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About this document

Scope and purpose

This user manual describes the software and firmware environment required to use the radar applications
offered with Infineon’s industrial XENSIV™ 24 GHz radar demo kits: Sense2Gol, Distance2Go and Position2Go.

It provides guidelines for novice users on how to build and run smart radar solutions, from basic movement
detection to advanced motion detection and sensing, made easy with Infineon’s 24 GHz radar chipsets, and
using the Infineon firmware and software tools.

Intended audience

This document is intended for users of Infineon’s 24 GHz radar demo boards who want to get started with
Infineon’s development kits, test several sensing demonstrations, and implement custom radar applications in
the 24 GHz ISM band.

Related documents

Additional information can be found in the supplementary documentation provided with the 24 GHz radar kits
(Sense2Gol, Distance2Go and Position2Go) in the Infineon Toolbox or from www.infineon.com/24GHz:

e S2GL Application Note (AN597)
e D2G Application Note (AN543)
e P2G Application Note (AN553)
e P2G Software User Manual
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1 Introduction

The 24 GHz radar demo kits from Infineon are demonstration platforms as well as starter kits for Infineon’s
silicon-germanium (SiGe) based 24 GHz transceiver chipset BGT24 and 32-bit ARM® Cortex™-M based XMC™
microcontrollers.

e Sense2GoL (S2GL) - BGT24LTR11 + XMC1302

Infineon radar demo board based on the BGT24LTR11 - Doppler (motion, speed and direction of movement
detection).

e Distance2Go (D2G) - BGT24MTR11 + XMC4200

Infineon radar demo board based on the BGT24MTR11 - Frequency Modulated Continuous Wave (FMCW)
and Doppler (distance, speed and direction of movement detection).

e Position2Go (P2G) - BGT24MTR12 + XMC4700

Infineon radar demo board based on the BGT24MTR12 using fast-chirp FMCW for tracking (angle, distance,
speed and direction of movement detection).

The 24 GHz radar demo kits provide a complete evaluation platform for radar systems including demonstration
firmware and a highly interactive Graphical User Interface (GUI).

Sense2GolL Distance2Go Position2Go

Figurel Infineon XENSIV™ 24 GHz radar demo kits

Users can develop their own radar-based application firmware utilizing Infineon’s powerful, free-of-charge
toolchain DAVE™ for microcontroller programming, customize radar applications built on generated DAVE™
code, and run them on 24 GHz radar demo kit.

Learn more about Infineon’s 24 GHz products at: www.infineon.com/24GHz

User Manual page 5 of 34 V1.0
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2 Running radar applications

With each 24 GHz radar, Infineon offers various radar demonstration applications to demonstrate the radar kits’
capabilities and to facilitate the development of user applications that can be used to detect:

e Motion, speed and direction of movement of multiple targets (approaching or retreating)
e Distance of multiple targets
e Position of multiple targets

2.1 Tools and software set-up

2.1.1 Infineon Toolbox

Before using the 24 GHz radar demo kit, as well as running the radar demonstration application, it is necessary
to download the supporting software from Infineon.

In order to install and use Infineon plugins and tools, and gain access to the 24 GHz radar software package and
documentation, you must first download and install the Infineon Toolbox using this link:
https://www.infineon.com/toolbox

Note: Please refer to the “Getting Started Infineon Toolbox Guide” document for detailed installation
instructions.

Infineon T
Ll (Infineon

Figure2  Run Infineon Toolbox

2.1.2 24 GHz radar tools

Once Infineon Toolbox is successfully installed, you can proceed with downloading the appropriate 24 GHz
radar tools: Sense2Gol Kit, Distance2Go Kit or Position2Go Kit, including software package and
documentation, as detailed in the following instructions:

e Run the Infineon Toolbox by double-clicking on the Infineon Toolbox icon on your Windows desktop. The
program starts under the My tools tab, as shown in Figure 3.

User Manual page 6 of 34 V1.0
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) Infincon Toolbox - Infineon tools in one place (2018.22.2) - o X ‘

Infineon
. DO B P

B2ScanQRcode  Mytools  Manage tools

Launcher

A You have no installed tools. To search and install tools, switch to the "Manage tools" tab.

Last Updated : 26/11/2018 17:28 Developer Guide Infineon Toolbox | Version 2018.22.2

Figure3 Infineon Toolbox tools launcher

e Click on the Manage tools tab, then type the 24 GHz kit name of your choice (e.g. Position2Go) in the search
box and press Enter.

@ Infineon Toolbox - Infineon tools in one place (2018.22.2) - o x |
Launcher
@ oo Il - A0 B @
82ScanQRcode Mytools Manage tools
ABCDE GH KL RS X
D

Position2Go Kit Version: m

Kit consists of three tools for Pos n2Goapplication: Tags: Poc
MC F 3

2GoK Details

Getting Started, Radar GUI anc sher. By installation of

it 2 Kit the other two

re also installed in parallel

Is a

Last Updated - stable: 23/11/2018 07:46 Developer Guide Infineon Toolbox | Version 2018.22.2

Figure4 Infineon Toolbox tools installation

e Click on Install, then on Accept to accept the license.
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© Infineon Toolbox - Infineon tools in one place (2018.22.2)
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Copyright, License Agreement and Release Notes

88 Scan QR code License
Copyright (C) Infineon Technologies AG.
All rights reserved.

D Infineon Technologies AG
EVALUATION SOFTWARE LICENSE AGREEMENT
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ownership interests represe
such ownership subsists.
1.2 "Agreement” means this Evaluation Software License Agreement.

1.3 "Documentation” means the technical information potentially provided along

with the Software.
VA irmmaaAt maannn o 1 inAinabad in tha Damictratinn

Accept Reject

Last Updated - stable: 23/11/2018 07:46 Developer Guide Infineon Toolbox | Version 2018,22.2

Figure5 Radar Toolbox tools license agreement

o Click on Yes to restart the toolbox.
e Click on theinstalled kit icon to go to the start page.

=]

Launcher
Infineon
- e o | - [ LOME W

B2ScanQRcode Mytools  Manage tools

ABCDE GH KL RS X

Position2Ge Kit Installation ‘

o Installing Software
Positiol Install
osition2| [ ENEEGEGEG Tk

35| Fetching com.ifx.tb.100l.radargui.rcp_2018.11.0...e/stable/plugins/ (9.58MB of 12.6MB at 447MB/s)

Details

Last Updated - stable: 23/11/2018 07:46 Developer Guide Infineon Toolbox | Version 2018.22.2

Figure6 Kitinstallation progress

The 24 GHz radar kit (e.g. Position2Go Kit) consists of three tools for the Position2Go application: Position2Go
Kit, Radar GUI and XMC™ Flasher, as shown in Figure 7. By installing the Position2Go Kit, two other tools are
also installed in parallel:

e Radar GUI - Infineon’s radar board demonstration application with highly interactive GUI for data
visualization, recording and playback

o XMC™ Flasher - a tiny, free-of-charge tool for XMC™ MCU Flash programming

User Manual page 8 of 34 V1.0
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1 Infineon Teolbox - Infineon toels in one place (2019.6.0)

Infineon
Toolbox

Mytools  Managetools 88Scan QRcode

Launcher

Distance2Go Kit Position2Go Kit Radar GUI Sense2Gol Kit

Details Details Details Details

Last Updated: 27/3/2019 10:52

Developer Guide

Infineon Toolbox | Version 2019.6.0 | Check for Launcher update

LA0OMEB

XMC™

Flasher

XMC Flasher

Details

Figure 7

24 GHz radar kits - installed tools

User can download and install the 24 GHz radar SW package (e.g. P2G-HW-SW.exe for Position2Go) after
starting the appropriate kit via the Infineon Toolbox (e.g. Position2Go Kit). Once installed, a folder (e.g. P2G-
HW-SW) will be created on the specified path with the following structure:

¢ Firmware_Software - all software, firmware and drivers

e Hardware - all hardware-related files (e.g. schematics, Altium files)

e Documentation - all documentation (e.g. quick start guide, application notes)
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2.1.3 XMC™ Flasher

The 24 GHz radar demonstration firmware is already pre-loaded in the Flash memory on the XMC™
microcontroller. This section describes how to use the binary images provided to reprogram the firmware
applications. The 24 GHz radar firmware package contains binary images (*.hex) of the applications provided in
the subfolder Binary.

The XMC™ Flasher tool can be used for on-chip Flash programming to reprogram the radar application using a
binary image, as follows:

e Connect the 24 GHz radar board to a PC with USB “type A to micro-B” cables through the embedded USB
connector to power up the board or to debug.

Please refer to your 24 GHz radar board Quick Start Guide document to connect it to the PC correctly.
e Use (*.hex) binary with the XMC™ Flasher tool to reprogram the radar firmware:
- Start the XMC™ Flasher tool in the Infineon Toolbox launcher.

QL A& B

Mytools  Managetools 88Scan QR code

Ly

Distance2Go Kit Position2Go Kit Radar GUI Sense2Gol Kit XMC Flasher W

Details Details Details Details Details

Last Updated : 27/3/2019 10:52 Developer Guide

Infineon Toolbox | Version 2019.6.0 | Check for Launcher update

Figure8  Start XMC™ Flasher tool via the Infineon Toolbox

- Once started, click on the Connect button, then select the device name (refer to Table 1 from the List of
Targets window and confirm with the OK button.

Table 1 XMC™ devices embedded in 24 GHz radar boards

24 GHz radar board XMC™ device target
Sense2GolL XMC1302-0016
Distance2Go XMC4200-256
Position2Go XMC4700-2048
User Manual page 10 of 34 V1.0
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# XMC™ Flasher
File Configurations Target log About

Connect.. Disconnect..

—)

L
Debugger Type: SEGGER

Debugger Port Configuration: Serial Wire Debug

Debug clock speed (KHz): 100

Connection Status: Not connected

Selected Emulator Serial Number:

Selected Device Name:

Unique Chip ID:

File Checksum:

Device Checksum:

(infineon

Fi

Select File..

File name:

Size (byte):

¥ Select Device Name to connect X

List of Targets:

XMC4504-512

XMC4700-1536
XMC4800-1024
XMC4800-1536

XMC4800-2048

Ok

o

(Infineon_

Figure9 XMC™ Flasher device selection and connection
Note: Please ensure that SEGGER J-Link drivers are installed before using the XMC™ Flasher tool.
Otherwise, the default debugger type under XMC™ Flasher Target Interface Setup will be set to
DAP, as shown in Figure 10 (1). Once installed, the user must change the debugger type to
SEGGER, as shown in Figure 10 (2).
- _ -' .
File  Cor File Cor
# Target Interface Setup b4 # Target Interface Setup .
Col Debugger Type DAP bt I cal Debugger Type I SEGGER = 1
’ ;
Debug Port Configuration Serial Wire Debug - Debug Port Configuration
DAP
Connectiq T e - Connecl Debug Clock Speed (KHz) 100
Selected Selected
Selected v Show a message when a new version is available Selected v Show a message when a new version is available
Unique €} Unique C

Reset and verify content after progr...

(infineon

(1)

o™

(infineon

Reset and verify content after progr...

il

Figure 10 Change debugger type

- Ifthe connection is established successfully, Connection Status turns to Connected. The Unique Chip ID

is displayed as well.

- After connection is established, select the (*.hex) file by clicking on the Select File... button.
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¥ XMC™ Flasher - x # XMC™ Flasher - x
Connect.. Disconnect.. Select Fille.. Connect. Disconnect.. SelectFile. U
Debugger Type File name: P—— File name:
Debugger Port Configuration: e Debugger Post Configuration: e
Debug clock speed (KHz): Debug clock speed (KHz):
Connection Status: Connection Status:
Selected Emulator Serial Number: Selected Emulator Serial Number:
Selected Device Name: Selected Device Name:
[nique chip 1D: Erase Unique Chip ID: Erase
File Checksum: File Checksum:
Device Checksum: Demp Bt Device Checksum: Demp Bt

— 35 — 5
afineon ¥ || Gfineon )

Figure11 Binary image file selection

- Navigate to the Binary folder and select the (*.hex) file inside it (e.g. P2G_FW.hex), then click on Open in
the dialog box.

- Successful selection of the (*.hex) file results in listing its filename below the Select File... button.

% -
File  Configuratior Target L About
« “ A4 |« Firmware Software > Binary v ® | SesrchBinan » s i gt ™
Organize ¥ New folder - @ @ Conmert.. e— Select File..
~ N -
Name Date modified Type - —
@ OneDrive Debugger Type: SEGGER File name: _P2G FW.hex
P2G_FMCW.h HEX File Size (byte): 46408
[ This PC - = = Debugger Port Configuration: Serial Wire Debug ze (bytak 46408
] P2G_FW.hex 05, «  HEXFile
[ Desktop = Debug clock speed (KHz): 100 Program <4
%] Documents Connection Status: Connected
J Downloads Selected Emulator Serial Number: 599007561 Verify
b Music Selected Device Name: XMCA700-2048
&) Pictures Unique Chip ID: B20 5F00807129241 Erase
File Checksum: OXEC609944
Vi
B videos Dump Flash
Device Chedksum: Press verify to recompute

28 Windows (C)
o Network

v < >

L %
File name: | P2G_FW.hex v | |HEX-Files(*.hex) b @Eein w

) Open Cancel

Figure 12 Binary image programming

- Click on the Program button, which opens the SEGGER progress window. It either verifies successful
Flashing or shows an error message.

- If programming succeeds, the message Programming is successful! appears.
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# XMC™ Flasher - X ¢

0085 | ¥ Programming succeeded
40363

3
Program [ 17.7% 47015 Programming is successful 0

Programming range 0OC027800 - DxOCO27FFF (2 KB) 858225 |
e

oK

Programming in progress... et comblotdt
: 25

-, g -
(infineon Lo @e'qn F

Figure13 Programming successful

Note: The XMC™ Flasher requires a J-Link compatible debug-HW to connect to the target, which is
already integrated in the 24 GHz Radar demo kit.

2.1.4 DAVE™ toolchain

DAVE™ (Digital Application Virtual Engineer), is a free-of-charge Eclipse-based Integrated Development
Environment (IDE) using a GNU C-compiler that provides an extensive, configurable and reusable code
repository for an XMC™ industrial microcontroller powered by ARM® Cortex®-M processors.

Itis a C/C++-language software development and code generation tool for XMC™ microcontroller applications
using DAVE™ APPs to configure the MCU peripherals (ADC, DMA, CCU4...), which reduces development time and
allows for quick porting of the firmware across XMC™-series MCUs.

DAVE v4.1.2 or higher should be installed, or any other third-party toolchain supporting Infineon Technologies
XMC™ microcontrollers, e.g. Atollic, IAR, Keil MDK, Rowley or TASKING. The latest version of DAVE™ (v4.4.2) can
be downloaded from https://infineoncommunity.com/dave-download [D645.

2.2 Graphical User Interface (GUI) solutions

2.2.1 Radar GUI

Note: The Radar GUI tool is only supported within the Distance2Go and Position2Go radar software
packages.

2,2,1.1 Overview

Radar GUl is a Java-based highly interactive GUI for Windows XP/Vista/7/8/10. It provides graphical support for
Infineon’s radar devices and enables the visualization of real-time raw IF quadrature output signals and FFT
spectrum, and enables observation of the targets’ distance and velocity information from a connected 24 GHz
radar device.

Radar GUI offers several methods to record data in different formats for advanced signal processing and
supports multiple recording options. Each option saves corresponding data in a dedicated file, as follows:

e Raw data - records raw IF data as they are received from the device; data are stored in a file with .raw
extension
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o Time domain data - records extracted time domain data (I/Q signals); data are stored in a file with .tdd
extension

e Frequency domain data - records processed spectrum data; data are stored in a file with .fdd extension
e Target data - records radar target list data; data are stored in a file with .tgd extension

2,2.1.2 How to use
To run the Radar GUI as a standalone application on Windows, proceed as follows:

e Run Infineon Toolbox by double-clicking on the Infineon Toolbox icon on your Windows desktop.

e Infineon automatically offers you the option to update Radar GUI. If a new version of the Radar GUl is
available, a button labeled Update appears within the Radar GUI tab.

o Click on the Update button and afterward on the Yes button to confirm the update and get the new version
of the Radar GUI tool.

) Infineon Toolbox - Infineon tools in one place (2019.6.0) - m] X

Launcher

Infineon
Toolbox Q @ E @ B
Mytools Managetools BE Scan QRcode
XMC™
Flasher
Distance2Go Kit Position2Go Kit Radar GUI Sense2Gol Kit XMC Flasher

Details Details m Details Details Details

Last Updated : 27/3/2019 10:52 Developer Guide Infineon Toolbox | Version 2019.6.0 | Check for Launcher update

Figure 14 Infineon Toolbox launcher

e After an update, Infineon Toolbox must be restarted for the changes to take effect.
e Click on the Start button of the Radar GUI application available under the My Tools tab.
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3 Infineon Toolbex - Infineen tools in one place (2019.6.0)

Launcher|

«»

Distance2Go Kit Radar GUI

Position2Go Kit ]

Details Details Details

Sense2Gol Kit

Details

- a X
Infineon -
Toolbox v Q @ E ’@‘ @
Mytools Managetools 88 Scan QR code

XMC™

Flasher

XMC Flasher

Details

Figure 15 Start the Radar GUI application via Infineon Toolbox

After launching the Radar GUI application the compatibility of the firmware version running in your 24 GHz

radar-connected device is checked. If a newer firmware version is available, a prompt to follow the links to

update the firmware appears.

‘ Target Count: N/A

) Radar GU m] x
Views Settings
® comio <] & | Frame nterval [ms] pi®> IO 000 -6-0
¥ General Settings Frequency Domain 3 | Time Domain| @ ac:l
» Device Settings - Spectrum
» Frame Format Settings
—
» DSP Settings % 60
=
» Metric Selection ]
+ Device Info Ry
=
» Doppler Settings E.
» FMCW Settings < |Info X
L Ll ‘@ There is a newer firmware version available for your device. ! T ’ i ' i
Please download the latest version from MyICP and follow the instructions in the 5 07 075 08 085 09 095 1
QuickStartGuide.
Polar FFT Magnit.. 5 | Angle| Velocity
oK
Target List 22 ‘
No.T  Velocity [m/s] Range [m] Angle [?] ~
< >|| 90° T T T T T T T T 1 190°
000O0O0DODOOOTDOO
Apply Default Cancel Distance [m] M N v
v2017.11.0201804270140 | Disconnected | No Device | calibration: N/A [ N/A

| e N/A

Figure 16 New firmware version available window
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Radar GUl automatically starts acquiring data from the 24 GHz radar board, when the radar firmware is

running. Figure 17 shows the Radar GUI default screen acquiring FMCW data from Position2Go radar device,
in which the Frequency Domain view displays the spectrum data for each antenna.

For further information, please refer to the integrated Radar GUI help, which provides a complete overview

of all features.
) Radar GUI - O X ‘
Views Settings Main Menu ]
L ® comio ¢ 0| Fame interval (msi: 200 [ ] GUI Refresh interval (msl: 200 (@) [ MainicolBan 0006-8-0|
¥ General Settings Frequency Domain 2 | Time Domain aaix
General Settings Tab Views
+ Device Settings Spectrum
+ Frame Format Settings
+ DSP Settings
» Metric Selection § 2000
~ Device Info E
a
Device Name: Position2Go £ ™ Antenna 1, FFT
|
HW Version: 1.1 < Antenna 2, FFT
Min RF Freg: 24.025 [GHz] 2 721
Max RF Freq: 24.225 [GHz]
#TX Antennas: 1 0 05 1 15 2 25 3 35 4 45 S5 55 6 65 7 75 8 B5 9 95 10
# RX Antennas: 2 Range [m]
# Tx Power Levels: 7 Polar Plot & Range & Angle & Velocity 2 FFT Magnitude &
# Temp Sensors: 1
Min Frame | I: 59.1 [ms] Angle [°]
in Frame Interval: ), ms
<] 0°
Interleaving of RX: false E‘—”’_ —T— -11_15 3 . 95 20 0 . OO 42 2
o _3p° o
+ EMCW Settings 30 2 [m] [°] [km/h]
+ Calibration 453’ / \—45°
/ AN Target List 2
/ Y Dt Range[m] Angle[?] Velocity [km/h]  FFT Magnitude A
60/ Y \-60° 1 395 20 000 422
/ A 3 46 000 255
® \ 4 152 28 000 2354
75° |-75°
< > || 90° T T T T T -90°
0123456782910
Apply Default Cancel Range [m]
v
v2018.20,0.201811261402 (FW v0.1.0) | Acquisition | Position2Ga | No motion | Target Count: 3 | % 0.0 [dBm] | T 84°C

Figure 17 Radar GUI application window

2.2.2 Micrium pC/Probe™ XMC™ GUI
Note:

with the Radar GUI.
2,2,2.1 Overview

The Micrium GUI tool is only supported by the Sense2GolL radar device, and is not compatible

UC/Probe™ XMC™ from Micrium?® is a free-of-charge data monitoring and visualization tool to modify and track
real-time data on the XMC™ target microcontrollerin a non-intrusive way.

It enables designing a graphical dashboard with a wide range of widgets to control or fine-tune your XMC™
application, and it includes an eight-channel digital oscilloscope to visualize real-time data, controlled by a

dedicated code that runs on the XMC™ target.

pC/Probe™ XMC™ is simple to install on a Windows PC and can be easily connected via the J-Link onboard

debugger integrated into most of the XMC™ kits.

The latest version of uC/Probe™ XMC™ v4.3.0.9 is available for download from:
https://infineoncommunity.com/uC-Probe-XMC-software-download D712
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2.2.2.2 How to use

The Sense2Gol software package (S2GL-HW-SW.exe) comes with a GUI based on a uC/Probe™ project from
Micrium, which helps the user process collected raw data. In order to run this Micrium-based GUI project,
proceed as follows:

e Gotothe [Firmware_Software/GUI folder inside the locally installed S2GL-HW-SW package.

e Double-click the uC/Probe™ S2GL_GUIl.wspx project, to open the GUI.

e S2GL_GUIl.wspx can be opened in Windows Explorer, or in S2GL_Doppler DAVE™ project explorer, as shown
in Figure 18.

EgC/C++ Proj.. 22 | [ ProjectBxpl.. = O
lBS ~

v (=5 S2GL_Doppler [ Active - Build ]

;ff Binaries

[ Includes

[z Build

= Dave

= HostCommunication

(= Libraries

= MATLAB

= Startup

config.h

Le| main.c

=| linker_script.ld

= ReadMetat

1 s26L_GULwspx -

Figure 18 Open Sense2GolL GUI

The uC/Probe™ needs to be provided by the XMC™ compiling and linking process output file (ELF file). This file
containing the name, data type and address of all firmware global variables is parsed by the uC/Probe™ project.

A precompiled .elf file is already available in a [Firmware_Software/GUI folder called S2GL_Doppler.elf.
Note: After building a project, object files and an application binary file (typically in ELF format) exist in
the Debug folder in the Project Explorer view file tree. Please ensure you have imported the

S2GL_Doppler.elf file into your Micrium project each time you modify and build your
S2GL_Doppler project.

Once the GUI project has opened, the following steps need to be executed:

e Connect your Sense2GoL kit via USB (please ensure the USB port on the debugger board is connected).
e Start the GUI by clicking on the Run button.

© | & Q o BN e Micripm pC/Probe

Design View &

MO Sy ocut [ Peinter Tool || | Pictures - LN P R ==_
L D A Text b4 D D:} ) 8 ===
Setting Runl} Paste o o Select Connectors Sstyhlape Arrange  Font

- - es~ - -

Hun the current workspace ,5—?C0nnector i
Application ipboarc Tools Editing

Figure 19 Run the Sense2GolL GUI

Paragraph

e The GUlinterface in Figure 20 should appear. The size of the GUI is not adaptive and may require some
adjustments to fit the screen.
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e Pressthe START button to begin data collection.

Infineon Radar demo UART Enable

Detection Threshold

Min. Detection Velocity (Km/h)

00— Max. Detection Velocity (Km/h)

Doppler frequency (Hz): m
Time(ms)
10000 Target Speed (Km/h): m

o No Target
Q Target Approaching
O Target Departing

Frequency (Hz)

Figure 20 Start data collection

The radar should now detect movement and display data on the GUI:

e Time and frequency plots

e Threshold can also be set, default 200

e Minimum velocity (default 0.50 km/h) and maximum velocity (default 20 km/h)
e Maximum Doppler frequency and target speed

e Direction of movement

Start/Stop Data

acquisition & detection Threshold for target
— ) detection
Infineon Radar demo g // UART Enable /
Detection Threshold

IF raw data of I e | I W
and Q channel ‘ . . Min. Detection Velocity (Kmih)

Max. Detection Velocity (Km/h)

o Doppler frequency (Hz): -ﬁﬂ

Time (ms)

100000 Target Speed (Kmlh): m

Spectrum e

o | | | Target Approaching
. I I | I O No Target or Moving Away
0000 | | | Indicator

o Target Approaching

0 ' A ' ' Q Target Departing

Frequency (Hz)

Figure 21 Datadisplay on Micrium GUI
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3 Customizing radar applications

Firmware (FW) is a piece of software written in C language to control different ICs and peripherals via the host
processor, which is the XMC™ Cortex™-M MCU embedded in Infineon’s 24 GHz radar demo kits.

The 24 GHz radar firmware is released as a ready-to-run DAVE™4 project, where source files are generated
based on the DAVE™ APPs used, which are graphical-configurable application-oriented software components,
used to enable quick reuse and customization.

This section explains how to customize, build, Flash and debug radar applications built on generated DAVE™
code, and run them on the 24 GHz radar demo kit.

3.1 Building, Flashing and debugging the DAVE™ project

After installing the DAVE™ IDE, the user can start the program to build and load the 24 GHz radar firmware
applications as follows:

e Download and unzip the 24 GHz radar firmware package, making sure not to modify the package folder
structure.

e Open the project workspace with the DAVE™ toolchain:
- Run the DAVE™ toolchain and wait for the program to start, which asks for the workspace location.
- Enter a path or browse to the desired folder via the Browse... button and confirm the choice with the OK

button.
& Eclipse Launcher X
C Select a directory as workspace
DA\/ETM anmeon DAVE™ uses the wyarkspacé dllcturytu store its preferences and development artifacts.
Workspace: v Browse... 4=
» Recent Workspaces
» Copy Settings
Version 4.4.2 ? Cancel
Figure22 DAVE™ workspace launcher
Note: It is recommended that the active workspace folder is located not too many levels below the file

system root to avoid build errors caused by exceeding the Windows path length character
limitations.

- Once the DAVE™ workspace is opened, select Import... in the File menu to display the Import dialog box.
- Within the Import dialog box, select Infineon, DAVE Project and click on the Next button.
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& 24ghz - DAVE IDE - DAVE™ - C:\Workspaces\DAVE\24ghz
File Edit Source Refactor Navigate Search Project |

New Alt+ShiftsN > |
Open File..

L Open Projects from File System...

Refresh F5

Convert Line Delimiters To >

Switch Workspace >
Restart

=) | . Import..

Export...

% Import a

Select

Select an import wizard:

type filter text

(= General
= C/C+s
~ (= Infineon
L Build Settings
i DAVE Project <
DAVE Project From Local Library Store
& Install
& Plug-in Development
(= Run/Debug
= Team
& XML

@ < Back Cancel

Figure 23 DAVE™ project import dialog box

e Check the Copy Projects Into Workspace checkbox.
e Select Browse... beside Select Root Directory.

% Import DAVE Projects

Import DAVE projects

Select a folder/Archive to search for existing DAVE projects.

@ Select Root Directory ||

(O Select Archive File

Project List:

Copy Projects Into Workspace

< Back

o & Import DAVE Projects
Import DAVE projects
Import Existing DAVE Projects
Browse.. 4umum (® Select Root Directory | :\Users\Romdhane\Documents\Position2Go
Erowse O Select Archive File
Project List:
Select All P2G_FMCW(C:\Users\Romdhane\Documents\Position2Go\P2G_FMCW)
P2G_FW(C:\Users\Romdhane\Documents\Position2Go\P2G_FW)
Deselect All
Refresh
Copy Projects Into Workspace
Cancel "?,‘ < Back Next >

Browse... mimm
Browse.

Select All

Deselect All

Refresh

Cancel

Figure 24 Import DAVE™ projects

e The project file should appear under the Project List. Click on the Finish button. A screen similar to Figure

25 should appear.
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W 24ghz - DAVE CE - DAVE™ - C:\Workspaces\DAVE\24ghz —. (] >4
File Edit Navigate Search Project DAVE Window Help
PRGN PuEO HORS B v R v vo v |Quick Access|:| 1% | B | %
Bgc/Ce+.. R ST = 5
&5 P2G_FMCW
5 P2G_FW [ Active - Build ]
au APP Dependency Tree i3 = B8
+ B ® f;
Search filter Clear
an APP Dependency 2  ow HW Signal Connectivity & Console [T] Properties (2! Problems = m
v au ADC_MEASUREMENT_ADV_G A I RO -
v s GLOBAL_ADC_O = =
INTERRUPT TVER DIGTAL_IC A
sm CLOCKXMC4.0 ‘ INTERRUPT_WATCHDOG ’ TIMER_WATCHDOG ‘ DIGITAL_IO_LEDM
v wa ADC_MEASUREMENT_ADV_G
v 4 GLOBAL_ADC_0 - \
s CLOCK_XMC40 1
v aa ADC_MEASUREMENT_ADV_G “
< DR > | &
< >
Figure 25 DAVE™ editor view

e There are two ways to build a project:
- Click on Build Active Project (the icon with the blue hammer on a white background) in the toolbar.
- Right-click on the active project P2G_FW [Active - Build] and then click on Build Project.

W 24ghz - DAVE CE - P2G_FW/main.c - DAVE™ - C\Workspac
File Edit Source Refactor MNavigate Search Project
— | PR awtustaol
/e =0 @minc o
Rl BESs -
5 P2G_FMCW " ,
v 5 P2G_FW [ Active - Build | 33
4 Binaries 34 int mi
[t Includes 35
(= Application - DAVI
= BSP )
= Build sta:
= Dave 40
= DSP_LIB ar (.
(= HostCommunication . { )
(= Libraries :_1 -
(= Radar_Control 5 X
[ Startup 46 wil
(& Store v 47 }
aa APP Dependency Tree i3 = 8 7 = /1
LEES N

% 24ghz - DAVE CE - P2G_FW/main.c - DAVE™ - C:\Workspaces\DAV

File
P

f@C/Ces.. §

5 P2G_FN
v 5 PG R
¥ Bin
) Incl
& Apl
& BSF |
& Dav
& DSF
& Ho!
& Libl
& Rac
& Stal

& Stal
3, Sto k=l

su APP Depen

Edit So~---

[V SO | FSC PO SR S | S — VY

New >
Go Into
Open in New Window

Index >
Build Targets >
Build Configurations >
Build Project
Clean Project

Copy
Paste
Delete
Move...

Rename...

Import...
Export...

Set Active Project
DAVE Project Upgrade >

Dafon-b

Figure 26 Build project options

e Check successful build in the Console window, where the build result details are displayed.
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«w APP Dependency 4 HW SignaICannectiw'ty [ Properties |* Problems = 04
& 48 B B x| ™ B~
CDT Build Console [P2G_FW]
text data bss dec hex filename ~
45376 9292 80272 126640 leeb® P2G_FuW.elf

"Finished building: P2G_FW.siz'

"Invoking: ARM-GCC Create Listing’
“C:/DAVE-IDE-4.4.2-64Bit/eclipse/ARM-GCC-49/bin/arm-none-eabi-objdump™ -h -5 "P2G_FW.elf" > "P2G_FW.lst"
"Finished building: P2G_FW.1lst'

18:17:47 Build Finished (took 1Im:3@s.213ms) |-

< >

Figure 27 DAVE™ console

e Ensure that the debugger of the 24 GHz radar board is connected to the PC via USB “type A to micro-B”

cable through the USB connector (e.g. X12 connector for Position2Go board).

e Set debug configurations by clicking on the drop-down menu of the Debug toolbar button (bugicon) and
selecting Debug Configurations... as shown in Figure 28. Alternatively, press key F11 to directly start the

debug session.

W 24ghz - DAVE CE - P2G_FW/main.c - DAVE™ - C:\Workspaces\DAVE\24ghz
File Edit Source Refactor Navigate Search Project DAVE indow Help
V> BT btuEOBOES B SR oD
@ C/C++ Projects 32 | {4 Project Explorer = €] main.c DE Constions
= =l ™ 1AIN Tk
5 P2G_FMCW | | e

v 25 P2G_FW [ Active - Build ] 33

[ Includes 14 int main(void)

(= Application 5 {

Figure 28 Start debug session toolbar button

If opening Debug Configurations, a window as shown in Figure 29 appears.

e Double-click on GDB SEGGER J-Link Debugging to create a new debug configuration.
e Click on the Debug button to Flash and start a debug session.
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& Debug Configurations

Create, manage, and run configurations

=R Configure launch settings from this dialog:

type filter text - Press the 'New’ button to create a configuration of the selected type.

[c] GDB SEGGER J-Link Debugging - Press the 'Duplicate’ button o copy the selected configuration.
- Press the 'Delete’ button to remove the selected configuration.
i - Press the ‘Filter’ button to configure filtering options.

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the ‘Perspectives preference page.

Filter matched 1 of 25 items

@

Debug

& Debug Configurations

Create, manage, and run configurations

&

CEXB®- Name: | P2G_FW Build ]
type filter text Main %5 Debugger| = Startup| & Source| (] Common
+ [©] GDB SEGGER J-Link Debugging Project:
[] P2G_FW Build
[Pa6_rw Browse..
C/C++ Application:
[ Build\p2G_FW.if
Variables. Search Project. Browse...

Build (if required) before launching
Build Configuration: | Select Automatically

O Enable aute build
(@ Use workspace settings

O Disable auto build
Configure Workspace Seftings...

Revert Apply
Filter matched 2 of 26 items .
Close @ —) Close

Figure 29 Debug configuration

In this way, the Flashing process is started, the firmware image is loaded into the XMC™ microcontroller

Flash memory and DAVE™ automatically switches to the debug perspective, as shown in Figure 30.

W% 24ghz - Debug - P2G_FW/main.c - DAVE™ - C:\Workspaces\DAVE\24ghz = ] X
File Edit Source Refactor Navigate Search DAVE Window Help
SRt IR RS - 3. | AR R v v |Quick Access| ;| g% | I |4
%5 Debug &3 i ¥ = B ®=Varables 2 = )
v [€] P2G_FW Build [GDB SEGGER J-Link Debugging] tB|Irfet v
e
v al? P2G_FW.eif X Name Type Value
v @ Thread #1 57005 (Suspended : Breakpoint) 5
= main() at main.c:35 0x8029368 ()= status DAVE_STATUS_t <optimized out>
s JLinkGDBServerCL.exe < >
s arm-none-eabi-gdb A
») Semihosting and SWV
[ mainc 2 = 0 isassem.. = 8
A Enter location here v|
main: A
int main(void) » 08029368: | push  {r3, Ir
39 status = DAVE_]
DAVE_STATUS_t status; 0802936a: bl 0x8027:
e . 41 if(status != Df
* Initialize DAVE APPs ©9802936e: cbz re, ext
status = DAVE_Init(); 46 while(lUS;
98029370: b.n 8x8029:
if(status != DAVE_STATUS_SUCCESS) 52 app_register_al
. 08029372: bl 8x8029:
* The e t i nsthian or handler 22 agp_init();
he » loop b c ed with an u rror handler. 08029376: b 0x80291
YMC DERIIG/"NAVE APPs initializatinn Failadin"). ¥ x v
< >
EConsole & = {m] U Memory 2 el ‘ | & v veoF
- = BB EE B4~ Monitors )
P2G_FW Build [GDB SEGGER J-Link Debugging] Semihosting and SWV
SEGGER J-Link GDB Server V6.44e - Terminal output channel
Writable Smart Insert 35:1  Setting VM arguments | L)

Figure 30 DAVE™ debug perspective
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3.2 Firmware customization and configuration

The 24 GHz radar firmware is developed with Infineon’s DAVE™ toolchain. It is a C/C++-language software
development and code generation tool for XMC™ microcontroller applications using DAVE™ APPs to configure
the MCU peripherals (ADC, DMA, CCU4...), which reduces development time and allows for quick porting of the
firmware across XMC™-series MCUs.

The 24 GHz firmware projects can be customized by setting parameters in the configuration file config.h, which
allows for customizing the drivers and algorithms for the user’s radar application.

Table 2 lists some parameters that can be configured: enable, disable or modify some options by
uncommenting and commenting or modifying the values of the related define statements.

Table 2 Define statements used for radar firmware configuration
Parameter Description
DOPPLER_SAMPLING_FREQ_HZ | Sampling frequency for Doppler (units in Hz)
DOPPLER_FFT_SIZE FFT length for Doppler mode, with zero padding
MINIMUM_RANGE_CM Exclude targets below this distance (unitsin cm)
MAXIMUM_ RANGE_CM Exclude targets beyond this distance (units in cm)
RANGE_DETECTION_THRESHOLD | FFT spectrum threshold to detect a target in FMCW mode
MINIMUM_SPEED_KMH Filter out targets below this speed (units in km/h)
MAXIMUM_SPEED_KMH Filter out targets above this speed (units in km/h)
SPEED_DETECTION_THRESHOLD | FFT spectrum threshold to detect a target in Doppler mode

On each change of the config.h file parameters’ values, the project has to be re-built and Flashed again.
Otherwise that can be changed on the fly via the Radar GUI configurable fields.
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4 Extracting radar raw data

The 24 GHz radar demo kits can use different interfaces, enabling the user to fetch raw data from the radar
board as follows:

e MATLAB radar system interface
e Cradar system interface
e UART radar system library interface

Supported radar communication libraries define a set of APIs to guarantee the data transfer through the host
communication protocol.

4.1 Radar host communication protocol

The communication protocol is a generic protocol to exchange messages with microcontroller-based devices
over a generic byte-stream connection (typically a virtual serial port via USB). The communication is always
initiated by the host, while the connected microcontroller device responds to messages received from the host.
The protocol defines two types of messages:

e Payload messages - contain a block of data with arbitrary size and meaning
e Status messages - contain a 16-bit status code

Messages from the host to the device are always payload messages. Whenever the device receives a payload
message from the host, it responds with one (and only one) status message. The device may also send an
arbitrary number of additional payload messages preceeding that status message. Once the device has sent the
status message, it will not send any more messages until it receives a new message from the host.

Each message from the host to the device is addressed to a certain logical endpoint, and each message from
the device to the host is sent from a logical endpoint. The number of logical endpoints is defined by the device.

Endpoints are used to define functional groups in the device and are continuously enumerated starting with 1.
At least one logical endpoint is always present. Each logical endpoint is of a defined type, which defines the
meaning of the message payload exchanged with that endpoint.

Additionally, each endpoint has a version number that allows it to distinguish between slight modifications of
the endpoints’ set of known messages. The host can query the type and version of the endpoints present in the
device.

All data received from the connected device is returned through callbacks. For each message type that can be
received from the device, a separate callback function type is defined.

Within the 24 GHz radar firmware project, the host communication library contains the USB interface on host
communication protocol drivers.
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4.2 MATLAB radar system interface

4.2.1 Overview

The MATLAB application interface defines a set of APls and functions that help the user access a serial
communication port and communicate with the radar-defined endpoints, enabling the user to extract the raw
IF data from the radar module via the USB interface to the PC/laptop for further signal processing.

Please refer to [Firmware_Software/Communication
Library/ComLib_Matlab_Interface/RadarSystemDocumentation for more details about the interface’s set of
classes and functions that can be used to control the 24 GHz radar board via MATLAB.

Note: The MATLAB application interface is supported within the Sense2GoL, Distance2Go and
Position2Go radar software packages.

4.2.2 How to use

A coding example to interface with the 24 GHz radar board via MATLAB and extract raw data is available. (Refer
to the extract_raw_data.m file.) In order to run this coding example, proceed as follows:

e Go to [Firmware_Software/Communication Library/ComLib_Matlab_Interface
/RadarSystemExamples/GettingStarted folder, and copy the path.

e Open MATLAB, then paste the path into the top tab, and the “extract_raw_data.m” file will show up on the
left tab.

e Ensure that your 24 GHz radar board is connected, then Click on Run to see the raw data.

4\ MATLAB R2017b -

ors P 20
+ = H () Find Files ~ bsert 2 fx by v _{ L/R‘L e AwnSecton (2
T I L Lo s £ o KTt Comment % 53 4 Run extract raw 3at3 5)| pue ang
- - v 5Pt v (4 Find ~ Indent |, | «: I3 v v Advance Time
F NAVIGATE e BREMPOINTE RUN = |
Ra s « » Firmware_Software » Communication Library » ComLib_Matlab_Interface » RadarSystemExamples » GettingStarted v

Workspace

Name extract_raw_data.m + Name Value

[ 7T extract_raw_data.m 3 - disp(’ ) 2 [T1] ans
¥ PlotDemo.m 39 - addpath('..\.. t tat ) : |11 mxRawData

40 - Clear $#0k<CLSCR> |®] orS
SR == close sinfo t
42 - resetRS; 1 1 r <zPort COM11 |
43 1] ydata «!
44
4 - szPort = findRSPort;
46 - oRS = RadarSystem(szPort);
4
48 - disp("' t F X t 3 I

extract_raw_data.m (Script) v
al 52— ORS.oEPRadarBase.set automatic frame trigger (1000000);

S4 - while true
L1
56 - [mxRawData, sInfo] = oRS.oEPRadarBase.get_frame data;
$7 - ydata = mxRawData;
'. 2 Command d
€3 cleanup and init vk a < >
script ln 55 Col 50
Figure31 MATLAB radar system interface
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Figure 32 shows the example running on MATLAB, extracting raw data from the D2G radar board.

infineon

Command Window

[resetRS] Reset the following port(s):

"CoM3"

"CoM11"

ans =

[1

Connected RadarSystem:

oR5 =

RadarSystem with properties:

oEPRadarADCEMC: [1x1 EPRadarZDCXMC]
oEPCalibration: [1=x1 EPCalibration]
oEPRadarBase: [l1x1 EPRadarBase]
oEPTargetDetection: [lx1 EPTargetDetection]
oEPRadarFMCW: [l1x1 EPRadarFMCW]
oEPRadarIndustrial: [1x1 EPRadarIndustrial]
oEPRadarDoppler: [1x1 EPRadarDoppler]
0.4906 + 0.4984i
0.4808 + 0.48061
0.4723 + 0.4598i
0.4664 + 0.4462i
0.4615 + 0.4313i
j% 0.4542 + 0.4117i

Figure 32 Raw data acquisition in MATLAB command window
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4.3 C radar system interface

4.3.1 Overview

The C radar system interface defines a set of APIs that help user access a serial communication port and
communicate with the radar-defined endpoints, enabling the user to demonstrate the capabilities of the 24
GHz modules.

Please refer to the Firmware_Software/Communication Library/ComLib_C_Interface/documentation for
more details about the set of control parameters and methods that can be used to control the 24 GHz radar
board using C communication library.

It is worth noting that the radar C communication library implements the API to access a serial communication
port for Windows (COMPort_Windows.c), and Mac OS and Linux (COMPort_Unix.c) platforms.

Note: The C radar system interface is only supported within the Distance2Go and Position2Go radar
software packages.
4.3.2 How to use

A coding example to interface with the 24 GHz radar board using C communication library, and to extract raw
data, is available (refer to the extract_raw_data.c file). In order to run this coding example, proceed as follows:

e Go to the [Firmware_Software/Communication Library/ComLib_C_Interface/examples folder, and copy
the path.
e Open your appropriate C compiler, then create a C project.

e Import the extract_raw_data.c file, all source *.c files under [ComLib_C_Interface/src and also all header
*.h files under [ComLib_C_Interface/include.

e Ensure that your 24 GHz radar board is connected, then Compile and Run your project to see the raw data.

Figure 33 shows the example running on Visual Studio, extracting raw data from a D2G radar board.

CivUsersiR i 4D 4 11_ComlLib_C T T ot\Distance2Go\Debug\D2G_C_Comlib_Extract_Raw_Data.exe - (] X

Figure 33 Raw data acquisition in Visual Studio shell

User Manual page 28 of 34 V1.0
2019-06-14



o~ _.
24 GHz radar tools and development environment user manual |n f| neon
Infineon XENSIV™ 24 GHz radar demo kits
Extracting radar raw data

4.4 UART radar system interface
Note: The UART radar system interface is only supported within the Sense2GolL radar software package.
4.4.1 Overview

The UART radar system interface defines a set of APIs that help the user access a serial communication port and
communicate with the radar-defined endpoints, enabling the user to fetch sampled ADC data streamed by
UART.

The UART radar system interface supports the following data to be dumped at the host:
e ADCraw data:
- land Q (first 256 samples of |, followed by next 256 samples of Q)
- Only | (256 samples)
- Only Q (256 samples)
e Doppler measurements and FFT spectrum
e Signed 16-bit, unsigned 16-bit and 32-bit

4.4.2 How to use

Using the transferred data via the UART radar system interface library, it is possible to view and export ADC
data via a terminal program (e.g. PuTTY), or transfer it to MATLAB for processing.

PuTTY is a free SSH, Telnet and rlogin client for Windows systems. It is open-source software available with
source code and is available for download at: https://www.putty.org/

In order to fetch raw data streamed by UART, PuTTY should be configured as follows:

o UART configuration - full-duplex, direct mode, 128000 baud rate, 8 data-bits, 1 stop-bit, no parity

e COM port number - depends on the host PC; look into the device manager for the COM port number of your
connected 24 GHz radar board (e.g. COM53 for Sense2Gol)

#R PUTTY Configuration ? *
Category:
= Session Basic options for your PuTTY session
~~Logging Specify the destination you want to connect to
=)~ Terminal L
Keyboard Serial line Speed
Bl COM53 | [zE000 ]
i e Features Connection type:
= Window (O PRaw (OTelnet (JRlogin (OS5H (@) Serial
o Appea.rance Load, save or delete a stored session
i i~ Behaviour
.. Translation Saved Sessions
i - Selection |SenseZGUL |
CDIO_L"'E Default Settings Load
= Connection mm =
.. Data Foe
.. Proxy
- Telnet Delete
- Rlogin
- 55H
- Seral Close window on exit
(O Aways (O Never  (® Only on clean exit
About Help Open Cancel
I\
L

Figure 34 Configure PuTTY for raw data acquisition
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Once configured, click the Open button to start a PUTTY serial session. ADC output data at the PuTTY shell for
the | and Q raw samples looks as shown in Figure 35.

EP COMS3 - PuTTY - O X

Figure35 Raw data acquisition in PuTTY shell
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