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PROPOSAL OF MULTI CRITERIA  DECISION PROCESS O F VESSEL ROUTE 
SELECTION FO R A VTS SYSTEM

T h e  p ap er in troduces a  m u lti c rite ria  vesse l route selection  p ro cess  d e sig n ed  fo r the  V T S  system . 
T h e  p ro cess  u tilizes sim u la tion  rou tines  and  a m ulti criteria d ec is io n  m e th o d  to  c reate  a  ran k in g  o f  all 
c o n sid e red  routes. The p ro p o sed  so lu tion  is illustrated  by th e  ve sse l ro u te  se le c tio n  ex am p le  tak ing  
adv an tag e  o f  the  m ethod chosen .

PROPOZYCJA PROCESU W IELOKRYTERIALNEGO W YBORU MARSZRUTY 
STATKU DLA POTRZEB SYSTEMU VTS

W  artyku le  p rop o n o w an y  je s t  p ro ce s  w ielokryteria lnego d o b o ru  tra sy  s ta tk u  p rze z  sy stem  V TS. 
P ro ces  ten  w ykorzystu je  m ech an izm y  sy m u lac ji oraz m e to d y  ro zw iązy w an ia  w ie lo k ry te ria ln y ch  
p ro b lem ó w  decyzy jnych  w  celu  s tw o rz en ia  rankingu p referow anych  tras. P ro p o n o w a n e  ro zw iązan ie  
z ilu s tro w an e  je s t  p rzyk ładem  d o b o ru  trasy  s ta tk u  d la tej metody.

1. IN TRO D U C TIO N

R oute selection  is a vital decision  problem  faced by  the nav igato rs o f  the sea  going 
vessels. T he navigators ought to  choose the best possib le route w henever there is an 
alternative. T his selection  is often m ade based on th e  length o f  the rou tes, their 
hydro -navigational conditions, etc. It is substantial to m ake the se lection  dependen t also  on 
the p red ic ted  collision  risk, the m ajo r fac to r describing v esse l’s security . T his is com m only  
estim ated  by the expected  num ber o f  encounters for a route [3]. T his paper p roposes another 
approach  tow ards risk collision  estim ation and incorporates this proposal into the general 
p rocess o f  rou te  selection system  designed  fo r the Vessel T raffic  Service (V T S ) system .

T he fo llow ing  sections are o rgan ized  as follows: section  2 b riefly  describes the 
con tro lling  ro le o f  the V TS system  and provides a description o f  the vessel rou te  selection  
process fo r the V TS system  includ ing  all the key elem ents o f  the p roposal. Section  3 provides 
a num erical exam ple o f  a route selection  problem  exem plify ing the p rev iously  described  
process. F inally , section  4 presents the conclusions.
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2. D E S C R IP T IO N  O F A V E S SE L  R O U T E  S E L E C T IO N  PR O C E SS  
FO R  T H E  V TS SY ST E M

T he m ain  purpose o f  a V essel T raffic  Service (V T S ) is to  contro l nav igab le  waterways 
and prov ide  nav igational aid  fo r vessels in  o rder to  p reven t them  from  co llisions and 
groundings. Such serv ices p rove to  be particu larly  valuab le  in confined  w aterw ays, e g 
harbou r approaches. V T S  system s m ay oblige vessels passing  the con tro lled  w aterw ays to 
send the ir iden tity  and location  inform ation  such as cu rren t velocity  and  course. In return VTS 
b roadcasts reports on the positions o f  o ther traffic  in  the area, w aterw ay and weather 
conditions o r nav igational hazards, bu t also  is able to  restric t vessels to  use only  advised 
routes.

T he idea  o f  a vessel rou te  selection  p rocess fo r the V TS system  is based  on the 
assum ption  tha t th e  V T S  system  is aw are o f  cu rren t locations, velocities and courses o f  all the 
vessels in the con tro lled  area. B efo re  passing  the area contro lled  by  the V T S  and  having a 
specific n u m b er o f  a lte rnative  routes, nav igato r o f  a  sh ip  requests the V T S  opera to r for a 
recom m endation  w hich rou te  to  choose. The V TS opera to r then in itialises the vessel route 
se lection  p rocess setting  the sh ip  as the ow n sh ip  and  all the o ther vessels in the a rea  as target 
ships. W hen  the p rocess finalizes V TS opera to r sends to  the nav igato r the recom m endation 
ob tained  as a final resu lt o f  the in-process com putations.

T he rou te  se lection  p rocess consists o f  three coopera ting  m odules: sim ulation , risk 
estim ation  and m ulti c rite ria  decis ion  m odule. N ex t sec tions prov ide  deta iled  descrip tion  of 
the m odules.

2.1. S IM U L A T IO N  M O D U L E

T he m ain  goal o f  the sim ulation  m odule is to  p red ic t the tra jec to ries o f  the ow n ship as 
w ell as all the target sh ips that m ight co llide w ith  her. O ne sim ulation  run m akes a prediction 
for one o f  the alternative  routes. T he fo llow ing  assum ptions have been  m ade here:

■ all sh ips go  w ith  linear course and  constan t velocity ,
■ all sh ips have c ircu la r dom ains o f  configurab le  size assigned,
■ an an ti-co llision  m anoeuvre  is possib le  only  due to course a lteration , no velocity 

a lte ra tion  is taken  into account,
■ in acco rdance  w ith  the C O L R E G  ru les all the encounters are d iv ided  into three 

d is tinctive classes: crossing , head-on  and  overtak ing  encounters and  the distinction 
betw een  these  c lasses is based  on the courses o f  th e  ships tak ing  p art in the encounter,

■ w hen  an encoun te r occurs, a  decis ion  is m ade, based  on the C O L R E G  rules, which 
sh ip  is to  g ive w ay  and  thus to perform  an an ti-co llision  m anoeuvre:

-  fo r c rossing  encoun ters the ship tha t has th e  o ther ship on h e r starboard  is 
requ ired  to  g ive w ay,

-  fo r head-on  encoun ters both  ships are requ ired  to  perform  anti-collision 
m anoeuvres,

-  fo r overtak ing  encoun te rs the ship tha t overtakes the o ther ship m ust avoid 
cro ssing  w ith  the overtaken  one.
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B ased  on the assum ptions listed  above, a  com puter sim ula to r has been  im plem ented. It 
requires th e  fo llow ing  input data:

-  in itial and goal positions o f  the ow n ship and  all the ta rge t ships,
-  the velocities o f  the ow n  ship and  all the ta rge t ships,
-  the dom ain  radius o f  the ow n ship and all the target ships,
-  the rad ius o f  the radar v is ib ility  a rea  (arena  [2]) for the ow n ship.

Once all the input param eters are co llec ted  the sim ulation  p rocess can be in itiated . A fter 
triggering the sim u la to r com putes all the  cu rren t positions o f  the vessels fo r g iven m om ent o f  
time. W ith in  each nex t step  the cu rren t tim e is increased  by one unit and all the cu rren t 
positions o f  the vessels are  recalcu lated . In o rder to  avo id  collisions betw een  the ow n ship and  
the target ships, the  a rea  o f  ow n ship arena  is checked  fo r occurrence  o f  ta rget ship in each 
sim ulator step. W henever a ta rget ship gets into the ow n  sh ip ’s arena, it is first inspected  
w hether keep ing  cu rren t courses o f  bo th  ships w ould  resu lt in a c lose  quarter encounter. T he 
notion o f  D C PA  (d istance  at the closest po in t o f  approach) [4] is u tilized  to check  for possib le 
own sh ip  dom ain  being  v io lated . T his is done accord ing  to  the form ulas:

XVwx+YVwy 
TCP A i  --------   .

( 1)

DCPA,
Ds

XVwy-YV„
when TCPAj < 0,

when TCPAj > 0,
(2)

where:
TCPAj

DCPAj

Ds

X,Y

Vw

- tim e rem aining to reach  the d istance a t the c losest p o in t o f  approach  betw een  
the own ship an d  the j - th  target ship,
- d istance a t the c losest p o in t o f  approach  betw een  the own sh ip  an d  the j- th  
ta rg e t ship,
- safe d istance o f  approach  (radius o f  the circu lar sh ip  dom ain) o f  the own  
ship,
- re la tive  distances betw een  the own an d  target sh ip  f o r  O X  a n d  O Y  axes 
respectively ,
- m odule o f  the re la tive  ve loc ity  f o r  the ow n an d  ta rg e t ship, Vw =  Vxw2+ Vwy .

W hen the DCPAj distance  is equal to  o r lesser than  the rad ius o f  th e  ow n ship dom ain , then  it 
is expected  tha t the ow n ship dom ain  w ou ld  be  v io lated  and an an ti-co llision  m anoeuvre is 
required. N ex t to  that, b ased  on the COLREG rules, a  decis ion  is m ade w hich  o f  the ships is 
to  g ive w ay. T he requ ired  m inim al course a lteration  is then ca lcu la ted  accord ing  to the 
form ula [7]:

M u r

w here: 
A'Plr

Ds
DABj

=  ±5j + q j -  arcsin - 2 -  s in (±  + N , - 4 '  )y  \ J J J /
D,

D ,
qJ = N j - ' V, (3)

- requ ired  m inim al course a lteration  on either s ta rb o a rd  or portboard ,
- safe d istance o f  approach  o f  the own ship,
- actual d istance betw een  the own ship an d  the j - th  ta rg e t ship,
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<?/ - collision  risk angle f o r  the own sh ip an d  the j- th  target ship,
- courses o f  the own ship an d  the j- th  ta rget sh ip  respectively,
- bearin g  on the j - th  target ship,

V, Vj - ve loc ities o f  the own sh ip an d  the j - th  ta rg e t sh ip respectively.
T he g ive-w ay  sh ip  changes her course accord ing ly  and  keeps the altered  course until the 
d istance daiter is covered:

Vj
Nj

w here:
TCPA

(4)

- tim e rem aining to  reach  the d istance a t the closest p o in t o f  approach  between  
the g ive -w a y  sh ip an d  the stand-on ship,

V - ve loc ity  o f  the g ive -w a y  ship,
D s - safe d istance o f  approach (radius o f  the circu lar ship domain) o f  the give-way

ship.
O nce the daiter d istance is covered , the g ive-w ay ship changes her course again  to  get back to 
the form er course and  after covering  ano ther daiter d istance it is back  to  her orig inal course. 
T hen the sim ulation  p rocess continues until the ow n ship reaches her goal position  or its near 
proxim ity.

2 .2 . R IS K  E S T IM A T IO N  M O D U L E

C alcu la tions o f  possib le  collision  risk  are m ade and sto red  for future u tilization  by the 
risk  estim ation  m odule during  each  sim ulation  run. W henever an expected  encoun ter between 
the ow n and ta rge t ship is reg istered  and appropriate  an ti-co llision  actions are about to be 
taken, the p rocess ca lcu la tes risk  o f  collision  u tiliz ing  the fo llow ing  form ula [5]:

( DCPA,

D ,

TCPA. (D , (5)

w here:

ri
DCPAj

TCPAj

Dj
Ds
Ts

al, a2, a3

- collision  risk  betw een  the own sh ip  an d  the j - th  ta rget ship,
- d istance a t the closest p o in t o f  approach  betw een the own sh ip  an d  the j-th  
ta rget ship,
- tim e rem aining to reach the d istance a t the c losest p o in t o f  approach  between  
the own sh ip  an d  the j- th  ta rget ship,
- actu al d istance betw een the own ship a n d j- th  target ship,
- safe d istance o f  approach  (radius o f  the circu lar own sh ip domain),
- safe time, which is n ecessary to  p la n  an d  execute a collision  avoidance 
m anoeuvre,
- w eigh t coefficients dependent on the w eather an d  hydro-navigational 
conditions.
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Since certa in ty  o f  each encoun ter d im inishes w ith  the num ber o f  p rio r encounters it is 
justified  to  m odel the probability  o f  no collision  by a  fuzzy  num ber [ 1 , 6 ]  instead o f  a  crisp 
value. T hus, w hen  a co llision  risk  rj (a  crisp value) is calcu lated , the crisp  p robability  
P n o  c o l l  j o f  no  co llision  betw een  the ow n and j- th  ta rget sh ip  is determ ined  as:

PNO COLL j  ~ ^ ~ rj
(6)

and then  the crisp  value o f  P n o  c o l l  j  is converted  into a triangu lar fuzzy  value [ 1 ]  P f n o c o l l j :

P F NO COLL j  = (PnOCOLLj ~ e * Y ’ ̂ NOCOLLj ’PNOCOLLj + « * ? ' )

(7)

- p ro b a b ility  o f  no collision  betw een  the ow n ship an d  the j- th  encountered  
sh ip represen ted  by  a triangular fu zzy  value (a;b;c),
- num ber o f  p r io r  encounters in the simulation,
- constant value o f  risk discount rate, e.g. y  =  0.001.

T he risk  estim ation  m odule co llects the P f  n o  c o l l  j  values separa te ly  for every  target 
ship and encoun ter class (crossing, head-on  and overtak ing) du ring  th e  sim ulation  run. 
F inally, w hen the sim ulation  is fin ished, the to tal p robability  o f  no co llision  for each 
encounter class is com puted  as a m ultip lication  o f  P f n o  c o l l  j p robab ilities for all the target 
ships ( j= l..k ) :

PtOTAL NO COLL class NO COLL 1 esc class NO COLL 2 esc class ''' NO COLL k esc class
(8)

T he m ultip lica tion  o f  tw o triangu lar fuzzy values e.g.: v i= (a i;b i;c i)  and V2= (a 2;b2;c2) 
does no t necessarily  y ield  ano ther triangu lar fuzzy value, as p roven  in [1], H ow ever, in case 
o f  triangu lar fuzzy values w ith  sym m etrical m em bersh ip  function , such as P F n o  c o l l  j  ™ c  c m s s  

values, the m em bersh ip  function  o f  the resu lting  fuzzy value  m igh t be approx im ated  sim ply  
by a tr iangu la r function:

Vj * v 2 = ( a ,  * 6 2 ; c, * c2 )

(9)

w hich sim plifies the calcu lations o f  P t o t a l  NO  CO LL ENC CLASS and  m akes it a triang le  fuzzy value.

2.3. M U L T I C R IT E R IA  D E C IS IO N  M O D U L E

W hen all the sim ulations are com pleted  (one sim ulation  run for each  alternative route) 
and the outcom e o f  the risk  estim ation m odule is availab le , m ulti crite ria  decision  m odule is 
able to  create a rank ing  o f  the routes. The goal is to se lec t the b es t o f  the  availab le  rou tes 
taking in to  considera tion  decision  crite ria  describ ing the know n as w ell as the estim ated  
rou te ’s data. O ne o f  the m ost useful m ulti c riteria  decision  m ethod  for th is m odule is Fuzzy 
TO PSIS  m ethod  [1], described  earlier in nav igational con tex t in [6]. T he Fuzzy T O PSIS

where:
P f n o  c o l l  j

e

r
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m ethod  ex tends the o rig inal TOPS1S m ethod  by  add itional support o f  crite ria  and their 
w eigh ts described  by the tr ian g u la r fuzzy values or linguistic  variables. A  softw are tool for 
Fuzzy T O P S IS  com puta tions has already  been  im plem ented.

In o rder to perform  F uzzy  T O PS IS  com putations som e p relim inary  configuration  is 
requ ired  first. E ach rou te  constitu tes separate a lternative. T he criteria  are se lected  am ong the 
determ in istic  da ta  (such as ro u te ’s length) and estim ated  data  (such as P t o t a l  n o  c o l l  ™ccuss) 

In add ition , the Fuzzy T O P S IS  w eight vecto r W, described  in [1, 6], m ust reflect user 
p references for the g iven crite ria  set. T ab le  1 presen ts an exam ple criteria  set and weight 
vecto r values designed  for the vessels route selection  decision  m odule.

Table 1
E x am p le  o f  a  c rite ria  se t and  w e ig h t v e c to r va lues fo r the  decisio n  m o d u le  o f  the  vesse l ro u te  se lec tio n  process

Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion”!
Criterion name Route length 

[Nm]
Hydro-navigational 

conditions [/]
P total no c r o s s in g

PI
P total  no head-on

____M . ....
R total no overtaking 

PI

Criterion
description

cost criteria 
described by a 

crisp value

quality criteria 
described by a 

linguistic variable 
(represented by 

triangular fuzzy values)

quality criteria 
described by a 
triangular fuzzy 

value

quality criteria 
described by a 
triangular fuzzy 

value

quality criteria 
described by a 
triangular fuzzy 

value

Weight vector 
value Wi

0.1 0.1 0.4 0.2 0.2

O nce the data  se t (decision  m atrix  D described  in [1, 6]) is p roperly  configured , Fuzzy 
T O PSIS  m ethod  p roduces a  ranking  o f  alternatives (here -  routes). T he best alternative with 
the h ighest rank ing  index w ill be the route recom m ended  by the V TS opera to r to the 
nav igato r o f  the ow n ship as the safest and the m ost convenient.

3. E X A M P L E  O F T H E  R O U T E  SE L E C T IO N  PR O C E SS FO R  T H E  V TS SY STE M

N ow  le t’s consider the fo llow ing  scenario. A sh ip ’s nav iga to r has th ree alternative 
rou tes possib le  fo r harbou r approach ing  and thus he requests a V TS opera to r for a 
recom m endation  o f  a  best one. T he V TS system  is able to  obtain  full inform ation  about 
curren t vesse l’s positions fo r the routes considered  as illustrated  in f ig .l -  3. T he VTS 
opera to r hav ing  know n all the initial locations, ve locities and  courses o f  the o ther vessels 
(target sh ips) in the a rea  in itia tes the vessel (ow n ship) rou te  selection  p rocess by starting  the 
sim ulation  rou tine  separa te ly  fo r each  o f  the routes.

Route 1
V  S1*20kn (own ship)
V S2=25kn (target 9hlp)
V S3=10kn (target ship)
V  S4=8.5kn (target ship)

Route 2
V S1*20kn (own ship) 
VS2-25kn (target ship)
V S3=20kn (target ship)
V S4=8kn (target ship)

S3

Fig . 1. In itia l v e sse ls ’ p o s itio n s  and  co u rses  - ro u te  1 F ig .2. In itia l v e sse ls ’ p o sitio n s  and  courses - route 2
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Route 3
S2 V  S1*20kn (own sh ip )

\ ? V  S2=25kn (target sh ip )

\ \ V  S3=20kn (target sh ip )

V ' V  S4=20kn (target ship)

/ \ S4
■ • m r  -v - - -------- — — -m. «

\  S1 A  \
— '  1 \ 

\ \ 
\ 
i

F ig .3 . In itial v e sse ls ’ p o sitio n s  and  co u rses  - ro u te  3

T able 2 dep icts the ou tcom e o f  the sim ulation  and  risk  m odules. T he num ber o f  
expected encoun ters fo r the rou tes is d iv ided  out betw een the  encoun ter c lasses. A lso  the total 
probabilities o f  no encoun ter o f  g iven  class fo r a rou te  are g iven.

T ab le  2
E x p ec ted  o w n  sh ip  en co u n ters  and  p ro b ab ilities  o f  no  e n co u n ter o f  a  g iv en  c lass  fo r rou tes  1-3

Number of 
crossing 

encounters

Ptotal no crossing Number of 
head-on 

encounters

Ptotal no head-on Number of 
overtaking 
encounters

Ptotal no

OVERTAKING

Route 1 1 (0.633; 0.640; 0.646) 0 (1 :1 :1 ) 1 (0.735; 0.735; 0.735)

Route 2 0 (1; 1; 1) 1 (0.562;0.562;0.562) 1 (0.688; 0.695; 0.702)

Route 3 1 (0.618; 0.618; 0.618) 1 (0.556;0.562;0.568) 0 (1; 1 :1 )

O nce the sim ula tion  sub-process is fin ished  and in fo rm ation  about the length  o f  the 
routes as w ell as th e ir hydro -nav igational cond itions is co llected , the decis ion  m atrix  D (T able 
3) is constructed  and  becom es an input da ta  o f  the m ulti c rite ria  decis ion  m odu le  fo r g iven set 
o f  routes.

T ab le  3
D e cis io n  m atrix  (D ) fo r th e  ro u te s  1 -3 as an  inpu t d a ta  o f  th e  m u lti c rite ria  d ecision  m odu le

Route 
length [Nm]

Hydro- 
navigational 
conditions [/]

P t o t a l  n o  c r o s s in g  

[/]
P t o t a l  n o  h e a d -o n  

[/]

P t o t a l  n o

OVERTAKING [1]

Route 1 40.1 good (0.6; 0.8; 1) (0.633; 0.640; 0.646) d :i; 1) (0.735; 0.735; 0.735)

Route 2 41.9 poor (0; 0.2; 0.4) (1; 1; 1) (0.562;0.562,0.562) (0.688; 0.695; 0.702)

Route 3 42.3 good (0.6; 0.8; 1) (0.618; 0.618; 0.618) (0.556;0.562;0.568) (1 :1 :1 )

T ab le  4
R ank ing  o f  rou tes  1-3 as an ou tco m e  o f  the  m ulti c rite ria  d ecision  m odu le

Route 1 Route 2 Route 3

Ranking index [/] 0.411 0.555 0.327

For the p re lim inary  configuration  o f  the m ulti crite ria  decision  m odu le adop ted  from  
section  2 .3 , Fuzzy T O P S IS  m ethod  p roduces its final rank ing  as g iven in T able  4. T he Fuzzy 
T O PSIS  rank ing  show s th a t the best alternative rou te  am ong the rou tes 1-3 is rou te  2, and  the 
rou te  1 is the runner-up . R oute 3 c loses the rank ing  w ith th e  sm allest index value. T he fact 
that the rou te  2 has ob ta ined  the h ighes t rank ing  index is caused m ostly  by  the h ighest
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probability  o f  no crossing  encoun ters (the m ost im portant criterion , Wj=0.4) fo r the route and 
sign ifican t p robab ility  o f  no  head-on  encounters (even though  the hydro-navigational 
conditions are  far from  ideal - the least im portan t criterion , Wi=0.1).

H aving analysed  the ou tcom e o f  the m ulti c riteria  decision  m odule, the V TS operator 
w ould  recom m end  the rou te  2. It is w orth no tic ing  though , tha t all the th ree considered  routes 
have to tal num ber o f  encoun ters equal to  2. T hus, estim ating  the co llision  risk  only  by the 
num ber o f  encoun ters w ou ld  no t be suffic ien t to d ifferen tia te  betw een  these routes.

4. C O N C L U SIO N S

In the paper a p roposa l o f  a vessel route selection  process for the V TS system  has been 
presen ted . A  deta iled  descrip tion  o f  the m odules com prising  the process is prov ided . This is 
illustrated  by a num erical exam ple  o f  possib le application  o f  the proposal. T he process proves 
to  be useful w hen  a recom m endation  for a route is requested , especially  w hen  the expected 
num ber o f  encoun ters is no t a suffic ien t risk  estim ator. C urren t so lu tion , including the 
softw are too ls, m ight be easily  in tegrated  w ith  the V T S  system  p rovid ing  additional support 
fo r the V TS operator.

In the nearest fu ture con tinuation  o f  the research  is p lanned. Possib le extensions include 
velocity  a ltera tion  fo r an ti-co llision  m anoeuvres and  in troducing  d ifferen t dom ain  shapes.
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