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Definiton of «Near Surface»

Credit: USGS

«Near-surface geophysics is generally defined as the
use of geophysical methods to investigate the upper
few meters to hundreds of meters of the Earth's
crust.»

The word «Near» is relative
• Everett (2012) defines it <1km
• and in this presentation it is limited

to ~10 meters

(very very near surface)
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Near Surface Applications

Concrete quality, road/bridge pavements, civil eng., uxo detection
Infrastructure-facility detection

Forensic Investigations

Agricultural Investigations

Several centimeters:

Several meters:

~100 meters:

Polar, Climate-change investigations, Geological investigations
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Extraterrestrial investigations
Geotechnical & Soil Investigations

Archaeological prospection
Environmental investigations
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Archaeological Places In Turkey

Hittite Empire (1650-1200 BC)

Ephesus, Miletos, 
Milet, Didyma

Çatalhöyük (7000BC) 
(first bread wheat)

Göbeklitepe
(~10000BC)

Troy



EMIW2022

Near surface EM technologies – Archaeological and environmental applications | Akca. I | EMIW2022 | 11-18 Sept. 2022 | Çeşme

Archaelogical Prospection

• An archaeological excavation can be conducted only once and destroy the 

experiment site irreversibly.

• European Convention on the Protection of the Archeological Heritage: 

• «…scientific and non destructive methods of investigations are applied wherever

possible.»

• Geophysical investigations provides that non-destructive solution.

• Magnetic

• Resistivity

• Electromagnetic

• Graves / Walls of any structures / Cavities / submerged features … 

Credit: Patara Excavations

(Trinks et al. 2017)

Akca et al. (2017) 
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Archaelogical Prospection

(Akca et al. 2017) (Al Saadi et al. 2018)
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Archaelogical Prospection

(Herbich and Spencer, 2008)

Trinks et al., 2012 

Gaffney, et al., 2018 

• Magnetic method provides a single data for each location : no depth resolution
• Application of resistivity method is time consuming and requires several workers
• They are not EM methods…
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Expectation from Geophysicists

A sign of 
presence

A section of 
structures

Tomography
of features

>1940s 1980s 2000s

3S (Becker, 2009)
• Speed
• Sensitivity
• Spatial Resolution

Ground Penetrating Radar 
(GPR)
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Ground Penetrating Radar (GPR)

(Dong and Ansari, 2011)
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Ground Penetrating Radar

2.7GHz

8 meters

0.5 meters

100-800MHz

Tx
Rx

Fr
eq

u
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cy

Resolution

Penetration Depth
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GPR in Archaeological Prospection

Trinks et al. (2018)

2.5 D

Conyers, L. (2013) introduces GPR into archaeological prospection in 1970s.
Reading: (Annan 2009, Goodman and Piro ,2013) 
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GPR in Archaeological Prospection

Depth ~1m Roman villa near Sienna, Italy (Campana et al. 2006)
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Developments

1. Survey speed

2. Measurement Sensitivity

3. Spatial Sampling

4. New Application Areas

Specialized CARTS with
GPS integrated

Multi-channel GPR Systems
&| Antenna Arrays

Airborne GPR : Drone or
UAV based

Marine & Submarine Applications

RIMFAX GPR on MARS
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Developments

Survey speed - Spatial Sampling

High-resolution

Cross-line spacing In-line spacing
(trace spacing)

D £ min max/ 4x v f

Frequency (MHz) Trace Spacing (cm)

100 10-20

250 5-10

500 2-5

Grasmueck, Weger and Horstmeyer (2003,2005)
~50cm

High-definiton ~25cm

UHD ~5cm
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Developments

Specialized CARTS with GPS integrated

5000 m2/day 1 person
Georeferenced data, 
denser data collection
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Example from Patara
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GPR Carts
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Multi Channel GPR Systems
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Multi Channel GPR Systems

Multi-offset (3D)Multi-static

TX

RX

5-10cm

8 to 25 channels

See Berard and Maillol (2008), Booth,
Linford, Clark, and Murray, (2008) for
studies on measurements with different
sequences of TX RX pairs.
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Georeferencing –Position Data
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Multi Channel GPR Systems Examples

Trinks et al. (2018)
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Multi Channel GPR Systems Examples
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Multi Channel GPR Systems Overview

• 1.5ha / hour (15000 sqm - 12000sq.yards)
• Resolution of centimeters

• Handling / processing of huge amount of data
• Transporting vehicles /antennae
• To achieve benefits the terrain should be quite

flat and free of obstacles
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Airborne GPR UAV’s and Drones

Credit: USGS
Gravity, Magnetic, Electromagnetic, Radiometric
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Airborne GPR UAV’s and Drones

Chamola et al. (2021)

Heavy lift drones, payloads
~100kg

• LIDAR
• Standart RGB cameras
• Spectral / Hyperspectral

cameras
• Thermal cameras
• Magnetic sensors
• …
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UAV’s and Drones

SENSYS MagDrone R3 magnetometer
Payload is ~1kg

(Gavazzi et al. 2021)Oedenbourg (France). (Wells, J., 2020)
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Airborne EM UAV’s and Drones

Stoll, et al., (2019)
Kotowski, et al., 2022)
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Airborne GPR UAV’s and Drones
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Airborne GPR UAV’s and Drones

Airborne GPR

Onboard
GPR is a part of drone or UAV

Payload
Drone is a carrier for classical

GPR antennas
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Airborne GPR UAV’s and Drones
Garcia-Fernandes, et al., (2019)

fmin = 600 MHz
fmax = 3 GHz
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Airborne GPR UAV’s and Drones

Noviello, et al., (2022)
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Airborne GPR UAV’s and Drones

Noviello, et al., (2022)
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Airborne GPR UAV’s and Drones

http://www.radarteam.se/
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Airborne GPR UAV’s and Drones
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Airborne GPR UAV’s and Drones

Noviello, et al., (2022)

Flight Dynamics 
(speed/altitude/stability) Flight height /clutter effects /air soil reflections
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Airborne GPR UAV’s and Drones
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Airborne GPR UAV’s and Drones

Drone it GmbH - 80MHz
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Airborne GPR UAV’s and Drones



EMIW2022

Near surface EM technologies – Archaeological and environmental applications | Akca. I | EMIW2022 | 11-18 Sept. 2022 | Çeşme

Overview of UAV-Drone Based GPR

• UAV’s or and drones are gaining more and more capabilities day by day
(Autonomous flights, payload capacity, stabilization, accurate positioning,
endurance, etc).

• Based on the above developments EM sensors/devices are mounted on the vehicles.

• As of today's situation, these systems seem to be used mostly for searching for
near-surface objects (UXO, landmines )and for research in areas covered with
snow and ice.

• High frequency antenneas seem to produce better results therefore penetration
depth/resolution is not enough for archaeogical prospecting yet.
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UGV + GPR
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UGV + GPR

Lever, et al., (2012)

YETI
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Waterborne or Underwater Surveys

Ruffell ve Parker (2021)

https://www.malagpr.com.au/underwater-gpr.html

Critical issues:
Water column height
Conductivity of water



EMIW2022

Near surface EM technologies – Archaeological and environmental applications | Akca. I | EMIW2022 | 11-18 Sept. 2022 | Çeşme

Waterborne or Underwater Surveys
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Waterborne or Underwater Surveys
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Waterborne or Underwater Surveys
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Summary and Conclusions

• Although there exist other EM methods such as VLF/HLEM/TDR GPR is dominated the
near surface investigations due to reccent developments and its superiority about 3S
(Speed-Senstitivity-Spatial Resolution)

• Numerous examples of the GPR method can be found in the literatur about the investigation
of archaeological sites.

• Because of the success of the method on imaging near surface in 2D and 3D, further
developments achieved as multichannel instrumentation, UAV or drone-based systems.
Latter is still under development.

• Process of the GPR data reached to a standart but there are still developments in visualization,
handling large size data volumes, image/volume rendering etc.

• UAV based EM systems are useful for detecting UXO, snow layer thickness but not
archaelogical features yet. But UGV’s are good solutions for ground autonomous GPR
measurements.

• Unverwater/water level measurements at fresh water environments produce good results
depending on the water column height and resistivity of water.
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