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FMCW radar sensors are used in vehicles for adaptive cruise control and for blind-spot, lane-change and cross
traffic assistants. Radar sensors for acquisition of the surroundings are key components for future vehicles

with semi-autonomous and fully autonomous driving. Autonomous driving requires radars that reliably detect
objects in the surrounding area. Radar makes it possible to quickly and precisely measure the radial velocity,
range and azimuth and elevation angle of multiple objects. For this reason, the automobile industry is
increasingly using this technology in advanced driver assistance systems (ADAS). Rohde & Schwarz offers
T&M solutions for generating, measuring and analyzing radar signals and components to ensure trouble
free operation of these sensors. The high-performance oscilloscope R&S® RTP with four measurement
channels is the perfect solution for multi-channel measurements on MIMO radar sensors and correlation
with other signals e.g. power rails, whereas a spectrum analyzer such as the R&S® FSW85 offers highest
dynamic up to 85 GHz.

This application note focuses on how to measure and analyze FMCW radar signals with up to 6 GHz
bandwidth with an R&S® RTP oscilloscope. On-board analysis features for pulse and chirp analysis for
single- and multi-channel measurements will be addressed as well as the combination of oscilloscope and
R&S® VSE software. Measurement of an FMCW radar signal in the 77 - 81GHz band with 4 GHz
bandwidth is demonstrated.
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Technical Background

In this application note, the following abbreviations are used for Rohde & Schwarz
instruments:

& The R&S®RTP high-performance oscilloscope is referred to as the RTP.

& The R&S®SMAI100B RF and microwave signal generator is referred to as the
SMA100B.

& The R&S®FS-Z90 harmonic mixer is referred to as the FS-Z90.

& The R&S®VSE vector signal explorer software is referred to as the VSE.
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1 Technical Background

1.1

Automotive radar sensors usually rely on the common principle of CW radar with each
supplier adapting the transmitted waveforms and signal processing according to their
research results. Specific waveforms are not mandatory or even specified. There are
mainly two different types of waveforms used in today's automotive radar sensors:

1. Blind spot detection radars (BSD) often use the so called Multi-Frequency-Shift
keying (MFSK) radar signal, with most of them operated in the 24 GHz range.
However, there is a shift in the industry toward the 77-GHz frequency band due to
emerging regulatory requirements, as well as the larger bandwidth availability, smaller
sensor size and performance advantages.

2. Radars operating in the 77 GHz or 79 GHz band mainly used for adaptive cruise
control (ACC) usually make use of Linear Frequency Modulated Continuous Wave
(LFMCW or simply FMCW) signals or Chirp Sequence (CS) signals, which are just a
special form of FMCW signals.

This application note deals with FMCW radar sensors in the 77 GHz frequency band.
The chirp measurements described in Section 2 and 3 are shown on a Chirp Sequence
(CS) radar signal (see section 1.3.2).

Frequency Modulated Continuous Wave Radar Signals

Continuous wave radar signals with a linear frequency modulation are applied in many
radar systems. Although the FMCW technique has been in use for many years in a
number of applications, the automotive radar market is nowadays perhaps the most
prevalent application for the use of this radar waveform. Fast and high performance
digital signal processors (DSP), field programmable gate arrays (FPGA) and direct
digital synthesis (DDS) make it possible to build low-cost radar units which generate
nearly arbitrary radar signals and compute the signal processing to support safer or
even automated driving currently and in the future.

This signal processing includes real-time target detection, parameter estimation, target
tracking and sometimes even signal classification of multi-target situations and under
all weather conditions. FMCW radars have low transmit power compared to pulse
radar systems. This allows the radar to be smaller in size and lower in cost. Another
important feature is the zero blind range, as the transmitter and receiver are always on.

Other advantages such as direct Doppler frequency shift measurement make these
radar signals very well suited in the automotive and industrial sector. Key performance
indicators of radars are, among others, the resolution, ambiguity and accuracy of range
and radial velocity. While the resolutions depend on signal bandwidth and length of the
chirp, parameter estimation accuracy requires a high signal to noise of the radar echo
signal in the first place. In addition, frequency measurement methods, windowing and
the transmit signal quality have effects on these key performance indicators.

Rohde & Schwarz Automotive Radar - Chirp Analysis with R&S RTP Oscilloscope 4



Technical Background

GFM318 Oe

1.2 FMCW Radar Principle

Fig. 1-1 shows the principle of the Frequency Modulated Continuous Wave (FMCW)
radar. For FMCW radars, a frequency modulated signal (Chirp) is transmitted. Each
frequency modulated signal has a specific bandwidth 6 and a chirp length 'Y  .The

transmitted radar signal follows a saw tooth waveform.

B TX
RX

] | 1
H—H Tchi'rp

~+ ¥V

Fig. 1-1: FMCW radar principle

The saw tooth function versus time is given by:

Equation 1-1:

0 o O o
o N
With:

" start frequency
6: Bandwidth
“Y  : Chirp length

In case of a target reflecting the TX radar signal, the received signal has the same saw
tooth waveform but delayed in time by the propagation time . The range R (distance
to target) is calculated as follows:

Equation 1-2:
Y -=0Of
q

With:
& Speed of light

A certain frequency shift between TX and RX, called beat frequency "@ is introduced
when the target reflects the radar wave. The Radar measures the beat frequency (see
section 1.4). Signal propagation time T and beat frequency "Q are equivalent and are
linked together according to:

Equation 1-3:
t Q
Y 6
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With Equation 1-2 and Equation 1-3, the radar computes the range as follows:

Equation 1-4:

W'Y )
Y —-0—0Q
')

The result is only correct if the target is not moving, i.e. if the echo signal has no
Doppler shift.

For a moving target, the beat frequency includes two components (see Fig: 1-2):

"Qbecause of the signal propagation time delay T and the frequency shift "Q because
of the Doppler effect:

Equation 1-5:
Qe ——Y -
With:

U : Radial velocity
_: TX signal wavelength

Equation 1-5 contains two unknown variables 'Y and 0 . That means that the
measurement of the beat frequency is insufficient to determine the range and radial
velocity of the target.

B TX
RX

t

Fig: 1-2: Frequency shift in the echo radar signal due to Doppler effect and range

1.3 Typical Radar Waveforms

1.3.1 Linear FMCW radar with up-chirp and down-chirp

For solving Equation 1-5: two chirps with different slopes are used. Fig. 1-3 shows a
FMCW radar signal with a positive (up-chirp) and a negative (down-chirp) slope. This
yields two independent measurements of the beat frequencies "Q and "Q :

Equation 1-6:

N —Y -
Equation 1-7:

N —Y -
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1.3.2

The two equations Equation 1-6 and Equation 1-7 for "Q and "Q can now be solved
for'Yand 0 . The disadvantage of this waveform is that the measurement now takes
with ¢ JYXXI tvyice as long.

B TX
faA T RX
-7 Y F N

fo2
Jo1
T — ="
Tchi‘;‘p ZTChirp t

Fig. 1-3: Linear FMCW radar with up-chirp and down-chirp

The advantage of the triangular waveform is the ease of implementation and the
avoidance of sharp transitions compared to e.g. saw-tooth waveforms, which are used
in chirp sequences (see section 1.3.2)

For multi target situations range and radial velocity cannot be resolved unambiguously
by two consecutive chirps measuring different beat frequencies. This causes ghost
targets which can be resolved by additional chirps with different slopes transmitted in
FMCW radar.

Typical values for automotive FMCW radar sensors are:

(58

Y  is designed to be in the domain of 20 ms.
€  Number of Chirps for a single processing interval > 2.

& 0 defines the range resolution and varies between some hundred MHz up to a
maximum of currently 5 GHz. In order to achieve a high range resolution the radar
manufacturers are working on radar sensors with highest possible bandwidth. The
RTP oscilloscope with its high bandwidth can handle radar signals from today and
beyond.

Chirp Sequence

The other common signal waveform is a continuous wave type with very fast chirps.
This waveform is called Chirp Sequence (CS) and consists out of several very short
FMCW chirps each with a duration of “¥i thansmitted in a block of length "Yame (see
Fig. 1-4). Due to the fact that a single chirp is very short, the beat frequency "Q is
mainly influenced by signal propagation time (Doppler frequency shift "@ can be
neglected in the first processing step).
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1.4

B TX
n RX

[
>

|
Tchirp Tf?‘ame
Fig. 1-4: Chirp Sequence

The signal processing follows the straight approach with an initial down conversion by
instantaneous carrier frequency and Fourier transformation of each single chirp. The
beat frequency is mainly determined by range. Thus under assumption of a radial
velocity 0 =0 a i, the target range 'Yis calculated as in FMCW using

Equation 1-8:
co
Qo Y
WY

The radial velocity is not measured during a single chirp but instead over the block on
consecutive chirps with the duration of “Yame. A second Fourier transformation is
performed along the time axis, which will then yield Doppler frequency shift "G.

Typical durations for CS signals:

“¥i ig typically in the domain of 10¢s to several hundred €s.

(D¢

€&  Number of chirps nis typically > 100 and < 1000, depending on the frame length
“Yrame Of the radar sensor.

€&  "Yameis in the domain of 20 ms and defined by the desired radial velocity
resolution.

& O defines the range resolution and varies between some hundred MHz up to a
maximum of currently 5 GHz. In order to achieve a high range resolution the radar
manufacturers are working on radar sensors with highest possible bandwidth. The
RTP oscilloscope with its high bandwidth can handle radar signals from today and
beyond.

Beat Frequency Measurement

To measure the beat frequency, the receive signal is mixed with the transmit signal.
This is depicted in Fig. 1-5, where the beat frequency is represented as an offset from
zero, which can be measured by a Fourier transformation. A threshold for beat
frequencies defines a limit above which targets are valid. All beat frequencies with an
amplitude above this threshold are then detected.
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1.5
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Fig. 1-5: Beat frequency measurement

. |

Signal Linearity

Depending on the kind of signal generation there are several effects which reduce the
linearity of the signal. This linearity degradation in turn reduces the radar performance.
Slow frequency deviation from a perfect linear signal slope over a certain bandwidth
may occur as depicted in Fig. 1-6. Due to down conversion of the receive signal with
the instantaneous transmit frequency, the beat frequency will exhibit a trend. Hence,
the Fourier transformed signal will result in a broader frequency peak. This decreases
range and radial velocity parameter estimation accuracy and resolution, as the beat
frequency measurement is less accurate. The signal linearity measurement is
described in section 2.3.1.1.
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Fig. 1-6: Slow frequency deviation results in a broader frequency peak after the Fourier
transformation

Another effect on transmit signals are ripples on the TX signal, as illustrated in Fig 1-7.
This frequency deviation affects the accuracy of the beat frequency measurement and
causes unwanted side-lobes to appear in the IF signal spectrum. The beat frequency
"Q measured by down-conversion and Fourier transformation will result in a wider
frequency peak in the Fourier spectrum compared to the transmission of ideal linear
ramps (see Fig. 1-5). Hence resolution in both domains (range resolution, radial
velocity resolution) and accuracy are degraded during the FMCW signal processing.
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Fig 1-7: Ripple on TX signal

Range and velocity resolution

In general, the range resolution given by a radar system is determined by the
bandwidth. The FMCW range resolution is given by:

Equation 1-9:

W
co

For example, a signal bandwidth of 150 MHz determines a range resolution of 1 m, a

signal bandwidth of 1.5 GHz determines a range resolution of 10 cm.

Conclusion: a better range resolution requires higher bandwidth.
The FMCW radial velocity resolution is defined by the chirp length:
Equation 1-10:

b ———or

Vi B v— where L denotes the amount of coherently transmitted chirp

signals in case of a chirp sequence.

Equation 1-10 shows that a better speed resolution requires higher TX frequency or
longer measurement time.
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In automotive radar sensors the “Y s typically on the order of several milliseconds.
For example a radar sensor operatingat 'Q 77 GHzandwith”Y =10mshasa

radial velocity resolution of 0.19 m/s. This high radial velocity resolution allows
distinguishing even slowly moving pedestrians from static targets.

To verify range resolution, signal bandwidth has to be measured and further signal
processing steps, e.g. windowing, have to be taken into account. A corresponding
measurement need also exists for the chirp length, which should be verified to
guarantee the required radial velocity resolution. In practice, the achieved range and
radial velocity accuracy will greatly depend on signal to noise ratio of the radar echo
signal. However, the achievable performance remains bounded by the quality of the
transmitted signal and its corresponding bandwidth and chirp length. Unwanted effects
on the transmit signal will therefore effect the accuracy of the estimation, and in
extreme cases may even be the dominating factor in determining system performance.
One very important parameter of signal quality to be measured in this respect is the
FM linearity (see section 1.5).

1.7 Azimuth and evaluation

Azimuth and elevation angle are measured by using several transmitting and receiving
antennas. Depending on the number of antennas, resolution in azimuth and elevation
is also possible. To estimate the angle, a radar generally measures the phase
difference of a received signal at multiple antennas (see section 3 and 3.2.3 ). By
increasing the number of antenna elements, azimuth resolution becomes possible and
the accuracy of the angular measurement improves.

Today many automotive radars apply MIMO radar signhal processing to improve
angular resolution. Fig.1-8 shows a radar frontend with one TX and four RX that are
spaced by a&2. The total number of antennas, which defines the spatial resolution, is
defined by N_TX xM_RXwith proper antenna alignment. The upper case shows

1 x 4 = 4elements and the lower case 2 x 2 = 4 elements. Hence, the same resolution
can be achieved with both arrays.

Since TX1 and TX2 are different apart from the receiver array, the phases at the
receivers are different. If two transmitters are active, four phases are measured with
two receiver antennas. With the Multi Channel measurement described in section 3
you can set up several receivers in different places. For example, with this setup you
can check if beamforming is working properly.

GFM318 Oe Rohde & Schwarz Automotive Radar - Chirp Analysis with R&S RTP Oscilloscope 12
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Fig.1-8: MIMO Principle
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In order for the receivers to distinguish between the various transmitter signals, several
different approaches like time division multiple, frequency division multiplex or code

multiplex are used.

Rohde & Schwarz Automotive Radar - Chirp Analysis with R&S RTP Oscilloscope 13



Chirp analysis of automotive radar sensors with RTP

GFM318 Oe

2 Chirp analysis of automotive radar sensors

2.1

with RTP

For the following described chirp analysis the RTP oscilloscope is used. The RTP
extends the R&S product portfolio with respect to RF pulse and chirp measurement
solutions. The oscilloscope is able to perform wideband pulse and chirp measurements
in time and frequency domain using on-board tools. The analysis capabilities can be
further extended, by using the R&S VSE software (option).

Another powerful feature is the phase coherence of the oscilloscope. The RTP
oscilloscope is a phase coherent receiver and in combination with the powerful FFT
and the low noise floor of the instrument an excellent tool to address MIMO and multi-
channel requirements (see chapter 3 Multi-channel measurement with oscilloscope).
Furthermore, in combination with the deembedding capabilities in real time, the RTP is
also capable to correct losses and mismatch in the signal path without time consuming
post-processing.

Measurement Setup

Fig. 2-1 shows the test setup for the automotive radar signal analysis. The automotive
radar device is connected e.g. via USB interface with a PC. With the help of a radar
control software, provided by the radar sensor manufacturer, a radar signal is
generated. For receiving the radar signal over the air, a suitable horn antenna like the
R&S FS-SH-90 Horn Antenna is used.

In order to extend the supported frequency range of the RTP oscilloscope, an external
mixer is used. The harmonic mixer FS-Z90 performs the frequency down conversion of
the radar signal. The LO frequency generated by a signal generator is output to the
external mixer, where it is mixed with the RF input from the original radar input signal.
In addition, the harmonics of the LO are mixed with the input signal, and converted to
new intermediate frequencies. The IF from the external mixer is fed into the RTP. The
frequency of the input signal can be expressed as a function of the LO frequency and
the selected harmonic of the first LO as follows:

Equation 2-1:

MM £0Q

f\n fIF

n*flo
Where:
"Q : Frequency of input signal
€ : Order of harmonic used for conversion

"Q : Frequency LO signal
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2.2

"Q : Intermediate frequency

In this setup the intermediate frequency (IF) is in the range of 1 GHz to 5 GHz and the
DUT operates in the range from 77 to 81 GHz. The LO harmonic number of the
FS-Z90 is 6. This results in a LO-frequency of 12.66666 GHz (calculation via Equation
2-1). The LO signal is generated by the SMA100B Signal Generator and fed into the
LO input of the harmonic mixer FS-Z90. By this means the connected RTP
Oscilloscope is able to analyze the down converted radar signal.

For an advanced chirp analysis, the VSE Vector Signal Explorer software can be
directly installed on the RTP. The VSE is able to analyze the RTP data. As an
alternative, an external PC with the installed VSE software can be used. The PC and
the RTP are connected via LAN. With this test setup, it is possible to analyze radar
signals with up to 6 GHz signal bandwidth.

Automotive (2) Oscilloscope
® @ with installed VSE
(3) Software (option)
e CH1
HF IF: 3 GHz Radar signal analysis
e.g. USB connection o ELAN
o Alternative:
PC with radar device I\I PC with
control software LO Signal VSE software

16 GHz PBNC

to SMA adapter ;
E-Band homo i Oscilloscope

antenna Harmonic Mixer Matched pair cables Signal Generator

RI-ZA16 RTPOB4/RTP084
FH-SG-90 SMA1008B

Fig. 2-1: Test setup for chirp and pulse measurement in E-band by using a harmonic mixer

Pulse and chirp analysis with RTP oscilloscope

Before you can start the measurement, perform the following basic settings:
Settings on SMA100B Signal Generator:
€&  Pressthe PRESET key.

€&  Make the settings for a CW signal with f = 12.666666 GHz, level = 17 dBm. For
the multi channel measurement described in 3.2 increase the level to 20 dBm.

Settings on RTP:
€& Press the PRESET key.

&  Change the horizontal time scaling (here 400 ps/div) until some radar pulses
became visible on the display (see Fig 2-2)

Settings on the radar DUT:
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Chirp analysis of automotive radar sensors with RTP

€&  Adjust the DUT settings for a specific radar signal you like to test. In the following
a radar signal with f = 77 GHz with 3.9 GHz Bandwidth and a chirp duration of
400 ps is used.

2019-06-25
10:34:01

rizontal

i

Meas Group 1
Frequency 101.79 MHz

Fig 2-2: Radar Signal in time domain

For a high horizontal resolution select the Setup from the Horizontal menu.

(58

€& Deselect the Auto adjustment function and set the Sample rate to 20 GSa/s:

) oo (5 (@ [H) 4
]

Setup Acquisition Fast Segmentation Horizontal («) (@) () (x)
Resolution dependency  Roll mode
Time scale Acquisition time | | |

400 ps/div/ A
Sample rate i ® o .

5 & Minimum

-~ Resolution ‘ | acquisition time
M Auto adjustment | | @ 10 s

| use Ul MogE W EAsUTe o
time resolution independent
from the horizontal scale.

‘Reference point Position Record length

80 MSa

Setup ‘o acquisition range I Reference I'J [ Skew ks

Acquisition

Fast Segmentation
w00y

Trigger Vertical Math Cursor Meas Masks Analysis Display Pulse Src
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2.2.1 Real-time deembedding of signal losses

The result on the Oscilloscope screen shows a weak signal. In order to eliminate
additional signal losses caused by the mixer (conversion loss), cable and adapter (see
Fig. 2-3) the RTP provides the deembedding function.

Mixer conversion  Cable + Adapter loss

loss (FS-Z90) (RT-ZA17 / RT-Z16)
Automotive r \/ \ Oscilloscope
A ith installed VSE
(rT:aTdarB c‘I’eCV-}II(-:Ii) ‘ ) )) - Software (aption)
HF IF: 3 GHz

LO Signal

Fig. 2-3: The down converted radar signal is reduced by conversion loss, cable and adapter loss

Deembedding removes the parasitic effects of the measurement setup from the
measured signal. A simple measurement setup consists of a probe only, but more
complex setups include also cables, fixtures and other components. The effects of
these components on the measurement are typically increasing when signal frequency
increases. Thus, deembedding is useful or even necessary when measuring signals of
3 GHz frequency or higher. Furthermore, you can virtually move the measurement
point to a point in a circuit that cannot be reached by probing. In this case, the effects
of the components between the real and ideal probe are deembedded.

The components of a measurement setup are usually multi-ports, and each multiport
can be described by a scattering matrix. The elements of a scattering matrix are the
S-parameters. The S-parameters of a multiport are usually measured using vector
network analyzers (VNA), and they are saved in Touchstone files. From the
S-parameters of the measurement components, the deembedding option determines
the transfer function for the measurement setup. Based on the transfer function, filter
coefficients are calculated, and the filter is applied to the measured signal. Option R&S
RTP-K121 realizes the deembedding process in software. As the process requires
some time, triggering on the corrected signal is not possible, and the acquisition rate
decreases. Option R&S RTP-K122 realizes the deembedding process in hardware.
This process is fast, so you can trigger on the corrected signal, and the acquisition rate
remains unchanged.

For the deembedding of the shown losses in Fig. 2-3 proceed as follows:

GFM318 Oe Rohde & Schwarz Automotive Radar - Chirp Analysis with R&S RTP Oscilloscope 17
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€&  Select the Deeembedding function from the Analysis Menu:

Deembedding
Compliance Test
Jitter Wizard
CDR

=100 my

Parallel Bus
Search

Serial Bus
DDR Eye Setup

@8 File |Horizontal |Trigger |Vertical |Math |Cursor |[Meas Masks | \Display |Pulse Src

€& Inorder to add the FS-Z90 RF-characteristic press Configure of the custom icon:

Setup Components Cascade Response Deembedding («) [ (2) (x)

m O Enable

Effective Bandwidth
7.93 GHz Delay compensation m Real-time deembedding

Meas setup definition

e 5 ¢ %
| Configure

Save / Recall deembedding settings
Deembedding_2019-07-08_0_094208.xml| )

|- Open... < save Jusave as... Lxml - ‘

The following settings are shown in Fig. 2-4:
€ Enter a name for the deembedding device, here "FS-Z90".

€  With Open, load the S-Parameter file for the FS-Z90 mixer. The conversion loss of
the mixer in the down converted frequency range is shown in Fig. 2-4 .

& Activate the Enable field.
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Setup |Components Cascade Response Deembedding («) &) (T} (x)

DUT F5-Z90 RT-ZA17 1 RT-ZA161 Input
u Enable Response curves

Component Name Total ports ‘ m
oter_fles-z00__| el - [ < -

(Z, = 500)

Input 1 Output 1

D -

Phase Response
(Z, = 50Q)

S-Parameters )
FS-Z90#100103.52p

Group Delay Response
(Z, = 500)

Fig. 2-4: Deembedding settings for FS-Z90

Add the SMA RF-Cable:
é Select the Setup tab and add (press the + sign) a new deembedding component.

€ Choose the predefined RT-ZA17.

Setup Components Cascade Response Deembedding@@@

Cable Fixture Adapter Custom

== H oW
&
(=
¢ ok
RT-ZA10 RT-ZA16 RT-ZA17 | Configure

= e |5

F Hint: Instead of using the default values of the RT-Z17 cable you can determine the
S-Parameters with a VNA. Then select the Cable icon and load the S-Parameter file as
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it is described above for the mixer. This can increase the measuring accuracy even
more.

&  Press the Configure button of the RT-ZA17 icon and activate the Enable box.
& Add the RT-ZA16 in the same way like for the RT-ZA-17.
Finally, the deembedding setup looks like in Fig. 2-5.

& Activate the Real-time deembedding and Enable the Deembedding function.

Setup Components Cascade Response Deembedding@@@

m\ Enable

Effective Bandwidth :
m‘ Delay compensation m Real-time deembedding

Meas setup definition

ourt FS-Z90 x RT-ZA17 1 x RT-ZA16 1 x

&

Save / Recall deembedding settings
Deembedding_2019-07-08_0_093713.xml|

« Save | Save As... |.xm ixapRa Badliikiv

Fig. 2-5: Deembedding setup

After the Deembedding function is activated, the mentioned losses of the used
components are removed and the signal amplitude of the radar signal is increased
(Fig. 2-6):
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m s 2ms 32ms
M up 1
Frequency 1.5452 GHz

Fig. 2-6: Rader signal with increased signal amplitude after the Deembedding of losses

2.2.2 Precise triggering on pulsed signal

The activated Real-Time Deembedding (option R&S RTP-K122) realizes the
deembedding process in hardware and allows the triggering on the corrected signal.
The width trigger detects positive and/or negative pulses of a pulse width (duration)
inside or outside of a defined time limit. It can trigger on a single digital channel or a
logical combination of digital channels. The instrument triggers at the beginning of the
detected pulse?.

€  Select the Width Trigger in the Trigger Setup window.
€ Inthe trigger Type settings make the following settings to account for the pulse of-
time:

i Trigger Pulse Polarity: off-time

i Off-time range longer than 10us

i Trigger Level 50 mV

(Please note: the values can be the different for other radar waveforms.)

1 Advanced trigger capabilities, e.g. selective trigger on certain pulse durations, are described in a separate
application card: Trigger on radar RF pulses with an oscilloscope
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€  After closing the Trigger Setup window, there are stable pulses on the screen:

2019-06-25
10:42:49

Horizontal

400 ps
i

Meas Group 1
Frequency 1.5452 GHz

2.2.3 Pulse Envelope measurement
In order to create the pulse envelope it is hecessary to filter out the RF carrier. The

Advanced Math function of the RTP allows to do this with the help of some
mathematical functions.
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