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1. Introduction

Remote sansihg of the environment is rapidly becoming a
major area of research for engineers and geiertists throughout
the world. [1,2] Satellites and high altitude aircraft pro-
-vide ideal platforés from which eafth resources data may be
gathecred. The data is gathered in the form of sevérai spectral
images of a particular area of the earth under observation.
'BEach image represents the spatial distribution of electromagnetic
anergy as secn through a given spectral "window®". Information
about a particular area is obtained through the study of the
spatial and spectral variations of the data for that area.
Temporal variations are also useful, but aié ﬁot considered
in this study. A source producing data in the above manner

is defined to be a multispectral source. [3,4,5]

Due to the extremely large velumes of data generated by
a mulfi“pamtrai sour¢e three major problems requife attention.
The first problem is the potentially wide ban . width required to
transmit data from a remote sensor to a data collection center,
as in éatellite transmissions to & ground station. As the
quanfity'of data transmitted in a given amount of time increases,
so doés the required bandwidth.

The second prchblem is the increasingly large blocks of
time required for man/machine analysis of multispectral. data.
Even high-speed digital éomputers use reiatively large amounts

of time to process the volumes of data available.




The third problem is the actual physical storage of
multispectral data. The value of gathered data never vanishes
since one cannot always predict with certainty the future app-
lications of the data. Data libraries soon become unreasonably
large as the quantity of stored data increases.

The application of appropriate data compression techniques
to the data can significantly reduce the severity of the above
three problems. Data compression reduces the quantity of data
to be transmitted in a given amount of time and thereby de-
creases the required transmission bandwidth. Secondly, analysis
can be performed on the cémpressed data, or as is more probable
the data can be expanded to its original state (within a pre-
determined fidelity criteria) and then analyzed. Thirdly,
multispectral data can be stored in the compressed dtate, re-
sulting in more efficient data storage.

Since it is not possible to anticipate the needs of future
users of the data, it is important that any data compression
technique be information preserving. That is, the technique
should not destroy more than what has been determined to be the
maximum acceptablie information loss. In addition, the data
compression technique should be adaptive. It should be capable
of efficient compression of the several different kinds of
data (i.e., vegetation, desert, mountains, etc.) that a multi-

spectral sensor might encounter over changing terrain.



2. Description of the Data Source

The multiﬁpeétral source to be studied ie shown in
Fig. 1. The process g(x,y,)) is some measure of the spectral
energy at wavelength for'graund ragolution point (x,y). The
output sample space is the set of all vectors G in‘RK that are
obtained from the continuous stochastic proeess glx,y,A) by
discretizing‘fhe two spatial variables (x,y) and the spectral
variable (X).

The elements of § are assumed to be jointly normal. This
assumption is made for the mathematical simplifications it
allows. In addition, it has been foﬁnd experimantally that the
normal distribution is a reasonable appboximation for multi-
spectral data [6].

The output vectoer ¢ is then,

g tgl’gz°"°*gb:3t
whepa,

g = g<xi’ymt)‘n)

and X,5 Ygo and X , are the i-th, m-th, and n-th sample in
(%,¥sA). The joint distribution funetion is given by,

£(@) = C2nV ¥ || % expl-fg-U et (g-u) ]
where g in the N x N covariance matrix for G, and U i the mean
vector. It will be assumed thét U = 0 for the mulsidpectral
sourcé. This represants no restriction on the source since G
can :easily be forced €fo have zero mean by subtracting EQ The

The elements of G are, in general, correlated and successive

realizations of 9‘, may also be correlated.



Z2-1. Intrinsic Dimencionality
The multispectral source is also assumed to have some
(possibly unknown) intrinsic dimensionality [7,8] NI, where

r € N

The dimensionality Ny represents the N, functional parameters
K that characterize G. The continuous process g(x,y,X) ig
given by
g,y ,4,K)

where

]t
4
is the (random) parameter vector. Knowledge of the functional

form g(+) and the value of K is the minimum amount of informa-
tion needed to describe the data. For example, a gource having
a sample space consisting of the family of exponentials of the
form,

g(x,y,2,K) = ky exp(kzxyX)

has K = [kl,ﬁzlt and an intrinsic dimensionality NI = 2. Once
the functional from exp(+) is discovered, knowledge &of ky and
k, completely describes the source output. If g(x,y,k,K) is
sampled in (x,vy,\), as it is for the multispectral source, the
dimensionality of ¢, (i.e., N) will, in general, be much

greater than MI.

3. Rate Distortion and Data Compression
The multispectral source produces information at’a rate in
binary bits per output vector given by its rate distortion

function Ry (D). {91 The rate of the source Ry(D) is the mini-



mum number of Bits per output vector required to encode that
vecter such that the original source vector G may be reconstruct-

o
ed (C) within some fidelity criteria D. That is,

3

2»3')3"

Ry (D) = InfLI(G,¢
{P(G|@):d ¢ D}

where d is the distortion measure between and G, and

3]
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van by,

b

I (G, G) is the mutual information between

S
il
pe
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g

1(g,8) = Eflog, -ﬂi§~; bits

The distortion measure 1s-defined to be the expected value of

~
the square of the Euclidean distance between G and G,

&
d = E{]|g - &l1*}
and is called the mean square error (KSE). The percent MSE (%

MSE) is also defined,

%MSE - ,' d - ° 100

o,
= N

1

it 9

i
where ai* is the variance of g;, the i-th element of §.
The rate distortion function for the jointly normal multi-

spectral source is derived in [27] and is given parametrically

by the two equations,

Nz
R(e) =3I lo 9'2( )
i=1

N
ate) =2 A + N(ede
i=N{E)+1l




[e2]

whare,
31>A2>°°'>ﬁﬁ(s?>gzkﬁ¥a}+1’°°”>kﬁ
and the Ri’ iz1,2%.4+35N are the eigenvalues of the covariance
matrix C,
¢ = Elgg!

and ordered such that k1>k?>°“ﬂkﬁe The pate distortion function
for a highly correlated source i1ies below that for a source
having less correlation between vector elements.

Tf the multispectral source tends to exhibit clustering
in the output sample space the joint distribution function
is no longer normal and the actual rate distortion function
may lie below the RM(D) just discussed. [10] The degree to which
the rate is reduced depends on the gtrength of the clustering.
For source output clusters having different linear orientations
in RN and/or reasonably separated means, the reduction in RN(D)
i{s more proncunced.

The assumption is made that the multispectral source output
G is to be coded with a finite number of bits per vector element
(i.e., quantized). This assumption is made based on the fact
that practically all systems transmitting and analyzing the
data are of a digital rather than analog nature. Eill

Given that § is to be quantized, a transformation J(G) of
the source output is investigated in order to achieve rates
closer to RN(D). (See Fig. 2). TFor the class of linear trans-

formations & (@) is simply a matrix multiplication,



Y=TE86
o L
vwhere z igs an n % N matrix,

"o a5 t
T bty oty)

with
]t

gi k] [?i.,l’tigz’w"’tiqﬁ i*l,z,...,-n

and g is the vector,
Y = [Y19y2300-’yn]t

As a result of the transformation T() the vector ¥ is quantized
instead of G. (If T = I, the idéntity matrix, then G is
quantized.) The hope is that the total number of bits required
to quantize Y will be less than that required for G [ T(')=£]

to achieve the same MSE.

It is shown in [12] that the total MSE is composed of the sum

of two terms. The first is the error introduced by the quantizer,

« - - £ 2
dq = EUIIY - g*1i%

and the second is the error rasulting from the transformation
Je.

I - &1

d, = E{} _
i No Quantizetion

i of
1ET () = T, then de=0 for n=N since the reconstructor is simply
multiplication by T* {(only those matrices for which I is non-
singular {forn=N) are considered).

The rate associated with a particular transformation is the



total number of bits Myper transformed vector required to
achieve a given MSE distortion. Bit compression ratio is da-
fined as the vatic of the number of bits required to achieve a
& ‘ @ B N 13 3
given MSE with ¢ (-} = I, to the number of bits required to
achieve the same MSE with (<) ¢ I. It ie thereforve a measure
of the reduction in bits per source vector output. Each trana-
’ ; L of 4 2 s w3 s v
formation ¢ (*) has an associated bit compression ratio. There

igs, however, an intermediate comparison which is also of interest.
If the quantizer in Fig. 2 is bypassed, G is reconstructed

&

Idiveatly from ¥. The dimensionality of G is N, but the dimen-
gionality of Y iz n < N, 'Various transformations may then be
characterized by their sample compressian ratio, N/n. It is the
ratic of the number of elements in the source output vector §

to the number of elements in'z required to achieve a given MSE.
Different transformations may be compared relative to their
sample compression ratios. This compavison in intermediate since
it is possible éhat the bit compression ratic will not equal

the sample compressien vatioc.

4. Tranzformations for Rate Reduction

A linear, orthogonal matrix transformation is considered.
A complete set of orthonormal basis vectors in an n-dimensional
space of real numbers is‘selected. Each reaiization of the
multispectral scurce output G is projected onto this basis.

The resulting coordinates are the elements of Y in Fig. 2.



It is desirable that the‘choica of3(+) is suech that

the variances {average enargy) of the elements of Y are con=
contpated in ag few oooprdinates as possible., This packing of
variance provides a means of Paducing the number of coordinates
required to reconsiruact the arigiﬁél source output vector with-
in a given MSE distortion. Those coordinates having small var-
jances are eliminated. The corrasponding sample compression
ratio %5 given by N/n, and it is shown in £23] that the rasulting

MSE (for the linear orthogonal transformations) iz given by

the sum of the variances of the discarded vy i=zn+ln+2,....N.

AR

MSE = 0% 0,2 = E{Y,%}

jzn+l

The n~element vector ¥ is quantizad aﬁé assigned binary code
words acccrdirg to some mpascnable acheme. It is shown in [14]
that the quaniization evrror for the optimem uniform quantizer
il €optimamAiﬁ that ﬁg is minimized) for the i~th normally
distributed element of Y is given by,

»; - Y mi.'{f.
Es [ly; -~ yD21 = 0,2(1.76)72M

whare me is the number of hits assigned to yi. The problem of
cheosing the My s 12132500050 t0 minimize da subject to a total

bit constreint ﬁb :
Y{’ Egﬁ"ﬂ&&

I @:ﬁm Vit
b el

is consideved in (13]. The approximate soiuvtion is in the form

of an algorithm that cssigns the m; in a manner proportional to
2 .

in(qi

Another method of assigning bits to the y. is eimply to
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assign the same nunber of bits to each sample. The y; are

first normalized te have the same variance o? by dividing each
by ;i « The elements are then quantized usiag the same uniform
{possibly optimum) quantizer. The cptimum non-uniform quantizar

is not considoered. {14

k.1 The Optimum Linear Transformation

EBiver that € is to be mapped down to n < N dimensions by
a linear transformation, there exists an n x N transformation
matrix T called the sigenvector transformation (and reconstruc-
tion transformation Et} that is optimum in the sense that ii
minimize® the MSE between § and § when the quantizer is by-
passed (i.e., dq = 0)., [15, 16, 171
Thus,
It is shown in [15] that the n rows of T are the first n ortho-

normal solutions to the characteristic squation

c
e

ot
-t
k124

correzponding to the n largest eigenvaluas Al>k2>g..kp of the
N % N covariance matrix C of 6. The transformation ton < N

dimensions ig given by

It is shown in [15] (See also [24,253) that the alements of Y
&g

are uncorrelated and that-the variances of the n-aelements of Y
st
are given by the n Xi's, That is, .



Vap (yl) = Xl
Var (yg) = A,

The cowvariance matvix for Y ig then,
b

3 b

)
¥ A

Fe
The estimate ¢ of G is obteined from Y by the N x n transfor-

matiorn xt,

P

"5 A

with a correzsponding MSE given by

The distortion ereated by the expansion back to N dimensions
by the inverse eigenvaeotor traneformatdion is equal to the sum
of the N-n sigenvalues corpresponding to the N-n discarded yi's.

An interesting result is obtained by observing that,

@y

«3-.
=TT
s e

gay
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Dafine the N X N distortion matrix D,

e
D=TC T
ol e P
Thus.,
:& -
G s DG
ap a &

If T is N x N then D=I, the identity matrix, since T is an or-

S A

thogonal matrix. As the rank of T is preduced (i.e., as n+l)

the off-diagonal- elements of D become significant and [[G - G|}

[N

becomes larger. Unfortunately D is singular for n ¢ N and the

above equation cannot be solived for G.

5. Dxperimental Results

5.1 Linear Eignevector Transformation

The optimum transformation, the eignevector transformation.
has been applied to 12-channel (.4 um - 1 wm) multispectral da
imaged over predominantly agricultural areas in the Midwest.
The source is the sampled a.d quantized (€-bit uniform) output
of an airborne multispectral scanner. Typical flight lines aye
approximately one mile wide and from five to twenty-five miles
long. The number of data points available for processing from
a given flight line is on the order of 5 % 10° points.

In 2ll the results that follow, the bit compression ratio
is ideftical to the sample compression ratio in that the same
number of bits is assigned to each element of Y as were assigned

+o each element of G.

5.1.1 Spectral Transformation
The multispectral source was analyzed in two different

ways corresponding to the spatial and spectral nature of its
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output., First, the source is defined to emit statistically

for each ground resclution point.

(e

independent lZ%-element vector
The twelve elements of the output vector G are the 12 spectral
channel intensities for that point. The assumption that each
sucecessive § is independent of its predecessor ignores any
spatial correlations that might exist in the data.

The 12 x 12 spectral covariance matrix was estimated for
flight line C-1 (See Fig. 3) by averaging the product G QF

over the entire {light line,

N
c “‘%Yﬁ-‘ 6.6, T
b ) - gmy ~IML
where N5 % 1307 and
E{Q} =

The resulting correlation matrix is gshown in Fig. &.
Higtograms of the observations of three typical elements of G
are shown in Fig. §, The mean vector has not been ‘subtracted
out in the histogrammed data. Some elements exhibit rather
non-Gaussian shaped dictributions, and indication that the multi-
variate normal assumption for the vector elements is truly an
approximation.

The eigenvalues and normalized eigenvectors for ¢ were
computed using the IBM subrouting "EIGEN™, Tig. 6 is a list
of the eigonvestors and elpenvalues ranked such that

ll >A2 P ews >An

Also shown in Yig. 6 is the cumulative percent of the total
variance, the individual percent, and the resulting 3MSE corves-
ponding *¢ the n-ih eigeﬁvalue of C. It is evident that the
first three eigenvalues are the most significant in that they

account for 98% of the *rotal variance.



iy

.

This indicates that the (linear) intrinsic dimensionality of

-

the multispectral source defined in the above manner is app-

P

ref

i

ig. 7 ig a plot showing the relative am-

reximately NI : 3.
plitudes of the twalve eigenvalues of C.
The rate distortion function R, (d) for the twelve dimensional

vector scurce is shown in Fi;

£+ 8. It is evident from the curve
that only approximatasly thirteen bits per vector output G are
theorectically required to remain within a 2% MSE. This is
substantially less than the 12 x 8 = 96 bits per vector output
presently used.

The eigenvector transformation T is constructed from the
first n g 12 eigenvectors of C. Thus,

2 = [2152270 .,,gn]t

Each twelve channel vector G corresponding to a ground resolu~

tion point is then transformed by the matrix multipkication,

Y=1g
where
g
Y= [yys¥pseeesy.] n < 12
and
E{g} = 0
Also,
var(yl) = Al
var(y,) = A,
var(yﬂ) = A
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The n-element vector Y is then quantized using a {non-optimum)
cight~-bit uniform quantizer. For operational reasons, the mean
vector is set to [128,123,...,128}f, and thé variances are norm-
alized to 1024%. This is equivalent to adjusting the quantization
levels to fit within * four étandapd deviations of the original
distributions. Histograms of all twelve possible elemenfs of
Y are shown in Fig. 9. The elements of ¥ are also refered
to as the Principal Components of the original data vector ﬁ'
5.1.2 Feature Selection

Before the inverse transformation 2? is applied to Y
computer classification of selected areas of the flight line
may be carried out using the elements of z;as features.
[6,18,19]1 The classification algorithm used is one in which
the samples to be classified are assumed to belong to one of
several equally likely classes. Each sample vector is assumed
to have a multivariate normal distribution and is elassified
using a maximum iikelihood decision rule.

There are two major advantages in using the elements of
L as features as opposed to using some subset of the &lements
of the original twelve channel vector G. First, the Entropy
function defined over the variances of the selected features

X = [xl,xz,...,xnlﬁ

is minimized for X = Y. [19]1 That is,

min {H(X)} = HCY)
{XeR™)
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where

n
HK) = - ] jlog (o))
k=1

is the Entropy function and  is a "probability” measure dafined

on {Xi}n given by,
i=1
sz
pk Py ,
L oy
1=l
vthere

cjz = var(xj)

If variance is used as a neasure of the information content of a parti-

cular element of ¥, then the set of numbers {pk}§=1 is a normalized

n
(z B = 1) nmeasure of the relative importance of each Xy * The
i=1 :

optimum selection of a set of n features would be that set which

concentrates the p,'s on as few xj's as possible. The set,

{x} = {¥}

is the desired set of n features in that the Entropy function H(x), a
neasure of the spread of the pyg's, is ninimun.

The second reason for the use of Y as the feature vector for
classification is the ease in choosing which n < N elements of the

vector to use.
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If X is the original twelve channel vector G, the knowledge of
vhich n channels will be hest for classification is not alwavs
evidenf. However, if Y 1is the feature vector, the first n
elements are the best choices when variance is equivalent to
information content. Thus, the problem of featurc sclection

is simplified.

Classification results using the first three elements of
Y as features are corpared wvith the results obtained using the
“pest” four elenents of G in Fig. 10.

The twelve spectral images may be vievwed in the transformed
feature space Y by replacing the tvelve spectral channel inten-
sities with the twelve elements of Y. Several of these images
are shown in Fig. 11. It is interesting to note that the
images shown in Fig, 11 are uncorrelated. If the elements of
Y are jointly normal, then it is true that there is not informa-
tion overlap between images. That is, the mutual information

between image points is zero since,

Prob {resolution pt. from image in y; has intensity = I I
remaining 11 image resolution pt. intensities} =
Prob {resolution nt. from image in y; has intensity = I}

and there is no redundancy between images. A scatter plot of
spectral channel 1 and channel 2 (gl and g of ©) is compared to
that for y; and y3 of Y in Fig. 12, The linear correlation
between gy and g is quite evident, while vy and yj éxhibit little
correlation.

Coincident spectral plots for the transformed inmages are

compared to those for thc original data in Fig. 13.
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£.,1.23 Spectral Reconstruction
The inverse transformation is applied to Y by the matrix
multiplication,
=1y

where

Tt [91’92""'9n]t

L d

The fidelity of reconstruction is measured by the MSE between

o
g and G,
MSE = E{||g - §|(%}
N
K z A
i=n+l
or by the $MSE, N
Ay
4MSE = LSn¥l

* 100

N
2N
iz1

'Figure 14 is a plot of $MSE versus N/n for a particular flight-
line.

Classification of reconstructed data for various values of
n was carried out using the same features (channels), training
samples, and test areas as with the original data. The results
indicate that essentially no differences in classification
aceuracy are noticeable until the n=2 level is reached. At that

point a sharp drop in accuracy is encountered. Results are shown

in Pig. 14. This is in agreement with the number of signi-

ficant eigenvalues determined previously. (See Fig. 7)




19

5.1.4 Spatial Transfornation

The second method of analvzine the rultispectral source
ignores correlation existing in the spectral dimensions ())
of the data. The source is defined to emit twvelve indenendent
inages of a given area. The data fron a given image are arranged
in two different wavs as shown in Fig. 15, (from [20]). Data
in the form of one dimensional blocks ignores correlation exist-
ing in the vertical direction while data in the two dimensional
blocks does not. The block sizes actually used were such that
both methods included 190 data points. Thus, the one dimensional
blocks are a sequence of 100 horizontal scan line resolution
elements for a particular channel, and the two dimensional blocks
are ten horizontal resolution points by ten vertical resolution
points.,

Statistics based on nultispectral data in one dimensional
block form were computed for flight line C-1 and ar shown in
Fig. 16, The relative sizes of the eigenvalues of the 100 x
100 convariance natrix are nlotted in Fig, 17. It is =vi-
dent that only approximately the first ten to fifteen eigen-
values are significant in that thev account for approximately
95% of the total data variance. A plot of the first three eigen-

vectors is shown in Fig. 18, If =n=3, a weighted (y;, i=1, 2, 3)

v BB

surn of these three eigenvectors composc the approxination g
dotice that g; 1s eossentially a constant while e, and 23 begin
to reflect the horizontal variatiog that exist in the multispectral
data.

Data from flight line C-1 was transformed using the first

tventy-five eigenvectors corresponding to Aj,Xp,....,A35. Thus,
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# v

k1
¥
t X

where

E = [21’52" e » ’szs}t

Reconstruction of ¢ was accomplsihed using the inverse trans-
formation gt,

[

g=1"%

with a resulting $MSE given by

$MSE = 3.55%

A computer classification of the reconstructed flight line was

carried out and the results were found to be identical (90.1%

correct classification) to those obtained using the original data.
The second method of arranging the spatially correlated

data shown in Fig. 15 is superior to the method just discussed

in that it takes advantage of correlations existing in both the

horizontal and vertical directions. TFig. 19 is a plot of

the first column of the covariance matrix for data from flight

line C-1, arranged in the above manner. If the data were truly

stationary the plot would correspond to the source autocorrela-

tion funetion, The eigenvectors based on the 100 x 100 covariance

matrix were computed, with the corresponding eigenvalues shown

in Fig. 20. It again is evident that only approximatelﬁ

the first ten to fifteen'eigenvalues are significant, indicating

that N.,=l15,

X
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An interesting interpretation of the eigenvectors can be
made if the elements of ej> i21,2,...,100 are rearranged into
matrix form. That is, the first ten elements of &4 become the

first row of the matrix, the second ten elements become the
second row, and so on through 100 elements and ten rows. This

arrangement is shown below.

Ql elez & o6 ela

%2 ®11%12°° 20
e= |- Sl .

®100 ®91%02°* ©100

Each eigenvector can then be interpreted as a 10 x 10 "eigen-

image" with grey level given by the e;. The complete set of

100 orthonormal eigen images aré gshown in Fig. 21. The

inverse transformation
g= 1ty

is thus a linear combination of the first n eigen images.

Computer classification of'flight line C-1 was carried out
using the above technique for various values of n. The results
are shown in Fig. 22 where it is evident that little degra-
datdon in classificati&n aceuracy &s encountered for values of
n < 10, Even with n=l the classifiéation resulte are rather
high (82%). However, the picture quality is obviously Qery poor
as is shown in Fig. 23. “The relatively high correct class-
ification percentages for small n (< 10) caﬁ be atteibuted to

the manner in which test areas are outlined. The outlines are
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always within field boundaries and thus do not include the

areas (boundaries, roads, ete) where the MSE is the greatest.
Thus a reconstructed multispectral image with a large MSE (25%
for n=1) may still have an acceptable correct classification per-
centage (82% for n=1). Several otherp reconstructed images are

shown in Fig. 24,
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Figure 3. Panchromatic Photograph of Flightline Cl
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Histograms of the Twelve Transformed Channel
Data From Flightline Cl. (Continued)




Data

Original

CHANNEL 1 SPECTRAL BAND 0.40 TO 0.44 MICRCMETERS CALIBRATICN CODE = 1 co = 31.00
CHANNEL & SPECTRAL BAND 0.52 TO 0.55 MICRCMETERS CALIBRATION CODE = 1 C0 = 31.00
CHANNEL 10 SPECTRAL BAND 0.66 TO 0.72 MICRCMETERS CALIBRATION CODE = 1 CO0 = 31.00
CHANNEL 12 s SPECTRAL BAND 0.80 TO 1.00 MICRCMETERS CALIBRATION CODE = 1 GO = 31.00
CLASSES
CLASS GROUP CLASS GROUP
1 SOYBEANS SOYBEANS 6 ALFALFA ALFALFA
2 CORN CORN 7 RYE RYE
3 OATS CATS 8 BR SOIL BR SOIL
4 WHEAT | WHEAT 9 WHEAT 11 WHEAT
5 RED CLVR RED CLVR
TEST CLASS PERFORMANCE
NGO pCT NUMBER OF SAMPLES CLASSIFIED INTO
GROUP SAMPS COF(C§ SOYBEANS CORN OATS WHEAT RED CLVR ALFALFA RYE BR SOIL
1 SOYBEANS 7171 96.1 6889 110 119 10 2 3 26 12
2 CORN 2175 90.7 139 2518 33 & 79 4 o o]
3 OATS 1558 87.0 21 8 1356 30 114 19 10 [}
4 WHEAT 2641 97.8 4] 4] 17 2584 0 0 40 0
5 RED CLVR 3236 84,2 20 42 152 3 2725 293 j Q
6 ALFALFA 912 86,6 3 9 55 0 55 790 0 (o]
7 RYE 621 94.8 ] 1] T 25 0 0 589 0
8 BR SOIL, 332 98.8 4 0 o 1] 0 0 0 328
TOTAL 19246 7076 2687 1739 2654 2975 1109 666 340
OVERALL PERFORMANCE( 17779/ 19246) = 92.4
AVERAGE PERFORMANCE B8Y CLASS( 736.2/7 8) = 92.0
Transformed Data
CHANNELS USED
CHANNEL 1 SPECTRAL BAND 0.0 TVO 0.0 HICROMETERS CALIBRATION CODE = 1 CO0 = 0.0
CHANNEL 2 SPECTRAL BAND 0.0 TO 0.0 MICRQMETERS CALIBRATION CODE = 1 CO0 = 0.
CHANNEL 3 SPECTRAL BAND 0.0 TO 0.0 MICROMETERS CALIBRATION CODE = 1 Co = 0.0
LASSES
CLASS GROUP CLASS GROUP
1 SOYBEANS SOYBEANS 6 ALFALFA ALFALFA
2 CORN CORN 7 RYE RYE
3 OATS OATS 8 BR SOIL BR SOIL
4 WHEAT [ WHEAT 9 WHEAT II WHEAT
5 RED CLVR RED CLVR
TESYT CLASS PERFORMANCE
i = § NUMBER OF SAMPLES CLASSIFIED INTO
GROUP SRNRS COE{’ SOYBEANS CORN OATS WHEAT RED CLVR ALFALFA RYE BR SOIL
1 SOYBEANS 7171 94,0 6741 148 90 151 2 5 31
2 CORN 2775 88.6 185 2460 17 5 95 12 1 0
3 O0ATS 1558 88.5 16 & 1379 13 79 39 28 0
4 WHEAT 2641 98.6 1] 0 19 2605 0 0 17 4 0
5 RED CLVR 3236 83.7 22 T2 78 & 2710 . 350 0 (4]
& ALFALFA 912 84.2 i 18 58 : 8 65 768 1 0
7 RYE 621 95.5 0 [+] 10 18 0 0 593 0
8 BR SOIL 332 98.8 3 0 0 1 '] [+ 0 328
TOTAL 19246 6968 2702 1651 2798 2951 1174 671 331
OVERALL PERFORMANCE( 17584/ 19246) = 91.4
AVERAGE PERFORMANCE BY CLASS( 732.0/ 8) = 91.5

Figure 10. A Comparison of Correct Classification Results

Based on Original and Transformed Data.




Figure 1l1.

First Four Transformed Images from the Eigenvector
Transformation for Flightline Cl.




Figure 11. First Four Transformed Images from the Eigenvector
Transformation for Flightline Cl. (continued)
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Figure 16, First Column of the Spatial Covariance
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Figure 22. Effects of Spatial Data Compression on
Classification Accuracy and Picture
Quality (MSE}.
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Original Data =1

Figure 23. Reconstructed Channel 12 Image with n=1l.




=2 n=25

Figure 24. Reconstructed Channel 12 Image with n=2 and n=25.




n=5 n=25

Figure 24. Reconstructed Channel 12 Image with n=5 and n=25.



