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A b s t r a c t  
 

T h is  artic le p res ents  a m odel of  a navig ational dec is ion s u p p ort s ys tem  
on a s ea-g oing  ves s el. Ap art f rom  b as ic  inf orm ation f u nc tions , th e s ys tem  
ex ec u tes  tas k s  typ ic al of  dec is ion s u p p ort s ys tem s . I ts  b as ic  f u nc tions  and 
p erf orm anc e are des c rib ed. Prob lem s  of  navig ational data ac q u is ition and 
integ ration as  w ell as  navig ational s itu ation analys is  and as s es s m ent are 
dis c u s s ed. T h e s ys tem  g enerates  s olu tions  of  c ollis ion s itu ations . 
N avig ators ’  k now ledg e is  im p lem ented in th e s ys tem  b y u s ing  artif ic ial 
intellig enc e tools  and m eth ods . I ts  k ey f eatu re is  th e c ap ab ility of  
ex p laining  g enerated c onc lu s ions . T h e p rototyp e s ys tem , b u ilt u s ing  th e 
p res ented m odel, is  b eing  tes ted in real c onditions  onb oard s h ip . 
 
K e y w o r d s :  dec is ion s u p p ort, navig ation, s ea g oing  ves s el. 
 
N a wiga c y j ny  s y s t em  ws p o m a ga nia  d ec y z j i  
na  s t a t k u  m o r s k im  

 
S t r e s z c z e n i e  

 
W  artyk u le p rz eds taw iono m odel naw ig ac yj neg o s ys tem u  w s p om ag ania 
dec yz j i na s tatk u  m ors k im . S ys tem  realiz u j e ob ok  p ods taw ow yc h   
f u nk c j i inf orm ac yj nyc h  z adania typ ow e dla s ys tem ó w  w s p om ag ania 
dec yz j i. Prz eds taw iono g ł ó w ne f u nk c j e s ys tem u  oraz  ic h  realiz ac j ę . 
S c h arak teryz ow ano z ag adnienia ak w iz yc j i i integ rac j i danyc h  
naw ig ac yj nyc h , f u nk c j e analiz y i oc eny s ytu ac j i naw ig ac yj nej . S ys tem  
u m oż liw ia g enerow anie p rop onow anyc h  roz w ią z ań  s ytu ac j i k oliz yj nyc h . 
W  s ys tem ie z aim p lem entow ano w iedz ę  naw ig atoró w  p rz y z as tos ow aniu  
m .in. m etod i narz ę dz i s z tu c z nej  intelig enc j i. I s totną  c ec h ą  s ys tem u  j es t 
m oż liw oś ć  ob j aś niania g enerow anyc h  w nios k ó w . N a p ods taw ie 
p rz ep row adz onej  analiz y m odelow aneg o s ys tem u , op rac ow ano diag ram y 
p ak ietó w , s tanow ią c e ag reg ac j ę  elem entó w  m odelu . Prz eds taw iony m odel 
s tru k tu ry s ys tem u  s tanow ił  p ods taw ę  do op rac ow ania arc h itek tu ry 
f iz yc z nej . U w z g lę dniono ś rodow is k o f u nk c j onow ania s ys tem u . S tanow ią  
j e s tatk ow e u rz ą dz enia i s ys tem y naw ig ac yj ne, b ę dą c e ź ró dł em  inf orm ac j i 
dla s ys tem u . W  s ys tem ie w yró ż niono trz y m odu ł y – ap lik ac j e dz iał aj ą c e 
j ednoc z eś nie, realiz u j ą c e f u nk c j e s ys tem u . Pierw s z a z  nic h  odb iera 
k om u nik aty z  s ens oró w , a p o ic h  s elek c j i i integ rac j i p rz es ył a 
z ag reg ow ane dane do dru g iej  ap lik ac j i - p rog ram u  z arz ą dz aj ą c eg o. 
R ez u ltaty p roc es ó w  p rz etw arz ania w ys ył ane s ą  do trz ec iej  z  ap lik ac j i –
G U I , k tó rej  z adaniem  j es t z ob raz ow anie s ytu ac j i naw ig ac yj nej  na ek ranie 
m onitora oraz  k om u nik ac j a naw ig atora z  s ys tem em . Prototyp  w yk onany 
na p ods taw ie p rez entow anyc h  m odeli j es t tes tow any w  w aru nk ac h  
rz ec z yw is tyc h  na s tatk u  m ors k im .  
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1 .  I nt r o d u c t io n 
 
T h e n u mb er  o f  el ec t r o n ic  n av ig at io n al  an d  c o mmu n ic at io n  

t ec h n o l o g ies  an d  s y s t ems  av ail ab l e o n  s h ips  an d  in  l an d -b as ed  
c en t er s  is  c o n s t an t l y  o n  t h e r is e.  T h es e in c l u d e A u t o mat ic  
I d en t if ic at io n  S y s t em ( A I S ) ,  E l ec t r o n ic  C h ar t  D is pl ay  an d  
I n f o r mat io n  S y s t ems  ( E C D I S ) ,  I n t eg r at ed  B r id g e S y s t ems / I n t eg r at ed  
N av ig at io n  S y s t ems  ( I B S / I N S ) ,  A u t o mat ic  R ad ar  P l o t t in g  A id s  
( A R P A ) ,  r ad io  n av ig at io n ,  L o n g  R an g e I d en t if ic at io n  an d  
T r ac kin g  ( L R I T )  s y s t ems ,  V es s el  T r af f ic  S er v ic es  ( V T S )  an d  t h e 
G l o b al  M ar it ime D is t r es s  an d  S af et y  S y s t em ( G M D S S ) .  T h eir  t as k 
is  t o  pr o v id e n av ig at o r s  an d  v es s el  t r af f ic  o per at o r s  w it h  r el ev an t  
in f o r mat io n .   
O f  a v ar iet y  o f  in f o r mat io n  s y s t ems  o n b o ar d  s h ip,  t h e 

impo r t an c e o f  E C D I S  is  g r o w in g .  T h e s y s t em,  s u ppl emen t ed  w it h  
s o me s t an d b y  d ev ic es ,  c an  b e r eg ar d ed  as  eq u iv al en t  t o  u pd at ed  
n av ig at io n al  c h ar t s .  E C D I S  d is pl ay s  s el ec t ed  in f o r mat io n  f r o m an  
in t r a-s y s t em E N C  – el ec t r o n ic  n av ig at io n al  c h ar t  as  w el l  as  
po s it io n  d at a c o min g  f r o m b r id g e eq u ipmen t .  T h is  s o l v es   
a t ec h n ic al l y  impo r t an t  is s u e f o r  n av ig at io n al  s af et y ,  i. e.  o n e-
s c r een  pr es en t at io n  o f :  in f o r mat io n  ab o u t  c o l l is io n  s it u at io n s  
( imag e o f  s u r f ac e t r af f ic  s it u at io n  o b t ain ed  f r o m a r ad ar  o r  
A R P A ) ,  po s it io n  ( G P S / D G P S ) ,  b at h y met r ic  d at a in c l u d ed  o n  t h e 
c h ar t .  I t  s eems  t h at  n ew  s o l u t io n s  in  t h es e s y s t ems  w il l  t en d  
t o w ar d s  d ec is io n  s u ppo r t  s y s t ems  – in t el l ig en t  n av ig at io n al  
ad v is o r y  s y s t ems .  T h eir  f u n c t io n s ,  apar t  f r o m in f o r mat io n  
pr o v is io n ,  in c l u d e t h e id en t if ic at io n  o f  h az ar d s  in  s h ip mo v emen t  
( e. g .  c o l l is io n  s it u at io n s ) ,  w ar n in g  o f  h az ar d s  an d  au t o mat ic  
g en er at io n  o f  s o l u t io n s  ( s u g g es t ed  man o eu v r es ) .  S u c h  s y s t ems  
s h o u l d  c o n t ain  ad eq u at el y  impl emen t ed  n av ig at o r s ’  kn o w l ed g e 
en ab l in g  an al y s is  o f  a pr es en t  n av ig at io n al  s it u at io n ,  id en t if y in g  
an d  s o l v in g  a d an g er o u s  en c o u n t er ,  u s in g  c r it er ia c o mmo n l y  
ad o pt ed  b y  n av ig at o r s .   
O n e s o l u t io n  in  t h is  f iel d  is  t h e n av ig at io n al  d ec is io n  s u ppo r t  

s y s t em b ein g  d ev el o ped  at  t h e M ar it ime U n iv er s it y  o f  S z c z ec in  
[ 9 ] ,  makin g  u s e o f  E N C  an d  en h an c in g  t h e c apab il it ies  o f  
n av ig at io n al  eq u ipmen t  o n b o ar d .  T h e s y s t em,  in  t h e ph as e o f  
d es ig n in g ,  f o l l o w s  c u r r en t  ad v an c emen t s  o f  mar in e n av ig at io n ,  
in c l u d in g  e-n av ig at io n ,  t h e c o n c ept  d ev el o ped  s in c e 2 0 0 5 .  I t s  
w o r kin g  d ef in it io n  [ 4 ]  s ay s  t h at  “ e-n av ig at io n  is  t h e h ar mo n iz ed  
c o l l ec t io n ,  in t eg r at io n ,  ex c h an g e,  pr es en t at io n  an d  an al y s is  o f  
mar it ime in f o r mat io n  o n b o ar d  an d  as h o r e b y  el ec t r o n ic  mean s  t o  
en h an c e b er t h  t o  b er t h  n av ig at io n  an d  r el at ed  s er v ic es ,  f o r  s af et y  
an d  s ec u r it y  at  s ea an d  pr o t ec t io n  o f  t h e mar in e en v ir o n men t ” .  
I n t el l ig en t  n av ig at io n al  ad v is o r y  s y s t ems ,  w it h  t h eir  in f o r mat io n  
an d  d ec is io n  s u ppo r t  f u n c t io n s ,  w il l  c o n s t it u t e an  el emen t  o f   
e-n av ig at io n .  
 

2 .  S y s t em  c h a r a c t er is t ic s  
 
T h e g r o w in g  in t en s it y  o f  v es s el  t r af f ic ,  max imu m s iz e an d  

s peed s  d ev el o ped  b y  v es s el s  c al l  f o r  pr o mpt  d ec is io n s  n av ig at o r s  
o f t en  h av e t o  make.  C o mpl ex  s it u at io n s  an d  a g r eat  d eal  o f  r el at ed  
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information are one potential source of human errors, resulting in 
marine accid ents.  T herefore, assisting navigators in d ecision 
making processes may  sub stantially  red uce human errors onb oard  
sea-going ships [ 8 ] .  
 

S y stem tasks 
 
T he navigational d ecision support sy stem has the follow ing 

b asic tasks:  automatic acq uisition and  d istrib ution of navigational 
information, analy sis of a navigational situation, solving collision 
situations and  interaction w ith the navigator.  
P utting these tasks in more d etail, the sy stem should  enab le:  
− acq uisition, fusion and  integration of navigational d ata availab le 
onb oard ,  
− navigational situation d isplay , 
− analy sis of a navigational situation using navigators criteria, 
− signalling d angerous situations and  show ing a present level of 
navigational safety ,  
− planning a manoeuvre/ manoeuvres and  movement traj ectory  in 
collision situations, 
− d isplay  of suggested  manoeuvre/ s,  
− function of ex plaining ( j ustify ing)  the w orked  out solution.  
T he sy stem should  also store d ata for sub seq uent ship 

movement process reprod uction and  for statistical purposes.   
 

2.1. S y s t e m  e n v i r o n m e n t  
 
T he sy stem is intend ed  to complement shipb oard  navigational 

eq uipment.  I ts correct performance req uires co-operation w ith 
other sy stems and  d evices onb oard .  S tand ard  eq uipment carried  b y  
ships includ es a log, gy rocompass, rad ar, echosound er, A R P A , 
G N S S  ( Global Navigational Satellite System ) , e. g.  G P S  ( Global 
P ositioning System )  or D G P S  ( D if f er ential Global P ositioning 
System ) , A I S , E C D I S , G M D S S .  W hen d eveloped , the prototy pe 
sy stem w ill utiliz e the follow ing sources of navigational 
information:  log, gy rocompass, rad ar/ A R P A , G P S  and  D G P S  
receivers, A I S  and  E N C  [ 1 5 ] .  
T he sy stem is view ed  as an ad visory  sy stem.  I t w ill b e capab le 

of affecting the environment in the process of automatic ship 
movement control b y  changing rud d er and  engine settings 
accord ing to navigator’ s d ecision:  the solution chosen from among 
those suggested  b y  the sy stem or arb itrarily  set b y  the operator.  
 

2.2. B a s i c  f u n c t i o n s  o f  t h e  s y s t e m  
 
A  d ecision support sy stem runs in real time.  I t is supposed  to 

monitor ow n ship and  the environment and  record  navigational 
situation information.  O n this b asis the sy stem id entifies and  
assesses a navigational situation and  proposes such solutions, i. e.  
d ecisions, that w ill ensure safe navigation.  
 
 

   
F i g .  1 .   U se  c a se s o f  t h e  n a v i g a t i o n a l  su p p o r t  sy st e m  o n  a  se a  g o i n g  v e sse l  
R y s.  1 .   D i a g r a m  p r z y p a d k ó w  u ż y c i a  n a w i g a c y j n e g o  sy st e m u  w sp o m a g a n i a   

d e c y z j i  n a  st a t k u  m o r sk i m  
 

F irst, proced ures and  regulations concerning d ecision making in 
the process of navigation on a ship w ere specified .  U se case 
d iagrams w ere applied  to d escrib e functional req uirements  
[ 1 2 , 1 4 ] .  B asic services ( functions)  of the sy stem req uired  b y  the 
navigator are given in F ig.  1 .  T hese includ e:  1 )  d isplay  of  
a navigational situation and  user’ s communication w ith the sy stem 
( G U I  interface) ;  2 )  situation assessment, reflecting the regulations 
in force and  assessment criteria d efined  b y  the navigator;  
3 )  w orking out a manoeuvre in a collision situation;  4 )  d isplay ing 
a proj ected  situation in a d efined  future period  ( situation 
pred iction) ;  5 )  d ata storage, includ ing navigator’ s command s, in 
ord er to reprod uce the voy age;  6 )  sy stem configuration – change 
of d efault settings and  tailoring them to navigator’ s ind ivid ual 
need s and  prevailing navigational cond itions ( e. g.  mod ification of 
situation assessment criteria) .  
S cenarios w ere then d eveloped  for various use cases.  T he 

cond itions initiating a case w ere d efined , and  the sy stem state after 
the case realiz ation and  the main scenario w ere characteriz ed .   
A  list of possib le alternative scenarios and  non-functional 
req uirements essential to the realiz ation ( implementation in the 
sy stem)  w ere d efined  for each use case.  P articular attention w as 
paid  to time req uirements.  E vents and  associated  responses of the 
sy stem w ere id entified .  T he follow ing events w ere regard ed  as 
essential to navigational safety :  appearance of a new  ob j ect 
( vessel)  in the sy stem, change of vessel( s)  movement parameters, 
d etection of a d angerous situation, navigator’ s command s and  
sy stem time.  
 
3 . S e l e c t e d  s y s t e m  f u n c t i o n s  
 
T he tasks of the navigational d ecision support sy stem w ere 

analy z ed  in view  of the functions the sy stem ex ecutes.  T he most 
important w ere found  to b e:  acq uisition and  accessib ility  of 
navigational information, analy sis and  assessment of navigational 
situation, solving collision situations and  interaction w ith the 
navigator.  
 
3 .1. D a t a  i n t e g r a t i o n  
 
B ased  on an analy sis of shipb oard  navigational eq uipment and  

sy stems and  formats of d ata from them, the scope and  form of d ata 
necessary  for the realiz ation of d esigned  sy stem tasks w ere 
d etermined .  P articular focus w as put on the accuracy  of 
navigational sy stems and  d evices and  cases of red und ancy  
( d oub led  d evices enab ling reception of d ata from various sources) .  
I nformation on the movements of ow n ship and  other vessels in 

the vicinity  provid es a b asis for effective solution of collision 
situations.  T he accuracy  of information the navigator is supplied  
w ith is significant for the correct assessment of situation and  the 
d ecision s/ he w ill make.   
A n algorithm w as d eveloped  for the estimation of ow n ship 

state vector.  T he algorithm, b ased  on a multisensor K alman filter, 
ex ecutes a fusion of d ata received  from G P S  receivers, 
gy rocompass and  ship’ s log [ 2 ] .  T he d eveloped  algorithms 
enhance the reliab ility  of sy stem operation and  red uces 
measurement errors [ 1 ] .  
A R P A , a rad ar w ith automatic echo tracking function, is  

a common sy stem used  for the id entification of other vessels 
movement parameters.  A R P A  is an autonomous sy stem, 
ind epend ent of ex ternal d evices and  sy stems.  R ad ar tracking 
consists in estimating the state vector of the target w hose echo can 
b e seen on the rad ar screen.  A s there are a variety  of elements 
affecting this vector, filtration has to b e applied  to ob tain an 
accurate smoothened  vector useful in terms of navigation.  A n 
algorithm of another ship state vector estimation in the rad ar 
tracking process w as also d eveloped .  T his algorithm utiliz es 
general regression neural netw orks ( G R N N )  [ 5 ] .  
T he automatic id entification sy stem ( A I S )  is an alternative 

source of vessel traffic information.  C ompared  to A R P A , this 
sy stem provid es more accurate d ata on vessel movement 
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par am et er s.  H owev er ,  sm al l er  v essel s ar e not  ob l ig ed  t o c ar r y  an 
A I S  ( S O L A S ,  A nnex 1 7 ) .  T h er ef or e,  t h er e m ay  oc c u r  a sit u at ion 
wh en A I S  d at a wil l  not  b e id ent if y ing  al l  t h e v essel s ar ou nd  
nav ig at or ’ s own sh ip.  I n t h is c onnec t ion,  an al g or it h m  f or  t h e 
v er if ic at ion of  v essel s id ent if ied  b y  b ot h  sy st em s was d esig ned .  I f  
v essel s ar e r ec or d ed  b y  b ot h  sy st em s,  t h e m or e ac c u r at e d at a ar e 
sel ec t ed .  
I nt eg r at ed  d at a c onst it u t e inpu t  d at a in c om pu t ing  pr oc ed u r es of  

t h e d ec ision su ppor t  sy st em .  T h ey  ar e d ispl ay ed  t o t h e nav ig at or  
on an el ec t r onic  nav ig at ional  c h ar t .  
 
3.2. S i t u a t i o n  a n a l y s i s  a n d  a s s e s s m e n t  
 
A n anal y sis and  assessm ent  of  a nav ig at ional  sit u at ion of  own 

sh ip is j u st  one st ag e in t h e d ec ision m aking  pr oc ess.  A l g or it h m s 
of  inf er enc e in t h e sc ope of  C O L R E G s wer e d ev el oped  [ 3 ] .  
P r inc ipl es of  sh ip b eh av iou r  im pl ied  b y  t h e r eg u l at ions wer e 
c onsid er ed ,  ac c ou nt ing  f or  g ood  and  r ed u c ed  v isib il it y  c ond it ions.  
T h e al g or it h m s t ake int o ac c ou nt  t h e ph ase of  sh ips enc ou nt er  and  
sh ip’ s nav ig at ional  st at u s ( st and -on or  g iv e-way  v essel )  st ipu l at ed  
b y  t h e r eg u l at ions.  
T h e spec if ic at ion of  sh ip’ s b eh av iou r  c om pl y ing  wit h  t h e ‘ r ig h t  

of  way ’  r eg u l at ions pl ay s an im por t ant  r ol e in sel ec t ing  t h e 
d ec ision pr oc ed u r e and  t h e v er if ic at ion of  it s per f or m anc e in 
nav ig at ional  d ec ision su ppor t  sy st em s.   
T h e b asic  c r it er ia ad opt ed  f or  nav ig at ional  sit u at ion assessm ent  

ar e t h e c l osest  point  of  appr oac h  ( C P A )  and  t im e t o C P A  ( T C P A ) .  
B ot h  c r it er ia ar e c om m onl y  u sed  in A R P A  sy st em s.  T h ese c r it er ia 
assu m e t h at  t h e nav ig at or  d ef ines t h e m inim u m  v al u es:  ( saf e)  C P A  
wh il e passing  anot h er  v essel  ( C P A limit)  and  t h e t im e t o C P A limit 
( T C P A limit ) .  I f  t h e d ist anc e at  wh ic h  anot h er  v essel  wil l  pass is 
sh or t er  t h an t h e d ef ined  C P A limit and  t h e r espec t iv e t im e t o r eac h  
t h at  d ist anc e is l ess t h an t h e assu m ed  T C P A limit ,  t h en a c ol l ision 
av oid ing  m anoeu v r e h as t o b e per f or m ed  im m ed iat el y .  
T h e sh ip d om ain was pr oposed  as an ad d it ional  c r it er ion of  

sit u at ion assessm ent .  T h e sh ip d om ain is an ar ea ar ou nd  t h e sh ip t h at  
t h e nav ig at or  int end s t o keep c l ear  of  ot h er  v essel s and  ob j ec t s [ 1 3 ] .  
 
3.3. C h o i c e  o f  t h e  r o u t e  
 
D ec id ing  on a saf e m anoeu v r e,  i. e.  sol v ing  a c ol l ision sit u at ion,  

t h e nav ig at or  c h ooses t h e t y pe of  m anoeu v r e ( c ou r se and / or  speed  
c h ang e)  and  t h e r el ev ant  par am et er s:  t im e t o b eg in t h e m anoeu v r e 
and  t h e c ou r se/ speed  v al u es.  T h e nav ig at or  m ay  d et er m ine a saf e 
c ou r se su c h  t h at  t h e ob j ec t  wil l  b e passed  at  a pr eset  d ist anc e 
c onsid er ed  as saf e ( C P A limit ) .  S h ipb oar d  A R P A  sy st em s f eat u r e  
a t r ial  m anoeu v r e f u nc t ion,  c apab l e of  d et er m ining  a passing  
d ist anc e f or  t h e c ou r se and / or  speed  v al u es of  own sh ip d ef ined  b y  
t h e nav ig at or .  T h e d et er m inat ion of  own sh ip’ s c ou r se need ed  t o 
pass anot h er  sh ip at  a pr eset  d ist anc e c an b e ac h iev ed  b y  u sing  
anal y t ic al  r el at ionsh ips [ 6 ] .  
A l g or it h m s f or  t h e d et er m inat ion of  saf e c ou r se and  speed  

v al u es wer e al so el ab or at ed  f or  enc ou nt er s wit h  m any  v essel s.  I t  is 
t h en possib l e t o d ef ine a t r aj ec t or y  of  sh ip m ov em ent  b y  ind ic at ing  
t u r n point s:  al t er at ion t o a saf e c ou r se and  t h en r et u r ning  t o t h e 
or ig inal  c ou r se.  S im il ar l y ,  f r om  anal y t ic al  f or m u l as,  a saf e speed  
of  own sh ip c an b e d ef ined .  
T h e c h oic e of  way  m ay  b e c onsid er ed  as an opt im iz at ion t ask.  

M et h od s u sed  t o sol v e t h is t y pe of  pr ob l em s inc l u d e st at ic ,  
d y nam ic ,  sing l e- or  m u l t i-c r it er ia m et h od s,  t h ose b ased  on g am e 
t h eor y ,  g enet ic  al g or it h m s and  f u z z y  l og ic .  
T h e d ev el oped  al g or it h m  of  t h e c h oic e of  way  ( opt im iz at ion of  

ant i-c ol l ision m anoeu v r e)  is b ased  on m u l t i-st ag e c ont r ol .  T h e 
t r aj ec t or y  c ov er ed  was ad opt ed  as a q u al it y  ind ic at or ,  assu m ing  
t wo c onst r aint s:  pr eset  d ist anc e of  passing  ot h er  v essel s and  
m inim u m  v al u e of  c ou r se al t er at ion.  T h e al g or it h m  t akes int o 
ac c ou nt  own sh ip’ s m anoeu v r ing  c h ar ac t er ist ic s and  t h e 
C O L R E G s in f or c e.   
N av ig at or s of t en u se f u z z y  t er m s su c h  as ‘ saf e d ist anc e’ ,  

‘ sig nif ic ant  c ou r se al t er at ion’ ,  ‘ sm al l  l oss of  way ’  et c .  F u z z y  l og ic  

was u sed  t o d esc r ib e t h ese l ing u ist ic  t er m s.  T h e pr ob l em  of  t h e 
c h oic e of  way  was appr oac h ed  as a m u l t i-st ag e pr ob l em  in a f u z z y  
env ir onm ent .  T h u s a c om pr om ise c ou l d  b e r eac h ed  in a t y pic al l y  
h u m an at t em pt  t o r eac h  c ont r ad ic t or y  g oal s:  m aint ain ‘ saf e 
d ist anc e’  t o anot h er  v essel  ( ob j ec t ) ,  m inim iz e t h e t r aj ec t or y  t h e 
sh ip c ov er s and  b e ab l e t o not ic e a ‘ sig nif ic ant  c ou r se al t er at ion’ .  
A n opt im iz at ion al g or it h m  was d esig ned  f or  a pr ob l em  t h u s 
f or m u l at ed  [ 1 0 ] .  
T h e pr oposed  sol u t ions su ppl em ent ed  wit h  t h eir  j u st if ic at ion 

f ac il it at e nav ig at or ’ s d ec ision.  
 
3.4 . P r e s e n t a t i o n  o f  i n f o r m a t i o n  
 
T h e sc ope and  f or m  of  d ispl ay ed  inf or m at ion d epend  on t h e 

u ser ’ s t asks.  D u e t o a l ar g e nu m b er  of  d ev ic es t h e nav ig at or  h as t o 
m onit or ,  t h e sy st em  int er f ac e sh ou l d  b e easy  t o h and l e and  g iv e 
ac c ess t o inf or m at ion essent ial  t o nav ig at ional  saf et y .  T h e sy m b ol s 
and  m od e of  pr esent at ion d o not  d if f er  f r om  st and ar d s ad opt ed  in 
ot h er  nav ig at ional  aid s su c h  as E C D I S  or  A R P A .  I n t h e pr oc ess of  
int er f ac e d esig n,  m u c h  ef f or t  was t aken t o m ake t h e sy st em  
r espond  in a t r anspar ent  and  st r aig h t f or war d  g r aph ic  f or m .  T h e 
sy st em  h as a c ont r ol  panel  f or  c om m u nic at ion wit h  t h e u ser .  
T h e int er f ac e m od el  m ad e u p a b asis f or  d ev el oping   

a pr el im inar y  d esig n of  nav ig at or ’ s int er f ac e,  wh ic h  was t est ed  
and  v er if ied  in l ab or at or y  c ond it ions.  
 
4 . C o n s t r u c t i o n  o f  t h e  s y s t e m  
 
4 .1 . S y s t e m  a r c h i t e c t u r e  
 
U sing  t h e r esu l t s of  an anal y sis of  t h e m od el l ed  sy st em ,  t h e 

au t h or s d ev el oped  pac kag e d iag r am s,  an ag g r eg at ion of  m od el  
el em ent s.  F ig u r e 2  pr esent s b asic  sy st em  pac kag es.  T h e f ol l owing  
pac kag es wer e d ist ing u ish ed :  inf or m at ion ( r eg ist r at ion of  
d ec od ing  and  int er pr et at ion of  m essag es f r om  sy st em s and  
ext er nal  d ev ic es) ,  ev ent  id ent if ic at ion,  sit u at ion anal y sis and  
assessm ent ,  m anoeu v r e c h oic e,  m ov em ent  pr ed ic t ion,  m anag ing ,  
knowl ed g e b ase and  l ib r ar y  of  nav ig at ional  pr oc ed u r es.   
 
 

  
F i g .  2 .   P a c k a g e  d i a g r a m  o f  t h e  n a v i g a t i o n a l  s u p p o r t  s y s t e m  
R y s .  2 .   D i a g r a m  p a k i e t ó w  n a w i g a c y j n e g o  s y s t e m u  w s p o m a g a n i a  d e c y z j i  
 
S pec ial  f oc u s was pu t  on t h e l ast  t wo pac kag es.  T h e pac kag e of  

knowl ed g e b ase c ont ains,  am ong  ot h er s,  al g or it h m s of  C O L R E G s 
int er pr et at ion and  t h e c r it er ia f or  sit u at ion anal y sis and  
assessm ent ,  pr ov id ing  f or  t h eir  opt ional  per sonal iz at ion,  i. e.  t h eir  
m od if ic at ion t o su it  t h e pr ef er enc es of  ind iv id u al  u ser s – 
nav ig at or s.  T h is pac kag e pr ov id es ser v ic e f u nc t ions f or  ot h er  
pac kag es:  nav ig at ional  and  m anoeu v r e pl anning .  
D u e t o t h e spec if ic  c h ar ac t er  of  t h e d esig ned  sy st em  ( r eal  t im e 

sy st em )  t h e m anag ing  pac kag e was separ at ed .  I t s m ain t asks ar e t o 
anal y z e ev ent s,  or d er  t asks and  m anag e sy st em  r esou r c es ( t ask 
ac t iv at ion and  al l oc at ion of  sy st em  r esou r c es need ed  f or  t ask 
exec u t ion,  et c . ) .   
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The knowledge of future positions of own and other ships’ is 
important for effectiv e av oidance of collision situations.  Moduł  
predy kcj i sy tuacj i poz wala wy z nacz y ć  poz y cj e ob iektó w dla 
z adanego hory z ontu cz asowego [ 1 1 ] .  The situation prediction 
module allows to determine ships'  positions for a preset future 
time interv al [ 1 1 ] .  
B esides,  the user interface was separated,  b eing that part of the 

sy stem which the user can see.  The b asic functions of the interface 
were recogniz ed to b e:  1 )  display  of a nav igational situation using 
E N C ;  2 )  user-sy stem communication;  3 )  presentation of solutions 
proposed b y  the sy stem.  
 
4.2. P h y s i c a l  a r c h i t e c t u r e  o f  t h e  s y s t e m  
 
W hen the sy stem structure model had b een worked out,  

phy sical architecture could b e designed ( F ig.  3 ) .  A fter lab oratory  
tests the sy stem will b e v erified in real conditions at sea,  therefore 
the future env ironment was taken into account,  namely  shipb oard 
nav igational sy stems and eq uipment,  sources of data input for the 
sy stem.  Messages from the particular dev ices are generally  sent,  
as a standard,  to an R S -2 3 2  port at a v ary ing freq uency .  D ue to the 
range of serial communication and the need to receiv e signals 
from many  sensors,  serv ers of serial ports were used.  They  enab le 
integration of signals from serial ports and sending messages 
through the computer network using the TC P / I P  protocol.  The 
speed of signal transmission is also higher than that of serial 
transmission.  
 

  
F i g .  3 .   P h y s i c a l  a r c h i t e c t u r e  o f  t h e  s y s t e m  – d e p l o y m e n t  d i a g r a m   
R y s .  3 .   A r c h i t e k t u r a  f i z y c z n a  s y s t e m u  – d i a g r a m  r o z l o k o w a n i a  
 
Three modules in the sy stem are applications working 

simultaneously ,  ex ecuting functions of the sy stem.  O ne module 
receiv es messages from sensors,  selects and integrates them and 
sends the integrated data to the nex t application – managing 
program.  
The managing program gathers data,  b ased on which it carries 

out cy clical operations ( receiv es and transmits messages on 
nav igational situation,  assesses the situation,  etc. )  and acy clical 
operations,  such as alerting the sy stem that an initiating ev ent has 
occurred ( e. g.  a new ob j ect in the range)  or hav ing receiv ed  
a command from the nav igator,  ( e. g.  plan a manoeuv re or display  
predicted situation) .  
The outcome of processing is sent to the third of the three 

applications – G U I  – responsib le for display ing a present 
nav igational situation on the monitor screen.  This application 
enab les communication b etween the sy stem and the nav igator,  
who can instruct the sy stem b y  choosing a command from the 
command list.  R eq uests of ex ecuting a command or commands are 
sent to the managing program.  The operator can change the 
sy stem configuration,  i. e.  its parameters.  
The describ ed phy sical architecture of the sy stem allows to 

install the software on one or more ( e. g.  three)  computers.  F or 
instance,  for testing in lab oratory  conditions each application was 
installed on a separate computer.  The communication b etween the 
programs was prov ided b y  a computer network using TC P / I P  
protocol.  This solution enab les simultaneous software 

dev elopment ( coding of each module)  and testing.  The final 
prototy pe sy stem will b e installed on one computer.  
 
5 . S u m m a r y  
 
The presented model of a nav igational decision support sy stem 

to b e used on sea-going v essels will complement the ship’s 
nav igational aids.  The process of sy stem dev elopment included 
tasks and functions description and the design of sy stem structure.  
N av igators’ knowledge cov ering nav igational situation analy sis 
and assessment and solv ing collision situations was implemented 
in the sy stem.  B ased on the structure model,  the phy sical 
architecture of the sy stem was designed.   
The prototy pe sy stem b ased on the model in q uestion is b eing 

tested in real conditions,  onb oard the research-training v essel m/ v  
N awigator X X I  operated b y  the Maritime U niv ersity  of S z cz ecin.   
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