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DESCRIPTION

Field

[0001] The present invention relates to methods and devices for estimating the range to an
object. More specifically the invention relates to methods and devices for estimating the range
to an object using multi frequency transmission of energy such as electromagnetic energy or
acoustic energy.

Background

[0002] Range estimation 1s used for a large number of application such as aerospace,
defence, forensic science and automotive applications. The range may be estimated using
transit time estimation of a transmitted signal, frequency comparison between a transmitted
frequency modulated signal and the received echo, and multi frequency ranging.

[0003] Multi frequency ranging has the advantage that the range to an object can be
determined with high accuracy without the need of complicated high precision timing
equipment needed for transit time methods.

[0004] A Multl frequency ranging system transmits a signal comprising a primary frequency
and a secondary frequency. The signal hits an object and the system receiver picks up the
reflected signal. The relative phase, or the phase difference, between the primary frequency
and the secondary frequency In the signal received by the system may be measured
continuously. As the range increases the phase difference increases linearly modulo 360
degrees, with a slope proportional to the frequency difference between the primary frequency
and the secondary frequency. This relation between the object range and the phase difference
between two reflected signals is the basis for the multi frequency ranging technique.

[0005] In the case of a single secondary frequency the unambiguous range iIs Iimited to A1 =
c/2(f1 - f0), where fO 1s the primary frequency, f1 Is the secondary frequency, and c Is the
speed of the signal in the medium In which it propagates in e.g. the speed of light for an RF
signal. This means that range values offset by an integer number of A1 yields exactly the same
phase difference.

[0006] DE102013207/652 discloses a method that Involves determining phase shifts of
transmitted and received signals for modulation frequencies in phase measuring cycles, where
the frequencies are provided by a modulation control device (38). Two distance values are
determined In the distance measuring cycles based on the determined phase shifts. A
probability value Is associated with the distance values, and an object distance Is determined
from the distance values, where the distance comprises highest probability values according to
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a fixed number of the distance measuring cycles. The distance measuring cycles are
performed.

[0007] WO2004053521 discloses a range detection apparatus comprising a transmitter
adapted to transmit a microwave signal and a receiver adapted to receive an echo signal
reflected from a target which corresponds to a portion of the transmitted signal; a signal
generating means adapted to generate a drive signal to be applied to the transmitter to
produce the transmitted signal, the signal generator producing a drive signal which includes a
first signal frame comprising at least two frequencies and a second signal frame comprising at
least two frequencies, the second signal frame differing from the first, and a processor adapted
to process the echo signal together with the transmitted signal so as to determine the distance
to the target that produced the echo signal.

[0008] Comparison means may be provided which Is adapted to compare the distance
determined from a pair of echo/transmit frequency samples within the first frame with the
distance determined from samples taken for the corresponding pair of frequencies within the
second transmitted frame. In the event that this comparison indicates that a difference exists
between the determined distance from the first frame and for the second frame for at least one
of the pairs the processor may produce an output indicating that the distance of the target from
the apparatus i1s so great that the echo signal received within a frame In fact corresponds to a
signal sent from a previous frame.

[0009] However, the apparatus Is Iimited to detect objects within the lowest unambiguous
range of the two frames.

[0010] The ambiguity Is inversely proportional to the frequency difference, so by decreasing
the distance between f1 and fO the unambiguous range can be Increased. However, range
detection systems typically rely on filters protecting each receiver from being saturated by the
adjacent carriers. Typically for radars, it 1s not feasible for fO and f1 to be closer than
approximately 800 kHz. Even If the filtering problem was solved, a small frequency difference
yields a very noisy range measurement. Further, the difference between the frequencies has to
be large enough to take an unknown Doppler frequency offset into account.

[0011] US20100103020 discloses a method of detecting a moving target within a predefined
protected region with a microwave motion detector, by transmitting microwave frequency
signals and receiving the microwave frequency signals reflected by a target. To determine the
target distance without ambiguity, three or more microwave frequency signals may be
transmitted at different frequencies.

[0012] In particular, the step of determining phase angles from the sampled intermediate
frequency signal components comprises determining a first, second, and third phase from the
sampled Intermediate frequency signal components; the step of determining a phase
difference between the phase comprises determining a first phase difference between the
second phase and the first phase, and determining a second phase difference between the
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third phase and the first phase; and the step of determining, from the phase difference, a
corresponding target distance measurement comprises: for each of the first and second phase
differences, determining two corresponding distance measurements, wherein one distance
measurement Is a true distance measurement and the other distance measurement Is an
ambiguous distance measurement, and selecting an accurate distance measurement by
matching the common true distance measurement of each phase difference.

[0013] Consequently, the unambiguous range can be Iincreased.

[0014] However, In the presence of noise there exists the risk that an ambiguous range iIs
selected as the true range. Even If the method successfully filters the ambiguous distances out,
the signal to noise ratio for the distance measurement may be poor. This Is especially

problematic If the measurements are performed over large distances of up to several
kKilometres.

[0015] Thus it remains a problem to provide a precise range estimation method and / or device
having a high unambiguous range.

summary

[0016] According to a first aspect, the invention relates to a method for estimating the range to
an object using transmission of a multi frequency signal comprising the steps of:

e transmitting a first signal towards the object, wherein the first signal comprises at least a
primary frequency (FO0), a first frequency (F1), and a second frequency (F2);

e recelving a reflected echo signal reflected from the object comprising at least the primary
frequency (FO"), the first frequency (F1'), and the second frequency (F2);

e determining a measured point (MP) in an N-dimensional phase space comprising at
least a first phase coordinate representing the phase difference between the phase of
the first frequency (F1') and the phase of the primary frequency (FQO') in the received
reflected echo signal, and a second phase coordinate representing the phase difference
between the phase of the second frequency (F2') in the received reflected echo signal
and the phase of a first reference frequency In a first reference signal wherein the first
reference signal is a reflected echo signal reflected from the object;

wherein the range to the object i1s estimated by selecting a candidate range estimate from a
plurality of candidate range estimates, each candidate range estimate in the unambiguous
range R having an unique associated point in the N-dimensional phase space positioned on
range lines, and wherein a candidate range estimate Is selected dependent on the distance
from its unique associated point in the N-dimensional phase space to the measured point
(MP), so that a single range estimate Is generated using Iinformation from at least two
measured phase differences without directly averaging ambiguous range estimates.
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[0017] Consequently, the risk of selecting an ambiguous range is decreased as all available
Information In the at least two measured phase differences i1s used to filter out ambiguous
range estimates.

[0018] Additionally, the signal to noise ratio of the estimate Is improved as an estimate iIs
generated using Information from at least two measured phase differences without first
generating an intermediate range estimate.

[0019] The first signal may be an electromagnetic signal comprising frequencies in one, or
more of the following ranges: the X-ray range, the ultraviolet range, the visible range, the
Infrared range, the microwave range or the radio range. Alternatively, the first signal may be an
a acoustic signal and may comprise frequencies In the ultrasound range (>20KHz) and or
below.

[0020] In some embodiments, the first signal I1s an electromagnetic signal comprising
frequencies within the microwave range and/or the radio range.

[0021] In some embodiments, the first signal is a continuous wave signal.
[0022] The first signal may have a duration of at least 50, 100, 500 or 1000 micro seconds.

[0023] If the object 1Is moving relative to the transmitter / receiver the frequencies In the
received signal will be doppler shifted. Thus, the primary frequency (FQ'), the first frequency
(F1) and the second frequency (F2') In the received reflected echo signal may be Doppler
shifted relative to the primary frequency (FO), the first frequency (F1) and the second
frequency (F2) in the transmitted first signal.

[0024] In some embodiments, the speed of the object is additionally estimated by estimating a
Doppler frequency shift in the received reflected echo signal.

[0025] In some embodiments, frequencies of the received reflected echo signal are
compensated for the estimated Doppler shifts.

The primary frequency (F0), the first frequency (F1), and the second frequency (F2) may be
transmitted simultaneously e.g. the first signal may comprise the primary frequency (F0), the
first frequency (F1), and the second frequency (F2) in a first part. The first signal may
alternatively comprise different frequencies in different parts e.g. the primary frequency (FO)
and the first frequency (F1) may be transmitted in a first part of the first signal and the primary
frequency (FO) and the second frequency (F2) may be transmitted in a second part of the first
signal.

[0026] In some embodiments, the first reference signal 1s the received reflected echo signal,
and the first reference frequency in the first reference signal is the primary frequency (FO').

[0027] The first phase coordinate of the measure point (MP) in phase space may be estimated
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by simultaneously transmitting the primary frequency (FO) and the first frequency (F1),
recelving a reflected echo signal comprising the primary frequency (FO') and the first frequency
(F1"), determining the phase of the primary frequency (FO') and the first frequency (F1') In the
reflected echo signal e.g. by calculating the FFT of the received reflected echo signal, and
subtracting the determined phases to find the difference between them. The received signal
may be mixed down In frequency before the phases are determined e.g. the received signal
may be mixed down by the transmitted signal prior to the FFT.

[0028] Any phase coordinate of the measure point (MP) may be estimated using the same
techniques as described In relation to the estimation of the first phase coordinate.

[0029] The N-dimensional phase space has a dimension equal to the number of phase
coordinates in the measure point (MP), thus it is at least a 2 dimensional space. The first signal
may comprise more than three frequencies e.g. the first signal may comprise at least 4, 5, 6, 8
or 10 frequencies. By Increasing the number of frequencies In the first signal more phase
coordinates may be determined. Thus the measured point (MP) in phase space may comprise
more than two phase coordinates e.g. the measured point (MP) may comprise at least 3, 4, 5,
6, 8 or 10 phase coordinates. This increases the precision of the range estimate.

[0030] Range lines represent the theoretical possible combination of phase coordinates
corresponding to a specific range. All range lines are parallel in phase space.

[0031] The n'th normalized phase coordinate ¢,(r) of a unique associated point for a candidate

range r can be determined using the equation below:
r'mod Ay, »

where mod is the modulo operator with a positive remainder, and A, is the unambiguous range

for the phase difference of the n'th phase coordinate given by the equation below:

Ay = /2 (f1 = fo) (2)

where c Is the speed of the first signal in the medium in which it propagates, and f1 and fy are
the two frequencies which phases are used to generate the n'th phase coordinate of the

measure point (MP).

[0032] In some embodiments, the first signal further comprises a third frequency (F3), and the
measured point in the N-dimensional phase space further comprises a third phase coordinate
representing the phase difference between the phase of the third frequency (F3) In the
received reflected echo signal and the phase of a second reference frequency in a second
reference signal so that a single range estimate Is generated using information from at least
three measured phase differences without first directly averaging ambiguous range estimates.

[0033] Consequently, the precision of the method may be increased.

[0034] In some embodiments, the second reference signal Is the received reflected echo
signal, and the second reference frequency is the primary frequency (FQ').
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[0035] In some embodiments, the selected candidate range estimate I1s the candidate range
estimate having an associated point in the N-dimensional phase space with the lowest distance
to the measured point (MP).

[0036] Consequently, by using the criteria of distance In the N-dimensional phase space an
effective way of utilizing all information in the measured phase differences for estimating the

range Is provided.

[0037] In some embodiments, a candidate range estimate 1s selected by selecting a first set of
the candidate range estimates, and for each candidate range estimate in the first set of
candidate range estimates determining the distance from its unique associated point in the N-
dimensional phase space to the measure point (MP); wherein the range to the object Is
estimated by selecting the candidate range estimate of the first set of candidate range
estimates having an unique associated point in the N-dimensional phase space with the
smallest distance to the measured point (MP).

[0038] The squared distance d? from a unique associated point of a candidate range estimate
r to the measured point (MP) may be determined using the equation below:

d?(r) = iz (9 — pai(r)? (3)

wherein N is the dimension of the phase space e.g. the number of phase coordinates, ¢; is the

I'th phase coordinate of the measured point (MP), and ¢air) is the I'th phase coordinate of the

unique associated point in phase space of the candidate range estimate r.

[0039] By limiting the search of candidate range estimates to a finite set of estimates and
determining the distance from their associated points to the measured point (MP) an efficient
way of estimating the range to an object is provided.

[0040] In some embodiments, the unique associated points in the N-dimensional phase space
of the candidate range estimates in the first set of candidate range estimates are positioned In
a first N-1 dimensional hyper plane, wherein the first N-1 dimensional hyper plane is positioned
so that the measured point (MP) in the N-dimensional phase space Is positioned in the first N-1
dimensional hyper plane, and wherein the first N-1 dimensional hyper plane i1s oriented so that
it Is perpendicular to the range lines.

[0041] As all range lines are parallel in the N-dimensional phase space, and the shortest path
from a point to a line I1s perpendicular to the line, the search for the candidate range estimate

having the unique associated point being closest to the measure point (MP) In phase space
can be limited to candidate range estimate having associated points positioned in the N-1

dimensional hyper plane positioned and oriented as specified above.

[0042] Consequently, an indefinite number of candidate ranges can be limited to a finite
number equalling the number of range lines.
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[0043] In some embodiments, the first set of candidate range estimates Is selected by
examining a plurality of range lines, and for each of the plurality of range lines determining the
candidate range having an associated point on the range line that have the lowest distance to
the measured point (MP) in the N-dimensional phase space.

[0044] In some embodiments, the first set of candidate range estimates is selected from a
plurality of sets of candidate range estimates dependent on the position of the measure point
(MP) In N-dimensional phase space.

[0045] Consequently, a smaller number of candidate range estimates needs to be examined.

[0046] A look-up table may be used to select the first set of candidate range. The look-up table

may directly specify the candidate ranges. Alternatively the look-up table may specify range
lines comprising candidate ranges and the candidate ranges may subsequently be determined
by examining the specified range lines.

[0047] If the measured point (MP) is close to the boundary of the N-dimensional phase space
it cannot with certainty be known from which side of the boundary the point originates.

[0048] In some embodiments, the method further comprises the steps of:

e generating an alternative measured point (AMP) In the N-dimensional phase space If at
least one of the phase coordinates of the measured point (MP) in the N-dimensional
phase space Is within a predetermined range,;

e determining for each candidate range estimate Iin the first set of candidate range
estimates the distance from its associated point in N-dimensional phase space to the
alternative measured point (AMP);

wherein the range to the object is estimated by selecting the candidate range estimate having
the lowest minimum distance, wherein the minimum distance for a candidate range estimate is
defined as the distance from its associated point in N-dimensional phase space to the
measured point (MP) in N-dimensional phase space or the alternative measure point (AMP) In
N-dimensional phase space whichever is lower.

[0049] The predetermined range may be within a predetermined distance from a boundary of
the N-dimensional phase space. The alternative measured point (AMP) may correspond to the
measured point (MP) for all phase coordinates except for the one or more phase coordinate(s)
being within the predetermined range. Those phase coordinates of the alternative measured
point (AMP) may be found by subtracting the original phase coordinate from 1 (assuming the
phases are normalized).

[0050] Consequently, risk of selecting a wrong candidate range is lowered.

[0051] According to a second aspect the invention relates to a device for estimating the range
to an object using transmission of a multi frequency signal; wherein the device comprises:
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e a transmitter configured to transmit a first signal towards the object, wherein the first
signal comprises at least a primary frequency (FO0), a first frequency (F1), and a second
frequency (F2);

e a receliver configured to receive a reflected echo signal reflected from the object
comprising at least the primary frequency (FO'), the first frequency (F1'), and the second
frequency (F2'); and

o a processing unit configured to determining a measured point (MP) in an N-dimensional
phase space comprising at least a first phase coordinate representing the phase
difference between the phase of the first frequency (F1') and the phase of the primary
frequency (FO') In the received reflected echo signal, and a second phase coordinate
representing the phase difference between the phase of the second frequency (F2') In
the received reflected echo signal and the phase of a first reference frequency In a first

reference signal wherein the first reference signal is a reflected echo signal reflected
from the object;

wherein the processing unit further is configured to estimate the range to the object by
selecting a candidate range estimate from a plurality of candidate range estimates, each
candidate range estimate in the unambiguous range R having an unique associated point In
the N-dimensional phase space positioned on range lines, and wherein a candidate range
estimate I1s selected dependent on the distance from its unique associated point in the N-
dimensional phase space to the measured point (MP), so that a single range estimate Is
generated using Information from at least two measured phase differences without directly
averaging ambiguous range estimates.

[0052] The first signal may be an electromagnetic signal comprising frequencies in one, or
more of the following ranges: the X-ray range, the ultraviolet range, the visible range, the

Infrared range, the microwave range or the radio range e.g. the transmitter and the receiver
may be an optical transmitter / receiver, a RF transmitter / receiver etc.

[0053] Alternatively, the first signal may be an acoustic signal and may comprise frequencies In
the ultrasound range (>20KHz) and or below e.g. the transmitter and the receiver may be a
transducer.

[0054] In some embodiments, the first signal is a continuous wave signal e.g. the transmitter i1s
a continuous wave transmitter.

[0055] The first signal may have duration of at least 50, 100, 500 or 1000 micro seconds.

[0056] In some embodiments, processing unit Is further configured to estimate the speed of
the object by estimating a Doppler frequency shift in the received reflected echo signal.

[0057] In some embodiments, the second reference signal Is the received reflected echo

signal, and the reference frequency in the second reference signal is the primary frequency
(FO').
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[0058] In some embodiments, the first signal further comprises a third frequency (F3), and
wherein the measured point in the N-dimensional phase space further comprises a third phase
coordinate representing the phase difference between the phase of the third frequency (F3) In
the received reflected echo signal and the phase of a second reference frequency of a second
reference signal so that a single range estimate iIs generated using information from at least
three measured phase differences without first generating intermediate range estimates.

[0059] In some embodiments, the second reference signal is the received reflected echo
signal, and the reference frequency In the third reference signal is the primary frequency (FO').

[0060] In some embodiments, the processing unit is configured to select the candidate range
estimate having an associated point in the N-dimensional phase space with the lowest distance
to the measured point (MP).

[0061] In some embodiments, the processing unit is configured to select a candidate range
estimate by selecting a first set of the candidate range estimates, and for each candidate
range estimate In the first set of candidate range estimates determining the distance from its

unique associated point in the N-dimensional phase space to the measure point (MP); and
estimate the range to the object by selecting the candidate range estimate of the first set of

candidate range estimates having an unique associated point in the N-dimensional phase
space with the smallest distance to the measured point (MP).

[0062] In some embodiments, the unique associated points in the N-dimensional phase space
of the candidate range estimates in the first set of candidate range estimates are positioned In
a first N-1 dimensional hyper plane in the N-dimensional phase space, wherein the first N-1
dimensional hyper plane is positioned so that the measured point (MP) 1s positioned in the first
N-1 dimensional hyper plane, and wherein the first N-1 dimensional hyper plane is oriented so
that it Is perpendicular to the range lines.

[0063] In some embodiments, the processing unit I1s configured to select the first set of
candidate range estimates by examining a plurality of range lines, and for each of the plurality
of range lines determining the candidate range having an associated point on the range line
that have the lowest distance to the measured point (MP) in the N-dimensional phase space.

[0064] In some embodiments, the processing unit i1s configured to select the first set of
candidate range estimates from a plurality of sets of candidate range estimates dependent on
the position of the measure point (MP) in the N-dimensional phase space.

[0065] In some embodiments, the processing unit further is configured to:

e generate an alternative measured point (AMP) In the N-dimensional phase space If at
least one of the phase coordinates of the measured point (MP) in the N-dimensional
phase space Is within a predetermined range; and
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e determining for each candidate range estimate Iin the first set of candidate range
estimates the distance from its associated point in the N-dimensional phase space to the
alternative measured point (AMP);

wherein the range to the object is estimated by selecting the candidate range estimate having
the lowest minimum distance, wherein the minimum distance for a candidate range estimate is
defined as the distances from its associated point in the N-dimensional phase space to the
measured point (MP) or the alternative measure point (AMP) whichever is the lowest.

[0066] Here and In the following, the term 'processing unit' Is intended to comprise any circuit
and/or device suitably adapted to perform the functions described herein. In particular, the
above term comprises general purpose or proprietary programmable microprocessors, Digital
Signal Processors (DSP), Application Specific Integrated Circuits (ASIC), Programmable Logic

Arrays (PLA), Field Programmable Gate Arrays (FPGA), special-purpose electronic circuits,
etc., or a combination thereof.

[0067] The different aspects of the present invention can be implemented in different ways
Including the methods for estimating the range to an object, and the device for estimating the
range to an object described above and in the following, each yielding one or more of the
benefits and advantages described in connection with at least one of the aspects described

above, and each having one or more preferred embodiments corresponding to the preferred

embodiments described in connection with at least one of the aspects described above and/or
disclosed in the dependant claims.

[0068] Furthermore, It will be appreciated that embodiments described in connection with one
of the aspects described herein may equally be applied to the other aspects.

Brief description of the drawings

[0069] The above and/or additional objects, features and advantages of the present invention,

will be further elucidated by the following illustrative and nonlimiting detailed description of
embodiments of the present invention, with reference to the appended drawings, wherein:

Fig. 1a-b illustrate the principle of multi frequency range estimation using two frequencies.

Fig. 2a-c lllustrate the principle of multi frequency range estimation using more than two
frequencies.

Fig. 3 shows a 3 dimensional phase space according to an embodiment of the present
iInvention.

Fig. 4 shows a flowchart of a method for estimating the range to an object according to an
embodiment of the present invention.

Fig. 5a-c shows an example of how the range to an object can be estimated using a method
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according to an embodiment of the present invention.

Fig. 6 shows a flowchart of a method for generating M vectors according to an embodiment of
the present invention.

Fig. 7 shows a flowchart of a method for selecting a candidate range estimate from a plurality
of candidate range estimates to determine the range to an object according to an embodiment
of the present invention.

Fig. 8 shows a table comprising intermediate results.

Fig. 9 shows a schematic drawing of a device for estimating the range to an object according
to an embodiment of the present invention.

Detailed description

[0070] In the following description, reference is made to the accompanying figures, which show
by way of illustration how the invention may be practiced.

[0071] Figure 1a-b illustrates the principle used in a multi frequency ranging system. Fig. 1a
shows two frequencies 101 102 of a transmitted signal. The first frequency 101 has a
frequency f1 and the second frequency component 102 has a frequency 2*f1. The two
frequencies 101 102 of the transmitted signal have been shown as two separate signals for
making the principle more understandable. Fig. 1b shows the phase difference as a function of
distance between the frequencies 101 102 of the signal. VWhen the range increases the phase
difference between the first and the second frequencies 101 102 increases linearly modulo 360
degrees, with a slope proportional to the frequency difference between the two frequency
components 1.e. f1. Thus when the transmitted signal is reflected by an object, the distance to
that object can be found by looking at the phase difference between the two frequency
components in the reflected signal.

[0072] As mentioned above, In the case of a single secondary frequency the unambiguous
range Is Iimited to R = 0.5 c/(f2 - 1), where c Is the speed of the transmitted signal in the
medium In which it propagates In e.g. the speed of light for an RF signal. This means that
range values offset by an integer number of R yields exactly the same phase difference.

[0073] Shown In Fig. 1a is a first object 110 positioned with a distance of R/4, a second object
111 positioned with a distance of 3R/4, and a third object 112 positioned with a distance of
3R/2. From Fig. 1b it can be seen that a signal reflected by the first object 110 has a phase
difference between the first and the second frequencies of 90 degrees and a signal reflected
by the second object 111 has a phase difference between the first and the second frequencies
of 270 degrees. Thus by looking at the phase difference between the first and second
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frequencies 101 102 of the received reflected signal the distance to the first and second object
can be estimated.

[0074] However, a signal reflected by the third object 112 has a phase difference of 180
degrees apparently looking as If the third object 112 was positioned with a distance of R/2.
Thus erroneous estimates results If objects are positioned outside the unambiguous range.

[0075] To get both a high unambiguous range, R, a good separation between the primary and
the secondary frequency and an accurate range estimate, multiple frequencies can be used.
This 1s achieved by transmitting a signal comprising at least three frequencies, where the
frequencies are selected so that every distance within the range R has a unique associated
point In phase space.

[0076] Figs. 2a-c show an example where a signal is transmitted comprising three frequencies
according to an embodiment of the present invention. Fig. 2a shows a transmitted signal
comprising a primary frequency 110, a first frequency 111, and a second frequency 112. The
primary frequency 110 has a frequency f1, the first frequency 111 has a frequency 2*f1, and
the third frequency has a frequency 8/3*1. The three frequency components 110 111 112 of

the transmitted signal have been shown as three separate signals for making the principle
more understandable.

[0077] Fig. 2b shows the resulting phase space when a first phase coordinate represents the
(first) phase difference D1 between the primary frequency 110 and the first frequency 111, and
a second phase coordinate represents the (second) phase difference D2 between the primary
frequency 110 and the second frequency 112 In a reflected signal. In this example the
frequency differences between the two frequencies 110 111 used to determined the first phase
coordinate Is f1, and the frequency difference between the two frequencies 110 112 used to
determine the second phase coordinate 1s 5*1/3. Thus the ratio between the two frequency
differences 1s 3 to 5 (3,9). This makes the unambiguous range R =3 * A1 = 5 * A2, where A1
and A2 i1s the individual unambiguous range for each of the phase coordinates.

[0078] Thus the first phase difference D1, comprises three range cells, and the second phase
difference D2 comprises 5 range cells within the unambiguous range, as shown Iin Fig. 2c. The
range cells represent the unambiguous range for the individual phase differences.

[0079] By choosing the frequency difference ratio between different phase differences carefully
the unambiguous range can be extended to any distance without having to transmit and
receive frequencies being very close.

[0080] This principle may be generalized to cases where more frequencies are transmitted
e.g. If 3 phase coordinates are determined and the frequencies differences have ratio of 3 to 4
to 5 (3,4,5) the unambiguous range becomes 3 A1 =4 * A2=5 * AS.

[0081] All unique associated points of the candidate ranges are positioned on the range lines
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101-107. From Fig. 2c it can be seen that the range line 103 comprises associated points of
candidate ranges within the interval from [0;R/5], the range line 106 comprises associated
points of candidate ranges within the interval from [R/5; R/3], the range line 101 comprises
associated points of candidate ranges within the interval from [R/3; 2R/5], the range line 104
comprises associated points of candidate ranges within the interval from [2R/5; 3R/5], the
range line 107/ comprises associated points of candidate ranges within the interval from [3R/5;
2R/3], the range line 102 comprises associated points of candidate ranges within the interval
from [2R/3; 4R/5], and the range line 105 comprises associated points of candidate ranges
within the interval from [4R/5; R].

[0082] Fig. 3 shows an example of a three dimensional phase space comprising parallel range
ines. In this example 3 phase differences D1, D2 and D3 are used and their frequency
differences have a ratio of (3, 4, 5).

[0083] The dotted lines indicate transitions from a phase value of 1 to 0. E.g. follow the line
segment from (0,0,0) to the top of the cube, where the dotted line takes you to the bottom of
the cube. Here the second line segment starts and so on. The number of range lines i1s 10.

[0084] Fig. 4 shows flowchart of a method for estimating the range to an object using a
transmission of a multi frequency signal according to an embodiment of the present invention.
In step 401 a first signal is transmitted towards the object, wherein the first signal comprises at
least a primary frequency (FO), a first frequency (F1), and a second frequency (F2). Next In
step 402, a reflected echo signal reflected from the object is received, wherein the echo signal
comprises at least the primary frequency (FO'), the first frequency (F1'), and the second
frequency (F2'). Then In step 403, a measured point (MP) In an N-dimensional phase space
comprising at least a first phase coordinate representing the phase difference between the
phase of the first frequency (F1') and the phase of the primary frequency (FO') in the received
reflected echo signal, and a second phase coordinate representing the phase difference
between the phase of the second frequency (F2') in the received reflected echo signal and the
phase of a first reference frequency In a first reference signal wherein the first reference signal
IS a reflected echo signals reflected from the object. Finally in step 404, the range to the object
IS estimated by selecting a candidate range estimate from a plurality of candidate range
estimates, each candidate range estimate in the unambiguous range R having an unique
associated point in the N-dimensional phase space positioned on range lines, and wherein a
candidate range estimate Is selected dependent on the distance from its unique associated
point iIn the N-dimensional phase space to the measured point (MP), so that a single range
estimate Is generated using information from at least two measured phase differences without
directly averaging intermediate range estimates.

[0085] Fig. 5a-c shows an example of how the range to an object can be estimated using a
method according to an embodiment of the present invention. Fig. S5a shows a flowchart of the
method, Fig. S5b shows the resulting phase space, and Fig. 5¢ shows the resulting range cells.
In step 501 of the method a first signal Is transmitted towards the object, wherein the first
signal comprises a primary frequency (F0), a first frequency (F1), and a second frequency
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(F2). Next, In step 502 a reflected echo signal reflected from the object is received wherein the
reflected echo signal comprises the primary frequency (FO'), the first frequency (F1'), and the
second frequency (F2'). Then In step 503 a measured point (MP) 512 In phase space Is
determined having a first phase coordinate ¢1 representing the phase difference between the
phase of the first frequency (F1') and the phase of the primary frequency (FO'), and a second
phase coordinate ¢2 representing the phase difference between the phase of the second
frequency (F2') and the phase of the primary frequency (FO') Iin the received reflected echo
signal. In this example the frequency differences (F1 - FO) and (F2 - FO) have a ratio of 3 to 5,
thus the resulting phase space shown In Fig. Sb corresponds to the phase space shown In Fig.
2a. As mentioned In relation to Fig. 2, this makes the unambiguous range R =3 * A1 =35 * A2,
where A1 and A2 i1s the individual unambiguous range for each of the phase coordinates.

[0086] Thus the first phase coordinate difference D1, comprises three range cells, and the
second phase differenceD2 comprises 5 range cells within the unambiguous range, as shown
In Fig. 5c.

[0087] The first phase coordinate ¢1 I1s determined to be 144 degrees, and the second phase
coordinate ¢2 1s determined to be 108 degrees. It can be seen In Fig. 5b that the measure
point (MP) 512 i1s not positioned on one of the range lines 505-511 but slightly off. This Is a
result of different source of errors e.g. imprecision's in the transmitter / receiver. Practically a
measure point (MP) will very rarely be positioned precisely on a range line. Finally in step 504,
the method estimates the range to the object by selecting a candidate range estimate from a
plurality of candidate range estimates each candidate range estimate in the unambiguous
range R having a unique associated point in the 2-dimensional phase space positioned on the
range lines, wherein a candidate range estimate Is selected dependent on the distance from its
unique associated point in the N-dimensional phase space to the measured point (MP).

[0088] The most probable candidate range estimate i1s the candidate range estimate having
the associated point in phase space being closest to the measure point (MP). Thus in step 504
the method may estimate the range to the object by finding this. This may be done by selecting
a first set of candidate ranges wherein the first set of candidate ranges comprises a plurality of
candidate ranges equally spaced over the unambiguous range R, for each candidate range
finding Its associated point iIn phase space (using equation (1), see above), determining the
distance from its associated point in phase space to the measure point (MP) (using equation 3,
see above), and selecting the candidate range having an associated point in phase space
being closest to the measured point (MP). The step of selecting the candidate range having an
associated point iIn phase space may further comprise an interpolation to increase the
precision e€.g. a polynomial may be fitted to the K closest points e.g. the 3 closest points.

[0089] To improve performance, knowledge of the arrangement of the range lines in phase
space may be used when the candidate ranges in the first set of candidate ranges is selected.

[0090] It Is known that the shortest distance from a point to a first line in an N-dimensional
space Is through a second line going through the point and being perpendicular to the first line.
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Thus, for each range line, the point on the range line being closest to the measured point (MP)
may be found by finding the intersection between the range line and a second line being
perpendicular to the range line and going through the measured point (MP). This corresponds
to finding the intersection between a first N-1 dimensional hyper plane and the range line,
where the first N-1 dimensional hyper plane is positioned so that the measured point (MP) Is
positioned In the first N-1 dimensional hyper plane, and wherein the first N-1 dimensional hyper
plane Is oriented so that it 1s perpendicular to the range line. Further, as all range lines are
parallel, the point on each range line being closest to the measure point (MP) is positioned In
the same N-1 dimensional hyper plane.

[0091] Thus, the candidate range having the associated point being closest to the measure
point (MP) may be found by selecting a first set of candidate ranges, one for each range line,
wherein the associated points of each candidate range in the first set are positioned in a first
N-1 dimensional hyper plane positioned and oriented as specified above.

[0092] In the present example, where the phase space Is a 2 dimensional space, the n-1
dimensional hyper plane 513 is a line, as shown In Fig. 5b. The points 514-520 are intersection

points between the n-1 dimensional hyper plane 513 and the range lines 505-511.

[0093] These Intersection points may be found using the methods explained in relation of Figs.
6 and 7 below. The methods are general methods that may be used with any dimension phase
space.

[0094] Each phase coordinate of a range line corresponds to a unique range cell (for the
specific phase difference), thus each range line corresponds to a uniqgue combination of range
cells. To determine the Intersection points between the range lines and the first N-1
dimensional hyper plane, it may be useful to know the unique combination of range cells for
each range line. This i1s done in the method explained in relation to Fig. 6.

[0095] The method determines a plurality of M vectors, one for each range line, where an M
vector specify the combination of range cells unique for the particular range line, thus the M
vector (1,3) for a particular range line specify that the associated points of the candidate
ranges for the particular range line has first phase coordinates positioned in the second range
cell (of the first phase difference) and has second phase coordinates positioned in the fourth
range cell (of the second phase difference). Thus the M vector for the first range line will only
comprise zeros, since the first range line pr. definition will have all phase coordinates
positioned In first range cells.

[0096] The method starts with setting the counter n to 1. Next, in step 602 the M vector for the
first range line, Mg, Is Initiated. As explained above, the first M vector Is always a zero vector.

The size of the M vectors corresponds to the number of phase coordinates i.e. the dimension

of the phase space. Next a vector A is initiated. A is initiated to:
A= (1/vq, T2, ..., T/vN)

where v, specify the number of range cells for the n'th phase difference In the chosen
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measurement setup, given by the frequency difference ratio between the frequency differences
of the phase coordinates, and N is the total number of phase differences used. In the example

shown In Fig. 5a-c, the frequency difference ratio between the first phase difference and the
second phase difference is 3 to 5 thus v1=3, v2=5 and N=2, making A = (1/3, 1/3).

[0097] Next, a copy of the original version of the A vector Is stored in the vector A _org, In step
604. Then, In step 606 the counter k I1s set to be zero and the variable min is set to be infinite.
Then in step 607 It Is examined whether the k'th value of the A vector i1s smaller than the value
min. If the k'th value of the A vector i1s smaller than the value min, the method continues to step
608 and sets min to be equal the k'th value of the A vector, saves the value of k as the variable
b, and continues to step 609. If the k'th value of the A vector is not smaller than the value min,
the method skips step 608 and goes directly to step 609. In step 609 the method determines
whether k is equal to N-1, where N Is the number of phase coordinates used e.g. the method
checks whether all values of the A vector has been examined. If k is not equal to N-1, the
method returns to step 607 and increment the counter k by one. If kK is equal to N-1 the method
continues to step 610 where it determines whether min i1s equal to 1. If min is equal to 1 it
means that an M vector has been created for all range lines, and the method terminates 614. If
min 1S not equal to 1, it means that not all M vectors have been created and the method
continues to step 611, where the M vector for the n'th range lines is initiated by setting it to be
equal to the M vector for N-1'th range line. Next, in step 612 the b'th value of the M vector for
the n'th range lines I1s Increased by one, and the b'th value of the A vector is set to be
Increased by the b'th value of the vector A org. Finally, the method returns to step 606 and
Increases n by one, to create the M vector for the next range line.

[0098] The method only needs to know the number of phase differences used, and the
frequency difference ratio between the phase differences (to generate the A vector), these
Information are directly derivable from the chosen measurement setup. The method does not
need to know the number of range lines before it Iis started.

[0099] The table in Fig. 8 shows, In the first column 530, the m-vectors for the seven range
ines shown In Fig. 5b. The first range line 505 has the M vector (0,0), the second range line
506 has the M vector (0,1), the third range line 507 has the M vector (1,1), the fourth range
ine 508 has the M vector (1,2), the fifth range line 509 has the M vector (1,3), the sixth range
ine 510 has the M vector (2,3), and the seventh range line 511 has the M vector (2,4). Fig. 5c
shows the range cells of the different phase differences, and the range lines 505-511.

[0100] It should be noted that the method explained in relation to Fig. 6 needs only to run once
pr. measurement setup. Thus If a method for estimating the range to an object according to
the present invention 1s used in a Radar with a particular measurement setup e.g. a particular
number of phase coordinates and a particular frequency difference ratio of the phase
coordinates, the method explained In relation to Fig. 6 can be run by the manufacture, and the
set of M vectors stored in a memory of the radar.

[0101] Fig. 7 shows a flowchart of a method for selecting a candidate range estimate from a
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plurality of candidate range estimates to determine the range to an object according to an
embodiment of the present invention. The method selects a first set of the candidate range
estimates, and for each candidate range estimate determines the distance from its unique
associated point in the N-dimensional phase space to the measure point (MP); wherein the
range to the object Is estimated by selecting the candidate range estimate of the first set of
candidate range estimates having an unique associated point in the N-dimensional phase
space with the smallest distance to the measured point (MP).

[0102] First in step 701, the counter n Is set to zero and the variable min is set to infinite. Next
In step 702, for the n'th range line the candidate range r, on the n'th range line having the

associated point positioned in the first N-1 dimensional hyper plane is found. This candidate
range may be found using equation (4)

N (0. EANETT
/R = 2B DI (4
1=1"1
where, R Is unambiguous range for the chosen measurement setup, N is the number of phase
coordinates, ¢; Is the I'th phase coordinate of the measure point (MP), M, is the M vector for

the n'th range line and v; specify the number of range cells for the I'th phase difference in the

chosen measurement setup, given by the frequency difference ratio between the used the
phase differences. Then In step 704 the associated point In phase space for r /R Is

determined. This point may be determined using equation (5)

@ay, = vy (1, R) = My(D) (5)
where @a; , Is the I'th phase coordinate of the point. Then, in step 704 the distance between

the measure point (MP) and the point on the n'th range line being closest to the measure point
(MP) Is determined. This distance may be determined using equation (3). Next, in step 705 the
method examines whether the determined distance is smaller than the variable min. If the
determined distance i1s smaller than the variable min, the method goes to step 706, where it
sets min to be equal to the determined distance for the n'th range line, and saves the value of
the candidate range for the n'th range line in the variable EST and continues to step 707. If the
determined distance i1s not smaller than the variable min, the method skips step 706 and goes
directly to step 707. In step 707 the method determines whether all range lines has been
examined, this may be done by determining whether n+1 Is equal to the number of M vectors.
If the method determines that not all range lines has been examiner the method returns to step
702 and increments n by 1. If all range lines has been examined the method terminates in step
708, and the value of EST Is returned as the estimated range to the object.

[0103] The method described In relation to Fig. 7 may be used Iin the example shown In Fig.
Sa-c to determined a first set of candidate ranges 514-520, and for each candidate range In
the first set of candidate ranges determining the distance from its unique associated point In
the N-dimensional phase space to the measure point (MP) 512; wherein the range to the
object Is estimated by selecting the candidate range estimate of the first set of candidate range
estimates having an unique associated point in the N-dimensional phase space with the
smallest distance to the measured point (MP). The table in Fig. 8 in the second to fifth column
530-534 shows resulting intermediate calculations. The second column 531 shows the
candidate range for each of the range line having an associated point being closest to the
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measure point (MP) I.e. the first set of candidate ranges, the third and fourth column 532 533
shows the phase coordinates of the associated points 514-520 of the first set of candidate
ranges, and the fifth column 534 shows the distance from the associated points 514-520 of the
first set of candidate ranges to the measured point (MP) 512.

[0104] It can be seen that the third range line 507 is the range line that Is farthest away from
the measure point (MB), and that the fourth range line 508 is the range line being closest.
Consequently, the method returns 0.462R as the estimated range to the object.

[0105] Fig. 9 shows a schematic drawing of a device 900 for estimating the range to an object
according to an embodiment of the present invention. The device 900 comprises a transmitter
901, a receiver 902, and a processing unit 903. The transmitter 901 is configured to transmit a
first signal towards the object, wherein the first signal comprises at least a primary frequency
(FO), a first frequency (F1), and a second frequency (F2). The receiver 902 is configured to
receive a reflected echo signal reflected from the object comprising at least the primary
frequency (FO'), the first frequency (F1'), and the second frequency (F2'). The processing unit
903 Is configured to determine a measured point (MP) In an N-dimensional phase space
comprising at least a first phase coordinate representing the phase difference between the
phase of the first frequency (F1') and the phase of the primary frequency (FO') in the received
reflected echo signal, and a second phase coordinate representing the phase difference
between the phase of the second frequency (F2') in the received reflected echo signal and the
phase of a first reference frequency In a first reference signal wherein the first reference signal
IS a reflected echo signals reflected from the object. Additionally the processing unit 903 iIs
configured to estimate the range to the object by selecting a candidate range estimate from a
plurality of candidate range estimates, each candidate range estimate in the unambiguous
range R having an unique associated point in the N-dimensional phase space positioned on
range lines, and wherein a candidate range estimate Is selected dependent on the distance
from its unique associated point in the N-dimensional phase space to the measured point
(MP), so that a single range estimate Is generated using Iinformation from at least two
measured phase differences without directly averaging ambiguous range estimates.

[0106] In device claims enumerating several means, several of these means can be embodied
by one and the same item of hardware. The mere fact that certain measures are recited In
mutually different dependent claims or described In different embodiments does not indicate
that a combination of these measures cannot be used to advantage.

[0107] It should be emphasized that the term "comprises/comprising” when used In this
specification is taken to specify the presence of stated features, integers, steps or components
but does not preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof.
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P AT ENTIKRAYVY

1. Fremgangsmade til at estimere afstanden til en genstand som anvender transmis-
sion af multifrekvens signaler, som omfatter trinene:

- at sende et fgrste signal mod en genstand, hvori det fgrste signal omfatter mindst
en primeer frekvens (FO), en fgrste frekvens (F1) og en anden frekvens (F2),

- at modtage et reflekteret ekkosignal, reflekteret af genstanden, som omfatter
mindst den primeaare frekvens (FO'), den fgrste frekvens (F1’) og den anden frekvens (F2'),

- at bestemme et malt punkt (MP) i et N-dimensionalt faserum der omfatter mindst
et fgrste fasekoordinat, som reprasenterer faseforskellen mellem fasen af den forste fre-
kvens (F1') og fasen af den primeere frekvens (FO') i det modtagne reflekterede ekkosignal
0g et andet fasekoordinat, som repraasenterer forskellen mellem fasen af den anden fre-
kvens (F2') i det modtagne reflekterede ekkosignal og fasen af en fgrste referencefrekvens
| et forste referencesignal, hvori det fgrste referencesignal er et reflekteret ekkosignal re-
flekteret af objektet, hvori det N-dimensionale faserum har en dimensionalitet som er lig
med antallet af fasekoordinater i det malte punkt (MP),

kendetegnet ved, at afstanden til genstanden er estimeret ved at udvalge et
kandidatafstandsestimat ud fra en flerhed af kandidatafstandsestimater, hvor hver kandi-
datafstandsestimat i den utvetydige afstand R har et unikt tilknyttet punkt i det N-
dimensionale faserum positioneret pa en afstandslinje og hvori et kandidatafstandsestimat
er udvalgt afheengigt af distancen fra det unikke tilknyttede punkt i det N-dimensionale
faserum til det malte punkt (MP), saledes at et enkelt afstandsestimat generes ved at an-
vende information fra mindst to malte faseforskelle uden direkte at udregne gennemsnit af
tvetydige rumestimater, hvori det udvalgte kandidatafstandsestimat er kandidatafstands-
estimatet som har et tilknyttet punkt i det N-dimensionale faserum med den mindste af-
stand til det malte punkt (MP).

2. Fremgangsmade ifglge krav 1, hvori det fgrste referencesignal er det modtagne
reflekterede ekkosignal og den fgrste referencefrekvens i det fgrste referencesignal er den
primaere frekvens (FO’)

3. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 2, hvor det farste sig-
nal yderligere omfatter en tredje frekvens (F3), og det malte punkt i det N-dimensionale
faserum yderligere omfatter et tredje fasekoordinat, der repraesenterer faseforskellen mel-
lem fasen af den tredje frekvens (F3) af det modtagne reflekterede ekkosignal og fasen af
en anden referencefrekvens i et andet referencesignal, saledes at et enkelt rumestimat
genereres ved hjeelp af information fra mindst tre malte faseforskelle uden fgrst direkte at
beregne tvetydig rumestimater.

4, Fremgangsmade ifglge krav 3, hvor det andet referencesignal er det modtagne re-
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flekterede ekkosignal og den anden referencefrekvens er den primeaare frekvens (FO').

5. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 4, hvori et kandidataf-
standsestimat valges ved at veelge et forste seet af kandidatafstandsestimaterne og for
hvert kandidatintervalestimat | det fgrste seet af kandidatafstandsestimater, der bestem-
mer afstanden fra dets unikke tilknyttede punkt i det N-dimensionale faserum til male-
punktet (MP), hvori afstanden til objektet estimeres ved at veelge det kandidatafstands-
estimat af det fgrste seet af kandidatafstandsestimater, som har et unikt tilknyttet punkt i
det N-dimensionale faserum med den mindste afstand til det malte punkt (MP).

6. Fremgangsmade ifglge krav 5, hvor de unikke tilknyttede punkter i det N-
dimensionale faserum af kandidatintervalestimaterne i det fgrste saet af kandidatinterval-
estimater er positioneret i et fgrste N-1l-dimensionelt hyperplan, hvori det fgrste N-1-
dimensionale hyperplan er positioneret saledes, at det malte punkt (MP) i det N-
dimensionale faserum er positioneret | det fgrste N-1-dimensionale hyperplan og hvor det
farste N-1-dimensionale hyperplan er orienteret, sa det er vinkelret pa afstandslinjer.

7. Fremgangsmade ifglge krav 6, kendetegnet ved, at det forste saet af kandidataf-
standsestimater veelges ved at undersgge en flerhed af afstandslinjer og hvor for hver af
flerheden af afstandslinjer, der bestemmer kandidatafstanden, har et tilknyttet punkt pa
rumlinjen, som har den mindste afstand til det malte punkt (MP) i det N-dimensionale fa-

serum.

8. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 7, hvori det fgrste szt
af kandidatafstandsestimater er valgt fra en flerhed af seet af kandidatafstandsestimater
afhaengig af positionen af det malte punkt (MP) i N-dimensionalt faserum.

9. Fremgangsmade ifglge krav 1 til 8, hvori fremgangsmaden yderligere omfatter
trinnene:

- at generere et alternativt malt punkt (AMP) i det N-dimensionale faserum hvis
mindst én af fasekoordinaterne af det malte punkt (MP) i det N-dimensionale faserum er
iIndenfor en forudbestemt variationsbredde,

- at bestemme for hvert kandidatafstandsestimat, i det fgrste seet af kandidataf-
standsestimater, afstanden fra et tilknyttet punkt i N-dimensionale faserum til det alterna-
tive malte punkt (AMP),

hvori afstanden til genstanden estimeres ved at velge kandidatafstandsestimatet
som har den laveste minimumsdistance, hvori minimumsdistancen for et kandidataf-
standsestimat defineres som distancen fra det tilknyttede punkt i N-dimensionale faserum
til det malte punkt (N) i N-dimensionale faserum eller det alternative malte punkt (AMP) i
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N-dimensionale faserum, hvad end der er lavest.

10. Enhed (900) til at estimere afstanden til en genstand som anvender transmission
af et multifrekvenssignal, hvori enheden (900) omfatter:

5 - en transmitter (901) konfigureret til at sende et fgrste signal mod en genstand,
hvori det fgrste signal omfatter mindst en primeer frekvens (FO), en fgrste frekvens (F1) og
en anden frekvens (F2),

- en modtager (902) konfigureret til at modtage et reflekteret ekkosignal, reflekteret
af genstanden, som omfatter mindst den primeere frekvens (FO’), den fgrste frekvens (F1)

10 og den anden frekvens (F2'),

- en processorenhed (903) konfigureret til at bestemme et malt punkt (MP) i et N-
dimensionalt faserum der omfatter mindst et fgrste fasekoordinat, som repraasenterer fa-
seforskellen mellem fasen af den fgrste frekvens (F1’) og fasen af den primeere frekvens
(FO') i det modtagne reflekterede ekkosignal og et andet fasekoordinat, som repraasentere

15 forskellen mellem fasen af den anden frekvens (F2') i det modtagne reflekterede ekkosig-
nal og fasen af en fgrste referencefrekvens i et fgrste referencesignal, hvori det forste refe-
rencesignal er et reflekteret ekkosignal reflekteret af objektet, hvori det N-dimensionale
faserum har en dimensionalitet som er lig med antallet af fasekoordinater i det malte
punkt (MP),

20 kendetegnet ved, at processorenheden yderligere er konfigureret til at esti-
mere afstanden til genstanden ved at veelge et kandidatafstandsestimat ud fra en flerhed
af kandidatafstandsestimater, hvor hver kandidatafstandsestimat i den utvetydige afstand
R har et unikt tilknyttet punkt i det N-dimensionale faserum positioneret pa en afstandslin-
je og hvori et kandidatafstandsestimat er udvalgt afhaengigt af distancen fra det unikke

25 tilknyttede punkt i det N-dimensionale faserum til det malte punkt (MP), saledes at et en-
kelt afstandsestimat generes ved at anvende information fra mindst to malte faseforskelle
uden direkte at udregne gennemsnit af tvetydige rumestimater, hvori processorenheden
(903) er konfigureret til at veelge kandidatafstandsestimatet som har et tilknyttet punkt i
det N-dimensionale faserum med den mindste afstand til det malte punkt (MP).

30
11. Enhed (900) ifglge krav 10, hvori det andet referencesignal er det modtagne re-
flekterede ekkosignal og referencefrekvensen i det andet referencesignal er den primeere
frekvens (FO').
35 12. Enhed (900) ifelge et hvilket som helst af kravene 10 til 11, hvori processoren-

heden (903) konfigureres til at veelge et kandidatafstandsestimat ved at veelge et forste
seet af kandidatafstandsestimaterne og for hvert kandidatafstandsestimat i det forste saet
af kandidatafstandsestimater at bestemme afstanden fra dens unikke tilknyttede punkt |
det N-dimensionale faserum til det malte punkt (MP) og estimere afstanden til genstanden
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ved at veaelge kandidatafstandsestimatet af det fgrste seet af kandidatafstandsestimater
som har et unikt tilknyttet punkt i det N-dimensionale faserum med den korteste afstand
til det malte punkt (MP).

13. Enhed (900) ifglge krav 12, hvori det unikke tilknyttede punkt i det N-
dimensionale faserum af kandidatafstandsestimater | det fgrste seet af kandidatafstands-
estimater er positioneret i et forste N-1 dimensionale hyper plan i det N-dimensionale fase-
rum, hvori det fgrste N-1 dimensionale hyper plan er positioneret saledes af det malte
punkt (MP) er positioneret i det fgrste N-1 dimensionale hyper plan og hvori det fgrste N-1
dimensionale hyper plan er orienteret saledes at den er vinkelret til afstandslinjerne.

14. Enhed (900) ifelge krav 13, hvori processorenheden (903) er konfigureret til at
veelge det forste saet af kandidatafstandsestimater ved at undersgge flerheden af afstands-
linjer og for hver af flerheden af afstandslinjer at bestemme kandidatafstanden som har et

tilkknyttet punkt pa afstandslinjen som har den korteste afstand til det malte punkt (MP) i
det N-dimensionale faserum.
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