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Description

[0001] This invention relates to apparatus for the removal of ambiguity in distance measurements in a radar system,
and in particular to a continuous wave frequency shift key (FSK) radar.
[0002] Radar based distance measurement using FSK are suitable for applications requiring good range discrimination
while being capable of manufacture at low cost. One such application is the use of radar of an automotive vehicle for
an adaptive cruise control (ACC) related function. The radar detects the distance between a host vehicle fitted with the
ACC system and a target vehicle which precedes it and the ACC maintains the vehicle at a safe distance from the
obstacle by signalling the engine control or braking control systems of the vehicle.
[0003] In any radar-based system, a signal is sent out by an emitter fitted to the vehicle which is reflected from an
obstacle back to a detector fitted to the vehicle. The time of flight of the reflected signal provides a measurement of
distance. Measuring the Doppler shift between the transmitted signal and the reflected signal over time allows the relative
velocities of the host and target vehicles to be determined.
[0004] The time of flight can be calculated by counting the number of cycles of the transmitted signal that have occurred
between transmission and receipt of an echo. For the relatively high frequencies used in radar and large path lengths
for vehicle guidance systems that may be up to 1 km or more, this is impractical as the number of cycles would be very
high. Also, if signals are sent continuously it would not be possible to identify how many cycles have passed.
[0005] The FSK radar system provides an alternative scheme. A signal comprising a short period of at least two
differing frequencies is transmitted which will generate an echo that also comprises two bursts of these differing fre-
quencies. The relative phase of the transmitted and echo signal at each frequency is then determined. By comparing
the two phase differences a distance value can be determined over a wide range of distances. The absolute number of
cycles is now no longer significant. The differing frequencies are transmitted repeatedly (each group of frequencies
being known as a "frame") and distance measurements are made from each frame.
[0006] In one known arrangement, a single transmitter is used to transmit a carrier signal of set frequency which is
modulated to form a repeating sequence of frames. Each frame consists of a sequence of steps: each step being a
continuous signal of a given frequency.
[0007] A measurement of the echo signal is made at the same point in each step, typically towards the end of each
step, and compared to the phase of the transmit signal for that step. The phase measurements made for each step
within a frame are then compared to determine the range.
[0008] With increasing target distance the transmit/echo signals will drift out of phase until such a point that they differ
in phase by Pi radians. The two transmit/echo signals will now be in phase. As distance increases, they will again drift
out of phase.
[0009] It is clearly apparent that once a target vehicle is at a distance from the radar system which is greater than or
equal to the distance corresponding to a 360 degree phase shift between all the frequencies of the transmit signal and
an echo signal the distance can no longer be unambiguously resolved.
[0010] Using more than two different frequencies can provide an increase in the distance over which range can be
resolved unambiguously although this brings an increase in the cost and complexity of the device.
[0011] One problem of FSK radar systems is that for more distant targets the echo signal that corresponds to a single
burst of frequency within a frame may be received during the period of transmission of a subsequent frequency step in
that frame. This makes a phase comparison impossible, and so an error signal must be raised to indicate that the distance
cannot be determined. Of more concern is the case where the echo from a burst of frequency in a frame is received
during the transmission of that same frequency in a subsequent frame. Since this occurs for all steps in the frame (which
will all be shifted in time by one complete frame or more) then it is impossible to tell which frame has produced an echo.
Not only that, but it is not possible to tell that such an error has occurred.
[0012] One known solution to this problem is to increase the length of each frame but this reduces the rate at which
distance measurements can be made. Also, it will reduce the rate at which samples can be taken for use in determining
the Doppler shift since only one sample can be taken per frame. It is therefore felt that an increase in frame duration is
undesirable.
[0013] An alternative solution to the problem of ambiguity is to take into consideration the amplitude of the returned
signal. It is seemingly reasonable to expect the strength of an echo returned from a near target to be much greater than
for a target that is much farther away. Very weak echo signals could therefore be rejected. Unfortunately this only works
when the objects that are to be detected are of similar cross sectional area. A lorry at a long distance will probably send
back the same amount of signal as a motorcyclist at a closer distance. Some ambiguity can therefore still be present.
[0014] It is an object of the present invention to provide an apparatus that ameliorates this problem.
[0015] US Patent Neo. 5 923 284 discloses a range detection apparatus which sequentially transmits four different
frequencies in a repeating frame.
[0016] According to a first aspect the invention provides a range detection apparatus according to claim 1. Optional
features are recited in the dependent claims.
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[0017] The first and second frames may comprise a burst of a signal at a first frequency followed by a burst of a signal
at a second different frequency. They may also include bursts of a third or additional frequencies. In fact, it is most
preferred that each frame comprises five bursts of frequencies. By "burst" of signal we mean a short duration of time of
a frequency which has a duration less than the duration of a frame. The frequency may be transmitted continuously
within each burst.
[0018] The apparatus may include means for generating a carrier waveform, such as a simple sinewave, and means
for modulating the carrier waveform at half the frame repetition rate to produce the drive signal that includes the first
and second frames. The means for modulating the carrier waveform may comprise a waveform generator, such as a
voltage controller oscillator that provides a modulating signal that is combined with the carrier waveform.
[0019] Each of the bursts of frequency within a frame may differ from the frequency that is transmitted before it and
also from that which follows it within the frame. There will therefore be a stepped change in frequency between each
burst in the frame. However, it is within the scope of at least one embodiment of the present invention to transmit two
bursts within a frame, one after the other, which are of the same frequency.
[0020] In one especially preferred arrangement the first frame comprises first, second and third frequencies A, B and
C and the second frame includes the first and second frequencies A and B but does not include the third frequency C.
Instead, the third frequency C may be replaced by a fourth, different, frequency D or a repeat of either the first or second
frequencies A or B.
[0021] In an alternative, instead of omitting one of the frequencies the first and second sequences may comprise
identical first, second and third frequencies yet the order in which two of the frequencies are sent in the second frame
may be different from that in the first whilst the order of a different pair of the three frequencies may remain the same
for the first and the second frame. For example, the first frame may comprise frequencies A, B and C sent in that order
and the second frame may comprise frequencies B, A and C sent in that order. This is especially useful where two pairs
of frequency are sent in the first frame and the same two pairs are sent in the second but with the order of one of the
pairs reversed in the second frame compared with the first frame.
[0022] Of course, in each of these examples, there may be more than three transmitted frequencies per frame. In one
arrangement each frame comprises four identical frequencies A, B, C and D sent in the same order along with a fifth
frequency E which is sent in the first frame at a position that corresponds to a different frequency F sent in the same
position in the second frame. This burst of differing frequency in the first and second frames may be at the very end or
start of the sequence for each frame.
[0023] The processor may include a phase determining means adapted to compare the relative phase between the
frequency of a portion of the echo signal and the frequency of a portion of the transmitted signal at the time of receiving
the echo portion. This may be performed by taking samples at least once within each burst of transmitted frequency
within each frame, preferably towards the end of each burst of frequency.
[0024] There may be an error signal generation means which in the event that no meaningful phase difference can
be made from a comparison of an echo sample with the transmitted signal and error flag may be raised.
[0025] The apparatus may also include means for combining at least two of the phase differences determined by the
phase difference determining means as a pair to determine the distance to a target that has produced an echo signal.
A pair may be formed for each burst of frequency and its neighbouring or other frequency burst within a frame. For
example, where three frequencies are transmitted within each frame, A, B and C, all three possible combinations of
transmit signal to echo signal phase difference may be combined, i.e. A-B, B-C and C-A. Of course, not all combinations
need to be made, and in practice it is sufficient to form only a single pair from a frame to get a distance measurement.
[0026] 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 is so great that the echo
signal received within a frame in fact corresponds to a signal sent from a previous frame.
[0027] Where all pairs provide the same distance estimate then the processor may be adapted to produce an output
indicating that the distance of the target from the apparatus is small enough that the echo signal received within a frame
in fact corresponds to a signal sent from that same frame. This allows the ambiguity that otherwise arises in the prior
art FSK techniques to be overcome.
[0028] The first and second frames may also be transmitted continuously and alternately, i.e. as a repeating sequence
of first frame, second frame, first frame, second frame and so on.
[0029] The processor may also be adapted to compare the average frequency of a transmitted frame with that of a
frame of the echo to produce a Doppler signal over time which indicates the relative velocity of the apparatus and a
target that produces an echo signal.
[0030] It is preferred that the average frequency of each of the first and second frames is the same, allowing a single
Doppler signal to be produced from a sample taken from every frame. This can be ensured by, for example, simply
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swapping around the order of two burst of frequency in the first frame relative to the second frame.
[0031] If the average frequency of the first frame is different from the second, for example because one or more of
the frequencies in the first frame differs from that in the second frame, the processor may be adapted to produce a
Doppler signal using only samples taken during the first frame or during the second frame.
[0032] In a refinement, two Doppler signals may be determined, one from samples corresponding to the average
frequency of the first frame and the other from samples corresponding to the second frame.
[0033] The applicant has also appreciated that it is possible to use a Doppler signal as a means of removing the
ambiguity in distance that occurs when the time of flight of a return echo is greater than the duration of each frequency
burst within a frame. In the event that the target is far enough away for a transmitted frequency to be received in the
next frequencies transmission time there will be a shift in the apparent Doppler frequency.
[0034] If the samples used to determine the Doppler frequency are taken at points which correspond to unmodulated
portions of the echo signal only a single Doppler peak will be observed. If the samples used to determine the Doppler
frequency are taken at points which correspond to modulated portions of the echo signal (i.e. at the time of taking a
sample the echo signal corresponds to a frequency step which is different between first and second frames), then the
Doppler signal will itself be modulated at half the frame repetition rate. Since this exceeds half the sampling rate then
two Doppler peaks will be produced, one at half the sample rate plus the Doppler frequency and one at half the sampling
rate minus the Doppler frequency. Due to Nyquist this latter peak will be mirrored and in fact appear at the actual Doppler
frequency.
[0035] The processor may include detection means which is adapted to detect the presence of a second peak in the
Doppler signal, and in the event that a peak is detected provide an indication that a target that produced the echo signal
is a distant target or at a close range. By close range we may mean that the time of flight of the echo signals from the
object is less than one burst or step in duration, and by distant that it is greater than that duration, The processor may
determine that it is a near object unless "alias" peaks are present in the Doppler signal.
[0036] The apparatus may build up a Doppler signal from samples taken during different bursts of frequency within a
frame. For example, if each frame contains four frequency bursts, of frequency A, B ,C and D, a Doppler signal may be
constructed from samples from bursts A in each frame and another from burst B. Indeed, four samples may be taken
with one corresponding to each burst. Each Doppler signal may be examined for the presence of an alias Doppler signal.
If the apparatus modulates the first burst between frames then a ghost present in the samples corresponding to the
second frame indicates a time of flight of greater than one burst but less than two bursts. If a ghost is present in the
Doppler signal for the third burst then this indicates a time of flight of between two and three bursts and so on for each
Doppler signal.
[0037] The transmitter may be driven by a signal generator circuit which is adapted to produce a signal that when
combined with a carrier frequency provides each of the frequencies for the "burst" of the first and second frames to the
transmitter. The signal generator may comprise a local oscillator which delivers repeated frames of different frequencies.
[0038] According to a second aspect the invention provides a method of removal of ambiguity in distance of a radar
apparatus of the kind in which a carrier frequency is transmitted, the frequency being modulated such that a sequence
of first and second frames are transmitted according to claim 14.
[0039] There now follows, by way of example, an embodiment of the present invention with reference to the accom-
panying drawings, in which:-

Figure 1(a) shows the transmitted and received echo signals from a target at close range in a prior art FSK radar
system;

Figure 1(b) shows the transmitted and received echo signals from a target at much greater range in a prior art FSK
radar system;

Figure 2 illustrates how the prior art radar would report targets at increasing range;

Figures 3a and 3b show diagrammatic representations of possible transmitted signals in an embodiment of an
FSK radar apparatus according to the present invention;

Figure 4 is a schematic of an embodiment of a Frequency Shift Keying (FSK) radar apparatus which uses the
signals shown in Figures 3a to 3c to remove some of the ambiguities present in the prior art system;

Figure 5 is an example of the detection of a target distance from the invention; and

Figure 6 shows the Doppler frequency spectra that are produced for a possible situation with an ambiguous and a
non-ambiguous target.
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[0040] Figure 1a shows the transmitted and the received waveforms for a typical FSK radar, as a function of time,
where the radar is viewing a close target. In this example the radar is transmitting four frequency steps or bursts F1 to
F4, in turn, each for a 2.5 Psecond duration. This sequence, usually known as a frame, is repeated continually every
10 Pseconds. If the radar is pointing at a relatively close target the time of flight of a reflected echo signal portions Tf1
will be short and the frequencies of the received echo will overlap the corresponding frequencies of the transmitted signal
that produced them.
[0041] For much greater distances the time of flight Tf2 of an echo will be much longer and the received echo, although
received perhaps a whole frame later than for a close object, will appear to give a very similar waveform to that of a
close object. The transmitted and received signals in this case are shown in Figure 1b of the accompanying drawings.
[0042] It is well known that if two signals of different frequencies are reflected off the same target they will experience
different phase shifts such that the phase difference between the received signals is equal to 

where c is the speed of light and F1/F2 are the two transmission frequencies. Thus the target distance D can be estimated
using the relation:

where ∆f = (F2 - F1)
[0043] However, as the target distance increases it will reach a point where none of the echo signal received in a step
will have been transmitted at the same frequency as the step and so the relationship is no longer valid.
[0044] Figure 2 illustrates how the radar would report the distance to a target using such a scheme. For targets closer
than distance Da part of the echo signal in each step will have the same frequency as the step and the relation (1) will
hold. Above this the transmit frequency of each step will no longer be the same and the phase difference between
channels will become confused and lead to incorrect distances being reported. This is shown as ambiguity region 2.
[0045] Once the time of flight exceeds the frame period each echo measurement will start to appear the same as that
received for a close object since the frequency of an echo received in a given step will be the same as that of the step,
even though the echo is in fact caused by a signal transmitted a whole frame earlier. This is an ambiguous region labelled
A2 in Figure 2.
[0046] The present invention provides a way of overcoming this ambiguity.
[0047] As shown in Figure 4 one embodiment of an apparatus in accordance with the second aspect of the invention
comprises a transmitter and a receiver which may be secured to the front of a vehicle and send out signals in a controlled
beam in front of the vehicle. In a practical embodiment a single antenna 4 may function as both the emitter and the receiver.
[0048] The antenna is driven by an output of a voltage controlled oscillator 2 which generates a series of frequencies
in response to a voltage signal produced by a waveform generator 1. These series are periodic and comprise two
alternating frames of four continuous steps or burst of equal duration. The key feature is that the first and second frames
differ either in the frequencies they contain or the order in which they are sent or both. The frames are characterised in
that they are periodic at twice the frame transmission rate, but not periodic at the frame transmission rate.
[0049] Possible frequency-time plots of the frequencies generated for the first and the second frames are shown in
Figures 3a, 3b and 3c of the accompanying drawings. Similar features in each of Figures 3a, 3b and 3c are denoted by
the same reference numeral with the suffix "a", "b" or "c" respectively. Frequency is shown increasing along the y-axis,
with time increasing along the x-axis. The transmitted signal includes four different frequency steps 310, 312, 314, 316
increasing in frequency in, typically, 250 kHz steps from a 77 GHz base.
[0050] In Figures 3a and 3b the first frame 300a/b generated comprises four steps 320a/b, 322a/b, 324a/b, 328a/b
sequentially increasing through the four frequencies 310, 312, 314, 316. The sequence of frequencies in the second
frame 301a/b differs between the two examples.
[0051] In the scheme of Figure 3a of the accompanying drawings, the first two steps 330a, 332a of the second frame
301a are reversed compared to the first frame 300a such that they are reversed in frequency to have frequencies 312
and 310 respectively. If distance measurements are obtained using information from steps F3 and F4 in both the first
and second frames there will still be ambiguities. However, if similar measurements are made using information in steps
F1 and F2 it is possible to tell if the distance to the target is close to the radar or in the ambiguity range A2. For a close
target the results from the first and second frames will match- for region A2 the results will be of opposite sign.
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[0052] In the alternative shown in Figure 3b of the accompanying drawings, the second step 332b of the second frame
301b is a continuation at the same frequency 310 of the first step 330b. Accordingly, frequency 310 is transmitted for
double the period it is in the first step 300b whilst frequency 312 is omitted entirely. This leaves three steps F1, F2 and
F3 for the measurement of distance compared to only steps F3 and F4 in Figure 3a. It is, however, to be noted that the
average transmission frequency of the first and second frames is different.
[0053] A still further alternative is shown in Figure 3c of the accompanying drawings. In this example an extra step F0
has been added to both the first and second frames, the frequency of this step being modulated at exactly half the frame
repetition rate such that the frequency of the step is different between the first and the second frames. This means that
all of the four steps F1 to F4 can be used for distance measurement in both the first and the second frames.
[0054] In all three cases, the frames 300a/b/c, 301a/b/c, 302a/b/c are generated repeatedly in an alternating manner
by the oscillator under the control of the waveform generator.
[0055] The signal generated by the oscillator 2 is transmitted by passing the output of the oscillator to a circulator 3.
Circulator 3 has three ports 3a, 3b, 3c. Signals passed to each of the ports are passed on to the next port in the sequence
3a, 3b, 3c, 3a. Accordingly, the output of the oscillator 2 is received at port 3a of the circulator 3 and transmitted at port
3b. Port 3b is connected to an antenna 4. This antenna 4 transmits the output of port 3b of the circulator 3, and may
receive echoes of the transmitted signal.
[0056] The received signal is passed back to port 3b of the circulator, which transmits the signal onto port 3c. The
received signal is then mixed with the transmitted signal in a mixer 5. The mixed signal will have components at the
frequencies of the sum of and the difference between the transmitted and received signals. The mixed signal is accordingly
low pass filtered to contain only the difference signal and amplified by a filter-amplifier 6.
[0057] The filtered signal output from the filter-amplifier 6 is digitised by an analogue-to-digital converter (ADC) 7. This
is then de-multiplexed by a de-multiplexer 8 that samples and outputs the digitised signals at times corresponding to
the end of each step 320a/b/c, 322a/b/c et cetera for one frame 300a/b/c or 301a/b/c and outputs these on four channels
101, 102, 103, 104. The de-multiplexer 8 then extrapolates the signals on each channel to allow for the time differences
in taking each sample. A differencing means 9 takes the difference between each of the channels giving three difference
values 105, 106, 107. Each differential phase shift is Fast Fourier Transformed (FFT) by an FFT unit 10. Accordingly,
the FFT unit 10 outputs three signals 115, 116, 117 indicative of the frequency and phase of the differences between
each channel 101, 102, 103, 104. Each channel in turn is indicative of the difference in phase and frequency of the
transmitted and received signals.
[0058] If a transmitted signal is reflected off a target and received within the time in which it is being transmitted (i.e.
in the same frequency step as the signal which caused it) each channel 101, 102, 103, 104 will be a constant. This
constant describes the phase shift between the transmitted and received echo signals. The difference between these
phase shifts for steps of different frequencies is, as described above, dependent on the range of the target. This means
that the range of the target can be calculated 110 by a distance estimator 11 from the formula: 

where D is the distance to the object from which the echo is received, c is the speed of light, ∆φ is the differential phase
shift and ∆f the difference in frequencies between the relevant steps. Each differential phase shift 115, 116, 117 should
give (approximately) the same result.
[0059] However, as the target moves further away from the antenna, the amount of overlap between the period in
which each frequency step is transmitted and the corresponding echo of the same frequency can be received decreases,
until there is no overlap. This then causes the mixer to mix two different frequencies when calculating the phases,
resulting in a signal that varies at the difference in frequencies in adjacent steps. It can be seen in the FFT signals for
such a situation that the differences between all four channels 101, 102, 103, 104 will be modulated. The distance
estimator 11 will calculate a different distance from each of the FFT signals 115, 116, 117 and may also flag from the
FFT signals that the frequency of the difference signals are all non-zero and the so the target is in a first ambiguity range
greater than a first distance away.
[0060] If the first frame 300a/b/c were to be continually transmitted, there would come a point as the target moved still
further away from the radar system where the corresponding steps of one frame would be received at the same time as
the corresponding steps in the next frame were being transmitted. This would mean that the channels 101, 102, 103,
104 would become unmodulated once more and the calculated values of D would agree. However, the calculated values
of D would give an erroneous apparent distance very close to the radar system. Using the typical frequencies described
above, this could lead to a large target at 1.5 km distance appearing to be a small target at virtually zero distance.
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[0061] Because alternating first and second frames are transmitted, the ambiguity can be eliminated. Regardless of
which of the waveforms of Figures 3a, b or c are used, the results of some of the phase comparisons from steps F0 to
F4 will differ from the first frame to the second frame when then target is in ambiguity range A2 in Figure 2, yet be the
same for a close target.
[0062] To detect this 108, the apparatus includes a comparator 12 which checks that, if the phase differences are
apparently constant, that they are constant for all of the pairs of steps in a frame. The use of a different sequence of
frequencies for the second frame 301a/b/c compared to the first 300a/b/c means that, should the steps of the first frame
300a/b/c be received at the same time as the second frame 301a/b/c is being transmitted (or vice versa), that it is not
possible for all of the phase differences to be constant. The validator 12 checks this, and should they not be, raises a
further flag indicating the target is in a second ambiguity range.
[0063] It is appreciated that the signals of a first frame 300a/b/c could be received whilst the next first frame 300a/b/c
is being transmitted, and this would lead to the same ambiguities as described above. However, given that this now
occurs at a distance of 3 km in the above-described embodiment, it is unlikely that the extra 12 dB loss due to the extra
distance would lead to any ambiguity.
[0064] Another important feature of the described embodiments is that whilst it is possible to tell that a target is in
ambiguity range A2 because some of the phase comparisons between the first and second frames will not match, it is
still possible to provide a distance value for a target in this range because at least two of the frequencies sent in the first
frame are also sent in the second frame and will produce a match. For example, considering Figure 3a measurements
of signal phase can be made in periods F3 and F4 and the distance to the target calculated in the usual way. These
measurements are unaffected by the reversal of steps F1 and F2 and so give the same result for both frames. A similar
calculation is made for steps F1 and F2. For close targets the measurements made in odd periods will agree with the
distance determined from F3/F4 whilst those made during even periods will be of opposite sign. For distant targets in
the ambiguity range this will be reversed.
[0065] If the waveform of Figure 3(b) is used instead, measurements of phase can be made in steps F2 to F4 in the
usual way and distances calculated. However, since there is different average frequency in odd and even frames these
signals will be phase modulated for distant targets. By comparing the phase of signals measured in corresponding steps
on odd and even frames it is possible to determine if the target is close or distant. Since the degree of phase modulation
will depend on the signal delay and thus the target distance this signal will change progressively and will need to be
compared with a threshold value to determine if the target should be accepted or ignored. Also since measurements
made in different frequency steps are delayed relative to the modulated step (for example F1 in figure 3b) the point in
the frame at which phase modulation occurs will vary. Figure 5 shows the degree of phase modulation seen in frequency
channel F4 and a typical validation function derived by comparing this with a fixed threshold. Of course, in practice the
threshold could be made variable and in particular could be set at a proportion of the received signal amplitude for each
corresponding target.
[0066] In addition or as an alternative to comparing the phase of pairs of frequency transmit/echo signals to remove
the ambiguity it is proposed that in at least one embodiment the Doppler signals built up over a number of frames to
determine the velocity of a target can be employed to remove the ambiguity in some cases.
[0067] To determine the Doppler frequency for a target the average phase of each transmitted frame is compared
with the average phase of the echo signal. This is performed by taking a sample of each transmitted frame and of the
return echo. For each echo that is returned from a close object, the only frequency difference that will exist between the
transmit and receive signals will be that due to Doppler shift.
[0068] Consider Figure 6 which shows the frequency spectrum produced by taking samples in step F1 of Figure 3c.
It is to be noted that this step has been chosen because it is a "modulated" step, i.e. different frequency from odd and
even frames. There are two targets A and B which are at different velocities. Also, higher speed target B is closer to the
radar apparatus than target A which is slower. An echo from target B has a time of flight that is less than the duration
of a step of frequency. As such, measurements of phase in step F1, or in step F" or F3 or F4 in each frame can be built
up in the usual way to form a single Doppler peak as shown in Figure 6.
[0069] Target A produces an echo which has a time of flight that is greater than one frequency step and this results
in the generation of two Doppler peaks as shown in Figure 6. If the Doppler signal is considered to have a frequency fa
then the additional peak is mirrored at fs/4 and appears at fs/2-fa in the frequency spectrum where Fs is the frame
frequency which is given by 1/2Tf where Tf is the duration of a frame.
[0070] By detecting the presence of more than one apparent Doppler peak it is possible to tell whether a target is
nearby or at a great distance.

Claims

1. A range detection apparatus comprising:



EP 1 570 295 B1

8

5

10

15

20

25

30

35

40

45

50

55

a transmitter (4) adapted to transmit a microwave signal and a receiver (4) adapted to receive an echo signal
reflected from a target which corresponds to a portion of the transmitted signal;
a signal generating means (2) 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 (300a; 300b;
300c) and a second signal frame (301a; 301b; 301c) each comprising at least three frequencies (310, 312, 314,
316) and
a processor (7, 8, 9, 10) 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 and in which the drive signal comprises
continuous alternating first (300a; 300b; 300c) and second (301a; 301b; 301c) frames;

characterised in that the first and second frames have at least two frequencies in common and differ from each other.

2. A range detection apparatus according to claim 1 in which the first and second frames comprise a burst of a signal
at a first frequency (320a) followed by a burst of a signal at a second different frequency (322a).

3. A range detection apparatus according to any preceding claim in which the apparatus includes means (1) for gen-
erating a carrier waveform, such as a simple sinewave, and means (2) for modulating the carrier waveform at half
the frame repetition rate to produce the drive signal that includes the first and second frames.

4. A range detection apparatus according to any preceding claim in which each of the bursts of frequency within a
frame (301, 302) differs from the frequency that is transmitted before it and also from that which follows it within the
frame.

5. A range detection apparatus according to any preceding claim in which the first frame (300b) comprises first, second
and third frequencies A, B and C and the second frame (301b) includes the first and second frequencies A and B
but does not include the third frequency C.

6. A range detection apparatus according to claim 5 in which the third frequency C is replaced in the second frame by
a fourth, different, frequency D or a repeat of either the first or second frequencies A or B.

7. A range detection apparatus according to any preceding claim in which the first (300a) and second (301a) frames
comprise identical first, second and third frequencies yet the order in which two of the frequencies are sent in the
second frame is different from that in the first whilst the order of a different pair of the three frequencies remains the
same for the first and the second frame.

8. A range detection apparatus according to any preceding claim in which the processor includes a phase determining
means (10) adapted to compare the relative phase between the frequency of a portion of the echo signal and the
frequency of a portion of the transmitted signal at the time of receiving the echo portions.

9. A range detection apparatus according to claim 8 which includes an error signal generation means (12) which in
the event that no meaningful phase difference can be made from a comparison of a echo sample with the transmitted
signal and error flag may be raised.

10. A range detection apparatus according to any of claims 8 or 9 which further includes means (11) for combining at
least two of the phase differences determined by the phase difference determining means as a pair to determine
the distance to a target that has produced an echo signal.

11. A range determining apparatus according to claim 10 in which comparison means (12) are 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.

12. A range determining apparatus according to any preceding claim in which the processor (8, 9, 10, 11) is adapted
to compare the average frequency of a transmitted frame with that of a frame of the echo to produce a Doppler
signal over time which indicates the relative velocity of the apparatus and a target that produces an echo signal.

13. A range determining apparatus according to claim 12 in which the processor (8, 9, 10, 11) includes detection means
which is adapted to detect the presence of a second peak in the Doppler signal, and in the event that a second peak
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is detected provide an indication that a target that produced the echo signal is a distant target or at a close range.

14. A method of removal of ambiguity in distance of a radar apparatus of the kind in which a carrier frequency is
transmitted, the frequency being modulated such that a sequence of first and second frames are transmitted com-
prising:

a) initially transmitting a first frame (300) comprising a sequence of at least three different frequencies;
b) subsequently transmitting a second frame (301) comprising at least three different frequencies,
c) receiving an echo signal corresponding to the transmitted signal which has been reflected from a target; and
d) processing the echo signal together with the transmitted signal to determine the distance to the target;

characterised in that the first and second frames are transmitted continuously and alternately and the second
signal differs from the first signal, the first and second frames having at least two frequencies in common.

Patentansprüche

1. Abstandsdetektionsvorrichtung, mit:

- einem Sender (4), der zum Senden eines Mikrowellensignals ausgebildet ist, und einem Empfänger (4), der
zum Empfangen eines von einem Zielobjekt reflektierten Echosignals ausgebildet ist, das einem Teil des ge-
sendeten Signals entspricht;
- einer Signalerzeugungseinrichtung (2), die zum Erzeugen eines an den Sender anzulegenden Treibersignals
ausgebildet ist, um das gesendete Signal zu erzeugen, wobei der Signalgenerator ein Treibersignal erzeugt,
das einen ersten Signalrahmen (300a; 300b; 300c) und einen zweiten Signalrahmen (301a; 301b; 301c) umfasst,
die je zumindest drei Frequenzen (310, 312, 314, 316) aufweisen, und
- einem Prozessor (7, 8, 9, 10), der dazu ausgebildet ist, das Echosignal zusammen mit dem gesendeten Signal
zu verarbeiten, um die Entfernung zu dem Zielobjekt zu bestimmen, welches das Echosignal erzeugte, und
wobei das Treibersignal ständig alternierende erste (300a; 300b; 300c) und zweite (301a; 301b; 301c) Rahmen
aufweist;

dadurch gekennzeichnet, dass die ersten und zweiten Rahmen zumindest zwei gemeinsame Frequenzen haben
und sich voneinander unterscheiden.

2. Abstandsdetektionsvorrichtung nach Anspruch 1,
bei der die ersten und zweiten Rahmen einen Burst aus einem Signal mit einer ersten Frequenz (320a) aufweist,
auf den ein Burst eines Signals mit einer zweiten unterschiedlichen Frequenz (322a) folgt.

3. Abstandsdetektionsvorrichtung nach einem der vorhergehenden Ansprüche,
bei der die Vorrichtung eine Einrichtung (1) zum Erzeugen einer Trägerwellenform, beispielsweise einer einfachen
Sinuswelle, und eine Einrichtung (2) zum Modulieren der Trägerwellenform mit der halben Rahmenwiederholungs-
rate aufweist, um das Treibersignal zu erzeugen, das die ersten und zweiten Rahmen enthält.

4. Abstandsdetektionsvorrichtung nach einem der vorhergehenden Ansprüche,
bei der sich jeder der Frequenzbursts innerhalb eines Rahmens (301, 302) von der Frequenz unterscheidet, die vor
ihm gesendet wird, und auch von derjenigen unterscheidet, die auf ihn innerhalb des Rahmens folgt.

5. Abstandsdetektionsvorrichtung nach einem der vorhergehenden Ansprüche,
bei der der erste Rahmen (300b) eine erste, eine zweite und eine dritte Frequenz A, B und C aufweist und der zweite
Rahmen (301b) die erste und die zweite Frequenz A und B enthält, nicht aber die dritte Frequenz C.

6. Abstandsdetektionsvorrichtung nach Anspruch 5,
bei der die dritte Frequenz C im zweiten Rahmen durch eine vierte, unterschiedliche Frequenz D oder durch eine
Wiederholung entweder der ersten oder der zweiten Frequenz A oder B ersetzt ist.

7. Abstandsdetektionsvorrichtung nach einem der vorhergehenden Ansprüche,
bei der die ersten (300a) und zweiten (301a) Rahmen identische erste, zweite und dritte Frequenzen aufweisen,
jedoch die Reihenfolge, in der zwei der Frequenzen im zweiten Rahmen gesendet werden, sich von derjenigen im
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ersten Rahmen unterscheidet, während die Reihenfolge eines anderen Paars der drei Frequenzen beim ersten und
beim zweiten Rahmen gleich bleibt.

8. Abstandsdetektionsvorrichtung nach einem der vorhergehenden Ansprüche,
bei der der Prozessor eine Phasenbestimmungseinrichtung (10) umfasst, die die relative Phase zwischen der Fre-
quenz eines Teils des Echosignals und der Frequenz eines Teils des gesendeten Signals zum Empfangszeitpunkt
des Echoteils zu vergleichen vermag.

9. Abstandsdetektionsvorrichtung nach Anspruch 8,
die eine Fehlersignalerzeugungseinrichtung (12) aufweist, die für den Fall, dass keine sinnvolle Phasendifferenz
aus einem Vergleich einer Echoabtastung mit dem gesendeten Signal bestimmt werden kann, ein Fehler-Flag
aktiviert.

10. Abstandsdetektionsvorrichtung nach Anspruch 8 oder 9,
die ferner eine Einrichtung (11) zum Kombinieren von zumindest zwei der durch die Phasendifferenzbestimmungs-
einrichtung ermittelten Phasendifferenzen als ein Paar umfasst, um die Entfernung zu einem Zielobjekt zu bestim-
men, welches das Echosignal erzeugt hat.

11. Abstandsdetektionsvorrichtung nach Anspruch 10,
bei der eine Vergleichseinrichtung (12) vorhanden ist, die die aus einem Paar von Echo-/Sendefrequenzabtastungen
innerhalb des ersten Rahmens ermittelte Entfernung mit der Entfernung zu vergleichen vermag, die aus Abtastungen
des entsprechenden Frequenzpaars innerhalb des zweiten gesendeten Rahmens ermittelt wurde.

12. Abstandsdetektionsvorrichtung nach einem der vorhergehenden Ansprüche,
bei der der Prozessor (8, 9, 10, 11) dazu ausgebildet ist, die Durchschnittsfrequenz eines gesendeten Rahmens
mit derjenigen eines Rahmens des Echos zu vergleichen, um ein Doppler-Signal über die Zeit zu erzeugen, das
die Relativgeschwindigkeit der Vorrichtung und eines ein Echosignal erzeugenden Zielobjekts anzeigt.

13. Abstandsdetektionsvorrichtung nach Anspruch 12,
bei der der Prozessor (8, 9, 10, 11) eine Detektionseinrichtung umfasst, die dazu ausgebildet ist, das Vorhandensein
einer zweiten Spitze im Doppler-Signal zu detektieren, und für den Fall, dass eine zweite Spitze detektiert wird, eine
Angabe bereitzustellen, dass ein Zielobjekt, welches das Echosignal erzeugt hat, ein entferntes Zielobjekt oder ein
in einem Nahbereich befindliches Zielobjekt ist.

14. Verfahren zum Beseitigen einer Entfernungsdoppeldeutigkeit einer Radarvorrichtung des Typs, bei dem eine Trä-
gerfrequenz gesendet wird, wobei die Frequenz so moduliert wird, dass eine Sequenz aus ersten und zweiten
Rahmen gesendet wird, umfassend:

a) anfängliches Senden eines ersten Rahmens (300) mit einer Sequenz aus zumindest drei unterschiedlichen
Frequenzen;
b) anschließendes Senden eines zweiten Rahmens (301) mit zumindest drei unterschiedlichen Frequenzen,
c) Empfangen eines Echosignals, das dem gesendeten, von einem Zielobjekt reflektierten Signal entspricht; und
d) Verarbeiten des Echosignals zusammen mit dem gesendeten Signal, um die Entfernung zum Zielobjekt zu
bestimmen;

dadurch gekennzeichnet, dass die ersten und zweiten Rahmen kontinuierlich und alternierend gesendet werden
und das zweite Signal sich vom ersten Signal unterscheidet, wobei die ersten und zweiten Rahmen zumindest zwei
gemeinsame Frequenzen haben.

Revendications

1. Appareil de détection de distance comprenant :

O un émetteur (4) adapté pour émettre un signal micro-ondes et un récepteur (4) adapté pour recevoir un signal
écho réfléchi à partir d’une cible qui correspond à une partie du signal émis ;
O un moyen de génération de signal (2) adapté pour générer un signal d’excitation destiné à être appliqué sur
l’émetteur pour produire le signal émis, le générateur de signal produisant un signal d’excitation qui comprend
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une première trame de signal (300a ; 300b ; 300c) et une seconde trame de signal (301a ; 301b ; 301c), chacune
comprenant au moins trois fréquences (310, 312, 314, 316) et
O un processeur (7, 8, 9, 10) adapté pour traiter le signal écho conjointement au signal émis afin de déterminer
la distance jusqu’à la cible qui a produit le signal écho et dans lequel le signal d’excitation comprend des première
(300a ; 300b ; 300c) et seconde (301a ; 301b ; 301c) trames alternées continues ;

caractérisé en ce que les première et seconde trames possèdent au moins deux fréquences en commun et sont
différentes l’une de l’autre.

2. Appareil de détection de distance selon la revendication 1, dans lequel les première et seconde trames comprennent
une salve d’un signal à une première fréquence (320a) suivie par une salve d’un signal à une seconde fréquence
différente (322a).

3. Appareil de détection de distance selon l’une quelconque des revendications précédentes, dans lequel l’appareil
comprend un moyen (1) destiné à générer une forme d’onde porteuse, telle qu’une simple onde sinusoïdale, et un
moyen (2) destiné à moduler la forme d’onde porteuse à la moitié de la vitesse de répétition de trame pour produire
le signal d’excitation qui comprend les première et seconde trames.

4. Appareil de détection de distance selon l’une quelconque des revendications précédentes, dans lequel chacune
des salves de fréquence au sein d’une trame (301, 302) est différente de la fréquence qui est transmise avant elle
et également de celle qui la suit au sein de la trame.

5. Appareil de détection de distance selon l’une quelconque des revendications précédentes, dans lequel la première
trame (300b) comprend des première, deuxième et troisième fréquences A, B et C et la seconde trame (301b)
comprend les première et deuxième fréquences A et B mais ne comprend pas la troisième fréquence C.

6. Appareil de détection de distance selon la revendication 5, dans lequel la troisième fréquence C est remplacée dans
la seconde trame par une quatrième fréquence différente D ou une répétition de la première ou de la deuxième
fréquence A ou B.

7. Appareil de détection de distance selon l’une quelconque des revendications précédentes, dans lequel les première
(300a) et seconde (301a) trames comprennent des première, deuxième et troisième fréquences identiques mais
l’ordre dans lequel deux des fréquences sont envoyées dans la seconde trame est différent de celui dans la première
alors que l’ordre d’une paire différente des trois fréquences reste le même pour les première et seconde trames.

8. Appareil de détection de distance selon l’une quelconque des revendications précédentes, dans lequel le processeur
comprend un moyen de détermination de phase (10) adapté pour comparer la phase relative entre la fréquence
d’une partie du signal écho et la fréquence d’une partie du signal émis au moment de la réception de la partie d’écho.

9. Appareil de détection de distance selon la revendication 8, qui comprend un moyen de génération de signal d’erreur
(12) qui, au cas où aucune différence de phase significative ne peut être réalisée à partir d’une comparaison d’un
échantillon d’écho au signal émis, peut lever un drapeau d’erreur.

10. Appareil de détection de distance selon une quelconque des revendications 8 ou 9, qui comprend en outre un moyen
(11) destiné à associer au moins deux des différences de phase déterminées par le moyen de détermination de
différence de phase en tant que paire pour déterminer la distance jusqu’à une cible qui a produit un signal écho.

11. Appareil de détermination de distance selon la revendication 10, dans lequel un moyen de comparaison (12) est
prévu qui est adapté pour comparer la distance déterminée à partir d’une paire d’échantillons de fréquence d’écho/
émission au sein de la première trame à la distance déterminée à partir d’échantillons pris pour la paire correspon-
dante de fréquences au sein de la seconde trame émise.

12. Appareil de détermination de distance selon l’une quelconque des revendications précédentes, dans lequel le
processeur (8, 9, 10, 11) est adapté pour comparer la fréquence moyenne d’une trame émise à celle d’une trame
de l’écho pour produire un signal Doppler temporel qui indique la vitesse relative de l’appareil et une cible qui produit
un signal écho.

13. Appareil de détermination de distance selon la revendication 12, dans lequel le processeur (8, 9, 10, 11) comprend
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un moyen de détection qui est adapté pour détecter la présence d’une seconde crête dans le signal Doppler, et, au
cas où une seconde crête est détectée, fournir une indication qu’une cible qui a produit le signal écho est une cible
éloignée ou à une distance proche.

14. Méthode d’élimination d’ambiguïté de distance d’un appareil radar du type dans lequel une fréquence porteuse est
émise, la fréquence étant modulée de sorte qu’une séquence de première et seconde trames est émise comprenant
les étapes consistant à :

a) émettre initialement une première trame (300) comprenant une séquence d’au moins trois fréquences
différentes ;
b) émettre par la suite une seconde trame (301) comprenant au moins trois fréquences différentes,
c) recevoir un signal écho correspondant au signal émis qui a été réfléchi à partir d’une cible ; et
d) traiter le signal écho conjointement au signal émis pour déterminer la distance jusqu’à la cible ;

caractérisée en ce que les première et seconde trames sont émises en continu et en alternance et le second
signal est différent du premier signal, les première et seconde trames possédant au moins deux fréquences en
commun.
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