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The overall purpose of this paper is to examine the potential uses( s) of existing commercially available 
mainframe statistical and graphics packages for teaching and research applications in an educational 
context. More specifically it presents as an illustrative example, the use of two such packages in remote 
sensing education, the application of SAS to the simple classification of remotely sensed data, and the 
use of SAS/GRAPH to plot the classified data. Programs and plots were run on the University of Toron
to's IBM4318 mainframe running SAS and SAS/GRAPH (version 515 ), and the graphic output displayed 
on a TEKTRONIX 4113 colour graphics terminal, a Calcomp 4-pen plotter, and a Gould Electrostatic 
Plotter. 

The Value of Commercially Available Statistical and 
Graphics Packages 

Commercially available mainframe statistical pack
ages such as BMDP (Biomedical Computer Programs 
(Brown, 1977), SAS (Statistical Analysis System (SAS, 
1981b, 1982b, 1982c)), SPSS (Statistical Package for the 
Social Sciences (Nie et al., 1975)), have existed for some 
time now. For example, SAS was introduced in 1966, and 
has been widely used for many applications over the years 
by a variety of disciplines. More recently, graphics modules 
have been added to some of the original statistics packages, 
e.g. SAS and SPSS, to pennit the graphic display of data 
analysis results in a variety of different fonns, e.g. graphs, 
histograms, pie charts, and maps. In the last few years, 
SPSS, SAS and SAS/GRAPH have become available for 
use on micro-computers equipped with a hard disk. These 
packages have gained popularity in industry, government 
and academia, as a result of a general increase in the use of 
all computers of all types, particularly micro-computers, for 
a variety of teaching, research and business tasks. The evol
ution and availability of more powerful computing systems, 
advances in software and hardware technology, and exten
sive software development have played their part. The 
appeal of these packages for many users has been that they 
provide the following: 

• a wide range of general and statistical routines 
which can be used by virtually anyone possessing 
only the minimum of statistical and computer pro
gramming knowledge. 

• a wide range of graphics routines for data summary 
and presentation, and simple mapping routines for 
the display of spatial data. 

• procedures which are very flexible and adaptable, 
may be used in conjunction with each other, and 
can be customised for a specific application. 

• considerable savings in time for a user, and a re
duction in the frustration often associated with 
programming and debugging user-written algo
rithms. 
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• more efficient and sophisticated algorithms than 
could be programmed by the average user in a 
limited time period. This is particularly advant
ageous when a user requires a specific algorithm 
as part of a larger task. 

• facilities for users to design and construct their 
own programs (usually in a simplified programm
ing language) and for data storage and 
management The latter allows the user to save 
output from one routine for input to another. 

While the majority of people still employ these pack
ages solely for statistical analyses, their frequency of use for 
a variety of different applications is growing. The routines 
for example are used extensively as integral components of 
much larger programming tasks and for modelling systems. 
Although it is true that most regular statistical tasks fre
quently combine one or more of the package routines in an 
analysis, current uses being suggested differ in that the rou
tines are now being (a) relied upon much more extensively 
than previously by many disciplines (For example, they fre
quently fonn the "backbone" of much of the general and 
statistical data analysis in geography), (b) used in combina
tion with other packages and user-written programs in a 
systems framework, and (c) applied to a much wider rang
ing variety of tasks. Young (1986), for instance reports the 
use of packages such as BMDP, SAS, SAS/GRAPH, and 
SPSS as a component in Geographic Information Systems 
in Britain. Marble & Peuquet (1983) indicate that theCa
nada Geographic Information System (CGIS) has the 
capability for linking to SPSS for data manipulation and 
statistical analysis. Donnay (1986) also refers to 
SAS/GRAPH in the context of GIS. Similarly, these pack
ages have been used in Canadian Federal and Provincial 
Government contract research e.g. statistical data analysis 
coupled with choropleth mapping and other graphic output 
(Boume et al., 1985, 1986). They have been used as the 
basis for map projections (Green et al., 1985), in carto
graphic applications (Baker et al., 1983, 1985; Carter 1984; 
Green et al., 1985; Green and Schwartz, 1986, 1988) and for 
the display and analysis of remotely sensed data (Green & 
DeSousa, 1987). Furthermore, package routines such as 
SPSS formed part of simple image analysis systems in 
remote sensing education. For example, Hardy (1980) 
made use of SPSS routines CLUSTER and FACTOR, ac
cessed via an APL (Advanced Programming Language) 
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program, to perfonn simple unsupervised and supervised 
classification analyses of thermal infrared imagery. Eyton 
(1983) used a combination of Fortran programs and SAS 
procedures for image processing and classification. 

Despite these applications however, it is still not wide
ly recognized by many people just how useful these 
packages can be beyond their most frequent and basic types 
of application in statistical analysis and graphic summaries. 
Certainly the manuals provided with the packages give the 
user little insight into the potential uses of the routines. 
However, with a little effort and ingenuity on a user's part 
it is possible to utilise these package procedures as the basis 
for a wide variety of tasks, simple or complex. 

The Application of SAS and SAS/GRAPH to Remote 
Sensing 

Of the many packages available, SAS and 
SAS/GRAPH in particular offer comprehensive procedures 
for the creation and management of research data bases, and 
in addition a wide range of graphic and cartographic proce
dures for plotting the results of a data analysis (Baker et al., 
1983; Baker et al., 1985; Green et al., 1985). These two 
packages have, over the last twenty years, developed a 
sound reputation amongst users, and have undergone con
tinual evolution and development Excellent user support 
has also been provided by the SAS Institute. This, together 
with the widespread availability of the packages in many in
stitutes, both here and abroad, including higher education, 
makes them ideal candidates for consideration in many 
teaching and student project applications. Opportunities are 
even greater now that SAS and SAS/GRAPH have become 
available for micro-computers. 

One utilisation of the potential of the SAS and 
SAS/GRAPH packages in an educational context is in 
remote sensing coursework:. Introductory courses dealing 
with up-to-date techniques in remote sensing, more specifi
cally digital image analysis, generally benefit the student far 
more if they provide the opportunity for hands-on experi
ence with hardware and software (Cracknell et al., 1982; 
Eyton 1983). However, image analysis systems e.g. DIPIX, 
DIAD, GEMS, ERDAS, are expensive acquisitions for 
many educational organisations not involved in contract re
search. As a result, Government operated remote sensing 
centres, private companies with the capital resources, and 
research oriented universities tend to be the only places 
where such equipment may be found Although advanced 
facilities are available they tend to offer only limited access 
to students and teachers who may be interested in remote 
sensing training and education. Furthennore, professional 
systems are often too complex for the beginner to compre
hend. Mainframe, mini- and micro- systems have been 
discussed by Jensen (1983) and Lee Williams et al., (1983). 
Micro-computer based image analysis systems offer an al
ternative (Aranurachapui et al., 1987; Kiefer, 1983; and 
Egbert, 1972). While somewhat cheaper than a "full
blown" package, micro-based systems can be valuable in a 
teaching environment e.g. APPLEPIPS. More recent devel
opments, such as R-Chips from Reading University, offer 
more powerful facilities for teaching and research provided 
one has access to a 16-bit micro-computer with a 30mb hard 
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disk and suitable graphics eo-processor boards. While use
ful in teaching however, these packaged routines still do not 
offer students the opportunity to develop a "hands-on" un
derstanding of the "mechanisms" of image analysis and 
processing. It is frequently all too easy for students to use 
a package image analysis system without a working knowl
edge of the theory of image analysis. Providing the "tools" 
to support the theory can offer students a real opportunity to 
get to grips with the task. This type of exercise can be de
veloped at varying levels of complexity. 

Some benefits to be gained from using SAS and 
SAS/GRAPH as the basis for remote sensing education are 
discussed below: 

1. In introductory courses to remote sensing tech
niques, many students would probably benefit from the 
chance to design and implement their own simple classifi
cation system for remote sensing data, an exercise which is 
generally not possible with pre-written image analysis sys
tems. SAS and SAS/GRAPH offer the user a 
"task-independent" package of routines which may be used 
in any combination for virtually any task. While these re
sulting user-written systems are unlikely to be of a 
complexity comparable to commercially available image 
analysis systems, at least in the f1rst instance, they neverthe
less provide considerable insight for the student into the 
workings of a "full-scale" image analysis system at a var
iety of different levels. 

2. The potential of SAS and SAS/GRAPH together in 
a mainframe environment exceeds the capabilities of most 
of the smaller micro-computer based image analysis sys
tems, which have limited memory, software and hardware. 
Although the new micro-computer based versions of SAS 
and SAS/GRAPH are similar to the mainframe versions, 
they are somewhat restricted at present when handling large 
quantities of data. 

3. SAS and SAS/GRAPH provide the user with a 
unique combination of a simplified programming language, 
pre-written data analysis and graphics routines, and the 
means to manipulate, manage and store data - an integrated 
system. 

In order to demonstrate the potential of SAS/GRAPH 
for use in an educational context, an area in New York City 
was selected for a simple land-use/land-cover classification 
exercise. The remainder of this paper describes the metho
dology used to classify the digital data using basic SAS and 
SAS/GRAPH package procedures. 

Methodology 
The methodology of the classification and display of 

digital remotely sensed data using SAS and SAS/GRAPH 
is outlined in Figure 1 and summarised below. 

1. Land-Use/Land-Cover Classification - The objec
tive of the exercise was to classify land-use/land-cover 
types. 

2. Study Site- The study site (Figure 2) in New York 
City covered an area of approximately 5600m x 5600m, in
cluding Central Park, Harlem, and part of the Harlem and 
Hudson Rivers. It comprises the following land-use/land
cover categories: water (both deep and shallow), vegetation 
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Fig 1. Methodology of Classification and Display of Data 

Fig 2. The Study Site 
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(trees and grass- mostly parkland), roads, parking 
lots, high-rise and low-rise buildings, and a num
ber of bridges. Landsat digital data forJuly 1981 
and corresponding ground-truth data were avail
able. 

3. Digital Remote Sensing Data - In order 
to analyse remotely sensed data in a computer en
vironment it must be in a digital format (Figure 3). 
Data from satellite platforms (e.g. LANDSA1) are 
already in this form. Other remotely sensed data 
may also be used e.g. aerial photographs, but are 
less convenient since a conversion from the orig
inal analog format to digital format by means of 
photo-digitisers or scanning micro-densitometers 
must be undertaken and such equipment is notal
ways readily available. 

4. Supervised Classification - A simple 
supervised classification was selected to analyse 
the digital data of the study area. The supervised 
classification used a Gaussian Maximum Likeli
hood approach (Lillesand and Kiefer, 1977; Kelly, 
1983). This involves the selection of one or more 
sub-areas known as training sites, for each land
use/land-cover type to be classified in the study 
area for which there is ground-truth information. 
A statistical analysis of the data (for example, 
standard deviation and mean) for each training site 
is then made in each of the four bands, on a pixel 
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by pixel basis. The training site statistics are then used to 
classify the rest of the study area. Each unknown pixel 's re
flectance values for the study area are compared with the 
category training data statistics, and the probability of the 
pixel belonging to one of the categories is calculated. The 
decision as to which category each pixel belongs is based 
upon the sum of the probabilities of the four bands being 
highest for one particular category. The classification rou
tine was programmed using SAS. 
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Fig 3. Digital Data 

Display of the Classified Data using SAS/GRAPH 
SAS/GRAPH's GMAP procedures, with the CHORO 

(pleth) option, was used to plot the classified data results, 
on both plotters (monochrome- GOULD; colour- CAL
COMP) and a colour graphics terminal (TEKRONIX 4113). 
Both monochrome and colour outputs were generated for 
all or parts of the study area for evaluation. Slides of the 
output were then photographed from the screen of the col
our graphics terminal. 

The output from the classifier is based upon a grid of 
squares representing pixels of dimensions 56 meters by 56 
meters covering the entire 5600 meters square study area 
(Figure 4). This was programmed in SAS using a simple 
grid generator algorithm. Subsequent to the classification 
procedure each square cell is shaded on the output accord
ing to its designated classification (Figure 5). Varying the 
dimensions of the plotted grid cells permitted reduction and 
enlargement of the output within the confines of the dimen
sions of the original scene. 

Limitations of the Approach 
In this demonstration of the potential use of the SAS 

and SAS/GRAPH packages, aside from the limitations of 
the simple classification algorithm used, the main problems 
of using SAS and SAS/GRAPH for the classification and 
analysis of remotely sensed data lies with the graphics soft
ware and the hardware available. While monochrome 
output using the GOULD electrostatic plotter was selected 
for trial runs, the output quality was marred by (a) poor con
trast between shading patterns used for each category, and 
(b) the spacing of the pattern lines in relation to the size of 
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the grid cells. This is an unfortunate limitation of the pat
tern shading options of the SAS/GRAPH package. It is not 
currently possible to adjust the line spacing relative to the 
size of the polygon being shaded. 

Adding the dimensions of colour improves the contrast 
between categories, although the problem of the spacing of 
the pattern lines relative to the grid cell size still remains. 
However, the additional hardware limitations of the 4-pen 
plotter (only four colours are available at any one time) 
placed a restriction on the number of land-use/land-cover 
categories which could be clearly distinguished on the out
put While the combination of colour and the SAS/GRAPH 
pattern options helps to reduce these limitations, by allow
ing distinctions between a larger number of individual 
categories, there were not really enough distinct patterns or 
colours available to extend the number of categories beyond 
a maximum of six. Use of a colour graphics terminal or an 
8-pen plotter essentially solves the aforementioned prob
lems, because one is able to use a much wider range of 
available colours. However, this advantage may be reduced 
by the difficulty in obtaining good quality hardcopy from 
the screen without additional expense. For example, one 
would also need a hard copy device for photographing the 
screen directly e.g. RAMTEK. Once again this equipment 
is expensive and not always available. 

Further Research 
This illustration of the potential application of these 

two packages is very simple. To anyone familiar with re
motely sensed processing image techniques this approach 
will appear limited in comparison with the capabilities of 
the commercially available image analysis systems. While 
no comparison between the two was intended, it should be 
apparent that it would be relatively easy to extend the com
plexity of the data analysis and output using the SAS and 
SAS/GRAPH packages into a much more elaborate work
ing system. The level of sophistication to which the 
approach could be developed would necessarily be depend
ent upon the abilities, aims and requirements of the 
person(s) involved. 

Summary and Conclusions 

This paper shows that despite some minor software and 
hardware limitations (the latter of which could easily be 
solved), the SAS and SAS/GRAPH packages are useful in 
introductory remote sensing courses, as they facilitate 
"hands-on" experience for the analysis, classification and 
display of digital remotely sensed data. The approach 
would be particularly useful where image analysis systems 
are unavailable and also as a supplementary approach in 
teaching establishments with commercial image analysis 
systems. However, the use of these packages is not pro
posed as an alternative to the well established commercial 
image analysis systems. 

In conclusion, there is clearly considerable potential for 
these commercial packages in education, industry and gov
ernment The applications are limited only by the skill and 
ingenuity of the user. 
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