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(57) ABSTRACT 

Apparatus for capacitive electrical detection or measure 
ment relating to a medium, comprising at least one electrode 
(10) having a given surface extension (10A, 10B) and an 
oscillator circuit (15) the output frequency of which is a 
function of the capacitance being associated with the elec 
trode and the dielectric constant of the medium, and is taken 
as a basis for the detection or measurement. The effective 
spacing of the electrode (10) from a counter electrode or 
frome earth is of the same or a Substantially higher order of 
magnitude as seen in relation to the Surface extension (10A, 
10B) of the electrode (10). A conductor (11) connecting the 
electrode (10) to the oscillator circuit (15) has a length that 
is a Small fraction as Seen in relation to the Surface extension 
(10A, 10B) of the electrode. 
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APPARATUS FOR CAPACTIVE ELECTRICAL 
DETECTION 

0001. The invention relates to an apparatus for capacitive 
electrical detection or measurement with respect to a 
medium, Substance, material or object in a Solid or fluid 
form. In many practical applications the media of interest 
comprise water, e.g. in the form of moisture in the Substance 
or material concerned. 

0002 The apparatus is of the type comprising at least one 
electrode having a given Surface extent and an oscillator 
circuit the output frequency of which is a function of the 
capacitance being associated with the electrode and the 
dielectric constant of the medium, and taken as a basis for 
the detection or measurement. There is here the question of 
a measurement principle being well known per Se, as will 
appear e.g. from the book “InstrumenteringSteknikk” by 
Odd Arild Olsen, Tapirs forlag, 1988, pages 141 and 245. 
Examples of Specific applications are given in McGraw-Hill 
Encyclopedia of Science & Technology, 7ht addition, Vol 
ume 10, page 35 and Volume 14, page 278. 
0003. There exist various earlier practical proposals and 
applications based on the known principle, where there is 
provided a capacitor in a relatively conventional Sense, 
usually with plate-shaped electrodes between which there is 
received a dielectric in the form of the medium, Substance or 
material concerned, that is Subject to detection or measure 
ment. In this connection there is reason to note that different 
media can have rather different dielectric constants, e.g. 
water having the value 80, oil the value 3 and air the value 
1. 

0004. The object of this invention is to provide a novel 
apparatus being based upon the above principle, but having 
Substantially expanded fields of application as well as an 
increased accuracy and Sensitivity, as it is required when 
measuring e.g. pollution or moisture and likewise in 
demanding level measurements. AS regards detection or 
measurement of pollution there can e.g. be the question of 
oil in water or water in oil. Also when level measurement is 
concerned the two media water and oil are of much interest 
in this connection. 

0005. As will appear from the following description there 
is here the question of detecting or measuring very Small 
capacitance changes, and as explained in the following 
description it is a particular purpose to make possible exact 
measurement when Such Small capacitance changes occur. 
In this connection it has decisive significance that Sources of 
error being present, are taken into account, Such as tempera 
ture variations in the dielectric constant of water. 

0006. On this background and taking as a starting point 
an apparatus of the type mentioned at the beginning of this 
description, the novel and Specific features according to the 
invention in the first place consist therein that the effective 
spacing of the electrode from a counter-electrode or from 
ground is of Similar or Substantially higher order of magni 
tude as Seen in relation to the Surface extent of the electrode, 
and that a conductor connecting the electrode to the oscil 
lator circuit has a length that is a Small fraction as Seen in 
relation to surface extent of the electrode. More closely 
defined this involves in other words that the connecting 
conductor essentially represents a capacitance that is Sub 
Stantially Smaller than the capacitance of the electrode. 
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0007. In some embodiments according to the invention 
there will be incorporated a counter-electrode in the appa 
ratus itself, whereas other embodiments do not comprise 
Such a counter-electrode or another electrode in the appa 
ratus, So that the environment or “ground' will act as a 
“counter-electrode'. In all cases there is here the question of 
a form of “capacitor' that is fundamentally different from a 
capacitor in the usual Sense. This is seen in the first place 
therein that here there is the question of a very “open” 
configuration where, in contrast to what applies to common 
capacitors, there does not exist any relatively Small or 
directly measurable distance between two electrode plates, 
the Surface extent or area of which is regularly of a Sub 
Stantial magnitude as Seen in relation to the electrode or plate 
spacing. The apparatus according to the invention involves 
So to Speak an inverted relationship between the effective 
spacing mentioned and the Surface extent of the electrode. 
These geometrical relationships or dimensional relations 
will appear more closely from the exemplary embodiments 
described below with reference to the drawings. The same 
applies to the condition that the length of the conductor 
connection between the electrode and the oscillator circuit as 
mentioned, is very Small compared to the Surface extent of 
the electrode. Whereas the dimensions of the electrode in 
most embodiments as a rule can be reasonably measured in 
centimeters, the connecting conductor typically has a length 
that most Suitably can be measured in millimeters, Such as 
from a couple of millimeters up to a maximum or perhaps 10 
millimeters. 

0008 AS regards the capacitance relationship mentioned, 
i.e. between the connecting conductor and the actual elec 
trode, it is to be noted additionally that the relationship 
applies both when the medium concerned influences the 
capacitance and when only air is present. 

0009. An additional factor associated with the particular 
electrode configuration being here of basic interest, is that 
the medium, Substance, material or object to be Subjected to 
detection or measurement, must not necessarily be brought 
close to the electrode or a possible counter-electrode in the 
apparatus. In certain embodiments there is obtained a 
desired larger penetration depth in media of interest, by 
locating or conveying it at Some distance from the electrode, 
so that the capacitive or electrostatic field will be influenced 
by a larger Volume of the medium during the detection or 
measurement process. Thus, the measurement will be more 
representative of larger proportions of the Volume or bulk of 
the medium. 

0010 Although oscillator circuits based on various prin 
ciples can be employed in this context, it is preferred 
according to the invention to employ an LC-OScillator where 
there is incorporated an air core coil and a temperature 
Sensing element in good thermal contact with the air core 
coil, for temperature compensation of the oscillator circuit. 
This type of oscillator has been found to be particularly 
Stable and to have a Small Sensitivity to Sources of error, 
whereby in particular temperature compensation has much 
interest in the apparatus according to the invention. 
0011. It will also be possible then to generate a tempera 
ture measurement Signal that as Such can also be utilized for 
other purposes than the direct temperature compensation of 
the oscillator circuit as mentioned above. Such utilization 
can take place with advantage in a microprocessor or 
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computer, e.g. a PC, that also receives the output frequency 
from the oscillator circuit. Subsequent to a Suitable and 
desired processing of the Signals in the microprocessor or 
the computer, this delivers a resulting detection or measure 
ment Signal that can then be conveyed to an alarm, recording 
or display device. Such devices can also comprise additional 
data processing for a favourable presentation or utilization. 

0012. As already mentioned above, measurements or 
detection of interest can in many cases comprise water or 
moisture in the medium or object concerned. In Such appli 
cations it is preferred according to the invention that the 
fundamental frequency of the oscillator circuit is within the 
range 10-100 MHz, preferably between 15 and 30 MHz. At 
Such a choice of fundamental frequency the apparatus will 
be particularly well adapted for a high sensitivity with 
respect to water content, which is related to the fact that the 
loSS factor for water has a pronounced minimum at the 
frequencies mentioned. AS known the loSS factor in this 
connection represents quite a different effect from the dielec 
tric constant as discussed above. AS also mentioned the 
dielectric constant, in particular for water, is very tempera 
ture dependent and according to the invention it is possible 
to compensate also for this by means of Suitable processing 
in the microprocessor or computer mentioned. For illustra 
tion it can be mentioned here that the dielectric constant for 
water is about 80 at a temperature of +25 C., whereas the 
value is about 40 at a temperature of +80 C. 
0013 Among the important features contributing to a 
high sensitivity and good measuring results by means of the 
apparatus according to the invention, there is involved an 
advantageous calibration of the oscillator frequency based 
upon at one hand air and preferably dry air as a dielectric for 
the electrode, and at the other hand preferably another 
calibration with water as a dielectric for the electrode. In 
embodiments where Several Separate electrodes are incor 
porated, e.g. when level measurement is contemplated, Such 
frequency calibration will be performed individually for 
each Separate electrode. In fact Such calibration will also 
correct for variations in components or parameters of the 
oscillator circuits, So that the electrode and the associated 
oscillator circuit in this respect will be treated as an integral 
unit. AS it will also appear from the following description, 
there can moreover according to the invention, be provided 
for a similar calibration proceSS when the apparatuS has been 
put into operation, in particular in form of a repeated and 
adaptive calibration procedure during the whole operational 
time or life time of the measuring apparatus. In particular in 
the case of Such apparatus where there is incorporated a 
number of individual electrodes as mentioned above, cali 
bration as discussed here will be important, Since each 
electrode-oscillator probe initially can have varying proper 
ties or parameters with respect both to Sensitivity and 
temperature coefficient as well as fundamental frequency. 
All Such factors that very from probe to probe in a complete 
plant or System, will be taken into account and corrected for 
during the calibration, that takes place by Suitable program 
ming of the microprocessor or computer. 

0.014. This also comprises calibration or compensation 
for component aging in the oscillator circuit with time and 
changes in the properties of the electrodes, Such as by 
coating that by and by can attach thereto, possibly in the 
form of fouling. 
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0015 The above discussed, specific features according to 
the invention make it possible to provide apparatuses of the 
kind Stated here, having a high Sensitivity and a high 
accuracy in detection and measurement, as well as various 
and highly different applications that have not hitherto been 
possible in practice with known forms of capacitive detec 
tion or measurement. For example, it is possible to obtain 
measurements of as Small a proportion as 0.1% of water in 
oil. Moreover, the apparatus according to the invention has 
the advantage of consuming very little electric power, 
namely at the order of magnitude of 1 mW in typical 
embodiments. 

0016. The invention as well as additional advantages and 
particular embodiments thereof, will be explained more 
closely in the following description with reference to the 
drawings, in which: 
0017 FIG. 1 shows an electrical circuit diagram in 
partial block form, according to an embodiment of the 
invention, 
0018 FIG.2 schematically shows an exemplary embodi 
ment of an apparatus according to the invention being 
particularly intended for measurement of moisture in bulk 
goods or continuous materials, 
0019 FIG. 3 in a corresponding schematic manner 
shows an embodiment particularly intended for measure 
ment on a liquid or mass received in a measurement vessel, 
0020 FIG. 4 shows an example of an apparatus in the 
form of a spear-like tool for measuring moisture in bulk 
goods, 

0021 FIG. 5 shows a block diagram of an embodiment 
with three electrode-oscillator probes in a System, e.g. 
intended for level measurement, 
0022 FIG. 6 in cross sectional view shows a level 
measurement apparatus based on a tubular Structure, e.g. for 
the measurement of tank levels, Such as at gasoline Stations, 
0023 FIG. 7 shows a schematic vertical section in the 
form of a separation or Sedimentation tank in which there are 
installed three Separate rows of electrode-oscillator devices 
according to the invention for measuring interface levels 
between different fluids in the tank, 
0024 FIG. 8 additionally shows a specific embodiment 
of the apparatus according to the invention in Vertical 
Section, for the purpose of measuring a level or an interface 
between two Surrounding fluids, 
0025 FIG. 9 shows a cross-sectional view of the appa 
ratus of FIG. 8, 
0026 FIG. 10 in block schematic form in a correspond 
ing manner as FIG. 5, shows the electrical measurement 
System that can be employed in association with the appa 
ratus of FIGS. 8 and 9, and 
0027 FIG. 11 schematically shows an apparatus accord 
ing to the invention for detection or measurement of flowing 
fluids. 

0028. In FIG. 1 the oscillator circuit is generally denoted 
15, and it is seen that this is an LC oscillator. There is 
included an active component in the form of an NPN 
transistor Q4, whereas the frequency determining compo 
nents in the first place consist of a coil L5 and a capacitor 
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C10. In parallel to capacitor C10 there is the capacitance 
being represented by an electrode 10, which is shown here 
in rectangular plate shape as a typical design. The Side edges 
of the electrode are denoted 10A and 10B, respectively. Coil 
L5 is an air core coil, i.e. without any other core material 
than air. This is a great advantage in View of the desired high 
Stability being required in this connection. The capacitance 
of capacitor C10 shall be as constant as possible, whereas in 
contrast the capacitance being represented by the electrode 
10 in parallel with capacitor C10, will vary depending upon 
the medium that may be present as a dielectric for electrode 
10, namely in this case between the electrode and ground. In 
other words FIG. 1 does not show any other counter 
electrode than ground with respect to electrode 10. 
0029. This additional capacitance or measured capaci 
tance being parallel to capacitor C10, will have an influence 
on the output frequency of the oscillator circuit, and it is this 
variation of the output frequency that is utilized for the 
intended detection or measurement. 

0.030. Other components incorporated in oscillator circuit 
15 are of conventional type and function, among other things 
for applying required operational Voltages to transistor Q4, 
whereas in contrast component RT3 is a temperature-depen 
dent resistor, Such as a so-called NTC resistor. This is 
physically located in close thermal contact with air coil LS, 
primarily for the purpose of providing for temperature 
compensation in oscillator circuit 15, So that the output 
frequency thereof to the extent possible is independent of the 
ambient temperature. Accordingly one of a number of 
Sources of error are eliminated to a Substantial degree. 
0031. At 15F there is indicated an output unit for the 
oscillator frequency, that is converted in a following counter 
19 to a digital signal that in turn is applied to an input 15F 
of a microprocessor or computer 16. Moreover from the 
temperature-dependent resistor RT3 there is taken a specific 
temperature measurement signal via an output unit 15T to an 
analog-digital converter 18 which through a Second input 
16T applies a corresponding digital Signal to microprocessor 
16. This, which can also be in the form of a more complete 
computer, Such as a PC, performs a desired Signal processing 
comprising, inter alia, necessary compensation for tempera 
ture-dependent inductance in air coil L5, as already men 
tioned. Upon this and possibly other types of Signal pro 
cessing in microprocessor 16, there is delivered a resulting 
detection or measurement Signal 16U that can be conveyed 
to and utilized in an alarm, recording or display device. It is 
obvious that Such devices may also comprise additional 
microprocessors or computers for the purpose of Suitable 
processing or presentation for the end user. 

0032. At 13 there is shown an input unit that can serve for 
providing an activation Signal to oscillator circuit 15 So that 
this enters into operation. Such activation or control has 
particular interest when the number of electrode-oscillator 
probes are included in a more complex apparatus or a 
measurement System, Such as for level measurement. In Such 
an apparatus each electrode normally will also have an 
asSociated and intimately related oscillator circuit. 
0033. The fundamental frequency of oscillator circuit 15 
in actual practice will often be chosen in the MHZ range, in 
particular when the medium, Substance, material or object to 
be Subjected to detection or measurement, contains water or 
moisture that is of interest, it is preferred according to the 
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invention that the fundamental frequency is in the range 
10-100 MHz, and preferably between 15 and 30 MHz. As 
previously mentioned water has a pronounced minimum in 
its loSS factor within this range of frequencies. 

0034) Even though FIG. 1 is quite schematic and directed 
to the principle involved, it is seen that a lead 11 between 
electrode 10 and oscillator circuit 15, represented by the 
junction between capacitor C10 and coil L5, is very short 
and thus has a negligible capacitance as Seen in relation to 
the capacitance of electrode 10 with respect to ground. This 
is essential according to the invention, and as an example of 
typical dimensional relationships the following is mentioned 
here: The surface of electrode 10 typically can be of dimen 
Sions 2x5 cm and the conductor lead 11 typically can have 
a length of 2 mm. More details regarding practical designs 
at this point can be found in the following description of 
embodiments illustrated in the other figures of drawings. In 
this connection it is also Significant to note that in the actual 
oscillator circuit 15 the capacitance of the internal connec 
tions between the junction mentioned and the capacitor C10 
and coil L5, respectively, has an influence on the output 
frequency. These connections however, can be kept quite 
Short and Stable in known ways, So that there is no risk of 
Sources of error worth mentioning, as a consequence of these 
internal connections in oscillator circuit 15. 

0035 FIG.2 shows an embodiment where a plate-shaped 
electrode 20 through a short conductor lead 21 cooperates 
with the actual oscillator circuit 25 having an associated 
temperature compensation circuit 27 and an analog-digital 
converter 28, is housed in an encapsulation or Screen 24 of 
electrically conductive material. Output signals are taken 
through unit 29 that in similarity to the arrangement of FIG. 
1, can lead to a microprocessor or computer for further 
Signal processing and presentation. 

0036) An essential feature of the structure in FIG. 2 is a 
window 22 of electrically non-conductive material in one of 
the walls of encapsulation 24. Electrode 20 is applied to an 
internal Surface of window 22, whereas the opposite and 
external Surface thereof is adapted to be exposed to the 
Surroundings, i.e. the region, Space or position where the 
medium or object 2 concerned, is located or conveyed for 
the intended measurement or detection. In practice Such an 
object will have a ground connection as indicated in the 
drawing. From the geometrical relationships apparent from 
FIG. 2 it is clear that object 2 to a substantial degree will 
influence the electrical field being due to electrode 20 when 
oscillator circuit 25 is activated. In addition to this effect 
with respect to ground, encapsulation 24 will here also to 
Some degree play the role of a counter-electrode. It is seen 
however, that the effective distance from the Surfaces of 
electrode 20 to adjacent portions of encapsulation 24, is 
relatively Small or at least not dominating in relation to the 
dielectric effect due to the object 2. Likewise it is obvious 
that the capacitive influence of conductor 21 can be made 
negligible in the total picture or pattern of capacitances 
involved in such an embodiment. Specifically it is obvious 
that the capacitance of conductor 21 can not be significantly 
influenced by bodies or objects that otherwise more or less 
in random can occur or move in the vicinity of Such a 
measuring apparatus. 

0037. The object 2 can represent material or goods the 
moisture in which is to be determined, and the apparatus of 



US 2002/0070734 A1 

FIG. 2 can further in actual practice be adapted for mea 
Surement on continuous materials being passed by more or 
leSS continuously, Such as in a paper machine. Depending 
upon the application concerned, it can be an advantage 
according to the invention that window 22 has dimensions of 
thickness being generally comparable to the Surface extent 
of electrode 20, and can be larger than the wall thickness of 
enclosure 24. This contributes to the above mentioned 
favourable geometrical relationships for the purpose of 
avoiding varying Stray capacitance effects. 

0.038. As a purely practical matter and not the least as an 
advantageous embodiment with respect to function and 
manufacture, electrode 20 can be formed on one Side of a 
circuit board, with the oscillator circuit provided essentially 
at the other side of the circuit board, so that the conductor 
lead 21 goes therethrough and therefore has a length corre 
sponding to the thickness of the circuit board. Such an 
embodiment will be discussed more in detail with reference 
to FIG. 6 below. The length of conductor 21 then can be kept 
well below 5 mm, typically about 2 mm. As additional 
practical details it can be mentioned that window 22 Suitably 
can be made of teflon, and that unit 29 can represent a 
coaxial cable or connection for a well Screened delivery of 
output signals from the apparatus. Also the operational DC 
Voltage for the circuits can be Supplied through the same 
coaxial cable. 

0039) Although FIG. 2 does not in detail show the more 
closely integrated structure of oscillator circuit 25 with 
asSociated electronic circuits, in particular circuit 27 for 
temperature compensation, and electrode 20, it is obvious 
that these components can be assembled in Such a manner 
that they have a relatively good thermal contact with object 
2. The temperature of at least the adjacent Surface of object 
2 can then in many cases be sensed by the apparatus. In the 
embodiment of FIG. 2 the accuracy of such sensing will also 
depend on window 22. When in this manner the oscillator 
circuit has a good thermal contact with the medium, Sub 
stance or material concerned, the output signals to the 
microprocessor can make it possible for the processor to 
correct also with respect to the temperature variation in the 
dielectric constant of the object, e.g. when there is a water 
content or moisture in object 2. Embodiments to be 
described in the following description can also be more 
favourable for the purpose of the correction discussed here. 
0040 Advantageously the embodiment of FIG. 2 as well 
as other embodiments described, can be Subjected to fre 
quency calibration in the first place with air as a dielectric 
for the electrode, and besides preferably with water as a 
dielectric. This form of calibration is suitably performed 
during the running production of Such apparatuses, because 
component values and other factors usually will lead to 
individual variations, So that the nominal output frequency 
must be determined individually for each electrode-oscilla 
tor probe under Standard conditions. 

0041 FIG. 3 shows an embodiment where a bottle-like 
measurement vessel 33 is adapted to receive a liquid or a 
mass to be Subjected to measurement. Measuring vessel 33 
can expediently be made of a plastic material. A cylindrical 
part 32 has an internal cavity for receiving the measuring 
vessel 33, and an electrode 30 in ribbon form is provided 
outside cylinder 32 around the circumference thereof. 
Accordingly, cylinder 32 consists of an electrically noncon 
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ductive material, Such as teflon. When the measuring vessel 
33 with a liquid or bulk goods filled in, has been introduced 
into cylinder 32, the electrode 30 will Surround the measur 
ing vessel at the level of the contents therein. Concentrically 
around cylinder 32 there is shown a screen 34 of electrically 
conductive material, e.g. aluminum. The geometrical rela 
tionships and dimensions are So chosen that the distance 
radially inwards from electrode 30 to the medium being 
Subject to measurement, is much Smaller than the radial 
distance outwards to Screen 34. Nevertheless the capacitance 
between electrode 30 and screen 34 will be incorporated in 
the total capacitance that determines the oscillator fre 
quency, namely as a parallel capacitance to that which exists 
radially inwards of electrode 30 in the cavity of cylinder 32, 
where the medium 3 in vessel 33 constitutes a dielectric. 
Depending on the properties of the medium this dielectric 
will represent a variable capacitance contribution that leads 
to variation in the output frequency of the OScillator and 
accordingly an output signal from the apparatus as in the 
embodiment of FIG. 2. 

0042. Relatively schematically in FIG. 3 there is indi 
cated an oscillator circuit 35 having a short conductor lead 
31 to electrode 30 and besides a temperature circuit 37 and 
an analog-digital converter 38. Circuit 38 in this case is 
located outside Screen 34 in a screen box 34A which is also 
provided with an output connector 39 for e.g. a coaxial 
cable. 

0043. As mentioned above it is contemplated that the 
practical embodiment according to FIG. 3 can be based on 
a printed circuit board having the electrode 30 at one side 
and the oscillator circuit 35 with associated electronics at the 
other side. Circuit boards of Such Structure, that can be 
formed in an arcuate or circular ribbon-shaped configuration 
are available according to present-day technology. 

0044) In particular for measuring moisture in bulk goods 
there is shown a spear-like embodiment in FIG. 4. There is 
incorporated a rod- or thread-shaped electrode 40 which 
extends from oscillator circuit 45 forwardly in a front part 42 
of the apparatus. Advantageously this front part is Somewhat 
pointed in order to facilitate penetration into the bulk goods, 
that can be e.g. bales of collected waste, Such as paper waste. 
Whereas the front part 42 mentioned, in the principle should 
consist of electrically non-conductive material, the remain 
ing part of the tool is based on a Surrounding enclosure 44 
of tubular shape and consisting of an electrically conductive 
material, e.g. aluminium. This part therefore constitutes a 
Screen for OScillator circuit 45 and an associated electronics 
circuit 47 for temperature compensation as explained pre 
viously, as well as an analog-digital converter 48. At the rear 
end of this tool there is shown a rear wall 43 with a 
lead-through for a coaxial connector unit 49. Also in this 
embodiment there can in part be considered to exist a form 
of counter-electrode, namely in the form of the Screen 
enclosure 44. It is more essential however, that the object or 
bulk goods 4 being Subject to measurement, to a high degree 
will have influence on the capacitance of electrode 4, among 
other things because the goods 4 as indicated, will normally 
have a good ground contact. In this case there is not at all any 
indication of a specific conductor lead between electrode 40 
and oscillator circuit 45, Since the electrode can extend 
directly up to a point of connection in the oscillator circuit 
itself. 
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0.045 When there is the question of measuring a liquid 
level in a tank or the like, it is highly relevant to employ a 
number of electrodes being located in a preferably vertical 
row in order that a varying liquid level can be detected or 
measured with a desired resolution. Such an embodiment is 
shown schematically in FIG. 5, where there are shown three 
Such electrodes 50A, 50B and 50C. These electrodes are 
shown in the principle with a rectangular plate shape and 
with closely connected oscillators 55A, 55B and 55C, 
respectively. For each Such electrode-oscillator probe there 
are taken out two leads as shown e.g. at 55T and 55F for 
electrode 50A. Thus, there is also here a frequency output 
signal 55F and a temperature output signal 55T, and corre 
spondingly from the other two probes. For controlling or 
activating the probes according to a desired program or a 
measurement procedure, there are provided two Selector 
circuits 51 and 52 for handling the frequency Signals and the 
temperature Signals respectively, and convey these to an 
output unit 56 with an associated connector 59 in similarity 
to the preceding exemplary embodiments. AS in the pre 
ceeding examples there is included for the temperature 
Signals, an analog-digital converter 58 in the block diagram 
of FIG 5. 

0046) There is not shown any specific microprocessor or 
computer in FIG. 5, but unit 56 can possibly be considered 
to incorporate a microprocessor. A microprocessor or com 
puter can particularly in Such an embodiment be adapted to 
provide for frequency calibration with respect to the indi 
vidual electrodes 50A, 50B, 50C having each an associated 
oscillator circuit, based on Suitable programming of the 
microprocessor or computer, including the possibility of 
adaptive calibration or adjustment during the operational 
time of the apparatus. Such calibration can Suitably be 
performed depending upon whether the electrode concerned 
is fully immersed in the liquid in question or is located as a 
whole above the liquid level. In most cases it will be simple 
to decide in an unambiguous way whether or not a given 
electrode is fully immersed. 
0047 FIG. 6 shows an embodiment being developed 
particularly for measuring tank levels in gasoline Stations 
and the like. For Such purposes there is employed an 
arrangement having av Vertical row of electrodes as in FIG. 
5, but preferably with a still higher number of electrodes. 
The practical embodiment of FIG. 6 is shown in the form of 
a cross-section through a tubular Structure adapted to be 
inserted down into and installed in a tank. Existing gasoline 
Station tanks will often be equipped with Vertical ducts or 
tubes, among other things for conventional level determi 
nation, and the apparatus according to the invention as in the 
embodiment of FIG. 6, can be adapted with advantage to be 
introduced into Such existing tubes or ducts. The apparatus 
will then still make possible conventional level determina 
tion as just mentioned. 
0.048. The cross-sectional view of FIG. 6 shows an outer 
or Surrounding protective tube 64 of Steel, i.e. an electrically 
conductive material. Inside this there is shown a noncon 
ductive tube 63 A, 63B having an internal partition 62. 
Preferably this is substantially planar as will appear from 
FIG. 6, but apparently can have other geometrical shapes 
when Seen in cross-section. The major part of the tube 
cross-section within the wall 63A is here adapted to receive 
the liquid 6 the level of which is to be measured. With 
fluid-tight Separation therefrom by means of partition 62 in 
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the other part of the tube cross-section, there is provided an 
electrode 60 on a circuit board 69 So that the electrode is 
located close to or in contact with the adjacent Side of 
partition 62. At the opposite side of circuit board 69 there is 
shown an oscillator 65 and an temperature circuit 67, 
corresponding to components or elements that have been 
discussed also on connection with preceeding embodiments. 
An essential feature in the structure of FIG. 6 is the 
connecting lead 61 through circuit board 69 from electrode 
60 to oscillator circuit 65. In this manner lead 61 will be very 
Short, typically 2 mm, corresponding to a normal thickness 
of circuit boards. 

0049 What is important with the non-conductive tube 
63A, 63B, 62 is that the electrode-oscillator probe with 
asSociated electronics is held Separated in a fluid-tight 
manner from the liquid 6 being Subject to measurement. For 
this purpose it is not required to have a specific and 
Somewhat complicated cross-sectional profile as tube 63A, 
63B, 62, since there may contemplated a modified and 
Simpler Solution with a Single more or less half moon-shaped 
tube cross-section that either Serves to contain the probe and 
the electronics, or to contain the liquid 6. 
0050. With the conductive and surrounding tube 64 
which besides is grounded, there is present in this embodi 
ment a well-defined counter-electrode which cooperates 
with electrode 60. Between these two electrodes the liquid 
6 or possibly air or a gas above the liquid level, will 
constitute a dielectric that influences the capacitance of the 
measuring capacitor and thereby the output Signal or signals 
being delivered. 
0051. Also FIG. 7 shows an example of measurement of 
levels or interfaces in a tank, based on a tube Structure of the 
apparatus, but where the tube apparatus or devices are 
adapted to be Surrounded by the media concerned in the 
form of liquids or fluid in general. Here there can be the 
question particulary of a tank for Separating water and oil 
being produced from Structures underneath the Seabed. 
0052. In FIG. 7 there is shown a tank with an inlet 74 for 
unprocessed crude oil product, and an outlet 75A for water 
and an outlet 75B for oil. In the tank from the inlet end at 
74 there will take place a separation in a common way under 
the influence of gravitation, So that there is built up a lower 
water layer 7A and an upper oil layer 7B flowing over a 
threshold 78B to an outlet chamber 78 in which the oil outlet 
75B is located. In the vicinity of inlet 74 there is shown a 
region 7D of the tank contents that can constitute a foam-like 
mixture of the ingredients, these being Separated more and 
more in a direction to the right in the figure of drawings. It 
is right that normally there will exist a transition or inter 
mediate region 7C where oil and water can be present in a 
form of emulsion. Then follow the more separated regions 
7A and 7B for water and oil respectively. Above the liquid 
Surfaces there is a Space or region 7D containing a gas phase 
with an interface 7W between the oil 7B and the gas space 
7D. Other interfaces are shown at 7Z between separated oil 
and water, at 7X and 7Y respectively between oil and water 
at one hand and the emulsion region 7C contiguous thereto. 
In Such a tank it would be of high interest to measure where 
the respective interfaces are positioned, Since the number of 
Such interfaces can vary depending on the constituents being 
present and how these are Separated. 
0053. In accordance with the invention the tank shown in 
FIG. 7 is equipped with three measuring devices generally 
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denoted 71, 72 and 73, based on tube structures as men 
tioned, these being Suitably here called carrier tubes. Each of 
the carrier tubes 71, 72 and 73 has a number of electrode 
oscillator probes distributed over the major part of their 
length, preferably from the bottom of the tank and up to the 
top thereof, as it is indicated particularly for carrier tube 71 
with probes 711, 712, 713 and further down towards the 
bottom a probe 718. An uppermost probe 721 and 731 are 
the only ones being indicated in the two other carrier tubes 
72 and 73. An important point in Such an arrangement is that 
the number of electrodes for each carrier tube is Substan 
tially larger than and preferably Several times as large as the 
number of interface levels it is desired to measure. In all 
circumstances Such probes will be positioned at mutual 
spacings chosen also with due consideration of desired 
resolution in the level measurements. 

0054 FIGS. 8, 9 and 10 show additionally a particular 
embodiment that in certain respects can be related to the one 
in FIG. 7. In a liquid- and pressure-tight hosing 83 of tubular 
shape, there is internally provided electrodes 801-807 lying 
in parallel planes. These planes are preferably horizontal for 
the purpose of a vertical orientation of the whole apparatus, 
i.e. housing 83, in the case of level measurement. Quite in 
general at 82 in FIG. 8 there is indicated a supporting 
Structure incorporated in the equipment being associated 
with the measurement. Here there can e.g. be the question of 
Subsea measurement of oil leakage being entrapped under 
neath a roof-like cover, So that it is the interface between 
water and possible collected oil above the water Surface, that 
is to be detected or measured. 

0.055 FIG. 9 shows a cross-section of the apparatus of 
FIG. 8, with the tubular housing 83 and electrode 801 
internally around the circumference of the housing. Dia 
metrically in the internal cavity there is shown a Supporting 
plate 84 with components incorporated and corresponding to 
previously described components, i.e. an oscillator circuit 
85A and a temperature circuit 87. 
0056. A corresponding block diagram is shown in FIG. 
10, where seven oscillator circuits 85A-85G correspond to 
electrodes 801-807 in FIG. 8, and are closely connected 
each to one of these. Moreover, FIG. 10 shows common 
selector circuits 91 and 92, an analog-digital converter 88 
and an output unit 89 corresponding to the previously 
described arrangements. 
0057 The block diagram of FIG. 10 can, like the one in 
FIG. 5, also be taken as a basis for each measuring device 
in the respective carrier tubes 71, 72 and 73 in FIG. 7. 
0.058 Finally FIG. 11 shows an embodiment according 
to the invention intended for detection or measurement of 
flowing fluids, e.g. in a pipeline or a processing plant or the 
like. In FIG. 11 there is shown a pipe length 102 made e.g. 
of composite materials, i.e. an electrically non-conductive 
material, and provided with flanges 102A and 102B for 
insertion in the pipeline or plant unit concerned. Externally 
of or encased in the tube wall 102 there is shown an 
electrode 100 running around the whole circumference of 
the pipe length. In close relationship to the electrode there is 
shown an oscillator circuit 105 that additionally can be 
considered to contain other components as discussed in 
connection with the preceeding embodiments. From oscil 
lator 105 there is schematically shown an output 109. 
Further there is shown a Surrounding Screen or encapsulation 
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104 of electrically conductive material. This screen covers a 
portion of the length of pipe 102 at either side of electrode 
100 with associated oscillator circuit 105, and lies at a 
certain radial spacing outside pipe length 102. The function 
of Such an apparatus will be understood in View of what is 
already explained above. This also will apply when the 
fluids flowing through the pipe length comprise Several 
phases, mixtures of fluids or the like. The purpose of the 
apparatus can be either to determine whether certain liquids 
are present or not, or to determine how are the level 
relationships in the flow. 
0059. In addition to the relatively numerous variants of 
embodiments described above with reference to the draw 
ings, it is obvious that the basic Solution according to the 
invention makes possible additional practical embodiments. 
One Such possibility for example consists in the detection of 
perSons or bodies moving or being located in a Space or 
delimited area, e.g. when passing through a door opening. 
Temperature compensation and a temperature measuring 
Signal as mentioned, can also advantageously be utilized not 
only in that a single temperature-sensitive resistor (RT3 in 
FIG. 1) serves for compensation of both the temperature 
variation of oscillator components and for the temperature 
dependent dielectric constant, but also by permitting a 
Separate temperature measurement, that can be of interest 
per Se in many cases of measurement. Without being 
explained more closely it will be obvious to experts in the 
field that Suitable programming of the microprocessor or 
computer described, being connected to the apparatus, can 
provide for specific results or forms of Signal processing that 
according to the circumstances can be of great value in 
utilizing the invention. Available technology and methods at 
this point and also with respect to components and materials 
being used in the apparatus, represent as a whole a wide 
Spectre of practical possibilities being offered by the present 
invention. 

1. Apparatus for capacitive electrical detection or mea 
Surement with respect to a medium, comprising at least one 
electrode (10) and an associated oscillator circuit (15) the 
output frequency of which is a function of the capacitance 
asSociated with the electrode and the dielectric constant of 
the medium, and is taken as a basis for the detection or 
measurement, wherein the oscillator circuit (15) comprises 
a temperature Sensing element (RT3) for temperature com 
pensation, and a conductor (11,2131,61) between the elec 
trode (10.20,30,40.60) and the oscillator circuit (15.25.35, 
65) represents a Substantially Smaller capacitance than the 
capacitance of the electrode, characterized in that a first 
output (15F) from the oscillator circuit (15) is adapted to 
deliver the output frequency, 

that another output (15T) from the oscillator circuit is 
adapted to deliver a temperature measuring Signal 
derived from the temperature sensing element (RT3), 

that there is provided an analog-digital converter (18) 
receiving the temperature measuring Signal and deliv 
ering a corresponding digital temperature Signal, 

that the first output (15F) preferably via a frequency 
counter (19) is connected to an input (16F) of a 
microprocessor (16) adapted to compute and deliver a 
resulting detection or measurement signal (16U), Such 
as to an alarm, recording or display device, and 
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that an input (16T) of the microprocessor further is 
adapted to receive the digital temperature Signal for 
Said temperature compensation in Said calculation of 
the resulting detection or measurement Signal. 

2. Apparatus according to claim 1, characterized in that an 
electrically Screening encapsulation constitutes a counter 
electrode (24.34.44,104) having a shape different from the 
shape of the electrode (20,30,40,100) and that the configu 
ration of electrode and counter-electrode is adapted to be 
influenced by the medium (2,3,4) during measurement or 
detection in Such position that it is located essentially 
displaced from the Space directly between the electrode and 
the counter-electrode. 

3. Apparatus according to claim 1 or 2, characterized in 
that the oscillator circuit (15) is of the LC-oscillator type 
where there is included an air core coil (L5). 

4. Apparatus according to claim 3, characterized in that 
the temperature Sensing element (RT3) has a good thermal 
contact with the air core coil for temperature compensation 
of the oscillator circuit (15). 

5. Apparatus according to claim 1, 2, 3, or 4, intended for 
detection or measurement with respect to a medium, Sub 
stance, material or object containing water, characterized in 
that the fundamental frequency of the OScillator circuit is 
within the range 10-100 MHz, preferably between 15 and 30 
MHZ. 

6. Apparatus according to any one of claims 1-5, charac 
terized in that it is frequency calibrated with air as an 
dielectric for the electrode, and besides preferably with 
water as a dielectric for the electrode. 

7. Apparatus according to any one of claims 1-6, charac 
terized in that the electrode (60) is formed at one side of a 
circuit board (69) and that the oscillator circuit (65) is 
located essentially on the other side of the circuit board (69) 
with said conductor (61) arranged therethrough. 

8. Apparatus according to any one of claims 1-7, charac 
terized in 

that the oscillator circuit (35.45,65) is adapted to be 
located in good thermal contact with Said medium, 
Substance, material or object (3,4,6), and 

that there is included means for digital compensation of 
the detection or measurement Signal at the output of the 
microprocessor (16), also with respect to temperature 
variation of the dielectric constant of the medium, 
based on Said temperature measuring Signal. 

9. Apparatus according to any one of claims 1-8, in 
particular for measuring moisture in bulk goods or continu 
ous materials, characterized in that the electrode (20), the 
oscillator circuit (25) and possibly associated electronic 
circuits, Such as for temperature compensation (27), are 
located in a Substantially closed, electrically conductive 
encapsulation (24), where a window (22) in the encapsula 
tion is formed of an electrically non-conductive material, 
and 

that the electrode is plate-shaped (20) and provided at the 
inside of the window (22), whereas the outside of the 
window is adapted to face against the goods (2) or the 
like the moisture of which is to be measured. 

10. Apparatus according to claim 9, characterized in that 
the window (22) has a thickness being of an order of 
magnitude that is comparable to the Surface extent of the 
electrode (20). 
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11. Apparatus according to any one of claims 1-8, in 
particular for measurements concerning a liquid or mass 
received in a measuring vessel (33), characterized in that the 
electrode (30) is generally annular, but preferably circular, 
and adapted to enclose the measuring vessel (33) at the level 
of and at a given spacing from the liquid or mass (3) therein, 

that the measuring vessel (33) consists of an electrically 
non-conductive material, and 

that the electrode (30) at least laterally is surrounded by 
a Screen (34) of electrically conductive material, having 
a distance from the electrode (30) being preferably 
larger than Said given Spacing. 

12. Apparatus according to claim 11, characterized in that 
the electrode (30) is provided as a ribbon externally of a 
cylinder (32) of electrically non-conductive material and 
with an internal cavity adapted to accommodate the mea 
suring vessel (33). 

13. Apparatus according to any one of claims 1-6 or 8, in 
particular for measuring moisture in bulk goods, character 
ized in that the electrode (40) is rod- or thread-shaped and 
located preferably centrally along the axis of a pointed front 
part (42) of a spear-like tool, where the electrode (40) is 
Substantially Surrounded by electrically non-conductive 
materials, and 

that the oscillator circuit (45) and possible associated 
electronic circuits Such as for temperature compensa 
tion (47), are located in an axially adjacent part of the 
tool, preferably with a Surrounding enclosure (44) of 
electrically conductive material, extending rearwardly 
from the region at the connection between the electrode 
and the oscillator circuit, to a rear end (43) of the tool. 

14. Apparatus according to any one of claims 1-8, char 
acterized in 

that a number of electrodes (50A-C,711–718,801-807) are 
arranged in a row preferably Vertically oriented, for 
measuring at least one liquid level, and 

that each electrode has its own oscillator circuits (55A 
C,85A-G) directly associated therewith. 

15. Apparatus according to any one of claims 1-8 and 14, 
characterized in that the microprocessor (16) is adapted to 
provide for frequency calibration with respect to the indi 
vidual electrodes with associated oscillator circuit, depend 
ing on whether the electrode concerned is fully immersed in 
a liquid or as a whole is located above the liquid level 
thereof. 

16. Apparatus according to claim 14 or 15, characterized 
in that outputs from the oscillator circuits (15,55A-C,85A 
G) for the electrodes (10.50AC,801-807) are connected to at 
least one selector circuit (13.51.52.91.92) for controlling the 
activation of the individual electrodes during a measuring 
procedure. 

17. Apparatus according to claim 14, 15 or 16, charac 
terized by comprising a tube (63A,63B) of electrically 
non-conductive material and So designed that the electrodes 
(60) with associated oscillator circuits (65) and possible 
asSociated electronic circuits, Such as for temperature com 
pensation (67), are separated in a liquid-tight manner from 
the liquid (6) the level of which is to be measured, preferably 
by means of a planar partition (62) incorporated in the tube. 

18. Apparatus according to claim 17, characterized in that 
the electrodes (60) lie Substantially in engagement with one 
side of the partition (62). 
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19. Apparatus according to claim 17 or 18, characterized 
in that the non-conductive tube (63A,63B) is surrounded by 
a tube (64) of electrically conductive material, Such as Steel. 

20. Apparatus according to claim 14, 15 or 16, for 
measuring interface levels (7W.7X.7Y,7Z) between different 
fluids (7A-D) in a tank, in particular for the separation of oil 
(7B) and water (7A), characterized in 

that at least a number of electrodes (711–718,721,731) 
with associated oscillator circuits are arranged each in 
or on a separate carrier tube (71.72,73), and 

that the number of electrodes for each carrier tube is 
Several times as high as the number of interface levels 
(7W.7X.7Y,7Z) to be measured. 

21. Apparatus according to claim 14, 15 or 16, charac 
terized in 

that the electrodes (801-807) are disposed internally in a 
preferably tubular housing (83) of electrically noncon 
ductive material, 
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that the electrodes are in the form of ribbons lying 
generally in parallel planes and that the liquid to be 
detected or the level of which is to be measured, is 
intended to contact the housing (83) externally. 

22. Apparatus according to claim 14, 15 or 16, for 
detecting or measuring flowing fluids, characterized in 

that at least one electrode (100) is provided around the 
circumference of a pipe length (102) of electrically 
non-conductive material, through which the fluid flow 
passes, and 

that a portion of the pipe length (102) at either side of the 
electrode (100) with associated oscillator circuit (105), 
is Surrounded by an electrically conductive Screen 
(104) disposed at a radial spacing outside the pipe 
length (102). 


