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SUMMARY

This paper evaluates the performance of the Ping DSP’s 3DSS-IDX-450 sonar in shallow water surveys,
comparing it against traditional multibeam echo sounders (MBES) like the Norbit iWBMS. The study
assessed bathymetric uncertainty and object detection capabilities according to the International
Hydrographic Organization (IHO) standards. The research was conducted in Cawsand Bay, employing
both the 3DSS-IDX-450 sonar and the Norbit iWBMS to collect bathymetric data and detect objects on
the seabed and mid-water. Data processing and analysis were performed using software like QPS Qimera
and CloudCompare, focusing on bathymetric performance and object detection. Results indicated that the
3DSS-IDX-450 sonar provides bathymetric soundings comparable to traditional MBES systems. The
overall depth uncertainty for Norbit iWBMS was 0.042m and 0.11m (95% c.1.) for 3DSS-IDX-450. It
successfully detected objects both on the seabed and mid-water, demonstrating its efficiency in identifying
targets with its Computed Angle-of-Arrival Transient Imaging (CAATI) technology. The sonar's
performance in shallow water met IHO Order 1a and 1b, making it suitable for various applications,
including naval and autonomous surface vehicle (ASV) operations. The study concludes that the 3DSS-
IDX-450 sonar is a reliable tool for shallow water hydrographic surveys, offering advantages in terms of
size, power consumption, and integrated technologies for challenging environments.
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1.0 Introduction

The increasing demand for effective, efficient, and accurate instrumentation and technologies for
hydrographic surveying has influenced the adoption of disruptive techniques and solutions that impact
survey capacity and productivity. In hydrographic surveying, whether underwater acoustic sensor
measurements or underwater positioning, the quality of the sensed data is crucial (Crawford and Connors,
2019) for sediment categorisation, underwater topography, and geomorphology analysis (Bu et al., 2021;
Kenny et al., 2003). Several applications of hydrography (e,g, wrecks and underwater archaeology,
surveying subsea structures, shallow water hydrography, Autonomous Surface Vehicles (ASV) and
Autonomous Underwater Vehicles (AUV) applications) (Geen, 1998) are making use of the combination
of side-scan sonar (SSS) and multibeam echosounder (MBES) as separate systems for data acquisition
and analyses (Fakiris et al., 2019; Shang et al., 2019). However, with the advent of recent technologies,
interferometric sonars like Ping Digital Signal Processing (DSP) have been developed to combine MBES
and SSS capability systems for underwater imaging and mapping. This system integrates side-scan, IHO
Exclusive Order swath bathymetry, and 3D point clouds as one single system. The Ping DSP has real-

™
time 3DSS  high-definition imaging technology and MBES Bathymetry Engine and is designed to work

™
on a range of Automated Surface and Underwater Vehicles. The 3DSS  introduces accurate three-
dimensional side-scan imaging and extends the swath bathymetry side-scan beyond traditional

interferometry's inherent limitations. 3DSSTM explicitly resolves multiple instantaneous angles of arrival.
It separates seabed backscatter from the sea surface, water column and multipath backscatter (Ping DSP
Inc, 2018b) — something traditional interferometric swath sounders had been unable to achieve. The Ping
DSP is designed for shallow water surveys and provides comprehensive bathymetric coverage of the
seabed, even at nadir (Brisson et al., 2014) with its Computed Angle-of-Arrival Transient Imaging
(CAATI) algorithm. The Ping DSP capabilities stated have been evaluated in a robust performance
assessment against the International Hydrographic Organization (IHO) standards (IHO, 2020). The [HO
requirements define strict standards applicable to hydrographic surveys worldwide. Existing literature
(e.g., Kraeutner et al., 2002; Crawford and Connors, 2019) attempted to assess the performance the earlier
model (3DSS-DX-450) of the Ping DSP under different scenarios of what is presented in this paper. The
study explored some practical applications of the 3DSS-IDX-450 with survey operations performed at
Cawsand Bay. The Ping DSP sonar was mobilised on an Unmanned Surface Vehicle (USV), the
Yellow Pig due to the short length of its sonar cable (1.5m) which was not suitable for deployment on
a manned vessel, while the Norbit iWBMS was deployed on a manned vessel, Falcon Spirit. Even
though the setup, geometry and operational requirements of the systems were different, the survey
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operations and data acquisition procedures were as similar to each other as possible. The 3D data of
soundings captured contributed to comparisons with the Norbit iWBMS multibeam, offering an insight
into its functionalities. After post-processing, the 3D data can be used as backscatter seabed imagery,
bathymetry, or a combination of the two. However, the several tests performed with the 3DSS-IDX-450
sonar and the Norbit iWBMS focused on the bathymetric accuracy and object detection capability with
surveys over seabed and mid-water targets. This paper also discusses the technological advancements
represented by the Ping DSP's 3DSS-IDX-450.

2.0 Materials and Methods
2.1 3DSS-IDX-450 — Description and Operational requirements

The 3DSS-IDX-450 (Figure 1) is a shallow water mapping and imaging sonar integrated with AML
MicroX Sound Velocity Sensor, SBG Ellipse2-E IMU and Septentrio dual GNSS for superior
hydrographic survey performance. The 3DSS-IDX-450 features a patented signal processing approach that
extends the single angle-of-arrival principle used in interferometric systems to accommodate multiple
simultaneous backscatter arrivals. The Sonar operates at 450 kHz and consumes a maximum power of
22W and voltage requirements of 24VDC £10%. The dimensions of the Sonar are 56.8 cm (length) x 9.8
cm (diameter), 10m depth rating, and it weighs 8kg in air. It operates with a horizontal beamwidth (2-way)
of 0.4° and vertical beamwidth (selectable) of 15° — 125° with 1440 soundings per Ping across the swath at
a ping rate of 30Hz. The integrated MRU have an accuracy of 0.5° for roll and pitch with an external input
interface of 1PPS, RS-232, NMEA and TTS protocols (Ping DSP Inc.,

2020). Table 1 contains the key system specifications for 3DSS-IDX-450 Sonar.
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Figure 1. (A) 3DSS-IDX-450 Sonar with GNSS. (B) Sonar Interface Unit (SIU) powers the sonar head and
has an integrated

Ethernet switch for communication with the sonar head (Ping DSP
Inc., 2021).

2.2 Norbit iWBMS — Description and Operational requirements

The Norbit iWBMS MBES system with embedded Applanix WaveMaster Il was over-the-side
mounted on a pole attached to a frame on Falcon Spirit with the transducer connected to a flange with
locking nuts, reducing vibration (Figure 2). For good connections between the equipment, programs
and regular collection, a test was done to assess communication between the Norbit iWBMS, the
Sonar Interface Module (SIM) and the Norbit data acquisition software.
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Figure 2. Data and communication configuration for Norbit iWBMS (left) and the vessel mount (right)

2.3 Mobilising Yellow Pig with the 3DSS-IDX-450 Sonar

The mobilisation of the Yellow Pig with the 3DSS-IDX-450 side scan sonar system involved the
physical installation of devices and electrical and electronic connections with operational data collection
and navigation software (Qinsy and 3DSS-DX Control). The Sonar was installed using its pole adaptor
onto a 1m pole (Scm in diameter). The pole was 1m from the mounting adapter to the top of the T-piece
to the flange. Two GNSS antennas (primary and secondary) were fitted 2m apart on the T-piece bar and
connected to ANT1 and ANT?2 on the topside box (SIU). The 3DSS-IDX-450 was moon pool mounted
on the Yellow Pig 30cm below the water surface to minimise the possibility of a secondary transmit
pulse resulting from surface bounce multipath due to the proximity of a strong reflector above the Sonar
(Leenhardt, 1974). A pelican case containing the integrated SIU with a laptop, GNSS receiver,
smartphone and 300W power source was connected using the 3DSS™-DX sonar cable (1.5m long with
Teledyne Impulse MHDG-CCP-16 underwater connector that mates with the MHDG-FCR-16 on the
Sonar) to power the sonar head. The 3DSS-IDX-450 system operated independently of the Yellow Pig.
The GNSS antenna offsets were programmed into the Ellipse-2 INS through the 3DSS Control Console
interface. Figure 3 shows the setup on the Yellow Pig with the 3DSS-IDX-450 Sonar.
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Figure 3. Yellow Pig mobilised with 3DSS-IDX-450 Sonar and deployment (A&B) and streamed data
visualisation (C).

Table 1. Key system specifications for 3DSS-IDX-450 Sonar.

System Features Specifications
Operating Frequency 450kHz
Horizontal Beamwidth (2-way) 0.4°

Vertical Beamwidth (selectable) 150 - 125°
Number of Beams 512

Mech. Transducer Tilt (fixed) 20°

Electronic Transmit Tilt -45° to 45°
Max. Ping Rep. Rate ~30Hz

Data Output

Rage, Angle, and Amplitude (2D & 3D)

Max. Range

2D 200m per side and 3D 100m per side

Max. Resolution

1.67cm

Typical Bathymetry Swath Width

6 to 14 times sonar altitude, varies with sound
velocity profile and bottom type

Roll and Pitch

0.5°

Depth Rating

10m
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2.4 Testing Location: Cawsand Bay

Cawsand Bay is located on the southeast coast of Cornwall and about Skm southwest of Plymouth
Sound (Saunders et al., 2003) (Figure 4). Several high levels of scientific and academic research (e.g.
Gibbs, 1969; Dando, 1975; Kendall and Widdicombe, 1999; Parry et al., 1999) have been conducted in
Cawsand Bay owing to its shallow seabed with a steady slope to death of 10m below chart datum,
sediment composition (a mixture of mud, fine sand and tiny shells in deeper waters, and sand nearer
inshore) and different marine species (Gibbs, 1969).

The Cawsand Bay (5-10m CD) testing site within Plymouth Sound was selected. The area was chosen
because its shallow nature suited the 3DSS-IDX-450 Sonar, designed for shallow water depth surveys,
and deployed on USV (Yellow Pig). USV operations are also limited to certain areas within.

the Dockyard limits (Cawsand Bay and immediately south of the Plymouth breakwater) in Plymouth
Sound. The deployment location has a 0.5m calibrated cube suitable for testing seabed object
detection capabilities of acoustic sonars per IHO Standards. It is also a designated area with
structured survey lines for reference surface analysis due to its gradual depth slope in shallow water.
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Figure 4. Study area map of
Cawsand Bay
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3.0 Data Collection

The Norbit MBES bathymetric and object detection data collection was conducted on Monday 13®
June 2022, at Cawsand Bay from 09:25 to 14:20 British Summer Time (BST) using the Falcon Spirit
survey vessel, and that of the 3DSS-IDX-450 Sonar was performed on Friday 17" June 2022 from
10:00 to 15:00 BST using the Yellow Pig USV. The geodetic datum and projection parameters used
for the survey, data processing and bathymetric map were ETRS89_UTM_Zone_30N (GRS'80
Spheroid) with metres as the unit of measurement. The survey vessel (Falcon Spirit) for the Norbit
MBES survey was mobilised the week before the day of the survey. Vessel speed was controlled to
maintain data quality, and line spacing was designed to achieve 100% overlap between lines. The
quality of the multibeam data was monitored in real time during the data collection. The weather was
assessed to ensure wind speed and force did not impact the capability of the Yellow Pig to follow and
trace the pre-defined survey lines. The weather conditions were generally favourable (calm and flat
sea) for the data collection on both days. The area cellular (4G connectivity) was monitored for
possible outages since it would determine the ability to operate the Yellow Pig remotely.

3.1 Bathymetric Uncertainty Test (Reference Surface) - Norbit iWBMS
and 3DSS-IDX-450 Sonar

Line planning was done using the QPS Quality Integrated Navigation System (QINSy) hydrographic
survey software and Mission Planner (for the Yellow Pig USV). The survey grid lines (orthogonal —
East- West and South-Nouth) were 15m apart, allowing for 100% overlap (Figure 5). The length of the
survey lines was 150m—the survey grid lines perpendicular to shore and shore parallel for cross-
checking were surveyed using the Norbit iWBMS with an average vessel speed of 5 knots. The Norbit
iWBMS multibeam operated with a frequency of 400kHz, 110° swath coverage (beam angle) with 256
beams (equidistant). The East-West and South-North method of reference surface survey provided
heavy overlaps at the nadir with no beam preference over the surface. They indicated beam
homogeneity across the surface regarding the beam angle used in each beam. The sound velocity
profiles were taken using a Valeport SWiFT SVP at the start, during and before the end of the survey.
The SVP data was downloaded and applied in Qinsy through a Bluetooth connection to correct data for
sound velocity. Applanix POS MV Wavemaster I, Trimble SPS855 with NTRIP RTK and CNAV300
with PPP corrections provided horizontal and vertical positions for the survey. All soundings were
reduced to Chart Datum using dual-frequency carrier-phase GNSS height observations combined with
the UKHO VORF model. Soundings are presented as depths below Chart Datum using 49.076m VORF
correction.

3DSS-IDX-450 Sonar aboard the Yellow Pig surveyed the same area as the Norbit MBES but with
25m line spacing at an average speed of 2 knots with 450kHz, 37m range (i.e.,160° beam angle at
6.5m water depth, and filtered at 142°), 0.5° beamwidth and 512 beams. The length of the survey lines
was 150m. The Yellow Pig was programmed to follow the pre-defined survey lines autonomously with
monitoring from the control station on the support vessel. The First-Person View (FPV) camera
provided images of navigation. The autopilot controls were interfaced through a standard R.C. control
system. In situations where the Yellow Pig lost a 4G connection for the autopilot, the system was
controlled using the Mission Planner software and the ardupilot flight control system configured as a
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ground rover. Line selection and data logging was performed in Qinsy on the support vessel. The data
was stored on the host computer and streamed to the client computer on the support vessel (Figure 3
C). Positioning was provided by the 3DSS-IDX-450 Sonar integrated SBG INS/GNSS receiving RTK
corrections from Plymouth University's GNSS base station at the Marine Station via a 4G network
connection.

Figure 5. The Norbit iWBMS (left) and 3DSS-IDX-450 (r-ight) surveyed reference surface grid
lines.

3.2 Bathymetric Uncertainty Test (Star Patten) — Norbit iWBMS & 3DSS-
IDX-450 Sonar

Data for the bathymetric uncertainty tests was collected using 'star pattern’ lines (Figure 6) across the
high-resolution reference area to minimise the impact of wave motion on the dataset. Each line was
surveyed twice in reciprocal directions at the same survey speed as much as possible. The lines were
run so that the sonar head passed the same area on each run. The lines were run at 400kHz,

256 beams with 160° swath angle (equiangular) for the Norbit iWBMS and 450 kHz, 512 beams and
37m range per side for the 3DSS-IDX-450 Sonar. The star pattern data was used with the reference
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surface data to determine the bathymetric uncertainty associated with the performance of both
systems.

Figure 6. Star Pattern Survey of Norbit iWBMS (left) & 3DSS-IDX-450
Sonar (right).

3.3 Object Detection (Norbit iWBMS & 3DSS-IDX-450) — a seabed and
mid-water target

The object detection survey was planned around a pre-calibrated 0.5m cubic seabed target in
Cawsand Bay. A circular midwater object (0.65m in circumference) was also placed within a 15m
radius of the cube at about 3m depth (Figure 7). The cube was centred using the coordinate of its
location obtained at the time of placement. Two squares (survey lines) with distances of 10m and
20m measured from the cube's centre (at Om) were drawn around the cube. This is to test the ability
of both sonars to detect the object at the nadir (0°-20°), 10m (mid-swath 30°-60°) and 20m (outer
swath 70°-80°) away from the object. Each line (over the target, 10m and 20m apart) was surveyed
twice in reciprocal directions (port and starboard) at the same surveying speed as possible.
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Figure 7. 0.5m Seabed target (left) and 0.65m midwater
target (right)

3.4 Data Processing

The raw sonar files for both Norbit iWBMS and 3DSS-IDX-450 were processed in QPS Qimera
software. The data were thoroughly examined and grouped into reference surface, star pattern and object
detection to make them easy to process. Dynamic surfaces for each grouping were created with 0.25m
resolution. VORF correction of 49.076m of the study area was applied to reduce all soundings to Chart
Datum. The position and navigation data stored in each file were verified, and erroneous soundings were
cleaned with the 2D and 3D editors. Ten separate calibration computations were performed to derive a
standard deviation that indicated the accuracy of the derived values of the roll, pitch and heading (yaw).
The entire MBES data for both systems were generally less noisy due to the adherence to quality control
measures (online Q.C., online logs, data quality verification etc.) used during the data collection.
However, the 3D side scan data of the 3DSS-IDX-450 Sonar was very noisy because of its ability to
collect water column data. The data was cleaned manually not to delete possible data using the
algorithm cleaning tools. The Cross Check Tool in QPS Qimera software was used to conduct a
crossline analysis of the collected data to measure the reliability of the multibeam data collected during
the survey. The reference surface data and the star pattern lines were used in the analysis.

Dynamic surfaces of 0.25m resolution were created for each of the object detection lines (over the top of
cube Om, 10m and 20m offsets) and the combined lines to determine the number of hits from each
passage. The cube was identified in the MBES data of both sonars but not in the 3DSS data. The
midwater target was captured in the MBES and 3DSS data of the 3DSS-IDX-450 Sonar but not in the
Norbit data.
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4.0 Results

4.1 Bathymetry Uncertainty Test

The purpose of the reference surface analysis was to make a measured assessment of the uncertainty on
the day of the survey. This analysis provided a high level of confidence in the data quality and the
performance of the systems. The orthogonal lines indicated heavy overlaps of soundings with
homogeneous beams across the surface concerning the beam angle used in each beam. The crosslines
(star pattern lines) represented the setup used for the survey with a full swath width. Every ping from

the crosslines was compared to the reference surface depth. The star pattern lines ran from every
direction, provided average depth uncertainty to minimise bias from wave motion and other systematic
errors. Statistical assessment of the errors across the crosslines and overall estimation of the difference
between the sounding on the crosslines and the underlying reference surface aided the computation of
uncertainty estimates for a 95% confidence level. In figure 10

the bathymetric performance of both systems per IHO Order 1 and Special Order are shown. System
performance comparative plots based on the Depth Uncertainty (in metres, 95% c.1.) plus absolute Mean
Bias (m) against the beam angle indicated both systems achieved the standard of IHO Order la for
bathymetric uncertainty (figure 8). However, the 3DSS-IDX-450 performed comparatively less accurate
at the nadir, as shown in Figures 8 & 9. The error of the nadir performance of the 3DSS-IDX-450 was
0.428m (M.B. data) and 0.513m (3D data) compared to 0.306m of the Norbit iWBMS at its nadir.
Figure 9 presents the bathymetric performance of both systems per the IHO Special Order. The 3DSS-
IDX-450 did not meet the overall IHO Special Order because its bathymetric ability deteriorated quickly
with high uncertainty on the outer beams above 140° (32m range) in shallow water. It, however,
performed better in the middle from 20°-140°. The Norbit iWBMS performed better in the outer beams,
up to about 155°. The overall depth uncertainty for Norbit iWBMS was 0.042m and 0.11m (95% c.1.) for
3DSS-IDX-450. The cross-check statistics are displayed in figure 10.
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Bathymetric Performance of Norbit iWBMS & 3DSS-iDX-450 -
IHO Order 13, 1b
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Figure 8. Plot showing bathymetric performance of both systems per ITHO Order 1.
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Bathymetric Performance of Norbit iWBMS & 3DSS-iDX-450 -
IHO Special Order
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Figure 9. Plot showing bathymetric performance of both systems per IHO Special Order.
IHO Order 1 Statistics IHO Special Order Statistics
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Figure 10. Cross Check Statistics generated in Qimera for both systems per IHO Order 1 and Special

Order.
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4.2 Object Detection (Bathymetric Repeatability)

The bathymetric repeatability was done to evaluate the ability of the sonars to hit the object in the
same place from different angles. The test monitored the three-dimensional positions of a pre-
calibrated 0.5m detectable cube on the seabed and a 0.65m midwater target within a 15m radius of the
cube at Cawsand Bay. The features were surveyed first at the nadir from multiple directions (north,
south, east, and west). Secondly, the targets were boxed-in so that they appeared in the outer beams on
the port for two lines (10m and 20m offsets from the object) and the outer beams on the starboard for
two lines. The computed statistical reliability of the horizontal position and the depth measured for the
targets are shown in table 2 and table 3. The average coordinates of cube location from all angles and
their deviational accuracies from the known coordinate are shown in table 4.

Table 2. Summary Statistics of hits on the target by Norbit iWBMS.

NORBIT Nadir (Om - Over Target) 10m offsets 20m offsets
Elements E N Z E N Z E N Z
Average 415702.162 |5576939.741 | -5.218 | 415702.098 |5576939.641 | -5.211 | 415702.096 | 5576939.583 | -5.221
StdDev 0.276 0.357 0.095 0.224 0.390 0.079 0.276 0.293 0.121
Minimum 415701.648 |5576939.202 | -5.543 | 415701.611 | 5576939.04 | -5.517 |415701.504 | 5576939.012 | -5.499
Maximum 415702.92 |5576940.442 | -5.047 | 415702.704 |5576940.488 | -4.989 |415702.887 | 5576940.229 | -4.969
Total Hits 178 291 130
Table 3. Summary statistics of hits on the target by 3DSS-IDX-450.
3DSS-IDX- Nadir (0m - Over Target) - 3D 10m offsets - 3D 20m offsets - 3D
Elements E N Z E N Z
Average 415702.417 |5576939.701 | -5.0998 | 415702.164 | 5576940.128 | -5.412
StdDev 0.348 0.320 0.089 0.240 0.368 0.171 No hits
Minimum 415701.536 |5576938.921 | -5.594 | 415701.725 | 5576939.08 | -5.641
Maximum 415702.346 | 5576940.592 | -4.905 | 415702.769 |5576940.477 | -5.006
Total Hits 83 861
3DSS-IDX- Nadir (Om - Over Target) - MB 10m offsets - MB 20m offsets - MB
Elements E N Z E N Z E N Z
Average 415702.385 |5576939.812 | -5.214 | 415702.163 | 5576939.947 | -5.391 |415702.054 | 5576939.991 | -5.390
StdDev 0.381 0.322 0.064 0.287 0.362 0.145 0.264 0.299 0.151
Minimum 415701.631 |5576939.253 | -5.34 415701.5 [5576939.164 | -5.677 |415701.502 | 5576939.5 -5.594
Maximum 415702.581 | 5576940.42 | -5.083 | 415702.45 |5576940.102 | -5.103 |415702.543 | 5576940.738 | -5.072
Total Hits 61 334 205
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Table 4. Average coordinates of cube location from all angles
and their deviational accuracies from the known coordinate.

Components Em Nm
Known Coord. (A) 415702.000 5576940
Norbit Om (B) 415702.162 5576939.741
Norbit 10m (C) 415702.098 5576939.641
Norbit 20m (D) 415702.096 5576939.583
3DSS Om -3D (E) 415702.417 5576939.701

3DSS 10m -3D (F) 415702.164 5576940.128
3DSS Om -MB (G) 415702.385 5576939.812
3DSS 10m -MB (H) 415702.163 5576939.947
3DSS 20m -MB (I) 415702.054 5576939.991

AEm ANm
Norbit Om (A-B) -0.162 0.260
Norbit 10m (A-C) -0.098 0.359
Norbit 20m (A-D) -0.096 0.417
3DSS Om -3D (A-E) -0.417 0.299
3DSS 10m -3D (A-F) -0.164 -0.128
3DSS Om -MB (A-G) -0.385 0.188
3DSS 10m -MB (A- -0.163 0.053
3DSS 20m -MB (A- -0.054 0.009

4.3 Seabed Target

The Norbit iWBMS and 3DSS-IDX-450 had hits on the seabed target (0.5m cube) at the nadir, 60°
(10m offsets around the cube) and 70° (20m offsets). The accuracies of the sonars in hitting the target
based on the given coordinate of the cube are indicated in table 5. Figure 11 shows how each sensor
identified the target.
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Figure 11. Seabed and mid-water targets as surveyed by both sonars — Norbit (A) and 3DSS-

IDX (B)
Table 5. Accuracy of hits on target.
Sonar E (95% CL) N (95% CL)
Norbit iWBMS 0.029 m 0.062 m
3DSS-IDX-450 3D 0.120 m 0.203 m
3DSS-IDX-450 MB 0.103 m 0.072 m

The 3DSS-IDX-450 signal processing and sonar array have augmented the CAATI approach to generate
3D point cloud data. Figure 12 shows samples of images showing the 0.5m cube seafloor target imaged by
the Norbit and 3DSS-IDX-450 sonars as multibeam and 3DSS point cloud, with the colours of the points
scaled by backscatter intensity.
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SEABED TARGET HITS

Norbit iWBMS Ping DSP 3DSS-1DX-450

Figure 12. Sampled images of the 0.5m cube seafloor target imaged from all angles representing 0m, 10m
and 20m distances
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4.4 Mid-water Target

The key objective of the test was to evaluate the performance of the 3D side scan sonar in detecting moored
objects in mid-water. The target, including the tethering cable and the seabed anchor, were recognisable
from the acoustic signal returns from the water column. The point cloud from the passes by the 0.65m
sphere extracted for assessment is shown in figures 13 & 14. The intensity of the backscattered signal
highlighted the spherical nature of the object. The mid-water target could not be identified in the Norbit
data.

Figure 13. 3D Side Scan data of the mid-water target.
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Figure 14. MBES filtered data of the mid-water target.
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5.0 Discussion

5.1 3DSS-IDX-450 (CAATI and MBES Engine)

Interferometric sonars for shallow water hydrography (e.g. (Kraeutner and Bird, 1999; Lurton, 2000;
Czotter et al., 2016) have evolved in recent years with the development and incorporation of advanced
technologies (e.g., Brissette et al., 1997; Singh et al., 2019; Grall et al., 2020) to obtain high accuracy
imaging and bathymetric data. Robust tests evaluated the bathymetric and object detection performance
of the 3DSS-IDX-450 Sonar of Ping DSP with integrated CAATI and MBES engine to

determine its ability against industry-grade MBES. The 3DSS-IDX-450 combined accurate wide swath
bathymetry with high-resolution dual-frequency 3D (and 2D) imagery for complete hydrographic and
imaging solutions (Brisson et al., 2014) to meet IHO Standards (Order 1 Special order). Ping DSP
patented Computed Angle-of-Arrival Transient Imaging (CAATI) employed by the 3DSS-IDX-450
used multi-channel phased transducer arrays with signal processing procedures to resolve multiple
simultaneous backscatters in real-time. Kraeutner and Bird, 1999 described the CAATI technique as
efficient in significantly minimising multipath interference, which traditional interferometric

systems lack. The MBES Bathymetry Engine used an advanced seafloor detection algorithm to
provide

accurate, wide swath bathymetry using the dual head nature of 3DSS Sonar and its high-resolution

3D imaging capability (Ping DSP Inc, 2018a). The combined techniques of CAATI and MBES
Bathymety Engine allowed the water column target to be resolved independent of seabed backscatter
producing actual 3D side scan imagery and bathymetry compliant with IHO Order 1 and Special
Order. The test results demonstrated the bathymetric and object detection capability of the 3DSS-IDX-
450 to meet IHO Order 1a&b and Special Order (TVU of 0.11m (95% c.1.)). Pulse footprint soundings
based on the CAATI algorithm provided a high-resolution profile of the seabed and fine-scale features.
The pulse footprints were combined to produce soundings from larger footprints with increased noise
immunity, thereby improving the quality of the seabed data acquired (e.g., Kraeutner, 1998; Li et al.,
2007).

5.2 Object detection

5.2.1 Seabed Target

Utilising the CAATTI algorithm, each backscatter arrival was given a range and angle value relative to
the sonar head. These raw data points were then visualised in a point cloud display, resulting in a
geometrically correct 3D of seabed targets. This capability allowed for complete resolution imaging and
accurate representation of the imaged target with intuitive user manipulation of the data (Dragun ef al.,
2017). Sample images of the same seabed target (0.5m cube) taken with Norbit iWBMS and
3DSS-IDX-450 Sonar as a 3D point cloud with the colour of the points scaled by the backscatter
intensity are shown in figure 12. Due to differences in imaging geometry of both systems (Norbit at Im
altitude and Ping DSP at 30cm below the water surface), their frequencies and beamwidths ((400kHz,
0.5° horizontal by 55° vertical for Norbit and 450kHz, 0.5° horizontal by 65° vertical for Ping DSP) were
optimised to produce similar quality imagery of the seabed target. The cube in the CAATI filtered 3D
point cloud data from the 3DSS-IDX-450 Sonar was readily detectable and differentiable in shape and
dimension, same as in the Norbit iWBMS image with similar sharpness. The Norbit image has a sharper
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focus. However, the 3D side scan data had reduced sharpness and blurring of the image features on the
seabed resulting from the intensity of the signal from the water column (Hayes and Barclay, 2003). The
region in the 3D point cloud beneath the target showed elevated inconsistency in the depth of the
identified seabed, as some points fell below the seabed. This is probably an effect of the intense
highlight from the target when processing the phase data for the rest of the samples in those pings (e.g.,
Crawford and Connors, 2018). The design of the CAATI algorithm was meant explicitly to reduce the
impact of multipath interference on background noise. During the Ping DSP sonar testing, part of the
attempt was characterising the system background noise on the USV platform, contributing to a
marginally elevated background noise level. The Ping DSP Sonar's strength is its ability to image in
three dimensions, which is illustrated in the hits on the target at each pass in table 3 & 5 and figure 12.

5.2.2 Midwater Target

The key objective of the test was to evaluate the performance of the 3dSS-IDX-450 Sonar in detecting
fixed targets in midwater. Pairing highlights with shadows, locating anchors on the seafloor, and
understanding imaging geometry constraints were the cues to detect the midwater target in the 3DSS
sonar images (e.g., Midtgaard et al., 2007). The water column signal returns were recognisable as the
moored target on each pass (100% detection). The point cloud from all the passes by the 3m depth
moored object (0.65m) with colour scaled by relative depth and backscatter signal level are shown in
figures 13 and 14. The backscattered intensity of the target highlight was a much less dependable
indicator than the presence of the three-dimensional shape in midwater, including the hits on the
mooring cable of the anchorage. The trial of the 3dSS-IDX-450 Sonar has demonstrated its ability to
meet the requirements of IHO object detection Order 1 and Special Order (IHO, 2020) (1m cube of
object projecting above the seafloor) (Kraeutner et al., 2002; Crawford and Connors, 2018). As a result
of suitable object-sonar geometry, relative to the transmit and receive beam patterns and the sonar
transmit pulse, there was enough hits on the midwater target (Figure 13 & 14).

6.0 Conclusion

6.1 Bathymetry

The 3DSS sonar (a Multi-angle Swath Bathymetry Sidescan (MSBS)) produces bathymetric soundings
comparable to an ideal multibeam sonar without sidelobes, beam spreading, or asymmetrical beam
sensitivity inherent in traditional beam steering systems. Quantitative bathymetric analysis of 3DSS-
IDX-450 Sonar compared to Norbit iWBMS using a reference surface survey and bathymetric
uncertainty tests in shallow water was presented in this study. The Ping DSP's 3DSS- IDX-450 Sonar
has demonstrated its ability to meet the TVU and THU standards of IHO Order 1 and Special Order
(within 20°-140° swath). The patented CAATI and 3DSS MBES engine have been seen to overcome
many of the limitations inherent in traditional interferometric systems, achieving an overall depth
uncertainty of 0.110m (95% c.1.) compared to Norbit iWBMS with 0.042m on a shallow seabed with a
steady slope to death of 6.5m. The variability of the bathymetry is decreased using CAATI due to the
inherent separation of the seabed backscatter arrivals and concurrent multipath interference. 3DSS
soundings were each obtained from an individual range sample instead of multiple range samples within
a beam of multibeam echo sounders. This technique delivers high-sounding densities and 3D imagery
together with bathymetric data. Since the Ping DSP, through its CAATI technology, resolves multiple
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simultaneous backscatter arrivals in real-time, a comparative study on its backscatter is suggested for
investigation.

6.2 Object Detection

During this testing, the 3D side scan sonar could effectively detect seabed targets in shallow water (2

— 6.5m depth below CD). Based on their highlights, all seabed objects within the study area were
identifiable and distinguishable. The CAATI design provided low shadow signal levels in areas with
multipath existence for the MBES data, allowing the seabed target to be identified. However, in the 3D
data, the seabed target could not be identified due to the inability of the Qimera software (third-party
software used) to filter out the water column data and noise. The 3DSS-IDX-450 Sonar was highly
efficient (100%) in distinguishing the midwater target, including the mooring cable and the anchor,
which is one of its primary capabilities. At the same frequency, the targets were boxed-in at Om, 10, and
20m (at both port and starboard). Further testing is recommended to detect the targets at different
frequencies. The three-dimensional point clouds on the midwater target were geometrically reliable with
the actual target shape and dimensions. With enough hits on the target, there is an excellent opportunity
for successful detection processing using deep learning and artificial intelligence.
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