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Abstract – In this study, a demonstration of the ground 

penetrating radar (GPR) potential in the health 

monitoring of a matured tree has been given. The 

main objectives of the research were to provide an 

effective mapping of the tree roots as well as reliable 

simulation scenarios representing a variety of possible 

internal defects in terms of shape and formation. To 

these purposes, the soil around a 70-year-old fir tree, 

with a trunk circumference of 3.40 m and an average 

radius of 0.55 m, was investigated. A ground-coupled 

multi-frequency GPR system equipped with 600 MHz 

and 1600 MHz central frequency antennas was used 

for testing purposes. In addition to the above 

objective, finite-difference time-domain (FDTD) 

simulations of the electromagnetic field propagation 

through the cross-section of a trunk (consistent with 

the investigated fir tree) were carried out. A variety of 

defects representing cavities created due to decay were 

also simulated. The results from the simulations 

proved significant potential for the interpretation of 

complex decay phenomena within the trunk. 

 I. INTRODUCTION 

The sensibility towards environmental issues along 

with the attention on preserving natural heritage, 

especially ancient trees and rare plants, has greatly 

increased, and the management and control of the 

forestall heritage and the floral system has become 

accordingly a high-priority objective to achieve. One of 

the main factors of tree decay which originally gained 

public attention is the presence of unknown pathogens 

carried along by the wind, which can lead to epidemic 

phenomena and often to a quick death of entire forests 

[1]. In such an emergency situation, two main approaches 

can be followed, namely, i) active measures, i.e., the 

avoidance of any contact between the pathogenic spores 

and the trees using bio-security measures at the 

boundaries of the interested region/country, and ii) 

passive measures, i.e., the application of policies for the 

control and the management of the forestall heritage 

aimed at identifying the early-stage symptoms of disease 

and the eradication or the limitation of their impacts [2]. 

Since the latest approach is based on the monitoring of 

living trees, invasive methods of health assessment such 

as cutting off branches or incremental coring are 

increasingly discouraged, and a non-destructive 

assessment proves to be the only option to undertake. 

Among the available non-destructive testing (NDT) 

methods, ground-penetrating radar (GPR) is gaining 

momentum due to the high versatility, rapidity of data 

collection and the provision of reliable results at 

relatively limited costs [3, 4]. 

GPR is a geophysical non-destructive method that can 

be traced back to the nineteen fifties [5] and, historically, 

its first major use was in demining operations [6]. Due to 

the large availability of antenna configurations and the 

technological developments of the hardware and software 

components, it is now used in a wide range of disciplines, 

spanning planetary explorations [7], civil and 

environmental engineering [8, 9], geology [10], 

archaeology [11], forensic and public safety [12], 

agricultural and forestry sciences [13, 14]. 

The first application of GPR in tree health monitoring 

can be traced back to 1999 and relates to the mapping of 

tree root systems [15]. From that time onward, several 

GPR applications followed and were focused on the 

analysis of the complexities of trunk and root systems. 

With regard to the investigation of tree root systems, the 

research was mostly focused on the assessment of the 

root diameter [16], biomass [17], coarseness [18] and 

pattern in complex urban areas [19]. For the investigation 

of the tree trunks, factors like the inner structure [20, 21], 
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the anisotropy (grain orientation) [22, 23], water content 

[24] and the frequency of the applied electromagnetic 

(EM) field [25] were mostly analysed. Research was 

focused on survey techniques such as the use of planar 

[26] or arc [27] perfect electric conductors (PEC). On the 

contrary, the use of the numerical simulation of the GPR 

signal for the interpretation of the geometric and physical 

characteristics and decay processes of trunks [27] is much 

more recent. 

 II. AIMS AND OBJECTIVES 

The aim of this research was to demonstrate and 

investigate the effectiveness of the GPR in the health 

monitoring and assessment of trees and tree roots and soil 

interaction. The main objectives of the research were:  

 to provide an effective method of mapping tree roots 

as well as to establish reliable simulation scenarios 

representing possible internal defects in the tree 

trunk (in terms of shape and formation);  

 to create a set of finite-difference time-domain 

(FDTD) simulations of the electromagnetic (EM) 

field propagation through the cross-section of a tree 

trunk. 

 III. METHODOLOGY 

 A. Investigation of the tree root system 

1) The Survey Technique 

The soil around a 70-year-old fir tree, with a trunk 

circumference of 3.40 m and an average radius of 0.55 m, 

was investigated. 9 circular scans, 0.30 m from one 

another, were carried out all around the tree 

circumference from 0.50 m the outer surface of the bark. 

A ground-coupled multi-frequency GPR system equipped 

with 600 MHz and 1600 MHz central frequency antennas 

was used for testing purposes. Data were acquired using a 

time window of 40 ns and 512 samples. The horizontal 

resolution was set to 2.4 × 10
-2

 m. In order to reach the 

maximum penetration depth of the root system, only the 

600 MHz frequency was considered for data processing 

purposes. A swept circle area with an outer radius of 3.45 

m and an inner radius of 1.05 m was finally scanned. 

 

2) The Signal Processing Scheme 

Four main steps were carried out to identify the tree 

root system under the investigated area. First, signal noise 

filtering was applied by the sequential use of time-zero 

correction, zero-offset removal and bandpass filtering. 

Second, background removal was applied to filter out the 

reflections from the flat layers. One of the main effects of 

this filter was to remove the reflection from the ground. 

In the third step, the GPR scans were converted from the 

Cartesian to the polar coordinate system. Hence, a three-

dimensional (3-D) cylindrical domain with origin at the 

intersection between the vertical axis of the tree trunk and 

the ground plane was built. 

 

Fig. 1. Circular scans performed around the investigated 

70-years old fir tree. 

Finally, an amplitude threshold was set according to 

literature values for similar trees in highly-wet conditions 

[24], which were related to the presence of roots. This 

allowed to filter out from the 3-D matrix the amplitude 

values not likely related to the tree roots. 

 B. Numerical Simulations 

A tree trunk section with geometric characteristics 

similar to the actual fir tree was reproduced using 

numerical modelling. To this effect, the numerical 

simulator package gprMax 2D was used [28]. The design 

of the gprMax models and their distributed execution on 

multicore machines was aided by the freeware tool 

E2GPR [29].  

The cross-section of the trunk was represented by non-

concentric rings. One transmitter tx and one receiver rx 

were initially positioned at θ = 0°, as it is indicated in Fig. 

2a. The FDTD simulations were run counter-clockwise 

from θ = 0° to θ = 360° along the circumference 

inscribing the tree trunk cross-section. The side of the 

square inscribing the mentioned circumference was 1 m, 

such that the radius of the simulated trunk was 

approximately 0.5 m. With regard to the reference 

(undamaged) trunk cross-section (i.e., Scenario 0), 

permittivity values that increased from the bark (εr = 4) to 

the heartwood (εr = 22) were assumed (see the legend in 

Fig. 2a). This was done to make the dielectric boundary 

conditions of the materials more representative of the 

physical conditions of the tree trunk in a humid 

environment at the peak of the daylight (i.e., actual 

testing conditions). Furthermore, a variety of defects 

representing rotting and cavities created due to decay was 

simulated. Three different scenarios were considered in 

this study: i) concentric damage representing the action of 

rotting in one of the inner rings (i.e., Scenario I, Fig. 2b); 

ii) air cavity at the boundary area between 

heartwood/most internal ring (i.e., Scenario II, Fig. 2c); 

iii) rotten cavity at the boundary area between 

heartwood/most internal ring (i.e., Scenario III, Fig. 2d). 
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Fig. 2. Modelled cross-section of the tree trunk: 

undamaged case (Scenario 0) (a); with a concentric 

(rotten) damage (Scen. I) (b); with an air cavity at the 

boundary area between heartwood/most internal ring 

(Scen. II) (c); with a rotten cavity at the boundary area 

between heartwood/most internal ring (Scen. III) (d). 

 IV. RESULTS AND SHORT DISCUSSION 

 A. Investigation of the tree root system 

From the 3-D cylindrical domain obtained by the 

aforementioned processing scheme, several visualisation 

modes were extracted. Figure 3 shows one B-scan 

extrapolated radially at one generic position within the 

investigated swept circle area. In addition, the use of 

tomographic amplitude maps (e.g., Fig. 4) allowed for a 

more comprehensive interpretation of the data from 

shallow depths up to a maximum depth z = 1.56 m. 

The processing scheme mentioned in Section III was 

followed for the visualisation of the tree root system. The 

red spots in the 3-D view depicted in Fig. 5 represent the 

pattern of the tree roots as per the threshold defined 

above. For the sake of consistency, the coordinates of 

these points were double-checked with the positions of 

the hyperbola apexes identified in the collected B-scans. 

 B. Numerical Simulations 

The results from the simulations demonstrated 

significant potential for the interpretation of complex 

decay phenomena within a tree trunk. 

 

Fig. 3. Radial B-scan processing: scan within the swept 

circle area (a) and relevant extrapolated B-scan (b). 

 

Fig. 4. Tomographic amplitude map extrapolated from 

the 3-D cylindrical domain at depth z = 79 cm. 

 
Fig. 5. Three-dimensional view of the tree root system 

after the application of the dedicated signal processing 

scheme. 

 

With regard to the reference (undamaged) cross-section 

(Fig. 6a), the reflected waves from the interfaces between 

the rings are clearly visible.  

On the contrary, in the case of the rotten ring (i.e., the 

concentric damage) (Fig. 6b), the waves are reflected 

from the higher permittivity contrast, which hides the 

reflections from the inner rings.  

In the case of Scenario II (i.e., the cross-section with an 

air cavity at the boundary area between the heartwood 

and the most internal ring) (Fig. 6c), it is clearly visible a 

wave reflected at the air cavity area.  

The reflections coming from the forward ring interfaces 

are still visible. A similar bouncing at the damage 

interface with no further distinctions of the forward 

reflections from the rings is instead shown at Scenario III 

(i.e., cross-section with a rotten cavity at the boundary 

area between the heartwood and the most internal ring) 

(Fig. 6d). 
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Fig. 6. Snapshots of the electric field intensity: Scenario 

0 (a); Scenario I (b); Scenario II (c); Scenario III (d). 

 V. CONCLUSION 

This paper reports a demonstration of the ground 

penetrating radar (GPR) potential in the health 

monitoring of a matured tree. The main objectives of the 

research were to provide an effective mapping of the tree 

roots as well as reliable simulation scenarios representing 

a variety of possible internal defects in terms of shape 

and formation. In view of the above, the soil around a 70-

years old fir tree, with a trunk circumference of 3.40 m 

and an average radius of 0.55 m, was investigated. A 

ground-coupled multi-frequency GPR system equipped 

with 600 MHz and 1600 MHz central frequency antennas 

was used for testing purposes. The here proposed signal 

processing scheme allowed to track the tree root system 

with the 600 MHz antenna frequency after cross-checking 

the identified path with the position of the hyperbola 

apexes within the collected B-scans. 

In addition to the above objective, finite-difference 

time-domain (FDTD) simulations of the electromagnetic 

field propagation through the cross-section of a trunk 

were carried out. To this purpose, the numerical simulator 

package gprMax 2D was used. The freeware tool E2GPR 

aided the design of the gprMax models and their 

distributed execution on multicore machines. 

Furthermore, a variety of defects representing cavities 

created due to decay was simulated. The results from the 

simulations demonstrated significant potential for the 

interpretation of complex decay phenomena within the 

trunk. In more detail, the presence of rotten areas and air 

cavities with high permittivity contrast between the 

surrounding materials was clearly detected. Furthermore, 

the ability to hide further (expected) reflections from the 

next interfaces was a distinctive feature of the presence of 

rotting within the trunk cross-section. 
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