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1 INTRODUCTION

This example project shows how to build and run an ultrasonic presence detection application using the Chirp
SonicLib sensor API.

This is a companion document to AN-000214 Presence Detection, and AN-000226 CH201 Ultrasonic Presence
Detection Reference Design User Guide. Application note AN-000214 focuses on the test results of the embedded
static target rejection algorithm and the presence detection algorithm used in the CH201 presence detection
evaluation module. Application note AN-000226 is a user guide for the CH201 ultrasonic presence detection
reference design module. The Presence Detection example is a simple C application that demonstrates the use of
motion detection to determine the presence of people and objects. The application uses the Chirp SonicLib API
functions to initialize, configure, and operate one or more ultrasonic sensors. It uses special sensor firmware along
with API functions which specifically support presence detection.

The application discovers what sensors are connected to the board, programs and configures them, and then triggers
and displays ultrasonic measurement results through a serial connection. Each measurement result includes both a
range to the detected object and a confidence level, based on the presence detection algorithm.

In this example, the application is built using Atmel Studio 7 for the Chirp SmartSonic evaluation board, which
features an Atmel SAMG55 microcontroller. The SmartSonic board uses a sensor daughterboard that supports up to
four ultrasonic sensors. The Presence Detection application can detect and run with either a single sensor or multiple
sensors connected to the board, however the most common configuration is to use a single sensor.

The source/application/smartsonic-presence-example/main.c file is the main file in the application. It contains
extensive comments explaining how the SoniclLib interfaces are used. The source/application/smartsonic-
presence-example/app_config.h file contains the setting for the application’s overall timing.

1.1 REQUIRED EQUIPMENT
*  SmartSonic evaluation board
*  Chirp sensor daughter board
*  One Micro-USB cable
* Internet connection (if downloading and installing files)

1.2 REQUIRED SOFTWARE PACKAGES

*  package-smartsonic-presence-example-vX_X_X.zip (actual file name will include version number),
includes:

o Presence Detection application source files
o  Chirp SonicLib sensor API and driver files. The Presence Detection application requires SonicLib
v2.0.5 or later.

o Sensor firmware image files

o Board support package files for Chirp SmartSonic board

o Atmel Studio 7 project files to build the application
*  Atmel Studio 7 integrated development environment — download from Microchip.com
*  Terminal emulator of your choice (for example PuTTY or TeraTerm)



https://www.microchip.com/mplab/avr-support/atmel-studio-7
https://www.microchip.com/mplab/avr-support/atmel-studio-7
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2 INSTALLATION / PREPARATION

e Download and install Atmel Studio 7 IDE.

e Download and install (unzip) the SmartSonic_Presence application to a project directory of your choice.
e |Install terminal emulator.
e  Connect the Chirp sensor daughterboard to the SmartSonic board. Be careful to align the white arrows.

e Optional: Using flat flex cables, attach additional off-board sensor(s) to the connectors on the
daughterboard. If an offboard sensor is connected to the Sensor 0 connector (J6), you must set the switch
on the side of the daughterboard to use the off-board sensor as Sensor 0 instead of the sensor on the
daughterboard.

e Connect the SmartSonic board to a Windows PC with the USB cable. Configure the jumpers on the board
as shown in the following photo with J1 in EDBG USB mode (short 3-4)

J1 settings for Power:

If only UART USB: Short 1-2

If only EDBG USB: Short 3-4

If both USB: Short 1-2 or 3-4

4

Programming
EDBG Port

Reset Button

S
T

Ultrasonic Sensing

........... o
i b ]

A N ; * Sensar-2 Sensor-3
‘ ”u'u-'”””” L . S % i oJ9
UART/USB for . : il
Data

e

J3: 1-2 & 3-4 always shorted if On-board sensor select switch
using UART/USB Between U15 and sensor O (J6)

Sensor 3

Figure 1. SmartSonic with CH201 Daughter Board
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e Open Windows Device Manager, open the Ports (COM & LPT) list, and identify the COM port number
assigned to the SmartSonic board. There will be one port associated with the SmartSonic board
called“EDBG”. (A second COM port will also be assigned but is not used in this application).

o The EDBG port is used to connect to the on-board debugger and for programming the board, as
well as to display output from the program when it runs.
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3 BUILDING THE PRESENCE DETECTION APPLICATION

e  Open Atmel Studio 7

e Open the Presence Detection project:
o Open File menu
o Select File > Open > Project/Solution...

o Select the atmelstudio/smartsonic-presence-example/smartsonic-presence-example.atsln file
in the project directory.

o Click Open. The program should locate the project files and display the name of the project.
e The Presence Detection project files are organized in three top-level sub-directories under source:

o algo— contains src and inc sub-directories with the motion detection algorithm code and
definitions

o application — contains src and inc directories with the Presence Detection application

* The application/smartsonic-presence-example/main.c file contains the entry point for
the application along with various routines that demonstrate how to read and manage
the Chirp sensor(s). See the comments in that file for detailed information about the
operation of the application.

=  The application/smartsonic-presence-example/inc/app_config.h file specifies the
overall measurement interval. The default is 100 ms (10 Hz sample rate).

o board — contains support files for the Chirp SmartSonic board.

=  The main board support package routines, as defined in

drivers/chirpmicro/inc/chirp_bsp.h, are in the board/HAL/src/chbsp_chirp_samg55.c
file.

=  The board/config/chirp_board_config.h file is required by SonicLib. This file contains
definitions for the number of possible devices and 1C buses on the board and is used for
static allocation of arrays.

o drivers/chirpmicro — contains the SonicLib API and driver files, sensor firmware modules, and
other distribution files from Chirp.

»=  The drivers/chirpmicro/inc directory contains header files that must be included when
building applications with SonicLib. In particular, the drivers/chirpmicro/inc/soniclib.h
file contains the key definitions for the SonicLib API.

e  Build the project:
o Select Build > Build Solution

The project should build successfully. The default build configuration is “Debug” so the build
output files will be placed in the Debug sub-directory.
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4

PROGRAMMING THE SMARTSONIC BOARD

Setup SmartSonic board Jumper J1 as in Figure 1. If only one cable is used (connected to the EDBG port),

pins 3 & 4 should be shorted.
Connect the SmartSonic board to a Windows PC with EDBG USB cable.
In Atmel Studio 7 select Tools > Device Programming.

The Device Programming screen will appear:

Device Programming

Tool Device Interface

Device signature
EDBG ~ |ATSAMGSS119

* SWD v ||Apply not read Read

Target Voltage

Read @

Select tool, device and interface.

Figure 2. Device Programming Screen

Verify that the tool is EDBG, device is ATSAMG55J19, and interface is SWD.

Select Apply.

o Note: Atmel Studio 7 may require you to update the EDBG debug interface firmware on the
SmartSonic board before continuing. Follow the on-screen instructions to update the EDBG

firmware.

The Device Programming screen will prompt to set the programming clock frequency. Leave the clock

frequency unchanged (use the default).

Select Read near the Device signature field. The device signature bytes should be read and should not
generate any error messages. The Device programming menu should look as follows:
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EDBG (FFFFFFFFFFFFFFFFFFFF) - Device Programming

Tool Device

EDBG ~ | ATSAMG5519 >

Interface

SWD v | |Apply
N <o o

Tool information

Device signature

Ox24570AET

Target Voltage

Device information
Memories The dock frequency should not exceed target CPU speed * 10,
GPNWVM Bits

Lock bits

Security

Reading device ID...OK

[] Reading device ID..0K

13y [Rese] (8]

Close

Figure 3. Device Signature and Target Voltage

e Select Memories on the Device Programming menu.

e The Device Programming menu will prompt for the name of the file to program:

EDBG (FFFFFFFFFFFFFFFFFFFF) - Device Programming

Tool Device

EDBG | ATSAMG3319

Interface Device signature

~ [swp - [Apply| |ox24s70AE1

Device

Flash (312 KB)

Target Voltage

Interface settings

Tool information

Device information

23v [rend] [

Reading device ID...0K

[=] Reading device ID..OK

Memories Ch\Templ\smartsonic-presence-example\atmelstudio\smartsonic-presence-example\Debug\smar E
GPNVM Bits rase Flash before programming

Verify Flash after programming Program | ‘ | ‘ Read.. |
Lock bits @ Advanced
Security

Close

Figure 4. Programming Hex File
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e  From the Device Programming screen scroll to the project’s Debug directory and select the smartsonic-
presence-example.hex file.

o Note: Alternately, you may use the smartsonic-presence-example.elf file, which contains
symbolic debug information. (Both files are generated when you build the application. If you are
simply running the Presence Detection application, and do not need to use the Atmel Studio 7

debugging features, it does not matter which file you use.)

e Select Program. Your SmartSonic board is successfully programmed when the Device Programming screen
displays the “OK” messages shown below on the bottom left:

EDBG (FFFFFFFFFFFFFFFFFFFF) - Device Programming
Tool Device Interface Device signature Target Voltage

EDBG | ATSAMGSSI  ~ [swD ~ 0x24570AE1 33V %3]

Interface settings Device

Tool information e -

Device information Flash (512 KB)
t:\Temp\smarls::unic-presence-example'\.atmelstudio‘\smartscmic—presence-examp|e\Debug\smar V III

Memaries
GPNVM Bits Erase Flash before programming i
Ve Faeh ot o Pragram | | Verify | | Read... |
Lock bits @ Advanced
Security

Erasing device... OK
Programming Flash...OK
Verifying Flash...OK

[] Verifying Flash..OK

Close

Figure 5. Successful Programming

5 RUNNING THE PRESENCE DETECTION APPLICATION
e  Start the terminal emulator program and open/configure the COM port assigned to the SmartSonic board
“EDBG”:
o 1000000 baud
o 8 bits data, no parity, 1 stop bit
o New-line sequence = Line Feed only (no carriage return)
=  PUTTY: Open Terminal configuration. Select “Implicit CR in every LF”.

= TeraTerm: Open Setup > Terminal. Under “New-line” set “Receive” to “LF”.
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e Reset the SmartSonic board using the board’s reset button (next to the Programming EDBG connector).

e  Status messages from the application will appear on the terminal output, followed by summary data from
the sensor initialization (device frequency, etc.) and configuration (maximum range, etc.).

e Measurement data from each sensor device will then be output in a continuous loop. During each
measurement cycle, a line of output is generated for each sensor. Each line of output includes:

o

o

Internal timestamp value

Sensor number

Boolean indicator of whether object presence was detected (0 = no presence, 1 = presence)
Range measurement, expressed in millimeters

Confidence level (expressed as a percentage). In the presence algorithm the detection of motion
is based on a criterion passing a threshold. The confidence is derived from the following criterion
value (the criterion value is defined in the algorithm and is not settable in the end application):

=  [f the criterion < threshold, confidence is 0 (or very low)
= [f the criterion 2 10 x threshold, confidence is maximum (100%)

= |n between the confidence is linearized.

e If more than one sensor is used, an additional line of output is generated during each measurement cycle,
with a merged result based on combined data from all sensors.
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e Because the Presence Detection algorithm detects changes in the ultrasound environment, it is normal for
the first few measurement cycles to report no presence detected. Figure 6 shows the typical application
output during initialization, including the first measurement results.

[T COME - Tera Term VT — m| X
File Edit Setup Control Window Help

IChirp sensor 0 found Y
IChirp sensor 1 found

IChirp senscor 2 not found

IChirp sensor 3 not found
IChirp sensor Idd: 134 ud

TDKE InvenSense Chirp Microsystems CH-201 Presence Detection Sample Application
Compile Time: Jul & 2020 13:13:45

Wersion: 1.8.0 CH-201 firmware: presence v22Z.hex

Soniclik wersion: 2.0.5

Starting timers... OK

Initializing senscr(s)... starting group... O

Sensor Type Freg RTC Cal Firmware

0 CH201 83744 H= 2921R@100ms presence_va2.hex
i CH201 75961 Hz 2577@100ms presence_va2.hex

Configuring senscr(3) ...
Enakle algo version: 5.0.0 0 4
sensing init r returned 0
sensing init r returned 0

Init done

[651155] Senscr 0O: i} 0 0%

[€52187] Sensor 1: [u] 0 0%
[652575] Merged: i} 0 0%
[1175359] Sensor 0 i} 0 0%
[1176407] Sensor 1: 0 0 0%
[1176€809] Merged: 0 0 0%
[169%660] Sensor 0 0 0 0%
[1700709] Sensor l: i} 0 0%
[1701111] Merged: 0 0 0%

Figure 6. Typical Output During Initialization - 2 Sensors
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After a baseline set of measurements has been made, the presence of objects can be detected. Figure 7 shows
typical application output during operation, with two sensors. The “Merged” output lines indicate the overall

Presence Detection result, based on data from both sensors.

A COMS - Tera Term VT ot
File Edit Setup Control Window Help
A
[43776051] Sensor 0: 1] 0 0%
[43778125] Sensor 1: 0 104 0%
[43778545] Merged: 1] [ E
[44300355] Senscr 0: [u] 0 0%
[44302427] Sensor 1: 0105 0%
[44302847] Merged: 0 0 0%
[44524630] Sensor 0: 1] 96 0%
[44526712] Senscr 1: 1 107 =%
[44527134] Merged: 1 112 5%
[45348936] Senscr 0: 1] 92 0%
[4535101&] Sensor 1: 1 140% 100%
[4553514658] Merged: 1 10% 100%
[455873270] Senscor 0: 1 55 100%
[45575382] Sensor 1: 1 140 1%
[45575804] Merged: 1 33 100%
[46387543] Sensor 0: 1 38 100%
[46399649] Sensor 1: 1 93 1%
[46400074] Merged: 1 38 100%
[46921547] Senscr 0: 1 38 100%
[46923953] Sensor 1: 1 93 100%
[46824403] Merged: 1 S0 100% hd

Figure 7. Typical Output During Operation - 2 Sensors
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6 CHANGING THE PRESENCE DETECTION APPLICATION SETTINGS

The app_config.h header file contains symbolic definitions for parameters that affect the application execution.
You may change the following definition to adjust the application’s timing.

6.1 MEASUREMENT_INTERVAL_MS

Specifies how often a new measurement cycle will be initiated, in milliseconds. Default =100 ms (10Hz sample rate).

This value is used in main() as a parameter to the chbsp_periodic_timer_init() function. Once set, the timer will
generate an interrupt every MEASUREMENT_INTERVAL_MS milliseconds, which will cause the
periodic_timer_callback() routine in main.c to execute. That routine then triggers a new measurement cycle by

calling ch_group_trigger().
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7 REFERENCE DOCUMENTS

e AN-000214 — Presence Detection

e AN-000226 — CH201 Ultrasonic Presence Detection Reference Design User Guide
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8 REVISION HISTORY

REVISION DATE REVISION DESCRIPTION

7/08/2020 1.0 Initial version.

This information furnished by Chirp Microsystems, Inc. (“Chirp Microsystems”) is believed to be accurate and reliable. However, no responsibility
is assumed by Chirp Microsystems for its use, or for any infringements of patents or other rights of third parties that may result from its use.
Specifications are subject to change without notice. Chirp Microsystems reserves the right to make changes to this product, including its circuits
and software, in order to improve its design and/or performance, without prior notice. Chirp Microsystems makes no warranties, neither
expressed nor implied, regarding the information and specifications contained in this document. Chirp Microsystems assumes no responsibility
for any claims or damages arising from information contained in this document, or from the use of products and services detailed therein. This
includes, but is not limited to, claims or damages based on the infringement of patents, copyrights, mask work and/or other intellectual property
rights.

Certain intellectual property owned by Chirp Microsystems and described in this document is patent protected. No license is granted by
implication or otherwise under any patent or patent rights of Chirp Microsystems. This publication supersedes and replaces all information
previously supplied. Trademarks that are registered trademarks are the property of their respective companies. Chirp Microsystems sensors
should not be used or sold in the development, storage, production or utilization of any conventional or mass-destructive weapons or for any
other weapons or life threatening applications, as well as in any other life critical applications such as medical equipment, transportation,
aerospace and nuclear instruments, undersea equipment, power plant equipment, disaster prevention and crime prevention equipment.
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