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?Qe 292 5 =D 247 5
|@ Qe p=tW 337 5 =D 292 5

"xar=]t OQwt |xk]vt QO =yQw=vW CyH `} RwD Q=Owtv "5 pmW

|vw}Uv=wvmQ}e |=yQw=vW l}i=QD |R=Ux}@W "3"2
QO xOWC@FlJwm |=yQw=vW �83 OwOL u=Q}= |OQwv=} QO w QO=v@ u=tR=U Q=t; j@]
pt=W xm OvyO|tp}mWDGvr s=v x@|DvU |=yQw=vW =Q u=Q}=|}=} QO pkvwptL u=ow=v
|vw}Uv=wvmQ}e |=yQw=vW |xQtR QO =yQw=vW u}= "OvDUy |O=}Y w |Q=@ |=yGvr
|v=yH |@=}C}akwt sDU}U R= w "OvDUy Q=mOwN |}=U=vW sDU}U Ok=i w OvQ=O Q=Qk
xO=iDU= |Q@ w=v |=Q@ 16|U}]=vet |=tv?]k w 15|}=} QO CQ=J 14'(GPS)

Vkv CU= uD 400 =D 150 u}@ u=WQ=@ ptL C}iQ_ xm |Q=@ |=yGvr "Ovvm|t
TQ=i G}rN |@ wvH w |r=tW pL=wU QO `k=w QO=v@ u}@ q=m |}=Hx@=H QO |tyt
�|}=} QO xQo 10 pwtat CaQU =@� |}=} QO xQo 16 =D 7 R= =yQw=vW u}= CaQU "OvQ=O
xOW xDiQo Q_v QO KQ] QOv@ u=wvax@ Qvy=@ O}yW QOv@ VywSB u}= QO "CU= Q}eDt
10 =D Q}D 10 |v=tR |xR=@ QO QOv@ u}= R= |Q=@ |=yGvr GwQN C=aq]= &CU=
Q@ "CU= xDiQo Q=Qk p}rLD OQwt �2018 |qwH x=t =@ uQ=kt� 1397 p=U O=OQt
xOW C@F |v=tR |xR=@ u}= QO |Q=@ Gvr GwQN/OwQw 172 C=aq]= u}= T=U=
Q}Ut xU OwOL =yQ@ w=v =@ x@L=Yt w |v=O}t C=k}kLD T=U= Q@ u}vJty "CU=
u}}aD 6 pmW j@=]t =yQw=vW ẁv u}= |=Q@ xar=]t OQwt |xk]vt QO OOQD |rY=

"CU= xOW
Gvr R= xvwtv l} x@ \w@ Qt C=YNWt 'O=vU= u}= 4 pwOH j@=]t u}vJty
"CU= xOW xDiQo Q_v QO VywSB u}= QO KQ] Qw=vW u=wvax@ xm OyO|t u=Wv =Q |Q=@
|=ys=o CQwYx@ =yQw=vW ẁv u}= l}i=QD |R=Ux}@W |=Q@ |rOt VywSB u}= QO

"OwW|t x�=Q= Q} R
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u=Qt
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UOv
yt

sO=YD x@ l}ORv |=yxyH=wt O=OaD u}}aD "4"2
wO 'OwW ^=Lr sO=YD x@ l}ORv |xyH=wt u=wva x@ |DWm wO |xyH=wt xmv; |=Q@

%CU= sRq \QW
\QW� OwW Zkv hOy |DWm \UwD u=@ R}t |DWm ut}= |xvt=O %pw= \QW �

&�xvt=O Zkv
"�|}=Qosy \QW� OvW=@ Qo}Om} x@ uOW l}ORv p=L QO |DWm wO %swO \QW �

u=wva x@ �2010� nvw 20|R=i |WN@ Q=yJ ut}= |xvt=O pOt xar=]t u}= QO
"OwW|t O=yvW}B sO=YD x@ l}ORv |=yxyH=wt O=OaD u}}aD |=Q@ �pw= \QW� |Q=}at

[16]%CU= Q} R CQwYx@ ut}= |xvt=O u}= \@=wQ
fce (x; y;Q (r))

=
�

2x
(1+sgnx)Rfor(r)�(1�sgnx)Raft(r)

�2

+
� 2y

(1+sgny)Rstarb(r)�(1�sgny)Rport(r)

�2

If f (x; y;Q (r)) � 1! Domain violation

(9)

Ri (r)

=
�

ln 1
r

ln 1
r0

� 12
Ri ; i 2 ffore; aft; starb; portg

r0 = 0 5
(10)

8>>>>>>>>>>><>>>>>>>>>>>:

Rfore
=
�
1 + 1 34p1 55Vown0 72 + 0 17Vown1 09

�
L

Raft
=
�
1 + 0 67p1 55Vown0 72 + 0 17Vown1 09

�
L

Rstarb =
�0 2 + 0 83Vown0 5441�L

Rport =
�0 2 + 0 62Vown0 5441�L

(11)

ut}= |xvt=O |=y`=aW ?}DQDx@ Rport w Rastarb w Raft w Rfore
"CU= |DWm AJ CtU w |DWm CU=Q CtU w |DWm ?ka w |DWm |wrH QO
T=}kt xm Ovm|t xO=iDU= (r) |R=ipt=a l} R= OwN pOt QO �2010� nvw
|xvt=O |=y`=aWpt=a u}= V}=Ri= =@ xm|Qw]x@ "Ovm|t u}}aD =Q |DWm |xvt=O
|Ov@xk@] |=Q@ "OwW|t QDO}OW |DWm wO u}@ |xyH=wt C}a[w w QDlJwm ut}=
'\UwDt COW 'sm COW =@ C}a[w Q=yJ x@ |DWm wO |xyH=wt |=yC}a[w
?}DQDx@ 9 |x]@=Q QO (r) |R=ipt=a 7 pmW j@=]t O=} R |r}N COW w O=} R COW

"OwW|t xDiQo Q_v QO 0 8 w 0 6 '0 4 '0 2

"|R=i ut}= |xvt=O "7 pmW

(
ti = tstart
ti+1 = ti + �ti;i+1

(4)

u}}aD |r=wDt C=YDNt wO Qy u}@ Qw=vW CmQL C=YDNt Q}=U u}}aD Qw_vtx@ "5
u}ov=}t ẁtHt VwQ R= xO=iDU= =@|@=}uwQO 'wrQ=mCvwt |R=Ux}@W VwQ R= xOW

"OwW|t s=Hv= �2"3"2 VN@ x@ ẁHQ� uDw}v CmQL u}v=wk T=U= Q@ |vRw
wrQ=mCvwt |R=Ux}@W "1"3"2

QO |[Qa w |rw] |}=}i=QeH C=YDNt CQwYx@ Qw=vW C}akwt u}}aD Qw_vtx@
|O=OaD "OwW|t xO=iDU= wrQ=mCvwt |R=Ux}@W |=yVwQ R= |m} R= 'x}L=v Qy
|Q=OQ@xvwtv 'Gibbs |Q=OQ@xvwtv %pFt OQ=O OwHw wrQ=mCvwt |R=Ux}@W |=Q@ VwQ
VwQ R= VywSB u}= QO [37]"Slice |Q=OQ@xvwtv w Metropolis-Hastings

|=yxO=O Ov=wD|t |Q=OQ@xvwtv VwQ u}= xm OwW|t xO=iDU= Slice |Q=OQ@xvwtv
QO Slice |Q=OQ@xvwtv VwQ "Ovm O}rwD x=wNrO p=tDL= `} RwD `@=D l} R= |iO=YD
'|Q=OQ@xvwtv VwQ u}= pL=Qt "CU= QDOt;Q=m w QDxO=U Qo}O VwQ wO =@ xU}=kt

[38]"CU= Q} R CQwYx@
"OwW|t ?=NDv= f(x) p=tDL= `} RwD `@=D |xvt=O R= x0 x}rw= Q=Okt l} =OD@= �
|=yxvt=O "OwW|t ZQi CN=wvm} `} RwD CQwYx@ VywSB u}= QO p=tDL= `} RwD
&CU= xar=]t OQwt |xk]vt QO xOW u}}aD |L=wv |}=}i=QeH C=YDNt `} RwD u}=
Slice h} QaD |=Q@ (0; f(x0)) u}@ CN=wvm} CQwYx@ 'y s�=k K]U l} �

&OwW|t Q=QmD xrLQt Qy QO y |mtm Q}eDt "OwW|t xO}Wm |ki=
Shorizental = fxj y < f (x)g
xR=@ u}= "s}vm|t h} QaD (x0) |x}rw= Q=Okt QwO x@ 'I = (L;R) 'xR=@ l} �
(x1) O}OH Q=Okt OyO xR=H= =D OW=@ |ki= Slice pt=W O}=@ u=mt= OL =D
Slice R= QDnQR@ |r}N xR=@ xmu}= R= O}=@ xD@r= "OW=@ (x0) x}rw= Q=Okt R= Cw=iDt
|Q=OQ@xvwtv |Oa@ |xrLQt |Ot;Q=m Vy=m Ea=@ =Q} R &OwW ?=vDH= 'OW=@ |ki=
&OwW|t xDiQo Q_v QO R = sup(s) w L = inf(s) xr=kt u}= QO "OwW|t

"OwW|t ?=NDv= I |xR=@ QO x1 O}OH Q=Okt �
=yxO=O |@=}uwQO "2"3"2

Qw=vW |r=wDt C=YDNt wO Qy u}@ |@=}uwQO pta CU= sRq xO=O O=OaD V}=Ri= |=Q@
C}akwt u}tND |=Q@ w �cogi+1 w ti+1 'yi+1 'xi+1� w �cogi w ti 'yi 'xi�
VwQ R= xO=iDU= xar=]t u}= O=yvW}B "OwW s=Hv= xk}kO 1 |v=tR |=ys=o QO Qw=vW

[17]"CU= Q} R CQwY x@ uDw}v CmQL u}v=wk T=U= Q@ |vRw u}ov=}t ẁtHt

xtj =

8<: xj ; if xj < xi+1 or xj > xi

xi + (tj�ti)�(xi+1�xi)
ti+1�ti ; otherwise

(5)

ytj =

8<: yj ; if yj < yi+1 or yj > yi

yi + (tj�ti)�(yi+1�yi)
ti+1�ti ; otherwise

(6)

xj = 1
3

0BBB@
�
xi + (tj�ti)�(xi+1�xi)

ti+1�ti

�
+

(xi + v � sin(cogi)� (tj � ti)) +

(xi+1 � v � sin (cogi)� (ti+1 � tj))

1CCCA (7)

yj = 1
3

0BBB@
�
yi + (tj�ti)�(yi+1�yi)

ti+1�ti

�
+ (yi + v � cos(cogi)� (tj � ti)) +

(yi+1 � v � cos (cogi)� (ti+1 � tj))

1CCCA (8)
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"sO=YD x@ l}ORv �|=y=O}Ov=m � |=yxyH=wt O=OaD u}}aD sD} Qwor= "8 pmW

uwO@ %pw= Cr=L %Cr=L wO QO sO=YD x@ l}ORv |=yxyH=wt O=OaD G}=Dv "5 pwOH
|=yQw=vW uDiQo Q_v QO =@ %swO Cr=L &|vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO

"|vw}Uv=wvmQ}e
V}=Ri= MQv swO Cr=L pw= Cr=L xyH=wt COW�OYQO�

20 30 25 sm
23 5 21 17 \UwDt
15 15 13 O=} R
11 10 9 O=} R |r}N

xm O@=}|t V}=Ri= �11 w �15 ?}DQDx@ O=} R |r}N w O=} R COW =@ w �23
xk]vt sO=YD lU} Q QO =yQw=vW ẁv u}= |x_Lqt p@=k QF= |xOvyOu=Wv u}=
COW =@ xyH=wt C}a[w |=Q@ sO=YD x@ l}ORv |=yxyH=wt |r=oJ |xWkv "OQ=O
s}UQD xar=]t OQwt |xk]vt wO Qy |=Q@ xv=o =OH Qw]x@ (r = 0 4) \UwDt
s}UkD 2 w 1 QDlJwm |xk]vt wO x@ xar=]t OQwt |xk]vt Qw_vt u}O@ "OW
'|Ov@xm@W u}= |xH}Dv QO "OvwW|t |Ov@xm@W xk]vt wO R= s=Om Qy w OwW|t
Qy |xR=Ov= "CU= pwrU 35 |=Q=O 2 |xk]vt w pwrU 30 |=Q=O 1 |xk]vt
Ca=U 1 3 u=tR T=U= Q@ xR=Ov= u}= xm "CU= |}=} QO p}=t 1=3� 1=3 pwrU
"CU= xOW s}_vD pwrU Qy R= Qw=vW Qw@a |=Q@ |}=} QO xQo 4 \UwDt CaQU w
j@=]t� 1 |xk]vt QO '|vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO uwO@ Cr=L |=Q@
OvDUy sO=YD x@ l}ORv |=yxyH=wt QO Q}oQO xk]vt pwrU 30 R= pwrU �9 pmW
sO=YD x@ l}ORv |=yxyH=wt O=OaD u} QDW}@ xm �18 w 17 '13 '8 '7 |=ypwrU�
pwrU �10 pmW j@=]t� 2 |xk]vt QO xm|r=L QO "OQ=O Q=Qk 8 pwrU QO
u}vJty "�28 w 18 |=ypwrU� OvDUy sO=YD x@ l}ORv |=yxH=wt QO Q}oQO
u=Wv xar=]t OQwt |xk]vt QO =yQw=vW sO=YD x@ l}ORv |=yxyH=wt |@=} RQ=
l}ORv |=yxyH=wt O=OaD |vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO =@ xm OyO|t
|r=oJ |=yxWkv |xU}=kt =@ "O@=}|t V}=Ri= 2 |xk]vt QO \ki sO=YD x@

xv =} OvDUy Qo}Om} x@ uOW l}ORv p=L QO |DWm wO =}; xmu}= pQDvm |=Q@
=@ w x@U=Lt Q} R CQwYx@ |r=wDt u=tR wO QO |DWm wO |xrY=i O}=@ '�swO \QW�

"OvwW xU}=kt Qo}Om}
DTi
=
q

(xts;Ti � xos;Ti)2 + (yts;Ti � yos;Ti)2

DTi+1

=
q�

xts;Ti+1 � xos;Ti+1
�2 +

�
yts;Ti+1 � yos;Ti+1

�2
ifDTi+1 < DTi ! Approching

(12)

(i+ 1 w i) |r=wDt u=tR wO QO |DWm wO |xrY=i DTi+1 w DTi x]@=Q u}= QO
w (x w y) CU= hOy |DWm w u=@ R}t |DWm |xOvyOu=Wv ?}DQDx@ ts w os w
l}ORv |=yxH=wt O=OaD u}}aD OvwQ "CU=y|DWm|}=}i=QeH C=YDNt |xOvyOu=Wv

"CU= xOW xO=O u=Wv 8 pmW sD} Qwor= QO sO=YD x@

EL@ w G}=Dv "3
xOW |@=} RQ= Cr=L wO QO =yQw=vW sO=YD x@ l}ORv |=yxyH=wt VywSB u}= QO

%CU=
&|vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO uwO@ =yQw=vW u}@ xyH=wt %pw= Cr=L �

"|vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO =@ =yQw=vW u}@ xyH=wt %swO Cr=L �
|=yxyH=wt COW T=U= Q@ sO=YD x@ l}ORv |=yxyH=wt O=OaD Cr=L wO Qy QO
COW =@ xyH=wt 22'\UwDt COW =@ xyH=wt 21'sm COW =@ xyH=wt� xv=oQ=yJ
5 pwOH QO G}=Dv xmCU= xOW xOR u}tND �24O=} R |r}N COW =@ xyH=wt w 23O=} R

"CU= xOW x�=Q=
|=yxyH=wt O=OaD '|vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO =@ 5 pwOH j@=]t
\UwDt COW =@ w �20 sm COW =@ xyH=wt C}a[w QO sO=YD x@ l}ORv
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|Q}oxH}Dv "4
w wrQ=mCvwt |R=Ux}@W VwQ T=U= Q@ |rOt |x�=Q= 'Q[=L |xar=]t hOy
Ok=i |=yQw=vW |R=Ux}@W |=Q@ �uDw}v CmQL u}v=wk� |vRw u}ov=}t ẁtHt VwQ
C=k}kLD T=U= Q@ pOt u}= |OwQw C=aq]= "CU= Q=mOwN |}=U=vW sDU}U
C=k}kLD QO wrQ=mCvwt |R=Ux}@W VwQ R= xO=iDU= xJQo = "OW |Qw;`tH |v=O}t
R= Q=@ u}DUNv |=Q@ p=L u}= =@ 'CU= xDW=O xk@=U |}=} QO l}i=QD =@ \@DQt
"CU= xOW xO=iDU= |vw}Uv=wvmQ}e |=yQw=vW l}i=QD |R=Ux}@W |=Q@ VwQ u}=
|rOt sO=YD x@ l}ORv |=yxyH=wt O=OaD u}}aD |=Q@ xar=]t u}= QO u}vJty
|=yxyH=wt O=OaD w CU= xOW xDN=U |R=i ut}= |xvt=O |x} Q_v T=U= Q@
|vw}Uv=wvmQ}e |=yQw=vW uDiQo Q_v QO =@ w uwO@ Cr=L wO QO sO=YD x@ l}ORv
|=yQw=vW |x_Lqt p@=k QF= |xOvyOu=Wv G}=Dv "OW xU}=kt G}=Dv w u}}aD
OQwt |xk]vt QO sO=YD x@ l}ORv |=yxyH=wt O=OaD V}=Ri= QO |vw}Uv=wvmQ}e
|r=oJ |xWkv Arc Map Q=Ri= sQv R= xO=iDU= =@ C}=yv QO "CU= xar=]t
Cr=L wO Qy QO xk]vt QO Q]NQB |L=wv w s}UQD sO=YD x@ l}ORv |=yxyH=wt

"OW u}}aD
|=yQw=vW Qo}O `=wv= uDiQo Q_v QO =@ sO=YD x@ l}ORv |=yxyH=wt u}}aD
=@ =yQw=vW ẁv u}= |Q}owryB QO=v@ Q}=U w �|O=}Y |=yGvr xrtH R=� |vw}Uv=wvmQ}e
xar=]t OQwt |xk]vt QO sO=YD lU} Q |@=} RQ= Qw_vtx@ |O=yvW}B pOt R= xO=iDU=

"OW=@ |D; C=k}kLD ẁ[wt Ov=wD|t

"1 |xk]vt QO =yQw=vW sO=YD x@ l}ORv |=yxyH=wt |r=oJ |xWkv "9 pmW

uDiQo Q_v QO uwO@ sO=YD x@ l}ORv |=yxyH=wt |r=oJ |xWkv "10 pmW
"2 |xk]vt QO |vw}Uv=wvmQ}e |=yQw=vW

uDiQo Q_v QO =@ w uwO@ Cr=L wO QO '2 |xk]vt QO sO=YD x@ l}ORv |=yxyH=wt
uDiQo Q_v QO =@ xm Cio u=wD|t '�11 pmW w 10 pmW� '|vw}Uv=wvmQ}e |=yQw=vW
'�=yQw=vW ẁv u}= uDiQo Q_v QO uwO@ Cr=L x@ C@Uv� |vw}Uv=wvmQ}e |=yQw=vW
pwrU 5 x@ pwrU 2 R= sO=YD x@ l}ORv |=yxyH=wt QO Q}oQO |=ypwrU O=OaD
sO=YD x@ l}ORv |xyH=wt QO Q}oQO 27 w 23 w 17 |=ypwrU� "O@=}|t V}=Ri=

"�OvwW|t

=yCWwv=B
1. distance at closest point of approach (DCPA)
2. time to closest point of approach (TCPA)
3. time to safe distance (TDS)
4. degree of domain violation (DDV)
5. time to domain violation (TDV)
6. automatic identi�cation system (AIS)
7. �shing vessel
8. cargo vessel
9. analytic hierarchy process (AHP)
10. Musandam

11. very high frequency (VHF)
12. latitude and longitude
13. course over ground
14. global positioning system (GPS)
15. nautical chart
16. magnetic compass
17. departure time
18. longitude and latitude
19. course over ground (COG)
20. fuzzy quaternion ship domain (FQSD)
21. low con
ict severity
22. medium con
ict severity
23. high con
ict severity
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