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Some Statistics...

of urban residents have

experienced problems with nuisance
animals

Only said existing measures
were effective or very effective

Nuisance Animals Survey

A short survey about garden wildlife and home animal deterrents

* Required

Welcome
Thank you for taking the time to complete this survey!

This survey has 4 parts and should take 10-15 minutes to complete. Most of the questi
choice.

Before you begin, please read the following carefully and then indicate your consent to

survey:
Lab: sogca P ///

F. Quincey, “Mini Study 2: User and Market Research,” University of Bath, Bath, 2020



The Brief

Design a device or system, aimed at
residents in urban areas, that is capable
of reducing or eliminating the presence of
unwanted animals in a garden, courtyard
or other private outdoor space




Research Focus

The Problem

Information required to make the
solution work, for example:

e Which animals to target
e Relevant animal behaviours
e The urban garden environment

e Legal and ethical issues

The Market

Information required to make the
solution profitable, for example:

Users’ opinions fowards particular
animals

User preferences and priorities

Strengths and weaknesses of
existing products



Key Innovations



Design Concept
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Prototyping Process

Mechanical Electronics Software
Component
selection ' } '
Reverse-engineer Circuit design & Raspberry Pi &
components testing library setup
Mechanical Circuit assembly . :
design & CAD & soldering write test scripts

l

3D print housing
parts

l

Dry assembly &
waterproof test

l

Electronics bench
test

1

Final assembly —

|

Write full
program

1

Full indoor test

e

— Critical path

Software design
/ UML

Write test plan

l

Real-world
testing



- .
Waterproof housing

3D printed using a
custom support
structure S /4

TensorFlow object recognition
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http://www.youtube.com/watch?v=9VOR1qr1FrE




Find out more abou.l me on L|n e
linkedin.com/in/finin-quince



https://github.com/Finin-Quincey/Lookout-Garden-Monitor
http://linkedin.com/in/finin-quincey
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A
B
C
D
E

Materials: ) DO NOT SCALE - IF IN DOUBT - PLEASE ASK_| TOLERANCES UNLESS OTHERWISE STATED: LINEAR::

Housing: Matte Olive PLA ™| piMENSIONS INMM | CONTACT DETAILS: :

SCALE: 12 q230@bath.ac.uk
Notes: ©  UNIVERSITY OF BATH TITLE: &
See sheet 2 for parts list OF THE CNIVERSITY OF SATH 1T MUST NOT 8E GOPIED RATET Main Assembly 50785888
INWHOLE OR INPARY NOR DISCLOSED TO ANY THIRD. BATH e WA EDITION: | SHEET NO.
o oy | PARTYWITHOUT PRIOR PERMISION OF TE UNVERSTY o 1 1012

1 2 [ 3 4 | 5 6 I 7 [ 8



1 | 2

Parts List
Item Part Number Qty
1 | Outer Housing 1
2 |Back Plate 1
3 | Raspberry Pi Mount 1
4 | Back Plate Hinge Lug 2
5 | Hinge Pin 2
6 | Velcro Mounting Strap 2
7 | Ansmann Powerbank 1
20.8Ah 5V
8 |USB Cable 1
9 |Raspberry Pi 3B 1
10 | Circuit board 1
11 | Camera Cable 1
12 | Arducam SMP Motorised 1
IR-CUT OV5647 Camera
13 | Arducam OV5647 Camera 2
Infrared LED Lamp
14 | SimplyTronics ST-00081 1
Wide Angle PIR Sensor Rev
B
15 | RS PRO 86dB Flange 1
Mount Piezo Buzzer
16 |RS PRO SPST LED 1
17 | M16x1 Nut 1
18 | Camera Seal Plate 1
19 |32 x 1.5mm O-ring 1
20 |18 x 1.5mm O-ring 2
21 |16 x 1mm O-ring 1
22 |15 x 1.5mm O-ring 1
23 | Housing Seal 1
24 | Buzzer Gasket 1
25 | M3 x 10 Countersunk 2
Socket Screw
26 | M3 x 8 Countersunk Socket 6
Screw
27 | M3 Nut 4
28 | M2.5 x 10 Countersunk 4
Socket Screw
29 |M2.5 Nut 4
30 | M2 x 8 Countersunk Socket 4
Screw
31 | M2 x 6 Countersunk Socket 4
Screw i
Materials: )
Housing: Matte Olive PLA [, /| b iENSIONS IN MM CONTACT DETAILS:
SCALE:  1:2 fq230@bath.ac.uk
[ — 45 DOCUMENT 5 COPYRIGHT ANO THE PROPERTY S Main Assembly (Exploded) |15 /858888
hinge lugs (4) glued to back NWHOLE OR I PARY NOR DISCLOSED 10 ANY THIRD. PARTNO.  \a EDITION: | SHEET NO.
plate (2) with CA adhesive <6 ANGLE PROJECTIN | PARTY WITHOUT PRIOR PERMISION OF THE UNIVERSITY| T 2012
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Raspberry Pi 3B

w
12

GPIO 9
GPIO 10 A : [ — &
4700 , Power Button , 7 ouT
' 1 VvCC
— ; 515 ; 2.2kQ ES
GPIO 3 | ' % 0 10lE
| i 1 b =
GPIO 22 e ' @ B i =
470Q PR .
Grro4 'L - -
GPIO 23 e
! Buzzer Driver
GPIO 24

5V

Blocking
Diode

150pH

Piezo Buzzer
:I 183.2nF (Parasitic capacitance)
12Q (Internal resistance)

1 N
L T

22Q Blocking
Diode

1kQ

10kQ

@

IR LED Module

+

Camera Module

IR LED Module

Camera connector cable



camera_manager.py @UVENER 1ookout . py

Module Module Set GPIO
Handles camera interaction, Responsible for overall program [EeiidelizdS
saving videos and display of ISORLIR flow, timing, coordinating
the camera feed in dev mode VRSN other modules and auxiliary
functions such as shutdown Get GPIO
FrameBuffer inputs

Class

Stores frames in a fixed- Detection
Length FIFO queue, results

gpio_manager.py

Module

Interacts with the GPIO pins
that control the electronics,
abstracting pin numbers and

other specifics away from the
rest of the code

I Inputs & outputs
(via pigpio)

implemented as a numpy array Program
for memory-efficiency settings

. Nl settings.py Program
Capturelriter settings [T settings

Class Responsible for reading the
Controls video saving; runs program settings from the

: : Program
in separate writer thread config file and storing them

settings

Read program

settings
mode only) : object

Annotated :
frame (dev |

Inference
graph &

Raw
frame

v % r labels
@ g Captures config.json TFLite Model

Camera Display USB Flash Drive

Circuit board

TensorFlow
Prepared Detection
v frame results

object_detector.py
Module

Interacts with TensorFlow to

perform object detection; runs
in separate detection thread




Key

UML Activity Diagram

Lookout Garden Monitor Main thread

This diagram describes the operating sequence of the onboard software. A multi-threaded approach
is used to improve performance, allowing video to be captured at a reasonable framerate without
Wait for PIR sensor the object detection or write speed impacting performance. The solid horizontal bars indicate where

output HIGH the concurrent processes fork offfrom and rejoin the main thread. Objefy‘"deisdlon

For simplicity, the startup and shutdown sequences are omitted.

Video write thread

Switch on IR LEDs
Open camera and start flashing
power button

Not included in
i prototype software

4

Retrieve latest raw Capture raw frame

Create new video file »! and store to program
‘ foren Finished
l v round Standby Shiltdown Shutting down
| Freagene | | | fomaiea | | e

Power button

v Y pee— pressed Power button Power button Power button
Filter out invalid Start idle timer if not £ pressed pressed held for 5s
Write frame to file oblects already running bg’;ﬁg‘sﬂgﬁ"t”:“‘s( Power button

held for 5s

PIR sensor
activated

Target animal
present

Buffer not
el

Recording Buzzer active

Store detection B“ez‘:g;;'g’e/k Otherwise
-« results to program Deactivate buzzer
memory

Power button

Buffer Buzzer time
empty not elapsed Eloeklstesd pressed t
animal(s) present
comera | | camera X AND no whitelisted .
(\ still open | | still open animals present No objects No target animals
< Reset buzzer timer detected for 20s present for 10s No obiect
N/ o objects
Y Buffer Buffer full g
Camera no CaeraTo full detected for 20s
longer open Jonger open v v
N
Close video file Store processed Annotate frame < J
frame to bufer ~ Finishing write
A T Write finished <
' iScan for BLE beacon
Start buzzer timer i
Oitris tags Power button held for 5s
Idle time
elapsed OR
buffer full
Close camera Activate buzzer
No tags
found
A Found
i No match tag(s)
v :
Match H
< | Check ID(s) against

pet tag IDs

Switch off IR LEDs
and stop flashing
power button

Deactivate buzzer if
active




,mage Fi,ter Compression

Original

Histogram
equalisation
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Buffer Read

The buffer starts
empty, with the write
and read indices both
at 0. The write index
advances by 1 each time
a frame is written.

The buffer continues to
fill up with frames.
Each time a frame is
read, that position is
cleared and the read
index advances by 1.

When either index
reaches the end, it
loops back round to
index @ at the start of
the buffer.

o
e e e =
-h
=+
®
=)

Eventually, the write
index reaches the
position directly
behind the read index,
meaning the buffer is
full.



