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SUMMARY

In 1976, CNEXO (Centre National pour [’Explo ita tion  des Océans) 
purchased  a Sea Beam system, a 16-beam echo-sounder, from  GIC (General 
In s tru m en t  Corporation), H arr is  A.S.W. Division, W estw ood, M assachu
setts.

This  sounder w as installed  on the N.O. Jean Charcot  and  tested in the 
Spring of 1977. As opposed to a classical sounder which obta ins  only one 
ba thym etr ic  profile along a sh ip ’s track, this new type of so u n d er  covers 
a sw ath  of sea floor 3 /4  the  w a te r  depth  wide (4 500 m for a 6 000 m 
depth) [1]. B a thym etric  d a ta  are processed in real time by a m in i-co m p u te r  
efficiently p rog ram m ed  to plot ba thym etr ic  contour lines a t  a contour 
in terval and  a scale set by the operator.  D a ta  are also recorded  on m agnetic  
tape for off-line processing.

The p re sen t  paper  p resen ts  the f irs t  resu lts  ob tained w ith  the Sea 
Beam during  a 4-week evalua tion  cruise in  April and  May 1977, analyzed 
w ith  the  advantage of extensive fu r th e r  experience with  the system. It 
explores also the potential of the Sea Beam for ca r to g rap h y  an d  s t ru c tu ra l  
analysis.

INTRODUCTION

Systematic sounding of the deep sea floor s ta r ted  in the  1930’s, w hen  
acoustic m ethods replaced the laborious use of the sound ing  lead. A lthough 
improved during  and  af te r  W orld  W a r  II, acoustic sound ing  h as  not



progressed significantly since and has remained limited lo the m easure of 
a single depth value at a time. This depth, measured at high repetition 
rates (2 seconds on the average), corresponds to the first echo received for 
most sounders in a non-stahilized cone of wide aperture  (30 to 60 degrees) 
or, for some more sophisticated but far less num erous ones, in a cone of a 
few degrees stabilized for ship’s roll and  pilch in order to obtain the depth 
vertically below the ship. The accuracy of the depth m easured depends on 
the aperture  angle, and in deep w ater only narrow  beam sounders can be 
used for precise mapping. Time required to complete a detailed survey is 
normally quite long, because several parallel lines set apart  not more than 
the width  of the ensonified area (a few' hundred  meters in deep water for 
na rrow  beam sonars) have to be run.

Only recently, a new step has been taken  in the field of bathymetric 
sounding through the development of multi-beam echo sounders which 
provide at each ping not only the depth a t the vertical beneath the ship but 
also several depth values transverse to the ship’s track  [2], As the ship 
moves along, a swath of sea floor is swept with soundings over a w idth 
depending on the num ber of beams and their aperture. Depth values are 
digitized and plotted in real time as contour lines. Slopes and directions of 
sea floor relief are therefore immediately available to the party  on board. 
Great progress in the study and understanding  of sea floor morphology will 
be possible with this new generation of sounders. Time saving is propor-

Fig. 1. —  The  N.O. J e a n  C h arco t in d ry  dock d u r in g  the  in s ta l l a t io n  of Sea Beam
tran sd u ce rs ,  Brest,  J a n u a r y  1977.
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tional to the num ber and aperture  of beams. The most recent of these 
developments is the Sea Beam, a system of 10 beams each of 2° 2 /3  aper
ture, and for this equipm ent the time needed for a given survey is reduced 
by a factor of 10 or more over a mono-beam system.

Aware of the great advantages of this new tool for marine exploration, 
CNEXO has installed a multi-beam echo sounder on one of its vessels. Since 
May 1977, the N.O. Jean Charcot has been the first vessel in the w'orld 
operating with a Sea Beam, m anufactured  by General Instrum ent Corpor
ation (GIC) (fig. 1).

BEAM FORMING PRINCIPLE

Two groups of t ransducers  are installed under the sh ip’s hull, the 
projectors for acoustic signal emission and the hydrophones for reception 
of echoes from the sea floor.

Emission

The active part  of the emission is made up of 20 projectors, each 
contained in a rectangu lar  box (fig. 2). Each projector contains 4 magneto
strictive elements m ounted in parallel. The 20 projectors are mounted in 
a 6 m long berth  placed along the keel of the ship under a protective dome. 
Each projector is excited separately. By control of the power and phase of 
the emission frequency, the emission diagram  shown in fig. 4 (A) is obtain
ed. The area of sea floor ensonified after emission corresponds to a rectan
gular area subtending angles of 60° by 2° 2/3. The plane of emission is 
transverse to the ship and is electronically stabilized for ship’s pitch 
(within 10°) so as to remain vertical.

F ig. 2. —  Sea Beam p ro jec to rs  du r ing  
m o u n t in g  u n d e r  sh ip ’s hu ll .

F ig. 3. —  Sea Beam h y d ro p h o n e s  d u r in g  
m o u n t in g  u n d e r  sh ip ’s hu ll .



Reception

Each reception hydrophone  is made up of piezo-electric e lem ents 
m ounted  w ith  in terca la t ing  rings on a round  bar covered by a rubbe r  sleeve. 
The reception u n it  is composed of 40 such hydrophones m oun ted  u n d e r  a
4 m  long protective cover transverse  to the ship’s keel (fig. 3). The 16 beams 
are obtained by vector sum m ation  of the signals received by these 40 hy d ro 
phones. Fig. 4 (B) i l lus tra tes  the 16 beam s so created.

They correspond to signals coming from 16 rec tangu lar  zones on the 
sea floor sub tending  angles of 20° by 2° 2 /3  with  the  long side parallel to 
the sh ip ’s axis. T hese  zones are not stabilized for roll or pitch.

Composite emission/reception

Fig. 4 C i l lu s tra te s  the creation  of the 16 n ar ro w  beam s as a resu lt  of 
the composition of the emission and reception d iag ram s of fig. 4 A and  
4 B. The received acoustic energy conies from 16 “ square  ” zones, 2° 2 /3  
by 2" 2/3, located in a vertical plane perpendicu lar  to the axis of the ship, 
due to em ission stabilization. T heir  transverse orien ta tion  varies contin
uously with  sh ip ’s roll and  is obtained by reference to a vertical gyroscope 
af te r  reception of output signals.

Fio. 4. - -  Beam  f o r m in g  scheinc of th e  Sea B eam  ; (A) zone en so n i f ie d  a t  e m iss io n  ; 
(B) zones covered  a t  recep tio n  ; (C) zones r e s u l t in g  f ro m  th e  c o m b in a t io n  of A a n d  B 

so u n d e d  by  th e  m u l t i p le  b e a m s  (usable  e n so n i f ie d  a rea ) .

Details regard ing  the Sea Beam are given in a separate  Technical 
P ap e r  [3]. Only a general descrip tion of the Sea B eam ’s s tru c tu re  and 
o u tpu ts  is given here.

The Sea B eam  resu lts  from  the  in tegra tion  of two systems. On the one 
iiand, the NBES (n a rro w  beam  echo sounder) w h ich  yields only analog

A B C

GENERAL STRUCTURE OF THE SEA BEAM
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NBES . ECHO. PROCESSOR

i

F ig. 5. — Genera l  s t ru c tu re  of  the  Sea Beam, w i th  on one side the  NBES and  on the 
o th e r  the  Echo Processo r  : (1) t r a n s d u c e r s  (p ro jec tors  a n d  hyd ro p h o n es)  ; (2) e lectronics 
of the  l^BES ; (3) g rap h ic  d isp lay  of the  ver tica l  beam  ; (4) d ig ita l  d isp lay  of th e  vertical 
l ^ a m  ; (5) Vertical re ference  gyro  ; (6) coupling  be tw een  the NBES an d  c o m p u te r  ; (7) 
NOVA 800 m in i - c o m p u te r  ; (8) CRT fo r  t ran sv erse  b a th y m e tr ic  p rof i le  ; (9) m agne t ic  
t ap e  reco rder  fo r  reco rd ing  soun d in g s  a n d  t im e  ; (10) d ig ita l  p lo t te r  fo r  rea l - t im e  c o n to u r  

l ine  t rac in g  ; (11) te le ty p e r  fo r  sys tem  contro l .
V a r io u s  c o m p o n en ts  can  be seen on fig. 6 a n d  7.

Fig. 6. —  Sea B eam  —  General lay -o u t  ; le ft, p ow er  e lectronics  ; cen tre , m agnetic  
reco rder  ; rig h t, m in i -c o m p u te r ,  con tro l  pane l ,  an d  CRT d isp lay .



Flo. 7. — C o n to u r  l ine  p lo t te r  a n d  analog  b eam  signal reco rder  UGR.

signals from  the 16 acoustic beams, and on the other hand the Echo 
Processor which processes these signals th rough a mini-computer. Fig. 5 
shows the general lay-out of the system which is installed in a special room 
on the ship (fig. 6 and  7).

NBES

The NBES functions are the following :
— power transducer excitation,
— hydrophone signal amplification,
—  form ation of 16 analog beams,
— hardw are  digitization of vertical beam,
— signal forming for processing and analog recording,
— hardw are  stabilization of roll.

The NBES operates in two m ain modes :
—  Autonomous (group ping or periodic) : in this mode, the Echo 

Processor is disconnected and the NBES can be used as an analog narrow 
beam system. Group ping mode allows a high repetition rate with pro
gram m ing of emission and reception cycles via the graphic recorder UGR 
(Universal Graphic Recorder). A mean repetition ra te  of 2 seconds can be 
obtained for all depths using a 8-cycle program  with a basic cycle time of 
one second. In the periodic mode, on the contrary, the NBES controls the 
emission as a function of a depth window chosen by the operator. Emission 
rale is determined by the time necessary for the sound to travel up to the 
deepest limit of the window.



—  Under Echo Processor control : in this mode, the NBES is controlled 
by the mini-computer. Its role is identical but the cycle duration will be 
equal to the time needed for the echo to reach the ship plus a short pro
cessing lime (less than one second). Fig. 8 illustrates a bathymetric profile 
obtained on the UGR in this mode. Total depth increment of the record is 
750 meters, corresponding to the last second of reception. Depth can be 
obtained by interpolation between scale lines and addition of the number of 
750 meter (one second) cycles corresponding to the number of seconds

F ig. 8. —  E x am p le  of an a lo g  ver tica l  b eam  record in a u to n o m o u s  m ode  ( repe t i t ion  ra te  :
6 seconds).

ECHO PROCESSOR CONTROLS
f ........... ...........D IS P LA Y  CO N TRO LS— — — .

.SONAR c o n t r o l :

OCPTH SCALE

Fit*. 9. —  Contro l  panel  ; l e f t ,  NBKS con tro ls  ; r i g h t , Echo Processor  con tro ls  ; in the 
u p p e r  r i g h t  corner ,  d i sp lay  of the  t ran s v e r se  b a th y m e tr ic  p rof i le ,  recep tion  ga tes  a p p e a r

as d ashed  lines.



elapsed before the one recorded. Oblique beams can also be displayed in 
analog form  by selection on the NBES control panel (fig. 9), either each 
beam separately, all together, a l te rna te  port  and  s ta rboard  beams, or as 
port  an d  s ta rb o a rd  couples.

Depth of the vertical beam is also digitized by h a rd w are  (except in 
group ping mode) and  displayed on nixie tubes on the NBES control panel 
(fig. 9) and  repea ted  in the sh ip’s scientific laboratory.

T he  left side of figure 9 represen ts  the NBES control panel w hich  
includes :

—  em ission control, s tandby  or t ran sm it  ;
—  im pulse  dura tion ,  1 or 7 msec ;
—  mode of operation, group ping, periodic, o r  echo processor ;
—  repetition  ra te  in au tonom ous  mode by setting a depth  window ;
—  depth  d isp lay  of the  vertical beam  ;
—  beam  selection for analog display.

Echo Processor

The m a in  func tions  of the Echo Processor a re  :
—  n u m erica l  processing of incom ing signals from  the hydrophones, 

ca lcu la tion  of depth  and  transverse  d is tance to the sh ip  for all 
beam s ;

—  m agnetic  tape digital record ing  ;
—  digital p lo tte r  control ;
—  CRT d isp lay  of transverse  ba thym etr ic  profile.
The Echo P rocessor  operates under three d ifferent modes. In mode 1, 

unprocessed  signals are displayed on the CRT in o rder  to  initialize various 
pa ram ete rs  an d  to  control levels (noise, back-sca ttered  energy, etc.). In 
m ode 2, signal reception gates are controlled m anually .  In mode 3, gates are 
set au tom atically . Mode 3 is the norm al mode of operation . Mode 2 is 
used for in itia liza tion  or in  case of signal loss.

Echo P rocessor controls  a re  show n on figure 9 (r igh t side) ; the upper 
p a r t  (display control) centers  the profile on the CRT an d  selects the  vertical 
exaggeration, the m iddle p a r t  (data  entry) controls  the en try  of various 
p aram ete rs ,  m a in ly  sh ip ’s speed and  heading, plot scale and  contour 
in terval.  In  m ode 2, the transverse  ba thym etr ic  profile  appears  on the CRT 
for each ping l inearly  in terpo la ted  between the 16 beam  values (fig. 9). 
The profile re m a in s  visible up to the next ping. In  mode 3, reception gates 
are  visible on bo th  sides of the profile (fig. 9).

Two sets of d a ta  are recorded on m agnetic tape to be used for later 
processing :

—  Profile  charac teris t ics  : cruise num ber, profile num ber, day of the 
year, com m ents  ;

—  D ata  fo r  every ping : hour,  minute , second ; heading, depth  for 
each beam, transverse  distance for each beam.

The digital p lo t te r  contours  b a th y m e try  along a rectified sh ip ’s track. 
Scale and  co n to u r  in terva l are chosen by the operator.  Slope is indicated  by
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small m ark s  bordering  every o ther contour line and  oriented towards 
increasing  depth. D epth  value of contour lines is periodically  indicated by 
sm all m ark s  across  the  cen tra l  axis and  w rit ten  on the lower part  of the 
plot. Hour, heading , and con tour in terval are  periodically  w rit ten  on the 
upper  p a r t  of the plot.

A telew riter is connected to the com puter together w ith  a cassette unit 
to load program s, initialize various  p aram ete rs  (sound velocity profile, etc.) 
an d  control system  operation .

EVALUATION 

Test zone

A test cruise (April 12 - May 18, 1977) has p erm it ted  the conduct of a 
detailed eva lua tion  of the Sea Beam  perform ance. In order to eliminate 
navigation errors, t ran sp o n d e rs  for acoustic navigation  were deployed in the 
test area. W ith  such  a system, navigation accuracy  w as of a few m eters  [4], 
Test zones were located in the Bay of Biscay (fig. 10). One zone was selected 
in the abyssal plain  (depth  about 4 750 m, slopes less th an  1/1 000) in 
o rder to check the u lt im ate  accuracy  of the various beams, th e ir  s tability 
in time, and  the various modes of operation of the system. A nother zone 
w as selected on the  con tinen ta l  slope (depth 2 500 to 3 700 m, slopes 10 to 
40 % ) in o rder to  check the influence of slopes and  s truc tu res  on the 
accuracy  of the  system. Because both  zones h ad  to be close to the sh ip ’s 
base, Brest, n e i th e r  m ax im u m  depth  of operation  (12 000 m), nor operation 
over various bo ttom  charac teris t ics  could therefore  be tested. The test 
cruise time spread, however did perm it  checking the effect of various sea 
conditions on the system.

F or bo th  tes t  areas, a precise ba thym etric  m ap  has  been m ade from 
vertical beam  d a ta  alone in o rder  to serve as reference. In the slope area, 
32 t rack  lines were ru n  parallel w ith  a spacing of 150 m controlled by 
acoustic navigation. Fig. 11 shows the ba thym etr ic  m ap obtained for that  
a rea  (20 m eter co n to u r  interval, original scale 1/10 000). It is the most 
accurate  m ap th a t  could be obtained for reference. A sim ilar m ap  was 
m ade to check the absence of an y  relief in the abyssal a rea  which proved 
to be perfectly  flat.

Q u a li ta t iv e  a n a ly s is

A b y s s a l  p l a in

Fig. 12 (A) and  (B) i l lu s t ra te  resu lts  from  the first tests in the flat 
area. Contour in terva ls  of 2, 5 and  10 m  have been selected in tu rn .  One 
can estim ate  th a t  the resolution  of the system (all beam s) a t  th a t  time lay 
between 10 and  15 meters, since observed con tours  do not reflect sea floor 
topography, w h ich  is perfectly  flat, b u t  in tegra te  several other effects. 
F irs t  of all, s h ip ’s heave, w h ich  is less than  2 m  for the case shown. 
Secondly, the progressive decrease in accuracy the m ore oblique the beams



F i g .  11. —  B a th y m e tr i c  m a p  o f  Test  A rea  1 o b ta in e d  f ro m  v e r t ica l  b e a m  d a ta  o n ly  a n d  
150 m t r a c k  l in e  spac ing  w i th  aco u s t ic  n a v ig a t io n  (only  ev ery  o th e r  l in e  sh o w n ) .

F r a m e  m a r k s  spaced  a t  1 000 m .

are to the sh ip’s axis. Thirdly , some system atic  errors ,  such  as the deeper 
zone below the m edian  line of fig. 12 A which always appeared  on the  s ta r 
board  side whatever the sh ip ’s heading . The source of these e rro rs  is 
discussed later and  solutions have been found to reduce th e ir  effect.

S lo p e  area

In  order to  com pare Sea Beam  plots to the re ference m ap  (fig. 11), the 
following assemblages have been made. Sea Beam plots, such  as fig. 13, 
have been cut a long the ir  m edian  line an d  one h a lf  has  been aligned along 
the corresponding ship t rack  by m a tch ing  time m ark s .  E xac t a lignm ent 
could only  be obtained for one t im e m a rk  because the  speed used for the 
Sea Beam  plot did no t  correspond exactly  to g round  speed. A way from  
this  m a tc h  point, sh ifts appear  in  the a lignm ent of the con tou r  lines from  
profile to profile w hich  reflect er ro rs  th a t  are m ore  nav igational th a n
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Fin. 12. —  F ig u re  d r a w n  f r o m  re a l  t im e  c o n to u r  l in e  plot in I lie Bay o f  Biscay abyssa l  
p la in  (Test Area 2) w i th  v a r io u s  c o n to u r  in te rv a l s  ; (A) Ô m : (H) 2 m, 5 m, and  10 m ;

o r ig in a l  scalc 1/20 000.
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F i g .  14 . —  Slope a rea  (Test Area 1 ) . Map m ad e  f rom  halves of Sea Beam p lo ts  fo r  N-S 
t rac k s  a t  300 m spacing t ied  w i th  n av ig a t io n  p lo t  a t  m id -p o in t  of  profiles.

bathymetric. These assemblages are therefore of qualitative value only. 
Figure 14 shows the assemblage obtained by overlapping plots w ith 300 m  
track spacing. Figure 15 shows a similar assemblage for 1 200 m track 
spacing. This figure illustrates well the progressive decrease of swath  
width with decreasing depth. Comparison of these two figures with figure
11 shows several points. First of all, if  the map constructed with the vertical  
beam alone is more pleasing to the eye, it has become so in part by elim i
nating minor structural features such as local slope variations along the 
W N W -E SE  escarpment. These minor features are not artifacts as they are 
repeated from profile to profile, and they are of some interest for the 
structural analysis of the area. Secondly, the decrease in accuracy as the 
obliquity of the beams increases is rather minor, as shown by the good 
match of the vertical beam data where it overlaps different oblique beams  
in both figures. The total swath is therefore mapped with almost even 
accuracy and a great overlap is not necessary. This slow degradation of 
the accuracy with obliquity is remarkable and is a major asset of the 
system. Thirdly, time reduction in ship time needed to conduct a survey is 
function of the overlap between lines but should be greater than a factor  
of 10 in almost any case. Fourthly, the need for the best estimate of ground  
speed is well illustrated by the increasing misalignment of contour lines



away irom the center of Ihe zone. Finally, a later comparison made of 
figures 14 and 15 with E-W lines crossing Ihe N-S network showed that 
the accuracy is independent of ship’s heading for all practical purposes.

Quantitative analysis

Fla t  area  —  NB E S  

V e r t i c a l  B ea m

The accuracy of the vertical beam has been measured over two hour  
periods. Comparison between the depth measured from the graphic recorder  
and the depth given by the NBES digitizer gives 0.2 meter rins error. Sta
bility has been measured by comparing series of measurements spaced in 
lime. Observations made over several days have shown fluctuations of 
1 meters’ amplitude with a tidal period which could be correlated with 
data from the tide gauge at La Rochelle. After correction for this tidal 
ell'ect, standard deviation from one set of measurements to the other has 
been found to be of the order of 0.(55 meter in the 4 750 meter water depth 
of Ihe test area.



O b l i q u e  B e a m s

C om parison between the vertical beam and  discrete values m easured  
on the graph ic  recorder switched in tu rn  from  one beam to the next, gives 
the  differences in Table 1. These differences are larger th a n  those obtained 
w ith  th e  Echo Processor, as show n later.

T able 1

Beam
2

P s
3

P S
4

P S
5

P S
6

P S
7

P S

Difference
(m)

0 9 -3  -1 -6  15 -7  10 —9 16 -16 -7

Flat area - Echo Processor 

V e r t i c a l  B e a m

T he  accuracy  of the vertical beam com puted  as the rm s value of the 
differences between the NBES and  the softw are  digitizer is 1.62 meter. 
F igu re  16 shows th a t  the  s tan d a rd  deviation from  the NBES digitizer is 
sm aller  (0.4 m eter) th a n  th a t  of the Echo Processor (1.67 m eter). The 
cause of th is  difference is discussed later.

N

-
Echo -  processeur

10.

T 1  i  t  î
4750 4755m

F ig . 16. —  NBES a n d  Echo  P r o c e s so r  v e r t ica l  b e a m  d ig i t iz a t io n  ; h i s to g ra m  of n u m b e r
of interrogations versus depth.



O b l i q u e  B e a m s

A special p ro g ram  has  been used to m easure  statis tica lly  the accu racy  
of the oblique beams. The p rogram  gives the m ean and  the rm s value of 
the difference between each oblique beam  and  the vertical beam  tak en  as 
re ference for 400 cycles. Results  a re  show n in table 2 and  p lo tted  in 
figures 17 A and  B. F igure 17 A shows th a t  the rm s  value varies little f rom  
beam  to beam. Values obtained for the m ost oblique beam s are small. F o r  
beam  6, for example, one can com pute  th a t  the observed erro r  corresponds  
to an  angu lar  offset of a q u a r te r  of a degree. Beams close to the vertical 
(1, 2, 3) however a re  not as accu ra te  as expected. F igure  17 (B) gives the 
m ean  difference of the systematic e r ro r  between each beam and the vertical

D e p th /Profondeur 4760m
Accuracy(m)

Précision en m.

Systematic error 
Erreur systématique

Accuracy(m) 
Precision en m.

V A
V -

V
/ s ' "

Beam
Faisceau

_Course/cap 148° 

..Course/Cap 328°

Im g . 1 7 . Accuracy t e s t  in  f l a t  a rea  ; (A) RMS v a lu es  fo r  each  b e am  
e r r o r  fo r  each  b e a m  ; (C) RMS a s  a fu n c t io n  o f  cou rse .

(B) s y s te m a t i c

Table 2

Beam
1

P S
2

P S
3

P S
4

P S
5

P S
6

P S
7

P S

Mean
difference 4.0 -2.0 0.0 -2.5 0.0 -1.0 0.5 0.5 2.0 2.0 0.5 2.0 3.5 0.5

RMS 4.5 4.2 5.1 4.6 5.5 5.2 6.9 6.2 8.4 6.1 6.8 6.6 7.7 8.4



one. These e r ro rs  are small except for po rt  beam  1 (4 meters) an d  s ta r 
bo ard  beams 1 and  2. A system atic  correction  has  been in troduced  to 
cancel these offsets until  their  cause is better unders tood . F igure  17 (C) 
i l lus tra tes  a curious phenom enon  observed in the f la t  area. T he same track  
has  been sailed twice on opposite courses. RMS values for the cen tra l  beams 
vary  little, b u t  for oblique beam s the largest rm s  values change from port 
to s ta rboa rd  as the ship reverses course. This  course is parallel to the 
lower con tinen ta l  slope and  the observed reversal could be due to the 
s t ru c tu re  of surfic ia l sedim ents or ripple m arks .  Indeed a large varia tion  
(—  10 dB) in the level of backscattered  energy has  been m easured  with  the 
change in ship 's  heading.
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Fiti. 18. — D ep th  d isp e rs io n  over f l a t  a rea  fo r  each b e am ,  a n d  fo r  <J5 in d iv id u a l  pings.

Figure 18 shows the d is tr ibu tion  of 35 discrete pings a t  sh ip ’s heading  
of 148°. T he a sy m m etry  in p o r t  and  s ta rb o a rd  values is well displayed. 
This  figure also shows th a t  if only discrete values wrere used, differences 
of +  or —  10 m ete rs  can be observed even for near-vertical beams. Quite 
clearly, processing of a great num ber of values by the Echo Processor 
yields s ta tis tica l es tim ates  of the real depth  and  significantly  increases the 
accu racy  of the system. For th a t  reason, if the g reatest  accuracy is desired 
s h ip ’s speed should  be reduced, especially over s trong  slopes. F igure 12 
i l lus tra tes  the effect of these varia tions  on Sea Beam plots. The greater 
var iance of po rt  beam s a t  course 148° generates a noisier plot. The elevated 
a rea  seen on the  po rt  side of th e  track  and  th e  sm all depression on the 
s ta rb o a rd  side re flect  the system atic  errors  on those beam s as shown on 
fig. 17 (B).

I n c l in a t i on

In order to verify  the good stabilization of the system a 5° list was 
given to the sh ip  w ith  ballast. R m s values a re  given in table 3. Two extra



beam s on the po rt  side (Nos. 8 & 9) have replaced two s ta rb o a rd  ones. 
Values are  very close to  previous ones and no error in stabilization seems 
lo exist.

Table 3

1 2 3 4 5 6 7 8 9
Beam P S P S P S P S P S P S P S P S P S

RMS 3.2 6.7 7.8 5.0 8.1 6.0 6.1 6.4 5.9 7.1 7.3 7.1 6.1 7.5 10.7 .. .

+ 70

H iu. 19. —  Slope a rea  : d ifference  ( in  m e te rs )  b e tw ee n  o b l ique  b e a m  a n d  v e r t i c a l  b e a m  
as re fe re n ce  fo r  th re e  p ro f i le s  I, I I  a n d  II I .  Dots  r e p re s e n t  d a t a  p o in t s  t a k e n  a lo n g

s h ip ’s t rack .



S lo p e  ar e a

F o u r  lines (2 N-S and  2 E-W , 1 000 m eters  ap a r t )  ru n  w ith  acoustic 
navigation have been used fo r com parison  with  the vertical beam  reference 
m ap. Differences between oblique and  vertical beam s m easured on the 
m ap  are p resen ted  in figure 19 for three profiles. Corresponding rm s  values 
a re given in figure 20. Mean slope for these profiles w as 10 cr w ith local

Depth /  Profondeur 3 5 0 0 -3 7 0 0 m .

F ig . 20. S lo p e  a r e a  : (A) RMS va lue  for  each beam  correc ted  fo r  ve r tica l  beam  
v a r ia n c e  fo r  p r o f i le s  I, II  a n d  III  co m b in e d  ; (B) KMS v a lu e  f o r  each  p ro f i le  sepa ra te ly .

m ax im a  of 40 %. T he m ean  accuracy  for all beam s is of the order of 10 
to 15 meters  bu t  its d is tr ibu tion  is less hom ogeneous th an  in the flat area. 
On line I, s ta rb o a rd  beam s give large discrepancies. A closer look reveals 
th a t  these re su lt  f rom  p a r t ic u la r  sea floor morphology. Seven individual 
cycles have been closely exam ined  and results  are  given in table 4. This 
table gives the difference betw een the vertical an d  each oblique beam 
m easured  on the  m aps, as well as slopes given by Sea Beam plots. Although 
the largest d iscrepancies  coincide with  the steepest slopes, discrepancies 
rem a in  larger than  on lines II o r  III, especially for Beam 4 w ith  a high 
rm s  value of 28 m. The largest differences occur on top of a N-S rounded
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F ig. 21. — C o n to u r  j>Iots for  two paral le l  l ines in te rsec t ing  a canyon .  1'he presence of 
ridge B crea tes  e r ro r s  on the  lower  l ine  beyond  t h a t  ridge.

topographic high. This particu la r  morphology is such that arrival times of 
beams 1 to 4 are almost synchronous. Furtherm ore , due to the slope, m irro r 
reflection lies close to beam 4. It appears tha t  the system could not diff
erentiate this high energy reflection coming through side lobes from the 
synchronous low level backscattered energy entering the main lobe of 
beam 4. A similar case w'as found later during the tests, and is shown in 
figure 21. Two parallel lines intersect a canyon some distance apart.  On 
the upper line no anomalies can be seen in the contour lines, even with 
slopes exceeding 100 %. On the lower line however, the presence of ridge 
B parallel to the course of the ship creates noise in the contour lines beyond 
the ridge. A close analysis shows that the ridge advances the oblique beams 
in time until they lead the vertical beam, then slows them  dow’n until they 
lag it. This overlap in reception time is such that the system will again be 
unable to reject high energy side lobe signals, especially because back- 
scattered energy from  the slope beyond the ridge will be even weaker 
than normal. This situation, however, is not very frequent because it 
requires a rare geometry.

Miscellaneous

C o m p a r i so n  w i th  w i d e  angle  sonar

Figure 22 illustrates the bathym etric  profile obtained along the lower 
line of figure 21 with a w’ide angle single beam sonar. The passage of the 
transverse canyon shows so much loss that its direction cannot be guessed



0 2
E-\V SECTION :(.:. KC, i___________ I Miles

F ig. 22. — W ide  angle  echo so u n d e r  p ro f i le  a long low er  l ine  of fig. 21.

from tha t  record. Slopes are greatly attenuated  and the presence of m ul
tiple side echoes does not permit one to determ ine the depth vertically 
beneath the ship. The comparison of figures 21 and 22 illustrates better 
than  all else the great advance of multi-beam techniques over existing mono
beam systems.

S h a l l o w  w a t e r

Although the Sea-Beam is not adapted for shallow water, tests have 
been made over the continental shelf and in the Ushant Trough. Two situa
tions seem to occur :

1. W hen the reverberation coefficient of the bottom is high relative 
to reflection, an accuracy of 0.5 m rm s can be obtained as shown by figure 
23 for one crossing of Ushant Trough (one m eter contour interval).

2. W hen reverberation is too small relative to reflection, side lobe 
rejection becomes difficult and the accuracy drops down to 2 to 3 meters 
mis, which is not sufficient for detailed shelf surveys. This low accuracy



comes from  the too-long em ission pulse and  the too-long sam pling in terva l 
(3.3 m sec) used to digitize the received echoes.

142 143 144 145 146 147 148 150 151

0  20 m .______1 I
F ig .  23. —  F ig u re  d r a w n  f ro m  rea l  t im e  c o n to u r  l ine  p lo t  f ro m  the  c o n t in e n ta l  shelf,  

U s h a n t  T ro u g h ,  1 m  c o n to u r  in te rv a l ,  sca le  o f  th e  o r ig in a l  re c o rd  1/1 000.

F u r th e rm o re  in shallow w ater,  the w id th  of sea floor band  covered by 
the  Sea Beam becomes small, and  very accurate  navigation  is needed. The 
Bo’sun, developed also by GIC, is a m ulti-beam  system  better adap ted  to 
shallow  w ate r  w o rk  [5 ] ,  [6].

S p e e d  in f l ue nc e

T ests  of speed influence over Sea Beam  perfo rm ance  have been run ,  
from  stop to full ah ead  (13.8 kno ts) .  No influence of speed on the quali ty  
of the resu lts  could be detected in  the flat area. Table 5 gives the  rm s 
values for 13.3 knots .  The increase  in h y d rodynam ic  noise stays limited 
re lative to am bien t  noise. W ith  the exception of s teep slopes, the loss of 
da ta  density  versus distance for a given emission cycle due to increased 
speed does not cause a loss in quali ty  of contour lines. D ata  density  along 
the sh ip ’s track will always rem ain  h igher th an  la tera l  density  even at 
m ax im u m  speed, an d  a sm ooth ing  of d a ta  will a lw ays take  place.

Table 5

Beam
1 2 3 4 5 6 7 8

P S P S P S P S P S P S P S P S

RM S 4.5 5.4 7.1 4.1 5.4 5.1 5.0 5.1 5.0 8.9 63  7.1 6.3 9.1 7.1 8.6



Sea s t a t e  in f l u e n c e

Sea s tate  is a de te rm in ing  factor in  the good operation  of the Sea 
Beam. The m ost critical po int is the occurrence of a ir  bubbles m ask ing  
pro jec tors  and  hydrophones. T he s i tuation  appears  w hen  the  ship pitches 
heavily at sea state  5 if sailing head on into the waves a t full speed, or sea 
state 7 if sailing away. D egradation  of record  quality  is progressive b u t  the 
system will still operate. Speed reduction  will allow w ork  in  h igher  sea 
states.

M a x i m u m  d e p t h

At the time of this article, m ax im u m  dep th  encounte red  has  been 
7600 m eters  in the R om anche F rac tu re  Zone. No loss of d a ta  h as  occurred. 
M axim um  depth, as given by the m an u fac tu re rs ,  is 12 000 m eters .

TECHNICAL RESULTS 

Transducer directivity

E m i s s i o n

M easurem ents  have been taken  as follows : a hydrophone ,  positioned 
by a re lay  tran sp o n d e r  over an  a r ra y  of bottom  tran sp o n d ers  [2],  is lowered
lo the requ ired  depth  by m ean s  of a conducting  cable. The sh ip  is manoeu
vred in order to swing the hydrophone  along a segm ent of circle in the 
vertical plane longitud inal to the ship. T he received signal is am plified  
and  tran sm it ted  to the ship. F igure  24 shows the  re su lt ing  emission 
diagram . Main lobe directiv ity  m easured  a t 3 dB a t ten u a tio n  is 2.9° against 
2.66° announced  by the m an u fa c tu re r s .  T he difference is small, an d  could 
be due to the m ethod  used. Secondary  lobes are 4 to 5 dB h ig h e r  than  
announced. At 4°, 8" an d  22° ,  23 dB a t tenua tion  is observed. T he  m ir ro r  
lobe at 54" to 58” has a low 10 dB attenuation .

Atténuation

F ig .  24. —  E m is s io n  d i a g r a m  of Sea B eam  : a t t e n u a t io n  v e rsu s  ang le .  

R e c e p t i o n

M easurem ents  have been tak en  by  lowering dow n to a d ep th  of 2 000 
meters a p inger tuned  to the  exact f requency  of the  Sea B eam  (12 157 cps).



T he p inger w as positioned by a re lay  tran sp o n d er  via th ree  bottom  t r a n s 
ponders.  T he ship w as manoeuvred laterally  so the p inger would describe 
an  arc  of circle in the p lane transverse  to the ship for its emission to in te r
sect each receiving beam. Because of sh ip ’s roll m easu rem en ts  have been.

Atténuation

Atténuation

F ig . 26. —  B eam  No. 4 re ce p t io n  d ia g ra m  : a t t e n u a t io n  v e r su s  angle .



tak en  a f te r  stabilization. F igure  25 shows the reception d iag ram  for the 
vertical beam. Directivity is 3.4° and  side lobes are a t ten u a ted  at 28 dB. 
Only one oblique beam (No. 4) has  been m easu red  an d  the re su lt in g  d iagram  
is given in figure 26. Directivity is 3.4°. The m ain lobe seems to be 
asym m etr ic  probably  due to the V shape of the reception tran sd u cers  
(fig. 3). Secondary lobes are well a t tenuated .

E m i s s i o n  l eve l

Em ission  level was found  to be 130.1 dB at one meter.

SYSTEM  EVALUATION

Although our tests have fu lly  confirm ed the validity of the system, a 
few rem ark s  can be made.

H ardw are

Figure  16 shows the superior ity  of the ha rd w are  digitizer over the 
software one. A certa in  im provem en t should  therefore  be possible as far as 
dynam ic range and  digitizing interval are  concerned.

D y n a m i c  ra n g e

The A /D  converter h a s  to be placed in the best condition of operation, 
and  th is  is done by the  TVG (time variable gain). T he gain  has  to be high 
enough to digitize w ith  accuracy  the low level backscattered  energy, bu t not 
too high in order no t to sa tu ra te  w ith  the high level specular  energy. The 
presen t dynam ic range of 72 dB seems insufficient ; the necessity  to avoid 
sa tu ra tion  resu lts  in a loss of accuracy  in the  digitization of the  reverber
ated energy. This  po in t seems to be the m ost critical of the system.

D ig i t i z in g  s t e p

E ach  channel is digitized w ith  a 3.3 msec interval. T h is  seems a little 
too long and  resu lts  in  generation  of 1 to 2 m eters  noise (fig. 16).

Softw are

T he h ea r t  of the Sea B eam  is its softw are w h ich  processes signals  from 
the NBES. One of the m ost delicate problem s seems to be side lobe re jec 
tion because th e  specular energy  is always very h igh  com pared  to the back- 
scattered one. For a given beam, the m ethod  used seems to w ork  when 
the two energies are well sepa ra ted  in  time. Otherwise, e i ther in shallow 
w ater or  for special bo ttom  configuration  as show n in table 4 a n d  figure 21, 
separation is im properly  done and  yields large errors .



O utputs

The Sea Beam digital p lotter con tours  are of the g reatest  value. It is 
fascinating  to see the sea bottom  s truc tu res  being d ra w n  under  your eyes 
in real time as the ship moves over them . Two im provem ents  should in 
crease the con tou rs ’ value even more. F irs t  of all, in the early  version 
sh ip ’s speed was in troduced  m anually ,  and only reflected a m ean  speed 
given by the sh ip ’s navigator.  Direct coupling to the sh ip ’s log w ould  have 
perm it ted  one to in teg ra te  m inu te  varia tions of speed. This  coupling was 
im plem ented  in J u n e  1978 and  has  proved very satisfactory.

F or  the  tim e being, w henever necessary  to pallia te  the lack of precise 
navigation, a small overlap  between lines and a few cross lines have been 
sufficient to assemble b a thym etr ic  m aps from  the real t im e plots w ithou t  
an y  m a jo r  problem s [7], Positioning erro r due to the  use of a speed 
different from  tru e  g ro u n d  speed resu lts  in a longitudinal distortion of 
contour lines. This defo rm ation  has  never been im p o r ta n t  enough to 
prevent m a tch ing  overlapping  lines. A complete in teg ra tion  of th e  Sea 
Beam d a ta  w ith  navigation  would be the second im provem ent,  and  a highly 
desirable one. This  in tegra tion  w ould  provide contour lines directly in 
geographic coordinates. It would also take into accoun t sh ip ’s yaw  and  
drift .  It  would perm it  w ork  at an y  scale w ithout loss of accuracy due to 
contouring. In  the p re sen t  m ethod  of contouring, a fixed grid space is 
used. The n u m b er  of d a ta  averaged over each grid cell will therefore vary  
w ith  the sh ip ’s speed an d  the plot scale. This in tu rn  forces the user to 
choose the largest possible scale in  order to limit data  sm oothing. A grid 
space vary ing  w ith  the  scale chosen would in su re  m ore flexibility and  
constancy  of con touring  charac teris tics .

In order to p repare  th is  in tegration, software h a s  been developed at 
CNEXO. This  softw are  processes the da ta  recorded on m agnetic  tapes. It 
merges Sea Beam w ith  navigation da ta  and  contours b a th y m etry  in geogra
phic coordinates. T ra n s fe r  of this software to the ship is h ighly  desirable, 
as soon as it is fully operational.

A solution to in tegra te ,  in  real time, Sea Beam d a ta  w ith  satellite 
navigation coupled w ith  a doppler sonar or an  inertial p la tfo rm  and p re 
dictive fil tering is u n d e r  study, an d  should improve the m atch  between 
overlapping lines for ocean navigation [8],  [9].

SEA BEAM USE

The Sea Beam  opens up new horizons in the  field of b a th y m etry  for 
scientific and  applied research , as well as in  the rea lm  of system atic  m arine  
cartography.

The m a in  advan tage  over m ono-beam  techniques is th a t  it provides 16 
equivalen t m ono-beam  track s  w ithou t  the absolute need for precise ship 
positioning th a t  w ould  exist in o rder  to get an  equivalen t set of data  w ith  
a m ono-beam  system. F u r th e r ,  w ith  requ ired  m ono-beam  track spacing
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vary ing  from  10 m  on the shelf to 300 m in the deep ocean, the time 
necessary  is so large th a t  very few detailed surveys of the s o r t  have heen 
conducted  up to now [10]. W ith  the Sea Beam such detailed work will be 
done routinely.

Isolated  track  line

Sea Beam data  collected along isolated lines have proved to be highly 
profitable . Systematic read ing  of sea floor s truc tu re  orien ta tion  perm its  one 
to reveal the tectonic style of the area  and  to correlate it, for example, to 
an  oceanic or a con tinen ta l  origin. Single tracks have shown up the 
existence of volcanic vents  along mid-ocean ridges, or the sinuous course 
of a subm arine  canyon, etc.

E xplorato ry  surveys

The Sea Beam is a tool well suited for exploration. It perm its  one to 
explore new study  areas  rap id ly  w ithou t  the need for full ba thym etric  
coverage. As an example, a t the end of the Sea Beam tests, a few lines have 
ou tl ined  the s t ru c tu re  of the continenta l m arg in  a ro u n d  Test Area 1 
(fig. 27) [11]. As p a r t  of this survey  m ost of a c an y o n ’s m eanders  were 
sailed over, w ith  the Sea Beam as a guide. Knowledge of the trend  and 
slopes of this canyon will perm it  more detailed studies, such  as dredging, 
coring or diving.

D etailed  cartographic coverage

F igures  14 and  15 i l lus tra te  the use of Sea Beam for detailed m apping  
utilizing a highly precise navigation system. However, as one moves away 
from  shore, navigation accuracy  usually  decreases. To counteract  this, as 
w a te r  depth  increases, the w id th  of the Sea Beam bands  increases and  so 
does the possibility of localizing large typical s truc tu res  such as scarps and 
seam ounts ,  which m ay  be used as a tie po int in a survey. Several local 
surveys have been m ade w ith  dead reckoning alone, using such  tie points 
for the mosaic m oun ting  of Sea Beam contours. In the absence of any  ch a
racteris t ic  seafloor fea tu re  the  assemblage wrill become m ore  difficult, and  
even become impossible in flat areas but there the need for precise m apping 
is less acute.

Station  w ork

F o r  station w ork  one usually  wishes to keep the ship fixed relative to 
a sea floor s truc tu re .  T he Sea Beam can be used for th a t  purpose by 
in troduction  of a fic tit ious speed in order to keep the plot ru n n in g  even 
(hough the ship is not moving. Motion of the ship relative to the bottom 
can be m onitored, and  corrections applied. For extensive station work.





m ulti-beam  technology could be applied to m easure depth  bo th  fore and  aft 
as well as a th w artsh ip .

L im it of reso lu tion

The reso lu tion  of the Sea Beam decreases with the obliquity  of the 
beam s and  is therefore  no t  un ifo rm  over the w id th  of the con tour plots. As 
seen earlier, the  m ean  accuracy  of the system in the deep ocean appears to 
be be tte r  th a n  10 m eters  a f te r  removal of system atic errors. Figilre 28 is a 
3.5 Kc record  showing a  change from  a well s tratified  sm ooth  area to a 
d is tu rbed  one with  u n d u la t io n s  of a few meters. T he two zones are 
sepa ra ted  by a scarp of abou t 10 m eters. F igure  29 is the Sea Beam record  
across th a t  transit ion . T he scarp is well outlined, bu t the change in bottom  
ch a rac te r  on both  sides of it can only be seen uii lue analog record of the 
vertical beam, due to its h igher resolution.

CONCLUSION

In sum m ary , the  Sea Beam  h as  tu rn ed  out to be a perfec tly  operational 
system. On all points it  has  perfo rm ed  to our high expectations. The three 
d im ensional vision th a t  it gives of the ocean floor is such  a m a jo r  step 
fo rw ard  th a t  conventional m ono-beam  systems will soon become obsolete. 
F ir s t  cruise  re su lts  have confirm ed the great advances th a t  m ulti-beam  
sonars  will trigger in the field of m arine  ca r tog raphy  and  sea floor m o rp h o 
logy. Real tim e m erg ing  of Sea Beam  data  w ith  an in teg ra ted  navigation 
system  will fu r th e r  increase  the po ten tia l  of this new tool.
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