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METHOD OF AND SYSTEM FOR COVMUNI CATI ON UNDER WATER

NN K

METHOD AND DEVICE FOR COMMUNICATION UNDER WATER

The invention relates in the first place to a method
for communicating with a device situated under water.
When underwater communication via cables is impossible,
communication takes place with acoustic signals, which is
often unreliable or cannot be used.

Known from EP-0 485 071 is a light communication
system which can be used under water. The transmitter and
the receiver are herein disposed at a very short mutual
distance. Only at this very short distance is it possible
to transmit signals through the water.

The invention has for its object to provide a method
and a communication device for reliable distance communi-
cation, if necessary in difficult conditions, for in-
stance at great depth and/or in turbid water. This method
and communication device are designated respectively in
claims 1 and 2.

The invention also provides a control device as
designated in claim 4.

The invention and the preferred embodiments will be
described in the description following hereinafter with
reference to a drawing, in which:

Figures 1 and 5 show perspective views of applica-
tions of the invention;

figure 2 shows a schematic view of a control device
for the application of figure 1;

figure 3 shows details drawn in further detail of
the control device of figure 2; and

figure 4 shows a variant of figure 2.

The invention is elucidated with reference to the
embodiment shown in figure 1, wherein the data relating
to the condition of an underwater pipeline 1 are trans-
mitted to a computer 22 placed on board a vessel 2 float-
ing on water.

In order to transport oil or gas a pipeline 1 is
laid under water, for instance at a depth of 100-400 m.
After a section of pipeline has been laid the conditions
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The invention relates to a method of and system for communicating with a
device situated under water. When underwat er comruni cation via
cable is inpossible, conmunication can take place with acoustic signals,
but this is often unreliable or cannot pe used in all

of this pipeline 1 are measured by a measuring pig 4
being urged therethrough by pumping a fluid in arrow
direction 5. Data relating to the condition of pipeline 1
is meanwhile picked up by means of optical pick-ups 6,

5 coded in a coder 69 and stored in a computer 68 accommo-
dated in the measuring pig 4. When this latter is situat-
ed outside pipeline 1 it transmits the picked-up informa-
tion. For this purpose the information, which comes out
of the computer 68 as electrical binary information, is

10 converted by means of a converter 8 with control elec-
tronics into a pulse-position modulation coded signal,
referred to hereinbelow as "PMCS", which controls an
electronic switch 9 for transmitting a series of light
flashes by a flash lamp 10. The converter 8 is provided

15 with the necessary electronics comprising a protection
against too frequent use of the flash lamp 10 per unit of
time. A battery 11 is the power source for receiving and
transmitting the information. The measuring pig 4 has two
switches 9 which are arranged mutually opposite and held

20 in the out-position for instance by means of an arm 13
which supports against the wall of pipeline 1 and which
switches both move into the transmitting switch position
when the measuring pig 4 has left the pipeline 1, so that
the transmission of information is initiated. The light

25 signal from flash lamp 10 of a light transmitter 72 is
picked up by a light receiver 13 which comprises for
instance a photodiode 73 and which is situated on board a
remote controlled vehicle, referred to hereinafter as RCV
14, which is connected via a cable 25 to a vessel 2. The

30 RCV 14 is located relatively close to the measuring pig 4
and is provided with the necessary drive propellers 15, a
light transmitter 16, TV cameras 17 and a controllable
gripper arm 18. The RCV 14 preferably has a receiver 13
and a light transmitter 16 on its front and its rear.

35 The PMCS frem the light receiver 13 is carried via
an amplifier 20 and cable 25 to the computer 22 present
on vessel 2 and connected to a monitor 23, in which
computer a decoder converts the PMCS into an electrical

binary signal.
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circunstances. Known from EP- O 485-071 is a |ight comrunication system

whi ch can be used under water. The transmtter and the receiver nust be

di sposed relatively close together since only then is it possible to
transmt signals through the water. 3 The invention has for its object
to provide a method and a communication system for reliable distance

conmuni cation, | fnn§f§§§3ﬁ’é’ a\}bld.i fsfe'aCWatté‘zO"iQJdthﬁ;S id pipstapeerat great
depth and/ o turb n_one aspect there g %rOV|ded a

met hod of c%?%u%?EE?Fnbsvﬁ%Q?%g(ﬁ£ﬁ Pg T & 2 stuice

ing two sluice sliding doors 26 for alternating hydraulic
opening. These sluice sliding doors 26 are for instance

5 controlled while applying the method for communicating
according to the invention. The relevant device according
to the invention comprises the light transmitter 16
placed on board the RCV 14 which transmits a PMCS as a
series of light flashes which are received by an opto-

10 diode 55 of a light receiver 27, amplified by an amplifi-
er 28 and decoded by a decoder 29. The thus obtained
control signals 30 selectively switch relays 31 of hy-
draulic valves 32 to operate hydraulic cylinders 33 and
drive the motors 93 of sluice sliding doors 26 and an

15 electric switch 34 for the power supply to the relays 31.
Lyihg close to the sluice 24 is a robust housing 35
(figure 3) in which a low, for instance atmospheric,
pressure prevails and which is well sealed against the
high local water pressures at depths of for example 100-

20 400 m. Situated therein are the decoder 29 with interface
47 for valves 32, the switch 34 for the power supply and
batteries 46. The valves 32 with relays 31, a hydraulic
pump 36 and the oil container 37 are situated in a hous-
ing 38 in which the local pressure prevails. Electrical

25 connections 50 and 51 are watertight and resistant to
high pressure differences.

Figure 3 shows that the hydraulic pump 36, its motor
39, the electrical junction box 40 thereof, the valves 32
with their relays 31 and the hose connections 41 are

30 sgituated in the oil container 37 of fixed volume, which
o0il container 37 communicates via a connection 43 with an
elastic container 44 which is located inside an open
screen 45.

Figure 3 also shows the housing 56 of receiver 27

35 which is sealed against high water pressures and which
consists of a robust cylinder 52 in which an optodiode 55
is disposed behind a thick transparent plate 53 provided
with seals 54, which optodiode is connected to the ampli-
fier 28. The signal connection 58 is arranged sealed with

40 seal 59 in a cover 61 embodied with seals 60.
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under water, said nethod conprising transmtting at |east one |ight signal
between at |east one transmtter and at | east one receiver both disposed
under water over a distance of several decinetres to hundred of netres,
the transmtter being equipped with a xenon |anmp driven by a converter
which restricts the tine of operation of the lanp and the signal taking

the formof a seﬁé_ﬁﬁr%f Ié:g;'g Jl’l “;aq:(:rpe dﬁp%ﬂtﬂ{lgﬂtaol{sﬁ% m I I | seconds or

less emtted_ b red ermn F'h recognlsable as
pu|se_posit§%q agga@@%ﬁtrqgﬁﬁé) from a robust cylindrical housing
62 with a transparent plate 63 which is sealed with seals

64, wherein a xenon lamp 10 is arranged in a reflector
5 66. Further situated in this housing 62 are the converter
8 and the amplifier 9. The transmitter 16 is connected
via cable 25 to the control device 3 which is present on
board vessel 2 and which comprises a keyboard 65 and a
converter 67 which converts the control signal from the
10 keyboard into a binary signal.

In preference the housing 35 also contains a cocmput-
er 68 which is connected to decoder 29 and which is also
supplied with data from a coder 69 which converts into
binary signals incoming measurement data relating to for

15 instance the pressure in pipeline 1 measured by manometer
70 and the position of the sluice doors 26 picked up by
pick-up 96. Computer 68 is connected to a light transmit-
ter 71 corresponding with light transmitter 4. The sig-
nals transmitted by transmitter 71 are received by light

20 receiver 13 which corresponds with light receiver 27.

Figure 4 shows a variant of figure 2, in which
identical components are designated with the same refer-
ence numerals. The difference from figure 2 is the fact
that instead of a transmitter 71 and light receiver 16 a

25 battery 171 of lights 173 is applied which transmits the
necessary return signals as normal light.

The device according to the invention as in figure 5
consists for instance of a manned vessel 83 with a light
transmitter 81 and a light receiver 85 which inspects an

30 o0il or gas pipeline 86 lying on the sea-bed. This pipe-
line is provided from place to place with a closing valve
87 and pressure gauges 88 or pick-ups for other measure-
ment data. Pipeline 86 is also provided with a light
receiver 89 and a light transmitter 90 which are embodied

35 as the above mentioned light receiver 27 and light trans-
mitter 71 and provided with the housings 35 and 38 shown
in figure 3. The closing valve 87 can be closed by means
of a hydraulic cylinder 92.

Since the flash lamp only transmits the light in a

40 very short period, for instance 200 milliseconds in each
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2 _ ~ I'n another aspect there is provided a communication system for
comuni cati ng

5

case, but preferably 100 milliseconds or less, a very
strong light is transmitted each time for a very short
duration which can thereby span a considerable distance
under water, for instance from several decimetres to

5 hundreds of metres. The power to be supplied to the flash
lamp is for instance 0.1 Watt, preferably 0.5 Watt and
more preferably in the order of magnitude of 1 Watt or

more.

do de de k Kk
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with a device situated under water; said system conprising at |east
one transmtter and at | east one receiver both disposed under water at a
di stance from one anot her of several decinetres to hundreds of neters, the

transmtter being equipped with a xenorg |l anp dri r which
restricts the tinme of operation of the lanp for §Ei\!ﬁ !@‘ﬂ mﬁwﬂﬂm gnal
whi ch takes the form of a series of light flash ast isng *f or 200
mlliseconds or Iess in a predeterm pedrygattern recogni sable as

pul se-position nodul ati on code for reception by the receiver.

1. Method for communicating with a device (4, 24,
86) situated under water, characterized in that at least
one signal is transmitted between at least one transmit-
ter (16) with flash lamp and at least one receiver (27)

5 1in the form of a series of light flashes recognizable as
code, wherein said transmitter (16) and/or said receiver
(27) are/is arranged under water.

2. Method as claimed in claim 1, characterized in

that this is applied in the operation of a gas or oil
10 pipeline (1, 86) located under water.

3. Communication device for communicating under
water with application of the method of claim 1 or 2,
characterized by at least one transmitter (16) with flash
lamp for transmitting and at least one receiver (27) for

15 receiving a series of light flashes recognizable as code,
which transmitter (16) and/or receiver (27) are/is adapt-
ed to be kept under water.

4. Communication device as claimed in c¢laim 3,
characterized by a converter (8) converting an electrical

20 signal into a pulse-position modulation coded signal
(PMCS) ; a gas discharge tube (10}, for instance a xenon
lamp, connected to the converter; a receiver (55), for
instance a photcdiode, disposed at a distance; and a
decoder (21) connected to the receiver (55) for convert-

25 ing the pulse-position modulation coded signal (PMCS)
into an electrical signal.

5. Control device for controlling an apparatus (87)
situated under water, which control device is provided
with the communication device of claim 4, characterized

30 by at least one input member connected to the converter
(8) for inputting a control signal and by at least one
control means (92) connected to the decoder (21) for
controlling a function of the apparatus (87).

6. Control device as claimed in claim 5, character-

35 ized in that for two-way communication a second light
transmitter (71) is present at the light receiver (27)
and a second receiver (13) is present at the first light
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The invention may be understood nore readily and various other aspects and

features of the invention nay becone apparent f f t he

foll owing description. Preferred enbodi ﬂ!ﬂl ﬂgmm ion wll
now be described hereinafter with refe{ence to t ravvi ngs,
i n which: Figures 1 and 5 show perspective views of applications of

the inventicfinems ceer 8,8 whiBA0MECBAACRETRNG Eled O ) HgqsYStem for the
PP econdg%ecelver (13) are adapted for transmitting respec-

tively receiving a series of light flashes recognizable
as code.

5 7. Control device as claimed in claim 5 or 6, char-
acterized in that this is connected to an oil or gas
pipeline (1, 86) arranged under water.

% % % % %
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Figure 3 shows further detail of the system of Figure 2; and Fi gure
4 shows a variant of Figure 2, The invention is first elucidated
with reference to the enbodi nent shown in Figures 1 and 2, wherein the
data relating to the condition of an underwater pipeline | are transmtted
to a conputer 22 placed on board a vessel 2 floating on water. In
order to transport oil or gas a pipeline 1 is laid under water, for

i nstance at a depth of 100-400 m After a section of pipeline has been
laid the conditions of this ABSTRACT

METHOD AND DEVICE FOR COMMUNICATION UNDER WATER

The invention relates in the first place to a method
for communicating with a device situated under watsr.
When underwater communication via cables is impossible,
communication takes place with acoustic signals, which is

5 often unreliable or cannot be used.

Known from EP-0 485 071 is a light communication
system which can be used under water. The transmitter and
the receiver are herein disposed at a very short mutual
distance. Only at this very short distance is it possible

10 to transmit signals through the water.

The invention has for its object to provide a method
and a communication device for reliable distance communi-
cation, if necessary in difficult conditions, for in-
stance at great depth and/or in turbid water. This method

15 and communication device are characterized in that at
least one signal is transmitted between at least one
transmitter with flash lamp and at least one receiver in
the form of a series of light flashes recognizable as
code, wherein said transmitter and/or said receiver

20 are/is arranged under water.
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pipeline | are nmeasured by a neasuring pig 4 being urged therethrough by
punping a fluid in arrow direction 5. Data relating to the condition of
pipeline 1 is neanwhile picked up by neans of optical pick-ups 6, coded in
a coder 69 and stored in a conputer 68 accommopdated in the neasuring pig
4. Wen the pig 4 is situated outside the pipeline 1 it transmts the

pi cked-up information. For this purpose the information, which cones out
of the conmputer 68 as electrical binary information, is converted by neans
of a converter 8 with control electronics into a pul se-position nodul ation

coded si gnal
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referred to hereinbel ow as

for
converter

I nformati on.
arranged mnut

transmtting a series of
8 is

"PMCS", which controls an electronic switch 79
| ight flashes by a xenon flash lanp 10. The

provided with the necessary el ectronics conprising a
protection agai nst too frequent use

battery 11 is the power source for

of the lanmp 10 per unit of time. A
receiving and transmtting the

The measuring pig 4 has two proximty switches 9 which

i nstance Wy

are
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both nove into the transmtti'ng enabling position when the measuring pig 4
has left the pipeline 1, so that the transm ssion of information is
initiated. The light signal fromthe Jlanp 10 of a light transmtter 72 on
the pig 4 is picked up by a light receiver 13 which conprises for instance
a photodetector 73 and which is situated on board a renote controlled
vehicle, referred to hereinafter as RCV 14, which is connected via a cable
25 to a vessel 2. The RCV 14 is located relatively close to the nmeasuring
pig 4 and is provided with the necessary drive propellers 15, a light
transmtter 16, TV caneras 17

Tl
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Qe5183-3 HE
transmtter 16 on both its front and its rear. The PMCS fromthe
light receiver 13 is carried via an anplifier 20 and a cable 25 to the
conput er 22 present. . on-vesset & amd connected to a nonitor 23. The conputer
has decoder whi dh REEDAGEMET Bi&ERD into an el ectvical binary signal. 5
In order to avoild sea=water flow rjg into pipelinesl, the latter i»s closed?®
of f by neans of astungNZﬁgso ri si ng two sluice slidi ng doors Y26 or ° %

; ; TA

al ternating hydrauli ni ng. ese sluice slidiwhg doors 26 are for -
i nstance control ie. whi-l-e—apptyi-ngl t he method for

| : wWbfag

METHOD OF AND SYSTEM FOR COVMNVUNICATION UNDER WATER

The invention relates to 2 method of and system for communicating with a device

situated under water.

When underwater communication via cable is impossible, communication can take
place with acoustic signals, but this is often unreliable or camnot be used in all
circumstances. Known from EP-0-485-071 is a light communication system which can
be used under water. The transmitter and the receiver must be disposed refatively close

together since only then is it possible to transmit signals through the water.

The invention has for its object to provide a method and a communication system
for reliable distance communication, if necessary in difficult conditions, for instance at
great depth and/or in turbid water.

In one aspect there is provided a2 method of communicating with a device situated

under water, said method comprising transmitting at least one light signal between at

least one transmitter and at least one receiver both disposed under water over a distance

of several decimetres to hundred of metres, the transmitter being equipped with a xenon

lamp driven by a converter which restricts the time of operation of the lamp and the

signal taking the form of a series of light flashes each lasting for 200 milliseconds or less

emitted by the lamp in a predetermined pattern recognisable as pulse-position modulation

code.



comuni cating according to the invention.
i nvention conprise the light transmtter 16 pl-acedgn bo T‘tié‘l RCV

to the

14 which transmits a PMCS as a series of liglt flashésRahi'ch" are %@Eél yed
by a photodetector 55 of a |ight receiver 27, on the|pifpeline 1. The] !
output fromthe photodetector 55 is anplified by an ianpl{#i qiy38m@nd |

decoded by a decoder 29. The thus obtained control signgls 30 selectjvely

switch relays 31 of hydraulic valves 32 to operate hydrau-tec—cytinders

and drive the notors 93 to sluice sliding doors 26 ar

34 for the power

In another aspect there s prawded a commumcatxon system for communicating

with a device situated under water;

sazd system compnsmg at least one transrmtter and at least one receiver both

dxsposed unde" water at a distance from one another of several decimetres to hundreds of

meters, the trmmxtter bemg equipped with a xenon lamp driven by a converter which

resma s the time of operation of the lamp for emitting a light signal which takes the form

. _Of a se_ﬁes of light flashes each lasting for 200 milliseconds or less in 2 predetermined

partem recognisable as pulse—posmcn mcdulanon code for receptmn by Lhe receiver.

a.

The invention may be understood more readily and various other aspects and

features of the inventon may become apparent from consideration of the following

descripton.

Preferred embodiments _c_;_f the inventon will now be described hereinafter with

reference to the accompanying drawings, in which:

Figures 1 and 5 show perspective views of applications of the invention;

Figure 2 shows a schematic view of the system for the application of Figure I;
Figure 3 shows further detail of the system of Figure 2; and

Figure 4 shows a variant of Figure 2,

The invention is first elucidated with reference to the embodiment shown in

Figures 1 and 2, wherein the data relating to the condition of an underwater pipeline 1

are transmitted to a computer 22 placed on board a vessel 2 floating on water.
In order to transport oil or gas a pipeline 1 is laid under water, for instance at a

depth of 100-400 m. After a section of pipeline has been laid the conditions of this

The rel evant devices according

d an electric switch



ggpFLy to tQ? rela&; 31. Lying close to the sluice 24 is a robust housing
I gure I n ich a low, for instance atnospherijc preveat
! E@@%@@@Y 4hs

and which is well sealed against the high |ocal water} | a$3’“itép
of for exanple 100-400 m Situated therein are the decdder 29 wth
interface 47 for valves 32, the switch 343for the powgr {supplyumngy ‘:’

batteries 46. The valves 32 with relays 31, a hydraul fcjpunp 36 and th jOI|
container 37 are situated in a housing 38 in which the Tocar presst«e }[

prevails. Electrical connections 50 and 51 are watertight and resistan
hi gh pressure differences.

pipeline 1 are measured by a measuring pig 4 being urged therethrough by pumping a
fluid in arrow direction 5. Data relating to the condition of pipeline 1 is meanwhile
picked up by means of optical pick-ups 6, coded in a coder 69 and stored m a computer
68 accommodated in the measuring pig 4. When the pig 4 is situated outside the pipeline
1 it transmits the picked-up information. For this purpose the information, which comes
out of the computer 68 as electrical binary nformation, is converted by means of a
converter 8 with commwol electronics into a pulse-position modulation coded signal,
referred to hereinbelow as "PMCS", which controls an electronic switch 79 for
transmitting a series of light flashes by a xenon flash lamp 10. The converter 3 is
provided with the necessary electronics comprising a protection against too frequent use
of the lamp 10 per unit of time. A battery 11 is the power source for recsiving and

transmitting the information. The measuring pig 4 has two proximity switches ¢ which

are arranged mutuaily opposite. Each switch $ is held in the out-position for instance by

means of an arm 19 which supports itself against the wall of pipeline 1. The switches 9

both move into the transmitting enabling position when the measuring pig 4 has left the
pipeline 1, so that the transmission of information is initiated. The light signal from the
lamp 10 of a light transmitter 72 on the pig 4 is picked up by a light receiver 13 which
comprises for instance a photodetector 73 and which is situated on board a remote
controlled vehicle, referred to hereinafter as RCV 14, which is connected via a cable 25
to a vessel 2. The RCV 14 is located relatively close to the measuring pig 4 and is

provided with the necessary drive propellers 15, a light transmitter 16, TV cameras 17
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and a controflable gripper arm 18. The RCV 14 preferably has a receiver 13 and a light
transmitter 16 on both its front and its rear.

The PMCS from the light recetver 13 is carried via an amplifier 20 and a cable 25
to the computer 22 present on vessel 2 and connected to a monitor 23. The computer
_has decoder which converts the PMCS into an electrical binary signal.

In order to avoid sea-water flowing into pipeline 1, the latter is closed off by means
of a sluice 24 comprising two sluice sliding doors 26 or alternating hydraulic opening.
These sluice sliding doors 26 are for instance controlled while applying the method for
communicating according to the invention. The relevant devices according to the
invention comprise the light transmitter 16 placed on board the RCV 14 which transmits

a PMCS as a series of light flashes which are received by a photodetector 35 of a light

receiver 27, on the pipeline 1. The output from the photodetector 55 is amplified by an

amplifier 28 and decoded by a decoder 29. The thus obtained control signals 30
selectively switch relays 31 of hydraulic valves 32 to operate hydraulic cylinders 33 and
drive the motors 93 to sluice sliding doors 26 and an electric switch 34 for the power
supply to the relays 31. Lying close to the sluice 24 is a robust housing 35 (Figure 3) in
which a low, for instance atmospheric pressure prevails and which is well sealed against
the high local water pressures at depths of for example 100-400 m. Situated therein are
the decoder 29 with interface 47 for valves 32, the switch 34 for the power supply and
batteries 46. The valves 32 with relays 31, 2 hydraulic pump 36 and the oil container 37
are situated in a housing 38 in which the local pressure prevails. Electrical connections

50 and 51 are watertight and resistant to high pressure differences.



Figure 3 shows that the hydraulic punp 36, its notor 39, the electrical
junction box 40 thereof, the valves 32 with their rq’Whose
connections 41 are situated in the oil container 37 PMMN\T% =,
which oil container 37 communi cates via a connection 43 Wth- -i

contai ner 44 which is |located inside an open screen 45!
al so shows the housing 56 of the receiver 27 which |s sea?e’é”ﬁm

phot odet ector 55 is disposed behind a thick transparent pI ate53pro i ded
with seals 54, and is connected

Figure 3 shows thar the hydraulic pump 36, its motor 39, the electrical junction
box 40 thereof, the valves 32 with their relays 31 and the hose connections 4! are
situated in the ol container 37 of fixed volume, which oil container 37 communicates via

a connection 43 with an elastic container 44 which is located inside an open screen 43.

Figure 3 also shows the housing 56 of the receiver 27 which is sealed against high

water pressures and which consists of a robust cylinder 52 in which the photodetector 55

is disposed behind a thick transparent plate 53 provided with seals 54, and is connected
to the amplifier 28. A connector 58 for a cable is sealed with seal 59 in a cover 61

_provided with further seais 60.

Figure 3 also shows how the light transmitters 16 and 4 are constructed from a

robust cylindrical housing 62 with a transparent plate 63 which is sealed with seals 64,

_I_I_;.g:__ xenon lamp 10 is arranged in a reflector 66 in the housing 62. Further situated in
this housing 62 are the converter 8 and the switch 79. The transmitter 16 is connected
via cable 25 to a control device 3 which is present on board vessel 2 and which
comprises a keyboard 63 and a converter 67 which converts the control signal from the

keyboard into a binary signal.

In preference as shown in Figure 2, the housing 35 also contains a computer 63
which is connected to the decoder 29 which is also supplied with data from a coder 69
which converts into binary signals incoming measurement data relating to for instance the

pressure of pipeline | measured by manometer 70 and the position of the sluice doors 26

picked up by pick-up 96. Computer 68 is connected to a light transmitter 71



to the anplifier 28. A connector 58 for a cable is sealed with seal 59 in a
cover 61 provided with further seals 60. Fi me
the light transmitters 16 and 4 are constructed fro PLAG M§NTL§HEEM i cal
housing 62 with a transparent plate 63 which is sealfed W|th seals 64.] The
xenon lanp 10 is arranged in a reflector 8 in the housing AN fm}t hef

situtated in this housing 62 are the converter 8 agdithe swtc The
transmtter 16 is connected

corresponding with light transmitter 4. The signals transmitted by transmitter 71 are

recetved by a light recetver 13 which corresponds with the light receiver 27

Figure 4 shows a variant of Figure 2, in which identical components are designated
with the same reference oumerals. The difference from Figure 2 is the fact that instead
of a transmitter 71 and light receiver 16, a battery 171 of lights or lamps 173 is used to_

transmits the necessary light signals.

According to the embodiment as represented in Figure 5 there is for instance a

manned vessel 83 with a light transmitter 81 and a light receiver 85 which inspects an oil
or gas pipeline 86 lying on the sea-bed. This pipeline is provided from place to place
with a closing valve 87 and pressure gauges 88 or pick-ups for other measurement data.
Pipeline 86 is also provided with a light receiver 89 and a light transmitter 90 which are
embodied as the above mentioned light receiver 27 and light transmitter 71 and provided
with .the housings 335 and 38 shown in Figure 3. The closing valve 87 can be closed by

means of hydraulic cylinder 92.

Since the flash lamp 10 only transmits the light in a very short period, for instance
200 milliseconds in each case, but preferably 100 milliseconds or less, a very stong light
is transmitted each time for a very short duration which can thereby span a considerable
distance under water, for instance from several decimetres to hundreds of metres. The
power to be supplied to the flash lamp is for instance 0.1 Watt, preferably 0.5 Watt and

more preferably in the order of magnitude of 1 Watt or more.



via cable 25 to a control device 3 which is present on board vessel 2 and
whi ch conpri sega«keyboara—-6b—angd a converter 67 which converts the
control signal frB&?&ﬁtﬁéMFWéy&ﬂfﬂd into a binary signal. I n

pref erence as shown |n Figure 2} {he housing 35 also contains a conputer 68
whi ch is connecteq t J@Wd r{29 which7is al so supplied with data from
a coder 69 whig¢hiconver bl nary signals incom ata
relating to for ;i kstanrce—t-he—pfessure of pipeline | “ﬁ‘\”’ﬁ awmkrmter

70 and the position of the sIU|ce doors 26

D

Claims

1. A method of communicating with a device (4,24,86) situated under water, said
method comprising transmitting at least one light signal between at least one transmitter
(16) and at least one receiver (27) both disposed under water over a distance of several
decimetres to hundred of metres, the transmitter (16) being equipped with a xenon lamp
(10) driven by a converter (8) which restricts the time of operation of the lamp (10) and
the signal taking the form of a series of light flashes each lasting for 200 milliseconds or
less emirted by the lamp (10) in a predetermined pattern recognisable as pulse-position

modulation code.

[

A method as claimed in claim 1, wherein the device is a pipeline (1,36).

A method of communicating with a device under water substantially as described

(2

herein with reference to and as illustrated in the accompanying drawings.

4. A communication system for communicating with a device (4,24,86) situated under
water,

said system comprising at least one transmitter (16) and at least one receiver (27)
both disposed under water at a distance from one another of several decimetres to
hundreds of meters, the transmitter being equipped with a xenon lamp (10) driven by a

converter {8) which restricts the time of operation of the lamp (10) for emitting a light



pi cked up by pick-up 96. Conputer 68 is connected to a light transmtter

71
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signal which takes the form of a series of light flashes each lasting for 200 milliseconds or
less in a predetermined pattern recognisable as pulse-position modulation code for

reception by the receiver.

5. A system according to claim 4, wherein the converter (8) converts an electrical
signal into the pulse-position modulated signal and the transmitter further comprises an
electronic switch (79) for receiving the pulse-position modulation coded signal from the

converter (8) and for driving the xenon lamp (10).

6. A system according to claim 4 or 5, wherein the receiver (27) further comprises a
photodetector (73) for detecting the light flashes emitted by the xenon lamp (10) and a
decoder (29) connected to the photodetector (55) for converting the ourtput therefrom

into a binary signal.

7. A system according to claim 6 and used for controlling apparatus (32,33,87)
situated under water wherein at least one controlling means (3) is coonected to the
converter (8) for inputting control signals thereto and at least one control means (31,92)

is connected to the decoder (29) for controlling the apparatus.

8. A system according to any one of claims 4 to 7 and equipped for two-way
communication by means of a second light transmitter (71) with a xenon lamp (10)

provided at the first-mentioned receiver (27) and a second light receiver (13) provided at



corresponding with light transmtter 4. The signals transmtted by
transmtter 71 are received by a light receiver 13 which corresponds with
the light receiver 27. Figure 4 shows a variant of Figure 2, in
whi ch identical conponents are designated w th the sanme reference

nuneral s. The difference fromFigure 2 is9the fac‘t i Hﬂﬂm“ f a
transmtter 71 and light receiver 16, a battery 1‘7* ﬂl“llm anps 173
is used to transmits the necessary |ight signals. c v w57

the first-mentioned transmitter (16), the second transmitter (7) and the second receiver
(13) being adapted to transmit and to receive, respectively, another series of light flashes

in a predetermined pattern recognisable as pulse-position modulation code.

9. A system according to any one of claims 4 to 8 in operative association with an oil

or gas pipeline (1,86) disposed under water.

10. A system according to claim 9, when appended to claim 8, wherein the first
mentioned transmitter (90) and the second receiver (39) are on the pipeline (86) and the
first mentioned receiver (85) and the second transmitter (81) are on a submersible

vehicle.

1l. A system according to claim 9, wherein the transmitter or one of the transmitters
(72) is on a measuring pig (4) which is passed through the pipeline and the receiver or

one of the receivers (13) is on a remote controfled vehicle (14).

12. A system according to claim 9, wherein the transmitter or one of the transmitters
(16) is on a remote controlled vehicle (14) and the receiver or one of the receivers (27) is

on the pipeline.
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According to the enbodi nent as represented in Figure 5 there is for
I nstance a nmanned vessel 83 with a light transmtter 81 and a |ight
recei ver 85 which inspects an oil or gas pipeline 86 |lying on the sea-bed.
This pipeline is provided fromplace to place with a closing valve 87 and
pressure gauges 83 or pick-ups for otherjgreasurenent data. P:Eeline 86 is

al so provided with a light receiver 89 and a |ight tLH“ Hm llch are
enbodi ed as the above nentioned |ight receiver 27 and?¥ H er 71

and provided
153. A system according to claim 9, when appended to claim 8, wherein a remote
controlled vehicle (14) is equipped with the first mentioned receiver (27) and the second
transmitter (16), the pipeline (1,86) is equipped with the first-mentioned transmitter (71)
and the second receiver (27) and a measuring pig (4) which can be passed along the
pipeline is equipped with a further transmitter (72) with a xenon lamp (10) for sending a
series of light flashes in a predetermined pattern recognisable as pulse-position

modulation code to the first-mentioned receiver (13).

14. A system according to claim 11 or 13, wherein the measuring pig (4) has proximity
switches (9,19) for enabling the further transmitter (72) when the pig is outside the

pipeline (1).

15. A system according to claim 11, 12, 13 or 14, wherein the vehicle (14) is

connected via a cable (25) to a floating vessel (2).

16. A system according to claim 13 or claim 14 or 15, when appended to claim 13,
wherein the receiver (27) on the pipeline serves to generate control signals (30) to
operate control means (31,32,33,93,34) which moves sluice doors (26) to open and close

the pipeline.
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wi th the housings 35 and 38 shown in Figure 3. The closing valve 87 can be

cl osed by neans of hydraulic cylinder 92. Since the flash lanmp 10
only transmts the light in a very short period, for instance 200
mlliseconds in each case, but preferably 100 m|liseconds or |less, a very

strong light is transmtted each tine fg@f a very sh m can
t hereby span a considerable distance under water, 3““‘“’3’[&!%“'“ r
several decimetres to hundreds of netres. The power to l5e SupPli®d to the
flash lanp is for instance 0.1 Watt, preferably 0.5 Watt and

17. A communications and/or control system substantially as described with reference

to, and as illustrated in Figure 1, 2 and 3 of the accompanying drawings or Figures 1 to

3, as modified by Figure 4, of the accompanying drawings or Figure 5§ of the

accompanying drawings.
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nore preferably in the order of magnitude of | WAtt or nore.
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20

12

ABSTRACT

METHOD OF AND SYSTEM FOR COMMUNICATION UNDER WATER

prem———

The invention relates in the first place to a method
for communicating with a device situated under water.
When underwater communication via cables is impoésible,
communication takes place with acoustic signals, which is
often unreliable or cannot be used. '

Known from ZP-0 485 071 is a light communication
system which can be used under water. The transmitter and
the receiver are herein disposed at a very short mutual
distance. Only at this very short distance is it possible
Lo transmit signals through the water.

The invention has for its cbject to provide a method
and a communication device for raliable distance communi-
cation, if necessary in difficult conditions, for in-
stance at great depth and/or in turbid water. This method
and communication device are characterized in that at
least one signal is transmitted between at least one
transmitter with flash lamp and at least one receiver in
the form of a series of light flashes recognizable as
code, wherein said transmitter and/or said receiver

are/is arranged under water.

FIGURE 1.
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Cl ai s 1. A nmet hod of communicating with a device (4, 24,86) situated
under water, said nethod conprising transmtting at |east one |light signal
between at | east one transmtter (16) and at | east one receiver (27) both
di sposed under water over a distance of several decinmetres to hundred of
metres, the transmtter (16) being equipped with a xenon | anp

175
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(10) driven by a converter (8) which restricts the tine of operation of the
|l amp (10) and the signal taking the formof a series of |ight flashes each
| asting for 200 mlliseconds or |less emtted by the lanp (10) in a
predeterm ned pattern recogni sable as pul se-position nodul ati on code.

2. A nmethod as clainmed in claim1, wherein the device is a pipeline
(1,86). 2/5
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3. A nmet hod of communicating with a device under water substantially as

described herein with reference to and as illustrated in the acconpanyi ng
dr awi ngs. 4. A commruni cation system for communicating with a device
(4, 24,86) situated under water, said system conprising at |east one

transmtter (16) and at |east one receiver (27) both disposed under water
at a distance fromone another of several 3décinetres to
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hundfeds of neters, the transmtter being equipped with a xenon | anp (10)
driven by a converter (8) which restricts the tine of operation of the
lanp (10) for emtting a |light

4/5
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signal which takes the formof a series of light flashes each lasting for
200 mlliseconds or less in a predeterm ned pattern recogni sable as

pul se-position nodul ati on code for reception by the receiver. 5. A
system according to claim4, wherein the converter (8) converts an

el ectrical signal into the pul se-position nodul ated signal and the
transmtter further conprises an

5/5
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el ectronic switch (79) for receiving the pul se-position nodul ati on coded
signal fremthe converter (8) and for driving,¥the xenon | anp :(10). 6.
A system‘according to cldim4 or 5 wherein the/receiver (27) feurther ,
conpri ses, a photodetectér (73) f?ﬁ detecting tfie light flashes, emttedspy
t he xenoM’Ianp (10) and & decoder® (29) conhect#d to the photodetector (55)
for conveﬁting the outpuf therefrom into a binary signal.

l2{a7

METHOD AND DEVICE FOR COMMUNICATION UNDER WATER

The invention relates in the first place to a method
for communicating with a device situated under water.
When underwater communication via cables is impossible,
communication takes place with acoustic signals, which is

5 often unreliable or cannot be used.

Known from EP-0 485 071 is a light communication
system which can be used under water. The transmitter and
the receiver are herein disposed at a very short mutual
distance. Only at this very short distance is it possible

10 to transmit signals through the water.

The invention has for its object to provide a method
and a communication device for reliable distance communi-
cation, if necessary in difficult conditions, for in-
stance at great depth and/or in turbid water. This method

15 and communication device are designated respectively in
claims 1 and 2. )

The invention also provides a control device as
designated in claim 4.

The invention and the preferred embodiments will be

20 described in the cdescription following hereinafter with
reference to a drawing, in which:

Figures 1 and 5 show perspective views of applica-
tions of the invention;

figure 2 shows a schematic view of a control device

25 for the application of figure 1;

figure 3 shows details drawn in further detail of
the control device of figure 2; and

figure 4 shows a variant of figure 2.

The invention is elucidated with reference to the

30 embodiment shown in figure 1, wherein the data relating
to the condition of an underwater pipeline 1 are trans-
mitted to a computer 22 placed on board a vessel 2 float-
ing on water.

In order to transport oil or gas a pipeline 1 is

35 laid under water, for instance at a depth of 100-400 m.
After a section of pipeline has been laid the conditions

REPLACEMENT “UEET | This Sheet Has Been’{l{e;i[iced




7. A system according to claim6 and used for controlling apparatus
(32,33,87) situated under water wherein at |east one controlling nmeans (3)
is connected to the converter (8) for inputting control signals thereto
and at | east one control neans (31,92) is connected to the decoder (29)

for controlling the apparatus. 8. A sgstem according to any one of

clains 4 to 7 and equi pped for two-way
of this pipeline 1 are measured by a measuring pig 4

being urged therethrough by pumping a fluid in arrow
direction 5. Data relating to the condition of pipeline 1
is meanwhile picked up by means of optical pick-ups 6,

5 coded in a coder 69 and stored in a computer 68 accommo-
dated in the measuring pig 4. When this latter is situat-
ed outside pipeline 1 it transmits the picked-up informa-
tion. For this purpose the information, which comes out
of the computer 68 as electrical binary information, is

10 converted by means of a converter 8 with control elec-
tronics into a pulse-position modulation coded signal,
referred to hereinbelow as "PMCS", which controls an
electronic switch 9 for transmitting a series of light
flashes by a flash lamp 10. The converter 8 is provided

15 with the necessary electronics comprising a protection
against too frequent use of the flash lamp 10 per unit of
time. A battery 11 is the power source for receiving and
transmitting the information. The measuring pig 4 has two
switches 9 which are arranged mutually opposite and held

20 in the out-position for instance by means of an arm 19
which supports against the wall of pipeline 1 and which
switches both move into the transmitting switch position
when the measuring pig 4 has left the pipeline 1, so that
the transmission of information is initiated. The light

25 signal from flash lamp 10 of a light transmitter 72 is
picked up by a light receiver 13 which comprises for
instance a photodiode 73 and which is situated on board a
remote controlled vehicle, referred to hereinafter as RCV
14, which is connected via a cable 25 to a vessel 2. The

30 RCV 14 is located relatively close to the measuring pig 4
and is provided with the necessary drive propellers 15, a
light transmitter 16, TV cameras 17 and a controllable
gripper arm 18. The RCV 14 preferably has a receiver 13
and a light transmitter 16 on its front and its rear.

35 The PMCS from the light receiver 13 is carried via
an amplifier 20 and cable 25 to the computer 22 present
on vessel 2 and connected toc a monitor 23, in which
computer a decoder converts the PMCS into an electrical

binary signal.
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communi cati on by neans of a second light transmtter 87 EPLAGEME v lianp

(10) provided at the first-nentioned receiver (27) and ja second |ight
recei ver (13) provided at 28 FEB %9

3

In order to avoid sea-water flowing iInto pipeline 1,
the latter is closed off by means of a sluice 24 compris-
ing two sluice sliding doors 26 for alternating hydraulic
opening. These sluice sliding doors 26 are for instance

5 controlled while applying the method for communicating
according to the invention. The relevant device according
to the invention comprises the light transmitter 16
placed on board the RCV 14 which transmits a PMCS as a
series of light flashes which are received by an opto-

10 diode 55 of a light receiver 27, amplified by an amplifi-
er 28 and decoded by a decoder 29. The thus obtained
control signals 30 selectively switch relays 31 of hy-
draulic valves 32 to operate hydraulic cylinders 33 and
drive the motors 93 of sluice sliding doors 26 and an

15 electric switch 34 for the power supply to the relays 31.
Lyihg close to the sluice 24 is a robust housing 35
(figure 3) in which a low, for instance atmospheric,
pressure prevails and which is well sealed against the
high local water pressures at depths of for example 100-

20 400 m. Situated therein are the decoder 29 with interface
47 for valves 32, the switch 34 for the power supply and
batteries 46. The valves 32 with relays 31, a hydraulic
pump 36 and the oil container 37 are situated in a hous-
ing 38 in which the local pressure prevails. Electrical

25 connections 50 and 51 are watertight and resistant to
high pressure differences.

Figure 3 shows that the hydraulic pump 36, its motor
39, the electrical junction box 40 thereof, the valves 32
with their relays 31 and the hose connections 41 are

30 situated in the oil container 37 of fixed volume, which
©il container 37 communicates via a connection 43 with an
elastic container 44 which is located inside an open
screen 45.

Figure 3 also shows the housing 56 of receiver 27

35 which is sealed against high water pressures and which
congists of a robust cylinder 52 in which an optodiode 55
is disposed behind a thick transparent plate 53 provided
with seals 54, which optodiode is connected to the ampli-
fier 28. The signal connection 58 is arranged sealed with

40 seal 59 in a cover 61 embodied with seals 60.
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the first-nentioned transmtter (16), the secarﬁiPﬂ.AﬁﬁﬁE‘N‘t tq-’ﬁ?”( and the

second receiver (13) being adapted to transnitramd TO receiV

respectively, another series of light flashes ned pattern
recogni sabl e as pul se-position nodul ati on codg. 23l%l%%jxjﬁys efn accor di ng

to any one of clains 4 to 8 in operative agsogi aLion-—w-tf—an ul

Figure 3 also shows how theL%Tg‘ transmitters 16

and 4 are constructed from a robust cylindrical housing
62 with a transparent plate 63 which is sealed with seals
64, wherein a xenon lamp 10 is arranged in a reflector .

5 66. Further situated in this housing 62 are the converter
8 and the amplifier 9. The transmitter 16 is connected
via cable 25 to the control device 3 which is present on
board vessel 2 and which comprises a keyboard 65 and a
converter 67 which converts the control signal from the

10 keyboard into a binary signal.

In preference the housing 35 also contains a comput-
er 68 which is connected to decoder 29 and which is also
supplied with data from a coder 69 which converts into
binary signals incoming measurement data relating to for

15 instance the pressure in pipeline 1 measured by manometer
70 and the position of the sluice doors 26 picked up by
pick-up 96. Computer 68 is connected to a light transmit-
ter 71 corresponding with light transmitter 4. The sig-
nals transmitted by transmitter 71 are received by light

20 receiver 13 which corresponds with light receiver 27.

Figure 4 shows a variant of figure 2, in which
identical components are designated with the same refer-
ence numerals. The difference from figure 2 is the fact
that instead of a transmitter 71 and light receiver 16 a

25 battery 171 of lights 173 is applied which transmits the
necessary return signals as normal light.

The device according to the invention as in figure 5
consists for instance of a manned vessel 83 with a light
transmitter 81 and a light receiver 85 which inspects an

30 oil or gas pipeline 86 lying on the sea-bed. This pipe-
line is provided from place to place with a closing valve
87 and pressure gauges 88 or pick-ups for other measure-
ment data. Pipeline 86 is also provided with a light
receiver 89 and a light transmitter 90 which are embodied

35 as the above mentioned light receiver 27 and light trans-
mitter 71 and provided with the housings 35 and 38 shown
in figure 3. The closing valve 87 can be closed by means
of a hydraulic cylinder 92.

Since the flash lamp only transmits the light in a

40 verxry short period, for instance 200 milliseconds in each
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or gas pipeline (1,86) disposed under water. 10. A systemaccording to
claim9, when appended to claim8, wherein the first nentioned transmtter
(90) and the second receiver (89) are on the pipeline (86) and the first
menti oned receiver (85) and the second transmitter (81) are on a
subnersi bl e vehicle.

5

case, but preferably 100 milliseconds or less, a very
strong light is transmitted each time for a very short
duration which can thereby span a considerable distance
under water, for instance from several decimetres to
5 hundreds of metres. The power to be supplied to the flash

lamp is for instance 0.1 Watt, preferably 0.5 Watt and
more preferably in the corxder of magnitude of 1 Watt or
more.

REPLACEMENT SHEET

28 FEB 1997

Been Replaced

R



11. A systemaccording to claim9, wherein the transmtter or one of the
transmtters (72) is on a nmeasuring pig (4) which is passed through the
pi pel i ne and thre—recerver H e of the receivers (13) is

control | ed vethi BERLACEMENT SHEED 1 A system accordi ng ;H“& &g m‘ n the
transmtter of gne of the trapshitters (16) is on

vehicle (14) ang thg gEgasger {of one of the recei vers (27) S

CLAIMS

1. Method for communicating with a device (4, 24,
86) situated under water, characterized in that at least
one signal is transmitted between at least one transmit-
ter (16) with flash lamp and at least one receiver (27)

5 in the form of a series of light flashes recognizable as
code, wherein said transmitter (16) and/or said receiver
(27) are/is arranged under water.

2. Method as claimed in claim 1, characterized in

that this is applied in the operation of a gas or oil
10 pipeline (1, 86) located under water.

3. Communication device for communicating under
water with application of the method of claim 1 or 2,
characterized by at least one transmitter (16) with flash
lamp for transmitting and at least one receiver (27) for

15 receiving a series of light flashes recognizable as code,
which transmitter (16) and/or receiver (27) are/is adapt-
ed to be kept under water. )

4. Communication device as claimed in claim 3,
characterized by a converter (8) converting an electrical

20 signal into a pulse-position modulation coded signal
(PMCS) ; a gas discharge tube (10), for instance a xenon
lamp, connected to the converter; a receiver (55), for
instance a photodiode, disposed at a distance; and a
decoder (21) connected to the receiver (55) for convert-

25 ing the pulse-position modulation coded signal (PMCS)
into an electrical signal.

5. Control device for controlling an apparatus (87)
situated under water, which control device is provided
with the communication device of claim 4, characterized

30 by at least one input member connected to the converter
(8) for inputting a control signal and by at least one
control means (92) connected to the decoder (21) for
controlling a function of the apparatus (87).

6. Control device as claimed in claim 5, character-

35 ized in that for two-way communication a second light
transmitter (71) is present at the light receiver (27)
and a second receiver (13) is present at the first light
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on the pipeline.

A g

transmitter (16}, which second transmitter (71} and
second receiver (13) are adapted for transmitting respec-

tively receiving a series of light flashes recognizable
as code.

7

5 7. Control device as claimed in claim S5 or 6, char-
acterized in that this is connected to an oil or gas
pipeline (1, 86) arranged under water.

* % k% &
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13. A systemaccording to claim9, when appended to claim8, wherein a
renote controlled vehicle (14) is equipped with the first nentioned
receiver (27) and the second transmtter (16), the pipeline (1,86) is

equi pped with the first-nmentioned transmtter (71) and the second receiver
(27) and a neasuring pig (4) which can be passed along the pipeline is
equi pped with a further transmtter (428 with a xenon lanp (10) for sending
a series of light flashes in a predeterm ned pattern recogni sable as

pul se-position nodulation code to the first-nmentioned receiver (13).

ABSTRACT

METHOD AND DEVICE FOR COMMUNICATION UNDER WATER

The invention relates in the first place to a method
for communicating with a device situated under water.
When underwater communication via cables is impossible,
communication takes place with acoustic signals, which is

5 often unreliable or cannot be used.

Known from EP-0 485 071 is a light communication
system which can be used under watexr. The transmitter and
the receiver are herein disposed at a very short mutual
distance. Only at this very short distance is it possible

10 to transmit signals through the water.

The invention has for its object to provide a method
and a communication device for reliable distance communi-
cation, if necessary in difficult conditions, for in-
stance at great depth and/or in turbid water. This method

15 and communication device are characterized in that at
least one signal is transmitted between at least one
transmitter with flash lamp and at least one receiver in
the form of a series of light flashes recognizable as
code, wherein said transmitter and/or said receiver

20 are/is arranged under water.
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14. A systemaccording to claim1l or 13, wherein the neasuring pig (4)
has proximty switches (9,19) for enabling the further transmtter (72)
when the pig is outside the pipeline (1). 15. A systemaccording to
claim 11, 12, 13 or 14, wherein the vehicle (14) is connected via a cable
(25) to a floating vessel (2). -1 -
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16. A system according to claim13 or claim14 or 15, when appended to
claim 13, wherein the receiver (27) on the pipeline serves to generate
control signals (30) to operate control means (31, 32, 33,93, 34) which noves
sl uice doors (26) to open and close the pipeline.

-2 -
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3, as nodified by Figure 4, of the acconpanying drawings or Figure 5 of the
acconpanyi ng draw ngs.
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ABSTRACT

METHOD AND DEVICE FOR COMMUNICATION UNDER WATER

The invention relates in the first place to a method
for communicating with a device situated under water.
When underwater communication via cables is impoésible,
communication takes place with acoustic signals, which is
often unreliable or cannot be used.

Known from EP-0 485 071 is a light communication
system which can be used under water. The transmitter and
the receiver are herein disposed at a very short mutual
distance. Only at this very short distance is it possible
to transmit signals through the water.

The invention has for its object to provide a method
and a communication device for reliable distance communi -
cation, if necessary in difficult conditions, for in-
stance at great depth and/or in turbid water. This method
and communication device are characterized in that at
least one signal is transmitted between at least one
transmitter with flash lamp and at least one receiver in
the form of a series of light flashes recognizable as
code, wherein said transmitter and/or said receiver
are/is arranged under water.

FIGURE 1.
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