


25-28 October 2022

Times are based on Central U.S. time, which is UTC/GMT -4 hrs. 
15-minute presentation and 5 minutes Q&A

10-minute platinum sponsor presentations daily

Equivalent daily start times based on: 25 October 2022: Alaska: 6:00 AM; California: 7:00AM; Calgary & Colorado: 8:00AM; Houston, 
Mexico City, Lima: 9:00AM; Toronto & New York City: 10:00AM; Rio de Janeiro and Santiago: 11:00AM; Nouakchott: 2:00PM; 

London and Lagos: 3:00PM; Frankfurt and Johannesburg: 4:00PM; Bucharest and Kuwait City: 5:00PM; Baku: 6:00PM; Mumbai: 
7:30PM; Beijing & Perth: 10:00PM; Tokyo: 11:00PM; Sydney: 26 October 2022 1:00AM 

Tuesday 25 October 2022: Day 1 Introduction, Innovation Panel, and Keynotes 
Session Co-chairs: Laura Quigley and Callum Walter 

Start Stop Presentation Title Speaker Affiliation 
09:00 09:10 Introduction Laura Quigley and 

Callum Walter 
Seequent and 
Queen’s University 

09:10 09:20 SEG Board - Welcome Ken Tubman SEG President 

09:20 10:50 Innovation Panel Lance R. Brady, 
Jamey Jacob, 
Roger O’Neill, 
Kimberly Penn 

USGS, Oklahoma State 
University, Overhead 
Intelligence, Women 
and Drones 

10:50 11:00 Break 
11:00 11:10 Virtual Demonstration – Classification of Magnetic domains 

using Machine learning on UAV Magnetic data collected over 
the Crestone Crater 

Josh Sellers Seequent 

11:10 11:30 Keynote: UAV-based Hydrogeophysics Timothy S. de 
Smet 

Binghamton 
University, SUNY 

11:30 11:50 Keynote: Multiscale crop health monitoring using deep learning 
in remote sensing data 

Sami Khanal Ohio State University 

11:50 12:10 The Preliminary Results from a Drone Enabled EM61 Lite Survey 
to Detect and Delineate a Buried Pipeline 

Ron Bell Drone Geoscience, 
LLC 

12:10 13:10 Discussion and Summary 

Wednesday 26 October 2022: Day 2 Magnetics, Multisensor, and Exploration 
Session Co-chairs: Juan Ortega and Kanita Khaled 

Start Stop Presentation Title Speaker Affiliation 
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09:00 09:05 Introduction 

09:05 09:25 Keynote: Drone-based multi-sensor data integration in mineral 
exploration, mining legacy and environmental monitoring 

Robert Jackische Helmholtz Institute 
Freiberg for Resource 
Technology 

09:25 09:45 Dual Radiometric & Magnetic Drone System Alex Coutu Rosor 

09:45 10:05 A drone-borne magnetic survey to map an igneous dike 
intruded in carbonates 

Filippo 
Accomando 

University of Naples 
“Federico II” 

10:05 10:25 Break 

10:25 10:45 Keynote: Drones in Geophysical Exploration - A new era of 
automation is coming 

Johannes Stoll MGT GmbH 

10:45 11:05 Parameters for drift prospecting using remotely piloted aircraft 
systems in British Columbia’s interior plateau 

Elia Easton British Columbia 
Geological Survey 

11:05 11:25 Near surface fracture field to deep basement features 
assessment in the Rhine Graben from a 50 m above ground 
level magnetic survey using a compact drone solution 

Bruno Gavazzi Enerex 

11:25 11:45 Suppression of surficial maghaemite magnetic noise using an 
Unmanned Aerial Vehicle deployed magnetometer 

Adam Kroll AirGeoX 

11:45 12:45 Discussion and Summary 

Thursday 27 October 2022: Day 3 UXO, GPR, and EM 
Co-chairs: Jan Francke and Elizabeth Baranyi 

Start Stop Presentation Title Speaker Affiliation 
09:00 09:05 Introduction 

09:05 09:25 Keynote: Utilizing UAV based imagery to identify and automate 
the detection of surface lain mines and UXO 

Jasper Buar Columbia University 

09:25 09:45 Improving Drone Based Magnetometers for UXO Surveying Bart Hoekstra Geometrics 

09:45 10:05 Drone Based Time-Domain Electromagnetic Induction (EMI) for 
Sub-Surface Unexploded Ordinance (UXO) Detection 

Maximilian 
Orman-Kollmar 

Dartmouth College 

10:05 10:25 Rapid Investigation of Anomalies in Water by UAV Transient 
Electromagnetic Technology 

Wei Liu Chongqing University 

10:25 10:35 Break 
10:35 10:45 Virtual Demonstration Johannes Stoll Mobile Geophysical 

Technologies GmbH 
10:45 11:05 Keynote: Managing Expectations with Drone GPR Jan Francke GroundRadar Inc. 

11:05 11:25 Retrieving debris thickness on debris covered glaciers with 
drone-based GPR 

Roberto Aguilar University of Arizona 

11:25 11:45 Drone-borne GPR measurements for snowpack characterization Bastien Dupuy SINTEF Industry 

11:45 12:05 A Novel UAS Mounted Wideband Frequency Electromagnetic 
Induction Sensor for Subsurface Sensing 

Michele Maxson Dartmouth College 

12:05 13:05 Discussion and Summary 

Friday 28 October 2022: Day 4 Geohazards and BVLOS 
Co-chairs: Cian B. Dawson and Nathan Campbell 

Start Stop Presentation Title Speaker Affiliation 

09:00 09:05 Introduction 

09:05 09:25 Keynote: Geohazard characterization using a UAV-lidar system Andrew Mitchell 
and Scott 
McDougall 

BGC Engineering 
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09:25 09:45 Using airborne GPR to detect defects on critical infrastructure 
after natural disasters hit 

Michael Arvanitis Symetrics 

09:45 10:05 Detection and Analysis of Tunnel Karst by Ground-airborne 
Time-frequency Domain Electromagnetic Method 

Wei Haimin Yunnan Aerospace 
Engineering 
Geophysical 
Prospecting Co., LTD 

10:05 10:25 High-risk slope monitoring using drone-borne- and 
multispectral data of Szent-Mihály Hill, Danube Bend, North 
Hungary 

Fanni Kodacs Eötvös Loránd 
University 

10:25 10:45 Break 

10:45 11:05 Keynote: BVLOS: Geoscience Beyond the Horizon Daniel Bochicchio Tetra Tech 

11:05 11:25 NSG Inter-Society Committee on UAV Geophysics Guidelines 
and Standards: Guidelines for Drone-based Radiometrics, 
Electromagnetics and Ground Penetrating Radar - Progress 
Report 

Steven Van Der 
Veeke 

Medusa Radiometrics 

11:25 11:45 Drone Magentics Guidelines Tim Archer Reid Geophysics 

11:45 12:05 A Novel Solution to Nodal Seismic QC A. Al Raqmi Petroleum 
Development Oman 

12:05 13:05 Discussion and Summary 

Organizing Committee: Technical Committee  
Laura Quigley, Seequent Elizabeth Baranyi, Seequent 
Callum Walter, Queen’s University Ron Bell, Drone Geoscience  

Dan Bochicchio, Tetra Tech 
Nathan Campbell, Juniper Unmanned 
Cian B. Dawson, U.S. Geological Survey 
Jan Francke, GroundRadar Inc. 
Kanita Khaled, BHP 
Juan Ortega, Collier Geophysics 
Johannes Stoll, Mobile Geophysical Technologies GmbH 
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GOLD SPONSOR 
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Innovation Panel, Keynote and Platinum Sponsor Presenters 

In chronological order 

Innovation Panelists: 

Lance R. Brady: 

Lance R. Brady manages the United States Geological Survey’s (USGS) National Uncrewed Systems Office 
(NUSO) in Lakewood Colorado.  NUPO was created in 2008 and has been on the cutting edge of sUAS 
research in support of Department of the Interior (DOI) and USGS scientific missions.  Lance spent nearly 
20 years with the Bureau of Land Management (BLM) in various geospatial and management positions 
and was the SME for sUAS integration since 2004, in the BLM.  Lance worked in cooperation with USGS 
NUSO Office since its inception.  Lance took the helm of the NUSO office in 2020.  Lance holds a 
bachelor’s degree from Northern Arizona University in geography, anthropology studies at Eastern 
Arizona College and Aviation Technology at Cochise College. He is a FAA certified pilot and worked as an 
aircraft mechanic in his early years. 

Jamey Jacob: 

Jamey Jacob is the Director of the OSU Unmanned Systems Research Institute and John Hendrix Chair 
and Professor of Aerospace Engineering in the School of Mechanical and Aerospace Engineering at 
Oklahoma State University. His current efforts are focused on advanced air mobility and their enhanced 
operation in the national airspace for broader innovative applications. He is currently lead on the NASA 
University Leadership Initiative program WINDMAP to develop aviation weather solutions for advanced 
aerial mobility applications, including drones and urban air taxis, and is the director for the Counter-UAS 
Center of Excellence. As part of recent EDA funding, he is leading the development of the Center for 
Advanced Air Mobility in Tulsa. He received his B.S. in Aerospace Engineering from the University of 
Oklahoma in 1990 and his M.S and Ph.D. in Mechanical Engineering from the University of California at 
Berkeley in 1992 and 1995, respectively. He was a National Research Council Summer Faculty Fellow in 
the Air Force Research Laboratory and received the SAE Ralph Teetor Award, the Lockheed Martin 
Teaching Award, and the OSU Regents Distinguished Teaching and Research Awards, among other 
mentoring accolades. He is a native Oklahoman and dedicates much of his efforts to STEM workforce 
development, tribal engagement, and increasing diversity in engineering and science. 

Roger O’Neill: 

Roger O’Neill is a pilot and geologist, currently living in Florida, USA.  He is the owner and CEO of 
Overhead Intelligence, a drone mapping company, which he founded in 2020.  Roger graduated from 
the University of California, San Diego with a bachelor’s degree in Earth Science and has spent 4 years in 
the field deploying advanced mineral exploration methods. Roger is also an avid pilot and holds an FAA 
commercial pilot certificate. He has built his own plane and has flown over thirty different types of 
aircraft. His integral knowledge of the relationship between flying and mapping inspired him to pursue 
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creating the idealized drone mapping platform. Today, Overhead Intelligence works to collect wide-area 
aerial data via UAVs with a focus on reducing collection costs for consumers of spatial data. 

Kimberly Penn: 

Kimberly Penn started the first woman-owned tech firm in the state of Texas in 1993.  Having thrived 
during the .Com boom and bust of the late 90’s, Webtropolis is one of the nation’s leading technical 
auditing firms for federally funded organizations subject to The Security Rule.  

Kimberly has an extensive background in the startup and venture capital world.  As a business 
accountability coach and highly regarded maven, she has advised and consulted with over 30+ startups 
and founders including leading a number of those organizations to major funding cycles.   

She also founded two corporations specializing in artificial intelligence (AI), risk mitigation, drone 
technology and audio/video in additional to IoT technology.  Currently, she has clients in greater 
Houston, thirteen states, Washington-DC, Canada, Mexico, Poland, and Dubai.  She has worked on 
technology and security-based projects with budgets in excess of $30million+.  

Currently, Kimberly serves as the Entrepreneur In Residence for Houston Community College (HCC) SW. 
She supports over 70,000 students as a member of the Entrepreneurial Initiatives team by creating and 
implementing programs in collaboration with small businesses, nonprofits, corporations, and 
government agencies across greater Houston.  

Kimberly is the Chief Strategist for Women and Drones (W&D) a global and leading membership 
organization dedicated to driving excellence in the unmanned aircraft systems (UAS) / Urban Air 
Mobility (UAM) / AAM Advanced Air Mobility / Vertical Take Off and Landing (VTOL) industries by 
achieving equity and participation of women in all disciplines and across all employment sectors.  As the 
Chief Strategist, she works with the entire W&D team to create, formulate, and implement strategies 
that support their core mission: to increase female participation in the economic opportunities of the 
industry.   

She is a mentor for the National Security Innovation Network (NSIN) Foundry and the 2021 showcase 
winner for the Homeland Security Startup Studio at FedTech - where she focuses her expertise and 
effort in meeting our nation’s Department of Defense and Homeland Security needs.   

She teaches the current drone technology course related to aviation at HCC.  She recently designed the 
curriculum for a five course UAS certificate program:  the UAS Technology Program which launched in 
Spring 2022.   

As a lifelong learner who values education, Kimberly has earned a double B.A. in Computer Systems 
Information & Psychology from Houston Baptist University, a M.A. in Sociology from the University of 
Houston, and a M.P.S. in Technology Management from Georgetown University.  She has spent over 16 
years teaching at the community college and university level.  Kimberly has earned several local, state 
and national teaching awards at the collegiate level. She is also the proud mother of her daughter, Carly, 
a doctoral student at LSU. 
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Keynote Presenter Biographies: 

Timothy S. de Smet: UAS-based Hydrogeophysics 

Dr. Timothy S. de Smet, PhD, is a research assistant professor in the Department of Geological Sciences 
and Environmental Studies and director of the Geophysics and Remote Sensing Laboratory at 
Binghamton University. His areas of expertise are aerial remote sensing and near-surface applied 
geophysics. Dr. de Smet’s research utilizing frequency and time-domain electromagnetic-induction, 
magnetometry, ground-penetrating radar, and aerial LiDAR and thermal infrared remote sensing has 
been published in GEOPHYICS, Remote Sensing, Near Surface Geophysics, Journal of Applied 
Geophysics, Sedimentary Geology, PLOS ONE, Archaeological Prospection, and The Leading Edge 
amongst others. Dr. de Smet has received funding for his research from the National Science 
Foundation, National Park Service, and United States Geological Survey. He is an FAA 107 certified UAS 
remote pilot.  

Sami Khanal: Mutiscale crop health monitoring using deep learning in remote sensing data 

Dr. Sami Khanal is an assistant professor in the Department of Food, Agricultural, and Biological 
Engineering (FABE) at Ohio State University, where she leads the Ag Sensing Lab. She is also an affiliated 
graduate faculty member of OSU’s Computer Science and Engineering (CSE) department, Environmental 
Science Graduate Program (ESGP), as well as a member of OSU’s Center for Applied Plant Sciences 
(CAPS), Sustainability Institute, and Translational Data Analytics (TDA) Discovery Theme. Her research 
program focuses on improving the understanding of complex interactions among crop, water, and 
nutrient dynamics at field and landscape scales to enhance agricultural productivity and improve 
environmental quality. Her research involves the application of remote sensing, geographic information 
systems (GIS), ecosystem modeling, and machine learning approaches. The outcomes of her program 
contribute toward promoting the adoption of optimal site-specific agricultural conservation measures. 
More specifically, her research program focuses on three distinct, yet interconnected themes related to 
digital agriculture: 1) multiscale remote sensing for detecting crop and soil phenomena, 2) ecosystem 
modeling for assessing synergies and tradeoffs of agricultural practices, and 3) big data analytics 
(machine learning and geospatial assessment) for agricultural decision-making. 

Robert Jackische: Drone-based multi-sensor data integration in mineral exploration, mining legacy 
and environmental monitoring 

Dr. Robert Jackisch, Postdoc, Technical University Berlin – Geoinformation in Environmental Planning 
Lab, is a geoscientist with an emphasis on remote sensing, geology, geoecology, and enthusiastic for 
drone-based research. He completed his PhD in winter 2022 at the TU Bergakademie Freiberg in 
collaboration with the Helmholtz Institute Freiberg. There, Robert worked with UAVs, spectral imaging, 
and magnetometers to develop integration workflows for UAV-based magnetics and hyperspectral 
methods for mineral exploration and geologic mapping since 2016. He applied UAV-based monitoring 
for environmental problems and, together with the Alfred Wegener Institute, led the 2021 UAV 
campaign in Eastern Siberia to investigate wildfire impacts on the boreal forest using LiDAR and 
multispectral sensors. 
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Johannes Stoll: Drones in Geophysical Exploration – A new era of automation is coming 

Dr. Johannes B. Stoll has a background in geophysics and electrochemistry and has held various 
positions in teaching and research at universities and in the oil and gas industry, mainly borehole 
geophysics. He has more than 15 years of experience as an active exploration geophysicist. 

In 2008, he began investigating the use of small and midsized drones for airborne geophysical data 
acquisition focusing on geomagnetic and electromagnetic methods. He formed Mobile Geophysical 
Technologies GmbH in 2011 to provide geophysical services employing unmanned multicopters and 
helicopters in commercial projects for the mining industry and environmental and groundwater 
industry. Johannes holds a PhD in Geophysics from University of Frankfurt/Main, and from Technical 
University of Freiberg/Saxony, Germany. His talk title for the 2022 Summit on Drone Geophysics is 
Drones in Geophysical Exploration - A New Era of Automation is Coming. 

Jasper Baur: Utilizing UAV based imagery to identify and automate the detection of surface lain mines 
and UXO 

Dr. Jasper Baur is a PhD candidate in the Department of Earth and Environmental Sciences at Columbia 
University studying volcanology with a specialization in remote sensing. He is the cofounder and 
president of the Demining Research Community, an organization that focuses on developing more 
efficient landmine and UXO detection methods by fusing unmanned aerial vehicles with remote sensing 
and machine learning to help combat the international landmine crisis. He has been working on 
landmine detection since 2016, primarily researching ways to improve the detection of the PFM-1 
antipersonnel landmine. He is also interested in the use of drones and sensors to monitor volcanic 
activity to better anticipate volcanic eruptions. Jasper is an FAA certified remote pilot and passionate 
about combining art and science, through creating scientific illustrations. 

Jan Francke: Managing Expectations with Drone GPR 

Dr. Jan Francke has spent the entirety of his 33-year career in geophysics trying to understand how and 
where ground penetrating radar works.  He runs Groundradar, which designs and deploys custom GPR 
systems, as well as Geolitix, a cloud-based GPR and geophysics processing platform He has worked in 
over 108 countries, and holds a BSc, MSc, and PhD all in GPR-related geophysics. 

Jan frequently lectures at Universities and Conferences on managing expectations with GPR technology, 
a task made more challenging with a tool which is often misunderstood and oversold. 

Andrew Mitchell and Scott McDougall: Geohazard characterization using a UAV-lidar system 

Dr. Andrew Mitchell, P.Eng. is a senior geotechnical engineer with BGC Engineering Inc., based in 
Vancouver, BC. He works extensively with remote sensing techniques such as lidar and photogrammetry 
to enhance on-the-ground observations for geohazard assessments and mitigation design in the 
hydroelectric, transportation, mining, and municipal sectors. Dr. Mitchell also works with numerical and 
empirical models for predicting flow-like landslide runout. He recently completed his PhDd at the 
University of British Columbia, where one of his projects was collecting UAV-lidar data of debris flow 
fans in southwest BC, using the data to calibrate numerical runout models of debris flow events. 
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Dr. Scott McDougall, P.Eng. is an assistant professor of geological engineering in the Department of 
Earth, Ocean and Atmospheric Sciences at the University of British Columbia in Vancouver, Canada. He 
joined UBC in 2016 after working for 10 years as a consulting engineer with BGC Engineering Inc., where 
he was engaged in a wide variety of projects in the mining, energy, transportation, and municipal 
development sectors. He specializes in the development of new tools and techniques for the assessment 
and mitigation of geohazards, including landslides, landslide-generated waves, shoreline erosion, and 
dam breaches. His research approach involves a combination of field data collection and mapping of 
past events, statistical analysis, computer modelling, and laboratory experimentation. 

Daniel Bochicchio: BVLOS: Geoscience Beyond the Horizon 

Mr. Daniel Bochicchio, is an environmental consultant, geologist, and drone pilot with an affinity for 
innovative technology. Dan has served as co-founder of a drone services company, director of drone 
program for an environmental consulting firm, and advocate for educating the public and scientific 
communities on the advances and advantages of using unmanned aircraft in environmental monitoring. 
His aim is to increase awareness and understanding of this burgeoning technology for fellow scientists 
and drone advocates alike. 

Platinum Sponsor Presenters: 

Josh Sellers – Seequent - Classification of Magnetic domains using Machine learning on UAV Magnetic 
data collected over the Crestone Crater 

Josh Sellars, Project Geoscientist at Seequent. Josh is a Geoscientist specializing in geophysical 
processing, interpretation, and geological modelling for exploration and feasibility studies of 
Geothermal and Hydrocarbon resources. He holds a bachelor’s degree in Geophysics from Memorial 
University. Josh joined Seequent in 2017 and is based in Vancouver, Canada. In his current role as 
Project Geoscientist he contributes to Training, Support, and Technical advice to Seequent clients and 
partners in North America. Integration and management of data from multiple fields of geoscience is 
key to developing a holistic understanding of the subsurface, which is Josh’s focus in his current role at 
Seequent 

Johannes Stoll – Mobile Geophysical Technologies GmbH 

See above 
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UAV-based Hydrogeophysics 

Timothy S. de Smet, Binghamton University, SUNY 

High-resolution remote sensing and geophysical data are needed in order to improve our 
understanding of hydrological processes in the critical zone. Several examples will be presented 
including submarine groundwater discharge (SGD) on Rapa Nui (Easter Island), Chile and 
harmful algal bloom (HAB) dynamics in freshwater lakes in the Finger Lakes of New York 
State. Remote sensing approaches with satellites have been utilized with marine and large lake 
systems (e.g., Great Lakes). However, there are challenges in using this technique to understand 
HABs and SGD in smaller systems, including spatial resolution (ground sampling distance/pixel 
size), spectral resolution (bandwidth), cloud cover interference, and lack of control over data 
collection timing (revisit time).  
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Assessing within-field variability in crop growth using small Unmanned Aerial Systems for 
improved management practices  

Sami Khanal, Ohio State University 

With recent advancements in small unmanned aerial systems (sUAS) technology, there exist 
several opportunities for monitoring crop health at a higher resolution in a timely and cost-
effective manner. The use of high-resolution crop health maps allows us to understand the role 
of management practices on crop growth at an individual plant and/or row level within a field, 
which is critical to implementing site-specific management practices that improve environmental 
stewardship while providing an economic return for farmers. To understand the potential of sUAS 
technology for better crop management, we conducted a series of case studies where we 
collected sUAS images from several farm fields under varying management practices along with 
ground-truth data on crop biomass and crop yield. These data were then integrated into machine 
learning frameworks to generate high-resolution crop yield and cover crop biomass maps that 
provided information at individual plant and row levels.  This helped isolate variability in crop 
yield attributed to management practices (e.g., agricultural field traffic-induced soil compaction 
and cover crop management practices) from those attributed to natural field processes. Overall, 
our studies highlight a few of several potential applications of sUAS and machine learning 
technologies to untangle within-field variabilities in crop health to support site-specific 
management practices.  

 Figure 1. Assessing the impact of agricultural field traffic on crop yield using high-
resolution remote sensing data on machine learning framework 
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The Preliminary Results from a Drone Enabled EM61 Lite Survey to 

Detect and Delineate a Buried Pipeline  

Authors:  R.S. Bell* and G.N. Young** 

In August 2022, a drone enabled time 

domain electromagnetic metal detection 

survey was conducted over a small parcel of 

land located on a former United States Army 

Air Force Base to delineate a pipeline prior to 

excavating the site. The EM61 Lite metal 

detector manufactured by Geonics, Inc. was 

deployed using a DJI Matrice 600 Pro fitted 

with a radar altimeter from SPH Engineering 

(see photo).  The radar altimeter maintained a 

constant sensor altitude of 1 meter above 

ground level (AGL). The EM signal was 

measured over four (4) time gates (a.k.a. 

channels) after the turning off the transmitter. 

Data were acquired for two (2) flight blocks 

each consisting of parallel flight lines spaced 5 

meters apart.  The line direction for one flight 

block was north-south while the line direction for the other flight block was east-west. 

The data from the two (2) orthogonal surveys were combined into a single data volume. 

After gridding the data for each channel, the vertical derivative of the grid was calculated to 

enhance the color contour image.   The preliminary results indicate the presence and direction 

of the pipeline of interest, the presence of one or more possible USTs, and a pipeline striking 

parallel and adjacent to the western edge of the survey block.    

The preliminary results of the survey revealed more than initially anticipated providing 

the site managers with information about the location of numerous, heretofore unknown, 

metallic objects hosted within the subsurface.  Moreover, the data collection process eliminated 

the need for direct contact with the ground surface.   It is reasonable to envision the use of a 

drone enabled EM61 Lite for scanning the subsurface in areas with rough terrain or covered by 

a layer of shallow water.  

This project was supported by Texas Department of Transportation. 

* Senior Geophysicist, Drone Geoscience, LLC   (corresponding author)

** Research Specialist, Texas A&M Transportation Institute 
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Author Biographies 

Ronald S. Bell 

Ron has 30+ years of experience in the collection, processing, 

visualization, and interpretation of ground magnetic and 

electromagnetic data.  He began investigating drones for geoscience 

applications in 2014.  In 2016, he successfully executed numerous 

drone magnetic surveys to locate legacy oil and gas wells and 

pipelines as well as to map geology for groundwater and mineral 

exploration.  He is currently focused on the developing the processes 

for safely and cost effectively acquiring EM 61 Lite data to precisely 

locate pipelines and the detection and delineation of buried metallic 

objects.  He began his career in geophysics soon after receiving a 

BS in Applied Geophysics from Michigan Technological University.     

       His email address is ron@dronegeosci.com.  tel #:  720-220-

3596.  

Gary Young 

Gary Young is a geophysicist by training.  He has worked in research 

and operations in several industries including mining, oil and gas, 

environmental and transportation and utilities.  He has worked for 

ExxonMobil Upstream Research, Argonne National Laboratory, 

Caterpillar, Inc., and now Texas A&M Transportation Institute.  Over 

the past 20 years or so he has focused on investigation and mapping 

of utilities and more lately on broader aspects of utilities.  For several 

years he ran the Underground Imaging Technologies unit of 

Caterpillar which was a utility mapping and SUE company.  His 

current interests are utilities in the ROW and associated business 

processes.   
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Drone-based multi-sensor data integration in mineral exploration, mining legacy and 
environmental monitoring 

Robert Jackisch1,a

1 Department of Exploration, Helmholtz-Zentrum Dresden-Rossendorf, Helmholtz Institute 
Freiberg for Resource Technology, 09599 Freiberg, Germany 
a now at: Geoinformation in Environmental Planning Lab, Technical University Berlin, 10623 
Berlin, Germany: robert.jackisch@tu-berlin.de 

Mineral exploration in remote areas is challenging and can greatly benefit from efficient and low-
invasive survey methods. The use of unoccupied aerial systems (UAS) in complex terrains has the 
potential to close gaps in survey coverage and link aerial and satellite-based remote sensing with 
ground-based investigation. UAS-based research is maturing, however the existing survey methods 
are not unified effectively. 
Our work investigated the application of UAS-based multi-sensor data for mineral exploration, in 
particular the integration of hyperspectral data, magnetics and RGB-image based photogrammetric 
elevation models. An integration of such UAS-based multi-sensor methods will augment exploration 
potential with non-invasive, safe, rapid and practical survey methods. This talk presents some of the 
lessons learned from UAS-based research conducted in Germany, the Czech Republic, Finland and 
concludes with the final field experiments on Disko Island, Greenland. 
In our research, UAVs were used to obtain high-resolution magnetic data and 
multispectral/hyperspectral orthoimages in brownfield exploration scenarios, e.g., detection of rare-
earth-element specific absorption features and secondary iron weathering products. We employed 
hyperspectral mapping and structure-from-motion photogrammetric surface reconstruction to 
investigate the environmental phenomenon of acid mine drainage in former mining areas. Magnetic 
data were acquired using two different fluxgate magnetometers either hosted by a fixed-wing UAV or 
attached to a multicopter. 
Integrated field observations and validation sampling (ground magnetics, handheld spectroscopy and 
grab samples), laboratory analysis (microscopy, XRD, XRF) as well as petrophysical investigations of 
legacy data (drill cores and grab samples) resulted in geologically meaningful interpretations. Available 
data products such as 3D subsurface models based on inversion and forward modeling, supervised 
surface classifications and spectral absorption feature maps were published and shared with industry 
partners. Our work highlights the feasibility of UAS-based surveying at target scale (1–50 km2) and 
demonstrates versatile approaches for multi-sensor integration. 
The studies were supported by EITRawMaterials (Mulsedro) and the European Union, the Helmholtz-
Centre Dresden-Rossendorf, the Geological Survey of Denmark and Greenland, the Geological Survey 
of Finland, Radai Oy, Yara Oy, Otanmäki Mine Oy and Bluejay Mining PLC. 
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Dual Radiometric & Magnetic Drone System 

 Alex Coutu - Project Manager 

Rosor Exploration has set out to expand upon drone geophysical surveying capabilities for 

industry by integrating new aerial platforms with cutting edge sensor technology to improve 

the overall quality of airborne investigations in mineral exploration. We do so by providing 

systems that accommodate more usable high resolution data intake per sortie and increase 

the allowable footprints of surveys by utilizing drones that can fly further, closer to their 

targets of interest, and carry more sensors onboard for any given application.  

As part of achieving this goal, we 

took on a project to acquire both 

radiometric and magnetic data 

simultaneously with an aerial 

system that could support longer 

than usual flight-times of over 90 

minutes to gain more high-

resolution insight all at a lower 

cost per line km. The 

investigation of magnetic as well 

as potassium are pivotal to this 
investigation, therefore a gamma-

ray spectrometer and a 

magnetometer system was needed. We are utilizing a heavy lift multirotor greater than 25 

kilograms with a hybrid engine to accommodate this survey in tandem with two sensors: the 

Radiation Solutions RS-530 gamma ray spectrometer as well as the Geometrics MagArrow.  

These sensors were chosen as a preliminary solution to further investigate key areas with 

high-resolution data capture over areas already previously highlighted by regional level 

scans. In this talk, we will discuss the benefits of this solution and the performance gain over 

other traditional helicopter and airplane methods.  

This system lays the foundation for future development. This solution will be upscaled in the 

2023 season to support a heavier radiometric sensor with a larger crystal and dual 

magnetometers for horizontal magnetic gradiometric data surveying over wider areas. 

Larger drone surveys will be made possible with 50-meter line spacing and greater speeds 

of 30 km/h to complete larger surveys at a rate of 250-line kilometers per day.  
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A drone-borne magnetic survey to map an igneous dike intruded in carbonates 

F. Accomando 1, A. Bonfante2, M. Buonanno2, G. Florio1, J. Natale1 and S. Vitale1.

1 Department of Earth, Environmental and Resources Sciences, University of Naples “Federico II”, 
Naples, Italy: filippo.accomando@unina.it; andrea.vitale@unina.it; gflorio@unina.it. 

2 ISAFOM, Consiglio Nazionale Delle Ricerche (CNR), Portici, Naples, Italy ; 
antonello.bonfante@gmail.com; maurizio.buonanno@cnr.it. 

In this study we present a drone-borne magnetic survey in the quarry area of Taverna San Felice 
(Presenzano, Italy), aimed at a magnetic mapping of an igneous dike intruded in Mesozoic carbonates. 
The investigated area included both a part of the quarry, unstable and not accessible for a ground survey, 
and a steep mountain slope with bush vegetation. Along each survey line, the flight altitude variation 
varies from a minimum of 260 m to a maximum of 410 m above sea level. Considering the rough terrain, 
the use of unmanned aerial vehicle (UAV) was the only practicable strategy for the magnetic investigation 
of the area. 

UAV survey was conducted using the electric-powered DJI Matrice M600 pro hexacopter and the 
Geometrics Micro-Fabricated Atomic Magnetometer (MFAM) in the “Development kit” version, a laser-
pumped atomic magnetometer with two alkali-vapor Cesium sensors. The very high sampling rate of this 
magnetometer (1000 Hz) allows obtaining a unaliased measurement of 50Hz fields as well as the correct 
identification of the high-frequency magnetic noise caused by the rotary aircraft used. In our prototype 
configuration, the MFAM is housed in a light, aerodynamic and nonmagnetic polystyrene bird with a thin 
and rigid base (a Nomex honeycomb sandwich panel). The magnetometer was fixed to the drone landing 
sled, at only 0.5 m distance from the rotors. This is a practical solution in the case of surveys over intense 
magnetic anomalies (as those expected in the studied case of an igneous dike hosted in carbonates), which 
increases the flight security and avoids the noise in the data generated by the magnetometer oscillations 
when it is attached to the UAV with long ropes (Accomando et al., 2021). 

The total field map (Figure 1) shows two main anomalies with a different trend, shape, and amplitude. 
The southern feature (Area A) has a dominant NE-SW direction and appears clearly as the effect of the 
dike, which emerges following the same azimuth along the quarry wall. In the northern part of the map, 
the large anomaly (Area B), trending NW-SE, displays the greatest amplitudes and is at least partially due 
to lavas and pyroclastic deposits outcropping in this area. Thus, the most intense anomaly may be spatially 
coincident with a monogenetic vent fed by the dike. The area C indicates a group of anomalies unrelated 
to the volcanic products and due to trucks and excavators present in the area during the surveys. 

The high magnetization contrasts between the carbonate rocks and the igneous rocks produce intense 
magnetic anomalies satisfactorily detected by our drone-borne magnetic survey, with the magnetometer 
rigidly attached to the drone's landing gear. This application demonstrate the utility of drone-borne 
magnetometry in situations with steep topography and with the presence of inaccessible areas. 
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Figure 1.) Total-field anomaly map. Area A:  anomaly related to the dyke; Area B: anomaly related to the 
exposed Strombolian pyroclastic deposits and welded spatter ramparts, which may be spatially coincident 
with a monogenetic vent fed by the dike; Area C: anomalies unrelated to the volcanic products and due to 
trucks and excavators present in the area during the survey. 
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DRONES IN GEOPHYSICAL EXPLORATION - A NEW ERA OF 

AUTOMATION IS COMING 

Johannes B. STOLL, MGT GmbH, Celle, Germany 

Introduction 

The use of drones has become commonplace in the field of geophysical exploration. There are numerous small companies 

offering drone-based geophysical services to industry, mainly in the field of geomagnetics. The development of other 

geophysical measurement methods, especially the use of geoelectromagnetic sounding techniques, is crucial for geophysical 

exploration and opens up new fields of application for drone geophysics. 

In this paper, I describe the possible trends in geophysical exploration. One trend is that the depth of exploration has steadily 

increased over the last decades. It is essential to take this fact into account when planning surveys and the geophysical 

methodology used. The increasing depth of mineral deposits and the reduction of costs are driving forces that make it necessary 

to adapt geophysical methods to meet these demands. 

Drones have shown that they can perform areal geophysical surveys quickly and at a very reasonable cost per kilometre. In 

particular, they can survey areas that could never be reached on foot or by manned aircraft and helicopters. 

As the drone industry matures, it is rapidly moving towards an era of automation and upscaling of projects, the use of sensor 

arrays, the introduction of virtual reality for sharing geophysical data globally, and the use of artificial intelligence to combine 

and interpret different sets of geolocated data. Some of these trends are desribed in this paper. 

Driving Forces and Key Developments in Drone Borne Geophysics 

The global society needs a bold vision to shift to a new economic paradigm, focused on achieving net-zero greenhouse gas 

emissions through a fair and just transition for everyone, while living within environmental boundaries. 

The ongoing energy transition is one of the biggest challenges posed to geoscientists, engineers and society at large today. To 

meet the net zero emission goal requires the combination of various key technologies to shape the future energy needs. In the 

geosciences sector there’s a strong emphasis to the development of new remote sensing technology to complement or replace 

standard geophysical exploration methods where possible. 

The efficacy of exploration techniques, teams and strategies has been under fire for several years. The discovery rates paint a 

picture of a failing system. Exploration is becoming a challenging subject: Grades are lower, virgin ground is increasingly 

scarce or difficult to access, and the industry is progressively making discoveries under deeper cover. These concerns affect 

greenfields and brownfields exploration equally. 

Exploration is going to get riskier and costlier without innovation. On the other hand the long term price of commodities will 

continue to fall because of innovation. 

The variety of minerals being used in highly developed countries has increased to a stage that makes use of almost all chemical 
elements of the periodic table. In many cases the desired commodity or mineralized target has a physical property that permits 

only indirect discovery by geophysical measurements. Many base metal deposits are discovered by virtue of the physical 

properties of an associated non-economic mineral. Many minerals needed in the high-tech industry elude direct discovery by 

geophysical methods because geophysical signatures are absent or these are too weak to be resolvable. 

This fact inevitably makes it necessary to break new ground in geophysical exploration. Drones play a decisive role as a working 

platform for specific instruments. UAVs show great potential to support exploration tasks in unstructured environments.  

Over the past decade, drones have shown their potential in improving geophysical exploration. Drone borne geophysics became 
feasible through the advent of various key technologies that have reached market maturity. Drone technology has become more 

reliable. Regulations in Europe and North America have become harmonized making it easier to apply for a flight permit. Flight 

operations beyond line of sight (BLOS) are possible allowing to expand the size of the survey area to scales that make it a very 

efficient economic tool. 

Drones are flying robots that operate autonomously relying on a worldwide network of GPS satellites and sophisticated onboard 

navigation technology. Geophysics has benefited greatly from the advances in electrical engineering, in particular from the 

introduction of ultra-mobile PC technology, and the ever-increasing computational power. 

All light-weight geophysical sensors and instruments benefit from the availability of reliable drone technology. High-
performance data acquisition systems became available since the early 2000s being small size and light weight at low power 

consumption. All these developments are key for the deployment of drones in geophysical exploration. Future design of 

geophysical surveys will involve a swarm of drones to upscale projects and to enable novel sensor configurations for enhancing 

the resolution of physical properties in the subsurface. 

The Role of Drones in Geophysical Exploration 

Growth of human population, a corresponding growth in industrialization and economic development and the expected society 

transfer from poverty into the middle class, societies will consume more resources and energy. 
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It is assumed that the primary production of minerals doubles in the next 25 years. Discoveries are being made under 

progressively increasing depth of cover. Geophysics provide the most important tool to evaluate a discovery and for deciding 

where to locate a drill hole. 

Exploration success has declined in modern time with fewer quality discoveries and increasing costs on a per unit metal basis. 

Increasingly the minerals industry is focused on mature districts or areas which are remote, covered or have high political risk. 

Exploration is becoming increasingly technically challenging and more expensive. Therefore, more effective targeting across 

a range of scales is essential to increase success rates and reverse the trend of increased discovery costs. 

The decision to develop a mine integrate a trade-off between the relative inputs of prediction and detection technologies. 

Exploration targeting is undertaken over a range of scales to increase the probability of exploration success.  

There's a trade-off between availability and effectiveness of detection technology versus prediction technology. 

At some scale of an exploration program, the direct costs exceed the opportunity costs by far. At this scale drone geophysics 

offers a vital support to provide geophysical services at reduced costs. Drones are most suitable to perform geophysical 

exploration at scales between 100 sqkm down to several hectares at significantly lower cost compared to traditional airborne 

geophysics or ground geophysics. It fills the gap between airborne and ground geophysics that has been difficult to explore. 

Novel Geophysical Instruments transported by drones 

Geomagnetic surveys form an integral part of exploration programs and near surface geophysical projects and are routinely 

undertaken before geological mapping programs. Drone borne geo-magnetics has the potential to cover large tracts of land and 

wide areas. Airborne magnetic surveys are used at just about every conceivable scale and for a wide range of purposes. In 
exploration, they have been employed in the search for minerals. Regional and detailed magnetic surveys continue to be a 

primary mineral exploration tool in the search for diverse commodities. 

Airborne Electromagnetic methods (AEM) are an efficient way to map geology and are an integral part of any exploration 

program. Most EM methods currently used in mineral exploration are of the moving source type; i.e., the primary field source 

is moved simultaneously and in a fixed configuration with respect to the receiver.  

Here I present an alternative configuration, where a fixed transmitter is established on the ground and the receiver is attached 

to the drone. Such a configuration is called the semi-airborne electromagnetic method. The use of unmanned aircraft in airborne 

electromagnetics is new. In the past conventional measurement devices were too heavy to be lifted by small and medium sized 

drones. In the last 10 years great efforts have been made to reduce the weight of existing EM instruments and to make them 

available for the use on small sized UAVs. 

The source of EM signals can be a powerful remote radio transmitter. Those transmitters are located in different parts of the 

world for military communications. The method that is deployed is called Very Low Frequency (VLF) Method. It is a simple 
EM method to delineate shallow subsurface conducting structures. Since the approach utilizes signals transmitted from 

worldwide transmitters located in coastal areas in the 15–30 kHz frequency band, it is suitable to depict conducting structures 

up to 200 m depth in highly resistive terrain. Freely and readily available primary field signals anywhere around the Earth make 

the VLF method very convenient and efficient for field data collection. Further, VLF data processing using digital linear 
filtering is quite accurate and very efficient in depicting the qualitative information about subsurface conductors, even though 

quantitative interpretation of VLF data is as complex as other EM data interpretation. 

The figure below depicts the results of combined drone borne geomagnetic and VLF-measurements over a mineral prospect in 

the arctic region. The VLF-measurements clearly delineate a highly conductive structure, which is also characterized by strong 

magnetic anomalies. 

Combined drone borne geomagnetic and electromagnetic measurements over a propect in the arctic region, 2022 

Future Trends In Geophysical Exploration 
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Competition in the exploration industry continues to pit geophysical technologies against other alternative means of increasing 

production and lowering risk and costs. It forces geophysicists to respond with better solutions by providing better, higher- 

resolution data, more accurate processing and sophisticated integration of data with other information. 

Drone adoption is skyrocketing. UAVs have made their way into the daily workflows across the industries, so in geophysical 

exploration. Drones obviously are an interesting alternative to traditional ground and manned airborne geophysical platforms. 

In the context of raw material exploration programs, there is a clear need to increase the exploration depth. Semi-AEM methods 
can meet these requirements by combining the advantages of powerful transmitters used on the ground with efficient, 

multicopter-based measurements of the magnetic field response in the air. The penetration depth of semi-airborne EM exceeds 

conventional airborne EM systems applying very low source frequencies and large transmitter-receiver offsets in the field. 

Future setup will make use of sequential sources to enable propagation of the the electric field from different source positions 

for highlighting the response from a particular formation. 

For larger survey areas, efficiency demands that a swarm of drones be used for data acquisition. 

The amount of drone data collected will continue to grow. Exploration technology and data visualization must adapt to cope 

with the flood of data in the years to come. Data visualization is the process of translating large data sets and metrics into charts, 

graphs and other visuals. 

One problem in studying Earth’s interior, either via numerical simulation or observational methods such as seismic or 

electromagnetic tomography, is that the resulting data sets are large, complex, and difficult to analyze. Visualization is a proven 

effective approach to gaining insight from complex data, but visualizing three-dimensional data using two-dimensional display 
media such as computer screens has inherent issues: projecting 3D data into 2D necessarily causes distortions of relative 

positions, lengths/distances, and angles. In turn, these distortions can hide important features or relationships between features, 

or create spurious features or relationships. 

Virtual and augmented reality visualization solves this problem by visualizing 3D data in a 3D display medium, and therefore 
avoiding projection to 2D and its concomitant distortions. Virtual Reality techniques revolutionize the way how we visualize 

our geophysical data and combine it with other information. 
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Parameters for drift prospecting using remotely piloted aircraft systems in British Columbia’s 
interior plateau 

E.A. Elia1, 2, T. Ferbey1, B.C. Ward2, R. Shives3, and M. Best4 

1 British Columbia Geological Survey, Ministry of Energy, Mines and Low Carbon Innovation, 
Victoria, Canada: easton.elia@gov.bc.ca; travis.ferbey@gov.bc.ca. 

2 Department of Earth Sciences, Simon Fraser University (SFU), Burnaby, Canada: 
easton_elia@sfu.ca; bcward@sfu.ca. 

3 GamX Incorporated, Kanata, Canada: rob@gamx.ca 
4 Bemex Consulting International, Victoria, Canada: mbest@islandnet.com 

Remotely Piloted Aircraft Systems (RPAS) provide a platform for versatile, maneuverable, and cost- 
effective airborne magnetometer and gamma-ray spectrometer surveys (Figure 1). These systems allow 
data acquisition at a unique scale between traditional airborne and ground-based investigations. In 2021 
and 2022, we used an active terrain following RPAS to collect data at low (5 to 30 m above ground level 
(AGL)) and ultra-low (16 cm to 5 m AGL) flight heights throughout British Columbia’s (BC) interior 
plateau This region is known to host significant alkalic and calc-alkaline porphyry systems; however, has 
limited continuous bedrock exposure due to thick and areally extensive till units. This work focusses on 
isolating the magnetic and radiometric response of near-surface till packages from underlying bedrock 
to supplement common drift prospecting data with a low sample density. 

In total, we surveyed 14 cut blocks using magnetic and radiometric payloads. We collected data from 
nine locations near Mount Polley Mine and Woodjam prospect in central BC and five sites near Highland 
Valley Copper Mine in south-central BC. At each of these sites, we flew active terrain-following, 
autopilot surveys at 5, 7.5, or 10 m AGL over subglacial tills. 

Our 2022 fieldwork involved collecting over 100 magnetic susceptibility and gramma-ray spectrometer 
ground measurements, in addition to b-horizon soil and c-horizon till samples to provide media-specific 
determinations for interpretation and assessment of low altitude RPAS data. Additional RPAS 
magnetometer surveys were completed to compare low and ultra-low RPAS-borne magnetometer data 
with data from more common RPAS collection altitudes (80 m and 30 m AGL). The high resolution (5 to 
1.5 m cell) RPAS data produced in this study is compared to lower resolution (100 m cell) traditional 
airborne data to determine its applicability and resolution constraints. 

Active terrain following using a radar altimeter induced pendulum effects in the slung magnetometer 
payload leading to instances of low-quality data. Sensor-specific changes were made in 2022, including 
improvements to the mounting system and sensor alignment. These improvements helped acquire more 
consistent data, however sensor swinging is often an inevitability while active terrain following. 
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Radiometrics testing in 2022 showed that lower and slower surveys produce higher quality data. As the 
sensor travels further from the ground the number of gamma-rays detected by the instrument 
decreases exponentially. Gamma-ray emissions can be influenced by soil moisture and organic content 
leading to variability within the datasets that is unrelated to elemental composition of till. To obtain 
consistent results, we determined that active terrain following is essential. 

The radiometric signatures seen in RPAS data can be combined with ice-flow data and surficial geology 
mapping (i.e., the principles of drift prospecting) to identify prospective bedrock-source locations and 
understand basic mineralogical and sedimentological differences in areas between geochemical sample 
sites. Radiometric data can be efficiently collected at 5 m AGL and with 5 m line spacing to provide high 
resolution products can be used to separate till units based on their elemental signatures. Preliminary 
data processing and manipulation suggests that separating the magnetic signatures from shallow till and 
underlying bedrock may not be possible. This is due to inconsistency in till thickness caused by variable 
bedrock topography over short horizontal distances. 

Figure 1. Left image shows the gamma-ray spectrometer payload mounted with the radar altimeter and 
UgCS Skyhub, enabling active terrain following. Right image shows the instrument housing mounted to 
the drone’s undercarriage and magnetometer payload with cable allowing it to be slung 2.5 m below the 
aircraft. 
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Near surface fracture field to deep basement features assessment in the Rhine Graben from a
50 m above ground level magnetic survey using a compact drone solution

B. Gavazzi1, L. Bertrand1

1 ENEREX, Nancy, France: bruno.gavazzi@enerex.fr

The upper Rhine Graben is currently a target for different geothermal projects: deep projects for
electricity and heat production and shallower heat and lithium extraction projects. Two type of target
are of interest: the basement rocks at >3000 m depth, and fractured fields at the border of the basin.
Unfortunately, the structural features of the different reservoirs are poorly known. Classic seismic
investigations (2D profiles every 1 to 3 km), ground gravimetric measurements and an aeromagnetic
helicopter survey at 300 m above ground level have been performed on the french side but their
resolution is too poor to assess the sub-kilometer features of the fracture fields or the details in the
geometries of the units of the basement. Currently, the main faults in the basement are thought to be
mostly NNE-SSW, but the occurrence of strong E-O faults in the analogous nearby Vosgian massif,
and the inconsistencies between parallel seismic profiles in the basin weaken this hypothesis.

To assess both deep basement and shallower fracture field features, an experimental magnetic survey
at 50 m above ground level was performed with a very compact drone system (DJI mavik  pro)
weighting less than 1.2 kg (Figure 1). Acquisition procedures and data processing workflows were
tested, especially to deal with the magnetic compensation of the device and the merging of all the
data, following the results of previous work of integration of magnetic sensor on larger drones (DJI
matrix 100, 210,  600 and ECA IT 180).  This acquisition part  was financed by the consortium
GEODENERGIES  through  its  DONUTS  research  project.  In  the  end,  a  very  high  resolution
magnetic grid was produced with an accuracy of 1 to 2 nT (assessed by the standard deviation of the
differences at crossing points between profiles and tie-lines), of which the upward continuation is
coherent with the results of the helicopter survey at 300 m.

Figure 1. Left – system used for the survey at 50 m ; Right – map of the magnetic anomaly at 50 m
and highlight of the border of the basin, a fracture field and electrical network

In the studied area, the first qualitative results of the drone survey show that the main limits in the
basement are not only NNE-SSW as previously thought, but that other main orientation appear,
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especially perpendicular to the NNE-SSW orientation, delineating successive blocks with complex
geometries  from  the  border  to  the  central  part  of  the  rift.  The  new  orientations  explain  the
inconsistencies between the 2D seismic lines. The good fitting of the anomalies with the lithological
and structural limits in the massif part of the survey where the basement is outcropping allow to
build hypothesis on the continuation of the lithological units in the basin. Such a result is of major
importance for resource evaluation.

Additionally, field transforms of the anomaly grid at 50 m reveal the previously unknown extent
under a tertiary sediment cover of a partially known fracture field, south of the more well known
Saverne fracture field which is a current target for heat and lithium production.

This qualitative study shows the capabilities of very high resolution magnetic surveys using very
compact and cost-effective solutions to assess geological features in both deep basement unit and
shallower fractured field in a rift system. In the studied area, the high potential of application for
resources  exploration  in  high  to  low  energy  geothermal  project  is  shown.  In  a  more  general
framework, such a survey would be a  valuable result  for any project  requiring high resolution
mapping of geological limits.
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Suppression of surficial maghaemite magnetic noise using an Unmanned Aerial Vehicle 

deployed magnetometer 

Nicholas G Direen1,2 Adam Kroll3 

1 Mitre Geophysics Pty Ltd, Melville South, WA: nick.direen@mitregeophysics.com.au 
2 Discipline of Earth Sciences, University of Tasmania, Sandy Bay TAS. 
3 AirGeoX, Canberra, ACT: adam.kroll@airgeox.com 

Data from two areas in the Tennant Creek mineral field, in the Northern Territory, Australia, that were 

recently flown with a magnetometer towed below a drone using a sensor height of 15–20m above 

ground are compared to older datasets acquired on the ground and in the air. The ground data are 

shown to be affected by surficial maghaemite, creating significant noise degradation of the ground 

data. Conversely, regional data flown at a height of 60 m above ground level only produces very 

subtle anomalies over the targeted features that could be easily missed by interpreters. Low level, 

high resolution UAV data shows significant improvement in signal:noise by effective upward 

continuation: filtering out the surficial signals while retaining excellent detectability of small 

subsurface ironstone targets, and significant gains in surveying efficiency over both ground and 

airborne operations. 

All three platforms detected the anomaly due to the Mauretania prospect ironstone; however, it is not 

visible in the AGSO aeromagnetic data when viewed in its entirety, and, given its relatively low 

amplitude (16nT), might not been identified as a feature of interest in a subset of the data. 

The trade–off for the much lower amplitude is increased smoothness and noise suppression at this 

height, with no evidence of maghaemite–related noise in the datasets. In contrast the TMI from the 

ground survey shows a very high amplitude response (52nT), but also high peak–to–peak noise of up 

to 209 nT i.e., 4 times the signal amplitude. Although this high amplitude noise degrades the quality 

of the image, the anomaly of interest due to the subsurface ironstone is still readily identified due to 

the wavelength separation of the subsurface source vs the surface noise. 

Between these extremes, the UAV data shows good amplitude response (43 nT) with relatively low 

peak–to–peak noise of just 2 nT, and a consequent improvement in image 

quality over the ground TMI data. This is entirely due to the small amount of upward continuation 

(13m) afforded by the towed bird from the UAV platform. 
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Figure 1a: Grid detail of 1994 AGSO airborne residual Total Magnetic Intensity over Mauretania 

prospect (clipped to 2021 UAV survey area). b: Profile section of 1994 residual Total Magnetic 

Intensity. c: Grid of 2019 Total Magnetic Intensity anomaly ground magnetic data. d: Profile section of 

2019 residual Total Magnetic Intensity ground magnetic data. e: Grid of residual Total Magnetic 

Intensity (IGRF removed) data from the 2021 UAV survey. f: Profile section of 2021 prospect anomaly 

UAV magnetic data. 
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Utilizing UAV based imagery to identify and automate the
detection of surface lain mines and UXO.
J. Baur 1,2, G. Steinberg1 3

1. Demining Research Community co.,  New York, NY,  de-mine.com
deminingresearch@gmail.edu

2. Department of Earth and Environmental Sciences, Columbia University, New York, NY
jb4493@columbia.edu

3. Department of Computer Science, Karlsruhe Institute for Technology,  Karlsruhe, DE
gabrielsteinberg@gmail.com

Landmines and unexploded ordnance (UXO) continue to plague conflict and post conflict
nations with at least 7,073 recorded casualties in 2020. Tragically, this number is expected to
grow due to ongoing conflicts. The most dangerous part of the land release and mine clearance
process is detection of these UXO and explosive remnants of war (ERW). We present a study
that utilizes unpiloted-aerial-vehicle-based (UAV) imagery paired with a convolutional neural
network (CNN) to automate the detection of surface lain landmines and UXO.

Deep learning algorithms for small object detection have rapidly improved in the past five years,
but as with all deep learning algorithms a robust dataset is required for reliable object detection.
To train our Faster Regional-CNN (chosen for its accuracy in detecting small objects), we
collected over 200 UAV flights acquiring data of 55 unique types of inert munitions at Oklahoma
State University’s Institute for Global Explosive Hazard Mitigation exposives range. Imagery
was collected at 10 m height to achieve the optimal balance between resolution and ground
coverage. We used the Phantom 4 pro RGB camera, Mavic Dual Enterprise thermal and RGB
camera, the Parrot Sequoia multispectral sensor, and the FLIR Vue Pro thermal sensor. Data were
collected in a diversity of environments including gravel, low and high grassy vegetation, mud,
sand, clay, and salt flats in order to help the algorithm generalize the identification of mines
independent of the environment.  After processing surveys into georeferenced orthomosaics, all
of the mines are labeled and used as training data for the CNN. To date, we have a training set of
over 10,000 labeled munitions that are categorized by type of munition and more broadly by
class into projectiles, anti-personnel landmines, anti-vehicle landmines, 40mm grenades,
grenades, and cluster munitions. This method is designed to detect surface munitions on any
environment with munitions ranging from fully visible to heavily obscured. Preliminary results
yield over 72% accuracy averaged across all objects, with some larger targets yielding a near
100% detection rate. With some data cleaning and experimentation, we expect to greatly reduce
the rate of false positives and false negatives.
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Applying this workflow in suspected hazardous areas involves completing a drone survey (RGB,
thermal or multispectral),  inputting the processed orthomosaics into our CNN as testing data,
and receiving centimeter-accurate locations of suspected mines paired with a confidence level.

While machine learning and UAVs provide a powerful combination, the method is limited based
on if the physical properties of the mines are distinct from the surrounding environment. In
visible spectrum, if the landmine is fully obscured by debris or vegetation, or in the themal
infrared spectrum, if the mine is not thermally distinct or is thermally muted by overlying soil or
water, then detection of mines must rely on traditional hand-held electrico-magnetic induction
surveys.

With these limitations in mind, we hope that applying this methodology will reduce costs,
improve safety, and increase the rate of clearance to assist deminers in land release process - the
process of clearing all mines and ERW in an area and returning the land back to the community.
Namely, we believe this methodology has large potential for area reduction, improving the
situational awareness of demining personnel on the ground through field-ready maps and
ordnance locations, and providing critical information on the density of contamination of a
region that will aid in determining the priority of clearance for contaminated areas.
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Figure 1. The top left and right panel show thermal infrared and RGB imagery captured by the
Mavic Dual Enterprise, with sample bounding boxes drawn around some of the mines. The
bottom panel explains the machine learning workflow for training and testing our CNN, with the
output being cm scale accurate coordinates of where an unlabeled mine lies.
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Improving Drone Based Magnetometers for UXO Surveying 
Rui Zhang, Geometrics; Hanselmann, Frederick, University of Miami Rosenstiel School of 
Marine and Atmospheric Science; Fochs, Ryan, University of Miami Rosenstiel School of Marine 
and Atmospheric Science; Lawrence, Matthew, National Oceanic and Atmospheric 
Administration; Prouty, Mark, Geometrics; Hurley, Kevin, Geometrics; Hoekstra, Bart, 
Geometrics 

Despite its increasing popularity in many geophysical applications, such as mineral exploration 
and geological mapping, drone magnetometry has been difficult to use for surveys to detect 
landmines and unexploded ordnance(UXO) due to the requirements for high position accuracy 
and very low noise.  However, increasing the positional accuracy by methods such as rigidly 
attaching the sensor to the UAV platform tends to increase the noise from the platform due closer 
proximity.  Suspending the sensor a distance from the UAV can reduce noise from the platform, 
but will decrease the positional accuracy of the sensor if you are using a GPS unit mounted on 
the drone to locate the magnetic sensor.  Suspension of the sensor below the drone also makes 
sensor susceptible to motion-induced noise.  A new total-field magnetometer package is 
designed to address these challenges.  

In many magnetometer systems designed to be deployed from drones the magnetometer is 
designed to be suspended below the aircraft to avoid the magnetic noise generated by a drone, 
However, the suspended configuration is susceptible to yaw-pitch-roll rotations during the flight 
which causes motion-induced noise due to heading effects of the magnetic sensor. Incorporating 
an Internal Inertial Measurement Unit(IMU) that can measure the motion of the magnetic sensor 
provides a way of compensating for the motion and significantly reducing the motion induced 
noise. In this presentation, we present a compensation method that can reduce the motion 
induced noise.  Heading-effect calibration data is first collected. The procedure for collecting this 
data can be performed quickly once at the beginning of a project. The calibration data is then 
analyzed and a set of coefficients developed to correct the data. These corrections are then 
applied to the magnetic survey data after data collection. Our study shows that the heading-
induced motion noise can be suppressed by an order of magnitude through this method. Peak-to-
peak noise of 0.2 nanotesla is demonstrated for survey data at a 20Hz sample rate. Any example 
of the data before and after correction is shown in Figure 1. 

In order to improve positional accuracy a built-in GPS module with real time kinematic (RTK) 
capability was incorporated into the sensor body. An external helical antenna is also added to 
mitigate effects of multipath interference in urban or complex environments. Operating in RTK 
mode requires a real-time set of corrections to be sent to the GPS unit from a fixed base station 
location. This requires a radio link to the base station which can require a significant amount of 
power to operate and requires time to re-synchronize when the data transmission is interrupted.  
The system is designed to provide the ability to use both RTK and Post-Processed Kinematic 
(PPK) modes When operating in the RTK mode, correction data can be obtained through a local 
reference network using a cell phone and transferred to the GPS module via Bluetooth 
communication. For survey sites where local reference networks are not available, post 
processing kinematic (PPK) method will be implemented to improve the GPS accuracy. Our tests 
show that in the RTK mode the positional accuracy better than 10 cm is obtained even in an 
urban environment. 
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By providing both improved positioning capabilities and reducing motion-induced noise to levels 
required for detailed UXO investigations and coupling these improvements with advances in 
flight-time length and improved navigational and obstacle avoidance of newer drone platforms, 
UXO surveys are now capable of providing the data quality that previously required ground 
based surveys. 

Figure 1- Magnetic survey data before and after motion-induced noise compensation. Top-Prior 
to compensation, Bottom-After Compensation. 
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Drone Based Time-Domain Electromagnetic Induction (EMI) for Sub-Surface 
Unexploded Ordnance (UXO) Detection 

M. Orman-Kollmar(1), R. Reynolds (2), D. Lozano(2),   B. Barrowes(2) and F. Shubitidze(1)

1Dartmouth College, Thayer School of Engineering, Hanover, NH 03755 
2U.S Army Engineering Research and Development Center, Cold Regions Research and 
Engineering Laboratory, Hanover, NH 03755  

The detection of UXO is a critical undertaking for humanitarian and environmental reasons- the 
potential for loss of life and injury is obvious, and ruptured UXO can leak chemicals into 
surrounding soil and water for years. Current EMI systems require an operator and are very 
heavy, typically implemented in carts, which makes them less conducive for use in wooded 
areas, wetland, or rough terrain.  

This calls for a solution- the ability to mount an EMI sensor to an unmanned aerial system 
(UAS) and allow it to perform inspections. Over the last twenty years, UXO detection and 
classification processes have been streamed out and validated. Namely, the confidence has been 
built in the ability to gather data sets, perform inversions, and then take the ensuing polarizability 
data and conduct fingerprinting matching against the existing libraries. These comparisons allow 
users not only to determine if a target is shrapnel or a live UXO, but to distinguish between UXO 
types, such as differentiating between an 81 mm and 105 mm target. In addition to distinguishing 
between UXO, the inversion process provides position of the buried target, as well as its 
orientation- both the GPS location and depth of the target are needed to know where to dig. 
Knowing its orientation lets those in the field of bomb disposal make safer and more educated 
decisions on how deep to commence extraction. To improve efficiency of UXO cleanup, future 
works need to be focused on making the process fully autonomous, such that a system should be 
able to investigate an area on its own, perform the data collection, invert data, and identify target 
size, type, location, and orientation in real time. 

One potential solution is to mount the EMI system on a drone. Our group has developed an 
ultralightweight EMI system called ULEMA, which has been modified and integrated into a 
quadcopter drone. The integrated system has remote control capability, allowing an operator to 
pilot the sensor over an area for investigation.   

The sensor itself has a transmitter, which sends a pulse of 10 Amps through four co-located coils. 
The size of the coils is such that the inductance is less than 500 microhenry [uH] when operating 
at 50 kilohertz [kHz]. As the current goes through the coils, a primary magnetic field is created 
which penetrates the ground. After 20 milliseconds [ms], the current is turned off. As a result, the 
magnetic field is abruptly cut, which in return induces eddy currents in the conducting target. 
The eddy currents in the target give rise to a secondary magnetic field, which are recorded by the 
sensor. The way the field information is recorded is four sets of three-dimensional receiver coils, 
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which record the three Cartesian components of the magnetic field, in four different locations 
(centered in each transmitter coil). One of the difficulties in operating the mounted system is to 
keep the sensor parallel with the ground. To mitigate this issue and minimize movement of the 
EMI system, it is suspended under the drone using four ropes.   

In this work we will present the EMI data collected by the flying sensor while it is suspended 
above the ground on a drone. The drone flies along the predetermined lanes and records EMI 
data in dynamic mode. After dynamic data are collected, then they are pre-processed and 
inverted using advanced forward and inverse EMI models and the target’s classification feature 
parameters are extracted. The latter inverted classification parameters are used to conduct the 
fingerprint matching against the existing libraries. The classification results are analyzed using 
receiver operating characteristics curve.  

Figure 1: Sensor shown, with the transmitter in the top left, and the receiver cubes visible in the centers of the three inner coils 
and the middle of the outer coil
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Rapid Investigation of Anomalies in Water by UAV Transient Electromagnetic 
Technology 

Wei Liu1, Zhengyu Xu1, Xian Liao 2 and Zhihong Fu1 
1     Department of Electrical Engineering Theory and New Technology, School of Electrical 
Engineering, Chongqing University, Chongqing 400044, China: liuwei_cqu@163.com; 
geophysics_xu@cqu.edu.com; 2320533906@qq.com. 
2      Chongqing Triloop Prospecting Technology Co., Ltd, Chongqing 402660, 
China:20124043@cqu.edu.com. 

Transient electromagnetic method (TEM) has been widely used in mineral exploration, geological 
structure research, oil field exploration and other geoscientific fields. It typically employs two different 
multi-turn coils to achieve nondestructive detection. The excited transmitter loop produces the primary 
magnetic field on the ground. During intervals between the pulses when the transmitting coil is not 
being energized, secondary electromagnetic fields emanating from the earth are received in a receiving 
coil. The anomalies could be found based on the resistivity difference between the target and the 
surrounding materials.  

UAV is a promising detection tool in the field of water search and rescue or UXO detection in beach 
marshes. The integration of UAV and TEM survey is opening new research perspectives by improving 
the efficiency and reducing personnel risk of subsurface investigation for water or swamp explorers. 
However, one of the main problems related to the UAV-TEM system is the drone load capacity. The 
transmitting system usually has a large weight and volume because it needs to generate a large magnetic 
moment, which makes it difficult for ordinary types of UAVs to to carry out detection work for a long 
time.  

In order to reduce the carrying weight of UAVs and prolong the effective detection time of single 
flight, a UAV-TEM detection system which separates the receiver from the transmitter has been 
developed and preliminarily applied to water detection. As shown in Fig. 1(a), the transmitting system 
generates large trapezoidal current pulses in the exciting coil and diffuses a strong primary field to the 
shallow surface. Generally, it is positioned near the shore of the water to increase its detection range. 
And the receiving system includes a receiver and an inductive coil which are carried by drone to achieve 
rapid detection on the water or swamp. Both the transmitter and the receiver are operated and monitored 
remotely by wireless communication modules and control system with standard software interface. The 
TX time period of the current pulse and the sampling time of the induced voltage are synchronized 
through GPS. Meanwhile, the RTK module will record the position information of the two separated 
units and upload it to the control software for real-time mapping. 

Fig.1 (b) shows the construction site of the UAV-TEM receiving system. To reduce the influence of 
rotor rotation and other mechanical noise of the UAV on the receiving signal, the receiver is suspended 
2 m below the UAV and the induced coil is suspended 6 m below the UAV. Lots of test results have 
proved that this suspension forms can greatly reduce the noise interference without affecting the normal 
flight of the UAV. After that, the metal target body is randomly placed in the selected water area, then 
the UAV-TEM system is used to carry out flight detection. After processing the acquired induced 
voltage, the accurate target body position is obtained, which verifies the effectiveness of the UAV-TEM 
detection system. 
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(a)                                       (b)    
Fig.1 (a) Schematic of the proposed UAV-TEM detection system. (b) Construction site of the UAV-
TEM receiving system. 
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Managing Expectations with Drone GPR 
Jan Francke, Groundradar, 

Lightweight ground penetrating radar (GPR) systems mounted on multirotor drones has seen dramatic 
growth in recent years.  Often, prospective drone GPR users overlook the limitations imposed by physics 
when lifting a radar system into the air, as well as the legal restrictions related to drone GPR in some 
jurisdictions. 

This talk will examine the current legal framework of airborne GPR instruments, as well as the 
limitations imposed by physics, which limited to effective use of drone GPRs so specific 
environments.  Notwithstanding these limitations, there are viable applications for airborne GPR 
surveying, and examples of successful and unsuccessful surveys will be discussed. Also shown will be 
possible future instrumentation designs which could mitigate some of the limitations imposed by 
physics. 
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Retrieving debris thickness on debris-covered glaciers with drone-based GPR 

R. Aguilar 1, M. Christoffersen 1, and J. W. Holt 1,2 

1 Lunar of Planetary Laboratory, Department of Planetary Science, University of Arizona, 

Tucson, AZ, United States, 2 Department of Geosciences, University of Arizona, Tucson, AZ, 

United States,:  roberto@lpl.arizona.edu; mchirsto@arizona.edu; jwholt@arizona.edu

Lobate debris aprons (LDA) are Martian landforms containing large quantities of buried water ice 

under a protective layer of rock and dust. This is supported by the observations from the Shallow 

Radar (SHARAD) sounding radar orbiting Mars that revealed ice underneath a debris layer. 

LDA appear to be similar to debris-covered glaciers (DCG) on Earth, proposed as terrestrial 

analogs. With the goal to understand the basic relationships between composition, structure, flow 

kinematics, and morphology of these landforms, we have been conducting studies in two DCG in 

Alaska and Wyoming including high resolution drone-based photogrammetry and ground 

penetrating radar (GPR) deployed on the surface. 

GPR penetrates through the debris layer on the surface, allowing us to quantify debris thickness 

and composition, glacier thickness, ice purity, and the presence of englacial debris. We have 

successfully employed traditional, surface-coupled GPR for surveying large portions of both 

testing sites, however it is a manual task that involves walking on rough and steep surfaces covered 

with loose boulders, which is time consuming and hazardous.  

We overcome these limitations by employing a novel drone-based GPR solution capable of 

running pre-planned flight paths. The platform consists of a DJI Matrice 600 with a GPR operating 

at a center frequency of 80 MHz.  

We first tested this system on a DCG in Alaska, at a flying altitude between 3 and 5 meters above 

the surface at a speed of 1 m/s, following a digital terrain model (DTM) extracted from previously 

acquired high resolution photogrammetry. However, due to the low signal-to-noise ratio (SNR) of 

the radar reflector at the debris/ice interface, we determined that a flight altitude lower than 2 

meters above the surface would be desired in order to minimize radio wave path losses and thus 

increase SNR. Given the complex topography, obstacles, and surface irregularities, we added a 

true terrain following (TTF) system, with altimeter and forward-looking distance sensors, to safely 

fly at such lower altitudes. 

In June 2022, we repeated the flight tests, with the antennas at 1.7 m above the surface at an average 

speed of 0.5 m/s using TTF. For calibration and SNR comparison purposes, we decided to follow 

the tracks of previously acquired surface-coupled GPR. Initial results show that the system is 
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capable of consistently detecting the debris/ice interface with acceptable SNR, and thus accurately 

and quickly measure the debris thickness. Also, in the lower part of the glacier, where the glacier 

is thinner, it is possible to detect the bedrock. 

More tests will be carried out in a DCG in Wyoming during August 2022, where we expect to 

increase the GPR coverage by using this technology. With the current flight speed, 100 m of 

acquisition takes less than four minutes, as compared to multiple hours for a traditional surface-

coupled survey. Furthermore, the drone-based GPR allowed us to survey areas too hazardous to 

traverse on foot. 

In conclusion, our system is a promising method for surveying rock glaciers on Earth. As for 

planetary exploration, the study of robotics-based radar platforms aligns with the interests of 

development of uncrewed missions to Mars. For instance, the Mars 2020 mission includes a GPR 

as part of the instruments onboard the Perseverance rover, and Ingenuity, which is a technology 

demonstration to test the first autonomous powered flight on Mars. 

Figure 1. Example of a terrain adjusted radargram and its interpretations (top) following an 

automated flight path (bottom left), using the drone-based GPR system over a debris-covered 

glacier (bottom right). 
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Drone-borne GPR measurements for snowpack characterization 
Bastien Dupuy1, Pauline Lorand2, Anouar Romdhane1, Stéphane Garambois2, Arnt Grøver1, 
Halgeir Dahle3, Andrew Tobiesen1, Aslak Einbu1, Tore Humstad3 
1 SINTEF, Trondheim, Norway: bastien.dupuy@sintef.no  
2 University Grenoble-Alpes, Grenoble, France 
3 Norwegian Public Road Administration, Molde, Norway 

Integration of light air-coupled ground-penetrating radar (GPR) on drones has been booming in 
the last years. Compared to ground surveys, larger spatial coverage, shorter survey times and 
better safety for operators are obvious advantages. However, the data quality (signal-to-noise 
ratio and resolution) as well as the penetration depth are also greatly reduced in most cases. 
These issues are related to the physics of electromagnetic (EM) wave propagation and mostly 
because the amount of energy reflected at the interface between the air and the propagation 
medium (ground, rock, soil, snow, ice…) is large. In many cases, the amount of energy reflected 
at the air/soil interface is greater than 50 %, making the loss in data quality and penetration 
depth too large to make drone GPR a viable solution compared to conventional ground surveys. 
However, in some specific cases, such as surveys in dry sand, ice and even more in snow, the 
dielectric permittivity contrast between the air and the medium is small enough that a non-
negligible part of the EM energy is transmitted in the medium and not reflected at the interface. 
For snow and ice characterization especially, drone borne GPR is a convenient solution 
allowing to map large areas of snow and glacier covers in limited time and effort. 

In this abstract, we focus on shallow mapping of snow cover. Typical penetration depths are 
between 1 and 8 meters, and snowpacks are usually dry. Dry snow conductivity is negligible, 
and dielectric permittivity is very low (between 1 and 5) making the penetration depth very 
good even with a high frequency antenna. We use a Radsys Zond Aero system with an antenna 
designed to be centered around 1 GHz, allowing a good compromise between penetration depth 
and vertical resolution. Even if the antenna central frequency is designed to be around 1 GHz, 
we observe a central frequency of 700 MHz. The system is mounted on a DJI Matrice 300 and 
combined with a radar altimeter from SPH Engineering to allow for terrain following. Even if 
snow is the "best" medium for drone GPR, it is required to have the antenna close to the air/snow 
interface to minimize energy loss (due to geometrical spreading in the air) and reduce Fresnel 
zone size. 

During winter 2022, we carried out several tests at different locations in Norway. 
Characterization of the snowpack was the goal of all surveys, but the applications were varied. 
We were interested in both characterizing snow depth, snow layering and snow properties 
(density, liquid water content). In some cases, the focus of the survey was to identify the added 
value of drone GPR for avalanche forecasting, i.e., focusing on detecting fine weak layers and 
their properties. In other cases, we were focusing on snow depth and snow water equivalent 
estimation for glacier mass balance. In both cases, we were operating the drone in mountainous 
areas and steep terrain, with slope gradient up to 35 degrees. The drone terrain following system 
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in such steep terrain showed limitations that we have been tackling by flying at lower speed or 
higher above the snow surface. Our tests shows that recording data between 2 and 3m above 
the snow surface is the best compromise in term of data quality and flight safety. 

Figure 1 give an example of raw data and processed data recorded at Storlidalen (Norway). The 
data has been acquired along a moderate slope. Due to wind transport, the snow thickness at 
the top of the slope is close to zero while we measured 2.5 m thick snow in a snowpit at the 
middle of the profile. The processing is done with Python and RGPR open-source routines and 
includes the following steps: resampling, time zero correction, band-pass filter, background 
removal, amplitude correction for geometrical spreading and deconvolution. The goal of this 
processing workflow is to preserve true amplitudes in order to carry out a reflectivity analysis. 
After estimation of reflection coefficients at each interface, a velocity/permittivity model is 
derived and proper time to depth conversion can be carried out. Snow properties such as density 
and snow water equivalent can also be derived. 

We conclude that drone borne GPR for snow characterization shows promising results even if 
it requires care for drone flight safety as well as proper quantitative processing to get the most 
out of the data. 

Acknowledgments: this work is funded by SINTEF strategic project GeoDrones and by the 
GEOSFAIR project funded by Norwegian Research Council (project number 321035). 

Figure 1: raw GPR profile (top) and profile after processing (bottom). The data is recorded 
using a drone GPR system flying above the snow surface. 
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A novel UAS Mounted Wideband Frequency Electromagnetic Induction 
Sensor for Subsurface Sensing 

Michele L. Maxson1,2, David Lozano2, Randall Reynolds2, Benjamin Barrowes2, and Fridon 
Shubitidze1 

1Dartmouth College, Thayer School of Engineering, Hanover, NH 03755 
2U.S Army Engineering Research and Development Center, Cold Regions Research and 
Engineering Laboratory, Hanover, NH 03755  

Remotely controlled systems, such as unmanned ground vehicles, unmanned aerial systems 
(UAS), and autonomous underwater vehicles are becoming a part of everyday life. These 
unmanned systems provide advantages to civilian and military remote sensing, geoscience, 
agriculture, marine, space, security, etc. The systems are cost effective and can be used to collect 
and deliver high fidelity data in challenging and hazardous areas safely without affecting and/or 
destroying the surrounding environment. This paper presents a novel wideband (100‘s Hertz to 
several Megahertz) induction system mounted on UAS for detecting and locating permafrost.  

Permafrost is perennially frozen soil that underlies approximately 25% of the Northern 
Hemisphere. Most notably, permafrost is found under approximately 85% of the land area of 
Alaska. This means that permafrost is found under the foundation of most infrastructure in these 
northern landscapes. Direct observations made both on and above Earth’s surface show that the 
planet’s climate is significantly changing. A direct impact of the changing climate is the 
accelerated thawing of the permafrost, with the region north of the Arctic Circle warming twice as 
fast as the rest of the globe. As this permafrost melts, the soils become unstable and subside causing 
roads, bridges, and buildings to shift and potentially collapse. Rapid and accurate mapping of 
permafrost subsurface composition at scales relevant to the design and maintenance of horizontal 
and vertical infrastructure has been a long-standing challenge.  

There are many commercial off the shelf (COTS) electromagnetic induction (EMI) systems which 
can map soil conductivity. Many, if not all, of these sensors operate at low frequencies (100’s of 
Hertz to 100’s of kHz). As a result, they cannot provide high fidelity data to map soil’s conductivity 
with high resolution within the top few meters of soil, such as is required for determining near 
surface permafrost areas. To overcome this problem, a novel wideband frequency system named 
the In-Flight Rapid Observation Surveying Tool (iFROST), was introduced. The system is 
designed to be mounted on an unmanned aerial system with the goal of collecting high quality, 
dense EMI data at different elevations and lateral directions. This novel system has two key 
features; first the iFROST operates at higher frequencies than most COTS systems. This allows to 
extract soil conductivity with high resolution at shallower depths; second the system uses the 
FPGA board for transmitting, receiving and active bucking.  The iFROST sensor consists of a z-
directed transmit coil and a z-directed receiver coil located approximately 6 feet apart with a 
bucking coil located approximately 1 foot from the receiver coil between the transmitter and the 
receiver. 
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In this work we will present the general electromagnetic theory behind the iFROST sensor, along 
with benefits of mounting it on an unmanned aerial system for collecting higher resolution data 
sets.  In addition, the paper will show general electromagnetic theory resulting in the frequencies 
of interest and why operating outside the low induction range is preferable.  A general outline for 
the new, active primary field nulling method will be introduced and finally, preliminary data will 
be presented using the most current version of the sensor.    

Figure 1:  Top - beta version of iFROST sensor; Bottom- data comparison from beta version of iFROST sensor compared to 
actual permafrost depths. 
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Geohazard characterization using a UAV-lidar system 
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2  Department of Earth, Ocean and Atmospheric Sciences, The University of  British 
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Remotely sensed data has become common in many geohazard characterization and monitoring applications. 
Geohazards can cause topographic changes, so the ability to monitor changes in the ground surface, particularly 
in vegetated areas, allows for a better understanding of these hazards. Various remote sensing techniques are 
available, and airborne lidar is particularly versatile because of its effectiveness in producing an accurate bare-
earth surface through point cloud classfication. Lidar collection is commonly completed using crewed aircraft, 
however, uncrewed aerial vehicles (UAVs) are being used increasingly for high-resolution mapping of relatively 
small areas. In this talk, we present case studies highlighting the application of a UAV-lidar system to monitor 
changes due to debris flow activity, a potential deep-seated landslide, and shoreline erosion.   

We used a hexacopter UAV-lidar system to collect high-resolution topographic data. The system utilized a lidar 
scanner, inertial measurement unit (IMU), global navigational satellite system (GNSS) receiver, and a 
downward facing camera mounted to the UAV. A static GNSS base station was established for each survey to 
provide stable reference data for post-processing. Commercially available software was used to combine the 
data sources to create lidar point clouds, refine the point clouds, and classify the points. 

Our debris flow case study sites are within the Coast Mountain range of southwestern British Columbia, Canada. 
Two sites are on the north face of Mount Currie, near the Village of Pemberton, and two sites are on the west 
side of Fountain Ridge, near the Town of Lillooet. While Mount Currie and Fountain Ridge are within the same 
region, the climate and geology of each site is distinct. We completed annual surveys between 2019 and 2022, 
recording evidence of four debris flow events, and smaller, within-channel erosion and deposition between 
events. We have used this data to examine locations where the debris flow channels change course during events, 
adding to our understanding of the hazard. 

The potential deep-seated landslide and shoreline erosion study site are within the footprint of the future Site C 
Reservoir area. The Site C Dam is the third hydroelectric dam on the Peace River in northeastern British 
Columbia, and is currently under construction. Work is underway to establish background levels of slope 
activity prior to reservoir filling. A site approximately mid-way along the length of the reservoir has been 
selected to evaluate the utility of the UAV-lidar system in detecting and characterizing potential deep-seated 
slope movements. There has not been strong evidence found for recent deep-seated slope deformations, but an 
evaluation of the data shows that the resolution of the bare-earth data is superior to that of a crewed aircraft due 
to the lower flight height and ability to optimize the flight paths for the slope geometry.  

As part of the construction work on the dam, the Peace River is being diverted through two tunnels. Diversion 
of the river results in a zone upstream with temporarily elevated water levels, referred to as a headpond, up to 
approximetly 25 m above the natural river level depending on inflow conditions. The operation of the headpond 
is being used as an opportunity to collect data on erosion rates during times of elevated water levels, as a proxy 
for the post-reservoir impoundment conditions. UAV-lidar scans have been conducted along the shoreline to 
quantify the rate of bank recession during headpond operations. Subtle features, such as erosional shelves left 
at different headpond levels, can be extracted from the lidar data.  

The four case studies detailed here demonstrate the applicability of UAV-lidar systems for geohazard 
characterization and monitoring. The strengths of the system, namely the high resolution data and flexibility 
surrounding flight planning, are balanced by the limited areas that are feasible to scan and the effort required to 
achieve high quality data in post-processing. UAV-lidar will not replace all uses of more traditional airborne 
systems, but there is a practical application for focused, high resolution data collection. 
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Figure 1. (a) Mount Currie fans, (b) potential deep seated landslide, (c) Fountain Ridge fans, (d) shoreline erosion study site. 
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Using airborne GPR to detect defects on critical infrastructure 
after natural disasters hit.  
Michael Arvanitis (1, 2), George Boustras (2) and Christophe Norgeot (3) 

(1) Symetrics Geophysics Ltd, PO BOX 25126, Nicosia, Cyprus info@symetrics-ndt.com

(2) CERIDES, European University of Cyprus, Nicosia, Cyprus

(3) Le Materiel De Sondage, Paris, France

The integration of Ground Penetrating Radars (GPR) and UAVs or drones is gaining popularity 
among researchers and engineers, who are looking to exploit the benefits of GPR on the large 
scale. Most of the projects cover the area of engineering and environmental geophysics, while 
natural hazards and their effects on critical infrastructure, like roads, bridges, dams, high rise 
buildings, remains mostly untouched. We test a drone GPR system as a quick evaluation tool 
for critical infrastructure, after natural disasters. Our methodology can be applied globally to 
countries that face significant risk of natural disasters and want to evaluate with accuracy the 
state of their critical infrastructure after an event. 

The demanding topographic conditions of these constructions require strong safety measures 
for people working on the site, and the deployment of people on the site after a natural 
disaster is not always possible. All these are posing additional challenges and threats during 
the inspection and significantly increase the time and cost needed to perform the testing. On 
top of that, current drone solutions, are flying at a distance from the target and collect data 
on time mode, a method prone to errors in horizontal resolution.   

This work focuses on a quick deployment solution, a drone that scans very close to the surface 
of the structure and collects coupled data with very high horizontal and vertical resolution. 
The system is lightweight and is integrated within a Skyhero body frame. It carries a camera 
and a programmable board to avoid obstacles on the surface and can be programmed for grid 
data collection. We are using different antennas, depending on the desired depth penetration 
and accuracy level, ranging from 1GHz to 3GHz, both pulse and stepped frequency systems. 
The GPR antenna can be cross polarized for quicker and more detailed picture of the 
subsurface.  

We present the results from several test sites in Cyprus, a country prone to earthquakes with 
old critical infrastructure and high-rise buildings.  

Summit on Drone Geophysics 25-28 2022 36

mailto:info@symetrics-ndt.com


Detection and Analysis of Tunnel Karst by Ground-airborne 
Time-frequency Domain Electromagnetic Method 

Wei Haimin, Yang Xi, Shi Yongjie, Zhang Hantao, Dai Liujuan, Li Shaoqing, Luo Wei 
（Yunnan Aerospace Engineering Geophysical Prospecting Co., LTD., Kunming 650217, China） 

The geological conditions are complex in Southwest of China where the carbonate rocks 
are developed. Eroded by surface water and groundwater, many karst pipes and cavities have 
been formed, most of which contain water and mud. The widely developed fault zone will 
also become a water conducting structure in those area. Consequently, it is easy to encounter 
geological disasters such as water gushing and mud gushing during tunnel construction, 
which seriously affects the safety and progress of tunnel construction. Therefore, it is 
necessary to find out the karst development around the tunnel before tunnel excavation, to 
provide technical support for safety protection of tunnel construction. In this paper, a 
ground-airborne time-frequency domain electromagnetic method is used at a tunnel area in 
Yunnan Province where the terrain is complex and the surface investigation is difficult to 
carry out, the measurement is implemented by using the ground launch aerial UAV hanging a 
three-component coil, the inversion result shows the fault fracture zone, karst and other 
unfavorable geology along the tunnel could be identified. This provides a basis for the safe 
construction of the tunnel and provides a technical reference for the geophysical exploration 
of the karst and fracture zone. 

According to the geological data of the working area and the design route of the tunnel, 
five survey lines (near the north-south direction) are arranged, including: one parallel 
line(Line 1) is arranged at the vertical distance of 100m on the east side of the left tunnel; one 
overlapped line(Line 2) to the left tunnel; one overlapped line(Line 3) to the right tunnel; one 
parallel line(Line 4) is arranged at the vertical distance of 100m on the west side of the right 
tunnel; and one parallel line(Line 5) is arranged at the vertical distance of 200m on the west 
side of the right tunnel. All survey lines are 1.3km long. The emission source is parallel to the 
survey lines and the minimum vertical distance from the survey lines is 6km, with a length of 
1km. It is provided with positive and negative square wave signals with a current amplitude 
of 30A and a period of 60s. The inversion results of the measured data after 3D imaging are 
shown in Fig.1. The yellow and red areas in the figure are relatively medium and high 
resistivity areas, representing that the rock mass is relatively dense, with good integrity and 
low water content; The green and blue areas are relatively low resistivity areas, representing 
water bearing, loose and broken rock mass. From the results we know if the apparent 
resistivity distribution is uneven, it indicates that the physical properties of rock mass are 
greatly different, and it is inferred that the rock mass structure is developed, loose and broken; 
On the other hand, if the apparent resistivity is evenly distributed horizontally, indicating that 
the physical properties of the rock mass are uniform. Based on the comparison and analysis 
of the apparent resistivity inversion profiles of the five survey lines, the geomagnetic field is 
sensitive to the karst in the operation area, and the obtained karst spatial form is generally the 
same. It passes through the steep dip fault F23 in the south, and the surface investigation 
finds that there is a sinkhole exposed at the fault. It is speculated that the fault layer is a water 
conducting structure affected by the surface water and intersects with the karst at the 
elevation of 1200~1400m. In addition, due to the influence of groundwater, the karst has a 
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strong water rich property, and it develops northward to the deep, with a larger volume. 
Through the analysis of the survey results by using ground-space time-frequency 

domain 
electromagnetic method to a highway tunnel in Yunnan Province, the ground-space 
time-frequency domain electromagnetic method could reflect the spatial distribution of the 
karst strong water rich areas along the tunnel and identify the unfavorable geological sections 
along the tunnel quite well. This method can quickly acquire the three-dimensional data 
volume of underground space, conduct geophysical three-dimensional modeling and imaging, 
visually display the spatial distribution form, and position of unfavorable geology, and 
provide a strong data support basis for the safety protection of tunnel and underground 
engineering construction. 
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Fig.1 Inversion profile of ground-airborne time-frequency domain electromagnetic method，
（a）Line 1，（b）Line 2，（c）Line 3（d）Line 4（e）Line 5

The first author: Wei Haimin, Master, engineer, mainly engaged in geophysical exploration. mail:haimin870827@sina.com 
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High-risk slope monitoring using drone-borne- and 

multispectral data of Szent-Mihály Hill, Danube Bend, 

North Hungary. 

F. Kondacs 1, G. Rozman 2, F. Vörös3 and B. Székely1

1 Department of Geophysics and Space Science, Institute of Geography and Earth Sciences, ELTE 
Eötvös Loránd University, Budapest, Hungary: fanny.kondacs@gmail.com; balazs.szekely@ttk.elte.hu 

2 Hungarian State Railways, Budapest, Hungary: rozman.gabor2@mav.hu 

3  Doctoral School of Earth Sciences, ELTE Eötvös Loránd University, Budapest, Hungary: 
fannivrs@gmail.com 

In the last few years, the area of the Szent-Mihály Hill at the Danube Bend (North Hungary) has 

become widely known for geohazards, e.g., due to landslide risk of the slope, etc. Numerous mass 

movement-related accidents have taken place, risking human life and making significant damages 

and interruption in railway- and car traffic. The geodynamically active uplift of the study area and 

the incision of the Danube River increases the formation of near-surface debris prone to produce 

voluminous debris movements. Due to the continuous soil creep, the vegetation is also sparse, 

having a little role in stabilizing the slopes. Therefore, monitoring and continuous modeling of 

hazardous slopes is indispensable. From regular drone-borne and multispectral data acquisition, we 

can investigate the drainage networks and it’s  temporal changes in order to map the high-risk areas 

of the slopes. 

Several UAV measurement campaigns have been made in various (leaf-on and leaf-off) seasons 

taken in similar acquisition angle, with 60-70% overlapping. The relative high relief of the area 

represents a challenge to achieve an approximately identical image resolution. The quasi-circular 

shape of the study area introduces the effects of different styles of shading even in one acquisition. 

Data processing has been made with Agisoft Metashape software package, with digital 

photogrammetry techniques resulting a dense point cloud for each acquisition date. Ground Control 

Points (GCP) were fixed on the field at various elevations, to reduce error due to uncertainty of 

camera locations. Then, depth maps have been made to help the software interpolate triangular 

surfaces between the points. Using these processed data, a Digital Elevation Model (DEM) and 

orthomosaic in ultra-high resolution have been carried out. Since part of the material flow follows 

the drainage network, with the processed DEM, we could investigate these features using the 

Stream Network tool from ArcGIS.  

However, this work focused on the processing of drone-borne data, which works as an update for 

previous years' measurements, for assessing the canopy cover, previous Near-infrared (NIR) and 

Infrared (IR) measurements were integrated as well. We used a canopy-model to process 

normalized difference vegetation index (NDVI) data for analyzing areas covered with vegetation. 

The amount of canopy cover and their species imply the water-saturated soil bodies of the slopes in 

the study area and also the near-zero – water indicating – values correlated well with the drainage 

networks. 
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Figure 1. Dense point cloud made from the aligned drone-borne photos by Agisoft Metashape software. 

Funding: F.V. is supported by Project no. TKP2021-NVA-29 has been implemented with the support 

provided by the Ministry of Innovation and Technology of Hungary from the National Research, 

Development and Innovation Fund, financed under the TKP2021-NVA funding scheme. 
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BVLOS: Geoscience Beyond the Horizon 

Dan Bochicchio, Tetra Tech 

Beyond Visual Line of Sight (BVLOS) capability has long been the “holy grail” of drone operations. It is 
the capability to fly an unmanned aircraft outside visual contact of the pilot in command, this is often 
distances greater than one mile. This regulatory requirement by FAA (CFR part 107.31) is the most 
pressing challenge to realizing the full potential of unmanned and autonomous commercial drone 
operations. Though the platforms for long duration flight have been developed, there are many safety 
mitigations and situational controls needed to allow for BVLOS at a large scale. Fewer than 2% of the 
tens of thousands of BVLOS waiver requests have been approved because of the complicated nature of 
BVLOS. Unmanned systems unlock data capture methodologies that have changed our view of 
feasibility, opening inaccessible areas, broader reaches, and taking sensor technology where it has never 
been before – and BVLOS expands that capability greatly. In 2021, Dan was of a select few granted by 
certificate of waiver to conduct BVLOS drone operations to inspect an underground natural gas pipeline 
right-of-way which granted the pipeline operator insight of areas previously uninspected and potentially 
harmful to human and environmental health. This was preceded by years of pilot and crew safety 
management training, as well as autonomous aircraft system development with leaders in the 
unmanned industry. In this talk, the current state and future potential of BVLOS operations for 
geoscientists will be discussed. An overview of the regulatory environment and future trends as well as 
the parallel development of technology aiding in regulatory shifts will be provided. Dan will also provide 
examples of the logistical hurdles for determining the best and safest routes for BVLOS operations by 
current practice standards. 
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NSG Inter-Society Committee on UAV Geophysics Guidelines and Standards: Guidelines for 

Drone-based Radiometrics, Electromagnetics and Ground Penetrating Radar - Progress Report 

Steven van der Veeke1,2, Johannes Stoll3, Robert Lawson4 and Jan Francke5. 

1. University of Groningen; 2. Medusa Radiometrics; 3. Mobile Geophysical Technologies

GmbH; 4. Geophex Pty Ltd; 5. Groundradar. 

(On behalf of the NSG Inter-Society Committee on UAV Geophysics Guidelines and Standards) 

After the Summit on Drone Geophysics in 2020, a core group of the presenters and other interested 

people, convened to discuss the perceived need for written guidelines (perhaps as a step towards eventual 

standards), on the use of small unmanned aerial systems (sUAS or UAV - drones) for geophysical and 

remote sensing surveys.  

There was a common understanding and concern that drone geophysical data was already being acquired 

and processed, without proper guidelines, to a variable standard by a range of geoscientists and new 

players emerging all the time, all on a learning curve with dealing with the special characteristics and 

data processing challenges (noise types, ground clearance variation from requirements issues etc.) that 

typify drone acquired geophysical data compared to either ground or airborne acquired geophysical data. 

Accordingly a NSG Inter-Society Committee on UAS Geophysics Guidelines and Standards was formed 

(with members from SEG, EEGS, AGU, EAGE, ASEG, KEGS, AIG, SAGA, DGG, PESGB, IAGSA) 

and has met nine times since late 2020. Assignments were made, draft versions of each chapter of the 

drone magnetics guidelines, were penned and critically reviewed, and revisions were made and collated 

into a draft (progress) document. All the while, every person on the voluntary committee attended to their 

respective obligations to regular jobs, education, and\or business. As this is a voluntary project, progress 

has been slow depending as it does on the availability of these busy people in our industry. 

It was initially decided to produce a guideline draft document for circulation and comment (to the public 

and to all relevant NSG Societies), first for drone magnetic surveys (total field and vector), that would 

then serve as a template for what was agreed to be the range of other sensors also requiring guidelines 

(e.g. radiometrics, EM, remote sensing etc.). The drone magnetic guidelines are ready for initial public 

release and are to be released at a special workshop post SEG Summit on Drones 2022. 

All drone geophysics guidelines are a work in progress and are being framed, drawing together the 

experience of the committee members and reviewers, as well as both: recognizing and referencing the 

rapidly proliferating literature on drone vehicles, geophysics acquisition, noise mitigation and processing 

in the literature; and the current published standards for other drone acquired data (e.g. photogrammetry, 

LiDAR etc.). For each UAV-borne geophysical sensor, a set of topics to be included in the guideline(s) 

were discussed and a common agreement reached, that the goal is simply to inform and educate those 

engaging in or contracting drone geophysics on the options and best practices. 

In parallel to preparation of the first guideline document on magnetics, subcommittee members were 

working on gathering the specifics relevant to other sensors, in particular radiometrics, electromagnetics 

(EM) and Ground Penetrating Radar (GPR), in preparation for these follow-on other sensor guideline 

documents. A progress report will be given on the guideline documentation processes for drone 

radiometrics, EM and GPR. 
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Radiometrics 

The radiometrics subcommittee has drafted the first version of the guidelines for UAV-borne 

radioelement mapping. This guideline has used the IAEA guideline for airborne radioelement mapping 

(IAEA-TECDOC-1363) as a starting point. The methods listed in this latter guideline were critically 

reviewed for their applicability in the UAV-borne guidelines and, where possible, adopted with UAV-

specific modification. Practices that were not directly transferrable when using the UAV platform, e.g. 

height and radon corrections, were reviewed, and new methods are suggested using peer-reviewed 

literature. The radiometric guideline aims to cover all the steps needed in a UAV-borne gamma-ray 

survey's preparation, execution and data processing steps. These steps include the selection of a detector 

(size and material), the survey methodology, the quality control before and during the survey, and the 

data processing steps needed to derive the radionuclide concentrations from the recorded spectra. Experts 

in the field are currently reviewing the draft of this guideline. The list of experts consists of manufacturers 

of gamma-ray spectrometers, users with experience in implementing airborne and UAV-borne gamma-

ray surveys, and data analysts with spectral data analysis expertise. A first publicly available draft of the 

guidelines for UAV-borne radioelement mapping is expected to be published in early 2023.  

Electromagnetics 

The electromagnetic subcommittee is preparing guidelines for both UAV-borne frequency and time-

domain electromagnetic systems for resistivity mapping or object location. Existing and potentially 

emerging UAV-EM systems employ either a transmitter loop and receiver located on the UAV vehicle 

(or vehicles) or with a static ground-based transmitting loop or grounded wire and just a UAV-borne 

receiver. It is expected that the initial draft of the UAV-EM guidelines taking into account relevant 

legislation, will be available in 2023. 

Ground Penetrating Radar 

Ground penetrating radar (GPR) has a long history of spaceborne and airborne deployment for lunar 

regolith, radioglaciology and shallow bathymetry mapping applications conducted by large research 

organizations dating to the 1960s.  The physics of microwave propagation through both the air and the 

subsurface has been well-studied and is predictable, with excellent results possible in suitable 

environments using satellite, fixed wing, or rotary aircraft platforms. 

In recent years, miniaturization has enabled GPR instruments to be carried by medium-sized UAVs, with 

consumers attempting to employ airborne radar for diverse tasks ranging from mineral exploration to 

underground utility mapping.  The governing physics suggests that the technique is most effective in 

specific environments and will generally produce significantly inferior data than ground-coupled radar, 

although there are specific use-cases where airborne acquisition is logistically advantageous.  

Furthermore, In the US, Canada, Europe and elsewhere, specific legislation limits the use of GPR to 

within 1 m of the ground surface, thereby restricting UAV to very low-flying acquisition.  Unfamiliarity 

by users of either the limitations of physics or the legislation risks the reputation of all GPR technologies. 

The GPR subcommittee is developing guidelines for the use of UAV-borne GPR, with recommended 

instrumentation and data acquisition parameters, as well as processing steps specific to airborne 

acquisition.  These guidelines will consider legislative restrictions where relevant.  It is expected that the 

initial draft of the UAV-GPR guidelines will be available in early 2023. 
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Drone Magnetics Guidelines 
T. Archer

Reid Geophysics Limited, Coachmakers Business Centre, 116A Seaside, Eastbourne, BN22 7QP, United 
Kingdom; tim@reid-geophys.co.uk. 

Presented on behalf of the Near-Surface Geophysics Inter-Society Committee on UAV Geophysics Guidelines. 

Drone technology is everywhere. Uncrewed aerial vehicles (UAVs) are finding use cases in a host of domestic 
and commercial applications worldwide. And geophysics is no exception. Filling an important niche between 
regional aerial surveys and detailed ground investigations, drone systems are developing rapidly in 
geophysics, building on existing survey design principles as well as overcoming new technical challenges. 

In 2020, the inaugural Summit on Drone Geophysics identified the need for guidelines to support this rapid 
expansion in drone technology within the geophysical sector. The committee tasked with developing these 
guidelines believes that: 

• All drone geophysics operators/contractors (geoscience-trained and “lay” personnel) need to understand
the basics of good drone geophysics data acquisition, noise mitigation and data reduction and processing.
All new players are on a steep learning curve.

• Drone geophysics comes with different learning challenges for geoscientists backgrounded in EITHER
ground OR airborne geophysics

• Bad data gives our industry and profession a bad reputation

• Bad safety and incidents by rogue operators may result in restrictions on the operations of responsible
operators, that we don’t need

• We need to protect clients and enable multi-use of data beyond its original purposes

• We need experienced operators to share their wisdom and knowledge of good practice to help bring all
operators up to speed more quickly

Several subcommittees were established, but it became clear that the task was a large one. So priority was 
given to producing a Drone Magnetics Guidelines document, which will be followed by similar guidelines for 
other geophysical techniques, some of which are already in preparation. 

The Drone Magnetics Guidelines document will be formally launched on Saturday 12 November. This 
presentation gives a brief summary of what to expect. 
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A Novel Solution to Nodal Seismic QC 

T. Al Wadhahi 1, A. Al Raqmi 1, S. Hanna 1, A. Selvakumar 2 and L. Kindness 2

1 Petroleum Development Oman; taimur.tsa.alwadhahi@pdo.co.om; ahmed.aaa.alraqmi@pdo.co.om;

saaed.sh.hanna@pdo.co.om. 

2 INOVA Geophysical Inc.; arjun.selvakumar@inovageo.com; lee.kindness@inovageo.com. 

Seismic acquisition projects are nowadays complex, surveying 100s to 1000s of sq-km of 

remote areas over a period of months to years, often in rugged environments and in harsh-

weather conditions costing 100s of million dollars. With increasing pricing pressures, harder 

to find oil, operators are forced into making E&P decisions to capitalize on narrow windows 

of opportunity based on  improved data quality of potential prospects and/or existing 

reservoirs obtained using advanced seismic acquisition technologies.  

Petroleum Development Oman (PDO) a leading E&P company in the Sultanate of Oman 

operates a Ultra High Productivity (UHP) technique of vibroseis acquisition [1] to create the 

highest quality images of the subsurface with spatially dense seismic receiver and source 

geometries. A key mandate of PDO is to obtain the best achievable data quality while 

maintaining the industry’s highest health, safety and environmental (HSE) standards. 

Operating in remote variable terrains ranging from flat, rough, sabkha, dense oilfield facilities 

and high sand dunes introduces a high HSE risk exposure. The Al Rub’al Khali region of 

western Oman where active seismic is being undertaken today by PDO, is a sand desert with 

especially challenging conditions… temperatures reaching 50C in the summer with vast 

stretches of the world’s largest sand dunes with elevations up to 120m. This presents a 

challenge when trying to conduct UHP acquisition in these conditions without escalating HSE 

exposure.  

Drones have been used in multiple industries including Oil and Gas. The most common usage 

has been for emergency response, infrastructure inspection, security and surveillance and 

remote monitoring in hazardous areas providing a flexible, cost-effective, and safer alternative 

in lieu of using workers or piloted fly overs. In this paper, we will discuss the recent success 

of collecting quality check (QC) messages from ground-based Quantum seismic nodes and 

using a free flying drone integrated with a radio receiver employing HyperQ™, a recent radio 

technology adapted for seismic by INOVA Geophysical Inc to actively scan the entire active 

seismic spread.  

Figure 1 (a) Quantum™ autonomous, seismic acquisition node. (b) INOVA’s HyperQ lightweight gateway for QC collection. 

(c) A DJI M300 drone with integrated HyperQ gateway. (d) Flying a QC collection mission in Oman.

Previously, the method of QC collection with terrestrial HyperQ™ gateways mounted on 

trucks roaming the prospect have been reported by Selvakumar et al [2]. QC collection yields 
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of >99% of all Quantum nodes deployed in the field have been achieved in routine operations 

in the field proving that nodal systems can provide similar levels of spread awareness as cable 

systems have in previous decades of seismic operations. Tests with free flying DJI Matrice 

M300 drones integrated with the radio gateways for QC collection were conducted and 

preliminary results presented in [1]. In this paper, we will discuss the recent success of 

collecting QC messages with drones in a live seismic production project in the Al Rub’al 

Khali within the first month of operation.  

The seismic spread consists of 29,760 HyperQ Quantum deployed over a 166sqkm area (9km 

by 18.5km). The patch is rolled with 4,000 nodes being rolled each day and nodes being 

deployed for 10~13 days of recording time before pickup for data download and charging. 

While they are deployed, daily QC is required from nodes with the objective of obtaining a 

99% yield. Multi-rotor min UAV drones are easy to use, flexible and versatile, however, are 

limited to payloads of less than a kilogram and have flight times of 30 to 45min depending on 

payload weight, wind conditions and operating temperature. Moreover, due to the height of 

the dunes, line of sight obstructions reduces radio range. Hence, a high flight altitude is 

required. Permission was requested and received for flight operations at 180m. Additionally, 

a lighter weight radio gateway has been developed with a weight reduction down to less than 

500g to prolong the flight time. A 30min flight time was chosen such that an adequate safety 

margin for the remaining battery charge. A flight speed of between 22 to 35kmph was chosen. 

Using these parameters, a flight path was designed. It comprised 7 to 9 flights by a single 

M300 drone with interim battery replacements. Within the first month of full production 

operation, a daily yield of 90% to 94% has been achieved. By using this drone-based QC 

collection method a single drone team and truck, the entire seismic spread is covered within 

3 to 4 hours. This has helped the crew confidently achieve seismic operations and achieve 

productivity >25,000 vibrator points per day on average, in such challenging and 

compromising conditions.  

By substituting the HyperQ terrestrial vehicle-based system with a HyperQ gateway mounted 

on a drone, > 60% of driving exposure reduction is being eliminated. This has demonstrated 

its effectiveness in supporting PDO’s strategic decision for leveraging and maximizing the 

use of technology to reduce HSE exposures and meet its HSE and Quality mandates. 

Micro UAVS such as the DJI M300 have operational limitations. For example, maximum wind 

speeds cannot exceed 43kmph and extreme desert temperature may ground flights, and in 

general a limited flight time and limitation to carry heavy loads. Specifically, in this sand-dunes 

project environment to ensure the daily QC collection target of 99% are being met, HyperQ 

land vehicle-based methods have been used to augment the drone yield. This is an evolutionary 

pathway to improve drone QC collection to overcome these limitations with fewer battery 

replacements and longer range drone operation. Possible evolution paths include using a faster 

and longer-range fixed-wing mini and micro-UAVs with Vertical Take-Off and Landing 

(VTOL) capabilities. Additional advantages are fewer rotors that result in less wear and tear; 

quieter in-flight operation; rotors that are shielded by the frame and less likely to be damaged 

or cause damage. Additional potential drone applications include aerial photography for 

planning operations; visual reconnaissance videography for dozer path planning; and 

reconnaissance of the changing landscape in the Al Rub’al Khali due to shifting sands.  

References 

1. PDO UHP paper. Need citation.

2. Selvakumar A. et al, [2022] Innovations in Seismic Nodal Field QC Collection and Operation. SEG Land and

Shallow Water Acquisition Workshop, June 20-22, 2022, Dubai, UAE.

Summit on Drone Geophysics 25-28 2022 47



Classification of Magnetic domains using Machine learning on UAV Magnetic data collected 
over the Crestone Crater. 

Josh Sellers, Seequent 

 

There is an increase in the collection of high-quality magnetic data from Unmanned Aerial Vehicles 
(UAV). This data can often be underutilized, resulting in the end user not extracting the entire value 
from their data.  
Time consuming manual processing and quality control workflows pose a challenge for geoscientists 
looking to produce higher value products from their raw data.  This includes geophysical inversion to 
create 3D representations of the subsurface, and machine learning applications to classify trends and 
increase confidence in their interpretations.  

Seequent provides a suite of tools inside Oasis montaj that enable rapid processing and QC of the raw 
UAV magnetic data including planning, processing, merging sorties, tie line levelling, and more to 
prepare the data for advanced interpretation.  

In this presentation we’ll look at a UAV Magnetic dataset collected over the Crestone Crater in Colorado 
to show how we can quickly prepare our data for inversion using the UAV Geophysics extension and 
improve our understanding of the subsurface through Magnetization Vector Inversions (MVI) and Self 
Organizing Maps (SOM) to automatically classify magnetic domains. 

 

Speaker Bio: Josh Sellars, Project Geoscientist at Seequent.  

Josh is a Geoscientist specializing in geophysical processing, interpretation, and geological modelling for 
exploration and feasibility studies of Geothermal and Hydrocarbon resources. He holds a bachelor’s 
degree in Geophysics from Memorial University.  

Josh joined Seequent in 2017 and is based in Vancouver, Canada. In his current role as Project 
Geoscientist he contributes to training, support, and technical advice to Seequent clients and partners in 
North America.   

Integration and management of data from multiple fields of geoscience is key to developing a holistic 
understanding of the subsurface, which is Josh’s focus in his current role at Seequent  
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