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A Guidance Approach Based on Line-of-sight Angle in Planar
Guidance Problem

Valiollah Ghaffari', Hasan Mohammad khani?

1- Persian Gulf University, vghaffari@pgu.ac.ir
2- Imam Hossein University, hm4393@gmail.com

Abstract:

In the guidance algorithms based on the line-of-sight (LOS) rate, the lateral acceleration commands
are computed in such a way that the LOS rate is nullified. So, keeping constant the LOS angle, the
condition in which the vehicle speed is greater than the target speed, the vehicle reaches the target
position asymptotically. In this paper, a new guidance algorithm, based on the LOS angle, is presented
for a typical guidance system. To this aim, considering the governed guidance equations and using the
corresponding trigonometric relations, the proposed guidance law is transformed into an algebraic
equation. Although the utilized guidance procedure is independent of the rate of LOS angle, the rate
of LOS angle would equal zero instantly via applying the proposed method. Then, to illustrate the
effectiveness of the idea, the derived mechanism is evaluated in a two-dimensional guidance problem.
The advantages of the approach are shown in comparison with similar methods.

Keywords:
Guidance law, Line-of-sight angle, Rate of line-of-sight, Guidance problem.




Sl Bad @ e e, Gl Goe (DBl a8
sy ) ausly 5 Oloj e pbiaiae sl 0o 5 areS
w50 iz o [A] sga5 s g 90 4], Bun oy
5 eadl oo e Colan fle o ouls el giie
deo gy Salie (9l )0 plgiee 6mS ad e Slitive
o) s ol bwcslan adls o Sles Sgups sl
ouls plil colan gl b (g S lie p Joiin
dage p) Selae gl dacusgame (B85 Gl o L
S b docoahad sue jga> (o Il d.gj‘so S do
S ln soglie Solan (el dlas pgs p 5 (3903
a5l Yaero NN Y] sl oty sleitis colon pitans
OB 4 b sl Gl b ol
o Ken (Bl a8 VY] 500 Hae o I colan
oley Sl 4 5399 Sl 5 DVF] sgame olej 5o
Lo ls Slgl 3 coueal colan ggoge 50 [V0] sgame
5 Sl Gl @z sgaee pley po ol ks
SEDVET cal sas oolal colan i oSl ols Sgup
0P8 (b lr Ol s pgd e (A5 e S
o, dacyleg 5l (S IVY] 0 00 i il colan
o (2 06 o0 ‘5>‘)]o )53Lo 6‘)“5 Slowl Lg]).g Coloa
08,5 blod (Sl OYolrs jo Bus &l s Conl (59,0
oBiws sl Logas Colan uilss ax 31 [v--1Al
e daw sla sl Colaa wile o 90 Slaize
B9y B p Sges axio 93 (8)F Sl ;0 L el o
00 00l el (G duw Slates olKiws gl |y culan
Cogioe sl boes culos Jlaw VY Y] el
oolainl 8 50 pudlas g Lo LB 5l aiius 9.8 5 G508
5 e Colaw uled bl o o s S e
Slidos sl [YP VY] cul sas 6 oS00 38 S
plml 2o bz gl 5 (sie Culan b LLS,T )0 (sage
b cwins oo s laub [YF] jo cales o7 51 icanl onss
[vs vol 5 el 00l sy o e aygly 4y atls
ot 1y [YA NV 5 5 ST005 55kt S5 sl
o‘).o.ib LERUCN s 445‘) ‘«_i....u U"‘ o el 00 4..9‘\)).'
40,5 aales solatuwl Colas v oSl jo Ko sleosls

doddo —)
sl g el el QB olgen
4 Zesl gl g oo Jlaw Il o paboles
S92 Eyoge (nl Slp eyt SN Jo een
2 Qe Sl (F o Bas (3503 Bz (sl 0l
Gbiis, (J ol b anS e 61 Ll sloog.
9 P SESS e ez ol el (Lo 2
Ol 09 ca 0gs SYlie S 0 55 5008 8,l50 g Uas
2l Jebou s Sl (o (938 el (035, 4
Loply eosne slagty, Bk 5l wlad by
sy, Ysars ol Sludl (isp 5 shaie < Yozl
Soolus SO gl £55 50 ad)ls sdas alus g0 Llow
Gz 20,5 oo Al s b gl 5 sl (S5
0l Crosi dsome Lol s dlobes G b Seoliys
Sz b jgeins S lagd wo b aygly 2500
P8 olped 4y jgaias (295 (e 00,5 (50 (6 S 03I
oolawl colan v ,6l jo a5 uSojlul slacasS
Onlsd ) Loghins 0o L aysly S a3 )0 50 o0
Sdxie sy i 8529 do 4y Jl> I b ogd o ol
lisis Al Jodhins Vol )l Jelow !
laidly 55 e Jsl g5 p Zalaa (9l ik 3 092 ge
e B89y (5B R 9 G sediee 5l (ol Zolaa
ORI g Ll 4y s o9yl Canl o Ja> 4y9l5 £ 5

as legs wculom dil> (Sl SYoles Cenl 00 o0l

drwgl ol Colan 5l gousin ladsens (o> OV

Sk g cnl 5haslios J 5SSt Laily) 4
D] o)l g jpam 0 colas ail> o Shee 4
Dokl Salips 28,5 Jai o Y] Glej o3l ol
7 6 nlpln el 0ad g 508 3050 5 [Y]
e Salae ail> L8, 5 o1 1 el 5 ol 4

IRWAREAPES
3 el Zalan (39 polie g ool 925 L 4z S
6l 5100 i Slidins Sy Cenl diedges Sgl L
Oype w0 b aly E5 (e Sulie (9B v
D] (ilodine o358 5l ok (e & el a2d S
ool IF] juiie jlislo Jyus o] Soad b sjlo s
DS sles Sug, e g [A] ke V] e« o8

el 00 a\..a)fe).e‘;.xﬂ)lfwl.mws)mum)élf




1Fol yliwwoj 9 J..ulg /%1 OJL..AJ'I /P Jlaw

Colae s Sl -) S

08,5 olo Wilgi co 13 Gy 4 Al oS OYoles
{1’” = Vi cos(A — @r) — Vi cos(A — @p) o)
rA = —Vpsin(d — @7) + Vi sin(A — @y)

el Wy oy JUSe S @7 SBan aygly ) 08

e s A0l oo ol Vp Ban e ps 9 Vi v o s

WV < Vip)cw! 535,50 Bas Ze w3l >

i Sl Ou 5 or A slaagly labamd polie BV o8

Sl o yiwss jo Colaa eild o solatl
alycale ol ol s ol Ol siluand o
Slaize olliws )0 ouiS o0 (Kbt g tg L o
25 ekl ez CoaBge ) S0 0 0al ool lis
0 Jlgs s
Xy (0) = xp (t0) + Vy ftto cos(pu (1)) dt
yu (@) = yu(to) + Vy ftto sin(¢u (7)) dt
a5 O)go 4 g Boe Caedse crlin Bl 4
00 5 o
xr(8) = xp(t) + Vr [ cos(pr (D) dr
yr(®) = yr(to) + Vr [, sin(pr (D)) de
2 ably 5l G s ) Boo b e (oo alold
98 )5 oo dwle

r© = (e 2 ®) + 020 -y @)’
Of il lawe 0 S omz lauaBon Yiy g Xy S
2 Dopye @ oyl Olaide olliws )3 aly 4
ol Algs s
Yy > 0,xy >0
—,,
| n—ll);w, Yy >0,%xy <0
t—n + l/J;VI, Yu <0,%, <0
e ) sl e 5, = tan™! (z—n“:) () alaf, ;o

Y <0,xy >0

Y, = )

Sl ol a8 )3 a3 0 =T o T oy (L0,

5 SV SUOH Catyw wyd s agly #)0) ools A
5 oay.c b)..f )‘)3 u.:‘..\.% ‘Q.».’)Bﬁ‘ )l—)—h}‘ )\) (J..\.m g_)LH.u
Al dygly JWSew 4 5 e (il Sl el 03
Jo s dllie (pl jo wads Lo o)lge dy ol b gl oS
arwg |y olad 0aeld (5 eS| g Sl b et
Ok 4 nled i |) e (e B gy Lociine a5 o
b agly 5 Bas aly) cueS g0 gpFoslail b Koo
@ bz Ol 0sd sl e sl aysly (o
Slaie Bas aygly a5 gloy U golpainn Jly, 65,5
b Slade 4 58 pes e loyd aggly el 20U
Slamao Colaa dlus g 5l (pgs idu jo walsl [0
12 @l T ks oy 93,5 a5
30 ad dlgr gilwacd cad &Il 5 ,S0s, L Colon

20,5 (0 SO ok (S ) GBS (6 S AT ol

Colod dluwo lo -Y
L!W 56M 5& ULM olf.';...q.) )b A g,li"“" ‘:SJLE.Q
)§.>La.> A A Jiu B | Qr “-‘9‘) 9 VT u.c)...u Ls‘)b
Boad b g cond alolB onins Lis T g 0y s 4yl
B8l gl 4 Sl g 009 —TT 9 Ty ol lade (bl
(2l (2lep s sleoje> o wlysa aS ol
@olil az o il slal (gl 00,5 jeal . g s
99 5% W b g Bas g pax blgj a4 aiesls
S sl plaal o Lol raib o (axban) Cyo
alie LS 0,50 bl u""a‘“’ e st aiile glaxans
Colan gl aS glalowg yigh ol Ho il o ) S
bl g Ll 4 ab salys gslwesls 1 g9, 2
thd‘j)d‘lua.»aw‘..\.&: AJLM.\.A)O;‘M| Q..i:s) .').))fu;o
oS e Py a5l Lo yd (8L JUis e (0l o
bl yekaie e led o T Bod Coonw 4 M >




_ t u(t)
(pM(t) - (pM(O) + f() Vi COS(;{(T)—(ﬂM(T))

agly loyd ol laiin 5 ol Colan o gy ol

dr [QRD)

OV) 5 OV0) Gloalal) 51 alg oolawl b pu oo

b SBl5 s
Q] JL.».) 4 axlllas Q%.‘ O e ul...; .))‘9.0 4 Aol L
A o yho (Slidie Ly, 51 eoliul b 1y0) giiws
Cawd )95k 4 coled o e plxl (6,500 )b L
)\) )L.\.sl.: 9 ooy SN Ja} 4.15‘) » (5..»...0 45 uﬁl.: M‘P

NGV IRPRC N Py
GOl Colud oy oI Y

30 50 Ll 01, V) sla o 3L (V) doleet) anid
2 Salae gl Jleel b ity alaxd

=1 —sin~ (YT sin(1 —
@y = A —sin (VM sin(1 (pT)) Y
A delg> jao b asie o b3 aygly ol s (Al
A1) =A(t;), t=t; QAD)

aole> Bus & g ALt =1t — 1 oy S o (@

Dl oo Gy dolae Jo 51 AL 535 lake 0w,
r(t) = [,/ JA2@ + B2 @ de )

g A =Vycos(py) —Vrcos(or) wulps «(VF) aal) o
b o B = Vi sin(gy) — Vr sin(or)

Slgee py Syge 4 (V) Jewdhas dolee il

D9l (gwsil
(r' = Vr cos(A) cos(pr) + Vi sin(A) Vy sin(@y)
{ =V cos(A) cos(@y) — Vi sin(2) sin(¢py,)
ri = =V sin(d) cos(@7) + Vy cos(d) sin(pr)
+Vy sin(2) cos (@) — Vi cos() sin(@y)
1l gl ((V0) alaly joged i e g (gilwesls
(7 = cos(A) (Vr cos(pr) = Vi cos(@n))
i +sin(4) (Vg sin(@r) — Vi sin(ppy))

Q1))

4 = cos(2) (Vr sin(@r) — Vi sin(pp)) 4%

+sin(A) (Vi cos(@y) — Vr cos(er))
25 Do & B g A bt (Bas a Gaes; Gl
1335 (o8 i y35
{A & Vi cos(@y) — Vr cos(pr)
B ¥ V), sin(¢y) — Vysin(er)
e ys0 ) bkl 4 (VF) alaly ceagisl b
7 = —Bsin(1) — A cos(1)
= —VA? + BZsin(A + ¢,.)
rAd = Asin(1) — B cos(1)
k= VAZ + BZsin(A — )
, = tan™! (%) 9 Y, =tan! (%) V) ally o

Yy + . = g QYN

AY)

w45 ‘1,0; =tan™! (z—:) Ao b aslin o,k a

2o b agly e Syl Cewy Gl oo | P Baa
A =tan™! (M) *)

XT—XM
Sade & e O3l Ol es (Solite slasSug; L
3lheolass ols sl | (Colan con 31 LAl 5 50 Bun)
Fr Sl o By g s b aygly L b SasS
0asld 1y 5y 9ein ( Jl b aiiS (o0 515 w0 a4l
T 4 (Sl 00 a3yl £ (55 03l 2 (Gine 45)
peplo> (V) alaly 5l 65 e b 0sd o0 plnil 5
lo
FA+TA=
—{iVT cos(A — @7) + ¢V cos(A — @) )
+AVy cos(A — @) — @uVi cos(A — o)
qp,lo (V) dobeo jo (V) alayl, cs"’)i‘l’ L
rd+27d =
@rVrcos(A — @r) — Vi cos(A — @)
2) S yiie i b

oY)

def

w & @ Vrcos(A— @r)
u = @y Vi cos(A — py)

x 1
kvc &l —y

1255 (o0 e py by & (A) soles
x=1Quax+w-uw) )

r

Ve g 20 baz aygly ol uss sosS Lo x () alal, o
Bad & > (Swgd S0 G odiws lis
OYolee 5 el Ol b ol o ools lid .ol oo
selys ol Colbe g saiiS oy
Ivalas

u=Nv.x+w,N>2 )
SIwoey el b i Bas aysly ST as el oo
5 Colae ple o Yoaso ol anlys B> (V) akal,
ol 50l e (oS Colam 4y (V) abayl) (5 9L
3 Slehe g gaie lroslaiul gL plu! Colun
gagaome ds dzgi b puzmen (Canl 0als (V+) alals
Solas 650 Slinie 5 glyl (o> Ll (il 4
ol 00l 00ld daingd jud ol
b ay ol Ol conl 5hs el Colae ookl o
G5 Hles 09l (5 S0l SWgd Suo P Cas s g 290
e 4 Solae g Jleel jolie 4 09d 00 oy
23,5 b agly a4 sle Sles i akaly 5l el




L

/%1 &jlais /Pl Jlaw

1Fol Yyliwoj 9 jau

L

YA

{r‘ = /A2 + B?
AE) = A(t), t > ¢
Ol demilyans dolre Cls> (VF) dolee el cpas

(VY) 5l Jleel L ol ol ol (YA) adasl, o ool
L agl3) 09d o yro b aie W o aygly Ol s
At Hley Sow jo aizmed (00,5 o0 WU jlade ago

Ay S2le Bus 4 s
b 8 al (OY) pe S oglhas aygly i) angd
wgly 45 0D 0 .l P Bad gly 9 4 W b aygl;
b Hlade ojlaen golpiinn (s, Jles! b wo o>
2y ol adl ploj b peite Sua aygly 5105 aalss
5y ol 5l og wele pley ay analy (V) Gled a4yl
aalem e (U lade 4 (V) ol aygly b Blawl sl
agly il cull Bus aygly a5 )i o1 el Cdl>
)9 99 M‘? GuL» )‘J.QA J"” (\Y) L! 03 cb....ul?u» Pm
el dalgs Candy oy adaly STAL Slgpn Gle Do s

At = D (¥v4)

Jaz1p?

L aygly b o) anad o oal b g, iV Aoy
C‘W‘ Lo.aﬁ.o..um ‘) e usﬂaﬁ Coun 4.:5‘) g 009 o
aS) dszge Culaw piled b aislie jo gy (pl 5l aiS
ol o oz aygly Ol sy (6,505l i Boes
S 7S Sloslons pn> 5 0092 foslu (g3l o )55l
RPN

S Syge a4 (\Y) Colan el Ol b Y asgd
95 Ol 5l 00 oo SR basie o lad aygly DS
9 (\Y) A.EJ‘) lJ W) 4.»..»[70@ 4.15‘)) A_JBLD.».A )‘\.\.D.A 99 Oy
Sl Sizmdgw o Glo) e 53 (paz (S955 4l;
ooyl @ axg b (@u () #F oy (t)) sl e
yol ool = @V cos(A — @py) oslaiwl 5,50 Culon
Jleelalad )3 oz sl 1) (FHn (Sl SLed Wl oo
Iy i pl o s loo )5 5o .auS slowl gl Lo ,8
g0 > 25 Gyl ¥ ol oo

)l LS S oy 5l Sl asly e (A
ez & polae loj Sl b (gl adype hod 2 Jbe
a5 Sl ol B ojlail a4 s o 0sh les!
Sade 2ls (59959 «ygo pl 4o il aalgs Sgg
Ol JiKmw 1t (29,5 5 (OF) alail, b oo aloxs

Loyl sl eolamwl cunl by, 0y dlgs Caow agl;

ey penlss ol

{1‘" = — V2 + V2 = 2V, V, cos(@r — @y sin(d + ;)
rA = V2 +VZ = 2V,Vy cos(pr — @u) sin(d — ;)

QRY!

ol Wn g Wy Agly x4 a g b uinen

_ Vmcos(pm)—Vr cos(or)

tan(y,) = Vm sin(pp) -V sin(or)
__ Vmsin(gym)-Vrsin(er)

tan(z) = Vi cos(@m)—Vr cos(or)

a0 s aygly a5 paen ol b 8L JLos 4 sl o
2,5 o b laae

)

5 Wolns o3 amlys 1 T 5 1 ol oy
w55 Sl o ],
VE + V32 — 2V, Vy cos(@r — @p) =0 (V)

e84 (V) Slyz canl (20,

Oy = Qr — cos‘1%
S g 20 G egesS &b ojlaslas > 1 51all
FURARIREY e Lsgb? b slael ;o (YY) dolee ol
e nd bt ayly Olss Sley (V) 4z i b o

09 J B 25 Golud 45 88,5

A=Y, tkn X
25 ol 4 ((VV) bl byl 4 ZIIEE Jleel L
) s?

tan(y;) = tan(1) = Vi sin(eum)—Vr sin(or) o

Vi cos(@py)—Vr cos(pr)

by Glgen (TY) Aolae (s3luosles b

(Vi cos(@u) — Vr cos(@r)) sin(A) =
(Vi sin(@u) — Vr sin(er)) cos(A)

Vi sin(A) cos(@p) — Vi cos(A) sin(gy) = o)
Vi sin(A) cos(@r) — Vi cos() sin(@q)

s gulym o Slilie laslg ) 5l oolazul b coles o
Vi sin(A — @) = Vi sin(A — @r) (%)

)

L =0) wo b aygly Oless ad yae plplo
U‘P o)‘}o& (Y?) S dJoles o= ..\.«..:l;(s;o VT < VM

el aalys anis
abal, (YY) g5 Bld b s (VF) Culan 558 Jlasl |

e 50 ) Oype 4 (V)

{1’” = —VA? + B?sin(y; + ) xv)

A=0
ol (OVA) golud sl oolazul by cames yo




Oy Oley oL sl el eS o ol agl; g
el o0 Sl S8 5l i Bue 4y >
r(t;) cos(1) + Vy cos(pr) At
=V cos(pp) At
r(t)sin(A) + Vy sin(or) At
= Vy sin(@y) At
2 sl jo ol b slacdlus jlade (YY) akal o

H

Oygo & AL o [0 .Gl 00l jalaie dio (g0gac g

At = r(t;)cos (1)

" Vi cos(@m)—Vr cos(er)

V)
L

At = r(t;)sin(4)
Vum sin(opm)—Vr sin(er)

Gis b asl e () b Jsles (FF) 5 (FY) sloalal,

()

:M)b At

sin(1) _ cos (1)
Vy sin(py)—Vrsin(pr) Vi cos(@p)—Vr cos(or)

()

Wl ol pls g aale> (YY) alal, b Joleo (YF) (golus

Al doles i (VV) alal) 5l g Collas

Silwannds -F
e S > ()5 )18 (28 L oleiiny Solas (49
Sy 309 Coll imen g dxmio SO0 GBun g
FRYVEREVEN P 4 O9d5e L’)T Ol el Cwl ouls C‘)z».w‘
o2 9 2l gy slro S glgl jo eolaul LB 4
5o oad a6 S i T els plas gl cl
Iy 2y slesls b glamas colae dlue G da gl

oS (oo 30
7(0) = 1000, 2(0) = 0.1, ¢}, (0) = 0.5, 7 = —0.3
5 450 » ye Vi =40 j5ld Sy gyliw cnl o
Slade glid g po dagly (V) (9 dnlons 205 S oo
0 s s welys e obol, @y = —0.0960
Y s ol b Jsl atye ks G Sl @y ol JUm
(alad s g @Sl DY olee Ll 0ulds oolawl a b
ti =1ty =0 Sbil g a4l LoV (51500 Gl b
O3B g iz Sl el plas sl 00 5 o0 (s3lwand
el Culae boeoleiing by w0l il coloe
A(t) o bz gl Ol s .l ool auglie (N = 5)
P AR agly wizen 9 ¥ S 0 Bas g jolid
30 Pu(t) Hold Ceoms gly 00,5 oo cvmlin ¥ IS
Ou 5l5 a5 398 o0 0058 el oad ooly uled ¥ S

Iy ell olasd o ol> Glis anls by Wil sl
cel s Wb liyy mals odle 4 s oo il
dil> Yol 61,35 Aul b s ol 1 wyiee il
Wb sl Sl o Cl (55578 Gl ple 905 (o0 At

2,55 ploxil asdlas ool Lo 0550 90 ol
(to oloy) Alluws £9,5 )o alalddl (V) coloa 56 (&
03,91 elin byd SGas eole 0gis ool
&S ik Ojpe (nl @ Wlgee (byd iz 995 o0
s a5y 0 S05 (B ol 4 (5935
ol Sllasd 15 K00 & le a4y 055 (V1) abal, b o
=y Selaa 10,680l SO (€ [to
abisd 0 e 098 a8 5 4 el Colas wile

t]) silwanss

255 gy Oty P9y 4 b (rere
@ g 5l S s pln PID o J S o ¥ az g
Oher 205 0l (398 50 4x ol 4 4 il Slogs!
Bumpless) 4,5 oy JEs! sl g, 9, ool 51l oo
0,555, 99 Moc diloalds 7 e i 1 (gl (Transfer
JEl la g, aiws o Wlg oo oals ol (golpring
DS 8 e e
O3B, sinTi() g sin() wly el og>g B a>gd
S il o Vi K Vy a5 Sloj pguaid] e (1Y)
Pu ol asly adsg yo Gllre glad sbml el
Siloterd 50 005 0 dnogi (o (an 4 008
Sl S pll Sllbre glas & conlus Jolos
@l LA s b ayly BUST 0iS (o0 (28 55k 0
ol gl s cgy ol 51l 8 llas sl @r Bon
Ao lgiee pj ause &b polee Vi 9 Vr @ A
g 18,8
J = |sin_1 (://—; sin(1 — @7 + 8)) -
sin™?! (5—; sin(1 — goT))|
Sl YL OlS Ol o0e (giluands jo Azl o

Vi o3s polie aS Sloj aS Cawl gy 0503 (uets 8

)

b salgss slalisde
O o ol Calas gy (owidd el
b e W b3 agly (OF) ol Jleel b olsy
Slade sl b jlase Bas aygly ST b 0g walss
o g dlg> ol (VY) b sdel Cwss gllas asgl;




1Fol yliwwoj 9 J—l-llg /%1 OJL-A-I:I /P Jlaw

150

100

y(m)

-200
0

T T
~——Proposed Algorithm
—-~Existing Method

5 10 15 20 25 30 35 40 45 50
Time(sec.)

——Proposed Algorithm
—-~Existing Method
e,
e
e
e
e
s,
e
s
s,
s
3
e
NS
3
NS
NS
NS
S
NS
NS
N
\S
S,
O,
e,
)
O
O
oy
o™,
)
b ¥
O,
S
N
5 10 15 20 25 30 35 40 45 50
Time{sec.)

7(t) oo alols -0 S

— Propased Algorithm
—-~Existing Method
- =Target Trajectory

1000 1200 1400 1600 1800 2000

x(m)

B g 5olids LS > s 7 IS

200 400 600 800

ut)

= Proposed Algorithm
=== Existing Method

5 10 16 20 25 30 35 40 45 50
Time(sec.)

St 4 oud Jlael il olis -V S

Collas e 4y oled O g0 g by d s LS a9l
Oy »d s b aygly Dl i aoeis )0 00 5 oo | Ken
alold .ol walss oo (Gl <ol plp Flogas) alisS
59 ES > e 9 O JS8 50 7(1) Sow ) jsld (o
Sl cwol ool plas £ S jo Gan g ol (gow
ol oo 03,5l VIS o jglid a4 el Jlesl il
(S Gloy D 53 (e3leidn 9,509, b Sl (13,
i V' 58 Bollas cdwny o0 S5 090 Bam 4y j5lis
ol 4 gileans by slanl o 1.2g Lil> ol
Sl szge (g b dalie 0 aiz ol ond Jlocl
53l Gl bel scanl ons )l g @ (6 iy (Sl

3,08 158 alwg jlre 03g95xe
b 5o et glmiul o oSl sz e (B9, L alie
)l s b asly 5 g fhe )0 (xw ag
S bad aygly Sl (ad jhe (g 99 e 50 A
el (ilme ©j50 4 (V ISE) (ol Sl 5 (V JS2)
A5 e 58 (699,5 «ular 9ild (o3lwosly o .l o
Ol Ol (9,5 5 (V) alasl) b ool arcslne jlade o

or ——
,,,,,,, —Proposed Algorithm
g ~-=Existing Method
e
0.005 ol
_ 001
=
=
©
0.015F
-0.02
0,025 . . . . . . . . N
0 5 10 15 20 25 30 35 40 45 50
Time(sec.)
0.1
— Proposed Algorithm
Yy === Existing Method
005
\-
\‘
\
of ©
\
\
\»
= \
Z-005F A
N,
N,
.
04 .
N,
g
,
N,
015} oy
.
. T
02 L L L L L Pl ¥ e r—cmemaymemen
0 5 10 15 20 25 30 35 40 45 50
Time(sec.)

A(t) 2o b aygly ¥ s




[f] M. Guelman and J. Shinar, "Optimal

guidance law in the plane," Journal of
Guidance, Control, and Dynamics, vol. 7, no.
4, pp. 471-476, 1984.

[6] 1.-J. Ha and S. Chong, "Design of a CLOS

guidance law via feedback linearization," /EEE
Transactions on Aerospace and Electronic
Systems, vol. 28, no. 1, pp. 51-63, 1992.

[#] J. Moon, K. Kim, and Y. Kim, "Design of

missile guidance law via variable structure
control," Journal of Guidance, Control, and
Dynamics, vol. 24, no. 4, pp. 659-664, 2001.

[v] H.-G. Kim and H. J. Kim, "Backstepping-

based impact time control guidance law for
missiles with reduced seeker field-of-view,"
IEEE  Transactions on Aerospace and
Electronic Systems, vol. 55, no. 1, pp. 82-94,
2018.

[A] J. Guo, Y. Li, and J. Zhou, "A new

continuous adaptive finite time guidance law
against  highly = maneuvering  targets,"
Aerospace Science and Technology, vol. 85,
pp. 40-47, 2019.

[4] X. Chen and J Wang, "Optimal control

based guidance law to control both impact time
and impact angle," Aerospace Science and
Technology, vol. 84, pp. 454-463, 2019.

[v-] Y. Sheng, Z. Zhang, and L. Xia,

"Fractional-order sliding mode control based
guidance law with impact angle constraint,"
Nonlinear Dynamics, vol. 106, no. 1, pp. 425-
444,2021.

[\2] C. Wang, W. Dong, J. Wang, and J. Shan,

"Nonlinear suboptimal guidance law with
impact angle constraint: An SDRE-based
approach," IEEE Transactions on Aerospace
and Electronic Systems, vol. 56, no. 6, pp.
4831-4840, 2020.

[\v] D. Zhou, C. Mu, and T. Shen, "Robust

guidance law with L, gain performance,"
Transactions of the Japan Society for
Aeronautical and Space Sciences, vol. 44, no.
144, pp. 82-88, 2001.

['v] A. Saleem and A. Ratnoo, "Lyapunov-

based guidance law for impact time control and
simultaneous arrival," Journal of Guidance,
Control, and Dynamics, vol. 39, no. 1, pp. 164-
173, 2016.

o (oolpinn culae g8 jo il sleslatul JJo 4
s &l o g, b aS wes o lis goue gilwans
@ oboly 0.5 adgl Jlade 51 (F U)ol oo a5
Sade b oglae Swil) Lol —0.12322 <ol jlade
Sy (OF) alaly L gy = —0.0960 ooy aulxs
SO JS2) as b 4ol solerion 9,509, b uizeen
Al sy b01;0.0482 lude 4y Lol 0.1 adsl Jlads
B o Slos lilo (gilwdcds 10 5 0095 ool (golpriny

G 3 Azl -0
L) x5 B4 g cou p oSl oL, Ly, axs L
Sz s b agly e el S Sl
oanlin 050,85 ol colae slapiwas ;o colaiul
o oolpiinn 58 ez g0 sloacld IS b aS 0l
5o odd &) glate ax 51005 o e 5 dhal)
OXd yao Lol og aus bz ayely #5551 e UIS callas
Sy o Jlyy e ST L s b aggly Ol s
sladg, b amlie 0 w9, cnl 5l wasee g slabaxd
3 s Solan (a8 jelaie e 4 ol (goiie
pll b S o)l (b polid Culue dlles
Lboawlie o colae gy Cuje (gooe (gilwacs

Al ooy lid Koo slbosds

&Ll

[\] V. Ghaffari and P. Karimaghaee,

"Performance and Stability Investigation of a
line of sight based Guidance System in the
Presence of Measurement Noise," Journal of
Space Science and Technology, vol. 11, no. 1,
pp. 31-40, 2018.

[v] S. Talole, A. Ghosh ,and S. Phadke,

"Proportional navigation guidance using
predictive and time delay control," Control
Engineering Practice, vol. 14,no. 12, pp. 1445-
1453, 2006.

[v] D. Zhou and B. Xu, "Adaptive dynamic

surface guidance law with input saturation
constraint and autopilot dynamics," Journal of
Guidance, Control, and Dynamics, vol. 39, no.
5, pp. 1155-1162, 2016.




1Fol yliwwoj 9 J..ulg /%1 OJL..AJ'I /P Jlaw

Robust Model Predictive Control to Obtain
Optimal LOS for Flying Vehicle," Tabriz
Journal of Electrical Engineering vol. 48, no.
4, pp. 1645-1652, 2019.

[vy] V. Ghaffari, "Model predictive guidance

law design in a two-dimensional guidance
problem in presence of Input constraint,"
Aerospace  Knowledge and  Technology
Journal, vol. 8, no. 2, pp. 169-178, 2020.

[vf] L. Lin and J. J. Zhu, "Line-of-sight pure

pursuit guidance stability analysis and design
guideline for car-like autonomous ground
vehicles," in Dynamic Systems and Control
Conference, 2019 .

[vo] R. Rout and B. Subudhi, "Design of line-

of-sight guidance law and a constrained
optimal controller for an autonomous
underwater vehicle," IEEE Transactions on
Circuits and Systems I1: Express Briefs, vol. 68,
no. 1, pp. 416-420, 2020.

[v¢] N. Gu, D. Wang, Z. Peng, J. Wang, and Q.-

L. Han, "Advances in Line-of-Sight Guidance
for Path Following of Autonomous Marine
Vehicles: An Overview," IEEE Transactions
on Systems, Man, and Cybernetics: Systems,
2022, doi: 10.1109/TSMC.2022.3162862.

[vv] Z. Qian, W. Lyu, Y. Dai, and J. Xu, "A

Consensus-Based Model Predictive Control
with Optimized Line-of-Sight Guidance for
Formation Trajectory Tracking of Autonomous
Underwater Vehicles," Journal of Intelligent &
Robotic Systems, vol. 106, no. 1, pp. 1-13,2022.

[vAl M. Zhang and J. Ma, "Adaptive fixed-time

cooperative intercept guidance law with line-
of-sight angle constraint," in [International
Conference on Mechatronics and Automation,
2019.

[val G. M. Siouris, Missile guidance and

control systems. Springer Science & Business
Media, 2004.

[vf] D. Zhou, S. Sun, and K. L. Teo, "Guidance
laws with finite time convergence " Journal of

Guidance, Control, and Dynamics, vol. 32, no.
6, pp. 1838-1846, 2009.

[va] G. Li, M. Xin, and C. Miao, "Finite-time
input-to-state stability guidance law," Journal

of Guidance, Control, and Dynamics, vol. 41,
no. 10, pp. 2199-2213, 2018.

[v#] T. Binazadeh, M. H. Shafiei, and E.

Bazregarzadeh, "New approach in guidance
law design based on finite-time partial stability
theorem," Journal of Space Science and
Technology, vol. 8, no. 1, pp. 1-7, 2015.

[vv] V. Behnam Gol, I. Mohammad Zaman, A.
Vali ,and N. A. Ghahramani, "Guidance law

design using finite time second order sliding
mode control," Journal of Control, vol. 5, no.
3, pp. 36-44, 2011.

[YAl S. Xiong, W. Wang, X. Liu, S. Wang, and
Z. Chen, "Guidance law against maneuvering
targets with intercept angle constraint," IS4

transactions, vol. 53, no. 4, pp. 1332-1342,
2014.

[val s. khankalantary, m. hajizadeh, heidari,
azem, and h. mohammadkhani, "Impact Time
Guidance Law against Maneuvering Targets
Using Sliding Mode Control," Amirkabir

Journal of Mechanical Engineering, vol. 53,
no. 2, pp. 913-922, 2021.

[v-] C. Wang, X. Ding, J. Wang, and J. Shan,
"A robust three-dimensional cooperative
guidance law against maneuvering target,"
Journal of the Franklin Institute, vol. 357, no.
10, pp. 5735-5752, 2020.

[v7] Y. Ji, D. Lin, W. Wang, S. Hu, and P. Pei,
"Three-dimensional terminal angle constrained
robust guidance law with autopilot lag

consideration,”  Aerospace  Science and
Technology, vol. 86, pp. 160-176, 2019.

[vv] S. Ebadollahi, M. Madani, and M.
Golestani, "Guidance Law based on LMI-based




