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Introduction
• Era of Industrial Revolution 4.0 (IR4.0) and Agriculture 4.0

• Precision agriculture and automation

• Remote sensing as an integral technology to provide data and images. 

• Artificial intelligence (AI) is a branch of computer science that aims to create intelligent 
machines/systems. It has become an essential part of the technology industry.

• Machine Learning (ML) is one of the core areas of AI – provides the brain to the AI (via 
algorithms).

• AI is blending with remote sensing imagery in different industries to improve efficiency 
and open new possibilities.

• ML enables computers to learn from data to automatically recognize objects, cluster 
an image by similarity or classify, among others. 

• AI and ML capabilities are embedded inside applications and provide users with 
functionality such as automation or predictive capabilities

• AI and ML in plantation management using remote sensing will be the focus of this 
session.
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Transformative Technologies

Source: Kushairi et al, 2017

Associated with 

Remote Sensing 

Technology

Transformative 

technologies are 

crucial for the oil palm 

industry to remain 

viable and sustainable 

Among others include 

RS, cloud computing, 

advanced algorithms, 

big data etc.



Artificial Intelligence - The Brain behind Industry 4.0

ML is the 
brain 
behind AI





AI and ML

 AI involves machines/software that

can perform tasks that are

characterise of human intelligence.

 AI was catalyzed by breakthroughs in

an area known as machine learning.

 Machine learning is simply a way of
achieving AI.
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Remote Sensing 

Remote sensing is generally 
defined as the technology of 
measuring the characteristics of an 
object or surface from a distance.

Divided into active and passive 
systems.

Active – Lidar, Radar

Passive – Multispectral, 
Hyperspectral
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Machine Learning in Remote Sensing

What is Machine Learning?

Machine learning is a subdivision of
Artificial Intelligence (AI) and also covers
data mining/classification approaches.

Example of machine learning algorithms
that have been widely utilized in remote
sensing applications:

 Random Forest (RF)

 Support Vector machines (SVM)

 Artificial Neural Network (ANN)

These algorithms do not assume specific
class distributions and well suited for
complex environments or approaches
using fused data sets.





Support Vector Machine (SVM)
• supervised learning models with associated learning algorithms that 

analyze data used for classification and regression.



Random Forest



Artificial Neural Network (ANN)



Deep Learning (DL)



ML + Big Data + Cloud Computing

Machine Learning is an approach to make algorithms

“smarter” as they “learn” from more examples. That’s

one of the reasons why Big Data and AI seem to be

evolving together. Cloud computing enables an

infrastructure for big data storage and analysis more
effectively.



RS Big Data



Cloud Computing

Source: https://www.sciencedirect.com/science/article/pii/S0198971516303106



CASE STUDIES

Field/Lab Spectroscopy

Airborne

Satellite



Field Spectroscopy

 Important to study the fundamental response towards disease severity and

nutrient deficiency.

 Also for the development of spectral library.

 Studies have indicated some success (Shafri et al., 2011; Liaghat et al., 2014;

Izzuddin et al., 2017; Ahmadi et al., 2017) but further improvements are needed.



Source: (Izzuddin et al.,

2013)



ML on field data

• ealthy (G0) and Ganoderma-infected (G1, G2,

• and G3)

Liaghat, S., Ehsani, R., Mansor, S., Shafri, H. Z., Meon, S., Sankaran, S., & Azam, S. H. (2014). Early detection of basal stem rot 
disease (Ganoderma) in oil palms based on hyperspectral reflectance data using pattern recognition algorithms. International 
journal of remote sensing, 35(10), 3427-3439.

Healthy (G0) and Ganoderma-infected (G1, G2,
and G3)



• Linear discriminant analysis (LDA), quadratic discriminant analysis 
(QDA), vs k-nearest neighbour (kNN), and Naïve–Bayes (NB) ML 
classifiers

• Analysis of variance (ANOVA) with a 5% level of significance (α = 0.05) 
was performed to study the effect of different classification models 
(LDA, QDA, kNN, and NB) and different datasets (raw, first, and 
second derivatives) on classification accuracies

• Overall accuracy rate of 97% (without false-negatives) when the kNN-
based classification model was used





• Ahmadi et al (2017) used ANN to investigate the hyperspectral 
capability to discriminate severity levels 





Airborne/UAV RS

• Acquired data using piloted aircraft and UAV for oil palm plantation 
analysis.

• Previous campaigns were flown using AISA sensors

• Utilised spectral indices developed from field studies.

• Current research going towards UAV utilisation due to piloted aircraft 
limitations (cost, maintenance, schedule etc).



Data Acquisition and Equipment

34
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Bayspec Hyperspectral OCI UAV 

Hexacopter UAV

On-board Computer

UAV with OCI 
hyperspectral 
sensor



Wavelength range: 600-1000 nm, 103 bands

UPM Test site

OCI-UAV-1000



Challenges with UAV-based 
hyperspectral systems

Risk 

Complexity of device integration

Stability of platform

Data distortion

Data processing complexity

Bayspec OCI-F-1000



Multispectral UAV

 Model:-
 MicaSense RedEdge

 Benefits:-
 Easier to handle 

 Cheaper

 5 bands





Near Real-time Data Analysis



ML Application for UAV Data Analysis

Classification of plantation land cover (1st level):- Original 5 bands

Original image Maximum 
Likelihood –
85%

SVM – 89% ANN- 85%



Using the Normalized Difference Red Edge Index 
(NDRE) and ML

Maximum 
Likelihood –
83%

ANN– 86%SVM– 90%NDRE



Spaceborne (Satellite)
 Issues such as biodiversity loss, deforestation, protection of high conservation value areas.

Satellite remote sensing plays an important role in monitoring oil palm plantations.

Traditional methods require storage of huge amount of data and in-house processing 
capabilities.

Recent trend has been to perform image processing using cloud computing such as Google 
Earth Engine (GEE).

The advantages of cloud computing include the availability of a large volume of satellite data 
already stored in the cloud. This will avoid the need of an external hard disk and facilitate easy 
data access. 

Using parallel computing, users will have unlimited computer processing capabilities. 
Moreover, code and classification algorithms can be shared and discussed in the shared 
platform.
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REMAP (Remote Ecosystem Assessment & 
Monitoring Pipeline)

 -A free online mapmaking tool
that allows users to detect
environmental change over time
using satellite images.

 -National level cloud computing
with REMAP powered by Google
Earth Engine.

 -Years of desktop computing = 
Days of cloud computing



Land Cover Map Generated by REMAP 2017

 Accuracy = 90%

Peninsular Malaysia -132,156 square kilometres



Google Earth Engine (GEE) for Selangor 

SVM = 
93%

RF = 
95%



Discussions

REMAP allows quick and accurate way of mapping over wide

area.

GEE allows more control over the algorithms and tuning.

Both methods are making large scale mapping more

manageable as users are not required to store/download big

data/perform complex algorithm development.



Very High Resolution Satellite Data

 Tree detection and counting relies on high resolution datasets.

Deep learning can effectively perform this repetitive task.

More efficient than the use of Object-based Image Analysis

(OBIA) (Guirado et al., 2017) for vegetation crown detection.

DL-based approach is based on open-source software

(Python).



Images for classification

Training dataset Testing dataset

CNN model

Images dataset for label 

prediction

Final detection results

CNN training

Parameter 

optimization

High-resolution remote sensing image

Images for training

Nurulain Abd Mubin, Eiswary Nadarajoo, Helmi Z.M. Shafri , and Alireza Hamedianfar (2018). Young and 

Mature Oil Palm Tree Detection and Counting Using Convolutional Neural Network (CNN) Deep Learning 

Method. Submitted to the International Journal of Remote Sensing (under review).



Types of Oil Palm Classification of Oil Palm 

Detection and Background

Accuracy (%)

Young 94

Matured 88



Fusion of VHR and LiDAR Data for Counting and Age Estimation

Rizeei, H. M., Shafri, H. Z. M., Mohamoud, M. A., Pradhan, B., & Kalantar, B. (2018). Oil palm counting and 

age estimation from WorldView-3 imagery and LiDAR data using an integrated OBIA height model and 

regression analysis. Journal of Sensors, 2018.





No Methods of data acquisition ML algorithms Summary

1 Field spectroscopy – ASD (Liagath et al, 2014) KNN, Bayes High level of discrimination

2 Field spectroscopy – GER (Ahmadi et al 2017) ANN High level of discrimination

3 Airborne (Piloted)   - on going SVM, ANN, RF Most studies applied spectral 
indices with no comparisons 
with ML

4 Airborne – RGB UAV (Kalantar et al 2017) SVM OBIA Oil palm tree counting

5 Airborne - Multispectral UAV – on going ANN, SVM combined with NDREi Good accuracy for diseased oil 
palm detection

6 Satellite – Quickbird (Santoso et al 2017) RF, SVM, CART ML classified healthy vs 
unhealthy palms better than 
spectral index but no early 
detection 

7 Satellite - Quickbird (Li et al 2017) Deep Learning High accuracy for tree counting

8 Satellite – WorldView-3 (Rizaeei et al 2018) SVM High accuracy for counting and 
age estimation

9 Satellite – Landsat (on-going, under review) REMAP/GEE cloud computing High accuracy and efficiency for 
large scale mapping (national)
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Conclusions
Remote sensing is a useful tool for oil palm plantation

management.

AI and ML have important roles in remote sensing of oil palm
plantation management.

AI + RS formed core components of modern agriculture.

Applicable at different spatial scales – field, airborne,
spaceborne and used to complement each other.

 Input and interpretation from experts in the field produce the
best decision making process.



 AI/ML algorithms are advancing and further testing

required in order to increase accuracy, robustness and

automation.

 More integration with cloud computing, IoT, new

generation platforms and sensors will be interesting to

explore.

 Data fusion (optical/radar/lidar etc).

Future work
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