wO 2016/128284 A1 I} A1 000 0 OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

—~

International Bureau
9 (10) International Publication Number
(43) International Publication Date ./ WO 2016 /1 28284 Al
18 August 2016 (18.08.2016) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GO01S 7/02 (2006.01) GO01S 13/34 (2006.01) kind of national protection available): AE, AG, AL, AM,
GO01S 7/35 (2006.01) GO01S 13/93 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
0 T ional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/EP2016/052350 DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
C HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
4 February 2016 (04.02.2016) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
- ) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
15154593.6 11 February 2015 (11.02.2015) EP kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant (for all designated States except US): TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
AUTOLIV DEVELOPMENT AB [SE/SE]; Wallentins- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
viigen 22, 44783 Vargarda (SE). DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicant (for US only): MOSS, Jonathan [GB/DE]; E}I;/IV El{v)[ ?A?P{\A(EF&EJ’SEF’TCDG’TSL M, GA, GN, GQ,
Dachauerstrasse 63b, 85778 Haimhausen (DE). > > > -NE, SN, TD, TG).
(74) Common Representative: AUTOLIV DEVELOPMENT Fublished:

AB; Wallentinsvdgen 22, 44783 Vargarda (SE).

—  with international search report (Art. 21(3))

(54) Title: A VEHICLE RADAR SYSTEM WITH TWO TRANSCEIVER ARRANGEMENTS

25—

20a -4

14a
21a+4
34a-

227"

25b—

20b—
13a

N
X |e
I

Ny
O
o

14b™
34b—;

21b—

22b1

(57) Abstract: The present invention relates to a vehicle radar system (3)
comprising a first and second transceiver arrangement (10a, b) which are ar-
ranged to generate FMCW chirp signals. Each transceiver arrangement (10a,
10b) comprises a respective first and second oscillator (23a, 23b) that is ar-
ranged to transmit respective first and second chirp signal (4a, 4b). The
transceiver arrangements (10a, 10b) are arranged to mix received signals
(5a, 5b) with the respective transmitted chirp signal (4a, 4b) to obtain a re-
spective first and second IF signal (14a, 14b) that is filtered with a certain
filter bandwidth (B;). The chirp signals (4a, 4b) comprise at least one cycle
of a respective first and second plurality of frequency ramps (r, r2). A plural-
ity of frequency ramps in the second plurality of frequency ramps (r2) are
delayed with corresponding added times (t.) such that at least one frequency
ramp in the first plurality of frequency ramps and at least one frequency
ramp in the second plurality of frequency ramps run such that the difference
in frequency between them is within the filter bandwidth (By). The present
invention also relates to a corresponding method.
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TITLE

A vehicle radar system with two transceiver arrangements

DESCRIPTION OF THE INVENTION

The present invention relates to a vehicle radar system
comprising a first transceiver arrangement and a second
transceiver arrangement. Each transceiver arrangement 1is
arranged for generating FMCW (Frequency Modulated Continuous
Wave) chirp signals, where the first transceiver arrangement
comprises a first oscillator and is arranged to transmit a
first chirp signal, and  where the second transceiver
arrangement comprises a second oscillator and is arranged to
transmit a second chirp signal. The transceiver arrangements
are arranged to receive reflected signals, mix the received
signals with the respective transmitted chirp signal to obtain
a respective first IF (Intermediate Frequency) signal and
second IF signal, and to filter said IF signals with a certain
filter bandwidth. The first chirp signal comprises at least
one cycle of a first plurality of frequency ramps, and the
second chirp signal comprises at least one cycle of a second

plurality of frequency ramps.

The present invention also relates to a method for a vehicle

radar system, where the method comprises:

— Generating FMCW (Frequency Modulated Continuous Wave)
chirp signals.

— Transmitting a first chirp signal via a first transceiver
arrangement, the first chirp signal having at least one
cycle of a first plurality of frequency ramps.

— Transmitting a second chirp signal via a second
transceiver arrangement, the second chirp signal having
at least one cycle of a second plurality of frequency

ramps.
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— Receiving reflected signals via said transceiver
arrangements.

— Mixing the received signals with the respective
transmitted chirp signal to obtain a respective first IF
(Intermediate Frequency) signal and second IF signal.

— Filtering said 1IF signals using a certain filter

bandwidth.

Many vehicle radar systems comprise means for generating so-
called chirp signals that are transmitted, reflected and
received by means of appropriate antennas comprised in the
radar system. A chirp signal is an FMCW (Frequency Modulated
Continuous Wave) signal with a certain amplitude where the
frequency 1s continuously ramped between two values, the chirp
signal thus being in the form of a continuous sinusoid where
the frequency varies from a first low frequency to a second
high frequency over the course of the ramp. The change 1in
frequency from start to finish may for example be of the order

of 0.5% of the starting frequency.

The received signals, thus constituted by reflected radar
echoes, are mixed with the transmitted chirp signal in order
to convert the received signals to baseband signals. These
baseband signals, or IF (Intermediate Frequency) signals, are
amplified and transferred in a plurality of channels to an
Analog Digital Converter (ADC) arrangement which 1s arranged
to convert the received analog signals to digital signals. The
digital signals are used for retrieving an azimuth angle of
possible targets by simultaneously sampling and analyzing
phase and amplitude of the received signals. The analysis 1is
generally performed in one or more Digital Signal Processors

(DSP:s) by means of Fast Fourier Transform (FFT) processing.
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When a vehicle comprises two radar transceivers with an
overlapping field of view, for example two radar transceivers
located at the front corners of a vehicle, a transmitted
signal from one radar transceiver is reflected at an object
and is received by the other radar transceiver. Depending on
the receiving timings, this may cause erroneous detections,
which in turn may cause problems when the detections are used
to control safety devices in the vehicle, such as for example

automatic braking systems.

Especially when two FMCW ramps are transmitted at roughly the
same time at the two radar transceivers, the risk of such
erroneous detections increases, and it i1s thus desired to keep
the ramps of the two radar transceivers separated in time.
This may for example be done by means of randomized starting
times for each cycle of corresponding ramps of the two radar

transceivers.

US 2013/0257643 discloses a first radar apparatus that
transmits triangular FMCW waveforms with a first predetermined
interval interposed therebetween. Similarly, a second radar
apparatus transmits triangular FMCW waveforms with a second
predetermined interval interposed therebetween. The
predetermined intervals are different from each other, with
the intention to avoid that two waveforms are transmitted at

roughly the same time.

Each radar transceiver comprises 1ts own oscillator, each
radar transceiver has 1ts own frequency reference such as an
oscillator crystal. Such crystals have small deviations from
crystal to crystal due to structural differences and
temperature differences. This may in turn lead to that during
a cycle the FMCW ramps sequences of the radar transceivers may

be mutually displaced during each c¢ycle, which may result in
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that one c¢cycle may comprise a plurality of ramps that are

transmitted at roughly the same time.

The object o©of the present invention is thus to provide a
vehicle radar system which 1is arranged for a decreased number

of erroneous detections.

This object is obtained by means of a vehicle radar system
comprising a first transceiver arrangement and a second
transceiver arrangement. Each transceiver arrangement 1is
arranged for generating FMCW (Frequency Modulated Continuous
Wave) chirp signals, where the first transceiver arrangement
comprises a first oscillator and is arranged to transmit a
first chirp signal, and  where the second transceiver
arrangement comprises a second oscillator and is arranged to
transmit a second chirp signal. The transceiver arrangements
are arranged to receive reflected signals, mix the received
signals with the respective transmitted chirp signal to obtain
a respective first IF (Intermediate Frequency) signal and
second IF signal, and to filter said IF signals with a certain
filter bandwidth. The first chirp signal comprises at least
one cycle of a first plurality of frequency ramps, and the
second chirp signal comprises at least one cycle of a second
plurality of frequency ramps. A plurality of frequency ramps
in the second plurality of frequency ramps are delayed with
corresponding added times such that at least one frequency
ramp in the first plurality of frequency ramps and at least
one frequency ramp in the second plurality of frequency ramps
run such that the difference in frequency between them 1is

within the filter bandwidth.

This object 1s also obtained by means of a method for a

vehicle radar system, where the method comprises:



10

15

20

25

30

WO 2016/128284 PCT/EP2016/052350

— Generating FMCW (Frequency Modulated Continuous Wave)
chirp signals.

— Transmitting a first chirp signal via a first transceiver
arrangement, the first chirp signal having at least one
cycle of a first plurality of frequency ramps.

— Transmitting a second chirp signal via a second
transceiver arrangement, the second chirp signal having
at least one cycle of a second plurality of frequency
ramps.

— Receiving reflected signals via said transceiver
arrangements.

— Mixing the received signals with the respective
transmitted chirp signal to obtain a respective first IF
(Intermediate Frequency) signal and second IF signal.

— Filtering said IF signals using a certain filter
bandwidth.

— Delaying a plurality of frequency ramps 1in the second
plurality of frequency ramps with corresponding added
times such that at least one frequency ramp in the first
plurality of frequency ramps and at least one frequency
ramp in the second plurality of frequency ramps run such
that the difference in frequency between them is within

the filter bandwidth.

According to an example, each second frequency ramp in the
second plurality of frequency ramps is delayed. Alternatively,
every frequency ramp in the second plurality of frequency

ramps 1s delayed.

According to another example, one frequency ramp in the first
plurality of frequency ramps and one frequency ramp in the
second plurality of frequency ramps run at the same time

within a margin of 1% during each cycle.
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According to another example, the radar system is arranged to:

process all ramps in a cycle by means of a first FFT,
Fast Fourier Transform, to acquire target information at
different ranges in a plurality of complex vectors that
corresponds to the number of ramps in a cycle;

analyze one vector element at a time for all complex
vectors by means of a second FFT and then create a two-
dimensional matrix in the Doppler domain comprising data
regarding range and relative speed; and to

identify erroneous detections and delete these from

further processing.

Alternatively, the radar system is arranged to:

process all ramps in a cycle individually using a first
FFT, Fast Fourier Transform, to acquire target
information at different ranges;

monitor each ramp for interference signals that are
determined to result from erroneous detections; and to
remove those frequencies the ramp 1in question or

alternatively remove the complete ramp.

Other examples are disclosed in the dependent claims.

A number of advantages are obtained by means o0f the present

invention. Mainly, the risk of erroneous detections is reduced

compared to prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described more in detail

with reference to the appended drawings, where:

Figure 1 shows a schematic top view of a vehicle;
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Figure 2 shows a simplified schematic of a vehicle radar

system;

Figure 3a shows a first chirp signal;

Figure 3b shows a second chirp signal;

Figure 4a shows a first filtered IF signal;

Figure 4b shows a second filtered IF signal; and

Figure 5 shows a flowchart for a method according to the

present invention.

DETATILED DESCRIPTION

Figure 1 schematically shows a top view of a wvehicle 1
arranged to run on a rocad 2 in a direction D, where the
vehicle 1 comprises a vehicle radar system 3 which is arranged
to distinguish and/or resolve single targets from the
surroundings by transmitting signals 4 and receiving reflected
signals 5a, 5b and using a Doppler effect 1in a previously
well-known manner. The wvehicle radar system 3 1s arranged to
provide azimuth angles of possible objects 6 by simultaneously
sampling and analyzing phase and amplitude of the received

signals 5a, 5b.

With reference also to Figure 2, the vehicle radar system 3
comprises a first transceiver arrangement 10a and a second
transceiver arrangement 10b, each transceiver arrangement 10a,
10b being arranged for generating sweep signals in the form of
FMCW, Freqguency Modulated Continuous Wave, chirp signals of a
previously known kind. The first transceiver arrangement 10a
comprises a first transmitter 20a, a first receiver 21la, a

first Analog to Digital Converter (ADC) arrangement 1l6a, a



10

15

20

25

30

WO 2016/128284 PCT/EP2016/052350

first sampling and timing arrangement 17a and a first DSP
(Digital Signal Processor) arrangement 18a. The second
transceiver arrangement 10b comprises a second transmitter
20b, a second receiver 21b, a second ADC arrangement 1l6b, a
second sampling and timing arrangement 17b and a second DSP

arrangement 18Db.

The first transmitter 20a comprises a first oscillator 23a, a
first signal generator 24a and a first transmit antenna
arrangement 25a. The second transmitter 20b comprises a second
oscillator 23b, a second signal generator 24b and a second

transmit antenna arrangement 25b.

The first receiver 2la comprises a first receiver mixer 12a
and a first receiver antenna arrangement 13a. The second
receiver 21b comprises a second receiver mixer 12b and a

second receiver antenna arrangement 13Db.

With reference also to Figure 3a and Figure 3b, the first
transmitter 20a is arranged to transmit a first chirp signal
4a and the second transmitter 20b is arranged to transmit a
second chirp signal 4b. The receivers 2la, 21b are arranged to
receive reflected signals 5a, 5b, where the transmitted chirp
signals 4a, 4b have been reflected by an object 6 as will be

discussed more in detail below.

A chirp signal 4a, 4b is in the form of a continuous sinusoid
where the frequency varies from a first frequency fstare to a
second frequency £fstop oOver the course of a ramp, where the
magnitude of the first frequency fstarr falls Dbelow the
magnitude of the second frequency fstep. The change in frequency
from start to finish for each ramp may for example be o0of the

order of 0.5% of the first frequency fstart.
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As shown in Figure 3a, the first chirp signal 4a comprises
repeating cycles of a first plurality of frequency ramps ri and
as shown in Figure 3b, the second chirp signal 4b comprises
repeating cycles of a second plurality of frequency ramps rz.
As mentioned above, the frequency varies from a first
frequency Zfstart to a second frequency fstop Over the course of
each ramp ri, r2, where the magnitude of the first frequency

fstart falls below the magnitude of the second frequency fstop.

A cycle for the first chirp signal 4a lasts for a certain
first cycle time te1 and a cycle for the second chirp signal 4b
lasts for a certain second cycle time te. Each ramp lasts a
certain ramp time t., the ramp time t. being the same for the
first chirp signal 4a and the second chirp signal 4b. The
first chirp signal 4a has a first ramp period time tg1 and the
second chirp signal 4b has a second ramp period time tgz, the
ramp period times tri1, trz being the respective time between the
starting of two consecutive ramps. Between two consecutive
ramps of the first chirp signal 4a there is a first delay time
tp1, and between two consecutive ramps of the second chirp

signal 4b there is a second delay time tpz.

Referring back to Figure 2, a first transmitted signal 4a,
indicated with a solid line, and a second transmitted signal
4b, indicated with a dashed line, are reflected at the object
6. The first transmitted signal 4a results 1n a first
reflected signal 5a, indicated with a solid line, where the
first reflected signal 5a 1is received by the first receiver
2la wvia the first antenna arrangement 13a. The second
transmitted signal 4b results in a second reflected signal 5b,
indicated with a dashed 1line, where the second reflected
signal 5b is received by the first receiver 21b via a the
second antenna arrangement 13b. The received signals 5a, 5b,

thus constituted by reflected radar echoes, are mixed. In the
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first receiver 2la, the first received signal 5a i1s mixed with
the first chirp signal 4a in the first receiver mixer 12a, and
in the second receiver, the second received signal 5b is mixed

with the first chirp signal 4a in second receiver mixer 12b.

In this way, a corresponding first IF (Intermediate Frequency)
signal 1l4a and second IF signal 14b 1is acqguired and filtered
in a corresponding first IF filter 33a and second IF filter
33b such that a first filtered IF signal 34a and a second
filtered IF signal 34b is acquired, as also shown in Figure 4a
and Figure 4b. Figure 4a shows an example of the first
filtered IF signal 34a, and Figure 4b shows an example of the
second filtered IF signal 34b, where the filtered IF signals
34a, 34b may differ from each other more or less. Figure 4a
and Figure 4b show an example of a scenario where there are no
targets in the environment, such that the received signal at a
certain transceiver arrangement 10a, 10b only comes from the

other transceiver arrangement 10a, 10b.

The difference frequency of the filtered IF signals 34a, 34b
relates to the target distance. The filtered IF signals 34a,
34b are transferred from the corresponding receiver 2la, 21b
to the corresponding ADC arrangements 1l6a, 16b and sampling
and timing arrangements 1l7a, 17b, where the respective IF
signals 14a, 14b are sampled at a certain predetermined
sampling frequency and converted to digital signals 22a, 22b.
Each DSP arrangement 18a, 18b is adapted for radar signal
processing of the digital signals 22a, 22b by means of a first
FFT (Fast Fourier Transform) to convert the digital signals
22a, 22b to a range domain, and a second FFT to combine the
results from successive chirp signal ramps into the Doppler

domain in a previously known manner.
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With reference to Figure 2, Figure 4a and Figure 4b, the first
IF filter 33a and the second IF filter 33b are filters of a
kind that have a relatively high degree of rejection of
signals having frequencies exceeding a common filter bandwidth
Bf; in this example 8 MHz. The filters 33a, 33b may be low-pass
filters that have a respective pass band between DC, 0 MHz,
and a corresponding upper frequency fnign, here then between

about 0 — 8 MHz.

As shown in Figure 1 and Figure 2, the first transmitted
signal 4a also results 1in a third reflected signal 5c¢,
indicated with a dotted line, where the third reflected signal
5¢ 1s received by the second receiver 21b via the second
antenna arrangement 13b. This third reflected signal 5c¢ may
cause erroneous detections which should be avoided. Although
not shown, the second transmitted signal 4b may also result in
reflected signals that are received by the first receiver 21la
via the first antenna arrangement 13a. Such signals may also

cause erroneous detections.

According to the present invention, each frequency ramp in the
second plurality of frequency ramps is delayed with a certain
time such that at only one frequency ramp 1in the first
plurality of frequency ramps and only one frequency ramp in
the second plurality of frequency ramps run at the same time
within a margin of 1% during each cycle. In other words, the
second delay time tnz exceeds the first delay time tpi, and the
second ramp period time trz exceeds the first ramp period time
tr1. In this example, the second delay time tnz exceeds the
first delay time tp1 with a certain additional time t. i.e., to
= tpitta. The additional time ta.may be fixed for a particular
transceiver arrangement 10a, 10b, or may be varied from cycle

to cycle.
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More generally, a plurality of frequency ramps in the second
plurality of frequency ramps r: are delayed with corresponding
added times t. such that at 1least one frequency ramp in the
first plurality of frequency ramps and one frequency ramp in
the second plurality of frequency ramps will run such that the
difference 1in frequency between them 1s within the filter
bandwidth Br. For example, this may lead to the situation that
these frequency ramps run at the same time within a margin of

1% during each cycle as indicated above.

In this example, with reference to Figure 3a, the measurement
time for the first cycle toa is 23.55 ms, and contains 256
ramps, each having a ramp time t. of 82 us with a first delay
time tpi of 10 ps between each ramp rl. The rest of the time
before the next cycle can be used only for signal processing
with the RF MMICs powered off to save power. With reference to
Figure 3b, the second cycle time te; is 23.6 ms, and contains
256 ramps each having a ramp time t, of 82 us with a second

delay time tpz of 10.2 us between each ramp.

In this way the ramps r:z of the second chirp signal 4b are slid
past the ramps ri1 of the first chirp signal 4a during a cycle
such that only one frequency ramp in the first plurality of
frequency ramps r: and the second plurality of frequency ramps
r> run at the same time according to the above. Since it 1is
known that only one ramp will experience this for each chirp
signal, it 1is possible to reject the resulting erroneous

detection.

To remove the false detections, two examples o0f possible

approaches follow below.

All ramps in a cycle may be processed using the first FFT to

acquire target information for the targets at different
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ranges. This results 1in a number of complex vectors, which
number corresponds to the number of ramps in a cycle; in this
example 256. For all complex wvectors, one vector element at a
time is analyzed by means of the second FFT, then creating a
two—dimensional matrix in the Doppler domain comprising data
regarding range and relative speed. In other words, first the
first wvector elements of all vectors are analyzed by means of
the second FFT, then the second vector elements of all
vectors, and so on. In the two—-dimensional Doppler domain
matrix, one would normally look for local peaks since a target
will appear as a peak at a distinct range and at a distinct
Doppler. A false target resulting from an erroneous detection,
which is present in only one ramp according to the above, will
appear at a distinct range, but would be spread and can thus

be identified and deleted from further processing.

Alternatively, all ramps in a c¢ycle may Dbe processed
individually using the first FFT to acquire target information
for the targets at different ranges. Each ramp is monitored
for interference signals that are determined to result from
erroneous detections, and then those frequencies are deleted
from the ramp in question; alternatively the complete ramp is
deleted. The second FFT may then be used 1in the 1intended
manner, supposedly without interference due to erroneous

detection.

With reference to Figure 5, the present invention also relates
to a method for a vehicle radar system 3, 3’, where the method
comprises:

26: Generating FMCW (Frequency Modulated Continuous
Wave) chirp signals.

27: Transmitting a first chirp signal 4a via a first

transceiver arrangement 10a, where the first chirp signal 4a
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has at least one cycle of a first plurality of frequency ramps
ri.

28: Transmitting a second chirp signal 4b via a
second transceiver arrangement 10b, where the second chirp
signal 4b has at least one cycle of a second plurality of
frequency ramps r:.

29: receiving reflected signals 5a, b5b via said
transceiver arrangements 10a, 10b.

30: Mixing the received signals 5a, 5b with the
respective transmitted chirp signal 4a, 4b to obtain a
respective first IF (Intermediate Frequency), signal 14a and
second IF signal 14b.

31l: Filtering said IF signals 14a, 14b using a
certain filter bandwidth Br.

32: Delaying a plurality of frequency ramps in the
second plurality of frequency ramps r2 with corresponding added
times t. such that at least one frequency ramp in the first
plurality of frequency ramps and at least one frequency ramp
in the second plurality of frequency ramps run such that the
difference 1in frequency between them 1s within the filter

bandwidth Brs.

As indicated in Figure 1, the vehicle 1 comprises a safety
control unit 35 and safety means 36, for example an emergency
braking system and/or an alarm signal device. The safety
control unit 36 1s arranged to control the safety means 36 in

dependence of input from the radar system 3.

The present invention 1is not limited to the examples above,
but may vary freely within the scope of the appended claims.
For example, the ramp time tr: does not have to be the same for
the first chirp signal 4a and the second chirp signal 4b;

instead the ramp times could be adjusted such that the cycle
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time is the same for the first chirp signal 4a and the second

chirp signal 4b.

Furthermore, the second delay time tpz may exceed the first
delay time tp:x with an additional time that may alter; for
example every second additional time may be 0.5 us and every
other second additional time may be 0 us. This may for example
be the <case where each transmitting antenna arrangement
comprises two spatially separated transmitting antennas, the
chirp signals comprises two consecutive ramps from one
transmitting antenna at a time. The additional time of 0.5 us
is then added after a series of two transmitted ramps, one of
each antenna. All times mentioned are of course only mentioned
by way of example, any suitable times and timing schedules are

clearly possible in a radar system according to the above.

At least a plurality of frequency ramps 1n the second
plurality of frequency ramps r: are delayed with corresponding

times during a cycle.

The radar system may be implemented in any type of vehicle

such as cars, trucks and buses as well as boats and aircraft.

The schematics of wvehicle radar systems are simplified, only
showing parts that are considered relevant for an adequate
description of the present invention. It is understood that
the general design of radar systems of this kind is well-known
in the art. For example, no devices that are arranged to use
the acquired target information is shown, but many different
such devices are of course conceivable; for example a warning

and/or collision avoidance system.

The number of antenna arrangements, antennas within each

antenna arrangement and IF signals may vary.
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The ADC arrangement and the DSP arrangement should each one be
interpreted as having a corresponding ADC or DSP
functionality, and may each be constituted by a plurality of
separate components. Alternatively, each ADC arrangement may
be comprised in one ADC chip, and each DSP arrangement may be

comprised in one DSP chip.

Each antenna arrangement 13a, 13b; 25a, 25b may for example
comprise on Or more antennas, and each antenna may be
constituted by one antenna element or by an array of antenna

elements.

The additional time should be added in such a way that when
the corresponding pluralities of frequency ramps ri, rz in the
chirp signals 4a, 4b overlap, at least one frequency ramp in
the first plurality of frequency ramps rl and at least one
frequency ramp in the second plurality of frequency ramps r2

run at the same time within a margin of 1%, during each cycle.

In the example shown, there has only Dbeen one receiver
channel. Of course, a receiver in this context may be arranged

for a plurality of channels.

Generally, the hardware used to generate the radar signal may
be active only for part of the cycle period and powered down

for the rest of the cycle, i.e. when it i1s not needed.

The first delay time tp; may be changed every N cycles, where N
is an integer. The first delay time tp1 1is previously known or
shared by all transceiver arrangements 10a, 10b within the
same vehicle 1. This may reduce possible interference by a
similar radar system in a nearby vehicle. If all radar sensors

used the same value for the first delay time tp;, external
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radars may be synchronous to within 1% of the victim radar for
all ramps, resulting in undesired interference. Varying the
first delay time tp1 according to the above would reduce such
interference. When tp1 is changed, t. and hence tpz may also

vary.

The filter bandwidth Br may comprise the effect of digital
filters (not shown) in the respective transceiver arrangement

10a, 10b.
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CLAIMS
1. A wvehicle radar system (3) comprising a first
transceiver arrangement (10a) and a second transceiver

arrangement (10b), each transceiver arrangement (10a, 10b)
being arranged for generating FMCW, Frequency Modulated
Continuous Wave, chirp signals, where the first transceiver
arrangement (10a) comprises a first oscillator (23a) and 1is
arranged to transmit a first chirp signal (4a) and where the
second transceiver arrangement (10b) comprises a second
oscillator (23b) and 1s arranged to transmit a second chirp
signal (4b), where the transceiver arrangements (10a, 10b) are
arranged to:

receive reflected signals (5a, 5b);

mix the received signals (5a, 5b) with the respective
transmitted chirp signal (4a, 4b) to obtain a respective first
IF, Intermediate Frequency, signal (l4a) and second IF signal
(14b); and to

filter said IF signals (14a, 14b) with a certain filter
bandwidth (Brg);

where the first chirp signal (4a) comprises at least one cycle
of a first plurality of frequency ramps (ri) and the second
chirp signal (4b) comprises at least one cycle of a second
plurality of frequency ramps (rz) characterized in that a
plurality of frequency ramps 1n the second plurality of
frequency ramps (rz) are delayed with corresponding added times
(ta) such that at least one frequency ramp 1in the first
plurality of frequency ramps and at least one frequency ramp
in the second plurality of frequency ramps run such that the
difference 1in frequency between them 1s within the filter

bandwidth (Bsf).
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2. A wvehicle radar system (3) according to c¢laim 1,
characterized in that each second frequency ramp in the second

plurality of frequency ramps (rz) is delayed.

3. A vehicle radar system (3) according to claim 1,
characterized in that every frequency ramp 1in the second

plurality of frequency ramps (rz) is delayed.

4, A vehicle radar system (3) according to any one of
the preceding claims, characterized in that one frequency ramp
in the first plurality of frequency ramps (r1) and one
frequency ramp (rz) in the second plurality of frequency ramps

run at the same time within a margin of 1% during each cycle.

5. A vehicle radar system (3) according to any one of
the preceding claims, characterized in that the radar system
(3) is arranged to provide input to a safety control unit (35)
that in turn is arranged to control safety means (36), where
the radar system (3), the safety control unit (35) and the

safety means (36) are comprised in a wvehicle (1).

6. A vehicle radar system (3) according to any one of
the preceding claims, characterized in that the radar system
(3) is arranged to:

— process all ramps in a cycle by means of a first FFT,
Fast Fourier Transform, to acquire target information at
different ranges in a plurality of complex vectors that
corresponds to the number of ramps in a cycle;

— analyze one vector element at a time for all complex
vectors by means of a second FFT and then create a two-
dimensional matrix in the Doppler domain comprising data
regarding range and relative speed; and to

— identify erroneous detections and delete these from

further processing.
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7. A vehicle radar system (3) according to any one of
the claims 1-5, characterized in that the radar system (3) 1is
arranged to:

— process all ramps in a c¢ycle individually using a first
FFT, Fast Fourier Transform, to acquire target
information at different ranges;

— monitor each ramp for interference signals that are
determined to result from erroneous detections; and to

— remove those frequencies the ramp 1in question or

alternatively remove the complete ramp.

8. A method for a vehicle radar system (3), where the
method comprises:

(26) generating FMCW, Frequency Modulated Continuous
Wave, chirp signals;

(27) transmitting a first chirp signal (4a) via a
first transceiver arrangement (10a), the first chirp signal
(4a) having at least one cycle of a first plurality of
frequency ramps (r1);

(28) transmitting a second chirp signal (4b) via a
second transceiver arrangement (10b), the second chirp signal
(4b) having at least one cycle of a second plurality of
frequency ramps (rz2);

(29) receiving reflected signals (5a, 5b) via said
transceiver arrangements (10a, 10b);

(30) mixing the received signals (5a, 5b) with the
respective transmitted chirp signal (4a, 4b) to obtain a
respective first IF, Intermediate Frequency, signal (14a) and
second IF signal (14b); and

(31) filtering said IF signals (l14a, 14b) wusing a
certain filter bandwidth (Brg);

characterized in that the method further comprises:
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(32) delaying a plurality of frequency ramps in the
second plurality of frequency ramps (rz) with corresponding
added times (ta) such that at least one frequency ramp in the
first plurality of frequency ramps and at least one frequency
ramp in the second plurality of frequency ramps run such that
the difference in frequency between them is within the filter

bandwidth (Bsf).

9. A method according to claim 8, characterized in that
each second frequency ramp in the second plurality of

frequency ramps (rz2) is delayed.

10. A method according to claim 8, characterized in that
every frequency ramp in the second plurality of frequency

ramps (rz) 1is delayed.

11. A method according to any one of the claims 8-10,
characterized in that one frequency ramp in the first
plurality of frequency ramps (ri) and one frequency ramp (rz)
in the second plurality of frequency ramps run at the same

time within a margin of 1% during each cycle.

12. A method according to any one of the claims 8-11,

characterized in that the method comprises:

— processing all ramps in a cycle by means of a first FFT,
Fast Fourier Transform, to acquire target information at
different ranges in a plurality of complex vectors that
corresponds to the number of ramps in a cycle;

— analyzing one vector element at a time for all complex
vectors by means of a second FFT and then creating a two-—
dimensional matrix in the Doppler domain comprising data
regarding range and relative speed; and

— identifying erroneous detections and deleting these from

further processing.
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13. A method according to any one of the claims 8-11,

characterized in that the method comprises:

— processing all ramps 1in a c¢ycle individually using a
first FFT, Fast Fourier Transform, to acquire target
information at different ranges;

— monitoring each ramp for interference signals that are
determined to result from erroneous detections; and to

— deleting those frequencies from the ramp in gquestion or

alternatively deleting the complete ramp.

14. A method according to any one of the claims 8-13,

characterized in that the hardware used to generate the radar
signal is only active for part of the cycle period and powered

down for the rest of the cycle.

15. A method according to any one of the claims 8-14,
characterized in that the first delay time tp: is changed every

N cycles, where N is an integer.
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