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1. In troduction

T he co n struc tion  of rubb le  m o u n d  b reak w a te rs  concerns a com plex task . S u rv ey s a re  req u ired  of th e  rubb le  
m o u n d  p laced  below  w a te r level as w ell a s  of the  rubb le  m o u n d  p laced  above w a te r  level d u rin g  construction . 
T he su rv ey s  a llow  to see if the m ateria l is p laced  o n  the rig h t p osition  an d  possib ly  to  take  co rrec tive  actions. 
G eophysica l a n d  geotechnical su rveys a re  o ften  u sed  to  g e t th is  necessary  in fo rm atio n  fo r the  c lien t as w ell as for 
th e  con tracto r. T he cu rren tly  availab le  techno log ies a llow  to  locate  concrete  a rm o u r blocks a n d  rocks in to  g rea t 
detail.

T he com pany  E urosense dev e lo p ed  a novel ap p ro ach  to  p rocess the  su rv ey  d a ta  of the a rm o u r layer o f the 
O stend  b reak w ate rs  in to  3D C A D  m odels o r GIS m o d e ls  o f th e  concrete  a rm o u r blocks.

2. Terrestrial lidar and  m ultibeam  surveys of the O stend  breakw ater

From  h a lf  2009 u p  to  th e  beg in n in g  of 2012 the co n struc tion  o f th e  m a in  bo d y  of th e  tw o  rubb le  m o u n d  
b reak w ate rs  in  O sten d  (B elgium ) took  p lace  (V erhaeghe e t al., 2010). The a rm o u r lay e r of the  b reak w aters  
consists of a do u b le  layer of H A R O s, concre te  blocks of 15 to n n es each. D u rin g  the co n struc tion  of the 
b reak w aters , su rv ey s w ere  perfo rm ed  to  check th e  location  of th e  d u m p e d  rubb le  m o u n d  a n d  th e  concrete 
a rm o u r layer.

T he com pany  E u rosense  h a s  d ep lo y ed  tw o  h ig h -en d  techn iques to  d o  th is. A bove w a te r level, th e  terrestria l 
l id a r  technology  w as  u sed . Below w a te r  level, th e  ba thym etric  m u ltib eam  su rv ey  techn ique  w as  d ep loyed . In 
figu re  1 tw o  im ages g en era ted  from  a te rrestria l lid a r  su rv ey  of the  a rm o u r layer o f the  O stend  b reak w ate rs  are  
sh o w n . T he im age o n  th e  r ig h t sh o w s th e  h ead  o f o n e  o f th e  breakw aters.

—o

F ig u re  1. Im ages o f  th e  a rm o u r  la y e r o f  th e  O s te n d  b re a k w a te rs  c re a te d  u s in g  te rre s tria l lid a r.
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3. A dvanced processing of the  survey data

T he d e ta iled  te rrestria l lid a r a n d  m u ltib eam  su rv ey s lead  to h u g e  d a ta  files w h ich  a re  n o t easy  to  h and le . 
F u rth e rm o re  it is n o t a lw ay s s tra ig h tfo rw ard  to  in te rp re t th e  im ages b y  ju s t look ing  a t it on  a screen. T herefo re  a 
m e th o d  to  ex trac t th e  necessary  in fo rm a tio n  from  these  h u g e  d a ta  files w as  sea rch ed  for.

T he co m p an y  E u rosense  d e v e lo p e d  a ro u tin e  to  'f in d ' the  a rm o u r blocks by  fitting  a theo re tica l m o d e l of a 
H A R O  on  th e  su rv ey  data . T he m e th o d  is based  o n  object recogn ition  a n d  leas t sq u a re s  ap p ro x im atio n  
techn iques dev e lo p ed  by th e  E u ro sen se  L id a r d ep a rtm en t. F igure  2 sh o w s som e H A R O  m o d e ls  fitted  o n to  the 
d a ta  of a te rrestria l lid a r  su rvey .

F ig u re  2. T e rre s tr ia l l id a r  im a g e  w ith  th eo re tica l H A R O -b locks f itte d  o n to  th e  d a ta .

The m an y  m easu rin g  do ts of th e  su rv ey  of each  detec ted  a rm o u r block can  be  rep laced  th en  by  th e  cen te r 
p o in t of th e  a rm o u r block p lu s  an  o rien ta tio n  vecto r o f the  a rm o u r block. T his m ean s  th a t a fte r th e  ro u tin e  fo und  
all a rm o u r blocks, th e  h u g e  a m o u n t o f d a ta  from  th e  su rv ey  can  be rep laced  by a v e ry  sim p le  m athem atica l 
m odel, co n ta in in g  on ly  th e  cen te r p o in ts  a n d  o rien ta tio n  vec to rs o f each  block.

4. C onclusion

T he p u rp o se  of th e  p ro cess  is to d e liv e r h ig h ly  accu ra te  an d  easy  to  u se  m athem atica l m odels of th e  a rm o u r 
layer o f th e  b reak w aters , based  on  th e  p o in t c lo u d s  p ro d u c e d  by  lid a r  a n d  m u ltib eam  su rveys. Such m odels a re  
usefu l d u rin g  co n stru c tio n  of th e  a rm o u r  layer o f th e  b reak w a te rs  as w ell as la te r on , d u rin g  o b serv ing  th e  
b reak w aters  in  tim e.

T he as-bu ilt characteristics of th e  a rm o u r layers can  easily  be d ed u c te d  fro m  th e  m athem atica l m odels. 
C o m parison  o f th e  th ree -d im en sio n a l p osition  a n d  o rien ta tio n  o f a ll in d iv id u a l b locks w ith  th e  design  
specifications c lea rly  sh o w s w h ere  th e  p lacem en t of the  a rm o u r b locks n eed s  to  be  ad ju s ted .

T he techn ique  is n o t on ly  usefu l d u r in g  th e  co n stru c tio n  of th e  b reak w ate r, w h en  th e  co rrec t p osition  of each 
a rm o u r block can  be checked, b u t a lso  la te r  on  th e  tech n iq u e  a llow s to  lea rn  so m eth in g  ab o u t th e  se ttlem en t an d  
m o v em en t of th e  a rm o u r  blocks in  tim e. By rep ea tin g  th e  su rv ey s a fte r som e tim e, th e  m o v em en t vectors of each  
a rm o u r block a re  ach ieved  by ex trac ting  th e  tw o  m athem atica l m odels from  each  other.

T he p a p e r  w ill sh o w  th e  p ro cessin g  of m ore  th an  o n e  su rv ey  of th e  a rm o u r  layer of th e  O sten d  breakw aters, 
lea rn ing  so m eth in g  ab o u t the  m o v em en t of the  a rm o u r b locks afte r fin ish ing  construction .
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