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Abstract

This paper is a research report describing the Computer Soft-
ware System EPDCS, developed for processing remote sensing imagery
data. The programme system has grown out of the PDCS programmes
which the author developed and implemented in Sweden.

The system includes the following groups of programmes:

-Tape handling and subscene extraction
-Statistics and hlstogramme print

~-Image enhancement

-Training area extractlon,calculatlon and display
-Supervised classification

-Unsupervised classification

~Cleaning-up of a classified map

-Accuracy evaluation

-Result output

In this paper, discussions are made about the techniques for
the preprocessing, enhancement and classification of MSS data, with
greater elaboration on the classification.

The system has been used in land use mapping and environmental
monitoring. The results have shown some promise of usability in
practical work and will be reported in another paper.

INTRODUCTION

One application of remote sensing is the use of Multi Spectral
Scanner (MSS) date for land use inventory over larg areas. This
report discusses the Expanded PDCS programme system developed for
processing remctely sensed MSS data by the computer systems, both
at the Department of Physical Geography, University of Stockholm
and at the Chinese Academy of Forestry.

The programme system consists of a series of computer routines
for image data handling, manipulation and clessification, with the
following two points considered in the course of the development of
the programme package:

1. The programme system should be suitable for research work.

2. It should be possible for a user to run the programmes even

without prior experience of advanced computer programmes.

Proceeding from these points, on the one hand, the EPDCS system
was designed to derive different methods for dealing with the same
subject. For instance, there are several methocs for an image en—
hancement, training area extraction,supervised classification and
unoeperV1sod classification. That is useful either for selecting
optimum method or for determining suitable condition of the diffe-
rent methods, On the othex hand, the programme system was written
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for conversational processing. The user only need to answer simple
questions like yes oxr no or to type out some parameters like line
and column numbers. 5 &

The PDCS package was tested by using daja from the Bjarka-saby
area which is situated 200 km south of Linkoping, Sweden. The data
were collected on three separate occasions. The system was also used
in other research projects both at the Departiment of Physical Geog-
raphy, University of Stockholm and at the Chinese Academy of Fore-
stry.

I got very much help from my Swedish friends when 1 developed
this system as Chincse guest research worker in Sweden. The prog-
ramne should be considered a product of the friendship between
China and Sweden. Hence the system is named PDCS, meaning Programmes
Dedicated to China and Sweden.

THE CHARACTEIRISTICS

The whole system indudes the following groups of programmes:
-Tape handling and subscene extraction
~Statistics and histogramme print
-Image enhancement
~Training area extraction, calculation and display
~Supervised classification
—Unsupervised classification
~Cleaning-up of classified map
—Accuracy evaluation
-Result out put

1. Tape handling and subscene extraction

The programmes are used when handling original landsat computer
compatible tapes Produced by BROS data center with different data
formats. The landsal scene is divided into either four or two
Strips. The programmes can read and dump any subscenc using only
one tape station and without temporary memory. They can also read
the information including ID record. Header record. Ancillary re-
cord and Annotation record, and print it on the line-printer.

2, Statistics and histogramme print.

The progamme gives the user some initial information about the
subscene under study.

The statistics calculated by this programme include mean and
standard deviation of brightness levels of different bands, cova-
riance and correlation matrices.,- . .

The histogramme shows absolute and relative frequency and
accunulated frequency of brightness levels.

Both of statictics and histogramme are printed on the line-prin-
ter.

%, Image enhancement

Image enhancement is an important task of image processing.
EPDCS includes the programmes used for a contrast enhan-cement,
density slicing, combinations of images and edge enhancement.

One type of contrast enhancement is made by linear transforma-
tion of the grey scale. Another type of contrast enhancement is
performed by using equal probability quantizer. In the EPDCS system
the third method is used. It is mid- way between the first two
methods I.e. on one hand, it is better than the first one to show
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the most informative portion of the scale. On the other hand it is
better than the second one to express pixels of which the brightness
levels are far away from the most informative portion.

With this programme package, the user can also select different
scales for every brightness level, based on the printed histogramme.
Hence, the user can print out. the pixels of specified brightness
levels, showing the other pixels as blank. Density slicing is an-
other tyre of contrast enhancement technique in the system,identi-
ficution of objects in the multilevel density slicing picture is
better than the original picture.

Another EPDCS programme used for an image enhancement is com-
binations of images, like additive, subtractive and ratio images.

At last EPDCS programme can make edge enhancement by filter.

4, Training area extraction, calculation and display.

The computer analysis of remotely senhsed data is often con-
sidered to consist of two parts: feature extraction and classifica-
tion. The first process concerns the problem of selecting parts of
the observed area so that classes are efficently described. These
areas have to be extracted and analyzed so that they can be used as
training areas. This part of programmes are used for this. They
can.perform the following tasks:

A. Training area extraction. The programme can deal with up to

30 training areas at the same time by means of three diffe-
rent methods:

1/ Line and column number of training area.

2/ Data from bounderies which have been digitized and
transfoirmed.
The digitization of training area boundaries is also
performed by this programme. It possible to digitize
the exact boundary of training areas. The data must be
entered along the boundary in an anticlockwise direc—
tion. If you enter less than four points of one trai-
ning area, its boundaries must be constructed of str-
aight lines (cf figure).

Figure,Entering of boundary DATA of training areas. Note the
anticlockwise direcetion.
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The boundary transformation from the local coordinate systam
to the corresponding line and column number of the landsat subsence,
is performed by the programme which will make an affine transforma-—
tion.

3/ Data from a mask which represents training areas by means
of different thematic codes.

B. The histogramme and the symbol coded picture of the training
area. The programme can display them either on the terminal
screen or on the line-printer.

C. When given thresholds, the pixels, with digital levels excee=
ding the thresholds, are deleted from the symbolic picture
and will not be included in the calculation of the statistics
of the training area.

D. Calculating statistical values as averzges, standard devia-
tions, covarience matrices and correlation matrices of the
training areas.

At last, the programme will give the user the possibility to
combine the statistical values of the training arcas extracted
from either optional files or the terminal, and to delete some
statistical values which the user does not require.
the user can store all the statistical values of the training
areas onto a disk file.

5. Supervised Classification

Classification is based on vardious supervised classification
techniques that require refrence signatures of targets represented
by training areas on the ground.

The EPIDCS system provides the user with three different super-
vised classificution methods-maximum likelihood classification,
minimum distance classification and table look-up classification.

A user can select different training areas, channels and thresholds
for the classification, using data stored on the same file. The
classified image on the paper with a symbolic code representing
different classes are produced by line-printer. Classified colour
or black-white image on the film will be produced by rotating drum
recorder.

6. Un=Supervised classification

The supervised technique is associated with high variability of
spectral signatures. When so, it is difficult to set up an opera-
tional library of refenence signatures. You have to obtain the re-
ference signatures directly from training areas. Even in this prac—
tice, the training areas selected by the user are not objective. The
unsupervised classification method avoids the above mentioned diffi-
culty by not requiring the reference signatures in the date proces-
ing phase. After the data processing the identification is done by
pixelwise testing of the class assignment. The EPDCS system has
three programmes for umnsupervised c¢lassification. The first cluster-
ing algorithm is used to group pixels with similar spectral charac-
teristics. The second clustering algorithm is used to group pixels
by means of the local textural parameter which was proposed by H.
BEGUIN, H,Do TU and J. WILMET. The third algorithm also consists in
combining spectral information with spatial information. Firstly the
image is separated into the "small regions", pixels of which must
be neighbours and must have very similar spectral values. Then, the
unsupervised classification based on the "small regions" is per-
formed according to spectral mean value and deviation of the regions
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7. Cleaning-up classified images

he result frem a supervised classification and some unsuper—
vised classifications are pixelwise classified images using multi-
spectral information only. This can result in a classified image
having single or isolated pixels with a class assigmnment that diff-
ers from those of the surrounding. In many cases, such detailed in-
formation is not required, instead a generelised classified image
is more useful. Such images may be obtained by comparing the class
assignment of one pixel to its neighbours. The EPDCS system for the
processing of a digital thematic map will eliminate all regions
within an area less than a predefined minimum. Regions which repre-—
sent different features can have different minima.
8. Accuracy evaluation

In order to compare the landsat classified image with ground
truth, we developed this programme which transfer data between image
and map by ground conirol points, then we can calculate the follow-

- ing paramcters:

L. Difference map.

The map will show the pixels, which have been correctly classi-
fied, by means of an unigue symbol. It will alsc show the pixels,
which have been incorrectly classified, by means of different sym-—
bols representing the change of class.

B. Confusion matrix.

The table shows the amount of changed pixels of different class-
es.

C. Over all classification accuracy.

D. Mapping accuracy of every class.

8. Over all mapping accuracy.
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