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Simulation Method for the Development of
Multi-Beam Echo Sounder

by

Xiao Ran Geng

Department of Ocean Engineering
Graduate School of Korea Maritime University

ABSTRACT

Seafloor mapping using acoustic remote sensing technique is an
attractive approach due to its high coverage capabilities and
limited costs. The Multi-Beam Echo-Sounder (MBES) system
provides high-resolution bathymetry and backscatter information
with relatively perfect coverage. This paper described how the
MBES system works and with the objective to get simulation
images of it. The main theory of this thesis is sonar equation. The
backscatter target strength is what we really needed. We present
a simulation of seafloor mapping through backscatter data per
beam, and because its performance is sensitive to seafloor type
variation along the MBES swath so corrections for the angular
dependence are applied. This simulation can support a wide range

of survey applications including: hydrography, search and locate,



route survey and seafloor characterization. Also, a further
discussion such as the doppler effect and sound speed correction
should be discussed in the future.

Keywords:  Multi-beam  Echo-Sounder,  Seafloor = mapping,

Back-scattering data, Lambert’s law, Beam-forming.
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Chapter 1 Introduction

1.1 Background

During the past decade, a model of the Multi-Beam Echo-Sounding
process was developed. This technique provide an efficient way of
sampling the mid-water column. These have been used extensively in

fisheries and seafloor mapping.

Echo-sounding is a common technique to see underwater by
acoustic means [1]. Different types of sonar systems are typically
used for different purposes. Single beam echo-sounders are used
in fisheries applications, to establish fish abundance estimates;
hydro-graphic multi-beam sonars are used for seabed mapping;
side-scan sonar is often used in studying the seabed habitat,
sometimes in combination with data from single beam systems.
Multi-beam systems collecting data for the full water column have
the potential of being valuable in all these different fields at

once.

Conventional survey systems used in seafloor mapping utilize either
single beam, dual beam, or split beam techniques. A single beam system
is not able to resolve individual targets. Although a dual beams or a
split beam system can resolve individual targets, their performance and
applicability are greatly degraded if multiple targets are present in the

acoustic sample volume [2].

Multi-beam sonars can overcome these difficulties and have been



applied to target detection, tracking, and characterization in mid-water
acoustic surveys. Compared to a single beam or split beam system, a
multi-beam acoustic system is able to provide much larger volume
coverage while maintaining a required spatial resolution. In addition,
it can resolve multiple targets located at the same range simultaneously
when the targets are separated larger than the angular resolution of

the multi-beam sonar [3].

The field of seafloor mapping has diversified into many
directions since the birth of the multi-beam echo-sounder in the
1960° s. At that time most of the development was related to the
mechanical and electronic system components, whereas present
research focuses on widely different areas, such as more precise
bottom  detection algorithms,  seabed classification, image
processing, acoustical modelling of the back-scattering process, and
high resolution methods for direction finding of plane waves [4].
Multi-Beam Echo-Sounding thus encompasses many scientific

disciplines.



Fig. 1.1.1 Seafloor mapping [5]



1.2 Component of This Thesis

This thesis is based on the theory of Multi-beam Echo-Sounder,
doing some research and investigation of it through rebuilding the
key technology with the help of Matlab. The contents of the

thesis are illustrated as follows:

Chapter 1 briefly introduces the background, motivation and
outline of this work ; Chapter 2 describes the composition and
elementary underwater acoustic theory of MBES. This chapter also
introduces the operational theory of MBES ; Chapter 3 displays the
simulated results generated by Matlab ; Chapter 4 gives the

conclusion of this work.



Chapter 2 Theoretical Foundation of Multi-beam
Echo-sounder

The Multi-Beam Echo-Sounder system conducts seafloor
mapping in a stripe and relatively good coverage method by
utilizing multiple transmit and multiple receiving. This technology is
becoming more and more mature since it was introduced, which
mostly depends on the rapid development of electronic technology,
computer technology and material technology in recent years.
Compared with the traditional single-beam echo-sounder, the

MBES system has some advantages as follows:
1. high coverage for seafloor mapping;
2. high efficiency;
3. intensive data points;

With these advantages, MBES is replacing single-beam
echo-sounder and has extensive applications in ocean survey. This

chapter will talk about the technical principle of MBES.



2.1 System Composition

Multi-Beam Echo-Sounder is a united equipment system utilized
for seafloor mapping or bathymetry. A ping will be generated by
transducers beneath a ship’ s hull to produce a fan-shaped
coverage of the seafloor. These systems measure and record the
time for the acoustic signal to travel from the transmitter

(transducer) to the seafloor (or object) and back to the receiver.

A holonomic MBES system should be composed of underwater
transducers, deck equipments(computer, e.g) and post processing

system(such as software like Matlab).

Figure 2.1.1 shows that a multi-beam system is a complex
system consisted of several sub-systems. Although different
multi-beam systems may varies on the number or composition of
each elements, in general, we can consider multi-beam system as
a combination of acoustic system, data collection system, data

analysis system.



Fig. 2.1.1 Hardware of MBES

2.1.1 Conversion

The converter including projection array and receiving array.
Different from single-beam survey, MBES system can generate
several beams at the same time. Every element of converters is

composed by piezoelectric ceramics, they work according to the

piezoelectric effect, see Fig 2.1.2.

piezoelectric iezoelectric
merital ceramics mental : i
ceramics

— o ___Ir

e
S
— O —
electric power to sound power sound power to electric power

Fig. 2.1.2 Piezoelectric ceramics conversion principle [6]



When the converters are working, the projected beams in
along-track usually are very narrow (3° in general), while much

wider in across-track (140° usually).
2.1.2 Signal projection and Reception

During working time, the beams generated by MBES system
forms a coverage strip on the seafloor, usually the width of the
strip is determined by the launching angle while the launching

angle was determined by system parameters.

Signal reception also relys on piezoelectric effect. During the
process of receiving, the most obvious difference between
single-beam system and MBES system is beam-forming and control
system. When the acoustic wave is traveling, if it was not a
vertical incidence, the travel path will be changed by effect of
sound speed. The function of beam-forming and control system is

to correct the travel path.

Also, sometimes TVG (Time-Varying Gain) is applied to
compensate the transmission loss in the water, to make the

back-scattering independent on the range or time.
2.1.3 Application of MBES System

The MBES system has quite outstanding advantages that other
bathymetric system can’t compare with, that’s why it is widely
used in ocean survy. This system can be used in fish schools
detection, taking images of sediments both ocean and rever floor,

also searching about wrecks of missing craft.



And when we conduct a survey, the following factors should be

considered:
1. Size and shape of the detected area;
2. water depth;
3. sea conditions;

because factor 1 affects the accuracy of received signal,
according to Lamber’s Law (See Chapter 3); factor 2 affects the
strength of the projected and received signal which force us to
change the center frequency of the signal; factor 3 mainly affects

the physical error when receiving ( See section 2.3.2).



2.2 Acoustic Principle of Multi-beam Echo-Sounder

2.2.1 Sonar Equation

The sonar equation is a systematic way of estimating the
expected signal-to-noise ratios for sonar systems. It takes the
source level, sound spreading, sound absorption, reflection losses,
ambient noise, and receiver characteristics into account. The sonar
equation is used to estimate the expected signal-to-noise ratios for
all types of sonar systems. Slightly different versions of the sonar
equation are used for active and passive sonar systems. In this
thesis, we mainly talk about active sonar, which is also called

echo-ranging sonar.

Active sonar systems, such as echosounders and side-scan
sonars, transmit a pulse of sound and then listen for echoes. In

an active sonar system the source also acts as a receiver.
The sonar equation usually written as:

SNR/(decibels) = SL—2TL+ TS— NL 2.1

Parameters determined by the eugipment:
Projector Source level: SL;

Transmission loss: TL;

Target strength: 75

Self-noise level: NL.

The echo level, EL, of the signal backscattered from the
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bottom, may be derived from the sonar equation:

EL=SL—-2TL+ BTS 2.2)

Here, BTS is the bottom target strength, which is the
back-scattering, in this thesis. The transmission loss consists of
two parts, one due to spherical spreading of the signal, the other

due to absorption loss in the water:

2TL =2a R+ 40logR (2.3)

Here R is the range and « the absorption coefficient in dB/m.
The bottom target strength will depend both on the reflective
property of the seabed and the extent of the bottom which

contributes to the back-scattering signal.
2.2.2 Beamforming

Beam-forming is a general signal processing technique used to
control the direction of the reception or transmission of a signal
on a transducer array [7]. Also beam-forming is a spatial filter, a
means of transmitting or receiving sound preferentially directions

over others [6].

The term beam-forming derives from the fact that early spatial
filters were designed to form pencil beams (see polar plot in
Fig.2.2.1) in order to receive a signal radiating from a specific

location and attenuate signals from other locations [8].
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Fig. 2.2.1 Pencil beam response [9]

According to a former research [10], we can declare that the
two projector arrays will transmit the highest energy sound in the
directions 6 = 0°, 180° , and no sound at all in the directions
6 =90°, 270° (See Figure 2.2.2). A typical sonar spacing d is A
/2, half a wavelength, because the angles at which destructive and

constructive interference occur are most advantageous [11].
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Fig. 2.2.2 Directions of constructive and destructive interference for

two projectors with Spacing A /2 [11]

Real projector arrays generally have more than two projector
elements and have complex beam patterns. The beam pattern of a
multiple-element line array is pictured in Figure 2.2.3. Through
this figure we can see that on either side of the main lobe there
is a series of side lobes takes place. The side lobes are an
annoyance, not only is some of the projector energy being
squandered in these directions, but there might be echoes from
them as well, and these may be confused with the echoes from
the target in the main lobe. Side lobes are unavoidable, but by
using amplitude shading or weighting, it is possible to reduce the
side lobes [11].
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Fig. 2.2.3 Beam pattern of a multiple-element line array [11]

In beam-forming, both the amplitude and phase of each array
element are controlled [12]. Combined amplitude and phase control
can be used to adjust side lobe levels and steer nulls better than
can be achieved by phase control alone. The combined relative
amplitude a and phase shift #y for each antenna is called a
complex weight and is represented by a complex constant wx,

where k for the ¥ antenna.

A beamformer for a radio transmitter applies the complex
weight to the transmit signal (shifts the phase and sets the
amplitude) for each element of the array array. A beamformer for
radio reception applies the complex weight to the signal from each
array element, then sums all of the signals into one that has the

desired directional pattern. See Figure 2.2.4.
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Fig. 2.2.4 (a) Transmit and (b) receive beamformer [10]

2.2.3 Beam Steering

How an array can be altered to receive preferentially from any

of a number of directions is called beam steering [11].

The receive processing for a phase array scanner required for

both steering and dynamic focusing is illustrated in Figure 2.2.5.
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Fig. 2.2.5 Receive processing including variable delay [12]

Consider a line array receiving sound from an arbitrary angle
0 off the perpendicular (Figure 2.2.6). As the sound waves must
travel different distances to reach each hydrophone, causing the
signals at the different hydrophones to add destructively. In Figure
2.2.6, the distance between each element of array is d, sound
waves first strike the hydrophone labeled 3. They must travel the
distance labeled A before reaching hydrophone 2, and distance B
before reaching hydrophone 1. These distances can be computed
using the spacing between the hydrophones:
A=dXx<sinf (2.4)
B=2dxsinf
The extra times required for the wave front to reach each
hydrophone are given by the distances divided by the local sound
speed ¢

T,(time to hydrophone 2) = A/c = (dsinf)/c
T,(time to hydrophone 1) = A/c = (2dsinfl)/c (2.5)
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1 2 3~ Array axis

* Wave fronts

Sound source

Fig. 2.2.6 Wavefronts striking a hydrophone array from a source at

angle 6

In this example, we would sum the reading of hydrophone 3
with the reading of hydrophone 2 delayed by 72 and the reading
of hydrophone 1 delayed by time T1. This is called time delay. It
causes the main lobe of the beam pattern to shift such that its
axis is at angled from the perpendicular (see Figure 2.2.7). By
applying time delays and summing them, an array can be

“steered” to maximize its sensitivity to any angle 6.

Array axis

Fig. 2.2.7 Main lobe shifted to angle 6 by introducing a time delay
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Note that in steering a hydrophone array to be sensitive to a
particular angle, nothing about the array itself is changed, only
the interpretation of the data it records is altered. By changing
the data processing, the same array can be steered to observe
any of a large range of angles. In fact, using the same recorded
data from the elements of the hydrophone array, different data
processing can be used to examine the sounds coming from
different angles simultaneously. In this way, a hydrophone array
can be used to examine the echoes from a single ping at many

different locations.
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2.3 The Operational Principle of MBES

2.3.1 Operational Principle

Multi-beam echo sounders, like other sonar systems, emit sound
waves in the shape of a fan from directly beneath a ship’s hull
These systems measure and record the time it takes for the
acoustic signal to travel from the transducer to the seafloor and
back to the receiver. In this way, multi-beam sonars produce a
“swath” of soundings for broad coverage of a survey area and
the coverage area on the seafloor depends on the depth of the

water.

Most modern systems work by transmitting a broad acoustic fan
shaped pulse from a specially designed transducer across the full
swath acrosstrack with a narrow alongtrack then forming multiple

receive beams that is much narrower in the acrosstrack.

In reality, A projector line array transmits sound preferentially
in all directions perpendicular to the axis of the array, ensonifying

a strip of the ocean bottom. See Figure 2.3.1.
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Fig. 2.3.1 Projector array ensonifying a strip of the ocean floor [11]

If the projector and hydrophone arrays are perpendicular to
each other, the perpendicular arrangement of the projector and
hydrophone line arrays is called a Mills Cross. In this situation, the
strip of the ocean floor ensonified by the projectors will intersect

with the strip of the ocean floor observed by the hydrophones.

HYDROPHOMNE
PROJECTOR "
ARRAY ,/' SRRAY
STRIP OF OCEAN

FLOOR ENSCNIFIED

BY PROJECTOR ARRAY
\ —_

SIRIP OF BOTIOM
CBSERVED BY
HYDROPHOMNE ARRAY

g
RECEIVED ECHOES ONLY
FRCM INTERSECTION

Fig. 2.3.2 Projector and hydrophone arrays arranged in Mills Cross
[111.
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When the transmit and receive beam patterns are multiplied
together, the projected product, represents a series of
semi-elliptical footprints lying primarily along the axes of the two
main lobes. The strongest seabed echo should normally be
received from the central mainlobe-mainlobe intersection. The
illustrating of full transmit ensonification and receiver sensitivity

pattern is displayed by Figure 2.3.3.

Acousic wave

Fig. 2.3.3 Seabed backscatter bathymetric model

Supposing a transmitted beam ensonified into the seabed at a
incident angle ¢, the transmitted signal will scatter along every
directions. Some of these scatters will be reflected by the seabed

in the backward direction. See Figure 2.3.4.

If we can receive and measure the delayed time(4?) of this
backscatter, then the length L can be calculated. L is called travel

path.

L=CxX— (2.6)
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In this expression, C is the sound speed, 4 ¢ is the time which a

signal needs from generating to back receiving.

H= LX cos# 2.7
RX = L xsin6
In this expression, H is the depth of a point which will be

tested, RX is the corresponding horizontal position.
2.3.2 Mainly Measurement Error and Solution

In order to solve any complicate circumstances in underwater
survey, plenty of advanced equipments were applied in multi-beam
echo-sounder. So the deviations of each equipment is of great
meaning for engineers. The mainly deviations usually including
mounting error, movement error, sound speed error and near-field

error.

(1) Mounting error: The equipments need mounted including
transducer, GPS antenna and moving sensor. They mounted at
different position in a vessel, when the vessel moves, all of them
have different moving direction and amplitude, causing bathymetric
error. By setting geometric reference points before mounting,
measuring mounting angle and position corresponding to reference

points carefully, we can make compensation for this error.

(2) Movement error: Coming from vessel sailing, turning, speed
changing and bumping. It can be avoided by navigation software
and movement sensor adjustment. Also it’ s a artifice to maintain

the vessel under a steady speed.
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(3) Sound speed error: The physical character varies as the
depth of ocean increasing. Temperature and salinity will cause the
changing of density, as a result, the acoustic wave travels in a
curved path. That causes measurement error at every depth point.
Because of this, we usually measure sound speed profile to

calculate acoustic wave propagates path.

(4) Near-field error: If the reflection point is close to projection
point, then reverberation arises. It is difficult to identify signal and
noise. The operation staff can adjust parameters according to the
environment and make compensation with the help of processing

software.

Also, there are other circumstances to cause error, typically are
pitch, roll and yaw(See figure 2.3.4) and a process called motion

compensation can eliminate these error.

Fig. 2.3.4 Rotations about the ship center can eliminate these error
[11].
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Chapter 3 The Design and Performance Analysis
3.1 Signal Selection

There are two kinds of signals can be used in this paper:
continuous wave pulse (CW pulse) and Linear Frequency
Modulation (LFM pulse).

The CW pulse is an electromagnetic wave of constant amplitude
and frequency, and in mathematical analysis, of infinite duration.
Both advantages and disadvantages are notable for CW signal.
First, the CW signal can be generated by very simple equipments.
It is a very convenient type of signal because its frequency is
fixed and the higher the frequency is, the better image resolution
we can get. However, in the environment of ocean, high
frequency signal can only travel in a very short distance, for
detecting long range scale, that requires us using low frequency

signals which provides contaminating data.

To solve the problems mentioned above, people introduced the
linear frequency modulation. The LFM signal also known as Chirp

signal. A "Chirp” is a signal in which the frequency

ft)=fo+kt 3.1

increases or decreases with time. Here f0 stands for frequency at
t = 0, kK means changing rate. It is also an ingenious way of
handling a practical problem in echo location systems, such as
radar and sonar because radar and sonar needs short time pulse

but sustainable signal. Also, chirp signal is insensitive to
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doppler-shift which means the moving of the vessel has little

impact on the behavior of hydrophones
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3.2 Backscattering Data Processing

3.2.1 Grazing Angle Correction

During each survey, the back-scattering data were collected
over a common area of immobile seabed. The echo amplitudes as
measured by the MBES are determined by back-scattering from
the seafloor, a process dependent on the nature of the seafloor,
i.e.,, its composition, orientation, roughness and geo-acoustic
properties. In this paper, we discuss two kinds of seabed : flat
seabed and undulating seabed in a sine shape. Also, we consider
the environment as perfect, there is no ray bending, and the
acoustic energy is redistributed into the upper medium, with none
lost by transmission into the medium below.

We start from a easy situation that the seafloor is flat.
Supposing a vessel is ftraveling along an arbitrary direction
carrying a MBES system. According to Figure 3.2.1 we can

calculate the incident angle « of the transmitted beam.

along track

Fig 3.2.1 Geometric configuration of incident angle
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1 1

f=tan > >
\/tan w+tan“¢

(3.2)

With

w: incident angle of along track,

¢ : incident angle of across track,

6 : real incident angle,

Under this situation, the bottom backscatter strength will
decrease markedly at ranges away from normal incidence.
However, more dynamic topography may present inward facing
slopes, also, in the reality, there exists extreme geometries for
example man-made structures or natural obstacles such as big
rock or coral reefs. So the seabed won't be as flat as a mirror.
According to Figure 3.2.2, we take slopes both along track and

across track into consideration.

~
ha

P
/

o along track slope
B across track slope

- area insonified by
— the beam

Fig 3.2.2 Geometric configuration showing seabed slope effects [12]
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Solving the incident angle gives:

1
0, = arctan (3.3)

Vtan?(w+a) +tan’(p+5)

With the help of equation (3.2) and (3.3), we get the real
incident angle of a transmitted beam both on a flat seabed and a

undulating seabed.
3.2.2 Lambert’s Law

To calculate scattering from the seafloor is the core of this
paper. The function called Lambert’s Law is a type of angular
variation which many rough surfaces appear to satisfy for the
scattering of both sound and light [14]. In Figure 3.2.3, we set
sound intensity I/ be incident at angle & on the small surface
area dA. The power received by dA will be IsingdA. This power
is assumed to be scattered proportionately to the sine of the
angle of scattering, so that the intensity at unit direction ¢ will
be [15]

I = plsinfsin pd A (3.4)

where x is a proportionality constant. And in the backward
direction, for which ¢ = »-6 [15],

I = plsin*0dA (3.5)

Thus, by Lambert’s law, the backscattering strength must vary as
the square of the sine of the grazing angle. This equation is a

precisely description of the back-scattering of sound by very
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rough bottoms.

Fig. 3.2.3 Lambert’s law for a scattering surface [15]

_29_



3.3 Simulation and Results

3.3.1 Simulation Description

In this section, the performance of the MBES is analyzed. The

technical specifications of this system are as follows:
(1) The depth of area under survey is 30m.
(2) The maximum angular coverage is 90° (-45° ~45° ).
(3) The transducer geometry is mills cross.

The bathymetry of this study area is shown in Fig. 3.3.1,
patches 0.5 x 0.5 m? ,both flat seabed and a sinusoid fluctuation
seabed were presented based on the methodology developed
above. To assess the MBES classfication results, a comparison is

made with the analysis of the CW pulse and chirp pulse.

Seafloor Seafloor
0 e
5
10 10
N N

0 20
» (05 0. /

-20 - i -20 2 =

5 . . 0 2 5 A’: 20
2 - 10 : B
0 20 20 10
X (along track] ¥(across Irack) X (along rack) Y{across track)

Fig. 3.3.1 Two kinds of seafloor. The left is flat seabed and the right is

undulating seabed with a 2 meters high cardinal sine function
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The geometry of projectors and hydrophones is shown in Fig
3.3.2. Both of them are 2 x 64 plane array and intersected with

each other perpendicularly.

For the CW wave, the pulse length is 300 «s, center frequency
is 200kHz, we choose frequency region between 190 kHz - 210
kHz, getting band-limited signal which is the CW pulse we will use
in the following simulation. As for the chirp signal, the frequency
interval is 130 kHz - 270 kHz. The information of two kinds of
signals is shown in Fig 3.3.2 and Fig 3.3.3.

o T RO e A
H A

50,
—original
—bandlimited

’ 07«\q{wwﬂ(’“ '\ﬂf\yl”v"“Tw/ ( i T iiinan
T | il

y ]
5(’?.5 1.6 17 18 1.9 2 2! 22 23 24 2.5
Frequency[Hz] x10°

Fig. 3.3.2 Continuous wave with center frequency 200 kHz. The bottom

is frequency spectrum and we choose 190kHz-200kHz to do simulation.
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The source signal

S
i
I ] \

Fig. 3.3.3 LFM signal with center frequency 200 kHz. The bottom is
frequency spectrum, the initial frequency is 130kHz and target frequency
is 270kHz.

Geometry of Transmitter & Receiver

0.1 ° transducer||

0.05

Y(across track)
o

-0.05

‘/ 01 -0.1
0

-0.1 -0.05 0 0.05 0.1
X (along track) X " (along track)

Fig. 3.3.4 Geometry of transmitter and receiver
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3.3.2 Simulation Results
A. Flat Seabed

We start the simulation of seafloor with the flat seabed. The
shape of the seafloor was shown as Fig 3.3.1 left. As we talked
above, the simulation will be conducted with both CW pulse and
LFM signal.

The received signal of each element of receivers, please see
Fig 3.3.5. The seafloor mapping of a flat seabed is shown in Fig
3.3.6, which is a time-angle plot. This difference can be seen
more clearly in a depth-acrosstrack plot (See Fig 3.3.7). In this
picture we can see that the depth-acrosstrack figure presented to

be more smooth under LFM signal.

Received signals Received signals

oo

across track

Across Track[m]

U =

0 002 004 006 008 % o002 004 006 008
Timefse] Time[sec]

Fig. 3.3.5 Received signal (with 2 times transmission loss ) of each
element of array (flat seabed). The left is under continuous wave, and
the right is under LFM signal.
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Time-Angle Plot
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1] 0.02

0.04
Time[sec]
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Time-Angle Plot
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[=]
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(=]

] 0.02

0.04
Time[sec)

0.06

Fig 3.3.6 Time-angle plot of a flat seabed. Left is under CW pulse and

right is under chirp signal

Seabed Image
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20

depth{m)
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Do

-10 0

across track
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Fig 3.3.7 Depth-acrosstrack plot of a flat seabed. Left is under CW

pulse and right is under chirp signal

B. Undulating Seabed

In the reality, the seabed won’'t be as flat as a mirror, so the
undulating seabed has more realistic meanings in simulation. Also,
the shape of the seabed has already been shown in Fig 3.3.1
right. It is a sinc-wave shape seabed, with the hight about 2

meters.
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Fig 3.3.8 is also the received signal for undulating seabed. As
shown in Fig 3.3.9, the gently undulations of the seafloor can be
seen clearly which maches the up-and-downs. Also, a
depth-acrosstrack plot is shown in Fig 3.3.10, the advantages of
LFM signal is still obviously.

Received signals Received signals

E 100 100

g =

e 2

g S 50

U ‘U

<

0 = — 0= =
0 002 004 006 008 0 002 004 005 008
Time[sec] Time[sec]

Fig. 3.3.8 Received signal (with 2 times transmission loss ) of each
element of array (undulating seabed). The left is under continuous wave,

and the right is under chirp signal

Time-Angle Plot Time-Angle Plot
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[=]

h
=]

Steering Angle[deg]

b
(=]

0 0.02 0.04 0.06 0 0.02 0.04 0.06
Time[sec] Time[sec]

Fig 3.3.9 Time-angle plot of a undulating seabed. Left is under CW

pulse and right is under chirp signal
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Seabed Image
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Fig 3.3.10 Depth-acrosstrack plot of a

Seabed Image

[\
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[9)]

i

93]
o

[0%]
W

4—%0 -10 0 10 20

across track

undulating seabed. Left is under

CW pulse and right is under chirp signal

In this Chapter, we do analysis about the simulation. We

examine the performance about CW

pulse and chirp signal and we

can see that in the simulation, chirp signal has no doubt a better

results than continuous wave.
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Chapter 4 Conclusion

Seabed mapping or bathymetry using MBES, backs-cattering

data is a promising approach.

In this thesis, a simulation for a certain area of seafloor was
conducted. The theory foundation of MBES is beamforming, and
the mills cross technique was also introduced briefly. In practise,
to get accurate data, we have to deal with the errors and do

some correction before and after the data acquisition.

As the seabed may be not flat, the degree to which different
bottom types can be discriminated using the back-scattering data
depends on the presence of local slopes of the seafloor. So we

need Lamber’s Law to do local slope correction.

This thesis presented a methodology to use high-frequency
MBES data for the seafloor mapping and this simulation can
support a wide range of survey applications including:
hydrography, search and locate, route survey and seafloor

characterization.
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