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ABSTRACT

In 1983 the Belgian Government ins truc ted  the Belgian company Eurosense to 
s ta r t  with the development o f a new hydrographic measuring system : a
spec ia lly  designed hovercraft-based sounding system. A fte r  a period of 
extended te s t in g ,  the c ra f t  and i t s  special purpose hardware and software was 
accepted in 1985 by the Coastal Service o f the Belgian M in is try  o f Public 
Works. Now the system is  successfu lly  employed fo r  monitoring changes to 
access channels o f the major Belgian seaports and fo r  supervising the 
extensive dredging a c t iv i t ie s .  Moreover, i t  is used to observe the beaches and 
offshore areas near the Belgian coast.

- Belgian M in is try  o f Public Works Coastal Service, A dm in is tra t ie f  Centrum, 
Vrijhavenstraat 3, B-8400 Oostende -  Belgium.

- Eurosense, J. Vander Vekenstraat 158, B-1810 Wemmel - Belgium.

★
Beasac is an acronym fo r  Belfotop Eurosense Acoustic Sounding A ir  Cushion 
Platform.
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1. INTRODUCTION

Aeria l remote sensing techniques have recently  been developed and extensively 
used by Eurosense to give re l ia b le  resu lts  on coastal s t a b i l i t y  and beach 
erosion. The advantages o f th is  method are obvious : speed and accuracy of 
measurement, the a b i l i t y  to provide eas ily  assimilated resu lts  ( i . e .
d i f fe re n t ia l  charts, ca lcu la t ion  o f beach surfaces and volumes), a correct 
momentary recording o f a large area o f observation. So fa r  th is  method has 
been l im ited  to surface observations above low water leve l.

Sedimentological processes are however not so le ly  re s tr ic te d  to the beach 
area. Important phenomena also occur nearshore, below the surface of the sea, 
in a zone not accessible by ae r ia l remote sensing techniques. Until now, the 
detection o f the va r ia tions  in  seabottom morphology was performed so le ly  from 
c lass ic  bathymetric vessels. These vessels possess two essential
disadvantages. In many cases the bathymetric soundings cannot be performed 
close enough to the beach, so as to properly achieve the l in k  between them and 
the aeria l remote sensing data. Moreover the observations from a c lassic 
survey vessel take too long (sometimes several months fo r  one observation 
area) so tha t no accurate momentary recording o f the seabottom topography is 
achieved, because the beginning and the end o f the observations are d i f f i c u l t  
to compare. This can re s u lt  in  inaccuracies, especia lly  in coastal areas with 
rap id ly  changing morphological conditions, such as in muddy or sandy areas 
e.g. in large deltas or estuaries.

Only the use o f a fa s t  moving p la tform , capable of reaching the most shallow
waters can provide an e f fe c t iv e  so lu t ion . These arguments (speed and the 
a b i l i t y  to reach otherwise inaccessible regions) made Eurosense decide to 
evaluate hovercraft as sounding platforms.

Although the idea to use hovercraft fo r  hydrographic purposes is  not new, 
e a r l ie r  attempts encountered numerous d i f f i c u l t i e s .  Nevertheless the demand 
fo r  hovercraft in surveying is  l i k e ly  to increase s ig n i f ic a n t ly .
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2. SYSTEM DEVELOPMENT

2.1. The B.H.C. SR.N6 Mk IS hovercra ft.

Several hovercraft have been evaluated since 1981 by Eurosense. F in a lly  the 
best resu lts  concerning speed an s t a b i l i t y  were archieved w ith a B.H.C. 
SR.N6 Mk IS hovercraft which is  driven by a Rolls-Royce gasturbine. This 
platform has been called the BEASAC-platform (Belfotop Eurosense Acoustic 
Sounding A ir  Cushion-platform - See f igu re  1 : the BEASAC-platform - side
v iew).

The c ra f t  is  a passenger version. In preparation fo r  use as a survey c ra f t ,  
extensive modifications were studied by and completed under the supervision of 
Eurosense's technical s ta f f .  The main cabin has a large table fo r  survey 
operations. Several removable and adjustable seats are mounted on the f lo o r  
(See figu re  2 : the main cabin w ith  the survey equipment). A remote navigation 
screen is  mounted near the instrument panel (See f igu re  3 : remote navigation 
screen and instrument panel). Next to th is  survey room is an a ir-cond itioned 
computer room (See f igu re  4 : view on the computer room) and an hydraulic
control room with general domestic f a c i l i t i e s  (See f igu re  5 : hydraulic
control system).

Two iden tica l e le c t r ic  power supply un its  driven by diesel engines are mounted 
inside the raised side decks (See f igu re  6 : e le c t r ic  power u n i t ) .  Two
acoustic transducers are in s ta l le d  in a f is h  made from welded sta in less steel 
sheet. The streamlined p r o f i le  o f the f is h  is  designed fo r  a survey speed of 
27 knots, although higher speeds are possible in practice.
The hydraulic re trac tab le  arms mounted on both sides o f the c r a f t ,  bring a 
streamlined sword w ith the f is h  in or out o f the water (See f igu re  7 : 
hydraulic re trac tab le  arms w ith sword and f is h ) .  A mechanical weak l in k  
construction prevents damage to sword, f is h  or c ra f t  in case of c o l l is io n  with 
f lo a t in g  ob jects. Eurosense developed th is  automatic re tra c t in g  and deployment 
system espec ia lly  fo r  acqu is it ion  in shallow waters.

Servo-controlled rudders, t in te d  windows and sound iso la t io n  make the survey 
missions less fa t ig u in g  fo r  the p i l o t  and surveyors. Four extra fuel tanks and 
the above mentioned m od if ica t ions , insure an autonomy o f 7 hours.
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Next to the raw depth data other information is gathered, processed, 
synchronized and memorized :
- r o l l  and p itch  are measured by the gyroscope
- the heading is  measured by a f lu x  gate compass
- the a i r  cushion's height is  detected by a spec ia lly  designed device, mounted 

on the f ro n t  side o f the swords mentioned e a r l ie r
- a heave compensator determines the heave information
- two electromagnetic pos it ion ing  systems give horizontal pos ition data at 

the highest update ra te.

As one can see, every movement o f the survey platform is detected by a series 
o f sensors spe c ia l ly  designed and interfaced by Eurosense.

2.2 .3. A cqu is it ion  system

An extremely powerful computer system is  extended with dedicated in te rfac ing  
networks which communicate w ith  the above mentioned sensors and measuring 
systems. The m u lt i-use r operating system runs the major acqu is it ion  program, 
and allows other tasks to be executed at the same time. Adapted d r ive r 
software is  w r i t te n  to in te rrogate  and synchronize the d i f fe re n t  sensors. 
Eurosense's acqu is it ion  software on board the platform contro ls a high 
reso lu tion graphical navigation screen (See f igu re  3 : remote navigation
screen and instrument panel). This screen contains a l l  re levant information 
fo r  the p i lo t  and the surveyors :
- required tracks
- actual track
- planimetry
- numerical navigation data
- nautical data
- information about the p la tfo rm 's  dynamic behaviour
- alarm ind ica tions .
The program outputs i t s  data on Winchester disks.
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2.3. In s ta l la t io n  o f a data center in Zeebrugge.

A fte r  the completion o f an extended te s t  program, the newly developed sounding 
platform was accepted in 1985 by the Coastal Service of the Belgian M in istry 
o f Public Works. The data processing software has been in s ta l le d  by the 
Research & Develoment department o f Eurosense on a host computer system in 
Zeebrugge (See f ig u re  18 and 19 : host computer system and data processing 
room in Zeebrugge).
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3. PRODUCTION PHASE

3.1. Mission preparation

Every new mission is  prepared, by the crew, by means o f in te ra c t iv e ly  working 
software u t i l i t i e s .  This preparation is  done at the data center in Zeebrugge 
and consists o f :
- determination o f parameters concerning the area to be surveyed (track 

d e f in i t io n ,  determination o f the beacon con figuration fo r  on optimal 
pos ition ing sys tem ,.. .)

- planning, adm in is tra tion , f l i g h t  c o n t ro l . . .

3.2. The survey f l i g h t .

The platform f l i e s  a t a speed o f 30 to 40 knots to the sounding area. The 
survey speed is  about 20 to 30 knots depending on weather and t r a f f i c  
conditions. P i lo t ,  f l i g h t  engineer and surveyor control the c r a f t ,  radar 
equipment and acqu is it ion  equipment by means of ergonomic designed displays 
and control boards. The surveyor has f u l l  control over the q u a l i ty  of the 
captured data and can take appropriate action in an in te ra c t ive  manner.

3.3. Data processing

A fte r  a survey mission the data is  transferred to the host computer system of 
the data center in Zeebrugge. Immediately several procedures are started which 
re su lt  in graphical and numerical reviews of the status of the process : the 
raw depth data is  corrected w ith  several preprocessed and enhanced sensordata 
(e.g. r o l l ,  p i tch ,  heave, a i r  cushion a l t i tu d e ) .  Special purpose f i l t e r in g  
algorithms developed by Eurosense are used which employ p r io r  knowledge of the 
signals dynamic ch a ra c te r is t ic s .

A fte r  th is  correction phase, data is  compressed and t idecorrected. Figure 20 
shows a de ta i l  o f the raw and corrected data as a function of time.

The compressed depth data can immediately be p lo tted  on a hydrographic chart, 
complemented by data from an extended database of planimetry, buoys and other 
items of in te re s t  (see f igu re  21 : d e ta i l  o f the fairway at the entrance of 

the port o f Zeebrugge - hydrographic map).
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While p lo t t in g  the hydrographic chart, the m u lt i-user system of the host 
computer determines a d ig i t a l  te r ra in  model (DTM) o f the surveyed area. 
Contour l ines are calculated from the DTM. Also in terpo la ted depths on a fixed 
g r id  can be reproduced.

One can make a d i f fe re n t ia l  map fo r  an area sounded e a r l ie r  and by th is  means 
have a fa s t  and accurate view on the sedimentological processes (see f igu re  
22 : de ta i l  o f  the fairway a t the entrance of the port o f Zeebrugge - 
d i f fe re n t ia l  map - notice the southern region where the fairway has become 
almost 2 meters shallower). This way of charting and volume computating makes 
accurate supervision o f dredging operations possible.

3.4. Connection o f BEASAC and ae r ia l remote sensing data.

For the nearshore missions, the BEASAC hydrographic data can be connected with 
remote sensing data (see f ig u re  23 : beach and nearshore a t Knokke - Heist : 
hydrographic map). These remote sensing data are acquired by Eurosense at low 
t id e  by means o f high reso lu tion  photogrammetric cameras onboard an a i r c r a f t  
and fu r th e r  processed on an a ly t ica l s tereop lo tte rs  at Eurosense's f a c i l i t i e s .  
D if fe re n t ia l  charts between two or more consecutive recordings of th is  to ta l 
area, above and beneath the low water level l in e ,  are easy to produce and give 
an in s ig h t on the morphological changes of the coastal area. This feature 
gives a more general view on beach erosion, coastal s t a b i l i t y  and 
sedimentological processes.

Three - dimensional representation o f seabottom topography is  one of the 
possible outputs o f the f le x ib le  software packet in s ta l le d  a t the data center 
in Zeebrugge (see f igu re  24 : beach and nearshore a t Knokke - Heist : 3D - 

v iew ).

3.5. Advantages o f the BEASAC -  platform .

Because the hovercraft has no d ra f t ,  i t  can reach otherwise inaccessible 
regions. Classic bathymetric vessels do not penetrate close enough to the 
beach, not even at high t id e .  The BEASAC -  platform automatically re trac ts  the 
f is h  from the water while approaching the beach. This ensures an overlap 
region between the hydrographic data and the remote sensing data.
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Due to the great speed o f the BEASAC - p latform , the produced charts can be 
seen as correct momentary recordings, even fo r  large coastal observation 
areas, w ith ra p id ly  changing morphological conditions.

The c ra f t  is successfu lly employed by the Coastal Service fo r  monitoring the 
evolution of the access channels to the major Belgian seaports, and fo r  
supervising the extensive dredging operations a t these loca tions. The major 
advantages o f the system ( i . e .  fa s t  moving and accurate soundings) have proved 
to be important assets in  observing and c o n tro l l in g  sedimentological and 
dredging processes.



BEASAC
5/86

4. CONCLUSIONS.

The in troduction  o f th is  new concept in the world o f hydrographic survey has 
shown various advantages in comparison w ith c lass ic  systems (bathymetric 
vessels). The great speed and manoeuvrability of the hovercraft re s u lt  in :
- an enormous time gain
- the p o s s ib i l i t y  o f making accurate sediment transport and erosion studies in 

shallow and offshore water.

Eurosense developed a new a ir-cushion platform fo r  da ta-acqu is it ion  of the 
seabottom topography which was made f u l l y  operational through the use of 
spec ia lly  developed software. This p ro jec t is  considered by the Coastal 
Service o f the Belgian M in is try  o f Public Works as an important con tr ibu tion  
towards more accurate and economical observations of morphological processes, 
both natural and/or a r t i f i c i a l .

May 1986.
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5. FIGURES.



CRAFT M O DIFICATIONS

fig. 1 : the BEASAC-platform - side view.

fig. 2 : the main cabin with the survey equipment.

fig. 3 : remote navigation screen and instrument panel.

fig. 4 : view o f the computer room.

a u a a
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CRAFT M O DIFICATIONS

fig . 5 : hydraulic control system.

fig. 6 : electric power unit.

fig. 7 : hydraulic retractable arms with sword and fish.



HANGAR

fig. 8 : BEASAC at the entrance o f the hangar.

fig . 9 : inside view o f the hangar.

fig. 10 : BEASAC on jack.



PO SITIO N IN G  SYSTEM
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fig. 11 : radio equipment and the navigation sys­
tems Toran and Trisponder (above left) 

fig. 12 : XY - plot o f test track with lane-slip and 
small drift, (above right)

fig. 13 : GDOP - map fo r a beaconconfiguration 
o f Trisponder at the Belgian coast.
(GDOP : Geometric Dilution O f Precision)

fig. 14 : removable Trisponder beacon mounted 
on a jeep



DEPTH MEASUREMENT & 

PROCESSING

m

fig. 15 : fish during survey, (above left)

fig. 16 : bottom view o f a fish with two acoustic 
transducers.

fig. 17 : depth measuring equipment.



DEPTH MEASUREMENT & 

PROCESSING
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fig. 18 : host computer system in Zeebrugge.

fig. 19 : data processing room in Zeebrugge.

fig. 20 : detail o f the raw, and corrected data, as a 
function o f time.
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CRAFT M O DIFICA TIO N S

fig . 1 : the BEASAC-platform - side view.

fig. 2 : the main cabin with the survey equipment.

fig. 3 : remote navigation screen and instrumental panel.

fig. 4 : view o f the computer room.



DATA - PROCESSING & RESULTS ¡UROSEN!

fig. 5 : host computer system in Zeebrugge.

fig. 6 : data processing room in Zeebrugge. 
fig . 7 : differential map of coupled data from 

Aerial Remote Sensing and BEASAC- 
Soundings.

BEASAC - Soundings

Scale: 1/20 000
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HANGAR

fig . 13 : BEASAC at the entrance o f the hangar.

fig . 14 : inside view o f the hangar.

EUROSENSE BEASAC-Loods 
New Yorklaan 
B-8380 Zeebrugge 
Tel.: 050/54.64.38

EUROSENSE BELFOTOP N.V. 
J. Vander Vekenstraat 158 
B-1810 Wemmel 
Tel.: 02/460.70.00



fig. 9 : sword and fish during survey (above 
left).

fig . 10 : radio equipment and the monitoring 
systems Toran & Trisponder (above 
right).

fig. 11 : bottom view o f a fish with two 
acoustic transducers.
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RESULTS

Knokke-Heist acqu is ition  d a te  : beasac 2 7 /0 1 /8 6  A e ria l Remote Sensing 2 9 /0 1 /8 6

fig. 23 : beach and nearshore at Knokke-Heist : hydrographic map.

fig. 24 : beach and nearshore at Knokke-Heist : 3D - view.




