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ABSTRACT
ORSER-SSEL Technical Report 18-75

CANONICAL ANALYSIS AND TRANSFORMATICN OF SKYLAB MULTISPECTRAL SCANNER DATA
D. M. Barr and B- F. Merembeck

Initial work with digital data from selected Skylab scenes resulted
in the selection of sixteen channels (eleven bands) and in the development
of 22 signatures. The scenes were all from SL3, Orbit 14, 5 August 1973,
Tape 933847. The objective in this study was to process the data by means
of canonical analysis, with a view toward improvement of classification,
reduction of data bulk, and determinaticn of the value of each band for

classificarion of varicus targers

Statistical infcrmatien for each of the 22 signatures was obtained
from the STAIS program, and training areas Ifcr specific targets were de-
fined. The new signatures, number of cbse:vations, and variance-covariance
matrixes fcr the signatures were cbcailned and used as input to the CANAL
program.- The cbjective here was tc maximize the separability of the
categories (the transtcrmation will usually also reduce the within-category

variance)-

It was determined that the first three axes contained 98.83% of the
variance contained within the transformation; hence, only the first three
axes were used in the transformation. Thus, canonical transformation is a
form cf feature selecticn, resulting here in an 81.25% reduction in data

bulk.

Evaluation of the classification, now possible using the transformed

data, has begun



CANONICAL ANALYSLS AND TRANSFORMATION

OF SKYLAB MULTISPECTRAL SCANNER DATA
D. M Barr and B. F. Merembeck
OBJECT1VES

The initial results of channel evaluation and classification of
selected Skylab scenes (ORSER-SSEL Technical Report 2-75) resulted in the
selection of sixteen channels (eleven bands) of data and development of
twenty-two spectral signatures (six categories) All scenes were from
SL3, Orbit 14, 5 August 1973, Tapc 933847, Following these results,
preparatiocns were begun to procs=ss the mu.tispectral scanner data using
tie program CANAL (canonical anaiysis) developed by the Office for Remote
Sensing of Earth Rescurces (ORSER) .1 This procedure, with the subsequent
analysis followed by a transformaticn of the data using the canonical
transformation matrix generated by CANAL, was intended to accomplish the
following:

imprcve the classiflcation;

reduce the bulk of the aata; and

increase <ur knowledge ¢rf the impourtance of the information
contained in each band for classificaticn of different targets.

W N =

PROCEDURE

The first step in the proceszs was tc cbrain specific statistical infor-
mation for each of rhe 22 gignatures This necessitated selection of perma-
nent training areas The training zreas for each signature were defined by
producing classificacricn maps using each of the 22 original signatures as a
category and then selecting the zreas in which only that signature was
mapped. This was zccomplished for s..1 but one signature (#15-urban), which
occurred in blocks toc emall to be ~ealistically defined as training areas.

The remzining permanent training areas defined as above for the 21
signatures were then proceszsed by the progrem STATS. The folicwing infor-
mation was obtained for each of the signatures:

1. New s1igna:ures - These were obtained trom the statistics of
the permspen” trairing ereas. As was expected,these varied
very litrle tzom the criginal signarures ueed in the cliassifi-
catisn maps riom which the training areas were selected.

‘See ORSER-SSEL Te:zhnical Repores 10-75 or 1i-75 tor descriptions or
OKSER programs



2. Histograms for each band - These were to check for a normal
distribution of each signature and to insure that the training
areas were correctly defined.

3. Variatize-covariance matrix of mean result of each channel -
This is an essential input for CANAL.

4, Number of observations in each training area - gain essential
for CANAL.

Once the signatures, number of cbservations, and variance-covariance
matrix for each of the signatures were completed they were used as input
to the CANAL program.

Canonical, or mulriple discriminant, analysis generates a linear trans-
formation matrix C*. The transiormation is of thz form

= *
Yij C xij
where, in this case, is a sixteen channel raw Skylab element and Yij
is a three axis transfoimed element. The object is to maximize the
separability of the categories. This is done by maximizing the variance
among categories subject to the constraint rhat the axes be orthogonal.

In addition, the transformed ¢lements must have unit variance within
categories. This may or may not reduce the variance within the category
relative to the untransformed data. For Skylab and most other remotely
sensed data,.he transformation will usually reduce within-category
variance. Tc the extent that it ozcurs, this raduction of within-category
variance, coupled with the thecretically predicted maximum in among-
category variance, constitutes a partial classification of the data.

RESULTE

The original transformation matrix, C, had sixteen axes. However, the
first three axes contained 98.83% of the variance contained within the
transformation. The values for axis one, two, and three were 83.61%,
14.49%, and 0.72%, respectively.,/Th&refo:e, only the first three axes were
used in transfcrmation C*. Used in this way, fthe canonical transformation
is a form of feature selecticn, since it means that data having sixteen
spectral values for each pixel is transformed to data having only three
values for each pixel.c/The result was an 81.25% reduction in data bulk.

It is expected that using transformed data for classification will result
in significant reductions in compu‘er cost.

Table 1 iists the axis-to-chamnnel correlation for the first chree
axes from the CANAT. run. As can be seen, the highest correlaticns for axis
1 occur fecr chanuel: 8, 9, 10, 19, 20, 12, and 17. Axis 2 (orthogonal to
axis 1) has the highest axis-tc-channel cc:ralation for channels 1, 2, 3,
4, 5, 6, 12, 13, and 14. Firalily, axis 3 (crthogonal to both axis 1 and
axis 2) is highly correlated with zhannel 21 only. Although this axis
contained only 0.72% of the total variance, it was decided to include it
in the transformation simplv because of its high corvelation to the single
thermal band.
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Table 2 lists the transformation matrix C* used in the transformation
formula to transform the sixteen channels intc three axes.

Having developed the transformation mat:ix and analyzed the resulting
correlations, work to eva.usare the classiticaticn, now possible using the
transformed data, has begun. Hopefully, by knowing which channels are
highly corcelated tc each axis and by observing the ability of the indi-
vidual axis to map certain targets, we should get a better understanding
of the importance of each individual band in mapping various target types.
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