G L Ko S
Gl y 53 1l LS o o5 By 534S Sl Jlo 53l
Er 5 a4 dled 3555 s kg e 5 4,8 )5 a5 >
g el Cals gl (6 ph (Sl Sl (58S g e
oo 5udd b YL 8l Sojgr 4 ol &S >V (655l 5
Olge a1y abis ¢ abd a gl , CP TSR YR RIS PW R |
Al Bpan st SRS OIS by Ll G 5
bsosle O o) 5355 3,55 p BB 055 13 e o L FCP s,
Slias 338 o B s JAS 05 Sl o YUk
(F) g iy o O3k 4y 2t St 5 0L LAPN 3SMC Kos
L Ks i & Sl @3lgity sy JoS 6550 Y sl o
Oy idw 53 CP 3y, 1 dol s s oSy e oo 0L

el anglis BB oolgiiy poy Lo,

ol 4 $Sgn Oy la By pled (61 (ilwand plesl Ol

Old i ) 6l sl ok 48,8 L5 53 e (g 20 ) I S
o3l (RMS) 0 583ke s slons 51 3t b Solal b Jlas
231y L a5 $Sige e Aol () S5 8
o b alle 53 eolgiley i) Sl Ol L Caliiee gla g5l
sy, J S choks was e 0l CP s APN SMC s,
@lgin Sy b awlie 5 CP APN SMC Cdoses sla is,
el o o 5 (V0) S8 )3 0kd i 6ok ler 53 FCP
Olas (Do 4 Colool g ¢SCige 4 Jlosl il laosles awls

scenario 1 scenario 2
200
-
000 Neay, AP
N &
.
s, = = e
! Y
3,
N \
Y
Vs
o
S
0 b T
% -
N, -~
N -
P 0 8 @
i e
" scenario scenario 4
20 50 : :
o e
= . T
i s - =i
L AN
2 N :
£ N 3
) A, »
i N £
e \'\ &
o R
X %, N
0 e N -
~

33 cmhs Calises (gla s, b Coun 5 S go s dols ls 5o (4) K2

(V) Jstr Soslise (gl Slexr

ke gy ol &S - 9 yme ) oyled g5k (V) Jgdr b
3,55 i 55, 5 (CP) sy 5 aas Colda g, b &SSoge con s

)J}%C&fﬂbAPNjSMC UZ))}AAJWLWCP)G)E

26- Trajectory

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian; F yled O tlor 287 lons


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

YU sile Colal ol s 53 (6306 late 53,5555 s abas 3 paly y s g Clls o g, &S5 b NG

jLA;K ‘51.0 s 4..;_:T Q,:al

681 015 or (1) U 530 S5 5lo a4 ar 5

S ot b sla)sile 61 (CP) 5,55 a2y, 45 58 Ol
Sld S gesgel by Odalis, e B0k oy xS (glabs
(FCP) sslgiy a) b slalin s 8 iles o Jlasl 1 Sl
ol b agatse 53 (CP) pay 555,55 5 0l oS5 Cobils dal g
EAIRL S bl hIBI il G os SLl> slay sl b
ga)};ﬁwb;,)w‘_;wc(lch)‘_;jléa)}i-ﬁab}.:b;u
oS i S eIl & S Jlesl OLE 5 o 15

bl oo

it ! ] Curaian Conednae System

Xelis{m) 0

acceleration(m/sz) acceleration(mlsz) acce Ieration(m/sz)

acceleration(m/sz)

13 Do d ik D)o 4 Sda OS> F gl s

ok 50b) o S FCP gy el opl 55 .3 5l o0 oy s
0 sl 3) phe g0l L COP gy ol 53 &S 5550
S Sy P8 Sld ST Jl a8 ol Ooa 4 (36
Ll s sl iy als iy ple s @olgiin iy 4 o

scenario 1
0 f3 A ¥ r*--..,f ’ —— >
P - -_ e target
- = -
: /7 o ORI : — =SMC
S0E 1 APN
31 T (P cP
=
100 EL . A . FCP
0 5 10 15 20 25 30 35 40 45 50
time (s)
scenario 2
100 — ;
A e h s, |
0 &-——-‘,-*:_L\\r— [~ oy
1
100 . N . . "
0 10 20 30 40 50 60 70
time (s)
scenario 3
100 gy - .
\
0 p= m e = = __ a T -
100 - 1 i 1 1
0 10 20 30 40 50 60 70 80 90
time (s)
scenario 4
100
A
013 ...‘a- Cig Lttt
i 3 :
100 1
0 10 20 30 40 50 60 70

time (s)

s () gl Sl 5 Calzben (gla g, b &S ge J 28 Olia (V) IS

)
Oota 5 S g (5,8 5> Gl Ll Sl Sl b amlie () Jyir
1 2 3 4
Scenario

Flight RMS oy Flight RMS oy Flight RMS ay Flight RMS oy
Time (s) (m/sz) Time (s) (m/sz) Time (s) (m/sz) Time (s) (m/sz)
SMC 45.4 917 64.6 224 83.8 770 69.29 1219.5
APN 45.5 192 64.63 50 84.12 170.9 69.36 257.5
CP 24.58 291 42.45 59.2 60.5 624 42.75 1065

FCP 24.99 119 43.18 27 62 105 41.73 11

s cas e 0lis (A) S aopilr Jlie Olsie 4 358 o0 6,8,
O3ty Zands ) a0l 53 4B o 10 (51 (636 s okl iz
ol bl (ZOMd = aMd 14 03 g é{a; JL:'“"I )\.Li.a ol J}SLA

.C&N‘

Olse o b B S0 I8 b il olie (1) S
sl s 5 e Glag sl 3 56 Flal @t (2 &
Jﬁj&)u Lséjj‘gj)j:ﬁlf%fé@\)‘-\b .MJ‘SAQUJQJL&;A

Sign ol Sbd moal 55 5 il S50 R Lo g da

Journal of Control, Vol. 13, No. 4, Winter 2020

AWAA Ol 5 oF ojlad Yl (J 287 aloes


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

AY YU ysle Colal Ll 55 (636 Glate 5 5555 a3l y e EKge Culla Wk g, &S5 b

Sl e sl auaT ol

el 2 S5 as e Ol 1) i S5l g5 @ 3,55 b
S YO U0 55 6olgiey gy Al 5 2wy okl syl gt
a3y bl Culda Gl gy a4 Cand 1) 3,55 5 Obe) fals s
ol e Ol Vb ke b slag sl 5o (S50 e Sgy 5 oleS
G b ks K S Ol5 B Gl ol s

ol Ao L6 s o5l

&y

[1] H.S. Shin, A. Tsourdos, B. A. White and M. J.
Tahk, “Earliest intercept geometry guidance to improve
mid-course guidance in area air-defence,” Int. J. Aerosp.
Sci., vol. 11, no.2, pp. 118-125, 2010.

[2] G. Siouris, "Missile Guidance and Control
Systems", Applied Mechanics Reviews, vol. 57, no. 6, p.
B32, 2004.

[3] S. B. Phadke and S. E. Talole, “Sliding mode and
inertial delay control based missile guidance,” IEEE
Trans. Aerosp. Electron. Syst., vol. 48, no. 4, pp. 3331-
3346, 2012.

[4] T. Yamasaki and S. Balakrishnan, "Sliding mode-
based pure pursuit guidance for unmanned aerial vehicle
rendezvous and chase with a cooperative aircraft," Proc.
Inst. Mech. Eng., vol. 224, no. 10, pp. 1057-1067, 2010.
[5] B.S.Yuri, A. SH. llya, and L. Arie, “Guidance and
control of missile interceptor using second-order sliding
modes,” IEEE Trans. Aerosp. Electron. Syst, vol. 45, no.
1, pp. 110-124, 2009.

[6] Z. Zhu, D. Xu, J. Liu and Y. Xia, “Missile
guidance law based on extended state observer,” IEEE
Trans. Indus. Electron., vol. 60, no. 12, pp. 5882-5891,
2013.

[71 V. S. Andrey, N. P. Pubudu and A. F. Farhan,
“Problem of precision missile guidance: LQR and Heo
control frameworks,” IEEE Trans. Aerosp. Electron.
Syst, vol. 39, no.3, pp. 901-910, 2003.

[8] C.S. Shieh, “Tunable Hoo robust guidance law for
homing missiles,” IEE Cont. Theory Appl., vol. 151, no.
1, pp. 103-107, 2004.

[91 M. Golestani and |. Mohammadzaman, “PID
guidance law design using short time stability
approach,” Aerosp. Sci. Technol., vol. 43, no. 1, pp. 71-
76, 2015.

[10] M. Guelman, “A qualitative study of proportional
navigation,” IEEE Trans. Aerosp. Electron. Syst., vol. 7,
no. 4, pp. 637-643, 1971.

[11] X. Hu, S. Yang, F. Xiong and G. Zhang, "Stability
of spinning missile with homing proportional guidance
law," Aerosp. Sci. Technol., vol. 71, pp. 546-555, 2017.
[12] N. Cho and Y. Kim, "Modified pure proportional
navigation guidance Law for impact time control”,
Guid., Cont., Dynamics, vol. 39, no. 4, pp. 852-872,
2016.

[13] G. Franzini, L. Tardioli, L. Pollini and M.
Innocenti,  "Visibility  augmented  proportional
navigation guidance," J. Guidance, Control, Dynamics,
vol. 41, no. 4, pp. 987-995, 2018.

[14] S. Ghosh, D. Ghose and S. Raha, “Capturability of
augmented proportional navigation (APN) guidance

sconario 1 . sconario 2

scenario 3 scenarlo 4

(s 5 68l g (6,8 53 odd 8 gl sl 6l POl (V) IS
(¥) dgd pslas Gb

Olge 4 dlie cpl 55 Oods Ol 5,5 0L M & 6, Kkes

Ll o3 8 55 i a3 et 4l L pes SonST S

Sl iy, g el YalS Gua Obd Jos )3 &S 55 4y

loesls 1 oslamul b Coda Olid fw B 5 ey g Al

23 s pskas Ol (sl o L¥V-YF] wWlows 411 3 5SG gyl

o B ey cpl w5 0deT oy s 1015 (o0 Al oy

S5 domid

1513 (536 bl (sla sy dhar Sl tiaisn (sla By 6 8IS

Cola sla w55 S G168 wesy ol SLosl s Jusds dniu )b
a5 L imd ol 4 g SISl ates a6 (Sin (5 2506 5
im0 (6,5 K T aom 4bls o ulta sla 25 L5 g5 4
P R R A R T
Glate o past 4 5 At a a5 ol (6 SIS T (3date Dlslgiiyg
Claal 6l Culaa § 6 ol b ol ol Calitee Y Hy (556
ool sl S oy 5l s e SV¥slas sloul e 4 VU 5k 1yl
o) &S e daas 93 (5 5le) 5 ST Jo 4 035 ln s 3
e el TP BT
Csllas S gl 4 Sl i3 90 YU 516k 53 oS o llas
o ) 53 0536 3555 p alall Culda (o3l sy Sl pE s
Sl eada 5 $SKase 355 5 Culda 056 Wlis (pl 3 Cpimmes Lol
yb@béouzsu@oTJiJg,J;)\fomeW&u
s s oS sl (Shge Olaal sl 5,55 ab Cyls s S
o5l b (Sage Colal (sl 56 Glate 5 3,55 dal Culda oS 5
S 53 Gl gyl sler 53 Sileard mls A sleig YU
L gl oo oolgin 5s) @YU b 5l Sl a5 i g
ﬁ,u,;);dé%uzjjjnwu@u%;n.bué@,ﬂ;w

G35 3 el b L ea ol sl Sl 4 et (b

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian; F yled O tlor 287 lons


http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.2.9 ]

[ DOI: 10.29252/j0c.13.4.77 ]

YU sile Colal ol s 53 (6306 late 53,5555 s abas 3 paly y s g Clls o g, &S5 b M

jLwlf ;{L" s M_JT J,:al

[31] P. Hang, G. Liao, Z. Yang and J. Zheng, “Ground
maneuvering target imaging and high-order motion
parameter estimation based on second-order keystone
and generalized Hough-HAF transform,” IEEE Trans.
Geosci. Remote Sen., vol. 55, no. 1, pp. 320-335, 2017.
[32] A. Karsaz and H. Khaloozadeh, “Optimal
partitioned state Kalman estimator,” Signal Process.,
vol. 89, no. 4. pp. 532-547, 2009.

[33] M. H. Bahari, A. Karsaz, N, Pariz, “High
Maneuvering Target Tracking Using a novel Hybrid
Kalman filter-fuzzy logic architecture,” J. Innovative
Comput., Inform. Control (ICIC), vol. 6, no. 5, 2011.

with nonlinear engagement dynamics,” American
Control Conf. (ACC), vol. 4, no. 5, pp. 17-19, 2013.
[15] I. J. Ha, “Performance analysis of PNG laws for
randomly maneuvering targets,” IEEE Trans. Aerosp.
Electron. Syst., vol. 26, no.5, pp. 713-720, 1990.

[16] D. Cho, H. Kim, M. Tahk, "Fast adaptive guidance
against highly maneuvering targets,"” IEEE Trans.
Aerosp. Electron. Syst., vol. 52, no. 2, pp. 671-680,
2016.

[17] L. He and X. Yan, "Adaptive terminal guidance law
for spiral-diving maneuver based on virtual sliding
targets,"” J. Guidance, Control, Dynamics, pp. 1-11,
2018.

[18] J. Holloway, M. Krstic, "Predictor observers for
proportional navigation systems subjected to seeker
delay,” IEEE Trans. Control Syst. Technol., vol. 24, no.
6, pp. 2002-2015, 2016.

[19] N. Dhananjay, D. Ghose and M.S. Bhat,
“Capturability of a geometric guidance law in relative
velocity space,” IEEE Trans. Control Syst. Technol.,
vol. 17, no.1, pp. 111-122, 2009.

[20] Ch. Y. Kuo, D. Soetanto, and Y. Ch. Chiou,
“Geometric analysis of flight control command for
tactical missile guidance,” IEEE Trans. Control Syst.
Technol., vol.9, no.2, pp. 234-243, 2001.

[21] B. A. White, R. Zbikoeski and A. Tsourdos, “Direct
intercept guidance using differential geometry
concepts,” IEEE Trans. Aerosp. Electron. Syst., vol. 43,
no.3, pp. 899-919, 2007.

[22] H. Haghighi, H, Heidari, S. H. Sadati and J, Karimi,
“A hierarchical and priority-based strategy for trajectory
tracking in UAV formation flight,” Int. Conf. Mech. and
Aerosp. Eng. (ICMAE), pp. 797-800, 2017.

[23] M. Rezaee and S. Seyedtabaii, "On an optimized
fuzzy supervized multiphase guidance law," J. Control,
vol. 18, no. 6, pp. 2010-2017, 2016.

[24] L. Ch. Liang, H. H. Zhen, C. Y. Yue and C. B. Sen,
“Development of an integrated fuzzy-logic-based
missile guidance law against high speed target,” IEEE
Trans. Fuzzy. Syst., vol.12, no.2, pp. 157-169, 2004.
[25] Q. Li, W, Zhang, G. Han and Y. Xie, "Fuzzy sliding
mode control guidance law with terminal impact angle
and acceleration constraints,” J. Syst. Eng. Elect., vol,
27,no. 3, pp. 664-679, 2016.

[26]S. E. Jung and T. M. Jea, “Real-time neural-
network midcourse guidance,” Control Eng. Practice,
vol. 9, no.1, PP. 1145-1154, 2011.

[271H. L. Choi, M. J. Tahk and H. Bang, ‘“Neural
network guidance based on pursuit-evasion games with
enhanced performance,” Control Eng. Practice, Vol. 14,
no. 5, pp.735-742, 2006.

[28] Z. Li, Y. Xia, C. Yi Su, J. Fu, and W, He, “Missile
guidance law based on robust model predictive control
using neural-network optimization,” IEEE Trans.
Neural Netw. Learn. Syst., vol, 26, no. 8, pp. 1803-1809,
2015.

[29] X. Li, G, Cui, W. Yi, “Detection and RM
correction approach for manoeuvring target with
complex motions,” IET Signal Proc.., vol, 11, no. 4, pp.
378-386. 2017.

[30] H. Khaloozadeh and A. Karsaz, “A modified input
estimation technique for tracking maneuvering targets,”
IET Radar, Sonar Navig., vol. 3, no. 1, pp. 3041, 2007.

Journal of Control, Vol. 13, No. 4, Winter 2020

YWAA Glian F yled O tlor =87 s


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.John%20Holloway.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Miroslav%20Krstic.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7420658/
http://ieeexplore.ieee.org/document/7420658/
http://ieeexplore.ieee.org/document/7420658/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=87
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hassan%20Haghighi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hossein%20Heidari.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Seyed%20Hossein%20Sadati.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jalal%20Karimi.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8027286
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8027286
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Qingchun%20Li.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wensheng%20Zhang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Gang%20Han.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yuan%20Xie.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7514693/
http://ieeexplore.ieee.org/document/7514693/
http://ieeexplore.ieee.org/document/7514693/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5971804
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zhijun%20Li.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yuanqing%20Xia.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Chun-Yi%20Su.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jun%20Fu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wei%20He.QT.&newsearch=true
http://ieeexplore.ieee.org/document/6891229/
http://ieeexplore.ieee.org/document/6891229/
http://ieeexplore.ieee.org/document/6891229/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5962385
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5962385
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xiaolong%20Li.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Guolong%20Cui.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wei%20Yi.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7938515/
http://ieeexplore.ieee.org/document/7938515/
http://ieeexplore.ieee.org/document/7938515/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4159607
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Penghui%20Huang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Guisheng%20Liao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zhiwei%20Yang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jibin%20Zheng.QT.&newsearch=true
http://ieeexplore.ieee.org/document/7574377/
http://ieeexplore.ieee.org/document/7574377/
http://ieeexplore.ieee.org/document/7574377/
http://ieeexplore.ieee.org/document/7574377/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
http://dx.doi.org/10.29252/joc.13.4.77
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.2.9
http://joc.kntu.ac.ir/article-1-560-en.html
http://www.tcpdf.org

