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Abstract. Multibeam bathymetry is a bathymetry technique of wide sector propagation and strip
coverage by simultaneously transmitting and simultaneously receiving multiple beams. This paper
mainly focuses on the problem of multibeam transmitting, combines theoretical proofs and data laws,
respectively conducts qualitative analysis and quantitative analysis of the survey line layout scheme,
and concludes that in the case of the shortest total length of the survey line, all the survey lines are
straight lines parallel to each other, and the angle of the direction of the survey line is 90°, and the
coverage rate between any neighboring strips is 10%. The total length of survey lines is modeled by
geometric analysis, and the optimal survey line deployment scheme contains 34 survey lines, with a
total length of 125936 m. The optimal survey line deployment scheme is based on the model of the
total length of survey lines.
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1. Introduction

With the rapid progress of digital technology, the development and utilization of the ocean by all
countries in the world has reached an unprecedented depth and breadth. In order to realize the
comprehensiveness and accuracy of the seabed knowledge, the introduction of clear image
information and accurate digital information into marine research has become the inevitable
requirement of today's era [1].

Compared with single-beam bathymetry, multibeam bathymetry system has the advantages of
large measurement coverage, fast measurement speed, high accuracy and efficiency [2], and it can
measure a full-coverage bathymetry strip with a certain width on the axis of the survey line of the
survey ship in a flat sea area.

Multibeam bathymetric system is developed on the basis of single-beam bathymetry, the system
in the plane perpendicular to the trajectory at the same time to the seafloor tens or even hundreds of
beams, the measuring ship transducer sends out the acoustic wave to reach the seafloor, and then by
the receiving transducer to receive, the system can be recorded from the acoustic wave emission to
the signal received by the transmission time, through the acoustic wave propagation speed in the
seawater and the time of propagation of seawater can be calculated. Depth.

Based on the above background analysis and known conditions, it is necessary to establish a model
to complete the following problem:

Consider designing a set of measurement lines with the shortest measurement length that can
completely cover the entire sea area to be measured in a rectangular sea area with clear boundaries,
and the overlap rate between neighboring strips meets the requirement of 10%~20%.
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2. Research Methods

To design a set of survey lines with the shortest measurement length, which can completely cover
the whole sea area to be measured, and the overlap rate between neighboring strips meets the
requirement of 10%~20%. With regard to the length and width, orientation and slope of the sea area
to be measured, it is analyzed that there may be a certain angle of measurement line direction, so that
the total length of the line is the shortest in the case of covering the whole sea area to be measured,
and the optimal angle of measurement line direction can be sought from the theoretical method and
the quantitative method of the data, and finally the optimal measurement line deployment scheme is
taken as the optimal measurement line, and the mathematical model of the total length of the line is
established for solving the corresponding results.

3. Modeling and solving

3.1. Theoretical level qualitative proof of the shortest survey line design

For multibeam bathymetry operations in the sea area to be measured, the survey line design should
be carried out before the survey, according to the characteristics and requirements of the area to be
measured, and scientifically and reasonably lay out the planned survey line [3-5]. According to the
decision-making objectives and constraints, the survey line design parameters can be analyzed
theoretically.

The transducer transmitter beam is projected onto the seafloor slope, and the strip coverage width
of neighboring survey lines needs to have at least 10% of mutual overlap area, in order to avoid
generating the detection blind zone and ensure the completeness and accuracy of the measurement
data. In the clear area to be measured in the sea, the overlap rate needs to be taken in the range of 10%
to 20%, the higher the overlap rate means that the denser the distribution of the measurement line,
the larger the total length of the measurement line in the fixed range to be measured, this paper
considers that the overlap rate of the neighboring strips should be determined as 10%, and the
neighboring measurement lines must be parallel[6-8].

Because the layout plan of the survey line does not require that the navigation route of the survey
ship is continuous, the survey line can be arranged in sections in the sea area to be measured, so it is
necessary to solve the problems of the linear, Angle and positioning of the survey line.

Let the covering area of the strip corresponding to the measuring line of unit length be km, and the
average effective area covered by the strip corresponding to the measuring line of unit length be Kk,
where K is the ratio of the effective area to the total length of the measuring line. Effective area m1 is
the area covered by its horizontal projection in the horizontal projection rectangle of the sea slope,
and invalid area m2 is the area covered by its horizontal projection in the horizontal projection
rectangle of the sea slope [9,10].

3.1.1 Determination of line type

It can be seen from the differential that when the covering width is the same, when the length is
the same, the covering area m of any non-overlapping lines is the same.

(1) The covered area m of the curve is composed of effective area m1 and ineffective area mz, and
the average effective area covered by the measuring line of the unit length is k1.

(2) The average effective area covered by a line that is not parallel to a rectangular edge is k2. The
covering area m is composed of effective area m1 and invalid area ma.

(3) The line with parallel rectangular edge is the covering area m is the effective area m1, and the
average effective area covered by the measuring line with the unit length is k3.

Figure 1 shows the layout of three types of survey lines when the sea slope is flat. From the above
analysis, it can be seen that ki<ks, ka<ks, linear line should be selected, and the straight line should
be parallel to the side of the rectangle, ks=km.
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Figure 1. Layout of survey lines when the sea slope is flat.

3.1.2 Determine the position relationship of the measuring line.

Figure 2 shows the perpendicularity and parallelism of a straight line.

(1) Assuming that the lines may intersect (horizontal and vertical lines intersect), there is an
overlapping area between the two strips, and the area of this overlapping area is the invalid area k
will be reduced.

(2) When the measuring lines are parallel to each other, the covering area m is the effective area
m1l.

I ——

(1) 2)
Figure 2. Vertical and parallel cases of linear lines

3.1.3 Determination of measuring line spacing

Considering the slope inclination, it is assumed that the strip cover width is proportional to the
water depth (Figure 3).

(1) When the distance is equal, the change in the water depth will cause the change in the strip
cover width, which will increase the strip overlap rate in the deep water, increase the ineffective area
m2 and decrease k.

(2) When the spacing is not equal, the increase of invalid area m2 can be reduced by changing the
distance of adjacent strips due to the increase of strip overlap rate.

(D (2)
Figure 3. Distance distribution between adjacent measurement lines.

3.1.4 Determination of straight-line Angle (considering the slope inclination)

It can be seen from Figure 4. (1) that the straight line should be selected parallel to the rectangular
edge, and there are two kinds of straight lines when it is tilted:
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(1) Perpendicular to the isobath, the change of the water depth will cause the change of the cover
width of the strip, and the strip is trapezoidal. At the boundary, in order to meet the requirement of
no leakage measurement, part of the cover area will exceed the rectangle, resulting in invalid area.

(2) Parallel to the isobath, the strip is rectangular at this time, and no invalid area will be generated.

From the above analysis, it can be seen that the layout scheme of the survey line with the shortest
measurement length should be parallel to the isobath line, parallel to each other, unequal spacing and
discontinuous lines.

L) / (2)

Figure 4. Considering the layout of the survey line of the slope slope

3.2. In terms of data, the design of the shortest measurement line was quantitatively derived

In order to explore the relationship between the direction Angle of the line and the total length of
the line, the following mathematical model is established to determine the shortest direction Angle of
the total length of the line. For any rectangular plane with known boundaries, to achieve complete
coverage of the entire area in the form of a strip, you can start from the vertex at the bottom of the
rectangle, and gradually parallel route to the top of the rectangle with a certain line spacing until the
strip coverage width exceeds the entire area to be measured.

The Angle between the measurement line direction and the positive direction of the X axis is o,
I_1 is the north-south length of the sea area to be measured, |_2 is the east-west width of the sea area
to be measured, K is the number of measurement line spacing, and D is the measurement line spacing.

Case 1:0°<@<90°. Figure 5 shows the geometric relationship diagram of Case 1.
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Figure 5. Schematic diagram of case 1 geometric relationship

According to the Angle between the direction of the measurement line and the positive direction
of the X axis ¢, the equation of the measurement line in case 1 can be determined:

Kd
y,=tano(x—(l, - —)) e0)
sina

Case 2:90°<@<180°. Figure 6 shows a schematic diagram of the geometric relationship in case 2.
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Figure 6. Schematic diagram of the geometric relationship in case two
Equation of measuring line in case 2: y, =tan ¢(x—|_<—D) )
sing
Case 3: 9=90°
Equation of measurement line in case 3:
x=C,(Ce(0,2)) )

First of all, it is determined that the distance between the measuring line is 50m, and the Angle
between the measuring line direction and the positive direction of the X axis is @ in |— 0,180"°) with
a step of 1°to traverse the total length of the measuring line with ¢ changes as shown in Figure 7.
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Figure 7. Schematic diagram of the total length of the measuring line as a result
By observing the diagram of the above results, it is found that the total length of the measured line
is the shortest when ¢=90°. At the same time, on the basis of Figure 7, the spacing of measuring lines
is traversed, and the change diagram of the total length of measuring lines with ¢ and d is shown in
Figure 8.
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Figure 8. Schematic diagram of the total length of measuring line with ¢ and d

By observing the schematic diagram of the above results, it is found that the total length of the
survey line is the shortest when ¢=90° in any given distance of the survey line. It is concluded that
the total length of the survey line is the smallest when the Angle between the direction of the survey
line and the contour of the slope is 90<

3.3. Establishment of the total length model of measuring line

According to the above proof process, when the Angle B of the survey line direction is 90°, the
total length of the survey line is minimum, the projection of the survey line direction and the normal
direction of the submarine slope on the horizontal plane is perpendicular to each other, the strip
coverage width is the same in any vertical section of the same survey line, and each survey line is
parallel to each other, and the design of the survey line spacing can be carried out according to the
coverage rate of the strip formed by the adjacent survey line. Until the strip width of all survey lines
can completely cover the entire sea area to be measured. The relevant characteristic quantity at the
first measurement line can be determined by laying the measurement line from the intersection line
between the slope area to be measured and the seabed plane and making the strip width boundary of
the first measurement line coincide with the intersection line. d is the distance between two adjacent
survey lines, a is the slope of the submarine slope, and D 1 is the depth of the sea water at the location
of the first survey line. The geometric model of the total length of the measured line is shown in
Figure 9.
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Figure 9. Three-dimensional diagram of the coverage width

139



Highlights in Science, Engineering and Technology MMML 2024
Volume 98 (2024)

The depth of the sea water at the location of the intersection line between the measured slope area
and the seabed plane is D_0:

D, =D, +d,tanx 4

In the triangular section where the transducer transmits multiple beams, the sine theorem can be
used to obtain:

d,/cosa D
sing sin(”—a—gj )

2 2

For the solution of each characteristic quantity between two adjacent measurement lines, change
the distance between measurement lines to d_i, representing the distance between the i-measurement
line and the i+1 measurement line, and make the overlap rate n between adjacent strips =10%, the
following calculation formula is obtained:

D, 10%x D, 90%x D,

di:singcow (r 0\ . (n« N (x 0 6)
2 sin| = —a—~1| sin|Z—a——| sin| Z+a-—
2 2 2 2 2 2

According to the requirement that the strip width can completely cover the entire sea area to be
measured, the sum of the total length of the spacing of all adjacent survey lines and the distance from
the first survey line along the slope to the seabed should be greater than or equal to the east-west
width of the sea area to be measured L_2, and the number of survey lines n is the minimum survey
line number satisfying this condition. The calculation formula is as follows:

>di+dy>L, %

When the direction Angle of the measurement line is 90< the length of each measurement line in
the rectangular area to be measured is the north-south length L_1 of the sea area to be measured, and
the total length of the measurement line L is:

L=nL (8)

3.4. Model solution

On the basis that the layout scheme of the line satisfies all constraints, according to the above
design scheme of the line with the shortest measurement length, it is proved that the layout scheme
of parallel line with the Angle of 90<in the direction of the line is selected as the optimal scheme,
and the total length model of the line is used to substitute the known data for solution.

A total of 34 lines were obtained, and the total length of the lines was 125936 m. The location of
the survey line is represented by the distance between the survey line and the westernmost side of the
submarine slope, and the strip distribution diagram of the submarine slope is shown in Figure 10.
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Figure 10. Schematic diagram of strip distribution of submarine slope

Multi-beam sounding was carried out in the sea area to be measured with deep west and shallow
east, and the overlap rate between adjacent strips was 10%, forming the strip distribution as shown in
Figure 8. The sea water in the west side was deeper and the strip coverage width was wider, so the
survey lines were sparse. The depth of sea water in the east side is shallow, and the width of strip
coverage is narrow, so the survey line is dense. Because the direction of the survey line is
perpendicular to the projection of the normal direction of the submarine slope on the horizontal plane,
the depth and strip width of the sea water corresponding to the same survey line are the same.

4. Conclusions

In this paper, the transmitting problem in multi-beam sounding technology is deeply studied and
analyzed, and an optimized line layout scheme is proposed. Through qualitative and quantitative
analysis, this paper proves that under the premise of ensuring the shortest total length of the survey
lines, all the survey lines should be arranged as parallel lines, and the direction Angle of the survey
lines is 90< so as to ensure that the coverage rate between any adjacent strips is constant 10%. This
scheme not only improves the efficiency and accuracy of the measurement, but also establishes a total
length model of the line through geometric analysis, which can guide the practical multi-beam
sounding operation.

Further, this paper obtains the optimal survey line layout scheme through the model calculation,
which includes 34 survey lines with a total length of 125936 meters. This result provides important
theoretical basis and practical guidance for the practical application of multi-beam sounding
technology and has important reference value for the research of Marine geology, ocean engineering
and other fields. In addition, this study also reveals some key data rules in multi-beam sounding,
which provides a solid foundation for future related research.

In summary, the research results of this paper not only improve the operational efficiency and data
quality of multi-beam sounding technology, but also provide a new perspective and method for
research in related fields. In the future, with the continuous development and improvement of multi-
beam sounding technology, the research results of this paper are expected to be more widely used in
the field of Marine science and technology.
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