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= VA M H Application of principal component analysis in
investigating time series of remotely sensed data
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The issue of analyzing time-varying phenomena of various kinds occurs in a wide variety of fields
such as daily stock price fluctuations in stock markets, weather forecast based on past data,
design flood computation based on historical flood data, and so on. Phenomena of this kind have a
common characteristic that they constitute a series of past data, which form a basis to analyze
their trend and, if necessary, predict the future state of the phenomenon in question. The set of
historical data that represents the progress of a phenomenon over time is known as time series

and the scientific analysis of such data sets is known as time series analysis (TSA).

In the field of remote sensing, evaluation of changes in natural processes is a major area of
interest for researchers. TSA is often discussed in conjunction with the change analysis as a way
of understanding how the process changes over time. Because of the growing availability of
synoptic digital data, in the form of satellite imagery, covering large swaths of earth surface, the
general direction of research in change analysis has been in finding ways to automate the process
with the help of computer-assisted analysis. Satellite imagery of earth's surface constitute the

most commonly available form of time series data in remote sensing.

In this research, the broad objective is to assess the potential of PCA as a time series analysis tool
in remote sensing. This has been accomplished by using PCA for analyzing Landsat/TM data, and
evaluating the results. The state-of-the-art of the TSA is first reviewed. The review of available
literature indicates there is a general lack of sophisticated methods for time series analysis of
satellite image data. Contemporary literature suggests that one line of research attempted in
feature extraction from time series data involves applying various kinds of mathematical

transformations to multi-spectral bands. Some of the transformations commonly employed



include band ratioing, Fourier transforms, wavelet transforms etc. In this study, a transformation
method called principal components analysis (PCA) is applied to the time series data consisting of
Landsat/TM images covering a time span of 18 years from 1984 to 2002. The target study area is
Tottori city and its surroundings. Because of the statistical steps involved in PCA, this method
transforms the input data into a set of mutually uncorrelated components. The reason for using
PCA for analyzing the time series is the expectation that some of the relevant characteristic
features, which in this study are changes in landuse and thermal environment, would be reflected

in one or more of the component images.

Here, two types of time series data are collected and analyzed. One set consists of a total of ten
same-season TM images from 1984 to 2002. The second set consists of four seasonal TM images
for the year 2002. Geometric correction is applied to all image data before processing. This
correction involved georeferencing the images with respect to ground control points obtained from
existing topographical maps. First-order polynomial with the cubic convolution resampling is
used in georeferencing. Due to geometric correction, all data are reduced to the same projection

and the same pixel size. Spatial error of less than 18m is achieved in resampling.

The seasonal and non-seasonal image data are grouped into bandwise time series data sets for the
purpose of feeding into the PCA algorithm. For example, a PCA analysis on the band6 series
(thermal band) is used to investigate the thermal environment in the study area. Similarly,
separate PCA analyses are conducted on some of the visible and near-infrared bands, and also on
NDVI time series. In addition, PCA analysis on a large time series consisting of all the seventy
bands of the ten non-seasonal data sets is also conducted. Changes in thermal environment and
landuse, and seasonal changes are evaluated and such changes are interpreted in terms of PC
components. Effort is made to explain the trends in changes in terms of uncorrelated components
derived from PCA. A gradual upward trend in the thermal environment is observed in the urban
areas. This trend closely correlates with the urban expansion as determined by landcover change
analysis. Another significant trend in landuse change is the increase in forest and urban classes,

which has occurred primarily at the expense of agricultural class.

The distribution of variance among PC components shows that the TM data are highly correlated.
This is seen by the fact that a very large percentage of the variance is accounted for by the first
few components, while the majority of later components do not exhibit any readable information.
In the case of PCA on all seventy images, for example, the first ten components explained more
than 96% of the variance while the remaining sixty components totaled less than 4%. Most
components later than about 20th component seem to contain no useful information. Thus, it is
seen that PCA is quite useful in greatly reducing the effective dimensionality of the input data

sets, and thereby facilitating feature extraction from a large time series.

It is found that the changes in the thermal environment and other landuse changes are reflected
in some of the earlier PC components. The first component is found to be better for visual feature

extraction than any of the input data sets individually. Specifically, the false color composite



constructed from the first three components proved to be visually most appealing than any of the
false color composites achievable from the original bands. The first few components after the first
one usually proved to be useful in discerning the subtle changes in the underlying phenomena. In
the case of thermal-band time series, the second component closely reflected the thermal changes.
In other time series data, the second component usually highlighted the urban sprawl as well as
rivers and streams, whereas the changes in major landuse class reflected in the second and third
components. Thus it is obvious that, despite the low amount of overall variability, two or three
components starting from the second are most important in reflecting thematic information from

the time series.

The results of the study show that PCA techniques can be a promising method to analyze long
time series data composed of satellite images. From this study, it can be expected that, with
sufficient further research, it should be possible to develop algorithms for selectively isolating the

features of interest from the time series data.
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