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1 SCOPE AND PURPOSE

Motion detectors are electrical devices that use sensors to detect nearby motion. Such devices are often integrated as
system components that automatically generate alerts when motion is detected in an area. These detectors are vital
components of security and surveillance systems, automated lighting control, energy efficient systems, and other
management systems. They can also enhance public and home safety by automatically triggering smart locks, smart
doorbells, and other home and building automation systems.

This document details the specification, the programming and operation of a CH201 ultrasonic senor and MO MCU Module
Reference Board. This module reference board incorporates a MO+ ARM Core IC and a CH201 Ultrasonic Sensor with
acoustic housing assembly. When programmed with Chirp’s Presence Detection firmware, the module shall operate as a
motion detection device, signaling the detection of motion via a GPIO line.

Chirp provides two presence sensing algorithms that can be used in different scenarios: Presence Detection and Static
Target Rejection (also known by its acronym, STR). Each algorithm has specific strengths. See the Presence Detection App
Note, AN-000214, for discussion on the benefits and tradeoffs of each algorithm. This application note will document the
Presence Detection algorithm’s usage in a complete reference design module.
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Figure 2. Mechanical dimensions (in mm) of module reference board containing CH201 and M0 MCU
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2 CH201 ULTRASONIC PRESNENCE DETECTION REFERENCE DESIGN

BOARD
2.1 PIN ASSIGNMENTS

> 1 12 C

>2 | O 11

>3 10 C

>4 9

> 5 8

> 6 7 C

Figure 3. Pin diagram
PIN NAME FUNCTION DESCRIPTION RECOMMENDED USAGE
1 1v8 Power Power supply Connect to 1.8 V power supply
2 12C_SCL Digital /0
3 12C_SDA Digital 1/0
4 UART_TX Digital 1/0
5 EN Analog input | Analog input Tie to ground if
DETECTION_OUT is not used
6 GND Power Ground
7 RSTN System reset
8 SWCLK Debug Serial wire debug clock input for debug and
programming
9 SWDIO Debug Serial wire debug 1/0 for debug and
programming
10 DETECTION_OUT Digital 1/0
11 Reserved N/A
12 Reserved N/A
Table 1. Pin Assignments
2.2 ELECTRICAL SPECIFICATIONS

SYMBOL DESCRIPTION MIN. TYP. MAX. UNITS
Vbp Power supply voltage 1.8 \"
Vpis Disable conditions detected on EN pin 0 Vpp * Vv
(2/3)
Ven Enable conditions detected on EN pin Vop Vbp Vv
*(2/3)
lacTive Current drained during Enable conditions 250 350 MA
Ipeep_steep Current drained in Disable conditions 21 pA
fch201 opr CH201 output data rate 1 10 Hz
dpEerecTioN_RANGE Movement detection range 0.2 4 m

Table 2. Electrical Specifications
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2.3 SCHEMATICS
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Figure 4. Schematic of module reference board
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2.4 BILL OF MATERIAL
QUANTITY REFERENCE PART PCB FOOTPRINT MANUFACTURER MANUFACTURER
PART NUMBER
1 A1000 PCB revA NA
1 A1001 Sticker: Serial Number NA
2 C1,C2 100n 6.3V 20% X7R 0402 0402 TDK CGA2B1X7R1C104K050BC
2 C3,C4 12p 50V 5% NPO 0402 0402 TDK CGA2B2C0G1H120J050BA
12 PIN1, PIN2, PIN3, | Pad_Module PAD-1mm NA NA
PIN4, PIN5, PING,
PIN7, PINS, PIN9,
PIN10, PIN11,
PIN12
2 R1, R2 10k 5% 1/20W 0402 0402 TDK RC0O402FR-0710KL
1 Ul SAMD10DXX QFN24 TDK ATSAMD10D14A-MUT
1 U2 CHX01 Custom TDK CH201
1 Y1 32.768KHz 2-SMD-3.2x1.5 Vectron VMK3-1001-32K768

Table 3. Bill of Material
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3 FUNCTIONAL DESCRIPTION
3.1 TECHNOLOGY

The Chirp CH201 long-range ultrasonic sensor has numerous advantages over other types of presence and motion sensors.
It transmits ultrasonic sound waves at frequencies that are above the human range of hearing, typically 85 kHz, and listens
to the reflecting echoes. The “Time of Flight” (ToF) is converted into a range measurement. When someone in the space
changes the pattern of the echoes, the motion will be detected. The CH201 contains a MEMS (micro-electromechanical
system) element to transmit and receive ultrasound, and an ASIC (application specific integrated circuit) to provide digital
10 and to control the MEMS device. The device is an ultra-low power sensor and is not sensitive to ambient lighting
conditions. The ultrasonic sensing technology provides highly accurate small-motion detection.

3.2 PRESENCE DETECTION

The presence detection algorithm runs on a processor external to the ultrasonic sensor. The first step of the presence
algorithm is to use a high-pass filter to ignore the echoes from static objects to extract motion. Detection is adjusted
automatically and adapts to a changing environment.

| Amplitude |

v

| High-pass filter |

| Environment adjustment |

| Detection |

Distance | | Confidence | | Detection

Figure 5. Block diagram of Presence detection algorithm
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3.3 NEMATESTING

We have followed the NEMA testing convention, NEMA standard publication WD 7-2011 (R2016) to compute the
performances of our system using a 45° FoV horn (AH-20166-045045).

4 meters
“«—p

4 meters

A

Figure 6. NEMA Testing convention
Test have been conducted for major motion, minor motion and static positions:
e Major motion: 1 person moving within a grid of 1m x 1m cells
e  Minor motion: arm robot moving within a grid of 1m x 1m cells
e  Static: records motion of empty closed rooms

Static tests have been performed to estimate the number of false positive over a long period of time.
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3.4 DETECTION PERFORMANCE

The following NEMA detect grid has been computed with a sensitivity threshold set to the value of 4 with a symmetrical
45 FoV horn (AH-20166-045045). The test follows NEMA standard and has been run on several sensors in the same
conditions. The sensors are at (0,0) coordinates on the grid. A value of x/y indicates that x sensors out of y total units pass

the test "

Cells used performance
computation

Major Minor
5m

Figure 7. Grid of detection with symmetrical 45 FoV horn (AH-20166-045045). Sensitivity is set to 4.
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3.5 FALSE POSITIVE

The algorithm has a sensitivity parameter to adjust the balance between detection rate and false positive rate. The
following curve shows the effect of the sensitivity on the performances:

False positive vs. sensitivity

o
T

False positive rate (/24h)
w2

2 Sensitivity

Figure 8. Sensitivity curve for a 4 meters maximum range

The following NEMA grids show detection performance with sensitivity value set to 8. Results show a better detection at
the cost of few false positives.

Cells used for performance
computation

Major

5m

Figure 9. Detection with symmetrical 45 FoV horn (AH-20166-045045) and maximum sensitivity
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3.6 LATENCY

The system latency has been computed for various working frequencies:

WORKING FREQUENCY LATENCY (S)
(HZ)
10 0.48
5 1.30
2 2.05
1 5.15

Table 4. System Latency

3.7 POWER
The power figures have been computed for various working frequencies:
WORKING FREQUENCY MAXIMUM RANGE (CM) SENSITIVITY POWER FIGURES (MA)
(HZ)
10 400 4 0.245
5 400 4 0.145
2 400 4 0.086
1 400 4 0.048

Table 5. System powers
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4 ACOUSTIC HOUSING POSITIONING

Chirp characterized two types of acoustic housing designs in the Presence Detection App Note (see AN-000214). A 45°
FoV symmetrical horn, AH-20166-045045, and an asymmetrical 160° FoV by 40° FoV horn, AH-20129-160040.
4.1 SYMMETRICAL 45 FOV HORN: AH-20166-045045

DESIGN TYPE DIAMETER (MM) LENGTH FIELD OF VIEW (FOV)
(MM)
VERTICAL HORIZONTAL VERTICAL HORIZONTAL
AH-20166-045045 Exponential 6 6 2.9 45° 45°
Table 6. AH-20166-045045 properties

®é.00

@900
$9.00

3.00

4.00

11 [ 11

11.00

Figure 10. lllustration of AH-20166-045045 3-D printed horn.
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Figure 11. Measured beam pattern for AH-20166-045045
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4.2 ASYMMETRICAL 160 FOV BY 40 FOV HORM: AH-20129-160040
DESIGN TYPE DIAMETER (MM) LENGTH (MM) FIELD OF VIEW (FOV)
VERTICAL HORIZONTAL VERTICAL HORIZONTAL
AH-20129- Exponential 9 2 5 40° 160°
160040
Table 7. AH-20129-160040 properties
@110
100
200
~
200
!
J 61
C 1T [T 1]
!— 1200 —4
Figure 12. lllustration of AH-20129-160040 3-D printed horn.
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Figure 13. Measured beam pattern for AH-20129-160040. Left plot illustrates the vertical beam pattern, right plot illustrates the
horizontal beam pattern.
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5 SENSOR CONFIGURATION AND OPERATION
51 PARAMETER CONFIGURATION

There are 4 configuration parameters:

Output data rate (ODR):

Defines the sampling rate in Hz. Possible values are 1, 2, 5 and 10 Hz. A higher ODR results in lower latency but increases
power consumption.

Maximum range:

Sets the maximum range for the presence sensing feature to detect human motion. It can be any value in the range of
100 to 400 cm. Reducing the range will decrease power levels.

Sensitivity:

Defines the sensitivity of the motion detection. It enables a user to tune the balance between true positives and false
positives. The sensitivity value is an integer from 0 to 8, where 8 is the highest sensitivity. The default sensitivity value is
4.

DETECTION OUT On-Period:

Defines the period in seconds while DETECTION_OUT pin is on after a movement is detected. It can be any integer value
between 5 and 30, both included.
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5.2 FIRMWARE GENERATION

To modify the Firmware parameters a PC with windows 10 with python 3.8 is needed. Go to the folder that contains
generate_firmware_for_customer.py, open a windows terminal and launch «python
generate_firmware_for_customer.py».

Then just follow online instructions.

IPython console A X
[0 console 1/A H &
-1/ 10 A
- 2/ 5
-3/ 2
-4/ 1

Enter choice :
Invalid choice, please enter a number

Select ultrasound output data rate :

ODR (Hz)
-y 10
= 5
-3/ 2
ol f 1

Enter choice : 1

What sensitivity do vou want to use [@..8] : 9
Invalid choice, please select a valid value

What sensitivity do you want to use [@..8] : 4

DETECTION_OUT ON period in seconds [5..30] : 6

Ultrasound range detection in cm. Select integer in range [100..4008] : 100
Generating new firmware

. Done

Do you want to flash the new firmware with JLink (y/n) ? n

In: [9]: | ¥
IPython console History log

Figure 14. Example of Python run
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6 MCU FIRMWARE PROGRAMMING
6.1 MCU FIRMWARE DOWNLOAD TOOLS

For MCU firmware upgrade, ATSAMD10 MCU manufacturer’s firmware download HW and SW tools are necessary.

TYPES TOOLS
HW Atmel-ICE Full kit

Cables w/ male header

Power supply

SW Atmel Studio 7

Table 8. Firmware download tools

Atmel-ICE full kit has a 10-pin 50-mil mini squid cable with 10x100-mil socket. This cable is convenient for connection to

MO module.
"ew !

10-pin 50 mil mini squid cable
with 10x100-mil socket

Figure 15. Atmel-ICE Full kit

Atmel Studio 7 SW is available for download for free from Microchip website.
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Requirement of Memory Size

TYPES SIZE USED FREE
FLASH | 16384B | 15108B (92.2%) 1276B(7.78%)
SRAM | 4096B 2928B(71.48%) 1168B(28.52%)

Table 9. Firmware download tools
6.2 MCU FIRMWARE DOWNLOAD PROCEDURE

Extension Cables from M0 module

Soldering Extension Cables is necessary for Atmel-ICE HW tool connection. The SWD protocol is used for MCU Firmware
upgrade. Pin 1, 6, 7, 8, 9 and 10 should be ready for SWD interface.

[8]SWCLK ———

—— EEET 1RSTN

Figure 16. Cable Extensions from module reference board

NUMBER PIN NAME NOTE
1 1v8 VTARG for SWD
6 GND GND for SWD
7 RSTN RSTN for SWD
8 SWCLK SWCLK for SWD
9 SWDIO SWDIO for SWD

Table 10. Module reference board wire mapping
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Connection of module reference board and Atmel-ICE

The module reference board and Atmel-ICE tool should be connected to each other with 10-pin 50-mil mini squid cable
with 10x100-mil socket. 1.8V and GND should be connected from the power supply.

Figure 2-11. Atmel-ICE SAM Probe Connection

Table 3-8. Atmel-ICE SWD Pin Mapping

Description

swDC |1 4 Serial Wire Debug Clock.

LK

SWDIO 5 2 Fen'al Wire Debug Data Input/Output.

Swo |3 (3] Een’al Wire QOutput (optional- not implemented on all devices).
nSRST 6 10 Resel

VTG 4 1 Ifarget voltage reference.

GND 2,10 Q3,59 round.

Figure 17. SWD port of Atmel-ICE tool (from Atmel-ICE tool datasheet)

MODULE REFERENCE
SWD PINS BOARD PINS ATEM-ICE SAM PORT
VTARG 1 1
GND 6 3
RSTN 7 10
SWDCLK 8 4
SWDIO 9 2

Table 11. Module reference board and Atmel-ICE mapping
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Figure 18. Connection Example

Document Number: AN-000226 Page 19 of 25
Revision: 1.0
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Run Atmel Studio 7

Once Atmel Studio 7 SW is installed, run Atmel Studio 7. Run “Tools> Device Programming” for programmer SW.

EJ stert page - Atmeistudio Standard Mode ¥ (huck Launch (Cirls P o & x

Fle Edit View VAssistX ASF Project Debug Tools | Window Help

B5-@ a-2 -~ | 9 B Command Prompt - B R ERSB- =
H & Device Pack Manager
Start Page & X @ Device Programming Ctrl+Shift+P
- F  Add target...
; ; ATMEL Motifications: 0
B Data Visualizer STUDIO

®
. €

' Select profile
[l code Snippets Manager. Ctrl+K, Ctri+B
B  Extensions and Updates..

External Tools..

Import and Export Settings...
Customize.

ject & Options...

Getting started with AVR development
Open Atmel Start Configurator
Download Atmel Studio Extensions

Download documentation

Keep page open after project load
of Show page on startup

Notifications ESSIEHESTI

Figure 19. Atmel Studio 7
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Supply power 1.8V to the module

Plug the USB cable out of Atmel-ICE to PC which has Atmel Studio 7 SW. Supply power for 1.8V. Green LED and Red LED
should be on once connected.

Figure 20. LEDs ON at Atmel-ICE
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MCU connection in Device programming tool

e Select Atmel-ICE in Tool

e Select ATSAMD10D14AM in Device
e Select SWD in Interface

e  Click the Apply button

e Click Read button

e 0x10020100 in Device Signature and 1.8V in Target Voltage should be read

Atmel-ICE (J41800100765) - Device Programming

? X

Tool Device Interface Device signature Target Voltage

Atmel-ICE v | ATSAMD10D14AM v | SwD | [Apply]  0x10020100 1.8V %3

Interface settings SWD Clock

Tool information 2 MHz
Device information Reset to default clock
Memories The clock frequency should not exceed target CPU speed * 10.

Fuses oot
Security

Reading device ID..OK

E Reading device ID...OK

Close

Figure 21. Device connection

AN-000226
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Read old FW from MCU (for old FW backup)

e Goto Memories
e C(Click the Read button

e Specify the old FW name and path
e C(Click OK button

e Reading Flash OK shows up in the message

Atmel-ICE (}41800100765) - Device Programming

Tool Device Interface Device signature Target Voltage

| Atmel-ICE v| ATSAMDIOD14AM v |SWD 0x10020100 1.8V %3

]

Verify | | Read.. |

Interface settings Device

Tool information Erase Chip ~

Device information Flash (16 KB)

Memories CAUsersyjcho\Desktop\Atmel studio for Chirp\FW read from fov_061120.hex
Erase Flash before programming

Fuses
Verify Flash after programming i | |

SELERY ® Advanced

User Page (256 bytes)

Erase User Page before programming E—
Verify User Page after programming et b

@ Advanced

Reading Flash..OK

E Reading Flash...OK

Y]
Verify Read...

Close

Figure 22. Read old FW from MCU
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Download new FW (if needed)

e Go to Memories

e  Specify new FW’s path and file name

e Check Erase Flash before programming and Verify Flash after programming

e  Click Program button

e Erasing device... OK, Programming Flash... OK and Verifying Flash... OK show up in the message
e New FW download to flash memory is done

Atmel-ICE (J41800100765) - Device Programming ? x>
Tool Device Interface Device signature Target Voltage
Atmel-ICE v | ATSAMD10D14AM v | SwD | [Apply]  0x10020100 1.8V %3
Interface settings Device
Tool information Erase Chip ~
Device information Flash (16 KB)
Menioncs CAUsers\jcho\Desktop\Atmel studio for Chirp\FW read from fov_061120.hex ™ III
Erase Flash before programming =
Fuses
Verify Flash after programming fogsn | | ety | | e |
Security @ Advanced

User Page (256 bytes)

Erase User Page before programming

Verify User Page after programming Lt b e
@ Advanced

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

E Verifying Flash...OK

Close

Figure 23. Download new FW

Power Cycle

For MCU to load new FW, power cycle is required.

AN-000226
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7 REVISION HISTORY

REVISION DATE REVISION DESCRIPTION

7/16/2020 1.0 Initial Release

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.

©2020 Chirp Microsystems. All rights reserved. Chirp Microsystems and the Chirp Microsystems logo are trademarks of Chirp Microsystems, Inc. The
TDK logo is a trademark of TDK Corporation. Other company and product names may be trademarks of the respective companies with which they are

associated.
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