
179 
 

Understanding seafloor morphology using remote high frequency acoustic 
methods: an appraisal to modern techniques and its effectiveness 

 
Bishwajit  Chakraborty 

National institute of Oceanography, Dona Paula, Goa-403 004 
bishwajit@nio.org 

 
 

The Earth works as integrated system of 
interacting bio-geo-physico-chemical processes which 
are influenced by the land topography and ocean 
bathymetry. Erosion and sedimentation rates are much 
lower in the ocean than on land. However, detailed 
bathymetry (measurement and charting of the ocean 
floor) reveals the morphology and geological history. The 
understanding of the related geological and geophysical 
parameters which shape the ocean floor, are also 
essential for living and non-living resource estimation. 
The ocean floor acts as interface between the oceanic 
lithosphere and hydrosphere, and the interaction (i.e., 
exchange of mass and energy) zone for the processes 
are provided by the boundary layers. Evidences of the 
interaction effects in terns of Geomorphology can be 
seen in the seafloor sediment of ripple marks and 
bioturbation. Similarly, Geological evidences can be 
seen in the development of manganese nodule and 
occurrences of pillow lava due to submarine volcanism. 
Generally, two basic processes which shape the seafloor 
are known as endogenic and exogenic.  The large 
seafloor features (seamount, ridge crest, valley etc) 
related to the plate tectonics are due to the Endogenic 
processes i.e., those deriving their energy from the earth 
interiors. Small scale features (ripple / abyssal plain etc.) 
due to erosion as well as deposition of the sediment 
sediments are attributed due to the Endogenic processes 
i.e. those driven by the Sun.  

 
The two third of the earth surface i.e. 362 million 

square km (70 %) is covered by the ocean. In order to 
understand the seafloor various methods like: application 
of remote acoustic techniques, seafloor photographic 
and geological sampling techniques are well established. 
Echo-sounding through use of hull mounted transducer 
became familiar during the II world war. Advantage of 
this technique lies with the rapid depth data acquisition. 
Due to the improvement of the material science, the 
designing of the low cost but high quality transducers 
become familiar during the year 1950. The high 
resolution single beam echo-sounder (higher frequency 
and narrower beam-width) was available in 1970. 
Besides single beam echo-sounding technique, which 
provides single data points beneath the sea due to single 
transmission, other high resolution remote acoustic 
techniques like side scan sonar and sub-bottom 
technique became popular. GLORIA side scan sonar 
(operating frequency: 6 kHz) as well as SEAMARC 
(operating frequency: 12 kHz) were used by USGS 
extensively during 1980’s. Side scan sonar system 

provides aerial view of the seafloor, however, did not 
provide accurate depth information. This is primarily due 
to the phase measuring techniques applied to ensure 
higher coverage.  

 
Multi-beam echo-sounder is a recent successor to 

single beam technique. Seabeam-multi-beam system 
was available in 1980. Multi-beam technique utilizes 
multiple narrow beam transmission / reception for a 
single transmission providing better seafloor coverage. 
Initial 16 beam Seabeam system had limited coverage 
which was subsequently increased to 5-7 times of the 
centre beam depth. Numbers of beams were generally 
increased to 111 having high-resolution beam-width 
varying within the 1.5°-2.2°. In India first multi-beam- 
Hydrosweep system was installed onboard Ocean 
Research vessel (ORV) Sagar Kanya (owned by Ministry 
of Earth Science, New Delhi) by the National Institute of 
Oceanography during the year 1990. Hydrosweep 
system used to form 59 receiving beams having 2.2° 
beam-widths which were covering the seafloor twice 
distance of the centre beam depth.  Use of modern 
computers provide faster signal processing techniques 
connected with position fixing equipments (DGPS) which 
helps in collocating depth data with the beam position. 
Extensive bathymetric data acquisition and seafloor 
investigation were carried out under various scientific 
projects like: Survey for Polymetallic nodule, RIDGE. 
Recently, mapping program of the 2.172 million sq km 
area of Exclusive Economic Zone (EEZ) of India by use 
of the multi-beam system is undertaken by the National 
Institute of Oceanography, Natinal Institute of Ocean 
Technology, and National Centre of Antarctic and Ocean 
Research, which is also funded by the Ministry of Earth 
Science, New Delhi.    

 
Apart from acquiring the depth data multi-beam 

systems were modified to acquire backscatter data 
during the later stages. Backscatter information of the 
seafloor provide textural aspect of the seafloor i.e., idea 
about the seafloor sediment material. This information 
along with the bathymetry for structural aspect is 
extremely useful to understand the seafloor. Backscatter 
strength values can match with the conventional side 
scan sonar system and provide side scan sonar data 
along with the depth data. Moreover, angular backscatter 
strength data can be utilized to apply quantitative 
seafloor roughness parameters like: seawater-floor 
interface as well as sediment volume roughness. Again, 
at NIO, modification in the Hydrosweep –multi-beam 
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system was made in 1995. Significant seafloor studies 
are carried out at the NIO during the last decade. 
Various seafloor segmentation techniques to classify the 
seafloor were initiated. Numerical based inversion 

techniques along with the soft computational techniques 
were used. Present lecture will be attempted to cover 
modern techniques to understand the seafloor 
processes.

      
 
  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

MMuullttii--bbeeaamm  ddaattaa  aaccqquuiissiittiioonn,,  pprroocceessssiinngg  aanndd  iinntteerrpprreettaattiioonn  aallggoorriitthhmm  

••  CChhaakkrraabboorrttyy  aanndd  KKooddaaggaallii,,  11999999..    
CCooppyyrriigghhtteedd  ssooffttwwaarree  PPRROOcceessssiinngg    
      BBAAcckkssccaatttteerr  SSIIggnnaall  ((PPRROOBBAASSII))..  
  
••  CChhaakkrraabboorrttyy  aanndd  KKooddaaggaallii,,  11999999..    
      CCooppyyrriigghhtteedd  ssooffttwwaarree  AA  ssooffttwwaarree                  
      ppaacckkaaggee  ffoorr  IInntteerrpprreettiinngg  
      BBAAcckkssccaatttteerr  SSiiggnnaall  ((IINNBBAASSII))..  
  
••  CChhaakkrraabboorrttyy  aanndd  KKooddaaggaallii,,  22000033..    
      UUSS  ppaatteenntt::  No. US 6,549,853 B2   
   ““MMeetthhoodd  ffoorr  ddeetteerrmmiinniinngg  sseeaafflloooorr        
        rroouugghhnneessss  uussiinngg  mmuullttii--bbeeaamm  eecchhoo--    
        ssoouunnddeerr””..  

••  MMuullttii--bbeeaamm  eecchhoo--ssoouunnddiinngg  tteecchhnniiqquuee  aatt  NNIIOO    

PROCESSING 

Arrival Time 
determination 

Bottom slope  
Correction 

Beam pattern  
corrections 

Sidelobe Interface  
Removal

Insonified Area 
Corrections

••  AAllggoorriitthhmm  ddeevveellooppmmeenntt  ffoorr  sseeaafflloooorr  bbaacckkssccaatttteerr  
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CCoommppoossiittee  rroouugghhnneessss  tthheeoorryy  ffoorr  sseeaa  fflloooorr  uussiinngg  mmuullttii--bbeeaamm    

••  UUssee  ooff  ttwwoo  tthheeoorriieess  ffoorr  ddiiffffeerreenntt  aanngguullaarr  rreeggiimmee  
            ((aa))  HHeellmmhhoollttzz--KKiirrcchhhhooffff  tthheeoorryy  ((00  ––  2200oo  ))  aannggllee  
            ((bb))  RRaayylleeiigghh--RRiiccee  tthheeoorryy  ((2200--  4455oo  ))  aannggllee  
  

••  DDeevveellooppeedd  sspplliicciinngg  tteecchhnniiqquuee  aatt  2200oo  iinncciiddeennccee  aannggllee  tteecchhnniiqquueess  wweerree  aapppplliieedd  iinn::  

CCIIOOBB  ::    
••  4455  ssppoott  ssttuuddiieess  ffrroomm  66,,660000  ssqq  kkmm  iinnddiiccaatteess  5511  %%  ooff  tthhee  sseeaafflloooorr  ppoosssseesssseess  nneegglliiggiibbllee  rroouugghhnneessss..  

      
SSoouutthheerrnn  OOcceeaannss  ::  

••  FFiirrsstt  ttiimmee  rreeppoorrtt  ooff  tthhee  aapppplliiccaattiioonn  ooff  ccoommppoossiittee  rroouugghhnneessss  tthheeoorryy  ffoorr  ddeeeepp  oocceeaann  fflloooorr  ssttuuddiieess  uussiinngg  MMBB..    
  

••  CChhaakkaarraabboorrttyy  eett..  aall..  IIEEEEEE    TTGGAARRSS,,  22000000,,  3388  ((55)),,  pppp..  
22441199--  22442222..  
  
••  CChhaakkaarraabboorrttyy  eett..  aall..  GGeeoo--MMaarriinnee  LLeetttteerrss,,  22000011,,  2200  ((33)),,  
pppp..  117744--118811..  
  
••  CChhaakkaarraabboorrttyy  eett..  aall..  MMaarriinnee  GGeeooddeessyy,,  22000022,,  ssppeecciiaall  
iissssuuee  2255  ((11--22)),,  pppp..  1199--2266..  
  
••  CChhaakkaarraabboorrttyy  aanndd  KKooddaaggaallii,,    GGeeoo--MMaarriinnee  LLeetttteerrss,,  
22000044,,  2244    ((11)),,  pppp..0088--1133..    
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SSeeaafflloooorr  ssttuuddiieess  iinn  tthhee  wweesstteerrnn  IInnddiiaa  ccoonnttiinneennttaall  sshheellff  uussiinngg  bbaacckkssccaatttteerr  ssiiggnnaall    

••  FFiirrsstt  ttiimmee  hhiigghh  ffrreeqquueennccyy  bbaacckkssccaatttteerr  eexxppeerriimmeenntt  uussiinngg  ssiinnggllee  bbeeaamm  eecchhoo  ssoouunnddeerr  oovveerr  wweesstteerrnn  ccoonnttiinneennttaall  sshheellff  ooff  IInnddiiaa  

  

••  TThhee  nnuummeerriiccaall  mmooddeelliinngg  tteecchhnniiqquueess  aarree  vveerryy  oofftteenn  nnoott  uusseeffuullllyy  aapppplliiccaabbllee  ffoorr  rreeaall  ttiimmee  sseeaafflloooorr  ssttuuddiieess..  

••  CChhaakkaarraabboorrttyy  aanndd  PPaatthhaakk,,  JJoouurr..    SSoouu..  VViibb..,,  11999999,,  221199  ((11)),,  
pppp..  5511--6622..  

••    CChhaakkaarraabboorrttyy  eett..  aall..  IIEEEEEE  TTGGAARRSS,,  22000011,,  3399  ((1122)),,  pppp..  22772222--
22772255..  

••    CChhaakkaarraabboorrttyy,,  LLNNAAII  22227755,,    22000022,,  pppp..  224455--225500..  
••    CChhaakkaarraabboorrttyy  eett..  aall..  IIEEEEEE  GGRRSSLL,,  22000044,,  11    ((33)),,  pppp..  119966--220000..    
••  CChhaakkaarraabboorrttyy  eett..  aall..  IICCEESS  JJMMSS,,  22000077,,  vvooll..  22,,  pppp..555511--555588..    

••  EEffffeeccttiivvee  ssoofftt  ccoommppuuttaattiioonnaall  tteecchhnniiqquueess    



183 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Recent bathymetric Studies 
 
Chakraborty, B.; Mukhopadhyay, R., 2006. Imaging trench-line 

disruptions: Swath mapping of subduction zone. Curr. Sci.: 
90(10);  1418-1421. 

 
Chakraborty, B.; Mukhopadhyay, R.; Jauhari, P.; Mahale, V.; 

Shashikumar, K.; Rajesh, 2006. Fine-scale analysis of shelf 
slope physiography across the western continental margin of 
India. Geo-Mar. Lett.: 26(2); 114-119. 

 
Andreas Beyer, Chakraborty, B., Schenke, H.W., 2007. 

Seafloor classification of the mound channel provinces of the 
Porcupine Seabight: an application of the multi-  beam 
angular backscatter data. Int. J. Earth Sci. 96, 11-20 

 
Chakraborty et. al, 2007. Quantitative characteristics of the 

Indian Ocean seafloor relief using fractal dimension. IJMS 
(spl. Issue on Fractals in Marine Science), 36 (2), pp. 152-
161.  

AApppplliiccaattiioonn  ooff  ssoofftt  ccoommppuuttaattiioonnaall  tteecchhnniiqquuee  ((AANNNN))  ffoorr  sseeaafflloooorr  ccllaassssiiffiiccaattiioonn  

••  AANNNN  aapppplliiccaattiioonn  ffoorr  MMBB  bbaacckkssccaatttteerr  ddaattaa    
  

••  CChhaakkaarraabboorrttyy  eett..  aall..  IIEEEEEE  JJOOEE,,  22000033,,  2288    ((11)),,  pppp..  112211--112288..  
  
UUSS  ppaatteenntt  ::  
• CChhaakkrraabboorrttyy  eett..  aall..,,  22000044,,  UUSS  ppaatteenntt::  No. US 6,763,303 B2    

““SSyysstteemm  ffoorr  ccllaassssiiffyyiinngg    sseeaafflloooorr  rroouugghhnneessss””.. 

••  AANNNN  aapppplliiccaattiioonn  oonn  MMBB  bbaatthhyymmeettrriicc  ddaattaa  ffoorr  sseeaafflloooorr  ccllaassssiiffiiccaattiioonn  

••  CChhaakkaarraabboorrttyy  eett..  aall..  CCuurrrreenntt  SScciieennccee  ((SSppll..  SSeeccttiioonn::  MMiidd--OOcceeaanniicc  RRiiddggeess)),,  22000033,,  8855  ((33)),,  pppp..  330066--331122..  

33DD  ppeerrssppeeccttiivvee  --DDTTMM  




