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Abstract: In this paper, development of through-the-earth communication technologies is summarized, as well as the
operating principles and performances. The propagation loss, frequency band and power efficiency are also analyzed. We
can know that among these technologies, the antenna induction method is more popular, but the communication system with
ground electrodes is more promising due to its high energy efficiency. The communication with elastic wave (seismic) is not
suitable for emergency communication when the accidents of rock burst or land slide occur.
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0 Introduction

Mineral resources are main energy source for
human beings, and mining can be divided into two
categories of open mining and underground mining.
Relative to open mining, underground mining is
faced with an extremely complex and dangerous
environment, especially possibilities of accidents,
such as gas explosion, fires, flooding. These acci-
dents often make existing ways of communication
channels destroyed, and the position of trapped
miners can not be reached, which delay the post-di-
saster relief. Through-the-earth communication
adopts the layer medium as the communication
channel, which is not affected by accidents. So the
way can be effective to keep contact with the
ground for the underground, and can be an emer-
gency communication when disasters occur. Now
studies of through-the-earth communication at home
and abroad are divided into three kinds: antenna in-
ductive coupling near-field communication (NFC),
communication with ground electrodes and commu-
nication with elastic wave. The way of antenna in-
ductive coupling is the best developed. Most studies
focuse on it, and it also has stable products. Current
communication systems are all in the ways of anten-
na inductive, except E-Spectrum which is the way
with ground electrodes.

There are not many persons engaging in the re-
search of elastic wave through-the-earth communi-
cation. Our group has taken part in the elastic wave
through-the-earth communication since 2008, and
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has made some achievements. But there is no relat-
ed product by using this way, and it cannot support
voice communication yet. Although low-frequency
electromagnetic wave method developes well and
supports voice communication, it needs the large
size loop antenna and the big transmiting power.

1 Communication with antenna induc-
tive coupling

The communication of using low-frequency elec-
tromagnetic wave penetrating stratum was first
proposed by Nicola Telsa in 1899. Since then, in the
1930s, American Bureau of Mines organized experts
made many attempts and published a series of
research reports in department of the interior, but
the first set of through-the-earth communication us-
ing low-frequency electromagnetic wave was devel-
oped by South Africa™ .

The United States launched researches of through-
the-earth communication after the WWIL
W.C. Pritchett gave the attenuation datum of RF-
electromagnetic wave (1.65 MHz) through-the-
earth: the average attenuation of limestone is about
0.086 Neper/feet (2.49 dB/m), and the average at-
tenuation  of  shale is  0.231 Neper/feet
(6.6 dB/m)"*. Since the 1970s, with the fundings
of Bureau of Mines, R Wait and G Geyer have
made lots of researches on electromagnetic wave
propagation through-the-earth, and got coupling
formula of the receiving antenna intensity of mag-
netic field*”'. The conclusions are: (1) when the
earth is completely insulating medium, the vertical
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magnetic field intensity of receiving antenna is high-
er; (2) when the conductivity of earth medium is
higher, the vertical magnetic field intensity of re-
ceiving antenna is in low level; (3) when the trans-
mitted frequency is higher, vertical magnetic field
intensity of the receiveing antenna is lower.

The main architecture of through-the-earth
communication system with loop antenna is shown
in Fig. 1.

Loop antenna

N\ Loop antenna
in mine entry

Fig.1 The schematic diagram of through-the-earth
communication with antenna inductive

The former Soviet Union published many papers
and research reports about the underground commu-
nication, and convened meetings all over the
country. In 1981, M @ Oropoaneituyk'®’ published the
monograph which totally summarized research re-
sults in the field of mines of low-frequency commu-
nication of the former Soviet Union. Then, the re-
search was stagnated before the former Soviet
Union. From the 1980s to the 1990s, John Durkin
from America carried on many researches about the
ground conductivity and electromagnetic wave
transmission, and set up a ground medium model on
the basis of actual measurement data”'". He got
the conclusion that the speed of signal (630 Hz)
attenuation was 0.09 dB/m, which was smaller than
the value of theory forecast.

On the application side, Australian Mines Site
Technology Company developed the PED emergen-
cy command paging system in the 1990s, whose one-
way penetration distance could reach 800 m, and
normal communication rate was 0. 5 byte/s. And
Canadian Vital Alert Company also launched their
Canary series of through-the-earth communication
products. In 2005, Barkand tested and researched
on the “Telemag” system in a limestone mine and a
running coal mine respectively, which is a half-du-
plex communication prototype system. The system
used a bandwidth of 500 Hz to achieve real-time
voice communication'""'. Then, PED and Canary
systems also illustrated that they could realize a
short voice communication. Lockheed company,
Stolar Horizone company and Ultra Electronics

company have developed their own through-the-
earth communication system since 2011"""

The aspect of the research is not much yet in
China. SI-TU"' and TAO"*"™ studied on schematic
design  of  through-the-earth  communication.
ZHANG"® researched of working frequency, medi-
um conductivity, transmitting antenna size, shape
and its placement on the influence of underground
electromagnetic wave propagation in the case of a
large loop antenna, which was mainly theoretical
research.

2  Communication with ground elec-
trode

The communication mode uses low-frequency
current signal to communicate, in which the sender
and receiver use two groups of electrodes inserted
into the underground to send and receive signal, as
shown in Fig.2.

Fig.2 The schematic diagram of through-the-earth
communication with gound electrodes

The essence of communication with ground
electrodes is to use current to carry information da-
ta. When the carrier frequency is low, the main
part of field current is conduction current. But
when the carrier frequency is high, the main part of
field current is displacement current. At this time,
wire, electrodes and the ground are equal to a loop
antenna. So its essence is also near-field electromag-
netic wave communication.

The earliest study in the aspect was from the
1960s to the 1970s, when some scholars explored the
transmission performance of antenna buried underg-
round. In 1996, Swiss researcher J Hurni built a set
of through-the-rock communication system by using
electrodes as antenna in the Alps Holloch cave. He
used relay method to penetrate rock of 900 m
successfully, which could not succeed by using a
loop antenna””’. But the report may be the earliest
way of through-the-earth communication with elec-
trodes. The GTE group of Spain Zaragona Universi-
ty made a lot of researches in the aspect, and also
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developed a TEDRA cave communication test
system . Bataller researched of the ground
impedance '”*”'. In 2003, British Gibson pointed
out that the method of very low frequency (VLF)
band had higher energy utilization efficiency than
the way of antenna inductive”" .

Bataller’ s experiment which verified that the
depth of communication with ground electrodes was
related to formation conductivity, signal frequency,
the current strength injected into the ground, the
impedances of electrodes and soil and the material
and shape of electrodes™', and receiver sensitivity
was associated with the receiver electrode gap and
the impedances of electrodes and soil. The farther
the gap was, the bigger the detected voltage value
was; the smaller the impedances of electrodes and
soil were, the bigger the detected voltage value was.

Chinese researcher XIANG et al®’ studied the
communication way, and used current field to
implement penetrating layer communication. Under
the electromagnetic wave propagation model of con-
stant flow field, he analyzed that the intensity of
current field was inversely proportional to the cube
of transmission distance.

Through-the-earth communication with electrodes
uses field current of the earth as conductor to com-
municate, and has high energy coupling efficiency.
But in the band of extremely low frequency (less
than 30 Hz ), the way relies heavily on the
conductive property of the earth medium, so it is
greatly influenced by formation conditions. In the
band of high frequency, the influence is less.

3 Communication with elastic wave

The first mention of using the elastic wave to take
through-the-earth communication was from the bul-
letin of American Bureau of Mines® . In 20053,
M. Ge detailed a method of processing received sig-
nal to locate the vibrations produced by the trapped
miners hitting weight. Its principle was to use the
elastic wave of mechanical vibrations to transmit
information®’.  Since 2007, our group has
rescarched on through-the-earth communication
with elastic wave, and has achieved some results
about channel characteristics®*’. The main causes
of elastic wave propagation attenuation are wave-
front divergence, stratification, inhomogeneous and
non-perfect elastic of earth medium and so on.
Among these factors, wavefront diffusion, scatter-
ing and dielectric absorption are the main factors
causing signal attenuation, and non-perfect elastic
of the layer causes medium absorption the most.

According to Futterman model®’, assuming that
elastic wave propagation velocity is a constant
within each layer, using common sandstone of mine

as an example, we calculate absorbing attenuation
of elastic wave, assuming that quality factor Q of
sandstone is 40, and longitudinal wave speed is
2 000 m/s. The result is that when the frequency is
630 Hz, the absorb attenuation is about
0.212 dB/m, which is more than its propagation
attenuation.

Actually, elastic wave propagation attenuation
not just includes medium absorb attenuation, and it
also includes wavefront diffusion, reflection attenu-
ation of interface and scattering attenuation. By
overall consideration, the attenuation of elastic
wave in shallow strata is about 2-3 dB/m"*"*"".

Through-the-earth communication with elastic
wave uses the layer as transmission medium, and
relies on mechanical property of the layer. If there
is a goaf in the middle of overload, it influences the
way of communication with elastic wave greatly. In
addition, in the events of caving and rock burst, the
way of using mechanical vibrations to send informa-
tion can not be used rashly, so its usage occasions
are limited.

4 Conclusion

The ways of antenna inductive coupling and
ground electrodes both belong to electromagnetic
method. Compared with electromagnetic method,
elastic wave method has a disadvantage in the
aspects of transmission attenuation and is influenced
by the layer structure obviously. In addition, as a
post-disaster emergency communication, communi-
cation of elastic wave does not apply in the cases of
caving and rock burst.
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