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Distance estimation solution
using XENSIV™ KIT_CSK_BGT60TR13C 60 GHz radar

About this document

Scope and purpose

This application note demonstrates how to setup distance estimation from presence sensing algorithm using
XENSIV™ KIT_CSK_BGT60TR13C kit, provided as part of the connected sensor kit (CSK) offering from Infineon.

Additionally, the document describes the required software and hardware, as well as how to set up and get
started with distance estimation solution using XENSIV™ KIT_CSK_BGT60TR13C.

Intended audience

This document is intended for design engineers, technicians, and developers of electronic systems interested in
building their own distance estimation solution for various consumer applications using the CYSBSYSKIT-DEV-
01 kit and XENSIV™ BGT60TR13C radar sensor.
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Introduction
1 Introduction
1.1 FMCW radar systems

RADAR, which is an acronym for Radio Detection and Ranging, is a device that uses electromagnetic waves to
obtain the range, angle or velocity of targets. Radar systems are used in a variety of applications. Some of them
include satellite tracking, vital signs monitoring, presence detection, gestures recognition etc.

Modulated Radar which is also known as Frequency modulated continuous wave (FMCW) radar, is a type of
Radar that can measure the range of the target using a technique known as Frequency Modulation. In
Frequency Modulation, the frequency of the electromagnetic wave is linearly increased with time. This kind of
signal whose frequency increases linearly with time is called a chirp. The FMCW system measures the
instantaneous difference between the transmitted and reflected signal frequencies §f, which is directly
proportional to the time difference 6t of the reflected chirp. The time difference can be used to calculate the

range of the target.
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Figure 1 Chirp signal representation
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1.2 Distance estimation in FMCW radar systems

Assingle chirp consists of a frequency ramp with a certain bandwidth and a certain chirp time. If a static single
target reflects the radar signal back, the received signal will resemble the transmitted signal but will be weaker
and time delayed.

Oscillator
(Tx Signal)

Rx Signal

Intermediate

IF Filter —————— ADC
Frequency

Figure 3 Radar demodulation scheme

e Ifthe received signal is mixed with the local oscillator signal (Tx signal), the mixer output contains the sum
frequency and the beat frequency of the two inputs. The sum frequency is typically filtered and only the
intermediate frequency is processed further with intermediate frequency (IF) filters before it is digitized in
an analog-to-digital converter (ADC).

e The propagation delay due to radar wave propagation with the speed of light c0 to a target at a range R (and

. 2R
back) is: tgeiay = p

e Together with the linear chirp df/dt = BW tchirp, the resulting beat frequency can be calculated with the
formula fbeat = tdelay (df/dt) = 2R(BW)/ c0O- tchirp

e Thetarget range in dependence on the beat frequency is then R = (c0-tchirp/2 BW) fbeat. From the
general Fourier transform (FT), it is known that the lowest beat frequency which can be detected is one over
the measurement time. For short time delays, the lowest detectable beat frequency can be simplified to
1/tchirp

e Thus, asingle range bin of the FT is c0/2BW. The physical meaning of this is that it corresponds to the range
resolution.
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2 Hardware and software requirements

2.1 Hardware requirements

The application note is implemented and tested on below-mentioned boards. However, the code can be
migrated to use other combinations.

e Rapid loT Connect Developer (CYSBSYSKIT-DEV-01)
e XENSIV™BGT60TR13C Wing (EVAL_BGT60TR13C_WING)

Rapid loT

Connect XENSIV™ XENSIV™ KIT
Developer BGT60TR13C CSK
it P Wing BGT60TR13C
Figure 4 XENSIV™ KIT CSK BGT60TR13C
2.1.1 Rapid loT Connect Developer Kit

The Rapid IoT Connect Developer Kit (CYSBSYSKIT-DEV-01) allows for evaluation of the Rapid IoT Connect
module (CYSBSYS-RP01) on a standard Feather form factor. The CYSBSYS-RP01 Rapid IoT Connect moduleis a
turnkey module that enables secure, scalable, and reliable compute and connect.

The Rapid IoT Connect Developer Kit carries a CYSBSYS-RP01 Rapid loT connect system-on-module (SoM). The
Rapid loT connect SoM includes a PSOC™ 6 MCU device, a CYW43012 single-chip radio, on-board crystals,
oscillators, chip antenna, and passive components.

Figure 5 CYSBSYSKIT-DEV-01
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Key features:

e CYSBSYS-RPO1 module

e Support of up to 2 MB Flash and 1 MB SRAM

e 512 Mbit external Quad SPI NOR Flash that provides a fast, expandable memory for data and code
e KitProg3 on-board SWD programmer/debugger, USB-UART, and USB-I2C bridge functionality

e Battery connector, charging IC, and charging indicator LED

e One KitProg3 mode button, one KitProg3 status LED, and one KitProg3 power LED

e 16 KB of Emulated EEPROM

e Feather compatible pin header

e Delivers dual-cores, with a 150 MHz Arm® Cortex®-M4 as the primary application processor and a 100 MHz
Arm® Cortex®-MO0+ as the secondary processor for low-power operations.

e Supports Full-Speed USB, a Quad-SPI interface, 13 serial communication blocks, 7 programmable analog
blocks, and 56 programmable digital blocks.

2.1.2 XENSIV™ BGT60TR13C Wing

The XENSIV™BGT60TR13C MMIC is a 60 GHz radar sensor with integrated antennas and comes with one
transmitting and three receiving antennas. BGT60TR13C MMIC enables ultra-wide bandwidth FMCW operation.
It is equipped with an integrated Finite-State Machine (FSM). With the aid of the FSM, BGT60TR13C can perform
FMCW frequency sweeps (so-called chirps), data acquisition as well as storing of samples into the internal FIFO
memory autonomously.
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Figure 6 XENSIV™ BGT60TR13C Wing

BGT60TR13C features:

e Ithasultra-wide bandwidth of 5.5 GHz a very low range resolution down to ~3 cm.

e Higher Doppler velocity achieved with a ramp-up speed of 400 MHz/us.

e High Signal-to-Noise Ratio (SNR) ensures detection of people up to 10 m, front facing towards the sensor,
while high sensitivity allows detection of movements down to sub-millimeter. Via the very commonly used
SPI (Serial Peripheral Interface).

e 60 GHz radar sensor for FMCW operation.

e Antenna-in-package.

e Optimized power modes for low-power operation.

Application note 6 Revision 1.10
2024-10-01



Distance estimation solution
using XENSIV™ KIT_CSK_BGT60TR13C 60 GHz radar

Hardware and software requirements

2.2 Software requirement

e ModusToolbox™

e Board support package

e Clanguage

e Serial Terminal (Tera Term, ModusToolbox™ Terminal, etc.)

Application note 7
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Getting Started

3 Getting Started

This section provides a walkthrough to create a presence detection application using the Eclipse IDE for
ModusToolbox™, selecting a BSP. It also covers how to build and program using the IDE and to see the outputin
the serial terminal.

3.1 Creating presence detection application

To launch the Eclipse IDE:

e On Windows, select the Eclipse IDE for ModusToolbox™ item from the Start menu.
e For other operating systems, run the "modustoolbox" executable file.

Note: When launching the Eclipse IDE, it provides an option to select the workspace location on your
machine. This location is used by the IDE for creating and storing the files as part of application
creation for a particular platform.

The default workspace location is a folder called "mtw" in your home directory. You may add
additional folders under the "mtw" folder or to choose any other location for each workspace.

e Click the New Application link in the Eclipse IDE Quick Panel as shown in the Figure 7.

-Q'u . (x)=Va.. 1.‘-': Ex... 9g Br... ==

Eclipse IDE for

ModusToolbox™
~ Start
I f@w New Application ]
E mport Exist ng ,'.:;' cation In-Place
& Search Online for Code Examples
& Search Online for Libraries and BSPs
&® Training Matenial
% Refresh Quick Panel
» Project

» Launches
» Tools

» BSP Configurators

Figure 7 New application creation

e This launches the Project Creator tool to select the board support package (BSP) and the several
applications available for a particular board.

o Select CYSBSYSKIT-DEV-01 BSP from the PSOC™ 6 BSPs dropdown as shown in the Figure 8 and click next.
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[l Choose Board Support Package (BSP) - Project Creator 2.0 - O X
Settings  Help

Source Template

Enter filter text Browse.. 5 CYSBSYSKIT-DEV-01

Kit Name MCU/SOC/SIP Connectivity The CYSBSYSKIT-DEV-01 Rapid 10T Connect Developer Kit allows for evaluation of the CYSBSYS-RPO1 Rapid
CYECKIT-06254 CYECE244L01-54D02 <none> 10T Connect module on a standard Feather form factor. The CYSBSYS-RPO1 Rapid loT Connect module is a
CYBCKIT-062-WIFL-BT CVBCE24771-D50 LBEESKLIDX (Cywaz | tumkey module that enables secure, scalable, and refizble compute and connect.
CVBCKIT-064B052-4343W CYBOB44ABZI-52D44 LBEESKLIDX (CYWA3 | ey o
CY8CKIT-0645052-4343W CYSD644ABZI-52D44 LBEESKL1DX (CYW43
CY8CPROTO-062-4343W CY8C624ABZI-52D44 LBEESKL1DX (CYW43 * CYSBSYS-RPOT module
CYBCPROTO-D6252-43439 CYBCE24ABZI-52D44 LBEESKLTYN (CYW4 ® Free application processor (150-MHz Arm @ Cortex ® -M4) and secondary processor (100-MHz Arm @
CYBCPROTO-06253-4343W CYBCE245L0)1-53D72 LBEESKL1DX (CYW43 . g:;::ﬂm;lﬂ 0B Flash and 1M SRAM
CYECPROTO-062-BLE CYBLE-416045-02 (CYSC347E2-BLDI3) CYBLE-416043-02 (C * 512-Mbit external Quad SPI NOR Flash that provides a fast, expandable memory for data and code
CYBCPROTO-0648051-BLE CYBLE-416070-02 (CYBOB447BZI-BLD33) CYBLE-416070-02 (C' « KitProg3 Un—huard%WD prugrammen’debuggen USBVUA;’W, U3¢ hridgr);fun:tiuna\ity
CVBCPROTO-DB4B0S1-55A CYBOB447BZ1-D54 <none> o A user LED, 5 user button, and  rest button
CYBCPROTO-DB4B051-555 CYBOG44TRZI-D54 <none> * Battery connector, charging IC, snd charging indicator LED
CY2CPROTO-0648053 CYBOG445LQI-53D42 <none> * One KitProg3 mode button, one KitProg? status LED, and one KitProg3 power LED
CYBCPROTO-D6451-SB CYBOB447BZI-D54 <nones> © OPTIGA Trust M advanced security contreller for secure data sterage
CVBLE-416045-EVAL CYBLE-416045-02 (CYBC6347BZI1-BLD53) CVBLE-416045-02 (C' ® Thermistor for sensing the ambient temperature
CVSBSYSKIT-01 CVSBSVS-RPD1 (CVBCE24AFNI-52043)  CVSBSYS-RPOT (CVW * Feather compatible pin header
[CYSBSYSKIT-DEV-01 CYSBSYS-RPOT (CYBC624AFNI-52D43)  CYSBSYS-RPOT (CYW | | kit Contents:
CYWOP6251-43012EVE-01 WM-BAC-CYW-350 (CYBC6247FDI-D52)  WM-BAC-CYW-50 (¢
CVWIP6251-43438EVB-01 AW-CU427 (CY8C6247BZ1-D54) AW-CU427 (CYW434 *® CYSESYSKIT-DEV-01 Rapid loT Connect Developer Edition Kit
EVAL-XMC4B00PSOCEMS-PSOCE CYBC624ABZI-52D44 LBEESOB1LY (CYW43!
KIT-BGTGOTR13C-EMBEDD CY3C6247FDI-D02 <none>
PSOCE-GENERIC CY8C6347BZI-BLD33 <none>

> TRAVEO™ BSPs

> Wireless Charging BSPs

> XMC™ BSPs

Loading the manifest data
Found environment variable CyRemoteManifestOverride= http://git-ore.aus.cypress.com/repo-staging/mth-super-manifest/raw/v2 X/mtb-super-manifest-f2xml
Loading super manfiest files from all sources
Processing manifest loc file 'C:/Users/Babuk/.modustoolbox/manifest.loc'
Found user super-manifest(s):
“http://git-ore.aus.cypress.com/repo-staging/mtb-super-manifest/raw/v2.X/mtb-super-manifest-fu2 xml'
Downloading super manifest file 'http://git-ore.aus.cypress.com/repo-staging/mtb-super-manifest/raw/v2 X/mtb-super- manifest-f2xml'
Getting manifests from remote and/or local sources
Processing system manifest 'http://git-ore.aus.cypress.com/repo-staging/mth-super-manifest/raw/v2 X/mtb-super-manifest-fr2xml'
Finished loading super manifest files from all sources
Finished download of file 'http://git-ore.aus.cypress.com/repo-staging/mtb-super-manifest/raw/v2 X/ mth-super-manifest-fr2xml

MNext » Close

@

Figure 8 Selecting the BSP

e Now select the Human Presence Detection application from Sensing drop down as shown in the Figure 9
and click Create.

elect Application - Project Creator 2.0 - o x
Settings Help

Application(s) Root Path: C:/Users/NarraPugitha/mtw Browse

Target IDE: Eclipse IDE for ModusToolbox™

Search... Browse. ¥y =B B

+| This application demonstrates the use of the radar presence detection.

Template Application New Application Name For more details, see the README on GitHub,
Bluetooth®
Getting Started
Manufacturing
Peripherals
Sensing
(] BMI160 Motion Sensor over 12C FreeRTOS
Human Presence Detection {Human_Presence_Detection_1
() MQTT Client with Presence Detection
(] PAS CO2 Application
[ PAS CO2 Sensor MQTT Client
(] Radar Entrance Counter Application
([ Radar Presence Application
([ Radar Sensor MQTT Client
() Radar Sensor UDP Server
> Wi-Fi

¢ vouvwv

BSP: CYSBSYSKIT-DEV-01

Template Application(s): Human Presence Detection

Note: The 'Human Presence Detection’ application template(s) use(s) the ModusToolbox 2.x format. The application(s) do(es) not support 3.x features. See KBA236134 for instructions on how to migrate the application(s)
for 3x content compatibility.

Application(s) Root Path: Ci/Users/NarraPugitha/mtw

Press "Create” to create the selected application(s).

Figure 9 Selecting the application

When complete, the Project Creator tool closes automatically. In the IDE, a message displays about importing
the project.

Application note 9 Revision 1.10
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3.1.1 Build application

After loading the application, build it to generate the necessary files. Select a project. Then, in the Quick Panel,
click the Build Application link shown in the Figure 10.

~ Human_Presence_Detection
% Build Application

¥ Clean Application

Figure 10 Build application

Messages display in the console, indicating whether the build was successful or not.

3.1.2 Program application

In the Project Explorer, select the desired project. Then, in the Quick Panel, click the Program
(KitProg3_MiniProg4) link as shown in the Figure 11.

= Launches
#¥ Human_Presence_Detection Debug (JLink)
I Human_Presence_Detection Debug (KitProg3_MiniProg4)

(] Human_Presence_Detection Program (JLink)

I (] Human_Presence_Detection Program (KitProg3_MiniProg4) |

@& Generate Launches for Human_Presence_Detection

Figure 11 Program application

Open ModuxToolbox™ terminal from toolbar (Ctrl + Alt + Shift + T) and select a COM port where the board is
connected (not the MiniProg4 port). Set the serial port parameters to 8N1 and 115200 baud. After
programming, the application starts automatically. Confirm that "presence detection using XENSIV™ 60-GHz
radar" is displayed on the UART terminal.

: Launch Terminal 0O d

Choose terminal: Serial Terminal
Settings
Serial port: | COM4
Baud rate: | 115200
Data size: 8
Parity: None

Stop bits: 1

Encoding: Default (150-8859-1)

'7 | 0K - Cancel

Figure 12 Terminal settings

Application note 10 Revision 1.10
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E) com4 52 . E) <Closed> Human_Presence_Detection ModusShell
[INFO] macro presence 4 1.383445
[INFO] macro presence 2 ©.651723
[INFO] macro presence 1 @.325861
[INFO] macro presence 3 8.977584
[INFO] macro presence 1 8.325861
[INFO] macro presence 2 ©.651723
[INFO] macro presence 1 @.325861
[INFO] micro presence 1 835339
[INFO] macro presence 1 8.325861
[INFO] macro presence 5 1.629307
[INFO] macro presence 1 @.325861
[INFO] macro presence 4 1.3@3445
[INFO] macro presence 1 8.325861
[INFO] macro presence 4 1.303445
[INFO] macro presence 1 ©.325861

Figure 13 Output in ModusToolbox™ Terminal
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4 Parameters configuration
User can configure the application parameters using the options provided on the terminal as follows:

e Press'enter' key to switch from work to settings mode.
e Type help and press 'enter' key to see a list of configurable parameters as shown in the Figure 14.

[INFO] macro presence 1 8.325861
[INFO] macro presence 4 1.3083445
[INFO] macro presence 1 8.325861
[INFO] macro presence 4 1.303445
[INFO] micro presence 1 3421145
[INFO] macro presence 4 1.3083445
[INFO]

INFO| macro presence 1 @.325861

Enter setting mode and stop processing
> help

help - Lists all the registered commands

set_max_range <value> - Sets the max range for presence algorithm in meters. Range <@.66-5.@>
set_macro_threshold <value> - Sets macro threshold for presence algorithm. Range <@.5-2.8>
set_micro_threshold <value> - Sets micro threshold for presence algorithm. Range <@.2-50.@>
bandpass filter <enable|disable> - Enabling/disabling bandpass filter

decimation filter <enable|disable> - Enabling/disabling decimation filter

set mode <macro only|micro only|micro if macro|micro and macro> - Chooses work mode

Figure 14 Terminal output for parameters configuration

The user can configure the following parameters:

e Macroonly

e Micro only

e Macro and micro

e Micro if macro

e The minimum and maximum range detection can be configured

e The sensitivity level of each mode can be adjusted by changing the thresholds levels.
e Enabling/ Disabling bandpass filter and decimation filter

Table 1 Console output description

Parameters Event type Description

Radar state Macro or Micro Presence Presence event detected

Range bin 2 Maximum range bin

Time stamp 4298’ Relative timein ms

Note: Time stamp is relative to the boot time. This means when application first boot, the time counting

starts from 0 ms.

Application note 12 Revision 1.10
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Table 2 Parameters configuration

Key Default value Valid values

Set_max_range (m) 2.0 0.66-5.0

Set_max_threshold 0.5 0.5-2.0

Set_micro_threshold 12.5 0.2-99.0

bandpass_filter disable enable/disable

Decimation_filter disable enable/disable

set_mode MICRO_IF_MACRO MACRO_ONLY, MICRO_ONLY,

MICRO_IF_MACRO, MICRO_AND_MACRO

Note: Macro and Micro threshold parameters can be adjusted to achieve different levels of sensitivity.
Table 3 summarizes three different levels (for instance high means solution being more sensitive to
stationary peoples).

Table 3 Sensitivity level with the corresponding threshold settings

Sensitivity Macro_threshold_value Micro_threshold_value

High 0.5 12.5

Medium 1.0 25

Low 2.0 50

Application note
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5 Operation
5.1 Architecture of the application

This application uses a modular approach to build a presence application combining radar driver and presence
algorithm library. The components used in this application are shown in Figure 15.

Presence Detection library detects both macro and micro movements in a configurable range using the data
acquired by radar sensor. It uses the Sensor-DSP library that provides signal processing functions required to
support the implementation of presence detection algorithm.

PSOC™ 6 Presence Application

E ) Presence | |

e Pl s

= Pg Sensor | :

- DSP || Middleware
éﬂ' (core, HAL)

| Lep || Redar i cmsispsp |

Driver |: i

Figure 15 Application architecture

The Sensor DSP library provides signal processing functions required to support the implementation of
different sensor applications, i.e., radar gesture recognition, vital sensing and presence detection. The Sensor-
DSP library builds on top of the standard ARM CMSIS library. It supports Range and Doppler FFT, FFT windowing
related functions, Detection related functions, Angle estimation related functions.

Application note 14 Revision 1.10
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5.2

Application execution

infineon

Interrupt
The ISR sends The main task The main task sends|  Data acquire
a notification to unb!ocks, starts a notificgtion to the Algo run
the main re:dlng tr:je FIFO processing tgsk t;) DLE
thread ata and pre- start processing the (sleep)
processes the data | | data before returning
to blocked state
A f \
After algo run, the
CPU returns to
Y IDLE (Sleep)
mode
Periodic
interrupt Y |
from radar
Y
Time
t1

2 =tl+ A\t

Figure 16

Application execution

e The application starts with the initialization of BSP, creates a FreeRTOS™ main task, initialize retarget-10
library to use the debug UART port and starts the FreeRTOS™ scheduler.

Application note 15

The main task Creates a timer to toggle user LED, create the processing RTOS task, initializes the hardware
interface to the sensor and LEDs, initializes the radar device, waits for interrupt from radar device indicating
availability of data, reads the data, converts it to floating point and notifies the processing task.

The data processing task initializes the presence sensing library and register an event call-back.

It creates a console task to handle parameter configuration for the library, receives notification from main
task and executes the presence algorithm and provides the result on terminal and LEDs

For CYSBSYSKIT-DEV-01, the radar task is suspended if the radar wing board is not connected to the feather
kit. The sensor initialization process is indicated by blinking the red LED (CYBSP_USER_LED). The red LED
(CYBSP_USER_LED) on CYSBSYSKIT-DEV-01 keeps blinking when the system is operational (ready state).
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6 Important Terms and Concepts

e Chirp-Achirpisasignal whose frequency changes (i.e., increases or decreases) with time at a constant rate
df/dt. During the transmission of a chirp, the receiving antenna signal is actively sampled into a digital
waveform by an ADC (analog-to-digital converter) for further processing

e Number of samples per chirp - Nsamples represents the number of samples acquired during each chirp of a
frame. Nsamples is obtained from maximum range and range resolution, but also depends on pulse
repetition time and consequently the maximum speed

e Maximum range (in meters) - The bins of the range transform represent the range between 0 and this value.

e Range resolution (in meters) - Minimum range separation needed to distinguish two targets of same
velocity

e Total bandwidth - Total bandwidth of the chirp or df is obtained from range resolution. If AR is the desired
range resolution and c is the speed of light, then: df=c/2AR, where c=299792458m/s denotes the speed of
light.

e Start frequency Hz - represents the chirp start frequency

e End frequency Hz - represents the chirp end frequency.

e Sample rate Hz - The ADC sampling rate, defines how fast the samples are acquired

e Chirp repetition time (in seconds) - The PRT or chirp repetition time is the time interval between two
consecutive chirps

e Number chirps per frame or Nc - A consecutive number of chirps composes a measurement frame together
with a frame end delay.

e Frame repetition time (in seconds) - The period also called frame time is the time interval between the
beginnings of two consecutive frames

e Micro-motions - Detecting small movements like gestures or small head movements in a typical smart
home environment for instance while working on laptop/keyboard. Micro-motion also includes detection of
Stationary humans (normally breathing and blinking eyes) in sitting or standing positions (in line of sight).

e Macro-motions - Detecting major movements into or through the field of view (Motion Detection).
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7 Distance estimation in presence detection application

By default, the application will only print the parameters stated in Table 1, but the user can output the
estimated distance at which the target is present by following the steps mentioned below:

e Declare arange variable of type float say float R in presence_detection_cb () function present in main.c file.

o floatR (in meters) = ((xensiv_radar_presence_get_bin_length(handle)) *(event->range_bin));

e The above-mentioned API can be used to print the range in human presence detection application.

e Theoretically xensiv_radar_presence_get_bin_length () function gets the range resolution i.e., (c) / (2 *
bandwidth_hz * fft_size /num_samples_per_chirp) which is approximately equal to the value 0.325 and
range_bin is the value at which the target is present.

Please note that:

- Speed of light in meters per second C: 299792458

- bandwidth_hz: 460000000

- fft_size (human presence detection application): 128
- num_samples_per_chirp: 128

Example
The value of range bin is 2, means the radar detected the target in that particular range bin then range =

0.325*2=0.66 m. The target is at the range 0.66 m.

Scale
x-axis 1cm = 0.325m
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Range bins

Figure 17 Range bins
Note: The distance is computed by the existing presence detection algorithm.
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Code Listing 1 Presence detection callback function

001void presence detection cb(xensiv_radar presence handle t handle,

002 const xensiv radar presence event t *event,

003 void *data)

004 {

005 (void) handle;

006 (void) data;

007

008 float R = ((xensiv_radar presence get bin length(handle)) * (event->range bin));
// Range in meters

009

010 switch (event->state)

011 {

012 case XENSIV_RADAR PRESENCE STATE MACRO PRESENCE:

013 cyhal gpio write(LED RGB RED, true);

014 cyhal gpio write (LED_RGB GREEN, false);

015 printf (" [INFO] macro presence % " PRIi32 " %f %" PRIi32 "\n",

016 event->range bin,

017 R,

018 event->timestamp) ;

019 break;

020

021 case XENSIV RADAR PRESENCE STATE MICRO PRESENCE:

022 cyhal gpio write(LED RGB RED, true);

023 cyhal gpio write (LED RGB GREEN, false);

024 print%("[IﬁFO] micro_pregence %" PRIi32 " %f %" PRIi32 "\n",

025 event->range bin,

026 R,

027 event->timestamp) ;

028 break;

029

030 case XENSIV RADAR PRESENCE STATE ABSENCE:

031 printf (" [INFO] absence %" PRIu32 "\n", event->timestamp);

032 cyhal gpio write(LED _RGB RED, false);

033 cyhal gpio write (LED RGB GREEN, true);

034 break;

035

036 default:

037 printf (" [WARN]: Unknown reported state in event handling\n");

038 break;

039 }

040}

Compile the code as mentioned in the section 3.1.1 after editing. Follow the steps mentioned in the section
3.1.2 to program the board and to see results on the terminal.

B Console [2 Problems =g Progress O Memory & Terminal 22 4’ Search
& Human_Presence_Detection ModusShell B comM4 =2

[INFO] macro presence 2 0.651723 22434
[INFO] macro presence 1 0.325861 23442
[INFO] macro presence 2 0.651723 25206
[INFO] macro presence 4 1.303445 25961
[INFO] macro presence 3 0.977584 26465
[INFO] macro presence 1 0.325861 26969
[INFO] macro presence 2 0.651723 30245
[INFO] macro presence 1 0.325861 32764
[INFO] absence 33772

[INFO] macro presence 1 0.325861 36039
[INFO] macro presence 2 0.651723 36795
[INFO] macro presence 1 0.325861 37299

[INFO] absence 42085
[INFO] macro presence 1
[INFO] absence 44100
[INFO] macro presence 5
[INFO] absence 47879

(]

.325861 43093

[

.629307 46619

Figure 18 ModusToolbox™ Terminal
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Note: Terminal output will be in format in case of target present < Presence State, Range-Bin, Range,
Timestamp>. In case of target absence <Absence, Timestamp>.
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