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Camera ModuleCamera ModuleCamera Module
Uses YOLOV11 to detect trash on
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Our Freindly Coastline Guardian

Littertle AppLittertle AppLittertle App

Map view List view

Used for N-Park workers to access
turtle status and get notified when
trash can is full and when litter is

detected by camera

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 AI camera with a Raspberry Pi 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.

Notification on phone
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Problem Statement

HOW MIGHT WE improve real time monitoring
of waste accumulation happening at the
coastline of ecp so that n-park conservation
staff can respond to threats
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Turtle Shell Design ProcessTurtle Shell Design ProcessTurtle Shell Design Process

UI Designing PhaseUI Designing Phase - Using Figma - Using Figma
to generate and edit the UI designto generate and edit the UI design
and test out the app functionalityand test out the app functionality

UI Designing Phase - Using Figma
to generate and edit the UI design
and test out the app functionality

Database Testing Phase Database Testing Phase - Converting- Converting
the Figma UI to a webapp useable on athe Figma UI to a webapp useable on a

computer, and integrating Firebasecomputer, and integrating Firebase
Database into the systemDatabase into the system

Database Testing Phase - Converting
the Figma UI to a webapp useable on a

computer, and integrating Firebase
Database into the system

Mobile App Integration Mobile App Integration - Converting the- Converting the
webapp into an android studio project andwebapp into an android studio project and

downloading it on a phone, integrating mobiledownloading it on a phone, integrating mobile
phone notifications through FCMphone notifications through FCM

Mobile App Integration - Converting the
webapp into an android studio project and

downloading it on a phone, integrating mobile
phone notifications through FCM

Model 1Model 1Model 1

App Design ProcessApp Design ProcessApp Design Process

Model 3Model 3Model 3Model 2Model 2Model 2

Camera Trash Detection TestingCamera Trash Detection TestingCamera Trash Detection Testing

First Design Prototype,First Design Prototype,
made large and sturdy to fitmade large and sturdy to fit

in the contextin the context

First Design Prototype,
made large and sturdy to fit

in the context
Second Design Prototype, parts were redesignedSecond Design Prototype, parts were redesigned

to be scaled down but the structure was notto be scaled down but the structure was not
perfect, causing difficulty in printingperfect, causing difficulty in printing

Second Design Prototype, parts were redesigned
to be scaled down but the structure was not

perfect, causing difficulty in printing

Final Design, Incorporating the Final Design, Incorporating the cute and appealingcute and appealing design as well as design as well as
scaling it properly for our prototype, including the hole for easierscaling it properly for our prototype, including the hole for easier
throwing of trash, rough body to be planted on sand more easilythrowing of trash, rough body to be planted on sand more easily

Final Design, Incorporating the cute and appealing design as well as
scaling it properly for our prototype, including the hole for easier
throwing of trash, rough body to be planted on sand more easily

Using YOLOv8Using YOLOv8, trained using 400 images of trash, accuracy 50-, trained using 400 images of trash, accuracy 50-
60%60%

Using YOLOv8, trained using 400 images of trash, accuracy 50-
60%

11.. Create a trash monitoringCreate a trash monitoring
system that allows N-Parksystem that allows N-Park
workers to monitor trash inworkers to monitor trash in
the East Coast Park morethe East Coast Park more
easilyeasily

22.. Motivate Parkgoers to throwMotivate Parkgoers to throw
their trash in the trash can.their trash in the trash can.

1. Create a trash monitoring
system that allows N-Park
workers to monitor trash in
the East Coast Park more
easily

2. Motivate Parkgoers to throw
their trash in the trash can.

IR Sensor ModuleIR Sensor ModuleIR Sensor Module

Utilizing YOLOv11 nano,Utilizing YOLOv11 nano, accuracy increased to 80-85% accuracy increased to 80-85%Utilizing YOLOv11 nano, accuracy increased to 80-85%

Potential ImprovementsPotential ImprovementsPotential Improvements

11.. Trash Can with IR sensors toTrash Can with IR sensors to
detect when the trash can isdetect when the trash can is
fullfull

22.. Camera to detect if litter isCamera to detect if litter is
spotted around the beachspotted around the beach

33.. App to relay all the data fromApp to relay all the data from
the turtlesthe turtles

1. Trash Can with IR sensors to
detect when the trash can is
full

2. Camera to detect if litter is
spotted around the beach

3. App to relay all the data from
the turtles

Design GoalsDesign GoalsDesign Goals FeaturesFeaturesFeatures
11..   Add sounds and alerts toAdd sounds and alerts to

notification for higher risknotification for higher risk
situationssituations

22.. Make the system workMake the system work
better with multiple turtlesbetter with multiple turtles

33..   Add sound feedback forAdd sound feedback for
when someone throwswhen someone throws
trash into the turtletrash into the turtle

44.. Change of energy sourceChange of energy source
to be solarto be solar

1.  Add sounds and alerts to
notification for higher risk
situations

2.Make the system work
better with multiple turtles

3.  Add sound feedback for
when someone throws
trash into the turtle

4.Change of energy source
to be solar

SC12 Group DSC12 Group DSC12 Group D

First AttemptFirst Attempt: Failed: Failed
Connection to CameraConnection to Camera
First Attempt: Failed

Connection to Camera Second AttemptSecond Attempt::
Connection secured, lessConnection secured, less

accurate detectionaccurate detection

Second Attempt:
Connection secured, less

accurate detection

Final Program: Final Program: OurOur
current best detectioncurrent best detection

system with the camerasystem with the camera

Final Program: Our
current best detection

system with the camera





























Analysis and Model Assessment
Analysis

Higher            → stronger hotspot H(x,y,t)
Distance-weighted model: nearby nodes

contribute more to H(x,y,t)
More nodes nn → higher accuracy

Larger radius r → more coverage, lower precision
Strengths

Uses mathematical model H(x,y,t) to quantify
waste

Incorporates spatial relationships (distance
decay)

Scalable with increasing nodes
Directly supports cleaning prioritisation

Limitations
Assumes continuous waste distribution

Depends on accuracy of 
 detection

Ignores environmental factors
Assumes perfect data transmission

Improvements
Add time factor 

Include environmental variables
Use adaptive sensing radius

Optimise node placement

Conclusion 
While the model may not fully capture real-world
complexity, it effectively demonstrates how waste
distribution can be analysed and improved using a

mathematical approach.
The Littertle system shows that spatial waste density

data can be modelled using H(x,y,t)

H(x,y,t) to identify pollution hotspots and support
efficient cleaning prioritisation. This provides a

practical method for improving park maintenance and
resource allocation.

For further development, the model can be enhanced
by incorporating time-based changes, environmental

factors, and improved detection accuracy. These
refinements would increase the reliability and real-

world applicability of the system.

Problem Statement (iDeA)
HOW MIGHT WE improve real time monitoring

of waste accumulation happening at the
coastline of ecp so that n-park conservation

staff can respond to threats

SOLUTION
Step 1: Compute Waste Density
For each node:

LittertleLittertleLittertle   Littertle 
Calvin.Dinesh.Afzal.Tejaa.LokiCalvin.Dinesh.Afzal.Tejaa.LokiCalvin.Dinesh.Afzal.Tejaa.LokiCalvin.Dinesh.Afzal.Tejaa.Loki
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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?

Trash Density
Node

Concentration

Assumptions
The park is modelled as a 2D area.

Each turtle-bin node is fixed at a known
location.

Each node detects waste within a fixed
sensing radius.

Waste density remains approximately
constant during each sampling interval.
Node data is transmitted accurately to

the central system.
Higher waste density implies higher

cleaning priority.
Environmental disturbances are

neglected in the basic model.
Variables

n: number of turtle-bin nodes
(xi,yi): position of node

ri: sensing radius of node
t: time

Di(t): waste density detected by node i at
time t

H(x,y,t): hotspot intensity at location
(x,y)

P(x,y,t): cleaning priority score at
location (x,y)

THE MODEL
 Step 1: Waste Density at Each Node

Each turtle detects waste in its area:

 Step 2: Heatmap (Core Model)
Each node influences nearby locations. Closer

= stronger influence.

Step 3: Distance Function

Step 4: Cleaning Priority Function
Now convert heatmap → action

more better version

Step 2: Generate Heatmap
Aggregate all nodes:

High

Low

Step 3: Determine Cleaning Priority
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