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first material disposed in an upper layer (101)
and a second material disposed in a lower layer
(102), by transmitting a radio signal through
the substance towards a container portion (13);
receiving reflected signals from a surface (12)
of the upper layer, a surface (14) of the second
layer, and the container portion (13); varying the
frequency of the transmitted signal to determine
phase displacement between transmitted and

L reflected signals; determining optical distances to

the surfaces and the container portion, dependent
on the phase displacements; determining the
thickness (I.;) of one of said layers dependent
on phase displacement through and index of
refraction (n;) of that layer; and determining
the thickness (I,) of the other layer dependent
on the thickness of said one of said layers.
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METHOD AND DEVICE FOR CONTACTLESS LEVEL AND
INTERFACE DETECTION

Field of the invention

The present invention relates to a method and an apparatus for measuring
levels of a substance comprising two or more materials devised in a container,
which materials are arranged in layers in the container. The method preferably
includes measuring the positions of surfaces of the different layers using radio

wavcs.

Background

In certain circumstances a substance is stored in a container, in which
container different materials of the substance are divided into different layers. If the
substance comprises two liquid materials which do not mix, such as an oil-based
material and a water-based material, the denser material will collect closer to the
bottom of the container, and the less dense material will collect closer to the
surface. Another example may be a substance comprising a first generally liquid
material, into which solid particles of a second material are dispersed. If left to rest,
the second material particles will subsequently gather either on top of or under the
liquid first material, dependent on which material is denser.

In such conditions it may be of interest to measure the amount of the
different materials in the container, or the levels of surface defining the material
layers. One example of a situation where such a measurement is of interest is in a
container of petroleum oil, which also contains a certain amount of water. This may
be the case in a tank of a oil tanker ship, or in an oil cistern e.g. in a refinery. The
water may be deliberately disposed in the container, or be present due to
condensation. Nevertheless, once placed in the container, the oil and the water will
separate, such that the oil is collected in an upper layer and the water in a lower
layer. Since the amount of oils is generally considerable larger than the amount of
water, a surface dividing the two layers will be disposed close to the bottom of the
container, and the actual position of the dividing surface is not easily assessed.

Solutions for measuring the level of water in an oil tank have been provided
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in the prior art. A problem is that the level of water preferably should be determined
with an accuracy of a few millimetres, even when the water layer is located under a
layer of oil of up to 35 metres or more, the diclectric constant of which is not well
known. It has therefore not been possible to provide a contact free method for
determining the level of the water with reasonable accuracy through the oil. Prior
art solutions have consequently made use of alternative solutions, such as capacitive
sensors applied in a narrow tube extending from the bottom of the container to the

top.

Summary of the invention

In many situations where materials are divided into layers in a container,
such as in the example of oil tanks, a contact free analysis method is preferable. The
reason for this may be that the substance as such is hazardous, reactive to contact
detector devices, or simply provides unnecessary wear to the detector device used,
or that the substance itself may be contaminated by contact from probes or other
devices. Furthermore, contact free sensors are generally easier to access for
maintenance or repair purposes.

It is therefore an object of the invention to provide a contact frec method for
analysing a substance disposed in a container, which substance comprises two or
more different materials arranged in layers.

According to the invention, this object is fulfilled by means of a method and

an apparatus as recited in the appended claims.

Brief description of the drawings

Preferred embodiments of the invention will be described in more detail with
reference to the appended drawings, on which

Fig. 1 schematically illustrates a system setup for performing a method in
accordance with an embodiment of the invention for determining positions of levels
for material layers of a substance in a container;

Fig. 2 schematically illustrates an embodiment of an apparatus for use in a

system or method in accordance with an embodiment of the invention for analysing
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a substance in a container.

Detailed description of preferred embodiments

Changes in the pattern of electromagnetic wave fronts represent the most
sensitive probes in physics. Electromagnetic waves may penetrate media of varying
physical properties, changing its amplitude and phase in a way which is specific to
the content of the media. Thus, continuum radiation will be affected when
penetrating a media in the sense that the amplitude will be attenuated and the
propagation velocity will change, resulting in a sudden change of phase in the
interface surface. The radio band is of particular interest in that here waves can
penetrate deeper into dusty areas and penetrate through materials which are opaque
to visual light.

US 5,629,706, issued to the inventor of the present invention, discloses a
method for measuring the position of a metallurgical melt surface in a furnace or the
like, where a metal portion of the melt is covered by a slag layer. The method
includes providing a signal generator for gencrating signals at a plurality of
frequencics over a frequency band, and providing an antenna for receiving the
signals generated by the signal generator and for transmitting radio waves at the
plurality of frequencies over the frequency band. The antenna is disposed adjacent
the metallurgical melt, transmitting the radio waves from the antenna toward the
metallurgical melt, at the plurality of frequencies over the frequency band. The
transmitted radio waves are reflected in the upper surface of the slag layer and in the
surface of the metal portion. The antenna thus receives reflected images of the
transmitted radio waves from those surfaces, and means are provided for
determining a phase displacement between the transmitted radio waves and the
received reflected images of the transmitted radio waves, transforming the
determined phase displacement from a frequency to a time plane, and determining
from the time plane transform a position of the metal portion and the slag layer.
This way, a measurement of the amount of metal present in the furnace can be
obtained. However, the radiation does not penetrate the metal melt.

Contrary to the afore-mentioned US patent, the present invention relates to a
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method for analysing a substance in a container, which substance comprises two or
more materials which are transparent to microwave radiation, and wherein a
microwave radiation signal can propagate through the substance and be reflected
towards a container portion, typically the bottom of the container.

The time-delay of a wave signal relative another wave signal is in the
Fourier-, or frequency space a linear shift of phase with frequency. If a signal is
transmitted towards and reflected in a surface, the relative phase of the transmitted
and received signals therefore will change linearly with frequency. If the signal is
measured in steps over a frequency band, then a plot of phase with frequency would
be a line with a slope corresponding to the delay of the reflecting signal compared
to the reference signal. The optical distance can thus be measured via such a
frequency stepped system, and also the geometrical distance provided the index of
refraction of the first medium is known, typically air. If the signal is instead
transmitted towards a semitransparent medium, then part of the signal will be
reflected, and part of the signal will propagate through the medium to be reflected in
the next surface or surfaces where the index of refraction again is changing. These
doubly or more reflected waves will, when complex multiplied with the conjugate
of the reference signal, i.c. the transmitted signal, show a more complicated curve of
phasec as a function of frequency. If data therefore are sampled as complex
amplitudes in frequency channels over a frequency band, then the optical distances
to all surfaces in which reflection occurs can be recovered. If then the signal is
transmitted and received by an interferometer in the aperture plane, then the full
three-dimensional structure of the two surfaces can be reconstructed.

The present invention is based on the inventor’s realisation that the
fundamental idea behind his afore-mentioned patent can be used for different
substances than metallurgic melts, and typically for substances comprising two or
more materials, which are transparent to microwave radiation and arranged in layers
in the container. Furthermore, the presently described invention makes use of the
transparency of the substance by involving a reflected signal propagated through the
substance to and from a container portion, typically an inner bottom wall portion of

the container. The reflecting container portion may however also be a specifically
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arranged surface disposed in the container for this purpose, which does not
necessarily have to be disposed at the bottom of the container. The invention
involves knowing, however, the actual geometrical distance to the container portion,
and that the container portion is placed behind a first layer of a first material, and
behind or in a second layer of a second material, as seen from the antenna. A
preferred embodiment of the invention makes use of a system similar to that of US
5,629,706. However, the system is used in a different way.

An apparatus for use in an embodiment of the invention is illustrated in
Fig. 2. A signal is created at a defined frequency with a signal generator 1. This
signal is transferred via a cable to a power splitter 2 where one path is conveyed via
a cable to an antenna 3. The second path is conveyed via a cable to a phase
comparator unit 4 where it is used as reference signal. The antenna is devised to
transmit an clectromagnetic signal, e.g. in the form of a circularly polarized radio
wave, towards an object surface (not shown in Fig. 2). When the transmitted signal
hits the object surface it is at least partly reflected, and the reflected signal is
received by the same antenna 3. For a circularly polarized wave the reflected signal
is received in the opposite circular polarisation due to the odd number of reflections.
The received signal is transmitted through a cable to the phase comparator 4 and
there complex multiplied with the conjugate of time reference signal. The phase and
possibly also the amplitude of the complex conjugate multiplication is stored in a
table by a control unit 5, typically a computer, and the signal generator is stepped in
frequency and a new measurement is taken. This procedure continues until a certain
number of frequency channels have been measured separately over a frequency
band. The equipment is computer-controlled, e.g. by control unit 5, which also
stores the data and performs signal analysis. Control unit 5 consequently typically
includes a computer system comprising a data processor, memory means, and
computer program code, which when executed by the data processor adapts the
control unit to perform the steps described in this description, i.c. for example to
vary the frequency of the transmitted signal in steps, to perform Fourier transform
analysis of combined transmitted and received signals, and to make calculations to

determine geographical distances and indexes of refraction.
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Fig. 1 shows a system setup for measuring material layer levels in a
substance including a first material disposed in a first, upper, layer 101 and a second
material disposed in a second, lower, layer 102, devised in a container 11, according
to an embodiment of the invention. The materials of layers 101 and 102 are such
that they do not mix unless actively agitated or otherwise affected. Hence, the first
and second material may be different in their composition such that they do not
mix, where the first material is oil-based and the second material is water-based.
Another possible scenario is that one of the first and second materials is particulate
and the other material is liquid, wherein either particles of the first material floats to
the surface of the liquid second material, or particles of the second material sinks to
the bottom of the liquid first material, dependent on the density relationship. Yet
another possibility is that both the first and the second materials are particulate
materials or powders, which are placed in the container 11 in a certain order to
define layers 101 and 102.

The antenna 3 is illustrated, although the remaining parts of the apparatus of
Fig. 2 arc not illustrated in Fig. 1. The object of the sctup of Fig. 1 is to obtain the
level position of surface portion 14, which also makes it possible to determine the
relative and absolute amounts of the first and second material in the substance. For
this purpose, antenna 3 is placed adjacent to an upper surface 12 of the substance,
and preferably aimed perpendicularly to surface portion 12. The medium present
between antenna 3 and surface portion 12 is typically air, but may be polluted or of
a different gas composition, and has an index of refraction ny. This index is
typically very close to 1, and for the following description it is approximated that
ny= 1. Consequently, the signal propagation speed between antenna 3 and surface
portion 12 is approximated to be c, the speed of light.

When a radio signal transmitted from antenna 3 hits surface portion 12 it is
partly reflected back towards antenna 3, where it is received. The received signal is
transmitted through a cable to the phase comparator 4 for further processing
together with the transmitted signal according to the above. A portion of the
transmitted signal propagates through layer 101, and is partly reflected back

towards antenna 3 from surface portion 14, where layers 101 and 102 are divided.
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Since layer 102 is also transparent to the radiation of the transmitted signal, a
portion of the radiation hitting surface portion 14 will continue through second layer
102. The reflectance in surface portion 14 is proportional to (ny-n;)/(n;+n,) in
intensity.

In accordance with the invention, antenna 3 is placed at a predetermined
geometrical distance L from, and preferably perpendicularly aimed towards, an
object fixed in relation to the container 11, wherein the line of sight from antenna 3
to the object passes through surface portion 12. This object may be a reference plate
disposed in the interior of the container. In the embodiment of Fig. 1, however, the
object is a bottom wall portion 13 of container 11, hereinafter denoted container
portion 13. The transmitted signal will therefore partly pass through layers 101 and
102 to reflect in container portion 13 back to antenna 3.

The reference wave received at time t, and at frequency @ may be written as:
U, (@)= e’

The upper surface of substance 10, of which surface portion 12 forms a part,
is positioned a geometrical distance L, from antenna 3. L, may be known, but in a
typical embodiment according to Fig. 1 it is not. In particular, the upper surface of
substance 10 may be uneven, especially if substance 10 is a powder or particulate
matter, and the actual position of surface portion 12 may therefore not be known
even if a general surface position can be determined. The signal reflected from
surface portion 12, being a first surface of reflection, and referred to the same

receiving time t,, can be written as:
U 1 (0) ) =e jo (tg=2 Ly /c)

The signal propagating through first layer 101 of the substance will pass
twice through the layer 101 with a geometrical distance of 2L;, before and after
reflecting against second surface portion 14. The signal received after reflection at

surface portion 14, referred to the same receiving time t,, can be written as:
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Here, the propagation speed v, = ¢/n;, where n; is the index of refraction for

the material of first layer 101.

The signal propagating through surface portion 14 and second layer 102 of
the substance will travel another geometrical distance of 2L,, before and after
reflecting against container portion 13. The signal received after reflection at
container portion 13, being the third surface of reflection, and referred to the same

receiving time t,, can be written as:

U ((J)) — ef‘”(to—ZLo/C—ZLl/VI—ZLz/Vz)
S3

Here, the propagation speed v, = ¢/n,, where n, is the index of refraction for
the material of second layer 102. The indexes of refraction may be frequency-
dependent, something which can be accounted for by assessing the frequency
dependence in the formulae used.

Distances L and L0 are measured from a reference position in the antenna
represented as a level 14. The complex conjugate multiplication, where U* is the
conjugate of U, or cross correlation in the time domain, of the reflected and
reference signals is then:

* * *

S (w): Uref(w)'USl(O))"'Urq“(U))'Usz(U))"'Uref(w)'Usa(w)

corr

or, if the frequency is restricted to a pass band Bpass(w;, o), where @ is the

lowest angular frequency and ®, is the highest angular frequency of the pass band:
S, (@)= Bpass(®,,0, )¢ ™*"" + Bpass(v,,o, )e_j‘”(u"/ c+2Lpm [+ 2Lym [c)

The inverse Fourier-transform will transform from the frequency to the time-
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plane (delay or distance-plane). Bpass(®;, o) can be approximated with

Rect(my,op).

F7'S,,.(Dt)=sinc(Dt - 2L, /c)+sinc(Dt —2L,/c-2Ln,/c-2L,n, /c)

The time-delay response of the system is usually called the Point Spread
Function in optics, and is in this case the Fourier transform of the frequency pass
band. This response is measured by studying the response of a metal reflector at a
known distance. The distances to the surfaces are then reconstructed from the
observed signal by deconvolving with the measured Point Spread Function. The
distance can then be referred to a specified reference level, DL, through a
translation of the time co-ordinate: Dt=Dt-2DL,¢ /c. The reference level may be a
previously measured metal reflector in the signal path, the edge of the metal
container, or e.g. container portion 13 when no substance is present in container 11.
The transform contains the structure in the depth-direction. If the data are also
sampled in the aperture plane by using an interferometer as transmitter and receiver
antennas then a further two dimensional transform over the aperture-plane will
show the structure over the remaining two dimensions.

According to the embodiment of Fig. 1, an antenna 3 is devised to transmit a
coherent radio signal towards surface portion 12, through surface portion 14, and
further towards container portion 13. Antenna 3 will then receive three reflected
radio signals from the reflecting surfaces of surface portions 12 and 14, and
container portion 13, respectively. In accordance with the above, the relative phase
of the transmitted and received signals will change linearly with frequency. The
frequency of the transmitted signal, and thus also the received signals, is therefore
varied in steps over a frequency band and the phase displacement of the received
signals compared to the transmitted signal are measured for each step. By
determining how the phase displacement varies dependent on frequency variation,
the delays of the reflected signals compared to the transmitted signal are
determined. In time, each frequency step should be maintained at least as long as

the propagation time from transmitter to receiver, i.e. at least about twice the
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distance between transmitter and the farthest reflecting target. as an example,
transmission of a coherent wave through 1us produces a transmitted signal of about
300 m, which is usable for measuring at distances up to about 150 m. The
transmission time may of course also be longer in each step, such as 1 ms, but
shorter steps will provide a faster process.

At this point, the geometrical distance L from antenna 3 to container portion
13 is known by being predetermined, the geometrical distance L is known by
calculation from the measured time delay of the reflected signal from surface
portion 12 and the known or assessed index of refraction ny, the optical distance
n;L; is known by calculation from the measured time delay of the reflected signal
from surface portion 14, and the optical distance n,L, is known by calculation from
the measured time delay of the reflected signal from container portion 13. If the
index of refraction n; for the material of layer 101 is known, then also the
geometrical distance L, can be calculated. Furthermore, since the geometrical
distance L; + L, is known by being the difference between L and Ly, the
geometrical distance L, can also be calculated even if the index of refraction n, of
the material of second layer 102 is not known. In the same manner, the position of
surface portion 14, i.e. where layer 101 borders to layer 102, can be determined also
if the index of refraction n, of the material of second layer 102 is known, but not the
index of refraction n; for the material of the first layer 101. This way, the invention
is particularly useful if the index of refraction is more certain for one of the
materials of layers 101 and 102 than the other, in that it is possible to select which
index to use. This is advantageous ¢.g. when one of the materials is a pollutant or an
unclean product, which may contain an unknown element of dirt or substances
which affect the index of refraction. For the example of a substance including oil
and water in e.g. an oil tanker, the composition of the oil may be fairly well known,
whereas the refraction properties of the water is dependent on its level of purity.
From one aspect, though, it may be advantageous to usc a known or assessed value
of the index of refraction for the least thick layer, which would be second layer 102
in Fig. 1. The reason for this is that the geometrical distance is directly proportional

to the index of refraction and the travel time through the medium. Therefore, a
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thicker layer with a certain accuracy in the index of refraction will give a larger
geometrical error than a less thick layer with the same accuracy in the index of
refraction.

According to an aspect of the invention, a special procedure may be
employed for determining the index of refraction for the material of a layer in the
substance.

In a first step, the geometrical distance to a surface over the layer of the
materials in question, and the optical distance through that layer, is determined, in
the manner described above. For instance, distance L is determined by the phase
change in the reflected signal from surface portion 12 and the index of refraction ny,
and the optical distance n;L; through layer 101 is determined by the phase change
in the reflected signal from surface portion 14.

Thereafter, an amount of the material of that layer only, layer 101 in the
cxample, is added to the container.

The procedure of the first step is then repeated, i.c. the geometrical distance
L to surface portion 12 and the optical distance n;L; through layer 101 is
determined again. Since matter of the material of layer 101 was added, both L, and
n;L; has changed.

In the next step, the difference in Ly between the repeated steps is calculated,
representing the added thickness AL; of layer 101, and the added optical distance
through that layer is calculated from the difference in the phase displacement
between the repeated steps.

Finally, the index of refraction of the material of that layer is determined, by
calculating the ratio between added optical thickness through the layer and the
added thickness of the layer.

This way, the index of refraction of one of the materials in the substance may
be determined. If only two materials, and thus two layers 101 and 102, are present
in container 11, this procedure may be used to determine the index of refraction for
one of the materials, whereas the index of refraction of the other material is
redundant. This may be particularly useful if there is no reliable estimate of the

index of refraction for any of the two materials, or only for the material of a layer
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which is substantially thicker than the other layer.

Furthermore, if there are more than two layers of different materials, one
parameter for each added layer must be known, either its thickness or its index of
refraction, i.e. the optical thickness. Accordingly, if it is possible to add an amount
of only the further material of a third layer, it is also possible to calculate the index
of refraction for the material of that layer according to the procedure above. After
that, the geometrical position of all dividing surfaces between the material layers
and the top surface of the substance may be determined according to the method
described herein. As the skilled person realises, the same goes for any number of
layers.

The previous patent was targeted to slag thickness measurement, and
required knowledge of the index of refraction of the slag material, and did not
involve measurements of signals reflecting through two or more surfaces from a
container portion. Even though the present invention works differently, it may be
realised using a similar arrangement. The example of included components given in
the working example described in US 5,629,706 is therefore incorporated herein by
reference, as an example of an embodiment for carrying out the method of the
present invention. Referring to that example, and Fig. 1, the two output signals from
the right side of power divider 2 are connected to a first port of the antenna 3
transmitting a signal, preferably of left hand circular polarisation, with a heliax
cable (Andrew FSJ4-50B), and to recciver 4 with a steel coaxial cable. The other
radio frequency port on the right side of receiver 4 is connected to a second port of
the antenna 3 via a heliax coaxial cable (Andrew FSJ4-50B), preferably receiving
the signal in the opposite, right hand circular polarisation. A data acquisition system
5 is connected to signal generator 1 and power divider 2 via GPIB bus cables. The
data acquisition system 5, preferably a Vector Network Analyser, may in this
embodiment be set to step in 501 frequency steps between 10 and 15 GHz, which
constitutes the frequency band of use, and the complex division of the received
signal and the reference signal from the transmitter is stored for each frequency
channel. A total integration time of 1 second may be used for cach data sampling.

The complex data is preferably stored on computer discs and each spectrum and
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then analyzed off line with a special computer program based on the equations
given above, for determining the index of refraction n;.

The working example described in US 5,629,706 was conducted employing
microwave frequencies in the 10 to 14 GHz range. This is also a usable frequency
band for the present invention. However, it should be noted that the actual range of
the frequency band used has to be balanced dependent on the materials of layers
101 and 102 in question. In one aspect, the accuracy of the distance measurement
increases with increasing frequency of the radio wave signal. For some cases the
afore-mentioned frequency range may not work, though, since the absorption in the
substance will be too high. This may be the case e.g. if onc of the materials
comprises a highly absorbing material, and also if the total depth of the substance is
large. An example thereof is an oil tank, which as mentioned may contain up to 35
m of oil and water, with an attenuation of 1000-5000 dB at about 10 GHz. A lower
frequency range will then have to be employed, e.g. in the range of 1-5 GHz, even if
the accuracy of the method is thereby reduced. The attenuation due to absorption
would the theoretically drop to 100-500 dB.

As already described, the present invention is adapted for determination of
the level of one or more surfaces of different material layers 101, 102 of a substance
held in a container 11. A typical application of the inventive method is where the
substance in container 11 includes a first oil-based material, and a second water-
based material. Container 11 may be a tank of an oil tanker ship or a stationary oil
tank.

The invention has been described in detail by reference to preferred
embodiments, but is not to be taken as limited to all of the provided details thereof,
since modifications and variations thereof may be made without departing from the

scope of the invention, as defined by the appended claims.
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CLAIMS

1.  Method for determining the thickness of a material layer of a substance held in
a container, which substance comprises a first material disposed in an upper layer
and a second material disposed in a lower layer, comprising the steps of:

- transmitting a radio signal, from antenna means placed at a predetermined distance
from a container portion, through the substance towards the container portion;

- receiving, in said antenna means, reflected signals from an upper first surface

portion of the upper layer, from an upper second surface portion of the second layer,
and from the container portion;

- varying the frequency of the transmitted signal over a frequency band to determine

phase displacement between the transmitted signal and the reflected signals;

- determining optical distances from the antenna means to the first and second
surface portions and to the container portion, dependent on the phase displacements;
- determining the thickness of one of said layers dependent on the phase
displacement through and index of refraction of that layer;

- determining the thickness of the other of said layers dependent on said

predetermined distance and the thickness of said one of said layers.

2.  The method as recited in claim 1, wherein said one of said layers is the lower

layer.

3. The method as recited in claim 1, wherein said one of said layers is the upper

layer.

4. The method as recited in claim 1, wherein the first material is an oil-based

liquid and the second material is a water-based liquid.

5. The method as recited in claim 1, wherein said container is an oil container of

a oil tanker ship.
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6. The method as recited in claim 1, wherein said container is a land-based oil

cistern.

7.  The method as recited in claim 1, wherein one of said materials is a liquid and

the other of said materials is particulate.

8.  The method as recited in claim 1, comprising the steps of:

- determining the geometrical distance to a surface over the layer of one of said
materials, and the optical distance through that layer;

- adding an amount of the material of that layer to the substance;

- determining again the geometrical distance to said surface over that layer, and the
optical distance through that layer;

- calculating the added thickness of that layer, and the added optical distance
through that layer;

- determining the index of refraction of the material of that layer dependent on the

added thickness and the added optical distance through that layer.

9.  The method as recited in claim 8, wherein said surface over the layer of one of

said materials is the top surface of the substance.

10. The method as recited in claim 1, comprising the steps of:

- determining the geometrical distance to a surface in said substance;

- adding an amount of a third material to a third layer, disposed over that surface;

- determining again the geometrical distance to said surface over that layer, and the
optical distance through the third layer;

- calculating the thickness of the third layer;

- determining the index of refraction of the third material dependent on the

thickness and the optical distance through the third layer.

11. The method as recited in claim 1, wherein the antenna means are aimed to

direct radio signal waves substantially vertically downwards, wherein the container
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portion is a inner bottom wall portion.

12. The method as recited in claim 1, comprising the steps of:

- multiplying the first reflected signal with the transmitted signal in the frequency
domain to determine the first phase displacement;

- transforming the first phase displacement to the time domain for determining the

optical distance from the surface portion to the container portion.

13. The method as recited in claim 1, comprising the steps of:

- providing signal generation means for generating signals at a plurality of
frequencies over a frequency band;

- connecting the antenna means to the signal generating means for receiving said
signals gencrated by said signal generation means and for transmitting radio waves

at said plurality of frequencies over said frequency band.

14. The method as recited in claim 1, wherein said step of determining a first
phase displacement between the transmitted signal and the first reflected signal
comprises the step of cross correlating the transmitted signal and the received

reflected signal.

15. The method as recited in claim 1, wherein said antenna means comprises an

interferometer.

16. The method as recited in claim 1, wherein said step of varying the frequency
of the transmitted signal comprises the step of transmitting said signal at sequential

frequencies of said plurality of frequencies.

17. Apparatus for determining the thickness of a material layer of a substance held
in a container, which substance comprises a first material disposed in an upper layer
and a second material disposed in a lower layer, the apparatus comprising:

- antenna means placed at a predetermined distance from a container portion and
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aimed through the substance towards the container portion;

- a comparator unit adapted to compare a signal transmitted through the antenna
means and reflected signals from an upper first surface portion of the upper layer,
from an upper second surface portion of the second layer, and from the container
portion;

- a control unit adapted to vary the frequency of the transmitted signal over a
frequency band to determine phase displacement between the transmitted signal and
the reflected signals, the control unit comprising calculator means adapted to
determine optical distances from the antenna means to the first and second surface
portions and to the container portion, dependent on the phase displacements,
determine the thickness of one of said layers dependent on the phase displacement
through and index of refraction of that layer, and determine the thickness of the
other of said layers dependent on said predetermined distance and the thickness of

said one of said layers.

18. The apparatus as recited in claim 17, comprising a signal generator, devised to
generate an electromagnetic signal to the antenna means, a signal power splitter
connected between the generator and the antenna means, and wherein the

comparator unit is connected to the antenna means and the signal power splitter.

19. The apparatus as recited in claim 17, wherein the control unit further

comprises means for carrying out the steps of any of claims 2-16.
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