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ABSTRACT

The N ational Ocean Survey is au tom ating the processes required to create 
and m aintain  nautical charts. A utom ated techniques have been in troduced in 
three basic areas : data  m anagem ent, interactive graphics, and m anagem ent repor
ting. The N ational Ocean Survey A utom ated Inform ation System  (N O S/A IS) uses 
som e o f  the latest advancem ents in data processing to perform  these functions. 
An online geographically oriented data base coupled w ith  an array  o f interactive 
graphics system s enables cartographers to  m aintain up-to-date charts.

IN TR O D U C TIO N

One o f the p rim ary  m issions o f the  N ational Ocean Survey (NOS) is the 
production and m aintenance o f  nautical charts for the navigable w aters o f  the 
U nited States and its possessions. This is a continuous effort due to the constant 
changes caused by natural and hum an  processes. To m easure these changes, 
NOAA has a fleet o f ships and  aircraft gathering d ata  for charting  purposes. 
Inform ation is also received from  o ther U.S. G overnm ent agencies and the p r i
vate sector. The curren t base o f  charting inform ation  m ust be up-dated to reflect 
any potential dangers to  navigation that are uncovered by the new  data.
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In theory , new  data are collected in the field, and  charts are m odified to 
reflect the  changes. In practice, how ever, bottlenecks have developed. Sophistica
ted data  collection techniques using com puters, rapid  navigation, and digital fa
thom eters have outpaced the ability o f  the cartographer to  use all o f  the new  
inform ation. As the volum e o f  data increased, NOS found itself in the position  o f 
applying only the critical ad justm ents to charts while the rest o f  the  data  w ere 
stored for fu ture use.

To alleviate this p rob lem , NOS has developed a set o f  com puter-based 
system s tha t w ill speed the application  o f  data to nautical charts. These include :

-  A utom ated  data acquisition system s aboard  NOA A  ships tha t also ac
com plish som e preprocessing functions.

-  A utom ated  processing facilities at the A tlantic and Pacific M arine C en
ters for verification o f data before they  are sent to  NOS H eadquarters.

-  A digitizing system  to capture graphic in form ation  in digital form .

-  F latbed scribe p lo tters and a laser raster d rum  plotter to  produce  nega
tives fo r chart p rin ting.

T he m issing link in th is au tom ated  chain  o f  processes has been recently 
developed un d er contract by  the P lanning Research C orporation . This system , the

F ig . 1 -  R elationship  o f  the AIS to o th er com puter-based  system s in NOS.



N ational Ocean Survey A utom ated Inform ation  System (N O S/A IS), receives data 
from  the M arine Centers, the digitizing subsystem , and ou tside sources. It stores 
these data in a readily accessible form  and allow s retrieval for interactive com pi
lation o f  charts. The system  also produces digital ou tpu t w hich  can be plotted for 
use in chart reproduction . Figure I show s the relationship o f  the AIS to o ther 
com puter-based system s in NOS.

N O S /A IS

N O S/A IS  is the backbone o f  the NOS effort to au to m ate  nautical charts. It 
perform s three critical functions that are necessary for ch art construction and 
m aintenance. First, it provides a  m echanism  for m anaging the vast am ounts of 
data that are required to  create and m aintain a com plete chart product. Second, it 
p rovides the cartographer w ith a tool that allow s the interactive m anipulation  o f 
cartographic inform ation. Third, it provides the m anagem ent inform ation  neces
sary to control the charting process. T he AIS not only  handles these basic 
functions, it also perform s them  in a tim ely m anner. A n explanation  will now  be 
given on how  the AIS fulfils these requirem ents.

DATA M A N A G E M E N T

NOS is responsible for charting approxim ately  2 m illion square miles o f  the 
E arth 's  surface. The am oun t of data necessary to  represent this area is im m ense 
and, therefore, requires effective m anagem ent. A utom ated  data processing p ro v i
des this tool in the form  o f an online data base.

In a data base env ironm ent all data relevant to an organ iza tion’s tasks are 
stored in a central repository. Access to this data is controlled  by a sophisticated 
set o f com puter so ftw are called a data base m anagem ent system  (DBMS).

The w ay the data are organized w ith in  a  data base is very  im portan t to the 
successful operation  o f  the system . An organization m ust analyze how  its data 
are used and structu re  the data base accordingly. NOS exam ined  tw o  different 
approaches to  data base organization. The first w as based on  a chart oriented 
data base. Since the ultim ate ou tpu t o f  the system  is a chart, it seem ed logical to 
organize the data base by  chart product. The sam e cartographic  feature will likely 
appear on m ultiple charts, how ever, due to the hierarchy o f  scales and overlap 
ping coverage. Therefore, in a chart oriented data base, the sam e feature w ould  
be stored once for each chart on w hich it appeared. This redundan t storage of 
data w ould greatly increase the size o f the data base. It w ould  also require each 
chart representation o f a  feature to be m odified w hen a change occurred.

A n alternative schem e for organizing the data base solved these problem s. 
By using a geographically  oriented data base each feature is stored only once. 
A ccom panying inform ation  is used to tell how  the da ta  are depicted on  the



various charts. This technique elim inates redundan t storage, w hich  in tu rn , de
creases the  size o f  the data base and  prevents conflicting depictions o f  features 
w ith in  a set o f  charts.

In th is struc tu re  a feature is sto red  according to  its geographic position. To 
m ake the storage schem e m ore  m anageable, the E a rth ’s surface is subdivided into 
1-degree by 1-degree squares. C ertain  types o f  data tha t fall w ith in  a given 
degree block are stored together :

-  Published traveling fe a tu re s  a n d  channels. These features typically  extend 
distances greater than  5 m inutes, and they are curren tly  published o n  at 
least one chart. E xam ples are  pipelines, cables, and channels.

-  U npublished traveling fea tu re s  and  channels. These are the sam e as 
above except tha t they  are n o t curren tly  published on any chart.

-  S m a ll scale topographic da ta . These are published and unpublished  to p o 
g raph ic  da ta  tha t m ay ap p ear on charts o f  sm aller scale than  1:100 000.

The data  base m anagem ent system  used in the  N O S /A IS  is nam ed  TOTAL. 
This DBM S allow s direct access to m aster records on  disk storage devices. D irect 
access is im p o rtan t because it is the  fastest w ay  to  retrieve in fo rm ation  from  a 
com puter system . Each degree b lock is defined as a m aster record  to  the TOTAL 
data m anagem en t system . This a llow s rapid access to  the above types o f  in fo rm a
tion.

N ear the shoreline, w here  data  a re  m ore  heavily congested, a fu rther refine
m ent is m ade to  the  degree b lock subdivisions. In these areas a m aster record  
represents an  area th a t is 5 -m inutes by  5-m inutes square. These types o f  da ta  are 
stored w ith in  each o f  these b locks :

-  L a rg e  scale published fea tu res . These are features tha t are published on 
charts o f  scale larger th an  1.100 000 and are no t traveling features o r 
channels.

-  S m a ll scale published  fea tu re s . This category contains pub lished  features 
th a t appear on sm all scale charts, excluding traveling features and  ch an 
nels. If  a  feature appears o n  b o th  sm all and large scale charts, it is 
g rouped  w ith  the sm all scale data.

-  U npublished fea tures. This group contains all unpublished  features, 
except traveling features, channels, and small scale topograph ic  data.

A variety  o f  data records have been devised to  represent the different types 
o f  cartograph ic  features. U sually  a g roup  o f  these records is required  to represent 
one feature. A sh ipw reck, for exam ple, requires four records to  be stored. The 
first record , called the base data  record , holds in form ation  abou t the  type o f  
feature and  its geographic position . T he second record  in the sequence, called the 
com pilation fact, tells w hich  ch a rt entities the  feature appears on. T he nex t record  
describes the  position , characteristics, and publication status o f  any  nom enclature 
tha t accom panies th e  sym bol. T he last record in the sequence gives th e  actual 
text w hich  appears on the chart, for exam ple, “SU B M ER G ED  W R E C K ” .

T hat basically describes ho w  the data are organized. D ata  are to  be loaded 
into the data base in phases. The first area to  be loaded, the G u lf o f  M exico, will 
be com pleted by early  1980. Since all o f  the data for a given area is loaded at



the  sam e tim e, cartog raphers will be able to  use the system ’s full capabilities ju st 
as soon as an area is loaded. O ther areas will follow  the G ulf as the data 
collection effort is com pleted , and the entire 3 billion charac ter data base will be 
loaded by 1983.

A IS H ardware

To store  and  access 3 billion characters o f  data requ ire  a sophisticated 
com puter system . F igure 2 is a diagram  o f the N O S /A IS  hardw are  configuration.

Disk
Storage
Units

Master Slave
Mini- Mini
Computer computer

Work
Station

1

Work
Station

2

Data
Link

Work
Station

10

Work
Station

9

Work 
Station 

8

Work Work Work Work
Station Station Station Station

4 5 6 7

F ig  2. -  N O S /A IS  h a rd w are  configuration .



T he central site portion  o f the system  consists o f  tw o U nivac V76 m inicom 
puters in a  m aster and slave configuration. The data are stored on disk storage 
units w ith  a 300 m illion character capacity. There are three h igh speed tape 
drives attached to each central site m inicom puter. These are used to input new  
data to the system , to ou tpu t data to  the NOS plotters, and for o ther system 
functions. The central site is attached to the cartographic w ork  stations by a high 
speed d ata  link. The w ork  stations w ill be described in detail later.

AIS Software

H aving now  seen how  the  data are organized, and the hard w are  com po
nents th a t are available, it w ould  be beneficial to start a cartographic request 
in rough  the system  to see how  everything w orks. This will also provide an 
o p p ortun ity  to describe the com puter softw are th a t controls the system .

A cartographer initiates the process by subm itting a request for data  to be 
sent to one o f the cartographic w o rk  stations. The request m ay take m any  form s. 
The m ost frequent requests are for data  tha t lie w ith in  a given geographic area 
or on a given chart. The area can be any polygon w ith  from  three to eight sides. 
C hart and  area requests can be qualified to lim it unw anted  data from  being sent 
to the w o rk  station  in num erous w ays. F or exam ple, one can request only 
published data, only  unpublished data, o r only  a certain type o f  data like so u n 
dings o r buoys. The request m ust also include control type in form ation , for 
exam ple, a  user num ber for security  purposes, a request num ber, and the num ber 
o f the w o rk  station to w hich  the data  are to  be sent.

A typical exam ple o f a carto g rap h er’s use o f the system is to apply the 
in form ation  supplied by  a new  hydrographic  survey  to the appropriate  charts. 
W hen  a new  survey is received at NOS H eadquarters, it is loaded in to  the AIS 
“new  d a ta  holding file”. A cartog rapher then  subm its a  request fo r the published 
data covering an area slightly larger than  the survey to be retrieved from  the 
data base.

O nce the  request is subm itted , an  executive contro l p rogram  schedules the 
various p ro g ram s th a t are needed w ithou t operato r intervention. The first p ro 
gram  edits the request for errors. T he next p rog ram  checks tha t all o f the 
resources needed by the request are available, that is, that the data requested 
from  the d ata  base are no t curren tly  being used by ano ther cartographer. To 
preserve integrity  in the data base, tw o  requests canno t use the sam e data at the 
sam e tim e. If  all resources are available, the retrieval p rogram  then extracts the 
requested data from  the data base and the new  data holding file and  sends them  
over the  high speed data link to  the w ork  station.

W h en  the data arrives at the w o rk  station, the cartographer m ay begin the 
w ork  session. The activities at the  w ork  station  are a part o f the second function 
o f  th e  A IS, interactive graphics, and will be discussed in the next section o f the 
paper. A fter the cartographer has finished w ith the data at the w o rk  station, the 
new and edited data are sent back to the central site to  update the data base. The 
update p rog ram  modifies the data base records that w ere edited at the w ork 
station, adds records tha t w ere in troduced, and archives records tha t are no



longer applicable. R ecords that are archived from  the online data base are w ritten  
to m agnetic tape for long-term  storage.

The last step o f the AIS data m anagem ent function  is to back up those 
portions o f  the data base w hich  w ere m odified by the w o rk  station edit. All cell 
blocks th a t un d erw en t changes are copied to m agnetic tape. These tape copies 
along w ith  a backup  copy o f the w hole data base on disk will allow  recovery 
from  a failure o f  the online data base.

INTERACTIVE G R A PH IC S

T he second m ajo r function o f  the N O S-AIS is to  enable cartographers to 
use data in a graphic  form . C artographic users do  n o t really care abou t data  base 
m anagem ent system s o r retrieval and update  program s. W h a t they do care about 
is the c h a rt’s g raphic  im age. The user w an ts to see cartograph ic  sym bols, sh o re
line, and soundings the w ay they  are represented on  the  chart. He o r she is not 
particu larly  interested in strings o f  data base records.

F ig . 3. -  W o rk  station hardw are .



To prov ide the transition  from  strings o f records to  a usable graphic dis
play, the AIS has incorporated  the latest techniques in interactive graphics. F i
gure 3 show s the  w ork  station h a rd w are  tha t provides this pow er. A t th is  po in t 
it should  be po in ted  ou t tha t only  2 o f  the full com plem ent o f  10 w o rk  stations 
have been installed. E xperience gained from  the use o f  these p ro to type  w ork  
stations will p lay  an  im portan t p a rt in the selection o f the next eight.

The cu rren t w ork  station configuration  contains the follow ing h ard w are  :

-  O ne U nivac V 76 m in icom pu ter to control w ork  station  processing.

-  T w o  disk storage un its to hold w ork  files and program s.

-  One Bendix digitizing table fo r cartographic reference and  input.

-  O ne refresh color graphics display screen for edit.

-  O ne graphics display screen for reference.

-  O ne hard  copy device.

These h ard w are  com ponen ts p lus a large group o f  com puter p ro g ram s 
allow  th e  cartog rapher to  pe rfo rm  m an y  cartographic functions.

To illustrate som e o f  these functions, the hydrograph ic  su rvey  exam ple that 
w as in troduced earlier w ill be continued . The exam ple w as left w ith  the  carto g ra
phic request, including the new  su rvey , having been sent across the da ta  link to 
the w ork  station. The TO TA L data  base m anagem ent system  is used a t the  w ork  
station to  contro l access to the  w o rk  file.

The cartog rapher has a scheduled  tim e to  use a w ork  station. This tim e w as 
chosen by  the  cartographer w h en  the request w as initiated. A t the pre-established 
tim e, using the  appropria te  em ployee num ber and  security identifier, th e  carto g ra
pher w ill a ttem pt to  sign o n  the  system . U nauthorized  access, based o n  these 
num bers, w ill cause the w o rk  sta tion  to  disallow  further actions, and a m essage 
will be sent to the central site operato r.

U pon  com pletion  o f  a successful “sign o n ”, the cartographer w ill place the 
largest scale ch art to w hich  the survey  w ill be applied on the digitizing table. 
This w ill be used as a reference to  th e  graphic displayed on the edit screen. The 
cartographer than  selects the area  o f  the  chart that will be edited first. D ata  from  
the data  base th a t are cu rren tly  published on  the registered chart w ill be dis
played o n  the screen in the co lo r green (The screen can display five colors). The 
cartographer w ill also ask to  see preselected data from  the new  hydrographic  
survey. These are the new  su rv ey  data  th a t have been run  th ro u g h  an  au tom ated  
sounding selection p rogram . This p rogram  selects soundings tha t are critical to 
navigation  and  rem oves cluttered soundings so that an  appealing graph ic  repre
sentation  is given o n  a chart. T hese soundings are displayed o n  the screen in 
orange. If  the  cartographer w ishes, the entire survey can also be displayed.

The cartog rapher then applies the  soundings from  the survey  by publishing 
the appropria te  ones. This is done by  selecting a sounding on the screen by 
positioning a cu rso r under the  displayed sym bol. W hen a sounding is found it 
w ill b link on  the screen. The “pub lish" bu tto n  on a keyboard  is depressed and 
the sta tus o f  th a t sounding is changed accordingly. In the sam e m anner, soun 
dings from  the data  base m ay be changed to an unpublished status for the 
registered chart.



T he survey is applied to the w hole chart, and then the  nex t sm allest scale 
chart is registered on  the  digitizing table. T he cartographer now  asks for selected 
soundings. These appear in red and are those that w ere published on  the larger 
scale chart. Since the level o f detail a t the larger scale is g reater than  at the 
sm aller, only those soundings selected at the large scale will be applicable. This 
process will continue until the survey has been applied to all app rop ria te  charts 
at the various scales.

The concept o f  applying data “th ro u g h  the scales” is a great benefit p ro v i
ded by the AIS. In the past, all new  data  w ere used at each scale. W ith  the AIS 
a refined subset is used for each successive scale. This provides a great tim e 
saving.

W hen  the cartog rapher has finished editing the data a sign-off com m and  is 
issued. Before the data are sent back to  the central site for update  the tra n s
actions m ust be checked by  an authorized review er. T he rev iew er signs on  the 
w ork station  w ith  a special security identifier. If  the ch art has been incorrectly  
com piled, the review er m ay m odify th e  data  o r have the  cartog rapher sign back 
on to do  so. W hen the chart is correct, the review er signs o ff  for update. The 
data a re  then sent back to the central data  base for update, as described earlier.

T he application o f  a hydrographic  survey  is just one exam ple o f  how  the 
AIS aids in chart com pilation . C hannels, shoreline, or any cartograph ic  feature 
can be added o r m odified in the sam e w ay. A very real benefit is gained by 
using the AIS to  continually  m aintain charts. C ontinual m ain tenance m eans tha t 
w hen a change to a chart is received at NOS it is im m ediately applied to the 
existing base o f  chart data. In this w ay, a chart is ready for publication  w ith  the 
m ost cu rren t data at all tim es.

W hen  a new  edition o f  a chart is to be issued, a cartographer will m ake a 
request for a chart retrieval to  the AIS. The chart w ill be sen t to  the w o rk  
station and the cartog rapher can m anipulate the data to im prove the  ch a rt’s 
appearance. This m ight include the ro tation  o f  cartographic sym bols, repositioning 
nom enclature, o r clearing an area for text. R otation  is accom plished by  finding 
the desired feature and  depressing the ro tate bu tton  until the desired angle is 
reached. R epositioning o f  features is handled by using four function  bu ttons 
w hich m ove the feature up , dow n, left, and  right. To blank  an area o f  shoreline 
the tw o  points on the line tha t bound  the area are found and unpublished.

W ith  this type o f  interactive capability  the AIS has rem oved  the need for a 
cartographer to spend tim e drafting. W ith  m anual techniques the  cartographer 
m ust d raw  in all o f  the changes. W ith  the AIS these functions are perfo rm ed  by 
pushing a bu tton . The cartog rapher’s m ajo r effort is in applying cartographic 
skills, n o t drafting.

O ne final exam ple o f the pow er o f  the  AIS m ust be cited before going on, 
and th a t is the creation o f  a new  chart. In this exam ple, assum e that a sm aller 
scale ch art is being created. The cartographer w ill first add the geographic lim its 
o f the chart to the chart inform ation file. T hen an area retrieval w ill be m ade 
th a t encom passes the new  chart. W hen  the data arrive at the w o rk  station, the 
cartographer will display the  data for the larger scale chart and designate it as 
“selected”. This m eans th a t the data w ill be applied to ano th er chart.. T he system  
will ask the cartographer w h a t chart is to  be the com pilation chart, th a t is, the



o n e  to  w h ic h  th e  se lec ted  d a ta  w ill b e  a p p lie d . T h e  c a r to g ra p h e r  e n te rs  th e  
n u m b e r  o f  th e  n e w  c h a r t  a n d  th e n  p ro c e e d s  to  p u b lis h  th e  a p p ro p r ia te  d a ta  f ro m  
th e  se le c te d  c h a r t  to  th e  c o m p ila t io n , o r  n e w , c h a r t . T h is  te c h n iq u e  p ro v id e s  
c o n s id e ra b le  tim e  sa v in g  o v e r  th e  m a n u a l  c re a t io n  o f  n e w  c h a r ts .

M A N A G E M E N T  REPO RTS

The final function o f  the N O S /A IS  is to provide m anagem ent w ith  suffi
cient in form ation  to aid in scheduling, controlling costs, and evaluating the sys
tem ’s perform ance. Inform ation-gathering m odules have been incorporated  in the 
AIS softw are to supply inpu t to the m anagem ent reporting function. Some re 
ports  are available to cartographic  m anagem ent :

-  Chart job accounting. This report gives the w ork  station tim e, system 
tim e (retrieval and update), the num ber o f transactions, and the cost incurred 
based on  cartographer and  review er time. The report can be generated for each 
chart.

-  Geographic area Job accounting. NOS cartographic s taff is subdivided 
into seven team s, each responsible for a  geographic area. This report gives time, 
transactions, and cost in form ation  as above, except that it is based on  a w hole 
area rather than  one chart.

-  Reviewer job accounting. This gives the sam e in form ation  keyed to a 
review er.

-  O utside user job accounting. This gives the sam e info rm ation  keyed to 
a request outside o f  NOS.

-  Cartographer job accounting. This gives the sam e info rm ation  on a 
given cartographer.

-  W ork station usage. This gives the tim e the w ork  station w as active, 
num ber o f transactions, and  various file sizes o f  a given w ork  station.

-  Data base access. This reports the frequency and types o f  data  accessed, 
n um ber o f  transactions, and area o f data base access.

-  N ew  document status. This tells w hich new  docum ents fall on  a given
chart.

-  Chart status. This reports w hich charts fall on a given new  docum ent. 
The last tw o  reports are used to help schedule w ork.

-  Chart history. This report tells w h a t new  docum ents have been applied 
to a chart.

In addition  to the above, m any  o ther reports supply in form ation  to systems 
p rog ram ers and the D ata Base M anager. All o f the reports can be generated on 
an “as needed” basis.



C O N C LU SIO N

NOS is one o f  the w o rld ’s leaders in the advancing technology o f  au to m a
ted cartography . The N O S /A IS  w as a pioneering effort in this field, and , as a 
consequence, m any lessons had to be learned along the w ay. The m ost valuable 
in form ation  w as gained once the system  w as in place and cartographers started 
using it. NOS will p u t this know ledge to use w hen the next eight w ork  stations 
are procured . But this will not end the evaluation process that analyzes user 
needs and  im plem ents appropria te  solutions. Technology is advancing at a tre 
m endous rate. But the technical advancem ents are only good i f  they are p u t to 
use. NOS will stay abreast o f technology to give its cartographers the tools they 
need to cope w ith  o u r dynam ic environm ent.

A DV AN C ED  S Y S T E M S  -  T H E  F U TU R E

O ver the cen tu ries n a v ig a tio n  has e v o lv e d  from  a very s im p le  p rocess to  a h igh ly  
c o m p le x  sc ien tific  art. A lth o u g h  there has p ro b a b ly  been greater a d v a n ce  in the scien ce  o f  
n a v ig a tio n  during th e  tw en tie th  cen tu ry  than in all the p rev iou s h istory  o f  m a n k in d , the  
m ariner is b asica lly  c o n serv a tiv e , and  fu n d a m en ta l ch a n g es  c o m e  s lo w ly . T h is s itu ation  is 
attrib utab le, in part, to  th e  fact that each  n ew  gen eration  o f  n a v ig a to rs  learns fro m  the 
p reced ing  o n e , and a flo a t th e y o u n g  o fficer  gen era lly  fin ds that h is rela tion s w ith  the capta in  
are m o st am icab le  i f  the ju n io r  uses m eth o d s  favou red  by, or at least u n d erstood  b y , the 
sen ior.

N ev erth eless, ch a n g e  has co m e , and  c o n tin u e s  to do so. O n e  sh o u ld  n o t su p p o se , 
h o w e v e r , that every  v esse l is eq u ip p ed  w ith  a d v a n ced  n a v iga tion  eq u ip m en t, and th at all 
sea g o in g  p erson n el are p ro fic ien t in the use o f  all m od ern  d ev ices. Q u ite  th e  con trary . V ery  
fe w  sh ip s , for in stan ce , are eq u ip p ed  w ith  inertia! or D op p ler  so n a r  n a v ig a to rs , or  w ith  
eq u ip m e n t for fix in g  p o s itio n  by satellite. T here are still m an y sm aller  v e sse ls  w ith o u t  radar, 
D e cc a , or O m ega eq u ip m en t. T h e  ord inary  practice  o f  n a v iga tion  a s  d escr ib ed  th ro u g h o u t th is  
b o o k  is still the norm  in th e vast m ajority  o f  craft a floa t. It has b een  a rg u ed , and  w ith  m erit, 
that greater im p ro v em en t in  sa fety  and e ffic ien t sh ip  operation  c o u ld  be a ch iev ed  b y  proper  
tra in in g  an d  e ffec tiv e  u tiliza tion  o f  eq u ip m e n t an d  m eth o d s n o w  a v a ila b le  than by  further  
d e v e lo p m e n t o f  m ore  a d v a n ced  aids. M ech an ica l or e lectron ic  m arvels  are n o t a su b stitu te  for 
sk ilfu l person n el.

O ne o f  th e p r o b lem s o f  orderly im p ro v e m e n t in n a v ig a tio n  h as  been  th e lack o f  
e ffe c tiv e  c o m m u n ic a tio n  b etw ee n  the m ariner o n  th e o n e  hand an d  th e en g in eer  and scien tist 
o n  th e  oth er. T h e  m arin er has been  u n w illin g  or  u n ab le  to d e fin e  his req u irem en ts c learly . 
P erh ap s his lack o f  k n o w le d g e  o f  th e cap ab ilities  o f  en g in eer in g  an d  scien ce  has con tr ib u ted  to 
th is  s itu a tion . T he en g in ee r  and scientist, o n  th eir  part, h ave  n o t a lw a y s  so u g h t to u n derstand  
the n eed s and p ro b lem s o f  the n av iga tor, but h a v e  to o  o ften  p roceed ed  to  fin d  a so lu tio n  and  
th en  seek  a p rob lem  for its ap p lica tion . H a p p y , b u t rare, has b een  th e  situ a tion  w h e r e  o n e  
u n d erstood  both p o sitio n s.

E xtract from  " N av iga t ion  A f loa t  - A M a n u a l  f o r  th e  S e a 
m an " ,  b y  A lto n  B. M o o d y , C ap ta in , U .S . N a v a l R eserve, 
w ith  a F o rew o rd  by  M . W . .  R i c h e y , M . B . E . ,  D irector , th e  
R o y a l Institu te  o f  N a v ig a tio n . P u b lish ers  : H o llis  & C arter, 
L on d o n , 19 8 0 .


