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DESCRIPTION

Technical field

[0001] The present disclosure relates to a remote sensor arrangement, and in particular to a
stand-alone arrangement adapted to be applied for sensing activity in cables in any monitoring
application and specifically in connection with railway implementations.

Background

[0002] A so-called Remote Sensor Unit (RSU) is typically used to monitor wayside and
trackside objects health and functionality, in particular in relation to railways. The RSU provides
monitoring functionality for different types of objects and loads, e.g. wayside objects such as
Point Machines (PMs), Barrier Machines (BMs), aspect lights and other objects can be
monitored with the RSU.

[0003] Depending on the monitored object, different parameters can be tracked. For dynamic
loads such as PMs, the RSU can be used to monitor duration of the switch movement but also
minimum, maximum, average and RMS current values of the movement. For static loads such
as aspect lights, the RSU can be used to track accumulated on-time and operational current
levels.

[0004] A first generation of RSUs required cabling for measurement and powering.

[0005] U-2016/0011241 relates to an apparatus and method for measuring geomagnetically
induced currents in high voltage transmission conductors.

[0006] The object of the present invention is to achieve a robust, stand-alone, Remote Sensor
Unit capable of measuring a wider range of AC/DC including low currents the presently applied
technology cannot measure. 'Stand-alone’ infers that it requires no external energy source and
has a wireless communication interface to remote equipment.

Summary

[0007] The above-mentioned object is achieved by the present invention according to the
independent claim.

[0008] Preferred embodiments are set forth in the dependent claims.

[0009] According to an aspect of the present invention it relates to a stand-alone remote
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sensor arrangement 2 for monitoring parameter activity in a cable 4. The arrangement
comprises a sensor unit 6 and a power source unit 8 connected to each other by a connecting
cable 10, and a control unit 12. The power source unit 8 is configured to supply energy to said
sensor unit 6.

[0010] The sensor unit 6 comprises a shielded housing 14 enclosing a toroid-shaped core 16
configured to be fixed around the cable 4, via a plastic fastener on the core housing, to be
monitored. The toroid-shaped core 16 is provided with at least one gap where a Hall sensor
element 18 is arranged. The remote sensor arrangement 2 is configured to be operated in a
low current consumption mode and in a measurement mode, in which measurement mode
said Hall sensor element 18 is configured to sense a predetermined parameter activity, e.g.
flowing current, of said cable 4, and that said control unit 12 is configured to change the mode
of operation of said sensor arrangement 2.

[0011] The sensor unit 6 further comprises a sensor activation unit 20 arranged and structured
to sense parameters related to magnetic field variations in core 16 caused by parameter
activity of cable 4, and to generate a sensor activation signal 22 including parameter values
dependent on said sensed parameters. The control unit 12 is configured to receive sensor
activation signal 22 and to evaluate parameter values in relation to predetermined mode
changing criteria, and to change the mode of operation of sensor arrangement 2 dependent on
the result of said evaluation.

[0012] Thus, the sensor arrangement, according to the present disclosure, relates to an RSU
that contains a 'wake-up' mechanism that activates the sensor unit between measurements,
which allows significant savings on consumption of the battery. The sensor activation unit
(sensing coil) measures a wide range of AC/DC currents including low value currents that the
presently applied technology cannot measure.

[0013] In one embodiment the remote sensor arrangement 2 comprises a communication unit
30 configured to establish a bidirectional wireless communication link with an external
equipment 32, and wherein said wireless communication link is a Bluetooth link, or any other
robust wireless communication link, e.g. a wireless Internet Protocol link.

[0014] Advantageously, the communication unit 30 is configured to send raw, non-processed,
parameter values, e.g. current values, to said external equipment via said bidirectional wireless
communication link.

[0015] As such, the sensor arrangement does not need to have embedded intelligence from
an analytics point of view; it simply measures current and sends the values to an external
element of the system where analysis is performed. This is advantageous because data
processing circuitry is not required in the sensor arrangement, so saving energy and reducing
the complexity of the circuitry.

Brief description of the drawings
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[0016]

Figure 1 shows a schematic overview illustration of the sensor arrangement according to the
present invention.

Figure 2 is a block diagram that schematically illustrates the sensor arrangement according to
the present invention.

Figure 3 is a schematic perspective view illustrating one embodiment of the sensor
arrangement according to the present invention.

Figures 4-6 show various detail in relation to the sensor unit according to one embodiment of
the present invention.

Figure 7 is an exploded view illustrating one exemplary variation of a sensor unit according to
the present invention.

Detailed description

[0017] The remote sensor arrangement will now be described in detail with references to the
appended figures. Throughout the figures the same, or similar, items have the same reference
signs. Moreover, the items and the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention.

[0018] First with reference to the schematic illustration in figure 1 a stand-alone remote sensor
arrangement 2 is provided for monitoring parameter activity, e.g. flowing current, in a cable 4.
The arrangement comprises two separate units, a sensor unit 6 and a power source and
communications unit 8 connected to each other by a connecting cable 10. With further
references to figures 2 and 3, the sensor arrangement also comprises a control unit 12
arranged either in the sensor unit 6 or in the power source unit 8, or distributed in both units.
The power source unit 8 is configured to supply energy to the sensor unit 6 and also to its own
circuitry, and comprises a battery 9 and circuitry enclosed inside a battery housing.

[0019] The sensor unit 6 comprises a shielded housing 14 enclosing a toroid-shaped core 16
configured to be fixed around the cable 4 to be monitored. The toroid-shaped core 16 is
provided with at least one gap where a Hall sensor element 18 is arranged.

[0020] The remote sensor arrangement 2 is configured to be operated in a low current
consumption mode and in a measurement mode. In the measurement mode the Hall sensor
element 18 is configured to sense a predetermined parameter activity, e.g. flowing current, of
the monitored cable 4.
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[0021] The control unit 12 is configured to change the mode of operation of the sensor
arrangement 2.

[0022] The sensor unit 6 further comprises a sensor activation unit 20 arranged and structured
to sense parameters related to magnetic field variations in the core 16 caused by the
parameter activity of the cable 4, and to generate a sensor activation signal 22 including
parameter values dependent on the sensed parameters.

[0023] The control unit 12 is configured to receive the sensor activation signal 22 and to
evaluate the parameter values in relation to predetermined mode changing criteria, and to
change mode of operation of the sensor arrangement 2 dependent on the result of said
evaluation.

[0024] According to an embodiment, one mode changing criterion relates to a derivate
measure of the sensed parameters, and if the derivate measure exceeds a predetermined
derivate threshold the mode of operation is changed to the measurement mode.

[0025] According to the invention, the sensor activation unit 20 is a coil integrated in a printed
circuit board (PCB) arranged in the housing. As an alternative, the sensor activation unit 20 is a
coil that encircles a cross-sectional part of the core by being wound around the part of the
core.

[0026] According to another embodiment, the toroid core 16 is divided into two semi-circular
core parts, and that said Hall sensor element 18 is provided in one of the gaps between end
parts of the semi-circular core parts.

[0027] In a further embodiment the housing 14 comprises at least two housing shells, an outer
housing shell 24 made from a non-metallic material, and an inner housing shell 25, arranged
within the outer housing shell and made from a shielding material capable of electrically and
magnetically shield an inner cavity of the housing 14. The toroid core 16, the sensor activation
unit 20, and the Hall sensor element 18 are arranged in the inner cavity of the housing 14.

[0028] Preferably, the housing 14 comprises two essentially equally sized parts, linked together
by a hinge 26 and capable of being clamped around the cable 4, and e.g. snapped together
and held in place by e.g. a plastic fastener. VWWhen the housing is mounted around the cable the
housing advantageously has a shape of a cylinder having an essentially circular cross-section.
Other geometrical shapes are naturally possible, e.g. the housing may have a rectangular
cross section when mounted around the cable, see figure 1.

[0029] In a further embodiment, the sensor activation unit 20, when the arrangement is
operated in the low current consumption mode, is capable of sensing current and to compare
measured current values to a mode changing threshold.
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[0030] In another embodiment, when the arrangement is operated in the measurement mode
the sensor unit 6 is capable of performing measurement of current, being the parameter
activity, in the cable 4, and to generate a measurement signal 28 comprising current values
dependent on measured current.

[0031] In one other embodiment, the remote sensor arrangement 2 comprises a
communication unit 30 configured to establish a bidirectional wireless communication link with
an external equipment 32. The wireless communication link is a Bluetooth link, or any other
wireless communication link, e.g. a Wireless Internet Protocol link.

[0032] The external equipment 32 may be arranged within a distance from the sensor
arrangement 2 that secures that the chosen method, e.g. Bluetooth, of wireless communication
may be achieved. The external equipment is provided with the required communication
capability to establish and perform bidirectional communication to the sensor arrangement.
Preferably, it should also be provided with a processing capability to perform analysis of the
received measurement signal 28.

[0033] Preferably, the communication unit 30 is configured to send raw, non-processed,
parameter values, e.g. current values, to the external equipment via the bidirectional wireless
communication link. Thus, no processing circuitry is required in the sensor arrangement,
instead, further signal processing is performed externally, e.g. in the external equipment. The
further signal processing may relate to e.g. calculating the RMS, Max, Min, Mean and switching
time based upon the current flowing through the cable during the switching period.

[0034] In a further embodiment the sensor unit 6 comprises a temperature sensor 34
configured to sense a temperature in relation to said sensor unit 6, and to generate a
temperature signal to be applied to the control unit 12.

[0035] According to one embodiment the control unit 12 is configured to receive an externally
generated mode changing signal including a mode changing command, and to change
operation mode of the sensor arrangement in dependence of the mode changing command.
The mode changing command may then be generated at predetermined time intervals, which
e.g. is applicable for measurements in relation to track circuits.

[0036] Preferably, the control unit 12 is configured to activate the measurement mode for a
predetermined time period, e.g. in the range of 0.5 - 2.0 seconds, and wherein during that time
period the mean current is measured.

[0037] The remote sensor arrangement 2 may be used for monitoring current in cables in
many different applications where remote monitoring is required, e.g. in remote places or in
onerous conditions. Particularly, as mentioned above, the arrangement is structured to monitor
cables applied in railway applications, e.g. for supplying power to point machines and track
circuits.
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[0038] The power source unit 8 comprises the power source, e.g. a battery, arranged within a
power source unit housing. In one exemplary variant the following prerequisites are to be
fulfilled by the power source unit. The battery life-time shall be at least 7 years at 15 degrees
centigrade when applied with a sensor unit that performs and communicates measurements
every two minutes. The type of battery has preferably the following operational data: 3.6V, size
C, and 8.5Ah. The power source unit housing shall not have any metal parts and is preferably
made from a plastic material. Preferably, the communication unit 30, arranged within the power
source unit 8, is a Bluetooth module.

[0039] The mechanical concept design of the sensor unit 6 is advantageously made with the
following prerequisites and input. The physical outer housing shell does not include any metal
parts on the exterior. The sensor unit 6 is structured to measure the current in a cable with a
diameter of 2mm to 4mm without modifying the cable integrity and properties. Thus, it is not
necessary to cut or remove any cables to install a sensor unit, and the installation shall not
require any special tools. The measurements performed by the sensor unit are not affected by
or affect other objects or nearby systems. This is secured by the shielding inner housing shell
25.

[0040] The electronics, e.g. the control unit 12, of the sensor unit 6 will advantageously be
arranged on a printed circuit board (PCB) within the housing. A PCB is illustrated in the
examples shown in figures 5-7.

[0041] As discussed above, the current is measured with a Hall sensor element, allowing
measurement of both AC and DC. The signal from the Hall-sensor is low pass filtered to
remove any high frequency content before it is fed to a 16-bit AD converter and then applied to
the control unit. Several different types of Hall sensor elements may be applied. Calculations
on the needed sensitivity have been carried out, and these calculations together with practical
tests have given a desired sensitivity of the Hall sensor element in the range of 50 - 100
mV/MT.

[0042] Generally, a Hall sensor is a device that is used to measure the magnitude of a
magnetic field. Its output voltage is directly proportional to the magnetic field strength through
it, and is used e.g. for current sensing applications.

[0043] According to one embodiment, a temperature sensor 34 is located close to the Hall
sensor element, e.g. arranged at the PCB, to be able to monitor the temperature. It will then be
possible to compensate the sensitivity of the system for different temperatures.

[0044] Preferably, the wake-up function is performed by the sensor activation unit that e.g.
consists of a coil and signal processing electronics. The coil senses any transient current (di/dt)
in the cable. This signal will be amplified, band pass filtered and used to generate an interrupt
that wakens the system. It is important that the total wake-up time is short as it will not be
possible to collect any data during this time. A pulse stretcher part makes a very short transient
pulse longer making sure that the interrupt input of the processor can catch it.
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[0045] The current consumption of the wake-up function needs to be very low as this part
remains continuously active. It is specified to be below 50 yA.

[0046] Two different embodiments of the sensor activation unit are applied. The coil may either
be a conventional wire wound or made on a PCB. The PCB solution is most cost efficient when
also the sensor and electronic components are located on the same PCB.

[0047] In one variation a toroid core is applied with the dimensions 22/14/13 mm, that is cut in
two equally sized halves. With regard to the core material specification, the parameter coercive
force is important to get as low hysteresis as possible. It should be as low as possible and not
have a non-linear variation with temperature. Another important parameter is the permeability,
which should have a linear behaviour over the temperature range.

[0048] The conclusion from above tests is that the geometry of the core is important when it
comes to reducing impact from external magnetic fields and a toroid core is therefore
preferred.

[0049] The toroid should not have a bigger diameter than necessary as this makes it more
sensitive to external magnetic fields. The minimum diameter is set by the outer diameter of
monitored cables plus some mechanical restrictions. It also shows that a bigger length of the
toroid is better when it comes to suppressing external magnetic fields.

[0050] The desired air-gap is in the range of 2 - 4 mm in total.

[0051] With regard to materials for the toroid core several different ferrite materials may be
considered. The parameter coercive force is important, to get as low hysteresis as possible.
Another important parameter is the permeability, to have a linear behaviour over the
temperature range.

[0052] Thus, the complete current sensor unit comprises a core (concentrator), a Hall sensor
element and a sensor activation unit, e.g. a coil. The core concentrates and amplifies the
induced field from the cable to be monitored. In an air-gap the Hall-sensor element is mounted.
This sensor senses both AC and DC current. The sensor activation unit is only sensing
changes in the current and is used for waking up the whole arrangement, when performing
Event Initiated Measurement (EIM).

[0053] The sensor unit works according to an open loop principle. The reason for this is cost
and complexity. A closed loop sensor will consume additional energy as this is an active system
with current feedback. The complexity will cost more in both components count and develop
time. Thus, the object is to be able to monitor measurements that relate both to type 1
(tracking circuit = 1A) and type 2 (point machine = 10A) by the same sensor unit.

[0054] In one embodiment of the sensor activation unit, a wake-up coil is provided with 200
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turns that may detect a transient current of 200 mA. The sensitivity can easily be adjusted by
the number of windings on the coil or in the gain of the amplifier. As this coil is only sensitive to
AC there is no DC offset which means that it is possible to work with high gain without the risk
for saturation of the amplifier.

[0055] The size of the air-gap where the Hall sensor is arranged only marginally affects the
sensitivity of the coil. The core material has a much bigger influence of the sensitivity. The coil
senses any transient current (di/dt) in the cable. The sensor activation signal 22 is applied to
the control unit 12 where it will be amplified, filtered and used to generate an interrupt that
wakens the system. It is important that the total wake-up time is minimal as it will not be
possible to collect any data during this time. It is estimated that the start-up time for the
processor in the control unit will be below 2 ms and it is important that the major part of this is
not coming from the sensor.

[0056] A calculation on the noise margin of the coil and amplifier together shows that the
amplifier will set the noise level but it will not be critical. As an example, an operational amplifier
with a noise level in the area of 20 nV/sqr Hz may be used.

[0057] As mentioned above, there are different solutions regarding how to realize the coil. The
coil may either be a conventional coil or made on one or several PCBs. The PCB solution may
be more cost efficient because also the Hall sensor may be arranged at the same PCB.

[0058] The sensor unit includes a magnetic shielding which is provided by the inner housing
shell 25. This may be achieved in several ways. The whole core can be shielded or just partly
shielded, or a tubular shield. The Hall sensor element is itself sensitive to an external field and
should also be shielded. The shielding material may be mild steel or mu-metal. In one variation
mild steel is applied and the thickness is around 0.3 mm. The shielding needs to be efficient
from DC to some tenths of kHz. The material must not be saturated. The shielding inner
housing shell 25 is arranged at a predetermined distance from the core, e.g. more than 5mm,
so that the shield does not have a magnetic coupling to the core, otherwise this will negatively
affect the hysteresis of the core. The different shields do not need to be in electric contact with
each other but they need to overlap.

[0059] Generally, the sensor unit 6 itself needs to be rigidly mounted and immobile. If the
sensor unit can move it will cause an error in the sensors offset due to the geomagnetic field.
The cable 4 should be tightly clamped in the concentrator through-going opening defined by
the toroid core 16. This may be achieved by flexible pads structured to centre the cable in the
opening. If the cable has the possibility to move this has a potential for error in the
measurement.

[0060] In one exemplary version of the sensor unit 6 the core snaps down in the shielding
inner housing shell 25 where it is fixed by ribs and snaps, see figure 4. To manage the ferrite
core tolerances a foam spacer might be necessary to place under the core so the necessary
air gap is fulfiled. The connecting cable 10 is then connected to the PBA. In this exemplary
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version the PCB includes a built in coil with several turns that extends around the core, for the
wake-up function. The PBA also includes analogue components, a rigid flex with the hall
sensor element, a temperature sensor and a cable connector. As shown in figure 5 the PBA is
provided with two openings located at positions and having dimensions that enables the PBA to
be mounted such that the core will extend through the openings. This is advantageous in that
the Hall sensor may be positioned in the gap between the two core parts by means of the rigid
flex and also that the circuitry at the PCB will be shielded by the inner housing shell.

[0061] The PBA is then snapped down in inner housing shell and the sensor flex are mounted
on the core with adhesive, see figure 6.

[0062] An exploded view of the entire sensor unit 6 is shown in figure 7. In figure 7 is shown
the essential parts previously discussed, and in addition further details required to mount the
various parts together and also flexible paddings used to firmly hold the cable to be monitored
in a fixed position. Specifically, the air gap where the Hall sensor element is to be mounted
between the core-core is critical, and therefore, in order to secure a predetermined gap
distance a spring might be required to push the core down against one or many spacers.

[0063] The dimensions of the above disclosed exemplary sensor unit is 40*40*30 mm
(40*45*30 with snap and living hinge included). The size depends e.g. on size and amount of
component that need to be on the PCB, and the space for the built in coil on the PCB.

[0064] According to one variation of the connecting cable 10, it has a diameter of 3.3 mm and
is typically at least 700 mm long. Other lengths and dimensions are naturally possible. The
cable shall be shielded. On the cable there shall be a cable gland on each side, for strain relief
and sealing.

[0065] The main application is measuring driving electrical power to point machines and track
circuits. There are numerous further applications and industries where the remote sensor
arrangement may be used. Its purpose is long term predictive analysis as it senses a trend in
current drawn. For example, when used with a point machine, the sensor unit of the remote
sensor arrangement is clamped around the power supply cable to the point machine. The
sensor activation unit senses that the point machine is activated by sensing the voltage
induced in the sensor unit when there is current in the cable, then the main measurement is
triggered. The sensor arrangement does not send any alarms but generates and wirelessly
transmits the raw measurement signal to an external element of the system where the
gathered data is analysed and may be acted upon. For a point machine the RMS, Max, Min,
Mean and switching time is calculated based on the current flowing through the clamp during
the switching period.

[0066] Track circuits are measured at configurable time intervals, they are not activated by any
current induced event, i.e. the sensor doesn't know if there's a train occupying the track. For
track circuits only the mean current is measured for approximately 1 second; this value is later
used for long-term predictive analysis purposes.
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[0067] For water pumps protecting signalling equipment rooms, the remote sensor
arrangement provides low-cost power supply monitoring similar to the examples above.

[0068] The measurement of the predetermined parameter activity in the cable performed by
the sensor unit may be initiated in two different ways. Either an Event Initiated Measurement
(EIM), or a Time Initiated Measurement (TSIM).

[0069] The EIM measurement is started when the sensor activation unit, e.g. the coil, in the
sensor unit senses transient activity, e.g. from increased current, in the cable. The activation
unit then produces a short pulse that is used to wake up the sensor unit.

[0070] The current offfon event creates a detectable slope (positive and/or negative as
needed) which is used to wake up the sensor from sleep. The sensor samples windows of n
samples and calculates the RMS value. When z consecutive window RMS values are larger
than a predetermined start threshold, the waveform will be saved. The sampling is ended when
z consecutive windows are lower than a predetermined stop threshold.

[0071] The parameters n, start_threshold, stop_threshold and z are configurable.

[0072] The TSIM measurement is done on timed intervals specified in the device configuration.
When the sensor wakes up for a measurement it sample n samples with a separation of { (ms).
To save battery the sensor will sleep between the n samples.

[0073] The parameters n, { and variance_threshold are configurable.

[0074] The present invention is not limited to the above-described preferred embodiments.
[0075] Various alternatives and modifications may be used. Therefore, the above

embodiments should not be taken as limiting the scope of the invention, which is defined by the
appending claims.
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FJERNSENSORANORDNING

PATENTKRAV

1.  Uafheengig fiernsensoranordning (2) til overvagning af parameteraktivitet i et kabel
(4), hvilken anordning omfatter en sensorenhed (6) og en stremkildeenhed (8), der er
forbundet med hinanden ved hjeelp af et forbindelseskabel (10), og en styreenhed (12),
hvor stremkildeenheden (8) er konfigureret til at levere energi til sensorenheden (6), hvor
sensorenheden (6) omfatter et afskeermet hus (14), der omgiver en toroideformet kerne
(16), der er konfigureret til at blive anbragt rundt om kablet (4), der skal overvages, og
den toroideformede kerne (16) er forsynet med mindst én spalte, hvor der er anbragt et
Hall-sensorelement (18), hvor flernsensoranordningen (2) er konfigureret til drift i en
tilstand med lavt stremforbrug og i en maletilstand, i hvilken maletilstand Hall-
sensorelementet (18) er konfigureret til at registrere en forudbestemt parameteraktivitet,
f.eks. strem, der lgber gennem kablet (4), og at styreenheden (12) er konfigureret til at
gendre sensoranordningens (2) driftstilstand,

hvor sensorenheden (6) desuden omfatter en sensoraktiveringsenhed (20), der er
indrettet og konstrueret til at registrere parametre, der er relateret til variationer i
magnetfeltet i kernen (16), der er forarsaget af parameteraktiviteten i kablet (4), og til at
generere et sensoraktiveringssignal (22), der indeholder parameterveerdier, der
afheenger af de registrerede parametre, hvor styreenheden (12) er konfigureret til at
modtage sensoraktiveringssignalet (22) og til at evaluere parameterveerdierne i forhold til
forudbestemte kriterier for eendring af tilstanden, og til at eendre sensoranordningens (2)
driftstilstand afhaengigt af resultatet af evalueringen,

kendetegnet ved, at

sensoraktiveringsenheden (20) er en spole, der er integreret i et printkort i huset, eller
sensoraktiveringsenheden (20) er en spole, der omkranser en tveersnitsdel af kernen, idet

den er viklet rundt om denne del af kernen.

2. Fjernsensoranordning (2) ifelge krav 1, hvor det ene kriterium for eendring af
tilstanden er relateret til et afledt mal for de registrerede parametre, og driftstilstanden,
eendres til maletilstanden, hvis det afledte mal overskrider en forudbestemt afledt

teerskelveerdi.

3. Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 2, hvor



, DK/EP 3832321 T3

toroidekernen (16) er opdelt i to halvcirkelformede kernedele, og at Hall-sensorelementet
(18) er tilvejebragt i én af spalterne mellem endedelene af de halvcirkelformede

kernedele.

4.  Fjernsensoranordning (2) ifalge et hvilket som helst af kravene 1 til 3, hvor huset
(14) omfatter mindst to husskaller, en udvendig husskal (24), der er fremstillet af et ikke-
metallisk materiale, og en indvendig husskal (25), der er anbragt inden i den udvendige
husskal og er fremstillet af et afskeermningsmateriale, der er i stand til elektrisk og
magnetisk at afskeerme et indvendigt hulrum i huset (14), hvor toroidekernen (16),

sensoraktiveringsenheden (20) og Hall-sensorelementet (18) er anbragt.

5.  Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 4, hvor huset
(14) omfatter to dele af i det veesentlige samme starrelse, der er forbundet med hinanden
ved hjeelp af et haengsel (26) og er i stand til at blive fastspaendt rundt om kablet (4), og
hvor huset, nar det er anbragt rundt om kablet, har form af en cylinder med et i det

vaesentlige cirkelrundt tveersnit.

6. Fjernsensoranordning (2) ifglge et hvilket som helst af kravene 1 til 5, hvor
sensoraktiveringsenheden (20) i tilstanden med lavt stremforbrug er i stand til at
registrere strammen og sammenligne de malte stremveerdier med en teerskelveerdi for

gendring af tilstanden.

7. Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 6, hvor
sensorenheden (6) i maletilstanden er i stand til at udfere maling af strem, hvilket er
parameteraktiviteten i kablet (4), og til at generere et malesignal (28), der omfatter

stremveerdier afhaengigt af den malte strem.

8.  Fjernsensoranordning (2) ifalge et hvilket som helst af kravene 1 til 7, der omfatter
en kommunikationsenhed (30), der er konfigureret til at etablere en tovejs tradlas
kommunikationsforbindelse med et eksternt udstyr (32), og hvor den tradlgse
kommunikationsforbindelse er en Bluetooth-forbindelse, eller en hvilken som helst anden

tradles kommunikationsforbindelse, f.eks. en tradlas internetprotokolforbindelse.

9. Fjernsensoranordning (2) ifglge krav 8, hvor kommunikationsenheden (30) er

konfigureret til at sende ra, ubehandlede parametervaerdier, f.eks. stremvaerdier, til det



; DK/EP 3832321 T3

eksterne udstyr via den tovejs tradlzse kommunikationsforbindelse.

10. Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 9, hvor
sensorenheden (6) omfatter en temperatursensor (34), der er konfigureret til at registrere
en temperatur i forhold til sensorenheden (6) og til at generere et temperatursignal (36),

der skal anvendes til styreenheden (12).

11. Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 10, hvor
styreenheden (12) er konfigureret til at modtage et eksternt genereret signal til sendring
af tilstanden, der indbefatter en kommando til aendring af tilstanden, og til at eendre

sensoranordningens driftstilstand afheengigt af kommandoen til zendring af tilstanden.

12. Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 11, hvor
styreenheden (12) er konfigureret til at aktivere maletilstanden til et forudbestemt tidsrum,
f.eks. inden for et omrade pa 0,5 til 2,0 sekunder, og hvor den gennemsnitlige strem

males i lgbet af dette tidsrum.

13. Fjernsensoranordning (2) ifelge et hvilket som helst af kravene 1 til 12, hvor
anordningen er konstrueret til at overvage kabler, der anvendes til jernbaneinstallationer,

f.eks. til stramforsyning af sporskiftemaskiner og sporkredsiab.
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