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ABSTRACT

SKYLAB multispectral scanner data, digitized SXYLAB color
IR rhotography, digitized SKYLAB black and white multiband
photography, and Earth Resources Technology Satellite (ERTS)
multispectral scanner data collected within a twenty-four hour
time period over an area in south-central Indiana near Blooming=-
ton on June 9 and 10, 1973, were compared in a machine-aided
land use analysis of the area.

The overall classification performance results, obtained
with nine land use classes were 87% correct classification using
the "best" 4 channels of the SKYLAB multispectral scanner, 80%
for the channels on the SKYLAB multispectral scanner which are
spectrally comparable to the ERTS multispectral scanner, 88% for
the ERTS multispectral scanner, 83% for the digitized color IR
photography, and 76% for the digitized black and white multiband
photography.

The results indicate that the SKYLAB multispectral scanner

data was degraded by noise problems and that the digitized black

#*This work was supportcd by the National Aeronautics and Space
Administration under Contract lo. NAS 9-13301.
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and white multibanc photography was degraded by "flare" around a

lake in the infrared frames.

INTRODUCTION

The infrared region has long been recognized as an important
region of the spactrum to be atilirzd for remote sensing of the
environment by a large variety of disciplines as geology, fores-
try, water resources, crop studies, and land use studies. The
energy reflected and emitted from the earth in the infrared and
visible region are collected by two primary techniques--photogra-
' phi~ emulsions and multispectral scanners. The resulting imagery
can be interpretted by visual techniques or if in a digital format
by a computer using pattern recognition techniques.

Multispectral scanners sample the energy in different regions
(termed channels) of the optical spectrum as a mirror scans the
scene. The optiecs ancd detectors determine the spectral windows
of the individual channels. The energy levels for each channel
are -tored in either an analog or a digital format on a magnetic
tape to form a multispectral data set. Multiemulsion photography
(as colur IR film) and multiband photography (combination of dif=-
ferent cameras, films, and filters) are also used to form multi-
spectral data sets.

This particular study compares four multispectral data sets
acquired within a 24 hour time period on June 9, and June 10,
1573, over an area in south central Indiana in a land use analy-
sis of the study area (see fig. 1). The data sets were acquired

by the 4 channel multispectral scanner (MSS) on the Earth Resources
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Technology Satellite (ERTS), the Earth Resource Environmental
Package (EREP) 1l3-channel MSS on Skylab, the color infrared pho-
tograhy from the EREP camera system, and the black & white multi-
band photography from the EREP camera system.

The study area was centered around Lawrence County and parts
of the surrounding counties in south ecentral Indiana, an
area covering approximately 147,000 hectares. The land is roll-
ing with around 140 meters of local relief and a variety of land
use categories~-a lake, a river, forests, agricultural fields,
residential, and commercial areas.

This study used the IBM 360 model 67 computer at the Labora-
tory for Applications of Remote Sensing (LARS) at Purdue, the MSS
data sets and the digitized photographic data sets to classify
the study area into twelve land use classes which correspond to
those suggested by Hardy, Anderson, and Roach [11l: new residential,
old residential, commerc¢ial-industrial, extractive, light soil,
dark soil, grass, sparse wood, deciduous forest, coniferous for-
est, river, and lake. For analyzing the results, the new and old
residential classes were considered as one class, as wére the
light and dark soil classes and the sparse wood and deciduous
forest classes. These pairs of classes were combined because of
the difficulty in deciding where one class ended and the other
one began.,

The classification process used the pattern recognition
algorithms that have been implemented on the computer at LARS in

a software package called LARSYS [Ref. 2,3]: The procedure con-
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sisted of choosing fields or areas to represent each of the 12
classes listed above. These t.raining fields rePresenting around
«3% of the study area were scattered throughout the study area.
The same ones were used for each of the four data sets. The pos=
sibilities for training fields were somewhat limited by clouds in
the ERTS MSS data set. The training fields were evaluated using
a clustering routine to find if further division of the 12 classes
were necessary so0 that the resulting spectral class represented
unimodal distributions. Under the assumption that the samples
for each spectral class were normally distributed (Gaussian), the
n-dimensional mean vectcr and the n X n covariance matrix were
computed for each class where n represents the number of channels
of spectral information in each data set. The mean vectors and
covariance matrixes were used in the actual classification routine
which uses the Bayes maximum likelihood classification rule with
the a priori probability of occurance for each class being equal.
A modified divergence was used to select the "best" set of
4 out of the 1l usable channels in the SKYLABR MS8S (S192) data set
(a feature selection routine) and to obtain a measure for the
separability of the classes in each of the data sets. Divergence,
a measure of separability between two density functions which
represent two land use classes, for n spectral channels Cl’ 02,.u.cn
assuming normal wvariables is given [4] by Eq. (1)

1

. _ - -1
D(lBj}Cls Cz’coacn) = tr [(Ki"Kj) (Kj - Kj )]

+1/2 tr L™+ kT qng-ng)
T
;1" (1)
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where M and K represent the mean vector and covariance matrix
respectively; tr [A] (trace A) is the sum of thg diagonal ele-
ments of A. A modified form of divergence DT’ termed transformed
divergence, was used in this study because it behaves more like

the probability of correct classification [3]. See Eq. (2).

Dp = 2000 [l-exp(~D/8)] (2)

Transformed divergence was extended to a multiclass case to
choose the "best" 4.channels in two separate ways. The average
taken over all possible class pairs was maximized and the minimum
transformed divergence of all possible class pairs was maximized.
There is no guarantee, however, that either of these methods are
optimal. The selection of 4 channels for the classification was
done to reduce computer costs and to find if the channels selected
inecluded any spectral bands not available in the other data sets.

The products obtained in the study include the transformed
divergence measures for the separability of each pair of classes
in each data set, the classification maps, and the classification
performance results, The classification performance results were
obtained by selecting six test areas scattevred throughout the
study area representing the classes under consideration. The
underflight photography was projected onto the classification map
of these test areas and a point by point check of the classifica-~
tion was done. The total test area represented 3.5% of the study
area or approximately 5,150 hectares. (The test areas are cutlined

in fig. 13.)
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INSTRUMENTS (PLATFORMS) USED IN STUDY

Ground observations consisted of spectral data acquired oven
Lake Monroe at the time of the Skylab overpass £y a field spec-
troradiometer system (described elsewhere in this issue). Spec~
tral data was also acquired over the Purdue Farm near Qolitic,
Indiana following the overpass. A pyroheliometer system monitored
the solar irradiance for saveral hours throughout the day.

At 14:39 GMT on June 10, 1973, an aircraft (flown by the
Environmental Research Institute of Michigan, ERIM) acquired 12
channel MSS data and photecgraphy over a north-south strip over
Lake Monroe 1520 Mm. above the ground. The 12 channels cover a
wavelength range from .41-11.7 um, 8 visible channels, 3 infrared
channels, and 1 thermal or far infrared channel. The photography
from the aircraft consisted of 24,1l em. (9.5 inch) black and
white transparencies and prints (see fig. 2}, 70mm color and color
IR positive transparencies.

At 16:30 on June 10, 1973, @ WB-57 high altitude reconnais-
sance aircraft (flown by the National Aeronautics and Space
Administration) acquired photography along the track of the Skylab
pass across Indiana and a north~-south strip across Bloomington,
Lake Monroe, Bedford, and Mitchell at an altitude of 18,300 m,
(60,000 ft)., The photography consisted of 24.1 cm (9.5 inch)
color and color IR positive transparencies (see fig. 3), 70 mm
color, color spectral IR, and % bands of black £ white positive

transparencies,
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On October 24, 1973, a Cessna 310 (operated by LARS) flew
the portion of the study area that is in Monroe‘County at an
altitude of 2,120 m. (7,000 ft.) acquiring 70 mm color and color
IR positive transparencies.

At 14:26 GMT on June 10, the Skylab space station flew-over
the test area at an altitude of 440 km., The weather conditions
were excellent; the sky was clear and the air was calm. Data
was utilized from 3 of +he 5 Earth Resources Experiment on
Skylab: photographic, spectroradiometric, and MSS data [51].

The photography was acquired by the S190A and 5190B experi-
ments on EREP., The S190A experiment is an array of 6 cameras
with high precision £/2.8, 21.2° field of view, 153 mm (6 inch)
focal length lenses obtaining 1:3,000,000 scale photography.

The film products (see fig. 4 and 5) include 70 mm color, color

IR, and 4 spectral bands of black and white transparencies (.5-.6, 6=
«Ts «7=e8 & .8-.9um). The film types and ground resolutions of

the S190A photography used for this study are given in Table 1.

The S190B photographic camera (Earth Terrain Camera) has a f/4

lens with a focal length of 458 mm (18 inches) obtaining 1:80,000
scale photography. The film products were 5" color positive
transparencies.

The S191 Experiment of EREP is the spectroradiometer. The
spectroradiometer scans the ground target spectrally from .39~
2.5 um and 5.82 to 15.99 um. The field of view of the instrument
is one milliradian or approximately 564 meters on the ground. The

radiation is collected by a 254 mm (10 inch) primary mirror.
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Table 1

S190A Film Characteristics

Dynamic Resolution

Wavelength (um) Film Filter* On the Ground (m)
0.,5~0,.,6 PAN-X BEW (S50-022) AA 30
0.6=0.7 PAN-X BEW (S0-022) BB 28
0.7-0.8 IR- BEW (EK 2424} ccC 68
0.8=0.9 IR BEW (EK 2u2u4) DD 68
0.5-0.88 IR Color (EX 2u43) EE 57

#As designated by the EREP INVESTIGATORS' INFORMATION BOOK

The multispectral scanner (the S192 experiment) on Skylab
has 13 channels which cover the wavelength range of .41 um to
12.5 um, 5 visible channels, 7 infrared channels, and 1 thermal
infrared channel (see Table 2). The incoming radiant energy is
collected by a 432 mm (17 inch) spherical colleecting aperature.
The radiation in all 13 bands are focused onto HG:CdTe detectors,
The multispectral scanner has a conical line scan with an instan-
taneous field of view (IFOV) of .182 milliradians or 79 m sq.
ground coverage. The total field of view is 68.5 km. on the ground.
At 15:59 GMT on June 9, the Earth Resources Technology Satel-
lite (ERTS) acquired multispectral scanner data over the test
site at an altitude of 933 kim. The multispectral scanner on ERTS
consists of 4% channels, 2 visible, and 2 infrared which cover a
wavelength from .5 um to 1.1 um (see Table 3). The multispectral
scanner on ERTS has a rectilinear line scan with a total field of
view of 185 km. and an IFOV of 79 meters sq. The detectors for
channels 1, 2, and 3 are photo multiplier tubes (PMT) and the

detectors for channel 4 is a silicon photo diode.
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Table 2
SKYLAB MSS (8192) Spectral Bandwiths

Channel Spectral Bandwidths {(um)

1 ol‘l'l" 046
.'45- ¢51

3 .52- '56
L .56= .61
5 .62- .67
6 .68=- .76
7 «78= .88
8 .98= 1.08
8 1.09- 1.19
10 1.20- 1.30
11 1,55~ 1,75
12 2.10- 2,35
13 10.20-12.50

Table 3

ERTS MSS Spectral Bandwidths

Channel Spectral Bandwidths (um)
1 05"" 06
2 .6‘- .7
3 .7- -8‘
4 «8<1,1

ANALYSIS 0f MULTISPECTRAL DATA SETS
Photographic Data Analysis

The EREP's S190A film products from Skylab used for the
analysis were 2nd generation contact positive transparencies made
from the 70 mm original. The original color IR transparency was
duplicated onto Kodak Ektachrome Aerographic Duplicating Film

S0-360 by Kodak Rainbow or Cclorado Continuous Contact Printers;
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Versamat 1811/Ea=-S Process. The 70 mm original Kodak S0-022 and
Kodak 2424 were duplicated onto Kodak Fine Graip Aerial Duplica-
ting Film 2430 and %.dak Aerographic Duplicating Film 2420 pe-
spectively. These duplications were done on a Kodak Niagra
Continuous Contact Printer by the Fultron or Versamat/MX 641
process.,

These 2nd generation 70 mm color IR, and the 4 black and
white positive transparencies were digitized by Mead Technology
Laboratories at Dayton, Ohio, The instrument used was a modified
Fairchild Scan-A-Color Model 4 drum scanner. The instrument has
been modified so that its spot size could be reduced to 12.5 um
and 25 um from the original 50 um.

The 70 mm color IR transparency was separated and digitized
using a 25 um aperature and a 20 um sampling interval. The method
used was to scan a line with a Kodak 92 filter to separate the red
layer, repeat the scan with a Kodak 93 filter for the green layer,
and scan again with a Kodak 94 filter for the blue 1éyer. The
scanner was then stepped down a line and the process was then
repeated. The 25 um aperature corresponds to approximately 68 m.
on the ground, the sampling interval to 55 m. The same aperature
size and sampling interval were used to digitize the 4 70 mm
black and white transparencies; filters were not used.

The binary calibration of the scanner was done such that
the binary was set to 0 when there was no attenuation of light
on the glass drum and the binary was set to 255 using the dark
area between the frames of the imagery. The calibration for the

color IR image was performed through each of the three filters.
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The digital tapes from Mead were then reformatted at LARS
to be compatible with the LARSYS software for the classification
routines used in the analysis. The digitization of the color IR
film produced a 3 channel data set (see Table 4 and fig. §) to
be used the same as the MSS dats sets. The three channels were
registered quite closely, because of the technique used to digi-

tize the frame.

Table 4

Spectral Bandwidths for the Digitized
S190A Color IR Data Set

Channel Spectral Bandwidths (um)
1 .52"‘058
2 .58-.68
3 .88"'088

*There is actually some overlap between the channels because of
the dye characteristics of the film.

The 4 black and white digitized frames had to be registered..
A 1100 line by 1100 column area (test site included) of the
original 3,000 lines by 3,000 columns for each of the 4 frames
were registered. Around éixty points evenly distributed across
‘the area for each of the frames weve chosen as common points.
The 4 areas were then registered with the help of the computer
by a LARS registration program which uses a 2nd order 6 coefficient
polynomial least square fit so that a 4 channel data set was pro-
duced (see Table 5 and fig. 7). The registration of the two
visible channels and the registration of the two infrared channels

are within a pixel, approximately 40 m. The registration between
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the visible and infrared channels is within 2 pixels. The reg-
istration between the visible and infrared channels was difficult
because of the differences in the resolutions of the two types

of film--approximately 30 m. on the ground for the visible and

70 m. on the ground for the infrared.

Table 5

Spectral Bandwidths for the Digitized
S190A BEW Multiband Data Set

Channel Spectral Bandwidth (um)
1 ¢e5=.6
2 .5--7
3 -7"'.8
l} nB"eg

The training fields were selected as mentioned before for
both the 4 channel and 3 channel data sets for each of the 12
classes. The areas were first clustered and refined as explained
previously. In clustering the individual classes for the 4 chan-
nel data set, three separate spectral classeg of deciducus forest
were recognized, two spectral classes of old residential and one
spectral class for each of the other classes. Fo» the 3 channel
data set one spectral class was recognized for each land use class.
One of the three spectral classes for deciduous forest in th: 4 chan~
nel data set occured near Lake Monroe because of a gradual change in
response from the lake to the forest in the two infrared bands
rather than a sharp change as indicated by the infrared band in

the color IR data set. The infrared response of this spectral
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class of deciduous forest wats lower than the spectral class for
coniferous forest. This phenomenon will be discussed later.
Another spectral class represented a transition between the dense
forest (the third spectral class) and the sparse wood class. The
training field for this spectral class was from a forested area
near Bloomingron. The two spectral classes for old residential
were actually close to each other; however, one was very close

toe the spectral class for river so that it was decided best to
keep the two classes separate rather ‘han combine them to help
separate the river froﬂ?gesidential.

The classification performance results (see Table 6 and fig.
8 and 9) show that for the classes considered the digitized color
IR data set did better overall than the digitized black and white
multiband data set. This was in part due to an areaaround the
lake which was assigied to the coniferous class instead of the
decidqous class and to some of the points around the edge of the
lake ﬁhich were delineated as commercial-industrial instead of
lake. Also many data points in the bare soil and the residential
areas were incorrectly classified as river.

The misclassifications around the lake are due to the
gradual change in response or fuzzy boundary between the lake and
the forest as mentioned earlier. The indistinct boundary or
"flare" is noticeable in the two original infrared photographic
frames (see fig. 10). This anomaly is similar to the well

known phenomenon in photography when one photographs bright
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objects on a dark background. ‘Flare” occurs at the edge of the
object in the photograph because of the high cpntrast. The
brightness level of the object is reduced along the edge and
that of the background is raised.

In this particular case, there is a high contrast between
the lake (low response) and the forest (high response) in the
two infrared bands which have been filtered so that the film
was not exposed to the energy in the visible spectrum. In the
color IR frame the dye layer most sensitive *o infrared was also
exposed to energy in the visible spectrums so that the contrast
between the lake and the forest was lower; therefore none or
little "flare" occured. It is suspected that the "flare" was
caused by internal reflections in the lens system of the camera.

Because of the small aperature used in digitizingthe film
(compariable to the resolution of the infrared film), the drum
scanner measured this "flare" arcund the lake, giving a false
indication of the actual infrared response of the lake (higher)
and the forest (lower) near the boundary of the two. The spec-
tral class of deciduous forest trained near the lake did repre-
sent the deciduous forest data points nearest the lakej; however,
there was a band of data points outside of this one which was
nearest the spectral class for coniferous ferest. Those data
points representing water near the edge of the lake were nearest
the spectral class for commercial-industrial areas because of the

higher infrared response.
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The delineation of those points in the bare soil and resi-
dential areas as river was probably due to a poor training class
for river. Because the four frames making up the four channel
data set were digitized separately, the centers of the resolution
elements are probably not the same. When registered to the near-
est point, the centers may still be off a maximum of 40 meters.
Since the river is rather narrow, one to two data points wide,
the training class for river probably didn't represent the true
spectral nature of the river.

If ‘+the test area which includes the lake is left out, the
overall performance of the two data sets for the five remaining
test areas are much closer-77% correct classification for the
digitized multiband photo;-aphy and 80% correct classification

for the digitized color IR photography.

Table 6

Classification Performance Results
(Percent Correct)

. SKYLAB MSS 4 Band
Class 3,7,8,11 3,5,6,8 ERTS MSS Color IR BEW
Residential 97 8l 97 91 84
Commercial 73 32 61 76 48
Extractive 51 59 61 32 34
Soil 87 78 83 67 78
Grass 95 86 93 82 69
Wood~Deecid. 81 80 86 84 77
Coniferocus 99 68 g5 85 43
River 87 27 77 16 64
Lake 89 86 86 98 93
Overall (by points) 87 80 88 83 76

Class Average 84 66 82 70 65
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SKYLAB Multispectral Scanner (S192) Data Analysis

The quality of the MSS data from Skylab frpm a visual obser=-
vation was good to poor (see fig. 11). Channel 1, ,4l-.b44 um,
was of no use. 'The atmospheric scattering was so great that the
scanner saw just the atmosphere in this band. The noise varies
from channel to channel with channels 3, 7, § 11 appearing to be
the best from a visual point of view. The thermal band (channel
13) was not received in this data set from the Johnson Space Cen-
ter,

The same training fields as used in the digitized photography
described earlier were selected from this data set to represent
the 12 classes. Clustering indicated 13 spectral classes, two
spectral classes of lake. The 2nd lake class represented those
points in Channel 12 which were anomalies, saturated data values,
probably occuring in the processing of the original data.

A separability measure as described earlier was used to choose
the best 4 of the eleven usable channels. The set of 4 channels
having the highest minimum transform divergence for all pairwise
combinations was chosen. The average transformed divergence for
this combination was only one less than the combination with the
highest average transformed divergence. The optimum channels as
given by the transformed divergence measure included the three
channels which appear to be the cleanest visually. A classifi-
cation was also done using the channels of the SKYLAB MSS data
set which correspond as near as possible to the channels on the

ERTS MSS.
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The test areas for computing the classification performance
results were selected to match those used in thg digitized pho-
tography. The results are given in Table 6 (also see fig. 12).
The individual class performances and hence the overall perfor-
mance of the channels 3,5,6,8 classification were generally
lower than the channels 3,7,8,11 classification. The difference
is probably due to two reasons--the difference in information
content of the channels and the difference in the noise of the
channels. Channels.5 and 6 appear visually to be noisier than
channels 7 and 1l. In the 3,7,8,11 classification all classes
except the extractive and the commercial-industrial class were
separated quite well. The extractive class includes the lime=-
stone quarries in the study area. There is a large variance in
the quarries, some with no vegetation and some older ones with
trees scattered around the water in the pits. The trees and
water made some of the quarries hard to delineate with the train-
ing fields that were used. The commercial-industrial class was
confused with the dark soil class. This pair of classes had the
lowest transformed divergence measure separating them.

In the 3,5,6,8 classification, the commercial-industrial
and the extractive classes were again not well separated. In
addition to those classes, the river class was confused with the
residential, commercial-industrial, and the dark soil classes.
The coniferous class was confused with the sparse woodﬁ class.
In all of the cases, the divergence measurements between the con-
fused classes were significantly less than in the 3,7,8,1i

combination (see Tables 9 § 10).
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To obtain a handle on the noise in the data, the mean and
standard deviation of the data values for each pf the eleven
channels were computed for four separate areas and the total of
the four areas (189 data points) in the deepest part of Lake
Monroe (greater than 6 meters) and well away from the shore {(at
least 150 meters). The means and standard deviations of the 4
separate areas were in close agreement. The lake was chosen
because it would have the most uniform spectral response of any
scene in the study area. It should be noted that the spectral
response of water does vary with such factors as turbidity; how-
ever, the areas were selected to minimize these effects. Two
measures were used to obtain a representation of the noise level
in the individual channels~-the standard deviation and the
standard deviation divided by the mean (see Table 7). Three
(3,7,11) of the four channels (3,7,8,11) selected as the optimum
set of four by the transformed divergence measure were ranked
in the top 3 by the data spread measure and in the top four if
one considers the standard deviation measure. This indicates
that the noise level of the data may have had a bearing on the
channels selected for the optimum classification performance.

Also the two "quality"measures, the standard deviation and
data spread measures, seem to indicate that channel 8 is an
important spectral band to complement channels 3,7, and 11 for
this set of data and classes, Even though channel 8 ranks 6th

and 8th in the two quality measures, the channel is still chosen
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Table 7
Data Quality Measures
Obtained fvrom a Portion of Lake Monroe

SKYLAB MSS (S192)

Channel Mean Std. Dev. Data Spread*(x10~3)
2 98.93 6.4 65.
3 53, 34 3.39 6h4.
4 4,85 3.95 88.
5 36.35 3.47 a5.
6 34,73 4.63 133.
7 2.86 1.90 hi.
8 38.68 3.64 gy.
9 33.21 2.79 84.

10 49.43 4,11 83.
11 Wy,57 1.84% h1.
12 3.48 3.92 1,111.
ERTS MSS
1 66.00 1.58 2L,
2 43,26 1.54 36.
3 32.16 2.58 80.
I 19.80 2.56 130.

%Std, Dev./Mean
to be one of the best 4 bands to use. The transformed divergence
measure of the separability of classes using just one channel
also indicates that channel 8 is important. (See Table 8). Chan~
nel 8 ranks 3rd after channels 11 and 10 for the highest average
transformed divergence of all class combination.
ERTS MULTISPECTRAL SCANNER DATA ANALYSIS

The ERTS MSS data collected the day before was also classified
using the same training areas to represent the classes used. The

quality of the data for the study area was good except for one bad
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Table 8

Separability of Classes
Using One Channel

Transformed Divergence Average

Channel of 77 Class Combinations®
11 1588
10 . 1476

8 luul
9 1394
7 1375
g 134y
12 1289
3 1273
5 9490
) 9y 7
2 868

%2000 is maximum value of separability.

data line and clouds in the south-eastern part of the area (see
fig. 13). Because of the clouds, it was not possible to obtain
a good representative commercial-industrial class from Bedford,
so the training field for this class was taken from Bloomington
45 km. to the north, A class for clouds and a class for cloud
shadows were used in this classification; however, these classes
were not considered in the evaluation. The clustering procedure
indicated that none of these classes needed to be divided to
obtain unimodal distributions for each spectral class. All four
channels were used for this classification.

The same six test areas were selected again and the same
procedure as stated before was used to obtain the classification

performance results (see Table 6 and fig. 14). The overall
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classification performance was good-88%. The worst cases were
the commercial-industrial, the extractivq,and the piver classes.
The commercial-industrial class was confused with the light soil
class. The river class was confused with the commercial~industrial
class. The transformed divergence between these pairs of classes
were some of the lower ones in the sets.

The same measures used for the SKYLAB MSS data set to obtain
a quantitative handle on the noise quality of the data were used
for the ERTS MSS (see Table 7). The four areas were selected to
match those used in the SKYLAB MSS as near as possible; the means
and standard deviations have been corrected to match the quantiza-
tion level used by the SKYLAB MSS. (The quantization level of the
SKYLAB MSS is 256, that of the ERTS is 128 for channels 1,2, & 3
and 6% for channel 4}, The two visible channels in the ERTS MSS

by these measures are not as noisy as the infrared channels.

SUMMARY

In comparison of the classification performances for the four
data sets, the overall performance for the MSS data sets were better
than those for the digitized photographic data sets. The clas-
sification performance of the digitized color IR data set was
better overall than the digitized black and white multiband data
set. Also the overall performance for the "optimum" four channels
in the SKYLAB MSS data set was essentially the same as that for the
ERTS MSS data set. However, when the four channels in the SKYLAB

MSS which most nearly correspond to those in th * ERTS MSS were used



to classify the study area, the overall performance for the
SKYLAB MSS data set was significantly lower thaﬁ?%or the ERTS
MsSs.

The difference in the performances for the ERTS MSS and the
ERTS simulated SKYLAB MSS may be due to the different noise
levels of the two MSS sets as well as the possible difference in
information content of the two sets since the spectral windows of
the four channels don't match entirely. In comparison of the data
quality measures for the two MSS sets (see table 7), the standard
deviations for each of the channels in the ERTS MSS are lower than
those for the corresponding channels in the SKYLAB MSS., If the
data spread measure is used, three of four E..TS MSS channels are
better than the corresponding SKYLAB MSS channels. These measures
indicate that the SKYLAB MSS is noisier than the ERTS MSS and they
also suggest that one must be careful in concluding that one spec-
tral band is better than another for delineating different classes
since the decision may be biased by the noise content of channels
introduced by the ¢, tics and electronics of the scainer. More work
needs to be done to obtain a better quantitative comparisoniﬁhe
noise in the two MSS.

For this study the expected gains from the better spectral
resolution of the mﬁltiband photography were apparently offset
by the problem of "flare" around the lake in the infrared spec-
tral bands and the inability to spati aliy register the four bands
exactly. 1In other areas and/or different uses of multispectral

data these problems may not be significant. As has been reported



in other studies [6,7], there seems to be little difference in
digitized multiemulsion and multiband photography. A useable
digitized multiemulsion photographic data set however is much
€isier to obtain than a digitized multiband data set since the
registration process is not needed.

In comparing the individual class results, there is one
case where the addition of a middle infrared channel helped sig-
nificantly in the classification, in delineating river from
commercial-industrial and dark soil., The classification results
for the river class was significantly higher in the channels
3,7,8,11 combination than for any other data set. The interclass
transformed divergence measures for the separability of these two
combinations were the highest in the channels 3,7,8,11 combination
(see Tables $-13). In the ERTS and SKYLAB MSS data sets, the
transformed divergence measurements using iust one channel indi-
cates that the middle infrared spectral bands (channels 11 § 12)
for the SKYLAB MSS are the only channels to give a separation
better than 1§52 for the two ccmbinations being considered. This
was born out of the classifications; if a middle infrared chan-
nel was not used,; there was much confusion separating river from
commercial~industrial and dark soils. Caution must be taken when
comparing the MSS data sets with the digitized photographfy data
sets because of thé difference in the ground resolution of the
two and the rather narrow river. The digitized color infrared
photography separated the river from commercial-industrial and

dark soil better than the ERTS MSS and the digitized multipand
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photography but did a much poorer job separating river and old
residential.

Many of the classifications errors in all the data sets
are due to boundaries where the resolution elements consisted
of the energy from two different classes. Around Lake Monroe the
averaging of the water and the forest results in a resolution
element most similar to the coniferous forest or the commercial-
industrial classes. Also, around the light soil areas adjacent
to grass, the averaging of the two classes results in resolution
elements most similar to the new residential class and light soil
areas adjacent to forest cover results in resolution elements most
similar to the old residential. The boundary classes may be
separable from the classes they were assigned to; however, this
point wasn't examined in this study.

It is also believed that the difference in the size of the
resolution element for the MSS's on ERTS and SKYLAB and the
digitized photography had had a bearing on the classification per-
formances, Because of the smaller resolution element for the
digitized photography (see Table 1h4) each field is represented by
more data points. The ratioc of the number of interior data points
to the number of boundary points is greater for the digitized
photography than for the MSS data. This may have been a help in
the overali classification performance. As an example, for the
lake class the digitized photography did better than the MSS data
sets. This 1s misleading because the reason for the difference in

performance is the greater number of interior points compared to
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the number of boundary points. To put this point in another
perspective, it is felt that if ‘the photography‘had been digi-
tized for the same ground resvlution as that of the MSS's on
ERTS and SKYLAB, there would be a larger difference in the clas-

sification performances, This was not examined however.

Table 14

Ground Representation of Sample Elements

Data Set Sample Size (m‘) Area (hectares)
SKYLAB MSS (S192) 68x72 49
ERTS MSS 59x79 47
Color IR 57x57 «32
BEW Multiband 57Tx57 .32

This was not an optimum study in the sen$e that the best
classification performances were obtained. Using more of the non-
supervised classification approach [3] and creating each
set separately (not using the same training areas from set to set)
better performances may be obtained for some or all of the multi-
spectral data sets. Other spectral classes may probably be
recognized that were not in the training areas used in this study.

At this time, the SKYLAB MSS (S192) data is being "filtered"
at the Johnson Space Center to reduce the noise. When this has
been completed the analysis will be done again using the filtered
data set to find if there are any significant changes from the
original data set. Also, the thermal infrared channel will be
available in the filtered data set so that another important spec-
tral region can be examined. Further work should also be done

using other channel combinations.
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Black &t white reproduction of SKYLAB S1S0A color
frame that was digitized. Study area is in upper left
quarter of frame. The Ohio River runs along right e
of frame. Altitude-440 km.
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Fig. 5. SKYLAB S190A black & white multiband frames that
were digitized. Study area is in upper left
quarter of frame. Altitude-u440 km.
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Digitized SKYLAB S190A color IR multiemulsion data set

obtained from dipgital display
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dle row - enlargement of study
exact boundary of study area).
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Gray level coded classification of study area using
SKYLAB MSS data set. Nine land use classes rep-
resented: in order of increasing brightness-Lake,
River, Commercial-Industrial, Deciduous Forest, Res-
idential, Coniferous Forest, Grass, Bare Soil, and
Extractive. This is the Channels 3,7,8,11 class-
ification.
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Gray level coded classification of study area using [LRTS
4SS data set. Nine land use classes plus a cloud & cloud
shadow class represented: in order of increcasing bright-
ness-Lake, River, Commercial-Industrial, Decciduous Forest,
Residential, Coniferous Forest, Grass, Bare Soil, Cloud &
Cloud Shadow, and Bxtractive. Illorizontal line near top
was caused by a bad data linc in the original ERTS data.
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