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A radar system includes at least two modules, each having a
phase detector and a first high-frequency source and each
having an antenna output and/or each having one or more
antennas. At least two modules include a device for synchro-
nization between the first high-frequency source of a first
module of the at least two modules and the first high-fre-
quency source of a second module of the at least two modules
of the radar system. The phase detector has a first input for a
first reference signal. The phase detector also has a second
input for a first loop signal. A module for a radar system has
the design of one ofthe modules of the radar system described
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1
MODULAR RADAR SYSTEM

FIELD OF THE INVENTION

The present invention relates to a radar system including at
least two modules, each having a phase detector, a first high-
frequency source and an antenna output and/or each having
one or more antennas. At least two modules include a device
for synchronization between the first high-frequency source
of a first of the at least two modules and the first high-
frequency source of a second of the atleast two modules of the
radar system. The phase detector has a first input for a first
reference signal. Furthermore, the present invention relates to
a module for a radar system.

BACKGROUND INFORMATION

Radar transmitters of radar sensors are operated using a
high-frequency source (an oscillator). The high-frequency
source operates either directly on the frequency emitted in a
regulating loop or operates at a lower frequency which is
multiplied to the frequency to be transmitted. The two fol-
lowing techniques are known for distribution of the transmis-
sion power for long-range radar (LRR), medium-range radar
(MRR) and short-range radar (SRR). A single-beam radar
having electromechanical beam slewing equipment and/or a
passive distribution network may be used. In the latter case,
amplifiers may additionally be provided to compensate for
distribution losses.

PCT International Patent Publication No. WO 2007/
052247 describes a radar system for automatic driving by
providing a multiplex for distributing a reference signal
among four transceiver units. Each transceiver unit includes
four antenna outputs for one antenna each of a phased-array
antenna field. Each antenna is supplied with transmission
power by a separate phase-scanned injection-locked push-
push oscillator (PS-IPPO). The phase of each of the PS-
IPPOs is synchronized in the pull range by a cascade of
upstream PS-IPPOs with a reference signal from a reference
signal generator. Outside of its pull range, the respective
PS-IPPO is a free-wheeling oscillator. Injection-locked oscil-
lators have the disadvantage that it is difficult to influence a
time characteristic of the tracking of the oscillator.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a generic
modular radar system that will facilitate the influencing of the
time characteristic in tracking of the oscillator. In addition, an
object of the present invention is to provide a module for a
radar system having this advantage. This object is achieved
according to the present invention.

The present invention is based on the generic radar system
in that the phase detector has a second input for a first loop
signal, in particular for a first loop signal of a phase-locked
loop (PLL). In particular, a frequency-rigid and/or phase-
rigid coupling of the oscillators may be accomplished in this
way. The antenna systems used for the radar system according
to the present invention may also have an invariable or at least
not continuously variable detection angle or detection direc-
tion. The types of modulation used in the generic radar sys-
tems are usually FM-based, such as FMCW, stepped FM,
stepped CW, multiplex FM or multifrequency modulation
(FM=frequency modulation; FMCW=frequency-modulated
continuous wave).

According to a preferred specific embodiment, the module
has a second high-frequency source and a mixer, which in
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turn has a first input for a second loop signal of the phase-
locked loop, an output of the second high-frequency source
being connected to a second input of the mixer.

In one advantageous specific embodiment, the second
high-frequency source has an input for a second reference
signal.

According to another preferred specific embodiment, each
module has a bus terminal for controlling the module or a
charge pump and/or a filter and/or a first frequency divider
and/or a frequency multiplier and/or a high-frequency power
amplifier.

According to a preferred further embodiment, the module
has a device for providing a synchronization signal for one of
the following modules.

The device for providing the synchronization signal may
preferably include a second frequency divider.

Itis advantageous if each module has a reception converter.

Itis also preferred in particular if the individual modules of
the radar system are activatable and/or deactivatable in a
targeted manner.

According to a further specific embodiment, the modules
of the radar system have an identical design.

Furthermore, the present invention is based on a generic
module for a radar system in that the module has the design of
one of the modules of one of the specific embodiments of the
radar system described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic block diagram of a first specific
embodiment of the radar system according to the present
invention.

FIG. 2 shows a schematic block diagram of a first high-
frequency source of the first, second or third specific embodi-
ment of the radar system according to the present invention.

FIG. 3 shows a schematic block diagram of a second spe-
cific embodiment of the radar system according to the present
invention.

FIG. 4 shows a schematic block diagram of a third specific
embodiment of the radar system according to the present
invention.

DETAILED DESCRIPTION

FIG. 1 shows a schematic block diagram of a first specific
embodiment of radar system 10 according to the present
invention. Radar system 10 includes a plurality of identically
designed modules 12, 14 (radar system modules; high-fre-
quency modules). Each module 12, 14 has an output terminal
16 for a transmission antenna and has an input terminal 18 for
a reference signal 20 and an input terminal 22 for a first loop
signal 24. An input 26 is optionally also provided for each
central clock signal 28. Each module 12, 14 includes a first
high-frequency source 30, whose schematic block diagram is
shown in FIG. 2. First high-frequency source 30 includes a
voltage-controlled high-frequency oscillator 36 (VCO),
which has an input 32 for predetermining the frequency to be
generated and supplies a high-frequency voltage to input 38
of an output amplifier 40. Input 32 of first high-frequency
source 30 for predetermining the frequency to be generated is
connected to an output 34 of a frequency-control component
42 which is known to those skilled in the art and which
includes a phase detector, a charge pump and a filter. Output
amplifier 40 outputs the amplified high-frequency transmis-
sion signal to antenna output 16. Furthermore, high-fre-
quency oscillator 36 or output amplifier 40 relays the high-
frequency signal to an input 44 of a first frequency divider 46.
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An output 45 of first frequency divider 46 supplies a second
loop signal 48, which is sent to a loop output 50 of module 12,
14 and to an input 52 of a second frequency divider 54. Loop
output 50 of master module 12 is connected to a loop input 56
of a third frequency divider 58. A first output 60 of third
frequency divider 58 is connected to loop input 22 of master
module 12. Loop input 22 of each module 12, 14 is connected
to a loop input of frequency control component 42 of particu-
lar module 12, 14. A division ratio of third frequency divider
58 is adjustable via a microcontroller 64 or via a program-
mable integrated circuit 64 (field programmable array
FPGA). Microcontroller 64 and/or FPGA 64 is/are connected
to a third frequency divider 58 via a serial or parallel databus
62. Microcontroller 64 and/or FPGA 64 is/are supplied with
a first clock signal 66 by a clock generator 68. A second clock
signal 70 is sent by clock generator 68 to reference signal
input 18 of master module 12. A reference signal 20 for
reference signal inputs 18 of slave modules 14 is supplied via
reference signal line 72 from loop output 76 of a second
frequency divider 54 of master module 12 via a module ter-
minal 77. Loop input 22 of each slave module 14 is connect-
able to a loop output 76 of second frequency divider 54 of
same particular slave module 14, namely internally within the
module or looped via module terminals 77, 22.

FIG. 3 shows a schematic block diagram of a second spe-
cific embodiment of radar system 10 according to the present
invention. Radar system 10 includes multiple identically
designed modules 12, 14 (radar system modules; high-fre-
quency modules). Each module 12, 14 has an output terminal
16 for a transmission antenna, an input terminal 18 for a
reference signal 20 and an input terminal 22 for a first loop
signal 24. Each module 12, 14 has an input 26 for a central
clock signal 28. Each module 12, 14 includes a first high-
frequency source 30 and a frequency control component 42,
whose cooperation and particular design were described
above. Output amplifier 40 outputs the amplified high-fre-
quency transmission signal to antenna output 16. A second
loop signal 48 from an output 45 of first frequency divider 46
is sent to a first input 80 of a mixer 82. A second high-
frequency source 84 is connected to mixer 82, second high-
frequency sources 84 of modules 12, 14 being synchronized
by a shared clock pulse signal 28 from a clock generator 68 of
radar system 10. A mixed product of mixer 82 of particular
module 12, 14 is sent to loop input 22 of same module 12, 14,
namely internally within the module or looped via module
terminals 85, 22. Loop input 22 of module 12, 14 is connected
to a loop input of frequency control component 42.

Reference signal 20 for reference signal inputs 18 of mas-
ter module 12 and slave module 14 is supplied via a reference
signal line 72 from a modulator output 88 of a modulator 90
(modulation module). Modulation of modulator 90 is adjust-
able via a microcontroller 64 or via a programmable inte-
grated circuit 64 (field programmable array, FPGA). Micro-
controller 64 or FPGA 64 is connected to modulator 90 via a
serial or parallel databus 62. Microcontroller, i.e., FPGA 64
and/or modulator 90, is supplied with a first clock signal 66
from clock generator 68. Modulator 90 supplies a frequency-
modulated or constant reference frequency. This reference
frequency is usually within a range between 10 MHz and 3
GHz and is usually sent to modules 12, 14 via an HF strip
conductor on a substrate. Identical modules 12, 14 provide a
phase-locked step-up of the reference frequency to the trans-
mission frequency. The step-up of the reference frequency
occurs via an offset phase-locked loop 78, which includes a
dielectric resonator 84 (dielectric resonator oscillator, DRO).

FIG. 4 shows a schematic block diagram of a third specific
embodiment of radar system 10 according to the present
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invention. Radar system 10 includes multiple identically
designed modules 12, 14 (radar system modules). Each mod-
ule 12, 14 has an output terminal 16 for a transmission
antenna, an input terminal 18 for a reference signal 20, and an
input terminal 22 for a first loop signal 24. Each module 12,
14 optionally has an input 26 for a central clock signal 28.
Each module 12, 14 includes a first high-frequency source 30
and a frequency control component 42, whose cooperation
and particular designs were described above. Output ampli-
fier 40 outputs the amplified high-frequency transmission
signal to antenna output 16. A second loop signal 48 from an
output 45 of first frequency divider 46 is sent to a loop output
50 of module 12, 14 and to a first input 52 of a second
frequency divider 54. Reference signal input 18 of a down-
stream slave module 14 is connected to output 76 of second
frequency divider 54 inasmuch as it is not the last of the chain
of downstream modules 12, 14. There is only one slave mod-
ule 14 in the degenerate case. First module 12 of the chain of
modules 12, 14 is amaster module 12. In all slave modules 14,
one output 76 of second frequency divider 54 is connected to
a loop input 22 of same module 14, namely internally within
the module or looped via module terminals 77, 22. Loop input
22 of module 12, 14 is connected to a loop input of frequency
control component 42. A first output 60 of third frequency
divider 58 is connected to loop input 22 of master module 12.

A division ratio of third frequency divider 58 is adjustable
via a microcontroller 64 or via an FPGA 64. Microcontroller
64 or FPGA 64 is connected by a serial or parallel databus 62
to third frequency divider 58. Microcontroller 64 is supplied
with a first clock signal 66 from a clock generator 68. A
second clock signal 70 is sent from clock generator 68 to a
reference signal input 18 of master module 12. Loop input 22
of each slave module 14 is connected to loop output 76 of
second frequency divider 54 of same particular slave module
14, namely internally within the module or looped via module
terminals 77, 22.

The signal is thus distributed to slave modules 14 either by
a (modulated) master module 12 (as shown in FIG. 3) or,
depending on the modulation and phase requirements, dis-
tributed by an internal second frequency divider 54 or an
external third frequency divider 58, each preferably being
programmable. A frequency (regulating intermediate fre-
quency) divided down by frequency divider 54, 58 is sent to
additional modules 14 in cascaded or parallel distribution.
FIGS. 1 and 4 show specific embodiments in which the step-
up of regulating intermediate frequency in downstream
coupled modules 14 is accomplished via a phase-locked loop
78 in which the modulation is performed by an external
programmable third frequency divider 58. FIG. 3 shows a
specific embodiment having an offset phase-locked loop 78.
In all specific embodiments, particular power amplifier 40 is
preferably integrated into the particular module.

What is claimed is:

1. A radar system, comprising:

at least two modules, each of the at least two modules
having a phase detector, a first high-frequency source,
and at least one of (a) one antenna output and (b) at least
one antenna; and

a device for synchronization between the first high-fre-
quency source of a first module of the at least two mod-
ules and the first high-frequency source of a second
module of the at least two modules;

wherein the phase detector of each of the at least two
modules has a first input for a first reference signal a
second input for a first loop signal.
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2. The radar system according to claim 1, wherein the first
loop signal is of a phase-locked loop.

3. The radar system according to claim 2, wherein each of
the at least two modules have a second high-frequency source
and a mixer having a first input for a second loop signal of the
phase-locked loop, an output of the second high-frequency
source being connected to a second input of the mixer in each
of the at least two modules.

4. The radar system according to claim 3, wherein the
second high-frequency source has an input for a second ref-
erence signal.

5. The radar system according to claim 1, further compris-
ing:

a bus terminal for controlling at least one of (a) the at least
two modules, (b) a charge pump, (c) a filter, (d) a first
frequency divider, (e) a frequency multiplier and (f) a
high-frequency power amplifier.

6. The radar system according to claim 5, further compris-

ing:

a device for supplying a synchronization signal for at least
one downstream module.
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7. The radar system according to claim 6, further compris-
ing:

a second frequency divider for supplying the synchroniza-

tion signal.

8. The radar system according to claim 1, wherein each of
the at least two modules include a reception converter.

9. The radar system according to claim 1, wherein each of
the at least two modules of the radar system are activated or
deactivated in a targeted manner.

10. The radar system according to claim 1, wherein each of
the at least two modules of the radar system have an identical
design.

11. A module for a radar system, comprising:

a phase detector having a first input for a first reference

signal and a second input for a first loop signal;

a first high-frequency source; and

at least one of (a) one antenna output and (b) at least one

antenna.

12. The module according to claim 11, wherein the first
loop signal is of a phase-locked loop.
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