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(54) DEVICE, SYSTEM AND METHOD FOR CALIBRATION OF RADAR TARGET SIMULATORS

(57) In a first embodiment, a radar target simulator
(10) configured to generate a virtual target for testing a
radar under test (90) is disclosed. The radar target sim-
ulator comprises a radio frequency part (20) configured
to operate with signals at a radio frequency and an inter-
mediate frequency part (40) configured to operate with
signals at an intermediate frequency and a target simu-
lator (50) configured to receive a signal, apply at least
one intended modification at the signal and output the
signal after applying the at least one intended modifica-

tion. The radar target simulator further comprises an an-
tenna (30) configured to receive a signal radiated by the
radar under test and send the signal through a first signal
guider to the target simulator and receive from a second
signal guider a signal that is output by the target simulator
and radiate the signal such that it can be received by the
radar under test. The radar target simulator further com-
prises a calibration port (62) connected at the intermedi-
ate frequency part.



EP 3 812 790 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Filed of invention

[0001] Present invention generally relates to the field of radar testing and calibration. More particularly, the present
invention relates to radar target simulators and their calibration.

Introduction

[0002] Radars are detection systems or sensors that use electromagnetic waves to determine distance to target,
direction and velocity of a target, and target size. A radar usually consists of a transmitting unit, or antenna, that radiates
electromagnetic waves. The frequency of the emitted electromagnetic waves, can be within a wide range of the elec-
tromagnetic spectrum, usually within the radio and microwave part of the spectrum and depends on the use scenario
of the radar. The lower the operational frequency of the radar the higher the detection range, as the transmitted elec-
tromagnetic waves are less attenuated or affected by external factors, e.g. by weather conditions, radar covers, etc. On
the other hand, high frequencies offer a better accuracy and resolution of detection due to the smaller wavelength, but
at the same time are highly susceptible to attenuation.
[0003] An emerging technology is the use of radar systems in automotive industry, particularly for use in driver assist-
ance systems, such as, adaptive cruise control systems, parking aid systems, blind spot detection, collision avoidance,
autonomous emergency braking, lane-change assist, etc. Generally, automotive radars operate with high frequency
signals, such as, 20 to 130 GHz or 20 to 160GHz. Some available automotive radar bands are the 24 GHz narrow-band
(NB) spanning between 24.05 GHz to 24.25 GHz, the 24 GHz ultra-wide band (UWB) spanning between 21.65 to 26.65
GHz, the automotive long-range radar (LRR) band spanning between 76 to 77 GHz and the automotive short-range
radar (SRR) band spanning between 77 to 81 GHz. Usually the operative frequency band of radars are defined by
standardization organizations, such as, the European Telecommunications Standards Institute (ETSI) and Federal Com-
munications Commission (FCC).
[0004] For a better radar measurement accuracy, radars are generally tested and calibrated. During testing and
calibration, the radars are set to perform a radar measurement, which may consist of measuring distance, velocity and/or
size of a known or reference target. A known or reference target is a target wherein at least one of the target’s distance,
direction and velocity relative to the radar and size are priori known or measured. The radar measurements are compared
with the priori known information and the accuracy of the radar measurement can be checked. This can allow for
calibrating the radar or providing calibration parameters such that the error in the future radar measurements can be
compensated for. At the same time, the radar testing allows checking or proving if the radar conforms to standards
and/or regulations. That is, radar testing can check if the error of the radar measurements is within a predefined range
(usually defined by a respective authority or standardization organization).
[0005] The use of physical reference targets for testing and calibrating radars, though it may be satisfactory in some
regards it has certain drawbacks, such as, it may require a lot of time and effort to create the measurement setup (e.g.
providing the reference target to a specific distance or velocity relative to the radar). Further, creating the measurement
setup may be prone to errors. For example, there may be an offset between the real and intended distance that the
reference target is provided relative to the radar. As a consequence, the testing and calibration of the radar will not only
measure errors of the radar but also errors coming from setting up the reference target and the radar. Thus, the radar
testing may suffer from inferior results.
[0006] To alleviate such problems, radar target simulators (RTS) are developed and generally used for testing radars.
The radar target simulators can be configured to generate virtual targets with a specific size or distance from the radar,
simulate moving (i.e. dynamic) targets and even multiple targets instantaneously. They can be used to test and calibrate
radars without the need of providing or measuring a physical reference target.
[0007] Generally, the radar target simulator can be positioned inside an anechoic chamber. The radar to be tested or
the radar under test (RUT) is positioned inside the anechoic chamber in front of the radar target simulator. The radar
emits a measuring signal which can be received by the radar target simulator. The radar target simulator can comprise
an antenna configured to receive the radar measuring signals. The radar target simulator modifies the received radar
measuring signal by delaying, attenuating and/or changing its frequency and transmits the modified radar measuring
signal back to the radar. The modification to the radar measuring signal can for example simulate a specific distance to
a target (by delaying the signal), and/or velocity of the target (by frequency shifting the signal) and/or size of a target (by
attenuating the signal). In other words, by modifying the radar measuring signal properties, the radar target simulator
can generate virtual target properties, such as, distance, size and velocity. The radar can then receive the modified
measuring signal and measure distance, velocity and/or size of the virtual target. By comparing the radar measurements
with the simulated or virtual target properties, the error performed by the radar can be estimated. This can allow for radar
testing (e.g. conformity to regulations and standards) and calibration.
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[0008] However, during the transmission of the radar measuring signal from the radar to the RTS and back to the
radar other factors can modify the radar measuring signals as well, in addition to the intended modifications realized by
the RTS to simulate target properties. Some of such modifications, which can be referred as unintended modifications
may comprise modifications to the radar measuring signal caused by the wireless channel between the radar and the
RTS antenna (e.g. the measurement chamber or anechoic chamber), modifications caused by the internal components
of the RTS, antenna of the RTS, etc.
[0009] The unintended modifications can introduce errors during the testing and calibration of a radar with an RTS.
For example, the RTS can be configured to purposefully (i.e. for the purpose of simulating a target) attenuate the
measuring signal of the radar under test by 20dB before reflecting it back to the radar under test. However, due to non-
desired effects (i.e. unintended modifications), the measuring signal when received by the radar under test can be
attenuated by 23dB (i.e. 3 dB attenuation is caused by non-desired or unintended effects). As a result, the error of the
radar under test can be overestimated (in the provided illustrative example by 3 dB).
[0010] To improve the accuracy of radar testing, a calibration of the RTS device may be advantageous. Sensor
manufactures typically demand a one-year calibration period of the RTS device. During calibration, the RTS can be
checked whether it can accurately simulate target properties and the error performed by the RTS when simulating target
properties can be measured (i.e. quantified).
[0011] Current conventional calibration techniques generally consist of performing calibrating measurements at the
radar frequency (e.g. 24 - 130 GHz or 24-160 GHz for automotive radars). Such measurements can be performed by
radio frequency (RF) measurement instruments configured to perform measurements at high frequencies (e.g. 24 - 130
GHz or 24-160 GHz).
[0012] For example, for distance measurement typically network analyzers and frequency extenders are required.
The network analyzer can perform measurements in the frequency range of the radar (e.g. in radio frequency 24 - 130
GHz or 24-160 GHz). More particularly, the network analyzer can transmit a signal in the radio frequency range (e.g.
between 24 - 130 GHz or 24-160 GHz, such as, a signal centered at 24 GHz, or 76 - 77 GHz). The RTS receives the
signal, modifies the signal to simulate the target and transmits (or "reflects") the signal back to the network analyzer.
The network analyzer measures the power of the signal transmitted back (or reflected) by the RTS. In other words,
considering the network analyzer and the RTS as a one-port network (or a two-port network depending on the configuration
of the RTS and/or the network analyzer), the network analyzer measures the S11 scattering parameter, i.e. the reflection
coefficient. Then the measurements of the network analyzer, generally performed in the frequency domain, can be
transformed in the time-domain to get the distance and size information of the targets. This can allow to check if the
RTS simulates the target properties properly.
[0013] Typically, current calibration measurements of the RTS devices are performed in two ways: connected meas-
urements and over-the-air measurements. For performing connected measurements, the RTS is typically removed from
the measurement chamber (which always bares the risk of damaging the device). Then, the antenna is removed from
the RTS and the frequency extenders of the network analyzer are connected to the RTS waveguide flange and the target
distance and size are measured (as described above). The calibration measurements can be repeated at several fre-
quency steps. The calibration can be performed on-site (wherein the RTS operates) or in a specialized laboratory. This
kind of calibration can also be performed after production of an RTS system.
[0014] For over-the-air measurements the RTS may not need to be removed from the chamber but the principle
remains the same. At the frequency extender of the network analyzer an antenna is connected and placed at the position
wherein the radars under test are provided in the measurement chamber. The calibrating measurement is then conducted
the same as described above for connected measurements.
[0015] Though present RTS calibration techniques may be satisfactory to some extent, they comprise certain draw-
backs. In both the above described RTS calibration techniques, the calibration measurement can be challenging to
perform as very complex, large and cost-inefficient measurement equipment (e.g. network analyzers with frequency
extenders, configured to operate at high radio frequencies) may be needed and the measurement process may require
highly trained and skilled staff to be performed. Further, disadvantageous can be the removal of the RTS from the
measurement chamber which always bares the risk of damaging the RTS and/or the measurement chamber. Also,
performing the calibration measurement outside the measurement chamber may not allow for measuring and calibrating
unintended signal modification coming from the measurement chamber.
[0016] Furthermore, as current calibration techniques generally require the need of highly specialized people to be
performed and/or removing the RTS from the anechoic chamber they may require more time than it may be needed for
this task to be performed. This is particularly disadvantageous when the RTS is part of a production line, wherein the
production may need to be halted for extended amount of times.
[0017] Furthermore, due to changes or amortizations of the measurement environment (i.e. measurement chamber,
e.g. anechoic chamber) or of the radar target simulator, it is typically required that the radar target simulator is calibrated
periodically. It can typically be required, to calibrate the radar target simulators every one or two years. However, due
to the complexity, extended time required and cost of calibrating the RTS with present techniques, operators of the RTS
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may be discouraged to perform the calibration of the RTS systems regularly as may be suggested. As a result, the
testing of the radars can become an erroneous process over time.
[0018] Thus, there is a need to simplify the calibration process of radar target simulators.

Summary

[0019] The present invention provides a system and a method to simplify the calibration of a radar target simulator.
[0020] In a first embodiment a radar target simulator configured to generate a virtual target for testing a radar is
disclosed. The radar that can be tested by the radar target simulator is also referred as a radar under test (RUT).
[0021] In some embodiments, the radar under test which can be tested by the radar target simulator, can be an
automotive radar that can be configured for use in driver assistance systems, such as, adaptive cruise control systems,
parking aid systems, blind spot detection, collision avoidance, autonomous emergency braking, lane-change assist, etc.
Generally, automotive radars can operate with high frequency signals, such as, 20 to 130 GHz or 24-160 GHz. More
particularly automotive radars can operate at the 24 GHz narrow-band (NB) spanning between 24.05 GHz to 24.25 GHz,
the 24 GHz ultra-wide band (UWB) spanning between 21.65 to 26.65 GHz, the automotive long-range radar (LRR) band
spanning between 76 to 77 GHz and the automotive short-range radar (SRR) band spanning between 77 to 81 GHz.
[0022] The radar target simulator according to the first embodiment consists of a radio frequency part and an inter-
mediate frequency part. The radio frequency part is configured to operate with signals at a radio frequency. That is, any
further element or component that can be comprised by the radar target simulator in the radio frequency part can be
configured to operate with signals at radio frequency. On the other hand, the intermediate frequency part is configured
to operate with signals at an intermediate frequency. That is, any further element or component that can be further
comprised by the radar target simulator in the intermediate frequency part can be configured to operate with signals at
intermediate frequency.
[0023] The radar target simulator further comprises a target simulator. The target simulator is configured to receive a
signal. For example, the target simulator can comprise a signal input port wherein a signal can be provided (i.e. input)
to the target simulator. The target simulator is further configured to apply at least one intended modification at the signal.
That is, the target simulator can be configured to apply at least one intended modification at a signal that the target
simulator can receive on its input port or on a signal that traverses through the target simulator. By modifying the signal,
the target simulator can generate a virtual target. For example, the target simulator can modify a signal initially generated
by a radar under test in a similar manner that the signal initially generated by the radar can be modified if travelling from
the radar to a physical target and being reflected by the physical target back to the radar. Further, the target simulator
is configured to output the signal after applying the at least one intended modification. For example, the target simulator
can comprise a signal output port, wherein the target simulator can output the modified signal at a further device (e.g.
a signal guider).
[0024] The radar target simulator further comprises an antenna. The antenna is configured to receive a signal radiated
by the radar under test. That is, the antenna can be configured to operate at the same or at least similar frequencies as
the radar under test. Further, the antenna is configured to send the signal through a first signal guider to the target
simulator. In other words, the first signal guider can be configured to guide a signal from the antenna to the target
simulator. The antenna can provide a received signal by the radar under test to the first signal guider which can guide
the received signal to the target simulator.
[0025] The antenna of the radar target simulator is further configured to receive from a second signal guider a signal
that is output by the target simulator. In other words, the second signal guider can be configured to guide a signal from
the target simulator to the antenna. The target simulator can output a signal to the second signal guider which can then
guide the signal to the antenna. The antenna is further configured to radiate the signal such that it can be received by
the radar under test.
[0026] Thus, the radar target simulator can generate a virtual target for testing a radar. For example, during a radar
testing, the radar under test can radiate a signal, which will be referred as a measuring signal. The measuring signal
radiated by the radar under test can be captured by the antenna of the radar target simulator. The measuring signal can
be sent through the first signal guider to the target simulator. The target simulator, by modifying the measuring signal,
can simulate at least one target property, such as, a distance of a target from the radar under test, a velocity of a target
relative to the radar under test and a size of a target. Through the second signal guider the modified measuring signal
(i.e. the measuring signal after being modified by the target simulator) can be sent from the target simulator to the
antenna. The antenna can then transmit the modified measuring signal to the radar under test. The radar under test can
measure the modified measuring signal and can estimate at least one target property. The measured target properties
by the radar under test can be compared with simulated target properties and the comparison can be used to test the
accuracy of the radar under test.
[0027] The radar target simulator according to the present invention further comprises a calibration port. The calibration
port is configured to facilitate the calibration of the radar target simulator.
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[0028] In general, the calibration of the radar target simulator may consist of measuring at least one unintended
modification that can be caused to a signal while testing a radar. As discussed above, the radar target simulator can be
configured to generate a virtual target for testing a radar under test. During testing of the radar under test a measuring
signal generated by the radar under test can be received by the antenna of the radar target simulator, can be modified
with at least one intended modification by the target simulator for generating the virtual target, and the modified measuring
signal can be sent to the radar under test. However, the measuring signal while traversing from the radar under test to
the target simulator and back to the radar under test can be further modified by unintended modifications that can be
caused by signal guiders (guiding the measuring signal inside the radar target simulator), by internal components of the
radar target simulator, by the antenna and/or by the measurement chamber (i.e. the environment wherein the testing of
the radar under test is performed).
[0029] In contrast to the intended modifications performed by the target simulator to the measuring signal, the unin-
tended modifications can be unknown. The calibration of the radar target simulator, facilitated by the calibration port,
consists of measuring the unintended modifications. Hence, the unintended modifications can be compensated for when
testing the radar under test, which can improve the accuracy of the radar testing.
[0030] The calibration port, according to the present invention, is provided at the intermediate frequency part of the
radar target simulator. This is particularly advantageous, as it can allow the calibration of the radar target simulator to
be performed with intermediate frequency signals and devices or measuring instruments configured to operate at the
intermediate frequency. Generally, devices configured to operate at intermediate frequencies (which are typically sig-
nificantly lower than radio frequencies) are less complex, small and comprise a high mobility compared to devices
configured to operate at high radio frequencies.
[0031] In this regard, the calibration port provided at the intermediate frequency part, may allow for calibrating the
radar target simulator on-site - i.e. on the measurement chamber wherein the radar testing is performed. In one hand
this reduces the time required to perform the calibration of the radar target simulator, as the radar target simulator may
not need to be removed from the measurement chamber. On the other hand, it lowers the risk of damaging the radar
target simulator and/or the measurement chamber. Further still, performing the calibration without removing the radar
target simulator from the measurement chamber may allow for a measurement of the unintended modifications added
by the measurement chamber to the measuring signal. This is advantageous, particularly over conventional radar target
simulator calibration means, which are typically performed at radio frequency and may generally require the removal of
the radar target simulator from the measurement chamber or even transporting the radar target simulator to a specialized
laboratory.
[0032] The calibration port provided at the intermediate frequency part, may further allow the use of less complex
measurement devices that can be used for calibrating the radar target simulator. The measurement devices can be
configured to operate at intermediate frequencies which are generally much lower than radio frequencies. The operation
at intermediate frequencies can allow the measurement devices to be less complex and simple to use. For example,
instead of comprising waveguides (generally used for guiding high frequency signals, such as, radio frequency signals),
the measurement devices configured to operate at intermediate frequency can comprise coaxial cables as signal guiders.
In this aspect, for example, connecting coaxial cables (e.g. connecting the measurement device to the calibration port)
can be a simpler and less error prone task compared to connecting waveguides.
[0033] Hence, the calibration port provided at the intermediate frequency part can simplify the task of calibrating the
radar target simulator. This may allow the calibration of the radar target simulator to be performed by the operators of
the radar target simulator. This is advantageous, particularly over conventional radar target simulator calibration means,
which usually require highly specialized professionals (e.g. capable of operating high frequency measurement devices)
or even transporting the radar target simulator to specialized laboratories.
[0034] Thus, the present invention provides radar target simulator comprising a radio frequency part and an interme-
diate frequency part and wherein a calibration port configured for calibrating the radar target simulator is provided in the
intermediate frequency part. The calibration port provided in the intermediate frequency part can simplify the task of
calibrating a radar target simulator, may increase the accuracy of performing the calibration and can allow for the use
of less complex measurement devices for calibrating the radar target simulator. This can encourage the operators of
the radar target simulator to regularly or frequently perform the calibration of the radar target simulator which can
contribute on improving the accuracy of the radar target simulator and radar testing.
[0035] In some embodiments, the intermediate frequency can be at least 1 GHz and at most 6 GHz. It will be noted,
that the intermediate frequency range between 1 to 6 GHz is provided as a mere example and is not intended to be
limiting. In general, the intermediate frequency range can comprise any range of frequencies typically lower than the
radio frequencies. However, generally low intermediate frequencies may be advantageous as they can be more easily
to operate, handle or process.
[0036] In some embodiments, the radio frequency can be at least 20 GHz and at most 130 GHz. In some embodiments,
the radio frequency can be at least 20 GHz and at most 160 GHz. In some of such embodiments, the radio frequency
can be between 24.05 GHz to 24.25 GHz. Alternatively, the radio frequency can be between 21.65 to 26.65 GHz.
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Alternatively, the radio frequency can be between 76 to 77 GHz. Alternatively, the radio frequency can be between 77
to 81 GHz. That is, in some particular embodiments radio frequency can be configured to comprise the automotive radar
frequency bands.
[0037] In some embodiments, the antenna can be configured to receive and radiate at least one electromagnetic signal
with a bandwidth centered at the radio frequency. This can allow the antenna to send and receive signals to/from the
radar under test.
[0038] In some embodiments, the antenna can be a horn antenna.
[0039] In some embodiments, the at least one intended modification applied by the target simulator can comprise
delaying a signal that the target simulator can receive as input. This can allow the target simulator to simulate a distance
of the target. More particularly, the delay that the target simulator can add to a measuring signal can be measured by
the radar under test as a distance to a target. Alternatively or additionally, the target simulator can be configured for
changing the frequency of a signal that the target simulator can receive as input. This can allow the target simulator to
simulate a velocity of the target. More particularly, the frequency shift that the target simulator can perform to a measuring
signal can be measured by the radar under test as a velocity of a target. Alternatively or additionally, the target simulator
can be configured for attenuating or amplifying a signal that the target simulator can receive as input. This can allow the
target simulator to simulate size of the target.
[0040] In some embodiments, the target simulator can be provided in the intermediate frequency part.
[0041] In some embodiments, the target simulator can be configured to receive a signal with a bandwidth centered at
the intermediate frequency, apply at least one intended modification at the signal and output the signal after applying
the at least one intended modification.
[0042] In some embodiments, the signal that can be output by the target simulator can comprise a bandwidth centered
at the intermediate frequency.
[0043] In some embodiments, the first signal guider can comprise a first radio frequency signal guider that can be
configured to guide a signal with a bandwidth centered at the radio frequency and a first intermediate frequency signal
guider that can be configured to guide a signal with a bandwidth centered at the intermediate frequency. That is, the
first signal guider that can be configured to guide a signal from the antenna to the target simulator can be composed of
two signal guiders: a first radio frequency signal guider and a first intermediate frequency signal guider. For example,
the first radio frequency signal guider can be a waveguide and the first intermediate signal guider can be a coaxial cable.
[0044] The radar target simulator can further comprise a frequency down converter. The frequency down converter
can comprise an input port and an output port and can be configured to receive at the input port a signal with a bandwidth
centered at the radio frequency, convert the frequency of the received signal at the input port from the radio frequency
to the intermediate frequency and output the converted signal at the output port.
[0045] In such embodiments, the first radio frequency signal guider can be connected at the input port of the frequency
down converter and the first intermediate frequency signal guider can be connected to the output port of the frequency
down converter. The frequency down converter can be configured as an interface between the first radio frequency
signal guider and the first intermediate frequency signal guider, converting the signals from the radio frequency to the
intermediate frequency while passing the signal from the first radio frequency signal guider to the first intermediate
frequency signal guider. In other words, the frequency down converter can be configured as an interface between the
radio frequency part and the intermediate frequency part of the radar target simulator.
[0046] This can be advantageous in embodiments wherein the target simulator operates with intermediate frequency
signals. That is, the target simulator may not directly modify radio frequency signals that can be received by the antenna.
Thus, the frequency down converter can be provided between the signal path from the antenna to the target simulator
and can convert the frequency of the signals received by the antenna from radio frequency to intermediate frequency
before providing the signals to the target simulator. Further, the first signal guider can be configured to guide radio
frequency signals from the antenna to the frequency down converter and to guide intermediate frequency signals from
the frequency down converter to the target simulator.
[0047] In some embodiments, the second signal guider can comprise a second radio frequency signal guider configured
to guide a signal with a bandwidth centered at the radio frequency and a second intermediate frequency signal guider
configured to guide a signal with a bandwidth centered at the intermediate frequency. That is, the second signal guider
that can be configured to guide a signal from the target simulator to the antenna can be composed of two signal guiders:
a second intermediate frequency signal guider and a second radio frequency signal guider. For example, the second
radio frequency signal guider can be a waveguide and the second intermediate signal guider can be a coaxial cable.
[0048] The radar target simulator can further comprise a frequency up converter. The frequency up converter can
comprise an input port and an output port and can be configured to receive at the input port a signal with a bandwidth
centered at the intermediate frequency, convert the frequency of the received signal at the input port from the intermediate
frequency to the radio frequency and output the converted signal at the output port.
[0049] In such embodiments, the second intermediate frequency signal guider can be connected at the input port of
the frequency up converter and the second radio frequency signal guider can be connected to the output port of the
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frequency up converter. The frequency up converter can be configured as an interface between the second intermediate
frequency signal guider and the second radio frequency signal guider, converting the signals from the intermediate
frequency to the radio frequency while passing the signal from the second intermediate frequency signal guider to the
second radio frequency signal guider. In other words, the frequency up converter can be configured as an interface
between the intermediate frequency part and the radio frequency part of the radar target simulator.
[0050] This can be advantageous in embodiments wherein the target simulator operates with intermediate frequency
signals. That is, the target simulator may not directly modify radio frequency signals that can be received by the antenna.
Thus, the frequency up converter can be provided between the signal path from the target simulator to the antenna and
can convert the frequency of the signals output by the target simulator from the intermediate frequency to radio frequency
before providing the signals to the target simulator. The antenna can then transmit the signals at the radio frequency.
Further the second signal guider can be configured to guide intermediate frequency signals from target simulator to the
frequency up converter and to guide radio frequency signals from the frequency up converter to antenna.
[0051] In some embodiments, the first signal guider and the second signal guider can comprise a common antenna
signal guider and wherein the antenna signal guider can be connected to the antenna. The common antenna signal
guider can be connected with the first and the second signal guider with a connector, such as, a circulator. The connector,
can be configured to direct a signal received from the second signal guider to the common antenna connector and to
direct a signal received from the common antenna connector to the first signal guider.
[0052] In other words, the radar target simulator may comprise a connector configured for connecting or interfacing
at least three signal guiders. For example, the connector can have at least three ports wherein each port can be configured
to be connected with a signal guider. A signal guider can be connected in one endpoint to the connector and on the
other endpoint to the antenna. The first signal guider and the second signal guider can be connected on other respective
ports of the connector. The connector can be configured to direct a signal coming from the second signal guider to the
antenna signal guider and a signal coming from the antenna signal guider to the first signal guider. For example, the
connector can be a circulator in which a signal entering any of its ports can be transmitted to the next port in rotation. A
port in this context, can be a point where an external waveguide or transmission line (in general referred as signal guider),
connects to the circulator.
[0053] In some embodiments, wherein the first signal guider comprises a first radio frequency signal guider and a first
intermediate frequency signal guider, the calibration port can be connected to the first intermediate frequency signal
guider.
[0054] Alternatively, in embodiments wherein the second signal guider comprises a second radio frequency signal
guider and a second intermediate frequency signal guider, the calibration port can be connected to the second interme-
diate frequency signal guider.
[0055] That is, in general the calibration port can be configured to be connected with at least one signal guider of the
radar target simulator configured to guide signals with intermediate frequency, such as, 1 to 6 GHz. Hence, the calibration
port can allow to perform the calibration of the radar target simulator at the intermediate frequency domain (i.e. with
intermediate frequency signals or devices configured to operate with intermediate frequency signals).
[0056] In some embodiments, the calibration port can be configured to be connected with at least one measurement
device. The measurement device can be configured to operate at the intermediate frequency, such as, between 1 - 6
GHz. Generally, devices configured to operate at intermediate frequencies (which are typically significantly lower than
radio frequencies) are less complex, small in size and comprise a high mobility.
[0057] The measurement device can comprise a network analyzer and the calibration port can be configured to be
connected to the network analyzer. The network analyzer can typically be an instrument configured to measure the
network parameters of an electrical network in the scalar (scalar network analyzer) or vector (vector network analyzer)
form. Generally, network analyzers commonly measure s-parameters (also referred as scattering parameters) because
reflection and transmission of electrical networks can be easy to measure, particularly at high frequencies. However,
since the calibration port is provided at the intermediate frequency part of the radar target simulator, the network analyzer
can be configured to operate at intermediate frequency. Thus, the network analyzer can be configured to measure other
network parameters, such as y-parameters, z-parameters, and h-parameters with more ease. That is, it can be a less
complex task to configure a network analyzer to measure other network parameters, such as, y-parameters, z-param-
eters, and h-parameters. This may provide more information for calibrating the radar target simulator.
[0058] For example, the network analyzer can be configured to generate a calibration signal with known signal pa-
rameters (e.g. time of generation, amplitude, power, phase) which can traverse a preconfigured calibration path (e.g. a
signal path directing the signal through the internal components of the radar target simulator). Further, the network
analyzer can be configured to receive measure at least one property (e.g. time of reception, amplitude, power, phase)
of the calibration signal after the calibration signal traverses the calibration path. Based on the known properties of the
generated signal and the measured properties of the received calibration signal (after it traverses the calibration path)
an unintended modification that can be caused on a signal traversing the calibration path by the elements of the calibration
path can be determined and can be used for calibrating the radar target simulator.
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[0059] In some embodiments, the measurement device can comprise a signal generator and the calibration port can
be configured to be connected to the signal generator. The signal generator can be advantageous as it may be configured
to input a calibration signal at the radar target simulator through the calibration port.
[0060] In some embodiments, the measurement device can comprise a power meter and the calibration port can be
configured to be connected to the power meter. The power meter can be configured to measure the power of a signal.
[0061] For example, in the calibration port the signal generator and the power meter can be connected. The signal
generator can generate a calibration signal which can traverse a preconfigured calibration path (e.g. a signal path
directing the signal through the internal components of the radar target simulator). The power meter can then measure
the power of the calibration signal after the calibration signal traverses the calibration path. For example, a difference
between the transmission power of the signal as generated by the signal generator and the received power as measured
by the power meter can be used to determine the attenuation of the calibration path.
[0062] In some embodiments, the measurement device may consist of multiple devices, such as, a measurement
instrument and a processing unit and/or memory device. For example, the measurement device may comprise a network
analyzer and a processing unit, e.g. a computer, laptop, workstation, server, or the like, connected to the network
analyzer. The processing unit can receive network measurement from the network analyzer and can facilitate calculating
calibration parameters. In another example, the measurement device may comprise a network analyzer and a memory
unit configured for data storage (e.g. a USB). The network analyzer can be configured to send data related to the
measurements it performs (e.g. trace files) to the memory unit. The memory unit, which can preferably be a non-volatile
storage device, may store the measurement data.
[0063] The radar target simulator can further comprise an intermediate frequency port in the intermediate frequency
part.
[0064] In some embodiments, wherein the first signal guider comprises a first radio frequency signal guider and a first
intermediate frequency signal guider, the intermediate frequency port can be connected to the first intermediate frequency
signal guider. The connection between the intermediate frequency port and the first intermediate frequency signal guider
can comprise an intermediate frequency port switch configured to connect and disconnect the intermediate frequency
port from the first intermediate frequency signal guider.
[0065] In some embodiments, the radar target simulator can further comprise a radio frequency port in the radio
frequency part.
[0066] In some embodiments wherein the radar target simulator comprises the connector, the radio frequency port
can be further connected to the connector. That is, the connector can be configured for connection at least for signal
guiders. For example, the connector can comprise a fourth port wherein the radio frequency port can be connected. The
connector can be further configured to direct a signal received from the second signal guider to the radio frequency port.
In some embodiments, the radio frequency port can be configured to be connected to a radio frequency measurement
device, such as, a radio frequency power meter. This can be advantageous as it may allow for a power measurement
of a signal in the radio frequency part.
[0067] In some embodiments the measurement device can be integrated into the radar target simulator. This can allow
the calibration measurement to be performed, e.g., automatically, at short intervals, to check the stability of the radar
target simulator. In such embodiments, it can be particularly advantageous to integrate the measurement device into
the IF part of the radar target simulator by utilizing couplers and/or switches.
[0068] In a second embodiment a radar target simulator calibration method is disclosed. The method comprises
providing a radar target simulator configured to generate a virtual target for testing a radar under test. The radar target
simulator is provided according to first embodiment, as discussed above.
[0069] The method further comprises providing in the intermediate frequency part of the radar target simulator a
calibration port and connecting a measurement device to the calibration port. This is particularly advantageous, as it
can allow the calibration of the radar target simulator to be performed with intermediate frequency signals and the use
of measurement devices configured to operate at the intermediate frequency.
[0070] In this regard, providing the calibration port at the intermediate frequency part of the radar target simulator,
may allow for carrying out the method on sight - i.e. on the measurement chamber wherein the radar testing is performed.
In one hand this can reduce the time required to carry out the method, as the radar target simulator may not need to be
removed from the measurement chamber. On the other hand, it lowers the risk of damaging the radar target simulator
and/or the measurement chamber. Further still, performing the calibration without removing the radar target simulator
from the measurement chamber may allow for a measurement of the unintended modifications added by the measurement
chamber to the measuring signal. This is advantageous, particularly over conventional radar target simulator calibration
methods, which are typically performed at radio frequency and may generally require the removal of the radar target
simulator from the measurement chamber or even transporting the radar target simulator to a specialized laboratory.
[0071] The calibration port provided at the intermediate frequency part, may further allow the use of less complex
measurement devices that can be used for calibrating the radar target simulator. The measurement devices can be
configured to operate at intermediate frequencies which are generally much lower than radio frequencies. For example,
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instead of using complex network analyzer configured for measuring radio frequency signals, simpler network analyzers
configured for measuring signals at the intermediate frequency can be used. The operation at intermediate frequencies
can allow the measurement devices to be less complex and simple to use. For example, instead of comprising waveguides
(generally used for guiding high frequency signals, such as, radio frequency signals), the measurement devices config-
ured to operate at intermediate frequency can comprise coaxial cables as signal guiders. In this aspect, for example,
connecting coaxial cables (e.g. connecting the measurement device to the calibration port) can be a simpler and more
error-proof task compared to connecting waveguides.
[0072] Hence, the calibration port provided at the intermediate frequency part can simplify the task of calibrating the
radar target simulator. This may allow the calibration of the radar target simulator to be performed by the operators of
the radar target simulator. This is advantageous, particularly over conventional radar target simulator calibration means,
which usually require highly specialized professionals (e.g. capable of operating high frequency measurement devices).
[0073] Thus, the present invention provides a radar target simulator calibration method comprising providing at the
intermediate frequency part of the radar target simulator a calibration port. The calibration port provided in the intermediate
frequency part can simplify the task of calibrating a radar target simulator, may increase the accuracy of performing the
calibration and can allow for the use of less complex measurement devices for calibrating the radar target simulator.
This can encourage the operators of the radar target simulator to regularly or frequently perform the method of calibrating
the radar target simulator which can contribute on improving the accuracy of the radar target simulator and radar under
test testing.
[0074] The method further comprises generating with the measurement device a calibration signal with a bandwidth
centered at the intermediate frequency. The calibration signal can be generated with known properties. For example,
the time of generation, frequency, bandwidth, shape, amplitude, power, phase of the calibration signal as generated by
the measurement device can be known or predefined.
[0075] Further the method comprises configuring a calibration path. The calibration path can be configured to allow
the calibration signal to pass through predefined components or elements. The predefined components of the calibration
path may include internal components of the radar target simulator, such as, signal guiders, target simulator, frequency
converters, connectors, switches, etc. The predefined components of the calibration path may also include the antenna
of the radar target simulator. The calibration path may also allow the signal to traverse through a portion of the environment
wherein the radar target simulator can be positioned when measuring the radar under test. Said environment can be
referred as a measurement chamber and can typically be an anechoic chamber.
[0076] The method further comprises the calibration signal traversing the calibration path. During this step, the cali-
bration signal can be modified. That is, at least one property of the calibration signal, such as, frequency, bandwidth,
shape, amplitude, power, phase can be changed - which change is caused by at least one component of the calibration
path. The modifications of the calibration signal may comprise intended modification and unintended modifications. The
intended modification can be caused by the target simulator of the radar target simulator configured to modify a signal
that passes through it for generating a virtual target. The unintended modifications may include any other modification
caused to the calibration signal while traversing the calibration path. Hence, the unintended modifications if not com-
pensated may cause the radar target simulator to generate the virtual target differently than it intends or is configured to.
[0077] The method further comprises, calibrating the radar target simulator based on a difference between the cali-
bration signal before and after traversing the calibration path. In this step, the unintended modifications caused by the
calibration path to the calibration signal can be calculated, measured and/or estimated. Hence, the calibration of the
radar target simulator may consist on defining a set of parameters used to compensate for the unintended modifications
when the radar target simulator generates a virtual target. By calibrating the radar target simulator, i.e. by compensating
for the unintended modification, the accuracy that the radar target simulator simulates properties of a target during testing
of a radar under test can be improved.
[0078] In some embodiments, the calibration signal may traverse the calibration path a plurality of times. In such
embodiments, the method can comprise calibrating the radar target simulator based on a difference between the cali-
bration signal after traversing the calibration path once and after traversing the calibration path the plurality of times. In
such embodiments, the RTS and more particularly the calibration path can be configured such that a signal may circulate
in the calibration path. For example, the calibration path may be a closed loop. This can be realized, inter alia, by
connecting the input calibration port with the output calibration port. For example, the measurement device can be
coupled into the IF part of the RTS (e.g. using 2 couplers).
[0079] That is, in some embodiments a relative measurement can be performed by comparing the calibration signal
after traversing the calibration path once with the calibration signal after traversing the calibrations path a plurality of
times. The calibration signal can pass through the calibration path multiple times, e.g., by coupling the input calibration
port with the output calibration port. This can simulate a target at multiple times the target distance. In such embodiments
it can be advantageous to compare the calibration signal which passed the calibration path once (at single target distance)
with the signal which passed the calibration path multiple times, e.g., twice (at multiple, e.g., double target distance).
This can be particularly advantageous as the need to calibrate the measurement device can be alleviated.
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[0080] That is, in some embodiments, the calibration signal can traverse the calibration path once. In such embodi-
ments, the method can comprise, calibrating the radar target simulator based on a difference between the calibration
signal before and after traversing the calibration path. Alternatively, the calibration signal can traverse the calibration
path a plurality of times. In such embodiments, the method can comprise at least one of: calibrating the radar target
simulator based on a difference between the calibration signal before and after traversing the calibration path and
calibrating the radar target simulator based on a difference between the calibration signal after traversing the calibration
path once and after traversing the calibration path the plurality of times.
[0081] In some embodiments, the measurement device may consist of multiple devices, such as, a measurement
instrument and a processing unit and/or memory device. For example, the measurement device may comprise a network
analyzer and a processing unit, e.g. a computer, laptop, workstation, server, or the like, connected to the network
analyzer. The processing unit can receive network measurement from the network analyzer and can facilitate calculating
calibration parameters. In another example, the measurement device may comprise a network analyzer and a memory
unit configured for data storage (e.g. a USB). The network analyzer can be configured to send data related to the
measurements it performs (e.g. trace files) to the memory unit. The memory unit, which can preferably be a non-volatile
storage device, may store the measurement data.
[0082] In some embodiments, the intermediate frequency can be at least 1 GHz and at most 6 GHz.
[0083] In some embodiments, the radio frequency can be at least 20 GHz and at most 130 GHz. In some embodiments,
the radio frequency can be at least 20 GHz and at most 160 GHz. In some of such embodiments, the radio frequency
can be between 24.05 GHz to 24.25 GHz. Alternatively, the radio frequency can be between 21.65 to 26.65 GHz.
Alternatively, the radio frequency can be between 76 to 77 GHz. Alternatively, the radio frequency can be between 77
to 81 GHz. That is, in some particular embodiments radio frequency can be configured to comprise the automotive radar
frequency bands.
[0084] In some embodiments, the method can comprise the measurement device generating the calibration signal
and outputting the calibration signal to a first endpoint of the calibration path. The first endpoint of the calibration path
can be an input port of the calibration path, for example, an input port provided by the calibration port. For example, the
input port of the calibration path can be configured to be connected with an output port of a measurement device. Hence,
the measurement device may output the calibration signal through its output port and the calibration signal may be input
to the calibration path through the input port of calibration path.
[0085] The method can further comprise, the measurement device receiving the calibration signal at a second endpoint
of the calibration path after the calibration signal traverses the calibration path. The second endpoint of the calibration
path can be an output port of the calibration path, for example, an output port provided by the calibration port. For
example, the output port of the calibration path can be configured to be connected with an input port of a measurement
device. Hence, the calibration signal after traversing the calibration path can be output from the calibration path through
the output port of the calibration path and the calibration signal may be received by the measurement device through
the input port of the measurement device.
[0086] The method can further comprise the measurement device recording or storing a first timestamp indicating the
time the measurement device generates and outputs the calibration signal in the first endpoint of the calibration path.
The method can further comprise, recording or storing a second timestamp indicating the time the measurement device
receives the calibration signal at a second endpoint of the calibration path after the calibration signal traverses the
calibration path. Further the method can comprise determining a time delay for the calibration signal to traverse the
calibration path based on a difference between the first timestamp and the second timestamp and calibrating the radar
target simulator based on the determined time delay. For example, the calculation of the time delay for the calibration
signal to traverse the calibration path can be performed by a processing unit comprised by the measurement device
(e.g. connected to measurement instrument or comprised by the measurement instrument).
[0087] The method can further comprise the measurement device recording or storing a first frequency indicating the
frequency the measurement device generates and outputs the calibration signal in the first endpoint of the calibration
path. The method can further comprise, recording or storing a second frequency indicating the frequency the measure-
ment device receives the calibration signal at a second endpoint of the calibration path after the calibration signal
traverses the calibration path. Further the method can comprise determining a frequency shift caused to the calibration
signal while traversing the calibration path based on a difference between the first frequency and the second frequency
and calibrating the radar target simulator based on the determined frequency shift. For example, the calculation of the
frequency shift caused to the calibration signal while traversing the calibration path can be performed by a processing
unit comprised by the measurement device (e.g. connected to measurement instrument or comprised by the measure-
ment instrument).
[0088] The method can further comprise the measurement device recording or storing a first power indicating the
power the measurement device generates and outputs the calibration signal in the first endpoint of the calibration path.
The method can further comprise, recording or storing a second power indicating the power the measurement device
receives the calibration signal at a second endpoint of the calibration path after the calibration signal traverses the
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calibration path. Further the method can comprise determining an attenuation caused to the calibration signal while
traversing the calibration path based on a difference between the first power and the second power and calibrating the
radar target simulator based on the determined attenuation. For example, the calculation of the attenuation caused to
the calibration signal while traversing the calibration path can be performed by a processing unit comprised by the
measurement device (e.g. connected to measurement instrument or comprised by the measurement instrument).
[0089] In some embodiments, the calibration path can comprise an internal calibration path allowing the calibration
signal to traverse at least one internal component of the radar target simulator. This can facilitate the calculation of at
least one unintended modification that can be caused by the at least one internal component of the radar target simulator.
[0090] The at least one internal component of the radar target simulator is at least one of: the target simulator, a
frequency up converter, a connector, a frequency down converter, the calibration port and respective signal guiders
configured to guide signals, such as, the calibration signals, between two connected internal components of the radar
target simulator.
[0091] For example, the calibration signal may traverse from the measurement device to the target simulator and then
to the frequency up converter and then to the connector which directs the calibration signal to the frequency down
converter and then to the measurement device and through respective signal guiders configured to guide signals, such
as, the calibration signals, between any two connected internal components of the radar target simulator. That is, the
calibration signal performs a round trip through the internal components of the radar target simulator.
[0092] The internal calibration path may thus allow determining the time delay, frequency shift and/or attenuation
caused by the at least one internal component of the radar target simulator. Further, the internal calibration path may
facilitate determining the unintended time delay, frequency shift and/or attenuation caused by the at least one internal
component of the radar target simulator. Alternatively or additionally, the internal calibration path may facilitate measuring
a frequency response of at least one internal component of the radar target simulator, which can represent the relation
between the gain (or attenuation) versus frequency. Alternatively or additionally, the calibration measurement may
comprise measuring a noise figure, which can indicate the increase of noise in the signal caused by at least one internal
component of the RTS. Thus, the unintended modification caused by the at least one internal component of the radar
target simulator can be used to calibrate the radar target simulator (e.g. compensate their effects) during testing of a
radar under test
[0093] In some embodiments, the calibration path comprises an antenna calibration path allowing the calibration signal
to traverse at least one internal component of the radar target simulator and the antenna.
[0094] Configuring the antenna path may preferably comprise providing a reflector element in front of the antenna,
such that, it reduces or blocks the radiation of the calibration signal by the antenna and wherein the reflector element is
configured to comprise a high reflection coefficient, such as, a reflection coefficient of at least 0.9. That is, the reflector
element can be configured to "short circuit" the antenna. Hence, the calibration signal instead of being radiated by the
antenna can be reflected back by the reflector element. This can allow the calibration signal to perform a round trip
through the internal components of the radar target simulator and through the antenna.
[0095] For example, the calibration signal can traverse from the measurement device to the target simulator and then
to the frequency up converter and then to the connector which direct the calibration signal to the antenna and then to
the reflector element which reflects the calibration signal, and then to the connector which directs the calibration signal
to the to the frequency down converter and then to the measurement device and through respective signal guiders
configured to guide signals, such as, the calibration signals, between any two connected internal components of the
radar target simulator.
[0096] The antenna calibration path can thus allow to determine the combined time delay, combined frequency shift
and/or combined attenuation caused by the at least one internal component of the radar target simulator and the antenna.
[0097] Further, measuring or using an already calculated time delay, frequency shift and/or attenuation caused by the
at least one internal component of the radar target simulator (which can be calculated by allowing the calibration signal
to traverse the internal calibration path only, as discussed above) and the combined time delay, frequency shift and/or
attenuation caused by the at least one internal component of the radar target simulator and the antenna, the time delay,
frequency shift and/or attenuation caused only by the antenna can be calculated. That is, a combination of calibrating
measurements performed using the internal calibration path and the antenna calibration path may allow for the calculation
of modifications caused only by the antenna of the radar target simulator. This can be advantageous as it may allow to
locate where the main unintended modifications are being performed to the calibration signal - whether it is the antenna
or the at least one internal component of the radar target simulator.
[0098] In some embodiments, the calibration path can comprise a chamber calibration path allowing the calibration
signal to traverse at least one internal component of the radar target simulator, the antenna and through a portion of the
measurement chamber. The measurement chamber can be the environment wherein the radar target simulator and the
radar under test are positioned for testing of the radar under test.
[0099] Configuring the chamber calibration path may preferably comprise providing a reference target in front of the
antenna and at a distance from the antenna, such as, 50 to 200 cm, preferably at a position wherein the radar under
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test is provided when the radar target simulator tests the radar under test. In other words, the calibration path may allow
for a round trip of the calibration signal through the internal components of the radar target simulator, the antenna and
the measurement chamber. To put simply, the chamber calibration path may be the same path or similar to the path a
measuring signal generated by the radar under test during its testing can follow (not including the path of the signal
inside the radar under test).
[0100] For example, the calibration signal can traverse from the measurement device to the target simulator and then
to the frequency up converter and then to the connector which direct the calibration signal to the antenna which radiates
the calibration signal to a portion of the measurement chamber and wherein the radiated calibration signal hits the
reference target which reflects the radiated calibration signal which is then received by the antenna and then to the
connector which directs the calibration signal to the to the frequency down converter and then to the measurement
device and through respective signal guiders configured to guide signals, such as, the calibration signals, between any
two connected internal components of the radar target simulator.
[0101] The chamber calibration path can thus allow to determine the combined time delay, combined frequency shift
and/or combined attenuation caused by the at least one internal component of the radar target simulator and the antenna
and the measurement chamber.
[0102] Further, measuring or using an already calculated time delay, frequency shift and/or attenuation caused by the
at least one internal component of the radar target simulator (which can be calculated by allowing the calibration signal
to traverse the internal calibration path only, as discussed above) and the combined time delay, frequency shift and/or
attenuation caused by the at least one internal component of the radar target simulator and the antenna and the meas-
urement chamber, the time delay, frequency shift and/or attenuation caused by the antenna and the measurement
chamber can be calculated. Similarly, measuring or using an already calculated time delay, frequency shift and/or
attenuation caused by the at least one internal component of the radar target simulator and the antenna and using the
combined time delay, combined frequency shift and/or combined attenuation caused by the at least one internal com-
ponent of the radar target simulator and the antenna and the measurement chamber, the time delay, frequency shift
and/or attenuation caused by the measurement chamber can be calculated. Thus, a calibration of the radar target
simulator considering the effects of the calibration chamber can be performed and allowed by the present invention.
[0103] In a third embodiment, a system configured to calibrate a radar target simulator comprising a radar target
simulator according to the first embodiment and a measurement device connected with the radar target simulator at the
calibration port of the radar target simulator and wherein the measurement device is used to calibrate the radar target
simulator according to the method of the second embodiment is disclosed.
[0104] In some embodiments of the system, the radar target simulator and the measurement device can be integrated
into a single device.
[0105] In a forth embodiment, a system configured to calibrate a radar target simulator comprising a radar target
simulator according to the first embodiment and a measurement device integrated into the radar target simulator and
connected to the calibration port of the radar target simulator and wherein the measurement device is used to calibrate
the radar target simulator according to the method of the second embodiment is disclosed.

Numbered Embodiments

[0106] Below further numbered embodiments of the invention will be discussed.
[0107] Below, device embodiments will be discussed. These embodiments are abbreviated by the letter "D" followed
by a number. Whenever reference is herein made to "device embodiments", these embodiments are meant.
[0108] D1. A radar target simulator (10) configured to generate a virtual target for testing a radar under test (90)
comprising:

a radio frequency part (20) configured to operate with signals at a radio frequency; and

an intermediate frequency part (40) configured to operate with signals at an intermediate frequency; and

a target simulator (50) configured to receive a signal, apply at least one intended modification at the signal and
output the signal after applying the at least one intended modification;

an antenna (30) configured to

receive a signal radiated by the radar under test (90) and
send the signal through a first signal guider to the target simulator (50) and
receive from a second signal guider a signal that is output by the target simulator (50) and
radiate the signal such that it can be received by the radar under test (90);
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a calibration port (62) connected at the intermediate frequency part (40).

------------------------------------- Frequency definitions -------------------------------------

[0109]

D2. A radar target simulator (10) according to the preceding device embodiment, wherein the intermediate frequency
is lower than the radio frequency, such as, at least 1 GHz and at most 6 GHz.

D3. A radar target simulator (10) according to any of the preceding device embodiments, wherein the radio frequency
is at least 20 GHz and at most 130 GHz.

D3A. A radar target simulator (10) according to any of the preceding device embodiments, wherein the radio frequency
is at least 20 GHz and at most 160 GHz.

D4. A radar target simulator (10) according to the preceding device embodiment, wherein the radio frequency is
between 24.05 GHz to 24.25 GHz.

D5. A radar target simulator (10) according to embodiment D3, wherein the radio frequency is between 21.65 to
26.65 GHz.

D6. A radar target simulator (10) according to embodiment D3, wherein the radio frequency is between 76 to 77 GHz.

D7. A radar target simulator (10) according to embodiment D3, wherein the radio frequency is between 77 to 81 GHz.

----------------------------------------- Antenna -------------------------------------

[0110]

D8. A radar target simulator (10) according to any of the preceding device embodiments, wherein the antenna (30)
is configured to receive and radiate at least one electromagnetic signal with a bandwidth centered at the radio
frequency.

D9. A radar target simulator (10) according to any of the preceding device embodiments, wherein the antenna (30)
is a horn antenna (30).

------------------------------------- Target Simulator -------------------------------------

[0111]

D10. A radar target simulator (10) according to any of the preceding device embodiments, wherein the at least one
intended modification applied by the target simulator (50) comprises at least one of:

delaying the signal;

changing the frequency of the signal;

attenuating the signal.

D11. A radar target simulator (10) according to the preceding device embodiment, wherein the target simulator (50)
is provided in the intermediate frequency part (40).

D12. A radar target simulator (10) according to the preceding device embodiment, wherein the target simulator (50)
is configured to receive a signal with a bandwidth centered at the intermediate frequency, apply at least one intended
modification at the signal and output the signal after applying the at least one intended modification.

D13. A radar target simulator (10) according to the preceding device embodiment, wherein the signal that is output
by the target simulator (50) comprises a bandwidth centered at the intermediate frequency.
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------------------------------------ Frequency Down Conversion -------------------------------------

[0112]

D14. A radar target simulator (10) according to any of the preceding device embodiments, wherein the first signal
guider comprises
a first radio frequency signal guider configured to guide a signal with a bandwidth centered at the radio frequency; and
a first intermediate frequency signal guider configured to guide a signal with a bandwidth centered at the intermediate
frequency.

D15. A radar target simulator (10) according to any of the preceding device embodiments, further comprising a
frequency down converter (24) comprising an input port and an output port and wherein the frequency down converter
(24) is configured to
receive at its input port a signal with a bandwidth centered at the radio frequency;
convert the frequency of the received signal at its input port from the radio frequency to the intermediate frequency;
output the converted signal at its output port.

D16. A radar target simulator (10) according to the 2 preceding device embodiments, wherein the first radio frequency
signal guider is connected at the input port of the frequency down converter (24) and the first intermediate frequency
signal guider is connected to the output port of the frequency down converter (24).

------------------------------------- Frequency Up Conversion -------------------------------------

[0113]

D17. A radar target simulator (10) according to any of the preceding device embodiments, wherein the second signal
guider comprises
a second radio frequency signal guider configured to guide a signal with a bandwidth centered at the radio frequency;
and
a second intermediate frequency signal guider configured to guide a signal with a bandwidth centered at the inter-
mediate frequency.

D18. A radar target simulator (10) according to any of the preceding device embodiments, further comprising a
frequency up converter (42) comprising an input port and an output port and wherein the frequency up converter
(42) is configured to
receive at its input port a signal with a bandwidth centered at the intermediate frequency;
convert the frequency of the received signal at its input port from the intermediate frequency to the radio frequency;
output the converted signal at its output port.

D19. A radar target simulator (10) according to the 2 preceding device embodiments, wherein the second radio
frequency signal guider is connected at the output port of the frequency up converter (42) and the second intermediate
frequency signal guider is connected to the input port of the frequency up converter (42).

----------------------------------------- Antenna Connector -------------------------------------

[0114]

D20. A radar target simulator (10) according to any of the preceding device embodiments, wherein the first signal
guider and the second signal guider comprise a common antenna signal guider and wherein the antenna signal
guider is connected to the antenna (30).

D21. A radar target simulator (10) according to the preceding device embodiment, wherein the common antenna
signal guider is connected with the first and the second signal guider with a connector (26), such as, a circulator
(26) or coupler (26).

D22. A radar target simulator (10) according to the preceding device embodiment, wherein the connector (26), such
as, the circulator 26 or couple (26), is configured to direct a signal received from the second signal guider to the
common antenna connector and to direct a signal received from the common antenna connector to the first signal
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guider.

---------------------------------------- Calibration port -------------------------------------

[0115]

D23. A radar target simulator (10) according to any of the preceding device embodiments and with the features of
embodiment D14, wherein the calibration port (62) is connected to the first intermediate frequency signal guider.

D24. A radar target simulator (10) according to any of the preceding device embodiments and with the features of
embodiment D17, wherein the calibration port (62) is connected to the second intermediate frequency signal guider.

D25. A radar target simulator (10) according to any of the preceding device embodiments, wherein the calibration
port (62) is configured to be connected with at least one measurement device (60).

[0116] For example, the measurement device can be coupled to the calibration port, e.g., using 2 couplers. In such
embodiments a first coupler may allow the measuring device to sample (i.e. measure) a signal in the calibration port
and a second coupler may allow the measurement device to provide a signal to the calibration port.

D26. A radar target simulator (10) according to the preceding device embodiment, wherein the measurement device
(60) is configured to operate at the intermediate frequency, such as, between 1 - 6 GHz.

D27. A radar target simulator (10) according to the preceding device embodiment, wherein the measurement device
(60) comprises a network analyzer (60) and the calibration port (62) is configured to be connected to the network
analyzer (60).

D28. A radar target simulator (10) according to the preceding device embodiment, wherein the measurement device
(60) comprises a signal generator and the calibration port (62) is configured to be connected to the signal generator
(60).

D29. A radar target simulator (10) according to the preceding device embodiment, wherein the measurement device
(60) comprises a power meter (60) and the calibration port (62) is configured to be connected to the power meter (60).

----------------------------------------------- IF port --------------------------------------------

[0117]

D30. A radar target simulator (10) according to any of the preceding device embodiments, further comprising an
intermediate frequency port (44) in the intermediate frequency part (40).

D31. A radar target simulator (10) according to the preceding device embodiment and with the features of embodiment
D14, wherein the intermediate frequency port (44) is connected to the first intermediate frequency signal guider.

D32. A radar target simulator (10) according to the preceding device embodiment, wherein the connection between
the intermediate frequency port (44) and the first intermediate frequency signal guider comprises an intermediate
frequency port couple (46) configured to couple the intermediate frequency port (44) to the first intermediate frequency
signal guider.

---------------------------------------------- RF port --------------------------------------------

[0118]

D33. A radar target simulator (10) according to any of the preceding device embodiments, further comprising a radio
frequency port (72) in the radio frequency part (20).

D34. A radar target simulator (10) according to the preceding device embodiment and with the features of embodiment
D21, wherein the radio frequency port (72) is further connected to the connector (26).
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D35. A radar target simulator (10) according to the preceding device embodiment, wherein the connector (26) is
further configured to direct a signal received from the second signal guider to the radio frequency port (72).

D36. A radar target simulator (10) according to any of the 3 preceding device embodiments, wherein the radio
frequency port (72) is configured to be connected to a radio frequency measurement device, such as, a radio
frequency power meter.

---------------------------------------- Multiple Targets ----------------------------------------

[0119]

D37. A radar target simulator (10) according to any of the preceding device embodiments, wherein the target simulator
(50) is configured to simulate a plurality of virtual targets.

D38. A radar target simulator (10) according to the preceding device embodiments, wherein the target simulator
(50) is configured to simulate a plurality of targets by applying multiple delays to the received signal.

------------------------------------- Integrated measurement device -------------------------------------

[0120] D39. A radar target simulator according to any of the preceding device embodiments and with the features of
embodiment D25, wherein the measurement device (60) is integrated into the radar target simulator.
[0121] That is, the measurement device can be provided internal to the radar target simulator.
[0122] Below, method embodiments will be discussed. These embodiments are abbreviated by the letter "M" followed
by a number. Whenever reference is herein made to "method embodiments", these embodiments are meant.

M0. A radar target simulator calibration method comprising:

(a) providing a radar target simulator (10) configured to generate a virtual target for testing a radar under test
(90) comprising:

a radio frequency part (20) configured to operate with signals at a radio frequency; and
an intermediate frequency part (40) configured to operate with signals at an intermediate frequency; and
a target simulator (50) configured to receive a signal, apply at least one intended modification at the signal
and output the signal after applying the at least one intended modification;
an antenna (30) configured to
receive a signal radiated by the radar under test (90) and
send the signal through a first signal guider to the target simulator (50) and
receive from a second signal guider a signal that is output by the target simulator (50) and
radiate the signal such that it can be received by the radar under test (90);

(b) providing in the intermediate frequency part (40) of the radar target simulator (10) a calibration port (62);

(c) connecting a measurement device (60) to the calibration port (62);

(d) generating with the measurement device (60) a calibration signal with a bandwidth centered at the interme-
diate frequency;

(e) configuring a calibration path;

(f) the calibration signal traversing the calibration path;

(g) calibrating the radar target simulator (10) based on a difference between the calibration signal before and
after traversing the calibration path.

M0A. A method according to the preceding embodiment wherein the calibration signal traversing the calibration
path comprises the calibration signal traversing the calibration path a plurality of times.

[0123] For example, the input calibration port and the output calibration port can be short circuited.
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M0B. A method according to the preceding embodiment, wherein the method comprises calibrating the radar target
simulator (10) based on a difference between the calibration signal after traversing the calibration path once and
after traversing the calibration path the plurality of times.

M0C. A method according to any of the 2 preceding embodiments, wherein the method comprises
the measurement device (60) recording at least one of a first timestamp, a first frequency and a first signal power
of the calibration signal after traversing the calibration path once;
the measurement device (60) recording at least one of a second timestamp, a second frequency and a second
signal power of the calibration signal after traversing the calibration path the plurality of times.

M0D. A method according to the preceding embodiment, wherein the method comprises determining at least one of

- a time delay for the calibration signal to traverse the calibration path based on a difference between the first
timestamp and the second timestamp;

- a frequency shift of the calibration signal based on a difference between the first frequency and the second
frequency;

- an attenuation of the calibration signal based on a difference between the first signal power and the second
signal power;

- a noise figure indicating a noise added to the calibration signal while traversing the calibration path; and
- a frequency response indicating a relation between the attenuation versus frequency of the calibration signal

while traversing the calibration path.

M0E. The method according to the preceding embodiment and with the features of embodiment M0B, wherein
calibrating the radar target simulator (10) comprises
calibrating the radar target simulator (10) based on at least one of the determined time delay, the determined
frequency shift, the determined attenuation, the determined noise figure and the determined frequency response.

M1. A radar target simulator calibration method comprising:

(a) providing a radar target simulator (10) configured to generate a virtual target for testing a radar under test
(90) comprising:

a radio frequency part (20) configured to operate with signals at a radio frequency; and
an intermediate frequency part (40) configured to operate with signals at an intermediate frequency; and
a target simulator (50) configured to receive a signal, apply at least one intended modification at the signal
and output the signal after applying the at least one intended modification;
an antenna (30) configured to
receive a signal radiated by the radar under test (90) and
send the signal through a first signal guider to the target simulator (50) and
receive from a second signal guider a signal that is output by the target simulator (50) and
radiate the signal such that it can be received by the radar under test (90);

(b) providing in the intermediate frequency part (40) of the radar target simulator (10) a calibration port (62);

(c) connecting a measurement device (60) to the calibration port (62);

(d) generating with the measurement device (60) a calibration signal with a bandwidth centered at the interme-
diate frequency;

(e) configuring a calibration path;

(f) the calibration signal traversing the calibration path;

(g) calibrating the radar target simulator (10) based on a difference between the calibration signal before and
after traversing the calibration path.
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------------------------------------- Frequency definitions -------------------------------------

[0124]

M2. A method according to any of the preceding method embodiments, wherein the intermediate frequency is lower
than the radio frequency, such as, at least 1 GHz and at most 6 GHz.

M3. A method according to any of the preceding method embodiments, wherein the radio frequency is at least 20
GHz and at most 130 GHz.

M3A. A method according to any of the preceding method embodiments, wherein the radio frequency is at least 20
GHz and at most 160 GHz.

M4. A method according to the preceding method embodiment, wherein the radio frequency is between 24.05 GHz
to 24.25 GHz

M5. A method according to embodiment M3, wherein the radio frequency is between 21.65 to 26.65 GHz.

M6. A method according to embodiment M3, wherein the radio frequency is between 76 to 77 GHz.

M7. A method according to embodiment M3, wherein the radio frequency is between 77 to 81 GHz.

---------------------------------------- Connections ---------------------------------------------

[0125]

M8. A method according to any of the preceding method embodiments, wherein the step of providing the radar
target simulator (10) comprises providing the radar target simulator (10) according to any of the preceding device
embodiments.

M9. A method according to any of the preceding method embodiments, wherein the step of providing in the inter-
mediate frequency part of the radar target simulator (10) a calibration port (62) comprises providing the calibration
port (62) according to any of the device embodiments D23 to D29.

M9A. A method according to any of the preceding method embodiments, wherein the step of providing in the
intermediate frequency part of the radar target simulator (10) a calibration port (62) comprises providing the calibration
port (62) according to embodiment D39.

------------------------------------- Calibrating Measurements -------------------------------------

[0126]

M10. A method according to any of the preceding method embodiments, the method comprising

the measurement device (60) in step (d) generating the calibration signal and outputting the calibration signal
to a first endpoint of the calibration path and

the measurement device (60) receiving the calibration signal at a second endpoint of the calibration path after
the calibration signal traverses the calibration path.

M11. A method according to the preceding embodiment, the method further comprising the measurement device (60)

recording a first timestamp indicating the time the measurement device (60) generates the calibration signal
and outputs the calibration signal in a first endpoint of the calibration path and

recording a second timestamp indicating the time the measurement device (60) receives the calibration signal
at a second endpoint of the calibration path after the calibration signal traverses the calibration path and
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determining a time delay for the calibration signal to traverse the calibration path based on a difference between
the first timestamp and the second timestamp and

calibrating the radar target simulator (10) based on the determined time delay.

M12. A method according to any of the 2 preceding embodiments, the method further comprising the measurement
device (60)

recording a first frequency indicating the frequency of the calibration signal as generated by the measurement
device (60) and

recording a second frequency indicating the frequency of the calibration signal as received by the measurement
device (60) after the calibration signal traverses the calibration path and

determining a frequency shift of the calibration signal based on a difference between the first frequency and
the second frequency and

calibrating the radar target simulator (10) based on the determined frequency shift.

M13. A method according to any of the 3 preceding embodiments, the method further comprising the measurement
device (60)

recording a first signal power indicating the power of the calibration signal as generated by the measurement
device (60) and

recording a second signal power indicating the power of the calibration signal as received by the measurement
device (60) after the calibration signal traverses the calibration path and

determining an attenuation of the calibration signal based on a difference between the first signal power and
the second signal power and

calibrating the radar target simulator (10) based on the determined attenuation.

----------------------------------- Internal Calibration Path ------------------------------------

[0127]

M14. A method according to any of the preceding method embodiments wherein the calibration path comprises an
internal calibration path allowing the calibration signal to traverse at least one internal component of the radar target
simulator (10).

M15. A method according to the preceding embodiment, wherein the at least one internal component of the radar
target simulator (10) is at least one of:
the target simulator (50), a frequency up converter (42), a connector (26), a frequency down converter (24), the
calibration port (62) and respective signal guiders configured to guide signals, such as, the calibration signals,
between two connected internal components of the radar target simulator (10).

M16. A method according to the preceding embodiment, wherein the calibration signal traverses
from the measurement device (60) to the target simulator (50) and then to the frequency up converter (42) and then
to the connector (26) which directs the calibration signal to the frequency down converter (24) and then to the
measurement device (60)
and through respective signal guiders configured to guide signals, such as, the calibration signals, between any two
connected internal components of the radar target simulator (10).

M17. A method according to any of the 3 preceding embodiments and with the features of embodiment M11, wherein
the method comprises determining the time delay caused by the at least one internal component of the radar target
simulator (10).
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M18. A method according to any of the 4 preceding embodiments and with the features of embodiment M12, wherein
the method comprises determining the frequency shift caused by the at least one internal component of the radar
target simulator (10).

M19. A method according to any of the 5 preceding embodiments and with the features of embodiment M13, wherein
the method comprises determining the attenuation caused by the at least one internal component of the radar target
simulator (10).

----------------------------------- Antenna Calibration Path ------------------------------------

[0128]

M20. A method according to any of the preceding method embodiments wherein the calibration path comprises an
antenna calibration path allowing the calibration signal to traverse at least one internal component of the radar target
simulator (10) and the antenna (30).

M21. A method according to the preceding embodiment, wherein the at least one internal component of the radar
target simulator is at least one of:
the target simulator (50), a frequency up converter (42), a connector (26), a frequency down converter (24), the
calibration port (62) and respective signal guiders configured to guide signals, such as, the calibration signals,
between two connected internal components of the radar target simulator (10).

M22. A method according to any of the 2 preceding embodiments, the method comprising providing a reflector
element (64) in front of the antenna, such that, it reduces or blocks or reflects back the radiation of the calibration
signal by the antenna (30) and wherein the reflector element is configured to comprise a high reflection coefficient,
such as, a reflection coefficient of at least.

M23. A method according to the 2 preceding embodiments, wherein the calibration signal traverses
from the measurement device (60) to the target simulator (50) and then to the frequency up converter (42) and then
to the connector (26) which direct the calibration signal to the antenna (30) and then to the reflector element (64)
which reflects the calibration signal, and then to the connector (26) which directs the calibration signal to the to the
frequency down converter (24) and then to the measurement device
and through respective signal guiders configured to guide signals, such as, the calibration signals, between any two
connected internal components of the radar target simulator (10) and antenna (30).

M24. A method according to any of the 4 preceding embodiments and with the features of embodiment M11, wherein
the method comprises determining the time delay caused by the at least one internal component of the radar target
simulator (10) and the antenna (30).

M25. A method according to the preceding embodiment and with the features of embodiment M17, wherein the
method comprises determining a time delay caused by the antenna (30) based on the time delay caused by the at
least one internal component of the radar target simulator (10) and the time delay caused the at least one internal
component of the radar target simulator (10) and the antenna (30).

M26. A method according to any of the 5 preceding embodiments and with the features of embodiment M12, wherein
the method comprises determining the frequency shift caused by the at least one internal component of the radar
target simulator (10) and the antenna (30).

M27. A method according to the preceding embodiment and with the features of embodiment M18, wherein the
method comprises determining a frequency shift caused by the antenna (30) based on the frequency shift caused
by the at least one internal component of the radar target simulator (10) and the frequency shift caused the at least
one internal component of the radar target simulator (10) and the antenna (30).

M28. A method according to any of the 6 preceding embodiments and with the features of embodiment M13, wherein
the method comprises determining the attenuation caused by the at least one internal component of the radar target
simulator (10) and the antenna (30).

M29. A method according to the preceding embodiment and with the features of embodiment M19, wherein the
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method comprises determining an attenuation caused by the antenna (30) based on the attenuation caused by the
at least one internal component of the radar target simulator (10) and the attenuation caused the at least one internal
component of the radar target simulator (10) and the antenna (30).

---------------------------------- Chamber Calibration Path ------------------------------------

[0129]

M30. A method according to any of the preceding method embodiments wherein the calibration path comprises a
chamber calibration path allowing the calibration signal to traverse at least one internal component of the radar
target simulator (10) and the antenna (30) and through a portion of the measurement chamber wherein the meas-
urement chamber is the environment wherein the radar target simulator (10) and the radar under test (90) are
positioned for testing of the radar under test (90).

M31. A method according to the preceding embodiment, wherein the at least one internal component of the radar
target simulator (10) is at least one of:
the target simulator (50), a frequency up converter (42), a connector (26), a frequency down converter (24), the
calibration port (62) and respective signal guiders configured to guide signals, such as, the calibration signals,
between two connected internal components of the radar target simulator (10).

M32. A method according to any of the 2 preceding embodiments, the method comprising providing a reference
target in front of the antenna and at a distance from the antenna, such as, 50 to 200 cm, preferably at a position
wherein the radar under test (90) is provided when the radar target simulator (10) tests the radar under test (90).

M33. A method according to the 2 preceding embodiments, wherein the calibration signal traverses
from the measurement device (60) to the target simulator (50) and then to the frequency up converter (42) and then
to the connector (26) which directs the calibration signal to the antenna (30) which radiates the calibration signal to
a portion of the measurement chamber and wherein the radiated calibration signal hits the reference target (64)
which reflects the radiated calibration signal which is then received by the antenna (30) and then to the connector
(26) which directs the calibration signal to the frequency down converter (24) and then to the measurement device (60)
and through respective signal guiders configured to guide signals, such as, the calibration signals, between any two
connected internal components of the radar target simulator (10) and the antenna (30).

M34. A method according to any of the 4 preceding embodiments and with the features of embodiment M11, wherein
the method comprises determining the time delay caused by the at least one internal component of the radar target
simulator (10) and the antenna (30) and the portion of the measurement chamber traversed by the calibration signal.

M35. A method according to the preceding embodiment and with the features of embodiment M24, wherein the
method comprises determining a time delay caused by the portion of the measurement chamber traversed by the
calibration signal based on the time delay caused by the at least one internal component of the radar target simulator
(10) and the antenna (30) and the time delay caused the at least one internal component of the radar target simulator
(10) and the antenna (30) and the portion of the measurement chamber traversed by the calibration signal.

M36. A method according to any of the 5 preceding embodiments and with the features of embodiment M12, wherein
the method comprises determining the frequency shift caused by the at least one internal component of the radar
target simulator (10) and the antenna (30) and the portion of the measurement chamber traversed by the calibration
signal.

M37. A method according to the preceding embodiment and with the features of embodiment M26, wherein the
method comprises determining a frequency shift caused by the portion of the measurement chamber traversed by
the calibration signal based on the frequency shift caused by the at least one internal component of the radar target
simulator (10) and the antenna (30) and the frequency shift caused the at least one internal component of the radar
target simulator (10) and the antenna (30) and the portion of the measurement chamber traversed by the calibration
signal.

M38. A method according to any of the 6 preceding embodiments and with the features of embodiment M13, wherein
the method comprises determining the attenuation caused by the at least one internal component of the radar target
simulator (10) and the antenna (30) and the portion of the measurement chamber traversed by the calibration signal.
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M39. A method according to the preceding embodiment and with the features of embodiment M28, wherein the
method comprises determining an attenuation caused by the portion of the measurement chamber traversed by the
calibration signal based on the attenuation caused by the at least one internal component of the radar target simulator
(10) and the antenna (30) and the attenuation caused the at least one internal component of the radar target simulator
(10) and the antenna (30) and the portion of the measurement chamber traversed by the calibration signal.

------------------------------------- Reflector on antenna connector --------------------------

[0130]

M40. A method according to any of the preceding embodiments, wherein the radar target simulator (10) comprises
an antenna connector and the method comprises connecting the antenna (30) with the antenna connector.

M41. A method according to the preceding embodiments, wherein the antenna connector comprises a waveguide
flange.

M42. A method according to any of the 2 preceding embodiments, wherein the step of connecting the antenna (30)
to the antenna connector comprises screwing the antenna (30) to the antenna connector.

M43. A method according to any of the 3 preceding embodiments, wherein the step of configuring a calibration path
comprises
removing the antenna (30) from the radar target simulator (10),
providing a reflector element (64) on the antenna connector.

M44. A method according to any of the 4 preceding embodiments, wherein an internal calibration path is created
and the step if creating the internal calibration path comprises:
removing the antenna (30) from the radar target simulator (10),
providing a reflector element (64) on the antenna connector.

M45. A method according to any of the 2 preceding embodiments, wherein the step of providing a reflector element
(64) on the antenna connector comprises short-circuiting the antenna connector.

[0131] Below, system embodiments will be discussed. These embodiments are abbreviated by the letter "S" followed
by a number. Whenever reference is herein made to "system embodiments", these embodiments are meant.

S1. A system configured to calibrate a radar target simulator comprising:

a radar target simulator (10) according to any of the preceding device embodiments;

a measurement device (60) connected with the radar target simulator (10) at the calibration port (62) of the
radar target simulator (10) and

wherein the measurement device (60) is used to calibrate the radar target simulator (10) according to any of
the preceding method embodiments.

S2. The system according to the preceding embodiment wherein the measurement device (60) and the radar target
simulator (10) are integrated into a single device.

S3. A system configured to calibrate a radar target simulator comprising:

a radar target simulator (10) according to any of the preceding device embodiments;

a measurement device (60) integrated into the radar target simulator (10) and connected to a calibration port
(62) of the radar target simulator (10) and

wherein the measurement device (60) is used to calibrate the radar target simulator (10) according to any of
the preceding method embodiments.
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Brief description of the drawings

[0132]

Figure 1 depicts a schematic of a radar target simulator and a radar under test;

Figure 2 depicts a schematic of a radar target simulator comprising an intermediate frequency calibration port
according to an embodiment of the present invention;

Figure 3a - 3e illustrate different setups for calibrating the radar target simulator according to embodiments of the
present invention;

Figure 4 depicts a schematic of a radar target simulator comprising an intermediate frequency calibration port
according to an embodiment of the present invention;

Figure 5 depicts a schematic of a radar target simulator comprising an integrated measurement device according
to an embodiment of the present invention;

Figure 6 depicts a flowchart of methods of calibrating the radar target simulator.

Detailed description of the drawings

[0133] In the following, exemplary embodiments of the invention will be described, referring to the figures. These
examples are provided to give further understanding of the invention, without limiting its scope.
[0134] In the following description, a series of features and/or steps are described. The skilled person will appreciate
that unless required by the context, the order of features and steps is not critical for the resulting configuration and its
effect. Further, it will be apparent to the skilled person that irrespective of the order of features and steps, the presence
or absence of time delay between steps can be present between some or all of the described steps.
[0135] Fig. 1 depicts a schematic of a radar target simulator (RTS) 10. More particularly, in Fig. 1 a preferred radar
target simulator 10 that can be calibrated by the present invention is provided.
[0136] The radar target simulator 10 can comprise an antenna 30, a radio frequency (RF) part 20 and an intermediate
frequency (IF) part 40. For the sake of brevity, the radar target simulator 10 can also be referred to as RTS.
[0137] Generally, during testing of a radar 90, referred as the radar under test 90 (or for the sake of brevity as RUT),
the radar under test 90 can be positioned in front of the RTS. More particularly, the RUT can be positioned facing the
antenna 30 of the RTS. Even more particularly, the RUT and RTS can be positioned such that a line-of-sight transmission
can be achieved between the two.
[0138] In some embodiments, the radar under test 90 can be an automotive radar 90. That is, the RUT can be configured
to operate in the automotive radar frequency bands, such as, with frequencies between 20 - 130 GHz or 20 - 160 GHz,
such as, the 24 GHz narrow-band (NB) spanning between 24.05 GHz to 24.25 GHz, the 24 GHz ultra-wide band (UWB)
spanning between 21.65 to 26.65 GHz, the automotive long-range radar (LRR) band spanning between 76 to 77 GHz
and the automotive short-range radar (SRR) band spanning between 77 to 81 GHz.
[0139] The antenna 30 can be configured for receiving signals generated by the RUT. For example, the antenna 30
and the RUT can be configured to transmit and receive electromagnetic signals of the same frequency range(s). In some
embodiments, it can be sufficient that the frequency range supported by the antenna 30 of the RTS and the frequency
range supported by the antenna of the RUT can intersect.
[0140] In some embodiments, the antenna 30 can be modular. That is, the antenna 30 can be (easily) replaceable or
in other words, the antenna 30 can be releasably attached to the RTS. The antenna 30 and the RTS can be configured
such that the antenna 30 can be releasably attached to the RTS by exerting a twisting and/or pushing force on the
antenna 30 (and/or on the RTS). Similarly, the antenna 30 and the RTS can be configured such that the antenna 30 can
be detached from the RTS by exerting a twisting and/or pulling force on the antenna 30 (and/or on the RTS). Typically,
the RTS can comprise a connector configured to facilitate joining sections of a waveguide. For example, the RST can
comprise a waveguide flange. The antenna 30 can be connected to the RTS through the said connecter. For example,
the antenna 30 can be screwed to the waveguide flange of the RTS. This can provide a secure attachment of the antenna
30 at the RTS and also an efficient transmittal of the electromagnetic waves to the antenna 30. In addition, the antenna
30 can be easily removed from the RTS e.g. by un-screwing the antenna 30 from the waveguide flange.
[0141] This can facilitate changing or replacing the antenna 30 of the RTS. For example, the RTS can be set to operate
in the 24 GHz ISM band and use a first antenna 30 configured to support this band (i.e. transmit and/or receive electro-
magnetic waves with frequencies on the said band). The same RTS can be set to operate in the 77/79 GHz automotive
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radar band and the first antenna 30 can be replaced by a second antenna 30 that is configured to support the 77/79
GHz automotive radar band.
[0142] The RF signals received by the antenna 30 can be transmitted to the RF part 20 of the RTS. The RF part 20
of the RTS can be configured to operate (or handle) signals with frequencies in the radio-frequency domain, which are
generally high frequency signals, such as, signals with frequencies of at least 20 GHz and at most 130 GHz or at least
20 GHz and at most 160 GHz, such as between 24.05 GHz to 24.25 GHz or 21.65 to 26.65 GHz or 76 to 77 GHz or 77
to 81 GHz. The antenna 30 can be connected with the RF part 20 of the RTS through the use of a signal guider, which
can be referred as an antenna signal guider. The antenna signal guider can be configured for guiding high frequency
signals.
[0143] A signal guider can be a structure configured to guide electromagnetic waves. A signal guider may for example
be a coaxial cable, optical fiber and/or a waveguide (depending on the operating frequency).
[0144] The connection between the antenna 30 and the RF part 20 can be further facilitated using a connector 26,
such as, a circulator 26 or coupler 26. That is, as also depicted in the figure, the antenna signal guider can be connected
in one of its endpoints to the antenna 30 and on the other endpoint to the connector 26. It will be noted that for the
purpose of not overloading the drawings with numerals number (which can decrease the clarity of the drawings), the
signal guiders (such as, the antenna signal guider) are not assigned referral numbers.
[0145] The connector 26 can be a multi-port device in which a signal entering any port is directed to at least one
predefined port. A port of the connector 26 can be a point (or part) where an external signal guider (e.g. waveguide or
coaxial cable), connects to the connector 26. In Fig. 1, the connector 26 can be realized as a 3-port circulator 26. Each
port is connected to a signal guider leading to the antenna 30, a frequency down converter 24 and a frequency up
converter 42. The circulator can be configured to direct any signal entering from the port that leads to the frequency up
converter 42 to the port that leads to the antenna 30. Similarly, the circulator 26 can be configured to direct any signal
entering from the port that leads to the antenna 30 to the port that leads to the frequency down converter 24. That is,
the circulator directs the signals in a circular fashion.
[0146] Thus, a signal that can be received by the antenna 30 can be directed to a frequency down converter 24. The
connector 26 and the frequency down converter 24 can be connected by a respective signal guider, which can be referred
as a CFDC (connector to frequency down converter) signal guider. That is, the CFDC signal guider can be connected
on one of its endpoints to a port of the connector 26 and on the other endpoint to the input port of the frequency down
converter 24. The first radio frequency signal guider can be configured to guide a radio frequency signal from the
connector 26 to the frequency down converter 24. In some embodiments, the CFDC signal guider can be a waveguide.
[0147] That is, a signal can be guided from the antenna 30 to the frequency down converter 24 by a signal guider
which can be referred to as a first radio frequency signal guider. In some embodiments, the first radio frequency signal
guider can comprise the antenna signal guider and the CFDC signal guider.
[0148] The frequency down converter 24 can be configured to convert the received RF signal to an intermediate
frequency. Generally, the intermediate frequency can be lower, typically significantly lower, than the radio frequency.
For example, the radio frequency can be between 24 to 130 GHz or between 24 GHz to 160 GHz and the intermediate
frequency can be between 1 to 6 GHz. It will be noted, that the intermediate frequency range between 1 to 6 GHz is
provided throughout the description as a mere example and is not intended to be limiting. In general, the intermediate
frequency range can comprise any range of frequencies typically lower than the radio frequencies. However, generally
low intermediate frequencies may be advantageous as they can be more easily to operate, handle or process.
[0149] The frequency down converter 24 can be connected by a respective signal guider, which can be referred as a
first intermediate signal guider, with a target simulator 50. The first intermediate signal guider can be a transmission line
configured for transmitting IF frequencies (e.g. 1 - 6 GHz), such as, a coaxial cable or optical fiber. That is, the first
intermediate signal guider can be connected in one of its endpoints with the output port of the frequency down converter
24 and on the other endpoint with the input port of the target simulator 50. Thus, the first intermediate signal guider can
guide a signal from the frequency down converter 24 to the target simulator.
[0150] In other words, a signal can be guided from the antenna 30 to the target simulator 50 by a signal guider which
can be referred as a first signal guider. In some embodiments, the first signal guider can comprise the first radio frequency
signal guider and the first intermediate frequency signal guider.
[0151] In the first intermediate frequency signal guider an IF port 44 can be provided. Further, an IF port coupler 46
can be configured to couple the IF port 44 to the first intermediate frequency signal guider. More particularly, the IF port
coupler 46 can be configured to control the amount of power that can be transferred to the IF port 44. That is, the IF port
coupler 46 can be configured to open-circuit the IF port 44, thus no power is transmitted to the IF port 44. The IF port
46 can be configured to allow only a portion of the power of the signal to be transmitted to the IF port 44. Thus, a signal
can be split by the IF port coupler 46 such that it can be simultaneously provided to the IF port 44 and the target simulator.
The IF port 46 can also be configured to open-circuit the path towards the target simulator 50, such that, all the power
of a signal can be transmitted to the IF port 44.
[0152] The IF port 44 can be used to measure the transmit signal of the RUT. In some embodiments, the IF port 44
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can be utilized to perform a power measurement therein. The power measurement can facilitate determining the transmit
power of the RUT. In some embodiments, the IF port 44 can be utilized to perform a spectrum measurement therein.
The spectrum measurements can facilitate determining the transmit spectrum of the RUT. In some embodiments, the
IF port 44 can be utilized to perform a signal analysis which can facilitate determining or measuring the quality of the
signal transmitted by the RUT.
[0153] The target simulator 50 can receive from the frequency down converter 24 an IF signal. The IF signal is the
frequency down converted signal of the RF signal transmitted by the RUT and received by the antenna 30 of the RTS.
The target simulator 50 can be configured to simulate target properties, such as, distance (by adding a time delay to the
IF signal), relative velocity (by shifting the frequency of the IF signal), and size (by attenuating the IF signal). That is, the
target simulator performs intended modifications on the IF signal, such as, delaying, frequency shifting and/or attenuation.
[0154] The required delay (τ) to simulate a specific distance (D) can be calculated based on the following relation: 

[0155] In the above relation, c denotes the speed of light in a medium (e.g. air) and Doffset can be a compensating
parameter (e.g. a positive number) configured to compensate for the distance between the RUT and the RTS and the
transmission lines inside the RTS. For example, Doffset can indicate the length of the path (i.e. signal guiders) from the
antenna 30 to the input of the target simulator 50 and from the output of the target simulator 50 to the antenna 30. If
negligible Doffset can be set to zero.
[0156] The Doppler effect can be used to determine the frequency shift (Δf) required to simulate a specific relative
velocity (Δv) between the RUT and the virtual target. The calculation of the required frequency shift (Δf) to simulate a
specific relative velocity (Δv) can be based on the following relation: 

[0157] In the above relation, c denotes the speed of light in a medium (e.g. air) and f0 denotes the frequency of the
emitted measuring signal by the RUT. The multiplicative constant 2 is present based on the rationale that for radar
applications the Doppler shift appear twice, that is, during transmission and receiving path.
[0158] The radar target simulator can also be configured to generate virtual targets with different sizes. For example,
the radar target simulator can be configured to simulate virtual targets with different radar cross-sections (RCS). Generally,
the RCS depends on size, material, shape, orientation and surface smoothness of the object to be detected by the radar.
If all the other factors are kept the sample, the RCS increases with the size of the object. This is because the larger the
object the larger is the portion of the power of the radar signal that is reflected back to the radar. As such, the RTS can
attenuate the radar measuring signal to simulate a target with a specific size.
[0159] The RTS can further be configured to calculate a required attenuation to generate a target with a specific RCS
(and thus with a specific size). The RCS can depend on an offset value (Aoffset) and the attenuation (A) caused to the
radar signal by the RTS. For example, the RCS can be calculated based on the following relation: 

[0160] The offset value (Aoffset) can be a pre-calculated value based on antenna gain, simulated distance to the target
distance between the RTS and RUT, internal attenuation of the RTS and frequency of the radar signal. Based on the
above relation, given a specific RCS (to be simulated) the required attenuation (A) can be calculated.
[0161] The output of the target simulator 50 can be connected with a frequency up converter 42 using a respective
signal guider, which can be referred as a second intermediate frequency signal guider. The second intermediate frequency
signal guider can be a transmission line configured for transmitting IF frequencies (e.g. 1 - 6 GHz), such as, a coaxial
cable or optical fiber.
[0162] The frequency up converter 42 can be configured to convert the IF signal to RF frequency. The frequency up
converter 42 can be configured as an interface between the IF part 40 and the RF part 20 of the RTS. It converts and
transmits the signals from the IF part 40 to the RF part 20.
[0163] The modified signal can then be guided from the frequency up converter 42 to the connector 26 by a respective
signal guider, which can be referred as the FUCC (frequency up converter to connector) signal guider, connecting the
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frequency up converter 42 to one of the ports of the connector 26. The FUCC signal guider can be configured for
transmitting RF signals, generally high frequency signals, such as, signals with a frequency between 20 - 130 GHz or
between 20 - 160 GHz. The FUCC signal guider can be a waveguide.
[0164] The use of the connector 26, particularly of a circulator 26 or coupler 26, can be advantageous as the signal
coming from the frequency up converter 42 can be guided to the antenna 30 and the received signal from the antenna
30 can be guided to the frequency down converter. Moreover, the connector 26 (e.g. a circulator 26 or coupler 26) may
comprise a defined leakage. For example, when guiding the signal from the frequency up converter to the antenna 30,
part of the power of the signal may leak towards the frequency down converter 24. This can be used to create the internal
component calibration path that is discussed with reference to Fig. 3a, for a calibration of the RTS. Moreover, the
connector 26 can be configured such that the leaked power can be adjusted or pre-set. This can further facilitate creating
the internal component calibration path that is discussed with reference to Fig. 3a, for a calibration of the RTS.
[0165] The connector 26 can direct the modified signal to the antenna 30, which can then transmit the signals over-
the-air using the antenna 30. More particularly, the modified signal can be guided from the connector 26 to the antenna
30 by the antenna signa guider.
[0166] That is, the modified signal can be guided from the frequency up converter 42 to the antenna 30 by a second
radio frequency signal guider. In some embodiments, the second radio frequency signal guider can comprise the second
antenna signal guider and the FUCC signal guider. In some embodiments, the first radio frequency signal guider and
the second radio frequency signal guider can comprise a common antenna guider.
[0167] In other words, a signal can be guided from the target simulator 50 to the antenna 30 by a signal guider which
can be referred as a second signal guider. In some embodiments, the second signal guider can comprise the second
radio frequency signal guider and the second intermediate frequency signal guider.
[0168] The RUT can receive the modified signal and can measures target properties such as distance, velocity and/or
size of the target. The RUT measurements can be compared with the known values (i.e. simulated distance, velocity
and/or size of the target) to determine error of the radar measurements and/or to calibrate the RUT.
[0169] To reduce reflections and errors that can be induced by the reflections, the RUT and the RTS can be placed
in an anechoic chamber (not shown). That is, the measurement environment or measurement chamber wherein the
radar testing is performed can be an anechoic chamber. Further, the RUT can be placed on a positioning system (not
shown) that can be configured to rotate the RUT according to at least one central axis of the RUT. This can be advan-
tageous as the RUT can be tested under different angles of transmission/arrival. In other words, different parts of the
radiation pattern of the radar can be tested.
[0170] The RTS can further comprise a local oscillator 22 that can be connected to the frequency down converter 24
and frequency up converter 42. The local oscillator can facilitate the operation of the frequency down converter 24 and
frequency up converter 42. Alternatively, the RTS can comprise two local oscillators 22, one connected to the frequency
down converter 24 and the other connected to the frequency up converter 42. The two local oscillators 22 can be
synchronized with the sample reference frequency.
[0171] It should be noted that Fig. 1 provides a general schematic view of some components of the RTS. Fig. 1 intends
to provide a general description of an RTS. The RTS calibration system and method provided by the present invention
can also be used for other configurations of RTS devices and are not only limited to the configuration of Fig. 1.
[0172] Fig. 2 depicts an embodiment of an RTS with IF calibration possibility. That is, instead of performing the
calibration of the RTS in the RF domain, the present invention allows for calibrating the RTS at the low intermediate
frequency (e.g. 1 - 6 GHz). Thus, simpler and cost-effective measurement devices that are not necessarily configured
to operate with high frequencies can be used. Furthermore, the RTS with IF calibration possibility as depicted in Fig. 2
(and the calibration setups depicted in Figs. 3a to 3d) can also provide the possibility to perform the calibration in the
measurement chamber wherein the radar testing is performed. Hence, the RTS need not be removed from the meas-
urement chamber (wherein RUT testing is performed) for the RTS calibration process.
[0173] The RTS depicted in Fig. 2 can further comprise a calibration port 62. The calibration port 62 can be positioned
in the signal guider between the frequency down converter 24 and the target simulator 50. Alternatively or additionally,
the calibration port 62 can be provided in the signal guider between the target simulator 50 and the frequency up converter
42. The calibration port 62 can be configured to provide two ports, an input calibration port 62B (which for the sake of
brevity can be referred to as an input port 62B) and an output calibration port 62A (which for the sake of brevity can be
referred to as an output port 62A). The input port 62B may allow to induce an IF signal into the IF part 40 of the RTS,
such as to send an IF signal to the target simulator 50. The output port 62A can be configured to extract a signal from
the IF part 40 of the RTS.
[0174] In some embodiments the calibration port 62 can be realized by interrupting the signal guider between the
frequency down converter 24 and the target simulator 50. This can provide two endpoints (in the interrupted section)
which can be used as the input port 62A and output port 62B respectively. This embodiment is depicted in Fig. 2. Thus,
the signal needs to pass through the calibration port 62 before reaching the target simulator 50. In a normal operation
mode of the RTS (i.e. when the RTS is used for testing a RUT as depicted in Fig. 1) the calibration port 62 may be short
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circuited (i.e. the output port 62A connected to the input port 62B). Thus, a signal can pass uninterrupted by the calibration
port 62 between the frequency down converter 24 and the target simulator 50.
[0175] Otherwise, for calibrating the RTS the calibration port 62 is not short-circuited. Instead a calibration bridge 60
can be realized by connecting a measurement device 60 to the calibration port 62. For example, an output port of the
measurement device 60 can be connected with the input port 62B and an input port of the measurement device 60 can
be connected with the output port 62A. In some embodiments, e.g., see Fig. 5, the measurement device 60 can be
integrated into the radar target simulator 10.
[0176] In some embodiments, the connection of the calibration port 62 to the signal guider between the frequency
down converter 24 and the target simulator 50 can be facilitated by the use of a switch, circulator and/or coupler (not
shown). The switch, circulator and/or coupler can be configured to control the signal path either from the frequency down
converter 24 directly to the target simulator 50 uninterrupted (e.g. when the RTS is used for testing a RUT) or to activate
the calibration port 62 (i.e. allow the signal to pass from the measurement device 60 to the target simulator 50 and from
the frequency down converter 24 to the measurement device 60).
[0177] Further, the RTS can comprise an RF port 72. The RF port 72 can be provided in the RF part 20 of the RTS.
More particularly, the RF port 72 can be connected either directly or indirectly (i.e. through the connector 26, such as,
the coupler 26) with the frequency upconverter 42.
[0178] The RF port 72 is an optional component of RTS. For example, Fig. 4 illustrates an embodiment of the RTS
with IF calibration possibility that does not comprise the RF port 72.
[0179] With reference to Figs. 3a to 3d exemplary calibration measurements for calibrating the radar target simulator
10 will be described. In general, the calibration of the RTS can comprise connecting a measurement device 60 to the
calibration port 62 and creating particular calibrating signal paths. For each calibrating signal path, a respective calibrating
measurement can be performed. Some exemplary calibrating measurement and calibrating signal paths are discussed
with reference to Figs. 3a to 3d.
[0180] Figs. 3a to 3e illustrate exemplary calibration measurements wherein the measurement device 60 is external
to the radar target simulator 10. It will be understood that the exemplary calibration measurements can similarly be
performed by embodiments of the present invention wherein the measurement device 60 is integrated into the radar
target simulator 10 (e.g., see Fig. 5). For the sake of brevity, respective figures for each of the exemplary calibration
measurements of Figs. 3a to 3e wherein the measurement device 60 is integrated into the radar target simulator 10 are
omitted.
[0181] In Fig. 3a, a network analyzer 60 can be connected to the calibration port 62. The network vector analyzer 60
can be configured to operate at intermediate frequencies, such as, frequencies between 1 - 6 GHz. Such network vector
analyzers 60 can be portable devices with high mobility and generally small in size. Generally, measurement devices
60 required for performing measurements at low frequencies (e.g. 1 - 6 GHz) are less complex, small in size, have a
high mobility and a low cost. As the calibration of the RTS, according to the present invention, can be performed at the
intermediate frequencies (e.g. 1 - 6 GHz), less complex measurement devices 60 can be utilized.
[0182] The high mobility and the small size of the measurement device 60 can be advantageous as it allows the
calibration of the RTS on sight (i.e. at the measurement chamber wherein the RTS preforms the radar testing). This not
only simplifies the calibration process but also reduces the need of removing the RTS from the measurement chamber.
Hence, the risk of damaging the RTS is reduced and the calibration can be performed faster.
[0183] Furthermore, the low complexity of the measurement device 60 can also be associated with easy operation
capabilities. That is, they may not need highly trained people for operating them. Hence, the calibration of the RTS can
be simplified and the process can be carried out by the staff normally operating the RTS without the need of requiring
the help of highly trained specialists. As a result, the operators of the RTS may be more encouraged to perform the
calibrations more frequently. This is further enabled by the fact that the cost of the measurement devices 60 is low (or
at least lower than the cost of measurement devices required for high frequency measurements at the RF domain). As
a result, the time and cost efficiency and accuracy of radar testing can be improved.
[0184] In a first calibration measurement as illustrated in Fig. 3a, the influence of the internal components of RTS
except from the antenna 30 on the measuring signal can be measured. More particularly, the delay, attenuation, frequency
distortion, impedance, gain that can be induced by the internal components of the RTS to a signal passing through the
internal components of the RTS can be measured. Measuring the above effects will be referred for brevity throughout
the text as a calibration measurement (or interchangeably as calibrating measurement). That is, a calibration measure-
ment may comprise measuring at least one of delay, attenuation, frequency distortion, impedance, gain. Alternatively
or additionally, the calibration measurement may comprise measuring a frequency response of the RTS, which can
represent the relation between the gain (or attenuation) versus frequency. Alternatively or additionally, the calibration
measurement may comprise measuring a noise figure, which can indicate the increase of noise in the signal caused by
the RTS.
[0185] For performing a calibration measurement of the internal components of the RTS an internal component cali-
bration path as illustrated by the dashed arrow in Fig. 3a can be created. The internal component calibration path can
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be created such that a signal can pass through the internal components of the RTS.
[0186] A calibrating (or reference) signal can be generated by the network vector analyzer 60. The calibrating signal
can pass from the network analyzer 60 through the target simulator 50, then through the frequency up converter 42,
then through the frequency downconverter 24 and be returned to the network analyzer 60. To create the internal com-
ponent calibration path, the connector 26 can be configured to isolate the antenna 30 and create a signal path from the
frequency up converter 42 to the signal down converter 24 - as illustrated in Fig. 3a.
[0187] The calibrating signal generated by the network analyzer 60 can be modified by the target simulator 50. These
modifications can be referred as intended modifications and they can consist of modification performed to a signal for
simulating target properties. In some embodiments, during the calibration of the RTS the target simulator 50 can be
configured not to intentionally modify the signal - i.e. not to simulate a target. For example, the intended delay, frequency
shift and attenuation can be set to zero.
[0188] The calibration signal that can be generated by the network analyzer 60, as depicted by the signal path illustrated
in Fig. 3a can also pass on other components of the RTS, such as, the internal transmission lines, frequency up converter
24, coupler 26, frequency down converter 24. Thus, further modifications can be performed on the calibrating signal.
These modifications can be referred as undesired or unintended modifications. The unintended modifications may include
additional delay, frequency shifting, distortion and attenuation. Unintended modification may also be introduced by errors
of the target simulator 50. For example, the target simulator 50 may delay, attenuate and/or shift the frequency of the
signal with a different value then intended to (or configured to). Such unintended modifications of the signal introduced
by the target simulator can be referred as errors of the target simulator 50.
[0189] Said unintended modifications from the internal components of the RTS and errors of the target simulator can
be measured by setting the RTS and the network analyzer 60 as described above, i.e. allowing the signal path to traverse
the internal component calibration path. That is, the target simulator 50 can be set to modify the signal with a known
delay, frequency shift and attenuation. A reference signal can be generated by the network analyzer 60. The reference
signal transmitting time and/or transmitting frequency (e.g. center frequency) and/or transmitting bandwidth and/or trans-
mitting power can be recorded and are generally referred as reference signal transmitting parameters. That is, information
or parameters (i.e. the reference signal transmitting parameters) about the reference signal (also referred as calibrating
signal) is known. For example, the network analyzer 60 can be configured to generate a signal at a predefined time
and/or with a predefined frequency (e.g. center frequency) and/or bandwidth and/or power - i.e. with predefined reference
signal transmitting parameters.
[0190] The calibrating signal can pass through the signal path as illustrated by and described with reference to Fig.
3a and the signal can experience intended and unintended modifications.
[0191] In some embodiments, the target simulator 50 can be set or configured to perform no modification on the signal
(i.e. time delay, frequency shift and attenuation can be set to zero).
[0192] Then the calibrating signal can be received by the network analyzer 60, wherein at least one of its parameters
is recorded, such as, at least one of reference signal receiving time, receiving frequency (e.g. center frequency), receiving
bandwidth and receiving attenuation - which can be generally referred as reference signal receiving parameters.
[0193] The reference signal transmitting parameters can be compared with reference signal receiving parameters to
determine at least one unintended modification induced by the RTS internal components. If the target simulator 50 is
configured to modify the signal information regarding intended modification can further be used to determine or calculate
the unintended modifications.
[0194] For example, the below relation can be used to calculate the unintended modifications: 

[0195] It will be noted that the above relations are only exemplary. Other relations may be used and other parameters
may be calculated as well. For example, a further parameter may be the unintended phase shift of the reference signal.
In general, any difference between the reference signal as generated and transmitted by the network analyzer 60 and
the reference signal as received by the network analyzer 60 can be used to measure the influences of the internal
components of the RTS, wherein the reference or calibrating signal traverses a path as illustrated by and described with
reference to Fig. 3a.
[0196] Fig. 3b illustrates a further calibrating measurement. For sake of brevity, only additional features of the em-
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bodiment of Fig. 3b (compared to previous embodiments) will be described. For example, the measurement device 60
and the measurement process can be similar to the one described with reference to Fig. 3a. The embodiment of Fig.
3b differentiates from the embodiment of Fig. 3a in that a different signal path is created.
[0197] More particularly, the signal path of the embodiment of Fig. 3b, which can be referred as the antenna calibration
path, can further includes the antenna 30. That is, the calibrating signal generated by the network analyzer 60 can
traverse from the network analyzer 60 to the target simulator 50, then to the frequency up converter 42, then to the
antenna 30. A reflector element 64 can be provided and positioned in front of the antenna 64. The reflector element 64
can be a metal plate 64. In general, the reflector element 64 can be any element with high reflectivity. Further, the
reflector element 64 can be configured to cover at least the main lobe of the antenna 30. In other words, the reflector
element 64 blocks the transmission of antenna 30, such that, (almost) all signal power is reflected back. Hence, the
calibrating signal hits the surface of the reflector element 30 and is reflected and directed (e.g. by the connector 26) to
the frequency downconverter 24 and to the network analyzer 60. The connector 26 can be configured to direct signals
coming from the frequency up converter 42 to the antenna 30 and signal coming from the antenna 30 to the frequency
down converter 24. Thus, the antenna calibration path as illustrated by the dashed arrow in Fig. 3b and described above
can be created.
[0198] That is, the antenna calibration path in the embodiment of Fig. 3b can include the antenna 30 in addition to the
RTS internal components (as discussed in Fig. 3a). Hence, the antenna calibration path can be used to measure the
unintended modifications that can be generated by the RTS internal components and by the antenna 30.
[0199] Furthermore, by comparing the unintended modifications caused by the internal RTS components only (calcu-
lated by conducting a calibration measurement according to the internal component calibration path illustrated in Fig.
3a) and the unintended modifications caused by the antenna 30 and the internal RTS components together (calculated
by conducting a calibration measurement according to the antenna calibration path illustrated in Fig. 3b) the unintended
modifications caused only by the antenna 30 can be calculated.
[0200] The calibration measurement according to the antenna calibration path illustrated in Fig. 3b, in addition includes
the effects of the reflector element 64. Though the reflector element 64 can be configured to comprise a very high
reflection coefficient, such as at least 0.9, in general it cannot be a perfect reflector. Typically, a (small) part of the incident
signal power on the surface of the reflector element 62 will be absorbed by the reflector element 62 and/or transmitted
through the reflector element 62. The reflection coefficient of the reflector element 62 is the parameter defining the ratio
of the reflected signal power and absorbed plus transmitted signal power. Hence, the reflector element 64 can advan-
tageously be configured to comprise a high reflection coefficient. Thus the (idealized) reflective coefficient with a value
of 1 (or close to 1) is preferred such that the incident signal is reflected by the reflector element 64 with (almost) the
same power.
[0201] However, the properties of the reflector element 64 (e.g. the reflection coefficient) can be known or measured
in advance and be compensated for while calculating the unintended modifications caused by the antenna 30 and the
internal RTS components together (calculated by conducting a calibration measurement according to the calibration
path illustrated in Fig. 3b).
[0202] In some embodiments, the reflector element 64 can be provided in front of an antenna connector of the RTS.
That is, alternatively to the embodiment of Fig. 3b, the antenna 30 can be removed from the RTS and the reflector
element can be provided in the antenna connector of the RTS wherein the antenna 30 can be attached. Such a config-
uration is illustrated in Fig. 3e. For example, the RTS can comprise a waveguide flange configured to facilitated the
connection of the antenna 30 with the RTS. The antenna 30 can, e.g., be screwed to the waveguide flange. In such
embodiments, the antenna 30 can be removed from the RTS by unscrewing it from the waveguide flange, and the
reflector can be provided in front of the waveguide flange.
[0203] With such a configuration, the waveguide flange can be short-circuited (similar to the short-circuiting of the
antenna 30, discussed above). Thus, a calibration path as illustrated in Fig. 3e can be created. As it will be understood,
the calibration path configured by short-circuiting the antenna connector is similar to the internal component calibration
path as discussed with reference to Fig. 3a. More particularly, the internal component calibration path according to Fig.
3e, in addition includes also the further component of the RTS - i.e. the antenna connector. In other words, the configuration
illustrated in Fig. 3e provides an alternative way of configuring the internal component calibration path.
[0204] That is, simply speaking, the reflector element can be used in two ways. As illustrated in Fig. 3e, the antenna
30 can be removed and the reflector element 64 (e.g. a metal plate 64) can be connected to a waveguide flange comprised
by the RTS to facilitate the connection of the antenna 30 with the RTS. Alternatively, as illustrated in Fig. 3b, the antenna
is not removed and the reflector element 64 (e.g. a metal plate) can be placed in front of the antenna 30 (i.e. cover the
antenna 30 with a metal plate). This would have the advantage that the antenna 30 does not have to be removed.
[0205] Fig. 3c illustrates a further calibrating measurement. For sake of brevity, only differentiation or additional features
of the embodiment of Fig. 3c (compared to previous embodiments) will be described.
[0206] The calibration path illustrated in Fig. 3c, which can be referred as chamber calibration path, can be configured
to further measure the influence of signal modifications that can be caused by the measurement environment wherein
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the RTS is positioned and used for radar testing (referred as a measurement chamber). Thus, the measurement chamber
can further be included in the calibration path. This can be achieved by positioning a reference target 65 in the meas-
urement chamber in front of the RTS, preferably at the position where a RUT is provided during testing of radars. The
reference target 65 can be a metal plate, a metallic sphere or a corner reflector. In general, the reference target 64 can
be configured to comprise a high reflection coefficient (similar to the reflector element 64 in Fig. 3b). Further, the connector
26 can be configured to direct signal coming from the frequency up converter 42 to the antenna 30 and signals coming
from the antenna 30 to the frequency down converter 24.
[0207] Thus, the chamber calibration path illustrated by the dashed arrow in Fig. 3c can be configured such that a
calibration signal generated by the network analyzer 60 can pass through the target simulator 50, to the frequency up
converter 42, to the connector 26 which direct the signal to the antenna 30. The antenna 30 can then transmit the signal
over the air. The signal can reach the reference target which reflects (part of) it back to the antenna 30. The connector
26 can direct the signal coming from the antenna 30 to the frequency down converter 24. Further, the signal can be
received by the network analyzer 60, where it can be measured.
[0208] Thus, the unintended modifications that can be calculated (in a similar manner to Fig. 3a) can comprise unin-
tended modifications coming from the internal components of the RTS, antenna 30 and measurement chamber.
[0209] Furthermore, by comparing the unintended modifications caused by the antenna 30 and the internal RTS
components (calculated by conducting a calibration measurement according to the antenna calibration path illustrated
in Fig. 3b) with the unintended modifications caused by the antenna 30 and the internal RTS components and the
measurement chamber (calculated by conducting a calibration measurement according to the chamber calibration path
illustrated in Fig. 3c) the unintended modifications caused only by the measurement chamber can be calculated.
[0210] Alternatively, in the embodiment illustrated in Fig. 3c the reference target 65 may not be provided or used. In
such embodiments, the chamber calibration path can be configured such that a calibration signal generated by the
network analyzer 60 can pass through the target simulator 50, to the frequency up converter 42, to the connector 26
which can direct the signal to the antenna 30. The antenna 30 can then transmit the signal over the air. The signal can
reach a surface in the measurement chamber (e.g. walls of the chamber). Said surfaces can reflect (part of) the signal
back to the antenna 30. The connector 26 can direct the signal coming from the antenna 30 to the frequency down
converter 24. Further, the signal can be received by the network analyzer 60, where it can be measured. This can allow
measuring the reflections within the measurement chamber. Thus, a change of the reflections inside the measurement
chamber can be measured. Measuring the reflections within the measurement chamber can be advantageous for de-
tecting aging of the absorbers of the chamber and/or mechanical changes in the chamber.
[0211] In some embodiments, the calibration measurement illustrated in Fig. 3a (for measuring the effects of the
components of the RTS) and the calibration measurement illustrated in Fig. 3c (for measuring the effects of the meas-
urement chamber) can be performed in one single measurement (i.e. simultaneously). As it can be noticed, the calibration
path of Fig.3a (i.e. the internal component calibration path) is shorter than the calibration path in Fig.3c (i.e. the chamber
calibration path). Thus, both paths can be separated over distance which can allow a simultaneous calibration over both
the calibration paths.
[0212] In such embodiments, wherein the calibration measurement illustrated in Fig. 3a (for measuring the effects of
the components of the RTS) and the calibration measurement illustrated in Fig. 3c (for measuring the effects of the
measurement chamber) can be performed in one single measurement (i.e. simultaneously), the leakage of the connector
26 can be utilized to facilitate performing a single measurement for two calibrations.
[0213] As discussed, the connector 26 (e.g. a circulator 26 or coupler 26) may comprise a defined leakage. For
example, when guiding the signal from the frequency up converter 42 to the antenna 30, part of the power of the signal
may leak towards the frequency down converter 24. This can be used to create the internal component calibration path
that is discussed with reference to Fig. 3a, for a calibration of the RTS. Moreover, the connector 26 can be configured
such that the leaked power can be adjusted or pre-set. This can further facilitate creating the internal component calibration
path that is discussed with reference to Fig. 3a, for a calibration of the RTS.
[0214] Due to the leakage of the connector 26 (which in some embodiments can be adjusted), when the connector
26 is configured to direct a signal from the frequency up converter 42 to the antenna 30, a part of the energy of the signal
can be transmitted (i.e. can leak) towards the frequency down converter 24. Thus, two signal paths are present. One is
the chamber calibration path, as illustrated in Fig. 3c, with or without the presence of the reference target 65. The other
is the internal calibration path as illustrated in Fig. 1.
[0215] Moreover, due to the (significantly) different lengths of the internal calibration path and the chamber calibration
path, the signals received from each path can be separated from each other. This would allow to differentiate between
changes coming from the internal components of the RTS and changes coming from the measurement chamber in one
measurement. That is, signals coming from the internal calibration path (see Fig. 3a) can be separated from the signals
coming from the chamber calibration path (analog to the path illustrated in Fig. 3c but without the reference target) as
the signal propagation time is different (the lengths of the path are different). This would allow to determine changes
from RTS as well as from the chamber in one measurement. With the leakage of the connector 26 the changes from
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the internal components of the RTS can be measured (as discussed with reference to Fig. 3a). By comparing the signal
coming from both paths, changes coming from the chamber can be isolated from those coming from the internal com-
ponents of the RTS. This means the calibration would allow to measure changes in the RTS as well as changes in the
chamber (in one measurement). This can be used to e.g. detect aging of the absorbers or mechanical changes in the
chamber separated from changes from the RTS.
[0216] Fig. 3d illustrates a further calibrating measurement. For sake of brevity, only differentiation or additional
features of the embodiment of Fig. 3d (compared to previous embodiments) will be described.
[0217] The calibration path illustrated in Fig. 3d, which can be referred as a power calibration path, can be configured
to perform power calibration. The measurement device 60 can be a signal generator 60 (as depicted in Fig. 3d) or a
network vector analyzer 60. A power meter 70 can be connected to the RF port 72. The connector 26 can be configured
to direct signals coming from the frequency up converter 42 to the RF port 72 and to the power meter 70. The connector
26 can isolate the signal path to the antenna 30 and to the frequency down converter 24 as illustrated in Fig. 3d.
[0218] Thus, the power calibration path illustrated, as also illustrated by the dashed arrow in Fig. 3d, can be configured
such that a calibration or reference signal generated by the signal generator 60 can pass through the target simulator
50, to the frequency up converter 42, to the connector 26 which direct the signal to RF port 72 and to the power meter
70. Further, the signal can be received by the power meter 70, where its power can be measured.
[0219] By comparing the calibration measurement according to the power calibration path illustrated in Fig. 3d, with
the calibration measurement according to the internal component calibration path illustrated in Fig. 3a, the attenuation
of the path from the coupler 26 to the IF port 44 can be estimated. Similarly, by comparing the calibration measurement
according to the power calibration path illustrated in Fig. 3d, with the calibration measurement according to the antenna
calibration path illustrated in Fig. 3b, the attenuation of the path from the antenna 30 to the IF port 44 can be estimated.
Similarly, by comparing the calibration measurement according to the power calibration path illustrated in Fig. 3d, with
the calibration measurement according to the chamber calibration path illustrated in Fig. 3c, the attenuation caused by
the measurement chamber and the path from the antenna 30 to the IF port 44 can be estimated.
[0220] Fig. 5 illustrates a further embodiment of the radar target simulator 10, wherein the measurement device 60 is
integrated into the radar target simulator 10. The radar target simulator 10 can comprise any of the features discussed
with reference to Figs. 1 to 4. That is throughout the description of the drawings, like reference signs denote like structures.
Furthermore, some of the features and characteristics described above in conjunction with Fig. 1 to 4 can also used in
the embodiment depicted in Fig. 5. For sake of brevity of description, in the below, only additional features present in
the embodiment depicted in Fig. 5 are discussed. Similarly, some of the features and characteristics described below
in conjunction with Fig. 5 can also be also used in the embodiments depicted in Figs. 1 to 4.
[0221] In some embodiments, the measurement device 60 can be provided internal to, i.e., can be integrated into, the
radar target simulator 10. Fig. 5 illustrates such an embodiment, wherein the measurement device 60 is connected to
the calibration port 62 and integrated into the RTS.
[0222] The RTS can comprise a calibration port connector 68 which can be configured to facilitate connecting the
measurement device 60 with the calibration port 62. The calibration port connector 68 can be configured for allowing a
connection between the measurement device 60 and the output calibration port 62A. This can allow at least a portion
of the power of a signal traversing the IF part of the RTS and arriving at the output calibration port 62A to be output to
(and thus to be received by) the measurement device 60. Additionally, the calibration port connector 68 can be configured
for allowing a connection between the measurement device 60 and the input calibration port 62A. This can allow the
measurement device to provide a signal (e.g. the calibration signal) to the IF part of the RTS. Additionally, the calibration
port connector 68 can be configured for allowing a connection between the input calibration port 62B and the output
calibration port 62A. In other words, the calibration port connector 68 can allow the calibration port 62 to be short circuited.
This can be advantageous as it can allow the calibration signal to circulate in the calibration path a plurality of times.
[0223] For example, the calibration port connector 68 can comprise two couplers and/or two switches. The two couplers
can facilitate allowing the calibration port 62 to be short circuited while allowing the measuring device to receive and
provide signals from/to the calibration port. The two switches can allow to selectively open and/or close the connection
between the calibration ports 62A, 62B as well as the connection between the measuring device 60 and the calibration
port 62.
[0224] Fig. 5 illustrates an embodiment wherein the calibration port 62 is short circuited (i.e. the circuit of the IF part
is not interrupted in the calibration port 62) and the measurement device 60 is connected by utilizing couplers: one for
coupling a signal from the IF part of the RTS to the measurement device 60 and one four coupling a signal from the
measurement device 60 to the IF part of the RTS.
[0225] It will be understood that the above is only an exemplary implementation of the connection between the meas-
urement device and the IF part of the RTS. Other connections can be realized as well.
[0226] It will be understood, that the above features of the connection between the measurement device 60 and the
calibration port 62 can also be comprised by the embodiment illustrated in and discussed with reference to Figs. 2 to 4.
[0227] The measurement device 60 can also be referred to as a calibration unit 60. The measurement device 60 can
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for example be a network vector analyzer 60.
[0228] Integrating the measurement device 60 into the RTS can be advantageous as it can allow the calibration
measurement to be performed, e.g., automatically, at short intervals to check the stability of the RTS. That is, in such
embodiments the calibration of the RTS can be performed according to a schedule, e.g., periodically. Moreover, the
calibration of the RTS can be performed automatically. For example, a trigger signal (e.g. automatically generated based
on a schedule) can trigger the start of a calibration measurement.
[0229] Moreover, integrating the measurement device 60 into the RTS can be advantageous as it can reduce or even
remove the need of human effort for performing the calibration. That is, there may be no need for a skilled person to
provide and connect the measurement device to the RTS for the purpose of calibrating the RTS. As such, there can be
more incentive and it can be more convenient and efficient to increase the frequency of performing the calibration
measurement. As a result, accuracy of the operation of the RTS can be improved.
[0230] Thus, integrating the measurement device 60 into the RTS can generally increase the efficiency of calibrating
the RTS. The calibration can be performed faster, more frequently, without human effort and fully automatically according
to a time and/or event driven schedule.
[0231] Moreover, as discussed, the calibration port 62 can be provided at the intermediate frequency part of the radar
target simulator 10. Generally, devices configured to operate at intermediate frequencies (which are typically significantly
lower than radio frequencies) are less complex, small and comprise a high mobility compared to devices configured to
operate at high radio frequencies. Thus, providing the calibration port 62 at the intermediate frequency part comprises
the further advantage of facilitating the integration of the measurement device 60 into the RTS.
[0232] That is, the measurement device 60 can be configured to operate at intermediate frequencies. This can allow
measurement device 60 to be less complex, not require many circuitries and small. Hence, it can be more easily integrated
into the RTS.
[0233] Fig. 6 depicts a flowchart of methods of calibrating a radar target simulator 10 according to embodiments of
the present inventions.
[0234] In a step S1, the method can comprise configuring a calibration path. Exemplary calibration paths are illustrated
in Figs. 3a to 3e.
[0235] In a step S2, the method can comprise generating a calibration signal. For example, the measurement device
60 can generate the calibration signal into the input calibration port 62B.
[0236] In a step S3, the method can comprise the calibration signal traversing the calibration path.
[0237] In a step S5, the method can comprise determining a difference between the calibration signal before and after
traversing the calibration path.
[0238] In a step S7, the method can comprise calibrating the signal based on the difference determined in step S5.
[0239] The method discussed above with respect to steps S1, S2, S3, S5 and S7 is also illustrated in Figs. 3a to 3e
and discussed in detail in their respective description.
[0240] In some embodiments, the calibration of the RTS can be based on a relative measurement. In such embodi-
ments, in step S3, the method can comprise the calibration signal traversing the calibration path a plurality of times,
preferably 2 times. This can for example be performed by coupling the input calibration port 62B with the output calibration
port 62A. This can allow the calibration signal to circulate the calibration path for as long as the input calibration port
62B is coupled with the output calibration port 62A.
[0241] In such embodiments, the method can comprise a step S6 wherein a difference between the calibration signal
traversing the calibration path once and the calibration signal traversing the calibration path a plurality of times can be
determined. Then, in step S7 the method can comprise calibrating the RTS based on the difference calculated in step S6.
[0242] Fig. 6 illustrates a generalized method, wherein in step S3 the calibration signal traverses the calibration path
N times, wherein N is an integer greater than 0. In step S3, the input calibration port 62B can be isolated from the output
calibration port 62A. This allows the calibration signal to traverse the calibration signal only once. Alternatively, in step
S3, the input calibration port 62B can be coupled with the output calibration port 62A. This can allow the calibration
signal to traverse the calibration path a plurality of times.
[0243] In a step S4, the method comprises determining whether N = 1. The determination in step S4 can be performed
based on the configuration of the RTS and the measurement device 60. For example, if in step S3 the input calibration
port 62B is isolated from the output calibration port 62A, then in step S4 it can be determined that N = 1 and the method
can proceed with step S5. On the other hand, if in step S3 the input calibration port 62B is coupled with the output
calibration port 62A, then in step S4 it can be determined that N > 1 and the method can proceed with step S6.
[0244] In some embodiments, both steps S5 and S6 can be performed. In such embodiments, in step S3 the calibration
signal traverses the calibration path a plurality of times. Moreover, each time the calibration signal traverses the calibration
path it is received by the measurement device. Based on the received order, the number of times each received calibration
signal has traversed the calibration path can be determined. Based thereon, step S5 can be performed for the first
calibration signal received (i.e. the one traversing the calibration path once) and step S6 can be performed for at least
one of the further received calibration signals.
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[0245] The RTS can be calibrated based on at least one of the calculated distances.
[0246] Calibrating the radar based on a relative measurement (i.e. steps S1, S2, S3 (N>1), S6, S7 can be more efficient
and accurate. Allowing the calibration signal to traverse the calibration path more than once can amplify any unintended
modification of the calibration signal. As such, they can be detected more easily.
[0247] Moreover, the relative measurement can alleviate the need of calibrating the measurement device 60. The
error introduced by the measurement device 60 during the measurement of the calibration signal can be cancelled during
step S6, i.e., when calculating the difference. Alleviating the need of calibrating the measurement device 60 can be
particularly advantageous in embodiments wherein the measurement device 60 is integrated into the RTS.
[0248] Whenever a relative term, such as "about", "substantially" or "approximately" is used in this specification, such
a term should also be construed to also include the exact term. That is, e.g., "substantially straight" should be construed
to also include "(exactly) straight".
[0249] Whenever steps were recited in the above or also in the appended claims, it should be noted that the order in
which the steps are recited in this text may be accidental. That is, unless otherwise specified or unless clear to the skilled
person, the order in which steps are recited may be accidental. That is, when the present document states, e.g., that a
method comprises steps (A) and (B), this does not necessarily mean that step (A) precedes step (B), but it is also possible
that step (A) is performed (at least partly) simultaneously with step (B) or that step (B) precedes step (A). Furthermore,
when a step (X) is said to precede another step (Z), this does not imply that there is no step between steps (X) and (Z).
That is, step (X) preceding step (Z) encompasses the situation that step (X) is performed directly before step (Z), but
also the situation that (X) is performed before one or more steps (Y1), ..., followed by step (Z). Corresponding consid-
erations apply when terms like "after" or "before" are used.
[0250] While in the above, a preferred embodiment has been described with reference to the accompanying drawings,
the skilled person will understand that this embodiment was provided for illustrative purpose only and should by no
means be construed to limit the scope of the present invention, which is defined by the claims.

List of elements with referrals numbers

[0251]

10 - Radar Target Simulator (RTS)
20 - Radio Frequency (RF) part of the RTS
30 - Antenna
40 - Intermediate Frequency (IF) part of the RTS
50 - Target simulator device
60 - Calibration bridge / Measurement Device / Network analyzer / Signal Generator
70 - Power meter
90 - Radar Under Test (RUT)
26 - Circulator, coupler
22 - Local oscillator
24 - Down converter or RF to IF converter
42 - Up converter or IF to RF converter
44 - IF port
46 - IF port coupler
62 - Calibration port
72 - RF port
64 - Reflector Element
65 - Reference Target

Claims

1. A radar target simulator (10) configured to generate a virtual target for testing a radar under test (90) comprising:

a radio frequency part (20) configured to operate with signals at a radio frequency; and
an intermediate frequency part (40) configured to operate with signals at an intermediate frequency; and
a target simulator (50) configured to receive a signal, apply at least one intended modification to the signal and
output the signal after applying the at least one intended modification;
an antenna (30) configured to
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- receive a signal radiated by the radar under test (90) and
- send the signal through a first signal guider to the target simulator (50) and
- receive from a second signal guider a signal that is output by the target simulator (50) and
- radiate the signal such that it can be received by the radar under test (90);

a calibration port (62) connected at the intermediate frequency part (40).

2. A radar target simulator (10) according to the preceding claim, wherein the radio frequency is at least 20 GHz and
at most 130 GHz or at least 20 GHz and at most 160 GHz, such as between 24.05 GHz to 24.25 GHz or 21.65 to
26.65 GHz or 76 to 77 GHz or 77 to 81 GHz and wherein the intermediate frequency is lower than the radio frequency.

3. A radar target simulator (10) according to any of the preceding claims, wherein the at least one intended modification
applied by the target simulator (50) comprises at least one of delaying the signal, changing the frequency of the
signal and attenuating the signal.

4. A radar target simulator (10) according to any of the preceding claims, wherein the calibration port (62) is configured
to be connected with at least one measurement device (60) and wherein the measurement device (60) is configured
to operate at the intermediate frequency, such as between 1 - 6 GHz.

5. A radar target simulator (10) calibration method comprising:

(a) providing a radar target simulator (10) according to any of the preceding claims 1 to 4;
(b) providing in the intermediate frequency part of the radar target simulator (10) a calibration port (62);
(c) connecting a measurement device (60) to the calibration port (62);
(d) generating with the measurement device (60) a calibration signal with a bandwidth centered at the interme-
diate frequency;
(e) configuring a calibration path;
(f) the calibration signal traversing the calibration path;
(g) calibrating the radar target simulator (10) based on a difference between the calibration signal before tra-
versing the calibration path and the calibration signal after traversing the calibration path.

6. A method according to the preceding claim, the method comprising
the measurement device (60) in step (d) generating the calibration signal and outputting the calibration signal to a
first endpoint of the calibration path and
the measurement device (60) receiving the calibration signal at a second endpoint of the calibration path after the
calibration signal traverses the calibration path.

7. A method according to any of the 2 preceding claims, the method further comprising
the measurement device (60) recording at least one of a first timestamp, a first frequency and a first signal power
of the calibration signal when generated and output by the measurement device (60) and
the measurement device (60) recording at least one of a second timestamp, a second frequency and a second
signal power of the calibration signal when the measurement device (60) receives the calibration signal at a second
endpoint of the calibration path after the calibration signal traverses the calibration path and
determining

- a time delay for the calibration signal to traverse the calibration path based on a difference between the first
timestamp and the second timestamp and
- a frequency shift of the calibration signal based on a difference between the first frequency and the second
frequency and
- an attenuation of the calibration signal based on a difference between the first signal power and the second
signal power and
- a noise figure indicating a noise added to the calibration signal while traversing the calibration path,
- a frequency response indicating a relation between the attenuation versus frequency of the calibration signal
while traversing the calibration path,
- or any combination thereof, and

calibrating the radar target simulator (10) based on at least one of the determined time delay, the determined
frequency shift, the determined attenuation, the determined noise figure and the determined frequency response.
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8. A method according to any of the 3 preceding claims, wherein the calibration path comprises an internal calibration
path allowing the calibration signal to traverse at least one internal component of the radar target simulator (10).

9. A method according to any of the 4 preceding claims, wherein the calibration path comprises an antenna calibration
path allowing the calibration signal to traverse at least one internal component of the radar target simulator (10) and
the antenna (30).

10. A method according to the preceding claim, wherein the method comprises providing a reflector element (64) in
front of the antenna (30), such that, it reduces or blocks the radiation of the calibration signal by the antenna (30)
and wherein the reflector element (64) is configured to comprise a high and/or known and/or measurable reflection
coefficient, such as, a reflection coefficient of at least 0.9.

11. A method according to any of the 6 preceding claims wherein the calibration path comprises a chamber calibration
path allowing the calibration signal to traverse at least one internal component of the radar target simulator (10) and
the antenna (30) and through a portion of the measurement chamber, and wherein the measurement chamber is
the environment wherein the radar target simulator (10) and the radar under test (90) are positioned for testing of
the radar under test (90).

12. A method according to the preceding claim, the method comprising providing a reference target in front of the
antenna (30) and at a distance from the antenna (30), such as, 50 to 200 cm, preferably at a position wherein the
radar under test (90) is provided when the radar target simulator (10) tests the radar under test (90).

13. A method according to any of the claims 8, 9 and 11, wherein the at least one internal component of the radar target
simulator (10) is at least one of the target simulator (50), a frequency up converter (42), a connector (26), a frequency
down converter (42), the calibration port (62) and respective signal guiders configured to guide signals, such as,
the calibration signals, between two connected internal components of the radar target simulator (10).

14. A system configured to calibrate a radar target simulator (10) comprising:

a radar target simulator (10) according to any of the preceding claims 1 to 4;
a measurement device (60) connected with the radar target simulator (10) at the calibration port (62) of the
radar target simulator (10) and
wherein the measurement device (60) is used to calibrate the radar target simulator (10) according to the method
according to any of the claims 5 to 13.

15. A system according to the preceding embodiment, wherein the system further comprises a processing unit configured
to perform computations for determining at least one of a time delay, a frequency shift, an attenuation, a noise figure
and a frequency response.
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