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Satellite-based sensors are widely 
recognised by international and local 
agencies as a cost-effective method 
of acquiring periodic, systematic 
information of the earth’s land surface. 
Land cover is defi ned as the physical 
composition of material on the surface 
of the earth, while land use is a 
description of how the land is used for 
socioeconomic purposes. Monitoring 
land cover is of great importance as 
this guides regulatory bodies on how 
to best utilise a country’s resources 
without putting the environment at 
risk.

Two types of land-cover changes 
are usually investigated: land-
cover modifi cation and land-
cover transformation. Land-cover 
modifi cation is caused by internal 
changes within a particular land-
cover class. These changes affect 
the current state of the land-cover 
class, but do not change the land-
cover class, such as seasonal 
variation of natural vegetation. Land-
cover transformation of a particular 
geographical area involves change 
from one land-cover class to another. 
Hypertemporal acquisition strategies 
of satellite-based sensors allow the 
construction of time series, which 
enables one to distinguish between 
these two types of land-cover changes 
for improved land-cover classifi cation. 

The reliable surveying of land 

cover and transformation has 

always been a key area of 

interest to the remote sensing 

community. The increase in the 

human population is one of the 

major contributors to settlement 

expansion, with several studies 

showing that anthropogenic 

activities have transformed 

more than a third of the earth’s 

surface. Gauteng is of interest, 

as it is the fastest-growing 

province in the country, housing 

more than 10.5 million people. 

Reliable knowledge of land cover 

is a critical tool in the effective 

allocation and management of 

the environmental resources.

Meta-optimisation of the parameters 

of the Extended Kalman Filter 

improves feature extraction on 

hypertemporal images

In a study conducted by researchers 
at the University of Pretoria and the 
Remote Sensing Research Unit of 
the Meraka Institute at the CSIR, 
time series were extracted from 
the fi rst two spectral bands (red 
and near infrared wave lengths) of 
the MODerate-resolution Imaging 
Spectroradiometer (MODIS) land-
surface refl ectance product and were 
modelled as a pair of triply modulated 
cosine functions. A meta-optimisation 
approach was proposed for setting the 
parameters of the non-linear Extended 
Kalman Filter (EKF) to rapidly and 
effi ciently estimate the internal state-
space variables for the pair of triply 
modulated cosine functions. 

This meta-optimisation approach 
uses an unsupervised algorithm to 
search for improved parameters over 
an appropriately defi ned manifold, 
using spatial and temporal information. 
Performance of the new method was 
compared to other applicable methods. 

The state-space variables estimated 
by the EKF were then used as feature 
inputs to cluster the time series into 
different land-cover classes. Clustering 
is an unsupervised method used for 
grouping unlabelled objects into a set of 
categories. The algorithm used in this 
work was the K-means algorithm, which 
is usually used as a benchmark for 
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other algorithms. The proposed method 
was evaluated on a 285 km2 study 
area in Gauteng, comprising mostly 
areas of natural vegetation and human 
settlements. The time series in the 
validated study area was verifi ed using 
visual interpretation of SPOT images to 
map areas of no change in land-cover 
type during the study period for the 
temporal component of the analysis. 
The classifi cation accuracies obtained 
by using the meta-optimisation method 
improved by more than 7% when 
compared to other methods. 

The method was then applied to the 
entire province. A silhouette graph 
is a graph-based approach used to 
determine the number of clusters 
that should be used by the clustering 
algorithm without any human 
supervision. The optimal number of 
clusters in Gauteng for the K-means 
algorithm was calculated to be fi ve 
clusters using the silhouette graph. 
The formed clusters were evaluated 
by a human operator and grouped into 
either human settlement or natural 
vegetation areas. 

Roughly 23% of the province’s total 
area of 19 676 km2 was classifi ed 
as settlements by the clustering 
algorithm.

In conclusion, it was demonstrated 
that improved features can be 
obtained by using the information 
within a spatio-temporal window. 
The proposed unsupervised feature 
extraction method was not dependent 
on acquiring a labelled training 
data set. It was shown that with 
proper selection of the initial state 
parameters, observation noise matrix 
and process covariance matrix, the 
cluster separation of EKF-derived 
features could be improved.

The algorithm described in this 
article can be optimised by adjusting 
the temporal length of the spatio-
temporal window to ensure that it takes 
cognisance of short-term inter-annual 
climate variability and adapts to longer-
term trends in climate. The features 
extracted using the EKF can also be 
applied in combination with a variety of 
other machine-learning algorithms.   
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 Clustering results for the entire Gauteng in March 2006. The human 
settlement areas are coded in red and the natural vegetation areas are 
coded in several shades of green. (Courtesy of GoogleTM Earth)


