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A b s t r a c t

In 1 9 8 3 , the United States proclaim ed the establishment of a maritime 
Exclusive Econom ic Zon e (E E Z ) extending beyond the territorial sea to a distance 

o f 2 0 0  nautical miles from its coastline. The proclamation reserved for the U .S. 

the sovereign right to explore for, exploit, conserve, and m anage all natural re ­
sources within this new 3 .4  million square nautical mile territory, an area roughly
1.2  times the total U .S. land mass. In order to help determine the characteristics 

a n d  r e s o u r c e s  o f  th e  U .S .  E E Z ,  a d e t a i le d  p r o g r a m  w a s  d e v e l o p e d  to  

systematically m ap the entire area using multi-beam swath sounding systems. The 

p rogra m  is under the d ire ction  o f  the N ationa l O c e a n ic  and A tm o sp h e r ic  

Administration ( N O A A ) ,  United States Department of Com m erce. Field operations 
co m m e n c e d  in early  1 9 8 4  as tw o  N O A A  sh ips, e q u ip p ed  with a d v a n ce d  

bathymetric swath mapping and precision navigation capabilities, began surveying 

off the coast of central California. T w o additional ships have been added since 

and, to date, 3 6 ,0 0 0  square nautical miles of bathymetric mapping have been 
com pleted, a product o f 9 5 ,0 0 0  lineal nautical miles o f swath sounding. W ith such 

an enormous amount o f data produced by swath m apping systems, the necessity 

for a  com prehensive data managem ent program was recognized early in the 

project. This paper describes the two-level data management system that has 
evolved, the lower level utilized aboard N O A A  ships that acquire and initially 

p r o c e s s  sw ath d a ta , and the u p p er leve l e m p lo y e d  b y  the O c e a n  M a p p in g  

S e ct io n , w hich  is resp on s ib le  fo r  r e ce iv in g , v e r ify in g , final p ro ce ss in g  and 

archiving all bathymetric swath data.

(* ) N O AA/N ational O cean Service, Office of Charting and Geodetic Services, 6001 Executive Blvd., 
Rockville, Maryland 2 0 8 5 2 , U SA.



I . I N T R O D U C T I O N

In 1984, the United States initiated a  program  to  system atically m ap its 

n e w ly  p r o c la im e d  2 00  n a u t ica l m ile  E x c lu s iv e  E c o n o m ic  Z o n e  (E E Z ) u s in g  

sophisticated swath sonar and precision navigation system s. B ased  on  its historical 

ro le  in  b a th y m e tr ic  m a p p in g , the O f f i c e  o f  C h a rtin g  a n d  G e o d e t ic  S e r v ic e s  

(C & G S ), N a t io n a l  O c e a n  S e r v i c e ,  N a t io n a l  O c e a n i c  a n d  A t m o s p h e r i c  

A d m in is tra tio n  (N O A A ) w a s  a ss ig n e d  o v e ra ll re sp o n s ib ility  fo r  th e p ro g ra m . 

W ithin  C&GS, the O cea n  M apping S ection , hereby referred to as the P roject 

O ffice , is tasked with daily m anagem ent.

E ncom passing a  3.4 million square nautical m ile expanse o f o cea n , the U.S. 

EEZ m apping project represents the largest bathym etric survey ever attem pted. T o  

date, 36,000 square nautical m iles o f  bathym etry h ave  been com pleted , a  product 

o f  9 5 ,0 0 0  lin ea l n a u tica l m iles  o f  sw a th  so u n d in g . F rom  the b e g in n in g , d a ta  

m anagem ent has been  a priority consideration. T h e  num ber o f  data products and 

quantities o f  data produced  by  swath m apping system s is significandy larger than 

with traditional single-sounding lines o f hydrography. This fact, com bined  with the 

form idable size o f the area to b e  surveyed, clearly indicates that com prehensive 

data m anagem ent is critical to  the overall success o f the project.

D ata m anagem ent o f  N OAA bathym etric swath surveys has b y  necessity 

evo lved  into a  tw o-level system , shipboard data m anagem ent and project office 

data m anagem ent. Shipboard data m anagem ent is designed to  acquire, process, 

and transfer data from  different ships in similar form ats, for incorporation into a 

c o m m o n  d a ta b a s e . P r o je c t  O f f ic e  d a ta  m a n a g e m e n t a p p lies  to  re ce iv in g  and  

verifying individual surveys, creating a  com posite  database, and producing a  set 

o f  useful data products.

I I . S H I P B O A R D  D A T A  M A N A G E M E N T

Four N O A A  ships ( D i s c o v e r e r ,  S u r v e y o r ,  M t .  M i t c h e l l , and D a v i d s o n ) are 

currentiy assigned to the E E Z bathymetric mapping project, with a  fifth ( W h i t i n g )  
scheduled to begin operations in the fall of 1988. Although ship capabilities (size, 
personnel, equipment, etc.) vary considerably, standard operational guidelines and 
procedures have been implemented to assure uniform data products. Due to the 

large quantities o f  in form ation  prod u ced  b y  sw ath m apping system s, proper 

shipboard data management is essential throughout the four stages o f bathymetric 
surveying: project planning, data acquisition, data processing, and data disposition

(Fig. 1).

P R O J E C T  P L A N N IN G

N O A A  bathymetric swath surveying is accom plished by projects; the detail-
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FlG. 1. —  Shipboard Data Management Program.

ing o f a  specific ship to survey a designated area over an established time frame. 

Survey ships normally are scheduled for tw o to three projects per field season, 
ranging in length from two to four months each. Individual projects are divided 
into a series o f legs, times when the ship is actually underway surveying, typically 

between eleven and twenty-five days duration. Due to the precise nature o f NOAA 

bathymetric mapping, considerable planning is required by  each  ship before field 
operations begin.

D e f i n i n g  P r o j e c t  L i m i t s

Large-scale reconnaissance surveys o f the U.S. EEZ have been conducted by  
th e  United States G eological Survey since 1 9 8 4 , using the British G L O R IA  (G e o lo ­



g ic a l  L o n g -R a n g e  In c lin e d  A s d i c )  s id e -s c a n  s o n a r  s y s te m . B a s e d  on  th e se  

surveys, areas o f  significant g eo log ic  interest have been  designated as ‘priority 

reg ions’ to  b e  m apped  first b y  N O A A . T h ese  priority regions are divided into 

g e o g r a p h ic  un its  c a lle d  ‘ M a p  A r e a s ’ , fo r  u se  in d e fin in g  p r o je c t  lim its and  

m onitoring survey progress. A  m ap area  is a  specific section  o f  the EEZ, 1 degree 

o f  lo n g itu d e  b y  1 /2  d e g r e e  o f  la t itu d e , e x c e p t  in A la s k a  w h e re  it is 1 and  

1/2  degrees o f  longitude by  1/2 degree o f  latitude, due to  the con vergen ce o f  the 

m eridians in this region . A  num ber o f  m ap areas are defined and prioritized as 

survey ob jectives at the beginning o f e a ch  project.

S h e e t  L a y o u t

S ince  m ap  areas co v e r  large sections o f  o ce a n  and w ould be difficult to 

survey as single units, they are divided into a  series o f  survey sheets. Individual 

s u rv e y  sh e e ts  a re  a s s ig n e d  an  o f f i c ia l  a rch iv e  re g is try  n u m b e r  a n d  all d a ta  

a ssocia ted  with a  sheet is handled as a  separate data  set. T h e  m ost com m on  

m ap  area  division is three sheets, each  20 minutes of longitude by  30 minutes of 

latitude, at a standard survey scale o f  1:50,000. In special cases, bathym etric 

swath surveys have been  con d u cted  at a sm aller sca le  of 1:20,000 over site 

specific bottom  features. S urvey sheets are laid out within designated m ap areas 

in the order o f  anticipated com pletion .

P a r a m e t e r s

O n c e  the project layout has been  com pleted , individual survey sheets are 

geograph ica lly  defined b y  a  set o f param eters. Param eters determ ine sheet size, 

sca le , and loca tion , and establish an X-Y  coordinate system  over the geographic 

g r id  fo r  e a s e  o f  p o s it io n in g . P a ra m e te r  d a ta  file s  a re  c r e a te d  a n d  u tilized  

throughout data  acquisition and processing.

B o a t s h e e t  C o n s t r u c t i o n

Field survey sheets, know n as ‘boatsheets'. are constructed by com puter, 

using the param eter files. B oatsheets are utilized during data  acquisition to create 

real-tim e track  and swath plots. T h ese  plots are the prim ary tool used to navigate 

the ship and  assure overlapp ing  sw ath cov era ge  betw een  adjoin ing sounding 

lines.

S o u n d i n g  L i n e  O r i e n t a t i o n

B athym etric sounding lines are run parallel to the depth contours, whenever 

possib le, to  m aintain uniform  swath widths and ease in obtaining com plete bottom  

co v e ra g e . T h rou gh  the use of prior surveys and existing bathym etric m aps, a 

detailed sound ing line orientation plan is d eveloped  b ased  on existing know ledge 

o f the prevailing contours.



G e o d e tic  C o n tro l

S h ore  control stations for electronic navigation  are either recovered  from  the 

existing geod etic  control netw ork or new  m arks are established. G eod etic m arks 

are required for both prim ary navigation  stations and calibration system  stations. 

C on trol stations are ch osen  for their proxim ity to  the coastline, unobstructed  line 

o f  sight to  the survey area, and ease o f shore station construction.

S h o r e  S t a t i o n  S e t u p

Prim ary navigation  and calibration electronic system s are p laced  ov er  the 

recovered /esta b lish ed  geod etic m arks. T h e se  system s are activated  just prior to  

th e  s h ip  a rr iv in g  in the s u r v e y  a re a  a n d  a re  m a in ta in e d  b y  s h o r e  p a r t ie s  

throughout the project.

D A T A  A C Q U I S I T I O N

B athym etric data  co llected  for the EEZ m apping project are acquired  using 

m u lt i-b e a m  sw ath  s u rv e y  sy s te m s . T w o  d iffe re n t  sw ath  s y s te m s  a re  u t iliz e d  

a boa rd  N O A A  ships: G eneral Instruments’ S e a  B eam  for deep-w ater (greater than 

6 0 0  m eters) surveys aboard  Surveyor  (installed 1 9 7 9 ) ,  D iscoverer  ( 1 9 8 6 ) ,  and Mt. 
M itchell ( 1 9 8 7 ) ,  and the N O A A  B athym etric Swath Survey System  (B S S S ), a  

m odified  G eneral Instruments B o ’sun survey system , for shallow-water (1 0 0 -6 0 0  

m eters) surveys aboard  Davidson  ( 1 9 7 8 ) .  In addition, an interm ediate depth  ( 100 ­

1000 m e te r s )  sw ath  m a p p in g  s y s te m , G e n e r a l In stru m en ts ’ H y d r o c h a r t  II o r  

equivalent, is scheduled to  be installed a b oa rd  Whiting in sum m er 1 9 8 8 .

S ea  B eam  cov ers  a  swath width rou gh ly  equal to  7 0 %  o f water depth. B SSS 

is theoretically cap ab le  o f  cov erin g  a sw ath up  to  2.5 tim es the w ater depth , 

a lthough  inaccuracies associated  with the outer three b eam s on  ea ch  side o f the 

ship limit the usable swath to approxim ately 1.5 tim es the water depth. B esides 

this d ifferen ce  in swath co v e ra g e , S ea  B e a m  differs from  B S SS in the fo llow ing : it 

h as a  low er data acquisition rate from  the sonar due to  the deeper w aters, it 

requires less processing b eca u se  o f a  digital p rocessor within the sonar and  the 

m otion  o f the ship is a ccou n ted  for in the sonar p rocessor. N O A A  requires the 

s o u n d in g  a c c u r a c y  fo r  b o th  s y s te m s  t o  m e e t  In te rn a t io n a l H y d r o g r a p h ic  

O rganization  ( IH O ) standards of better than 1 percent o f depth.

T w o  precision long -ran ge radio nav igation  system s are currently u sed  to  

position  N O A A  swath surveys: C ubic P recision ’s A R G O  (A u tom atic  R anging G rid  

O v erla y ) and Hastings T eled yn e ’s R aydist. B oth  A R G O  and Raydist Eire m edium  

frequen cy  (1 .6  —  4 .0  M H z) phase com p a rison  system s w hich  m easure ranges in 

term s o f  w h ole  and partial lanes. T h e  w h o le  lane cou n t is am bigu ou s and m ust 

b e  c a r e fu l ly  m o n ito r e d  t o  a v o id  la n e  ‘ ju m p in g ’ . It is a n t ic ip a te d  th a t a ll 

bathym etric m apping will b e  positioned using the G loba l P ositioning System  (G P S )  

a s so o n  as it b ecom es  fully op eration a l in the early  1 9 9 0 ’ s . P osition ing a ccu r a c y  for



swath surveys is required to be better than 50-m eter circular error o f position 

which, at a  scale of 1:50,000, exceeds IHO standards o f  1.5 m m  at the scale of the 

survey.

P o s i t i o n i n g  S y s t e m  C a l i b r a t i o n

Calibrating the prim ary positioning system  is the first step in the data 

acquisition process. ARGO and Raydist systems are currently calibrated using 

either M otoro la ’s M ini-Ranger m icrow ave shore-based system  or GPS. W h en  using 

M in i-R a n g e r , a p o s it io n  is ca lcu la te d  u sin g  lines o f  p o s it io n  from  tw o sh ore  

stations and then com p a red  to a position obtained in the sam e m anner from  

different stations. T he inverse distance between the tw o calculated positions must 

be  less than ten meters to be acceptable. C orrectors are obtained by com paring 

the a veraged  calibration position to a  position sim ultaneously determined from  the 

p r im a ry  p o s it io n in g  s y s te m . T h is  p r o c e d u r e  is r e p e a te d  until at least th ree  

a c c e p t a b le  ca lib ra t io n s  a re  a c c o m p lis h e d , w ith  th e  c o r r e c t o r s  a v e r a g e d  to  

determ ine values used during data acquisition. For GPS calibration, the position 

obtained is com pared  directly to the ARGO position.

S o u n d  V e l o c i t y  C a s t

C orrections to e ch o  soundings, based on  differences of the speed of sound 

in water, are also required before data acquisition can  com m en ce . NOAA ships 

obtain sound velocity  data  in one o f  tw o w ays: via  an electronic conductivity, 

tem perature, and depth  (CTD ) cast or  by  the analysis o f discrete water sam ples 

co llected  from  a N ansen cast. Sound velocity  casts are required at least on ce  per 

survey leg. A  sound velocity  file is constructed from  the data and appropriate 

correctors are applied to  individual soundings in both  types o f swath systems. In 

addition, S ea  B eam  uses sound velocity  data to  correct for ray bending during 

data acquisition, while BSSS applies ray bending corrections during post-processing.

X B T observations are taken routinely b y  N O A A  survey ships every 12-24 

hours to  identify variations in the o cea n  thermal structure. Softw are is currently 

being developed  which will use XBT data to determine when the thermal structure 

o f  a survey area changes enough to warrant an updated sound velocity cast.

S o n a r  B e a m  A l i g n m e n t  T e s t

A  sonar beam  alignm ent test, d eveloped  by N O AA, is required to be run at 

the beginning and end o f all EEZ m apping projects. T h e  test is used to verify 

o v e ra ll  sy s te m  p e r fo rm a n ce  a n d /o r  iso la te  s p e c if ic  b ea m  p o in tin g  errors  fo r  

subsequent correction. T est procedures m easure the errors associated with the fore 

and aft steering o f  the acoustic projector beam  (pitch error), the athwartship 

a lig n m e n t  o f  th e r e c e iv e d  b e a m s  (r o l l  b ia s  e r r o r ) ,  a n d  th e h e a d in g  o f  the 

gy rocom p a ss  relative to  the heading from  the primary positioning system  (swath 

alignm ent error). Specifications dictate that each  error be resolved to less than

0.25 degree.



D a t a  L o g g i n g

A t the center o f the Sea Beam  and B S S S  data acquisition are the Digital 

Equipment Corporation P D P - 1 1  based computer system and the S U R V E Y  data 

logging program . Input consists o f  processed depths (Sea B eam ) or unprocessed 
sonar slant ranges ( B S S S ) ,  positioning system rates, gyrocom pass heading, and 

heave/pitch/roll corrections. Input information is relayed to the S U R V E Y  program 

at specified time intervals through a master interface known as the CAMAC 

(Com puter Autom ated Measurement and Control) Crate. S U R V E Y  output consists 

of a raw data m agtape, floppy disk survey summary file, real-time track and 

swath plot and bridge steering needle. A  real-time contour plot, orientated relative 

to ship’ s head only, is also produced directly from sonar output (Fig. 2).

A ll swath data are collected, segregated and processed by  survey summary 
files. Separate and unique survey summary files are created automatically by the 

S U R V E Y  program  each time it is activated, based on the Julian day and the first 

three digits of the time. Survey summary files can be as short as a few minutes 
or as long as several hours. Usually, the fewer the number o f survey summary 
files, the shorter the overall processing time for a survey sheet.

FlG. 2. —  Shipboard Data Acquisition System.



Q u a l i t y  C o n t r o l

Real-tim e sonar and positioning quality control ch ecks are an integral part 

o f  N O A A  swath m apping procedures. Sea B eam  and B SSS on-line contour plotters 

are run continuously during data acquisition and exam ined on  a regular basis for 

the presence o f  artifacts or sonar degradation. Problem s that arise are attended to 

im m ediately and, if necessary, data acquisition is halted until the situation is 

rem edied. B ad  data are flagged and later rejected during processing. G aps caused 

by  the rejection o f bad data are re-run to assure com plete bottom  coverage.

S tr ip ch a rt  r e c o r d e r s  are  c o n n e c te d  to  A R G O  a n d  R a y d is t  re ce iv e rs  to  

graphically  keep track o f lanes. A n  accounting is kept o f  each  lane from  opening 

to closin g  system  calibrations. In addition, an independent w hole lane ch eck  is 

obtained as often as possible (at least once per day) on  all Sea  B eam  ships using 

G P S . D iscrepancies that arise in lane counts, which cannot be resolved by either 

ch e ck  m ethod , require data acquisition to b e  discontinued and a com plete system  

re-calibration to be  done.

D A T A  P R O C E S S IN G

N O AA  Sea B eam  and B SSS have separate PD P -11 data acquisition and 

p r o c e s s in g  c o m p u te r  sy s te m s . P r o c e s s in g  p ro g r a m s  g e n e ra lly  fa ll in to  tw o  

categories: program s to verify data  content and quality and program s to create 

fined data  products. A  sounding selection program  is em ployed by both swath 

system s to  reduce large quantities o f  raw data and create conventional point 

sounding plots. S ea  B eam  also runs a data  conversion  program  that reform ats 

raw  data  sets used to produce con tou r plots (Fig. 3 ). D ata processing for both 

routines begins with scanning for and eliminating bad data.

D a t a  S c a n n i n g

D u r in g  the first s ta g e  o f  d a ta  p r o c e s s in g , re a l-t im e  co n to u r  p lo ts  a n d  

n avigation  stripcharts are visually scanned  for bad  data flags applied during data 

acquisition, as well as for any additional areas of questionable data that m ay 

h av e  been  m issed. A  log  sheet is kept listing the exa ct starting and stopping 

tim es o f  all areas o f  bad  data.

B a d  D a t a  R e j e c t i o n

O n c e  a ll h a r d c o p y  d a ta  h a s  b e e n  s ca n n e d , s e c t io n s  o f  b a d  d a ta  a re  

w in dow ed  around during processing or  m arked for ‘no-p lot’ later. B y using the 

w indow ing technique, original raw data  is never deleted, only ignored and thus 

ca n  b e  recovered  later if necessary.



Fig . 3. —  Shipboard Data Processing System.

S o u n d i n g  S e l e c t i o n  P r o g r a m

S ea  B eam  and B S S S  utilize a  similar sounding selection  program  to sieve 

through large quantities o f raw data. T h e  program  reads raw data tapes and 

survey sum m ary files, divides the survey sheet into a  series o f plottable unit 

areas (PUA) and, after perform ing a statistical analysis o f  all data points 

fa llin g  w ith in  th e  PU A , s e le c ts  a s in g le  r e d u ce d  m in im u m  an d  m a x im u m  

sounding for output to m agnetic tape. For Sea B eam , the PUA dim ension is 
internally fixed at approxim ately 250  m eters squared. D ue to its shallower 

depth range, the BSSS PUA is variab le and depends on  such factors as survey 
s c a le  and  sh ip ’ s sp e e d . S ep a ra te  p r o c e s s in g  ru n s a re  d o n e  fo r  all su rv e y  

sum m ary file data sets associated  with an individual survey sheet, the data  

being com bined  on  a single output tape. T h is output tape is used to  p lot a 

conventional point sounding plot.



D a t a  C o n t o u r i n g  P r o g r a m

A  data  con tou r in g  p rog ra m  fo r  m ach in e  con tou rin g  o f  field  sh eets is 
available only on  NOAA’s Sea B eam  systems and is not available for BSSS 

processing. This will be changed with the next generation systems. The program 

reads raw data tapes and survey summary files, integrates positioning and sonar 

information, and converts the data into a format that can be read by a plotting 

program. Output is in the form o f data files stored on hard disk.

P l o t t i n g

Sounding selection output tapes are read by  a sounding plot program, 

which plots individual depths on a standard geographic grid. Minimum soundings 
only, maximum soundings only, or both minimum and maximum soundings can 
be plotted. Due to the high density o f data points available at the standard 

1 : 5 0 , 0 0 0  E E Z  survey scale, minimum soundings only are chosen. A lso, these are 

the soundings o f primary interest for nautical charting purposes.

A  plotting program reads hard disk files created by the data contouring 
program  and plots single swath contours by sounding line. A  contour interval of 

10 or 20 meters is normally used. Separate plotting runs are required to com bine 

individual data files into a complete contour map.

Q u a l i t y  C o n t r o l

Final sounding and contour plots are used extensively during post-processing 

to verify data quality. Sounding lines known as ‘crosslines’ , which run at right 

angles to the general orientation o f m ainschem e lines, are plotted separately as 
ov er la y s . D etailed com p arison s are m ade betw een  crossline and m ainschem e 

soundings/contours to check for offsets that m ay be caused by sonar or posi­
t ion in g  errors . T h is  sa m e te ch n iq u e  is u sed  betw een  individual sheets that 

junction. EEZ survey sheets are required to junction with neighboring sheets by at 

least one full swath width for com parison purposes. In addition, all junctions 
resulting from  overlapping swaths are checked for discrepancies. If problems arise 

during these com parisons, raw data listings are printed and reviewed for the areas 

in question and, if necessary, the data are rejected and the lines re-run.

DATA DISPOSITION

Swath surveys com pleted during one leg of a  project are required to be 
transferred off the ship by the end of the following leg. This ensures timely 

shipboard processing and eliminates the problem o f data backlogs. Before a 

survey is considered complete, the following post-processing tasks are required:-



R a w  D a t a  D u p l i c a t i o n

A ll  o r ig in a l raw  d ig ita l d a ta  n e c e s s a r y  to  r e -c re a te  a su rv e y  a re  

duplicated before  the survey is transferred off the ship. This is don e to  ensure 
a backup in case  data are lost or dam aged  during transfer or problem s arise 
with the original data during the verification process.

D a t a  S t o r a g e

D uplicated raw data m agtapes and floppy disk files are stored aboard  

ship until the survey has been  verified, duplicated again , and the original data  

sent to archive. O n ce  this has been accom plish ed , the ship is notified to 
destroy all stored data associated with a particular survey.

S u r v e y  D o c u m e n t a t i o n

A  series o f reports, including a  descriptive report, geodetic control report 

and corrections to ech o  soundings report are written and submitted with each  
survey to docum ent how  the survey was conducted  and to  describe any special 

circum stances that m ay have occurred during the survey. T h e reports are used 

extensively during the verification process and are archived with the raw data sets.

D a t a  T r a n s m i t t a l

All data associated with a bathymetric swath survey, including original raw 

data tapes and survey summary files, processed output tapes, real-time contour 

plots, navigation stripcharts, real-time track and swath plot, positioning system 

calibration information, final sounding and contour plots, raw data listings and all 

required reports are transferred to  the O ce a n  M app in g  S ection  in R o ck v ille , 
M aryland, for final processing, survey verification and data archiving.

%

m . PROJECT OFFICE D ATA MANAGEMENT

The Project O ffice currently maintains data from  118 surveys conducted 
through the end o f the 1987 field season. The management program that has 

d e v e lo p e d  is d es ig n ed  to  p reserve  d a ta  in tegrity  during the re ce ip t  o f  d a ta  
submissions, final processing, survey verification and data archival (Fig. 4).

D A T A  R E C E I P T

Swath survey data is received in the Project O ffice almost continuously 

throughout the regular field season (M arch  to  D ecem b er). A ll data subm issions



Fig . 4. —  Project O ffice Data Management Program.

a re  a c c o m p a n ie d  b y  an  o ffic ia l  ‘ L e tter  o f  D a ta  T ra n sm itta l’ , a  c o m p le te  list 

o f  in d iv id u a l  d a t a  i t e m s . A f t e r  a  s u r v e y  a r r iv e s ,  th e  d a t a  a re  c h e c k e d  

a g a in s t  th e tran sm itta l fo r  a n y  d is c r e p a n c ie s  an d  the transm ittal is c h e c k e d  

fo r  a n y  o m iss io n s  o f  s p e c if ic  d a ta  th at are  requ ired  fo r  e a ch  su rvey .

O n c e  th e  d a ta  h as b e e n  lo g g e d  in to  the P r o je c t  O ff ic e ,  it is s to re d  in 

‘ r e a d y ’ ta p e  a n d  file  ca b in e ts  set a s id e  fo r  su rv e y s  a w aitin g  fina l p ro c e s s in g . 

E a c h  su rv ey  is a ss ig n ed  to  a  v e r if ie r , w h o  is re sp o n s ib le  fo r  co n d u ct in g  fina l 

p r o c e s s in g  a n d  ex a m in in g  a ll a s p e c ts  o f  the su rv e y  fo r  c o m p le te n e ss  and  

a c c u r a c y .

F I N A L  P R O C E S S I N G

D u e  to  th e c a p a c ity  lim ita tion s  o f  cu rren t N O A A  sh ip b oa rd  PD P-11 

c o m p u te r s , fin a l d a ta  p ro c e ss in g  is p e r fo rm e d  b y  the P ro je c t  O f f ic e  o n  its 

C o n tro l D a ta  C o rp o ra t io n  C y b e r  170 -815  m a in fra m e com p u ter . T h e  p rim a ry  

in p u t to  fin a l p r o c e s s in g  is the s o u n d in g  se le c t io n  ou tp ut ta p e  p ro d u ce d  

a b o a r d  ship.



Final p rocessin g  continues the procedure o f  statistically reducing the large 

quantity o f  data  points in the original raw  data  set to  a  w orkable num ber. T h e  

sounding selection  p rogram  takes the original soundings for a  given  area (Fig. 

5a ), and, through use of the plottable unit area principle, selects approxim ately 

tw o percent o f the total soundings (Fig. 5 b ). Final processin g  further reduces the 

data  set b y  gridding the selected soundings (F ig. 5 c ) . Finally, con tour vectors  are 

created  from  the gridded data set and a  con tou r plot is prod u ced  (Fig. 5d).

R e f o r m a t t i n g

Selected sounding tapes produced by shipboard P D P -11 computers are not 
directly com patible with the Project O ffice Cyber com puter. Therefore, the first 

step in final processing involves reformatting the data word structures to run on 

the Cyber. A  reformatted selected sounding file, containing all the data associated 
with a single survey sheet, is created on hard disk.

V e r b  S t r e a m s

During the reformatting process, statistical information is collected about the 

data and used to create attribute parameters known as ‘verb streams’ . The verb 

stream com m and files are used to direct operations of a com mercial contouring 

package, Radian Corporation’s Contour Plotting System  1 (C P S -1 ), which grids 
and contours the data.

D a t a  G r i d d i n g

T h e  C P S -1  con tou r in g  softw are  first co n v e rts  all g e o g ra p h ic  p osition s 
co n ta in e d  on  the se le cted  sou n d in g  ta p e  in to  C a rtes ia n  co o rd in a te s  in the 

Universal Transverse M ercator (UTM) projection. B ased on these coordinates, a 

mesh o f equally-spaced fixed grid positions at 250-m eter intervals is created. Each 
grid value is selected using a  weighted linear least squares algorithm. The actual 

depth value at each grid point is an interpolated representation of the ocean  

bottom . The resultant Cartesian coordinate and gridded data files remain on  hard 
disk.

D a t a  C o n t o u r i n g

O n ce  all the gridded values have been determined, C P S -1  subdivides the 

areas between points and forms contouring vectors. T h e vectors are converted to 
specific pen or raster screen com mands, depending on  the desired display media, 

and stored as a  hard disk data file. Later, this file, a long with all the other data 

files created in the process, are transferred and stored on  one magnetic tape. In 
addition, a  second cop y  o f the reformatted selected sounding file is copied and 

stored on a  separate tape as backup. For nautical charting purposes, a  M ercator grid
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o f minimum depths is created from  w hich m achine contours are generated for 

application to the charts. A  database file record  is m aintained for  ea ch  survey 

sheet to track such inform ation as when the survey w as processed , data file 

nam es and sizes and geographic boundaries.

P l o t t i n g

G rid d e d  d a ta  c o n t o u r  p lo ts  at s c a le s  o f  1 :5 0 ,0 0 0  a n d  1: 1 0 0 ,0 0 0  a re  

constructed  from  the contour vector  file. T h e  plots are review ed for any problem s 

ca u sed  by artifacts in the data. A rtifacts are rem oved  by identifying and  m arking 

b ad  data points for no-plot. Final contour plots are then created from  the edited 

data set. Individual CPS-1 con tou r vector  files are later com bin ed  by M a p  A rea  

and plotted as 1:100,000 scale base m aps.

S p e c i a l  P r o d u c t s

In addition to  the standard CPS-1 contour plots and base m aps produced 

during final processing , tw o specia lized  products are being d eve lop ed  b y  the 

P ro ject O ffice  to better d isplay swath data. T h e  first are color-fill contour plots, 

w hich  have the area betw een m a jor contours fully shaded with alternating colors, 

and  the secon d  are three dim ensional m esh plots. B oth types o f  plots greatly 

in c r e a s e  v is u a l d a ta  d is p la y  a n d  a re  u se fu l t o o ls  fo r  in terp re tin g  s e a f lo o r  

m orp h ology . Eventually, digital GLORIA im agery and the digital bathym etry will 

b e  com bined  into a textured three-dim ensional plot for geo log ic  interpretation.

S U R V E Y  V E R IF IC A T IO N

Form al survey verification  enables the P ro ject O ffice  to m aintain c lose  

quality control over shipboard data collection. A  standardized verification process 
has been developed and is applied to each survey before the data is approved for 

inclusion in the EEZ database.

During verification, individual data  sets are exam ined first and then the 

s u r v e y  is e v a lu a te d  a s  a  w h o le . A l l  s u rv e y  c o m p o n e n ts  a re  r e v ie w e d  fo r  

a c c u r a c y , c o m p le te n e ss  a n d  p ro p e r  a p p lica t io n . S p e c ia l a tten tion  is g iven  to  

positioning calibrations and application  o f  correctors, sound ve locity  corrections, 

horizontal control com putations and  plot com parisons (crosslines and junctions).

Final CPS-1 contour plots are exam ined and com pared  to  raw data contour 

plots p rodu ced  a board  ship. D iscrepancies are resolved  by reviewing the raw data 

record s  and eliminating bad  data  points that m ay h ave been m issed during initial 

sh ipboard processing.

The verification process concludes with the submission of a report which 
documents the overall survey quality, any deficiencies encountered in the data 

and a summary of what new findings occurred as a result of the survey. A  copy 
o f the verification report remains with the data for reference and a copy is 

forwarded back to the ship as a tool for improving future performance.



D A T A  ARCH IVIN G

A s the final step in its data management program, the Project O ffice copies 

and concatenates all raw data tapes and survey summary files and transfers the 

originals to an official archives facility for permanent storage. T h e copies are 

retained in the Project O ffice  for future use and as a safeguard in the event the 

archived data is ever dam aged or destroyed.

Following survey verification, most hardcopy data is destroyed because of 
the logistics involved in storing such large quantities o f data. Retained is a copy  

of the ship’s descriptive report, a copy of the verification report, sound velocity 
information, and for Sea Beam  surveys, the real-time contour plots.

IV. FUTURE CONSIDERATIONS

SE A  BEAM  COM PU TER SYSTEM  UPGRADE

N O A A  S ea  B eam  data acquisition and processin g  system s will soon  be 

u p g ra d e d  w ith  D ig ita l E q u ip m e n t C o r p o r a t io n  M ic r o V A X  II c o m p u te r s . T h is  

con vers ion  is necessary  to  speed  up and stream line present sh ipboard acquisition 

a n d  p r o c e s s in g  p r o c e d u r e s .  T h e  first u p g r a d e  w ill b e  im p le m e n te d  a b o a r d  

Mt. Mitchell in the sum m er 1988.

T h e  n ew  s y s te m  w ill c o n s is t  o f  tw o  id e n t ica l  M ic r o V A X  II c o m p u te r s , 

com m u nicatin g  via  an Ethernet con n ection . D ata  logg in g  ca n  o c c u r  on  on e  or 

both  o f the com puters, although on ly  on e has prim ary data  con n ection s and ca n  

query navigation inform ation. T h e  other com puter has secon d ary , receive-on ly  

con n ection s, but ca n  run identical data  logg in g  program s for b a ck u p  or  new  

p rogram  testing. R aw  d ata  is logged  on  hard disk and electronically transferred to 

the processing com puter v ia  the Ethernet. P rocessing a lso  o ccu rs  on  hard disk, 

elim inating the need for m agnetic tapes, excep t as a  final storage m ed ia  for  raw  

and processed  data files.

The current track and swath plot, which uses brackets to depict swath 

c o v e ra g e , will be rep la ced  by  a g e og ra p h ica lly  orien ted  rea l-tim e track  and  

contour plot. T he new plot will allow operators to m ore accurately monitor sonar 
and position in g  data b y  ob serv in g  actu a l con tou r  ov er la p  betw een  ad jo in in g  

sounding lines. A s  with the current system, a final sm ooth contour plot will be a 
product of the processing schem e.

T h e  P roject O ffice  has a lso  recently acquired  a M icroV A X  II com puter 

system  and is in the p rocess  o f converting its final p rocess in g  p rogram s from  the 

C yb er to  the M icroV A X . H a vin g  com patib le com puter system s will facilitate an 

easier exch an ge of softw are and data  betw een the ships and the P ro ject O ffice .

B S S S  R E P L A C E M E N T

A fter the next generation swath system has been installed and tested aboard



W h i t i n g  in the summer 1988, a second  system will be procured to replace the 

BSSS aboard D a v i d s o n .  Replacement is necessary due to the age o f the BSSS and 

the (act that it is essentially a  one-of-a-kind system, which makes repair and 
procurement o f replacement parts difficult. The new system will also increase 

D a v i d s o n ' s  depth limit from  600 to 1000 meters, enabling m ore efficient junctions 

with Sea Beam  surveys.

O P T I C A L  D I S K  S T O R A G E

O n e  o f the prim ary data  m an agem en t prob lem s a ssoc ia ted  with sw ath 
m apping systems is how to maintain and access the large quantities of data 

currently stored on magnetic tape. A s  a  proposed solution, the Project O ffice has 

acquired an optical storage device for its M icroVAX computer system and is 
currendy evaluating the practicality o f  transferring all past and future data files to 

optical platters. T he optical system is designed to write once and read m any 

times (WORM) and has a one gigabyte on-line capability, with a second gigabyte 

available by turning the platter over. W ith this amount of storage capacity, a 
s in g le  op tica l platter co u ld  h o ld  a ll the d a ta  a ssoc ia ted  with severa l d o z e n  
surveys. If data can be transferred easily and safely, optical systems will be 

recom m ended for shipboard data storage and transfer.

C O N V E R S I O N  T O  G P S

A s  stated earlier, NOAA plans to  convert all swath m apping positioning 
control to GPS as soon  as the system  becom es fully operational in the early 

1990’s. T he ability to utilize GPS as primary control will eliminate the burden and 

logistics o f establishing and maintaining shore-based positioning systems.


