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STATISTICAL SEPARALILITY. AND CLASSLIFICATION OF
LAND USE CLASSLS USING TMACE-~LOU

R. Kumar® and M.¥iero®*

Instituto de Pesquisas Espacials (INPL) _
Gousellhio Nacional de Desenvolvimento Cientifico e 1ecnoloL1co
(CNPq) :
12,200 - 8. J. dos Campos, $.P., Brasil [
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i Thie purpose of this study was to compare the classifica-
tion accuracy of land use classes <f S.J. dos Campos, §.P.,
Brasil, using che different options of classification availa-
le in the lnagc-lOU of General Electric Co. and the sample
lassifivcr. In addition, the statistical scparabilicy of land
use classes in the subscts of one to four spectral channcls
ras investigated. With the help of ground observations and
acrial photography, the multlspechal scanuner (M8S) data of
LANDSAT were analysed using the Image-100. In the subsets of
one to three spectral channels (ch, 4 = 0.5 to 0.6 n, ch., 5 =
b 6 to 0.7 HMm, ch. 6 = 0.7 to 0.8 uym, ch. 7 = 0.8 to 1.1 um);
rhnnncl 4, channels 4 & 7, channels 4, 5 & 7 were found to he
the best choices. For the single-cell option of the Image-100,
thc errors of omission varied from 5% for tho class anustrlal
Lo 467 for the class institutional. The errers of commission
varied from 117 for the class commercial to 39% for the class
;ndustrxal. As expected, the multi-ecell option increased the
crrors of owission and decreased the errors of commission.
llowaver, considering both the errors of omission and commigsion,
this option considerably decreased the percentage of correct
classification as compared to the single-cell option, On the
whole, the sample classifier gave considerably more accurate
results as compared to the single-cell or multi-cell option.
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Abstract
The purpose of this study was mpare the class
tion accuracy of 1
Brasil, using the different options of classification

and use classes uf S.. dos Canmpos,

ble in the lmage=1l0U of General Elect o. and the
classificer. In addition, the statist scparability

use classes in the subsets of one t our gpectral channels
was investigated. With the helj grou bservations and

1t &

tispectra 4 r (MS8) data of

acrial photography, the n
LANDSAT were analysed using the Image=10 In 1w subsets
one to three spectral channels (ch.

0:6 to 0.7 M, e, 6= 0.7 & un 4 ) e
ghannel 4, channels & & h 4 y sre found
the best choices. For sit »~cell option of

the errors of omission variec m 5% for the

to 467 for the class institut . The error:

varied from 11% for the class commercial to 39%
industrial. As expected, the multi-cell option increased

errors of omission and decreased the errors « commissio

this opticn considerably decreased the percen
classification as compared to the single-cell option,

whole, the sanple classifier gave considerably more accur
results as compared to the single-cell or multi-cell option.
|
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Introduction

The purpose of this study was te compiare the classifica~
tion aceuracy of land use classes using the different options
of classification available in the Iwmapge- 100 (Imape=100 is  a
data processing system mavketed by General Fleetrie Co., that
extracts thematic information fvom multispectral  imagervy,
cultanees the imape, ete.). In addition, the statistical sepa-
rability ot lund use c¢lasses in the subsets of one to four
spectral channels was investigated, N

T o ForAET s

R el o

Cloud free multispectral scanner data {rom LANDSAT, of
reasonable quality, over S0 JosC dos CGampos (239 10' 5, 45°
50" W), $noe Paulo, Brasil, acquirved on September 8, 1972,were
available. In addicion, aerial photography and ground observa-
tions were available te assist the analysis of the datsd, Sao
Josi dus Campos was selected because it in one of the most
dndustrialized and fastest growing small=-size towns of Brasil
oad the authors ave well Camiliav with it,Many of the problenms
ol this town are similar to the problews of much lavger urban
centers. .

TR SO Y

With the help: ol ground obsurvations and pevial photo-
graphy, a wmap ol Sao Jese dos Campos showing the following
land use classes was obtained: residencial areas, wulei-family
regsidential arcas, commercial areas, industrial aveas, insti-
tutional aveay, apricultural arvas and unoccupied areas.

s W £ R

The specific objeetives of the study are stated as fol-
lows:

1. To determine whnt combinations of one through three
spectral channels out of four available channels give the
greatest overall statisetical sepavability of the above seven
land use classes.

2. To compare the classif{ication nrceurancy of land usc
classes using 'single-cell sipgnature acquisition' and "multi-cell
sighature acquisition' options of elassification available in
the luape~10U0 and a sample classifier on-line-mode in the
Image~100.

Litaerature Roview

_ Many investigators have malysed the multispectral secan—
ner (MSS5) data of LANDSAT satellite for applications to land
use classification. Por example, Todd and Bauwngardner! (1973)
analysed TANDSAT MSS daca, ~bralued over Marion County (India-
napolis}, Indiana, by computer-implemented techniques, to
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evaluate the utility of satellite data for urban land use
clagsificatrion.  Several land use classes, such as commerce/in
dustry, siugle-fomily (Nower) residential, trees, and water
exhibited spectrally separable chnractcrisLic‘ and were
identified with greater than 90 parcent accuracy. Fllefsen et
al2, (1973) did computer—aided analysis of LANDSAT MiS data of
thie San Prancisco Bay area. gmith et al,3 (1974) have given
the applluatxon of spatial features to satellite land-use
analysis. Ellefson et al."(1974) have piven new techniques
iy marping urban laad use and monitering chanpe for seluctaed
u.s. metropolitan areas, They analysed LANDSAT M55 data using
automatie patte ern recopnition techniques for classification.
Kumar and Silva®(1977) have unuly,cd the scatistieal sepnrdbl—
lity of agricultural cover types in much detall, duta quantity
and depth in the subsets of one to twelve spectral chanmels.

Economy et al.9(1974) have given the classificatien
accuracy of the Imape~100 using single cell option (described
later in the report). They reported an aceuracy of 70 % 127,
Factors which limited the classification accuracy were spatial
resolution of the ERTS-1 {now called LANDSAT) scanner, the
land-use clagsificacion svstcm, and inaccuracies in the ground
truth. Goldberg ot. al. (¢975) have deseribed methods and
procedures which outside investigators may use with the auto-
mated processing equipment  of the Canada Centre L[or Remote
Sensing (CCRS) Lor the purpose of natural resource exploration
andd mapping. They have compared the accuracics of unsupervi-
sed and supervised methods on the basis of the confusion
matrices penerated by classifying exactly cthe same area.

Method of Analysis

Multispectral scanner data of computer coupatible tapes
of LANDSAT were analysed using Imape-100. With the aid of

land use map of Sao Jost dos Campos wentioned above,rectangular

arcas of each of the above scven land usc classes were sclec-
ted, avoiding the boundaries of classes on the display of the
Image-100. The arcas of cach of these classes were selected
carefully so that they could be considered to be representative
of the respective land use classes. Assuming that cach of
these clacses has 2 multivariate gaussian distribution, the
B~distance, based on Bhattacharyya cocfficient, was caleblated
botween all possible pairs of these classes in all possible
combinations of ona, two, three and four spectrnl channels
using the feature selection algorithm of the Brazilian Insti-
tute of Space Resecarch (INPE) on-line-mode with the Image-1005
For cach value of B-distance, the probability of correct clns—
sification was reasonably cstimated £rom the curve of Swain
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and Ring (1973)30, The B=discance for (wo probability densitiv
P} and  po(x) is given by

pe | S (1)
x ' '
If py(x) and pa(x) are multivariote paussian distributions as
nbove, then .
Boa2(l - =™, (2)

+

wlicre

Qo 2—1; Uy = udt v=iquy - up) o+ 1 Log, ;__mm‘l;‘f_»'j:i- (3
Y dethy. detls

where Uy and Up are mean vectors of classces one and two res-
pectively; whereas Ip and ¥y ave the covariance watricus of
classes one and two respectively, -

.

b n.% [ Ly + En ] and T denotes transposa {4)

B-distance is defined for two distribucions. Remote
sensing usually involvaes move than two classes. One stratepy
is to compute the average B-distance over all pairs of classes
and select the subset of features for which the averape B-dis-
tance is waximum, i.e., maximize, with respect te all n-tuples

[}

o m-1

“AVL‘- (Cll C2| . Cn) w* mwm--}_) i:l x.’!(l, J[(‘l :('_?,:"Cl?

where
m = pumber of classaes

B{i, jl Cyy Cay vvvy C[) = DB-distance between elasses 1 and
in the channels Cy, Co,..v, Cp o

.
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Bayp was computed for all possible subsets of one, two,
three and foutr spectral echannels, out of available four chan-

nels.

Lach of these land use classes was divided into two inde~
pendent sets: training fields and test fields. Using training
fields of residential aveas, test fields of each ol the above
seven classes and trainlng fields of cach of the classes except’
residential arcas were clagsified, using che single-cell sig-
nature acquisition option of Imapge=-100. This option creates a
four-dimensional rectangular parallelepiped, each of the sides
of, thch carvespond to the signature limits of the training .
areas in eaeh channel.The number of pixvls clagsified as resi-
dential arcas by the computer inside the test ficlds of each
of these seven glasses were determined. An ifdenkieal analysis
was repeated fot cach of the other six land use clugses, Thus,
a confusion matrix showing the total number of pixels (picture
clements) of each class classified correctlv as well as clas—
sified incorrectly into vach of the other classes was obtained,

This whole procedure was repeated for the multicell sig-
nature acquisition option of the Imape~100. In the multicell
signature acquisition, the pavallelepiped of spectral signatu-
re is subdivided into cells each of unit volume and the number
of pixels in each of these unit cells is counted. These ccll
counts are thus measures of the probability discribution ob
the spectyal eluster. By raising or lowering the threshold oun
the cell counts, one can vary the size and four dimensional
probability distribucion of the spectral cluster, by deleting
or adding cells with counts greater than a variable threshold.
In the interactive signature modification option, the user
perfomms tralning on the misclassified areca adding the ervors
of omission snd subtracting the errors of commissionuntil sa-
tisfied with the results. The preliminary results showed that
this option did not seem to improve much the classification
accuracy of the 'single cell" option, because the basic pro-
blem was the overlap between the elasses in the four-dimensio-
nal spectral space. '

The same training fLirlds of each class were used to clag-
sify the test Lields using the sample classifier based on
B-distance, DB-distance was computed between a test field and,
each of the seven training classes aund was classified into the
class for which the B~distance was minimum,
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Tesults and Conclusions ol

Table 1 shows the distribution of pixels of the training
and the test ficlds of cach class. Tables 2 to 5 give the
yalues of BA . in all possible combinations of oune, two,three
and four chiantiels respectively out of four avallable channels.
As one would expect, the pro:abllltv of correct classification
inereases with an increase in the number of channels. In the
pubsets of one to three spectral ehannels: chaanel 4, channels
v & 7 (one in the visible and oene in the near infrared), chan=
pals 4, 5 & 7 (two in the visible and one in the near, infrared
are found to be the best cholcves.Table 2 shows that in the sub-
bet of two channels, channels 4 and 5 (visible wavelength re-
hion) give higher probability of correet classification  than
thannels 6 & 7 (near infrared wavelcngth region)., The authors
elieve that cach wavelength region =-— visible, near infrared,
mzddle infrared and thcrmal infrared has valuable spectral in-.
£o atien, Thus, in the subset of two spec.ru. channels, cne
channel in the visible and one channel in the near infrdred
waveleugth region are found to be the best choice. humar(lQ??ﬂl
1as analysed the aircraft MS$ data in much detail, data quanti~
ty and depth in the subscts of one to twelve spectrel channels,
to evaluate each pectrnl channel as well as possible combina-
Fious of wavelength reglons, for statlstlcal separability of
agriculeural cover types. i

Using the training fields of a class, the number of éikels
classificed by the Image-100 into cach of the seven classes
(Lralnlnﬂ + test fields,except the class being used to. train
the computer in which case oaly test ficlds) are glvcn in Ta~
ble 6, From Table 6, the errors. of omission (while using trai-
ning fields of res idential, number of pixels of test fields of
!reqlduntxal not eclassified as residential constitute the er-
rors of omission, ete.) and the errors of commission (while
stnb training fields of residential, number of pixels of clas-
ses otler than residential but which are actua]ly classified
|as residential) were calculated and are shown in Table 7, i~
learly, the errors of omission and cowmission using the multi-
!ccll 1gnature acquisition (m = 1, m = 2 and m = 3) for the
'"ame trulnlng and test fields of each class were caleulated
land are Elven in Table 7. The option m = 1 means that all the
unit eells in the four dimensional spectral space which had .
less than one pixel were derleted from the spectral ungaLUlE
of the training ficlds for doing classification. Similarly,the
option m = 2 means that all the unit cells in the four dimen-
'sional spectral space which had less than two plxelv were de-
ileted from the spectral sipnature of the training [ields for

doing classification ete. Table 7 shows that fo: the single-
tell option, the errors of omissien vary frem 5 A for the class

I
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Co T ranle 2. Valucs of B in subset of one channel .

AV
Estimated percentape prﬁhbiliLy of cor-
AVE rect claspilication (Swain and Kinp,1973)

Channel ¢]

. 7787 S - S ;
0.7250 |00 8L .

0.4267 DA Y N ;
0.3510 69.6 l

Table 3. Values of B in subset of two channels

AVE i
|

et

Estimated.. . . . (Swain and King,1973

P SR T

Channels BAVE
4~5 0.8877 84.8
by - J. 895y R -1
U.9599 i Bb.4
0. 84306 . i 83,2
0.8775 84.8

0.6075 g 77.6

1 -

N

4. Values of B .. in subset of three channels

e oy e T N R e I (RO e SR TR

Chauitels Estimated.... (Swain and King, 1973)

BAVE

l~5-6 0.9920 87,2
4-5-7 1.0449 ;i 88.0
b= 1.0186 o87.2
567 0.9504 85.7

Table 5., Values of B

} AVE 10 the available four channels

Channels BAVE Estimated., . . . (Swain and Xing, 1973)

4-5-6-7 | 1.0940 . 39.0

PR Neovale e TR ST SR A T R e 1 e P

Note: BAVE is defined in uq.. (5}).
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reentape

U. 8877 84.8

J. 8359 £5.0
I U.Y099 0.4

| 0. 8430 83.2
0.8775 84.8
0.6075 77.6

the available four channels

Note: B 1s defined 1in €. k_,
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Table 7. Pevecentage errors of emission and commission
in 'sinple cell! and'multicel? sipnature

,acquisition

(A) Percentape vrrovs of umission

. vt “: . yy tultieell Multiwcell  Multicell
Class Siuple-Gell moe 1 M oa 2 moe 3

SRR TR IR

P

Multi-Lamily e .
Residentinl - o003 - 80.21 8. 54 94,27

Commerelal 16.3 74.71 78.49 83.43

Industrial 5.0 68.44 Bu.00 40.00
Institutional 46.3 59.32 82.50 87.50
Agricultural 19.4 73,46 80.26 86.69
Unoccupied 169 77.40 82,30 88,40

[T AR 8L 2 v e oy

(B), Perceatage ervors of commission
. et Multicell Muleicell Multicell
Class Single ecoll m = 1 R mo= 3
Residential 25.28 5.32 3.38 2,43

Mulei-fami ly 35.64 0.92 0.27 0.01
Kesidential

Cormereial 10.9¢ 1.75 0.381 V.41
Industrial .00 ., 0 11.08 1.85 1.59
Insticutionsl 38.00 ©26.65 4.48 2,57
Apriculrural 21.41 5.20 4,02 3.20
Unoccupicd 25.99 2.97 1,58 1.22

SZ, SN it o a1

Note: The option m = 1 meat.: that all ¢the unit cells in the
four dimensional speetral space which had less than one
pixel were deleted from the spectral signature of the
training ficlds [or deing classification.
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s for the class institucional. The errors of
commisgion vary fr Gl lln for tiwe class commercial to 39% for
the clauu-industﬁial shows that classification accuracy for
all the classes is rath;r poor except the class commercial whe-
re the percentage of errors ave reasonably small (errors of
omission » 10.3%, comnission = 11%). This is because of small
values of standard deviation (and hence less overlap) of this
class in ecaeh of the spectral channels espeeially in the chan-
one (0.5 vo 0.6 ym) and four (0.8 to 1.1 um). In general,
an iuerease Ln the gtandard deviations of a class in the spec—
tral channels tends to reduce the errors of omission and in-
crease the errors of comnission. it was found that taking into
account both the errors of omission as well as the errors of
commission, the classification accuracy generally reduces with
an increase in the standard deviations. The sum of standard
deviations for. the class industrial in the four spectral chan-
nels were much higher as compared to the sum of standard devi-
ations for any of the other classes. The intervals of its
spestral response in cach of the four spectral channels ware
very large and that is why it has low errors of omission., The
errors of omission as well as commission for the class inati-
tutional aore very large. An institution can have offite buil-
dings,parking areay, recreation areas, houq1ng Tor cimployees,
workshoph, trees, etc, Thus, it would require a lalge numbey
of training areas for them to be truly representative of the
class institutional. The.authors believe that the Lra:nlng
arcas of the class institutional were perhaps nat truly re-
presentative of the elass insticutional and hence, the errov
of omission as well as cowmission weve found to be vather lar-

ge. .

industrial to A%
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The first element of the last row of Table 6 shows the
rotal number of pizels that have been incorrectly classified
as class residential divided by the total number of training
and test Fields of all the classes except the class residen-
In this caleulation, it should be noted chat many

tial.
pixels way have been classified incorrectly wore than once a
a class residential. Similarly, the other clements of the
lagt row are self explanatory. .

ol
9

Table 7 shows as expected, that the multicell option
increases the errors of omission and decreases the errons of
commission. Considering the errors of omission as well as- =
arrors of commission, multicell option for m = 1 considerably
decreases the percentape £ correct clagsification for each of
the classes. ‘This is because the number of pixels used for
training of oach class were rnlatively small for statistical

purpose. Thus, the unit gells in the four dimensional spectral
spece wvere sparsely  populated. Thus, there may be many cells

LS.
(-

N Lo M UM RN e b s




ORIGINAL PAGE 1S
¥ POOR OUALITY

all

e

omi 55101 wsnission = 11%2). Thi

values f stan deviation (and hence less ov this
class j;\ i the spectra L‘.;‘.ill':‘- (LR} ) chan=
nels one (U.J> to VU i and four J. 8 ¢ 10 In general,
il ill.\?‘ asce in the andard deviations of class } L he spec-
tral channels tend reduce the rors mission and in-
crease the e i f commission t was found that taking into
account both the errors ol L 51 n as well as the errors of
comnission, the classification accuracy generally reduces with
an increase in the standard deviations. The sum of standard
deviations for the class industrial in the four spectral chan-
nels were wucl ler as compared to the sum of standard devi-
ations for any i . 18 5 ¢ lhe intervals
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¢ aquiisas Espacialis :(INPE); Dr. Celso de Renna e Scuzma, Mr. J.C,
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which are actually representative of the ¢lass butdo not have
any pl%cl because the total number of pixels for training for
cach of the classes was rather small. Similarly, for 'the .
multicell opL;ou, the ecrrors of omission inercase and the
errors of commission decrcaseslowly as we go fromm = 1 to
m s 2 tow = 3, Considering the errvors of omission as well as
the errvors of commission, the percentage of correct classifi-
‘eation decreases slowly as we go fromm = 3 tom =2 tom = 3,

Table 8 shows the results of classification using a sam-
ple classifier. As pointed out carlier, the same training
and test fields were used in this case as in the "single coll"
or "multicell”option of the Image-100. Unfortunately, one '
field of the class institutional could not be elassificd
1ising sample classifier due to temporary malfunctioning of
the Image-100 at chat time. Comparing these vesults to
the single-~cell option, we find that the errors of commission
are reduced significantly, whereas the errors of omission are -
increased for some classes and decreased Lor the ochiers. The
errors of omission for the class industrial are very large
because the standard deviation of the class industrial was
extremely large ine each of the four spectral channels. Yor
most classes, the larger were the standard deviations, the lo-
wer was the percentage of correct classification 'using.sample
classifiv:.  Comparing sample classifier to the 'wulticell
option’ .+« find that it pives much swmaller errors of omissioy,
wherras it gives greater errors of commission for some ¢das-
ses and smaller for the.others. On the whole, the sample -
classifier gives percentage of correct classification much
better than the single-cell or multi-cell options of the Image~
100. Similar analysis will be done using the 'pixel by pixel
maximum likelihood gaussian classifier'. In addition, compu-
ter compatible tapeg of S$.J. dos Campoz of other times will
be analysed to investigate the cffect of time on these results
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Jhe authors gratefully acknowledge the assistance of
Dr. Nelson de Jesus Parada,, Director of the Instituto de Pes-

Moreira and. Mrs. M.5.S5. Barros of INPE for their assistance
with this work.
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