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Abstract- With human growing and demands for the offshore 
oil and gas, construction and development of the offshore 
structures are growing. The offshore geotechnical engineering 
is the application of scientific knowledge and engineering 
techniques to the investigation of seafloor materials and the 
definition of the seafloor’s physical properties. Different site 
investigation and design methods are required for each sea. 
Geological survey is one of the requirements for identifying 
ground types (sediment types), describing their characteristics 
and for assessing their suitability for construction work. It 
makes use of modern, high-performance geophysical 
processes, and the results of which must be verified based on 
direct explorations (drillings). Due to the lack of accessibility 
to the seabed, geophysical processes are an extremely efficient 
method to get a general overview of the ground conditions in 
selected areas within a short period of time and therefore the 
sediment distribution and tectonic elements are detected in 
such a manner which enables e. g. the identification of areas 
with heterogeneous or problematic ground conditions. In this 
paper different methods of geophysical explorations for the 
offshore projects are examined and also marine x-band radar 
systems are well tested to provide information about sea state 
and bathymetry is investigate. 

Keywords- Marine Investigation, Geophysical Method, 

Marine X-Band Radar, Side Scan Sonar  

 

I. INTRODUCTION 

After second half of the 20th century, the offshore 
structures construction and development are growing because 
of demand for the offshore oil and gas and developing interest 
in the offshore wind farms. The offshore oil and gas now 
provide approximately one third of the world’s energy demand, 
there is a growing need for improved understanding of seafloor 
ecosystems to facilitate sustainable management of offshore 
resources. Human activities can cause a wide variety of 
impacts on the seabed environment. Thus, a reliable model of 
the seabed stratigraphy including quantification of engineering 
parameters for relevant layers is essential for engineering 
design of an offshore foundation. Often, preliminary design 
studies will be called for prior to any site investigation at the 
particular site, and estimation of the seabed characteristics 

must rely on regional knowledge. In any case, it is advisable to 
establish a site model that extends beyond the immediate 
location, as this allows for subsequent adjustments in the 
positions of facilities and indicates the spatial uniformity of 
seabed conditions across the region. Critical features such as 
faults, buried channels or other localized non-uniformities will 
need to be mapped.  

Designing the offshore geotechnical engineering structures 
evolved from onshore practice, with areas of the foundation 
scale and installation methods separated from the original 
onshore principles during the last 30 years [1].  

Generally, the offshore industry is very innovative with 
well-funded research that its results are rapidly and cautiously 
used in practice [2]. The offshore geotechnical engineering is 
an applied science that covers related problems in the offshore 
environment. The offshore industry progresses in the 
geotechnical aspects can be described as a few very large 
diameter piles groups are being used instead of many 
moderate-sized piles; deep skirts are used instead of the 
excavation of shallow soft sediments. They can change the 
effective foundation depth to the skirts tip levels penetrated 
several diameters into the seabed. Underwater embedment has 
increased the application of suction (or under pressure) skirted 
or caisson foundation installations. Special attention to the 
effects of cyclic loading on the offshore structures has been 
taken. Special design codes have been developed for proper 
design of the offshore structures (Randolph et al., 2005). The 
offshore wind energy is getting a more popular source of 
renewable energy, and it has been forecasted 16 GW of the 
offshore wind turbines to be installed by the end of 2014, and 
global total of 75 GW by 2020 [3]. The offshore wind turbines 
foundation approximately cost for 1/3 of the total cost of the 
offshore wind farm budget and in deep water (>25m), its cost 
accounts for 50% of the total project (Madsen et al., 2012). 
Acoustic systems are efficient tools capable of monitoring the 
environ-mental (physical and biological) evolution around 
ARs, whereas visual dive and ROV inspections can be limited 
by water turbidity. However, techniques such as single beam 
echo sounder and side scan sonar have spatial limitations and 
navigation and tow fish control difficulties. On the other hand, 
high-frequency multibeam echosounders offer the potential of 
detecting and defining the fine-scale distribution of reef units. 
These high resolution systems are able to achieve 100% 
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coverage of seabed geology and geomorphology over relatively 
broad spatial scales, offering an unprecedented level of 
resolution, overage, and spatial definition [4-5]. In recent years 
the application of acoustic-mapping methodology, in particular 
the use of acoustic ground discrimination systems used in 
conjunction with ground-truth sampling, has become common 
practice in monitoring and mapping seabed habitats [6-10]. 
Because acoustic data are less able to detect changes in the 
biological components of the seabed, classifications of 
different seabed ecosystems tend to be driven largely by 
physical criteria [11-12].  

 As it is well known, X-band radar can be used to extract 
valuable information about the sea state; the main mechanism 
is the interaction between the electromagnetic waves and the 
sea’s short capillary waves, which in turn ride over longer 
gravity waves, and has been described and tested for many 
incidence angles and wavelengths [13-18]. In the last two 
decades various approaches have been developed and validated 
to estimate sea state parameters such as the Significant Wave 
Height (SWH), the wave spectrum, as well as surface currents 
and bathymetry [19-22]. Most of the systems employed to 
these purposes operate in the short pulse mode (i.e., pulse 
duration of about 50 ns) and are equipped with a 9-ft (about 
2.74 m) antenna. These features enable them to attain a range 
resolution of about 7 m and an angular resolution of 
approximately 0.9° thus providing good results in sea state 
monitoring [22-24]. It is also well known that the non-uniform 
bathymetry and current fields typical of coastal areas can 
complicate the estimation of the hydrodynamic parameters 
(i.e., the direction, the period and the wavelength of the 
dominant waves) with respect to offshore situations [19].  

A refraction/reflection near-field model was then used to 
understand near-field effects and in particular to highlight the 
presence of reflected waves. This is perhaps the most important 
result of the work reported here, and it might potentially evolve 
into an important feature of X-band radar sea monitoring 
systems, since reflected waves may significantly complicate 
the harbor activities (e.g., berthing operations), as they interfere 
with the oncoming waves thus creating a confused sea 
[26,27].in this paper different methods of geophysical 
explorations for the offshore structures especially, oil and gas 
platforms, and wind turbines are reviewed and discussed. 

 
II. GEOPHYSICAL INVESTIGATION TECHNIQUES 

A Geophysical investigation is required to understand the 
nature or characteristics of the seabed. Seabed features and 
seabed obstructions can be revealed and the main stratification 
boundaries and faulting within the soil column identified.  

A. Bathymetric mapping 

Bathymetric mapping is used to quantify the water depth 
and thus provide a visual 3D image of the seabed. This type of 
investigation gives important information about the seabed 
slope at the proposed location, but can also lead to detection of 
palaeo-slope failures or debris flows, geological features such 
as volcanoes, scarps from faulting and seabed obstructions. The 

most common types of bathymetry measurements are echo 
sounding and swathe bathymetry. 

B. Swathe Bathymetry  

A swathe bathymetry system usually comprises a beam that 
sweeps from side to side as the vessel sails ahead; resulting in a 
large number of spot measurements as it sweeps that cover 
virtually the entire area (Fig.1). Systems are usually hull-
mounted, generally reliable and able to recover data at up to 
7/8 knots in 5/6 sea state (30 kHz) and even 7/8 (14 kHz). 
Systems are available for both shallow and deep water but it is 
important to select correct frequency for task with the usual 
constraint that deeper water requires lower frequency (due to 
signal attenuation being frequency dependent) with 
consequential lower resolution. The higher resolution higher 
frequency systems have been mounted on AUVs and ROVs to 
get closer to the target zone. Footprint may be up to twice the 
water depth/tow height. Up to now, the ability of systems to 
record a backscattered signal response (to provide reflectivity 
index and hence relate this to sediment type) has been less 
successful, and it is claimed that the processing development 
described above will raise the credibility of the technique. 
There has been an instance in the Gulf of Mexico where a low 
frequency system failed to record the ‘true’ seabed as it was a 
thick soupy mud and recorded the top of underlying material as 
the seafloor. Developers will need to give more attention on the 
QC side, improve visualization methods and pursue the use of 
high frequency systems on AUVs for maximum usefulness in 
deep water. 

 

 

Figure 1.  Swathe Bathymetry in offshore investigation 

 

C. Echo Sounding 

A conventional single-beam echo sounder is similar to echo 
sounders available on all ocean going vessels. However, in 
order to provide the accuracy necessary for survey work, this 
single-beam equipment is heave compensated to automatically 
correct for prevailing sea state. The equipment must be 
calibrated to the correct seawater sound velocity. The results 
produced are spot measurements of depth, usually at distances 
of about 25–50m apart. Spot measurements are continually 
made along each track line and are used to produce seabed 



International Journal of Science and Engineering Investigations, Volume 6, Issue 68, September 2017 82 

www.IJSEI.com            Paper ID: 66817-12 ISSN: 2251-8843 

contours of the area surveyed. The frequency range (typically 
30–300 kHz) is chosen to be too high to penetrate the seabed 
sediments, thus ensuring a clear reflection at the seabed (Fig.2). 

More accurate bathymetric data may be obtained from 
multi-beam echo sounding, which uses a fan of narrow 
acoustic beams and is thus more efficient in terms of time and 
cost. Multi-beam echo sounders may be mounted on the vessel. 
Water depth data from the echo sounder is then combined with 
Global Positioning System (GPS) data, giving the position of 
the instrument in order to evaluate absolute bathymetry. 

D. X-Band Radar System for Bathymetry 

Marine X-band radar based systems are well tested to 
provide information about sea state and bathymetry. It is also 
well known that complex geometries and non-uniform 
bathymetries provide a much bigger challenge than offshore 
scenarios. 

 

 

 

Figure 2.  Different echo sounders 

 

The strategy employed to retrieve the sea state from 
nautical radar data typically involves the processing of a 
temporal sequence of Nt partially overlapping consecutive 
radar images. Starting from the 3D spectrum of the radar 
sequence and by going through a number of operations to take 
into account the physical processes and to filter out the 
distortions [22], it is possible to extract the wave spectrum and 
the hydrodynamic parameters, as well as the surface currents 
and the bathymetry. The commonly used procedure is based on 
the assumption that the former quantities do not vary 
significantly in the scene; this assumption is normally only true 
for deep offshore areas, where the physical parameters can be 

reasonably assumed to be spatially homogeneous [23-25]. In 
many instances such as in the case considered here, the data do 
not meet this requirement due to the non-uniform surface 
currents and bathymetry fields; the retrieval of the sea 
parameters requires therefore a local estimation procedure. 

Each radar image within the temporal sequence is 
partitioned into Ns uniform spatial patches, thus producing Ns 
temporal subsequences and by using a FFT (Fast Fourier 
Transform) algorithm, Ns 3D spectra. Each spectrum is then 
high-pass (HP) filtered to compensate the power decay which 
affects the radar signal along the range direction. We denote 

this set of filtered signals with    
 ( ̅, ) 

   , ,  
, ̅ (Kx,ky) 

being the wave-vector and   the angular frequency. The local 
joint estimation of the bathymetry and surface current is then 
carried out by applying the NSP algorithm to each spectrum of 
the set. The NSP algorithm like most similar systems exploits 
the dispersion relation of the gravity waves to extract the sea 
signal from the overall noisy data [7]. The analytic expression 
of the dispersion relation for the sea gravity waves is given by 
equation (1): 

 ( ̅)  √      (  )   ̅   ̅             (1) 

Where g is the gravity acceleration, ̅=(Ux,Uy) is vector of 

the sea surface current, h is the depth and   | ̅| √ x
   y

  is 

the wave-number. 

The relation above rules the propagation of the gravity 
waves and, moreover, it defines the   – k domain over which 
the energy of the sea waves is concentrated [30]. It is worth 
noting that any change of  ̅  or h turns into a shift of the 
spectral support of the sea signal. Therefore, these quantities 
play a key role in the analysis. 

The joint estimation of the surface currents and the 
bathymetry performed by the NSP procedure is founded on the 
maximization of the following Normalized Scalar Product 
(Equation (2)): 

  ( ̅  )  
(|  

 
( ̅  )|   ( ̅    ̅  ))

√   
  

  

             (2) 

where |  
 ( ̅, )|  is the power spectrum in the jth 

patch,   ( ̅, , ̅,h)is a (real) characteristic function accounting 
for the local support of the dispersion relation (Equation (1)), 

while   
  and   

  are the image power spectra |  
 ( ̅, )| 

and   ( ̅, , ̅,h), respectively. The bathymetry and the surface 
currents fields can thus be computed starting from the local 
estimates. Such information is of course extremely useful for 
various coastal and offshore applications, but it is also an 
essential tool to correctly estimate the wave field since, as it is 
well known, the depth and the current map are required to 
define a band-pass (BP) filter to separate the energy of the 
global sea signal from the noise background in the radar 
spectrum. 

The required sea-wave spectrum , w( ̅, ) can be obtained 

from the filtered image spectrum ,   ̃( ̅, )by resorting to the 
radar Modulation Transfer Function (MTF), which mitigates 
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the distortions affecting the radar echoes and caused by both 
the acquisition geometry (e.g., shadowing and tilt modulation) 
and the electromagnetic (e.g., the Bragg) scattering 
mechanisms [25].  

E. Seafloor mapping  

One of important tools for sea floor mapping is side scan 
sonar. Side scan sonar systems provide graphic records that 
show two-dimensional (map) views of seafloor topography and 
identify objects on or above the seafloor. It can help identify 
the type and distribution of sediment and surface forms such as 
sand waves this old but extremely useful technology has not 
advanced much recently. The new digital system of Klein 
(http://www.l-3klein.com) provides better data at long range 
and this enables the higher frequency units (500 kHz) with 
their finer resolution to obtain good data out to 60 or 70 meters 
across track. Side-scan sonars provide an acoustic “oblique 
photograph” of the seafloor. By ensonifying a swath of seabed 
and measuring the amplitude of the back-scattered return 
signals, an image is built up of objects on the seabed (Fig.3) 
and information on the morphology (the different material and 
features comprising the seabed surface) is obtained. 

 

 

 

Figure 3.  side scan sonar 

 

 

The acoustic waves transmitted by the sonar interact with 
the seafloor and most of the energy is reflected specularly 
(Fig.4). The distance travelled from the transducer to the target 
of the seafloor is called the slant-range. It is not to be confused 
with the horizontal distance between the sonar’s nadir and the 
target (ground-range). The total distance ensonified across-
track is called the swath width, which is two times the selected 
range. The angle between the incoming wave and the seafloor 
is called the angle of incidence. The grazing angle is 90° minus 
the incidence angle, i.e. the angle between the incoming wave 
and the local normal to the seafloor (Blondel and Murton, 
1997). 

 

 

Figure 4.  Geometry of side scan sonar and definitions of some basic 

parameters (Blondel and Murton, 1997) 

 

The returning echoes from the seafloor are received by the 
transducers over a very short period of time (in the range of 
milliseconds), amplified, and transmitted up the tow cable to 
the recorder. The recorder further processes these signals, 
digitizes them, calculates the proper position for them in the 
record, pixel by pixel, and then prints these echoes on thermal 
paper, one scan at a time (Fish and Carr, 1990). In recent years, 
with the advent of digital data acquisition systems, recording 
on paper has become obsolete. Instead, data are stored digitally 
and can be used for further data processing. In a "typical" side 
scan sonar system, the beam is narrow in the horizontal plane 
and broad in the vertical plane (Fig.5). In a typical 100 kHz 
system this would be 1° in the horizontal and 40° in the vertical 
and for a 500 kHz system 0.2° in the horizontal and 40° in the 
vertical. The main axis of the beam is typically angled 10-20° 
down from the horizontal, so that most of the energy is directed 
toward the sea floor where it is needed. The narrow beam 
width is not only necessary for achieving a sharp image of the 
seafloor, but it helps in rejecting noise from extraneous 
sources. In the ocean, noise will be reaching the sonar from all 
directions but the response to all this disturbance will be 
controlled by the beam pattern. Thus most of the noise will be 
rejected, improving the sonar performance (Mazel, 1985). 
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Figure 5.  Typical beam pattern of a side scan sonar having a narrow beam 
width in the horizontal and a broad beam width in the vertical plane 

 

The system is dependent on frequencies of the transmitting 
waves, with a trade-off between resolution and distance 
traveled. Higher frequencies sonar (500-kHz to 1-MHz) 
provide high-resolution images, but with short (100 m) Ranges, 
and low frequencies (50-kHz to 100-kHz provide long ranges 
(500 m), but with lower resolution. The intensity of the 
returning wave is dependent on both the topography and the 
material properties. The harder the object or material (e.g. 
gravel) on the seafloor, the darker the resulting image, as they 
reflect energy better than soft materials (e.g. muddy sands). 
Shadows show up as white areas due to the absence of 
reflected sound. When sand waves and ripples are large enough 
to produce shadows, there is an indication that currents are 
particularly high in that area and foundations would be subject 
to considerable scour. The resulting map of the variation in 
color, when combined with bottom samples or cores, produces 
a detailed map of seafloor features and interpreted sediment 
types (Fig.6). 

The region ensonified by an outgoing pulse during one 
instant is called the sonar’s footprint. The size and form of the 
footprint on the seafloor depends on the across-track distance 
from the sonar. It determines the resolution (The ability to 
distinguish between two distinct objects) of a sonar system. 

The footprint is longer near the sonar due to the angle of 
incidence. The across-track resolution is related to the cosine of 

this angle which is equal to the sine of the grazing angle. 

2 sin

c T
y







              (3) 

Where c is the sound velocity in water and T is the pulse 
length (Lurton, 2002). The greater the distance from the sonar, 
the more the footprint approaches the actual pulse length in the 
water (Fig.7). The implication is that across-track resolution is 
better further away from the sonar (Mazel, 1985).  

Equation 3 is only a nevertheless useful approximation of 

the real world. When 0, this approximate solution is not 

valid (y), and the resolution becomes: 

y h c T                  (4) 

 

 

Figure 6.  Example of side scan sonar image of seabed 

 

 

Figure 7.  The across-track resolution of a sonar increases with range (Mazel, 
1985). 

 

With h being the sonar’s altitude above the seafloor 
(Lurton, 2002). 

Resolution in the along-track direction will be strongly 
dependent on the sonar’s horizontal beam width. The beam 
widens with increasing distance from the towfish (beam 
spreading). Near the towfish, where beam spreading is not 
significant, two objects are clearly delineated as separate 
objects (Fig.8). 
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However, as the beam spreads out into the far region, the 
areas of ensonification widen. In these cases two separate 
objects on the seafloor may be imaged by the same sonar 
beam, thus appearing as one single object in the resulting sonar 
data (Fish and Carr, 1990). The along-track resolution can be 
estimated by (Flemming, 1976): 

sinx r                  (5) 

Where r is the distance in across-track direction and  is the 
horizontal beam width. 

In summary the resolution of side scan sonar is on the one 
hand inhomogeneous, both across-track and along track, and 
on the other hand varying along the ensonified swath (Fig.9): 

 At small distances y>>x, across-track resolution is the 
worst, whereas along-track resolution is best. 

 At large distances, y<<x, across-track resolution is best, 
whereas along-track resolution is bad (Lurton, 2002). 

Another performance constraint of side scan sonar is the 
need to ensure complete coverage of the ensonified area. The 
condition that needs to be fulfilled is the removal of gaps 
between ensonified areas from two successive pings (Lurton, 
2002). Complete coverage depends on transducer length L, 
vessel speed v and ping rate fp, which can be calculated by 
sound velocity in water and the selected range R: 

2
p

c
f

R



               (6) 

With given transducer length L (approximately 40 cm for 
the used Klein and EG & G towfishes) and ping rate 
(determined by the selected range), complete coverage is 
achieved when a maximum vessel speed vmax is not exceeded: 

max
2

p

L c
v L f

R


  


             (7) 

 

 

Figure 8.  The along-track resolution is dependent on beam spreading and 

therefore best near the sonar (Mazel, 1985) 

 

 

Figure 9.  Evolution of the horizontal resolution of side scans sonar (Lurton, 

2002) 

 

Most of the energy arriving at the seafloor is scattered 
forward in the specular direction. A small portion is lost in the 
ground, and a small portion (several orders of magnitude 
smaller than the incident wave) is scattered back to the sonar. 
The backscattering is affected, in decreasing order of 
importance, by (Blondel and Murton, 1997): 

 The geometry of the sonar-target system (angle of 
incidence of each beam, local slope, etc.) 

 The physical characteristics of the surface (e.g. Micro-
scale roughness) 

 The intrinsic nature of the surface (composition, density, 
relative importance of volume vs. Surface diffusion for the 
selected frequency) 

In the absence of large topographic variations, it is 
generally assumed that, in case of unconsolidated sediments, 
the grain size is the dominant factor in affecting the backscatter 
strength.Coarse sediments principally cause a higher back 
scatter than fine sediments do, as was shown by Davis et al. 
(1996) for sandy sediments (figure 10a). Nevertheless, 
backscatter is disproportionately affected by larger grain sizes. 
Addition of a few extra weight percentage of larger grain sizes 
(>4 mm) can strongly degrade the correlation (Goff et al. 2000; 
figure 10b). 

Side scan sonar data becomes distorted during generation. 
These distortions are caused by towfish instabilities (Fig.11), 
speed variations in the survey vessel, and range data 
compression due to towfish altitude (slant-range distortion).             

Towfish instabilities are minimised by the towing 
configuration used by the Institute of Geosciences, Kiel 
University. Speed variations and slant-range distortions can be 
corrected by digital sidescan sonar systems (Fish and Carr, 
1990). Speed correction can be done online during data 
acquisition by applying the calculated ship speed from GPS-
data. 

Raw sidescan sonar imagery presents important across-
track geometric distortions (slant-range distortion). They occur 
because the sonar system actually measures the time for a 
transmitted pulse to travel from the transducer to the target and 
the same way back. Figure 11 shows the slant-range distortion: 
two targets close to the nadir (A and B) will be associated with 
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nearly identical slant-ranges R1=cT1 and R2=cT2. Conversely, 
two targets at far range (C and D), at the same distance from 
one another, will be associated with very different slant-ranges 
R3=cT3 and R4=cT4 and therefore placed further apart. 

Without slant-range correction, near-range areas are more 
compressed than far-range areas. Slant-range correction is a 
remapping of pixels from their apparent position to the true one 
and is computed from the elapsed time and the sonar’s altitude. 
Assuming a flat seafloor, the correct distance on the ground is: 

2 2

i iD R h                 (8) 

where RI is the slant-range distance and h is the sonar’s altitude 
(Blondel and Murton, 1997). 

 

 

 

Figure 10.  Relationship between mean grain sizes versus relative backscatter 

strength: a) based on data from the inner shelf of the Gulf of Mexico (Davis et 

al, 1996), b) based on data from the shelf of the New Jersey margin (Goff et 
al., 2000) 

 

Slant-range correction assumes a flat seafloor across-track, 
thus errors are introduced, if the true topography significantly 
deviates from flat-bed conditions. Moreover, a reasonable 
bottom tracking is necessary to precisely calculate the slant-
range correction. Bottom-tracking is the attempt to depict the 
first return from the seafloor, which yields the altitude of the 
towfish above the seafloor. Several methods of bottom-tracking 
are available. 

 

Figure 11.  Towfish instabilities, which degrade the quality of the sonar data 

(Fish and Carr, 1990) 

 

 

Figure 12.  Slant-range distortion (Fish and Carr, 1990) 

 

F. Sub-bottom profilers  

Wide band digital sub-bottom profilers are now available 
which transmit an FM pulse that is linearly swept over the 
frequency range between 0.5 and 24 kHz (Fig.13).These 
‘chirp’ systems transmit a signal burst of between 20 and 40 
milliseconds. Received data is stored in an industry standard 
digital format enabling subsequent processing. Correlation with 
bottom sediment type in deep water environments (where they 
are being used for submarine cable route surveys is being 
developed. However, whilst there have been advances, it is 
considered that the capabilities of the chirp systems have been 
oversold as penetration is frequently lower than expected. 
There is a body of opinion that the technology of the early deep 
tow sources such as Huntec Boomer and Nova Scotia Research 
Foundation sparker was prematurely regarded as obsolete.  

However the move towards digitization of high frequency 
profiler data has produced benefits enabling cleaner signals, 
higher resolution and processing to ultimately achieve 
quantification of the soil type. 
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Figure 13.  Sub-bottom profilling 

 

The function of a sediment profiler is to record echoes from 
interfaces between sedimentary layers that correspond to 
differences in acoustic impedance. The movement of the 
support platform will allow reconstruction of a vertical cross-
section of the sedimentary environment obtained as an image 
of boundaries between layers.  

For the same transducer geometry, higher frequencies give 
narrow opening angles and lower frequencies gives wider 
opening angles.  

The transducer dimension design is based on the desired 
beam pattern. The beam pattern is a dimensionless and a 
relative parameter of the transducer. It is a function of the 
operational frequency, aperture angle, and size and shape 
characteristics of the vibrating surface. The mathematical 
expression ‘sinc function’ for the normalized directivity pattern 
that gives the transducer sensitivity of the plane circular piston 
transducer is : 

 ( )  
  ( a sin  )

 a sin  
 
 

              (9) 

Here J is the Bessel function of first order, k the wave 
number, a is the radius of the transducer, and   is the aperture 
angle. Where y-axis represents the directivity response and x-
axis    asin  

 

III. CONCLUSION 

In the infancy of the offshore industry, the soil exploration 
program was performed simultaneously with construction. The 
soil boring served as a construction guide, rather than a design 
tool. Today, soil investigations are done months to perhaps 
years ahead of construction. The information is used to 
evaluate the type of structure best suited for the site and to 
complete the sophisticated designs. Offshore investigations 
involve both direct and indirect methods. Direct methods are 
those which provide actual physical evidence of the materials, 
such as soil borings, drop cores and in situ testing. The indirect 
methods are those which sense remotely, such as 
electromechanical and geophysical profiling. Geophysical 
processes are an extremely efficient method to get a general 
overview of the ground conditions in selected areas within a 
short period of time and therefore the sediment distribution and 
tectonic elements are detected in such a manner which enables 

e. g. the identification of areas with heterogeneous or 
problematic ground conditions. 

Side scan sonar and sub-bottom profilers are undoubtedly 
one of the most useful tools for imaging the seabed. The clarity 
of the image, especially from the latest systems, is 
extraordinary. 

In recent years one of important method to provide 
information about sea state and bathymetry is marine X-band 
radar systems.X-band radar data analysis can detect the 
presence of wave’s reflection form structures and importance 
of this possibility as a support to navigation and harbour 
management, as well as to other coastal monitoring activities is 
self-evident. 

The authors have proposed an engineer before designing 
offshore structures geotechnical and geophysical investigation 
are performing and the results are interpret. 
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