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A communication arrangement for transmission of communication signals 

Technical Field 
[0001] The present invention relates to a communication arrangement for 

transmission of communication signals along a pipe line. 

Background Art 

[0001] Operation of drilling processes offshore, control of pipelines offshore or 

onshore requires real-time information about conditions, being downhole, 

along a pipeline or between two installations along a pipe line. Information 

regarding a pipelines' own status, regarding a remote status, regarding a 

downhole status or commands from a remote location to a downhole 

location, from an onshore location to an offshore location all needs 

communication paths for transfer of data. New and more sophisticated 

drilling techniques require an increased bandwidth for communicating 

telemetry signals in real-time from downhoie to surface stations. The 

industry standard for these kinds of transmission is mud puise telemetry 

that uses the drill pipe to guide acoustic waves in the drilling fluid; this 

technique will typically render bit rates in the sub 10 bit/sec. Such slow 

rates is incapable of transmitting a large amount of data in real-time. 

Acoustic telemetry through drill pipes have been studied with bit rates in 

sub 100 bit/sec. 

[0002] A number of conventional systems have a wire in the drill pipes; however 

these systems suffer from poor reliability and high cost due to a large 

number of electrical connectors. 

[0003] Current coupled inductive couplers in drill pipes are known and have been 

tested out. Such transformer cable connecting systems have also been 

tested for transmission of data aiong pipelines both onshore and offshore. 

[0004] However none of the methods indicated above provides a system that in a 

reliable fashion can transfer data at a high bit rate aiong a pipeline either 

being onshore or offshore. 

[0005] From the patent literature there are known methods that overcome some 

of the drawbacks indicated above. GB 2 184 581 A discloses a shut off 

valve control system for an oil or gas platform, where the valve is operated 
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by command signals from a control station transmitted on a guided microwave 

carrier via a pipe. 

[0006] It is further known from WO 02/071643 A1 a communication device for 

transmitting signals between a substation control unit and a control unit of bay 

elements comprising transceiver devices connected to the substation and the 

bay element control units and a wave guide enclosing and connecting antennas 

of said transceiver devices. The transceiver devices produce electromagnetic 

radio frequency airwaves to communicate information between the control 

units. The disclosed solution is not particularly well suited for offshore use as 

water is not a good medium for transmitting high frequency electromagnetic 

waves. 

[0007] Another example of communication arrangement along a pipeline is disclosed 

in US 6,515,592 B1 (Babour et al.). This invention is directed to power and 

signal transmission using insulated conduit. In one embodiment it is shown a 

sandwich solution in which an electrical current path is defined by a casing 

encapsulated by an insulator with a conductive layer for return of electrical 

current in a layer surrounding said insulator. The conductor - insulator -

conductor configuration maintains the traditional signal loop of a feed and 

return path. 

[0008] Yet another example of a communication system is disclosed in US 

2005/0024231 Al (Fincher et. al). This document proposes a system in which 

a conductive pipe receives a solid insulator layer on the interior running along 

the pipe and a suitable reflective shield forming an inner surface of the 

insulator layer. This sandwich configuration employs RF signals in the 

insulator layer. 

[0009] Hence, according to one embodiment of the invention it is provided an 

arrangement which in a secure fashion transmits data for automation, control 

or monitoring along a pipeline at a much higher bit rate than known from prior 

art indicated above. 

Disclosure of Invention 

[0010] According to an aspect of the invention, there is provided a communication 

arrangement for transmission of communication signals along a pipe line 

where the communication arrangement comprises: 
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a pipe with outer pipe walls made of a conductive material, 

a non conductivity coating surrounding said pipe , 

an outer coating/layer or fluid that has conductive properties which 

encapsulates the non conductivity coating, and 

at least one radio frequency transmitter configured to excite an electro 

magnetic field in the non conductive coating where the non conductivity 

coating has dielectric properties and the field being associated with data 

signals and one radio frequency receiver configured to receive data signals in 

form of electromagnetic fields in the dielectric non conductivity coating. 

[0011] It is further according to an embodiment disclosed a communication 

arrangement where the non conductive coating is made of a polymer 

containing material. 

[0012] In another embodiment according to the present invention it is disclosed a 

communication arrangement where the communication arrangement further 

comprises at each end of the pipe radio frequency transceivers. 

[0013] In yet an embodiment according to the present invention it is proposed a 

communication arrangement where the communication arrangement further 

comprises at least one intermediate radio transceiver. 

[0014] Still another embodiment discloses a communication arrangement where the 

transceivers and/or transmitters communicate in a multi hop fashion 

employing electromagnetic fields in the dielectric coating. 

[0015] In still another embodiment it is disclosed a communication arrangement 

where the communication arrangement further comprises at least one 

intermediate node, where the node comprises a radio transceiver, an antenna 

and an adjacent power supply. 

[0016] In still another embodiment it is disclosed that the power supply is at least one 

of: batteries, generators, sea water batteries or sea water generators. 

[0017] In still another embodiment it is disclosed a communication arrangement 

where the at least one intermediate node, is embedded in the non conductivity 

coating. 

[0018] In yet an embodiment it is disclosed a communication arrangement where the 

at least one intermediate node is configured to exchange data through 
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an interface with external data communication devices using electromagnetic 

field as a data carrier. 

[0019] Another embodiment according to the present invention discloses an 

arrangement for communication employing any combination of the 

arrangements indicated above. 

[0020] Further advantageous embodiments according to the present invention will be 

apparent from the accompanying dependent claims. 

Brief description of drawings 

[0021J To make the following description more readily understandable the following 

discussion will make reference to the accompanying drawings in which, 

[0022] Figure 1 illustrates three alternative EM field paths and implementations 

[0023] Figure 2 shows a pipe with EM-field communications along the pipe inside a 

coating in a multi-hop fashion, and 

[0024] Figure 3 illustrates a radio transceiver inside the coating. 

Mode(s) for Carrying Out the Invention 

[0025] The invention will now be described with reference to the accompanying 

drawings, which are not to scale, however it shall be understood that the 

drawings are only meant to facilitate the understanding of the invention and 

they are in no way limiting the scope of the claimed invention. 

[0026] In the following the wording modem and node may be used interchangeably, 

as to the mentioning of power supply any power supply known to the person 

skilled in the art shall be included in the interpretation of batteries, generators 

etc. 

[0027] The present invention provides a robust, low-loss means for transmitting data 

along a pipeline 100,200,300. It provides fast and reliable communications 

paths along pipe-lines, either on-shore or off-shore. The basic principle and 

most obvious advantage will be best understood and appreciated in off-shore 

installations where pipe-lines are immersed in sea water, hence immersed in a 

fluid having conductive characteristics. Contrary to the traditional solutions of 

using traditional wired communication paths, pulse telemetry, acoustic 

telemetry through drill pipes or current coupled inductive couplers the present 

invention relies on 
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a more sophisticated and up to date solution of using electro magnetic 

fields as employed in radio communication. 

[0028] The basic principle according to the present invention is to use wave guide 

technique where the transmission medium is a coating medium 110, 210, 

310 enveloping a pipe line 100, 200, 300, the wave guide medium shall 

have permeability and permittivity which is tailored for transmission of 

electro magnetic field. The conductivity of the surrounding sea water may 

work as the outer guide 311 of the electromagnetic fields 141, whereas the 

pipe fine 100, 200, 300 provides an inner guide for the electromagnetic 

fields 141, hence rendering a wave guide for electro magnetic fields in 

said coating medium 110, 210, 310. On shore solutions will necessitate an 

outer shielding 311 having a conductivity that enhances the wave guide 

function of the coating medium 110, 210, 310, i.e. the propagating 

medium. 

[0029] In off shore installations it will be crucial that the power requirement is kept 

as low as possible while still maintaining the required robustness. 

[0030] In principle one will have two end nodes 120 one at each end of the 

pipeline 100, 200, 300 these end nodes wil! be transceivers which in 

transmitting mode will excite an electro magnetic field in the propagating 

medium i.e. the coating 110, 210, 310. Between these end nodes 120 one 

will normally have a number of relay nodes 120 where the number is 

dependent on the length of the pipeline; these relay nodes 120 will be 

connected to antennas preferably encapsulated in the coating 110, 210, 

310. The relay nodes need 120 to be energized preferably by local power 

supplies. The power supplies may be batteries embedded in the relay 

nodes or integrated in the coating 110, 210, 310. One may also use sea 

water batteries or generators which are arranged adjacent to the relay 

nodes 120 or any combination of the power supply solutions indicated. 

The low power requirement ensures a stable and reliable supply of power 

throughout the lifespan of the pipe line 100, 200, 300, 

[0031] As the power requirement shall be held at a minimum, at least for offshore 

installations, this will put some restrictions on the choice of frequency and 

communication protocol to be used. 
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[0032] Reference is now made to an exemplary embodiment as indicated in 
figure 1 where three alternative electromagnetic-field (EM-field) paths are 
denominated E1 141, E2 142 and E3 143. In this example they are ai! 

short range solutions. 
[0033] The EM-field E3 143 supports a near field solution for external data 

communication as exemplified in Figure 1, but not limited to the end node. 
Hence intermediate nodes 120 along the pipe 100, 200, 300 according to 
the present invention may exchange data through an interface with 
externa! data communication devices using EM-field as a data carrier. 

[0034] The EM-field E1 141 is propagating in the coating 110, 210, 310 between 
the outer pipe steel wall 370 and the conducting salty sea water 311 
outside the coating 110, 210, 310. The coating 110, 210, 310 can be poly 
propylene as indicated in the figure or any other coating material that have 

the right characteristics. The coating 110, 210, 310 has given values of 
permeability and permittivity which influences on the behaviour of the EM-
field and its propagation in the coating 110, 210, 310. 

[0035] In one test embodiment of the present invention the length of the propa­
gation channel between radio frequency (RF) modems 120 i.e. relay 
nodes is set to 12 or 24 meters, the distance is only an exarnpie and shall 

by no mean be understood as a limiting example. 
[0036] E1 141 is propagating along the pipe 100, 200, 300 even if the pipe is bent 

due to e.g. snaking. Typically expected signal power attenuation is found 

from simulations. For the 12 and 24 meters solution, very little transmitter 
power is necessary (<1 mW) depending upon the information rate and 
carrier frequency. 

[0037] According to one aspect of an offshore embodiment the idea behind the 
application of an electromagnetic field within the pipe is to consider the 
propagation of the fieid in the space between the sea water 311 and the 

pipe steei surface 370, This is indicated in figure 3. 
[0038] The radio 321 excites an electromagnetic fieid 343 within the indicated 

space between the sea water and the pipe stesl surface. This is used for 

propagating information between neighbour transceivers/nodes/modems 

120, 321. Access protocols can be any proprietary protocol or any 

i 
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established protocol known from radio communication, from 
telecommunication or data communication. However preferred protocols 
will have the characteristics of being very bit effective hence having low 
rate of redundant or idle bits. Furthermore the protocol shall preferably 
fulfil the criteria of low power consumption as indicated above. 

[0039] According to one example the access protocol is CSMA, CSMA Carrier 
sense multiple access solution, but the requirements on the low energy 
consumption within this unit may call for a more dedicated solution or an­
other standard that consumes little energy and has good communication 
efficiency. 

[0040] The carrier frequency and bandwidths are here subject to free design, but 
it must meet the constraints set by the propagation channel. 

{0041] In the above different embodiments have been disclosed, however these 
embodiments are only exemplary and the person skilled in the art will 
appreciate that any embodiment using the principle of an electro magnetic 
propagating medium 110, 210, 310 encapsulating a conductive pipe 100, 
200, 300 with an outer shielding 370 that is conductive shall be within the 
scope of protection as defined by the appended claims, 

[0042] Reference numerals to the drawings 

100 Pipe 

110 A non conductive coating such as PP with dielectric properties 

120 RF-modem 

130 Weld girth 

141 Electromagnetic field, E1 

142 Electromagnetic fieid, £2 

143 Electromagnetic field, E3 

200 Pipe 

210 A non conductive coating such as PP with dielectric properties 

244 Multi hop EM-field connections 

250 Sensor clamp 

260 User end termination 

300 Pipe 

310 A non conductive coating such as PP with dielectric properties 
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311 Outer coating/layer or fluid with conductive properties 
321 Radio trancelver 

330 Weld girth 

343 Electromagnetic field 
370 Outer pipe wall 

[0043] 
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Claims 

1. A communication arrangement for transmission of communication signals 

along a pipe line where the communication arrangement comprises: 

a pipe with outer pipe walls made of a conductive material, 

a non conductivity coating surrounding said pipe 

an outer coating/layer or fluid that has conductive properties which 

encapsulates the non conductivity coating, 

characterised in that the communication arrangement further comprises 

at least one radio frequency transmitter configured to excite an electro 

magnetic field in the non conductive coating where the non conductivity 

coating has dielectric properties and the field being associated with data 

signals, 

and one radio frequency receiver configured to receive data signals in form of 

electromagnetic fields in the dielectric non conductivity coating. 

2. A communication arrangement according to claim I, 

characterised in that the non conductive coating is made of a polymer 

containing material. 

3. A communication arrangement according to claim 1 or 2, 

characterised in that the communication arrangement further comprises at each 

end of the pipe radio frequency transceivers. 

4. A communication arrangement according to claim 3, 

characterised in that the communication arrangement further comprises at least 

one intermediate radio transceiver. 

5. A communication arrangement according to any of the previous claims, 

characterised in that the transceivers and/or transmitters communicates in a 

multi hop fashion employing electromagnetic fields in the 
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dielectric coating. 

6. A communication arrangement according to any of the previous claims, 

characterised in that the communication arrangement further comprises at least 

one intermediate node, where the node comprises a radio transceiver, an 

antenna and an adjacent power supply. 

7. A communication arrangement according to claim 6, 

characterised in that the intermediate node is configured to exchange data 

through an interface with external data communication devices using 

electromagnetic field as a data carrier. 

8. A communication arrangement according to claim 6, 

characterised in that the power supply is at least one of batteries, generators, 

sea water batteries or sea water generators. 

9. A communication arrangement according to claim 6 or 7, 

characterised in that the at least one intermediate node, is embedded in the non 

conductivity coating. 


