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(57) ABSTRACT

A radar level gauge system, for determining a filling level of
a product contained in a tank, the radar level gauge system
comprising: a transceiver for generating, transmitting and
receiving electromagnetic signals; a propagating device elec-
trically connected to the transceiver and arranged to propa-
gate a transmitted electromagnetic signal towards a surface of
the product contained in the tank, and to return echo signals
resulting from reflections at impedance transitions encoun-
tered by the transmitted electromagnetic signal, including a
surface echo signal resulting from reflection at the surface,
back to the transceiver; processing circuitry connected to the
transceiver and configured to determine the filling level based
on the surface echo signal; and a bottom reflector arranged at
a bottom of the tank. The bottom reflector comprises a plu-
rality of phase-modifying structures, each being configured
to modify a phase of the transmitted electromagnetic signal
and to reflect phase-modified electromagnetic signals,
wherein the plurality of phase-modifying structures are
arranged in such a way that phase-modified electromagnetic
signals being reflected by different phase-modifying struc-
tures interact to provide destructive interference towards the
propagating device.

16 Claims, 3 Drawing Sheets
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RADAR LEVEL GAUGE SYSTEM WITH
BOTTOM REFLECTOR AND BOTTOM
REFLECTOR

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a radar level gauge system
for determining a filling level of a product contained in a tank.
The radar level gauge system comprises a bottom reflector
arranged at a bottom of the tank. The present invention also
relates to a bottom reflector for use in a radar level gauge
system.

TECHNICAL BACKGROUND

Radar level gauge (RLG) systems are in wide use for deter-
mining 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 transmitted electromagnetic signals are retflected at the
surface of the product, and the reflected signals are received
by areceiver 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 transmis-
sion of an electromagnetic signal and reception of the reflec-
tion 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.

Most radar level gauge systems on the market today are
either so-called pulsed radar level gauge systems that deter-
mine 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 phase difference between a transmitted fre-
quency-modulated signal and its reflection at the surface. The
latter type of systems is generally referred to as being of the
FMCW (Frequency Modulated Continuous Wave) type.

Many products, in particular liquids, are at least to some
extent transparent to the electromagnetic signals in the fre-
quency range typically used in radar level gauge systems,
which may possibly cause electromagnetic signals reflected
from the bottom of the tank to interfere with the electromag-
netic signals reflected from the surface of the product when
measuring low filling levels, i.e. the distance resolution may
be insufficient to distinguish the electromagnetic signals
reflected from the bottom of the tank from those reflected
from the surface of the liquid.

EP 1 242 794 discloses a radar level measuring device
having an absorber for microwave signals positioned at the
base of the tank. Through this absorber, the reflection at the
bottom of the tank can be considerably reduced, which allows
measurement of low filling levels. In the radar level measure-
ment device according to EP 1 242 794, the absorber is
provided in the form of a connected plate of spikes where the
tips of the spikes point in the direction of the incident micro-
waves. The spikes are made of a material which has a good
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absorption capacity for microwaves. Although the absorber
according to EP 1 242 794 allows measurement of lower
filling levels than was previously possible, the extension from
the bottom of the tank to the top of the absorber limits the
lowest filling level that can be measured to in the order of at
least one wavelength of the microwave signals. As the fre-
quency range of radar level gauging systems is typically in the
order of tenths of gigahertz, the wavelength is in the order of
a few centimeters.

SUMMARY OF THE INVENTION

In view of the above-mentioned and other drawbacks of the
prior art, it is an object of the present invention is to provide
an improved radar level gauge system, and in particular a
radar level gauge system enabling accurate measurements of
lower filling levels.

According to a first aspect of the present invention, it is
therefore provided a radar level gauge system, for determin-
ing a filling level of a product contained in a tank, the radar
level gauge system comprising a transceiver for generating,
transmitting and receiving electromagnetic signals; a propa-
gating device electrically connected to the transceiver and
arranged to propagate a transmitted electromagnetic signal
towards a surface of the product contained in the tank, and to
return echo signals resulting from reflections at impedance
transitions encountered by the transmitted electromagnetic
signal, including a surface echo signal resulting from reflec-
tion at the surface, back to the transceiver; processing cir-
cuitry connected to the transceiver and configured to deter-
mine the filling level based on the returned surface echo
signal; and a bottom reflector arranged at a bottom of the tank,
the bottom reflector comprising a plurality of phase-modify-
ing structures, each being configured to modify a phase of the
transmitted electromagnetic signal and to reflect a phase-
modified electromagnetic signal, wherein the plurality of
phase-modifying structures are arranged in such a way that
phase-modified electromagnetic signals being reflected by
the phase-modifying structures interact to provide destructive
interference towards the propagating device.

The tank may be any container or vessel capable of con-
taining a product, and may be metallic, or partly or com-
pletely non-metallic, open, semi-open, or closed. The gener-
ated, transmitted and received electromagnetic signals are
typically microwave signals. The propagating device may be
any device capable of directing electromagnetic signals from
and towards the transceiver.

The propagating device may be configured to radiate elec-
tromagnetic signals into free space, or be arranged to co-
operate with a waveguide structure arranged to guide the
radiated electromagnetic signals.

Examples of propagating devices include horn antennas,
rod antennas, patch antennas and array antennas. In some
applications, such as in so-called floating roof tanks, the
propagating device(s), typically an antenna, is often referred
to as mode converter or mode generator.

The present invention is based on the realization that dis-
turbances caused by reflections at the bottom of the tank can
be reduced while using a thinner structure compared to what
is previously known, thereby enabling measurements of
lower filling levels than was previously possible. In a bottom
absorber as described in EP 1 242 794, a certain volume of
material is required to sufficiently absorb an incident micro-
wave signal, thereby implying a certain vertical extension of
the bottom absorber. The present inventor has now realized
that the same effect of reducing disturbances from bottom
reflections can be achieved by using a bottom reflector based
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on a different physical phenomena, namely reflection and
interference, where each of a plurality of phase-modifying
structures receives and then transmits a phase-modified ver-
sion of the transmitted electromagnetic signal. Since the pro-
cess of reflection and interference does not rely on absorption,
there is no need for a certain volume of material, thereby
making it possible to reduce the thickness of the reflecting
structure. The reduced reflections are achieved by introduc-
ing phase modifying structures located at the bottom of the
tank, the phase modifying structures being designed and
arranged so as to achieve destructive interference of the
reflected signal in the direction of the signal propagating
device. Thus, the present invention offers the possibility to
measure even lower filling levels as the vertical extension of
a bottom reflector comprising phase modifying structures can
be made as thin as a few millimeters. This property may be
particularly useful for a radar level gauge system for use in a
tank on a ship, especially on a ship for carrying Liquefied
Natural Gas (LNG). The reflection from an LNG surface is
relatively weak, and, furthermore, high precision also for low
filling levels is normally required for so-called Custody
Transfer when ships are loaded and unloaded.

By appropriate design of the individual structures, the
resulting degree of phase modification from each structure
can be controlled. Also, the frequency range of the electro-
magnetic signals is one of the parameters to consider when
designing the phase modifying structures, and one skilled in
the relevant art can readily adapt the design to a desired
frequency range

Destructive interference occurs when the plurality of phase
modifying structures are designed and arranged with respect
to the transmitted electromagnetic signal and to each other so
that the reflected phase-modified electromagnetic signals
have different phases. The phase-modified electromagnetic
signals interact and cause destructive interference so as to
reduce the amplitude of the signal in the desired direction
(towards the propagating device).

In various embodiments, the radar level gauge system
according to the present invention may comprise a substan-
tially vertical tube arranged to guide the transmitted electro-
magnetic signal towards the surface of the product contained
in the tank, and to guide the surface echo signal back from the
surface, the substantially vertical tube having an inner diam-
eter and being arranged such that an open end of the substan-
tially vertical tube is provided above the bottom reflector and
distanced from the bottom reflector by a minimum distance.

In such embodiments, the phase-modifying structures of
the bottom reflector may advantageously be arranged and
configured in such a way that less power is reflected back into
the open end of the substantially vertical tube than is reflected
back outside the substantially vertical tube. For example, the
phase-modifying structures may then be configured to pro-
vide a radiation pattern with destructive interference within a
cone defined by the inner diameter of the substantially verti-
cal tube and the minimum distance between the bottom
reflector and the open end of the substantially vertical tube.

The bottom reflector may be a substantially planar struc-
ture.

Moreover, the bottom reflector may advantageously be
placed in a plane substantially parallel to the bottom of the
tank, at the bottom of the tank, thereby minimizing the verti-
cal extension of the bottom reflector.

According to one embodiment of the invention, each
phase-modifying structure may comprise a first electrically
floating conducting element, with the plurality of first elec-
trically floating conducting elements being mutually spaced
apart in a first element plane.
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Here, each of the first electrically floating conducting ele-
ments acts as an antenna, receiving the transmitted electro-
magnetic signal and transmitting in response a phase-modi-
fied electromagnetic signal. The electrically floating
elements can be made thin, for example by etching them from
a conducting film or through deposition methods such as
sputtering or evaporation, resulting in sub-millimeter thick
elements.

The electrically floating elements may have many different
shapes. However, using rectangular elongate elements may
facilitate design and modeling of the plurality of elements in
an element array.

Furthermore, the bottom reflector may advantageously
comprise a conducting layer arranged in parallel with the first
element plane and conductively insulated from the first ele-
ment plane. Additionally the bottom reflector may be
arranged such that the first element plane is closer than the
conducting layer to the propagating device. In other words,
such that the first element plane faces the propagating device.
By providing a conducting layer acting as a ground plane
arranged at a distance from the first electrically floating ele-
ments, design of the bottom reflector is facilitated, since
relations and modeling methods used in microwave antenna
design canbe used. Such models are, for example, provided in
U.S. Pat. No. 6,529,174, which is hereby incorporated by
reference.

Alternatively, in the case where the bottom of the tank in
which the bottom reflector is placed is made of a conducting
material, the bottom of the tank can act as the conducting
layer in the phase modifying device.

Furthermore, the insulating material arranged between the
conducting layer and the first element plane may preferably
be a dielectric material. Additionally, selecting a dielectric
material with a relatively high dielectric constant can make it
possible to reduce the thickness of the insulating layer,
thereby reducing the total thickness of the bottom reflector.
Suitable insulators may for example be found among poly-
tetrafluoroethylene—(PTFE) based materials.

In one embodiment of the present invention, each of the
phase modifying structures may comprise a second electri-
cally floating conducting element, the plurality of the second
electrically floating conducting elements being mutually
spaced apart and arranged in a second plane. Moreover, the
second element plane may be arranged in parallel with the
first element plane and may be electrically insulated from the
first element plane. Having elements positioned in at least two
planes provides the option of having electromagnetically
interacting elements in the vertical direction without the ele-
ments being in direct conductive contact. This interaction
between elements allows for a wider range of options when
designing the elements and the layout of the array for the
desired reflection pattern.

In some cases, it may be desirable to receive a detectable
reference reflection signal from which the distance to the
bottom of the tank can be deduced, to allow for detection
when the level of the product in the tank is approaching the
bottom, and/or for allowing use of the bottom of the tank as a
reference marker.

To that end, the bottom reflector may be configured to
provide for a reference reflection signal being detectable by
the radar level gauge system. This may be achieved in numer-
ous ways. For example, the phase-modifying structures may
be arranged so as to provide reflection of a controlled portion
of the transmitted electromagnetic signal towards the propa-
gating device.



US 8,350,752 B2

5

Alternatively, or in combination, the bottom reflector may
be configured to allow a portion of the transmitted electro-
magnetic signal to be reflected directly by the bottom of the
tank.

This may, for example, be achieved by configuring and/or
arranging the bottom reflector in such a way that it does not
cover the entire surface area of the bottom of the tank on
which the transmitted electromagnetic signal impinges.

One way of achieving this is to provide the bottom reflector
with an opening formed therein to allow a portion of the
transmitted electromagnetic signal to be reflected directly by
the bottom of the tank.

According to a second aspect of the present invention, there
is provided a bottom reflector for use in a radar level gauge
system, for determining a filling level of a product contained
in a tank, the radar level gauge system comprising: a trans-
ceiver for generating, transmitting and receiving electromag-
netic signals; a propagating device electrically connected to
the transceiver and arranged to propagate a transmitted elec-
tromagnetic signal towards a surface of the product contained
in the tank, and to return echo signals resulting from reflec-
tions at impedance transitions encountered by the transmitted
electromagnetic signal, including a surface echo signal result-
ing from reflection at the surface, back to the transceiver;
processing circuitry connected to the transceiver and config-
ured to determine the filling level based on the surface echo
signal, the bottom reflector comprising a plurality of phase-
modifying structures, each being configured to modity a
phase of the transmitted electromagnetic signal and to reflect
phase-modified electromagnetic signals, wherein the plural-
ity of phase-modifying structures are arranged in such a way
that phase-modified electromagnetic signals being reflected
by different phase-modifying structures interact to provide
destructive interference in a direction perpendicular to the
bottom reflector.

Moreover, the plurality of phase-modifying structures may
be arranged and configured to distribute the power reflected
by the bottom reflector in a plurality of directions.

For example, the plurality of phase-modifying structures
may be arranged and configured to provide a reflection pat-
tern being substantially rotationally symmetric in respect of a
normal to the bottom reflector.

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 a currently preferred embodiment of the
invention, wherein:

FIG. 1 schematically illustrates a radar level gauge system
according to an embodiment of the present invention;

FIG. 2a is a schematic illustration of a measurement elec-
tronics unit comprised in the radar level gauge system in FI1G.
1

FIG. 25 schematically illustrates a region at the bottom of
the tank for the radar level gauge system in FIG. 1, in a case
where there is a low filling level;

FIG. 3 schematically illustrates a bottom reflector com-
prised in the radar level gauge system in FIG. 1; and

FIG. 4 is a schematic illustration of a reflected signal hav-
ing normalized amplitude.

DETAILED DESCRIPTION OF AN
EMBODIMENT OF THE INVENTION

Inthe present detailed description, various embodiments of
the radar level gauge system according to the present inven-
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tion are mainly discussed with reference to aradar level gauge
system, in which an electromagnetic signal is propagated
towards the product contained in the tank through a
waveguide, such as a vertically aligned metal tube arranged
within the tank. Furthermore, the radar level gauge system is
illustrated as being provided to a land-based tank.

It should be noted that the present invention by no means is
limited to this particular embodiment, but is equally appli-
cable to radar level gauge systems in which no such
waveguide is used, but the electromagnetic signals are propa-
gated towards the product contained in the tank using a free
radiating antenna, such as a cone antenna, a horn antenna, an
array antenna, a rod antenna or a patch antenna. Furthermore,
the present invention is not limited to radar level gauge sys-
tems for use in land-based tanks. On the contrary, it is
expected that the radar level gauge system according to vari-
ous embodiments of the present invention will be very useful
for use in tanks on ships.

FIG. 1 schematically illustrates a radar level gauge system
1 according to an embodiment of the present invention, com-
prising a measurement electronics unit 2, and a propagation
device in the form of a radiating antenna device 3 arranged
inside a vertically aligned metal tube 7 acting as a waveguide
(such a vertically aligned metal tube 7 is sometimes referred
to as a so-called still-pipe). The metal tube 7 may advanta-
geously be made of steel. The radar level gauge system 1 is
provided on a tank 4, which is partly filled with a product 5 to
be gauged. By analyzing a transmission signal being radiated
by the antenna device 3 towards the surface 6 of the product
5, and a reflected signal traveling back from the surface 6, the
measurement electronics unit 2 can determine the distance
between a reference position and the surface 6 of the product
5, whereby the filling level can be deduced. It should be noted
that, although a tank 4 containing a single product 5 is dis-
cussed herein, the distance to any material interface that may
be present in the tank 4 can be measured in a similar manner.

As is schematically illustrated in FIG. 2a, the electronics
unit 2 comprises a transceiver 10 for transmitting and receiv-
ing the electromagnetic signals S, and Sy, respectively, a
processing unit 11, which is connected to the transceiver 10
for control of the transceiver and processing of signals
received by the transceiver to determine the filling level of the
product 5 in the tank 4.

The processing unit 11 is, furthermore, connectable to
external communication lines 13 for analog and/or digital
communication via an interface 12. Moreover, although not
shown in FIG. 24, the radar level gauge system 1 is typically
connectable to an external power source, or may be powered
through the external communication lines 13. Alternatively,
the radar level gauge system 1 may be powered locally, and
may be configured to communicate wirelessly.

Although being shown as separate blocks in FIG. 24, sev-
eral of the transceiver 10, the processing circuitry 11 and the
interface 12 may be provided on the same circuit board.

In FIG. 2a, furthermore, the transceiver 10 is illustrated as
being separated from the interior of the tank 4 and connected
to the antenna device 3 via a conductor 14 passing through a
feed-through 15 provided in the tank wall. It should be under-
stood that this is not necessarily the case, and that at least the
transceiver 10 may be provided in the interior of the tank 4.

FIG. 25 schematically illustrates a region at the bottom 20
of'the tank 4 for the radar level gauge system 1in FIG. 1,ina
case where there is a low filling level, that is, when the surface
6 of the product 5 contained in the tank 4 is close to the bottom
20 of the tank 4.

In FIG. 2b, it can be seen that a bottom reflector 30 is
arranged below the open end 22 ofthe metal tube 7. The metal
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tube 7 has an inner diameter d and is angled at the open end 22
to reduce reflections of the transmitted electromagnetic signal
S rat the open end 22 of the metal tube 7. The metal tube may,
for example, be angled about 45° at the open end 22.

As can also be seen in FIG. 24, the open end 22 of the metal
tube 7 is distanced from the bottom reflector 30 by a distance
H. The distance H may advantageously be selected so as to
ensure that the metal tube 7 does not hit the bottom reflector
30 at any temperature in the operating range of the radar level
gauge system. For some applications, the temperature range
may be rather large, resulting in substantial elongation/con-
traction of the metal tube 7.

To allow for an undisturbed measurement of the filling
level when the surface 6 of'the product 5 contained in the tank
4 is as low as is schematically indicated in FI1G. 25, the bottom
reflector 30 may advantageously be configured to provide a
reflection pattern with a lower intensity towards the open end
22 of the metal tube 7 than outside the metal tube 7. When
designing the bottom reflector 30 to achieve such a reflection
pattern, the distance H to the open end 22 of the metal tube 7
and the inner diameter d of the metal tube 7 should be con-
sidered. In the exemplary embodiment illustrated in FIG. 25,
the bottom reflector 30 may then advantageously be config-
ured to provide a radiation pattern with destructive interfer-
ence within a cone defined by the opening angle o in FIG. 25.
This opening angle is approximately given by the following
relation:

dj2
w:ZXtan’l—/

Such a radiation pattern (or another radiation pattern that
may be considered advantageous for a particular radar level
gauge system) can be achieved by appropriate design and
arrangement of phase-modifying structures comprised in the
bottom reflector 30. Such phase-modifying structures are not
visible in FIG. 25, but will be described in more detail below
together with principles for the configuration and arrange-
ment of exemplary phase-modifying structures.

It should, furthermore, be noted that FIG. 254 is not drawn
to scale. In particular, the height of the bottom reflector 30
may typically be considerably smaller than the thickness of
the bottom 20 of the tank 4.

FIG. 3 schematically illustrates an exemplary bottom
reflector 30 comprising a plurality of electrically floating
conducting elements 31 on an intermediate insulating layer
32 arranged on a conducting ground plane 33, where the
conducting ground plane is acting as a reflecting section for
microwaves.

While the shown bottom reflector 30 is substantially qua-
dratic, it may equally well have other shapes such as circular
or rectangular. Furthermore, the size of the bottom reflector
may vary considerably; from a plate with a size comparable to
the size of the opening of the tube-like waveguide 7 shown in
FIG. 1, to a plate which covers a substantial portion of the
bottom of the tank, which may be the case in a free-space
radiating radar level gauge system. In a free-radiating system
the required size of the bottom reflector is determined by the
distance between the radiating antenna and the bottom reflec-
tor and the lobe-width of the antenna.

In the illustration in FIG. 3 the shapes of the electrically
floating conducting elements 31, henceforth called dipoles,
are rectangular and elongate. Furthermore, in FIG. 3 only one
conducting element 31 is labeled in order to avoid cluttering
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the figure, it should be understood that 31 represents each of
the plurality of conducting elements. However the shapes of
the dipoles may vary both within the same array and/or
between bottom reflectors for different embodiments. It is the
desired reflecting pattern which determines the size, shape
and distribution of dipoles as will be outlined in more detail in
the following.

According to one illustrative example, an elemental dipole
scatterer consists of a dipole positioned approximately Y&
wavelength above a ground plane. It should be understood
that it is the electrical distance which is relevant and that the
electrical distance is dependent both on the dielectric constant
of the intermediate insulating layer and on the frequency of
the electromagnetic wave. Incident RF electromagnetic
waves cause a standing wave to be set up between the dipole
and the ground-plane. The dipole itself possesses an RF reac-
tance which is a function of its length and thickness, and the
combination of standing wave and dipole reactance causes
the incident RF signal to be reradiated with a phase shift,
which can be controlled by a variation of the dipole’s dimen-
sions.

The exact value of the this phase shift is a function of the
dipole length, the dipole thickness, its distance from the
ground-plane, the dielectric constant of the insulating layer,
and the angle of the incident RF electromagnetic wave. When
the element is used in an array it is also affected by nearby
dipoles. Dipole lengths may vary over the range of 0.25 to
0.60 wavelengths to achieve a full 360° range of phase shifts.
The ideal spacing between the conducting ground plane and
the dipole plane is Vis to ¥4 wavelengths. However, other
spacings may also be used to reach satisfactory results. The
spacing affects form factor, bandwidth and sensitivity to fab-
rication tolerances.

Since dipoles of different lengths will produce different
phase shifts in the incident wave, arranging the distribution
and the lengths of the dipoles will serve to steer, focus or
shape the reflected wave.

Referring again to FIG. 3, the incident signal S; is phase
shifted by each of the dipoles and re-radiated resulting in a
far-field pattern where the total reflected signal S; can be
understood as

Sg = Zn: Sare
P

where Sz, is a reflected signal from each of the dipoles.
The far-field is loosely defined as the region where the angular
distribution of the transmitted signal is independent of dis-
tance from the antenna, and the radar level gauge system is
arranged so that the propagating device is in the far-field
region. The far-field pattern is derived by multiplying the
dipole radiation by the reflectors array factor and a dipoles’
element factor as

Eoreia=ExArray factorxElement factor

where E is the field radiated at each dipole. The array factor
is calculated using inverse Fourier transforms on an array
wherein each element contains the radiation from a single
dipole. Since the array consists of several different dipole
lengths, the element factor for a dipole of medium length may
be used. Furthermore, the element factor depends on the
distance between the dipole and the ground plane. Calcula-
tions of the required size and distribution of dipoles for a
desired reflection pattern is preferably performed using a
suitable computer program.
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FIG. 4 schematically illustrates an exemplary reflection
pattern 40 from a bottom reflector where the lower amplitude
in the center of the graph 41 corresponds to a damping of the
reflected electromagnetic signal. Here, the reflected pattern is
shown with normalized amplitude in a Cartesian coordinate
system where ‘0’ denotes the reflection direction orthogonal
to the bottom reflector 30. As can be seen in FIG. 4, the bottom
reflector 30 is configured to distribute the power reflected
thereby in a plurality of directions. In fact, the reflection
pattern provided by the bottom reflector 30 is rotationally
symmetric in respect of a normal of the bottom reflector 30, in
order to reflect substantially less power into the open end 22
of the metal tube 7 than outside the metal tube 7.

The person skilled in the art realizes that the present inven-
tion is by no means limited to the preferred embodiments
described above. For example, other configurations and/or
arrangements of the phase-modifying structures comprised in
the bottom reflector are possible. For instance, the phase-
modifying structures may be configured and arranged to
reflect the main portion of the incident power in a plurality of
distinct directions rather than to more or less evenly distribute
the reflected power as is schematically illustrated in FIG. 4.
Moreover, although the open end 22 of the metal tube 7 is
illustrated as being angled herein, this may not necessarily be
the case, but depending on application, the open end may be
perpendicular to the principal extension of the metal tube 7.

What is claimed is:

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

a transceiver for generating, transmitting and receiving

electromagnetic signals;

a propagating device electrically connected to said trans-
ceiver and arranged to propagate a transmitted electro-
magnetic signal towards a surface of the product con-
tained in the tank, and to

return echo signals resulting from reflections at impedance
transitions encountered by the transmitted electromag-
netic signal, including a surface echo signal resulting
from reflection at said surface, back to said transceiver;

processing circuitry connected to said transceiver and con-
figured to determine said filling level based on said sur-
face echo signal; and

a bottom reflector arranged at a bottom of said tank, the
bottom reflector comprising a plurality of phase-modi-
fying structures, each being configured to modify a
phase of said transmitted electromagnetic signal and to
reflect phase-modified electromagnetic signals,

wherein the plurality of phase-modifying structures are
arranged in such a way that phase-modified electromag-
netic signals being reflected by different phase-modify-
ing structures have different phases such as to interact to
provide destructive interference towards said propagat-
ing device.

2. The radar level gauge system according to claim 1,
comprising a substantially vertical tube arranged to guide the
transmitted electromagnetic signal towards said surface of the
product contained in the tank, and to guide the surface echo
signal back from said surface,

said substantially vertical tube having an inner diameter
and being arranged such that an open end of said sub-
stantially vertical tube is provided above said bottom
reflector and distanced from said bottom reflector by a
minimum distance.

3. The radar level gauge system according to claim 2,

wherein said phase-modifying structures of the bottom
reflector are arranged and configured in such a way that less
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power is reflected back into said open end of the substantially
vertical tube than is reflected back outside said substantially
vertical tube.

4. The radar level gauge system according to claim 1,
wherein the bottom reflector is a substantially planar struc-
ture.

5. The radar level gauge system according to claim 4,
wherein the bottom reflector is arranged in a plane substan-
tially parallel with the bottom of said tank.

6. The radar level gauge system according to claim 3,
wherein the bottom reflector is arranged in a plane being
substantially perpendicular to said substantially vertical tube.

7. The radar level gauge system according to claim 4,
wherein each of said phase-modifying structures comprises a
first electrically floating conducting element, said first elec-
trically floating conducting elements being mutually spaced
apart in a first element plane.

8. The radar level gauge system according to claim 7,
wherein said bottom reflector further comprises a conducting
layer arranged in parallel with said first element plane and
conductively insulated from said first element plane, said
bottom reflector being arranged such that said first element
plane is closer than said conducting layer to said propagating
device.

9. The radar level gauge system according to claim 8,
wherein said bottom reflector further comprises a layer of a
dielectric material being arranged between said conducting
layer and said first element plane.

10. The radar level gauge system according to claim 7,
wherein each of said phase-modifying structures further com-
prises a second electrically floating conducting element, said
second electrically floating conducting elements being mutu-
ally spaced apart in a second element plane,

the second element plane being arranged in parallel with
said first element plane and conductively insulated from
said first element plane.

11. The radar level gauge system according to claim 1,
wherein said bottom reflector is configured to provide for a
reference reflection signal being detectable by said radar level
gauge system.

12. The radar level gauge system according to claim 11,
wherein said bottom reflector is configured to allow a portion
of said transmitted electromagnetic signal to be reflected
directly by said bottom of the tank.

13. The radar level gauge system according to claim 12,
wherein said bottom reflector has an opening formed therein
to allow said portion of the transmitted electromagnetic signal
to be reflected directly by said bottom of the tank.

14. A bottom reflector for use in a radar level gauge system,
for determining a filling level of a product contained in a tank,
said radar level gauge system comprising:

a transceiver for generating, transmitting and receiving

electromagnetic signals;

a propagating device electrically connected to said trans-
ceiver and arranged to propagate a transmitted electro-
magnetic signal towards a surface of the product con-
tained in the tank, and to return echo signals resulting
from reflections at impedance transitions encountered
by the transmitted electromagnetic signal, including a
surface echo signal resulting from reflection at said sur-
face, back to said transceiver;

processing circuitry connected to said transceiver and con-
figured to determine said filling level based on said sur-
face echo signal,

said bottom reflector comprising a plurality of phase-modi-
fying structures, each being configured to modify a
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phase of said transmitted electromagnetic signal and to
reflect phase-modified electromagnetic signals,
wherein the plurality of phase-modifying structures are
arranged in such a way that phase-modified electromag-
netic signals being reflected by different phase-modify-
ing structures have different phases such as to interact to
provide destructive interference in a direction perpen-
dicular to said bottom reflector.
15. The bottom reflector according to claim 14, wherein
said plurality of phase-modifying structures are arranged and

12

configured to distribute the power reflected by the bottom
reflector in a plurality of directions.

16. The bottom reflector according to claim 15, wherein
said plurality of phase-modifying structures are arranged and
configured to provide a reflection pattern being substantially
rotationally symmetric in respect of a normal to said bottom
reflector.



