wo 2014/051482 A1 |1 IO OO0 AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/051482 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

3 April 2014 (03.04.2014) WIPOIPCT
International Patent Classification:
GO1F 25/00 (2006.01)
International Application Number:
PCT/SE2013/000136

International Filing Date:
5 September 2013 (05.09.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/628,297 27 September 2012 (27.09.2012) US

Applicant: ROSEMOUNT TANK RADAR AB [SE/SE];
Box 13045, $-402 51 Géteborg (SE).

Inventors: WIDAHL, Christoffer; Lonsegardsvagen 19,
SE-42670 Vistra Frolunda (SE). LARSSON, Michael;
Alandsgatan 3, SE-411 32 Géteborg (SE).

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Designated States (unless otherwise indicated, for every Published:

kind of national protection available). AE, AG, AL, AM,

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: VERIFICATION OF A LEVEL GAUGE SYSTEM

VRR

Most

recent dpg
from before MU 303
verification?.
Cancel
Store temp. \304
| Measure and store d;l\ 305
306
[9Rrz - Irril< 2? N 307
Cancel l
Pass [ 308
Return fo normal 309
operation
Fig. 4b

(57) Abstract: The present invention relates to a method of veritying a measurement accur-
acy of a level gauge system. The method comprises determining a first measurement value
indicative of a time-of-flight of a first electromagnetic reflection signal to a reference re-
flector and back; determining a measurement unit verification measurement value based on
a response signal from a verification arrangement; determining a second measurement value
indicative of a time-of-flight of a second electromagnetic reflection signal to the reference
reflector and back; and determining a verification result based on the first measurement
value, the second measurement value and the measurement unit verification measurement
value. Through embodiments of the present invention, it will be verified that the measure-
ment unit is functioning correctly and that level gauge system works as it should also after
being reconnected to the propagation device.



WO 2014/051482 A1 WK 00TV A0 0T R A

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2014/051482 PCT/SE2013/000136

10

15

20

25

30

VERIFICATION OF A LEVEL GAUGE SYSTEM

Field of the Invention

The present invention relates to a method of verifying a measurement

accuracy of a level gauge system, and to a level gauge system.

Technical Background

Radar level gauge (RLG) systems are in wide use for determining the
filling level of a product contained in a tank. Radar level gauging is generally
performed either by means of non-contact measurement, whereby
electromagnetic signals are radiated towards the product contained in the
tank, or by means of contact measurement, often referred to as guided wave
radar (GWR), whereby electromagnetic signals are guided towards and into
the product by a probe acting as a waveguide. The probe is generally
arranged to extend vertically from the top towards the bottom of the tank. The
probe may also be arranged in a measurement tube, a so-called chamber,
that is connected to the outer wall of the tank and is in fluid connection with
the inside of the tank.

The transmitted electromagnetic signals are reflected at the surface of
the product, and the reflected signals are received by a receiver or
transceiver comprised in the radar level gauge system. Based on the
transmitted and reflected signals, the distance to the surface of the product
can be determined.

More particularly, the distance to the surface of the product is generally
determined based on the time between transmission of an electromagnetic
signal and reception of the reflection thereof in the interface between the
atmosphere in the tank and the product contained therein. In order to
determine the actual filling level of the product, the distance from a reference
position to the surface is determined based on the above-mentioned time (the
so-called time-of-flight) and the propagation velocity of the electromagnetic

signals.
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Most radar level gauge systems on the market today are either so-
called pulsed radar level gauge systems that determine the distance to the
surface of the product contained in the tank based on the difference in time
between transmission of a pulse and reception of its reflection at the surface
of the product, or systems that determine the distance to the surface based
on the frequency difference between a transmitted frequency-modulated
signal and its reflection at the surface. The latter type of systems are
generally referred to as being of the FMCW (Frequency Modulated
Continuous Wave) type.

In several applications, the filling level determined using a radar level
gauge system is used to determine an amount of funds to be transferred from
one party to another. An example of such an application is in the so-called
upstream petroleum industry, where GWR systems are often used to
determine the filling level in production tanks. This filling level may in turn be
used to determine payments to subsurface rights owners.

In this and other applications, it is thus important that the accuracy of
the filling level determination is trusted by all parties. Verification of the
measurement accuracy of the GWR systems is therefore regularly carried
out.

Currently, such verification is performed by pumping the product up
and down in the tank and verifying measurement results obtained using the
GWR system with manual measurements, such as by dipping.

This type of verification measurement is, however time-consuming and
cumbersome. Verification of one level gauge system using this method may

require two operators and at least one tank truck during one day.

Summary
In view of the above, a general object of the present invention is to

provide for an improved and more efficient way of verifying the measurement
accuracy of a level gauge system.
According to a first aspect of the present invention, it is therefore

provided a method of verifying a measurement accuracy of a level gauge
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system comprising a measurement unit and a propagation device attached to
a tank for propagating electromagnetic signals generated by the
measurement unit towards a product in the tank, wherein the method
comprises the steps of: feeding, to the propagation device, a first
electromagnetic transmit signal generated by the measurement unit;
receiving, at the measurement unit, a first electromagnetic reflection signal
being a reflection of the first electromagnetic transmit signal at a reference
reflector arranged in the tank; determining a first measurement value
indicative of a time-of-flight of the first electromagnetic reflection signal from
the measurement unit to the reference reflector and back to the measurement
unit; feeding, to a verification arrangement having at least one known
electromagnetic signal propagation property, an electromagnetic signal
generated by the measurement unit; receiving, at the measurement unit, a
response signal from the verification arrangement, the response signal being
indicative of the at least one electromagnetic signal propagation property of
the verification arrangement; determining a measurement unit verification
measurement value based on the response signal; feeding, to the
propagation device, a second electromagnetic transmit signal generated by
the measurement unit; receiving, at the measurement unit, a second
electromagnetic reflection signal being a reflection of the second
electromagnetic transmit signal at the reference reflector arranged in the tank;
determining a second measurement value indicative of a time-of-flight of the
second electromagnetic reflection signal from the measurement unit to the
reference reflector and back to the measurement unit; and determining a
verification result based on the first measurement value, the second
measurement value and the measurement unit verification measurement
value.

An example of a measurement value indicative of the time-of-flight of
an electromagnetic signal reflected at the reference reflector may be the
distance from the measurement unit to the reference reflector.

By “electromagnetic signal propagation property” should be understood

any property of the propagation of an electromagnetic signal, such as one or
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several of delay, attenuation, phase shift, frequency shift, polarization shift
etc.

The present invention is based on the realization that a verification of
the measurement accuracy of a level gauge system, including the installation
at the tank, can be achieved by verifying the operation of the measurement
unit using a verification arrangement, and additionally verifying that a
reference measurement performed with the level gauge system installed at
the tank is substantially the same before and after the operation of the
measurement unit is verified using the verification arrangement.

Especially in cases when the measurement unit is disconnected from
the propagation device before verifying the operation of the measurement unit
using the verification arrangement, there is a risk that the measurement unit is
not properly reconnected to the propagation device. Through embodiments of
the present invention, it will be verified that the measurement unit is
functioning correctly and that level gauge system works as it should also after
being reconnected to the propagation device. This will provide for simpler and
less time-consuming verification of the measurement accuracy, as well as for
an increased trust in the verification.

According to various embodiments of the present invention, the
verification arrangement may comprise a connector; and the method may
further comprise the steps of: disconnecting the measurement unit from the
propagation device after having determined the first measurement value;
connecting the measurement unit to the connector of the verification
arrangement; and disconnecting the measurement unit from the connector of
the verification arrangement and reconnecting the measurement unit to the
propagation device after having determined the measurement unit verification
measurement value.

In these and other embodiments, the verification arrangement may, for
example, be provided in the form of a portable unit that can easily be taken to
a site where a level gauge system to be verified is installed. Following a first
measurement of the distance to the reference reflector, the measurement unit

may be disconnected from the propagation device without breaking the



WO 2014/051482 PCT/SE2013/000136

10

15

20

25

30

5

process seal, in the case of a closed tank. Thereafter, the measurement unit
is connected to the verification arrangement and a verification measurement
for the measurement unit is carried out. After having performed the
verification measurement using the verification arrangement, the
measurement unit is reconnected to the propagation device and a new
measurement of the distance to the reference reflector is carried out.

The verification arrangement may advantageously comprise a
verification waveguide electrically connected to the connector, the verification
waveguide providing a known delay between an electromagnetic signal fed to
the verification waveguide and a reflected electromagnetic signal returned by
the verification waveguide.

In some embodiments, the verification arrangement may comprise
several verification waveguides providing different delays and a switch for
allowing a user of the verification arrangement to switch between the
verification waveguides. The delay provided by a particular waveguide may
be dependent on the length of the waveguide.

To further improve the verification of the measurement accuracy of the
level gauge system, various embodiments of the method according to the
present invention may further comprise the steps of: recording a first value of
an internal temperature of the measurement unit in connection with the step
of determining the first measurement value; and recording a second value of
the internal temperature of the measurement unit in connection with the step
of determining the second measurement value.

In such embodiments, the verification result may further be based on
the first value of the internal temperature of the measurement unit and the
second value of the internal temperature of the measurement unit.

According to various embodiments, the level gauge system may be a
guided wave radar level gauge system, the propagation device may be a
transmission line probe, and the reference reflector may be arranged along
the transmission line probe.

In other embodiments, the propagation device may be a radiating

antenna, and the reference reflector may be a reflecting structure arranged



WO 2014/051482 PCT/SE2013/000136

10

15

20

25

30

6

somewhere in the tank. Such a reflecting structure may either be fixed or be
controllable between a first position outside the antenna lobe and a second
position inside the antenna lobe.

To allow for verification measurements to take place at practically any
time during operation of the tank where the level gauge system is installed,
the reference reflector may advantageously be arranged at such a level in the
tank that the reference reflector remains unsubmerged in the product during
normal operation of the tank. This allows for verification measurements to
take place practically regardless of filling level and electrical properties of the
product in the tank.

Various embodiments of the method according to the present invention
may further be provided as a computer program. In particular, it is provided
non-volatile computer readable medium comprising code adapted to control a
level gauge system to carry out the method according various embodiments
of the present invention.

According to a second aspect of the present invention, there is
provided a level gauge system, for determining a filling level of a product in a
tank, the level gauge system comprising: a transceiver configured to
generate, transmit and receive electromagnetic signals; a propagation device
arranged to propagate an electromagnetic transmit signal from the transceiver
towards the product and to return to the transceiver an electromagnetic
reflection signal resulting from reflection of the electromagnetic transmit signal
at a surface of the product; and processing circuitry connected to the
transceiver for determining the filling level based on the electromagnetic
reflection signal, wherein the level gauge system further comprises: a
connector for allowing connection of the transceiver to a verification
arrangement having at least one known electromagnetic signal propagation
property; and switching circuitry controllable to electrically disconnect the
propagation device from the transceiver and electrically connect the
connector to the transceiver.

It may be desirable to allow for verification of a level gauge system to

take place without having to detach the measurement unit from the tank.
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According to the second aspect of the present invention, this is achieved by
providing a connector and switching circuitry for providing controllable access
to the transceiver without having to detach the measurement unit from the
tank.

To that end, the connector may advantageously be accessible from the
outside of the measurement unit. For instance, the connector may be
protected by a removable cover.

In order to verify operation of the measurement unit, the verification
arrangement may be moved to the location of the measurement unit, usually
the roof of the tank. Alternatively, a cable may be provided to route signals
from the connector to a location closer to the ground. Such a cable may
advantageously be thermally insulated and/or provided with a temperature
control device to control the temperature of the cable through heating and/or
cooling of the cable.

According to various embodiments, the switching circuitry may be
configured to electrically disconnect the propagation device from the
transceiver and electrically connect the connector to the transceiver in
response to a control signal. Such a control signal may come directly from an
external control device, such as a computer that may be temporarily
connected to a data interface of the measurement unit.

Alternatively, the control signal may be provided by the processing
circuitry comprised in the level gauge system. In the latter case, the
processing circuitry may be controllable between: a filling level determination
mode in which the processing circuitry controls the switching circuitry to
electrically connect the transceiver to the propagation device; and a
verification mode in which the processing circuitry controls the switching
circuitry to electrically connect the transceiver to the connector.

According to various embodiments, furthermore, the verification
arrangement may be comprised in the level gauge system. In these
embodiments, verification of the measurement accuracy could be carried out
remotely, which will further reduce the operational cost of the level gauge

system. Depending on how frequently verification needs to be carried out for
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a particular level gauge system, the higher cost of a level gauge system
including a verification arrangement may be justified by the savings in
operational cost of the level gauge system.

Further embodiments of, and effects obtained through this second

5 aspect of the present invention are largely analogous to those described
above for the first aspect of the invention.

According to a third aspect of the present invention, there is provided a
level gauge system, for determining a filling level of a product in a tank, the
level gauge system comprising: a transceiver configured to generate, transmit

10 and receive electromagnetic signals; a propagation device arranged to
propagate an electromagnetic transmit signal from the transceiver towards
the product and to return to the transceiver an electromagnetic reflection
signal resulting from reflection of the electromagnetic transmit signal at a
surface of the product; and a reference reflector arranged in the tank for

15 providing an electromagnetic reference signal resulting from reflection of the
electromagnetic transmit signal at the reference reflector; a memory; and
processing circuitry connected to the transceiver and the memory, the
processing circuitry being controllable between: a filling level determination
mode, in which the processing circuitry determines the filling level based on

20 the electromagnetic reflection signal; and a verification mode, in which the
processing circuitry: determines if the memory contains an indication that
verification measurement using a verification arrangement has been carried
out; and if the memory contains the indication: determines a measurement
value indicative of a distance to the reference reflector based on the

25 electromagnetic reference signal; stores the measurement value in the
memory; compares the measurement value with a previous measurement
value determined prior to the verification measurement; and provides a
verification result based on the comparison.

Various embodiments of the level gauge system according to the third

30 aspect of the present invention ensure that a second measurement of the
distance to the reference reflector is only carried out if a verification

measurement using the verification arrangement has been carried out. This
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prevents abuse of the verification by, for example, skipping a measurement or
using an old measurement result. Hereby, trust in the verification can be
increased, which reduces the risk that any party would require the use of
hand dipping or other labor intensive and time consuming verification
measurements.

To handle possible differences in measurements caused by
temperature variations, the level gauge system may advantageously further
comprise a temperature sensor for providing a temperature signal indicative
of a temperature of at least a portion of the level gauge system, and the
processing circuitry may be connected to the temperature sensor and, in the
verification mode, the processing circuitry may acquire the temperature signal
from the temperature sensor and stores a value indicative of the temperature.

By storing various information in the memory, such as an indication of
the verification result, an ID of the verification arrangement, dates, times and
temperatures etc, it will be possible to provide a detailed certificate of the
verification, which will further promote trust in the verification and provide
traceability.

Further embodiments of, and effects obtained through this third aspect
of the present invention are largely analogous to those described above for
the first and second aspects of the invention.

In summary, the present invention thus relates to a method of verifying
a measurement accuracy of a level gauge system. The method comprises
determining a first measurement value indicative of a time-of-flight of a first
electromagnetic reflection signal to a reference reflector and back;
determining a measurement unit verification measurement value based on a
response signal from a verification arrangement; determining a second
measurement value indicative of a time-of-flight of a second electromagnetic
reflection signal to the reference reflector and back; and determining a
verification result based on the first measurement value, the second
measurement value and the measurement unit verification measurement

value. Through embodiments of the present invention, it will be verified that
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the measurement unit is functioning correctly and that level gauge system

works as it should also after being reconnected to the propagation device.

Brief Description of the Drawings

These and other aspects of the present invention will now be described
in more detail, with reference to the appended drawings showing an
exemplary embodiment of the invention, wherein:

Figs 1a-c schematically different phases of verification using a first
embodiment of the method according to the present invention;

Fig. 2 is a flow-chart outlining the method according to the first
embodiment of the present invention;

Fig 3a schematically shows an example of a level gauge system that
can be verified using the method of fig 1;

Fig 3b is a schematic block diagram of the measurement unit
comprised in the level gauge system in fig 3a;

Fig 4a is a flow-chart outlining a first part of a verification method
according to a second embodiment of the present invention;

Fig 4b is a flow-chart outlining a second part of the verification method
according to the second embodiment of the present invention; and

Figs 5a-b are schematic block diagrams of further example

embodiments of the level gauge system according to the present invention.

Detailed Description of Example Embodiments

In the present detailed description, various embodiments of the
verification method according to the present invention are mainly discussed
with reference to verification of the measurement accuracy of a pulsed radar
level gauge system of the GWR (guided wave radar) type.

It should be noted that this by no means limits the scope of the present
invention, which also covers verification procedures for verification of the
measurement accuracy of other types of level gauge systems, such as level
gauge systems that are not pulsed, but emit a substantially continuous signal,

such as so-called FMCW (frequency modulated continuous wave) systems.
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Furthermore, the verification method according to various embodiments of the
present invention may equally well be used for verification of the
measurement accuracy of free radiating radar level gauge systems.

An example of a level gauge system that can be verified using various
embodiments of the verification method according to the present invention will
now be described with reference to fig 1a.

Fig 1a schematically illustrates a level gauge system 1 arranged on top
of a tank 2 for determining the filling level of a product 3 in the tank 2 using
microwaves. The level gauge system 1 is therefore in the following referred to
as a radar level gauge system or an RLG-system.

The radar level gauge system 1 comprises a measurement unit 5, a
propagation device, here in the form of a transmission iine probe 6 for
propagating microwaves towards a surface 7 of the product 3 contained in the
tank 2.

When measuring the filling level of the product 3 contained in the tank
2, the radar level gauge system 1 transmits an electromagnetic transmission
signal St by the transmission line probe 6 towards the surface 7 of the
product 3, where the signal is reflected as a surface echo signal Sg. The
distance between a reference position at the top of the tank 2 and the surface
7 of the product 3 is then determined based on the difference in time-of-flight
of the surface echo signal Sg (from the radar level gauge system 1 to the
surface 7 and back) and an echo signal reflected from the reference position
at the top of the tank. From the distance (time) between the surface echo and
the reference echo, and known dimensions of the tank 2, the filling level can
be deduced.

There is also a reference reflector arranged in the tank 2. In the
exemplary level gauge system 1 in fig 1a, the reference reflector is provided
in the form of a conductive substantially cylindrical structure 9 attached to the
transmission line probe 6. This reference reflector 9 is arranged at a fixed
position along the transmission line probe, and the electromagnetic

transmission signal St will be partly reflected by the reference reflector 9 to
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provide an electromagnetic reflection signal which is returned by the
transmission line probe to the measurement unit 5.

It should be noted that, although a tank 2 containing a single product 3
is discussed herein, the distance to any material interface present in the tank
2 can be measured in a similar manner given that the electromagnetic signals
transmitted by the measurement unit are not attenuated so much that no
useful reflection signal can be obtained.

For level gauge systems 1 such as that described above with reference
to fig 1, it may be desirable to test and/or verify the measurement accuracy
from time to time. As is schematically indicated in fig 1a, verification of the
measurement accuracy will be carried out be an operator 11 provided with a
verification arrangement, here in the form of a verification station 12.

Figs 1b-c illustrate later phases of a first embodiment of the verification
method according to the present invention, and will be described in further
detail below.

A first embodiment of the verification method according to the present
invention will now be described with reference to figs 1a-c and the flow-chart
in fig 2.

In the first step 100, a first distance drr1 to the reference reflector 9 is
measured. This step is carried out with the measurement unit 5 attached to
the tank 2 and connected to the transmission line probe 6 as shown in fig 1a.

In the subsequent step 101, the operator 11 detaches the
measurement unit 5 from the tank 2, and attaches the measurement unit 5 to
the verification station 12. This is schematically illustrated in fig 1b. When the
measurement unit 5 is attached to the verification station 12, the operator 11
controls the measurement unit 5 to measure an electromagnetic signal
propagation property of the verification station 12. This electromagnetic signal
propagation property may, for example, be the length of a coaxial cable
comprised in the verification station 12.

After having determined the length of the coaxial cable using the
measurement unit 5, the measurement unit 5 is re-attached to the tank 2 in

step 102. This is shown in fig 1c. When the measurement unit 5 has been re-
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attached to the tank 2, a second distance dgg. to the reference reflector 9 is
measured.

Finally, in step 103, a verification result is determined based on the first
distance drr1 to the reference reflector 9 measured in step 100, the second
distance dgrr: to the reference reflector 9 measured in step 102, and the
length of the coaxial cable of the verification station 12 measured in step 101.

An example of a level gauge system 1 that can be verified using
various embodiments of the method according to the present invention will
now be described in more detail with reference to figs 3a-b.

As can be seen in fig 1, the level gauge system 1, here a GWR-
system, comprises a measurement unit 5 arranged outside the tank 2, and a
transmission line probe 6 arranged inside the tank 2. The transmission line
probe 6 is attached to the tank 2 at a coupling 20 schematically shown in fig
3a. The coupling 20, which may also be referred to as process seal, performs
the dual function of mechanically attaching the transmission line probe 6 to
the tank 2 and providing an electrical feed-through to allow electrical
connection to the transmission line probe 6 from the outside of the tank 2.

As is also schematically indicated in fig 3a, the measurement unit 5 is
attached to the coupling 20 through nut 21. When attached to the coupling 20,
the measurement unit 5 is electrically connected to the transmission line
probe, so that an electromagnetic transmission signal St generated by the
measurement unit 5 can propagate along the transmission line probe 6, and
an electromagnetic reflection signal Sg, being a reflection of the
electromagnetic transmission signal at the reference reflector 9 can
propagate along the transmission line probe 6 back towards the
measurement unit 5.

The measurement unit 5 can be detached from the coupling 20 and
thus from the tank 2 without breaking the process seal by turning the nut 21 to
release the measurement unit 5 from the coupling 20.

Referring now to fig 3b, which is a schematic block diagram of the
measurement unit 5 comprised in the GWR-system 1 in fig 3a, the
measurement unit 5 comprises a transceiver 24, a memory 25, a temperature
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sensor 26 and processing circuitry, here shown as a processing unit 27. As is
indicated by arrows in fig 3b, the transceiver 24 is connected to the
processing unit 27 and the transceiver 24 is also connected to the
transmission line probe 6 when the measurement unit 5 is attached to the
coupling 20 as shown in fig 3a. The memory 25 and the temperature sensor
26 are both connected to the processing unit 27, and the processing unit 27 is
connectable to an external device, such as a control center and/or the
computer of an operator (not shown in fig 3b).

With reference to figs 4a-b and figs 3a-b, different parts of a verification
method according to a second embodiment of the present invention will now
be described. Fig 4a is a flow-chart outlining a first part of the method, to be
carried out before the measurement unit verification measurement carried out
using a verification arrangement as described above in connection with figs
1a-c and fig 2, and fig 4b is a flow-chart outlining a second part of the
verification method, to be carried out after the measurement unit verification
measurement.

Referring to fig 4a and figs 3a-b, the first process is initiated by
providing the command MRR (Measure Reference Reflector) to the
processing unit 27 of the level gauge system 1. In a first step 200, the internal
temperature of the measurement unit 5 is measured using the temperature
sensor 26 and stored in the memory 25. Subsequently, in step 201, a first
distance dgr1 to the reference reflector 9 is measured and stored in the
memory 25. Thereafter, the date and time are stored in the memory 25 in step
202.

In the next step 203, the register in the memory 25 holding the
verification station serial number (VSSN) is reset. The VSSN indicates that a
measurement unit verification measurement has been carried out and
identifies the verification station that was used to carry out the measurement
unit verification measurement.

Finally, in step 204, the GWR-system 1 returns to normal operation.

After carrying out the first process described above, the operator 11

may, as is indicated in fig 1b, detach the measurement unit 5 from the tank,
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attach the measurement unit 5 to a verification station 12, perform a
measurement unit verification measurement, detach the measurement unit
from the verification station 12 and re-attach the measurement unit 5 to the
tank 2. In the process of carrying out the measurement unit verification
measurement, the VSSN identifying the verification station 12 will be stored in
a dedicated register of the memory 25 comprised in the measurement unit.

Referring to fig 4b and figs 3a-b, the second process is initiated by
providing the command VRR (Verify Reference Reflector) to the processing
unit 27 of the level gauge system 1. In a first step 300, the processing unit 27
checks if the register in the memory 25 holding the VSSN has been reset. If
that is the case, it is concluded that no measurement unit verification
measurement has been carried out, and the process is cancelled in step 301.
If VSSN is not reset, this indicates that a measurement unit verification
measurement has been carried out, and the process proceeds to step 302 to
check if the date and time of the previous verification process (carried out in
response to the command VRR) was before the date and time of the previous
measurement process (carried out in response to the command MRR), or that
there is no date and time stored for a previous verification process. If it is
determined that the most recent date and time (and thus the most recent
distance to the reference reflector 9) does not come from a measurement
carried out before a measurement unit verification measurement, then the
process is cancelled in step 303. Otherwise the process proceeds to measure
the internal temperature of the measurement unit 5 using the temperature
sensor 26 and store the temperature in the memory 25 in step 304.

Subsequently, in step 305, the distance dgrg2 to the reference reflector
9 is measured and stored in memory 25.

In the next step 306, it is determined if the absolute difference between
the first distance dgrg+ to the reference reflector 9 measured before the
measurement unit verification measurement and the second distance dgrgr> to
the reference reflector 9 measured after the measurement unit verification
measurement is smaller than a predefined value € which may depend on the

requirements on measurement accuracy of the particular application. In one
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exemplary application, the predefined value may be 3 millimeters. The
predefined value and/or one or both of the first drgs and second drgo
distances to the reference reflector 9 may be adjusted based on the
measured internal temperature.

If the absolute difference is greater than the predefined value €, then
the process is canceled in step 307. Otherwise, the process proceeds to step
308 and passes the verification. Finally, the level gauge system 1 is returned
to normal operation in step 309.

So far, a verification method has been described that involves
detaching the measurement unit 5 from the tank before attaching the
measurement unit 5 to a connector of a verification station 12. Depending on
application, it may, however be desirable to provide for verification of the
measurement accuracy without detaching the measurement unit 5 from the
tank 1.

Figs 5a-b are schematic block diagrams of further example
embodiments of the level gauge system according to the present invention.

Referring first to fig 5a, the measurement unit 5 of the level gauge
system comprises a transceiver 24, a processing unit 27, a connector 30 and
switching circuitry 31. As in the embodiment described above with reference
to fig 3b, the processing unit 27 is connected to the transceiver 24 and
connectable to an external device as indicated by the arrows in fig 5a.
Furthermore, the switching circuitry 31 is provided between the transceiver 24
and the transmission line probe 6 (or other type of propagating device) and
the switching circuitry 31 is connected to the processing unit 27 and can be
controlled by the processing unit 27 to either connect the transceiver to the
transmission line probe 6 or to the connector 30. Thereby, the measurement
unit 5 can be connected, through the connector 30, to a verification station12
without having to detach the measurement unit 5 from the tank 2.

As an alternative to the embodiment described above with reference to
fig 5a, the level gauge system 1 may comprise a verification arrangement 33
instead of the connector 30, such that no external verification station 12 is

required. This is schematically illustrated in fig 5b.
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In addition to what has been described above, the reference reflector 9
may also be used to simplify installation of the GWR-system 1. Instead if
using time-consuming and cumbersome manual measurements, such as
through hand-dipping, the installation offset and/or the scale factor of the
installation can be determined based on measurements using the GWR-
system 1.

The installation offset can be determined based on the measured
distance to the reference reflector 9, and the scale factor can be determined
based on the measured distances to the reference reflector 9 and the end of
the transmission line probe 6 when the tank 2 is empty.

The person skilled in the art realizes that the present invention by no
means is limited to the preferred embodiments described above. On the
contrary, many modifications and variations are possible within the scope of

the appended claims.
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What is claimed is:

1. A method of verifying a measurement accuracy of a level gauge
system comprising a measurement unit and a propagation device attached to
a tank for propagating electromagnetic signals generated by said
measurement unit towards a product in the tank, wherein said method
comprises the steps of:

feeding, to said propagation device, a first electromagnetic transmit
signal generated by said measurement unit;

receiving, at said measurement unit, a first electromagnetic reflection
signal being a reflection of said first electromagnetic transmit signal at a
reference reflector arranged in said tank;

determining a first measurement value indicative of a time-of-flight of
said first electromagnetic refiection signal from said measurement unit to said
reference reflector and back to said measurement unit;

feeding, to a verification arrangement having at least one known
electromagnetic signal propagation property, an electromagnetic signal
generated by said measurement unit;

receiving, at said measurement unit, a response signal from said
verification arrangement, said response signal being indicative of said at least
one electromagnetic signal propagation property of said verification
arrangement;

determining a measurement unit verification measurement value based
on said response signal;

feeding, to said propagation device, a second electromagnetic transmit
signal generated by said measurement unit;

receiving, at said measurement unit, a second electromagnetic
reflection signal being a reflection of said second electromagnetic transmit
signal at said reference reflector arranged in said tank;

determining a second measurement value indicative of a time-of-flight
of said second electromagnetic reflection signal from said measurement unit

to said reference reflector and back to said measurement unit; and
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determining a verification result based on said first measurement
value, said second measurement value and said measurement unit

verification measurement value.

2. The method according to claim 1, wherein:

said verification arrangement comprises a connector; and

said method further comprises the steps of:

disconnecting said measurement unit from said propagation device
after having determined said first measurement value;

connecting said measurement unit to the connector of said verification
arrangement; and

disconnecting said measurement unit from the connector of said
verification arrangement and reconnecting said measurement unit to said
propagation device after having determined said measurement unit

verification measurement value.

3. The method according to claim 1 or 2, wherein:

said verification arrangement further comprises a verification
waveguide electrically connected to said connector, said verification
waveguide providing a known delay between an electromagnetic signal fed to
said verification waveguide and a reflected electromagnetic signal returned by

said verification waveguide.

4. The method according to any one of claims 1 to 3, further
comprising the steps of:

recording a first value of an internal temperature of the measurement
unit in connection with said step of determining said first measurement value;
and

recording a second value of said internal temperature of the
measurement unit in connection with said step of determining said second

measurement value.
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5. The method according to claim 4, wherein said verification result is
further based on said first value of said internal temperature of the
measurement unit and said second value of said internal temperature of the

measurement unit.

6. The method according to any one of claims 1 to 5, wherein said level
gauge system is a guided wave radar level gauge system, said propagation
device is a transmission line probe, and said reference reflector is arranged

along said transmission line probe.

7. The method according to any one of claims 1 to 6, wherein said
reference reflector is arranged at such a level in the tank that said reference
reflector remains unsubmerged in said product during normal operation of

said tank.

8. The method according to any one of claims 1 to 7, wherein said
response signal from the verification arrangement is indicative of a length of a

verification waveguide comprised in said verification arrangement.

9. Non-volatile computer readable medium comprising code adapted to
control a level gauge system to carry out the method according to any one of

claims 1 to 8.

10. A level gauge system, for determining a filling level of a product in
a tank, said level gauge system comprising:

a transceiver configured to generate, transmit and receive
electromagnetic signals;

a propagation device arranged to propagate an electromagnetic
transmit signal from said transceiver towards said product and to return to
said transceiver an electromagnetic reflection signal resulting from reflection

of said electromagnetic transmit signal at a surface of said product; and
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processing circuitry connected to said transceiver for determining said
filling level based on said electromagnetic reflection signal,

wherein said level gauge system further comprises:

a connector for allowing connection of said transceiver to a verification
arrangement having at least one known electromagnetic signal propagation
property; and

switching circuitry controllable to electrically disconnect said
propagation device from said transceiver and electrically connect said

connector to said transceiver.

11. The level gauge system according to claim 10, wherein said
switching circuitry is configured to electrically disconnect said propagation
device from said transceiver and electrically connect said connector to said

transceiver in response to a control signal.

12. The level gauge system according claim 10 or 11, wherein said
processing circuitry is controllable between:

a filling level determination mode in which the processing circuitry
controls said switching circuitry to electrically connect said transceiver to said
propagation device; and

a verification mode in which the processing circuitry controls said

switching circuitry to electrically connect said transceiver to said connector.

13. The level gauge system according to any one of claims 10 to 12,
wherein:

said level gauge system further comprises said verification
arrangement; and

said verification arrangement is electrically connected to said

connector.

14. The level gauge system according to any one of claims 10 to 13,

wherein said propagation device is a transmission line probe comprising a
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reference reflector arranged at such a level in the tank that said reference
reflector remains unsubmerged in said product during normal operation of

said tank.

15. A level gauge system, for determining a filling level of a product in
a tank, said level gauge system comprising:

a transceiver configured to generate, transmit and receive
electromagnetic signals;

a propagation device arranged to propagate an electromagnetic
transmit signal from said transceiver towards said product and to return to
said transceiver an electromagnetic reflection signal resulting from reflection
of said electromagnetic transmit signal at a surface of said product; and

a reference reflector arranged in said tank for providing an
electromagnetic reference signal resulting from reflection of said
electromagnetic transmit signal at said reference reflector;

a memory; and

processing circuitry connected to said transceiver and said memory,
said processing circuitry being controllable between:

a filling level determination mode, in which said processing
circuitry determines said filling level based on said electromagnetic reflection
signal; and

a verification mode, in which said processing circuitry:

determines if said memory contains an indication that
verification measurement using a verification arrangement has been carried
out; and

if said memory contains said indication:

determines a measurement value indicative of a distance
to said reference reflector based on said electromagnetic reference signal;

stores said measurement value in said memory;

compares said measurement value with a previous
measurement value determined prior to said verification measurement; and

provides a verification result based on the comparison.
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