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RADAR TESTING
Analyzing automotive radar signals with an oscilloscope

Automotive radar sensors require detailed characterization in the lab. Oscilloscopes are ideal for this because they can simultaneously 
 analyze multiple signals and precisely compare them.
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Compact radar sensors with long range and 
high resolution are currently being developed for 
driver assistance systems and future fully auton-
omous vehicles. Operating in the frequency 
rangefrom76 GHzto81 GHz,thesesensors
use phased array antennas to obtain location 
information. The accuracy of the obtained data 
is directly correlated to the accuracy of the rela-
tivephaseanglesoftheemittedsignals,making
preciseadjustmentoftheantennasystemacru-
cial factor for precision.

Characterization of these sensors in the develop-
ment phase requires sophisticated T&M equip-
ment due to the high frequencies. For many of 
thesemeasurements,theR&S®FSW85spec-
trum analyzer with its large measurement 
dynamic range and sophisticated analysis fea-
turesisanexcellentchoice*,butithasonly
one input channel and is therefore not able to 
measure the phase differences of multiple sig-
nals. Oscilloscopes have an advantage here. The 
four-channelR&S®RTP,forexample,canactas
a phase coherent receiver and simultaneously 
analyze and compare up to four signals.

Test setup

External mixers are used to downconvert the 
radar signals to the oscilloscope’s frequency 
range(Fig. 1).TheR&S®FS-Z90mixersinthis
example use the sixth harmonic of a local oscil-
lator(LO)togeneratethedesiredoutputfre-
quency. An R&S®SMA100B signal generator 
(see page 50)servesastheLO,whiletheeval-
uation board of a commercial radar sensor acts 
as the radar signal source.

The radar system uses a chirp sequence sig-
nal consisting of several high frequency pulses 
in direct succession. Each of these pulses is a 
chirpwithabandwidthofapproximately4 GHz.
The sensor is configured so that the frequency 
oftheradarsignalriseslinearlyfrom77 GHz
tonearly81 GHz(upchirp).Theendofthe
sequence is followed by a break of several milli-
seconds(interframetime).Duringthistime,the
radar processor calculates the locations and 
speedsofthedetectedobjects.

Fig. 1: Test setup for multichannel radar analysis with an oscilloscope. The radar signal is downconverted to an 

IF frequency of 3 GHz by the harmonic mixers and fed to the oscilloscope. The power splitter and one mixer are 

not needed for a test setup with only one channel.

Test setup

* 5 GHz analysis band-
width for testing 
automotive radars in 
the E band.  
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The IF signals from the mixers are fed to the 
oscilloscope inputs. The attenuation and 
S-parameters of the individual components in 
the signal path can be taken into account by 
the hardware and software deembedding func-
tions of the R&S®RTP. The impact of deembed-
dingisillustratedinFig. 2.Thereceivedsignalis
attenuated over the entire frequency range and 
detected with decreasing amplitude as the fre-
quencyincreases(upperscreenshot).Deem-
beddingcompensatesfortheselosses(lower
screenshot),enablingtheoscilloscopetoana-
lyze the actual signal.

Single-channel analysis

Trigger
Stable trigger conditions are essential for relia-
ble signal analysis with an oscilloscope. Oscillo-
scopes usually offer advanced trigger options in 
additiontotraditionaledgetriggering.However,

Fig. 2: An FMCW  signal 

with deembedding dis-

abled (top screenshot) 

and enabled (bottom 

screenshot). The fre-

quency response cor-

rection reconstructs the 

signal in its original fre-

quency range.

these options can only be used up to a certain 
bandwidth,dependingonthemanufacturer.
Thankstoitsdigitaltriggering,theR&S®RTPcan
use the entire range of trigger options up to the 
maximum bandwidth.

Simple edge triggering is not useful for these 
measurement tasks since the oscilloscope will 
trigger on virtually any point of the signal due 
to the nature of the radar pulse. A pulse width 
trigger,whichcanbeusedtotriggeronthe
interframetimebetweenpulses,ismoreuse-
ful because it allows individual pulses or entire 
pulse sequences to be detected and analyzed. 
The trigger condition can be configured for spe-
cificradarsignalparameters,forexampleto
onlydisplaypulseswithaspecificduration(see
the application note at the end of this article).

Demodulation
Forthebestpossiblespatialresolution,current
automotive radars operate with bandwidths up 
to4 GHz.TheR&S®RTPmeetstheassociated
T&M requirements. With its high sampling rate 
andlargememory,itcapturesthedowncon-
verted radar signal with a sufficiently high sam-
pling frequency. The analysis tools included in 
the base configuration are sufficient to check 
the modulation in the radar signal. The signal 
usedstartsat1 GHzandriseslinearlyto5 GHz.
An initial check of these frequencies starts with 
a frequency measurement that is configured to 
perform many frequency measurements within 
oneacquisition(frequencytracking).Theresult
is a display of the downconverted frequency 
versus time fIF(t).

Athigherfrequencies,thedatapointsarecloser
together,makingthemeasurementmorediffi-
cult.Noiseoftenincreases,butcanbefiltered
out by the oscilloscope’s lowpass filter math 
function. It is possible to change the scaling of 
fIF(t).(increasethefrequencyaxis)todisplaythe
radar signal in its original frequency range fHF(t) 
(Fig. 3).

Other measurement functions help users quickly 
determine important parameters such as the 
rise time of the linear frequency modulation. For 
example,theoscilloscope’sFFTfunctioncreates
a spectrogram that shows how the radar signal 
changes over time. These two analysis methods 
(Figs. 2and3)allowuserstoperformaninitial
check of the bandwidth and the modulation.
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Pulse analysis with the R&S®VSE software
The R&S®VSE vector signal explorer software 
offers advanced analysis tools for investigating 
radarsignals,forexampletocheckthelinea-
rity of a frequency modulated continuous wave 
(FMCW)radarsignal,whichhasalargeinflu-
enceontheDopplerpropertiesofatarget.The
software’sR&S®VSE-K60ctransientanalysis

option performs this measurement with high 
accuracy(Fig. 4).TheR&S®VSE-K60cdisplays
the frequency response fIF(t) and calculates the 
deviation from the ideal linear phase. The soft-
ware can be installed directly on the oscillo-
scope,butalsoonanexternalPC.Inthiscase,
the data is transferred for example via Ethernet 
for analysis.

Fig. 4: Transient analy-

sis of a chirp sequence 

signal with the 

R&S®VSE-K 60c tran-

sient analysis option. 

The pulse power versus 

time is shown at the top 

left. The linear frequency 

response can be seen 

in the top middle and in 

the spectrogram on the 

bottom left. The soft-

ware lists the properties 

of the detected pulses in 

a table (bottom middle). 

The properties can also 

be investigated in detail 

in graphical form. The 

chirp rate and frequency 

deviation are shown on 

the right.

Fig. 3: Top: With suitable 

scaling and filtering, the 

radar signal can be dis-

played in its original fre-

quency range fHF(t). Mea-

surement functions pro-

vide important param-

eters, such as the slew 

rate of the chirp. Bottom: 

The FFT shows the power 

profile of the chirp.
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Measuring phase and amplitude differences  
with multichannel analysis

Many automotive radars are equipped with mul-
tiple transmit and receive antenna arrays. These 
determine the directivity of the antenna and 
allow beamforming and detection of the direc-
tion of the target. To specifically investigate the 
transmitproperties,forexample,multiplemix-
ers can be operated simultaneously on the oscil-
loscope. The setup is similar to that for single-
channel analysis; the LO signal simply has to be 
distributedtoallthemixers(Fig. 1).

Whenusedasaphasecoherentreceiver,the
oscilloscope analyzes multiple signals relative 
toeachother.Typically,thephasedifferences
and difference between the two spectra are ana-
lyzed. The FFT function of the R&S®RTP is also 
helpful. It is used to calculate the amplitude 
spectra of the signals in the two channels. The 
difference is then calculated with another math 
function and displayed.

Fig. 5: Multichannel 

measurement of a chirp 

sequence. The pulses 

are shown in the time 

domain (top), the spec-

tra of the individual 

channels in the  middle, 

and the amplitudes and 

phase difference are 

shown on the bottom 

left and bottom right, 

respectively.

Forthephasemeasurement,theanalysisrange
islimitedtoanarrowtimecorridor,andthe
phase difference of the two input channels is 
calculated from the phase properties deter-
minedbyFFT(Fig. 5).Theadvantageoftheindi-
rect method using FFT is the larger time anal-
ysis range. Whereas a single measurement of 
the phase difference in the time domain can 
bestronglydominatedbynoise,inthefre-
quency domain multiple signal periods are com-
paredwitheachother,resultinginasignificantly
smaller measurement uncertainty.

Debugging by correlating radar signals  
with other signals

The R&S®RTP can measure the amplitude and 
phase differences of multiple antenna paths 
simultaneously and correlate the radar  signals 
withothersignals,suchasthesupplyvoltage
ordigitalbussignals(Fig. 6).Simultaneously
acquiring CAN bus or automotive Ethernet 
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Fig. 6: Measurement of the delay between the radar signal (left) and 

the CAN protocol frame (right). The oscilloscope triggers on the radar 

signal and, using the “Trigger to Frame“ function, measures a delay of 

9.54 ms from when the radar signal is transmitted to when the proto-

col transfer starts (bottom).

signals together with radar signals is particularly 
helpful during development and debugging. The 
analysis time of the radar sensor can be deter-
mined from the delay between the radar sig-
nal and the bus protocol signal. If the measured 
delayexceedsaspecifiedtime,deploymentin
autonomous vehicles is not acceptable.

Summary

The R&S®RTP oscilloscope is ideal for character-
izing the new generation of radar sensors. The 
radar signals are either acquired directly from 
the radar sensor as baseband signals or down-
converted by a mixer to the oscilloscope’s band-
width. The oscilloscope’s advanced trigger and 
analysis tools and the powerful R&S®VSE pulse 
analysis software facilitate characterization and 
debugging.

Dr.ErnstFlemming,Dr.AndreasRitter

Analysis of radar 
signals is described 
in detail in the 
application note 
“ Automotive Radar 
– Chirp  Analysis 
with R&S®RTP 
Oscilloscope”.
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