


effects 0f the pr~processiuq. 

The classification results •ere analyzed using several 

The ficst method calculated standard perce»t 

cldssificati;)ns .. The second aethod calculated normalized 

accoracies foe iaiividual classes and for o~erall scene 

c·l:assi f ict1 t,ions. 

bet~&eo each classification and the reference data and also 

betweeG iuJividaal classifications. The fourth was a 

model selectioc proceduce thdt determined which factors vere 

si,::rniftcant i.n explaining thee classification res-r1l-ts.. Tbese 

last th:n~,,,i ;11ethods employ disccete multiYariate analysis 

The clJss1fication cesults based on all four of these 

bot~ in1ividaallv and in combination. bad effects en 

classificdtioa accaracy. :he combination of bilinear 

'!he pr:acticil siquif ican<::e (>f these effects is 

For example. the overall standard 

es r.:auqf~,1 f co!!t ~2 .. 16 pet:cen t to 1J8 .. 91. pe.cc1..rnt at1d 

th~ ~verctl1 normalized accuracies ranqed fro• 55~96 percent 
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rana,om classifie,a.tdl'!)Jl an,q that aost o,f these elassi.fie~tl<:>n,$ 

were signi.f.iean,tlv atff eitent f.r011 tbe ~b:e1r c1c1~$i.fi.¢ati.(!)a$~ 

Besults .tl)f tlte 11adel s.e;J.eetien proeed.u1te ia4it:a,ttt4 t.Jtat. 

aestiri1:>in(:J and iresa,11,plintt and an, i#tQ'aetitn het.w.e~ tile 

tw,0 w:ere im,artant 0~ sit#ifi.¢anJ i# etipl.-i11ug, Miese 

differenees between tJ1,e see11e <flassit.\fiat.ie:r.ls'!" !file 

siqnifieanee Gf th8$e differeaees i$ fr.e11 • s,tatistieal 

p£aetieal s..taaa,~int~ these .diffeitea~es at:e n<:>t likely to be 

very iia't,:,artta.nt. 

The elassi.fieatiea ires11lts af.'e b,aseil •n tJu/! ass1111ptJ.011: 

thc1.t t.he veget.a.t:ili>n ma~ n$ed fer aee~raef assess11eDt ias 

<:>J1e-t..,11,nd1reci pet-eent aeeu;r,Hi:e. E,ven if tllis ass11.11ptlen is 

net e01t£eet, the genetrala.zea. Etlassifieatio11 fra•e•e,tt. t.liat. 

w,as used VQ!.Jli ha.ve a.lleve.d f.Qli.' 11i;11~:Jt iaa.e¢llfc1c.i.es •it.lieut 

ae!Jtadinq the reJ.ia.bi:J.itf ef the a.eein:aey iru•1t.s~ :tt ts 

t.n.e,refe£.e felt ti.at. the ela.ssifi~ti~• resu:lt.s ebtai11e.d. here 

a.ire relia.ble ind:i.eati<lns 4iif the effe¢ts of the 
-prepr&.¢essinl.f. 

1,n9tther eel>1isii.lera.ti9,n ttiat. 1111:a~ be lept. in 11i•4 •t.exi 

int.eir.plreting the'Se 1res.ults is that tJJey a,pply t.0 a 

pa.ttici;uj.a.It set (i).f ¢ili.'¢um,stanees.. t;ae$e Cf:iE'ettasta211ees 

include ( 1) the use €if a. supe~viseil cflissifiea.tisn 



f 2) t.he use (i)f IDl!IS sp~cifi~ f1a,i1~-t.i01ns fi'f! alCJe:>£ith,as. flt 
th.e use @•f a, pa.1rtiet1.la1t piliel si.ze f(i)t tile :rrefetene.e da:t.a 

set (eae'h Ji>ixel <i)f t>he 1r~fel!enee d,a:tcJ. vas s1.ig,Ji.tlJ a;q,re t.lailll 

0ne,..b:a.lf Uie si~e ef ea,eh pilllel ~if t.le $k:ewed J;..ilnd::;a:t <la:t.a) , 

( 4) speet,ttal. la ta; tll,at ha,a. a. rela:ti. vel J ll:ar~011 t'&!ICJe a.nil 

va1riabilitv relative t.,~ a.est et.her L••t•$a't i-.ta set$, a.Q.d 

( ~1) it. is p1t01b.aa.le · t.li11t :t.h st.udy aitf!a ¢etllsi4eflei here vais 

111ueh •01re s'f)ecttallY: and s,pa:t:i.al1y 4il1!trse :taaa ••st $:that 

f.erestei v.etlan,as 0£ :thi.s s.i.ze. These eirs••sta,•ces li.11it. 

the apl,\>lieabil.ity G{ these Ee$ults t.C:) <:ttle1t i.a.ad¥t oasecl 

elassificatiens.. f:1•0.vev,ur, it is felt t;ll•t. :tl• <::itslliaStaaees 

,1:11iier whJ.eh :this study 11i'tis eentiue:ted: •ete efleetiYe in 

.i.d,eut.iffing the maier effeets ef tile pire1ur;a.e~1.1it1§ en 

elas:Sifiea.t:iell aeeu,ra,ev ania tl,a,t. tile• e:ffeet.s will 

g.enerallf 1.t<JJ,plf in llli'titlf 0.t'l1eli aitruat.ie,11-. 

Perliaps the m•st impc,1,:t.ant etH1¢la$i011 •~ J>e iate.:ar~ed 

f1rem this rese'.<lEeh is th·at 1110re ea~e:f,ul geu$i4eJ.ratian sh.olJli 

be tlsed befii>t'e ap.plyi11~ 1urepJ.r0ees$JJq... lil aj>•J ¢ases, 
0percltti0,ns so.eh as de,st.1ti.pi11q a1te lle~:ferae(l he¢a.use that is 

t.4e way it has been a,0ne i11 the past. .¢G,a:$itlell'at:i..en ef 

whether 0,1t n(l)t te use p,re,raees$lJi,g ett 'lfn•t. tiJ,pe •• 

p:rt¢preeess.inq te q.se, may t,eee•e tier• i.•p•,nattt:. ia t.he 

ft1tllJte i.f Thematle r,ap;per (:i'Mi) tl"'ta is still bE!i#1t 



f~,t1ir ~imes U1e :1raabeE' sf Pi¥els t.h<,tt a ba.nd af 1ss data 

¢e,nt,.a.ins. Fartlier11eire, thete are seven !>.ands ef 'fl! datta 

e(:)11pare<i te :feu.Jt hands sf. mss data,. :tt. s:Juu1ld be ap,pa~ent 

t.ha.t the use ef 11101:e int.ensiv:e tt•pe•s of pt:epit.eeessiil•~J o,ve:t 

less i.nten si ve types (:e. ct,. • te~•pli1:uJ befere el.•s.si.fieatizen 

verst1s resa11p1i.ng after elassifi¢a.tio11.f ¢ail i.nvol.¥e 

eensidel!"aJHe intreases i,n ~••·P:U.ter t:.i• and e•pe,IJs.e •lien 
u.sinq Tl a,ata. Pair: a p:0ssittle •edest iaeire~se in 

e:lassifieatJ.Gll a:ee:ura•ct an.d. vis,gal i•at• q11al,it:y; tlais 

aii<ii.t.ien.al. time and e»tell'se •at nett be j11stifiei t• ••nf 

,i ns,tances. 

Extensien s q,f thi.s resea,re.Ji ee11l<l ein1ee••tiz•t.e &11 1Jsi.11(J 

an ul'tsu,peryJse.i e1a,ssifitatio11 selle11e t~ s·t1J4f effects of 

pirep1ta.¢essi1u1 en e1a,s.si.f i~ati0n aee11,.t'c1,1ey. l:a .01$fl'fi!,Jt t.e JD 

thi.s., t.eelinit:tue,s 111-1st. ae dev:el~it>f!d t.ze eli111.tn.at.e t.lie 

s,qbieet.ivi:ty invtil1veti in assiqtaiaq aea.,ni.11(fful e••eJr ¢1~s 

iaenti ties ta SJ!>e~tra.1 elasses that ite ge11et.•te4 by 

unsasH~tv.isea elassi1fieatia,n.. Di:fteteat .d.est1:ipi.ng a,na 

E'esampliJH:J alq,<ntit.h1'S eeu ld al;:;• l)e t.estie<i.. laethe((t 

Ireeli,l11111endati0a is tttat. the effects of 4.i,ffereatc izes4,11,plincr 

s<i:hellle$ @n <i:la,s·sifi.eatia.11 ~.e¢11,1raev stie11ld be e~a11iilei ia 

qreate.r: a.et.ail f(i)t sf>E!eific ateas 111 .<l· ta·a4$at seeJie~ •·• 

exa.11ple 1ullt1l<l be t.ta.:11siti0'D a.reas bet.••• patt.ieuJ.atr .e&~et 

t. YJ!>es, that v01:11<1. be l!>f int.e.lf'EU!it <:>it ef v,alu;e te resq,1J!ft<i?e 

ilana:qEuts. 
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SCENE VCRS!ON SEVEN - DESTRlPCO, l:;ES11MPLf:D(Bl 

ORiGINAL ERROR MATRIX 

24948 

2 

01\ rA 4 

6 

SUM 0F DIAGONAL ELEM!-MTS 

CLAS.SI F!CM ION ru:suus 
2 

21191 103213 

1718.3 

66( 

438 

'.il 14 

228 

roTAL NUMBER OF PIXELS = 
1125}6 
230100 
D. t,891 ST,"<NDARD ACCURACY cc 11253(,/23(:l lOO 

NORMALIZED ERROR MATR~X 

CLASSIFICATION RESULTS 

2 4 
I 
I 

c:. 
·' 6 

17 

() 

8 71 

268 

() 

H 

5 6 

1 

? 

fH: r rn EN.C E 

I 
i 
I 

0. l;l! 1 7 

0.2619 

0. 19115 

0.2677 0.1726 0.11736 0.0415 0.0026 

0.11181 o.2386 o.O'ii92 0.0211 o.cH10J 

0.2226 0.3393 8. 1928 0.0505 0.0001 

!J/\TA I\ n. OT/9 n . n '.i 1 o . no iJ. 6 1 n, o . n 5 '5 6 o . r,1 1 3 o 

" ;J 0. Otl l 9 0.011(:)Lf .,)769 0.050':J 0.8298 0.0005 

6 0.0021 0.0002 O.flll1.i!, (!,(:Jl27 0.U008 0.9B31+ 

---- .. ---------------------- ··--------------·----
SUM or DIAGONAL ELEMlN1S 
fOIAL NUMBFR or CLA5SES 

3~6238 
6 

NORMAL.IZEO ACCURACY= 3.6238/ 6 il. (;iJqO 
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SCUff VERSION E G!lT - DESfRIPED, fffSAMPU:D(CC) 

ORIGiNAi ~RROR MATRIX 

CLASSIFICAJ ION RESULTS 

2 J 6 
---· ------------~------------------- ·------- ·-----

2 

f;f:TERENCE 3 

OAT/, I; 

5 

6 
l 

211526 

3762 

10511 

221120 

1 lt.3 

59 

13/81 

J;0963 

1 I 312 

455 

SUM 0F DIAGONAL ELEMENTS 
T>OTAL NUMBER 0f PIXELS 

8636 

i 31 31, 

STAND;\RrJ ACCURACY '-" 108252/;?319';') -

NORMA'UZCD ERROR M,"d RI 

604 

5781 

438 

0.466.7 

93 

798 

2035 

J>806 

9 

CLASSIF~CAJION RESULTS 

Rf.FERENC[ 3 

0AT1\ IJ 

3 ti 

O./fG38 0.2653 0. ;a5<:; 0.()886 

0.262? 0.3780 0.261 0 0742 

0.1961 0.239,.: ,L319i' O.H\99 

!).121[{) (:J.073 0.1732 0. 5733 

5 0.0115 0.0426 0,0561 0.0618 

6 0.0014 0.0011 0.(J024 l.l.l.i122 

0. 05311 

l1. 0239 

0. 051.(7 

0.0417 

0. a,;2514. 

0.0008 

22 

0 

0 

271 

0 

6 

0.0032 

0.0003 

~). fJ.001 

0.0131 

0. 0()03 

l). 9tl30 

----·------- ---------------------------------------
SUM Of O l.,\GON/1L EL[MF.NTS 3 .1UB3 
TOTAL NUMBER OT CLASS£S 6 
N0RMALIZE0 ACCURACY= 3.4833/ i - 0.5805 
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SUM ,!l)F, @1l~€{©N~l f)LEJM[1Nf·S 
t0if;~ts. NJc1M!3t,f& @:r ... ~bA'S'S:ES. 
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01:10,n t.he &£pra,¢J e,t a, i.ct.,jld$ait. Derived 

classificatien o,f. a .Perestea w;etl~:ii,d 

if 

illl.ia• ft_, fj¥aliel Jir .. 

».~stripill(i a'lltl trf!Sa"•:i>li.nq are (::ta,.{:)al. y applietl t.e 

La,-.a~t. llS$ cla,ta to ll'edi11¢e rad .. ie11et1ric a•4 .g.eeeitri¢ 

distortions .~uii. te i1,u:tease t.lle uiliilitJ ef the seene. !his 

reseairc:h $O!l)g1l;t t• det.et11ine if tr.hese p,:rre,pro:cessiri11 

apetat.i,.011s taa,i. a• ef1eet eJi ela.ssifi¢atiea ae¢mtif.f;Y far .a 

fetesw4 11et.1a.al'I ii ittth ¢ate!J.ina .... ,:i.Ji:qt11ia•!i Three ct<i>m1te1t 

t.1Pfi!S .<!>.( 1r.esa•eli1u1 ancl ene cle$,t:rtipint afCJ&.E;itlt11 were 

e~rUllline(l,. 

1tes11l.t.s of a· se.it:ies ef su~£v:ised ,. 11a1:i11,1111 1.i.keliheea 
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tnJ.t.•idual ••4 ¢eabi.:ttecll efie¢ts o,n ¢1assifieation aeefl,ra¢y:. 

t.:e11bit-.~i•li·$ (!)f cle$t.fi..pi.n.CJ .a114 :rresct.11,fli114 1'E'G.ih1eeii tae 

litille$;t 4:e:eu,ra,eies~ D'.est:rriping tt it$elf p£0,J:11eed t.he 

lo•est. a,eeuitil,¢J, bctsei g,a tv.0 ~•t. (!)f t.Mree a:e<i:11tac1 

aut!$s.11eli't 11etlJ,~$... 11,e11evef,, diffe£e1J'l£e$ it• -.:e:eiHra¢J d11e ta 

p:Qpi'.&£essi.nq ve:rre n'ot. v:eJY latqe fre,11 a PJra£tita.l 

stai:11,a:,-int .. 
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