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Executive Summary

Topographic LIDAR has wellocumented limitations in wateovered, partially inundated, or

tidally influenced zones due to null return values. To address these deficiencies, Mississippi
State University (MSU) conducted advanced research and field testidgS-based

bathymetric surveying technologé@&gparticularly echesoundetequipped dronés across a

range of aquatic environments in Mississippi, including ponds, lakes, rivers, irrigation reservoirs,
and nearshore coastal zones.

The project evaluated and improved data acquisition and processing workflows for generating
high-resolution bathymetric surfaces. MSU deployed cusbaitt drones integrating UABorne

sonar systems and collaborated with the Information Processing andgSgM$RESS)
Laboratory and Dr. Adam Skarkeds research gro
additional sonar and grouspénetrating radar (GPR) systems. Use cases included flood

modeling, sediment transport monitoring, drainage capacity evaluagioati@habitat

assessment, and infrastructure inspection.

Key tasks included: (1) conducting a comprehensive technical review ofds&l topo
bathymetric surveying technologies; (2) designing a replicable project sampling framework for
safe, reliable mission execution; (3) performing rrsitie data collectionnder varied

hydrologic and geomorphic conditions; (4) implementing rigorousterahd data preand post
processing pipelines; and (5) defining the operational envelope ofddA& sounder technology
concerningwith respect to feasibility, data qualignd environmental constraints.

The study produced detailed bathymetric datasets across seven field sites. Comparative accuracy
analysis using LIDAR and GNSS ground truth data revealed that thedd®@sounder system
achieved an RMSE as low as 6.6 cm and an R? value of up to 86.6%malamnditions.

Multiple interpolation techniques were tested, with the Topo to Raster and Universal Kriging
methods yielding the best performance in surface generation. Variability in flight line spacing

and sampling density was analyzed to determiniena configurations for balancing accuracy

and operational efficiency.

The results demonstrate that UA8Sho sounders are a robust and-edf&ctive alternative to
traditional boatbased or LIDAR bathymetry, particularly for small, shallow, or diffi¢a
access water bodies. The integration of sonar with UAV platformssadféexible solution for a
broad range of geospatial and engineering applicationsthatiotential for significant time and
cost savings in inspection, planning, and monitoring workflows.
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|l ntroducti on

This report advances the state of practice for bathymetric and topobathymetric mapping by
demonstrating the feasibility, precision, and operational benefits of integratingbblgesl echo
sounders and grouraenetrating radar (GPR) across diverse aquatica@mments. The findings

support transportation agencies like NCDOT in making more informed decisions for

infrastructure planning, floodplain management, and water resource monitoring. By assessing
sensor performance across varied site conditions, this semtributes to the evolving national

priority of employing agile, costffective, and resilient remote sensing technologies for
transportation and environmental stewardship. The methodologies and lessons learned herein are
intended to guide future survelgsign and the application of UAS platforms for precision
bathymetric and subsurface assessments across the United States andlibeyoredhods

outlined inthisreportalsal i gn wi th nati onal efforts such a:
Flooding Framewrk and advancing statevel climate adaptation and transportation resilience
planning.
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Literature Revi ew

Bathymetryis the scientific study of the depth of underwater topogrdpgagalingam et al.,

2015) is of utmost importance for a range of purposes, especially in inland bodies of water like
lakes and rivers, where it facilitates navigation, environmental surveillance, and resource
administration(Bandini et al., 2018)For inland waters, bathymetric mapping aids in evaluating
sedimentation rates, which can impact water depth and quality, and guides maintenance
operations such as dredging to recover lost déidusdini et al., 2023; Yao et al., 2023)

Overall, bathymetry offers essential information for efficiently managing aquatic resources,
guaranteeing safety, and advancing environmental sustaingHiiliet al., 2012)Remote

sensing provides various technologies for acquiring or assisting in the derivation of topo
bathymetric data. The methods encompass LIiDAR, radar altimetry;lmealth sonar, single

beam sonar, photogrammetry, satellite imagery, and In&é&ha et al., 2019; Genchi et al.,

2020) Each of these techniques offers distinct capabilities for acquiring data regarding the
Earth's surface and subaqueous topography. Specially for bathymetric data collection techniques
utilizing singlebeam and mukbeam echaounders aboard ships and tso@ontinues to be the
prevailing approach for conducting extensive, de@per surveygJawak et al., 2015 hese
methods provide exceptional precision and comprehensive co\@Védfeet al., 2019)

However, these techniques are costly, challenging to implement, and unsuitable for shallow
water conditions and small wateodies(Ferreira & Andrade, 2022; Jagalingam et al., 2015)
Furthermore, the integration of sonar/edounder into Unmanned Surface Vehicles (USVs) has
significantly enhanced their capabilities in shallow or inaccessible reffatsicTorres et al.,

2023) Nevertheless, unoccupied aerial systems (UAS)-eobader bathymetry is becoming
recognized as a versatile and economical option for both inland and coastal waters, especially in
regions that are not reachable by traditional b@disarez et al., 2018xnd not feasible for

small area coverage. UAEchasounder bathymetry is a developing technology that integrates
UAS with a sonar senstw perform bathymetric survey@ashit & Pricope, 2024)his novel
technique entails affixing a sonar device to a drone or UAS, enabling underwater cartography
and depth analyses in regions that may have challenges for conventional means of access (Bashit
& Pricope, 2024). UASEchosounder systems provide se&l benefits, including the production

of high-quality data, enhanced water penetration capabilities in comparison tgteas band

Lidar, and the capability to effectively survey shallow water environments that create difficulties
for traditional boatased techniques. Their depth measuring capabilities range from 0.5 to 200
meters, making them advantageous for surveying remote, hazardous, or unnavigable areas.
Although UAS bathymetry encounters constraints in demgan water settings and spatial

resoluion when compared to multieam systems, it exhibits potential for conducting sisdle
surveys, particularly in shallow waters and locations with limited accessilitlityope & Bashit,

2|P a g e



2023) The technology is subject to continuous development, with current research concentrated
on enhancing precision, and coverage. However, this technology is still in the developmental
stage and necessitates additional study, assessment of accuracy, aadrimept before it can

be widely adopted.

UAS-Echosounder surveys using bathymetric siAlggam technology provide precise depth
measurements along designated flight paths over bodies of water. Although it provides point
based depth measurements and is useful, it does not offer a comprehgmesentation of the
underwater topography. As a result, interpolation is an essential procedure in bathymetry that
overcomes this constraint by approximating numerical values of depth between observed
locations(Parente & Vallario, 2019More specifically interpolation methods are statistical
procedures employed to predict values within a given set of known data (@@oums 2013)

Using this interpolation method, it is possible to generate a continuous surface or map from the
individual depth measurements, converting discrete data into a complete representation of the
underwater topographii et al., 2019) To produce precise and comprehensive bathymetric
maps from UASEchosounder data, such interpolation is essefitldbh et al., 2022)The
significant research gap in interpolation methods and-batBymetric sensors mostly concerns
the necessity to enhance the precision, effectiveness, and suitability of these technologies in
diverse underwater settings. Some vkelbwn interpolationdchniques such as Inverse Distance
Weighted (IDW), Kriging, Radial Basis Function (RBF) and Topo Raster(TopoR) are
frequently employed to bridge the gaps between known data points to ensure a more
comprehensive and precise representation of the se@flamnte & Vallario, 2019Every
technique possesses distinct merits and drawbacks, including variations in precision,
computational expense, and the level of smoothness in the resultant interpolated Silidgce

et al., 2015)EXxisting interpolation techniques exhibit distinct advantages and disadvantages
based on data density and terrain properties. Howeweamiversally idealbe applied to all
situations.

The primary objective of this study is to assess the accuracy of theeth&Sounding data
relative to in situ measurements. It refers valuation of the accuracy and dependability-of UAS
echesounding technology in mapping underwater topography. The sebgextive is to assess
and determine the most effective interpolation method for generating continuous underwater
surfaces from UASchasounding data. Here the main goal was to compare different
interpolation techniques to ascertain which interpolatiethiod produces the most accurate and
representative underwater digital elevation models (DEMS).

Finally, our last objective was to explore sample data collection methods for producing
comparable underwater elevation models to meet both industrial and research requirements. This
represents the assessment of a range of survey techniques and missioig gkaategies to

ascertain the efficient and cesffective methods for collecting UAGEchosounding bathymetric

3|P a g e



data according to the detailing needs of Industry and research. The research seeks to enhance
data acquisition techniques and strengthen-prastessing methodologiés contribute to more
accurate and dependable bathymetric mapping solutions usingethgSounding technology.

Future work may also explore the feasibility of integrating GPR to detect salt wedge dynamics
within estuarine and tidal environments. The sensitivity of GPR to variations in subsurface
dielectric properties suggests that it may be applicable for idergibalinéfreshwater

interfaces, a technique that could further expand the operational range of the presented methods.
Pilot studies and sitadapted testing will be required to assess the efficacy and limitations of this
approach.
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Report Body
PROPOSED TASK BREAKDOWN AND SUMMARY OF

Taskrtat@ a r eepadiyjcabpll epgnaamjdect desi gn and sampl
t hat artiamud amiessipore criteria and considerati
projexetcuti on.

Forour project,we have utilized cuttingedgeUAS-echasounder systemnanufactured by
SPH EngineeringWe received significantechnology suppoiftom the Geosystems Research
Institute(GRI) of Mississippi State University.

Echo-
sounder

AN

FighiUdchosoundcertaugdy sdiefrf er ent el ements and comp

Integrated System for Bathymetry with Echo Sounder

The comprehensive drofmsed bathymetry system comprises the following components:
T A commercially available drone, such as the DJ
equi pped with a PiFxohrawkh iase tperpog beocftinBepb t M3 G e d
RTK drone.

T An echo soiuatdteaclseechstod a cable for under water

T A ratdadedri meter to accurately determine the drc

T The heart of the integaadmal Isyasrndce mpowe rUfglCIS ESrkly
with specriadpocmnditiwlag ef or mi ssion contr ol and t

T Mi ssion control software to manage and execute
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171 echo sounder with stainless steel
protection housing, cable, hook and carabi
to attachthesensor to the drone

271 cables set

31 UgCS SkyHub onboard computer

47 radar altimeter with mountings for the
drone(for our project we have uséakser
altimeter)

Fi g2Eeh®oundeémaarddhtaorrdysva mponent s

In addition to the DJI platforms used for eebounder data collection, GPR deployments were
conducted using a custebuilt mid-size hexacopter UAV configured to carry a

frequencd o mai n GPR sensor. This expands M&&O6s ran
and shallowwater survey applications, complementing the capabilities of the Wingtra Gen 1 and

other DJI Matrice platforms and allowing sensor and mission profiles to be matched to site

specific constraints.

The sensor

There are three singleeam echeounder options available (refer to the table below), all
manufactured by the Korean company EofE Ultrasonics Ltd. (https://www.echologger.com/),
which specializes in higprecision sonar equipment for surveying. Each echo sounder features

an integrated It sensor to discard data when the sensor is not near vertical, as well as a
temperature sensor. All models boast a nominal accuracy of 0.2% of the depth and a resolution
of less than 1mm. The measurement range startstir@tnansducer's base, with a practical

minimum depth of approximately 15cm deeper, as the sensor must be fully submerged during
operation. The sensors utilize the RS232 interface for reliable data transmission over long cables.
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Sensor

ECT 400S

ECT D052S

ECT D032S

Type Single frequency Dual frequency Dual frequency

Acoustic frequency 450 kHz 50/200 kHz 30/200 kHz

Measurement range* 0.15 ... 100m 1.0 ... 200m (50 kHz) 1.0 ... 200m (30 kHz)

0.5 ... 200m (200 kHz) | 0.5 ... 200m (200 kHz)

Beam width 5¢ 27°/7° (50 kHz/200 26° / 5° (30 kHz/200
) kHz) kHz)

Conical (-3dB)

Weight of the echo 2759 460g 460g

sounder (in the air)

Weight of all 1.6 kg (light housing) | 2.7 kg 4.2 kg

components in the air 2.6 ka (h

(echo sounder, SkyHub, h‘ 9( eavy

altimeter, housing, ousing)

cables, mountings)

Suitable DJI drones M210 (light housing) | M300 RTK M600 Pro

(or Pixhawk drones of M300 RTK M600 Pro

comparable size) MB0D Pro

FigebDe ffeaeimtnctisounder

sensor

For this projectwe usecan ECT D052S dudtequency sensoithe minimummeasurement
rangeis 0.5m andhemaximum is200m.

Altimeter:
To ensure accurate depth measurements and the safety of the drone, maintaining precise altitude
above the water's surface is crucial. We employ a laser altimeter along with a specialized terrain

(surface) tracking algorithm to maintain the drone's altitaiesistently during automated
survey operations.

UgCS SkyHub:
The core of the integrated system is the UgCS SkyHub, a compact yet powerful onboard
computer equipped with specialized software. Its primary function is to maintain a consistent
drone altitude above the water surface using data from a radar altimetke. $fahdard DJI

drones, which rely on less precise barometric altimeters and can experience altitude drifts of
several meters during a single flight, the radar altimeter ensures altitude stability with a drift of
only about 5 cm. The onboard computersosel function is to store echo sounder measurements
in ageotagged format. It uses the drone's GPS receiver for geotagging, and if the drone is
equipped with an RTK/PPK receiver, the data points can achieve centievetigprecision.
Measurements are saved in three formats:

T A simple CSV text format containing coordinate
with various XYZ data processing software |ike

T NMEA 0183, which works with popular hydrograph
Reef master.

i1 SEQ@, which includes full echo sounder dat a.
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In addition to depth measurements, the system logs water temperature and the tilt angles of the
sensorData logging starts automatically once the echo sounder is submerged and ceases when
the sensor is no longer in the water. The onboard software simultaneously transttiitsereal

depth data to the ground station, enabling the operator to verify propgofatity and perform
manual measurements, particularly when the drone is not engaged in an automated mission.

Ground Control Software:

The ground control software used is UgCS, which includes an additional companion application
for managing the echo sounder. Throughout the flight, the ground operator can monitor the real
time depth measurements provided by the echo sounder.

© ugCs @ Drone @ SkyHub

Link M300RTK-1zndh8500bde81
Payload (@) Tum OFF n

A M300RTK-1zndh8500bde81 © Altimeter

Area scan #2/2 z 40 % 51
RTK

i

0.0m 44.5m 7 2 X

Jogs [Zlsnowbistory
v 0.00m/s Scale to Limits 7] Flp Vertically

Basic

Manual
Flight height, m

xxxxxx

g &
/\’d
| &
HE!
[ Q
| 3]
L}
LT
o

e :
Ccolumbus woodsyard

3: 300RTK-12n¢ e state oT S D
"‘\ : 2 ————
# : :

FigdAr inteUf @preowrbcht r ol asndf mvarse on pl anni ng

Modes of operations:
The integrated system offers three operational modes:

f Continuous measurements along survey | ines.
I Measurements at désoghaowbomppy Gomasts .
T Manual measur ements.

In the first mode, the drone operator needs to plan missions with a survey grid or individual lines
over water. Once the sensors are submerged, data logging will initiate automatically. The drone
will then tow the submerged sensor at a low speed@51's) while conducting measurements

at a constant depth.
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UAS-echasounder technology data collection mechanism:

v (D

(2)

— )

~ (4
> (3)

TR

1T

- w

Fi gbreUdSkmounder tdeacthan ocloolglyect i on mechani sm and w

In the following the UAS-echasounder technologgata collection mechanism is described with
theproper serial number.

(1) Droneds EDOithomesioheighte Theedgbheds RTK stores
ellipsoidal height /orthometric height data using a GNSS receiver and sends iBkyltheb

computer.

EIlIli psoi dal Height: The dronebds altitude abov
Earthdés shape).

Orthometric Height: The droneds elevation abo

accounting for gravity). These measurements provide precise vertical positioning for the drone.

(2) Distance betweerthed r o nRE'K and the leaserAltimeter: This istheverticaldistance
between the drone's RTéhdthe lasefradaraltimeter, whichis about 20cm

(3) Placement of the Radar/Laser Altimeter This indicates where the radar or laser altimeter
is mounted on the drone. It measures the distance from the drone to the water surface.

(4) Cable length This refers to the length of the cable connecting the drone to theseahder
sensor submerged in the wateis the length fronthe altimeterto the bottom of thecho

sounder.
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(5) Height of the sensarThis is the verticaheightof the echesounder sensor

(6) Bottom of the echesounder sensaor This is the lowest point of the eclsounder sensor,
which emits sound waves to measure the distance to the underwater surface.

(7) Distance between the bottom of the eckspunder sensor and theinderwater surface
This is the measured depth from the sedbdmsttom of the water body, calculated using the
echesounder.

(8) Elevation of the bathymetric surface point This represents the height of the underwater
surface point relative to a reference datum, such as sea level.

Equation:
El evation = Of({t (@aetirei dl eBhegstthantc e bet ween the dron
|l easer A( Blemstoer h®agédt )dept h) (1)

(9) Water depth: This is the total depth of the water, calculated as the distance from the water
surface to the bottom of the water body, derived from the-schnder measurements.

Equation:

water depth £7) distancdrom the bottom of the sensor to the surfag&)sensor height (2)

After data colletion and primary data cleanitige exporedfinal data inCSV formatmust
contain the following information.

Longitude and Latitude: UgCS SkyHulcomputendentifiesandcalculategshe exactocatiors
andstores Longitude and Latitude values for each of bia¢ghymetrigpoint locations.

Raw depth (Hi): Unprocessed depth readings from the echosouwrsiegthe high frequency of
the sensoWhenthe waterbody is very shallow high frequency works the best.

Corrected depth (Hi): Corrected for water temperature, salinity, and pres&imsures depth
accuracy by compensating for environmental and sensor errors.

Elevation (Hi): UgCS SkyHulcomputercalculateghe elevation considering tiigguation 1.
Themost important dataf the entire data collection because water depth cahdegedut
accurataunderwateelevationremainghe same foralong period. So,knowingthe depth and
change of the elevatiarsf any watetbodyelevation data is cruci&r regular and longerm
monitoring of awater bodyElevation (Hi) is the value generated using the high frequency of the
sensor.
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Raw depth (Lo): Unprocessed depth readings from the echosounder using the low frequency of
the sensor. When the waterbody is deep low frequency works the best.

Corrected depth (Lo): Corrected for water temperature, salinity, and pressure. Ensures depth
accuracy by compensating for environmental and sensor errors.

Elevation (Lo): Elevation (Lo) is the value generated using the Low frequency of the sensor.
Ellipsoidal height/ Orthometric height: The dr onedés RTK stores the d

/orthometric height data using a GNSS receividre final output data looks like the following
CSV tabular datasets.

1 Easting Northing Longitude Latitude Raw Depth (Hi) Corrected Depth (Hi) Elevation (Hi) Raw Depth (Lo) Corrected Depth(Lo) Elevation (Lo) Ellipsoidal Height Orthometric Height Date (short) Date (
725 647542.332 438186.896 -90.89757068 33.45089115 0.64 0.64 35.157 1.82 1.82 33.977 11.671 38.297 6/18/2024 Tuesd
726/ 647542.332 438186.896 -90.89757068 33.45089115 0.63 0.63 35.169 158 1.58 34.219 11.673 38.299 6/18/2024 Tuesd
727 647542.191 438186.893 -90.8975722 33.45089112 0.65 0.65 35.149 153 1.53 34.269 11.673 38.299 6/18/2024 Tuesd
728| 647542.191 438186.893 -90.8975722 33.45089112 0.62 0.62 35.187 1.57 1.57 34.237 11.681 38.307 6/18/2024 Tuesd
729 647542.04  438186.9 -90.89757382 33.45089117 0.64 0.64 35.167 153 1.53 34.277 11.681 38.307 6/18/2024 Tuesd
730 647542.042 4381869 -90.8975738 33.45089117 0.63 0.63 35.182 154 1.54 34.272 11.686 38.312  6/18/2024 Tuesd
731 647541.885 438186.915 -90.89757548 33.4508913 0.62 0.62 35.192 1.48 1.48 34.332 11.686 38.312  6/18/2024 Tuesd
732| 647541.885 438186915 -90.89757548 33.4508913 0.63 0.63 35.174 1.5 15 34.304 11.678 38.304 6/18/2024 Tuesd
733 647541.729 438186.924 -90.89757717 33.45089137 0.63 0.63 35.174 1.5 15 34.304 11.678 38.304 6/18/2024 Tuesd
734| 647541.729 438186.924 -90.89757717 33.45089137 0.63 0.63 35.165 1.47 1.47 34.325 11.6689 38.295 6/18/2024 Tuesd
735 647541.576 438186.928 -90.89757882 33.4508914 0.63 0.63 35.165 145 1.45 34.345 11.669 38.295 6/18/2024 Tuesd
736 647541.576 438186.928 -90.89757882 33.4508914 0.62 0.62 35.179 1.45 1.45 34.349 11.673 38.299 6/18/2024 Tuesd
737 647541.43 438186.933 -90.89758038 33.45089143 0.62 0.62 35.179 147 1.47 34.329 11.673 38.299 6/18/2024 Tuesd
738 647541.43 438186.933 -90.80758038 33.45089143 0.61 0.61 35.181 1.47 1.47 34.321 11.665 38.201 6/18/2024 Tuesd
739| 647541.292 438186.933 -90.89758187 33.45089143 0.63 0.63 35.161 1.5 15 34.291 11.665 38.291 6/18/2024 Tuesd
740 647541.292 438186.933 -90.89758187 33.45089143 0.6 0.6 35.177 144 1.44 34.337 11.651 38.277 6/18/2024 Tuesd
741 64754116 438186.93 -90.89758328 33.4508914 0.6 0.6 35.177 1.44 1.44 34.337 11.651 38.277 6/18/2024 Tuesd
742 64754116 43B1B6.93 -90.89758328 33.4508914 0.6 0.6 35.176 148 1.46 34.316 11.65 38.276 6/18/2024 Tuesd
743 647541.03 438186.929 -90.89758468 33.45089138 0.6 0.6 35.176 1.5 15 34.276 11.65 38.276 6/18/2024 Tuesd
744 ©847541.03 438186.929 -90.89758468 33.45089138 0.6 0.6 35.179 1.5 15 34.279 11.653 38.279  6/18/2024 Tuesd
745 6475409 438186.928 -90.89758608 33.45089137 0.62 0.62 35.159 157 1.57 34.209 11.653 38.279  6/18/2024 Tuesd
746/ 647540.9 438186.928 -90.89758608 33.45089137 0.61 0.61 35.169 169 1.69 34.089 11.653 38.279  6/18/2024 Tuesd
747 647540.767 438186.932 -90.89758752 33.4508914 0.62 0.62 35.159 1.57 1.57 34.209 11.653 38.279 6/18/2024 Tuesd
748| 647540.767 438186932 -90.89758752 33.4508914 0.63 0.63 35.155 163 1.63 34.155 11.658 38.285 6/18/2024 Tuesd
749 647540.632 438186.933 -90.89758897 33.4508914 0.63 0.63 35.155 153 1.53 34.255 11.659 38.285 6/18/2024 Tuesd

FigegAéter primary cleaning the exported sounc

To ensure a sadta andl sawiclieciemd ashtdr at egy, i1t is
define andniasddroemsmsas@rigpastctri teria and consider
bel ow:

There ardghree basic consideratiariBhey are preparation, fieldwoday, andpostfieldwork
day.
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Preparation

Choose the site

Select the sampling strategy
and methods

Assemble the echo-sounding

Fieldwork day

Obtain necessary permits and
permissions

Prepare equipment

Conduct risk assessment

Post-fieldwork

Check collected data using sky
hub logs

Primary data cleaning using
Eye4Software Hydromagic

Export final CSV for further

system analysis and visualization

ey

Fig@iPeoposed field data collecti on worraanfdl @ogwsghowi
field work.

Collect data using planned

Plan the mission
methods

using UgCS

Collet bathymetric Data

Preparation:

1. Choose the Site

Selecting an appropriate site is critical for effective U&c®esounder operations. The site must
align with the survey objectives, such as mapping bathyraattynonitoring underwater
elevation Factors like water depth, and flow velocity influence esbonder performance, while
aerial restrictions (e.g., Aty zones, obstacles) impact UAS deployment. Additionally,
accessibility for takeoff/landing must be evaluated-fneey reconnaissancsing satellite
imagery or historical data helps identify iopal locations, ensuring the site supports both safe
UAS flight and highquality acoustic data collection.

2. Select the Sampling Strategy and Methods

The sampling strategy defines how the Ud&haesounder system will collect data. For

bathymetric surveysZontinuous measurements along survey lines and measurements at
designated waypoints, Alsknown as Graskopper modgare manual measurementthe

choice between singleeam (focused depth profiling) or muteam (widearea 3D mapping)
echaesounders depends on resolution requirements and survey scale. Methods must account for
waterbody type (e.g., rivers, lakes) and environmental variabkegvhke actionand seaweed in

the water
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3. Assemble the Ech&sounding System
This step involves mounting the eebounder hardware onto the UASCDOT deliverables
2028SPH Documentation and trainkideo recordingk

4. Configure SkyHub Using UGCS

SkyHub, a telemetry and payload management system, is configured via UGCS to integrate the
echosoundewi t h t he UAS. This step establishes comn
autopilot,theeche ounder 6s data stream, and the ground
(acoustic pulse frequency), data storage paths, antimeatelemetry feeds are set. UGCS

enables operators to monitor sensor health, adjust flight pathsisséibn, and visuate

bathymetric data in redime. Prelaunch validabn ensures all components function cohesively,
minimizing risks of data loss or system failure during execution.

Field day work:
1.0btain Necessary Permits and Permissions

Fieldwork days involving the use of a UAS (Unmanned Aerial System) equipped with an
echosounder sensor for bathymetric data collection require careful planning and execution. The
first step is to obtain the necessary permits and permissions. This emsupdisicce with local
regulations and secures access to the study area. It is crucial to coordinate with relevant
authorities and stakeholders to avoid legal issues and ensure smooth operations.

2. Prepare Equi pment

Next, preparing the equipment is essential. This involves checking the UAS, echosounder sensor,
and other related tools to ensure they are in optimal working condition. Calibration of the
echosounder sensor is particularly important to ensure accuraltendepsurements.

Additionally, batteryand power sources should be prepared to handle any unforeseen technical
issues during the fieldwork.

13P age



SKYHUB

'y N\
GNSS UART Mavlink ( Onboard Software )
Receiver L (SkyHub)
0 I I |
f load N
Payloa Drone
Syst
Ardupilot / PX4 Data | |Position yliaozm
Flight Controller (((._ Log Log
\ J
RN _/
: 3
Ethernet =
Air Telemetry Laser / Radio UART / RS232 BIUETT_T ekt
Module Altimeter : 4?\
< ;
= WiFi Payload Payload
: DRONE
: GROUND
Radio Link
: © LAPTOP
= '
? (¢

[ Ground Telemetry UsB / Wi-Fi

Module

Custom
UgCs UgCs
{ Client }H{ ucs ]‘H{ Payload ]
Maonitor

Fig8Pé xhawk -Hastepi doone interaction

The flowchartshowsthe UAS-echo sounder hardware and software imtsoa mechanisnthe

source of the diagram MCDOT deliverables 202SPH Documentation and
trainingDocumentskyhubusermanuai2024.pdf

3.Conduct Ri sk Assessment

di agr

Conducting a risk assessment is a critical step to ensure the safety of the team and the equipment.

This includes evaluating environmental conditions, such as weather and water currents, and

identifying potential hazards. Safety protocols should be esieolj and all team

members

should be briefed on emergency procedures. This step helps mitigate risks and ensures a safe

working environment.

4 . Coll ect Data Using Planned Met hods

Once all preparations are complete, the team can proceed to collect data using the planned

methods. The UAS is deployed to fly over the water body, and the echosounder sensor is used to
measure the depth and map the underwater terrain. The flight pattt sBeaarefully planned to
cover the study area systematically, ensuring comprehensive data collectietimieal
monitoring of the UAS and sensor data is essential to address any issues prortgghated
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system supporthreemodesNCDOT deliverables 2025PH Documentation and
trainingDocumentg&chasoundersystemdescriptiosphengineering.pdfof operationsand it
should be selected according to the projeetd.

5.Coll ect Bathymetric Dat a

Finally, the collected bathymetric dateed to beeviewed and stored securely. Initial data

checls shouldbe done ossite to check for quality and consistency. Proper documentation of the
fieldwork, including any challenges encountered and how they were addressed, is important for
future reference and analysis. This structured approach ensures accuratalaliedethymetric

data collection using UAS technology.

Postfieldwork:
1.Check collected data using sky hub | ogs:

The postfieldwork processing of UAS eckspunder data begins with the crucial data

verification step. During this initial phase, collected data is meticulously checked using sky hub
logs to ensure all raw data from the edooinder is properly recordeddacomplete. This

verification process serves as the foundation for all subsequent processing steps.

2.Primary data cleaning is performed using Eyed4Sof

Following verification, the data moves into the cleaning phase, which utilizes Eye4Software
Hydromagic, a specialized software platfofdesribedin Appendix1). This comprehensive
cleaning process is essential for eliminating noise and artifacts from the@amder readings,
ensuring the highest possible data quality and accuracy. The software's sophisticated tools help
transform raw data into reliable bathytme measurements.

3.Export final CsVv for further analysis and visual

The final phase involves the export process, where the cleaned and processed data is converted
into CSV format. This export step is crucial as it makes the data readily available for further
analysis, visualization, or integration with other datasets.CI3¥¢ format ensures compatibility

with various analysis tools and software platforms, making it versatile for different applications

in underwater mapping and analysis. This standardized format also facilitates easy sharing and
collaboration among projectakeholders.

Conclusion:

By following this structured approach and considering al gnel posimission criteria, teams
can ensure a safe, successful, and replicable execution of bathymetric surveys useth®AS
sounder technology. This methodology not only maximizes datayyaati operational
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efficiency but also promotes consistency across multiple survey projects, facilitatirgiong
monitoring and analysis of underwater environments.

LIDAR Sensor:

For the projectLIDAR data was collected with a Geocue Trueview 515 3D Imaging System.
This sensor contains a-8hannel laser scanner with two recorded returns, dual true color
cameras for point cloud colorization, a Trimble/Applanix APXIMU/GNSS, and weighs 2.25

kg. Overall, the Trueview 515 has a system accuracy of better than 5 centimeters RMSE. This
system is currently integrated on a DJI Matrice 300 RTK which allows for roughly 30 minutes of
flight time. The data collection to capture the drainatiish pond was flown @& 30-meter

altitude, 4 meters per second, and with 48dier transect spacing resulting in 2000 points per
square meter on average.

a3

Fi g@iGeocue Trueview 515 3D Imaging Syst

Foll owing data acquisition, the raw Li DAR dat
LP360 Drone software. Both LIDAR data and base station data were imported into the software
and the points were generated by combining the laser reflections an@N&S location based

on the position and orientation of the TV515. The TV515 GNSS locations were then corrected
based on the correction factors recorded by the base station. Once the point cloud was generated
the points were colorized by the RGB valuesf the cameras mounted on the TV515. The
colorization is beneficial for having additional situational awareness about what each point is
reflecting and allows for more information when classifying the point cloud.

Next, isolated noise filtering was performed where each point was evaluated by drawing a
vertical cylinder with a Aneter radius and 3@entimeter height around it. Points with no

neighboring points within this cylinder were identified as noise and rema@vedremaining

point cloud was then classified into ground, water, and other noise classes. Specifically, this
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dataset had numerous returns from areas containing shallow Wagse points need to be

separated into a known class because this system was not designed to be used in a bathymetric
role and was not calibrated for dealing with laser returns passing through other mediums such as
water. Also present in the scene was a pond aerator that badrtanually classified and

separated from the ground surface.

To assess the accuracy of the corrected LAS point cloud, the vertical distances between ground
checkpoint reflections and their known GNSS elevations were compared. Since the checkpoints
were square (40 x 40 cm), an inverse distance weighting averagseuvbt® calculate a single
elevation value representing the point cloud elevation at each of the 4 checkpoints. The mean and
standard deviation of the vertical distance differences were then estimated.

If the mean was significantly larger than the standard deviation, an affine shift was applied to the
point cloud to align it with the control points. Conversely, if the mean was negligible or small
relative to a high standard deviation, the point cloudaiead unadjusted as the statistics did not
provide a reliable basis for alignment. In our ¢cagekept it unadjusted.

GNSS

Even though the pond was drainedme residual puddles didot
have time to fully dry. The puddles were manually sampled with a
high-accuracy RTK/PPK Geo7X GNSS rover. The Geo7X is accu

to centimeter level in the horizontal and 1.5 cm in the vertical =
direction.

GPR Sensor: Figaokeo7
GNSS r o

Theoretical Background- GPR detection of bathymetry

GPR is a geophysical tool that utilizes sharge electromagnetic wabased radar technology.
It is designed to locate buried objects and has been widely used in civil engineering,
archaeological research, geophysical investigations, soil moisturgeanmot detection.

The detectability of a buried object via GPR is mainly dependent on the dielectric properties of

the object and media and the size of the object. Because electromagnetic waves reflect when they
encounter a different dielectric permittivity in a geologit&dium. GPR measures the

amplitude and the travel time of the reflected endrggurell: shows the principle adhe GPR

survey.

Commercial GPRs are very successful in detecting materials such as PVC, steel, other utility
materials, and bones since their dielectric permittivity is quite different from that of the soil.
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However, using GPR in bathymeis/more challenging becausige of high electric conductivity
of water. So, the current GPR systems are not designed for bathymetry.

GPR
™ RX

Direct wave

GPR

Direct wave
—_—

I

A | /' Media2
v/ i

il
1
1 [}
[} 1
\ "
:V I
1

Figadai*chematic diagram of a GPR survey. Refl ected
at different velocities blapsfedt ben mehcki aiied ewhirdh tpt
Al subsurface anomalies can be observed by the G

Material and instrumentation

For this project, we used a custdmiilt frequencydomain GPR system developed by the

research group. The developed GPR system attached a ausienmidsize hexacopter UAV.
Figurel2 shows the components thie GPR system and the UAV platform. For the transmitter

and receiver antennas, we used the TBMA1 Biconical Measurement Antenna, which can operate
between 30 MHz and 1000 MHz. Minircuitsvayyar transceiver board is used to generate
frequency sweep signadéd to acquire the signals from the receiver antenna. To amplify the RF
signal power up to a 25dbm level, we used Miimcuits' ZHL-10M4G21WO0. The onboard

computer runs the designed GPR software and records GPR data and location information via a
GPS unit
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Computer GPS

TX antenna RX antenna

(a) (b)
Figaeea) -WaA¥ed GPR system. (b)) Components of d

GPR model and processing steps

In the study, we used the stepped frequency sweeping GPR system. This system generates a
continuouswave signal between 200 MHz and 600 MHz with 10Khz IF and 200 frequency
points. The reflected signals are received by the receiver antenna and the sseea&/éaboard

and recorded to the onboard computer. The received spectral data is converted to the time
domain (Ascan) using the inverse Fourier transform. Then by using all sampled frequency
responsesve generated Bcan radargram data. For preprocegsiean of Bscan datavas

removed Bscan datakFigurel3 shows the simplified process thie sweep frequency GPR

system.

Frequency-time
transform

Generated spectrum Received spectrum Raw B-Scan Normalized B-scan

FigaB&i mplified flowchart of GPR processi
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Tas2kDe si grc oanrdilicel d data coll ections across a ¢
bat hymetric sensor tdohmel soynafi maldu GIPRRg sBAS o
conditions and conduct outreach poopebbkic sch

Our objective was to evaluate the performance of {&¢88esounder and grourgenetrating

radar (GPR) sensor technologies. ThH&S-echo soundewas deployed across a variety of

aguatic environments, including catfish ponds, lakes, rivers, nearshore coastal zones, and
irrigation reservoirs. To assess its precision, we conducted a comprehensive accuracy analysis
using data from a catfish pond arahgpared multiple interpolation techniques to identify the

most effective method for generating higdsolution batymetric models. Additionally, we
investigated the technology's adaptability across different operational scenarios to understand its
gradient of practical applicationadditionally testing bathymetric technologies like UA&Sho
sounders and GPR across diverse aquatic environments is critical for assessing their operational
limits, accuracy under variable conditions, and adaptability tewedd challenges. Each

waterbody type intragces unique physical and environmental factors that influence sensor
pefformance

Select a range of waterbodies to capture diverse environmental conditions:

1 Catfish Pond: Controlled environment with known deptference datéor accuracy
assessment.

Lake: Still water with potential vegetation and sediment variability.

River: Flowing water with varying turbidity and depth.

Nearshore Coastal Water Saline environment with wave action and tidal influences.
Irrigation Water Reservoirs: Shallow water with potential sedimentation and
agricultural runoff.

=A =4 =4 =

A list of the selected sités de<ribed in detail inTablel and locations in figte nal5

Expected Outcomes
T A comprehensive evaluation of UA&hesounder and GPR performance across diverse
waterbodiedor bathymetric data collection
T Identification of optimal interpolation methods for bathymetric surface generation.
T Insights into the operational limits and adaptability of these technologies favaddl
applications.
1 High-quality datasets for future research and technology development.
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TablBat hymetric data collection | ocations
Total . .
Serial : GPS Datg area Total flight time Waterbody Operational Flight ]lne
Location . Collection Sensor spacing Speed
No. coordinates covered (approx) Type Mode
Date (Meter)
(Acre)
Bay Springs 34.553921, . . UAS-echo
1 Lake -88.307328 02/24/2025 7.04 60min Lake Continuous sounder 20 0.7m/s
Delta Research
and Extension
Center (DREC) 33.451210, . , . UAS-echo
2 of Mississippi -90.897475 8/21/2024 1.67 60 min CatfishPond Continuous sounder 0.7m/s
State
University
(MSU)
33.451210, 10min(LiDAR)/ , i LiDAR/ i
3 (DREC), MSU -90.897475 9/10/2024 1.67 60 min(GNSS) Catfish Pond GNSS
Grand Bay and
. 30.426867, 8/28/2025 . Nearshore . UAS-echo
4 M'd‘?\f’SBa“ 88.371553  8/20/2025 ~ 1°>416 120 min coastal water ~ COMIMUOUS oo nder 10 0.7m/s
North Farm, 33.474346, . Irrigation . UAS-echo
5 Starkville -88.773817 71252024 1.46 30 min water reservoir Continuous sounder 10 0.7m/s
Tombigbee 33.488027, . . . UAS-echo
6 River -88.454831 02/06/2025 8.11 70 min River Continuous sounder 20 0.7m/s
White's Creek 33.556829, 40min(continuous)/ Continuous/  UAS-echo
! Lake -89.275294 10/29/2025 504 60 min(Grasshoppeér Lake Grasshopper sounder 10 0.7m/s
8 North Farm, 33.474346, i i i Irrigation i GPR i i
Starkville -88.773817 water reservoir
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Design andconduct Field Data Collection for Catfish Pond Studies

We have selected a catfish pondretDelta Research and Extension Center (DREC) of

Mississippi State University (MSUIDREC of Mississippi State University mostly concentrates

its research on cotton, rice, soybean, corn, and catfish production. DREC maintains many ponds
as part of its catfish research setup. For our study, one of these catfish ponds was selected
located at 33.45121890.897475The area of the pond is approximatelg7 Acres.

UAS-Echosounder data collection:
Our team first collected UAEchosounder data at the pond while it was full of water. Then the
water of the pond was drained with the DREC's help.
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Fi gabeAScho

In-situ LIDAR data collection:

S 0 U ncdoelr| alcatyitao b h e

s h

cat fi

pond,

After three weeks of the first sonar data collection, our team conducted a second survey of the

empty pond with a LiDAR sensor.
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Within the area of interestve have more than 218 million LIiDAR points and to be exact it is
2183998(oints.

FigasBli DAt a coll ection at the catfish po
In-situ GNSS data collection:

Therewas some water potholes left in the poatid we collected the height of those potholes
using a Trimble GNSS receiver.
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We coveredathymetry of the areas covered by puddles was manually sampled and we collected
33 reference points using GNSS.

Fi g@20@NSS dat a dag! laga tttfihicesrhe npaoi pndi ohl es

These comparative data sets helped us to evaluate the accuracy and precision ofébledUAS
sounder data where LIDAR and GNSS topography data of the empty pond worked as a ground
truth reference. It allowed us to conduct a very high level of accuracy assessment of the UAS
Echosounding bathymetric technology. Eteend data preand posiprocessig workflows are
explained in detail in Task 3.

Despite having reference Lidar data only for Catfish Pond, collecting data across diverse
environments is critical for the following reasons:

1. Spatial Variability and Generalizability

Bathymetric systems such as our Ua&o sounder must operate reliably in varied

environments. By surveying six distinct water bodies, including lakes, rivers, coastal waters,
reservoirs, and ponds, we evaluate how factors such as sediment type, flow dynamics, turbidity,

and vegetation afftc measur ements. This process confirms
confined to the specific conditions of Catfish Pond but extends to broader applications.

2. System Validation Across Environmental Challenges

While only Catfish Pond has reference Lidar data for direct comparison, data from other sites

still validate thedJAS-echo soundé&rs consi stency through met hods
checks (e.g., verifying depth measurements against known reservoir slopes or riverbed profiles),
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anomaly detection to identify recurring errors like noise in flowing water, and performance
benchmarking across environments. By contrasting results in calm ponds, turbulent rivers, and
saline coastal waters, this approach highlights systemic limitatrmheravironmenspecific
biases, ensuring the systembs reliability 1is

3. Characterizing Environmental Influences

By characterizing environmental influences across diverse sites, the system is uniquely
challenged in each setting: lakes and ponds assess performance in calm waters, rivers evaluate
noise from currents and uneven beds, coastal waters test turbidity eaéhveaference, and
reservoirs analyze variable water levels and sedimentation. This variety of conditions pinpoints
which environments necessitate algorithmic refinements or operational safeguards to ensure
consistent and reliable functionality.

4. Future-Proofing the Dataset

Collecting UASecho sounder data establishes a baseline for retrospective validation should
reference data such @een band bathymetrig DAR or multibeamsonar become available in

the future. For instance, hydrological models or dredging projects in reservoirs and rivers may
later generate ground truth data for comparison, while-terg monitoring of coastal erosion or
lake sedimentation could utilize odataset as a historical baseline. This proactive approach
ensures compatibility with future valitlan efforts across diverse scenarios.

6. Scientific and Operational Relevance

Our multisite approach advances bathymetric science by highlightingddA&sounder

limitations in underrepresented environments, such as turbid coastal zones, while informing best
practices for applications like habitat mapping, flood modeling, and dredging operations.
Additionally, it supports algorithm development to reglmoise in dynamic conditions, ensuring

the systembs adaptability an-dorldopdraticmdi | i ty acr
scenarios.

7. Mitigating Single-Site Validation Risks

Relying solely on Catfish Pond risks overfitting validation to its unique conditions (e.g., calm
water, uniform substrate). Mullbcation data ensures our conclusions reflectwasald
complexity, reducing the risk of deploying the system in untesteidommvents.

Practical Justification in Our Study

In our project, we emphasize:

Robustness: Ensuring the UAShosounder works in rivers and lakes, not just ponds.
Environmental diagnostics: Pinpointing where the system fails (e.g., high turbidity).
Legacy value: A public dataset for future researchers studying similar environments.

Risk reduction: Avoiding overconfidence in a system validated only in idealized conditions.
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Whil e Catfish Pondds Lidar data provides cr
environments strengthens the scientific rigor and practical utility of our work. It ensures our
UAS-echosounder is tested against#gatld variability, supports fute research, and delivers
actionable insights for diverse us@rBom ecologists to engineers.

Design andconduct Field Data Collection for Bay Springs Lake
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Figa@adéAS®cho sounder data collection at

Field data collection at Bay Springs Lakdalke on the TennesseBombigbee Waterway in
Mississippi. The survey was executed with a flight path interval of 20 meters and ré&uired
minutesto finalize data collection for.04acres. The total length of the flight path (mapvered

using three sets of batteriesls60.13 meterslhe procedure encompassed meticulous planning

of flight parameters, redgime monitoringduring data collection, and pegstocessing to produce
precise lakebed mapThe environmental conditions were optimal for data collection. The water
surface was calm, creating a stable environment for UAS operations. This enabled us to conduct
three complete, uninterrupted flight sessions, guaranteeinggbmjity echo sounder tia The

lack of wind and waves reduced interference, enhancing the mission's success. All equipment
functioned as anticipated, and the collected data seems consistent atel reliab
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We faceda configuration issue on our first flight and lost our firstcfebattery powerWe
described iin T a s k obse@ation sectioaf Bay Springs Lake

Design andconduct Field Data Collection for Grand Bay and Middle Bay, MS.
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Data collection along the Mississippi coast presented greater challenges compared to other
locations. The Grand Bay Coastal Resources Center played a crucial role in facilitating our
efforts. The process begins by boarding a boat from the docking artalohg to the

selected offshore coastal site. We then deploy our system from one of the boats provided by the
Grand Bay Coastal Resources Center.

. RN

/-._ % A2 o
Figadkatco |l | elayit o®r and Bay and Middl e Bay

Field data collection at Grand Bay and Middle Bay, Mississippi, involved a detailed survey
conducted with a flight path interval of 10 meters. The flight time alone totaled 120 minutes,
allowing us to cover two distinct areas spanning 15.42 acres owerdays Including the time

spent traveling by boat to the survey location and collecting the data, the entire process required
approximately 6 work hours across the two days.

Using six sets of batteries, we achieved a total flight path distance of 3,577.38 meters. Although
we initially had only four battery sets, the tday timeframe allowed us to recharge the

additional two sets for use on the second day. The procedureadwaveful planning of flight
parameters, redgime monitoring during data collection, and thorough {pwstessing to

generate precise maps of the bay aréhss. facilitated six comprehensive, uninterrupted flight
sessions, guaranteeing the collectiohigh-quality data. The flights proceeded without any
notable issues, and the mission was executed with efficieloayever, we have faced some
challenges, and we have some recommendations that we have discussed in task 3.
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Design and conduct Field Data Collection foNorth Farm, Starkville :
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The survey took place at the North Irrigation Water Reservoir Farm in Starkville, employing a
flight path interval of 10 meters. The data collection necessigtetdnutes to encompads46
acres. The cumulative flight path length of 643.11 meters was attained over 1.25 flight sessions,

with 40% battery life remaining to guarantee safe operations.
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Figaeata coll ection day at North Far m,

Design andconduct Field Data Collection for Tombigbee River.
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The survey took place at the Tombigbee River in Mississippi, employing a flight path interval of
20 meters. The data collection necessitated 70 minutes to encompass 8.11 acres. The
cumulative flight path length of 1,868.49 meters was attained ovelighbdkessions, with 40%
battery life remaining to guarantee safe operations.

b e P

Figaskata coll ection day at Tombigbee

The procedure encompassed meticulous flight parameter planningmeahonitoring

throughout data acquisition, and ppsbcessing to produce precise riverbed maps. The
environmental conditions were ideahlmwater surfaces and minimal wind created a stable
operating environment for the UAS, reducing interference and guaranteeinguailily sonar
data. All equipment functioned as anticipated, and the gathered datasets were coherent and
dependable.

Design andconduct Field Data Collection for White's Creek Lake:
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Figa@aBe UASho sounder data collection at Whit

Field data collection at White's Creek Lake in Mississippi was executed with a flight path
interval of 10 meters, necessitating 40 minutes to complete data collection for 5.04 acres. The
complete distance of the flight path (1014.86 meters) was traverbadgitwo sets of fully

charged batteries.
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