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Problem Stafement

HOW MIGHT WE IMPROVE REAL TIME MONITORING
OF WASTE ACCUMULATION HAPPENING AT THE

STAFF CAN RESPOND TO THREATS

COASTLINE OF ECP SO THAT N-PARK CONSERVATION

N e N ° A | ° _
Our Freindly Coastline Guardian
LITTERTLE IS A SMART TURTLE-SHAPED BIN THAT KEEPS BEACHES CLEAN BY DETECTING BOTH
TRASH INSIDE THE BIN AND LITTER AROUND IT IN REAL TIME.

IT COMBINES IR SENSORS AND AN Al CAMERA WITH A RASPBERRY Pl AND MOBILE APP SO N-PARK
WORKERS CAN SEE WHICH BINS ARE FILLING UP, WHERE LITTER HAS BEEN SPOTTED, AND WHICH
LOCATIONS NEED URGENT ATTENTION, REDUCING MANUAL PATROLS WHILE PROTECTING THE
COASTLINE AND MARINE LIFE.

Soffware

o Littertle
Keep our beaches clean! £

P>
.

Littertle App “,

cccccccc

Used for N-Park workers to access
turtle status and get notified when

\\\\\\\\\

trash canis full and when litter is
detected by camera 2 ‘
.' AN e Notification on phone
Map view List view
Hardware Interior Housing
ESP32 RaspberryPi4B  CameraModule IR Sensors ===

°
Uses YOLOV11to detect trash on o B I n ‘7

the coastline . Trash that is
detected by the cameraiis sent
as information to N-Park
workers to go on site

The main engine of the
product, integrating the
esp32, sensors, camera and

Controls the functionality of
the IR sensors and sends
data to the database

Used for Sensing when Trash
goes up to what level the
trashisin the bi

3 s

IR Sensor 3
(Full bin)
IR Sensor 2
(66% fill)

Camera
Modulein
turtle eye

IR Sensor 1(33% fill)
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Litte f‘t'@ Design Goals Features gisnta mpEaEehts IR Sensor Module

1.Create a trash monitoring 1. Trash Can with IR sensors to 1. Add sounds and alerts to
system that allows N-Park

1 detect when the trash canis notification for higher risk
eS Ig n workers to monitor trash in full situations

the East Coast Park more JER e system work
2.Camera to detect if litter is better with multiple turtles
easily

| l ( CeSS spotted around the beach 3. A:d sound feedtl;ack for
: whnen someone throws
2.Motivate Parkgoers to thro 3. App to relay all the data (iRl whensameone
their trash in the trash can.

the turtles 4.Change of energy source
to be solar

rtle Shell Design Process

First Design Prototype, - Final Design, Incorporating the cute and appealing design as well as
made large and sturdy to fit Second DeMPrototype, parts were redesigned scaling it properly for our prototype, including the hole for easier
in the context to be scaled down but the structure wmnot throwing of trash, rough body to be planted on sand moere easily
)erfect, causing difficulty in printing
Camera Trash Detection Testing

App DQSign Process Database Testing Phase - Converting Mobile App Integration - Converting the EEm— Food wasl 0.79
Ul Designing Phase - Using Figma the Figma Ul to a webapp useable ona webapp into an android studio project and =
. togenerate and edit the Ul design computer, and integrating Firebase downloading it on a phone, integrating mobile V
and test out the app functionality Database into the system phone notifications through FCM First Attempt: Failed

Connection to Camera Second Attempt: Final Program: Our
Connection secured, less current best detection
accurate detection system with the camera

s e @®

& Critical Alert - 1m
Turtle at SUTD is nearly full.

Using YOLOVS8, trained using 400 images of trash, accuracy 50-
y 60%
M Utilizing YOLOV11 nano, accuracy increased to 80-85%




® ,
A Problem Statement
_ How Might We improve real time monitoring
/ No litter, happr turtle of waste accumulation happening at the

coastline in ECP so that N-Park conservation
LCD Display staff can respond to threats.

170 ——

When the camera detects
clutters of trash, it will send
out a signal to the N-park
workers, with the locations

= of the trash highlighted
- inside the map
I
- Turtle Alert [+ «# Turtle Alert a
Bin at East Coast Node 04 Unusual trash accumulation
is FULL _ detected at Zone B
i o IR sensors : '
> il e a ¢
" T inside the got € i
14.5 e bin e
0 "
Camera and sensor L=
module Integrated e z
20 Dustbin ,_.,\‘ i AN =
'/ 0
Littertle overlooking the beach "‘:f-"" N s \ame Q East Coast Node 04
T i P Y / / Camera Modules monitors ) _
Kavil: ' ~ the surroundings and - Bin Capacity:
ey eatures  utilises an Al recognition 100% =<

severity @I . |

View Zone

- 2

. system to detect
unwarranted objects.

« LCD Display: Shows thank-you messages and live stats (e.g., litter collected

today)

3

——

Raspberry Pi: Controls sensors, display, and logs camera data

IR Sensors: Detect litter deposition and bin-full status

Aggregated node data
highlights trash hotspots via
heatmap, allowing NParks
officers to pursue action
before conditions worsen.

Authorities receive real-time
alerts when bins are full,
enabling immediate
dispatch and preventing

2 overflow.

Integrated Bin: Stores collected waste under the shell

« Front Camera (“Eye"): Tracks usage and enables litter hotspot analysis




Base Specifications

b

IR sensors

Sensor model: MH Flying-Fish IR obstacle
sensor (reflective type)

Operating range: 3-80 cm

Detection logic: Beam break >50ms = valid
deposit (filters hand hovering)

Fill-level thresholds: 50% (2/4 blocked), 75% (3/4)
Alert trigger: >90% capacity sustained for 5
seconds

Environmental: Indoor mounting, protected
from direct rain; ambient IR rejection via
modulated detection

Sensors will be cased in a transparent box to
mitigate direct contact with trash thrown

SUBSYSTEM: IR SENSORS

Scenario 1: Trash Thrown
Trash Getting Detected

Scenario 2: Bin Filled

Raspberry Pi receives
sensor signal.

Screen flashes “Thank
You’ message

IR sensors detect object breaking the light beam
as trash enters the bin.

Raspberry Pi receives digital signal, validates
deposit, and increments trash thrown in.

LCD instantly shows 'Thank You' message,
confirming successful deposit to the user.

e o HTTP POST (bin [, ¥, . App
SO Xy capacity %, thmestamgp, o receives
*‘ N Gps) ' signal and
e ag P > alerts on
3 ~ o the map
S 4 that it is full
Raspberry Pi receives
sensor signal.

IR sensors conlinuously monitor fill-level; when trash
blocks multiple beams, the system registers high capacity.

e Pi detects threshold exceeded, processes data,
and triggers alert protocol.
Mobile app displays bin location, capacity status (75%),

o and urgency level, enabling immediate dispatch for
collection.




Role in the S_ujswlem
This subsys*em forms the mechanical backbone of the turtle model It Prouides

Devlaifing a sub—sysvtem
i C ,’)assis structural infegrf@, houses electronic componen*s (Camera, wfring, microcontroller),
and enables modular assembl’y of the shell iegs, neck, and base P/a#orm. It ensures

mechanical sﬁzbilﬁy while main*aining aesthetic accuracy.

The head ”'”“5"'”5' wires and The u‘pfaer shell I’lous!ng trash

camera maa’ufe.

“——\

The limbs with screws for

attachment into the main frame
FI ]

Iqap and overhead display Key Recluiremenis

* Provide rfgfd structural suFPonl for all

mechanical and electronic comPonenﬁ.

* Enable modular assembly ( heaa‘, /egs, shell 'I'DP,
shell bottom detachable).
. /n%egra%e infernal wire-rouﬁng channels for
clean cable mana_qemenf
* Maintain sufficient internal volume for

electronics housfng.

The lower shell iﬂousmg RP| E + bH ( + a’ { 3D 1"
: : * Cnsure pri ity (opTimized tor rintin
,L" Scale dOWH r‘a'/‘IO and the trash can. ik ad LR | RS B (i printing

'!'G’QFQHCE’S).




FUNCTIONAL BLOCK DIAGRAM

SUBSYSTEM DETAIL: COMPUTE

/ INPUT DEVICES \ ( PROCESSING UNIT\ GUTPUT DEVICES\

Power Source
(USB-C Power
i Bank)

5V / 3A Supply

-

Al Vision CS| Ribbon
(Raspberry Pi (Video Feed
Camera Module 3)

Raspberry Pi 4

~

|osi Ribbon 9
(Display

Signal)
, Feedback Display

(DSI Touchscreen 2-inch)
User Feedback / Face

High-Res Input (4G B/ BGB) n
- Central Processing Unit Wi-Fi
i GPIO Running Al Model MQTT/HTTP P
" Deposition (Digial f#ash Detection) Request) Notification
';- Sensors Lowibigh) - F===P System Power Budget Calculation:
(IR Break-beam Blynk loT Cloud Client (User Smartphone / App) ower Budaget Laicuiation:
Sensors) Estimated Power Draw:
| Emitter & Receiver Pair ) & )) | BRI . Raspberry Pi 4 (peak): ~1.2A
) / Camera Module 3: ~250mA
DSI Display: ~400mA
SUBSYSTEM DESCRIPTION Wi-Fi burst: ~300mA
The core of the system is a Raspberry Pi 4 Model B (4GB), chosen Estimated Peak: ~2.15A

for its ability to handle multi-threaded OpenCV processes while

simultaneously managing loT connectivity.

Integration: The Pi interfaces with the Vision
Subsystem via the high-bandwidth CSI port to
minimize CPU overhead, while IR Break-beam
sensors trigger interrupt-based events via GPIO
to log trash collection.

Feedback Loop: User feedback is handled
locally via a 2-inch DSI screen (for lag-free GUI
rendering) and remotely via Wi-Fi to the Blynk
loT Cloud, enabling real-time status alerts on
the user's smartphone.

Power: A dedicated 5V/3A rail ensures stable
operation during peak processing loads.

Supply: 5V /3A = 850mA

margin
Hardware Specifications:

1.Controller: Raspberry Pi 4 Model B (4GB)
2.Vision Input: Raspberry Pi Camera Module 3 (Wide-Angle, 12MP Sony
IMX708 sensor)
3.Sensing Interface: 2x IR Break-Beam Sensors (3.3V Logic, Digital Input)
4.Display: 2-inch DSI Touchscreen (DSI-1 Interface, 24-bit color)
5.Power Management: 10,000mAh Lithium-Polymer Power Bank (Output:
5V/3A via USB-C)
Software Specifications:
1.0S: Raspberry Pi OS (64-bit / Debian Bullseye).
2.Language: Python 3.9+
3.Vision Library: OpenCV / Mediapipe (for trash object detection)
4.1/0 Library: gpiozero (for sensor triggers) and Blynk-Lib (for loT
connectivity)
5.GUI Framework: Tkinter or Kivy (for the turtle's "face" and
feedback)

& CONTROL UNIT

WIRING DIAGRAM

USB-C Power Input

(5V/3A) ==

B

=" N 1hrrl|'lﬁllll'llll

IR Receiver

IR Emitter

B 3.3vRail
B Ground
O GPIO (Digital In)

Interface Port Voltage Direction Data Type Features
Camera CSl-2 1.8V Diff Input Video Stream 1080p @ 30FPS
IR Sensor 1 |GPIO-17 3.3V Input Digital Pull-up enabled
Display DSI-1 | 3.3V logic Output RGB 800x480
Wi-Fi 802.11ac Bi-dir MQTT Blynk Cloud
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SUBSYSTEM: SOFTWARE & Ul

By Calvin Reynold | 1010290

! / b ./

Sge’hke&cogheﬂ?ed
f’o oduce a’ f nk

Y DVS [CD Screen Specs.
A Nt Y AD . [ 3.5 inch
@Pqir up app & tra Sh can Anomalies detected by sensors, data is transferred : P

Using an ethernet connected to to the database, and a signal to the phone app to

give notifications when the trash can is full and

+he Rc:spberry PI' we COF‘IF\EC"I' Th_e also if litter is detected by the turtle’s camera. ,\':,\I N ’Thank you . Thﬁn}?au \).
turtle to the app through Wi-Fi R @ity oo ! for keeping this beach clean? messagem o
... con nection Litter has been located on Turtle XX, . )(isuc:ll op;:mc] ‘ | llgﬁhana cu*f

take action immediately

\ ,f\f,cm*r/\ X
AL A

& \(\ B " N r
X S NS N
- ’ y " o s
Capacity Reached! ' VAVAVAN
-2 . : . Shows trash
: Turtle XX is full! Dispose Immediately. IDLE STATE: , ,
screen is off while being taken
nothing is
: : : care of
The worker will open the app for more details. Contains: happening for 7
. Top view containing summary of total turtles, and how many require co,,';',:,’;’;m When IR sensors detect trash entering the trash
action. can, the screen will light up with a cute thank
* A tab allowing to switch between a ’list view' of all the turtles and a ‘'map you message
view' of all the locations. *
*  Map view of the areq, in this case East Coast Park, with turtle icons
placed to indicate locations of the trash cans. ) _ The “Thank you"
) o , IR Sensor Signal is sent to _
. Different color legends to indicate how full the trash can is, and a message is
o o L _ . . detects when a the Raspberry _ The system
warning icon to indicate if litter is detected. RED is used for higher alert, o displayed
hile GREEN indi ¢ person deposits Pi, which olonaside a resets itself for
whrie indlicoies sale, trash into the connects fo the cute ag dio for the next person.
. i i - i ivi i u uai
When the icons are clicked, a pop-up will appear giving more details, trash can. R e

such as when the turtle was last emptied, and the location address.

Turtle #1

Once trash is cleared, N-Park Workers can click on “Emptied” to
.~ notify other workers that the turtle has been cleared. The same

Lr
, can be done for the “Cleaned” button when litter around the B3
6 (o]
beach is cleared. This will reset the system in the turtle and reset
] the data in the database. APP made using Figma for Ul

Map data extracted form OpenStreetMap

Backend using Firebase to store data of the Connected
using MicroUSB
5V/3A adaptor

turtles

Open *
; reet \ - cables to the
Map RPI

Firebase




Vision Pipeline & Backend Subsystem
Autonomous Waste Detection via TACO-Optimized YOLOvS

Inference

MODEL DEVELOPMENT

\ (The “Training” Proof)

———

Q“@f?

-o Il

—_° - (SJ k1?_)
TACO Dataset . Intel Workstation Trainin?
N (AdamW Optimizer)
Dataset Sourcing: High-Performance Training:
TACO (Trash Annotations Gradient descent optimize

in Context) open-source

on a local workstation.

dataset, specialized for

real-world litter
environments.

Key Metrics: Successfully trained on 3,146 custom

images with 299 validation samples. Normalized to

640x640 input tensors using the AdamW optimizer
(learning rate: 0.002).

Documentation of the custom model training phase
utilizing the TACO-augmented Dataset, comprising 3,146
training and 299 validation images. The logs verify the
initialization of the AdamW optimizer (Learning Rate:
0.002) and a standardized 640x640 input tensor size to
ensure high-fidelity feature extraction. The successful

transfer of 319 weights confirms a robust Transfer
Learning setup, optimizing the model's ability to
differentiate complex waste materials prior to edge
deployment.”

~—»

O

SYSTEM LOGIC FLOW
(Horizontal Flowchart)

640x540

Freme TOLOvE Decision Gate:
—»  Tensor —» > Confidence >
Capture Resizing Inference 0.00T
NO J
Discard
Construct

Frame, POST to Web L Live Ul
Continve > paoon. > Dashboard  *| Update B
Monitoring ay

L I:I
Cif] > a
L _‘ [:! Y‘ w! ;‘]

Spatial Localisation: Generates
real-time [x, y, w, h] bounding box
coordinates with high

classification confidence.

Algorithmic Accuracy: Implements
Non-Maximum Suppression (NMS) and
custom confidence thresholds (validated

at 0.89+ for trash class) to eliminate

NMS & Confidence false positives.
Thresholds
L » (IAr)
| P

Asynchronous API

Seamless Integration: Asynchronous,
event-driven architecture prevents AP
overhead from bottlenecking the 640px

ramniitar vicinn lnnn

Model Training

Camera Module

1. Hardware (Edge Entry):
Captures conlmuous ke
wiceo fead of the dispasal
area, optindred for stable
framaretes o prevent
thermal theodthing

inted Corg | T-HX GPU/
RTX 5050 GPU

edge inference

Live L T 4

Videg

Lcocal Proc
Feed i i

essing
|

3. Local Processing (Edge
inference. Processes frames
lacally on the Pl using
multiihresdng o datect
cleesity, and assign confidance
scoms fo imcoming waste
wvthaul respng on cloud
computing latency low 6]

_—
Live Detection

Real-time inference
output demonstrating
localized bounding box
and 0.89
confidence score

P\

(———
ke,

1. Model Training (Pre-Deployment)

2. Model Training (Pre-Deployent): Custom YOLOVE treained on an
anataled using dlates! using a hugh- performance
Incain optimized weights wen eaporied for lighteeeight

Data & Ul
ar—
s

RESTAPts  Backand Dambase

d. Data & N (Cloud Exit): Comstrcts a

JSON payload (contaming timestamp
track category. and confidence lewve
and apnchronizes state dabe fo dri
real-imme mpdates on the Web App
Dashboard. [cie. 0, 8)




Base Speciﬁcqgons

S€nsors

J/

fal=-

sensors al
different heights

;50“‘"“

Sensor model: MH Flying-Fish IR obstacle
sensor (reflective type)

Operating range: 3-8o0 cm

Detection logic (litter thrown): Beam break
>2s = valid deposit (filters hand hovering)
Fill-level thresholds: 33%,66% & 99%

Alert trigger(Full Bin): 2Z90% capacity
sustained for 2 seconds

Environmental: Indoor mounting, protected
from direct rain; ambient IR rejection via
modulated detection

Sensors will be cased in a transparent box to
mitigate direct contact with trash thrown
Using 3 sensors now instead of initial 8 as
there is too much interference if all are

placed

IR sensors connecled to ‘HH.
RPI N -

Scenario I: Trash Thrown

o IR sensors

Thrown object

Break beams

Detection of Trash

- Sensor Status ---

51 deposit & clear
52_mid EEJBLOCKED
* clear

s Smart Bin System initialized (3 Sensors)
Sensors: [*S1_odeposit®, 'S2 _mid', °S3_upper’]
Fill levels: 0% - 33K - G66% - 09% S3_upper
Full threshold: S@% Total deposits: 1
Press Ctri=C to exit Fill lavel: 3%

[EvenT] [[DDeposit detected! (Total: 1)
[LCD] Thank youi [EvENT] [Zpeposit detected! (Total: 2)
(Total: 1) [LCD] ™hank you!

(Total: 2)

IR sensors detect object breaking the light beam as

trash enters the bin.

Raspberry Pi receives digital signal, validates deposit,

and increments trash thrown in.

The LCD display would show a “Thank You” message

Scenario 2: Bin fill capacity

IR sensors

Break beams

.
i
] -
o uﬁ HTTPPOST (bin D,
8 . 28 capsciey %, clmestamp,

¢ —

Raspberry Pi receives sensor

signal.

“

[LEVEL] Fill: 33% (LOW)

[LED] Fill: 3w (Total: 2)
[
] [LEVEL] FRil: e (W1D)

LOw

[EVENT) w—.n detected! (Total: 2)

[LED] Fill: eas
[ ]

L]
L

IR sensors continuously monitor fill-level; when trash blocks
multiple beams, the system registers high capacity.

Pi detects threshold exceeded, processes data, and
triggers alert protocol.

Mobile app displays bin location, capacity status (gg%), and
urgency level, enabling immediate dispatch for collection.

ket

App receives
signal and
aleres on the
map that it is
full

i

[LPWEL] FELL: @R | HDOW
[LEW] Faii: mow

LI
IKLERT] A WIN FULL wi #MN

[LEB) & oIm PELL &

;lll-.l'j 0 Lk ot oapecity Retify WParks werier
[AFF] (ousabled) BIN_FULL aleet LY

Improvement
Can use Ultrasonic sensors for accurate
level detection
Add logic that detects if a sensor is
stuck HIGH/LOW for a very long time
and flags “sensor fault™ to NParks, so

S[;lt.[ ]l'.l'll'.lﬂ' tl'll.‘ bin needs maintenance.




Date: 25-02-26

The opening gete cecured with a

Print under progrece elactic rubber cheet (ctructural)

gummary

The current vercion i¢ 68% done

with a few parte under print i
3 | KRPIL|¢ Houcec the components

curren {.‘#’y,

By 1/03/26 we expect a fully

Finiched and Functionable chagic

o  Our chacic wag unable to houce

all our components

L C 0 Ph.'b/ ex d (4 C-‘.g h /2 Architectural

Clote for camera module and

T, -
Lmprovements

. longer printe
¢ Hﬂf" dtoc¢ Gﬂ/ € Improving wire routing clearance 18

|ﬁ i N
(veduces ctrece failure rick)

. 7-8 timeg of print failiures

‘-f{mlgrf;'fyfh_g ger::mffrj_y — F.:ﬁ.i"f.'{.’r" p Finl

' hitterile
- pl :

¥ time & eacier batch production Hexagaha plug connectors

I E r E to print a bigger model v E




SUBSYSTEM DESCRIPTION FUNCTIONAL BLOCK DIAGRAM SU B SYSTEM DEM O_
ntegration: The Pi interfaces wi e Vision [  INPUT DEVICES PROCESSING UNIT OUTPUT DEVICES .
Integration: The Pi interf ith the Visi & ) (4 ) (c 5 )
Subsystem via the CSI port to minimize CPU J— ' ]
oo i et o v (8 |4 = @ | | COMPUTE & CONTROL UNIT
interrupt-based events via GPIO to log trash —— Faedback Display
collection. Q A vision | lcsiRubar User Feedback / Face
Feedback Loop: User feedback is handled Camera vodse 3 [t R‘Eilé';ﬁ;g;‘ 4
locally via a 2-inch DSI screen (for lag-free GUI v E:l
rendering) and remotely via Wi-Fi to Firebase ' Deposition | | G670 Rumving A Uodel nnﬁﬂw Notification
. Sensors Lm: SRR Dulouion) By * System

DB, enabling real-time status alerts on the ok I Sreskbree, —t By 10T Cloud Clem (User Smartphone / App)

s Emitter & Recaiver Pair Blynk loT / IFTTT Adent IRR iver
user's smartphone { . ) J | J eceive

Power: A dedicated 5V/3A rail ensures stable

operation during peak processing loads. IR Emitter

B 3.3v Rail
B Ground
O GPIO (Digital In)

TEST PROCEDURE & RESULTS

Conducted a Computational Stress Test using system
diagnostics to simulate the Al processing load. The goal was to
verify the Pi does not experience power brownouts or thermal
throttling while routing power to the peripherals.

Power Load Analysis (Benchmarked)
« |dle State (OS only): ~600mA (3.0W)
» Active State (Camera + DSI Screen active): ~950mA
(4.75W)
» Peak Load (Al Vision running at 100% CPU + Wi-Fi

admin@compute -hub: -~
throttled=0x0
admingcompute - hub: -
temp=37.9'C

5 vcgencmd get throttled

$ vcgencmd measure_temp

Tx): ~2,150mA (10.75W)
« Power Supply Capacity: 3,000mA (15.0W)

admin@compute-hub:~ $ vcgencmd measure_volts core
volt=0.8480V

Interf Port Volta Directi Data Feat .
erace — rection e atures « Safety Margin: 850mA (System operates comfortably
Camera csl-2 1.8V Diff Input Video Stream 1080p @ 30FPS below the 3A i mit}
IR Sensor 1,2,3 GPIO-17,27,22 3.3V |r|pL|t Digital Pull-up enabled Resu“_ Stahle Dperatiﬂ'n N'D Undewoltage thl’(}lmlng
—— e asiaon._ic SANA e ki detected during 15-minute stress test.
Wi-Fi 802.11ac Bi-dir MQTT Firebase DB




APP /SOFTWARE Build ver. 2
SUBSYSTEM DEMO
1.

List View

Notification

-------------------------------------

& Critical

Turtle #002

DIFFERENT STATES OF TURTLE

Real Turtle eal Turtle

-
Tl

100

bell shows

ow many issues currently
require resolving.

bins and all the status
associated with it.

and

around it

the message.

Real Turtle

-
-

& Needs emptying

Header, shows the current active

Panel showing the trash can
status, such as how filled it is,

hether or not litter is detected

Message appears when litter is
detected near the turtle by its
cameras. When resolved, user

can click this button to clear

Message appears when fill level of
trash can is detected to be above
60% filled. Button can be clicked by
user once trash can is empty to
update accordingly

Zoom in/out
button

Colors
highlighted
to show the

different
statuses.

HOW STATE IS DETERMINED:

Map View

3.

Circle
clicked to
show more

detail.

Database view

At: 24 February 2026 at 14:49:52 UTC+8
&0
ed: “Just now”
1.3413
“SUTD"
+: 103.9638
"Real Turtle”

“warming”

/
/7
' 4
/’
/7
/7
/’
’
/
/7

26 February 2026 at 01:27:10 UTC+8

Shows how long it has

Turtle #001
(I Buttons with same
functions as the
EREREREREAREREREN. - One In Ils* Vlew for
"& = ease of access.

been since the turtle

was last emptied or

cleaned.

ap view from OpenStreetMap, based on latitude and

langitude manually inputted when installing the turtle.

Data sent from
raspbermypl
SONSOrs
information

INTEGRATION THROUGH

FIREBASE

The App reads
firebase data and

Firebase

g

Real Turtle

IR SENSORS AND
CAMERA DETECTS
TRASH,/ANOMALIES

RECEIVED BY
RASPBERRY PI

SENT TO
FIREBASE
THROUGH Wi-
FI/ETHERNET
CONNECTION

DATA IS RECEIVED
ON THE MOBILE
APP, NOTIFICATION
I5 SENT TO N-PARK
WORKERS

N-Park workers
can go to
location to deal
with the issue

Resolve button
is clicked and
the data is
reset to 0.




Model Training

Score [ Metric

@ m.om
—_ _—

Training Trash Otmd
(AdamW Optimizer)  Detection Model

Vision Pipeline & Backend Subsystem
Autonomous Waste Detection via TACO-Optimized

YOLOv1l Inference

Deduction and Processmg

| Spatial Localization

with high classification confidence using a
YOLOWVIN model trained on TACO dataset.
0 0 «.1» Confidence Filtering & Processing
[x.y. w,h] Applies confidence thresholds and structured

bounding box parsing to extract accurate
trash count per frame.

s =]
Asynchronous REST API

Backend Integration

" Event-driven AP architecture ensures non-blocking
communication between the vision loop and mobile
application.

Model Validation Results

= Validation Loss

= Validaton ACcuracy

Generates real-time bounding box coordinates

Plastic wrapper 0.S

Live Detection
Real-time inference output demonstrating

localized bounding box and 0.79

confidence score

YOLOv11 Trash

e

Camera Input

* Object Detection

Live Detection Testing

Real-time trash object detection and structured
backend processing.

Trash Count

* Bounding Box —b

« Count

Extraction

Camera Module
Captures live video

hardware optimized for
stable, reliable framerate =15y il

Local Processing (Edge Inference)
Processes frames locally on the Pi using
multithreading to detect, classify, and
assign confidence scores to incoming -

waste without cloud latency

Processing

Farsing

Calculation

------

:g

-

- & &
-

SQLite
Logging

« Event Storage
« Timestamp

Legging

:Flow

- & @
a & @
¢ 88
- REST AP
-ﬂ—) « Status Endpoint s
* *| . History Endpoint
Mobile
Application

(" Model Training i

Intel Core 17-HX GPU /
__ RIX5050 6PU

Model Training
Custom YOLOv11n trained on

annotated dataset . Exports lightweight

optimized weights for local use.

=

Local Processing _1
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REST APIs, Backend Datahase
Constructs JSON payload with timestamp,
trash category, and confidence level; syncs
data for real-time web app dashboard updates
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Litleplle =

LITTERTLE IS A SMART TURTLE-SHAPED BIN THAT KEEPS BEACHES CLEAN BY DETECTING BOTH
TRASH INSIDE THE BIN AND LITTER AROUND IT IN REAL TIME.

IT COMBINES IR SENSORS AND AN Al CAMERA WITH A RASPBERRY Pl AND MOBILE APP 5O N-PARK
WORKERS CAN SEE WHICH BINS ARE FILLING UP, WHERE LITTER HAS BEEN SPOTTED, AND WHICH
LOCATIONS NEED URGENT ATTENTION, REDUCING MANUAL PATROLS WHILE PROTECTING THE
COASTLINE AND MARINE LIFE.

Littertle App 3

Used for N-Park workers to access

turtle status and get notified when : . g e . ..
trash can is full and when litter is L 'ﬁ { n =
detected by camera . '~ . -

® Notification on phone
Map view List view
Problem Statement Hardware Interior Housing
HOW MIGHT WE IMPROVE REAL TIME MONITORING ESP32 RaspberryPi4B CameraModule g IRSensors =
OF WASTE ACCUMULATION HAPPENING AT THE conre e nctiontty o ot ogratig e oo T f'"':
COASTLINE OF ECP SO THAT N-PARK CONSERVATION datatothe detabese R et S goveup o wha e th 3

Camera
Mduile in
turtle eye

(6B il

STAFF CAN RESPOND TO THREATS

IR Sengar 1133% Till)




Littertle Design Goals Features T IR Sensor Module

1.Create a trash monitoring 1. Trash Can with IR sensors to
system that allows N-Park

- detect when the trash can is
eS I g n workers to monitor trash in full

1. Add sounds and alerts to
notification for higher risk
huati
2. Make the system work

Original Plan - Integrate the
Sensors to the RPi

the East Coast Park more 2.Camera to detect if litter is better with multiple turtles Prototype Approach - There was
Pr O C e S S easily spotted around the beach 3. Add sound hm:!t:uh for not enough space to house all the
i someone Throws : s -
2.Motivate Parkgoers to throw 3. App to relay all the data from "h'“inh e wired components inside the shell
their trash in the trash can. - Final Design- Used a ESP 32 to

the turtles 4.Change of energy source

to be solar

Turtle Shell Design Process :

minimise space used.

Model 1

' _t ﬁ“: |-
* qF T u ~'

o e S
First Design Prototype, Final Design, Incorporating the cute and appealing design as we
made large and sturdy to fit Second De! Prototype, parts were redesigned scaling it properly for our prototype, including the hole for easier
in the context De scaled down but the structure Mﬂt throwing of trash, rough body to be planted on sand r asily
erfect, causing difficulty in printing

Camera Trash Detection Testing

App D&SIQI‘I Process Database Testing Phase - Converting Mobile App Integration - Converting the Pr——— Food wa :
Ul Designing Phase - Using Figma the Figma Ul to a webapp useable on a webapp into an android studio project and - H"
. togenerate and edit the Ul design computer, and integrating Firebase downloading it on a phone, integrating mobile = -,!;

Database into the system phone notifications through FCM " First Attempt- F.,.,.,

and test out the app functionality e : Final P - Our
Connection secured, less current best detection
accurate detection system with the camera
Using YOLOvB, trained using 400 images of trash, accuracy 50-
60%
Utilizing YOLOV1 nano, accuracy increased to 80-85%

10—
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Problem Statement (iDell)

HOW MUGHT WE improve real time monitoring
of waste accumulation happening at the
coastline of ecp so that n—park conservation
staff can respond to threats

WD ALY Eoneentration

Problem Statement (MSS)

How can spatial waste density data collected
from multiple turtle-bin nodes be modelled to
identify pollution hotspots and optimise the
priority of cleaning operations in public

parks?
SoLuTion
Step 1: Compute Waste Density
For each node: Di(t) = waste s;ected
Step 2: Generate Heatmap
(lggregate all nodes:

_di@y?

H(z,y,t) =Y Di(t)e 2t
=il

Step 3: Determine Cleaning Priority
P(z,y,t) = H(z,y,t)

References
1. Bradski, 6., & Kaehler, 0. (2008). Learning
OpenCV: Computer Vision with the OpenCU
Library. 0°Reilly Media.
2. Bishop, C. M. (2006). Pattern Recognition
and Machine Learning. Springer.
3. Silverman, 8. W. (1986). Density
Estimation for Statistics and Data
Qnalysis. Chapman & Hall. (for heatmap /
kernel model)

Littertie

Ealvin.Dinezh.Af23l.Peja3.Loki

Qssumptions THE MODEL
. The park is modelled as a 2D area. Step 1: Waste Density at Each Node
« Each turtle-bin node is fixed at a known Each turtle detects waste in its area:
location. Di() — waste detected by node @
. Each node detects waste within o fixed i6) = r?
sensing radius. Step 2: Heatmap (Core Model)
+  Waste density remains approximately Each node influences nearby locations. Closer
constant during each sampling interval.

= stronger influence.
o Node data is transmitted accurately to di(ey)?
H(z,y,t) = 3, Di(t) e =

the central system.
»  Higher waste density implies higher Step 3: Distance Function
cleulung pr'wr'tty. : _ \/ﬁ
. Environmental disturbances are =) (e =)+ v =w)
neglected in the basic model. Step 4: Cleaning Priority Function
Variables Now convert heatmap — action
. n: number of turtle-bin nodes P(z,y,t) = H(z,y,t)
. (xi,yi): position of node .
. ri sensing radius of node more better version
. t: time P(z,y,t) = aH(z,y,1) + B%H
« Di(t): waste density detected by node i at
time t
o H(x,y,t): hotspot intensity at location
(x.y)
. P(x,y,t): cleaning priority score at
location (x,y)
Conclusion
While the model may not fully capture real-world
complexity, it effectively demonstrates how waste
distribution can be analysed and improved using a
Qnalysis and Model Assessment mathematical approach.
: Di (%) Qnalysis The Littertle system shows that spatiol waste density
Higher — stronger hotspot H(x,y,t) data can be modelled using H(x,y,t)
Distance-weighted model: nearby nodes
contribute more to H(x,y,t) H(x,y,t) to identify pollution hotspots and support

. More nodes nn — higher accuracy efficient cleaning prioritisation. This provides o
- larger radius r — more coverage, lower precision practical method for improving park maintenance and
Strengths resource allocation.
lises mathematical model H(x,y,t) to quantify For further development, the model can be enhanced
waste by incorporating time-based changes, environmental
Incorporates spatial relationships (distance factors, and improved detection accuracy. These
decay) refinements would increase the reliability and real-
Scalable with increasing nodes world applicability of the system.
Directly supports cleaning prioritisation
Limitations

Qssumes continuous waste distribution

Depends on accuracy of
detection References

4. Goodchild, M. F. (2007). Citizens as
sensors: the world of volunteered

Ignores environmental factors
Qssumes perfect data transmission

Improvements geography. GeoJournal, 69(4), 211—221.
0dd time factor 57 5. National Environment Ogency (NER),
ot Singapore — Waste manngement and
Include environmental variables public cleanliness reports.
lise adaptive sensing radius
Optimise node placement
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