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Birds on UBC Campus

e Many different kinds of birds liveon UBC Campus

o Migratory and nonmigratory
e UBC Campusison amajor migratory routealongthe W est

Coast
e Birdson UBC Campus havean important rolein the
ecosystem
o Poallinatingplants
o Dispersingseeds
o Pest control

e Sustainability is very important to UBC, so bird populations
are key to protect




The Problem

e Birds haveadifficult time seeing dlass, especially if it is
clear or thereare significant reflections of foliage

e Approximately 10,000 birds hit windows on UBC
Campus each year

e SEEDS and other programs are developing technology
to reduce this number

e T oéeffectively do this, precise numbers are needed for
how many birds impact windows

e Currently, bird impacts are counted manually, which
isinefficient




Goals

Our goal is to replace the manual data collection doneby SEEDS in previous years with an
automated system that can detect bird impacts more accurately and with minimal maintenance.
T he data collected will provide necessary data to help our client implement bird-friendly

building quidelines and mitigate theissue.

e Detect bird impacts in different environments (Ideal, R ain, Loud N oise)

e At least 95%accuracy in detecting bird impacts.

e Record bird impact events and storeimpact data in a database accessible by the client at all

times



Challenges

e N eedtobeableto detect bird impacts among other window disturbances
o Many different environments can cause window vibrations
X Rain

X Loud noise
o Each source of window disturbances has distinct vibrations that look different from a bird

impact
o  Simulate bird impacts to isolate traits used for impact identification
e Maintainingaccuracy of system while makingit as simple as possible
o  Limit number of parts used to ensure window is not blocked
o  Simplicity makes the system more reliable, and more tamper-proof
o  Less components means less data, must make signal analysis robust to ensure detection is still

accurate



Sensor

Microcontroller

Communication

Data Storage

User Interface

Solution: System Architecture
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Detection System: ADXI.337 Accelerometer
Detection System: \rdumo Uno WiFi Rev 2
Communication System (Wik1): UBC Visitor
WiF1

Data Storage: MyDevices Cayenne

User Interface: Cayenne Dashboard



BirdWindow Collision Simulation D esign

- A Mock bird
- Similar in characteristics such as compressibility
- Higher mass than bird, compensated by reducing
speed of impacts
- 57.3gtennis ball
- conservation of energy calculations used to simulate
different bird flight speeds

- Pendulum Setup
- ensures repeatability and reliability

- impact speed is controlled by pendulum drop angle
- can simulate an impact anywhere on the window



http://drive.google.com/file/d/1OM6QAcNbc9MkjrH0Zxink0XmsK3SgzBW/view

Demonstration of the Product

Successful Bird Impact:

1.  Wewill drop the mock bird at a 90° angle (equivalent to 9.7m/s of a7 g bird, .0255 J)

2. T hebird will strike the window, triggering the system to begin signal processing

3. T hesystem will acknowledge the window disturbance as a bird impact and update the Cayenne Ul
in real time



Testing

T o ensure the system will function on UBC Campus, wetested in 3 environments:

1. ldeal: A controlled environment with nothing disturbing the window
a.  Onlyvibration isduetoimpacts

2. Rain: Water is sprayed onto the window to mimic heavy rainfall
a.  Water impactingthe window causes extra vibrations
b. System must reject vibrations from the ‘rain’

3. Loud Noise:L oud noise mimicking conversation near the window
a. Approximatesvibrationsfrom loud noisesuch as heavy machinery and loud voices
b. System must consistently reject vibrations from different noises

I n all environments, the system must be able to detect bird impact vibrations among other

vibrations caused by the environment
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http://drive.google.com/file/d/1924qMhBLdlAov0GhwqEf3HlrIKBw4Kxd/view
http://drive.google.com/file/d/1zXdGSAdGCsACs1EOMt74ziCYkzabhIg9/view

State Machine

T he detection algorithm has 4 states:

1. Initialization
2. VoltageR eading

a. Watchingsensor for signals over the voltage
threshold
b. When threshold is crossed, moves to state 3
3. Impulseldentifying
a. Calculates dominant frequencies of signal
b. Findsduration of signal beforeit goes back below
threshold

c. If theseconditions match a bird impact, moves to
state4

4. DataUploading

State 1:
Initialization

State 4:
Data Uploading

Bird Impact
Confirmed

Impulse

No Impulse Detected

Detected

Not Bird Impact
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State Machine: State 2, Voltage Trigger

Accelerometer Impact Signal of 18g Mock Bird Dropping from 75cm
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State Machine: State 3
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Validation Results

T o validate the performance of our device, we performed 120 impacts in each environment to

meet the requirements

e Product reliability summary:

Environment

False Positive

False Negative

| deal

0%

0.8%

Rain

0%

0%

H uman

0%

1.7%

e Theerror rateis less than the 5% specified by the requirements.
e Our system was able to continuously operatefor 7 days without maintenance.



Data Storage and Access

For convenient access, impacts are wirelessly stored online

e Wirelesscommunication: UBC Visitor WiFi network
o Wireless network available across UBC Campus

e Onlinestorage: MyD evices Cayenne

o  Stores: R T e
KX N umber of Impacts R
X  Impact Window | dentifiers R " | g \///’
M I mpact T imgtamps : Jan 28 58 PM Jan 28 700 PM Jan 28 TC2PM 16 28 704 PM Jan 28 7.06 M
Number of R T T P
e User Interface: Cayenne D ashboard

o Database, N umerical C ounter, and Line Graph
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Detection System

Summary

Our automated system solves the existing issue with bird impact d

development of new technology to reduce bird impacts

e T hrough analysis of vibrations in the window glass, the system can tell
bird impacts from other window disturbances

e T hisallowsfor accurate and reliable automated detection of bird
impacts on a window

e T hesystem stores dataonlinefor use by researchers

Data Storage

User Interface

e Knowingexactly how many birds hit awindow helps with the [

|
e
|
|
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