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Who we are? Geoinformatics Center 
Established in 1999

Our 
Expertise
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Introduction to plastic pollution

• One of the biggest environmental challenges currently 
threatening our ecosystems is marine debris and especially pollution 
from plastics.

• There are two main sources of plastic leakage: land-based source and 
sea-based source.

• Plastic pollution is also aided by natural factors such as storm water 
discharge, flood, and landslide.
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Human activity is reponsible for 
more than 80% of ocean pollution

More than 5 trillion pieces of plastic 
currently floating in our oceans

An additional 8 million tonnes of 
plastic waste ends up in the oceans
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Introduction to plastic pollution

• Satellite remote 
sensing, covering large 
and remote areas, is 
considered useful for 
detecting and 
monitoring marine 
pollution.

• Different satellite 
sensors have their own 
capabilities for mapping 
and monitoring plastic 
pollution of different 
types, characteristics, 
and concentrations.

(Biermann et al., 2020) 5



Drones are being used in 
multiple sectors

Now they’re being used to 
take on another critical 
problem, OCEAN PLASTIC 
POLLUTION
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Detecting Plastic Debris with Drone and 
Machine Learning
• A combination of drones and 

machine learning to identify and 
measure the amount of plastic 
pollution have been adopt by 
many researchers. 

• Machine learning algorithms is 
that they can get smarter 
→ The more data they are fed, the 
better they become at recognizing 
images.

Plastic/Litter -> Tag it

Not Plastic/Litter -> Don’t tag
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Detecting Plastic Debris 
with Drone and Machine 
Learning

• Applying machine learning can 
help create faster and more 
accurate tools for detecting and 
classifying floating litter.

• The implementation of machine 
learning techniques in search of 
plastic debris is a rather new 
research direction.

ML 
algorithm

Litter 
density 
map

Deidun et al., 2018
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What is 
Machine 
Learning?
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Machine learning is….

• Machine learning, a branch of artificial 
intelligence, concerns the construction and 
study of systems that can learn from data.

• Machine learning is to let computer predict 
something, unknow things or events.

Dan Tran’s 
definition
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• Traditional Programming

Computer
Data

Program
Output

Computer
Data

Output
Program

• Machine Learning
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Magic?

No, more like gardening

• Seeds = Algorithms

• Nutrients = Data

• Gardener = You

• Plants = Programs
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Steps involved in Machine learning

Use it
Test the 

algorithm
Train the 
algorithm

Analyse 
data

Cleaning 
data

Collecting 
data
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Types of machine learning

Supervised learning Unsupervised learning 
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Supervised learning

Training data Learning 
algorithm

Model Test data Accuracy

Step 1: Training Step 2: Testing

Supervised learning is the machine learning task of inferring a function from labelled training data
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Unsupervised learning 

Data

Class 1 Class 2

Hight intra-class similarity
Low inter-class similarity
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Massive of plastic flowing into oceans

Lebreton et al., 201717



Countries applied Drone and Machine 
Learning for Plastic Pollution Mapping
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Machine Learning Approaches

• Convolutional Neural Network (CNN) 

• Random Forest (RF) classifier

→ Have been used in image classification tasks: automatic 
classification, object detection, object tracking, semantic 
segmentation, etc.,
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Convolutional Neural Network

• CNN approach that is able to train itself on images of plastic objects 
larger than a few centimeters (macro-plastic)

• It can automatically predict the class of new images of macro-plastic 
objects with very high accuracy. 
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Components of CNN

Convolutional 
Layer

Tiled Convolution

Transposed Convolution

Dilated Convolution

Network in Network

Inception Module

Pooling Layer

Lp Pooling

Mixed Pooling

Stochastic Pooling

Spectral Pooling

Spatial Pyramid Pooling

Milti-scale Orderless
Pooling

Activation 
Function

ReLU

LReLU

PReLU

RReLU

ELU

Maxout

Probout

Loss Function

Hinge Loss

Softmax Loss

Contrastive Loss

Triplet Loss

KL Divergene
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VGG-16 Architecture

Kylili et al., 2019
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Limitations

• The recent CNNs are becoming deeper and deeper, they require 
large-scale dataset and massive computing power for training.

• Manually collecting labelled dataset requires huge amounts of human 
efforts.

• These deep models are highly memory demanding and time-
consuming.

• It requires considerable skill and experience to select suitable 
hyperparameters such as the learning rate, kernel sizes of 
convolutional filters, the number of layers etc. 

• The solid theory of CNNs is still lacking.
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Random Forest classifier

• RF is an ensemble learning method of multiple decision trees used for classification and 
regression.

• Random forest are sets of random decision trees construct as follows:

• Separate the initial set of training images using split function.

• Repeat until meet a stopping criterion → generate leaf node.

• Each leaf node has an associate probability distribution over classes (𝑐𝑗 ∈ 𝐶), 
compute as the fraction of images labelled as 𝑐𝑗 that reach the leaf node.

• Generate the random trees by repeating the random tree creation process.
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Limitations

• An ensemble model is inherently less interpretable than an individual 
decision tree.

• Training a large number of deep trees can have high 
computational costs (but can be parallelized) and use a lot of 
memory.

• Requires much more time to train as compared to decision trees as it 
generates a lot of trees (instead of one tree in case of decision tree) 
and makes decision on the majority of votes.

• Predictions are slower, which may create challenges for applications

28



Discussion and 
conclusion 
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Discussion and conclusion



• UAV survey is much faster than other approach, takes photo without 
direct access.

• Although high image resolution (less than 1cm), smaller plastic items 
are hardly detectable.

• Shadows, presence of vegetation and discontinuous background 
sometimes complicate the recognition of larger plastic items.

• Misdetections are mainly due to plastic items of small size.

• Site study with a more homogeneous substrate will obtain better 
assessment results.

Key finding
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• Further improvement in using drone for machine learning detection is 
to produce accurate georeferenced.

• Wind speed and inclement weather conditions are a constraint for 
drone survey.

• Air temperature may negatively affect the performance of drone 
batteries.

• Drones with longer battery life and higher resolution cameras and 
sensors will become more readily available for the survey and 
analysis.

Drone Survey
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Drone survey

Flight Altitude 10 - 30m

Spatial resolution (Ground Sampling Distance) 4.36 - 13.8 mm/pix

Camera Gimbal Orientation -90° (nadir orientation)

Images acquisition along fixed paths

75 - 80% frontal overlap
60 - 70% lateral overlap
2s of shooting interval
1,3 m/s constant velocity

Ground Assessment

Plastic debris (from 2.5 - 50cm) inspection and 
subtype classification (to be limited to few 
representative areas for the validation of 
methodology)

Image Screening
Plastic debris counting and subtype classification 
(matching Score >80%)
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Methodological improvements

• Missing objects and false positives are common challenges when 
applying machine learning approaches. High variability of both 
artificial debris and background objects → inaccurate of automatic 
processing approach.

• A better classification execution can be obtained with higher 
resolution images.

• A better performance can be achieved as the number of training 
samples derived from additional surveys increases.

• The performance of machine learning approaches is expected to be 
enhanced by combination with deep leaning algorithms.
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Future Improvement

• Further works should investigate if 
multispectral and/or thermal cameras 
may facilitate and/or improve the ML 
detection.

• It is expected find different kind of 
plastic items with different resident time 
because study site such as river beach is 
a more dynamic environment and 
washed constantly by wind or flood.

• Further works should extend the 
monitoring interval, experimenting 
short-term high frequency flights 
surveys for characterizing the trend in 
plastic items loads on a riverbank, dune. 
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Machine Learning Applied at GIC

• Building detection using satellite imagery

• Settlement area mapping using satellite images

• Fine scale population distribution mapping using remote sensing data 
and POIs
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Building detection using satellite imagery
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Workflow 

Data Preparation

CNN Model Creation 

Model Training 

Cross Validation

Testing

Post Processing



Testing Result
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GEOEYE-1 Model 1 Model 2 Model 3

Google Earth



Settlement area mapping using satellite images
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?
Satellite Images: ©2019 DigitalGlobe



Ground Truth Model - Results

Generalization Example

Input Image



Failure

• Poor Separation in 
congested areas, 
clear boundary of 
building is not-
visible

• Even for humans, 
hard to distinguish



Fine scale population distribution mapping 
using remote sensing data and POIs
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Census population WorldPop Result
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Done Development @ GIC
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Plastic debris/litter detection using machine learning with 
drone images 
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Got an Idea for a Project 
to Reduce Plastic Waste?

ttdan@ait.asia

www.geoinfo.ait.ac.th
www.facebook.com/gicait

www.ait.ac.th
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