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1
METHOD AND MEASURING DEVICE FOR RADIO WAVE MEASURING

FIELD

[0001] The invention relates to a method and a measuring device
for measuring an object by radio-frequency electromagnetic radiation.

BACKGROUND

[0002] Measuring by radio and microwave frequencies may employ
as a sensor a resonator that is designed such that characteristics of the object
to be measured affect the resonance frequency of the resonator. Because, in
general, only one characteristic is measured, the objective is, that at least ap-
proximately, the object to be measured has only one factor that affects the
resonance frequency. When the frequency of electromagnetic radiation to be
applied to the resonator is scanned over a frequency band used for measuring,
a resonance frequency may be searched for in the response signal received
from the resonator. In order to be able to determine the desired characteristic
of an object to be measured by means of the resonance frequency, prior to
actual measuring it is necessary to carry out calibration measurements, in
which objects to be measured have predetermined characteristics. In this
manner it is possible to set correlation between various resonance frequency
values and values of characteristics to be measured.

[0003] In prior art the measuring is performed such that a band to
be measured is scanned over by a VCO (Voltage Controlled Oscillator} or a
YIG (Yttrium-Iron Garnet) oscillator. The resonator output is detected, amplified
and converted from analog to digital. From a digital signal it is possible to de-
termine medium frequency, half-power width, Q-value and/or signal level of the
resonator.

[0004] Measuring involves several problems, however, Measuring is
most accurate immediately after calibration, but measuring error increases the
higher the more time passes or the more measurements there are performed
after calibration. The error may be reduced by performing more frequent cali-
brations, but this, in turn, decreases, slows down or even disturbs the actual
measurement use. The band to be measured, which is scanned over, by the
VCO and the YIG osciliator, is excessively narrow for many measurements. In
addition, scanning over the band to be measured takes place too slowly in
view of many applications.
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BRIEF DESCRIPTION

[0005] The object of the invention is to provide an improved method
and a measuring device implementing the method. This is achieved by a
method for measuring an object to be measured by means of radio-frequency
electromagnetic radiation, which is comprised by applying radio-frequency
electromagnetic radiation to at least one resonator, the resonance frequency of
which is affected by a measured characteristic of the object to be measured:
receiving radio-frequency electromagnetic radiation from the at least one reso-
nator; and searching the received frequency band for a resonance frequency
of the at least one resonator in order for measuring a characteristic to be
measured. The method further scans the radio-frequency electromagnetic ra-
diation frequency applied to the at least one resonator over a desired fre-
quency band by using discrete measuring frequencies, the forming of which
utilizes digital synthesis.

[0006] The object of the invention is also to provide a measuring
device for measuring an object to be measured by means of radio-frequency
electromagnetic radiation, the measuring device comprising a generator for
generating radio-frequency electromagnetic radiation; at least one resonator
that is configured to receive radiation generated by the generator and the
resonance frequency of which is affected by a measured characteristic of the
object to be measured; a receiver that is configured to receive radio-frequency
electromagnetic radiation from the at least one resonator; and a signal proc-
essing unit that is configured to search the received frequency band for a
resonance frequency of the at least one resonator in order for measuring a
characteristic to be measured. The generator comprises a digital frequency
synthesizer for scanning a frequency of radio-frequency electromagnetic radia-
tion applied to the at least one resonator over a desired frequency band by
using discrete measuring frequencies.

[0007] Preferred embodiments of the invention are disclosed in the
dependent claims.

[0008] Several advantages are achieved by the method and the
system in accordance with the invention. The accuracy of measuring remains
almost unchanged in view of measuring frequency and time, resulting from the
fact that in the solution signal generation is based on an accurate temperature
stable crystal. Therefore there is little need for external calibration. A measur-
ing band may be wide, if need be. In addition, a scan over a band to be meas-
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ured may be carried out quickly. The measuring concept may be used in appli-
cations, where propagation time, phase, attenuation or the like will be meas-
ured.

LIST OF DRAWINGS

[0009] In the following the invention will be described in connection
with preferred embodiments, with reference to the attached drawings, in which

Figure 1 shows a measuring device,

Figure 2A shows a mixer,

Figure 2B shows a frequency multiplier,

Figure 3 shows a measuring arrangement for plate thickness,

Figure 4A shows a measuring frequency scan from a low frequency
to a high frequency,

Figure 4B shows strength of a measured signal as a function of time
measured from above the object to be measured,

Figure 4C shows strength of a measured signal as a function of time
measured from below the object to be measured,

Figure 4D shows a measuring frequency scan from a low frequency
to a high freguency,

Figure 4E shows strength of a measured signal as a function of time
measured from above the object to be measured,

Figure 4F shows strength of a measured signal as a function of time
measured from below the object to be measured,

Figure 4G shows a measuring frequency scan from a high fre-
quency to a low frequency,

Figure 5 shows a dewatering element as a resonator,

Figure 6 shows a waveguide cavity,

Figure 7 shows a coaxial resonator,

Figure 8 shows a slot resonator field in an object to be measured,

Figure 9 shows a waveguide cavity consisting of an active part and
a passive part,

Figure 10 shows measuring by a plurality of resonators,

Figure 11 is a flowchart of the method, and

Figure 12 is a flowchart associated with scanning.
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DESCRIPTION OF THE EMBODIMENTS

[0010] Figure 1 shows a measuring device which may comprise a
digital signal processing unit 100, a generator 101 generating radio-frequency
electromagnetic radiation, a resonator 108 and a receiver 120. The generator
101 may comprise a digital frequency synthesizer 102, a frequency converter
104 and a fitter 106. The receiver 120, in turn, may comprise a preamplifier
112, a detector 114, an amplifier 116 and an A/D converter 118, which con-
verts an analog signal to a digital signal.

[0011] The digital signal processing unit 100 may be a computer,
such as a PC (Personal Computer) or a signal processor, which comprises a
processor, memory and computer software suitable for signal processing. The
digital signal processing unit 100 may control at least one parameter in the
digital frequency synthesizer 102, which may operate on DDS (Direct Digital
Synthesis} principle.

[0012] The frequency synthesizer operating on DDS principle com-
prises a memory, which stores digital sample values of waveforms associated
with frequencies to be synthesized. When a waveform is synthesized to an
output signal of the frequency synthesizer 102 the sample values of a desired
waveform are retrieved from the memory and a waveform cormresponding
thereto is generated in the same manner as when forming a sine wave by
means of a look-up table. When scanning is performed over a predetermined
frequency band, the waveform is altered such that the output frequency of the
frequency synthesizer 102 shifts from a discrete frequency to a next discrete
frequency.

[0013] In the digital frequency synthesizer 102 at least one parame-
ter to be controlled may be one of the following: band of the frequency synthe-
sizer, value of each discrete frequency of the frequency synthesizer, the num-
ber of frequencies on the band, resolution of the frequencies, the generating
order of the frequencies. The band may be 0 to 400 MHz, for instance, but the
band may also be narrower or wider and it may also start from a frequency
other than 0 Hz. The discrete frequencies may be determined, for instance, to
be at even intervals, and the interval may be e.g. 10 Hz, which also corre-
sponds to the resolution of the frequencies. The frequencies may be deter-
mined, for instance, iteratively in the following manner: fe.q = f + Af, where fis
frequency, k is index of frequency f and Af is frequency interval. If band B is
400 MHz and the frequency interval is 10 Hz, there are obtained B/At frequen-
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cies , i.e. in this example 40 000 000 discrete spot frequencies to be used in
measuring. Discrete frequencies need not be generated at even intervals, but
the interval between frequencies may change as a function of time, for in-
stance such that the difference between two successive frequencies Af = fi.q —
fic is smaller on low frequencies than on high frequencies. Other frequency dif-
ferences are also possible. The frequencies may be generated in the digital
frequency synthesizer 102 in an order from lowest to highest or highest to low-
est. The frequencies may also be generated according to a predetermined
function or in random order. The frequencies remain unchanged with great ac-
curacy in view of the number of measurings and time because in the solution
signal generation is based on an accurate temperature stable crystal.

[0014] Frequencies generated by the digital frequency synthesizer
102 may be used directly in the measuring, but the frequencies generated by
the digital frequency synthesizer 102 may also be pre-frequencies, which are
shifted from the predetermined frequency band produced by the frequency
synthesizer 102 to be discrete measuring frequencies of a desired frequency
band by means of a frequency converter 104. The frequency converter 104
may be a mixer, a frequency multiplier or a matrix consisting thereof, whose
operation may be controlled by a digital signal processing unit 100. The meas-
uring frequencies to be applied to the resonator 108 may then be within the
range of 0 Hz to 300 GHz.

[0015] Figure 2A shows mixer coupling 200, in which a signal of
frequency f, from the oscillator 204 and a signal from the digital frequency syn-
thesizer 104, whose frequency may be represented by variable fy, for the sake
of simplicity, are applied to the mixer 202. The mixer 202 mixes the signals,
and there are formed signals whose frequencies are (f, + f5) and (f, — fy). Of
these signals the one at the difference frequency (f,— fs) may be deleted with a
filter 106, and consequently the measuring frequency band is the same as the
frequency band generated by the digital frequency synthesizer 104, but it is at
a higher frequency. In this manner it was possible to shift the whole frequency
band generated by the digital frequency synthesizer 104 to the desired meas-
uring band.

[0016] Figure 2B shows a frequency multiplier 220. The frequency
multiplier is a non-linear component, which may be active or passive, and the
output signal frequency of which is higher than the input signal frequency. The
frequency multiplier may be implemented for instance such that an overcon-
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trolled diode generates harmonic frequencies, whereof other than the desired
frequency are filtered out. The frequency multiplier 220 muitiplies the fre-
quency of the signal fed therein by factor N, which may be a real number, for
instance, a positive integer.

[0017] Let us study again Figure 1. When radio-frequency electro-
magnetic radiation is applied to a resonator 108, an object to be measured 110
affects the resonance frequency of the resonator 108. The radio-frequency
electromagnetic radiation from the resonator 108 is received and may be am-
plified in & preamplifier 112. The preamplifier 112 is not necessarily needed,
however. Thereafter, the amplified signal propagates to a detector 114, and
the direct voltage value at the output thereof depends on the strength of the
received signal. The direct voltage may be further amplified in an amplifier 116,
which is not necessarily needed, however. Eventually, the analog signal
propagating in the reception chain will be converted to a digital signal in a con-
verter 118 and it is applied to a digital signal processing unit 100, where a
resonance frequency will be searched. On the basis of the found resonance
frequency it is possible to measure a characteristic of the object to be meas-
ured 110.

[0018] Figure 3 shows the principle of the solution to measure the
thickness dx of a plate. This solution uses two open resonators which are di-
rected towards one another and between which the plate to be measured is
intended to be at the moment of measuring. In order for the plate to reflect the
radio-frequency radiation directed thereto, the plate is to be well conductive,
such as a metal plate. Two resonators directed towards one another form a
resonator pair. When the object to be measured 110 is brought between the
resonator mirrors 300, 330 directed towards one another, there are formed two
resonators 302, 332. Each one of the resonators 302, 332 may have a specific
generator 320, 322. The resonance frequency of the resonator 302 is deter-
mined by a distance d1 between the resonator mirror 300 and the upper sur-
face 312 of the object to be measured 110. Correspondingly, the resonance
frequency of the resonator 332 is determined by a distance d2 between the
resonator mirror 330 and the lower surface of the object to be measured 110.
As the distance between the resonator mirrors 300, 302 is known, the thick-
ness dx of the plate may be defined, for instance, as follows: dx = D - (d1 +
d2). This measuring has an advantage, for instance, that measuring on differ-
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ent sides of the plate is (nearly) simultaneous, whereby vibration of the plate
and/or some other motion does not disturb the measuring.

[0019] Figures 4A to 4G show how the order of measuring frequen-
cies affects the measuring moment when the measuring arrangement of F igure
3 is used. In Figures 4A, 4D and 4G the vertical axis represents frequency f
and the horizontal axis represents time t. In Figures 4B, 4C, 4E and 4F the ver-
tical axis represents strength P of the measuring signal and the horizontal axis
represents time t. Figure 4A shows a situation, in which both a frequency scan
of the resonator 302 above the object to be measured and a frequency scan of
the resonator 332 beneath the object to be measured are performed in the
same direction. Scanning over a measuring band may start at time instant t,
from the lowest frequency f; and ends at time instant t; to the highest fre-
quency f;. ‘

[0020] If we assume that the surface of the object to be measured
110 is closer to the resonator 302 above the object to be measured 110 than
the resonator 332 beneath the object to be measured 110, the resonance fre-
quency is higher in the resonator 302 above the object to be measured 110
than in the resonator 332 beneath the object to be measured 110. Figure 4B
shows a resonance spike 400 of the resonator 302 above the object to be
measured 110. Figure 4C shows a resonance spike 402 of the resonator 332
beneath the object to be measured 110. Figures 4B and 4C are mutually ar-
ranged such that the difference At in finding times between the resonance fre-
quencies 400, 402 may be detected. The difference At may be determined by
means of a scanning velocity v, and the difference in resonance frequencies Af
= fn — f2 , At = Afivp, and the difference At depends on the thickness of the
plate to be measured.

[0021] Figure 4D is the same as Figure 4A. Figure 4G shows a
situation, in which a frequency scan of the resonator beneath the object to be
measured 110 is performed from the highest frequency of the band to the low-
est frequency of the band. Figure 4E is the same as Figure 4B. Figure 4F
shows the resonance frequency 404 of the resonator 332 beneath the object to
be measured 110. Because scans were performed in different directions, the
difference At in measuring time instants is much smaller than in a case where
scanning was performed in the same direction. This difference appears from
the figures, because the time axes in Figures 4D to 4G have been mutually’
arranged.
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[0022] Instead of or in addition to measuring a plate thickness, the
presented solution also allows measuring water content in a web (and a wire)
when making paper, board or cardboard. Measuring may be performed, for
instance, in the wire section of the paper machine by means of a dewatering
element shown in Figure 5. Water content measuring is not restricted to this
exemplary application, however. In general, it is possible to measure any ma-
terial whose permittivity changes as a function of any parameter.

[0023] The dewatering element 500 is in contact with the object to
be measured 110, which include at least the web 504 and the wire 506. It is
possible that on the web 504 there is still another wire. The web 504 may be
water-containing wood pulp used for paper or board making. In the former sec-
tion of the paper machine water is removed from the web 504, and therefore
measuring the amount of water in machine direction or in a direction trans-
verse to machine direction is useful. The dewatering element 500 may be
coated with metal or other conductive material 508 on surfaces other than the
one that is in contact with the object to be measured 110. The structure of the
dewatering element 500 may otherwise be of ceramic with permittivity higher
than 75 at the frequency used for measuring. Permittivity may be, for instance,
80 to 100. The near field formed by the dewatering element 500 may extend to
the object to be measured 110 as indicated by the arrows.

[0024] Figure 6 shows a solution, in which the resonator 108 may
operate like a waveguide. The exterior 600 of the resonator 106, which is abie
to produce a short-circuit in the lower part, may be of metal or some other con-
ductive material, and inside the exterior there may be, for instance, ceramic
602. Field lines of an electric near field may be drawn to start from the centre
of the resonator 108 and to curve towards the exterior 600 of the object to be
measured 110. Thus the water in the object to be measured is able to affect
the resonance frequency to be generated. The resonator 108 may operate by
a non-radiating waveform TMy4 or by waveform TM;4.

[0025] Figure 7 shows a solution, in which the resonator 108 oper-
ates like a coaxial resonator. In this solution there is metal or other conductive
material 700 in the centre of the resonator 108. Around the conductive centre
part 700 there may be ceramic 702. The outer circumference 704 of the coax-
ial resonator is, in turn, of conductive material in the same way as the centre
part 700. Also in this solution the field lines of the electric near field start from
the centre of the resonator 108 and curve through the object to be measured
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110 towards the edges. Thus the water in the object to be measured is able to
affect the resonance frequency to be generated.

[0026] The resonator 108 wherewith water content is measured
may also comprise a radiating slot in a metal plate, which may be, for instance,
plating of a circuit board. The curved slot may constitute a (near) circle,
whereby its electric field radiated to a far field is (almost) completely cancelled.
The centre line of the slot may form a curve that is linear in sections. The cen-
tre line of the slot may also form a curve with continuous curvature like in a
non-finear function with continuous derivative. The centre line of the slot may
also represent a non-self-crossing arched curve. Figure 8 shows near field
lines of a near field that start from the slot and extend up to the object to be
measured 110. Thus the water in the object to be measured is able to affect
the resonance frequency to be generated.

[0027] Figure 9 shows a waveguide cavity for measuring water con-
tent, for instance. The actual active resonator part 900, which is on one side of
the object to be measured 110, comprises on its outer surface 901 metal that
extends everywhere else but to the surface that is directed to the object to be
measured 110 or comes into contact with the object to be measured 110. The
interior 902 of the active resonator part 900 may be of isolating material, such
as Teflon or ceramic. The active resonator part 900 also comprises an input
contact TX and an output contact RX of radio-frequency electromagnetic radia-
tion. On the other side of the object to be measured 110 there may be a pas-
sive part 904 of the resonator 108, whose outer surface 906 is of metal and the
interior 908 of isolating material, such as Teflon or ceramic. Radiation is not
applied to nor received from the passive part 904. The active part and the pas-
sive part of the resonator may have the same shape and they may be mutually
directed as if they were mirror images of one another. A resonator of this kind
does not radiate to a far field, and consequently it does not interfere with other
measurings or other devices. In Figure 9 there are also drawn field lines and
they are symmetrical to the active resonator part 900 and the passive resona-
tor part 904. Because permittivity inside both the active resonator part 900 and
the passive resonator part 904 is higher than in the ambient air in the object to
be measured 110, the power of the electromagnetic field is (relatively) even in
the object to be measured 110. Moisture in the object to be measured 110 may
also be measured without the passive part 904. In that case the resonator only
includes the active resonator part 900.
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[0028] Figure 10 shows a solution which employs a piurality of
resonators as sensors. The digital signal processing unit 100 controls a meas-
uring frequency generator 1000 that generates measuring frequencies of radia-
tion by means of a digital frequency synthesizer. The measuring frequency
generator 1000 may comprise blocks 102 to 106 of Figure 1. The radiation
used in measuring is switched to resonators 1004 to 1010 with a switching unit
1002. When radiation is received from the resonators 1004 to 1010, the switch-
ing unit 1002 switches radiation from each resonator 1004 to 1010 to a re-
ceiver unit 1012 that may comprise blocks 112 to 118 of Figure 1. The receiver
unit 1012 forwards the measuring signal to the digital signal processing unit
100 for measuring operations. The digital signal processing unit 100 may con-
trol the operation of the switching unit 1002.

[0029] In the measurement of Figure 10 it is possibie to use N reso-
nators 1004 to 1010, of which radio-frequency electromagnetic radiation is
supplied to M resonators simultaneousiy. Then, N is a positive integer larger
than one and M is a positive integer smaller than N. According to this example,
radio-frequency electromagnetic radiation may be supplied to the resonators
1004 to 1010 such that between each two successive resonators receiving
electromagnetic radiation there is at least one resonator that does not receive
electromagnetic radiation. If the resonators are in line transversely to machine
direction and they measure, for instance, water content of the web, the meas-
uring may be performed with every fourth resonator at a time. When measuring
is performed first with the first ones of every fourth resonator, the next measur-
ing may be performed with the second ones of every fourth resonator. If this is
carried on, the measurement results of all resonators will be obtained after four
measurings.

[0030] Figure 11 is a flowchart of the method. In step 1100, radio-
frequency electromagnetic radiation is applied to at least one resonator whose
resonance frequency is affected by a characteristic of the object to be meas-
ured. In step 1102, radio-frequency electromagnetic radiation is received from
at least one resonator. In step 1104, the received frequency band is searched
for a resonance frequency of at least one resonator for measuring the charac-
teristic to be measured.

[0031] Figure 12 shows a method step to be performed in step 1100
of Figure 11. In step 1200, the frequency of the electromagnetic radiation ap-
plied to at least one resonator is scanned over a desired frequency band by
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using discrete measuring frequencies, in the generation of which digital syn-
thesis is utilized.

[0032] Even though the invention is described above with reference
to the example in the attached drawings, it is apparent that the invention is not
restricted thereto, but it may be modified in a variety of ways within the scope
of the accompanying claims.
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CLAIMS

1. A method for measuring an object to be measured (110) by
means of radio-frequency electromagnetic radiation, comprising:

applying (1100) radio-frequency electromagnetic radiation to at least
one resonator (108, 302, 332, 1004 to 1010), the resonance frequency of
which is affected by a measured characteristic of the object to be measured
(110);

receiving (1102) radio-frequency electromagnetic radiation from the
at least one resonator (108, 302, 332, 1004 to 1010); and

searching (1104) the received frequency band for a resonance fre-
quency of the at ieast one resonator (108, 302, 332, 1004 to 1010) in order for
measuring a characteristic to be measured, characterized by

scanning (1200) the radio-frequency electromagnetic radiation fre-
quency applied to the at least one resonator (108, 302, 332, 1004 to 1010)
over a desired frequency band by using discrete measuring frequencies, the
forming of which utilizes digital synthesis.

2. The method of claim 1, characterized by generating dis-
crete pre-frequencies for a predetermined frequency band with the direct digital
synthesis; and

shifting the discrete pre-frequencies from the predetermined fre-
quency band to be discrete measuring frequencies of the desired frequency
band by means of a frequency multiplier (220).

3. The method of claim 1, characterized by generating dis-
crete pre-frequencies for a predetermined frequency band with the direct digital
synthesis; and

shifting the discrete pre-frequencies from the predetermined fre-
quency band to be discrete measuring frequencies of the desired frequency
band by means of a mixer (200).

4. The method of claim 1, characterized by controlling the
generation of the discrete measuring frequencies by determining at least of the
following: value of each measuring frequency, the number of measuring fre-
quencies on a desired frequency band, resolution of measuring frequencies,
generation order of measuring frequencies.
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5. The method of claim 1, characterized by using in the
measurement two resonators (108, 302, 332) which are directed fowards one
another and between which the object to measured (110) is to be placed; and

controlling one resonator (302) such that scanning proceeds from
low to high frequency; and controlling the second resonator (332) such that
scanning proceeds from high to low frequency.

8. The method of claim 1, characterized by using in the
measurement N resonators (1004 to 1010), where N is a positive integer larger
than one, and applying radio-frequency electromagnetic radiation to M resona-
tors at a time, where M is a positive integer smaller than N.

7. The method of claim 6, characterized by applying radio-
frequency electromagnetic radiation to resonators (1004 to 1010} such that
between two successive resonators receiving electromagnetic radiation there
is at least one resonator that does not receive electromagnetic radiation.

8. The method of claim 1, characterized by using in the
measurement a waveguide cavity (900) not radiating in the environment and
comprising an active resonator part (801) and a passive resonator part (904)
directed to one another;

the object to be measured (110) being intended for placement be-
tween the active resonator part (901) and the passive resonator part (902).

9. A measuring device for measuring an object to be measured
(110) by means of radio-frequency electromagnetic radiation, the measuring
device comprising:

a generator (101) for generating radio-frequency electromagnetic
radiation;

at least one resonator (108, 302, 332, 1004 to 1010) that is config-
ured to receive radiation generated by the generator (101) and whose reso-
nance frequency is affected by a characteristic of the object to be measured
(110);

a receiver (120) that is configured to receive radio-frequency elec-
tromagnetic radiation from the at least one resonator (108, 302, 332, 1004 to
1010); and

a signal processing unit (100) that is configured to search the re-
ceived frequency band for a resonance frequency of at least one resonator
(108, 302, 332, 1004 to 1010) for measuring a characteristic to be measured,
characterized inthat
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the generator (101) comprises a digital frequency synthesizer (102)
for scanning a frequency of radio-frequency electromagnetic radiation applied
to at least one resonator over a desired frequency band by using discrete
measuring frequencies.

10. The measuring device of claim 9, characterized in that
the digital frequency synthesizer (102) is configured to generate with direct
digital synthesis discrete pre-frequencies for a predetermined frequency band;
and

the measuring device comprises a frequency converter (104) which
is a frequency multiplier (220) and which is configured to shift the discrete pre-
frequencies from the predetermined frequency band to be discrete measuring
frequencies of the desired frequency band.

11. The measuring device of claim 9, characterized in that
the digital frequency synthesizer (102) is configured to generate with direct
digital synthesis discrete pre-frequencies for a predetermined frequency band;
and

the measuring device comprises a freguency converter (104) which
is 2 mixer and which is configured to shift the discrete pre-frequencies from the
predetermined frequency band to be discrete measuring frequencies of the
desired frequency band.

12. The measuring device of claim 9, characterized in that
the measuring device comprises a digital signal processing unit (100) which is
configured to control the generation of discrete measuring frequencies by de-
termining at least one of the following: value of each measuring frequency, the
number of measuring frequencies on a desired frequency band, resolution of
measuring frequencies, generating order of measuring frequencies.

13. The measuring device of claim 9, characterized in that
the measuring device comprises two resonators (108, 302, 332) which are di-
rected towards one another and between which the object to be measured
(110) is to be placed; and

the digital signal processing unit (100) is configured to control one
resonator (302) such that scanning proceeds from low frequency to high fre-
guency and the second resonator (332) such that scanning proceeds from high
frequency to low frequency.

14. The measuring device of claim 9, characterized in thatin
the measurement the measuring device employs N resonators (108, 1004 to
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1010), where N is a positive integer larger than one and radio-frequency elec-
tromagnetic radiation is applied to M resonators simultaneously, where M is a
positive integer smaller than N.

15. The measuring device of claim 14, characterized in that
the digital signal processing unit (100) is configured to control application of
radio-frequency electromagnetic radiation to the resonators (108, 1004 to
1010) such that at each moment between each two successive resonators re-
ceiving electromagnetic radiation there is at least one resonator that does not
receive electromagnetic radiation.

16. The measuring device of claim 9, characterized in that
the measuring device comprises at least one waveguide cavity (200) which
does not radiate to the environment and which comprises an active resonator
part (801) and a passive resonator part (904) which are directed to one an-
other; and

the object to be measured (110) is intended for placement between
the active resonator part (900) and the passive resonator part (904).
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