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1.0 Introduction

This user manual provides detailed instructions for setting up the bird collision detection system
using an Arduino MKR WiFi 1010, an accelerometer, Dragino sensors, The Things Network
(TTN), and ThingSpeak.

2.0 Components and Tools

Table 1 below lists the components needed to assemble the collision detector system. See “PL-68
BOM.xIsx” for purchasing details. Table 2 lists additional tools needed to assemble or configure
the collision detector system. Assembly and configuration instructions below also list which

items are needed for each step.

Table 1: List of components needed to assemble the collision detector system for one window.

# | Item Name Detailed Description Quantity | Image

1 | Arduino Arduino MKR WiFi 1010 1

Adafruit Industries LLC,
Accelerometer

2 ADXL343 Evaluation 1
Board
Board
10 Position Cable Assembly
3 | Ribbon Cable | Rectangular Socket to Cable 1

3.00' (914.40mm)




Ribbon Cable

10 Position Rectangular

Connector Socket Connector IDC Gold
Connector Header Through
Pin Header Hole 10 position 0.100"
(2.54mm)
Duct Seal Gardner Bender Duct Seal
Putty
BREADBOARD MINI
Breadboard (0165-40-06-15010) -

BLUE




Tactile Switch SPST-NO

8 | Pushbutton Top Actuated Through Hole
SILICONE HOOK UP

9 | Wires WIRE KIT, 22AWG, 5
COLOUR
(RD,BK,YW,GN,BL)

. RESISTORS 1/4W 10K 5%
10 | 10kQ Resistor 10PCS
11 Dragino LHT65 Temperature &
Sensor Humidity Sensor
Water- and Steam-Resistant
. EPDM O-Ring, 1/8

12 | O-ring Fractional Width, Dash
Number 242

13 | cable Gland Cable Gland Polyamide

(PA), Nylon M16x1.5 Gray




M16x1.5 Locknut Nut

14 | Locknut 0.866" (22.00mm)
Polyamide
15 | USB Cable USB A to Micro B Cable
Power
16 Adapter USB Wall Charger
Lithium-lon Polymer
17| Battery Battery - 3.7v 2500mAh
18 Battery USB Lilon/LiPoly charger -
Charger v1.2
19 | Case 3D Printed Enclosures




Screw M3x30MM Self-

20 | Screw Tapping 10PCS 1
VELCRO Brand Outdoor

21 | Velcro Tape Heavy Duty Strips 4 x 1 1
Inch Pk of 10

Table 2: List of required tools to assemble and configure the collision detector system.

# | Description

1 | Computer with USB connectivity (Windows or Mac)
2 | Soldering Station

3 | Solder

4 | Wire Stripper

5 | Screwdriver (require M3 bit)

6 | Electrical Tape

7 | Vise




3.0 Setup Instructions for Monitoring

This section describes how to set up the already-assembled collision detector system on a
window for bird-window collisions and heat flow rate monitoring. If you are purchasing
components and assembling a new set of collision detector system, see section 4.0.

The assembled collision detector system should look like the following:

Figure 2: Assembled outside case.

This step also assumes that a) the Arduino is already flashed with the firmware outlined in step

4.6, b) Dragino sensors are setup on The Things Network as outlined in step 4.7 and 4.11, and c)
ThingSpeak dashboard is set up as outlined in step 4.9.



3.1 Attach the accelerometer to the window

Required Item:
e Assembled Collision Detector System
e Duct Seal Putty (Duct Putty)

Required Tool:
e None

1. Use gloves and apply duct putty to the
accelerometer board. Make sure the system
is not powered on.

Safety Information:

Duct putty should be safe to touch (unless
one has sensitive skin condition), but use
of gloves is recommended. See Safety
Data Sheet for more information.

Figure 3: Apply duct putty to cover the surface of the
accelerometer board.

Figure 4: Putty should be evenly applied with no large
bumps.




2. Attach the accelerometer board to the
window surface. Make sure the
accelerometer board is as parallel to the
window panel as possible.

About the window size:

The collision detector system is tested on a
test window of 180cm by 80cm. If the
system is deployed on a window larger
than this, it is recommended to deploy
multiple system per window.

About the sensor location:
Somewhere around the center of the
window is recommended for the best
result. Figure 5: Attach the side with duct putty applied to the

window. Push the accelerometer board against the
window to securely attach it.

Figure 6: Make sure the accelerometer board is as
parallel to the window panel as possible.

3.2 Attach the temperature sensors to the window

This step can be skipped if the heat flow rate measurement is not needed (i.e., if the user only

needs to know the bird-window collisions).
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Required Item:
e Assembled Collision Detector System
e Velcro Tape

Required Tool:
e Electrical Tape

1. Attach the temperature probe coming out
from the inside case to the window surface d
with electrical tape. , 8

Make sure the metal tip of the probe is
touching the window panel.

e N .

Figure 7: Attach the temEerature probe to the window
panel with electrical tape.
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Figure 8: Make sure the metal tip of the temperature
probe is touching the window surface.

2. Access the outside of the window. Attach
the Velcro tape to the window sill where
the outside case will be secured.

Also, attach the Velcro tape to the bottom
of the outside case.
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3. Attach the temperature probe coming out
from the outside case to the window
surface with electrical tape.

Make sure the metal tip of the probe is
touching the window panel.

- .
Figure 9: Attach the temperature probe to the window
panel with electrical tape.

3.3 Power up the system

The inside case can be powered with a wall adapter, or with a battery. The wall power is
recommended for more reliable and continuous operation.

Required Item:
e Assembled Inside Case from section

4.4
e Power Adaptor
e Battery

Required Tool:
e None
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Powered with wall adapter:

1. Connect the power adapter to the USB
cable coming out of the inside case (if you
did not attach the USB cable during
assembly, see section 4.4).

Figure 10: Connect the USB cable to the power
adapter.

Powered with wall adapter:
2. Plug in the power adapter to the wall
outlet. Use extension cord as needed.

Make sure the LED on the Arduino and the
accelerometer board are on as shown in
Figure 11 and Figure 12.

Double check that 1) all the sensors are
attached to the window correctly, 2)
outside case is attached correctly, 3) inside
case is in a secure location.

Secure the inside case using Velcro tape,
electrical tape, or other adhesives as
needed.

Figure 11: Check the LED on the Arduino is on
through the slit on the lid.

Figure 12: Check the LD on the accelerometer board.
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Powered with battery:
1. Open the inside case.

Remove the Dragino Sensor temporarily.

Unplug the USB cable from the Arduino.
Then, move the breadboard as shown in
Figure 13 to make space to connect the
battery.

Figure 13: Remove the Dragino Sensor, unpiug the

ribbon cable, unplug the USB cable, and move the
breadboard temporarily.

. Plug in the battery to the connector on
Arduino as shown in Figure 14.

Do not plug in the connector all the way
in, which can make it difficult to unplug
later.

Make sure the LED on the Arduino and the
accelerometer board are on as shown in
Figure 12 and Figure 14.

Leave the lid off when powered with
battery.

Double check that 1) all the sensors are
attached correctly, 2) outside case is
attached correctly, 3) inside case is in a
secure location.

Secure the inside case using Velcro tape,
electrical tape, or other adhesives as
needed.

Figure 14: Plug in the battery to the connector on the
Arduino. Do not plug the connector all the way in.
Also, check the LED on the Arduino.

Figure 15: Leave the lid off when powered with
battery.
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3.4 Monitor from ThingSpeak

As mentioned earlier, this section assumes that ThingSpeak dashboard is set up as outlined in

step 4.9.

Required Item:
None

Required Tool:
Computer

1. Log in to ThingSpeak with the provided
email and password.

Click “Channels” > “My Channels”, then
select the appropriate dashboard to monitor
the collision data and heat flow rate
measurement (if applicable).

If you have not configured the ThingSpeak
dashboard, see section 4.9.

Channels  Apps Support~

[ ThingSpeak™

To use ThingSpeak, you must sign in with your existing MathWorks :

Non-commercial users may use ThingSpeak for free. Free accounts
get full access to the MATLAB analysis features on ThingSpeak, log i

To send data faster to ThingSpeak or to send more data from more «

4\ MathWorks:

Email

| l

No account? Create one!

By signing in, you agree to our privacy policy.

Figure 16: ThingSpeak log in page.

DThingSpeak"‘ Channels ~  Apps~  Devices~  Support~

My Channels

My Channel: MV‘WC“"$CHCK “My Channels”

Watched Channels

Name &

Public Channels Q J

Created®  Updated

& #3Window in 3008 2023-02-06  2023-04-22 14:43

Private ‘ Public | Seftings | Sharing l APl Keys | Datalmpert / Export I

Figure 17: Click "Channels", then "My Channels" to
see a list of dashboards.
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[JThingSpeak™

Channels - Apps = Devices=  Support~ CommercialUss  HowtoBuy ()

#3 Window in 3008

Channel I0: 2026263
Author: mws0000023038122
Access: Private

BuildingLocation: 2335 Engineering Ln, Vancouver,
BOVGT 124

PrivateView  PublicView  ChannelSettings  Sharing  APIKeys  Datalmport Export

QA Visusizations Qasdwisgers | BExport recent data

MATLAB Analysis

Channel Stats
Created: 2menthsage

Lastentry: Aminutes 1ge
Entrins: 822

Colliston Numbers o/ x Fietd 5 Chart €0 sx

#3 Window in 3008

Do o0

_ et

Heat Flow Rate

0.672 i
Figure 18: Configured ThingSpeak dashboard.

2. Click “Channel Settings” as shown in
Figure 19.

Modify “Name” and “Description” fields
as needed (e.g., where the device is
deployed). See Figure 20.

Scroll down and click “Save Channel” to
save changes as shown in Figure 21.

[JThingSpeak™

Channels ~ ~ Apps~  Devices=  Support~

#3 Window in 3008

Channel ID: 2026263 Building Location: 2335 Engineering Ln, Vancouver,

Author: mwa0000029039122 BCV6T 124
Access: Private
Private View Public View Channel Settings Sharing API Keys Data Import / Export

0 Add Widgelsl s Export recent data

\
Click

D Add Visualizations ”

Channel Stats

Created: 2months.age
Lastentry: 10.minutesage
Entries: 922

Collision Numbers Z o #f x

Field 5 Chart

4
H - 1 " H n
Figure 19: Click "Channel Settings" to change the
dashboard name.
C1ThingSpeak™ channels -  Apps~  Devices»  Support=
#3 Window in 3008
Channel ID: 2026263 Building Location: 2335 Engineering Ln, Vancouver,
Author: mwa0000029099122 BCV6T 124
Access: Private
PrivateView  PublicView  Charfiel Settings aring  APIKeys  Datalmport/Export
Channel Settings Help
Channels store all the dat
Percentage complete 0% eight fields that can hold
status data. Once you coll
ChannelID 2026263 visualize it
Name #3 Window in 3008 Channel Settini
Description Building Location: 2335 Engineering Ln, Vancouver, * Percentage comple
BCVET 124 channel. Enter the
£ channel.
Field 1 Inside_Surface_Temp L] = Channel Name: En

Figure 20: Change "Name" and "Description” fields as
needed. They are displayed at the top of the dashboard.
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[JThingSpeak™

Channels ~ = Apps~  Devices~  Support~

Longitude -123.253783
ShowVideo  [J
Click to save
http://
Show Status ~ ®

Save Channel

Figure 21: Scroll down and click "Save Channel" to
save changes.

3. To change the U value and the window
dimension needed for heat flow rate
measurement, click “Apps” at the top, then
“MATLAB Analysis” as shown in Figure
22.

Open “Heat Flow Rate Calculation” script.

Change the U value and the window height
and width as shown in Figure 23.

Scroll down and make sure to click “Save
and Run”.

CJThingSpeak™

Channels - Apps~ = Devies=  Support=

1. Click “Apps”

AllApps
MATLAB Analysis
MATLAB Visualizat

#3 Window in 300¢

Channel ID: 2026263
Author: mwa0000029099122

: 2335 Engineering Ln, Vancouver,
Plugins

Access: Private ThingTweet
. H 3 H %1
mmeconrat - 2, Click “MATLAB Analysis
React

Private View Public View Channel S Keys Data Import / Export
TalkBack
ThingHTTP

© Acd Visuslzations ” @ e wigets | @B ecaneenn |

Figure 22: Click "Apps™ at the top, and click
"MATLAB Analysis" to modify the U value and window
dimension.

Apps | MATLAB Analysis / Heat Flow Rate Calculation | Edit

Name

Heat Flow Rate Calculation

MATLAB Code

1 % Read outside and inside surface temperatures every 3@ minutes from separate data
2 % Based on received temperature data, default or manually changed R-value and the s
3 % Write the calculated result to another data field

5 % Changeable Constants for the heat transfer calculation
& U_value = 1.2;

7 Window_Height = ©.7;
& Window_Width = 0.8;

% Unit(meter)
% Unit(meter)

“Figure 23: Change the U value and the window
dimension to calculate the heat flow rate.

4.0 Assembly Instruction

This section describes how to assemble the components into a collision detector system. If you

already have an assembled system, see section 3.0 for how to deploy it on a window for

monitoring.
**Note to the user:

18




Assembly steps involve soldering, connecting parts on a breadboard, uploading firmware code to
Arduino, etc. Many steps are documented in a way that non-engineer users can assemble the
system by following the detailed instructions. However, for safety reasons, it is strongly

recommended to have someone with soldering experience perform the soldering outlined in
section 4.1 below.

4.1 Solder accelerometer board to 10-pin header

Manufacturer’s tutorial page also has instructions on soldering, and additional information on the

accelerometer board: https://learn.adafruit.com/adxl343-breakout-learning-quide/assembly

Required Item:
e Accelerometer Board
e 5-Pin Header

Required Tool:
e Soldering station
e Solder

1. Insert pin header into a breadboard. Cut the
pin header strip to 5 pins as needed.

Figure 24: Use breadboard to help secure the
accelerometer board while soldering.
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https://learn.adafruit.com/adxl343-breakout-learning-guide/assembly

2. Put the accelerometer board over the pins.

Solder the following pins:
VIN

GND

SCL

SDA

Cut the excess pin headers as shown in
Figure 27.

Figure 25: Solder the four pins needed for 12C
communication.

Figure 26: Soldered accelerometer board. Unused pins
like "3Vo" pin can be left unsoldered.

42

Figure 27: Cut the pins that are longer than the hig‘hest
point of the accelerometer board.
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4.2 Connect pushbutton and pin header to Arduino

Required Item:
Arduino
Breadboard x2
5-Pin Header
Pushbutton
10kQ Resistor
Wires

Required Tool:
o Wire Stripper

1. Connect two breadboards.

Insert Arduino and pin header to
breadboard as shown. Cut the pin header
strip to 5 pins as needed.

Figure 28: Two breadboards connected together.

2 emp

Figure 30: Placement of Arduino pins for reference.
Pins need to be pushed down so that the pins are
inserted in the breadboard.
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2. Cut four wires with the following colours

and lengths:

e Red: 5cm

e Black: 6cm

e Blue: 7.5cm

e Yellow: 7.5cm

Strip 1cm from both ends of each wire.

Colours of the wires are arbitrary, but it is
recommended to keep them consistent for
easy troubleshooting.

"‘F?g-ur 31: four wires used to connect the Arduino and
the pin header.

3. Connect the following pins of Arduino to
the pin header using wires you cut in the
previous step as shown.

VCC
GND
SCL

SDA

Figure 32: Connect VCC pin to the leftmost pin using
red wire.

Jin (skip one)

Figure 33: Connect GND pin to the middle pin using
black wire.
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SCL pin 4th pin from the left

Figure 34: Connect SCL pin to the 4th pin from the left
using blue wire.

SDA pin

Rightmost pin

Figure 35: Connect SDA pin to the rightmost pin using
yellow wire.

4. Cut two wires with the following colours
and lengths:

Blue: 3.5cm

Yellow: 4.5cm

Strip 1cm from both ends of each wire.

Solder legs of the pushbutton to two wires
as shown.

i

#igure 36: Soldered pushbutton.
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5. Connect one leg of the resistor to VCC pin
on the Arduino as shown in Figure 37.

Connect the other leg of the resistor to pin
0 located on the other side of the Arduino
as shown in Figure 38.

Figure 37: Connect one leg of the resistor to VCC pin.

Figure 38: Connect the other leg of the resistor to pin
0.
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6. Connect blue end of the soldered
pushbutton to GND pin on the Arduino as
shown in Figure 39.

Connect the yellow end of the soldered
pushbutton to pin 0 through breadboard as
shown in Figure 40.

Figure 39: Connect the leg of the pushbutton with blue
wire to GND pin.

Figure 40: Connect the leg of the pushbutton with
yellow wire to pin 0 through breadboard.
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4.3 Put ribbon cable through lid

Required Item:
e Inside Case (Lid)
e Ribbon Cable
¢ Ribbon Cable Connector

Required Tool:
e Vise

1. Pass the ribbon cable through the slit of the
lid as shown. Pay attention to the
orientation.

Figure 41: Pass the ribbon cable through the slit on
the lid.
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2. Pass through the end of the ribbon cable
with no connector through the ribbon cable
connector as shown.

Align the side of the cable marked red with
the triangle on the connector as shown.

Check the orientation as shown in .

Figure 42?Align the triangle on the connector and the
side of the ribbon cable marked red.

3. Clamp the ribbon cable connector using
the vise.

&
Figure 43: The connector can be clamped using a vise.
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4.4  Put Arduino assembly and Dragino sensor in the inside case

Required Item:

Arduino Assembly from section 4.2.
Lid Assembly from section 4.3.
USB Cable

Dragino Sensor

Inside Case

Required Tool:
e Electrical Tape

1. Pass through the temperature probe from
the inside of the case as shown in Figure
44,

Connect the temperature probe to the
Dragino sensor.

Then, place the Dragino sensor inside the
case. Align it as shown in Figure 46.

Figure 44: Pass the temperature probe through the
hole on the side of the case.

Figure 45: Dragino sensor placed inside the case.
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Figure 46: Align the Dragino sénsor with the "hook™.

2. Pass the micro USB cable through the
other hole on the case from the outside of
the case.

Figure 47: Pass through the micro USB cable from the
other hole on the side of the case.

29




3. Place the Arduino assembly in the case.
Pay attention to the orientation as shown.

Connect the micro USB cable to the
Arduino.

4. Connect the ribbon cable connector to the
pin header on breadboard as shown.

Figure 49: Connect the ribbon cable connector to the
pin header on breadboard.
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Figure 50‘:“!ibbon cable connector is connected to the
pin header like this.

5. Align the pushbutton such that it pokes out
of the hole in the lid. Secure the
pushbutton with electrical tape if needed.

&

Figure 51: Align the pushbutton such that it pokes out
of the hole in the lid.

6. Double check all the connections. Close
the lid.

Figure 52: Assembled inside case.
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4.5 Put Dragino sensor in the outside case

Required Item:
Dragino Sensor
Outside Case
O-ring

Cable Gland
Locknut

Screw

Required Tool:
Screwdriver with M3 bit

1. Pass the temperature probe through the
cable gland as shown.

Pass cable in this direction

Figure 53: Pass the temperature probe in the direction
indicated above.

2. Pass the temperature probe and cable gland
through the hole on the case.

Secure the cable gland from the inside of
the case using the locknut as shown in
Figure 55.

Figure 54: Insert cable gland in the hole on the side of
the case.
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Figure 55: Put the locknut from the other side of the
hole and tighten to secure the cable gland.

3. Connect the temperature probe to the
Dragino sensor.

Place the Dragino sensor in the case.

Figure 56: Connect the end of the temperature probe
cable to the Dragino sensor.
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Figure 57: Place the Dragino sensor inside the case.

4. Tighten the cable gland by turning the
outside piece shown in Figure 58.

Keep turning if you can see the other side
as shown in Figure 59.

Stop when you cannot see the other side
anymore, and if the cable is clamped as
shown in Figure 60.

~ Turn this piece

Figure 58: Tighten the cable gland by turning this
piece.

Figure 59: Cable gland before tightening.
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Figur 60: Cable gland after tightening.

5. Inspect the O-ring for any damage (e.g.,
cut, tear). Discard the O-ring if damaged.

Gently place O-ring in the groove. Make
sure the O-ring does not get scratched in
the process.

6. Place the lid over the case.

Secure the case with 4 screws.

Figure 62: Assembled outside case.
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4.6 Upload firmware to Arduino

Required Item:
e Assembled Inside Case from section
4.4,

Required Tool:
e Computer with USB port

1. On the computer, install Arduino IDE by
following the instructions on:
https://docs.arduino.cc/software/ide-
v2/tutorials/getting-started/ide-v2-
downloading-and-installing.

(On a work computer managed by the
organization, you might need to contact IT
for support.)

2. Open Arduino IDE. Navigate to:
"Tools" > "Board" > "Boards Manager"

Search for "Arduino SAMD Boards™ and
click install as shown in Figure 64.

(& sketch_may2a | Arduine IDE 204

File Edit Sketch Tools Help

Serial Plotter

WiFi101 / WIFININA Firmware Updater
Upload SSL Root Certificates

Board

1e Get Board Info

Burn Bootloader

Figure 63: Navigate to "

o _

Boards Manager...  Ctrl+Shift+B

Arduino AVR Boards

Board Manager"'.
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https://docs.arduino.cc/software/ide-v2/tutorials/getting-started/ide-v2-downloading-and-installing
https://docs.arduino.cc/software/ide-v2/tutorials/getting-started/ide-v2-downloading-and-installing
https://docs.arduino.cc/software/ide-v2/tutorials/getting-started/ide-v2-downloading-and-installing

File Edit

SAMD
g Type:
Arduino S

Boards incl
package:

MO, Arduin:

More info

D sketch_may?2a | Arduino IDE 2.0.4
Sketch Tools

Help

Select Board

BOARDS MANAGER s

All b

AMD Boards

(32-bits ARM Cortex-M0+)
by Arduino

luded in this

Arduino MKR WiFi 1010,
Arduino Zero, Arduino MKR
1000, Arduino MKR Zero,
Arduino MKR FOX 1200,
Arduino MKR WAN 1300,
Arduino MKR WAN 1310,
Arduino MKR GSM 1400,
Arduino MKR NB 1500,
Arduino MKR Vidor 4000,
Arduino Nano 33 loT,
Arduino MO Pro, Arduino

m

o Tian, Adafruit

Circuit Playground Express

1.8.13 v

Arrow Boards by Axel

Figure 64: Search "SAMD", and install "Arduino

SAMD

Boards".

3. Go to GitHub repository.

See the README files for details on the
contents of the repository.

Click “Code”, then “Download ZIP” as
shown in Figure 65.

1. Click “Code”

Go to file

Local

A B clone ®
HTTPS  SSH  GithubCul

NEtBs1//QithuD. conRystaraIONZ/ELECASL PL ()

Use Git or checkout with SVN using the welb URL

€21 Open with Github Desktop

2. Click

2., level

- 0 Download ZIP
- -

(2022/23W)

About ]

Ne description, website, or topics
provided.

@ Re:

Releases

Download ZIP”

No packages pubsshed
Publish yaur first package

No
cre

Packar

Figure 65: Steps to download the necessary files.
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https://github.com/Ryotaro1002/ELEC491_PL_68_2023

4. Unzip the zip file. Copy the contents to the
folder generated by Arduino IDE:

On Windows:
“C:\Users\username\Documents\Arduino”

Clipboard Organise New Open s

> This PC > Documents » Arduino | v Search Ar

[ nName

Date modified 0items

iccess
op ¢ is folder is empty
ments

loads

s
ation
le Drive Sync #

Copy unzipped contents here

le Drive (G)  #

Figure 66: Copy unzipped files from GitHub to the
Arduino folder.

Open one of the two INO files in
“Integrated Sketch” folder.

“Once_Per_Day.ino”: Updates collision
data once a day at midnight.

“Every_Five_Minutes.ino”: Updates
collision data every 5 minutes. This
version does not support battery-powered
operation.

Every_Five_Minutes | Arduino IDE 2.04

File Edit Sketch Tools Help

e
New Sketch Ctrl+N Fi 1010
New Cloud Sketch  Alt+Ctrl+N
Open... Ctrl+0 RIS
Open Recent >
Sketchbook >
Examples >
Close Ctrl+W
Save Ctrl+S
Save As... Ctrl+Shift+S
Preferences... Ctrl+Comma
INA.h>
Advanced » [ro-h>
>
Quit Ctrl+Q
ToF
15 #include <FreeRTOS_SA
Figure 67: Click "File" then "Open" to open a file on
Arduino IDE.
& op:
« 4 © > ThisPC > Dacuments 5 Arduino » Integrated Sketch > Every_Five Minutes
orga New folder
Nam: Dat Type
& Every_Five_Minut 202 INO File

Figure 68: Open one of the INO file inside "Integrated
Sketch" folder.
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6. Change the “tempChannelNumber”,
“myWriteAPIKey”, “writeFieldNumber”,
and “FailFieldNumber” to values from
ThingSpeak channel/dashboard. See 4.10.

61 // Thingspeak libraries.

62 #include "ThingSpeak.h" // always include thingspeak he:
63 WiFiclient client;

65 //Read/Send data from thingspeak

66 unsigned long tempChannelNumber = 2026263;

67 const char * myWriteAPIKey = "WN6UZKYS8ABMIW83";

68 unsigned int wirteFieldNumber = 6;

69 unsigned int FailFieldNumber = 7;

[k ok ok ok Rk ko ok ok ok ok

71

72 //static float32_t output[BLOCK_SIZE];

Figure 69: Update the Channel ID, Write API Key, and
Field Numbers to communicate to the correct
ThingSpeak dashboard.

. If UBC visitor WiFi is not available,
change “ssid[]”, and “pass[]” variables to
change the WiFi network used by the
Arduino.

e int senddata_counter = o;

31 / Include WiFiNINA libraries.

char ssid[] = “ubcvisito network SSID (name)
char pass[] = "";  // your network password (use for WPA, or use as key for WEP)
int status = WL_IDLE_STATUS; // the Wifi radio's status

Figure 70: Change SSID and the password to change
the WiFi network used.
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8. Connect the Arduino to the computer using
the USB cable coming out of the case.

Make sure the green LED on the
accelerometer board is on as shown in
Figure 71.

If not, try changing the row on the ribbon
cable connector as shown in Figure 72.

If the LED still does not turn on, try
switching the orientation of the
accele_romemr board as shown in Figure 73 Figure 71: FMake sure the LED on the accelerometer
and Figure 74. board turns on.

Figure 72: If the LED does not turn on, try switching
the row on the connector.

Figue 73: Intended orientation of the accelerometer
board.
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Figure 74: If the wiring is done differently, the LED
may turn on with this orientation, which is okay.

9. Select the Arduino as shown in Figure 75.
Make sure the device name appears as bold
as shown in Figure 76.

Every_Five_Minutes | Arduino IDE 2.04
File Edit Sketch Tools Help

Ao NKR W 1010

Eveny_Five] p Arduino MKR WIFi 1010

-

2 Select other board and port..
3

i

5 This code uses a tick frequency

6

7
O .. IO
9 -

v snawe wrnmans  GONNECted Arduino

#include <RTCZero.h>

5 WG reer appears here

#include <FreeRTOS SAMD21.h>

Figure 75: Arduino appears here once it is connected
to the computer. Click to select.

Every_Five_Minutes | Arduino IDE 2.04
File Edit Sketch Tools Help

¥ Arduino MKR WiFi 1010

Every Five_Minutes.ino ~ README.md

Upload

1 J ] EREEEAEEEAEE R REK KK E A
2 // FreeRtos Code for Detection al¥@ithm and ¢
3 1/

4 /7
Figure 76: Once the Arduino is selected, the device

name appears as bold.
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10.  Click the “Upload” button as shown in
Figure 77 to upload the firmware code to

the Arduino.

The “Output” window at the bottom of the
window displays the status.

Once uploaded, the “Output” window
displays something like shown in Figure
78.

See https://docs.arduino.cc/software/ide-
v2/tutorials/getting-started/ide-v2-
uploading-a-sketch for more detail.

Every_Five_Minutes | Arduino IDE 2.0.4
File Edit Sketch Tools Help

¢ Arduino MKR WiFi 1010 v Upload

README.md

ery Five_Minutes.ino

3
4

Click

Figure 77: Click the "Upload™ button to upload the
code to the Arduino.

Figure 78: “Output” window displays something like
this once compiled and uploaded the code.

(® Done uploading. x

Ln 11, Col 21  Arduino MKR WiFi 1010on COMe (22 B
Figure 79: It will say "Done uploading.” once the code
is successfully uploaded to the Arduino.

4.7 Set up Dragino sensors with The Things Network

Required Item:
Dragino Sensor x2

Required Tool:
Computer
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1. On the computer, navigate to The Things
Network (TTN) website
(https://www.thethingsnetwork.org/)

« C @ thethingsnetwork org

S THE THINGS
Al R Cont

Communities.

Learn Hardware Forum

We are a global collaborative
Internet of Things ecosystem that
creates networks, devices and
solutions using LORGWAN®. o

<
B K

Figure 80: Go to The Things Network on a web browser.

¢

Learn more

2. Click "Login" on the TTN website and
enter your credentials.

S THE THINGS THE THINGS STACK
NETWORK C ty Edition

Experiment and explore with
The Things Network

(~) Get hands-on experience with
LoRaWAN®

() Support your local loT/LoRaWAN
community

(+) Build and participate in community
projects

(%) Fair usage policy applies (not suitable
for businesses)

() May experience occasional downtimes
with no high availability

\ Login to The Things Network
L

Figure 81: Log in to the TTN account.

3. After logging in, click on "Console™ in the
top-right corner of the page.

e ubcteam v

My Profile

Console

Log Out

2

il

Figure 82: Click "Console" to access the TTN Console.
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4. Onthe TTN Console, go to "Applications™
and click "Create application”.

@ NAM1 Community

No support plan ®
Q Search | + Create application '

Figure 83: Click "Create application™.

5. Configure the application. Create an Create application

" H H n
Appl Icatl on I D . Within applications, you can register and manage end devices and their network data. Af

integration options to pass relevant data to your external services,
Learn more in our guide on gl Adding Applications &.

Click the "Create application™ to create the
application.

Application ID*

“’ny new-application

Application name

My new application
Description

Description for my new application

7
Optional application description; can also be used to save notes about the application

6. Click "Register End Device” to register
Dragino sensors.

Q Search =} Import end devices + Register end device I

Figure 84: Click "Register end device" to register a
Dragino sensor.
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7. Fill in the information about the type of
Dragino sensor to be added as shown.

End device brand: Dragino Technology
Co., Limited

Model: LHT65

Hardware Ver.: Unknown ver.
Firmware Ver.: 1.8

Profile (Region): US 902 928
Frequency plan: ... FSB2 (Used by TTN)

End device type
Input method
®  Select the end device in the LoRaWAN Device Repository

Enter end device specifics manually

End device brand Model Hardware Ver. ) *  Firmware Ver. Profile (Region)
Dragino Technelog. LHT6S Unknown ... 18 US_902_928
LHT65

LoRaWAN Specification 1.0.3, RPOO1 Regjonal Parameters 1.0.3 revision A, Over the air activation
(OTAA), Class A

LoRaWAN Temperature & Humidity senso

L ]
A

Frequency plan

United States 902-928 MHz, FSB 2 (used by TTN) v

Figure 85: Fill in the device information.

. Configure the Dragino sensor:

Fill in the "JoinEUI" (aka App EUI),
"DevEUI", and "AppKey". They are
labeled on the Dragino Sensor, or are on
the box the Dragino Sensor came in.

Leave other settings as default.

Click "Register end device" to complete
the device registration.

Repeat step 6-8 in the same application to
register another Dragino Sensor.

Provisioning information

JoinEUI®) *

(k]

) 00 00 00 08 00 09 Reset

This end device can be registered on the network
DevEUI &) *
—

[ e cn e e ee o oo || © cenerate | ojsousec

AppKey @ *
—
) Generate
End device ID@ *
——
my-new-device
This value is automatically prefilled using the DevEU
After registration
® View registered end device

Register another end device of this type

l Register end device

Figure 86: Fill in the "JoinEUI", "DevEUI", and
"AppKey" provided by the manufacturer.

. Once configured, go through step 4.11 to
change the update interval to 30 minutes
from the default interval.
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10.  Connect the Dragino sensorto TTN
Gateway:

Push the blue button on the Dragino
Sensor (labeled ACT) till the green light
blink 5 times, to power on the sensor.

Make sure the sensor is inrange of a TTN
Gateway.

The sensor will automatically connect to
the Gateway and start sending data to
TTN.

2 eui-a840415c2184afac

Figure 87: The end device page on TTN once registered.

<3s

Behavior on ACT Function Action
Pressing ACT Test uplink If LHT6S is already Joined to LoRaWAN network, LHT6E5
between 1s < time | status will send an uplink packet, if LHT65 has external sensor

connected, blue led will blink once. If LHT65 has not

external sensor, red led will blink once

Pressing ACT for
more than 3s

Active Device

green led will fast blink 5 times, device will enter working
mode and start to JOIN LoRaWAN network. green led will
solid turn on for 5 seconds after joined in network.

Fast press ACT S
times.

Deactivate
Device

red led will solid on for 5 seconds. Means LHT65 are in

Deep Sleep Mode.

Figure 88: Functionalities of the blue button (ACT
button) at the bottom of the Dragino Sensor.

11.  Verify data transmission:
Click the registered device to open its
details page.

Under the "Live data" tab, you should see
the received data from the Dragino sensor.

See the user manual for the Dragino
Sensor for more detail.

4 eui-aB4B415c2184afac Forward uplink

Figure 89: Example of data received from the Dragino

, Hum_SHT

jata message Xt_sensor: , Hun_SHT: 36.8,

Sensor on TTN.

.

4.8 Connect TTN to ThingSpeak

Required Item:

e None
Required Tool:
e Computer
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1. On the computer, open the TTN console
page as described in step 4.7.

Click “Application” and enter your
application. Select one of the end devices.

End devices (2)

[ Name # DevEUI

eui-a84041d88184afbo A8 40 41 D8

eui-a840415c2184afac A8 40 41 5C

Figure 90: Click one of the registered end devices first.

. On your end device page, select “Playload
formatters”. Make sure you in the
“Uplink” tab.

Change the Formatter type to be “Custom
Javascript formatter”.

eui-a84041d88184afbo

ID: eui-a84041d88184afbo

AT Lnja e Lastactivity 6 days ago @
Overview  Livedata  Messaging  Location  Payload formatters  Claiming  General settings
Downlink
—
Setup Test
Formatter type * Byte payload

Custom Javascript formatter

Formatter code * Decoded test paylo

function s
var zero = '00°;
var hex= byte 16);
var tmp = 2-hex.length;

Teturn zero.substr(Q,tmp) + hex +

ad (byte) {
0o

function decodeUplink(input) {

var port put. fPort
var bytes es;
ar Ext= OF ;
var poll_message_status=(bytes[6]&0x40)>>6;

FigUre 91:7Gd to "Payload formatters™ and select
"Custom Javascript formatter" under "Uplink" tab.

. Go to the GitHub repository.

Go to the “Dragino Payload” folder, and
open “TTN_Uplink_Payload.js”. Copy the
code.

Overwrite the formatter code on TTN with
the copied code.

Click “Save changes”.

Repeat step 1-3 for the other end device.

Ud et DaL_SLalus—uyLES 4] 22U,
else

data.BatV= ((bytes[0]<<B | bytes[1]) & Ox3FFF)/1080;
data.Bat_status=bytes[0]>

56;

Paste repository formatter

Figure 92: Once payload code is update. Click "Save
changes".
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4. Back to the TTN console page. Click

“Application” and choose the application.

i THINGS STACK
nmunity Edition

55 overview O Applications o Gateways &% Organizations

Applications (1)

n ¢

2023ubc-teamé8-temp

Figure 93: Go to application.

5. Select "Integrations” from the left menu,
and choose "Webhooks" from the
dropdown menu.

-
§ Overview

End devices

i >

Live data
<>

Payload formatters v

J. Integrations ~
% MQrT

Webhooks

* Storage Integration
% AWSIoT
* Azure loT

* LoRa Cloud

ah Collaborators

O« APlkeys

Figure 94: Select "Webhooks" from the "Integration™
menu.

6. Click “Add webhook” on the top right of
the screen.

@ NAM1 Community bet
ubcteam ~

No support plan ®

+ Add webhook

Figure 95: Click "Add webhook™.
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7. Locate and click “ThingSpeak” from the
list.

TagolO
Integrate with TagolO

Telemetry2U
Telemetry2U loT dashboard and a...

thinger.izl CJThingSpeak

Thinger.io ThingSpeak

Integrate with Thinger.io Platform

m nnahiz

Figure 96: Locate and click "ThingSpeak" from the
list.

Send data to ThingSpeak channel

8. Fill in the "Webhook ID"(Name of the
channel), "Channel ID", and "API Key"
from the ThingSpeak channel. See step 4.9
and 4.10.

Click "Create ThingSpeak webhook™ to
complete the webhook registration.

Setup webhook for ThingSpeak
CAThingSpeak  seng data to ThingSpeak channel

About ThingSpeak @ | Documentation &

Webhook ID*

my-new-thingspeak-webhook

Channel ID*

ThingSpeak Channel ID

AP| Key *

ThingSpeak Write APl Key

Create ThingSpeak webhook

Figure 97: Fill in the "Webhook ID", "Channel ID",
and "API Key" to configure the webhook.

Private View Public View Channel Settings Sharing APl Keys Data Import / Export

Channel Settings Help

Channels store all the dati
eight fields that can hold
status data. Once you coll

2026263 visualizeit.

Percentage complete  50%

Channel ID

Figufé 98: Find channel ID on ThingSpeak.
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PrivateView  PublicView  Channel Settings APIKeys  Datalmport/ Export

Write APl Key
eysenable you'o
Key  LINBUZKYSBABMINGS

9. Wait for 10 minutes and then check if the
connection status is “Healthy” on the
Webhooks page on TTN.

TemplateID Status Createdat «
thingspeak Healthy 25days ago
E——

Figure 100: Wait for 10 minutes and check if the
connection status is "Healthy" on TTN.

4.9 Set up ThingSpeak Dashboard

Required Item:

e None
Required Tool:
e Computer
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1. Go to the ThingSpeak website
(https://thingspeak.com/) and log in with
the provided email and password.

QThingSpeak“ Channels  Apps  Support~

To use ThingSpeak, you must sign in with your existing MathWorks :

Non-commercial users may use ThingSpeak for free. Free accounts
get full access to the MATLAB analysis features on ThingSpeak, log i

To send data faster to ThingSpeak or to send more data from more (

4\ MathWorks-

Email

| |

No account? Create one!

By signing in, you agree to our privacy policy.

Figure 101: Log in to ThingSpeak.

2. Once logged in, click "Channels™ from the
top menu bar and select "My Channels."

Click "New Channel" to create a new
dashboard.

I:IThingSpeak”‘ Channels ~ | Ap

My Channels

New Channel Search by

Nama &

Figure 102: Click "New Channel" to create a new
dashboard.
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Configure the channel:

Fill in the "Name" and "Description™ for
the channel as needed. Also see section
3.4.

Enable up to Field 7 by clicking the
checkboxes.

Fill in the field name as follows:
Field 1: Inside_Surface_Temp

Field 2: Outside_Surface_Temp
Field 3: Outside_Air_Temp

Field 4: Heat Flow Rate

Field 5: Number of Collision

Field 6: Collision Data from Arduino
Field 7: Fall Detection

Click "Save Channel" to create the
channel.

Field names and orders are arbitrary, but it
is recommended to keep them consistent
for easy troubleshooting.

Field 1 Inside_Surface_Temp
Field 2 Outside_Surface_Tem
Field 3 Outside_Air_Temp
Field 4 Heat Flow Rate
Field 5 Number of Collision
Field 6 Collision Data from Arc
Field7 Fall Detection

Figure 103: Enable seven fields and fill in their names.

Location
0.0
0.0

ShowVideo [J

0

Save Channel

Figure 104: Click "Save Channel".

Show Status

In the channel created, click "Add
Widgets".

Select the widget type from the options
shown in Figure 106.

Configure the widget as shown in Figure
107. Click “Create” to create a widget.

Create 6 Numeric Display widgets as
shown in Table 3 below.

Channel Stats

Figure 105: Click "Add Widgets" to create widgets
where data are displayed.
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Table 3: Numeric Display widgets configurations.

Field# | YP9ate | i
Interval

1 1800 Celsius
2 1800 Celsius
3 1800 Celsius
4 15 Watts
5 15
7 15

Click on a widget to add it to the Channel

Next Cancel

Figure 106: Select widget type.

Configure widget parameters

Name
Field  Field
Update Interval 15 second(s)
Units

Data Type O Integer  ® Decimal + (#ofplaces)

Figure 107: Configure a widget by selecting a channel
created.

Click “Add Visualizations”. Select “Field
X Chart”, then click “Save” to add a chart
to the dashboard.

Click the pencil icon to configure the chart

as shown in Figure 108.

Click “Type” to change the graph type.
Then click “Save” to save the chart.

Create 6 charts as shown in Table 4

below.
Table 4: Charts configurations.

Field# | Type Results
1 line 60
2 line 60
3 line 60
4 line 60
5 step 60
7 column 60

Field 5 Chart

#3 Window in 3008

Click to edit

Date

Number of Collision

ThingSpeak.com

Figure 108: Click the pencil icon to configure the

chart.

Color: #d62020

Background: #ffffff

Type: t
= U

Dynamic?: ar f
column

Days: spline

Results: step

Figure 109: Click "Type" to change the graph type.
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Click “Apps” at the top, then “MATLAB
Analysis”.

Click “New”, select “Custom (no starter
code”, then click “Create”.

Go to the GitHub repository.

Go to the “ThingSpeak MATLAB” folder,

and open “Setup.m”.

Copy and paste the code to ThingSpeak.

[JThingSpeak™ channels -  Apps-  Devices~  Support= of

All Apps | 1. Click “APPS”

#3 Window in 300¢
Channel ID: 2026263

Author: mwa0000029099122

Access: Private

MATLAB Visualizati
: 2335 Engineering Ln, Vancouver,
Plugins

ThingTweet
nmecoot 2, Click “MATLAB Analysis”

React

PrivateView  PublicView  Channel S Keys  Datalmport/Export

TalkBack
ThingHTTP
© Add Visualizations 1 Add Widgets™ ]| BIEXEor Teca dala

Figure 1105 Click "Apps", then "MATLAB Analysis".

Apps | MATLAB Analysis

New

Templates:

® Custom (no starter code)
2 Get data from a private channel
Get data from a public channel

2 Get data from a webpage

Examples: Sample code to analyze and transform data

Calculate and display average humidity
Calculate wind chill and update channel
2 Remove outliers from wind speed data
Convert temperature units
Calculate high and low temperatures
Read Channel to Trigger Email
O Replace missing values in data
Analyze text for the most common color
Read live web data for vessels at the port of Boston

Scrape web temperature data

Figure 111: Click "New", then select "Custom (no
starter code)”. Then click "Create".

Name

Custom (no starter code) 9

MATLAB Code

1 % Enter your MATLAB Code below

Figure 112: Copy and paste the code from GitHub,
and click "Save and Run".

54


https://github.com/Ryotaro1002/ELEC491_PL_68_2023

Update the channel 1D, "write™ and/or
"read" API Key at the top of each code
block, to match the values on the right-
hand side.

Click “Save and Run” to save code.

Repeat step 6-7 for other files on GitHub:
“Qutside_Air_Temp.m”
“Detection_Once_Per_Day.m”
“Detection_Every Five_Minutes.m”
“Fall_Detection.m”
“Heat Flow Rate.m”

Vot recem channets

Figure 113: Make sure the channel ID, "write" and/or
"read" API Key in the code match with the values on

the right-hand side.

Adding Time Controls:

Click “Apps” at the top, then “Time
Control”. Then click “New Time
Control”.

Select “Recurring”. Select one of the code
from step 6 from the drop-down list at the
bottom of the page.

Configure the following Recurrence:
“Outside_Air_Temp.m”: 30 min
“Detection_Once_Per_Day.m”:
11:59pm
“Detection_Every Five Minutes.m”: 5
min

“Fall_Detection.m”: 5 min
“Heat_Flow_Rate.m”: 30 min

Then Click “Save TimeControl”.

l:lThingSpeak“‘ Channels ~+  Apps~  Devices»  Support~
All Apps
New MATLAB Analysis
MATLAB Visualizations
Name New TimeControl Plugins
ThingTweet
TimeZone  pacific Time (US & Can:

Frequency

Date

Figure 114: Click "Apps",

Name

Time Zone

Frequency

Recurrence

Every

React
® One Time I
TalkBack

ThingHTTP

New TimeControl

Pacific Time (US & Canada) (edit)

0 One Time

® Recumni'

Week Day Hour

then "TimeControl".

TimeControl
—

® Min lig

minutes

Start Time

Fuzzy Time

Action

Figure 115

5:51 pm

MATLAB Analysis

Code to execute

Heat Flow Rate Calculation

Save TimeControl

: Configure TimeControl for each code.
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Adjust R-value and window size:

Click “Apps” at the top, then “MATLAB
Analysis”.

Then select “Heat Flow Rate Calculation”
MATLAB code.

You can modify the U-value and window
size by changing the number.

Make sure to click “Save and Run”.

Apps | MATLAB Analysis

Click New and choose a template to get started. Templates contain sample
MATLAB® code for analyzing data.

New
Name Created
Heat Flow Rate Calculation 2023-02-07

Apps / MATLAB Analysis / Heat Flow Rate Calculation | Edit

Name
Heat Flow Rate Calculation

MATLAB Code

% Read outside and inside surface temperatures every 3@ minutes from separate data
% Based on received temperature data, default or manually changed R-value and the s
% Write the calculated result to another data field.

5 % Changeable Constants for the heat transfer calculation

s U_value = 1.2;
Window_Height = 0.7;

& Window_Width = @.8;

% Unit(meter)
% Unit(meter)

Figure 116: You can modify the U value and window
dimension.

4.10 Finding Channel ID and API key

Required Item:
e None

Required Tool:
e Computer
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1. Navigate to the ThingSpeak website «
(https://thingspeak.com/)

& https://thingspeak.com/login?skipSSOCheck=true|

Q ThingSpeak” Channels

Apps Support~

To use ThingSpeak, you must sign in with your existing MathWor

Non-commercial users may use ThingSpeak for free. Free accour
get full access to the MATLAB analysis features on ThingSpeak, lc

To send data faster to ThingSpeak or to send more data from mo

4\ MathWorks

Email

| l

No account? Create one!

By signing in, you agree to our privacy policy

Figure 117: Log in to ThingSpeak.

2. Enter the channel you want to check.

[JThingSpeak™ channels -

Apps -  Devices-  Support-

My Channels

New Channel

Name % Created % Updated *

& #3Window in 3008 2023-02-06  2023-04-22 14:43

| Private ‘ Public | Settings ‘ Sharing ‘ APIKeys | Datalmport / Export ‘

Figure 118: Select the appropriate channel.

3. On the top of the channel page, you can
find the channel ID there.

CJThingSpeak™ channets -

Apps~  Devices  Supportr

#3 Window in 3008
Channel ID: 2026263

Building Location: 2335 Engineering Ln, Vancouver,
Author: mwa0000029099122 BCVET 174
Access: Private

Figure 119: You can find Chanel ID at the top of the
dashboard.
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4. Click “API Key” to find the API keys

#3 Window in 3008

Channel ID: 202626:
0029099122

Building Location: 2335 Engineering L
Author: mwa000! BCVeT 124

Access: Private

Private View Public View Channel Settings Sharing APl Keys Data Impo
Write API Key He
APl ki
keys

key WNBUZKYS8ABMIWES
API

Read API Keys

Key AQRWX7EYHA3YYRGD
API
Wi

Note

Figure 120: Click "API Keys" to find Write/Read API
keys.

4.11 Change the Updating frequency of Dragino Sensor

Required Item:

e None
Required Tool:
e Computer

1. On the computer, open the TTN console
page as described in step 4.7.

Click “Application” and enter your
application. Select one of the end devices.

End devices (2)

D% DevEUI

eui-a84041d88184afb0 A8 40 41 D8

eui-a840415c2184afac A8 40 41 5C

Figure 121: Click one of the registered end devices
first.
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2. On the end device page, select
“Messaging”. Make sure the “Downlink”
tab is selected.

eui-a84041d88184afb0

|D; eui-a84041d88184afbD

™5 slnfa o+ Lastactivity 5 hours ago &

Owverview Live data Location

Maccaal
Messaging

Uplink Downlink

Schedule downlink
Figure 122: Select the appropriate channel.

Fill in the following information to change
the sensor uploading interval to be 30
minutes.

Payload type: “Bytes”
Payload: “01 00 07 08~

(The ““...7 08” is the Hex number of 1800
seconds which is 30 minutes.)

Click Schedule downlink to confirm
change.

Repeat Step 1-3 for another sensor.

Insert Mode

* Replace downlink queue

Push to downlink queue (append)

FPort”

1

Payload type

® Bytes
o——

JSON

Payload

01 00 07 08

1e desired payload bytes of the downlink message

Confirmed downlink

Schedule downlink

Figure 123: You can find Change the updating time by
sending a downlink playload to Dragino sensor.
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