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Executive Summary    

Topographic LiDAR has well-documented limitations in water-covered, partially inundated, or 

tidally influenced zones due to null return values. To address these deficiencies, Mississippi 

State University (MSU) conducted advanced research and field testing on UAS-based 

bathymetric surveying technologiesðparticularly echo-sounder-equipped dronesðacross 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 custom-built drones integrating UAS-borne 

sonar systems and collaborated with the Information Processing and Sensing (IMPRESS) 

Laboratory and Dr. Adam Skarkeôs research group to expand sensor capability through 

additional sonar and ground-penetrating radar (GPR) systems. Use cases included flood 

modeling, sediment transport monitoring, drainage capacity evaluation, aquatic habitat 

assessment, and infrastructure inspection. 

 

Key tasks included: (1) conducting a comprehensive technical review of UAS-based topo-

bathymetric surveying technologies; (2) designing a replicable project sampling framework for 

safe, reliable mission execution; (3) performing multi-site data collection under varied 

hydrologic and geomorphic conditions; (4) implementing rigorous end-to-end data pre- and post-

processing pipelines; and (5) defining the operational envelope of UAS-echo sounder technology 

concerning with respect to feasibility, data quality, and environmental constraints. 

 

The study produced detailed bathymetric datasets across seven field sites. Comparative accuracy 

analysis using LiDAR and GNSS ground truth data revealed that the UAS-echo sounder system 

achieved an RMSE as low as 6.6 cm and an R² value of up to 86.6% in optimal conditions. 

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 determine optimal configurations for balancing accuracy 

and operational efficiency. 

 

The results demonstrate that UAS-echo sounders are a robust and cost-effective alternative to 

traditional boat-based or LiDAR bathymetry, particularly for small, shallow, or difficult-to-

access water bodies. The integration of sonar with UAV platforms offers a flexible solution for a 

broad range of geospatial and engineering applications, with the potential for significant time and 

cost savings in inspection, planning, and monitoring workflows. 
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Introduction 

This report advances the state of practice for bathymetric and topobathymetric mapping by 

demonstrating the feasibility, precision, and operational benefits of integrating UAS-based echo 

sounders and ground-penetrating radar (GPR) across diverse aquatic environments. 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 work contributes to the evolving national 

priority of employing agile, cost-effective, and resilient remote sensing technologies for 

transportation and environmental stewardship. The methodologies and lessons learned herein are 

intended to guide future survey design and the application of UAS platforms for precision 

bathymetric and subsurface assessments across the United States and beyond. The methods 

outlined in this report also align with national efforts such as the USDOTôs National Roadway 

Flooding Framework and advancing state-level climate adaptation and transportation resilience 

planning.  
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Chapter 1 ï Mississippi State University Work 

Literature Review 

Bathymetry is the scientific study of the depth of underwater topography (Jagalingam 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 depths (Bandini et al., 2023; Yao et al., 2023). 

Overall, bathymetry offers essential information for efficiently managing aquatic resources, 

guaranteeing safety, and advancing environmental sustainability (Hell et al., 2012). Remote 

sensing provides various technologies for acquiring or assisting in the derivation of topo 

bathymetric data. The methods encompass LiDAR, radar altimetry, multi-beam sonar, single-

beam sonar, photogrammetry, satellite imagery, and InSAR (Erena 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 single-beam and multi-beam echo-sounders aboard ships and boats continues to be the 

prevailing approach for conducting extensive, deep-water surveys (Jawak et al., 2015). These 

methods provide exceptional precision and comprehensive coverage (Wölfl et al., 2019).  

 

However, these techniques are costly, challenging to implement, and unsuitable for shallow 

water conditions and small water bodies (Ferreira & Andrade, 2022; Jagalingam et al., 2015). 

Furthermore, the integration of sonar/echo-sounder into Unmanned Surface Vehicles (USVs) has 

significantly enhanced their capabilities in shallow or inaccessible regions (Sotelo-Torres et al., 

2023). Nevertheless, unoccupied aerial systems (UAS) echo-sounder 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 boats (Alvarez et al., 2018) and not feasible for  

small area coverage. UAS-Echo-sounder bathymetry is a developing technology that integrates 

UAS with a sonar sensor to perform  bathymetric surveys (Bashit & Pricope, 2024). This 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). UAS-Echo-sounder systems provide several benefits, including the production 

of high-quality data, enhanced water penetration capabilities in comparison to UAS-green band 

Lidar, and the capability to effectively survey shallow water environments that create difficulties 

for traditional boat-based 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 deep-ocean water settings and spatial 

resolution when compared to multi-beam systems, it exhibits potential for conducting small-scale 

surveys, particularly in shallow waters and locations with limited accessibility (Pricope & Bashit, 



3 | Page 

 

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, and improvement before it can 

be widely adopted. 

 

UAS-Echo-sounder surveys using bathymetric single-beam 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 comprehensive representation 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, 2019). More specifically interpolation methods are statistical 

procedures employed to predict values within a given set of known data points (Arun, 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 topography (Li et al., 2019). To produce precise and comprehensive bathymetric 

maps from UAS-Echo-sounder data, such interpolation is essential (Udoh et al., 2022). The 

significant research gap in interpolation methods and UAS-bathymetric sensors mostly concerns 

the necessity to enhance the precision, effectiveness, and suitability of these technologies in 

diverse underwater settings. Some well-known interpolation techniques 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 seafloor (Parente & Vallario, 2019). Every 

technique possesses distinct merits and drawbacks, including variations in precision, 

computational expense, and the level of smoothness in the resultant interpolated surface (Siljeg 

et al., 2015). Existing interpolation techniques exhibit distinct advantages and disadvantages 

based on data density and terrain properties. However, no universally ideal  be applied to all 

situations.  

 

The primary objective of this study is to assess the accuracy of the UAS-echo-sounding data 

relative to in situ measurements. It refers valuation of the accuracy and dependability of UAS-

echo-sounding technology in mapping underwater topography. The second objective is to assess 

and determine the most effective interpolation method for generating continuous underwater 

surfaces from UAS-echo-sounding data. Here the main goal was to compare different 

interpolation techniques to ascertain which interpolation method 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 mission planning strategies to 

ascertain the efficient and cost-effective methods for collecting UAS-Echo-sounding bathymetric 
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data according to the detailing needs of Industry and research. The research seeks to enhance 

data acquisition techniques and strengthen post-processing methodologies to  contribute to more 

accurate and dependable bathymetric mapping solutions using UAS-echo-sounding 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 identifying salineïfreshwater 

interfaces, a technique that could further expand the operational range of the presented methods. 

Pilot studies and site-adapted 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 PROJECT STAGES 

Task 1: Create a replicable and easy-to-implement project design and sampling strategy 

that articulates pre- and mission criteria and considerations to ensure safe and successful 

project execution.  

For our project, we have utilized a cutting-edge UAS-echo-sounder system manufactured by 

SPH Engineering. We received significant technology support from the Geosystems Research 

Institute (GRI) of Mississippi State University. 

 
Figure 1: UAS-echosounder system setup and different elements and components of the technology 

Integrated System for Bathymetry with Echo Sounder: 

 

The comprehensive drone-based bathymetry system comprises the following components: 

¶ A commercially available drone, such as the DJI M300 RTK, M210, M600 Pro, or any drone 

equipped with a Pixhawk autopilot system. For this project, we specifically used the DJI M300 

RTK drone.  

¶ An echo sounder sensor is attached to a cable for underwater depth measurement. 

¶ A radar/laser altimeter to accurately determine the drone's height above the water surface. 

¶ The heart of the integrated system is UgCS SkyHub ï a small and powerful onboard computer 

with special software responsible for mission control and the storage of geotagged data. 

¶ Mission control software to manage and execute the survey operations. 
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1 ï echo sounder with stainless steel 

protection housing, cable, hook and carabiner 

to attach the sensor to the drone 

2 ï cables set 

3 ï UgCS SkyHub onboard computer 

4 ï radar altimeter with mountings for the 

drone (for our project we have used laser 

altimeter). 

Figure 2: Echo-sounder and its mandatory hardware components 

In addition to the DJI platforms used for echo-sounder data collection, GPR deployments were 

conducted using a custom-built mid-size hexacopter UAV configured to carry a 

frequency-domain GPR sensor. This expands MSUôs range of airborne platforms for subsurface 

and shallow-water 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 single-beam echo-sounder options available (refer to the table below), all 

manufactured by the Korean company EofE Ultrasonics Ltd. (https://www.echologger.com/), 

which specializes in high-precision sonar equipment for surveying. Each echo sounder features 

an integrated tilt 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 starts from the transducer'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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Figure 3: Different variants of echo-sounder sensor 

For this project, we used an ECT D052S dual-frequency sensor. The minimum measurement 

range is 0.5m and the maximum is 200m. 

 

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 altitude consistently 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 altimeter. Unlike standard 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 computer's second function is to store echo sounder measurements 

in a geotagged 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 centimeter-level precision. 

Measurements are saved in three formats: 

¶ A simple CSV text format containing coordinates, depth, and additional information, compatible 

with various XYZ data processing software like Surfer, Oasis Montaj, and Excel. 

¶ NMEA 0183, which works with popular hydrographic software such as HydroMagic and 

Reefmaster. 

¶ SEG-Y, which includes full echo sounder data. 
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In addition to depth measurements, the system logs water temperature and the tilt angles of the 

sensor. Data logging starts automatically once the echo sounder is submerged and ceases when 

the sensor is no longer in the water. The onboard software simultaneously transmits real-time 

depth data to the ground station, enabling the operator to verify proper functionality 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. 

 

 
Figure 4: An interface of UgCS ground control software and mission planning 

Modes of operations: 

The integrated system offers three operational modes: 

¶ Continuous measurements along survey lines. 

¶ Measurements at designated waypoints. Also known as Grass-hopper mode. 

¶ Manual measurements. 

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 (0.5ï0.7 m/s) while conducting measurements 

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

 
Figure 5: UAS-echo-sounder technology data collection mechanism and water depth calculations 

In the following, the UAS-echo-sounder technology data collection mechanism is described with 

the proper serial number.  

 

(1) Droneôs Ellipsoidal height /Orthometric height: The droneôs RTK stores the droneôs 

ellipsoidal height /orthometric height data using a GNSS receiver and sends it to the SkyHub 

computer.  

Ellipsoidal Height: The droneôs altitude above a reference ellipsoid (a mathematical model of 

Earthôs shape). 

Orthometric Height: The droneôs elevation above the geoid (closely related to sea level, 

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

 

(2) Distance between the droneôs RTK  and the leaser Altimeter:  This is the vertical distance 

between the drone's RTK and the laser/radar altimeter, which is 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 the echo-sounder 

sensor submerged in the water. It is the length from the altimeter to the bottom of the echo 

sounder.  
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(5) Height of the sensor: This is the vertical height of the echo-sounder sensor. 

 

(6) Bottom of the echo-sounder sensor: This is the lowest point of the echo-sounder sensor, 

which emits sound waves to measure the distance to the underwater surface. 

 

(7) Distance between the bottom of the echo-sounder sensor and the underwater surface: 

This is the measured depth from the sensorôs bottom of the water body, calculated using the 

echo-sounder. 

 

 (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:  

Elevation = Orthometric Height ï ((( (4) Cable length + (2) Distance between the droneôs RTK and the 

leaser Altimeter) -  (5) sensor height) -  (9)water depth)  (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 echo-sounder measurements. 

Equation:  

water depth = (7) distance from the bottom of the sensor to the surface + (5)sensor height   (2) 

 

After data collection and primary data cleaning the exported final data in CSV format must 

contain the following information.  

 

Longitude and Latitude:  UgCS SkyHub computer identifies and calculates the exact locations 

and stores Longitude and Latitude values for each of the bathymetric point locations. 

 

Raw depth (Hi): Unprocessed depth readings from the echosounder using the high frequency of 

the sensor. When the waterbody is very shallow high frequency works the best.  

 

Corrected depth (Hi): Corrected for water temperature, salinity, and pressure. Ensures depth 

accuracy by compensating for environmental and sensor errors. 

 

Elevation (Hi) : UgCS SkyHub computer calculates the elevation considering the Equation 1. 

The most important data of the entire data collection because water depth can be changed but 

accurate underwater elevation remains the same for a long period . So, knowing the depth and 

change of the elevation of any water body elevation data is crucial for regular and long-term 

monitoring of a water body. Elevation (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 droneôs RTK stores the droneôs ellipsoidal height 

/orthometric height data using a GNSS receiver.  The final output data looks like the following 

CSV tabular datasets.  

 

 
Figure 6: After primary cleaning the exported sounding datasets in .csv format 

To ensure a safe and successful data collection and sampling strategy, it is essential to clearly 

define and address pre-mission and post-mission criteria and considerations. These are outlined 

below: 

There are three basic considerations. They are preparation, fieldwork day, and post-fieldwork 

day. 
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Figure 7: Proposed field data collection workflow showing the three major stages of pre and post-

field work. 

 

 

 

Preparation:   

1. Choose the Site:    

Selecting an appropriate site is critical for effective UAS-echo-sounder operations. The site must 

align with the survey objectives, such as mapping bathymetry and monitoring underwater 

elevation. Factors like water depth, and flow velocity influence echo-sounder performance, while 

aerial restrictions (e.g., no-fly zones, obstacles) impact UAS deployment. Additionally, 

accessibility for takeoff/landing must be evaluated. Pre-survey reconnaissance using satellite 

imagery or historical data helps identify optimal locations, ensuring the site supports both safe 

UAS flight and high-quality acoustic data collection. 

 

2. Select the Sampling Strategy and Methods 

The sampling strategy defines how the UAS-echo-sounder system will collect data. For 

bathymetric surveys, Continuous measurements along survey lines and measurements at 

designated waypoints, Also, known as Grass-hopper mode, are manual measurements. The 

choice between single-beam (focused depth profiling) or multi-beam (wide-area 3D mapping) 

echo-sounders depends on resolution requirements and survey scale. Methods must account for 

waterbody type (e.g., rivers, lakes) and environmental variables like wave action, and seaweed in 

the water.  
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3. Assemble the Echo-Sounding System 

This step involves mounting the echo-sounder hardware onto the UAS (NCDOT deliverables 

2025\SPH Documentation and training\Video recordings).  

 

4. Configure SkyHub Using UGCS 

SkyHub, a telemetry and payload management system, is configured via UGCS to integrate the 

echo sounder with the UAS. This step establishes communication protocols between the droneôs 

autopilot, the echo sounderôs data stream, and the ground station. Parameters such as ping rate 

(acoustic pulse frequency), data storage paths, and real-time telemetry feeds are set. UGCS 

enables operators to monitor sensor health, adjust flight paths mid-mission, and visualize 

bathymetric data in real-time. Pre-launch validation ensures all components function cohesively, 

minimizing risks of data loss or system failure during execution. 

 

Field day work:  

1. Obtain 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 ensures compliance 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 Equipment 

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 accurate depth measurements. 

Additionally, battery and power sources should be prepared to handle any unforeseen technical 

issues during the fieldwork. 
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Figure 8: Pixhawk autopilot-based drone interaction diagram 

The flowchart shows the UAS-echo sounder hardware and software interaction mechanism the 

source of the diagram is NCDOT deliverables 2025\SPH Documentation and 

training\Documents\skyhub-user-manual-2024.pdf.  

 

 

3. Conduct Risk Assessment 

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 established, and all team members 

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

working environment. 

 

4. Collect Data Using Planned Methods 

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 path should be carefully planned to 

cover the study area systematically, ensuring comprehensive data collection. Real-time 

monitoring of the UAS and sensor data is essential to address any issues promptly.  Integrated 
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system supports three modes (NCDOT deliverables 2025\SPH Documentation and 

training\Documents\echo-sounder-systemdescription-sph-engineering.pdf) of operations and it 

should be selected according to the project need. 

 

5. Collect Bathymetric Data 

Finally, the collected bathymetric data need to be reviewed and stored securely. Initial data 

checks should be done on-site 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 accurate and reliable bathymetric 

data collection using UAS technology. 

 

Post-fieldwork:  

1. Check collected data using sky hub logs:  

The post-fieldwork processing of UAS echo-sounder 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 echo-sounder is properly recorded and complete. This 

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

 

2. Primary data cleaning is performed using Eye4Software Hydromagic:  

Following verification, the data moves into the cleaning phase, which utilizes Eye4Software 

Hydromagic, a specialized software platform (Described in Appendix 1). This comprehensive 

cleaning process is essential for eliminating noise and artifacts from the echo-sounder readings, 

ensuring the highest possible data quality and accuracy. The software's sophisticated tools help 

transform raw data into reliable bathymetric measurements. 

 

 

3. Export final CSV for further analysis and visualization:  

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. The CSV 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 project stakeholders. 

 

Conclusion:  

By following this structured approach and considering all pre- and post-mission criteria, teams 

can ensure a safe, successful, and replicable execution of bathymetric surveys using UAS-echo-

sounder technology. This methodology not only maximizes data quality and operational 
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efficiency but also promotes consistency across multiple survey projects, facilitating long-term 

monitoring and analysis of underwater environments. 

 

 

LiDAR Sensor: 

For the project, LiDAR data was collected with a Geocue Trueview 515 3D Imaging System. 

This sensor contains a 32-channel laser scanner with two recorded returns, dual true color 

cameras for point cloud colorization, a Trimble/Applanix APX-15 IMU/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 drained catfish pond was flown at a 30-meter 

altitude, 4 meters per second, and with 13.5-meter transect spacing resulting in 2000 points per 

square meter on average. 

 
Figure 9: Geocue Trueview 515 3D Imaging System 

Following data acquisition, the raw LiDAR data was processed into a LAS file using Geocueôs 

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 and their GNSS 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 values from 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 2-meter radius and 30-centimeter height around it. Points with no 

neighboring points within this cylinder were identified as noise and removed. The remaining 

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 water. These 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 had to be manually 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 × 40 cm), an inverse distance weighting average was used to 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 cloud remained unadjusted as the statistics did not 

provide a reliable basis for alignment. In our case, we kept it unadjusted. 

 

GNSS: 

Even though the pond was drained, some residual puddles did  not 

have time to fully dry. The puddles were manually sampled with a 

high-accuracy RTK/PPK Geo7X GNSS rover. The Geo7X is accurate 

to centimeter level in the horizontal and 1.5 cm in the vertical 

direction. 

 

 

 

 

GPR Sensor:  

Theoretical Background - GPR detection of bathymetry 

GPR is a geophysical tool that utilizes short-range electromagnetic wave-based radar technology. 

It is designed to locate buried objects and has been widely used in civil engineering, 

archaeological research, geophysical investigations, soil moisture, and tree root 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 geological medium. GPR measures the 

amplitude and the travel time of the reflected energy. Figure 11: shows the principle of the 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. 

Figure 10: Geo7X 

GNSS rover 
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However, using GPR in bathymetry is more challenging because the of high electric conductivity 

of water. So, the current GPR systems are not designed for bathymetry. 

 

Figure 11: Schematic diagram of a GPR survey. Reflected waves penetrating the subsurface travel 

at different velocities based on the dielectric permittivity (Ů) of the media in which they encounter.  

All subsurface anomalies can be observed by the GPR. 

 

Material and instrumentation  

For this project, we used a custom-built frequency-domain GPR system developed by the 

research group. The developed GPR system attached a custom-made mid-size hexacopter UAV. 

Figure 12 shows the components of the 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. Mini-circuits-vayyar transceiver board is used to generate 

frequency sweep signals and to acquire the signals from the receiver antenna. To amplify the RF 

signal power up to a 25dbm level, we used Mini-Circuits' ZHL-10M4G21W0. The onboard 

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

GPS unit. 
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(a) (b) 

Figure 12: (a) UAV-based GPR system. (b) Components of developed GPR system. 

 

GPR model and processing steps 

In the study, we used the stepped frequency sweeping GPR system. This system generates a 

continuous-wave 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 same transceiver board 

and recorded to the onboard computer. The received spectral data is converted to the time 

domain (A-scan) using the inverse Fourier transform. Then by using all sampled frequency 

responses, we generated B-scan radargram data. For preprocessing mean of B-scan data was 

removed B-scan data. Figure 13 shows the simplified process of the sweep frequency GPR 

system. 

 

Figure 13: Simplified flowchart of GPR processing steps. 
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Task 2: Design and conduct field data collections across a gradient of use cases, 

bathymetric sensor technology (including UAS-borne sonar and GPR sensors) and 

conditions and conduct outreach to public schools in the region during this process.  

Our objective was to evaluate the performance of UAS-echo-sounder and ground-penetrating 

radar (GPR) sensor technologies. The UAS-echo sounder was deployed across a variety of 

aquatic 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 and compared multiple interpolation techniques to identify the 

most effective method for generating high-resolution bathymetric models. Additionally, we 

investigated the technology's adaptability across different operational scenarios to understand its 

gradient of practical applications. Additionally testing bathymetric technologies like UAS-echo 

sounders and GPR across diverse aquatic environments is critical for assessing their operational 

limits, accuracy under variable conditions, and adaptability to real-world challenges. Each 

waterbody type introduces unique physical and environmental factors that influence sensor 

performance. 

Select a range of waterbodies to capture diverse environmental conditions: 

¶ Catfish Pond: Controlled environment with known depth reference data for 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 list of the selected sites is described in detail in Table 1 and locations in figure no.15 

  

Expected Outcomes 

¶ A comprehensive evaluation of UAS-echo-sounder and GPR performance across diverse 

waterbodies for bathymetric data collection. 

¶ Identification of optimal interpolation methods for bathymetric surface generation. 

¶ Insights into the operational limits and adaptability of these technologies for real-world 

applications. 

¶ High-quality datasets for future research and technology development. 
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Table 1: Bathymetric data collection locations 

Serial 

No. 
Location 

GPS 

coordinates 

Data 

Collection 

Date 

Total 

area 

covered 

(Acre)  

Total flight time 

(approx) 

Waterbody 

Type 

Operational 

Mode 
Sensor  

Flight line 

spacing 

(Meter) 

Speed 

1 
Bay Springs 

Lake 

34.553921,          

-88.307328 
02/24/2025 7.04 60min Lake Continuous 

UAS-echo 

sounder 
20 0.7m/s 

2 

 

Delta Research 

and Extension 

Center (DREC) 

of Mississippi 

State 

University 

(MSU) 

33.451210,          

-90.897475 
8/21/2024 1.67  60 min Catfish Pond Continuous 

UAS-echo 

sounder 
5 0.7m/s 

3  (DREC), MSU 
33.451210,          

-90.897475 
9/10/2024 1.67 

10min(LiDAR)/ 

 60 min(GNSS) 
Catfish Pond - 

LiDAR/ 

GNSS 
- - 

4 

Grand Bay and 

Middle Bay, 

MS 

30.426867,          

-88.371553 

8/28/2025-

8/29/2025 
15.416  120 min 

Nearshore 

coastal water 
Continuous 

UAS-echo 

sounder 
10 0.7m/s 

5 
North Farm, 

Starkville 

33.474346,          

-88.773817 
7/25/2024 1.46 30 min 

Irrigation 

water reservoir 
Continuous 

UAS-echo 

sounder 
10 0.7m/s 

6 
Tombigbee 

River 

33.488027,          

-88.454831 
02/06/2025 8.11 70 min River Continuous 

UAS-echo 

sounder 
20 0.7m/s 

7 
White's Creek 

Lake 

33.556829,          

-89.275294 
10/29/2025 5.04 

40min(continuous)/ 

60 min(Grasshopper) 
Lake 

Continuous/ 

Grasshopper  

UAS-echo 

sounder 
10 0.7m/s 

8 
North Farm, 

Starkville 

33.474346,          

-88.773817 
- - - 

Irrigation 

water reservoir 
- GPR - - 
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Figure 14: Study area in Mississippi showing bathymetric data collection locations 
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Design and conduct Field Data Collection for Catfish Pond Studies: 

We have selected a catfish pond at the Delta Research and Extension Center (DREC) of 

Mississippi State University (MSU). DREC 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 33.451210, -90.897475. The area of the pond is approximately 1.67 Acres. 

 

UAS-Echosounder data collection: 

Our team first collected UAS-Echo-sounder data at the pond while it was full of water. Then the 

water of the pond was drained with the DREC's help.  

 
Figure 15: The study area at Pond D1, Delta Research and Extension Center (DREC), Stoneville, MS. 
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Figure 16: UAS-echo sounder data collection day at the catfish pond, DREC 

In -situ LiDAR  data collection:  

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

empty pond with a LiDAR sensor.  

 
Figure 17: LiDAR data collection at the drained catfish pond 
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Within the area of interest, we have more than 218 million LiDAR points and to be exact it is 

21839980 points.  

  
Figure 18: LiDAR data collection at the catfish pond, DREC 

In -situ GNSS data collection:  

There was  some water potholes left in the pond, and we collected the height of those potholes 

using a Trimble GNSS receiver.  

 

 
Figure 19: GNSS data collection at the puddles of the catfish pond 
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We covered bathymetry of the areas covered by puddles was manually sampled and we collected 

33 reference points using GNSS.  

 

  
Figure 20: GNSS data collection day at the catfish pond remaining puddles 

 

These comparative data sets helped us to evaluate the accuracy and precision of the UAS-echo 

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-

Echo-sounding bathymetric technology. End-to-end data pre- and post-processing 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 UAS-echo 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 affect measurements. This process confirms that our systemôs accuracy is not 

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 the UAS-echo sounderôs consistency through methods such as internal consistency 

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 limitations and environment-specific 

biases, ensuring the systemôs reliability is confirmed across diverse conditions. 

 

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 and wave interference, 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 UAS-echo sounder data establishes a baseline for retrospective validation should 

reference data such as Green band bathymetric LiDAR or multibeam-sonar 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 long-term monitoring of coastal erosion or 

lake sedimentation could utilize our dataset as a historical baseline. This proactive approach 

ensures compatibility with future validation efforts across diverse scenarios. 

  

6. Scientific and Operational Relevance 

Our multisite approach advances bathymetric science by highlighting UAS-echo 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 reduce noise in dynamic conditions, ensuring 

the systemôs adaptability and reliability across both research and real-world operational 

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). Multi-location data ensures our conclusions reflect real-world 

complexity, reducing the risk of deploying the system in untested environments. 

 

Practical Justification in Our Study 

In our project, we emphasize: 

Robustness: Ensuring the UAS-echosounder 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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While Catfish Pondôs Lidar data provides critical validation, collecting data across six 

environments strengthens the scientific rigor and practical utility of our work. It ensures our 

UAS-echosounder is tested against real-world variability, supports future research, and delivers 

actionable insights for diverse usersðfrom ecologists to engineers. 

 

Design and conduct Field Data Collection for Bay Springs Lake: 

 
Figure 21: UAS-echo sounder data collection at Bay Springs Lake 

Field data collection at Bay Springs Lake, a lake on the Tennessee-Tombigbee Waterway in 

Mississippi.  The survey was executed with a flight path interval of 20 meters and required 60 

minutes to finalize data collection for 7.04 acres.  The total length of the flight path (m) covered 

using three sets of batteries is 1660.13 meters. The procedure encompassed meticulous planning 

of flight parameters, real-time monitoring during data collection, and post-processing to produce 

precise lakebed maps.  The 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, guaranteeing high-quality echo sounder data. The 

lack of wind and waves reduced interference, enhancing the mission's success. All equipment 

functioned as anticipated, and the collected data seems consistent and reliable. 
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Figure 22: Filed data collection day at Bay Springs Lake 

We faced a configuration issue on our first flight and lost our first set of battery power. We 

described it in Task 3ôs observation section of Bay Springs Lake.  

 

Design and conduct Field Data Collection for Grand Bay and Middle Bay, MS: 

 
Figure 23 UAS-echo sounder data collection at Grand Bay (A) and Middle Bay (B) 

A B 
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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 area and traveling to the 

selected offshore coastal site. We then deploy our system from one of the boats provided by the 

Grand Bay Coastal Resources Center. 

 

  

 

Figure 24: Data collection day at Grand Bay and Middle 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 over a two days. 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 two-day timeframe allowed us to recharge the 

additional two sets for use on the second day. The procedure involved careful planning of flight 

parameters, real-time monitoring during data collection, and thorough post-processing to 

generate precise maps of the bay areas. This facilitated six comprehensive, uninterrupted flight 

sessions, guaranteeing the collection of high-quality data. The flights proceeded without any 

notable issues, and the mission was executed with efficiency. However, 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 for North Farm, Starkville : 

 

Figure 25: UAS-echo sounder data collection at North Farm, Starkville 

The survey took place at the North Irrigation Water Reservoir Farm in Starkville, employing a 

flight path interval of 10 meters. The data collection necessitated 30 minutes to encompass 1.46 

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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Figure 26: Data collection day at North Farm, Starkville 

 

 

Design and conduct Field Data Collection for Tombigbee River:  

 
Figure 27: UAS-echo sounder data collection at 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 over 3.5 flight sessions, with 40% 

battery life remaining to guarantee safe operations.  

  
Figure 28: Data collection day at Tombigbee River 

The procedure encompassed meticulous flight parameter planning, real-time monitoring 

throughout data acquisition, and post-processing to produce precise riverbed maps.  The 

environmental conditions were ideal: calm water surfaces and minimal wind created a stable 

operating environment for the UAS, reducing interference and guaranteeing high-quality sonar 

data.  All equipment functioned as anticipated, and the gathered datasets were coherent and 

dependable. 

 

Design and conduct Field Data Collection for White's Creek Lake:  
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Figure 29: UAS-echo sounder data collection at White's Creek Lake 

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 traversed utilizing two sets of fully 

charged batteries.  

 

 

 










































































































































