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                                 Summaaory

      In the  present repGrt,  an  atzempt  is done to develop a  computer'  aidetl  manoeuvring  s},stern  for

   ships  ln harbeurs, The syst(,'m  contains  two  iiiain .func:tions. The first, as  a planner,  supplies  a

   manoeuvring  plan  to appreach  to a berth or  to depart from a  berth, 
'rhe

 second,  as  a operator,  rnakes  it

   possible to operate  a  ship  alorig  the  pveEormed manoeiivrinf  plan. 
rl'he

 maneeuvringf  pEan  is built, paying

   full conside}'ataons  to the pcactices  of  human  pilbts anci  L'he principle  ef  
"s:afety

 first". 7]he system  is

   sueeessEulLy  evaluated  to ",ork  well  by numeric;"  simulations.

g. Xntrodanctggve

  Ship handling in lnarbours is one  ef  the most

sophisticated  and  complieated  eontrol  carried

out  by human  operators.  M[hen  ships  appr'oach

to berths, they are  usually  in the mest  danger-

ous  situation  aRd  they need  the largest nun'iber
of  operators  over  their voyages.  On  the. other

hand, there have  been a  remarkable  progress in,
corripute.r  te{:honiogy. The recent  eon'j,puter

technology enables  us  to design a fuily auto-

mated  ¢ entrol  system  fer fnuch  complicated

problems.  Then, it is eagerly  requested  from

the view-point  of  saving  labour and  increasing
$afety  t'o develop an  atttonta'tie  operating  sys-

tem for harbeur  manoeuvres,

  To  develop a  eornputer  aicled  rrtanoeuvrlng

system,  harbotir manoeuvres  opcrated  by pilots
have  to be investigated 'first, t'or a pilot is only

the controller  to be technieally and  socially

approved  at the present.  In the present report,

the pilots' practiees in harbour  manoeuvres  are

widely  empioyed.  The  marioeiivring  plans usecl

wi,dely  by pilots, the elcmental  manoeuvres

which  are  the elements  of  the rnanoeuvring

plans,  the i)ractica} procedures  to keep  man-

oettvring  saiety  and  such  are  also  realized  on
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t,he base ()f ttlt,e o!,)served  pilotsT practiees.

  The  mat/hematieal  models  of  manoeuvring

motitons  in harbours  are  neeessary  too for

rt'ializing the eont.,"ol systeTn.  Both of  shallow

water  effects  ancE  relatively  large lateral rno-

tions have  to l)e t:.ken into eonsideration.  It is

clesirable  from･ thevview--point  of  the accurate

control  to predict fairly well  full---scale $hip

motiens  bv the mathematical  model,  But. if too

compiicated  mnthe:,'natical  model  is utilized,  it is

n.ot easy  to dete.rrnine the I'jarameters of the

mode.1.  in the pi'e'sent report,  two  kinds of

inathelliatical  nie(lels  ol  nianoeuvring  inotions

are  ut/ilized, A  simolified  rnathematgcal  modei  is              i

built in the  s>,stern  for ealculating  the

tragect,eries o,f iinLnoeuvring  motions  in the

plan and  for estimating.  necessary  control

florces at L' he stage  oi  leading. Besides. a precise
maS/hemg.tical  :,nodf･}1 is employed  for the digital

simulations  te check  the effectiveness  of  the

presptit fr.ontrel  s>gstem  at  thc final stage  of  the
nresent  studv,･/ "

  The  main  aim  of the pr{.:sent study  is to
e.stab]ish  the eonceptual  dcF.ign lor the eompti-

ter aided  manoeiwring  systern.  Accordingly,
the inain  frame of  the developed system  is
merely  discussed, To  realize  the practicai
/･system,  man>,  sub--･systems  su ¢ }1 as  sensor

syst'ems,  digitEil communication  systems  and  so

on  have  to be developed, but these  are  assumed

t,o be given in the. present study.

  Flrst oi  all, the basic framework ef  the
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coniputer  aided  manoeuvri'ng  system  is cie-
scribecl.  

'l'he
 svstem  builds lirst the manocuvr-           "

lng plan fcr leading a  ship  frorri sor}ie point, t/ o  a

berth or  vice  versa  and  after  checking  the

safety  of  the pLan, the s>'sL:m  execute$  the

planned berthing motions.,  To r.eali'ize siich

iiinetions o.f the s>,sLcm,  sevei･'al cGrtcepS/s  are.

!irtroduced with  rei'crcnct'  tc' the practica'i･

pilot's' opera{'ions  l/n harbou."･'s.

  In the  seeond,  tl,n.e precf,idur't to bu!,lcl 1.hc

;.']anoeuvrii'ig  plan is prop{/ secl. To  btiil{l tt,t)･ 
'the

i]];III･, a  r,Oagll  Illl-k'IIOL.Ui,,r'il),if., PE]tl.el't] 
'l

 firE･,:'

ti..lteeT.' e.cg, The  ptt,ttern i.s secc)ndlr,i' cot"pos,ed  of,

seve/,'u.1 kincls c}f sims]iifi.Lci mn' noo{Evr,:  t,,, cal]ed                '
{/ieinuntal  nianoeuvrcs  in 'the

 p"escnt  stL]c//v,
                                    :
T'he collcept  ei, Lhc･ tlgT,T]enLal  ivx,u/Je'tv,,s(Lf/, is

iiatroduced irem the vjcvv'-poi/nt  tc., empioy

ov'ncti･cal  procedaros  oi' 
'liarbvur

 iv,anoeitvres

b.v pilotts. After setting  the :,)attern, t.i e  :･nan-

oorv,yrin.g  trajecter:,es ar/ estiffn!'[ec} a]on.g  Llli/,

pattres'n I)y fiieaki.g', of  riuinerical  sin'iul' atigi'., , Tha, L'

i.s te s2,].T, the qualita//iv･{/･ cl, c･tisiou--//'vtakir/.g tsi/icl,i

as  th{. sElecti.icn  o{' nianoc,'us,,f'i'ntt. pat'Lt.rn is ci.finr
in advance  and  the c// tt ･untitati/.vc  cstimatiofis  are

c'.arricd  out  i'n successior',.

  I,rg tdne thlrcl', the  p.s'ocec]ure t･o leaci, a  ship

alon.g, t'he preior:med rrianeeui,,.rinfi pian i.s t'y-.-

i]res.secl.  Two  1<inds o'r/ coiiLrGl  la'ws a'f.'.t intro-
Ldii

 ced  for leading the. ship  to tlge l)ei'th along  t.h. e.

designed metions  and  taneeUiug  ef`!ects  ol

external  disturbane?.s. I,'inal'Ii" to v  ,r･ ii/'!,r tl,]t.',
ait'e.ctiveness  of. 1/he pr,'cscnt sys'l/e.in, ciis,itf.'･.1

siinulations  for berth/in,o'i s'nafiocuvres  o/t' t.. ]ar'ge

tank'er wlG:h  assistance  oi  fii,'e t igbcat./s are

carried  out  and  successftil-  resLilts  are  shown.

  The  eo--ordinate  si,stcM  ut/ili":tci lil th{'./                   u

present' study  is sho"iii  in Fig. 1,

xli
     -
   t:}.s.
xY--

      Fig. 1 Co-ordinatesystem

y>
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   2. geh"wifyltework of  tke (]opurvupwier AEdied

   ft{gttnoessvriffeg Systema
     The  cornputer  aided  manoeuvring  systern  is

   used  Cor leading a ship  iroin some  position  i,n a

   harbour' to a berth er  vice  vcrsa,  IXL preseiit,

   sucb  opLrations  are  c:arried  out  b>, harboui'

   pilots. Then, Lh' e  short  way  to reallze  sueh  an

   aut.omatic  control  s>,stern  is to ebserve  the

   aetuul  oper:ations  by pilots :･.iid to {/ransf･er tS]e

   !,'u･nctiolls ot' a  pilot ln,to e. computer  systent  ,iXs

   t'hc i:･ilct i/s .,iulti-func'tional in sgeh  opera-

    ±oRs,  n'![any  suprl)ortl･ns,' .systems are  necassary,

   bii'!.'. tin,e main  i"rnrnework  ol  Ll'}e s>,'stem  is ollly
   d/scussed here.

:ILIV l.)".v. si'di)･,rtl 
'fu.:

¢
'i/iorls,

 oi" Lmegngzv,iLitg la1,wad

    nge, ei j"s-gveg

  Tlne ce.fnpv,ter  aideci  murioeuvr'irig  syst{em

coi',tains  tw･o .T[unctions', The one  is a lcind of

/f,lanncr wl]ich  fnakes  the rnanoe.Li",iring  pl/ Eui ler
1･eading .a  shi.p  .lrein soi]ie pelnt  to :n berth or

viee  
'versa

 ancl･ Lhe ot"ner  is a kit}d of  opcrater

wlbieh  operate]  the s..'nlp along  
'the

 pre'fermed
inanoeuxring  p]an. In tli',e present s.vstem,  thc,

rrianoeuvr･  ing plan is f'irst bt`ilt and,  aftor

checlring  the safe'ty of tke p]an, the operation  is

ca.rr{/ed  oitt ale"g  L'he p. lan. This idea is

ctonxreni.ent  for increasing the safety  a,,nd for

I)repariii.g the i'iecessarLx  suppoi'ts  such  as
'i'ugboats,

 rope  ･handling. boats and  so  cn.

  C･enere,ll>r speaking,  the atttomatic  bei"thing
'na'>,･

 be considered  as t･t kind ef  tl'ie optima.l

eontrol'  pr, oblei:･E to be solved  se  that seme  co.u,t

;vnction such  as  berthing t'imc be,eomes mini-

mum.  It is, howev.Ar, m.ore  imD. ortant.  to gel

famgliar bel]ai,tour' which  obelr's well  various

traffic rules  and  customs  1'.han to be optirual,  for
tiie manoeuvring  saiety  is of  the first impert-

anee.  1/t is recomrneHdable  from  tke above

reason  to' emplo.v  the idea that  a ship  is leci to a

berVn along  tLhe manoeuvring  plan t'o bG eon-

f.irmecl prevEousl,y its safety.

  To  generate the manoeux,ring  plan, the man-

ocuvrlng  pattcrn is first selected  and  the

trajcctoricts of  ship  motions  are cletermined

afterwards.  That  is to say,  the ctualitative

deeision-making  is done  at t}'te iirst and  the

quantitative  one  follows. It is important, as
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 mentioned  previously, to get a  familiar man-

 oeuvring  motion,  obeying  the traffic rules  and

 the customs.  The idea to separate  the qualita-
tive decision-making frorri the quantgtative one
 is contributli,,e  to it, ･

  )viaking a  further cornment,  both icleas men-

tioned aboye  are  impertant frorrL the x,riew-

 point  of  empioying  the procedures  of  artificia.1

intelligence, stich  as  expert' systems  in the near
kiture. Generally speakin.ff, t.he more  cornplj-

 cated  the jayeut of  the harbour, the tra,Efic

 conditions,  the exterita}  distairbances, the traf-

 fic rules  and  such  become. the more  usei"ul  the

 Al proeedures  are  expected  to  be. Thou.ffh the
Al procedure ls not  utl:,lzed,  in the present
study,  the above  idea is iinpertant foT' reallzing

the practical system  with  h'ighly intelligent
capabiiit/v. ii'i decisi･ofi--malci.vag.

2.2 Cnres fitif the pifiifit¢ igeae of  
"safety

 g'i.urst"

  Generally speaking,  the prii'iciple of  
"safet/y

firstti' is consiclered.  most  important in shii)

cperation.  There may  happens  a  trouble  on  la
ship's  engin.e,  a  steering  gea.r, tugboats and  so

on,  or  a  strong  gust of wincl may  affect'

seri'otisly a  ship  near  a berth. Aecordingly, an
actuag  pilot pays, ever.x,, time anci  eve.r:,rivher'e, a

full attention  t'or ship's  sai'ety  by e.vf,xry con-

ceivable  means.  This is one  of  the most

important  base of  seamanship.  The  present
problem  is how  to introd"ce this princil')le into
the colliputer  aided  manoe-vring  syst.em.

  To find practical･ considei'ations  for safety,

many
 manoeuvrmg  plans in Japanese ports

were  mvestigated  anc{  pilots' pracrtices .for
safety  were  sufiimarized.i']'21i'  on  the ether

hand, some  considerations  are  necessary  t'rom
the viewpeint  of solving  easily  the present
control  problem.  Taking  both into considera-

tion, the iellowing two  ceuniermeasures  for
safety  are  gmployed  Sn the present study,

  The  one  is the  idea of  
"false

 goal". It is
pointed out  from  the observation  on  manv

manoeuvring  plans in Japanese harbours thadit
ships  seem  to approah  onee  some  point  located
in front of berth and  not directly to tha reai

berth, The  point is callled  as a false goal in the
presente study.  There is a enough  safety
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  distaRce betweeri the ialse goal and  the berth.

  When  some  troub･le happens  in approach,  the

  dist.ance can  prc'vent the ship  from a fatal
  acciden't.

    Besicles, the shlp  stops  once  at the faise goal,
  Her heading is adjusted  parallel to the berth

  afld  her longi･tudiflal position is also  adjusted

  jList in front of  1'.he bt'rth. Accordingly, if the

  ship  moves  only  ts/.) the lateral direction, she  can

  reac}i  just to t.he bf"'rth. GeneraUy speaking,  the

  number  of  freedems  in hnrbour  manoettvres  is

  three and  it is i,ot  eas}r  t,o adjust  tl]e t'hree

  mc,tiolls  at  [k tl'/'rie. The main  manoeuvring

  motion  after the ialse goa}  is, however, consi-

  dered to have  oi},ly one  free.dom and  it ean  be

  eas`ilv. cont.ro"ed  with  an  enozigh  accuracy.

    Tl'je ot.her  i's te lceep an  enough  margin  in a
  conv･ rol  force. If the manueuvring  motions  in the

  plan  artt, estirnateci  by using  the half of  utilized

  coni.rol  iorces, a t'ntal aecident  such  as  crush  to

  a berth may  be avoided  by the use  of  fulg

  povLie.r. It i:s poi/nted ouL  from  the observa"Lion  on

  harl)our manoeuvres  that  pl'lots never  use  the

  full power  of  thc' [.:ontrol  deviees near  a  berth.

  They  usually  orde,r  
"half",

 
"s,low",

 
"dead

 slow"

  i/o tl]e cothntrc)l devi･ces, The  order  of  
"full"

 is ior

  l.he eniergency.  
'.rhe

 margiB  in the employed

  eeritroa  force is very  eftective  for the

  emergency,

    
'l'he

 above  two  concepts  for manoeu'v'ring

  sa'fety  are  emp'I･oyed  in the present  study,  It is
  pomted  otit that these brlllg rio additional

  diff,icult.v fer soli･, ing centrol  problems  and  it is

  also  convenient  tl/'t･at the amount  of  the safety

  distanee aiid  the n.,argins  in control  forees can

  be adjtisted  accorfSing  to tlie level oi  expected

  t･/rotibles.

  3. Prc}cedure te Bugltd wranoeuvriRg
      gygame

    I'ilots build roughly,  their manoeuvring  plans
  before starting  to approach  to a  berth, Irr the

  preEient system,  tZne manoeuvring  plan from

  :,,ome point in tt hai'bour to a  bertii is first built.

  The  procedurG f.or making  the manoeuvring

  plan is expressecl  here.

    The  rnanoeuvrixtg  plan is built through the

  Foilowing two  steps.  The  
'first

 is to chQose  a
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suitable  manoeuvring  pattern  and  the second  is

to estimate  the trajectories of ship  mokons

along  the pattern. That  is to say,  the qualitative

decision-making is first. done and  the quantSta-

tive one  next.

                                 =
3.Sk DetermSTaretion (Bff tine ifvannoe-vring

    geattern
  it is .first pointed out  thtitt the manoeuvrin.cr

I.)attern depends on  the level of  control  devices.

For exampte,  the manoeuvr'/ng  pattern is vcry

eomplicated  for the ship  wi'L'h hei' oxvn  propcller

an[1  rudder  ancl  without  sidethrusters  and

i.ugbo' ats.  For  such  a  ship  have no  me.ans  t/o

 supply  an  enough  
iiateral

 ,force en  her fore bod/,

 ancl  she  is sornetimes  compe]!cd  
'Lo

 u-se tlie

 eiieee.s  of  wind.  ct!rrent  and  reN, -ersing propelj er

 
'for

 getting  the lateral t'orrce. On  the  ccntrary,

 the pattei'ns are  rather  simple  ior thc ship

 wh{ch  can  get m3ny  et'fectA･,e supp.  orts  trorn

 tugboats.  Then, it i,s conelnde.d  as  menti/)ned

 Dreviously  that th(/, manoeuvri.ng  pattern haxie

 to ba individually determined, depeilding on  the

 level of eontrol  device.s.

   The  manoeuvring  patter, ns  are  now  discus-

 sc/d fer a  tanker  assisGtgd b.v･ five rugboats.  /Fig,

 2 sho",s  the typi'cal/ manoeuv･  r]ng  patl.erri/ $ lor  g

 tanker  in a port' wi'i'h a ralatively  widc･  v,'a'L'er-

 wc:.y t/n iront of  a  bcrth. In both shewn  in･ Fig,. 2,

 tl'ie ship  approaehes  once  to the E.a,ise geal and

 after  $topping  ther'e, moves  again  te the real

 berth. The  rnanoeuvrin.cr  
'patterns

 f.rott,. the

 starting  point  to ti e false goal depend on  t.he

 conditions  in 'the
 harboers, especiaH),,  on  the

 d//stallce between both //',oints. In the paztern

 <1), the ship  apprsaehes  tc the taise goa! by

 shi{ting  her position  to the i"i'ilse gcal  auct'

xlXni.t
±al ;ondiSicion

v)
xl'

l:
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   adjusting  her heading  parallel te the  berth at

   the same  time. In the pattern (2 ), the ship  turiis

   first to the fuise goal, runs  ahead  tc the false

   goal, stops  at the false goal  and  adjusts  finally

   her heading parallel to t.he berth. The pattern

   to be empioy,  ed  can  be selceted  by considering

   the distance or  the traveling  time between  both

    points. The pattern  (1) is applied  for the ease

    that the above  distanee is short  ancl  the pattern

    (2) is [og' the long distance,
     Ir' is now  assumed  te choose  the pattern  (2)
    and  to use  five tugboats  as  coritrol  deviees. The

    arrangement  of  the  tugboats  are shown  in Fig.

    3, I.n this case,  twe  tug. boa".s are  stationed  at the

    fore oositgon  and  the aft for supplying  the

    iaterah iorees te the shlp  and  a tugboat is

    ple.r.'.ecl at  the midship  for the  longitudinal f.oree,

Fore. tugs

cg
r
r    

...v

     12em

   bfi ciship tug
     yO
x

        er

Aft tugs

oc
</
FpX-s

jEEE tr

A  rmI

-\um---A2nm--el

304 m

AP

I]hitibX  Condittosl

    &
     0
J] FeXse  Eoal

                nErth
     PATTERNa PAVEwa2

Fig. 2 
'l'ypicalpaLternsforapproachingtoberth

Y>

 tr.-.tLtthwwP  rt-Ut i

  I7ig, 3 An'ang.ement of  5 tugbonts  i'or tankei'

  Il n  the pattern (2), the ship  is first turnecl for

iaci'ng 'to the false .ffoal.
 !f the turning. angle  is

large, both el･ t,he fore and  aft tugboats are

ordere.cl  to work  for LLurning.
 ASter the anglo

decreases to somc  level, the aft  t.ugboats are

st.opped  an(i  the  fore ones  eontinue  to push  for

both o/f turning  and  accelerating  the ship  to thc,

false goaL, Aiter the ship  faces r()ughly  to the

false goal, the  midship  tugl)oat starts  pushing

the ship  to the false goal and  the tugboats for

lateral furees brakes the ship  to turn. At thct

next  stage. the ship  Etpprea ¢ hes to the false

geal, kceping her heading or  eourse  liRc by the

fQre and  aft tugboats and  adjusting  her longitu-

dinal speed  by the  midship  tugboat. After

re-aehing  near  the false geal, the mids'nfiip

tugboat  starts  decelerating the ship  and  the
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fore and  aft ones  adjust  her heading parallel to

the berth. After adjusting  her longitudinal

position and  heading, the fore and  aft tugboats

start  pllshing the ship  to the berth and  the

mi'dship  one  adjusts  her longitudinal positio".
Near  the  berth, the ship  is decelerated and

iinally stopped  just in front of  the berth. The

above  is the story  te ]ead the ship  to the berth.

  To  complete  the manoeuvring  pattern as

shown  in thei above  story,  the  procedures  to

manoeuvre  a ship  in a  harbour  have to be given
by a  computer.  Manoeuvring motions  of ships

operated  by pilots in Japanesc' harbours  have

been ai}alvzed  bv the authors.  The results  of        " e

the analysis  show  that  the manoeuvrmg  mo-

tions observed  in harbours are  diyided inte

elemental  motions  which  have relatively  sim-

plified aims.  The  elemental  motions  observ(tcl

there  are  separated  into several  kinds, such  as

collrse--keeping,  course--changing,  turni"g

without  a longitudinal speed  and  drifting. In

ether  words,  a series  of  manoeuvring  motiens

frorn some  point to a berth enn  be composed  of

the above  elemental  maneeuvres2).

  Pilots realize  the eleniental  manoeuvres,

taklmg beth of  ship  manoeuvring  eharacteri･s-

tics and  procedures  to operate  controi  devices

inte consider'ation,  I;' very  elemental  rnanoeuvre

 have  many  varieties,  depe-ding on  the differ-

ences  in the contrel  procedures. The  authors

 tried to specify  the  varieties,  being based on

 the observed  harbour manoeuvres  by pilots
 and  the theoretical ce!isideration  on  ship  man-

 oeu},rability.  To  generate the rnanoeuvring

 plan, the varjeties  of  elemental  manoeuvres  are

 built in a computer  system.  It i$ neecl  less to say

 that the  control  procedures  are  determined by

 choo$ing  elemental  manoeuvres,  for the proce-

 dures to handle colltrol  devices are  stored  as

 the speciiications  of  elenLental  manoeuvres  m  a

 eomputer  system.

 3.2 Estimation of  tke rtrtanoeuvring

     trajectorEes
   After completing  the manoeuvring  pattern,

 the trajectories of  the manoeuvring  rnotions  are

 estimated,  To  estimatE,i  them,  the control  laws

 have  to be determined. In the present study,  the
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'the

 previously mentiofied  idea of  the elemental

   manoetivres  is employed  for the 1]urpose. For

   the control  laws  are  programmed  for every

   elemental  manoeuvre  in the computer  system.

     To  estimate  the irajectories of  maneeuvring

   niotions,  the matheiiiatical  model  of  maneeuvr-

   ing motions  have t'o be employed,

     m  < u" -- f.,r) =  
"'R2'--

 f., 
3g
 ( -- m.  

"`

 th 
*

 +  m., 
*v

 
*r*

       --X1"i tt 
sk'
 1 tg*  1 "*+Xtug*+'\e*)

     m<f")-f4r)=  
-FS

 
-.r.3.t

 (-in,.,*b* 
'-m.*tt*r"

       +V1v1i,*  Zi'S 1V*+Yt,,g*+1',*)

     I..&=- /t'L'4g(",h."e"
         'f ･NF Lr1r* l r*  i T*+AItii,ny*+AL,*)

                    tug:  tug force

                      e:  external  disturbance

where

  ?n,,*, m.y*  ==' m.,  7n.vl''I-l 
'L3gT

   'fu* 
='=mJxa!'  /t'Jl''.tL")g

  it",  iJ'  ='".  v,i･v`7ig ,
 r*  =L'rf'Vk'7JJ]

  ･"t*, -*=-ab, i]f,f,[, e*=?A･I.//g

  It･' a detailed model  is used.  the manoeuvrmg

motions  can  be. eslimat.ed  with  good  accuracy.  It

i$, koweve'r, not  e/isy  to deveiop such  a model

without  a lot. of  cost  and  time. The  above

simplified  model  ,･s new  utilizecl.

  The  {:oneept  ol' safety  rnargin  in eontrol

pow{tr was  introf.luced previously from the

vieuxi--point  of saSlety.  If the half of  the full

eoiitrol  a]ower is considered  as  a margin,  the

manoeuvring  mc/tiens  to be induced for

appt'oaehing  to t}i.d berth have  to be restricted

so  that the shlp  st/)eed can  be decreased to zero

before some  expected  stopping-points  by the

half braking  power. The  expected  stopping-

points mean  a false goal, a  berth, shallow  places
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caHed  an  equivalent  point  in Lhe  present studv.

The  retation  1 etweer//  v  and  I's cafi be easily

est.imated  by the mat'hem[atEcai  model  o/F riia.ii-

eeuvring  motions.  In the. presunt' s'tudy,  tjne

posit･ ion to be stopped,  uained  ]?o, i's censia'ered

as  a  lc ,/nd  of  false goal wit]n  seme  s' attet.v c'listance

from r･ eai  dangerous .points. it. is ttccrorclingl>,

concluded  that tke ma:/ioei",ri/ng  t'rajecrtorios
?,re estimated  by applying  Lhe baiig-bai :./;･
con'trol  la-r or  th'e quantized l'inear cont'i.ol ta- vi･

with  respect  to t'ho (iistanct?  (I"o--I'}e),

 -

l;
i

ll2i,,
mu

-li/iJkiX,)liou-

fRe"
                                 '-"'t
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and  such.  The  problem  is how  to estimate  such

manoevvriiig  motions.  Fi.cr. . 4 shows  the phase
plane  trajectory of ship  rr}otion  to be braked  bv
the  half. power  Th  and  Ps is the distance thak 
the ship  with  some  spee.ci v runs  belbre
stopping.  The  above  means  

JL'hat

 the shlp  with

the speed  v  at P is ea,uivalent  to the ship  with

zero  speed  at I'er="P+Ps, Such  a  point  I'G is

   AKAGI, MihokoHAil,u)A

:, -{){tof$]a,{]･

-SI?"T...

 
ofs)

 Ig,o

-zg

be"ns{tu.Cee d5 r,.o  v(ww)

  ]"ig., 5 Exnmpleot' designed path  to berth
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  Fig. 6 Exampleefdesigned time-historlesvfship

'///e

 ge"'gt'ediure for LendiEitg Skige g,o Serttk
  After a shi.p  G.rrjves  at some  point  in a  ]oort
and  thc eonditions  of en';･riromncnts,  control

{'tevi.ees  and  so  on  are  checked,  the s},stem

st.arts to lead a ship  to a  berth. It is of  course

that Llie safet.y  i$ exaniined,  step  by step  znd
"i

 ime after  time, after  startii}g  to read. Thou.cr. h
tl]ese probiems  for safety  ELre importaat, illrth-
er' diseussions are  omitted  on  aecount  of  liinited
spacc.  En the pi'esent system,  the ship  is led
aion.a. I/he plan  to be built previously, The
prvblem  is the eontrol  law to lead the .shjp to
the  bet't.'h. Fig. 7, shows  the  control  algorithm

ernployed  in present study,  The  feedforward
control  is fii"st employed  ][or cancelZjng  the
eftlects' of  external  disturbances and  for leading
the ship  to the planned point.. The  linear
'fee,dbaek

 eontrols  with  respect  to the errors  in
p, ositioiis  and  velocities  are  alse  utilized.

  A  simp]ified  mathematicaj  medcl  of  man-

oeuvring  motions  is used  for estimating  the
control  iorces to be supplied  to the ship.  The

-r
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     Fig. 4 Conc.Lpt of  oquivalent  positien

  
'i,Jhe

 ri]anoeuvring  ftk';tioiis a/,'e the

enes  of s.hifting in t"To directioris and

I:/] t]ne present  stucii,, liowe'v/er, the
coritrot  laws  are  in[ii･xridually applied

inetion  at  the first stage.  The
ariscn  by neg.leeting  t!}e couple{l

ties nr'e taken  into  cc/,nsideration  at 
'

stage  of  calculati-ons  ancl  t.1]e fina] 
'

are  giycn  by a sorl. of  itet'atien
example  of  estimated  pat.h anc{･ 

'
 

i

of  three  rnotions  are  given ln Fi... 5 and

  AEter bnilding the inaneeuvring

saiety  in forecasted environmental

have to be checked.  If thc margin  in
forces 

'

level, the number  of  tugboat,s have
increasect,  or  the allowabie  lirRits of

disturbances have to be set  lowcr.

                          coupl/  ed

                          tl.lrlllr'i{.)'                               t..lt

                            above

                          t.o each

                      c,'rrors t.o be

                       eharaeLe.ris-

                         til,e noxt

                       trajectorles

                    procedure, 
nyt-he

                    tm]e-mstorles

                           Fig, 6,

                         pian, its
                           t'  '
                        cona.1･ tlons
                           cotrot

is estimated  to be less from  the expectecl

                           to l)e

                         external
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 same  mode]  used  in planning  is titiiized  again.

 As  the large tanker  is taken into c'onsideration
 as  a example,  it is assumed,  as  men'l.ioned

 previons!y, to supply.  all ofthe  control  forees
 by five tugboats  in the present  study.  The
typical arrangement  of  tugboats was  gl'ven in

 Fig. 3, It is assumed  thn.t the mnximum  towing
or  ptrshing force of  eaeh  t.ugboat is 50  tons and
the output  of  l.,il, 1/'2, 114  and  118  of  the
maximllm  force can  be ordered  in the speeiai

quantized form.

  Tal<ing the above  into ace ¢ unt,  the system

estimates  the iongitudiual and  laiLeral forces
and  the moment  to be supplied  by tugboats. The
forces and  the moment  ar'e finallv converted

into the individual forces of  five tu.crboats,

5. Simu}atgons e'f gertking Manoexvres
    of  Tameker

  The  main  aim  of  the present study  js to
develop the  conceptual  design for the computer
aided  manoeuvring  system.  Te  examiriing  the
effectiveness  of  the present  systern,  simuiation

stuclies  on  the berthiiig manoeuvres  are  earried

out.

  The detailed mathematical  model  of  man-

oeuvring  motiofis  js employed  for the simula-

tioRs, The meclel  is modified  a  little from the
well-known  MMG  model  for covering  man-

t- tLtm
ttX=t,<\-Nt)V'=gi

H-tl(X-Xt> +an
+k"'CX"'Xt"at)'i'g'o

tt
XiXtXafieYt

nvOesSg[ied

     
     
                 Lbu.--i
Centrol systern  diagram fer lea[iing ship  along

 

Tt

 

 
t-.

          planne{.l motions

oeuvring  rnotions  in harbours  and  shallew

wai.er' ettects  on  hydrodynamic  forces acting  on
t't ship  are  taken  into account3),

nt(ab--vr)=  
-"2"
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tanker  -,as  simulated.  Five tugboats were

employed  to help the tanker, Actua] depth of

the waterwavs  was  taken into consideration

but external  dist.urbaiices were  not.  It was

assunmed  that the positiens and  the velocitie$  of

the  tanker were  measured  without  any  neise.

  Fig. 8 shows  the results  of the simulations

and  Fig. 9 gives  the time histories of  the

berthing manoeuvres.  The manoeuvrin.cr.  plan to

be oreviously  built i.s shown  Sll Fig. 5.   I t
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the space  co-ordinates.  The  hydrody,namie

properties of  a ship  are,  however, detenrgined
in the co--ordinates  fixed to the ship.  As  the

gains  of feedbaek ceBtrols  have  eiose  rekations

with  the !nanoeuvring  preperties of  the ship,

the prescnt procedure to define the control

errors  should  be modiiied.  The  other  is related

to the mathematical  rnodels  of  manoeuvring

mot'ions.  The  simplifie(1  mathematical  medel

was  utilized  in the comDuter  aided  maneeiivr-                   -
ing system  from the practical' view-pokit  and

the detailecl model  was  for the  simuiations.  The

effects  of  the  differences between both models
are. eancelled  by the feedbaek controls  in the

present system.  Fut'ther eonsiderations  on  the

allowahle  simolification  for the mcdel  built in           '
'L'he

 ccntrol  system  may  be necessary.  t'or there

max,  be some  liniits for the a]loNaiabLe  values  cf

icedback gains.
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  lt is 1]ointed out  from  the e.bove  results  ihat

t'he present  system  can  lead successfullly'  the

t.anker to the berth. Thougl) many  subsystems

l]ave to be deveioped f'or r(]alizing  the practical

rrianoeuvri-g.  s.ystem,  the basic idea of  the

present stud},, is provecl  effective.  There is,

however,  a  few problem  to be considered.  The

one  is thc procedure of  feedbaek eontrol.  {fi the

present study,  the control  erroi's  are  defincd in

6. ¢ afieeassi(ms

  l' n the present report,  an  attempt  was  done. i'.o
develop the eomputcr  aided  marioeEivring  sys-

teFn, The system  contains  the  following two

fuiletions. The  one  is the planner whieh  makes

the manoeLivring  pla-. The planner was  de-
signed  i't'om the view--point  that the functions

of  l'tuman pilots we.te  built in the computer

systeni,  The  other  is the operator  which  lead a
ship  from sorne  point to the  berth. Ill the

opes'ation,  both of  feedback and  feedforward

controls  were  employed.  It can  be siiccessfully,

pointed  ouL  from  the simulati'on  studies  that  the

basic idea of  Lhe present system  works  well  tor
the berthing manoetivres  of  a  large tanl<er.

  T･ c  realize  a practieal control  system,  efforts

are  requested  for {istablishing  a highly intelli-

gent decision - making  sLvstem  by the empgoy-

meiit  oi  artitieial  inteiligence techriique ancl  .1･or

deveioping many  sub--systexns.
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