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Abstract. Underground object detections usually employ ground penetration radar (GPR).
However, GPR produces data taken only from the earth's surface. This paper proposes radio
through the earth (TTE) propagation path or received signal profile for three-dimensional
detection. The propagation model and the three-dimensional propagation line equation are
employed. Collections of transmission paths are classified into two-part, blocked and
unblocked signals. Both classified signals are compared for signal processing. The study
reveals that a number of the transmission path is a function of vertical edge to probe n, the deep
of edge I, and transmitter step s. It is suggested the blocked signal paths are used for signal
processing analysis as the volume is usually smaller than the evaluated space.

1. Introduction

Underground object detection is an interesting subject for many reasons such as dangerous material
detection finding precious materials or searching archeological objects [1]. The object detection was
initially performed by using automatic sorting system [15] or the electromagnetic induction (EMI)
method [2] which mainly works only for metallic materials. The method relies on the radiated
electromagnetic field and is sensitive to temporary magnetic induction. The most popular method is by
receiving the reflected signal from the radio transmitter. This method is employed generally for radar.
Underground object detection uses special radar which is called ground penetration radar (GPR) [3].
GPR is not only able to detect metallic materials, but also other non-conductive materials. Another
technique is by using a time-domain reflectometer (TDR) [4] and capacitance measurement [5] which
are mainly to explore land properties like mineral content.

GPR as the most popular device for underground object detection works just like normal radar or
sonar. GPR measured electromagnetic reflection on the subsurface environment. GPR is able to detect
any objects as long as the reflected wave strong enough to be received and analyzed. Even dough,
GPR sensitivity changes over the earth's characteristics and depending upon signal processing.
Torrione et al. [6] divide GPR research into three types: model inversion, explicit hyperbola detection,
dan statistical feature-based techniques. GPR is now widely used for ground and surface explorations.

This paper proposes the use of through the earth radio (TTE) submerged into the earth to
determine the underground object by analyzing the propagation paths and received signals. TTE uses
low frequency to develop a link between the earth's surface and underground site [7]. TTE is able to
develop communication up to 300 m for voice communication and 600 m for text transmission. TTE
usually used a frequency of 3150 Hz to 4820 Hz [8] employing single-sideband (SSB) or frequency
shift keying (FSK). Some radios are equipped with higher facilities such as noise cancelation [9].
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Commercialized TTE radios were mentioned in [10]. This paper focuses on examining radio
propagation paths that are considered in signal processing to model underground object detection.

2. Research method

This paper models the underground object detection by using TTE radio by employing the
underground propagation model, describing the mathematical model for the propagation line, and
comparing the two types of propagation paths for signal processing. The following subsections discuss
the propagation model, mathematical expression of propagation path, and strategy in obtaining the
compared propagation paths.

2.1. Model for predicting underground propagation
The approximated underground propagation model uses received power prediction by using Friis
equation which considered transmit power, antenna gain and propagation loss [11]:

P.(dBm) = P(dBm) + Gi(dB) + G(dB) - Lo(dB) (1)

This propagation loss is approximated based on distance (d in km) and frequency (f in MHz) as in
Equation2 [11]:
Lo(dB) =32.4 + 20 log(d) + 20 log(f) 2)

Since Equation 2 is generally used for line of sight propagation, the additional factor (L,) should
correct the Friis equation which is taken by considering the ground properties, so that the received
power level is then approximated by:

P.=P+G+G—-L, 3)

The corrected loss factorL, is a combination of space loss Loand the ground loss Ls. Ls should
consider underground signal speed, scattering, and distortion which differ from air propagation. L is
reconstructed by L, and Lg. The a is attenuation constant ((in 1/m) that changes over different ground
characteristics, f(in radian/m) is a phase shift caused by the ground. L is formulated as in Equation 4

[11].
Ls = 8.69ad + 154 — 20 log(f)(Hz) + 20log(B) (6)

Constant o and 3 are approximated as [4]:

a—w\/%g[ 1+(€%)2—1 7)
B=mj“7€'[ 14+(£) +1 ®)

wherew = 2nf, p is magnetic permeability and € and €’ are the real and the imaginary value of
permittivity. Most ground permeability is assumed as free space: u = po and po =1 [12].

2.2. Model for propagation line

This paper considers line mathematical model in three-dimensional space described by [13].The line L
through the point P(xo, yo, o) and is parallel to the vector v =< a, b, ¢ >, consists of all points Q = (x,
y, z) for which the vector PQ is parallel to v can be analyzed as follows (Figure 2). Line connecting
points P and Q is PQhas vector PQ=<x-xo, y-yo, z-zo>. Since PQ parallel to v, then, PQ=t v, where t is
a scalar. ThereforePQ=<x-xo, y-yo, z-Zo>=t v =<ta, t b, t ¢ >. The solution of this equation reveals
line equation as:
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<Xy, 2> = <x0+ta, yo+th, 20+ tc> )
- Q: (x,.2)
r=<Xy.z>
L

v==a, b, c=

X
Figure 1. Three-dimensional line model [13].

2.3. The 3D model for separated transmitter and receiver

In order to describe the received signal graphically, some consideration is taken into account. The
three-dimensional room which is evaluated is assumed to have a cubical shape with edge size of /.
Transmitter and receiver are sequentially put on the different n vertical edge. Transmitter and receiver
positions are changed in the step of size s so that the signal flows in various paths.

The ground material is assumed to be homogenous. Signal level consideration for directly
received level is initially considered up to 90% of the maximum signal level, otherwise, the signal is
assumed to be blocked. Other percentages are also given. The detected underground object is the
shape formed by the intersection points of the transmission paths. Figure 2 shows the construction of
the model. The evaluated space/room size is Sm x 5Smx 5 m (/= 5 m). The step size s = 10 cm. A
number of vertical edges, n = 4. Previous work [14] showed that the closest value of the propagation
model to experimental measurement was when the real part of permittivity (€°) is 2.

The radio is set to use 109.8 MHz as propagation is more direct with 17 dBm transmit power,
antenna gain 2.2 dB for both transmitter and receiver. The object is a cubical box size of 0.5 m x 0.5 m
x 0.5 m put in the middle of the room. The simulation set up using python and matplotlib is shown in
Figure 2.
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Figure 2. Underground space and object.

3. Modeling results and discussion

Figure 3a shows the propagation model in the form of propagation loss in dB changes to the distance
in meter. Loss increases rapidly in near field area up to 1 m, then grows steadily, even almost linearly.
The graph shows distances only up to 10 m. The received signal is calculated and depicted in Figure

3b.
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Figure 3. Propagation loss to distance.

Figure 4 shows simulation 2 transmitter and receiver positions for evaluated space/room edge / =5
m, number of vertical edge #n=2, steps s = 1 m. There will be 6 positions for transmitters and 6
positions for the receiver. The signal propagation path is 36 transmission paths. Therefore, a number
of transmitter-receiver position can be calculated as:

pos = (l/s + 1).71 (10)

A number of the transmission path, p, can be approximated as the unrepeated two-combination of
vertical edge multiplied by the square of the number of positions in every edge by using Equation 11:

p=3) (/s+1)? (11
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Figure 4. Sample signal propagations from transmitter to receiver.

From 2 samples of transmitter and receiver positions, there will be at least two signals blocked by
the underground object. If the path is denoted by p;; where i is transmitter position and j receiver
position, the p;; is defined as in Equation 12 with f is threshold percentage to be considered as a signal
through.

o {Blocked, if B < f.Prmaxij (12)
Pij = Through, if P. > f.Prnax i

It is advised that transmission paths that are used for signal processing to determine the detected
underground object the signal with the lowest components. If the detected object is large enough
compared to the observed space, then the through signal should be used, otherwise, the blocked signal
is a better choice. Since it is common that the observed space is much larger than the detected object,
it is suggested that blocked transmission paths be used to determine the detected object. Simulation
evaluation uses the following pseudocode (Figure 5) for determining the underground object.

for (i=@; i<number_of position; i++)
for (j=8;j<number_of_position)
if (1t=3){
MaxReceivedPower(i,j)=PropagationModel;
Check Blocking uses Propagation_Line Mathematic_Expression;
if(Blocked)
AddReflectionDifractionPower;
if (ReceivedPower(i,j)>f*MaximumPower(i,j))
P(i,j) is through;
else
P(i,j) is blocked;

Figure 5. Pseudocode for blocked and through signal determination.

Figure 6 shows the three-dimensional figure of the simulated underground object detection uses
evaluated space/room edge / = 5 m, number of vertical edge n= 4, steps s = 10cm. There are 15,606
transmission paths, in which at least 228 transmission paths are blocked. These signals can be used in
signal processing to determine the shape of the object.
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Figure 6. Transmission paths for /=5 m, n =4, and s = 10cm.

The next step is to model object prediction based on the blocked signals so that the underground
object is precisely described. However, this topic is covered in future work.

4. Conclusions

This paper has presented propagation path consideration when using TTE to detect an underground
object by using the propagation model and some three-dimensional tools, including mathematics and
programming language. The study reveals that a number of possible transmission paths to assess
object position is a function of vertical edge to probe n, the deep of edge 1, and transmitter step s. It is
suggested the blocked signal paths are used for signal processing analysis as the number is smaller.
Future work will deal with object modeling.

Acknowledgment
This research has been supported by DRPM DIKTI under the scheme of Penelitian Dasar Unggulan
Perguruan Tinggi research grant 2019.

References

[1] Conyers L B. “Interpreting ground-penetrating radar for archacology”, Routledge, 2016.

[2] Yongbo W and ChenT. "Deep buried metal pipeline detection using frequency domain
electromagnetic method." In AGU Fall Meeting Abstracts. 2018.

[3] Katerina Z and Tomas C. "Application of ground penetrating radar methods in soil studies: A
review." Geoderma 343 (2019): 116-129.

[4] Burkes, K W, Elham B M, and Ramtin H. "Water tree detection in underground cables using time
domain reflectometry." IEEE Power and Energy Technology Systems Journal 2, no. 2
(2015): 53-62.

[5] Liu Y H, Yunzhi H, Rui T, and Beibei W. "Application of interdigital capacitive sensors for
detecting power cable insulation damage." In 2015 IEEE International Conference on
Mechatronics and Automation (ICMA), pp. 1795-1799. IEEE, 2015.

[6] Torrione, P.A., Morton, K.D., Sakaguchi, R. and Collins, L.M., 2014. Histograms of oriented
gradients for landmine detection in ground-penetrating radar data. IEEE Transactions on
Geoscience and Remote Sensing, 52(3), pp.1539-1550.



ICCAI 2019 IOP Publishing
Journal of Physics: Conference Series 1566 (2020) 012003  doi:10.1088/1742-6596/1566/1/012003

[7] Carrefio, J, Silva L., Neves S, Aguayo L, Braga A.J., Barreto A.N. and Garcia LU. 2016.
Through-The-Earth (TTE) Communications for Underground Mines. Journal of
Communication and Information Systems, 31(1).

[8] Ralchenko M, Svilans M, Claire S, and Roper M. "Finite-difference time-domain modelling of
through-the-Earth radio signal propagation."” Computers & Geosciences 85 (2015): 184-195.

[9] Yenchek MR., Homce GT, DamianoNW, and Srednicki JR.. 2012. NIOSH-sponsored research in
through-the-earth communications for mines: a status report. IEEE Transactions on Industry
Applications, 48(5), pp.1700-1707.

[10] G. S. et al., “To the rescue!” World Coal, 12 2010.

[11] Ian FA.“Signal propagation techniques for wireless underground communication networks”.
United States: Elsevier., 2009.

[12] Takahashi S, Igel K, Preetz J, Kuroda H. “Basics and application of ground-penetrating radar as a
tool for monitoring irrigation process,” Probl. Perspect. challenges Agric. water Manag.,
2012.

[13] Stewart, J. (2009). Calculus: Concepts and contexts. Cengage Learning.

[14] Suherman S, RambeA H, Mubarakah N, Widodo A.“Radio through the Earth Measurement on
Frequency of 109.8 MHz” Icosteerr, 2018.

[15] Yunardi, Riky Tri. "Contour-based object detection in Automatic Sorting System for a parcel
boxes."International Conference on Advanced Mechatronics, Intelligent Manufacture, and
Industrial Automation (ICAMIMIA), pp. 38-41. IEEE, 2015.



