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(57) Measuring the level in a container 1s done by means of a sensor fitted abo

ve the highest level occurring and

measuring the distance to the surface of the material in the container. An evaluation circuit computes the level from

the distance measured by the sensor and the empty distance. The material volume

1s determined from the relationship

between level and material volume memorized 1n the evaluation circuit. For calibrating a sensor 1n the case of an
unknown empty distance, without having to completely empty the container, the on-going filling or emptying of the

contamner 1s mterrupted and the actual material volume 1s recorded. Using the

sensor to be calibrated a distance

measurement 1s implemented and the actual material volume 1s entered 1n the evaluation circuit. The evaluation circuit
determines on the basis of the memorized relationship between level and material volume the level belonging to the

entered material volume and computes the empty distance as the sum from said |

evel and the ranging result. In this

way calibration 1s possible at a single calibration point without having to change t|
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ABSTRACT

Measuring the level in a container is done by means of a sensor
fitted above the highest level occurring and measuring the
distance to the surface of the material in the contalner. An
evaluation circuit computes the level from the distance
measured by the sensor and the empty distance. The material
volume is determined from the relationship between level and
material volume memorized in the evaluation circuit. For
calibrating a sensor in the case of an unknown empty distance,

without having to completely empty the container, the on-going

filling or emptying of the container is interrupted and the
actual material volume is recorded. Using the sensor to be
calibrated a distance measurement is implemented and the actual
material volume is entered in the evaluation circuit. The
evaluation circuit determines on the basis of the memorized
relationship between 1level and material volume the level
belonging to the entered material volume and computes the empty
distance as the sum from said level and the ranging result. In
this way calibration is possible at a single calibration point

without having to change the level in the container.
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Method for Calibration in Level Measurement

The invention relates to a method for calibration in level
measurement by means of a sensor located above the highest
level occurring which measures the distance to the surface of
the material in the container and computes by means of an
evaluation circuit the level from the distance measured by the
sensor and the empty distance, and which determines and 1ndi-

cates the material volume from the relationship between the

level and material volume memorized in the evaluation circuit.

In this context the "empty distance" 1is the distance which the

sensor would have measured were the container empty.

This kind of level measurement is implemented for instance by
level meters operating on the basis of the reflection prin-
ciple, in which the sensor emits ultrasonic waves or electro-
magnetic waves to the surface of the material and receives the
echo waves reflected from the surface of material, the eval-
uation circuit establishing the distance between the sensor and
material surface from the transit time of the waves. Another
example for level meters which measure the distance between a
sensor arranged above the highest 1level occurring and the
surface of the material are mechanical systems which lower a

sounder to the surface of the material.

Correctly sensing and indicating the level in the form of the
material volume presupposes 1in the case of this kind of level
measurement that when the sensor 1s 1nstalled the empty
distance 1s precisely determined and memorized in the evalua-
tion circuit and a calibration of the level meter 1is made.
Hitherto it was usual to undertake calibration at at least two
different points, these points being as a rule that at which
the container 1is completely empty and that at which the

container is completely full, i.e. to implement calibration the
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container needed first to be totally emptied and then totally
filled. This is highly complicated, time-consuming and a
nuisance, because intervening in the on-going production
process 1s 1nvolved.

The object of the invention is to provide a method
for calibration in level measurement of the kind as mentioned
at the outset of which permits calibration at a single
calibration point without changing the level in the container.

The i1nvention provides a method for calibrating a
device for measuring a level and a volume of a material in a
container wherein the device includes a sensor located above
the highest fill level of the material which measures a
distance to the surface of the material in the container and
an evaluation circult 1n which a relationship between the
level of the material and the volume of the material in the
contaliner 1s stored, said evaluation circuit computing the
level of the material in the container using the distance
measured by the sensor and an empty distance corresponding to
a distance measured by the sensor when the container is empty,
and said evaluation circuit determining the volume of the
material 1n the container using the computed level of the
material in the container and the stored relationship between
the level of the material and the volume of the material, said
calibration method comprising the steps of: a) interrupting an
on-going filling or emptying of the container; b) recording an
actual volume of the material 1n the container during the
interruption; ¢) measuring the distance to the surface of the
material in the container with the sensor of the measuring
device to be calibrated; d) entering the actual volume of the
material i1nto the evaluation circuit; e) determining, in the

evaluation circuit, the level of the material corresponding to

the entered actual volume of the material as a function of the
stored relationship between the level of the material and the

volume of the material; f) computing the empty distance by

summing the level of the material determined in the evaluation

23292-97
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circult and the distance to the surface of the material
measured with the sensor; and g) storing the computed empty
distance in the evaluation circuit for use in computing the
level of the material and in determining the volume of the
material in the container.

In the method according to the invention calibration
18 done at the point which is just attained in the on-going
production process, and after calibration the production
process can be continued at this point, there being no change
of the level in the container inbetween. The time required
for 1mplementing the calibration is thus minor, and it also
eliminates the expense of bypass containers and additional
metering facilities. The method i1s applicable to containers
of any shape for which the relationship between level and
material volume is memorized in the evaluation circuit. The
method merely needs to exist as an algorithm in the evaluation
circulit, further prerequisites are not necessary.

Another embodiment of the method according to the
invention serves for calibrating containers for which it is
known that a linear relationship between the level and the
material volume exists, but the slope of the linear
characteristic i1n unknown. This i1s the case for containers
having a horizontal cross-section which is constant over the
full level range, i1.e. for instance upright cylindrical or
prismatic containers, the base of which is unknown. In the
case of these containers, too, calibration at at least two
points was necessary hitherto to establish the slope of the
characteristic. Here too, the invention makes it possible to
carry out the calibration at a single calibration point,
without changing the level in the container.

According to this aspect, the invention provides a
method for calibrating a device for measuring a level and a
volume of a material in a container wherein the device
includes a sensor located above the highest fill level of the

material which measures a distance to the surface of the

A 23282-97
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material in the container and an evaluation circuit in which a
relationship between the level of the material and volume of
the material in the container is stored, said evaluation
circuit computing the level of the material using the distance
measured by the sensor and an empty distance corresponding to
a distance measured by the sensor when the container is empty,
and said evaluation circuit determining the volume of the
material in the container using the computed level of the
material and the stored relationship between level of the
material and volume of the material; wherein the relationship
between the level of the material and volume of the material
1n the container is a linear relationship of unknown slope;
sald calibration method comprising the steps of: a)
interrupting an on-going filling or emptying of the container;
b) recording an actual volume of the material and an actual
level of the material in the container during the
interruption; c¢) measuring the distance to the surface of the
material in the container with the sensor of the measuring
device to be calibrated; d) entering the actual volume of the
material and the actual level of the material into the
evaluation circuilt; e) computing, in the evaluation circuit,
the slope of the linear relationship between the level of the

material and the volume of the material using the actual

volume of the material and the actual level of the material;
f) computing the empty distance by summing the actual level of
the material and the distance to the surface of the material
measured with the sensor, and g) storing the computed slope
of the linear relationship between the level of the material
and the volume of the material and the computed empty distance
in the evaluation circuit for use in computing the level of
the material and in determining the volume of the material in
the container.

Further features and advantages will be appreciated
from the following description of example embodiments on the

basis of the drawing showing schematically metering of the

23292-97
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level in a container according to the reflection principle.

- 3b -

The drawing shows a container 10 containing a
material 11. The level H in the container is the height of
the surface 12 of the material 11 above the level L
corresponding to that of the container empty. In the example
shown 1n the drawing of a container having a flat bottom 12 it
1s assumed that the level L corresponds to the surface of the

bottom 13. The container 10 is full when the height of the
surface 12 of the material attains the level M.

23292-97
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The level measurement 1is done according to the reflection
principle with the aid of a sensor 14 which is fitted above the
highest level occurring and is configured so that it is able to
emit waves to the surface 13 of the material 11 and receive the
echo waves reflected from this surface 13. The waves used for
the level measurement may be ultrasonic waves, ranging being
done according to the pulse transit time principle the same as
in echo sounding. In this case the sensor 14 1s an ultrasonic
transducer which is excited by electrical alternating voltage
pulses furnished by a transmission generator 15 via a duplexer
to emit ultrasonic pulses and which converts received ultra-
sonic waves into electrical reception signals which are applied
via the duplexer 16 to an evaluation circuit 17. The waves used
for the level measurement may also be electromagnetic waves,
whereby ranging may be done, the same as 1n pulsed radar,
according to the principle of pulse transit time, too. In this
case the sensor 14 is an antenna transmitting the electrical
high-frequency pulses furnished by the transmission generator
15 wvia the duplexer 16 and transferring the received high-
frequency signals via the duplexer 16 to the evaluation
circuit. When employing electromagnetic waves the ranging may
also be done the same as with frequency-modulated continuous
wave (FMCW) radar; in this case too, the sensor 14 1s an
antenna which, however, emits a continuous microwave furnished
by the transmission generator 14 which 1s periodically linearly

frequency-modulated, for example, according to a ramp function.

In each case the transit time of the waves from the sensor 14
to the surface 12 and back to the sensor 14 is established 1in
the evaluation circuit 17 which in the case o0of the pulse
transit time principle equals the spacing 1in time between
emission of a transmit pulse and reception of the echo pulse

reflected from the surface 12, whilst in the case of FMCW radar

1t results from the frequency difference between the trans-
mitted wave and the received echo wave. From the established
transit time and the known propagation rate of the waves used

the distance D of the material surface 12 from the sensor 14 is
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computed. When the surface 12 of the material 11 has the level
L, i1.e. the container 1is empty (level H = 0), the distance
measured with the sensor 14 is the empty distance D(g. For every
other distance D measured the level H in the container 10 1is

given by the formula
H = Dg - D.

Generally, the user i1s not interested in the level L but in the
volume V of the material. This volume materializes from the
level H when the relationship between the level H and the
material volume V is known. In the case of containers having a
constant horizontal cross-section over the complete level
range, 1.e. for example, <cylindrical and prismatic (e.g.
rectangular) upright containers, the relationship concerned 1is
a simple linear relationship: the material volume V 1s propor-
tional to the level H. In the case of other containers a non-
linear relationship exists between the level H and material
volume V, but 1in most cases the material volume V can be
computed from the level H according to a known formula. This
applies for example to horizontal cylindrical containers. For
totally irregularly shaped containers the relationship between
the level H and the material volume V can be established
experimentally. For each container the relationship between the
level H and the material volume V can thus be stated by a

formula, a characteristic or a look-up table.

The relationship between the level H and material volume V is
memorized 1in the form of a formula, a 1look-up table or a
characteristic in the evaluation circuit 17. In the evaluation
circuit 17 the material volume V corresponding to the estab-
lished level H is computed according to the memorized formula
or taken from the memorized characteristic or look-up table and
indicated. This indication may be made in absolute units of
measurement (e.g. liters, |hectoliters, cubic meters) or
relatively in a percentage between 0% (empty) and 100% (full),
whereas the measured distance D and the resulting level H

remalin as a rule unknown to the user.
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On first-time installation of a sensor 14 a calibration must be
carried out so that for each distance D measured by the sensor

the correct material volume V 1s indicated. For this purpose 1t

is usual to carry out the calibration at at least two different
points. These points are as a rule that at which the container
is totally emptied (0%) and that at which it is totally filled.

This is highly complicated, time-consuming and a nuisance,
because intervening in the on-going production process 1S

involved.

By means of the method described in the following the cali-
bration can be done at a sole calibration point without any

changes being necessary to the 1level condition 1in the

container.

For this purpose the steps i1in the procedure are as follows:

1. An on-going filling or emptying of the container 1is

interrupted.

2. The actual material volume V, is recorded.

3. A distance measurement 1is performed with the sensor to be

calibrated, resulting in a distance Dpj.

4. The actual material volume Vap is entered in the evaluation

circuit.

5. The evaluation circuit determines, on the basis of the
memorized relationship between level and material volume,
the level H belonging to the entered actual material volume

VA and computes the empty distance Dg from the level Hpa and

the measured distance Dp:
Do = Ha + Dp,

which then forms the basis for the measurement.
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This concludes calibration, and the filling or emptying of the

container can again be enabled. The evaluation circuit then

provides a continual indication of the correct material volume.

By this method the calibration is made at a single point
without any change to the material volume being necessary. In
particular, there is no longer the necessity to completely

empty the container and then to completely fill 1it.

One variant of the method described permits calibration 1in the
case of a container for which it is known that a linear rela-

tionship exists between the level H and the material volume V:

V = k * H,

but the coefficient k, i.e. the slope of the linear character-
istic, is not known. This 1is the case when containers have a
constant horizontal cross-section over the full level range,
i.e. for example upright cylindrical or prismatic containers,
when the base is unknown. In this case the calibration is done

in the following steps:

1. An on-going filling or emptying of the container 1is

interrupted.

2. The actual material volume Vpa and the corresponding actual

level Hp are recorded.

3. A distance measurement 1is performed with the sensor to be

calibrated, resulting in a distance Dpj.

4. The actual material volume Vp and the corresponding level Hp
are entered 1n the evaluation «c¢ircuit, the evaluation
circuit then computing from the entered values the slope Kk

of the linear characteristic

k = Va/Hp
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and from the entered level Hp and the measured distance Dp

the empty distance Dy

DO Fa + Da.

These values then form the basis for the further measurement.

This concludes calibration, and the filling or emptying of the
container can be reinitiated. The evaluation circuit then

provides a continual indication of the correct material volume.

By this method, too, the calibration is made at a single point
without any change to the material volume being necessary. In
particular, there is no longer the necessity to completely

empty the container and then to completely fill it again.

It will be appreciated that the invention is not restricted to
the application in level measurement according to the reflec-
tion principle as described above by way of example; it instead
being suitable for all level measurement methods in which the
distance between a sensor applied above the highest occurring
level and the surface of the material 1is measured, this also

including for example mechanical systems.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

{

PROPERTY OR PRIVILEGE IS5 CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for calibrating a device for measuring a
level and a volume of a material in a container wherein the
device includes a sensor located above the highest fill level
of the material which measures a distance to the surface of
rhe material in the contailner and an evaluation circuilt in
which a relationship between the 1evel of the material and the
volume of the material 1in rhe container is stored, sald
evaluation circuit computing the level of the material in the
container using the distance measured by the sensor and an
empty distance corresponding to a distance measured by the
sensor when the container is empty, and said evaluation
circuit determining the volume of the material 1in the
container using the computed level of the material in the
container and the stored relationship between the level of the
material and the volume of the material, said calibration

method comprising the steps of:

a) interrupting an on-going filling or emptying of the
contalner;
b) recording an actual volume of the material in the

container during the interruption;

C) measuring the distance to the surface of the
material in the container with the sensor of the measuring
device to be calibrated;

d) entering the actual volume of the material into the
evaluation circuilt;

e) determining, in the evaluation circuit, the level of
rhe material corresponding to the entered actual volume of the
material as a function of the stored relationship between the
level of the material and the volume of the material;

f) computing the empty distance by summing the level of
rhe material determined in the evaluation circuit and the

distance to the surface of the material measured with the

23292-97
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sensor; and
g) storing the computed empty distance in the
evaluation circuit for use in computing the level of the

material and in determining the volume of the material in the

container.

2. A method for calibrating a device for measuring a
level and a volume of a material 1n a contailiner wherein the
device includes a sensor located above the highest fill level
of the material which measures a distance to the surface of
the material in the container and an evaluation circuilt in
which a relationship between the level of the material and
volume of the material 1n the container 1s stored, said
evaluation circuit computing the level of the material using
the distance measured by the sensor and an empty distance
corresponding to a distance measured by the sensor when the
container is empty, and said evaluation circuit determining
the volume of the material in the container using the computed
level of the material and the stored relationship between
level of the material and volume of the material; wherein the
relationship between the level of the material and volume of
the material in the container 1s a linear relationship of

unknown slope; sald calibration method comprising the steps
of :

a) interrupting an on-going filling or emptying of the
contaliner;
b) recording an actual volume of the material and an

actual level of the material in the container during the
interruption;

C) measuring the distance to the surface of the
material i1n the container with the sensor of the measuring
device to be calibrated;

d) entering the actual volume of the material and the
actual level of the material into the evaluation circuit;

e) computing, 1n the evaluation circuit, the slope of

23292-97
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the linear relationship between the level of the material and
the volume of the material using the actual volume of the
material and the actual level of the material;

£) computing the empty distance by summing the actual
level of the material and the distance to the surface of the
material measured with the sensor, and

g) storing the computed slope of the linear
relationship between the level of the material and the volume
of the material and the computed empty distance in the
evaluation circuit for use 1n computing the level of the
material and 1n determining the volume of the material in the

container.
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