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Radarbook2 Applications

The Radarbook2 (RBK2) is a powerful processing platform which provides high flexibility and
can be use in different applications. The system is designed to simplify the development of signal
processing algorithms with Python, Matlab, or C++ for FMCW based radar systems. In the next
step the algorithms can be directly executed on the dual-core ARM processor without the need
for a compiler. In addition, the Linux operating system provides high level functions to interface
the sensor or publish the results. For example the processed IF signals can be published as ROS
messages, or directly stored in a HDF5 file on an USB drive.
The main features of the RBK2 include
 High memory bandwidth > 12 GBit/s,
 Record up to 16 parallel channels with 40 MSPS,
 1 GByte on-board memory for signal processing and buffering of measurement data,
 Calculate range-Doppler maps with a up to 2048 range bins and 512 velocity bins,
 Output list of detections to reduce data rate,
 Publish measurement data directly to TCP/IP or ROS over Ethernet or WLAN.

The RBK2 can be used with different frontends. Currently 10-GHz, 24-GHz, 77-GHz and
120-GHz frontends are available for the RBK2.
 Sampling framework (SFR),
 FFT processing framewowk (FFTFR),
 Imaging and SAR processing framework.

In the subsequent sections some use cases are highlighted to demonstrate how the RBK2 can
be used.
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2.1

Operate Radar System from Graphical User Interface

The graphical user interface (GUI) is designed to simplify the configuration of the radar system.
The GUI runs on a PC with windows operating system and the RBK2 is interfaced over an Ethernet
connection. The GUI only works with the sampling framework and enables the visualization of
 raw signals and or range profiles
 range-Doppler maps, or
 reflectivity maps

with a view clicks as shown in Fig. 1. In the left plot the time signals and the range profiles are
printed and the right plot shows the range-Doppler map of a single channel. The GUI supports the
standard 24-GHz and 77-GHz FMCW frontends with multiple transmit and receive antennas.
The configuration is reduced to a minimal set of parameters and the GUI is designed to demonstrate the operating principle of FMCW radar systems in typical operating modes. The GUI is
programmed in Python and all the calculations are carried out within the GUI.

Figure 1: In the left picture the GUI is used to visualize raw signals and range profiles and in the
right picture a range-Doppler map of a single channel is calculated.
The GUI was designed to demonstrate FMCW signal processing without the need for additional
software tools and with the goal to start measurements with minimal effort. Therefore it is limited
to the most important measurement modes. In addition, all the calculations are carried out with
the Python framework and hence measurement modes which require high data rates are limited by
the maximum speed of the Ethernet connection and the time required for plotting the results in
the different figures.
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2.2

FMCW Radar System Operated from Python or Matlab

The GUI only provides pre-defined measurement modes and therefore not all of the features of the
radar system and the RF chipsets can be configured and in addition no custom signal processing
algorithms can be executed. Hence, Python and Matlab firmware functions are available for the
sampling and the FFT framework. These enable the configuration of user defined chirp sequences
and the implementation of custom signal processing algorithms as shown in Fig. 2.

Figure 2: On the left the configuration of the waveform is shown and on the right the range profile
calculation is configured.
In the first step the board and the chirp sequence are configured and afterwards the IF data
or range profiles can be read back in a loop with the method Brd.BrdGetData(). The RBK2
returns an array containing the IF signals or the range profiles for all enabled IF channels and in
a next step signal processing algorithms can be applied to the data. The results can be plotted
with the built-in functions of Matlab and Python as for example shown in Fig. 3. The firmware
functions are designed to simplify the configuration without the need to configure all the registers
of the transceivers. Nonetheless the firmware provides access to all the registers of the RF chips and
specific configurations can be run, which are not supported by the firmware. The main limitation

Figure 3: In the left picture the range profile is plotted with Matlab and in the right figure a
range-Doppler map is calculated.
is the TCP/IP data rate, which is limited by the RBK2 to a maximum rate of 550 MBit/s. In
addition, care has to be taken that the IF data is fetched at the rate with which measurements are
generated. Complex signal processing algorithms or plotting of the results will typically cause large
delays and then the data cannot be fetched from the RBK2. In this case it is required to reduce
the measurement rate in order to avoid loss of data. The frame number provides a mechanism to
verify if all the data has been received and no packets have been dropped.
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2.3

Fast-Chirp FMCW System with Output of Point Clouds

The RBK2 features a high performance FPGA and a powerful and configurable FFT processing
framework is available to calculate a list of detections. The FFT processing chain is shown in
Fig. 4 and all the calculations are executed in the FPGA part of the system, without causing any
processing load for the ARM processors. The local maxima detector outputs dominant reflections
in the range Doppler map, which exceed a certain threshold. Hence the data rate is reduced to a
view MBit instead of the raw data rates, which are typically between 2 and 10 GBit/s for MIMO
systems with a high number of channels. The framework supports a maximum of 2048 range bins
and 512 velocity bins for up to 16 receive channels.

Figure 4: Block diagram of the FFT processing framework with two separate FFT chains.
The range-Doppler processing is implemented for up to 16 receive channels and a list of detection
with data rates of a few MBit is forwarded to the next processing entity instead of the raw data.
The detection list contains a list of local maxima with up to 512 detections and includes
 Magnitude of the local maxima and magnitude of the neighboring bins,
 Indices in the magnitude range-Doppler map, according to the position of the local maxima,
 Estimate of the noise floor at the position of the maximum, and
 Complex amplitudes of local maxima for all the range-Doppler maps of the input channels.

The final application can be executed in Python or C++ directly on the ARM to build a powerful radar system adjusted to the application at hand. For example by implementing clustering
algorithms and tracking filters a real-time system can be implemented. The local maxima detector
preserves micro-Doppler signatures, which enables to implement a classification of the radar targets
too.
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2.4

Visualization of Point Cloud with Matlab or Python

The FFT processing framework enables the calculation of point clouds for up to 16 input channels.
In the current example a 77-GHz module with 16 receive and a single transmit antenna is used to
generate 384 chirps with a duration of 102.4 µs and a chirp repetition interval of 140 µs. Afterwards
16 range-Doppler maps of size 512 x 512 are calculated with an update rate of 14 Hz and the point
cloud is extracted. In Fig. 5 the point cloud is shown in a range velocity map. The main advantage

Figure 5: Point cloud calculated on the RBK2 and displayed in a range velocity map.
of the point cloud calculation is the reduction of the data rates to a few MBit/s instead of GBit/s.
The local maximum detector is designed to preserve information like micro-Doppler signatures and
its sensitivity can be configured. Matlab or Python are only required for plotting the results in
real-time, as shown in Fig. 6 for a single snapshot. As the data rates are very low, typically much

Figure 6: Detections plotted in a Cartesian coordinate system on the left and image of the scene
on the right.
lower than data rate of the video stream, additional processing step like
 Advanced beamforming algorithms,
 Clustering and tracking algorithms,
 Training of neuronal networks

can be added after receiving the data while still preserving real-time constraints.
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2.5

Run Python Application on the RBK2

The processing power of the dual-core ARM is not sufficient to calculate two-dimensional FFTs
for all input channels at a practical update rate. But in connection with the FFT framework,
which is executed on the FPGA part of the system, powerful applications can be implemented with
the RBK2. Python3 is installed on the Linux operating system and scripts can be executed and
powerful toolboxes like numpy can be included. Hence, the algorithms can be developed on a PC
with powerful plotting options and afterwards they can be run directly on the system, without
the need for any additional compiler. To run an Python application on the ARM, connect to the
system with an SSH connection. On a windows system MobaXterm or other terminals can be used
to connect to the RBK2. On Linux systems SSH is supported in all common terminal programs.
In this example we assume that the board is available at its default IP address 192.168.1.1.
ssh root@192.168.1.1
The default password for the Linux operating system installed on the SD card is root. The basic
firmware application scripts are already available on the file system stored at the SD card. At first
open the folder containing the scripts for the frontend connected to the RBK2. In this example we
assume that the standard 77-GHz frontend with 2 TX and 16 RX antennas is connected.
cd Python/Rbk2IfxTx2Rx16_Brd
Afterwards the python application script AN 01.py can be executed on the ARM.
python3 AN_01.py
The script outputs the status of the board and the software configuration as shown in Fig. 7. The

Figure 7: Running a python3 application on the RBK2.
communication is implemented over a local TCP/IP connection. Hence care has to be taken that
the IP address is set to the local host. For example the vim or nano editors can be used to modify
the application scripts directly on the board.
vim AN_01.py
It is also possible to generate your own application scripts and start them automatically with the
application section in the web interface after powering up the system.
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2.6

Record IF Data, Range Profiles or Point Clouds with RadServe

The RadServe is a tool to record raw radar data or processed data and store them to HDF5 files.
The recorded files can be used to develop and optimize signal processing algorithms with Matlab or
Python in a post processing step. In a typical configuration the RadServe tool is run on the same
PC with the Matlab or Python scripts, which are used to configure the radar system. Instead of
directly connecting to the radar the Matlab script connects to the RadServe at the local address
127.0.0.1
Brd = Rbk2Adf24Tx2Rx8('RadServe', '127.0.0.1', 8000, '192.168.1.1');

and the RadServe forwards the messages to the RBK2 at IP address 192.168.1.1 as depicted in
Fig. 8.

Figure 8: RadServe used to record radar and video data and store the data to an HDF5 file.
The measurement data returned from the RBK2 is then stored to the HDF5 file instead of
returning it to Matlab. In addition, one or multiple video streams can be captured synchronized
to the radar data. The RadServe is implemented in C++ and multiple threads and buffers implemented in the memory are used to optimize the data transfer. Hence, data rates up to 3 GBit/s
can be streamed to a file with a suitable SSD. In case of the RBK2 the data rate is limited by the
Ethernet connection of the RBK2. The maximum data rate of 550 MBit/s is verified with the
sampling framework and the RadServe configured to store the measurement data to a file. The
RadServe automatically detects if a packet has been dropped and outputs a warning.
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2.7

Performe GPS Synchronized Measurements

On request the 24 and 77-GHz standard frontends are equipped with Ublox GPS modules. If a GPS
module is installed, the RBK2 can be triggered from the 1s time pulse of the GPS module. This
feature can be used to synchronize the radar sensor to other sensor modalities and or to record the
time stamp and position of the of the radar sensor. In Fig. 9 the sensor is for example configured
to execute 4 equally spaced range-Doppler measurements as response to the 1s time pulse of the
GPS module. In addition to the time synchronization the GPS information can be added to the

Figure 9: Measurements triggered from GPS time pulse.
measurement data and accessed with firmware functions.

Figure 10: Measurements triggered from GPS time pulse.
For example the Ubx-Tim message
19 19 19 19 19 19 19 19
UbxTim @Frm 1 : 2020-3-4 9:53:39
or the Ubx-Nav-Pvt message can be accessed.
iTow:
year:
month:
...
magAcc:
FrmCntr:
stName:

294051000
2020
3
44.8600
17
’Ubx-Nav-Pvt’

As the GPS messages are output with a variable delay after the time pulse, as shown in Fig. 10, the
FPGA software records the frame number of the first chirp after the time pulse. This mechanism
enables a precise reconstruction of the measurement timing from the received data stream.
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