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Waypoint Guidance of Autonomous Underwater Vehicle Based on Line
of Sight Law and Haversine Equations

Seyed Vahid zia and Hossein Nourmohammadi

Abstract: Waypoint guidance is one of the most common guidance methods for following a
predetermined path in all types of robots. In this method, in addition to the starting point and the goal,
several intermediate points are determined as waypoints, and the robot must consider each of the
intermediate waypoints as a virtual destination and reach that point. Then Switch to the next waypoint
and reach the final destination by passing through all of them. The aim of this paper is to design a
multi-point guidance algorithm based on Haversine equations and spherical earth model for an
Autonomous Underwater Vehicle. It will be possible to implement all kinds of research projects,
sonar photography of the seabed and waterways, and monitoring of energy and telecommunication
transmission lines through the design of various routes using the proposed method. The proposed
multi-point guidance algorithm has been implemented in the field of a research Autonomous
Underwater Vehicle and its efficiency has been evaluated.

Keywords: Waypoint Guidance, Autonomous Underwater Vehicle, Haversine Equations, Circle
of Acceptance.

[ DOI: 10.61186/j0c.17.1.51 ]

s sb i ol i o5 01y 353 131 5 IS Oludige el o 28 dloes b A s e 1S s e ok


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/j0c.17.1.51 ]

sl S¥slae 5w ods Colta 056 e 0l Ba g 0T 55 ekisy (gl dir Sulis oY

Shazee) 55 G teleds L 5 Ao

Md:,);muuu@f@\ﬁL;;L@;:ﬁd:,).wt,ua;%
Ju3 Gy s 035531 5 ol ¢ glomaler) s s 3314/ i 8
G e Sy 53 s W5 bl b i s 3, S
sl sy Cp o G

e T GLAOL 2 Wle S o Jule &G ek
4515 O o Jasl 555k ks sl 5 AUV 3 o s 51 01 ol
4 538 (w4915 Olop Ol 5o 4 03Lw LOS 56 53 ;v wlow
S sl sle 4y ol Sl 35 Al i o sl Ol
Sl ol 5 s e 2 San (S S g LTS
ool oLzl w5 LOS 056 51 [F Y] o e 53" b s il i
e S e b Bl > $olgiiy sy 03 (el o Tl
Fl0] ol 53 3 i r s DS L ke 5 laland D) 5y
GOL o Sl (—8b e sl Ol (gl ISl — w5 LOS
AT 5 5l e Ol a1y (6l el 5 Sl 00l i) o
[A-F] ol o 5 il sl Ly malin Dbzl 4 1
23l 0 1 ey sla Ll 5 535S Dlike 4 bgs e oalie
33 ot W (0SS (3 035 53,5 A L rrssla DYl
ol dloee B 700 Gl Lo ST (g9, bk

bl 5 g5 4k o LOS iy 6,85 sl 35l5m ST 53
013 3 a5 355 or iy 5 " o oly BB Ol i 4 e ki
oAl el LG e 4 Oy sl Sl BB ol (b s
53 oolsen Jlge o o dal 53 o pdie bt 4y 5L s 4515
ol b alid glabad b Colda Olpe 4 S oplCmul i -
o ol S ool bl dlie ol 53 Lomy 3590 (ool § b5
Sl e Sala plis 10 1) (5% e (b 015 (8
O b Joml g 5 o3l clael pT el )3 i 53 ollss 5 G55ty
A s Cola gy all (Gl Gl Ol sal |2l
03 oS Sl 03,5 Blod (sl T e sla 056 e (slala
Sl .l Slades AUV S5 (05, 0T (3luesly 5 Colan (e
fr > it (Salys SVslee Sl ¥ e il 5t Ui
53 Aoy Cols o L ¥ 23 5o 'C"“"V"“?f’(‘s\’ 3T
Oly S & (a1 315) (B 5 13 515/ 3a2) (53 508 JUIS 53
435 0k 3 =l Aal sl Oyl SV¥slas 5 (65,8 Dllie 66 5
013 pyge dabsl 53 Lol ol &)1 i olda 056 5> e
ol Oy o Bule Syl 4y lalals i Cylte 035530 (1 o ke
@olgiy p—%)}f\“ los S 0gn5T Gl B td 55 .ol
53 SMer 05057 gl o 4 5 iyl (2T 25 )75 55 0ig) &G s

el e (6,8 i B ey Sl 0 sy O1yi5le Sl

dodo —

S b sl 5o Jie Glac b plail 1 &S 5 5
-l 5 o 03Ul T 2S5 (60 e i 0y e
S bl 1 ST dUs b (5 4 50 o e s (s
Hoaliial b 6 15L& (o0 o 55 0l iy 15 iy I Ok
b o il (sla ks 55 LT SleMbl oS 5 5 (il sla S
e S Ol il 5 Wost Ol o b i g0 (e |y s ()l
1) o et 4 St 5l 5 2ol (s S m AN U S ol
Sl B 1l 3l ailo ol 5,108 o | ol s Shas 3l oslizal b g s
wilo ol Sl SV S 530038 o Ll o3l 5l o ssele
G absi e sl s & 5 asss ol pen 4 J 2S5 5 sl cylia
Al 0Lt
Jsans sk J 257 5 6 50 culia all e (55luesly sl
SKoaly Jolm 5l Sloloma 5l Losle gl o5 51355 0 omm
3PID sy 5l ealiul Jle Ol g 4.5 55 ol al ey ¢Salis 4
55 830 e 53 el glte (6l D) J 257 s (S 5lnonly
b go 3 Condy pads Sl JaSu AS L alST 2l gl Sl eline
35 25320 5 T(LOS) o Culda .ol pgn jo sl alows
10 o O3 SUedisy 035 53 Calds s (g leesly sl 2
o3 228 s i Sy pale (b ) Sl T(AUV)
B9 ot B S Cometda Calda 056 gl ol 5 Coda s yls
O S oGS Ol 4 0L 5 el a5 o s Lo
ST 55 5 e Bl Gk 1 ] o e 55 el s 5
@labai L mods Sulda Gy SIAUV L T 5 glaas e )3
e s ulda e oy bl U] sl 0 03l
a3y JUS 5 ] i 55 A 51 el b A 4 et S
e ¥ 3 6, )30 8 SRS Colee gLl e )3 5 S
ot e 4y o oSG SIS e (B el B U5 5 SLESTL
L olS &K 65 S ol bl 5 (slas gome ¢ e oied AT 5 55
4 Oy 53 P gk 05T i o ol ol iy 5 s e
23 sl 03 305 e |y adins AT 3 Cwlin (gl ) 5 ab gy 0 LS
2552 USV (gl s s AT 5 52l (5 2 5 0Ll [Y] e e
Sy 3 b s LU S5 s Sl ol 8 515 )
O et eSSk ek a0l Aly Lo s
6“&.»@‘ 23 35 gm 0303 CoslS e Slomil o ity 4 s
e S ile (s (o el Sl e A5 05k i

6’f}r‘“‘)l¥}‘j’”ld~al§$‘j¢‘tj}‘j“°){btujx’5l‘..d?""}

8 Unmanned Surface Vehicle
7 Along & Cross Track Error
8 Way-points

% Haversine

! path Following

2 Guidance, Navigation and Control System
3 Line Of Sight

4 Autonomous Underwater Vehicle

5 Acceptance Sphere

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/j0c.17.1.51 ]

oy

sl SVslee 5 s os Colds 056 e 0l S T 55 ekisy (gl diar Culis

Shazee) 55 G teled L 5 Ao

Ty phs
(Theta_com: Uas JrssS ok Jbgu‘l
duaiie g lige Silaiske Psi_com) (e_theta: e_psi) 6_e. &_1) _
(Lat &long) =P| Sl i > S p— (Sl Sl o

Gl sy (e
(Theta_m: Psi_m)

gl gl s e wolll gl ddlge
e g Gs o Jas Cas

s b e Lh)f.w}

D] RS 5 6 sk ecglitn ails of Sls o571 IS

=3 1 =)V, Y

G ) o o Lol s 3 L eyl b
Slaygme dsm ol sl ol ay oo o a1 (GBL 015w Sle

Sabe S m (F 5T Laulsy b pollas 48w

I -siny cos siny sin
€0s6 cosy v ,¢, vsing .
+Cosy sindsing  +cosy cosgsing
. oSy COS ¢ - cosy sing
J,(m,) =| siny cos@ S . )
+singsiny sind  +sind siny cos ¢
-sind cosdsin ¢ 0s6 cos ¢
1 singtand cosgtand
J,(n,)=|0 CcOoS ¢ -sing (f)

0 sing/cos@ cosg/cosd

T om Ll 5 Slasbes slay s (S me S G55 Ll

5205 EVslan el 03V AT Sl eslil 51 3 Ll il 0
2 EYsle s B yme B sl ol b o e oS S~
IS T on s sl 5 o (slap s sli 056 G
Ot 0T Camd go slasls 0l a4 1) o &5 S o Cotin &5
ol 55 lasly s ot Syl 28 (gl SVslas ) oSS 0

Ll ol 1,0 (B)

d(_dr d2r

F=—| m—t| =(m-—t

' dt[ 'dtJl (m dt2)| ®
- d /(- d (- -

E Mi:_dt(HBi)Iz_dt(HBi)B‘*'C"XHBi

o 655 (Sl dslas b (G dal) (55lwesle 5 L b
odd &1l (7) dlasly 53 a8 T il g Juol (60137 amys is s

.w‘

Old F3g5 T 93 oigy Sl d -Y
u:._.:.gff-c;\bh“[?'] G-Ja):‘:.k_ﬁmﬁ\)‘b;‘))l{&m.e

Ll 5 BB 5 slayls L 'AUV oSG oo13T 4o s

- X ¢
U
n= l} h=\Y =0
L772
2 v
Y .
v
v = l} vy=|v vz{q m
Vo
- |w r
X -

23 sl Shlss 5 Sambge O pme 5 2T 571 (V) Ll 5o

35 Sl 5 o e 52Uy 3V ol et oK

AUV 4 533,15 slaystiiS 5 las s o 2Ty 5Ty 5 ok os

w by e sk gl ol ot sl alyl (sl alaly cpl .ol
Y] 258

S &S o 33T am s i (V) s b G sla el )l

.J.‘.&J@QL&S‘Jclawﬁj)bv.w?

W&&g&:\j-\—@):ﬁ—\ Jgd>

Jemden | (S cegw | 99 . 450
Folsbles | sluglhy | sguds = &5t

u X X g s JUs! 3

y v Y Y s M Y

7 W z Z g 55 JUsl v

® P K Xype dsm S5 2 ¥

0 Q M Yopede S5 o

v R N Z,pede S x 4

iy il b a lasl 5 s sle el sl A,

Qﬂ‘n.\&:ﬁb‘*‘\b{‘))}‘\{-\.&a\.&‘r

* Autonomous Underwater Vehicle

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/j0c.17.1.51 ]

sl S¥slae 5w ods Colta 056 e 0l Ba g 0T 55 ekisy (gl dir Sulis oFf

Shazee) 55 G teleds L 5 Ao

é‘er;ﬁ}Q‘MM@‘k e 4 SYslee S5
Ir] 55" dal s oGS (36 5 Bl aomis 5
ON9y ol i il -V
(@B Bl amio 93 4 okiy) (Seelys DYl S L

43l e JUS 55 53 IS 5 Sols e Siluenly 5 (b

el ol LOG! ol Cons 915 5 Gl 515
W JUI alos i =¥

JJ}Ae-Uj)&mF}j‘)é ﬂ\iij)ls’Lﬂ‘v\.h‘_g\f’JGJuf
BB Y IS8 55 (36 U s plas ke 5,8 o )15 eslizal

ol o daline
- 3 \\-*-wn‘f«;':
———-
/ﬂ \
. Jap o
BEETINU PR 1 \
i 1
i
=
1 |
| |
x | |
&= ddsp | 1
1 |
1 |
| 1
| 1
138=a? 1 1

S b ells S o (sl sl o3 JUST s s (g sl Y JSC
TR S v

—o3b 3 odd ek i Sl guuile) bl 55 S s 53 (pebaw 5

mli-vr -+ -G (4 +12) + Y6 (pa - 1)+ 26 (pr )] = ) X
mli—wp +ur =y (1% + p)+ 26 (ar =) +xG @+ 1) = ) ¥
mli-ug-+vp- 260 + P°) X6 (P ~) + Y (19+ P = ) 2
b 1z -l ety (-va o) -2 -l = Y kP
1+ (=1 2)p+ iz (4 -vr -+ ) =3, (i —ug-+vp)] = ) M

Izr'+(lyy—Ixx)pq+m[xG(V—wp+ur)—y(;(U—vr+qw)]:ZN

e S o camdse 16 =[X6 Yo 2] 4dse (#) adal) 5>

Sl () dslas el y G ST o Ol Slatbun s 4 s
5055 Gsta8 5l s Jold & Al o d S (ST ST
nu);a\ £ L‘(‘ﬁjl—m«;) kii:ﬂti}))u‘.:ﬁ ‘(éi.;l;_wj)-\;&) g_;_))\:_:d

.Jﬁbcfugl)dbLuijﬂfcykﬁ

JULST 55 15 &y ol slaodis ST Sl a4z 5

Slp Ol il Jio s (Sl DUl 5 skl " el
4 K3 Sy 3l 508 B o 15 Uy 4313 e ¥sles g 5Lesl
50=0 asl; w4 KusK 5 SVslae 03505 Jitane skt
Sl s S¥slre 0l b ol Jlasl b s g o w3 & Liys =0
A dal g Jaiws X-Z (63 308 donin 4 Cani XY (B deis >
& oSS 4 (F) SVl 4 53 355 oo 4l Y slas ;4:,_.__1
253k FEN) 5 (V) Lalyy D5 4 o3 amdo 5 (BB ami o

c\:ﬁﬁ"

A el ) gy gale DL B Il 3l e Sl sl _ _ .
X| |cosy -siny Ofu
B JUE Colod plu -7 ’71|¢9=0 =|y|=|siny  cosy O|v
b sl s Sy cp 5 sl 5 T b pa e Culda Z 0 0 1__W -
v
Jﬁmmmhsﬁ)j&qﬁgﬁl&yl.wluAUV)3"]:“ ¢ 1 0 0 pw
a1 ol gl L 5 6815 Sl eiss J ST 5 b 5 772|¢ 0=0 = 6|=|0 1 0fq
JB A ey Sl a5 ln BB oy (Bl a3 () ) s solos w| |0 0 1]r]
LAl ol anloes
X cosé 0 sind |u
B Y, - Y, ) )
Yp = atan(Xd — 0) @) 7]1|¢ y=0 = y|= 0 1 0 v
z| |-sin@ 0 cosd | w
Mo abal Sleazies o 5 4 (Xg — Vo) 5 (X0, Y0) G eyl 5o -~ ~
A)
Ol 4 Ol o s (guilan @315 51 ol Ko 55 ditn Aada ¢ 10 ol
an (
sl ez O (6,52 god 03\l (PSicom = Vp) oo s 515 Obe 2 ) 0 0 ] 0 p
j})g@fﬂq%ﬂjdfﬂbzﬂ‘ﬁjéiw)é 772|¢|l//:0_
.H]CMJaAJJQﬁ%iu#Qﬁe,ﬁjg;ﬁajﬁl{urﬂﬁ¢ﬁgﬁdhﬁﬁhu y’ O O __225 L
. L. . COos
Sn 93 dmio 53 S OB fo) 2 e e oles 45l b -
L;\AQAL.&ﬁ‘O:.A)'q;;o:;.ﬁbdl{@l’-):uﬁ&:‘_gl)l:
Ll Glales gl ol Ol (sl 2 Aol olan o b Y50
# Line Of Sight , Drag & Lift

> path planning

8 Guidance & Control System

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/j0c.17.1.51 ]

80

sl SVslee 5 s os Colds 056 e 0l S T 55 ekisy (gl diar Culis

Goonn) 3 Can= telid Lo g Ao

A{Z)}xagfiag:,e}a:ﬁl‘}z_w\héa.ﬂj_fﬁ)nyw o

dsb L e ) o o S o ns Dl o8

I s 0T poie 4 355 o ol Y oWl s (Lat) s ,e 5 (Long)

44.CsfQ.@e}b;.»“]a;'-lutrnl;.&lﬁé‘jq-uéf.w‘u&u)}TF

el i e b (oLl ar I sb 555 0 0L (0) adlsa b g 035y el

J)}AW)}\AQYJ\&A)J(@) w}.aszfc&l.»;b‘df}@xf
3,5 o 5l 3 oslinul

AP 55 n ey Slazinn olas 53 (Wl 50 5 U sb g sghe —F S

Aol b sl (5,0 5 Jsb Dliambes 5 ey sla SYsles
osliiul oldlrer Sl (lwly 4 S e S35 4baB 95 2515 5
b bl Jld ) s 4 S el 53 oy Juols Lo 55 i Led e
Gloail go L alali 93 o Aol 350 g0 B yme Toly b e 515 Ol 5o
daly 5l o 5,5 Sl o&s 53 (X2, Y2, Z2) 5 (X1, Y1, 71)
] e G\

d? = (x = x2)% + (1 — ¥2)? ()
+ (21 — 2,)*

QLJJ&;A@&»J)).&L:L&AA)A&M}&&}J\LSPHLA\
Ol (55,8 o&as 55 1) b o slaail o V) Lailg, s 0Ly 555
.Mb@

QO

X =R Cos (8) Cos(9)
Y = R Cos (0) Sin(®) v
Z = R Sin(8)

el e gea R G i 55

oo 3 505 5,405 5 g S Volre 5 514555 4 1) e 65,5 e Ol

.;Mloucs\;ﬁQT@m;l,;Snij\m@w;g

OYSko § (895 Do » oo Cdan Colua -)-Y-F
ROeSILI

Aol 93 o dosls dloes (5l | sl SV slee 4o gazes

e Hlgxr 31 S oS sl SVolas 3 558 oo ealizul o) G35
3 gl b e ool b 53 o ol (5,8 101 5l 3 e
o2 bl 5 ol 3 glad adl .l ol 5 9,5 s
L3, Jio Sl el 05 sy o 53 e 5 0355 DL
Cles et 53 (50053 05 (Sl K S5 40 i e 033 (S
Sl opl bl IVl o 6,La1 QTQ&AACKAJAA{.L&M\_,S-
Il 51l el Sl (Slas 53 Alol paded 55 iy 85 4 (gliws

.3 gad 03ltul (gl

S S ozs wsed 5 S0 03 pgr Ay K sl Al
sl Sy el okl .l 65,8 Sl )3 e ges Jlws Jge b
C_Mla;eﬁ_L_g))éf)){oﬁbv_ﬂ)mﬁp&ﬁwlé@budlﬂ
ol S el 53 o bbb o 055w 535,85 1y Ak 53 &S
Aol s ¥ S 53 el s 53 5 yionn 550 15 e 0 5
Syama o S 5 e 5y 9388 5510 15 g sghe ol
el odalive |6 aboii 95 s

[ASP] e ssle 53 <5 5500 40 poeie =Y I

SAS@a;b‘g;f&%a@;jlwuuo‘hw

Wl 5 sla S s sl
Ll o S S 0T IMe @

.;,\;,t;(@ﬁf)t.x?”w@a;‘_;u,,;jxﬂ,u .

3 Bearing

! Haversine
2 Longitude & Latitude Geographical

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/j0c.17.1.51 ]

sl S¥slae 5w ods Colta 056 e 0l Ba g 0T 55 ekisy (gl dir Sulis o

Shazee) 55 G teleds L 5 Ao

5 haversin (a) = sin? (g) = 1_%5(00 adaly 1 esliwl b
305 s 356 DY Al 015 o0 WY a5, 8 sl

haversin (a)
= haversin (lat — lat0) (\F)
+ cos(lat) cos(lat0) haversin (long — long0)

SrashS FIV plas 38 i 53 5 0 asls ammboua b ol bt
Ll:JL\)(e;thj)wjaﬁg_g”Mpwd_whutj:@w)

.é)}T@u\{‘sék)‘dJl{a;‘jw‘Oé;

D =Ra=2Rsin! (\/haversin (a)) (o)

o (o 93 o Jooly L30) OS5 s 515 ] Sl 51

55 OLS 60, 1h CS o s sl Ll U bt
CS o et 5 P2 5 AL Gloail go 35T oy Ul ar 50
odalive JBY o 55 oS Canl oLl 5,6 5 Jsb sOLS <y,

o\:/-““

NORTH o P2
4 (Lat,Long)

i

5-0

- B /
Pl e — _—9¢c
(Lat0,Long0)

APl i b ,e 5 sk GLOLS (655 &S o e s goai -V S

Ay
= cos(lat,) sin(lat) %)
— sin(laty) cos(lat) cos (long — Long,)

A, = sin(long — long0)cos (lat) v)

J&:e;clg.uéj)é);m&nubwv_u)l{

B asly S bl some &) Gl O e 4515055 o0

JUd 4 i &S o s 40915 VA ol T al g s B w515
a0l 1y oLl

w
bearing = 7 atan2(A1,A2) \A)

Gl s s 02, S 55 ey sle SYsles (5Lwesly L

T Jools Lo a5l 5 alali 93 oy oo (187 S 2 53 Ol 0
Olsie & a3l ol 5l ealinl 5 pad amulos oLl aer Jloth & S |
oo alai 3115 0igy il g5 8 (PSicom = bearing) Co—w 4515 Ol 3

Ll Ao abi 4

Cod gulic 6 13- Y-Y-Y

z el i
il S
z=Rsin6 P
R
9\"'-.| y=Rcosbsin o

Y

x=RcosBcos o

ASF] 555 oams 53 o gn slaadd 5o -0 ST
daly 55,8 o 4 o 5,5 o Kis 1 Al alayly JWisI
3500 gm0k 5 Do Ol e LY

d* = 2R?[Cos(8,)Cos(8,)Cos(p; — @)
— Sin(6,)Sin(6,)] Y

oty Slatee 5 % (02, 97) 5 (01,01)3 5 4l 3

o 4ol (5 ety 53 d lie ol (558 oins 43 Lo 5l
)l 5 (Slosil 95 g0l Llad O 9s 5 i a3 b s
53 (H9 &S (0 3)l5 Dlenloms 3 (G (sl 0B, il 55 dls
3 Al Olaloes 3 a5 LB ol Lite Y 5b jlew o dlus
05 T o 4315 5 Bl s 93 035 psban b (55 87 Solile
6},‘dga;j“gf,ﬁaj_uo};l;):.g,ﬂg_.u.\i\uﬂ,d_@a;\x\
L o] s glin Slie 65 S5 (05 S o ol yot & 0 el
4315 aloua b ol gl s 0 plah Olos Ste Gl 53 ins o
JS8 53 13 g0 dlos |5 g1s5 o511 Ol g5 0 plad 5 o Gl 55
S35 4 53 o Chls dmalon (513 (L (55lze ke ggia #

el odalice J{B raS) CE—-«

Py

2 \D
R
R = 6371320 km P,
OBl slie Edtn 5 oS 0918 3l 05lial Lo ST e dloes —F S5
[As7]

) Alaly Ol e Slilie O 5B Sl eslinul 5 G Kb a5 L
3305 gl il 1

sin () == ()

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/joc.17.1.51 ]

vy

sl SVslee 5 s os Colds 056 e 0l S T 55 ekisy (gl diar Culis

Ghozeay 55 e sld A g

3 Sles S ol 6l s 05037 Gl Jol i ise

- . >
Wl 01 S35 T 5 0kiny S5 53l (RS

Slwe 09037 S92 b -Y-¢
Og03T G wgalging r—"u;g‘ @l S L5 Gl
3 8 G 05k slys 53 2T 25 015 S ein, b s
U s o sl oy 5 0350 e shST VY L85 alal 53 (o a0l
gy IS CJJ“:Ji'.'.’ Sole 4 kS (b 228 508, O
0213 53 (3,8 )13 5 daie alai 4 Oy | g 5 039 s ol
3 e a4 S iS5l 0L p 5 ST ol abil ot an T3 o ke
S o o s 4031535 8 (0 53l 0dis5 1 Lol s Gy b

S8 gy s 53 5 y3 470 Ly B L0 e 53 Bl et

544})44&;&_‘#41}‘)0“,@U‘}&Mﬂ\f}y.\.ﬁ‘?ﬂ\:—):—\\blﬁ,ﬁﬁ

4S5 ol Slatiee of jab 4 aes 1 b s dal o Jlas!
el odalie 6

s 05057 (51 5k -4 IS
Cols 05 T DI 5 (6 256 @i Sl & a2 57 L
ol (GuOlej (il (55l S sl L1y e b ke oot
O pBa 0l o T 5 ein) 31 plei VeSS 3 S 0 b
SN o T3 5T 5 (655 503 4 00) Slon ol i &
el otaliie L5 ol ol J s> o e o 15 5

5 Sr oy ab 4y Oy dlased 5 0digy Slbs 05037 Sl e -V K

S oy dhadl Lo 4y 5
s Y 285 Ol e K0 o il s 0505 51 L )
P sl Rl edins g9 0dd (gilmesly J S 5 (6 sl clalus
@l:}ul.sl)b.g;_wl@l._.aebngjﬁ)euwﬂ}lw

Al dal g @1 Gl O 03T

SVslan r gmn msds a0, S IS Syl 05T
e LOS iy 85K 6l 3l ST 53 dus 8 aily) ey sla
dytign iy 5 o o oly BB Ol i 4 aa ki LY 5 gy a
Sl deale & Odmy Sl oo L5 () Ay D013 ype Ola
Sl o bk 55 G s bt 4 5 s 515 0 ol
ot Loy Glale (s 55 a5 (il 85 e 5 o)l 5en
) ool e gite 4238 o i x5 Mste g e 4 53
2ot Sl gl dns ol Cnenl Sl alis 53 (gldaBilir Colda
Caln 02583 sl b 5 Sln ol Dl sl 5 ) i L 8
Al s sl sla el L P Alte ol iyt
S 5 33 i 35 8 plail b T 5 5875 0kl (555lb
Oy Al (gl S0 S5 o gl i Sl 55 Sl
dul:l):aafd._w\6.&.3@\)41:}34{@:3)#}@@5‘)4]45“_{143a&))
A el s, O 4
4 gl g oly Al a4 odig) Ol 1 Olsabl J s 1
)Tl e 0 115 0158 4 (oo sgibe o o s S35 (SoAay ol
Ls (X, Vi) ol ab S o aropls &G S ol 23 5 e
ol 4h 3 015 o (G 02 S hs pl el Y] Cl R gl
.:Jg)ljaj_habsdzﬁjfahClqéi@yé.bqobdaii@&

WV ) Do g g 5 ) (Bl Ol
[ () = %, (D] + [y () = ¥ (D* < 72 (%)

N T elasl colsiiaopls pygie

— E &)

v

Pii @)

[Y] abﬂ]ﬂ.ﬁ}hdqu‘bb}:‘:r"@b—Ap
Gy sl dzie 4t Ol e 4 (G ol y abats b, (61 3 5 S e
A5 Ay Colis g 5V Ol b 5 0 Ly 5 (6 13l i
208 5 e S 85 Ol e 0 S e 0 1l plah e A a5
-‘:“”|4:“€‘}£$J!}U
@ Julod 5 siluodly —¢
2 SOl 1 5 (o3l (Gl L sl

u._v“ NG P LSJ\_weJL:J_{ C++ u_u.:);ﬂ\nij QL) L}ARM a-\;:}‘bj{

1 Way-points
2 Circle of Acceptance

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/j0c.17.1.51 ]

sl S¥slae 5w ods Colta 056 e 0l Ba g 0T 55 ekisy (gl dir Sulis oA

Shazee) 55 G teleds L 5 Ao

Colda ﬂjﬁl}@_w),ucﬂsl.m s Rl Bl o o

ol galgdy

&l

[1]. D. Karimanzira, M. Jacobi, T. Pfuetzenreuter, T.
Rauschenbach, M. Eichhorn, R. Taubert b, C.
Ament "First testing of an AUV mission planning
and guidance system for water quality monitoring
and fish behavior observation in net cage fish
farming"”, Information Processing in Agriculture
(2014).

[2]. Tor Marius Jensen "Waypoint-Following Guidance
Based on Feasibility Algorithms" Master of
Science in Engineering Cybernetics, Norwegian
University of Science and Technology, June 2011.

[3]. Anastasios M. Lekkas and Thor I. Fossen "Integral
LOS Path Following for Curved Paths Based on a
Monotone Cubic Hermite Spline Parametrization™
leee Transactions on Control systems Technology,
2014.

[4]. Thor I. Fossen, Kristin Y. Pettersen, Senior
Members, IEEE, and Roberto Galeazzi, Member *
Line-of-Sight Path Following for Dubins Paths
with Adaptive Sideslip Compensation of Drift
Forces" leee Transactions on Control systems
Technology, Vol. XX, NO. Y, MONTH 2013.

[5]. Anastasios M. Lekkas "Guidance and Path-Planning
Systems for Autonomous Vehicles" Norwegian
University of Science and Technology, Thesis for
the degree of philosophiae doctor Trondheim, April
2014,

[6] Benny Dwi Kifana & Maman Abdurohman "Great
Circle Distance Methode for Improving
Operational Control System Based on GPS
Tracking System™ International Journal on
Computer Science and Engineering (IJCSE), Vol. 4
No. 04 April 2012,

[7] Andrew James Cooper, Chelsea Anne Redman,
David Mark Stoneham, Luis Felipe Gonzalez and
Victor Kwesi Etse " A Dynamic Navigation Model
for Unmanned Aircraft Systems and an Application
to Autonomous Front-On Environmental Sensing
and Photography Using Low-Cost Sensor Systems™
Sensors 2015.

[8] Bjorn Bittins "Indoor Navigation Based on a
Multimodal Positioning System" Master’s Thesis
to the Degree Program Applied Computer Science
University of Applied Sciences Berlin (HTW),
August 17, 2012.

[9] Seyed Vahid zia, Seyed Hamid Mosavi & Pouria
Sarhadi "Comparison Simple, Proportional and
Proportional-Integral Line of Sight Guidance for
Path Following in Autonomous Underwater
Vehicle"” 3rd National and First International
Conference in applied research on Electric,
Mechanical and Mechatronics Engineering, 2015.

s e Y-

e bl ool ol T 5 0is) s Ol S slailes
23 GMer 03057 51 ol s s (b oiS 5 0y Oy
e o 43315 5 T 915 Olo b ol 0 81,1 3 5 (sla 15 g0
.cﬁ.ﬂloML&aJ{B\\J.i;):Lgﬁ}UWLM}So-L&n)'

Sl 3l amtie 28y 5 Ed) s 53 8 ST Sy 5
et Jarr 5 s sl (51 0 ol g S (S0l b el
O 5 Sl oy 4l a4 B sl e RalST skt 4 (55U
Sl 5 o8 SUEL 5 1 Sy el 26
23 s Ll el (Ca JUIST g1 el e 3 Ll 550 5 s
oo 315 o p D il 555 058 3 3mn 30 ol 0 w8 8
We 53 8 5 Gl ol aball 4 Doy (‘K-@“ YUl ges 55 Olg o 1)
.3 g odaliv (glax >

s 33 (o glST V1 /0) b 53 s 0 03 ga Cdlws b dlsls
Lay S S ol odalie BB VY S s oS 5
ol gl O bt b Slos ol y akal U odiyy alols 2alS
i & Oy b S pidno 13 53 (6,813 o 53 (648 oS
05031 ol (6l o ol plal Aol e bl LG Ol
Pl el b 8 s g 00 I pe e pls plad it
Olojd i 2000 31 208 4y Sla ol alaii oy dlsls o5 ot
N P g o T P P g
BB s 4 i VY IS 3 s el |l ST 5 (6000
el ot lie

4 Odmary A5 4 o lg Ao abaBi Loy alol O i
(3 il Sl 02 S bl Sy pale OLL 5 ol ala
@ s 05a3T 3 (2T 25 0 lis) odd (6,130 oLl Conise
Wl ok SHNF S 55 38 5 Cd, Sy

S5 4o -0

@&p)qlusuu:})&j@bjldlwxgql.u
Gilwosly BB gy by esle J gl 5 5lmle LS ol T 55
e ey gls OVslas g uCous Culia i dmtie Caaw 4y 915 .l
Caas 4y 315 Ole B Ol 528 &) i sk L1500 (o) $5,5 s
S s 2 RS b Ko il g 4l Gl gl T
Jolse 5 3ok bael BT 51 558 6l S5y o) 3,8 515 ealinul 555
g a5 Sl 5 5n Wb andl sl ol Ll g oo sl ol bl
Lo oly D& g g 5 (sl oy Syl 025,801 51 onlin s
‘sﬂu,l,s;_ﬂ\éu»o\},.,ﬁ;gﬂ,a@.@léﬁ,uwgjm,
AN Bl b bl o pe 0l plad 51 2SS b s s s
4{‘)o\).]ouiOﬁ@ﬂ%T})Mb#})ﬁ%ﬁj}J’u}:

Ql}:a@xl};&yjélﬁQ;d.‘é.:d.ujlu\b.ﬂ.uu:rlqdl&»):

Journal of Control, Vol. 17, No. 1, Spring 2023

VFY Sl ) opled AV Al oJ =S dloes


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

[ Downloaded from joc-isice.ir on 2025-07-12 ]

[ DOI: 10.61186/joc.17.1.51 ]

o4 sl S¥slee 5 puCads Colda 055 tee 015 Sa s 0T 5 e, sldai dig Calds

Goonn) 3 Can= telid Lo g Ao

r
]

Bearing s

b

Psi_m e

(Deg)

Psi
£

-100
=110

-120

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

Time (Sec)

0 03] el a4 913 5 Coams 315 Olap =Y S

distance  {m)

t
2,500 3,000
DL_Time (sec)

ol i ol y LB w0l 03 sy bl VY JSCE

Journal of Control, Vol. 17, No. 1, Spring 2023 VEY )l o) osled OV s oJ 287 s


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html

KR

Tﬁju-ﬁ})s‘w-&z—

oS o

SN.

I O g6 5

<o

Oeeosle SYslas 5 uoda

e ¢l A g Ao

Shases )y 5

[

[App—

'
'
B ] Sl

[

2

[ .

[ul

| 4 | | |
1 1 ] 1 1 1
....... ) S NS U SO
1 1 o ] 1 1 1 1
: : 14
1 1 ! ] 1 1 1 1
' ' - il ' ' ' '
1 1 -— ] 1 1 1 1
0 .
||||||||||||||||||||||||||||||||||||||||| .ﬁw .
1 1 1 1 md 1 1 1 1 1 1
_ _ Lo L - A
? 9 W o B D T o4 5 & & F &4 ° & F
(=] (=]
g & /R 2 2 3 o 2 P
(uy  @auesp

5,500

5,000

3,000

2,500

3,500

(zec)

Time:

g 0 315 03 goes = VY S

<

1z

s g S

52.7

52.68

52.66

52.64
longitude (°)

52.62

.6

52

36.785

36.78

36.775
36.77
36.765
36.76
36.755
36.75
36.745

(o) apninye|

[ 2T-20-520z uo Jra0is1-00[ wouy papeojumo( |

36.74

52.58

36.735

VFY Sl ) opled AV Al oJ =S dloes

g‘-&;ﬁ Q}A)'T)A gs’TJ'l) oligy ol ‘54,3}\3 &\:sb» yf)djbw—\‘;dgﬁ:

Journal of Control, Vol. 17, No. 1, Spring 2023

[TST21000/98TT9°0T ;104 ]


http://dx.doi.org/10.61186/joc.17.1.51
https://joc-isice.ir/article-1-966-fa.html
http://www.tcpdf.org

