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Different telemetry techniques have been tested and used in the oil and gas industry to acquire data
via downhole monitoring. However, the rate at which conventional telemetry systems transmit data
is low. In order to address this problem, some telemetry techniques have been proposed. The wired
and wireless drill pipes are among the contending classifications of telemetry techniques used in
downhole monitoring. This review provides an in-depth overview of the existing and researched
methods of downhole monitoring by highlighting their particular challenges and innovations for
which the wireless drill pipe based on visible light communication techniques proves to be
promising as an optimal telemetry technique. The review will guide future research studies in the
common area of interest in downhole monitoring. The study will contribute significantly to the oil
and gas industry by investigating the effectiveness of emerging technologies such as visible light
communication technology in transmitting data at a very high rate compared to the existing
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telemetry techniques.

I. INTRODUCTION

A communication system connotes the transfer of
information between the transmitter and the receiver. The
signal or information transferred passes through the wireless
channel to the receiver [1]. A downhole communication
system communicates between a downhole region inside a
wellbore and a surface position. A downhole tool, a telemetry
module, and an interface electrically linking the downhole
device to the telemetry modules are all part of the system. The
telemetry module is connected to a string and receives signals
based on the telemetry technique [2]. The optical spectrum is
a portion of the electromagnetic spectrum that varies from
infrared to visible and ultraviolet regions. In contrast, the
optical communication system uses light to transmit a
message from one medium to another by transforming the
message between optical and electrical signals [3]-[5].
Visible light communication (VLC) is a form of optical
wireless communication (OWC) known for the transmission
of unguided optical signals, which in turn makes it possible
to transmit data at high speed with visible light [6].

In downhole communication, signals are sent from a device
at the bottom of the drill string (a drill pipe column that
transmits drilling fluid to the drill bit) to a processing screen
on the surface in real-time (during drilling) [7]-[8].
Currently, communication with downhole tools during
drilling is achievable with techniques such as mud-pulse
telemetry (MPT), which is the most commonly used
following its ease of implementation and the electromagnetic
telemetry (EMT), acoustic telemetry, and wired drill pipe

telemetry [9]-[10]. The mud-pulse telemetry gives an average
data rate of about 5 to 10 bps [11]. Electromagnetic telemetry
(EMT) provides data rates higher than MPT, acoustic
telemetry gives a higher data rate than MPT and EMT, and
wired drill pipe telemetry offers the highest data rates (up to
57Mbps) [12] among the techniques.

With more diverse and advancing technologies, there is a
need to transmit data at greater and higher rates. One of the
biggest concerns in obtaining data for real-time monitoring
has been the average data transmission speed [9]. Another is
providing and adopting a more efficient communication
system between downhole and surface instruments for
maximum production efficiency and improved good
performance [13]. Reliable data acquisition and transmission
for downhole communication, especially in controlled
spaces, remains a problem in the field [14]. Using the VLC
system as a telemetry technique will be one of the most
reliable, cost-effective and fastest methods for obtaining
downhole data [15]. The invention of the photophone brought
about the concept of VLC reported by Alexander Graham
around 1880 [16]. The photophone was a method that relayed
speech over a long distance using modulated sunlight. His
invention was a guiding line for fibre optic communication
[16]. Later in 1995, a few Universidad de Buenos Aires
students used the photophone concept to develop a laser diode
[16]. It was used to detect photodiodes. In 2003, three
undergraduates at Keio University, Japan, developed more on
the concept and began new works using LED lighting [16].
VLC is a new revolutionary high-speed communication
technology that uses visible light for communication. It
makes technology the fastest means of communication
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utilizing light. The VLC technology as a telemetry technique
could achieve a data rate of up to or more than 1Gb/s [15],
[17], [18], [19].

Downhole data acquisition is a crucial part of the oil and
gas industry. Over the decades, different telemetry techniques
have been tested and used to acquire data via downhole
monitoring. By using other propagation methods, each
telemetry technique transmits downhole data from the well to
the surface. Each method has diverse advantages and
disadvantages, resulting in unreliability and temporary
efficiency [9], thus requiring technological improvement and
advancement. Wireless drill pipe telemetry (WDPT)
currently transmits data at the highest rate compared to the
other techniques. Its effectiveness ranges from having little or
no signal attenuation, interference, and unlimited depth. It is
also the most expensive among the methods used [9].

The limitations of the existing telemetry technologies used
in the industry, such as high signal attenuation, low data rates,
power and distance trade-offs etc., require a much more
reliable and cost-effective solution for the acquisition of
downhole data for downhole monitoring in real-time [20]-
[22]. Therefore, alternate wireless telemetry based on VLC is
proposed for further investigations as a possible solution.
Works exploring VLC as a telemetry technique for downhole
data acquisition are demonstrated in [23]-[24]. Both works
have very usable results highlighting the clear advantages of
using VLC as a telemetry technique. Maximizing production
from deep hydrocarbons or petroleum reservoirs requires
real-time two-way communication for up-linking and down-
linking. Telemetry channels are necessary to maintain
continuous interaction with the downhole environment while
drilling occurs [25]. The contributions made in this article
encompass the investigation of gaps in existing telemetry
techniques in relation to their transmission techniques,
coding, modulation and throughput performances. The
visible light communication technique is equally proposed as
a possible solution to the throughput limitations inherent in
the existing telemetry techniques.

The remainder of the article is organized as follows.
Section 2 presents the methods covering the various telemetry
systems used in the oil and gas industry. Section 3 covers the
deployment of VLC and the market penetration of visible
light communication. The progress made in wired and
wireless telemetry technology is discussed in Section 4. The
conclusions and directions for further work are presented in
Section 5.

Il. TELEMETRY METHODS

There is a requirement for telemetry channelsto maintaina
consistent connection with the downhole environment while
drilling takes place. Generally, the importance of a telemetry
channel stems from its usefulness in transmitting information
from the surface to the bottom hole assembly (BHA) so that
the necessary trajectory control can be achieved. It is also
helpful in navigating the tools and transmitting the
information from the sensors close to the drill bit (the cutting
equipment used to create holes) to the surface [25].

Much of this is done to further one's understanding and
understanding of the formation (rocks around the borehole)
and also to make sure that the wellbore follows its previous
designated (well) path [25]. It is good to know that the sensors
established downhole close to the drill bit give formation

evaluation data and drilling data. Notably, the rate or speed at
which telemetry systems can carry information is crucial [25].

The telemetry techniques currently used in the industry can
be classified mainly into wireless and wired telemetry. The
wireless telemetry techniques used are known as mud pulse
telemetry (MPT), electromagnetic telemetry (EMT) and
acoustic telemetry (AT). The wired telemetry method used is
the wired drill pipe telemetry (WDPT). The mud pulse and
acoustic telemetry both use pressure waves to propagate
information. In comparison, electromagnetic and wired drill
pipe telemetry makes use of electromagnetic waves [9] - [10],
[25]-[27].

The mud pulse telemetry (MPT) is the most common and
widely used telemetry method, and the wired drill pipe
telemetry (WDPT), although not as common and used as the
MPT, achieves the highest data rate transmission compared to
the other telemetry methods [15], [25]-[26]. Due to this
observation, the MPT and WDPT are discussed more
considerably than electromagnetic and acoustic telemetry in
this section.

These current telemetry systems suffer from several
disadvantages like very low data rates, high signal attenuation,
low channel reliabilityand so on [9] — [10], [20] and [27]. This
section considers the existing telemetry techniques and
discusses each telemetry method and its basic information like
general designs, methods, and theories.

A.  Mud Pulse Telemetry

Mud pulse telemetry (MPT) was introduced commercially
in the 1970s. Mud pulse telemetry (MPT) is the oldest
telemetry technique to transmit borehole data. This discovery
was a milestone in the industry, especially in directional
drilling. It gave the directional driller real-time details on the
steering system’s output and the wellbore’s geometric
location. In addition, this caused significant improvement in
directional drilling’s performance and accuracy while
minimizing risk [10], [25].

Like any communication system, a telemetry system needs
a transmitter and a receiver to transfer information or data
effectively. The two primary processes of a telemetry system
are the uplink and downlink [25]. The drill string achieves
downlink communication by changing the rotation rate,
usually used for trajectory regulation or steering. It can also
be achieved by intermittent mud flow rate changes [25]. Here,
the flow rate variance or rotational motion identifies and
reacts to the sensors in the downhole measurement while
drilling (MWD) [25]. For up-link communication, data is
transmitted via the MWD instrument in the bottom-hole
assembly (BHA) by producing pressure pulses in the mud
stream, including the support of a mud pulser, a pressure-
inducing pressure system. Here, the sensors in the receiving
system determine pressure fluctuations at the surface, and
signal processing units analyze the readings. This technique
is known as decoding [25].

It transmits data via coded pressure waves through several
digital and analogue modulation methods using positive or
negative pulses. Alternatively, it uses an oscillating shear
valve or mud siren [10]. The valve producing these pressure
waves or pulses can be of various configurations and outlines
and be divided into various operating system forms. Positive
pulse, negative pulse and continuous pulse are the three
primary forms. In practice, any of the three forms can be used
if there is the possibility of the valve creating easily enough
exists (in the order of ms). Based on the drilling system

2 ISSN: 2180 — 1843 e-ISSN: 2289-8131 Vol. 14 No. 4



parameters, the pulse length will range from 80ms to about
400ms [9]. The equipment causes a constraint in the positive
pulse, which causes the pressure of the standpipe to rise. It
was observed that a portion of the flow leaks through the
annulus for the negative pulse. The equipment causes that,
and that results in a decrease in pressure. Lastly, for the
continuous pulse, continuous constraints and reliefs are
created by a modulator and stator [25].

Its transmission channel is based on the drilled mud inside
the drill string. Its receiver is a standpipe-mounted pressure
sensor that converts the pressure waves to voltages that
embedded processors and operators would decode and use
during the processing of directional drilling [10].

The mud pulse telemetry system consists of multiple parts:
the downhole transmitter, the surface receiving system, the
transmission channel, and associated downhole surface
processing units [25]. The downhole and surface modules are
engineered to achieve the highest data rate and reliability
level. Several additional components are interfaced with the
surface system to account for signal alterations during
transmission [25].

It should be noted that the frequency of the pressure wave
(to be propagated) and the properties of the drilling mud and
the drill string determine how much the pressure wave
propagates [27]. In order to express mathematically, the wave
equation suitable for pressure wave propagation considering
a continuous flow of pressure is given by equation (1) [27]:

o°p
Vip = Po
P Bot?

M

where:
P, = the drilling mud’s density

B = the drilling mud’s bulk modulus
p = wave pressure

The pressure’s wave time and spatial relationship to the
drilling mud density are related by equation (1). Pressure,
depth, and temperature often affect density fluctuations in
drilling mud. An analytical model relating temperature,
pressure, and density has been established and is given by
equation (2) [27]:

p=pye )
where:
P = drilling mud static density (at the surface)
Tp,T

= temperature and pressure differentials define the
analytical function

T = mud temperature

With an increase in depth, temperature and pressure also
rise, causing a decrease in density because of thermal
expansion and increased density due to the drilling mud’s
compressibility. While the drilling mud’s density changes
influence the pressure wave’s attenuation, the wave will be
further attenuated by the radiative losses, the stiffness of the
tool joints, and the moment of inertia [27].

Another characteristic of the mud channel is its signal
attenuation. The distance determines the signal’s attenuation
as it passes across the mud channel, the mud signals travel,
and the mud properties used, are defined by [28] using lamb’s
law. Equations (3) - (6) give a mathematical expression to
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prove that with increasing distance, the mud pulse’s
attenuation also increases exponentially [25].

P(x) = Pe ™'t 3)
with,
L:E i (4)
2 \vw
where:

P(X) = pressure wave’s amplitude at a distance x from the
source, measured in Pascal (Pa) or psi

P,= pressure wave’s amplitude at the source, measured in
Pascal (Pa) or psi

di = pipe’s internal diameter measured in feet or meters

V = kinematic viscosity, measured in ft?/s or m?/s

C = velocity of the wave in ft/s or m/$s

W = angular velocity in radians per second

By ignoring the pipe modulus effects, wave velocity (c) can
be mathematically expressed as [25]:

c= B (®)

Yo,
where:

= drilling mud or fluid density, measured in kg/m®

B = mud bulk modulus, measured in Pascal (Pa)

Substituting (5) into (4), we have the mathematical
expression as [25]:

_de [28
de 28

L (6)

where:
17 = pv = plastic viscosity

Notable, equation (3) holds only for high-frequency
telemetry systems more significant than 10 Hertz. For a low-
frequency system, equation (7) is more suitable to be used or
applied, and R is defined in equation (8) and C in (9) [25]:

P(x)=P,(1-e%'¢) @)
P

R=— 8

0 ®)
V

C=3 ©)

where:
R = mechanical resistance, measured in Pascal

Q = volumetric flow rate in m*/'s
C = mechanical compliance in m*/ Pa

V' =mud’s volume above MWD instrument (m3)
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The MPT is only usable during the drilling process [27]. It
is a highly dependable and stable method with a regulated
medium for transmission, low signal attenuation, and the
capacity to transmit data over a long distance. However, it
achieves low data rates. The low data rate is due to signal
interference and signal attenuation, as an increase in length
causes an increase in pulse length, which is necessary to
acquire the signals reliably. So, the data rate reduces [25]-
[26]. The reduction in data rates is affected by the properties
of the drilling mud (which affects the signal attenuation),
which is not approvable for underbalanced drilling. Because
of the hardware’s long-term stability, MPT has been
restricted to MWD systems [27]. In addition, the signal in the
fluid can only propagate at the speed of sound, which in turn
causes latency [26].

B. Electromagnetic Telemetry

The electromagnetic telemetry (EMT) system was
introduced in the 1980s. It consists of a transmitter that
transmits data via coded EM waves, using an installed
electrical insulating sub (the transmitter) [10]. This
installation is possible as the drill string is made used as a
dipole electrode which produces a voltage difference that is
altered [10]. The rest of its communication parts are the
channel / propagating medium that uses the formation (which
is) adjacent to the wellbore. The receiver receives the data
transmitted as a measured voltage difference between the
wellhead and an antenna anchored on the earth's surface. In
addition to the system, a casing antenna can also be included
for operation [10]. Maxwell’s equations relate to the electric
and magnetic fields and can calculate how the EM waves
propagate across conductive media. The EMT system works
in the near field because the electric field’s wavelength has
higher magnitude orders greater than the good casting’s
measurement. Relatively, an estimation of the circuit can be
obtained during transmission (i.e. the channel) [27]. By using
Maxwell’s Equation: Ampere’s Law, we have equation (10),
whose components are defined in (11) and (12) in [29]:

VxH =J +@ (10)
ot
with,
D=c¢ (11)
J =0t (12)
where:

H = magnetic field intensity
D =electric flux density

J = current density
& = permittivity of the material
o = conductivity of the material

The density of the electric flux D can be proportionally
related to the material’s permittivity €, and electric field E,
which relates to the movement of E across the medium. The
medium’s conductivity (o) and electric field E are
proportionally related to the current density, representing
current transmission. The magnetic field H that relates to the
electric field lines propagates perpendicularly.

Good conductors where the conductivity of the material is
far greater than 1, lossy media where the conductivity of the

material is incredibly approximate to 1, and low-loss media
where the conductivity is far lesser than 1, make up the bulk
geological media’s bulk [27]. Equation (10) would be
governed by D as a low-loss geological medium. Here, no
current will flow with the movement of the electric field in
the medium [27]. The current will flow in the same direction
as the electric field for a lossy geological medium. J would
govern equation (10) for an excellent conducting geological
medium, and current will flow through the medium with
attenuation occurring intensely in the electric field [27].
These theories can be portrayed by comparing them to the
workings of a circuit system [27]. As a result, it can be
concluded that the geological medium decides the mode of
transmission, and the best antenna arrangement for inserting
current into the formation should be selected appropriately
[27]. Some of the other theories guiding the workings of the
EMT system are listed following the relation in (13) [27]:

Wuo

2

Equation (14) shows the relation of the attenuation constant
with the transmission of the electric field’s attenuation.

E(r) = iW,uJ‘dr'J(r’)oi(l +vk—2v-|G(r,r’) (14)

E(z)~Eje "o (13)

where equation (14) is used to calculate E numerically
[27].

It should be noted that radio frequency (RF)
communication can also be used as a telemetry method [20],
[26]. According to [20], either of the two systems can achieve
data at exceptional high-speed and large bandwidths,
allowing either to be perfect for operations meant for digital
oilfields. Although, inside downhole fluids, the signal can be
easily attenuated, particularly at high data rates [20].
However, with repeaters, transmission length increases at low
data speeds. Additionally, because of the negotiation between
distance and power, EMT / RF are suited better for short-hop
communications.

Some advantages of the EMT are its low failure rate, not
including rotating pieces in the downhole, is also a two-way
communication technology and can be used in underbalanced
drilling (far more suitable and dependable than MPT) [10].
However, the EMT has high signal attenuation and
interference. One of the reasons is the elevation of the water
in the formation, which causes the reduction of signal
intensity (strength) [20], [26]. For the EMT, as stated above,
the signal must pass through the ground, making multiple
formations at each drill site. The signal transmitted to the
surface from the downhole is (generally) affected by
conductivity and permittivity. Based on the formation's
material properties, there can be hardly any usable signal at
the surface because of extremely high signal attenuation [26].
It is also relatively costly, achieves low data rates and can
only be applied in wells with shallow depths. Although when
applied in deeper wells, its performance is dependent on a
fairly low formation resistivity [10], [20] and [26].

C. Acoustic Telemetry

The acoustic telemetry (AT) system was first established
commercially in the industry in 2000. Using an acoustic
transmitter transmits data in acoustic waves via the metallic
drill string. An example of an acoustic transmitter is the PZT
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stack which operates by changing the length of the stack. This
operation causes the generation of additional (acoustic)
waves and, thus, transmits to the surface device through the
drill string. Its receiving system can be located at the wellhead
[10], [20].

Acoustic telemetry is ideal for underbalanced drilling
(UBD) because AT is mainly untouched by the formation
properties as it is focused on stress wave propagation via the
metallic drill string [27]. It achieves a higher data rate than
EMT and MPT due to the wide spectrum of carrier
frequencies available, varying from 400 to 2000 Hertz, unlike
the low carrier frequencies of EMT and MPT [30]. It also
attenuates heavily and cannot be used for transmission over a
long distance. Long-distance transmission causes the system
to constantly need repeaters, usually 500 meters apart [10],
[20]. Like the EMT system, it provides a negotiation between
propagation length and power use and its load demand and
durability is dependent on the outflow of temperature [20].

D. Wired Drill Pipe Telemetry

In 2006, the wired drill pipe telemetry (WDPT) as drilling
activity was commercialized in the oil and gas industry. It
transmits downhole data in electrical signals via a coaxial
cable that supplies data at a high rate [10]. The coaxial cable
is placed inside the drill pipe wall, and inductive coils are
used to retransmit data from one pipe to the next.
Furthermore, sensors mounted on various sections of the drill
string aid in acquiring readings at various stages [25].

The wired drill pipe telemetry achieves and offers data rates
far greater than the other existing telemetry systems
(currently able to achieve data rates of 57.6 Mb/s) in both
transmission directions, i.e. surface to downhole transmission
and downhole to surface transmission [12], [31]. It can reach
reasonable distances for transmissions and retains a constant
data rate regardless of the size of the data, width, and range
acquired.

Since each drill pipe on the rig must be replaced, and major
rig tool adjustments can be needed, it is an expensive
telemetry option. Additionally, the system's longevity
declines due to the degradation of the coils through consistent
pipe management, deterioration of the inductive coupling,
and constant over-torquing. It also lacks signal intensity and
thus, needs downhole booster subs (signal repeaters) at every
400 or 500 meters [25].

Two additional components of the WDPT system are the
data sub, also known as the interface sub [25]. It allows logs
and commands to be communicated as it connects the drill
pipe (wired) to the measurement while drilling (MWD) or
logging while drilling (LWD) tool and rotary steerable
system (RSS) equipment. The other is the top drive swivel,
which comprises a sub that carries network traffic and a
swivel that connects the cable to the receiving system [25]. It
is mounted by removing a saver sub on the lower part of the
top drive unit. Thus, with small variations between tools and
devices from different manufacturers, the wired drill pipe
telemetry system is typically made up of four components: a
telemetry pipe, signal repeaters, data sub and top drive swivel
[10], [25], and [31].

I1l. DEPLOYMENT OF VLC TECHNOLOGY

VLC is among the most suitable alternatives for reliable,
safe and fast communication [32]. With its wide bandwidth
range, exemption from electromagnetic signal interference
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and low power consumption, VLC surpasses many
communication techniques in both applications and
advantages. This feature is due mainly to the continuous
advancement of solid-state lighting. Despite the challenges in
VLC adoption, some of which are the limited coverage, signal
absorption by obstacles and illumination control
requirements, VLC standardization has been initiated by the
IEEE and the Visible Light Communication Consortium
(VLCC) in Japan. The VLCC has published the Japan
Electronics and Information Technology Industries
Association (JEITA) CP-1221 standard, presenting the
necessary specifications and the acceptable indication level to
avoid and minimize interference between different VLC
systems JEITA CP-1222 and JEITA CP-1223 [33]. IEEE
published the 802.15.7 standard, establishing a minimum
standard for new product design. It is also used for MAC and
physical layers [34].

VLC development has achieved traction since around
2011, aided by the IEEE 802.15.7 draft publication [34].
Moreover, several researchers have demonstrated that VLC
can achieve up to and even more than gigabits per second
transmission using commercially available RGB and
phosphorescent white LEDs [35] — [38]. The increased
interest in VLC technology has received widespread
popularity from the science community and the public in past
years. One of the essential VLC specifications is that the
system design must be made of lighting-grade LEDs and meet
the illumination requirements and safety guidelines [39].
Additionally, the transmission of data should have little effect
on the LED efficiency [40]-[41].

VLC can be used across different applications such as
indoor wireless communication, transportation and hospitals
[42]. Although, it is highly implemented for providing high-
speed connectivity in indoor areas. Technology is a
significant driving force for the wireless communication
industry. It is a promising advancement in 5G visual light
communication systems, downhole exploration, inside
tunnels/ mines communication, and the prospect of wireless
connectivity [42] — [43]. The vast distribution of LED light
bulbs is estimated to accelerate potential connectivity
ubiquity and offer industry leaders a plethora of opportunities
[42].

North America is predicted to play a significant role in the
deployment of VLC as it is the market's main player,
following along with the United States (US) and Canada:
contributing significantly to the market’s total sales. The
global visible light communication market consists of
sections such as the type of transmission, i.e. one-way or two-
way directional transmission, and the components used, i.e.
LEDs, software, microcontrollers, etc., and applications listed
in [42]. Visible light communication-based wireless
telemetry design has been investigated in [15] where the
limited coverage (travel distance) of the emitted photons was
circumvented through the deployment of multiple lights
emitting diodes and photodetectors repeating stations for high
throughput transmission.

IV. DISCUSSION OF RELATED WORK

There has been much progress in advancing the
technologies used in monitoring and acquiring downhole
data. Some of these advancements and improvements will be
discussed according to their mode of operation. The authors
of [14] developed a new method of transmitting data
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downhole, with its carrier as vibration waves and casings and
tubings as its medium for transmission. Based on a test
system developed, the design’s feasibility was confirmed to
be workable and operational in solving some traditional
(currently used) telemetry limitations, such as transmission
over a short distance, slow data transfer speed, and
complexity. The authors of [21] investigated the application
of acoustic waves for downhole telemetry by creating a
testbed to study acoustic wave propagation over the pipes
used for production, which significantly reduced the
channel's attenuation using signal processing algorithms and
dispersion of the system.

In 2017, the authors of [44] introduced a modern wireless
downhole real-time telemetry tool and its usage of three
separate deepwater completions activities, emphasizing the
implementation of a novel telemetry network and downhole
data use. Fracpack optimization, fluid loss management, and
downhole weight tracking were the system's advantages.
According to the findings, later on, the same authors
suggested a modern wireless acoustic device that could
transmit right through the good construction operating
envelope while also providing operators with access to
downhole data during the entire well construction phase [45].

The authors in [46] developed an acoustic telemetry system
that uses drill strings as its medium and non-contiguous
orthogonal frequency division multiplexing (NC-OFDM).
The telemetry system achieves high data transmission with a
data rate of more than 500 bits per second using a
compressional acoustic wave. In [47], the authors used a
validated bi-directional gravel pack approach to reduce
completion time, sand control, and monitor the system in real
time, increasing the overall system's reliability. Similarly, to
solve the difficulties of acoustic vibration of pipe strings for
sensor-based tracking and measurements of a given
parameter, a stable and effective downhole acoustic
communication system using two separate media was
developed in [48].

The work in [49] created and analyzed a simulation of
acoustic telemetry signal attenuation in directional drilling
with a viscous dissipation term, which offered a better
theoretical basis for acoustic wave attenuation. At the same
time, the work in [50] used data from previous experiments
to study the use of a strain receiver and a multi-channel
receiver to implement acoustic borehole communication. The
results showed low bit error rates. The authors of [51] and
[52] worked on similar topics that focused on creating and
observing an improved and automated high-speed mud pulse
telemetry (MPT) system with the capacity to supply data rates
higher than the conventional MPT. In [53], the authors
created a new continuous-wave mud pulse generator that can
send data via hydraulic pressure waves was proposed. With
the assistance of a novel data processing system, a study in
[54] engineered a hybrid mud pulse telemetry system that
uses two transmitters for data transmission, resulting in a 10 -
30 per cent increase in overall transfer speed.

The authors in [55] developed a downhole framework for
multiple parameter monitoring based on an existing loop data
transfer process for consistent and precise tracking. The two

circuits operate efficiently with the current loop process, with
the system divided into two. Electromagnetic telemetry
(EMT) has undergone several improvements to overcome the
system's limitations, like high attenuation and low data rates.
To address the issues raised earlier, the authors of [22]
developed an EMT system capable of transmitting over a long
distance using an advanced casing antenna system. This
technology was created to prevent significant signal
attenuation, resulting in higher data speeds.

In [26], a system based on guided wave propagation in a
fluid-filled drill pipe was developed to produce 10s of
megabits per second using a wireless radio frequency (RF)
signal. For air-filled tubing, the system proved to be the most
successful. A control and approach downhole EM transmitter
for the EM MWD model was built in [56] for further
improvement. The system's efficacy was shown by modelling
and experimental findings with a laboratory prototype.

The wired drill pipe (WDP) proved to be the most effective
telemetry device for achieving high data speeds. But it has
undeniable drawbacks such as complex settings,
maintenance, and the potential for high costs. The authors of
[57] developed a solution for the problem of evaluating and
retrieving real-time downhole data and intangible variables
using wired drill pipe telemetry. In [13], the authors studied
and analyzed the work of an operator who used WDP together
with a real-time, closed-loop downhole automation system
(DHAS). The outcomes demonstrated that the method is
robust and reliable. Furthermore, the study [58] discussed the
reliability and usability of the data obtained from WDPT and
the sensors installed downhole in the rig fleet, which proved
highly accurate and useful for future testing. The work [59]
examined the output of a bi-directional high-speed WDP
system that provides power to downhole devices.

The authors of [15], [23], [24], [60] and [61] have made
progress in analyzing the feasibility of using visible light
communication (VLC) as a means of wirelessly transmitting
downhole data. [62], discussed the existing telemetry
systems, and gave an overview of the VLC system. [23]
Investigated the use of VLC for wireless gas pipeline
monitoring, the propagation characteristics of the VLC
channel, which is dependent on ray tracing, and the maximum
achievable link scale to maintain a specified bit error rate.
Instead of photodetectors, [24] used a single-photon
avalanche diode (SPAD) as the receiver. This decision was
made because of the probability of long-distance
transmission, later realized in the paper.

The authors of [15] developed a telemetry model based on
visible light. They used a spatially multiplexed multiple in
multiple out (MIMO) method for high-speed data transfer,
achieving data speeds of up to one gigabit per second. The
VLC was also investigated as a wireless telemetry solution
for reliable and fast downhole data transmission [61]. The
authors' architecture was somewhat similar to that of [23].
Still, the main distinction between the two works is that the
authors of [61] used a non-sequential ray-tracing approach to
achieve the properties of the light-emitting diodes (LEDs). A
summary of related work is given in Table 1.
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Summary of Related Works

Table 1

A Review of Downhole Communication Technologies

Author Telemetry Telemetry Implementation Software Problem Remarks
Method Parameter Solved
Farraj etal., Acoustic Acoustic Testbed Not Channel Helpful in the
2013 [21] Waves specified propagation adoption of acoustic
wave propagation.
Miaoxin et al., Monitoring Multi-parameter Implemented Not Data An intelligent
2013 [55] specified transmission system capable of
accurately
transmitting and
monitoring data.
Emmerich et Mud pulse Pressure waves Implemented Not High-speed Automated system.
al., 2015 [51] specified data transmission ~ High data
transmission.
Chenetal., Electromagnetic Electromagnetic Model design Not Signal A casing antenna
2015 [22] waves specified attenuation was used in the setup,
which provided the
required gain for
mitigating and
compensating for the
harmful effects of
signal attenuation.
Lietal., 2014 Visible-light Light waves Simulation Not Downhole Unlike traditional
[24] communication specified monitoring VLC systems, this
design used single-
photon avalanche
diodes (SPADs) as
the receiver.
Zhao etal., Wired drill pipe Downhole Simulation Integrated Downhole data The system used
2015 [57] parameters Drilling quality control data validation and
Simulator reconciliation (DVR)
(IDS) to evaluate the
downhole data and
parameters.
Emmerich et Mud pulse Pressure waves Implemented None Reliable high- The use of signal
al., 2016 [52] speed data processing and
transmission adaptive filters
allowed the device to
reach higher data
rates than average,
based on the
efficiency of the field
reviewed.
Trichel etal., Wired drill pipe Electrical Implemented Not Data A downhole
2016 [13] signals specified transmission and automation system
system (DHAS) was used in
automation the construction,
which resulted in
improved well
performance and data
transmission.
Zheng et al., Vibration Vibration waves Model design Not Reliable Transmission of
2017 [14] specified communication downhole data is
system for feasible using this
downhole technique.
communication
Hawthorn et Acoustic Acoustic waves Implemented Not Downhole data The system used a
al., 2017 [45] specified transmission measurement network
that amplified the
system’s
performance.
Aguilar et al., Acoustic Acoustic waves Implemented Not Downhole data A fail-safe
2017 [44] specified transmission mechanism that
allows operations to
continue even though
a tool fails.
Yanetal., Continuous- Hydraulic Simulation FLUENT Data The findings
2018 [53] wave mud pulse pressure waves environment transmission promote more system
development, which
can be accomplished
by building a
prototype that can
operate in the field
and transmit
downhole data.
Maetal., Acoustic Acoustic waves Simulation and Not Channel The description of
2018 [46] model design specified propagation the acoustic channel
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Miramirkhani
etal., 2018 [23]

Geoffroy et
al., 2018 [47]

Redissi, 2019
[48]

Cote, 2019
[26]

Shin, 2019
[49]

Berro et al.,
2019 [54]

Giltner et al.,
2019 [58]

Tokgoz et al.,
2020 [61]

Liu, 2020 [56]

Morapitiya et
al., 2020 [62]

Ibhaze et al.,

2020 [15]

Silvester et
al., 2020 [59]

Alenezi, 2018
[50]

VLC

Acoustic

Acoustic

RF

Acoustic

Mud pulse

Wired drill pipe

VLC

Electromagnetic

VLC

VLC

Wired drill pipe

Acoustic

Light waves

Acoustic waves

Acoustic
vibrations

Guided
electromagnetic
waves

Acoustic waves

Pressure waves

Electrical
signals

Light waves

Electromagnetic
waves

Light waves

Light waves

Electrical
signals

Acoustic waves

in this study may be
used for further
studies on acoustic
telemetry.

Simulation Zemax® Channel The VLC channel's

propagation measurable data was
successfully obtained
by considering the
link ranges required.

Model design Real-time It can be
control and considered for other
monitoring drilling operation

modes like water-
based operations.

Simulation Not Short The system used

specified packets two distinct modes of
synchronization communication, one
for low data
transmission and the
other for high data
transmission.

Simulation VectorVu Channel Signal repeaters

ANSYS propagation were also used in the
design.

Simulation Not Signal It can be used as a

specified attenuation testbed for designing
acoustic telemetry
communication
algorithms.

Simulation LabVIEW Data The data rates were

MATLAB  transmission successfully increased
by 10 to 30% over the
standard MPT
scheme.

Simulation Not Downhole data Useful for an in-

specified control, depth understanding
transmission and of wired drill pipe
monitoring drilling performance.

Simulation Zemax® Channel The model design

MATLAB propagation is currently being
implemented.

Simulation MATLAB Downhole A good resource to

Simulink electromagnetic further understand the
transmitter estimated load model
topology and the layout of an

electromagnetic
transmitter control
algorithm.

Review None Overview of Present telemetry
the visible light solutions are briefly
communication discussed, and the
(VLC) system benefits of VLC

systems over RF
systems.

Model design MATLAB Channel Long-distance
propagation transmission can be

achieved with this
design.

Implemented and Not Reliable The system is

tested specified the bi- highly dependable
directional and well-suited to
downhole good activities.
communication
system
Reflections The concept
Implemented MATLAB due to mismatch centred on using two

between the drill
pipe and
downhole joints

separate receivers for
the acoustic telemetry
system, which
resulted in spatial
diversity issues.

The major role of the downhole telemetry system is to
transmit downhole data from the bottom hole assembly

V. CONCLUSION

techniques are used to accomplish reliable and effective
transmission. Various hardware modules like casing
antennas, photodetectors, LEDs, repeaters etc., and software
packages like MATLAB, Zemax® etc., are used to develop
new systems to improve the current systems used in the oil

(BHA) to the surface and vice versa. Different methods and
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and gas field. The review of related works showed the
advancements in the telemetry systems, and that data
transmission remains a major problem in the oil field. Most
telemetry systems transmit data at a low rate following the
problem of signal attenuation, signal interference, low
bandwidth and more. For these reasons, the visible light
communication (VLC) based wireless telemetry techniques
presented in Table 1 will be more convenient for deployment
in the oil and gas field due to the reliability, high data rates,
flexibility and low-cost of VLC techniques and based on the
fact that VLC based telemetry can fulfil the critical needs of
operators in maintaining production efficiency and the
optimization of gas well performance. Therefore, research
efforts should be given more to wireless telemetric
technologies utilizing visible light communication. With the
convergence of VLC with established connectivity protocols,
interference with natural light sources, consideration of
mobility problems in VLC to facilitate seamless connectivity
between VLC repeater stations within drill pipes, review and
specification of forward error correction schemes for
performance improvement, consideration of interference
among the various systems making use of VLC, there will
most likely be an increase of VVLC systems in the near future,
especially beyond the 5G and 6G era.
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