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INTRODUCTION

N avigation is an inform ation processing exercise by virtue of the fact 
that the navigator in unfam iliar w aters places great reliance on the 
inform ation provided by his navigation sensors and instrum ents and also  
on the inform ation  contained in hydrographic publications.

Since published navigational inform ation is constantly in need of 
alteration, addition and correction, it can prove very tim e-consum ing to 
keep up to date a set of publications such as that carried by the average 
m erchant ship. The problem has recently been aggravated by a num ber of 
factors, includ ing the shortage of deck officers, the increased volum e of 
traffic in our sh ipping lanes and the ever dw indling tim e a ship rem ains in 
port. Reports issued  by the Chamber of Shipping [1] and the U.S. O ceano
graphic Office [2] indicate that the failure to correct charts prom ptly and  
to m ake good use of the inform ation contained in publications has been  
a m ajor contributory factor in m any strandings.

The navigator is not alone w ith h is problem of m anaging inform ation. 
Data processing has becom e a significant factor in  m any organisations but 
little use has so far been made of data processing techniques at sea. In 
the follow ing paper, the writer reviews the system  by w hich  inform ation  
reaches the m ariner, then sets out w hat is done to m ake best use o f th is  
inform ation. T he writer then considers the developm ents of inform ation  
technology and tentatively suggests how these developm ents m ay be applied  
in the m aritim e field.

INFORM ATION PR O C ESSIN G  IN  THE 
H YDROGRAPHIC D EPA RTM EN T

The nature of the sea environm ent ensures that a country’s seaboard  
is changing constantly. Once detected, these changes m ust be conveyed



to the  m a r in e r  and , in  the  UK, th is  is done th ro u g h  the  H y d ro g rap h ic  
D e p a r tm e n t  (M inis try  of Defence). The H y d ro g rap h ic  D e p a r tm e n t  was 
fo u n d ed  in  1795 to supp ly  in fo rm a t io n  to  the  Navy an d  h a s  since co n s id e r
ably  en larged  its  field of o p e ra t io n  an d  responsibility .  In the in te rven ing  
years,  re q u irem en ts  p laced  on h y d ro g rap h ic  in fo rm a t io n  have becom e fa r  
m o re  s t r in g en t  a n d  the  consequences  of poo r  in fo rm a tio n  have become 
very  severe. C onsequently , th e  p u rp o se  an d  n a tu r e  of h y d ro g rap h ic  su rveys 
h ave  considerab ly  changed.

In  1969, th e  th en  H y d ro g ra p h e r  of the  Navy [3] re fe rred  to  the  
‘H y d ro g rap h ic  E xp los ion ’, w here  th e  incom ing  d a ta  h ad  increased  by abou t  
7¾% p.a. over the  p reced ing  five y ea rs .  He a t t r ib u te d  th is  increase  p r in c ip 
ally  to m o d e rn  technology, such  as the  echo sounder  an d  Decca Hi-Fix, 
w h ich  enables m ore  su rvey  w o rk  to be ca rr ied  o u t  in  less tim e th a n  before, 
an d  in cond itions w here  su rvey ing  w ou ld  have p rev iously  been im prac tica l .  
In  addition , m ore  n a t io n s  are engag ing  in  su rvey  w o rk  an d  co n tr ib u t in g  to  
th e  g row th  of data .

A no ther  fa c to r  c o n tr ib u t in g  to the increase in  h y d ro g rap h ic  d a ta  is 
the  d ram a tic  inc rease  in  sh ip s ’ d ra u g h t .  T h e  H ydrograph ic  D e p a r tm e n t  
changed  th e ir  l im it ing  d ep th  fo r  d an g e rs  to nav iga t ion  fro m  20 to 32 m  in 
1962 [4], At th a t  time, there  w ere  ab o u t  4 sh ips  over 70 000 tons, co m p ared  
w i th  over 930 at p re sen t .  Of these , some 96 exceed 140 000 tons, w i th  
d ra u g h ts  in  th e  reg ion  of 24 m  [5 ] .  This h a s  necess ita ted  m ore  deta iled  
su rveys of very  la rge  areas, a n d  resources  are s tre tched  to keep u p  w i th  
th e  n u m b e r  of m a jo r  c h a r t  rev is ions required .

T h e  H y d ro g rap h ic  D e p a r tm en t  acts  as a  c en tra l  con tro l le r  of in fo rm 
a tion  betw een  its  m a n y  sources  a n d  u se rs  an d  consists  of the  P rofessional,  
the  Naval a n d  th e  A d m in is tra t io n  an d  Supply  Divisions. P ro fess iona l  
D ivision consis ts  of 10 c h a r t  b ran ch es ,  each responsib le  for m a in ta in in g  
p a r t  o f the A d m ira l ty  series, an d  also eight M arine Science b ranches ,  each  
concerned  w i th  its  ow n specia lis t  field. Naval Division is responsib le  for 
su rvey  p lan n in g  an d  th e  s t ru c tu r in g  of ‘Sailing D irections’, ‘L ig h t  L is ts ’ 
an d  ‘Notices to M ar in e rs ’. I t  also  includes sections dealing w ith  W re c k  
In fo rm a tio n ,  T ida l P red ic tions , R ad io  Navigation W a rn in g s  and  p rov id ing  
M eteorological an d  O cean o g rap h ic  services. F ina lly , the  A d m in is tra t io n  
an d  Supply  D ivision is responsib le  fo r  the p r in t in g  of ch a r ts  an d  the  
d is t r ib u tio n  of all H y d rograph ic  D e p a r tm en t  pub lica t ions  (NPs).

A nau t ica l  c h a r t  m a y  co n ta in  in fo rm a tio n  from  m a n y  sources —  for 
instance , one p a r t  m ay  be tak en  f ro m  previous editions of ch a r ts  covering  
the  area, to g e th e r  w i th  fresh  in fo rm a t io n  fro m  m ore  recen t su rveys  an d  
reports .  G reat care  is tak en  to e n su re  th a t  the d a ta  m a tch e s  up  a n d  th a t  
the ch a r t  is con tin u o u s .  All new  h y d ro g rap h ic  data ,  w h e th e r  in  th e  fo rm  
of su rvey  m a te r ia l ,  new  foreign c h a r ts  o r sh ips’ reports ,  a re  exam ined  an d  
the  ap p ro p r ia te  ac tion  is tak en  to  co rrec t  the A d m ira l ty  cha rts  a n d  o ther  
pub lica t ions  by ‘Notices to M ar in e rs ’, new  ch a r ts  an d  new  editions. In  1976, 
112 n ew  nav ig a tio n a l  ch a rts ,  82 la tt ice  ch a r ts  an d  18 new m iscellaneous 
c h a r ts  w ere p roduced ,  toge ther  w i th  s im ilar  n u m b e rs  of new  editions  [6].

T h e  Sailing D irections b ra n c h  of Naval Division is responsib le  for  the 
upkeep  of th e  79 vo lum es in  th e  ‘W o r ld ’ Series. In 1976, 20 rev isers



pro d u ced  9 new  ed itions  an d  49 su p p lem en ts  to the  ‘D irec t ions’. In  1968, 
a  com m ittee  w a s  set u p  to review the co n ten ts  of ‘Sail ing  D irec t io n s’ an d  
m ad e  a n u m b e r  of reco m m en d a tio n s  w h ich  have recen tly  been  p u t  in to  
p rac tice  [7 ] .  A m a jo r  p rob lem  w as  t h a t  the  im p ro v ed  “w o rd  p i c tu r e ” 
crea ted  by the  p ro fess ional  su rveyor m ad e  im p o r ta n t  ro u te  in fo rm a t io n  
difficult to p ick  o u t  so, in  recen t  pub lica tions ,  the  ro u te  in fo rm a t io n  is 
s u m m a r is e d  sep a ra te ly  from  the b u lk  of the  descrip tive text. T he  H ydro- 
g rap h ic  Office h a s  recen tly  s ta r te d  to  use co m p u te r -ass is ted  p u b l ish in g  
m eth o d s  [6 ] ,  an d  the  p o ten tia l  d a ta  b a n k  crea ted  in  th e  p rocess  cou ld  help  
to solve m an y  of th e  p re sen t  p ro b lem s  concern ing  th e  u p d a t in g  an d  
p re sen ta t io n  of nav iga t ional  in fo rm atio n .

O th er  p u b lica t io n s  of in te re s t  to  the  n av iga to r  inc lude  ‘A d m ira l ty  
Notices to M ar in e rs ’, ‘A d m ira l ty  L is ts  of L ig h ts  an d  F og  S ignals’, 
‘A d m ira l ty  L ists  of Radio S ignals’ (ALRS), c lim ato log ical  d a ta  an d  
‘A d m ira l ty  T ide T a b le s ’. T he  H y d ro g rap h ic  D e p a r tm e n t  h a s  th u s  greatly  
increased  its scope from  its initial fu n c t io n  of su p p ly in g  c h a r ts  to Naval 
ships. A lth o u g h  m u c h  has  been done to  speed up  a n d  im prove  th e  flow 
of in fo rm a tio n  to the  cha rt ,  the very n a tu re  of h y d ro g ra p h ic  in fo rm a t io n  
tends  to f ru s t r a te  a n y  sm oo th  o r  au to m a t ic  collecting of d a ta .  F ir s t ,  a  
d an g e r  to nav iga t ion  m u s t  be detected, th e n  its p os i t ion  fixed accura te ly ,  
a n d  even th is  m u c h  is im possible w i th o u t  expend ing  m u c h  tim e, effort an d  
m oney. T hus ,  d a ta  from  n u m ero u s  sources , of v a r ied  re liab ility ,  m u s t  be 
p resen ted  to  a g rea t  m a n y  users  w hose  re q u ire m e n ts  v a ry  considerab ly . 
W i th  the  re so u rces  of the D e p a r tm en t  b a re ly  ad eq u a te  to  keep  pace w i th  
the g row th  of data ,  it is no t  p rac t ica l  to th in k  of th e m  su p p ly in g  each u ser  
w ith  h is  in d iv id u a l  needs u n d e r  the  p re se n t  s t ru c tu re .  T h e  ex trac t io n  of th is  
specialised in fo rm a t io n  m u s t  th e re fo re  come a t  a la te r  s tage in  the  
in fo rm a tio n  flow.

IN FORM ATION PR O C ESSIN G  ON 
M ERCHANT SH IPS

T he process of nav iga ting  a ship  from  one p o r t  to the  n ex t  can  be 
ca tegorised  as follows:

a) W a tc h k e e p in g :  th e  dy n am ic  p a r t  of nav iga t ion  w here  th e  in fo rm 
ation  received m ay  req u ire  im m ed ia te  action .

b) Voyage P la n n in g :  consider ing  th e  in fo rm a tio n  p re sen ted  in  ch a r ts  
a n d  p ub lica t ions  an d  deciding on action  in  th e  longer te rm .

c) M ain tenance  of C harts  an d  P u b lic a t io n s :  so r t in g  the  in fo rm a t io n  
received a n d  p resen ting  it in a usable fo rm  to th e  voyage p la n n e r  
an d  the  w atchkeepe r .

T he  u l t im a te  goal of the in fo rm a t io n  system  is to provide the  w a tc h 
keeper w ith  h is  re q u ire m e n ts  in  a fo rm  w hich  c a n  be qu ick ly  a n d  easily 
in te rp re ted  an d  ac ted  upon. Analysis  of these p rocesses  is th u s  needed  to 
p in p o in t  c o n s t ra in ts  of th e  system . Fig. 1 depicts th is  flow of in fo rm a t io n  
to the  w a tch k eep e r .
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W atchkeeping

T he a m o u n t  of in fo rm a t io n  the  w a tc h k eep e r  dea ls  w i th  varies  co n s id e r
ab ly  w ith  the  stage of th e  voyage. D u r in g  the  oceanic  s tages, th e re  is 
n o rm al ly  little  incom ing  d a ta  and  p len ty  of t im e  to p rocess  it. T h e  coasta l  
w a te rs  s i tu a t io n  p roves  q u i te  different, however, a n d  th e  load  of incom ing  
d a ta  f ro m  ra d a r ,  lo o k o u t  a n d  o ther  nav iga t iona l  sen so rs  m a y  occupy the  
n av ig a to r ’s full a t ten t io n ,  leaving litt le  t im e  for looking u p  a n d  in te rp re t in g  
the in fo rm a t io n  co n ta in ed  in  various pub lica tions .  Here, p re -p la n n in g  an d  
the  ex trac t io n  of r e q u ir e d  in fo rm a t io n  b e fo reh a n d  a re  essen tia l .

M aking  o p t im u m  use  of all th is  in fo rm a t io n  calls fo r  considerab le  skill 
an d  fa m il ia r i ty  w ith  w h a t  is available. F o r  exam ple , o n  a  sh ip  m a k in g  a 
land fa l l  a n d  th en  p roceed ing  a long  the coast to w ard s  a h a rb o u r ,  in fo rm a t io n  
f ro m  several books will be re q u ired  in  a sh o r t  space o f  tim e. T h u s ,  
if fix ing by  DF, Vol. 2 of ‘Radio  S igna ls’ will be req u ired ,  l igh t c h a ra c te r 
istics sh o u ld  be checked  w ith  the ‘L ig h t  L is t s ’, re lev an t  Sailing  D irec tions  
should  be scanned  fo r  cau tio n s  a n d  g en e ra l  ap p ro a c h  advice w hile  they  
re m a in  a lso  the p r im e  a u th o r i ty  fo r  buoyage  sys tem s. I f  u s in g  Decca, 
re ference  will be m a d e  to  the  accu racy  d iag ra m s  p re sen ted  in  the m a n u a l  
an d  to the  tab les  of fixed an d  variab le  e r ro rs .  W h e n  in  r a d io  co n tac t  w ith  
the p ilo t a n d  im m ig ra t io n  officials, Vol. 6 ‘Radio S ig n a ls ’ will be re fe r red  
to. M eanwhile , tide tab les ,  th e  a t la s  of t ida l  s tream s, ro u te in g  c h a r ts  an d  
var ious  o th e r  books m a y  be consulted .

T h e  above in fo rm a t io n  m u s t  be fo u n d  a n d  uti lised  w h ile  still m a in ta in 
ing a safe nav iga t iona l  w a tch ,  an d  avoid ing  traffic a n d  a d ju s t in g  the  s h ip ’s 
course, a n d  possibly in  red u ced  visibility. However, m u c h  ca n  be an t ic ip a ted  
a t  the p lan n in g  s tage a n d  the  w a tc h k e e p e r ’s job  will be cons iderab ly  
l igh tened  if the co rrec t  vo lum es are  a t  h a n d  an d  m a rk e d  o r  m a d e  re fe rence  
to  on the  chart .  It ca n  a l te rn a t iv e ly  be m ad e  m o re  difficult, or even 
im possib le ,  if the  c h a r t s  a n d  p u b lica t io n s  a re  ou t of d a te  or  u n co rrec ted .  
It follows th a t  good p la n n in g  an d  ca re fu l  co rrec tion  a r e  the  k ey s  to th e  
safe a n d  speedy execu tion  of the voyage.

V oyage p lan n in g

S ub jec t  to ce r ta in  re s tr ic t io n s  in  c h a r te r  par ties ,  A rtic les  of th e  crew, 
co m p an y  ru le s  an d  g o v e rn m e n t  regu la t ions ,  the  M as te r  h a s  f inal a u th o r i ty  
in  se lecting th e  rou te .  T h e  job  is u su a l ly  left to  the  second m a te  an d  
checked  by th e  M aster  w h ich ,  besides a llow ing  th e  j u n io r  officer to  p lay  
a re sponsib le  role in  th e  ru n n in g  of the  ship, a l low s th e  w o rk  to be 
m on ito red .  T h o ro u g h n e ss  is im p o r ta n t  a t  th is  s tage, an d  insuffic ien t 
p lan n in g  h a s  been s ta te d  as a p r im e  cause  of m a n y  acc iden ts .

In  p la n n in g  th e  p assage ,  the  n av ig a to r  m u s t  call on  th e  experience  of 
his ea r ly  w a tc h k eep in g  days, toge ther w i th  th e  r a th e r  ‘g e n e ra l ’ advice given 
in  the nav iga t iona l  m a n u a ls .  P u b lica t io n s  w h ich  m a y  h e lp  h im  inc lude  
the ‘D istance T ab le s ’, ‘O cean  P assages  fo r  th e  W o r ld ’, ‘Sail ing  D irec t io n s’



an d  c u r re n t  an d  c lim ato logical ch a r ts .  T he  ro u te  p lan n e r  h a s  to consider  
a n u m b e r  of fa c to rs  assoc ia ted  w ith  safe ty  an d  the  econom ic success of th e  
voyage. T h e  v a r io u s  stages of the  voyage req u ire  d ifferent co ns idera t ions  
a n d  m e th o d s  of p re sen ta t io n .  In p ilo tage w aters ,  the ap p ro p r ia te  river an d  
h a r b o u r  p lans  sh o u ld  be p re sen ted  to g e th er  w ith  any  re lev an t  in fo rm a tio n  
from  local ‘N otices’ o r bye-law s. T h e  in itia l  course sh o u ld  tak e  acco u n t  
of incom ing  traffic an d  sm all c ra f t  while  a llow ing th e  w a tc h k eep e r  
suffic ien t t im e to check  com passes  a n d  en su re  th a t  th e  sh ip  is secure for 
the passage.

W h ile  still in  shoal w a te rs ,  a t te n t io n  m u s t  be p a id  to c h a r te d  d ep ths  
an d  he igh ts  of tides. W e a th e r  cond itions  m u s t  be bo rne  in  m in d  an d  
a l te rn a t iv e  f ix ing m eth o d s  a n d  a l te rn a t iv e  rou tes  eva lua ted  a t  a n  ea rly  
stage. T he  ro u te  sh o u ld  com ply  w i th  the  IMGO Traffic  S ep ara t io n  Zones, 
an d  ac co u n t  m u s t  be ta k e n  of fix a ccu racy  an d  tidal s t ream s  w hich  m ay  
ad d  to the  sh ip ’s pos i t iona l  u n ce r ta in ty .

W h e n  selec ting  the  ocean rou te ,  a n  a t te m p t  shou ld  be m ad e  to  m in im ise  
the t im e  on passage. C ons ide ra t ions  include the choice of R h u m b  Line o r  
Great Circle sailing, ocean cu r ren ts ,  w inds, swell an d  the possib ility  of fog. 
S tudies  a t  L iverpool P o ly tech n ic  in d ica ted  th a t ,  on A tlan tic  passages, 
op tim is ing  for c u r re n ts  can  m a k e  from  0.1 to 2% difference in  passage 
t ime, w h ile  w ind  an d  swell co n s id era t io n s  m ade  a ro u n d  5 % difference. 
O th e r  factors  w h ich  m u s t  be considered  include posit ion  fixing system  
accuracies ,  the  possib il i ty  of en co u n te r in g  fishing fleets, a n d  th a t  th e  
f reeboard  com plies w ith  th e  Seasonal Z ones as per the  1968 L oad  L ine 
R ules [8].

C om paring  th e  c u r r e n t  D e p a r tm e n t  of T ra d e  (UK) sy llabus for the  
e x a m in a tio n  of M asters  a n d  M ates w ith  the syllabus fo r  th e  F ligh t  
N av iga to r’s Licence [9],  i t  is a p p a re n t  th a t  the a i rm a n ’s t ra in in g  places 
a g re a te r  e m p h as is  on f l igh t  p la n n in g  th a n  the  s e a m a n ’s t ra in in g  places on 
voyage p lan n in g .  R elevan t topics inc lude  the  P re p a ra t io n  of F lig h t  P lans , 
Choice of Routes ,  F lig h t  P ro g re ss  C harts  an d  ‘M odifications of F l ig h t  P la n  
N ecessita ted  by  C onditions E x p er ien ced  in  F l ig h t ’. T he  a i r  n av ig a to r  is 
also fu rn ish e d  w i th  a w id e r  field of l i te ra tu re  on the su b jec t  th a n  th e  
m a r in e r  and ,  w hile  being su b jec t  to m ore  rigid control, h as  com prehensive  
b ack -u p  facilities in  the fo rm  of p re -p lan n ed  rou tes  an d  fl igh t folders 
co n ta in in g  com plete  in fo rm a tio n  over the  selected route .

M ain tenance  of ch a rts  an d  pub lica tio n s

T h e  n u m b e r  of c h a r t s  an d  pub lica t ions  ca rr ied  on bo ard  a  m e rc h a n t  
ship depends  on th e  class of ship, th e  ex ten t  of h e r  t ra d in g  l im its  an d  the  
m a n a g e m e n t  policy  of the  com pany . F o r  instance , a m ed ium -sized  foreign- 
going sh ip  m ay  c a r ry  a ro u n d  1 000 ch a r ts  and  120 books. Most of these 
p u b l ica t io n s  co n ta in  in fo rm a tio n  liable to be changed, u p d a te d  or deleted 
w ith  time.

New in fo rm a t io n  is received in  th e  fo rm  of ‘Notices to  M a r in e rs ’, rad io  
m essages, ‘P ilot S u p p le m en ts ’ and, occasionally , le tters  f ro m  agen ts  or p o r t



au tho ri t ie s .  V arious system s are used  for processing  th is  in fo rm a tio n  
depending  on the  n u m b er  of pub lica t ions  being m a in ta in ed ,  the leng th  of 
the voyage, the frequency  of receiving in fo rm ation ,  the folio system  used 
and  the  p erso n a l  p re ference  and  experience of th e  officer. T h e  s t ru c tu re  
of ‘N otices’ h as  changed  little over the years,  w h ich  is advan tageous  in  th a t  
fam il ia r i ty  w ith  th e  layout speeds up th e  job  of locating  re levan t in fo rm a 
tion.

V arious a r ran g e m e n ts  have been developed by ship m an ag ers ,  ch a r t  
agencies and  officers to ra tionalise  the correc ting  procedure . Revised folio 
system s have em erged  w hereby  the ch a r ts  covering th e  sh ip s ’ t rad in g  
l im its  can  be located  m ore efficiently, while indexes of consecutive an d  
c h a r t  n u m b ers  ag a in s t  folio n u m b er  allow a c h a r t  to be iden tif ied  w ith  a 
single en try . C hart  log books enable th e  nav igato r to apply all th e  co rrec 
tions  to any  ch a r t  a t  a single session a n d  are usefu l on long voyages where  
‘Notices’ m ay  be received at in f re q u en t  in tervals, o r w here  in fo rm a tio n  
m u s t  be tak en  from  foreign sources.

W h ich ev er  system  is used, the ex trac tion  of in fo rm ation  a n d  the 
correc tion  of ap p ro p r ia te  ch a r ts  or books rem a ins  a repetitive an d  time- 
consum ing  task . T h is  alone sheds d o u b t  on the  re liability  of the  final 
p roduc t.  W h e n  o ther factors  such as sh ip  m otion, v ib ra tion  an d  adverse 
c lim atic  conditions, w hich  tend  to f ru s t r a te  the  sm o o th  flow of in fo rm a t io n  
f ro m  Notice to c h a r t  a re  tak en  in to  account,  it follows th a t  an y  reasonab le  
techn iques  w hich  could  im prove on the p re sen t  system  should  be considered  
in the  in te res ts  of safety.

INFORMATION SYSTEMS IN GENERAL

In recen t  years ,  a new discipline h a s  developed in  an  a t tem p t  to han d le  
the vas t  stores of in fo rm ation  co n ta ined  in libraries, archives an d  filing 
cabinets. S. A r t a n d i  [10] defines  In fo rm a t io n  Science as the  ‘G roup of 
techn iques necessary  for the o rd e red  p resen ta t ion ,  o rgan isa tion  an d  
co m m u n ica t io n  of recorded  (specialised) knowledge in  order to give m ax i
m u m  accessibility an d  u tili ty  to the in fo rm a t io n  co n ta ined ’. T h e  basis  of 
the  s tudy  is th a t  in fo rm a t io n  is reg ard ed  as a ‘re so u rce ’ ra th e r  th a n  some 
in tangible  en t i ty  co n ju red  up  by in te llec tuals  and  p rophe ts .  L ike an y  o ther  
resource, its explo ita tion  depends on the ability  to  isolate it f ro m  its 
en v iro n m en t  an d  p resen t it, in a usable  form, to the consum er.

The changes w h ich  have m ade  th is  concept a p rac tica l  p roposit ion  are 
developm ents in co m p u te r  science, discoveries in o th e r  disciplines, an d  the 
em ergence of q u an ti ta t iv e  m easu res  fo r  eva lua ting  re tr ieval pe rfo rm ance .  
C om puters  are  becom ing m ore  re liable a n d  available  to the  average 
o rgan isa tion  w hile  th e  t ren d  to w ard s  m in ia tu r isa t io n  m eans  less  bu lky  
eq u ipm en t a t  re la tively  lower cost. T he  in te rd isc ip l in ary  n a tu re  of in fo rm a 
tion science facilita tes  the adoption  of th e  la test developm ents  in a  var ie ty  
of fields: for instance , advances in linguistic  re sea rch  have ass is ted  
developm ents in au to m atic  t ran s la t io n .  However, q u an ti ta t iv e  m easu res



for eva lua ting  re tr ieval pe r fo rm an ce  still p re sen t  p roblem s : for example, 
in considering  llie Hecall and Prec is ion  Ratios w here  :

Number o f  Relevant Documents Retrieved
Recall Ratio =

Precision Ratio =

Number o f  Relevant Documents in the System

Number o f Relevant Documents Retrieved 
Total Number o f  Documents Retrieved

W h e n  dealing w ith  a large system, the total n u m b er  of relevant 
docum en ts  will no t be know n an d ,  in m ost systems, there  is a trade-off 
betw een th e  two ratios. T h e  im prec ise  knowledge of the  q u an ti ta t iv e  
m easu res  can be a g reat  d ra w b ack  w hen choosing a system, and  m ore  
easily quan tif ied  cr ite ria  such as cost, speed, response time, coverage and  
physical charac te r is t ic s  a re  re so rted  io.

T here  are a varie ty  of sys tem s available for in fo rm atio n  re tr ieval 
rang ing  f rom  the com pletely  m an u a l ,  such as edge-notched cards, and  
sem i-au tom ated , m any  of w hich  m a k e  use of optical coincidence techniques, 
to the com pletely au tom atic  in fo rm a tio n  re tr ieval system based on the  
digital com puter .  T he  m ain  ta sk  of each system  is to speed up the location 
of in fo rm atio n ,  and  the  efficiency w ith  w hich  th is  is accom plished depends 
largely on the user. Studies ind ica te  th a t  m ost users are  not ‘in fo rm a t io n 
consc ious’ and  often prefer to find ou t for them selves ra th e r  th a n  m ak e  
be t te r  use of available data. It  is there fo re  necessary  to aim for a system  
th a t  the  u se r  can p u t  his fa ith  in, w h ich  indicates th a t  it should  be reliable 
an d  not too complicated.

Both the m anua l  and sem i-au tom atic  system s have the ir  l im ita tions  
regard ing  flexibility and  rely heavily  on the user, especially a t  the  in p u t  
an d  u p d a te  stages. Com puter sys tem s overcome m an y  of these d isad v an t
ages, and  the  u l t im ate  d ream  of m a n y  co m p u te r  scientists is to p u t  the 
vast  collections of da ta  stored in th e  archives an d  research  es tab lish m en ts  
of the w orld  a t  the fingertips of users  everywhere. T h is  d ream  h as  so 
fa r  been f ru s tra ted ,  not so m u c h  by  technology as in our lack of u n d e r 
s tan d in g  of th e  way in w hich the h u m a n  m in d  works, in  m ak ing  associa
tions  and value ju d g m en ts .  T h ere  is, however, great scope for providing 
a t ra ined  user, whose re q u irem en ts  can be an tic ipated , w ith  speedy access 
to limited an d  carefu lly  defined s tores  of data . In fo rm ation  req u ired  by 
the  nav iga to r  could be m ade to fall into th is  category.

All co m p u te r  system s use th e  following basic p a t te rn .  A source of 
d a ta  is p re sen ted  at th e  inpu t  te rm in a l  and  converted  to a m ach ine-readab le  
form . T he  d a ta  is stored in the  m em ory , processed or updated  accord ing  
to the control p rogram , and  p re sen ted  to the use r  at the  o u tp u t  term inal .  
To access the da ta  in store, th e re  m u s t  be some m eans  of iden tify ing  
w h a t  is requ ired ,  th en  the in fo rm a tio n  m u s t  be ana lysed  and  m a rk e d  for 
re tr ieval. T h e  sim plest m ethod  is th e  ‘single access in d ex ’ w here  one w ord  
or concept is searched  for at a tim e, as in a book. A m ore  com prehensive  
system  is co-ordinate  indexing w h e re  in fo rm atio n  is en tered  u n d e r  all 
re levan t headings, m ak in g  use of th e  co m p u te r’s ability  to hand le  m an y  
dim ensions. T h is  requ ires  a s t ru c tu re d  look-up vocabulary  w h ich  can 
prove t im e-consum ing  an d  expensive at the in p u t  stage.



This has led in turn to the development of automatic indexing 
methods, the earliest in general use being the KWICK Index (Key W ord 
in Context) where a block of data was filed under each word it contained 
with the exception of non-informative words such as ‘and’, ‘but’ , ‘almost’ 
etc. More sophisticated methods use a statistical approach where the most 
repeated words in the text form the keys to the index. The resulting gain 
in precision ratio may, however, be accompanied by a fall in the recall 
ratio.

A promising approach in computer retrieval-systems is the dev
elopment o f a small manipulatable model which, in construction, resembles 
the body of information under consideration. For navigational information, 
a workable model could be initiated by looking at a restricted zone and 
classifying all the data necessary for a safe passage to be made across 
it, and then manipulating this data into a presentable form to satisfy a 
number of forseeable situations. The full-scale counterpart can be develop
ed by feeding in the raw data from all areas being considered.

An effective information system cannot exist without a complementary 
communications system. Traditional communications links have become 
overcrowded, and satellite links such as Skynet and Marisat have been 
developed which enable high-quality data transmission anywhere in the 
world. Other improvements include Error Detection and Correction equip
ment, the use of time diversity to increase the probability o f avoiding 
bursts of interference, and message switching computers which enhance 
the likelihood of the message getting through. Such equipment allows 
techniques for receiving an acceptable quality of data for computer use 
or reproduction on a page printer on board ship. Further developments 
along these lines could revolutionise the handling of navigational in
formation.

RECENT MODIFICATIONS AND DEVELOPMENTS

Although the Hydrographic Department has brought about many 
improvements in the presentation of information, there still remains much 
work to be done by the navigator in order to keep the publications up to 
date. Many shipping companies make use of the chart correcting services 
offered by most of the major British chart agencies, though this service 
is only of value to ships calling regularly to a port where the facilities 
exist. These agencies have used BNITA (*) tracings for the past 40 years 
and it has been estimated that correction using tracings is up to 85 % 
faster and possibly more accurate than corrections straight from the text 
of a Notice. In the past few years, the tracings have become available 
through chart agents for use on ships.

Further afield, the American company Lykes Bros, of New Orleans 
have operated their ‘Chart Folder Correction System’ since 1967 [11]. In 
this system, a Central Office on shore carries out the ‘book keeping’ asso
ciated with chart correcting for their entire fleet. The object of the system

(*) British Nautical Instrum ent Trade Association .



is to make the navigator of each ship aware o f all relevant chart corrections 
for an impending voyage, together with the issue of new charts and new 
editions and also any changes or additions to other related nautical publi
cations. The relevant information is supplied in ‘Working Folders’ to each 
ship thus relieving the navigating officer from the task of sorting through 
hundreds of Notices.

Each foider relates to a group of charts pre-selected to cover a standard 
route and contains :

a) A Numerical, Geographical and Alphabetic Index of Corrections.
b) A Summary by Notice to Mariners’ numbers.
c) All corrections from a selected date in chronological order for 

each chart.
The navigator is thus supplied with all the corrections for the charts 

relevant to his route (and only for those charts) and, after correcting each 
chart, can mark off the appropriate page in the folder which now becomes 
a permanent record of the chart’s completeness. It has been estimated 
that this system can halve the time required to keep a set of charts up 
to date. By eliminating much duplication of work, together with other 
associated advantages, the system appears successful and may be worthy 
of consideration by other shipowners.

Over the past few years, much has been done to improve the pre
sentation of information derived from electronic sensors. One example 
of this is the Decca Marine Automatic Plotter which presents the Decca 
output in a form which enables almost instantaneous interpretation. An
other development of interest within the context of this paper is the facility 
included in Sperry’s NAVMARK to present selected chart data on the 
radar PPI. Besides facilitating the identification of radar-visible objects, 
this enables ‘non-visible’ marks such as routeing zones and danger clearing 
lines to be displayed. The information is digitised and stored on tape to 
be accessed by the computer as required, in accordance with a continuously 
updated estimated position.

Other dynamic map techniques such as those used in aircraft are 
either too expensive or degrade the data too much to be applicable on 
merchant ships. Part of this lack of success may be attributed to the requ
irement for co-opcration amongst the various parties involved in the in
formation flow, and it may be useful at this stage to disregard such 
exogenous difficulties and outline what would be required of a completely 
automatic Navigational Information System.

A COMPUTERISED NAVIGATIONAL INFORMATION SYSTEM

With present-day requirements for speed and accuracy, and consider
ing the growing demand for automation on merchant ships, a completely 
automatic computer-based information system may prove to be the only 
viable long-term proposition. There are basically two broad concepts of 
how the system may be applied in the shipping industry, the first being



built around a central computer on shore and the second using a computer 
on board ship.

A shore-based system would enable highly sophisticated equipment to 
be used and operated by skilled computer staff but would be remote from 
the user and place a great reliance on the shore-operator. A shipboard 
system would give priority to the vessel’s most immediate problems and 
allow closer involvement with ship’s staff but would call for robust and 
expensive equipment with a necessity for high-level or interactive operation.

A combination of the two systems would not only resolve these prob
lems but would also enable greater use to be made o f the service. Three 
levels of shipboard requirements could result : ships with on-board 
computers could be supplied with data files, ships with teletype terminals 
could interrogate the central computer, and ships with no such equipment 
could be given correction sheets tailored for the voyage and also watch- 
keeping and voyage planning data sheets.

The ideal system would process data from all the defined sources and 
present it to the navigator both automatically and on request. It remains 
to consider each of the three stages of the navigation process in order to 
determine how much can be automated, and whether this would be an 
improvement.

Data updating

At present, the major part of this task involves correcting charts, and 
more than half of this correcting time is spent in looking up and document
ing corrections. On a particular route, only a small proportion of the 
total information contained in the Notice is of any value to the navigator. 
The process o f presenting the relevant corrections in a convenient order 
lends itself quite readily to automation, provided that the areas to be 
covered are adequately described.

The automatic correction of charts, while being technologically 
possible, would require very complex equipment which would, at present, 
be too costly for the benefits attainable. The requirement for constant 
atmospheric conditions, and the wear and tear a normal chart receives 
during its working life, tend to make the concept impractical.

Computer-aided voyage planning

The factors to be taken into account when planning a voyage are 
too subjective to allow consideration of completely automatic planning at 
this stage. However, the machine retrieval of the information to be 
considered and the computer optimisation of alternatives fed in by the 
navigator may be of great value in making voyages safer and more efficient. 
The type of information which the computer could supply would include 
identification of the charts required, the availability and suitability of 
Nav-Aids, distances and ETAs, relevant Navigation Warnings and Cautions



together with such details as the areas to be traversed in darkness, the 
likely set and the probable effects of winds and swell.

One of the advantages to be gained from computer-aided voyage 
planning would be the evolution and standardisation o f an efficient 
approach. Familiarity of all officers, and not only those involved in 
developing the plan, would lead to a better understanding of what was 
required o f them. The evaluation of back-up aids and alternative plans 
would become routine practice rather than an added chore to be under
taken only when time permitted and would mean less likelihood of the 
wrong emergency action being taken.

Computer-aided voyage planning would not relieve the navigator from 
his duties of observing and anticipating dangers, but would make more 
certain that the obvious is noticed and that important information is not 
overlooked. Unforseeable situations can still arise, and it is in the handling 
of such cases that the skill of a competent navigator is called for.

Watchkeeping data sheets

As stated earlier, the purpose of data updating and voyage planning 
is to provide the watchkeeper with the necessary information on which 
to base his judgement when he comes to execute the voyage plan. The 
information on the chart can be best supplemented by the provision of a 
single ‘watchkeeping data sheet’ covering all information he would normally 
obtain by reference to other publications. The content of the sheet would 
vary according to circumstances and the type of voyage, and it would be 
necessary to compile lists of terms which must be ‘searched for’, based on 
what the navigator considers important, and supplemented from sources 
such as the General Council of British Shipping ‘Marine Casualty 
Reports’ [1].

The provision of such specific information on a data sheet would 
be more effective than storing it in a book of ‘M’ Notices (*) or within a 
detailed description of a coastline in the ‘Sailing Directions’ . The improved 
safety aspect of this alone would make it worthwhile considering.

The changeover to computer publishing by the Hydrographic Office 
means that all navigational information must be stored in a machine- 
readable form. The access of such data would greatly facilitate the initia
tion o f a completely automatic computer-based information system. Fig. 2 
illustrates the process which may be necessary to extract the required 
information.

The principal characteristics of the system are the maximisation of 
throughput, with ‘rejection routines’ to eliminate blocks of irrelevant data. 
A large secondary memory is required, probably in the form of disk storage. 
Software requirements are for automatic indexing, file creation and search
ing on a numerical and ‘index term’ basis. The calculation of bearings 
and distances is also essential in order to define the relative positions of the 
ship and the dangers.

(*) Merchant Sh ipp ing Notices (UK).
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The technology for implementing the system exists. The equipment 
necessary for the various processes, although expensive, can be obtained, 
while software methods used elsewhere can be adapted for our purposes. 
What may be lacking at present is a complete understanding of the navi
gator’ s requirements. This includes a thorough knowledge of shipping 
routes and the relative importance of various environmental conditions, 
together with a comprehension of the way in which the navigator makes 
associations and value judgments regarding the information with which 
he is presented.

CONCLUSIONS

This paper investigates methods of presenting the navigator with 
information in order to determine how maximum utility can be achieved. 
The information he requires suffers a lack of utility from being presented 
amongst other data and, under present-day conditions, insufficient time 
is available to make optimum use of it.

The main points which arise from the preceding sections are :
a) The Hydrographic Department is continually making an effort to 

present the navigator with clear and readily accessed information. 
The necessity to process an ever-growing quantity of data with 
limited resources is their main drawback, and with current rates 
of information growth it is likely that the system could break 
down in the future.

b) The extraction and use of information in the various stages of 
navigation is not sufficiently covered in nautical literature or in 
the professional examinations. Expertise in this area is left to 
chance.

c) Methods of presenting and extracting navigational information 
have changed little over the years, little use having been made 
of advances in information technology.

d) Considering the application of information technology, manual 
and semi-automatic systems do not appear compatible with marine 
requirements. Computer techniques appear more suitable but 
further research of the navigator-information relationship will he 
necessary for their application.

e) The development of such a system would resolve basic storage and 
retrieval problems. The professional staff necessary for its im
plementation could help fill the void in nautical literature on the 
subject, together with being accessible to the navigator to assist 
him with information-related problems.

Technically, the work necessary for sorting and retrieving information 
is done most efficiently by the computer. From the social point of view, 
however, it can be argued that an automatic system would take away much 
of the navigator’s job satisfaction. My own point of view is that it would 
be beneficial in eliminating much of the routine side of the job and



encouraging greater attention to forward planning and the evaluation of 
alternative routes.

The development of an automatic Navigational Information System 
would involve a considerable financial outlay. At first, this may appear 
to be an expensive solution, while the benefits in the way of safer and 
more economical passages may appear to be marginal. On the other hand, 
merchant ships are becoming progressively more capital-intensive, and 
technology is supplying the means of making more effective use of resources. 
The storage, updating and presentation of navigational information is an 
aspect which should not be overtaken by other advances in ship operation. 
The expertise and abilities necessary for such development are available 
and, once set up, the system could prove to be a marketable commodity 
stimulating a worldwide demand.
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