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Abstract 

Making a nautical chart for safe navigation is a bathymetric survey's primary goal. Multifrequency MBES, 

developed during the last few decades, has dramatically improved the efficiency, accuracy, and spatial 

resolution of coastal and ocean mapping. The goal of multifrequency MBES is to increase the sub surface’s 

detection resolution. In order to obtain an accurate picture of the seabed, the user can lessen the impact of 

this subsidence by running surveys in five different modes at once. With the help of multifrequency MBES, this 

study will analyze bathymetry in shallow coastal waters. According to this study, each frequency's density 

equals one-fifth of the raw data. The digital bathymetric model (DBM) has identical frequencies. According to 

the produced DBM, the study site's depth value ranges from -2.5 m to -23.5 m LWS. Between 200 kHz and 

other depths, a bathymetric variation of little more than 50 cm. Between 200 kHz and other frequencies to -10 

cm, the bathymetry range of 0 cm predominates. Dredging volume inter frequencies falls between 0.042 m3/m2 

and 0.068 m3/m2. This amount is negligible compared to the overall dredging volume with a thickness of more 

than 1 m inside 1 hectare. 
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1. Introduction 

The main goal of hydrography is to determine the 

depth of waters both at sea and on land (rivers, 

reservoirs and lakes). Therefore, a hydrographer 

must understand special knowledge about media, 

underwater acoustics, depth measuring equipment, 

and procedures to meet nationally and 

internationally predetermined standards [1]. Depth 

measurement can be used in several methods, such 

as mechanical equipment (a lead line and sounding 

pole), acoustic (Singlebeam Echosounder (SBES) 

and Multibeam Echosounder (MBES), airborne lidar 

bathymetry, and remote sensing. The acoustic 

method is the most widely used because of its 

penetration depth of up to thousands of meters. 

While the mechanical, lidar and remote sensing 

methods have limitations related to depth. 

The development of acoustic technology in 

measuring water depth begins with SBES and 

MBES. In the last two decades, the advent of 

multibeam echo sounders has enormously increased 

the efficiency, accuracy, and spatial resolution of 

coastal and ocean mapping [2]. MBES is also an 

acoustic tool that is often used to make observations 

and map the water column and seabed [3] [4] and 

[5]. The primary purpose of an MBES survey is to 

make a nautical chart used for navigational safety 

purposes [6] [7] and [8]. Some researchers and 

communities use bathymetric data MBES to support 

their needs, such as the modeling [9] and [10], 

planning [11], managing of marine resources [12], 

tourism [13], and delineating of national and 

international maritime law for maritime boundaries 

[14]. Bathymetric survey applications are not only 

in sea water but also in lakes, dams, and rivers [15] 

and [16]. MBES now advanced to a level where 

ultra-high resolution (cm) underwater seafloor 

mapping [17] and performed at the exact spatial 

resolution as remote sensing of the terrestrial 

environment [18]. In addition, MBES can be used to 

detect sub-surfaces.  
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Fonseca et al., [19] expected MBES 95 kHz 

frequency, depending on sediment type and grazing 

angle, that penetration into, and interaction with, the 

subsurface would be limited to the upper few 

decimeters to perhaps 1 m. Fonseca et al., [19] used 

only MBES single frequency (95 kHz), which was 

not compared to other frequencies. In another study, 

Feldens et al., [20] detected that for sandy 

sediments, the penetration depth is limited to ~1 cm 

for 600 kHz, while 200 kHz may penetrate ~8 cm 

into the subsurface. According to [20], research only 

discussed little related to depth penetration to the 

subsurface and only for sandy sediments. This study 

has not discussed other sediments, such as mud, 

clay, and rocks. In addition, refers to [20] used 

MBES multifrequency, not ping-by-ping basis. As a 

result, acquiring bathymetric data at multiple 

frequencies would require running the same line 

multiple times, leading to inefficient and 

complicated data acquisition. 

Gaida et al., [21], using multifrequency MBES, 

resulted in a bathymetric difference between the 

lowest (90 kHz) and highest (450 kHz) frequencies 

in muddy areas reaching a value of up to 60 cm. 

Menandro et al., [22] showed that the bathymetric 

differences, which can reach up to 20 cm, observed 

between the frequencies 700 kHz and 170 kHz 

conformed to expectations of the response of 

substrate frequency and the sea bottom type in the 

study area. In accordance with [21] and [22], used 

MBES on a multifrequency ping-by-ping basis, with 

one survey directly obtaining data with the desired 

frequency. This survey is faster and produces data 

simultaneously to minimize errors that occur during 

the survey. However, the data density of each 

frequency is 1/the number of frequencies. Both only 

discuss subsurface penetration between the highest 

and lowest frequencies (450 kHz - 90 kHz for [21]) 

and (700 kHz - 170 kHz for [22]. 

Single-frequency data collected with an MBES 

have been used for five decades to map the seabed. 

The latest generation of MBES has emerged as 

multifrequency MBES in the last seven years. In 

multifrequency MBES, the frequency can be 

modified on a ping-by-ping basis, providing 

multifrequency data with a single pass of the survey 

platform. The design of multifrequency bathymetry 

is for better detection resolution of the subsurface. 

Layers of suspended sediment create noise that 

hinders the precise and accurate resolution of the 

subsurface [23]. By conducting surveys at several 

high frequencies simultaneously (for example, 

100kHz, 200kHz, and 300 kHz), the user can reduce 

the effect of this subsidence to get an accurate 

picture of the seabed. 

One application of the use of bathymetric data is 

for the calculation of dredging volumes in the port 

area. So far, for dredging purposes, the bathymetric 

MBES data used at the actual time must be the same 

as the existing data at the same frequency. The goal 

is that the data used has the exact specifications 

related to penetration, beam angle, swath width, and 

others. Nevertheless, since the multifrequency 

MBES was first discovered in 2016 on an R2Sonic 

ping-by-ping basis, some researchers and 

hydrographic surveyors have widely used it with 

various advantages. It is possible once the survey 

obtains bathymetric data at different frequencies. 

However, using multifrequency MBES will also 

provide problems in determining the depth (seabed 

bathymetry). Multifrequency MBES will produce 

different depths with different frequencies caused by 

the effect of depth penetration into subsurface 

sediments. The problem is which frequency is used 

to determine the seabed bathymetry, and what does 

the bathymetric difference inter frequencies? How 

does bathymetric multifrequency affect the 

bathymetric chart and dredging volume calculation? 

Therefore, this study aims to determine how great 

the multifrequency MBES produce the difference in 

depth with different frequencies in one survey 

MBES in the exact survey location and their impact 

on the bathymetric chart and dredging volume 

computation. 

 

2. Materials and Methods 

A bathymetric survey using multifrequency MBES 

was carried out in the shallow marine area at the 

port of PT. Gresik Jasa Tama (PT. GJT) (Figure 1), 

located in Gresik Regency, East Java Province, 

Indonesia, on Friday, 20 May 2022. The survey area 

is about 4 ha and is a port for loading and unloading 

wooden ships. The depth in the survey area is from -

3 m to -24 m LWS. 

A multi-frequency MBES dataset can provide 

high-resolution information on seabed bathymetry. 

This study acquired seabed bathymetry using an 

R2Sonic 2020 MBES, with the sonar head deployed 

through a moon pool in the side-mounted survey 

vessel. The MBES system collects data in a 

sequence of five pings at 200, 250, 300, 350, and 

400 kHz operating frequencies in equiangular mode. 

The system settings, such as transmit power, gain, 

and pulse length, are all accessible to the user or 

predefined in automatic acquisition modes. Table 1 

shows the technical characteristics of the R2Sonic 

2020 MBES and some parameters used during the 

acquisition.  
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Figure 1: Research survey location at PT. Gresik Jasa Tama, Gresik Regency, East Java, Indonesia 

 

Table 1: Characteristic of R2Sonic 2020 MBES used during acquisitions 
 

Frequency 200 – 450 kHz; 700 kHz optional 

Number of soundings Up to 1024 soundings per ping 

Beam width (Ωtx and Ωrx) 
1° x 1° at 700kHz (optional); 1.8° x 1.8° at 450kHz; 

4° x 4° at 200kHz 

Selectable Swath sector 10° to 130° User selectable in real-time 

Nominal pulse Length τn 15 μs – 1 ms 

Pulse type Shape CW 

Sounding Pattern 
Equiangular Equidistant single / double / quad 

modes Ultra High Density (UHD 

 

The raw data is extracted from the .sbd files (Eiva 

Navi Scan) and further processed using other 

software. This system uses an Inertial Motion Unit 

(IMU) sensor to measure the vessel's attitude (pitch, 

roll, and yaw) and differential GNSS for horizontal 

positioning and heading. In addition, it is also 

equipped with tidal observations during the survey 

and sound velocity profiler measurements at the 

beginning, middle, and end of the survey to obtain a 

correction for the speed of sound waves underwater. 

This research method generally consists of 

collecting, processing, and analyzing. Before the 

survey begins, the first step is setting all survey 

equipment in the data collection. The next step is to 

measure the patch test (Figure 2) to calibrate the 

transducer's alignment to the ship's attitude (pitch, 

roll, yaw, and latency). After that, conduct a 

bathymetric survey with five frequency modes on a 

predetermined survey path. The patch test data is 

first processed to get the pitch, roll, and yaw 

correction angles. Then SVP data is used for sound 

velocity correction underwater, and tidal data is 

used to correct datum reference. Patch test, SVP, 

and tidal data were entered into each survey data 

line to get the data corrected. The next step is 

splitting the data into five files containing one 

frequency and data editing to eliminate existing 

noise [24] and [25]. Finally, in analysis, calculate 

the MBES data into corrected depth data for each 

frequency and the difference in depth between 200 

kHz frequency to others. 

 

 

MBES Survey Location 
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Figure 2: Bathymetric dataset for patch test survey (a) latency, (b) roll, (c) pitch, (d) yaw [26] 

 

3. Result and Discussion 

3.1 Patch Test 

Sensors' misalignment or mistiming relative to one 

another can create dynamic residuals and a static 

bias (e.g., roll bias) [27]. Therefore, before the 

survey begins, the MBES system parameter 

calibration must be carried out by patch test. The 

patch test aims to align the transducer with the 

existing reference system on the ship, namely by 

calculating the rotation angle concerning the y-axis 

(roll), the x-axis (pitch), and the z-axis (yaw), and 

latency. The patch test on MBES requires a flat 

seabed measurement location for roll and a sloping 

seabed for pitch, yaw, and latency [28] and [29].  

Most installations will incorporate GNSS time 

synchronization, and no latency is expected in the 

GNSS position. Roll measurement is conducted on 

one survey line, measured back and forth twice and 

at the same survey speed. An error in the roll will 

result in an error in sounding depths. Pitch 

measurement is the same as roll, measured back and 

forth and at the same speed but seabed slope. The 

effect of pitch error increases significantly with 

depth in the along-track position. The Yaw test uses 

two parallel lines with the ship in the same direction 

on the line. Yaw error will happen in-depth position 

error, which increases far from the nadir [26] and 

[29].  

Figure 3 shows the patch test results where the 

pitch is -0.950, the roll is 0,630, and the heading is -

0.450. The patch test values (pitch, roll, and 

heading) and latency should be entered into the 

appropriate areas in the data collection software. 

 

3.2 Digital Bathymetry Model using Multifrequency 

MBES 

This research used multifrequency MBES R2Sonic 

2020 with five modes 200 kHz, 250 kHz, 300 kHz, 

350 kHz, dan 400 kHz (Figure 4). The MBES 

multifrequency data from the survey is still a single 

file and must be separated into five files for each 

frequency. The data density of each file is a fifth of 

the original file. 

Multibeam echosounders (MBES) are the most 

efficient and widely used sonar technology for 

seabed mapping. Beamforming in the across-track 

direction enables measurements of the signal travel 

time to the seabed for many beam angles. As such, it 

provides detailed and extensive information about 

seabed bathymetry. The primary function of MBES 

is to detect a certain amount of depth along the 

swath of the bottom. The transducer sends a sound 

pulse reflected from the bottom and received by a 

series of transducers to obtain this depth in a 

particular angular sector [30]. In the last decade, 

several manufacturers have made MBES that are not 

only capable of producing one frequency but more 

than one frequency with one survey on a ping-by-

ping basis. One of the goals of using multi-

frequency is to reduce the amount of noise 

encountered [31]. 
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Figure 3: Graphical of patch test value (a) pitch, (b) roll, and (c) heading 

 

 
 

Figure 4: Data density of multifrequency MBES and each frequency 

 

The bathymetry data obtained by multifrequency 

MBES must follow standards set by the 

International Hydrographic Organization (IHO) S-

44 6th edition [32]. There are five categories of area 

surveys regarding the accuracy requirement of S-44 

IHO for the bathymetric survey: Order 2, Order 1b, 

Order 1a, Special Order, and Exclusive Order. After 

data multifrequency MBES processing, the value of 

depth Total Horizontal Uncertainty (THU) for each 

frequency is 0.1 m, and the value of depth Total 

Vertical Uncertainty (TVU) for each frequency is 

0.2 m.  

 

b) 
a) 

c) 



6 

 

International Journal of Geoinformatics, Vol.19, No. 4, April 2023 

ISSN: 1686-6576 (Printed)  |  ISSN  2673-0014 (Online) | © Geoinformatics International 

 

These results refer to S-44 IHO concluded in a 

special order because the maximum allowable depth 

THU is 2 m, and the depth TVU is 0.25 m. The 

depth THU value follows the formula: 

 

𝑇𝑉𝑈𝑚𝑎𝑥(𝑑) = √𝑎2 + (𝑏 × 𝑑)2 

Equation 1 

 

where a = 0.25 and b = 0.0075, and d is the depth. 

In this case study, the area survey is categorized by 

special order with under keel clearance is critical. 

 

The digital bathymetry model (DBM) is a spatial 

computational model that automatically presents the 

ocean floor's depth information. DBM is required to 

display marine survey information. There are 

several methods for constructing seabed DBM, such 

as linear interpolation, inverse distance weighted 

(IDW), spline function, krigging, and others. This 

study uses the krigging interpolation method based 

on the theory of regionalized variables and the semi-

variant function as a tool. Under minimal estimated 

variance, the Kriging interpolation method considers 

the randomness of field changes and discrete sample 

correlations [29]. This method gives the optimal 

linear unbiased estimate. Figure 5 shows the digital 

bathymetric model for each frequency 200 kHz, 250 

kHz, 300 kHz, 350 kHz, and 400 kHz. The 

reference depth of this case is the lowest water 

surface (LWS). In general, the depth of the survey 

site for each frequency shows a depth between -2.5 

m LWS and -23.5 m LWS. The depth of the 

northwest part (near the shoreline) is from -3 m 

LWS to -8 m LWS. In the center of the survey area, 

the depth ranges from -6 m LWS to -15 m LWS; in 

the northeast part, the depth is between -16 m LWS 

and -23.5 m LWS. All the DBMs have a uniform 

bathymetric shape and pattern. To the north, there is 

a cliff almost straight 90 degrees with a depth 

difference between -8 to -14 m. In addition, to the 

south, there is a channel with a depth of -15 to -20 

m LWS. 

 

3.3 Bathymetric Differences Inter Frequency 

Bathymetric data processing is carried out with the 

Eiva software, applying manual and spline filtering 

to remove sounding artifacts. The bathymetry data is 

then separated per frequency and gridded into a 1 m 

× 1 m grid. Each DBM frequency is subtracted from 

a depth of 200 kHz, whereas the low-frequency 

depth is subtracted from the high-frequency 

depth. Figure 6 shows the path profiled from north 

to south (A – A') and west to east (B – B').  

 

 
Figure 5: Digital bathymetric model for each frequency, (a) 200 kHz (b) 250 kHz  

(c) 300 kHz (d) 350 kHz (e) 400 kHz 
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Figure 6: Cross section path of A – A’ (north to south) and B – B’ (west to east) 

 
 

Figure 7: Depth overlay for each frequency in cross section from A – A’  

 

Figure 7 describes the depth cross-sectional profile 

from A – A' for each frequency, and Figure 8 

describes the depth-crossing profile from B – B' for 

each frequency. In general, it can be seen that the 

frequency of 400 kHz (green color) shows the 

shallowest depth (the top green line), and the 

frequency of 200 kHz shows the deepest depth (light 

blue color). However, there are several locations of 

the shallowest frequency, 250 (red), and the deepest 

frequency, 350 (magenta). Figure 9 shows all the 

results of each difference in depth between 200 kHz 

and other frequencies. All the depth differences are 

dominated by the orange color, which suggests a 

depth difference of 0 – 10 cm. In the northeast part, 

some locations with a small area show depth 

differences between 10 – 20 cm (red), 20 – 30 cm 

(brown), 30 – 40 cm (magenta), and 40 – 50 cm 

(green). 

 

3.4 Volume Analysis Due to Frequency Differences 

In dredging work, surface one (existing) and surface 

two (actual) depth data are required to calculate 

dredging volume. Surface one and surface two 

should be measured using an MBES survey tool 

with the exact specifications, such as the same 
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frequency and beam width, to produce a consistent volume.  
 

 

 

 
 

Figure 8: Depth overlay for each frequency in cross section from B – B’ 
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Figure 9: Bathymetric difference between (a) 200 kHz and 250 kHz (b) 200 kHz and 300 kHz (c) 200 kHz 

and 350 kHz (d) 200 kHz and 400 kHz 

 

Table 2: Dredging volume inter frequencies between 200 kHz and other frequencies. 
 

Volume  

Inter Frequency (m3) 
250 kHz 300 kHz 350 kHz 400 kHz 

200 kHz 8746.292 (m3) 9664.347 (m3) 10957.777 (m3) 14112.276 (m3) 
 

Table 3: The effect of using different frequencies on the dredging volume in 1 ha 
 

Dredging 

thickness  

Dredging 

Volume 

Minimum 

difference (m3) 
% 

Maximum 

difference (m3) 
% 

1 m 10000 420 4.20 680 6.80 

2 m 20000 420 2.10 680 3.40 

3 m 30000 420 1.40 680 2.27 

4 m 40000 420 1.05 680 1.70 

5 m 50000 420 0.08 680 1.36 
 

 
 

Figure 10: Excess dredging volume if mc0 use f1 and mc100 use f2 
 

 
 

Figure 11: Excess dredging volume if mc0 use f2 and mc100 use f1 

 

In this case study, the difference in volume will be 

seen if the data used on existing and actual surface 

use different frequencies. The MBES multi-

frequency data here uses the 200 kHz, 250 kHz, 300 

kHz, 350 kHz, and 400 kHz modes, each of which 

simultaneously produces depth in the same survey 

area (ping by ping). The following Table 1 shows 

the dredging volume between a depth of 200 kHz 

and a depth of other frequencies. The existing 

surface, used to calculate the volume in Table 1 

above, is a depth with the lowest frequency than the 

actual surface, that is, a depth with 200 kHz 

frequency. In the case of dredging work, the volume 

used is the cut (dredging) volume. Table 2 shows 

that the dredging volume between frequencies with 

a low frequency as existing surface means that the 

dredging volume value is much bigger than actual 

surface when a lower frequency is used. The 
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minimum dredging volume is 8746.292 m3 for 200 

kHz (existing) and 250 kHz (actual), and the 

maximum dredging volume is 14112.276 m3 for 200 

kHz (existing) and 400 kHz (actual). 

With an area of 41.5 ha, the dredging volume ranges 

from 0.021 m3/m2 – 0.034 m3/m2. This case means 

that if the existing surface (mc0 survey) uses a lower 

frequency (f1) than the frequency at the actual 

surface (mc100), then there will be a difference 

(excess) of dredging volume between 0.021 m3/m2 – 

0.034 m3/m2 (Figure 10). Furthermore, and vice 

versa, Figure 11 shows that the existing surface 

(mc0 survey) uses a higher frequency (f2) than the 

actual surface. There will be a two times excess 

dredging from 0.021 m3/m2 – 0.034 m3/m2 or 0.042 

m3/m2 – 0.068 m3/m2. If it is assumed that the 

dredging area is 1 ha, the difference in dredging 

volume between the maximum frequency ranges 

from 420 m3 to 680 m3. This value is only 4.2 % - 

6.8%, minimal compared to the total dredging in 1 

ha conducted as deep as 1 m with a total volume of 

10000 m3. The deeper the dredging, the smaller the 

percentage difference (see Table 3). 

 

4. Conclusion 

The data density of each frequency is 1/5 of the data 

density of the original data. The MBES 

multifrequency 3D bathymetry model for each 

frequency (200 kHz, 250 kHz, 300 kHz, 350 kHz, 

and 400 kHz) has a similar model with depths 

ranging from -2.5 m to -23.5 m LWS. All depth 

differences inter-frequency between 200 kHz and 

other frequencies (250 kHz, 300 kHz, 350 kHz, and 

400 kHz) are dominated by 0 – 10 cm. The most 

significant depth difference is 50 cm in some 

locations in the northeast. The dredging volume 

difference inter-frequency between depths of 200 

kHz and others ranges from 0.021 m3/m2 to 0.034 

m3/m2. This value is minimal compared to the total 

dredging volume with a dredging thickness of 1 m 

and an area of 1 ha less than 5%. This research 

benefits the industry for dredging purposes to 

produce optimal volume. Future research should be 

carried out in areas with varied terrain and different 

sediment types, from hard sediment (rock) to soft 

sediment (clay). 
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