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DESCRIPTION

[0001] The present invention relates to a communication system, in particular a system for
fluid containing cylinders.

[0002] Although reference Is made to a "cylinder”, it will be understood that the invention is

applicable broadly to all portable pressurised gas containers whether they are strictly in the
form of a cylinder or not.

[0003] Such cylinders are used to supply gas for a range of applications including welding and
cutting hoses and torches, gas packaging machines and laboratory equipment.

[0004] Figure 1 shows a prior art system for transporting fluid containing cylinders. As shown
In the Figure, the system contains a fluid containing cylinder 1 which Is transportable between
a depot 2 in which the cylinder is filled up with fluid using a machine 2a, and an end-user
location 3 Iin which the cylinder i1s used by a machine 3a.

[0005] The cylinder Is typically transported between the depot 2 and the end-user location 3
via one or more vehicles 4. To stop the cylinder rolling around the vehicles during
transportation, the cylinder is typically carried, with other cylinders, by a pallet 5.

[0006] Typically, each of the cylinders carries either a bar-code or an RFID tag. As each
cylinder enters or exits either the depot 2 or the end-user location 3, the bar-code or RFID tag
IS read so that the location of the cylinder is then known. The reading process I1s manual
because the location of the bar-code/tag on the cylinders are not in a fixed position as the
cylinders are not always orientated in one direction as they are transported. The reader also
often has to be within a close range, normally less than 0.5m.

[0007] VWhilst In the case of RFID tags, the system could be automated by the use of portals
through which the cylinders are channelled, RFID technology is not 100% effective when used
on metallic components, such as gas cylinders, because of the mass of metal.

[0008] All these factors can lead to errors In logging cylinder locations, and also make the
system very labour and time intensive.

[0009] US 2011/0140850 discloses a tracking system for gas cylinders which uses RFID
technology to identify and track cylinders. Similarly, US 2008/0084306 discloses a cylinder
tracking system which uses RFID technology to monitor the location of cylinders both within
and between facilities.

[0010] GB 2 518 013 A Is directed to a system for a scuba diver where the scuba tank
communicates locally, using magnetic induction, with the scuba diver's diving commuter and
long range, using acoustic waves, with the support boat.
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[0011] According to the present invention, there Is provided a module, a system, and a cylinder
assembly as defined by the appended claims.

[0012] For a better understanding of the invention, and to show how the same may be put into

effect, reference will now be made, by way of example only, to the accompanying Figures In
which:

Figure 1 shows a prior art system for transporting fluid containing cylinders;

Figure 2 shows a system for transporting fluid containing cylinders according to the present
Invention;

Figure 3A shows a cylinder communicating with a communication module that can
communicate with the cloud and also a control station;

Figure 3B shows a plurality of cylinders communicating with a communication module located
on a pallet;

Figure 3C shows a plurality of the pallet from Figure 3B communicating with a communication
module that is located on a transportation vehicle. Figure 3C also shows the communication
module that is located on the transportation vehicle communicating with the cloud,;

Figure 4 shows a flowchart of how a cylinder can send wireless signals in a power efficient
manner; and

Figure 5 shows a schematic representation of a module and a cylinder assembly.

[0013] Figure 2 shows a first embodiment of a communication module 10 In accordance with
the invention. The communication module 10 1s arranged to communicate with one or more
cylinder assemblies 1.

[0014] The communications module 10 may be powered by a generator, large store of charge
(e.g. a capacitor or battery), or mains power connection. Cylinder assemblies 1 typically have
only limited stored charge. Therefore, a communication module 10 proximate a cylinder
assembly 1 may provide a means for the cylinder assembly 1 to communicate data to a remote
station 200 further away than the communication module 10 at a lower cost to its own stored
charge than if it communicated directly with the remote station 200.

[0015] The communication module 10 may comprise a memory 104 for storing the location of
the communication module 10 and/or the identity of the communication module 10.

[0016] Each cylinder assembly 1 may contain a compressed fluid (a cylinder assembly
Includes a cylinder 115 and a valve 114 for controlling the flow of fluid to and from the cylinder).
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[0017] The communication module 10 may comprise: first and second communication means
101, 102.

[0018] The first communication means 101 Is arranged to wirelessly communicate with one or
more cylinder assemblies 1 or one or more other communication modules 10

[0019] The second communication means 102 Is arranged to wirelessly communicate with a
remote station 200.

[0020] The range of the second communication means 102 is greater than the range of the
first communication means 101.

[0021] The first and second communication means 101, 102 may be formed as separate
communication components. For example, the first communication means 101 may comprise
one or more of: a Bluetooth transmitter; a WiFi1 transmitter; an NFC transmitter; and/or an RFID
transmitter. For example, the second communication means 102 may comprise one or more
of: satellite communication means; a GSM transmitter; and/or a UHF transmitter.

[0022] Alternatively, the first and second communication means 101, 102 may be formed as a
single component. VWWhen formed as a single component the first and second communication
means 101, 102 may be a communications device having first and second operating modes.
The communications device may be arranged to transmit at a greater power in the second
operating mode than In the first operating mode.

[0023] The communication module 10 Is arranged to use the first communication means 101
to recelve data wirelessly transmitted from a cylinder assembly 1. For example, the
communication module 10 may receive cylinder identity data and/or sensor data.

[0024] The communication module 10 1s arranged to use the second communication means
102 to transmit data to a remote station 200. For example, the communication module 10 may
use the second communication means 102 to re-transmit cylinder identity data and/or sensor
data received via the first communication means 101. The communications module 10 may
also use the second communication means 101 to transmit data from the memory 104 that
iIdentifies the communication module 10 or that indicates a location of the communication
module 10.

[0025] Optionally the communication module 10 comprises a location determination unit 103
for determining the location of the module. For example, the location determination unit 103
may be a GPS device. In which case, the communication module 10 can use the second
communication means 102 to transmit data to the remote station 200 to indicate its location. In
some embodiments, the location determination unit 103 communicates with the first or second
communication means 101, 102 to determine the location of the communication module 10 by
triangulation. For example, the known locations of a plurality of remote communication devices
and the relative strength of signals received therefrom can be used by the location
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determination unit 103 to establish the location of the communication module 10.

[0026] Such communication modules 10 may be employed In a variety of environments. For
example, a plurality of communication modules 10 may be located Iin respective locations In
which the cylinder assemblies 1 are likely to be stored, used, or filled, or may be located on
transportation means such as vehicles (e.g., lorries, trailers, planes and/or ships).

[0027] In a preferred embodiment, the communication modules 10 may be distributed around
a storage area.

[0028] Alternatively, or In addition, a communication module 10 may be attached to, or
Integrally formed with, a pallet 5. In such an embodiment, the communication module 10
additionally comprises a main body for supporting a plurality of cylinder assemblies 1. The
main body can be the typical pallet structure known In the art.

[0029] For example, the main body may comprises a base on which the plurality of cylinders
may be supported and a frame for individually supporting each cylinder in the spaced
arrangement. In this way a plurality of cylinder assemblies can be held In a spaced
arrangement with the same orientation (e.g. standing upright when the base is on flat ground).

[0030] In another embodiment, the main body of a communication module 10 may be part of a
vehicle 4 or a trailer. Such a vehicle 4 or trailer may comprise a loading-carrying surface on
which may be supported a plurality of cylinder assemblies 1 or, more preferably, one or more
of the pallets 5 described above.

[0031] In this example, the pallet module 10 (the communication module 10 of the pallet 5)
may comprise a store of charge, whereas the vehicle module (the communication module 10
of the vehicle 4) may be powered by a generator driven by the vehicle 4. In which case, It Is
preferable for the pallet module to transmit data to the remote station 200 via the vehicle
module. The vehicle 4 may be an automobile such as a lorry, a trailer, an airplane and/or a
ship.

[0032] A cylinder assembly 1 for use with the communication module 10 described above may
simply comprise: a cylinder; a valve for controlling the flow of fluid from or to the cylinder; a
store of charge; and means for transmitting data indicative of the identity of the cylinder
assembly 1 (for example, each cylinder may be identified with a numerical code).

[0033] However, In preferred embodiments, the cylinder assembly 1 may be more
sophisticated. In which case the communication module 10 may be used to transmit not just

the location of the cylinder assembly 1, but also data obtained from sensors mounted thereon
(either mounted on the valve 114 or on the cylinder 1195).

[0034] Such a cylinder assembly 1 may comprise: a store of charge 116; at least one sensor
113; first communication means 111; and second communication means 112.
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[0035] Such a cylinder assembly 1 may be configured to transmit sensor data to a remote
station 200 via the communication module 10 when this I1s possible (for example, when it Is
within range), but may also have the capability to transmit sensor data to the remote station
200 directly, when the communication module 10 Is not available (for example, when it Is
beyond the range of the first transmission means 111).

[0036] The at least one sensor Is arranged to sense a property of the cylinder assembly 1 or of
a fluid stored in the cylinder assembly 1 and thereby generate sensor data for transmission.

[0037] The at least one sensor 113 may comprise one or more of: a location sensor; a GPS
location sensor; a location determination unit; a pressure sensor; a temperature sensor; a
shock sensor; a tilt sensor; a vibration sensor; a liquid level sensor; and/or a mass flow sensor.

[0038] The first communication means 111 Is arranged to wirelessly transmit identity data
iIdentifying the cylinder assembly 1 and/or sensor data to a communication module 10.

[0039] The second communication means 112 is arranged to wirelessly transmit identity data
and/or sensor data to a remote station 200. The sensor data could indicate the location of the
cylinder If a location sensor or a location determination unit is provided. As described above, a
location determination unit may communicate with the first or second communication means
111, 112 to determine the location of the cylinder assembly 1 by triangulation. For example, the
known locations of a plurality of remote communication devices and the relative strength of
signals received therefrom can be used by the location determination unit to establish the
location of the cylinder assembly 1.

[0040] The range of the second communication means 112 1s greater than the range of the
first communication means 111. The use of the second communication means 112 is therefore
assoclated with a greater depletion of the charge stored on the store of charge 116 than the
first communication means 111.

[0041] The first and second communication means 111, 112 are preferably formed as separate
communication components. The first communication means 111 may comprise one or more
of: a Bluetooth transmitter; a WiF1 transmitter; an NFC transmitter; and/or an RFID transmitter.
The second communication means 112 may comprise one or more of: a satellite transmitter; a
GSM transmitter; and/or a UHF transmitter.

[0042] Alternatively, the first and second communication means 111, 112 are formed as a
single component having first and second operating modes and the single component
transmits at a greater power in the second operating mode than in the first operating mode.

[0043] The cylinder assembly 1 may be arranged to periodically use the first communication
means 111 to transmit identity data and/or sensor data. Preferably, the first communication
means 111 transmits identity data and/or sensor data with a period in the range 2 minutes to
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60 minutes. More preferably, the first communication means 111 transmits identity data and/or
sensor data with a period in the range 2 minutes to 30 minutes

[0044] The communication module 10 will indicate that the transmitted identity data and/or
sensor data has been received by transmitting an acknowledgement to the cylinder assembly
1. The communication module 10 may then re-transmit the identity data and/or sensor data to
the remote station 200. The first communication means 111 of the cylinder assembly 1 iIs

arranged to receive the acknowledgement to thereby establish that the transmitted identity
data and/or sensor data has been received.

[0045] In this way, the cylinder assembly 1 may determine whether the identity data and/or
sensor data has been received by the remote station 200 via the communication module 10.

[0046] In an alternative embodiment, the communication module 10 may periodically emit a
short transmission, which if received by the cylinder assembly 1 would indicate that any sensor
data transmitted recently will have been received by the communication module 10.

[0047] In the absence of the receipt of an acknowledgement from the communication module

10 (or the receipt of a short transmission), the cylinder assembly 1 determines that the sensor
data has not been received by the communication module 10.

[0048] In some embodiments, the cylinder assembly 1 may then transmit sensor data using
the second communication means 112.

[0049] However, 1t Is preferable when a communication module 10 1s not available that the
cylinder assembly 1 transmits identity data and/or sensor data using the second
communication means 112 less frequently than when the communication module 10 is
avallable. This 1s because the use of the second communication means 112 comes at a
greater cost Iin terms of the use of stored charge 116.

[0050] Therefore, it I1s preferable that the cylinder assembly 1 Is arranged to transmit identity
data and/or sensor data using the second communication means 112 only If an
acknowledgement has not been received within a predetermined period of time. For example,
such a predetermined period of time may be in the range 30 minutes to 1 week. Preferably, the
predetermined period of time may be In the range 60 minutes to 1 day.

[0051] That is, the cylinder assembly 1 will not transmit identity data and/or sensor data using
the second communication means 112 if it has been possible to successfully transmit using the

first communication means 111 within the preceding predetermined period of time.

[0052] A system In accordance with the Invention may comprise a plurality of cylinder
assemblies 1 and a plurality of communication modules 10.

[0053] In operation of the system, each of the cylinder assemblies 1 transmits identity data
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representing its identity which is picked up by the one or more communication modules 10 In
proximity to the cylinder assembly 1. For each cylinder assembly 1, the location of the cylinder
assembly 1 may be estimated as the location of whichever of the communication modules 10
the cylinder assembly 1 I1s nearest.

[0054] Each communication module 10 may be arranged to measure the strength of a signal
received from a cylinder assembly 1 and may be arranged to use to transmit data representing
the signal strength to one or more other communication modules 10. In this way, the system
can compare signal strengths and thereby identify the communication module 10 nearest the
cylinder assembly 1. Each communication module 10 of the system can therefore transmit to
the remote station 200 data representing its own identity and the identity of one or more
cylinder assemblies 1 for which the signal strength associated with that cylinder assembly 1 Is
the greatest.

[0055] The remote station 200 may store the location of a set of communication modules 10,
so that the location of each cylinder assembly 1 may be estimated based on the location of the
communication module 10 that sends that identity.

[0056] For example, the remote station 200 may store a look-up table associating the identity
of a communication module 10 with a location. When Iidentity data I1s received from a
communication module 10, the remote station 200 can look up the location of that
communication module 10 based on the identity data identifying the communication module 10
and estimate the locations of the cylinder assemblies 1 identiflied by the transmitted identity
data based on that location.

[0057] Alternatively, each communication module 10 may comprise a location determination
unit, such as a GPS device (or triangulation device using a communication means described
above), so that the location of each cylinder assembly 1 may be transmitted with the identity
data.

[0058] In some embodiments, each communication module 10 may transmit the measured
signal strengths to the remote station 200 in addition to the data representing its own identity
and the identity of the cylinder assemblies 1 from which it has received identity data. The
remote station 200, can receive data from multiple control modules 10, establish the locations
of each communication module 10, and estimate the location of each cylinder assembly 1
based on the signal strengths provided by each control module 10.

[0059] The following describes an exemplary scenario in which the invention i1s employed to
track cylinder assemblies 1.

[0060] With reference to Figures 2 and 3A to 3C, there 1s shown a system for monitoring
cylinder assemblies according to the invention.

[0061] The system comprises a plurality of spaced apart communication modules 10. Each
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communication module 10 may be as described above.

[0062] Preferably, the system contains a pluralty of cylinder assemblies 1 for storing
compressed fluids.

[0063] Each cylinder assembly 1 i1s transportable via one or more automotive vehicles 4
between a first location 2, such as a first building in which the cylinder is filled up with fluid
using a machine 2a, and a second location 3 such as a second building in which the cylinder is
used by a machine 3a.

[0064] To assist with the delivery of multiple cylinders 1 between the two locations 2, 3, each
cylinder assembly 1 Is transported along with other cylinders on a pallet 5 as shown In Figure
3B. Figure 3C shows a plurality of these pallets 5 loaded on a vehicle 4, which in this example
IS an automobile (or a trailer pulled thereby).

[0065] Each of the cylinder assemblies 1 comprises a wireless signal transmitter and a power
source for powering the wireless signal transmitter. The wireless signal transmitter is arranged
to transmit information relating to the cylinder assembly 1 or the fluid stored therein.

[0066] The locations 2, 3, each pallet 5, and each of the vehicles 4 comprises a
communication module 10 having a wireless signal receiver/transmitter for receiving the
Information sent from the wireless signal transmitter of each cylinder assembly 1.

[0067] A remote station 200 that comprises a wireless signal receiver/transmitter 202 receives
Information from each of the communication modules 10. The remote station 200 may be
located at one of the communication modules 10, or may be located in a location remote from
the modules 10 as shown In Figure 2. Information sent to the control station from each of the
communication modules 10 may be sent either directly, or via the cloud 100 (as shown In

Figure 3A).

[0068] Information may also be sent/relayed between communication modules 10, as shown In
Figure 3C which shows the information from the communication modules 10 of pallets 5 loaded
on a vehicle 4 being relayed to the communication module on the vehicle 4. The relayed
Information may then be sent by the communication module 10 from the vehicle 4 to the cloud
100 (as shown In Figure 3C) for forwarding to the remote station 200, or sent to the remote
station 200 directly.

[0069] The flowchart of Figure 4 provides an example of the operation of the system of the
iInvention.

[0070] A signal 402 1s emitted by the low power wireless signal transmitter.

[0071] If a communication module 10 receives this low power wireless signal, then the module
10 sends back a signal to the cylinder assembly 1 confirming receipt of the low power signal
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404. The signal sent from the communication module 10 is picked up by a wireless signal
receiver located on the cylinder assembly 1. A subsequent low power wireless signal is then
transmitted after a predetermined period of time 407 by the cylinder assembly 1. The period of
time between any two emitted low power signals (i.e. the periodicity between these two signals)
may be varied as needed.

[0072] If no response 408 Is detected from a communication module 10 by the cylinder

assembly 1 In response to an emitted low power signal, another low power signal is emitted by
the cylinder assembly 1 after the predetermined period of time 407.

[0073] If after a predetermined interval of time, no response Is detected from a communication
module 10 by the cylinder assembly 1 then a more powerful wireless signal is transmitted 410
by the cylinder 1, using the high power wireless signal transmitter, which is picked up by the
remote station 200 directly.

[0074] Following the transmission of the high power signal, the timer relating to the
predetermined interval of time i1s reset 412. A low power wireless signal 402 is then transmitted

after the predetermined period of time 411.

[0075] This instance of operation 1s particularly effective at maximising the longevity of the
power source, since higher power wireless signals are sent only If consecutive low power
wireless signals are not being picked up by any of the communication modules 10.

[0076] The interval of time can be changed to set the threshold at which a high power wireless
signal 1s sent. In situations where knowing the location of a cylinder assembly 1 I1s important,
the size of the Interval can be decreased. In situations where minimising power expenditure
from the power source Is important, the interval size can be increased.

[0077] Rather than transmitting a high power signal after a predetermined interval of time, a
high power signal could alternatively be sent after a predetermined number of consecutive
emitted low power signals have not been successfully transmitted to any of the communication
modules 10.

[0078] In a related instance of operation, rather than the cylinder assembly 1 emitting a series
of low power signals, each of the communication modules 10 may each emit the series of a
series of low power signals. In this instance, the cylinder assembly 1 would emit a low power
signal to one of the communication modules only In response to it receiving a signal from one
of the communication modules 10.

[0079] In this Instance If, after the interval of time has elapsed, the cylinder assembly 1 has not
emitted a signal to at least one of the communication modules 10, the cylinder assembly 1 may
transmit a more powerful wireless signal using the high power wireless signal transmitter which
IS picked up by the remote station 200 directly.
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[0080] It will be appreciated that various other modifications or adaptations could be made to
the systems described above without departing from the scope of the invention.

[0081] Rather than using automotive vehicles 4 to transport the cylinders, these vehicles could
be replaced and/or supplemented with other forms of transport, which each have a
communication module 10, for instance a train, a bike, a plane, or a boat.
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PATENTKRAV

1. Cylindersamling (1), der omfatter:

mindst én sensor (113) til registrering af en egenskab ved
cylindersamlingen (1) eller et fluid, der opbevares i cylindersamlingen (1), og
derved generering af sensordata;

forste kommunikationsmidler (111) til tradlgs overfagrsel af sensordata; og

sekundaere kommunikationsmidler (112) til tradlgs overtarsel af
sensordata, hvor raekkevidden for de sekundaere kommunikationsmidler (112) er
starre end raekkevidden for de fagrste kommunikationsmidler (111),

kendetegnet ved, at:

de forste kommunikationsmidler (111) er indrettet til at modtage en
bekraeftelse, der angiver, at overfarte sensordata er blevet modtaget; og

cylindersamlingen (1) er indrettet til kun at overfgre sensordata under
anvendelse af de sekundaere kommunikationsmidler (112), hvis der ikke er blevet

modtaget en bekraeftelse inden for et forudbestemt tidsrum.

2. Cylindersamling (1) ifalge krav 1, hvor det farste (111) og det andet (112)

kommunikationsmiddel er dannet som separate kommunikationskomponenter.

3. Cylindersamling (1) ifalge krav 1, hvor det farste og det andet
kommunikationsmiddel (111, 112) er dannet som en enkeltkomponent med
forste og sekundeaere driftstilstande, og enkeltkomponenten overtarer med en

starre effekt | den anden driftstilstand end | den fgrste driftstilstand.

4, Cylindersamling (1) ifalge krav 1, hvor de farste kommunikationsmidler

(111) overtarer sensordata periodisk.

D. Cylindersamling (1) ifalge krav 4, hvor de farste kommunikationsmidler
(111) overtgrer sensordata, efter at en farste periode er forlabet, hvor den farste

periode er i omradet 2 minutter til 60 minutter.

6. Cylindersamling (1) ifalge et hvilket som helst foregaende krav, hvor

cylindersamlingen (1) er indrettet til periodisk at kontrollere, hvorvidt der er blevet
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2

modtaget en bekraeftelse inden for et forudbestemt tidsrum, og overtarer
sensordata under anvendelse at de sekundaere kommunikationsmidler, hvis der

Ikke er blevet modtaget en bekraeftelse inden for det forudbestemte tidsrum.

/. Cylindersamling (1) ifglge et hvilket som helst foregaende krav, hvor
perioden mellem hver overfgrsel af sensordata ved hjeelp at de forste

kommunikationsmidler er mindre end det forudbestemte tidsrum.

8. Cylindersamling (1), der omfatter:

mindst én sensor (113) til registrering af en egenskab ved
cylindersamlingen (1) eller et fluid, der opbevares | cylindersamlingen (1), og
derved generering af sensordata; og

et kommunikationsmiddel (111, 112),

hvor kommunikationsmidlerne (111, 112) har en fgrste og en anden
driftstilstand, hvor kommunikationsmidlerne overtgrer med en storre effekt 1 den
anden driftstilstand end i1 den fgrste driftstilstand, den farste driftstilstand til tradlgs
overtgrsel af sensordata til en anden cylindersamling (1) eller et
kommunikationsmodul (10) og den anden driftstilstand til tradlas overfarsel af
sensordata til en fiernstation (200)

kendetegnet ved, at:

kommunikationsmidlerne (111, 112) er indrettet til at modtage en
bekraeftelse, der angiver, at overtarte sensordata | den farste driftstilstand er
blevet modtaget; og

cylindersamlingen (1) er indrettet til kun at overfgre sensordata under
anvendelse af den anden driftstilstand, hvis der ikke er blevet modtaget en

bekraeftelse inden for et forudbestemt tidsrum.
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