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as- HESR T, ABSTRACT e “”

Acqutsmon of drgltal nnagery by satellme and ancraftbome scanners necessrtated the

"_?:'-.'-f " development of classxﬁcatton glgonthms to handle tlteSe large quantmes of data Paramemc "
:-'clasmﬁcanon algontluns based on the assumptton that each elass is muluvanate normally

2 ;'k"{,vdtsmbuted, have been developed to classrfy dtgltal 1tnagel‘§' Non-normally dtstntJmted,’ g '

" - classes can adverSely aﬁ'ect a parametnc classrﬁcauon 'I'hercare few ptlbhshed data on. the |
~results of normahty fests fo f/r spectral classes. but data that have been pubhshed for mdmdual

‘A lli"”agncultural ﬁelds tnpxcated that a sxgmﬁcant number of ﬁelds were non-normally dtstnbuted

When trammg field data ane éxtmcted feature suace plots are usually generated and ) " v

o used by the analysts to-wsually deterrmne t<te separabtltty of spectral classes and the "-‘ :

B effecnveness of a cleanmg Operauon A problem w1th the brvartate feature space was.that the

. frequency of o&turence of each specual parr wa,s not deptcted A’ﬁéWBtvar‘ﬁte frequency '
'feature space was proposed wluch combmed the frequency mformaqon mto .the Eeature

‘4 :space The frequency featune space was generated by surfacmg thefrequency values w1th a

' v. multtquadnc equ%on and then contounng the resultmg surface, A test f.ot}lvanate t ' \'
: normalltywas apphed to each class.” " -~ - R i: e SR R

e . [T A
- S F

_ Five classes were extracted from three aates of Landsat MSS 1magery dunn gone
P owing season, frequency feature spaces were generated and v1sually analyzed The
ﬁ:)tmahty test was apphed to these data and results mdlcated that many classes Were not l\\: =
: normally dtstnbuted A non-paramemc classxﬁer was developed to: acconht for non-noxmal
classes The decx:mn spaces between the non-pararnetnc classifier and three para.metnc o
. classrfiers were: compir?ivrsually _ R & : : . .u’, " : \, o RN
| . ' Spectral c&sses were extracted ﬁom anmvexsary T™ angd M§S unages, fnequency - : ~
feature spaces were generated and- v1sually compared ‘The test for btvanate normahty was a
| applxed to the TM and MSS classes to\detennme?f mcreased Spaual resoluuon affected the 7

" classes: The MSS classes were subtracted from the ™ classes and results of the - a -

v
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_ l Intro,ductron

:‘-r‘j,

%ata capture and analysxsare*a concem in cartography 'I’here are many ways of s
o f'collecung data, mcludrng a ground survey, aenal photography, and remote sensrng from
. carth orbmng satellrtes The latter methodology is one & the newest developments in data
acqursmon Satelhtes scan the surface of. tlt earth contrnuously and relay drgrtal data to -
statrons on the earth for processmg A vanety of sensors avarlable aboard satellrtes, and
) | arrcraft produce’drgrtal data about the: surface of the earth at. drfferent spaual and spectral “
resolutrons Many drfferent tmage processmg and ClaS ﬁcauon methods are avarlable for -
lprocessmg these data A brref mtroductron (o the drfferent multmpectral tmagrng sensor ; g
»I . systems cm'rently operatrng, those avarlable in the’future drgrtal unage processrng, and n
drgrtal classrﬁcauon of i mragew is presented before outhmng the ob_]ectrves of thls thesrs

. 11 Multrspectral Sensor Systems

LB

A

L Acqmsmon of earth resom'ces iatellrte tmagery began wrth the launch of Landsat 1 o&
-_ July 23, 19'72 subsequently Landsat 2,3,4,and 5 have been launched Tw types of
" '-sensor systems were placed aboar‘d Landsat 1and 2. The ﬁrst system cons'lde of three |
'. rctum beam vrdrcon (RBVS) cameras Each of these televrsron-type cameras covered a
: dxfferent spectral region, and lmaged one frame at a time. 'I‘he three RBV cameras were
. , replaced by two panchromauc RBV cameras on Landsat 3 whrch produced srde by side

~

vrewrng “The secondary system was the muluspectral scanner (MSS) which collected data 1 :
| in four spectral channels, from SOOnm 1100nrn, in-a sequentral line by lrne fashron and
. had a sp\%ial resoluuon of 57m by 79m (Table 1. l) The MSS has six b1t radrometnc o
resoluuon Aboard Landsat 4 and 5, the MSS was complemented by the Themauc Mapper
- (TM) scanner The TM scanner rmaged in seven spectral channels from 450nm _ .
12500nm had a 30m X 30m spaual resolutron in the ﬁrst srx ehannels and a spatial .. | R
- _4 : resolutron of 120m x 120m in the seventh spectral channel (Table 1 2) TheTM scanner .v B ._
: has erght bit radromemc resoluuon The French "Systeme Probatoue d'Observauon de la |

;



Teme" (SP'OT) satelhte .Was launched on February 21 1986 The SPOT satellxte cames B
- " two l'ugh resoluuon wsrble (HRV) sensors to produce a ground resoluuon ;ell oti 20m x R
20m in three spectral chann ls, and a 10m X: lQm resoluuon cell ina panchromauc channel

(Table L3) (SPOT IMAGE 1984 Amdtigan Socrety of Photogtammetry 19 3), SPOT E

also has the capabrhty to "look" + 27° off nadrr allowmg stereo coverage 'I'he N;

Aeronaut1c and Space Adrmmstrauon (NASA) is develoB;ng a mulnspectral lmear a
T scanner (Holmes 1984) wrth 15m x lSm ground resoluaon in the vrsual/near mfrared
(VNIR), and 30m x 30m ground resoluuon ut the shortwave mfraned (QWIR) employtng
| the same seven. spectral channels used by the Themanc Mapper A shuttle 1magmg v
| spectrometer is to be launched in 1988 (Holmes 1984) wfuch wrll acqulre data from 128 o
spectral channels overa 400nm 25 nm ge and have a ground resoluuon of 30m X _
30m. Multlspect:ral scanners arc also berng.developed m the Federal Repubhc of Gmnany
. and m Japan (Holmes 1984 Jones 1985). | @.t _"}f;., Co e |
Azi'craft 1magmg systems are also avatlable for data:acqursruon Spaual resoluuon is - -
vanable, dependmgon the mstantaneous ﬁeld of vrew (IFO\%) of the scanner and the R
alutude of the arrcraft. Many alrcraft scanners are capable of pmducmg a ﬁner spectral and
spaual resoluuon than is possrble thh satelhte scanners One arrcraft sensor m operanon S
s the 'I'MS NS 001 multispectra] scanner developed by NASA/Johnson Space Centre - \’\ﬁ\
-_‘ .- which provxdes the same specmﬂ channels as the Landsat ™ (Rr hard et al. 1978) The
- Bendrx corporauon has a 24 Spectral channel MSS. (Sollers et zlj 1974). The Canadran _
Centre for Remote Sensmg (CCRS) has a Mulu—spectral }lectro—opucal Imagmg System L S
(MEIS), an erght channel push,bmm scanner whlch has a maxrmum spaual resolunon of .-
ol onemeu'e(AlbertaEnvu'onment1986) -»"_'“ e Ca
"~ The trend m remote sensxng seanner development appears to betoward ﬁner spanal ‘
" and s;}ectral resoluuon There has been an mcrease m the numberofspectral bandsfrom B

four to seven chmeMmmmm Wmluuonm the v1s1bleand near mfrared



| ‘,radtanon channcls from 80m to 30mﬁ'om Landsat 1 to Landsat 5t to cause thé amount of
.'fdata in- one Landsa scene to mcrease by a factor of 8. 4 In one Landsat MSS scene there _

are 2256 scan lmes w1th approxunately 3240 ptxels per scan lme m each of four spectral e o

‘. :b_ channels equalhng 39 237;760 pixels. One Landsat@M scene, whtch is shghtly larger

L than an MSS scene, contams 5728 scan lmeswuh approxnnately 6120 plxels per scan lme )

) in each of scven spectral channels equalhng 245 387 520 ptxels 'I'he mcxease in spanal |
" rcsolunon and the of spccnal channels creates a large VOlume of data whrch

& A,
sitates usmgﬁstcr computers and class1ﬁcatlon routines. The i increase in radxometnc

hnesolunon fmm six blt MSS data to exght b1t ™ data may tnmﬁmount of
_.:vheterogenclty mascenetobesensed R Ce

1 2 Digital Image Procassmg o | B o _ ; _
' The mampulauon.of dxgttal data fnom satelhte and aucraft sensor systems by an analyst o i
canbeplacedunderthegeneralheamngofdmmxmag;mmng 'I‘herearemany o

dlfﬁ:rent lmage processmg technlques, excludmg clasmﬁcauon methods These techmques .

- -can prov1de afl'¢ end product for an analyst orcan be an 1ntermed1ate step for clasmﬁcauon S

L Some tasks assocrated thh dxgttal unage process?gare

1. -Ccatrast strctchmg "
2. Thresholding - _ )

-~ 3. "Edge.enhancement S T R
4. Reducing the dnnenswnallty of the data ‘ , : oo A
3. Texwre transforms -~ | . T . . '

6. ;Bandrauomg : T

Some of the procedures may be used to tncrease classﬂicauon accuracy by separanng the '
classes of interest thereby allowing more homogeneous trammg ﬁelds to be selected. The -
‘, degn:e of increase m clasmﬁcatton accuracy must be wctghed agamst the i mcrease in total
' computer proccssmg and user analysxs time, | | < | ‘ |
Preprocesswg isa subset of i 1mage prOCessmg which con51sts of correctmg systemanc

| errors and cahbratmg th digital data (Schowengenlt 1983). Image preprocessigg at

N

' satelhte unage recemng stanons may mclude correcnons to remove or reduce radxometnc

"



| _' and geometnc d1stort10ns, systemauc and random nonse and oxher data errors (Short
. 1982) Geometnc regtstrauon 1s a preprocessmg techmque often undcrtaken by the user
'_ and consxsts of a coot:d.mate transformatton followed by resamplmg The afﬁne

rmatio vand polynormal least squares ﬁt are commonly used coordmate

: uansform?uon techmques (Ku-by and Stemer 1978) An unage can be regtstened to a map

- pro;ecuon such as Utuversal Transverse Mercator (UTM) or canooe reglstered to another j f .
. 1mage to glve the user the abthtfto undcrtake multxsensor or multttemporal analysxs N :

i .'- ‘:Gcometnc regtstrauon mvolves deterrpmmg the spaual lomuon of a pxxel from the ongmal

T unage in thc transformed output unage The locattons of output pxxels seldom cotnctde
o with the locauons of pixels in the ongmal unage therefore spectral values for the output |

e ‘-" | ima have to be determmed from nelghbounng mput ptxels ' ‘ |

o threepnmary nesamplmg methods neatest nexghbour,‘brhncar mterpolauon and cublc _»,

" '_"convoluuon Nearest netghbour is the s1mplc5t computauonally The pxxel value from the S

o ongmal 1mage that is- spattally closest to the oomespondmg output plxel is transfen'ed to the

.-

w0 voutput ptxel locauon 'I-‘lus method docs not change the spectral values from the ongmal .

: tmage, but does leave the new tmage w1th a blocky appearance because pixels: may be

- slnpped over or duphcated. The output ptxel value m bthnear mterpolauon is detenmned '_ o

: _by the asttmauon of pixel values ﬁ'om the i mput 1mage in two orthogonal dtrecuons 'I‘he

B values oﬁ thefour nearmt netghbours ane wetghted accomdmg o the hncar dtstance between'

; ’_ the centersfof the mput ptxels to the centcr of the output pixel and the avemge value fmm

. _me four nearest netghbours is placed mto the output ptxcl locanon (Taramk 1978) Cllblc | »‘
s : ..°°n"°1“u°ﬂ 1 an mtﬂ'POhUOn of the data usmg 2 coutmuous funcuon (Shhen 1979) One - 3
B mterpolauon method for cubtc oonvolutlon is o fit cublc sphnes (Shhen 1979) over a sPanq, |

of four conuguous pomts in a sxngle duecuon. Btltnear mterpolatton and cublc

,convoluuou change tbe spectral values ofthe ongmal mges andm effect smooths the '; .

.«



' blurnng by attenuauon of hrgh spaual frequeticres, yreldmg effects srmrlar to. low-pasts
ﬁltenng " (Verdm 1983) Verdm (1983) compared a geometncally uncon'ected Landsat
MSS scene w1th the same scerne geometncally conected usmg acoordmate uansformanon
followed by cubtc convoluuon resamplmg Prxel values from a land' water mterface were .‘ |

compared and Verdm (1983) detemmed that anomalous spectral values were located along

:\~ e

_ the mterface in the geometncally corrected 1mage The radi‘ance values for Water were -
e decreased by half a radrance value and there was a decrease of ol ‘whole radlance value for
13 Classxficatlon N S T BRI UL

- A classrﬁcatron algonthm must. be "tramed" to dlscru‘hmate betwecn the classes of |
mterest.‘ Supervrsed trammg consrsts of ext:acung trammg ﬁelds whrch are representauve - :
pf each class and generatmg a decrsron space for each claSva1th the classrﬁer A deCrsron
" space is a reglon wrtlun the totaf‘ measurement spacewdeﬁned by a classxﬁer bc '
nepresentauve of a parucular specu-al class Measurement space is the. space deﬁned by the
entue spectral range for each sensor. Feature space graphs may be generated \vhen '_ Do
trammg ﬁelds for each spectral class are extracted A two—drmensronal featune space plot
-, ofthe spectral trarmng ﬁeld prxels for MSS band. 5 agarnst MSS: band 7 would be located
- ina two—drmensronal measurement space, with the range of axis values frbm 0 to 255.
(thure 1 1). When supeMSed t!ammg ﬁelds are extracted some ptxels in a class may be
spectrally far removed from the values of nerghbounng plxels ‘These outhers can cause '
-}4—' the classrﬁer to generate poor- ﬁtung decrsxon spaces, decreasmg classtﬁcauonaccuracy :
Another cause of m.t\sclass1ﬁcauon occurs when some of the training ﬁeld ptxels from one ‘ | ) '_
class are mcluded thh ptxels fmm another class or classes To elxmmate this problem the =
‘ tmslabelled trarmng ﬁeld ptxels are deleted and the dectston spaces are regenerated |

Delepng outhers and tmslabelled ptxels consututes cleamng the trammg field data.

¢

- ay



= : : pubhshed tests for muluvanate normahty have been fo nd m the research( lxteratune apphed
0 SPOT, Landsat MSS, or MEwh ofthe dai ‘types from the d1fferent sensing

~ paper has been found t0 da

s

2 '_dlsm'b’ixfed.i.'ﬂn'ee paxamétnc class:ﬁers s,m the paralleleptped,‘linear elassxﬁcanon .
fungpon and maxxmum hkehhood classtﬁers Mapy remote sensmg textbooks brteﬂy

B mennon that the assumpnon of normahty is vahd for classlﬁcatton but do not provxde any

'references to support this assumpnon Two examples are ngen below, .

...an assumpnon is made that the dtstnbunon of the cloud of pomts fomnng the
categoty training data is Gaussian (normally distributed). This assumption of - s

normality is generally reasonable for common spectml response dtstnbunons LI
(Lxlle.sand and Kxefer 1979) . i L

.' S "We have chosen nepeatedly to use the normal denslty fuxfcnon to approxtmate the o
' frequency distribution associated with each of the classes. Is this a reasonable thtngto R

in practice? To begin with, the multivariate normat assumption has been -
. »observed to model rather adequately the probablhsnc processes observed ina large

" number of remote sensmg apphcattons

(Swam 197.8)h R ~

' ,Parametnc elassxﬁers are based on mulnvanate normal assumpnons, yet there isa lack of

.pubhshed research concermng muluvanate normahty in spectral classtﬁcauon No oL

'ty and the results publxshed because

each sensor system has i

- w&neh pubhshed the results fora test on the—normahty

| Crane et al. (1972) a hed a umvanate clu-square (xz) norma'luy test to trmmng ﬁeld N f " ‘:' :

- data from ﬁfty-four agri¢ultural ﬁelds Tho plxcls tested were selected from the i mtenor of

sepmtespecn-alchannelvnluesperptxelwexeobtmnedfxmnan

tﬁelds m the summer of 1966 Thete was an average of 2.159

nces mspaual spectral andradtomemc resolunon One -

N

. the ﬁelds to avoxd the cluston ofboundm'y ptxels wluch mcrease thellkchhood of - ‘ 5
L _non-nommhty ’I’wel o



= _' | ptxels per ﬁcﬂ. Stxty-etght percent of the‘ spectral data from the twelvc channels over the o N

_—— 2 .

- thu-ty-erght ﬁelds were unxvanate non-normal usmg the xz test at the 1% sxgmﬁcance level. ,,-

L Ten-channel spectral data were recorded from sxxteen ﬁelds in- 1969 Each ﬂeld was/

o covered by an average of 1 057 plxels Flfty-Slx percent of these data were umvanate

non-normal as mdrcated by the x2 test. Ground resolutron for each test area was not . _ }
' :reported b‘ht the ﬂymg alntudes were provxded Ground rcsoluuon can be esnmated from R
ﬂrght alumde The IFOV for most mrcraft scanners is. 2.5 tmlhradrans The formula to ,

" dctermme the dlametcr ofa ground resqluuon cell at 'tadrr is: (Ltllesand and Klefer 1979) 2
| . { D=HB
where; : R ‘ ' ' \
: R D= dtameterofthegroundcell-
' : - H = flying height above terrain
B= IFOV of the scanmng system,

The ﬂrght altitude for the 1966 data was 700 ft (213 m) for thlrty ﬁelds and 2000 ft (610
L

- m) for elght ﬁelds The fhght alntude was 5000 ft (1524 m) for the i unagery from 1969

- - From the lowest to the hlghest ﬂrght alntude, the spanal resolutton cell sizes were l 75 ft vv

o © 53m), 5.00 ft (1 52m), and 12. 50 ft (3 81m) Tlus hlgh spatlal resolutxon was far .

- greaterthantheLandsatMSS spatial resolution of 80m. | A
Maynard and Strahler ( 1981) studled the: effects of classxfymg non-normal data thh a |
: _param)tnc classifier, Thc reseamhers srmulated umvanate normal, shghtly skewed and
sevetcly skewed data, and then compared the classrﬁcauon accuracy between a Bayes |
maximum hkehhood classiﬁer and a non-parametnc logit classxﬁer Classrﬁcanon S
a : accuracy was sumlar for the normal data. The non—parametnc classxﬁer gave better requts
 than the\naiimum hkehhood classrﬁer for the slighdy skewed data on all but one case
where the results were equal The largest gam in accuracy for the shghtly skewed data 'was |
h _' 15%. The. non-parametnc classrfier outperformed the maxrmum hkehhood classrﬁer for all

“the severely skewed cases, w1th the largest gam in accuracy in one case of 34%. Maynard , 3



' } ‘.J_J. j"y: L‘IIA'w 4 Y

classxﬁers on»

Ry SR
’ %?was more accurate for the remaxmng classes %gl'argest increase m classxﬁcauon acéuracy

was 39% M

‘The hkehhood of nonenormally dxstnbuted classeskmxhy alsq be more pmnounced at.
ﬁner spaual resoluuons chause the variability mthm each c‘lass 1s more vmble Toll -
(1985) tested classflmuon accuracy between 'FM and MSS ‘tmagery usmg a parametnc

= clasmﬁer ’l{)ll,determmed.for 'I'M 1magery that mmased spec ‘resoluuon mmgd
| classxﬁcanon accuracy, whxle mg:asgd spaual resoluuon dmsed classxﬁcauon accuracy
" Toi mcnease clasmﬁcauon accmacy of TM Lmagery. Toll sugéested applymg a low pass
filter to the plxels before classxﬁcanon ’I‘he problem w1th thls appmach is that the spectral
| - data ane smoothed creanng a false homog%nexty For many apphcauons the htgher spatxal
| | . resoluuon 'I'M 1magery need not be degraded, rather new class:ﬁcatxon schemes can be
developed whxch accounts for non-normal dxstnbuuons' - S ',
| - Many dlfferent’paramemc class1ﬁcat10n and aqcmacy assessments have been -.

S 1magery usmga combtnauon ofbands 5 and ‘I The logxt classtﬁer - o
equaIled the accuracy of the Bayes maxﬁnum lxkethQd classxﬁer for half the classes, and )

»

completed on low Spaual resol'uuon MSS magery ClasS1ﬁcauon aecm-acles greater than

80% were common (W asrud and Lulla 1985 Schol; et al. 1979) l-hgher ia] and
spectral resolunon satellite i lmagery is now more common wnh the advent Z“:e ™ and

{ ¥
SPOT scanners, thetefore it would be ad\nsable to reexamme the stausncal assumpuons of '

) ' A .", \
: theparamemcclass:ﬁers, -~ L

* .With the ever-mcneasmg dara received from such s sensors as the ’I'hemanc B

o %m per and SPOT, classification efficiency will become an important consideration.
Testing

[

should be performed on data from those two new sources, in orderthat . -~

L classification of their remotely sensed data may proceed as efﬁcnently as posslble. A
*. '(Wasrud and Ltila 1985). .

The analyswef the stansucal dxstnbunon and sepambthty of the spectral values for each
class could beumiertaken m orderto use the mostappmpnate typeofclasslﬁerbgote

>
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- contexmal aﬂdomﬂanmnaryﬂatatsaddedmaclas_gﬁzaﬁon. :
-'1.4 Objecttves Co L

Four problems in classrﬁcauon methodology were oéthned in the precedmg secnons

- The problems were assocmted w1th the lumtauons of feature Spaces to a1d in the analysxs of

. / spectral cltses before clasmﬁcanon the assumption of spectral class nounahty, the SRR
- __hmttatlons of parametnc classtﬁers, and the possxble change in class normahty at mcreased o
' ,spanal{esoluuon ‘The objecttves of this thesis. wete . - o
: " '1 To develop a'new méthod of dtsplaymg feature spaces analyze the new method ) |

| by descnbtng the changes mthe feature spaces over n[ ’

2, To detertmne the normahty of 1nd1v1dual spectral classes by applymg a blvanate ’
‘vnormahtytest e _/

3. ’l‘o develop a srmple non-parametnc classrﬁer Whlch takes account of b1vanate :
. s ‘ .

: non-normal classes ,
4 To compare the demsxon spaces between the non-parametnc cla351fier and three
- common parametnc clasmﬁers | o : o o
S To analyze how dtfferent spatlal resolunon aﬁ'ecgblvanate normahty and feature space |

"v'I‘he objectwes mcorporated all aspects of the mnln approach (Ltllesand ahd K1efer 1979)
The muld approach mvolved mnms:agg sensmg, where data are recorded at dtﬂ'erent '_ '

‘ ._spatlal resolunons, mulnsne_gml sensmg, where data are acqulred sunultaneously in several_‘ '

] spectral bands, andmnlmempgmlsensmg, where data forastudyareaare collected at. more..'

thanonedatc ' v S S

15 TheStudyAreas Vo R
Two study areas were employed in thtsresearch The first study area was Iocated at :

- Eudo%, Kansas. The data from this study areawere usedto generatethe frequency feature."

spaces and analyze the changes in the frequency feature spaces through a growmg season,



e study bryanate frequency feature sRace normalxty, and -to compare decxsxon space

-

' boundanes between a non parametnc classrﬁer and three paramemc classrﬁers Three

datcs of Landsat 1 MSS 1magery were mvolved in thcse tasks 'I‘hc dutes of the i umgery

wercMay 11 1976 June 16 1976 and Iuly 23 1976., and are lubelled dates l, 2, and 3

S for funherrefcrence These class values came from 51x bit decompressed MSS data

Trammg ﬁelds exuacted from tlus mlagqry by Eyton et al. (1979) deﬂned five specmll

4

¥

' pnxels from"a smgle Crop were choscn Very little | precxpmuon fellin the Eudom Kansus |

classes (Eyton 1987)

-

~

1.. Forest - which consxsted of hlckory and oak trees located along the l\ansas River. \
- 2.~Bare soil - which consisted of i intersections from’ sandy roads and wcth of the

L roads. The bare soil class whs chosengs an unvarying cliss cover over fime.

3. Water - which consisted of water from The Kansas vaer The nver has
“bottom.” .. \y

4 * ‘Winter wheat- and soybéan ﬁclds in whxch winter wheat was grown in the fields
for the first part of the growmg season and soybc.ms were grown in lhc same
fields but later on in the growmg season e o , E

5Comﬁelds"-',_ ; R N A PR

.mdy"

The select;on of uammg ﬁelds was based on ground truth mfonmmon obt.uned by ﬁcld

were deskewed and rescaled and boundanes from a 1 60, 000 colour mfrarcd photog1 aph i

. mvesugalors durmg the 1976 data acqulsmon penod (Eyton et ;11 1979) The three | xmu),cs .

.

'were transcnbed upon hardcopy xmages of the Landsat scenes to aid in Ihe delmeauon of

the 1 trzumng ﬁelds The central poruons of sample ﬂelds were selected IO ensure lhat only

K

area durmg the growmg season of 1976 (Ulaby etal. 1979) Bctwccn May 27'h and daxc

2 there was only a trace of precrpnauon Two cenumc(ers of rain. l‘ell approxumlely ﬁve

| ‘days before. the dale 3 scene was 1maged. No meleorologlcal records were prcsemed by

_ fUlaby et al (1979) for date l An assumpuon was made for uus lhesxs that xhe atmOSpherc

' 'for the three dates of 1magery was umf,orm, andﬁny drfferences in the atmosphcre would

1]

"'_classcsthroughume T S ‘

‘ not ;xgmﬁcandy alter the featurc space shapcs more than the gross changes wuhm xhe i



. $
_ ’I‘hc second study area encompassed the Alexander Indian Reservanon A.lberta (Flgure "
S 2) Thxs sue prowded data for a vrsual and stat1st1ca1 companson of sxm1lar frequency

N feature spaces using 1magery of dlfferent spanal resoluuon Landsat 5 MSS unagery was

o acqmred for July 20, 1986 and Landsat 5 TM 1magcry was acquired for July 23, 1984

Thc two Landsat scenes were 1n CanadJan Centre for Remote Sensmg (CCRS) cornputer
E 'compauble tape (CCT) format. Preprocessmg procedures apphed at the satelhte recclvmg

. stauon to the tapes corrccted for earth rotanon and mirror velocxty changes The MSS

'imagery came from 31x b1t decompressed data and the'I‘Munagery came from dght bit

4



2 \Methodology to Denve Frequency Feature Spaces e

) A method for generatmg frequency f&ature spaces is presented in tlus chapter o

- __ ; l)lfferent surfacmg mutmes appl;ed to the spectral frequencres, along wrth thé assets and
i X habrhues assocrated wrth each surfacmg approach are descnbed. A non-parametnc method
for ehmmatmg outhers (cleamng) ina spectml class isalso descnbed’ The best-ﬁttmg

- 'surfacmg routine from the rouunes tested was apphed to the ongmal spectral classes and

- 'thecleanedspecu'alc G

© 2 Generatloq. e ‘ L

| Feature space plots can help the anaIyst determme theseparablhty between classes and @
to determme the effectrveness of trammg ﬁeld cleamng opcratlons Standard two channel

| feature space plots do not allow the user 10 see the frequency component of each sﬁecual

‘ parr Figure 21isa standard two channel feature space plot of the five spectral classes for

.date 3, over Egdora, Kansas Frgure 2 2 isa three dunensronal perspectrve plot of the )
frequency values for the : same ﬁve classes. Classes that/appear skewed or mulumodal are

- readrly 1dennﬁed m the perspecuve plot. A new two channel frequency feature space plot

= is presented in this thesis, whlch can be overlayed on the tradmonal feature space plot, tn

 order to avoxd the hmrtauons of the tradmonal two channel feature space plot. 'l‘hrs

‘ _ ﬁ'gqum &amm spag_g is presented as contours of equal 'frequency volume ‘ ' _ v
A ﬁ'equency surface must be generated before eontounn g the 'spectral frequencres from .

. each class Two surfacxng methods were tested the polynomxal least squares trend =T

" 'surface and the multrqtradnc equanon 'I'he former generated a least squares fit surface, |

| .whrle the latter produced an exact-ﬁtung surface. Hardy (1971) provrdes an explan&uon of ’

S the mathemancs mvolved ith the multaquadnc equatto An explanauon of trend ‘ ]

o equations can be found in Unwin*(l_9_75)!. Figure 23 shows_.the__ forn .of_each equatic
along wrth the solutron for a srmple nizmber of observattons The output from tw0 '
procedures’ ‘was a gnd of frequency values, mth the columns eorrespondtng to r
radlauon values and the rows correspondmg to mfrared radrauon values.



& Forest trarnmg areaswere extracted fromaJanuaryS 1979 Landsat MSS scene over " .

’. Georgetown South Carolina (Eyton 1983), and surfaced to initially detertmne the \?abrmy
of generatmg frequency feature spaces MSS band 5 and band 7g grey level values were ‘ - _
used in t.hls test and for the subsequent Eudora, Kansas t:rarmng fields Research has . \ o

r{ﬁ'\

. shown that MS§ bands 4 and 5 are hrghly correlated and that MSS bands 6 and 7 are: |
.hrﬁh’ly correlated (eg. Hall et al 1984) therefore- the ehmmauon of MSS bands 4 and 6 |
' " should not affect classrﬁcanoﬂ’accuracy greatly Figure 2. 4 presents the feature space for )
s forest. The spectral jig pa@ for the-forest class were changed into MSS band 5-MSS band
5 frequency tnplets and tﬁ&n the tnplets were surfaced _
Polynomtal trend surfaces of drfferent degrees were ﬁt to the§pectral frequencres 'I'he .
’ degree of thg polynorrual was nestncted by the number of umque band 5 band 7 parrs there
were for a class (Table 2 l) 'I'he forest class had twenty-seven drstrnct parrs which - &-_ -
j allowed a second degree to a ﬁfth degree polynomral trend surface to be generated. Frgure | |
2 5 shows the frequency value contours for the polynormal trend surfaces The fourth . . ..'“’ ~
i degree polynomral apneamd to follow the tradmonal feature space plot, but there were two
zero frequency contours in the ¢ c%%gﬁ.,pf the plot}surrounded by contours of | mgr_eamng
© value. One zero frequency contour should surround the larger frequency contours .'The
. fifth degree pblynomral plot was presented as a series of contours placed one on top of the "
other The second degree trend surface followed the feature space the closest but there was
noa mmn way to determme thCh degree of trend surface: would WOrk sausfactonly The S~
lack of srmr]anty between the plots and lack of predrctabrhty of plOt shape supported the ) |

.G

:'conclusron that the use ofa polynomral trend surface was not feasrble X
The multtquad.nc equauon surfacrngroutme produced a vrable approach The
: frequency feature space boundary closely followed the feature space because the L
o multrquadnc equauon was an exact-fittmg surface (Frgure 2 6) A bivariate normﬁl class e
should xdeally be represented asa bell-shaped durface, accordmg to probabxhty theory | | |
| however the Qpp_Qsm srtuatron can\$tur Instead of the frequency feamrespace S e

'..Jiu



- entire measurement space LI’hxs sxtuauon occurred with the generation of the frequcncy ‘

~

P S U ,
BN

e decreasmg in value away from the center of the class, the surfaoe values increase ﬁlhng the

<.

@F space for the date 3 bare soil class {Ft 2 7) A method whrch allowed the

muluquadnc equauon to generate decreasmg values away from the edges of the feature
-

space was reqmred. The soluuon was to smooth the frequenc;Q'alues once usmg alow

T | pass ﬁlter thereby placing lower values ﬁound the hi *gher—values A 3 x3 filter (thure

2. 8) was apphed to the frequencres and a mulnquadnc surface was generateﬁ fmmstc/

smoothed values Fxgure 2 9. shows‘gre contours ofjthe bare soil frequency feature space
s .

from the smoothed spectral values.’ '

14
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The final step in the generatlon and presentauon ofa frequency feature space wasto ‘ =

’ contour _t_hefrequency surface. The contour mterval was set equal toa specrﬁc s,utface

mlumg makmg the contours from one ﬁ'equency feature space comparable to the contours x

from other frequency feature spaces from the same date or over txme A contour mterval :

of 20% surface volume was chosen for the Eudora, Kansas data The frequency surface

was changed into a percent volume surface befi contounng The total volume ander any
surface between the max:mum frequency y/:ro ﬁequency is 100% By sumrnmg the | ‘f'
frequency values above zero and dmdmg thts value into each separate fxequeney, the e |

the method of caIculatmg the contour levels The

‘ percent volume{ each frequertcy feature space loczon was denved. Figure 2 10 ptesents,

space locatlon isa verttcal measure whxle a‘honzontalv percent volume contour was

.. ~

22 Removmg Outlners from Feature Spacee and Frequency Feature Spaces o

One objecuve in the thesrs was to detetmme 1f specm{classes were btvanate norrnal |

Trmmng ﬁelds can be cleaned by parametnc or non-parametnc approaches. The problern :

wrth parametnc cleamng wa}that the spectral values for a class were assumed to be

multtvarlate normal, therefoue the dewcnon and removal of outhers, was based on ﬁtung B

. thedatatoanormaldrstnbuuon Non-outhetsmaybedeletedbytheparamemcmethodtf o

C

ntvolume at each fxequency feature : L



'ﬂ\

- 2.3 Cluster Analysns

\

e

the spectral cl{ss was not. normally dlstnbuted (Fxgure 2 11) A non-parametnc cleamng i

' method was; preferable because no assumpuonwas made concemmg tlie dlsmbuuon of the

speclral data. The spectral data were cleaned non-paramemcally usmg clu$ter analysrs

E . The FASTCLUS procedure in the Stausucal Analyms System (SAS) package was

used to delete'outhers m the trammg ﬁelds (SAS Insutute Inc 1985) FASTCLUS lS a

d1$Jomt cluster analysrs based on Euchdean dlstances computed ﬁ'om one or: more

’quanntauve vanables (bands 5 and 7) FASTCLUS employed a clustermg rnethod known

e ‘as nearest centroxd sornng ’l’hts isa standard k-means algonthm (SAS IHSUth Inc 1985)

i to mrmrmze the su : of squared drstances from the cluster means FASTCLUS was

jvidocumented ( _.

-

k user-deﬁned A cluster consrsung of one or two ptxels was ccmsrdered an outher f& the

| .' purpose of the thesrs A series of runs employmg d1fferent numbers of clusters was

Insntute Inc.: 1985) as‘an, eﬁ'ecnve method for detecung outhers smce ) E

_. apphed to these data thcn an munuve analy31s of the runs determmed the appropnate L

“ s f'number of clusters to spemfy for a class Care must be taken when spcc1fy1ng the number

) -of clusters because FASTCLUS may break up vahd data clusters In theory the number

: of clustets can‘bc set equal to the number of umque ptxel locgnons in the feature space

' _ Table 2 2 hsts the total number of ongmal parrs for each class, the ﬁnal number of clusters

spec1ﬁed and the number of paJrs ehmmated.

15

outhers are often clusters Wié Oﬂl}' Onc mcmber Thc number of clusters generated was < R



3 Analyzmg the Frequency Feature Space Graphtcs

The uuhty of the frequency feature Space lS addressed by deterrmmng if changes

= ‘ through the growmg season m each class ﬁ'om the Eudora data set can be detected. The .

qhange in frequency teature space shape after applytng the cleamng voperatton is also
= desertbed. A crop mlendar (Table 3 1) was used 0 aid in the analysrs of' the frequency

‘ feature space plots from the three dates of 1magery Fxgures 3 6- 8 present the ongmal
and cleaned, combmed feature space plots

:"’“3.1 Water’ | | I SRS -

| . The frequency feature space for water was expected to change very litle through the

-vthree dates of 1magery but th lots for water mdtcated Othl‘WlSC The date 1 frequcncy

" feamre spaees Flgures 3.1-5 present the mdmdunl ongmal and cleaned frequency B

’_ 'feature space for water (ﬁgure 3 la) appeared asa smgle, normally dlstnbuted peak The :

_ smgle, umform peak probably represents clear water At date 2 there was stlll one majof
peak whlch probably represented clear water (ﬁgure 3. lb) Some areas of water may have

mcreased in suspended sedrments or decreased in nver depth because there was a shght o
o skew in‘the frequency feature space tOWard larger band 5 and band 7 grey level values

) ','_'I‘hree mam specttal peaks were located in the date 3 frequency feature spaee (ﬁgure 3 lc)

N .The largect peak, whxch contamed the lowest gney leyﬁ values, may represent clear water B

‘_ Lmle spectral vanance was present in the main peak. ’l‘he second peak dtrectly above the
. first peak, ma,x represent vegetanon near the edge of the water. whﬂe the thu'd peak may -

- mdlcate a decrease in river depth plus the presence of vegetauon

Thes water class from all three dates beneﬁtted from the cleamng operanon Plxels wrth (

hxgh band 5 and band 7 grey level values were deleted (ﬁgures 3.6-8). These ptxels may -

' represent water that had abnormally large amounts of \suspended sedtments dte land-water B o

- f mterfaee or shallow pomons of the nver The cleamng of

fromthecorn classatdate 3 (ﬁgure 3, n) 'l'hedeleted waterplxel may have been ﬁom the L

areaof the land-watermterface

e
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3.2 Forest
| the decrduous trees had recently emerged and the prgments mthe leaves had not fully
developed The frét;uency feature space appeared asa normally drstrrbuted peak, whrch

- The forested area around Eudora, Kansas rs mamly decrduous In date l the leaves of

c— may mdrcate that the lrght green leaves appeared hpmogeneous to the MSS The frequency - .

feature space at date 2 (ﬁgure 3 2b) was more drsperse the large - varrauon in MSS band 7

grey level values may be accounted for by the f:resnel effect. The Fresnel effect requrres .
b_ leaves to have a well-deﬁned cell structure and is caused by near rnﬁared hght enterrng the B 3 .

| spongy mesophyl of leaves and then berng randornly scattered (Barrett and Curtrs 198;)
Only one main spectral peak was present gomg from date l to date 2, but the peak had -
shifted toward hrgher MSS band 7 values and lower MSS band 5 values whrch suggested
- that the leaves were becormng more mature. Two mtnor peaks were located in the

frequency feature space The larger of the two peaks may represent a drﬁ'erent tree type

e

whrch has become spectrally separable or trees sufferrng from morsture stress A decrease o

m the MSS band 7 range was present at date 3 (ﬁgure 3. 2c) The decrease of the MSS
- -band 7 range in the main peak may be attrrbutable‘to a lessemng of the Fresnel effect in the
| leaves caused by droughty weather | ‘ |

The cleamng operatron provrded the greatest beneﬁt for the forest class An outlrer -

wrth a low band 7 grey level value. and a hrgh band 5 grey level value was deleted ﬁ'om the B

date 2 trarmng ﬁeld values (ﬁgures 3. 2e 3 7): “The forest class had two peaks wrth one _

dommant peak in the frequency feature space ’l'he cleanrng operatron drd not: delete the ey

mtnor peak, whrch could bea spectrally drstrnct tree type In date 3, the major and nunor o

peaks had more srtmlar band 7 values An outlrer wrth small band 7 grey level values,
below the mam peak was deleted (ﬁgure 3 8). A hole of zero frequency was located

between the major and mtnor peaks m the orrgmal frequency feature space The cleamng

operauon enlarged the hole beween the major and rmnbr'peaks and created two scparate

forest frequency feature spaces

ERTEN



_-3.3 Wmter Wheat and Soybeans

e

| Wmner wheat and soybeans, grown in the Amencan mtdwest, are often culttvated m
5 the same ﬁelds but at dxfferent ttmes of the year, After the wmter wheat ts harveswd,

| : 'soybeans are planted. Winter wheat was growytgand should have total coverage above 5 'A : o

| ,-the soxl for the first date of the imagery. The frequency feature space (ﬁgute 3. J3a):
,'portrayed wmter wheat as one large, homogeneous peak surrounded by three small peaks

- The mam wmter wheat peak had lower band-7 and hlgher band 5 grey level values

- - compared to the mam forest frequency feature space pw.k whtch posmbly lndtcated that the ) | B |

'Fresnel effect for wmter wheat was not as strong as lt was for forest 'I'he wmter wheat

,was harvested and the soybeans planted dundi the: second date of the unagery Bare sotl o

. was v1s1b1e1n the Belds because thm was a large OVCﬂaP between the'bare soxl and wmtcr"" :
b wheat-soybean fxequency feature spaces (ﬁgures 3, 3b 3. 5b) A‘mught line placed along- o

| the bottom of the wmter wheat-soybean frequency feature space (ﬁgure 3. 3b) in the -

. .dtrectton of maxxmum specttal vananon could represent a sml hne Plxels located R
R perpendlcular to the soil lme may nepnesent soybean plants at vanous degrees of growth 1n _ :
- ’v-"the fields; ordtfferent amounts ofwmter wheat in the ﬁelds Sotl type and moxsture _ 'v e N
= _“v'content also probably contnbuted to the shape of the frequency featme space Soybean

_crops were. at the mtddle to end of the growmg season by the thxrd date of lmagery The
- frequency feature space (ﬁgure 3 3c) was' one, very large, dtspersed peak whlch showed'

, that there was latge spectral vanabxhty among the soybean plams 'I‘he freqlxency f eature_ . | =
" vspace m dlsplay dtﬁ'erent levels of matunty, dtfferent amounts of motsmre avmlabﬂny, B

and dtffexent vaneues of soybean plants and other management dxfferences

'l‘he cleamng operation was responstble for a major change tn the date 1 class and a

smallerchangemthedateZelass 'I‘hexeweretlneedeﬁmteouthersmmedate l class

elumnated by the cleanmg Operauon, whlch left wmter wheat as one cluster (ﬁgm'e 3 3d). ' b

‘ | "I‘here was a transmon from wmter wheat to soybean cmps at the seconddate of imagmg
: v whwh meant that the soxl in the ﬁelds was detected by the MSS The ptxels deleted, whxch

J
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- contarned large band 5 and band 7 values, along the main dragonal probably represented

. dry unvegetated sorl and/or crop resrdue ‘The deleted prxels located away fmm the -

| dragonal of the data cluster may represent green vegetauonon the ﬁelds
- 34Com O ¢ ‘ |

2

Corn was planted before the ﬁrst date of i rmagery and may | have up to 20% ground
cover, therefore a sod srgnature should have been present m(th}e frequency feature space

- There was a large overlap between the c0m-sorl and the soil frequency fllature spaces o

: (ﬁgures 3 4a, 3. 5a) whrch rndrcated that sorl was vrsrble m the cornﬁelds The comn -

frequency feature space (ﬁgure 3 4a) had twrce the range in the band 5 grey level yalues S
-cornpared to the band 7 grey. level values. Band 5 grey level values are generally larger N |
than band 7 grey level values for bare sorl The high spectral frequency peaks were evenly B

' drstnbuted through the frequency feature space whrch mdrcated that there was no central

i class type as was present in other classes Atthe second date of i 1magery there was a large '

; change in the frequency feature space shape The corn frequency feature space (ﬁgure e

"'3.4b) had moved away from the bare soil frequency feature space because the com plants v e

.'were more mattn'e and covered more of the sorl Two ‘arms’ radrated outward from the -
- ‘rnarn peak in the com frequency feature space 'Fhe upper arm may represent com
- suffermg from morsture stress, or unmature late planted com whrch had more

surroundrng sorl vrsrble to the MSS, whrle the lower arm may represent 1mmature late

19

, planted com located in moister sorl The mam spectral frequency peak had shlfted toward "

lower band'7 and hrgher band 5 grey level values at date 3 (figure 3. 4c) The decrease rn ,

- band 7 grey level values and rncrease in band 5 values may be caused by tasselmg or by a
decrease i 1n that the Fresnel eféet Corn was harvested at thrs ume therefore the plants |
| should be dned out. There were two small peaks wrth larger band 7 and smaller band 5

' grey level values compared to the marn pea.lc Com represented by these grey level values o

‘ may ‘have been planted late
- The cleamng operatron did not drasucally change the shape of the com frequency

e



» feature r;iaces A smgle outhcr, scparate from mmn cluster was deleted for date 1 o

: ‘._(ﬁgure 3 6) The cleamng operatton began to separate a mmor peak away from two much

.‘ | largerpeaks in the date 3 frequency feature space (figure 3. 4f) The ; rmnor peak may have _
g been separated from the mam cluster, or tomlly deleted from the fnequency feature space, it
| ‘more clusters had been deﬁned in FASTCLUS | | R

35 BareSorl e , ) . , a ,

e The bare sorl frequency feature spaces for all three dates. Wthh consrsted of stretches =

+ of. sandy roads and noad mtersecuons, were very srmrlar Al three frequency feature | ‘
spaces whne posmvely correlated and had numerous, evcnly spaoed peaks of srmrlar value R
The bare sorl frequency feature spaces Were hkely affected by three factors the morstm‘e L0 .‘ ' -
content of the soﬂ the physrcal vanabrhty of the sotl and the amount of green vegetatron

’ growth on and along the soil-road. The peak wrth the smallest band 5and7 grey Ievei

. ,values in the date 1 frequency feature space (ﬁgure 3 Sa) may represent a morst, ', N

| unvegetated, dark soil-sand. The peak with the largest band 5.and 7 grey level values may -

) represent.a dry, lrght coloured sorl (sand) wrth some vegetauon growth A soil hne can be _-"_ o

" drawn along the bottom ofthe date 3 frequency feature space (ﬁgure 3, Sc) in the dn‘ecuon -
of maxtmum spectra] vanauon Valurs located perpendlcular o the sorl lme may suggest a S

v:::e:tan: e @ e T

_ The bare sorl class was mﬂuenced by many factors and created a htghly dtspersed

R multt-peaked frequency feature ‘space. Three ptxels with low band 5 and band 7 vatues o

. wexedelewdfromthedate2ﬁequencyfeamrespace(ﬁgnre3 Se) ’Ihecleamngprocedure = -
“ ".deleted one qurte separate sorl prxel whrch had a htgh bapd 7 lﬁa alow band“S grey level .
 valye from the date 3 class (ﬁgure 3.50). The deleted piel possibly covered an area am N

. contamed an excess of vegetauon gmwth. Another prxel fmm the date 3 sorl class was

deleted at the end with the hxghestbandSandband7values (ﬁgure38) Detcummng
| outhers forabaresorl classrsadrfﬁculttask,regardless ofihe cleamng operatton -
'-”employed Ll R L
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_ 4 Parametnc and NonsParametnc Decrsaon Spaces - ; .
 Wasrud and Lulla (1985) pointed out the need to understand how classifers create
N declswn space boundanes ”Further companson t{fclassrf' uon algonthms may also
focus on the drfferent ways in which the algonthms partmon feature space .This may

‘. explarn the drfferences in classtﬁer accuracy, and addruonally, may a1d in detetmmmg the

- most effecuve parameters to use wrth the classrﬁers " Many analysts use the confusron

-~

matnx to deterrmne the accuracy of a classrficauon Other analysts use measures such as

E u'ansformed dtvergence to calculate class separabthty Abstract measures are employcd to '

determme what is happemng between the feature spaces, decrsron spaces, and the resulung

- classrﬁcauon whrle the complementary concrete graphrc drsplays arelgnored. A graphrc >

. drsplay of the decrslon spaces could enhance the ablh& of the analyst 10 mterpret the results o

vjpresented ina confusron rnau'lx A non—parametnc classrﬁer is descnbed in this chapter '

and the decxsron ? fnom this classrﬁer are compared agamst the decrslon spaces fnom |
c srﬁ

‘ three parametnc ers. A‘ﬁmple non-pammetnc test is also presented whrch

determmes brvanate class normallty | ' | B o

4.1 Three Parametnc Classrf'ers - o _
Three common parametnc classrﬁers are the paralleleprped, hnear classrﬁcauon

‘ funcuon, and maxrmum hkehhood classxfiers 'I'he parallclepxped classrﬁer has the _

sunplest decmon space geomeuy and is the fastest comp/uonally The algonthm is .

sensruve to class vanance in each Specttal channel by talong into acoount the range of

‘specu'al values in a class. The decrsxon space for a class xs deﬁned by the mrmmum and

‘maximum spectral values in each spectral channel used in the classrﬁcanon (Lrllesand and

- Kiefer 1979) A two channel paralleleplped classrﬁcauon has rectangular decrsron spaces A

', (ﬁgure 4 1a). 'I‘he decrsron space boundanes of the paralleleptped classrﬁer mm he
pa.mllel to the feature space coordmate axes whrch»creates a poor ﬁttmg decrsron space

when the spectral values for a class are highly correlated. The decision spaL*e geometry is -_ -
B a.lSO prone to consrderable overlap m adJacent classes, especrally when the spectral values :

E

S
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) . m °n° Chss are hlghly correlawd. An image processmg techmque to deconelatethe
- spectral channels such as pnn—():tpal component analysrs, could be used pnor to a - i
.Pal'dllcleplpedclasstﬁcanon B SR - i =
\ Lmear classxﬁcapon funcnon classxﬁcatmns are more acctnate than a paralleleptped
classxficauon although compuung costs are mcrcased. A lmear classlﬁcahon funcuon ~
o 'declsron space is charactenzed by strarght boqndanes whtch nwd not be parallel o the ':, -:

,feann-e space axes (ﬁgure 4 lb) Although the dectston space ﬁt to correlated data is better '-‘ C

- than the paralleleptped dectston spaces, the hnear boundanes cannot closely follow a v
B non-hncar feature space The dectsron space boundary between two classes is basgl on B - :
| the crossover poxnt where the probabthty of belongmg to etther class 18 equal, assmmng L

= equal pnor probabtlmes Many dtfferent distance functtons can be used o deﬁne deciston ,- L

- space botmdancs (see Batchelor 1974) resulung in many dtfferent decision space ,
“ ‘,boundanes for the : same classes Curvdtnear class1ﬁcauon funcnons have been developed |
| to create closer ﬁttmg dOClSIOH spaces although this entatls more compuung costs and sull | B
: ts based on the assumpuon that the classes are multtvanate nonnal For a fuller dtscusslon
| of linear class:ﬁcatton functions refdt th Klecka (1980) or Davxs (1973) Vhe ol ol
| The maxrmum hkehhood classrﬁer 1s the most accurate and most computauonally S

o complex of the thre atametnc classtﬁers The maximum hkehhood clas51ﬁer is very

accmatebecausebo 1 thevananceandcorrelauonofeachclass:stakenmtoaccountwhen-
. classtfymg an unknown pixel (Ltllesand and Ktefer 1979) The dectsron space is deﬁned N
by an equxprobabihty elhpse (ﬁgure 4, lc) A lughly corrclated class is representcd by ¢ an 1 '

al elhpse wrth avery long maJor aXIS and a very shon mmor axrs, whxle an uncorrelated class

is represented by an elhpse where the major and mmor axes lengths are equal. A drawback B :

. ‘of the maxtmum hkehhood classtﬁer is the large number of computauons requxred for a
f"classrﬁcanon. Classtﬁcauon nme mcxeases with the square of the number of spectral

:~,_’-bandsadded,thereforethemcxeasemcompunngnmecostmnstbewerghedagamsm,e o

: ‘.fmcrelsemaccuracymﬂtmeaddmonalmmededmmdyzealugenumbuofspwm



Iy channels\(ﬁgure43) LT A O

L | There is a need in classrﬁcauon not only to separate the specxﬁed classes from each

| other but also from unknown or unwanted classes (Schowengerdt 1983) Parametnc

'\ classxﬁers w1.ll force all prxels from an 1mage mto one of the deﬁned classes unless | B

| v probabthty threshiold boundanes ane mtroduced for each class A user may deﬁne ﬁve " '
d dtfferent.forest classes and no water class, for example When the satellrte 1mage is -Y\,'

' | c!assrﬁed, au water ptxels w111 be placed mto one of the ﬁve forest classes unless ' |

o probabrllty thresholds are deﬁned for each[forest class - .

":_:l:};tproblem was

'I'hree problems wpre assocrated w1th the p c classrﬁers, Thref |
concemed wrth the fact that parametnc classrﬁé based on the assumpuon that the . '

spectral classes were muluvanate normal The second prohlem was»that the n grd deasron,

B space geometry of the parametnc classrﬁers drd not always aécurately follow the geometJy

i - of the feature space The tlurd  problem arose from the large number of calculanons needed . '

'vto classrfy each ptxel ina muluspectral lmage Tlus last problem is more reUrﬁnt forlheq ’*4 _v 51;‘

| linear classxﬁcauon funcuon and the maximum likelihood classrﬁers : L ® g ' '5’3“ ;

L3

b 4.2 The Frequency Feature Space Template Classnf'er L E .'- -""';; ;

A non-parametnc classrﬁer was developed W1th a decrsron space gepmetry that B
| o conformed closely o feature space Petcent yolumef:ontom's were gen‘?mtql -&?t\hi i
. Vﬁequency feature spaces. These contours can also be used as a nonrparann:tri’c &ecrgton
space boundary for aclass. The decrslon space fits clOsely to the t%ature spaée:b\;t does h 3
" not have a predetermmed geometnc shape A mone nann:al decxsmn space was generated

3 because the data- were not. forcedtto behave as if they were muluvanate n:‘ Tija):

: ‘decrsxon space conformed to the feature space rather than havmg the feature spaﬁ bonérm
B tothedectsronspace ' .‘ DT * L ,..a_-eq,w :
I ' - B T AR

WP T
:
e, S W
s g
‘vd‘r g
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- were stored in a template for classxﬁcatron A template for the Frequency Featur"e" ‘?v

- Template (FEST) classxﬁer wasa gnd whrch used two spectral channelsm a c‘lass‘" ‘

The non paramemcally denved decrsron spaces (frequency’ feature space

- '—s T
:‘t:\ ot



"I'henumber of rows and columnsm atemplate foratwochannel clashtﬁcanon equalled the g
- '_,range\f posslble grey level valuesmeach channel. 'I'he bnghtness range of many spectral f
) __'.AchannelstsO 255 therefore 256rows and 256columnswﬂlbepresentmatwochannxg\l A

" template Each gnd cell in the tcmplate was assrgned a unique class number (e
unclass1ﬁed, 1 soxl), whlch corresponded to the locauon of each decrsron space

- overlap area. between classes was ngen a separate number and relabelled as CLASS_A AR
o " CLAS,g B (Figure 4. 3). The classxﬁcatxon scheme usmg the template entatled stonn; AR

| rtemplate in computer memory readmg in the Specu'al values for each ptxel from the -
satellxte 1mage, checkmg the class number in the template deﬁned by the spectral walues for

. each pixel, and placmg the class number into an output ﬁle to contam the classxﬁed unage .
i The certamty of con'ect classxﬁcauon could be mcteased by choosmg a smaller percent '
Ve
_ volume contour as the threshold for each class.. Flgure 4,4 presents the FFST classtﬁer L

dectsron spaces for the ongmal and cleaned classes Figures 4. 5 10 present the dectsmn .
spaces denved by the three parametnc classtﬁers from the onglnal and cleaned class o .

: 'values Each class was cleaned usmg cluster analysrs to Iteep the compansons between the
| > classlﬁers equal The dOCISIDn spaces from the non-paramemc and parametnti classrﬁexs
. are dtscussed in detaxl later in the chapter The spectral classes were first fested for ‘ .
- btvanate normahty to‘help dctermme the sxmtlanues and dlfferences between the dectsion o
spaces denved by each classrfier | : _
- "4.3 A Statlstlcal {est for Brvanate Normahty

Crane et al. (1972) detetmmed that the Spectral values of many agncultural crops were

‘/v

< non—normal by applymg a umvanate chx-square (xz) normahty test to the spectral values
R ."I‘wo or more spectral channels are commonly used in a classlﬁcanon tberefore classes :

o 'should be tested for muluvanate normahty Twor non-paramemc stausucal tests were
S R TR
. _‘requlred for a check on brvanate normahty the xz teSt, and the Kolmogorov-Srmmov

‘; ey 4
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' fallxng w1tlun mle were counted The Kolmogorov—Smrmov test was apphed to "

i determme whether the frequency feature spaees, presented as x decrles, were brvanaﬁ

_ the muluquadric equauon were used i in the trather than the ongtnal training field values -

2

@

' v test. The x“ and Kolmogorov-Stmmov tests are "goodness—of-ﬁt" tests wluch determme

how closely a sample dtstnbuuon ﬁts a theoretlcal drstnbutton The procedure apphed was

.duphcated from‘work done by Eyton (1984) Spectral pans from each class were ﬁrst ﬂt e

e

imto a x2 drstnbuuon, then x deciles v were generated and the number of spectra] patrs

{

2 .

'normal The Kohnogorov-Sm:g{)v test is based on the maximum value of the absolute
: drfference between the sarnple cumulauve freq ency dtstnbuuon (CFD) and the theoreucal
' CFD for each class 'I'he formula for the Kolmogorov~Sm1rnov test 1s ( Harnett 1982 )

d D = Max [T} - 1

'where; ’ o E
S P D theteststausuc :

SR - T=the theoretical CFD
R S thesampleCFD '

The dectston to reJect the null hypothesrs ( H there isno drfference between the sample v

v. and theorencal dxstnbunons ) dependcd on the Value of D A large value of D mcreased the
* probability that Ho was false ( Ebdon 1985; Hamett 1982 ). The theoretrcal frequency i)

| each decile should be the same, based on the nor assumpuon Surfaced values from

bbecause of the small sample size of many classes A mlmmum of 100 spectral paJrs are

| recommended to be used in the Kolmogorov-Smu'nov test. The smoothmg and surﬁicmg

operauons dld not create normally dtstnbuted classes when the data were non—normal, or

create non-normally drstnbuted classes when the data were normal " o T

Tables 41- 3 provrde the value of D for the classes and the cnucal value for each class '

S

at a=0. 05 Four out of ﬁve ongmal spectral classes for each date utere brvanate o \
non-normal The cleamng operauon had httle eﬂ'ect on btvanate norma.lrty except when an .

r .t



i molated outlier w was removed from an otherwxse ughtly clusnered spectra] class Some

’ observauons based on the stausucal test are ngen for the cleaned classes The corn class

" was brvanate normal only at date 3 whtch was when corn was at maxmum matunty

Mo{e bare soxl th.an com plants should be vxsrble at date 1 thexefore a sorl srgnature would .

mamly be recorded Bare soﬂ was. non-normal for all three dates, the mylumodaltty of the o

| /“frequency feature space was probably due to’ dafferenoes in sorl type morsture eontent and

o amount of vegetatlvn growth The forest frequency feature space at date 3 was probably

| brmodaL Tl*brvanate non-normahty of th}e date 2 water class may be ductoa lack of

precrpttanon causmg the water bodres to decrease in size and become more shallow 'I'hc

: . growth of wm}er wheat cmps in the fall of the previous year probably helped form a

. normally dlstnbuted date 1 class There was a transmon from wmter wheat to soybean

' crops m date 2 leavmg alarge amount of sorl thble, thereby makrng the class brvarxate
non-normal The soybean class at date 3 remamed non-normal through the ?eamng

- operauon yet appeared,to be btvanate normal. The dttterenee between the cnucal value
&

. ‘(a)and D was only 0.008 whtch mdlcated that the dtstnbuuon was very nearly normal
The d.tstnbutron of the soybean class may be platykuruc |
| 44 Compans:ns Between the Parametrlc Clamﬁers° Date l v
' The paralleleptped decrsron space boundary for the wmter wheat class exhibited a
. consrderable decrease in size after the cleamng operauon The ongmal pamlleleptped
decrsron Space for wmter wheat enclesed the original decrsron space for forest (ﬁgure
. 4, 5a), after cleamng, the forest and wmter wheat classes dxd not overlap (ﬁgure 4, 8a).
: Aaother dramauc reducuon in parallelepxped @mmn.s;@c size came from cleamng the B
sorl class The hxgh posmve correlauon between the band 5 and 7 values for the corn 8011
“ B class created large areas of potennal ;msclassxﬁcauon thhm the paralleleptped decxsron
. Onc. difference berween the parallelepiped andhnearclasslﬁcauon funcrion decision

EA
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o ‘spaces was the absenee of overlap areas between the decxsxon Spaces for the lmear T

' classrﬁcauon function. The liniear classtﬁcauon fanction created. nbn-overlappmg dectsron

B .spaces (ﬁgure 4§,b) Some decrsron spaces from the paralleleptped classxﬁer fit closer .
than the hnear olasstﬁcauon funcnon dec1sxon spaces to the feature spaces Decxsron spaces o

"-g Vi Ly

yof forest, y%nter w&atrand water deﬁned by the paralleleplped classxﬁer were more P

 compactd

NSRS .
arthe -sa%ga&near class*ﬁcauon funcnon dec131on spaces. The hnear :

classtﬁcanon funcm deg:tsron space for forest mcluded nearly half of the measunement

' space Other dCCISIOIl spaces deﬁnedby the paralleleprped clas51ﬁer tﬁd not ﬁt as close[y v
_' a8 the lmear classrﬁcatlon funcuon dec151on spaces to the w spaces. The parallelepxped

' ,dectsmn space for the com class [0} lapped the forest, wmter wheat, water, and sorl
' ;»dectsmn spaces deﬁned by ar clas -

srﬁcauon funcuon classxﬁer\

The decision spaces for. the forest, wmter wheat, and water classes from the .

) parallelepxped and maximumi hkehhood class1ﬁers (ﬁgure 4, 5a,c) covered near 1denucal

o iareas although the' paralleleptped classrﬁer reqmred a smaller amount of cemputauon ume |

NS— =

to generate the decrsron spaces As a spectral class became more correlated the maxrmum

likelihood classxﬁer geometry allowed the decxsron space to more closely follow the feature

space ‘The maxxmum hkehhood classtﬁer decxsron space for corn was smaller than the -
parallelep:ped classtﬁer decxslon space for. com because thet@xrmum hkehhood class1ﬁer

- took the cortzelapon between spectral bands mto account in the generation of the decision

f:‘*w ‘

e

space Thie maximuin hkelxhood classifier decxsron spaces followed the trend of the feature

-spaces for all but two, classes corn-soxl and bare soil. 'I‘hese two classes were btvanate

non~normal The ends of the major axes from thé maxunum ltkehhood demsxon spaces fell

odtsrde the feature spaces to create a stansueally opumal fit based on thknormahty o
assumpnon | N ' : ,
55 Compansons Between the Frequency Feature Space Template | o

Class:f‘ ier and the Parametnc Classn"ers Date 1-

-
I3

Cleaned FFST decxsron spaces (ﬁgure 4.4d) for the forest wmter wheat and water

i
. ;o

e .

~



L -

| wmter wheat class thh the forest, com-soﬂ and bare soﬂ claSSes was rmnumzed after the

: multtquadnc surface caused by smoommg the ongmal data. ' -t R BRTEEE ’* .
‘ B ST
4.6 Compansons Between the Parametrlc Classtf‘ iers: Date 2 ‘

" because of the decision space overlap w:th the corn and sotl decxsxon Spades. af

..operatton f’ﬁ f‘“

“
‘ .

‘ _4 8c) The FFST dee1s1on spaces were, shghtly larger and encompassed the maxnnum '

L coxrelauon was,accounted for parametneally by the maxnnum hkehhood clMa%Me :

the. FFST classxﬁer agcounted for\mterband com:lanon non-parametncally 'I‘he FFST

clas51ﬁer decnsxon Spaces were 51mtlar to the rnax1mum hkelthood classxﬁer dectStOn spaees. ;‘

| - Py ” "‘28@"
Bl classes conesponded closely to the clcaned maxxmum ltkehhood dectsn;n Spaces (ﬁ /

T P

except that the FFST cla551fier followed the trend of each claSS closer and dtsplayed more -

. of the vanabthty‘along the boundary of the feature spaces : R
| The deletion of outliers created only small local changes in the FFST dectsmn spaces
o and left the rematnder of the deetston spaces unaffected The overlap at'ea between'the

classes were cleaned (ﬁgﬁe 4, 4a,d) Overlap between the com-soﬂ and water classes was

~also mlmmwed Part of the overlap between classes was due to. the spread of the

8 o

- deetston spaces and the overlap between decxsxon spaces digures 4 6a, 4 9a) “The
- comelated wm\ter wheat soybean class had the largeet potennal for xmsclassxﬁcatton :

: ﬁtofthe pamlleleptpeddecxstonspace t%the featme space Amuch sylalleram tn o
| measurement space was occup?ed bythe deétston space"for soil after the cleaning |

TN

.QI ) B ¥ . *< . i P -

- The cleamng operauon greatly decreased the size of the paralleleptped classtﬁer R

Three obseﬁranbns tnmgalﬁ to thc decmon SPM fpr the hnear classtﬁcanon ﬁmcnon}' % SO

| _, clasmﬁer (ﬁgure 4. 6b) can be made The f'nst observanon concerns the dtfference between o

PI L
“ .

the“largedecxstonspageadeafortheforestplassmmpa:edtoﬂtes:nallfeaanespace A e,

‘-

 pixel w1th b%nd 5 and ba,m gmgélevel values of7o and éx ve]y h” a1ow :,‘;"._.‘ -

/',\ el

L)



’ _ probabtlrty pf belon}mg in the forest class for example, yet falls wrthrn the lmear

o fit of the decrsron space 0 the com feature space Band 5 and T grex level values were 3 ‘.

e ﬁpnvely correlated in the com featune space whrle a posrttve correlatron was. dJsplayed m

e wmter wheat-soybean feature sp'ace 'I‘he winter wheat-soybean deClSIOTl space was

- the com decrsron space The thrrd observatron concerns the poor decrsron space ﬁt to the

o ’ o

» deﬁned byatnangularareawrth greaterband7vanauon towardthe largerbanngre'y L
. level values, wlnle the feature s space mdtcated larger band 7 variation occurred towards

o smaller band S grey lcvel values The« tnangular decrsron space er wﬂtter wheat should be

rotated 180 degrees for an opumal vrsual ﬁt £

The maxrmum hkehhood decrston spaces (ﬁgure 4. 6c) generally followed the trend of

the feature spaces Two long, htghly correlated, btvanate non-normal classes (sorl and

| » decrsron spacos}aﬁd the feature spac&s 'I'he less con‘elated, cleaned water and forest

o econormc approach to classtﬁcauon may be the use of the paralleleprped classrﬁer for
'_ shghtly con'elated clas‘ses and the usé of the maxtmum hkehhood classrﬁer for htghly

v . a

| '._'4 7 Compansons Between the Frequency Feature Space Template L

Classrfierand theParametncClassnﬁers. Datez AT, .' _' '

| The FFST and parallelepiped demsron spaces (ﬁgﬂ‘res 4, 4b 4 6a) were sxrmlar for all

o but the soxl and winter wheat-soybean classes The paralléleprp'ed classrﬁer harl a

poor ﬁtttng decrston space for these two classes because the spectral channe’ values in each

L class were hrghly correlated Overlap between the wmter wheat-soybean and soil decunon
’ spaces for the FFST classrﬁerwas trernendously decreased after applymg the cleamng

; ,operanon (ﬁgure 4. 4b,e) ’I'he FFS'I‘ classtﬁer decrsron spaces for the wrnter

. wheat-soyb“éan and sotl classes ﬁt closer to the feature spaces than the correspondtng

‘a

o vclasses had very suﬁrlar maximuin hkehhood and paralleleptped decrsron spaces A more |

=3

‘ _classrﬁcanon funcuon decrsron spage for forest. The second observatton regards the poor. |

wmter wheat‘-soybeans) had a wsuaﬂy subopumal ﬁt between the max1mum hkehhood - | |

-



o | v "*;)"3‘0
5 maJumum hkehhood dec1s10n spaces Decrsxon spaces from the FFST classrﬁer (ﬁgm'e

| ‘ 4, 4b) were larger than the maxtmum hkehhood decxsxon spaces (figure 4. 6c) whxch ,.
B _ all}lwcd more vanabthty to be captuned in the delmeauon of each class *The smoothmg

. 'operauon enlarged the FFST dectsmn spaces, therefore ifa closer ﬁtttng decxswn space v,
o B was requmed a smaller pcrcent volume contour could be used.

) | 4 8 Compansons Between the ParametrlcClassxf' jers: . Date 3

S Class values were less correlated between bands 5 and 7 at thts date compared to_dates

1 and 2 whrch lessened the overlap between the paralleleplg decrsxon spaces One outher . V ‘-" -

- 'ﬁom the water class was deleted by the. cleamng operauon whtch made the eleaned~

’ paralleleptped decxsxon space much smaller and ehnunated the overlap w1th the com
'-:dectston space (ﬁgures 4 7a, 4. IOa%There was an area of overlap between the | |

\ -paralleleptped decrsxon spaces for soybean forest, and com The lmear classrﬁcanon

~function classxﬁer placed thls tnple overlap a.' into the forest class (ﬁgure 4, 7b) The

: _hnear class1ﬁcatton functton decrsron space for water dld not ﬁt well to the feature space
: Most of the water feature Space was located on the left sxde of the decrsxon space The
- soybean and soxl dectsron spaces coveted most of measurement space yet the feature

: Spaees (ﬁgure 3. 8) occupted small areas In measurement space , _
' The decrsron spaces deﬁned by the maxlmum hkehhood classrﬁer (ﬁgure 4 7c) ﬁt

o f.:-clasmﬁcatton funcuon classrﬁers (ﬁgure 4 7a,b) The tnple overlap awa between

o soybeans, forest, and comn was mostly unclasstﬁed by the maxrmum hkehhood classxﬁer

‘ A 95% conﬁdence threshold was set for the maxtmum hkehhood classtﬁer therefore 1f a
. dtfferent conﬁdence thresholdhad been set, a dtffexent amount of class overlap would be

- '.closerto the featm'e spaces than the dectsron spaces deﬁned by the paralleleptped and lmear o

:-' drsplayed The geometry of the maxtmum hkehhood decrsxon space allowed the negattve f R

. coxrelanon in the soybean feature space and the posmve correlauqn in the water feature

3 space o be drsplayed in the dectsxon space plots, whrle the lmear classtﬁcanon funcnon o

E classrﬁer ﬁt dld not allow the correlanon to be vrewed m the decxsron space plots ' -



- 4 9 Compansons Between the Frequency Feature Space Template "
| Clasrﬁer and the Parametnc Classxfiers Date 3 PR o - ,
Two separate FFS“I‘ decrsron spaces for forest were created after applymg the cleanmg
B ‘ .operauon (ﬁgure 4. 4c,f) A hole of zero frequency was Iocated in the orrgmal forest
B decrsron space whxch conesponded to the area between the two frequency feature. space -
;‘ ; peaks The mam forest peak after cleamng was separated from both the mmor forest peak

" "and the overlap area between the soybean and corn classes Both forest peaks were

; encompassed by the paralleleplped and hnear classrﬁcauon funcuon decrslon spaces, whlle o -

'..‘ the maxxmum hkehhood elassrﬁer centered the decrsron space on the mam peak. The two ‘ .

o separate peaks rnay represent two dtfferent tree types .or healthy trees in the main peak and

o stressed trees in the mmor peak 'I’lmrewasmn:nough ground truth mformanon available
o qualey the analysts The FFST classxﬁer decrsron spaces (figure 4. 4c) covered a larger |

: pomon of each feature space than the con'eSpondmg maximum llkehhood classrﬁer

| decrsxon spaces (ﬁgure 4 7c) The FFST classrﬁer and the ;llaxrmum hkehhood cla551ﬁer t" -

’ had drfferent forest and soybean dCCISIOH spaccs There were two separate peaks in the
"‘ .;forest frequency feature space The rnam peak had a major axis parallel to the band 7 axis
' whrch indicated a large vanatlon in band 7 grey level values whtle the maxrmum .
' hkehhood classxﬁer elhpse hada\stajor axis onented at approxnnately 170° whrch 1nd1cate( o
- larger band 5 vanatron The maxrmum 11kehhood classxﬁer must ahgn the maJor axrs of the ‘ |
! declsron space between the major and minor peaks and w111 therefore not show the large '

- band 7 vanabthty in the major peak. The FFST classrfier d1d not present thls problem and

" the shape of both peaks was retamed Forest was a btvanate non-normal class and the . :v'* -

madequacy of the parametnc maxtmurn lrkehhood classtﬁer decxsron space to fitto e ‘ " o
| forest class was evrdent There l:vas some overlap between the cleaned FFST decrsron
lspaces for corn and water, but tlus overlap was due to the spread of the mult1quadr1c

) surface caused by smoothmg the orrgmal data., -

R



las thc spanal resoluuon mcreases for satcll:te

. » space shape and decxease in the pmbabthty of - |

E _ Landsat unages, one“I’M and the other M,SS.; over the Alexander Ind;a&!Reservanon -
o (A LR.)in Alberta (Plates 5. 1 2) were used to tcst these two assmpuons These colour
- " ‘ plates and the mmamder of, thc colour plates of the study area wexe hnwly stretched
. f'mtemcuvely ona Decxsxon Images nnage proccssmg system, thenefore grey level
'values/colours m one lmage are not dn'cctly compaxable to other xmages _ '
July meteorologxcal summams for both years were obtamed for the Edmomon area.

- and used to account for possxble class dlffcmtms due to weather vanauons (Atmosphenc @: 5

cnt Serv,ace 1986) Flgunes Sq 2, 25

w**-

"v.

Ch Thc tmai amount of precxpltauon for }uly 1984 before the date of 1mag1ng
‘k by tIxe 'I'M ‘Was 45 1 mm. Thc totat amount of pn:clpltauon for July 1986 before the date ’
of imaging by thc MSS was 107 Omm.: Approxxmateiy 2. 4 nmes rnore ram feﬁ in July
. 1986 than in July 1§84 J;xly 1986 excecded the monthly record for the imount of
.,'?prempltauon t.hat fcll in the Edmonton area. Thé monthly ave:age for precxpnanon m July
' i is 8“8 7 mm. 'I'hreedays befon': the Mﬁ/s%maged AL R approxxmatcly 43 0 mmofram
L fcl,l and thc folloqug day anotbd 8 O mm of ram fcll In the second and thxrd days bcfore .
}« theTMlmagedthe studyarea,less than 30mmofra1n fell mtotal Wmd spced forboth
dates was minimal - 10 3 km/hr for July 20 1986 and 10 9 Em/hr for July 23 1984 -_.

themfore class dxfferences caused bde should be neghglblc

a

R Y
,‘.v

_' The frequcncy feanne spaoes were. compared wsually to denenmne dxﬁ'erences bo;ween E

Ty

general cover classes at dxffcrent spaual resoluuons The x2 and Kolmogomv-Smxmov f

tcs/tiyre apphed to the 'I'M and MSS 1magcry to dctermmc whethertheprobabmtyof

'»“- ek B " \ T L ‘ ‘ . B e B R

t.hls mcrease in spanal rcsoluuon Two anmversary 1 A

-~

iy



o the accurate extractwn of trammg fields.

-

. bxvanate normahty decreased ata ﬁner spanal resoluuon The MSS frequency featune

X spaces were subtracted from the '['M frequency feature spaces to deterrmne whrch poruons

L X of the. ﬁ'equency feature space showed a change in frequency value at the mcreased spaual

-resoluuon Effects related to dtfferences in radxometnc resoluuon between TM and MSS

/

datawerenotaddressed AR . o , '

: S.1 Preprocessmg and Generatlon of Frequency Feature Spaces | L
Preprocwsmg con51sted of geometncally regrstermg the two Landsat scenes 1o a UTM
| gnd Plxels in the ™ scene were resampled toa ground cell size of 20m x 20m and the
» plxels in the MSSscene were resampled toa ground cell size of 50m x SOm usmg the |

’

S nearest nerghbour method The size of the TM scene was 550 scan lmes by, 550 plxels per

scan hne and the sme of the MSS scene was 220 scan lmes by 220 ptxels per scan lme

N o

. Nearest nerghbour resamphng was chosen because this method did not change the grey -

level values of the ongmal data. A first degree polynomral transformauon was used to
place the Landsat scenes mto UTM coordmates ’I‘he 1mages were preprocessed at the
- Provmce of Alberta Remote Sensmg Center on a D1p1x Anes I unage analysrs system .

~ There were two reasons for preprocessmg the unagery, the first reason was that most

| _ mappmg procedures reqmre &telhte images to be placed ihto a map projecnon coordmate ' |

A systcm and the second reason was that geometnc reglstrauon and resamplmg facrhtated
| A

v Four general cover classes were plcked for classxﬁcatxon Three of the classes (water

"aspen and pasture) had ;taxmng ﬁeld locanons smxlanly _gated in both scenes. The 8

fourth class was canola crop and since crop type in each field changes from year to year o

;'drﬁ'erent canola ﬁelds were chosen from the two 1mages Ground truth for the study area

2 Obhque 35mm black and whlte aerial photographs takenovex’?he ,sthdy area on -

@



.34 -
- Detember 3;'1-9.86 and wcteused todxscnmnatcbctwecndecxduousandcomfa'ous SR
: 3L 12 000 Land use/cover maps provxded by the Govcmment of Canada, Department of 2 ;‘-
o 4, 1: 60 000 black and?vlute stcreopmrs of May 9, 1985 prodnced by the Provmce of
| B Alberta, Rcsource Evaluauon and Planm_ng Branch o T , S
o : 5 An mtexpretauon key produced by thc Provmce of Alberta Remote Sensmg Centcr for S
. theTM scene (Sutherland 1986). |

6. A hardcopy 1magc of the 'I'M scene correspondmg to thc above key usmg channcls B

—_— -

-3 4and5 _ o v . RN
= | - 7 Outhnes on acnal photogmphs of the canola fields for the summcr of 1986 prowded .‘ - -
by the Alexandcr Indlan Rdservauon agncultmal ofﬁcer ‘ o o
. Mss bands 5 and 7 wae chosen for thxs thesxs becausc research (eg. Hall et a1&1984)
N -‘ has shown that bands 4 and 6 were lughly com:latéd to bands 5 and 7 respectwely MSS '
N band 4is also noisier than the other bands because Raylcrgh scattenng is more pronounced
~ atth _ annels re ¢ _‘“'MSSchanneISSand7

There is some dxffcrence bctween the spectml range for MsS band 7 (800nm llOOnm) 3
and TM channel 4 (760nm 900nm) butoresearch (Cnst and Clcone 1984) has mdlcated E
o that thc sxgmﬁcance of this dxffcnence . may be tmmmal. Cnst and Clcone (1984) usmg ‘ ‘

 simulated TM and MSS imagery determmed that te correlanons of MsS bands 4, 5,and 4 .

7 w1th 'I'M channels 2, 3 and 4 respecnvbly wcre approxxmatcly 0. 99 Plates 5. 3 4
show the i lmages fqr the red and mfmred channels ﬁ'om the TM and MSS scannexs |
Two or more trammg ﬁelds wene chos*en fot each class to try to capture mtraclass L

. vanabllxty An a.%fopnon was made thaf. t& trmmng ﬁelds chosen were truly

b' _ representanvc of the cover types in the study ama. Plates 5 56 show the locatxons of the .

B tralmng ﬁelds The chqice of trammg field: sxze was lixmted by the resolunon cell size of

.‘l-v,;\ : ‘ ‘ . J.l R ) .
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B the MSS Table 5 1 hsts the total number of ongmal and cleaned spectral patrs for each

N _ classfrom the two 1mages Cluster analysxs was used to clean the classes. Frequency

]

35

_"feature spaces ‘wefe generated only for the; cleaned trammg ﬁelds TR

— - — e .

52 A Vtsual Comparlson Between the ’I‘M and MSS Frequency Feature IR
- Spaces | | | o
'Ihe assumpuon that mcreased Spaual resolunon mcreased mtraclass vanabrhty was |
’ studred by a vxsual companson of four TM and MSS frequency feature space. plots
- ‘ 'Flgures 5. 3 4 present the clcaned spectral classes for the ™ and the MSS i 1mages ina -
vnadmonal feature space plot. thure 5.5 presents the lndmdual frequency feature space
o plots for the cleaned MSS classes Frgure 5. 6 preSents the mdmdual frec(uency feature

o ) space plots for the cleaned ™ classes The frequency feature spaces are presented as 10% .

' volume contours ’

_szlc'

The varietjes of canola and contrast m plantmg dates causes ﬂowenng to occur at

shghtly\yferent times 1n July therefore drfferent frequency feature spaces can be expected

 yearly. The TM and MSS frequency feature spaces for canola were dlfferent (figures 5.5,
- '5 6a) The MSS frequency feature space was more dtsperse than the ™ frequency feature

, space “The: htghest peaks 1n the MSS ﬁ-equency feature space were located toward hlgh g
o .band 5 and hlgh band 7 grey level values, while lesser peaks were located toward lower

‘ band 5 and lower. band 7 values 'I'lus drspersxon may repxesent canola crops at various. '

- : stages of ﬂowenng Three, large ughtly clustéred peaks were located in the TM

| k frequency feature space whtch mdrcated that the canola plants from the tmrnmg ﬁelds
-selected were near to the same stage of ﬂowenng Both ﬁ'equency feature spaces were
posmvely correlated which was expected when canola plants ﬂowered. o |
5.2 2 Water ' -

The ™ frequency feature Space for water_was.more ughtly clustered than the MSS



S (-
o two other water bodres were smallerand shallower than Sandy Lake and the grey- level

frequency feature space for water (ﬁgures 5 Sb 5 6b) The TM ﬁequency feature space ot
had one main peak located\t at the low channel 3 and 4 grey level values whrch was

| suggestrve of water wuh Irttle sedrment load or algal scum. The MSS frequency fcanne

-.TSpace hada large range of band 7 sey level values whrch may represent a large sedrment

' : 1oad in the water bodres Heavy ramfalls preceded the date of MSS xrnagmg and possrbly -

caused runoff to carry sorl into the water bodres Trarmng ﬁelds wereextracted from three |

- drfferently srzzed water bodres The trarmng ﬁeld from the mtenor of Sandy Lake probably ’

had the clearest wat:er therefore the' grey level values would be expected to be Iow ‘The

v valuesfrom the two water bodres may represent the larger band 7 grey level values 1n the o
o frequency feature & space There was lrttle precrprtanon before the 'I'M unaged the study area

| _ 'therefore ol grey level values from’ the trarmng ﬁelds would be expected to be more

. srmrlar There was only bne main peak m the 'IM frequency feature space whrch suppons : ‘
3 thls assertron N ‘ C

'5.23 Aspen o I co S . /

.

.,' L N . ' . >

The TM and MSS frequency feature spaces had a very sumlar shape (ﬁgures 5 5c.

N

~‘ f -5 6c) Both frequency feature spaces showed a large vanauon in the infrared radtanon .
| values and a small vanatron in'the red radranon values The frequency feature spaces were}

' nexther strongly posmvely or neganvely correlated. A neganve correlatton for aspen was | _l . o

S~ expected because trees have leaves m Iuly ‘The lack of correlation may be caused by B

" ‘, e .radrometnc stnprng in the i 1mage Both frequency feature spaces showed two large peaks -

" l Witlun the two peaks in the 'I'M frequency feature space there was httle tntcrnal vananon

Therewasmuchmorespecu-alvanabrhtymthepeakwrththelowerband7greylevel !
. .valuesfrorntlﬁ‘MSS frequencyfeatmespace. Thetoppeakfmmbothﬁ‘equencyfea e

spaces may representhealthy, green leaved aspen, wlulethelowerpeak mayrepresen oo
stressedaspen Antnspecuonofthe studyarea(JulyZl 1989 revealedthattheaspenon

S



the south srde of the{ghway and west of Low Water Lake had fewer leaves than the D |
aspen to the north of the hlghway The aspen on the south srde of the hxghway were ©
attacked by tent catcrptllars in prevrous years (secretary fmm the Alexander Indran
Reservauon 1986) and the leaves were Just now retummg to the same vxgour as the
- untouched aspen on the north side of the hrghway _ A | »
The syrnmetry of the peaks along the band 5 and 7 axes for the MSS aspen frequency
feature space may be caused by tadrometnc stnpmg Wrthm the two mampeaks for aspen
E there were subpeaks and the subpeaks appeared tobe palred The paired peaks mayx |
ﬂ » represent aspen W1th a certam band 5 and band 7 value on the left, and to the nght, aSpen |
N with the same. band 7'value, but larger band 5 values caused by. radtometnc stnprng The
| - MSS-band 5 1mage (Plate 5. 3a) showed much more radrometnc striping than the band 7 ‘ " _
unage (Plate 5. 3b) therefore the band 7 values for aspen between the cahbrated and . “
mtsmhbrated scan lmes were more s1m11ar Subpeaks wnhm the two central peaks in the =
™ frequency feature space were exﬁcted 1f the radxometnc stnpmg in the image- was
severe. The mcreased Spaual resoluuon of the TM scanner {nay have tmnumzed the .
specual dtfferences between the cahbrated and mlscahbrated scan lmes | '
524 Pasture - | | |
Two secuons can be deﬁned in the frequency feature space for pasture ’I'he ﬁrst -
secuon covered the area parallel to the mfrared ans whtle the second secuon had lower
mfrared values and dlsplayed a posmve correlanon between the mfrared and red radmuon | " |
\ channels for the TM frequency featurespace (ﬁgure 5 6d) and a negatwe conelauon for the
| MSS ﬁequency feature space (ﬁgure 5. 5d) Pasture at A. I R. was ummgated grassland, ‘
. whrch contamed scattcred aspen and wﬂlows Grey level v,aIE'es from pasture 'should be ..
mamly from the grasses The grass in the pasture was kept short by cattle grazmg. The
pasture at A. I.R can be dtvrded into two secuons, the northern half i 1s htlly and has

scattered trees whtle the southem half is. ﬂatter and the trees are more clustered together

K



Trammgﬁeldswereexu'actedﬁombothpartsoftheéastme . - | 3
ngh mtraclass vanabthty was ”preseut in the Més frequency feature space for pasture
_The two secuonsmthe'I‘Mﬁ'equency feature space,werepresenwdastwosxmothpeaks

whtle the ,MSS frequency feattne space for pasture“showed many subpeaks wnlun the two | ,," :
peaks 'I'hls observauon is conuary to the assumptton that greater mte’nal vanabthty ts
v vmble wnh hlgher spaual resolunon ’I'M tmagery 'I‘he ﬁner ’l'M spaual resoluuon may

- _ have allowed large areas W1th trees and grasses to be broken up into smalIer resolutton

» Jicells whrch contamed purer areas of glassesand purer areas of trees and shrubs The

: J
; feature space, wlule the MSS thh the coaxser spaual resoluuon, would create more : \0'

hetcrogeneous class cover ptxels and have a more drverse frequency feature space There .
JWasa hxgher degree of rathometnc stnpmg in the MSS 1magery thetefone the heterogenetty
in the pastureclass may also be caused by thevdtffennces between the cahbrated and

..... ‘. th*ge

~ and smallredradxauonvalueswaspmbably lessergt‘azed ASSREIW e_B 'tﬁqttomsecuon .
e A -‘Qo. i _‘_,-'._ ‘
K _' wasprobably mtenselygrazedgrasses The soxl s:gnature wasmoreprommentm the

: mxscahbrated scan hnes The top secuon of the freque ) «.

' lower pomon offhe frequency feature space because of intensive graztng by cattle The
o fresnel effect would not be strong for the entne area of shorter grasses, there\t;c:re the | )
v mfrared values in the lowerpeak would not be as large as the mfrared values in the upper '
: peak. ’I‘he degree of grazmg and thdamount of soxl moxsture may be two fact0rs that
helped define the shape of the lower peak. An areaofmtense grazing and lxttle sl
B mmsture would have a soxl-type srgnature while an ared wnh httle g!azmg and ammst soil
' :" _would have a healthy, green grass signature. thfcrences in the amount of soﬂ morsture -
may help deterrmne ‘why the lower secu&- of the TM frequency feature space was .
. negauvely correlated and the MSS ﬁequency feage space was posmvely con'elated. A
', tremendous amount of precxpttauon fell a few days prevxous to the date the MSS mmged



the study area, therefore the grasses would be expected to be very green and vrgorous ,'
: The grass that had been grazed less should be longer and cover more of the soil than the
o g@ whrch had been tntensrvely grazed Only a trace: of precrprtatton fell afew days ,
» ;prevrous 0 the: date the 'I'M scanned the study area. The lack of precrprtauon combmed
'- .Wlﬂl the cattle grazrng could cause a large amount of sotl to be wsrble to the ™ andﬁa make
' ‘the lower pomon of the frequency feature space pOStuvely correlated R \37 "
- 53 Reeults From tﬁe Test on Blvanate Normallty ‘ . |

| The x2 and Kolmogorov—Smlmov )ests were apphed to the TM and MSS frequen_3 S
E feature spaces to determme whether the classes were brvanate normal The surfaced v 5
'. . values, rather than the ongmal grey level values were used {On thc test. Table 5.2 lrsts the \ }
_ | "D’J wlue frorn the Kolmogorov-Smrmov test alpng wrth the cnucal value at a=0 05 ‘
Results frorn the test indicated that dl cleaned claﬁses frdm the MSS scené were brvanate
| non-normal. All the cleaned TM classes hut canola were hrvanate non-normal 'I‘hese -
. results were. expected consrdermg the vrsual descnpuon of the frequency feature spaces
I: The frequency feature spaces for aspen and pasture were/déscnbed as two peaks and |
therefore were pnobably btmodal An mcreased sedtment load in the water from the MSS .
: tmage could create a drspersed, mulumodal ﬁequency feature space The TM frequency
feature space for canola was the only btvanate normal class The tra1mng ﬁelds may have :
i covered those areas where the canola was at the same stage of ﬂowenng The greater N

. frequency feature Space drspersron in the MSS canola class denoted that drfferent stages in

o ﬂowermg were probablycaptured in the selection of trarmng fields. : )
- 54 Results From thferencmg the Mss Frequency Feature Spaces from | -
' the TM Frequency Feature Spaces Ra , o
The frequency feature spaces for aspen pasture and water’ were drfferenced o .

compare how the locauons of the. maxtmum spectral frequencres varted at increased spaual

.



f‘f’l"mlum The °‘“°la °‘ass was not analyzedbecausemc :mmngﬁclds fromtheTM
.mageandthe MSS 1mage were not 1denucally Iocated. To 1:;;\;;du¢e\tm3 differs nced gnds .

', ,-.' : __' the mean center for each frequency feature space was detexmmed ﬁrst, then the 'I'M and

- correspondmg MSS frequency feature spaces were regxstered usmg the mean centers and SR

_ | »lastly the MSS frequency feature spaces were subtracted from the correspondmg TM IR
frequeﬁcy feature Spaces Only those prxel locanons w1th a non-negattve value in both the e

™ and- MSS freQuency feature spaces were dxfferenced. Plates 5 7-9 show the

: chﬁ'erenced gnds A T-test for skewness and osis Was) applted to the drﬁ'erenced '

values and the.results of the T-test (Table 5.3)i icated that the differenced gnds hada
™~

sxgmﬁcant skew and kurtos1s All three dlfferenced gnds were extremely leptokuruc The ,. L

s _'leptokmnc peak occurred near the zero drfference whlch mdrcated that the TM a.nd MSS .

-

o frequency feature - space VOlumes were very sxmrlar at many pomts
3,%{.1§asture S - R "l.‘ .
The mean value of the drfferenced grid for pasmre was: O 067 The mean value was
,'/. | greater than zero possrbly because the ™ frequency feature space for pasture was less ..
'd1$perse than the MSS pasturc frequency feature space and would therefore have had a
:greater percent volume at each pomt. Pasture showed the closest mean drfference to the -

. theoreucal mean drfference of zero Areas of zero dtfference were Iocatcd away from/the L ,»

: ’-peaks Large posmve value drfferences were located 1n the peaks whtch mdrcated that the
_t M frequency feature space peaks for pasture had a htgher pencentage of the total
| frequency feature Space volume compared to the MSS frequency feature space peaks. The
- finer spaual resoluuon of the ™ may have ri:solved purer and therefore less vanable

. _,spectral class values to create hrgher pencent frﬁquency volume peaks for pasture Peaks in -

the MSS frequency fedture space were more dxsperse and contamed less pencent frequency o
| 1-volumethanthcmjé/’aks Thxsresultmay have beencausedbytheacoarseMSSSpanal -
- resolution which would ult in more heterogeneous prxels Two peaks were present in



| g ' the dtfferenced gnd. 'I‘he largest posmve dtfference‘%vas located in the upper peak and o

L , o~ 14

o el e

. probably represented lesser grazed grasses The lower peak may represent hrghly grazed .
| grasses whtch would therefore show more of the soil an‘d create more heterogenerty
542 Aspen . | S |
’ The mean value of the dtfferenced gnd was 0.137. thferences w1th a value near zero @
- covcred a larg\e\pomon of the grid. These values were located away fmm the two main '
peaks located in the TM and MSS frequency feature spaces The small amount of ,
dtfferenced values below zer0 mdtcated that the MSS pixels generally did not have a hlgher

’"chrcent value than the ™ ptxels at each grid pomt. The large?t posmve departures from

S

the’ mean were located at the centers of the two major peaks whrch could mdlcate that the
hxgher spatial resolution TM scanner created a more homogeneous spectrally purer " o
‘frequency feature space peak thah fro the MSS scanner. Away from the: peaks of purer
aSpen pxxels the ™ and MSS ptxels were {more sumlar

| '543 Water '

Water from one date should X ar to water from another date 'I'he mean
o :drfference value for water was 0 519 Tlus was a very large mean dtfference valte, b,ut v

most of the drfferenced grid area had values below the mean. The water frequency feature
_space from the ™ scene was presented as a main peak in the low red and tnfrared values _
The MSS frequency feature space for water had three peaks w1th the largest peak located at.
~ the lowest red and mfrared values and the remammg two peaks located at the larger - -
mfrared values. More percent frequency volume was contamed in the main peak of the TM |
' ﬁ'equcncy feature space compared 10 the main peak in the MSS ﬁ7quency feature space.
The main peak in both ﬁequency feature spaces should have represented clear water.
Drfferences between the main peaks may be caused by the excesswe rainfall pnor to the
date of the MSS scan Wthh transported soil'into the water bodtes to create more

: heterogeneo?s qul values. The two rinor peaks in the MSS ﬁequeney feature space for

-
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watcr may rcpresent varymg dcg;’ees of Suspended sednnents. Thcsc two pcaks dxd not _' PN

. -t ﬂ
have lﬂrge dlffmnoc values ;Nhen subn'acted from thc 'I'M ﬁequcncy fcaturc spacc for
" s A I ' |



v _ 6 Conclusnons and Future Research

-"' 6. 1 Impact of Research on Tradlttonal Remote Sensmg Class:ﬁcatlon

Methods . Com o

Background mformauon on unagmg systems, d1g1tal 1mage processmg, and e

B classxﬁcauon was presented in Chapter l The type of muluspectral 1mage in addruon to L 'i

'“-/!"

. the type of i unage processmg apphed to the i mtage before clasmﬁcatmn w1ll affect
' 'classlﬁcauon accumcy Many muluspecual scanmng syStems are currently in use w1th ﬁ e ’( |
B dtﬁ‘exent spaual resolutrons and specual channels, therefore a class1ﬁcauon method fo ne F
B Iy group of 1magery eg Landsat MSS may not be appropnate for another group of lmagery,
- 'veg MEIS 1magery “There appears to bea trend in the remote sensmg cgmmum ard

‘hlgher spaual and spectral resoluuon data. Acqu1s1uon of satelhte muluspectral w: gery _
began w1th the coarse 80m spatial resoluuon Landsat MSS Knowledge g_" r e'. ut the ¥ L
analysis of MSS ixnager'y can.provide'researchers with a basis wnhwhxc ’{ ,l. evelop better
| - classxﬁcanon and analysrs schemes for the htgher spaual and spectral r;;sbluuon ™ and

' ‘SPOT satelhte unages and the data prowded by hlgh resoluuon aJrcraft scanners

‘ Researchers model satelhte mlagery from atrt:raft 1magety to determme what can be-

..expected when a new satelhte scanner system is launched. No research has beem found o

- ;wluch reported on the possxble change in class normahty at mcreased spaual resoluuons ‘

i and could have been tested usmg s1mulated satelhte m’xagery An madequate amount of
freported research descnbtng the stausucal dlstnbuuon of satelhte 1mage classes was also _
apparent. Crane et al (1972) presented the results of a test for umvanate class normaltty, |

! in thts the515 the results of a test for btvanate class normahty %as presented Subseq"ﬁent ‘ |

' research should mcorporate three or more specu'al channels T B , |
One problem assocrated with preprocessmg is the effect of resamplmg ptxels for the o
output image. Verdin (1983) determmed that geometncally con'ected imagery contamed '.
" anornalous values Wthh could affect classxficauon accuracy | R S 'iﬁ “

.
changes in radrometnc ﬂdehty could also create problems if quahtauve

—

a3
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mformauon is to be denved by d1g1tal means, asin usmg a maxrmum ltke‘hhood
, classﬁe_r to map land cover, or in 1denufymg surface water area by spectral
s1gnature , .

The cosmeuc appearance of a satelhte 1mage is a concem to many users Processed .
| ’satelhte 1mages are expected to be of hrgh cartographxc quahty Cubtc convoluuon and
o bilmwr mterpolanon are two resamplmg methods wh1ch creates a smoothed unage that
: | appears more hkd‘ a photographlc unage The values in the output unage from cubtc __
_ . convoluuon and bllmear mterpolauon are not the same values as m the or.lgmal 1mage. the B
o output 1mage lS transformed Cubxc convoluuon and blhnear mterpolauon may not |
T drasucally change the spectral values of thge relauvely homogeneous areas Aeg.
| : ‘agncultural areas) but ina spectrally heterogeneous area, Such asa cxty, many dlfferent
o spectral classes Can be located wnhm a span of four plxels The output plxel value w1ll

o therefore be a comprormse between the many spectrally dxﬁferent classes The nearest

. 'nexghbour resamphng algonthm nansfers the spectral value of the ptxel from the i mput

o | 1mage spattally closest to the output ptxel locanon into the output ptxel locauon. Neanest ‘

- netghbom' resamphng does not smooth the mput spectral values but does leave the output ,i

o 1mage ‘witha blocky appearance, especxally in areas where there are many man- made

gcomctnc feattn'es ThlS blockmess ts not as apparent in very fine spaual resolutlon :" :

Atmagery The classes from the output 1mages usmg vanous resamphng routmcs could be

teswd for mulnvanate class normahty A shghtly skewed class in an ongmal unage may )
become normally dlstnbuted after the appht.auon of the cubtc convolunon procedure |

o Geometnc reglstrauon may be apphed to muluspectral unages after classxﬁcauon to avond
B 'affectmg the stausncal d‘is—’ butmn of the spectral classes,. -~ . ' :

Radmmetnc stnplng isa common feature in muluspectral unagery whxch can be R

' " . mmnmzed by a preprocessmg algonthm The smpmg xs a result of the mxscahbrauon of a

detectorm thexmagmg systemrelanvetotheotherdetectoxscausmgonescanlmetobe >

f exther bnghter or darker than the surrounding scan mm These abno:mally bnght or dark

'-_scanhnesmaycauseaclasstobeskewedtowardthemxscahbtatedvaluesorforma .



S separate peak creaung a blmodal class Some users do not destnpe muluspecttal 1magery R

before classrﬁcanon A useful study rmght be tQ determme if radromemc stnpmg docs
affect class normahty : '

v Results from the test for bwanatc normahty mdxcated that spectral classes had a h1g,h
- probabrhty of bemg non—normal Maynard and Strahler (1981) ascertamed how even a

shght skew i m a spectral class adversely affected the accuracy of a parametnc classrﬁcanon '

- Non-parametnc classrﬁers categonze non-normal classes better than parametnc classrﬁers

) but are rarely used by analysts ‘There are three possrble reasons why many analysts do
not use non-parametnc classrﬁers The first reason 1s that paramemc clasmﬁers were
amongst the first to be 1mplemented and analysts became more accustomed to. tlus

approach. 'I‘he second reason is that parametnc classrﬁeanon programs wene more readrly

: avarlable than non-parametnc classrﬁcatron programs The third reason is that i 1t is' easrer to -

. work wrth normally drstnbuted data. Users may not want to acknowledge that data can be
skewed or mulnmodal because thrs prevents an uncomphcated approach to classxﬁcatron
o Parametnc clasmﬁcanon schemes are employed on 1mages of vaned spatlal resolunon
B . Research could be undertaken to cbmpare the accmacy of a parametnc clasmﬁcauan over
one area at vanous spatral resolunons usmg mulnstage a1rcraft scanner data. The stausncal

drstnbunon of each class can also be determmed at the d1fferent spanal resolutrons 'I'he

type ofclmagery bemg used and the kmd of i 1mage processmg whrch has been apphed to the

1magery before classrficanon could be two factors that help the analyst determme whrch :
classrﬁcz}udn scheme 1s the most appropnate to use ' ' o
v

i 62 Cchtmenfs on the/Development of the Frequency\Feature Spaces _
" Inuerclass and muacla#re‘laéenshlps \vere easrly recogmzed when the spectral classes

~were presented graphrcally as frequency feature spaces because the frequency feature space

| explorted man's spanal processmg abxhty A cursory understandmg of a brvanate spectral
class can be gamed by analyzmg a tradrnonal feature space plot and the assocrated .
e hrstogram for each spectral band Thc ﬁequency feature spacc saved the user from havmg



: . -. eature SPace wa.g descnbed mathemaucally by an exact-ﬁtﬂng ‘# '. =
- _muluquadnc equauon wrth the resultthat some unsmoothed class: Scaused the Surface 5 LR

mcrease in frequency value 'rather than decrease m frequency value away from the edges of
- .the feature space. Tlus showed 1ntmuvely that some classes wcre not normally dlstnbuted
.' : no smoothmg operauon would have been necessary tf all theclasses were normally AL
g d1$tnbuted. Two sm-facmg methods were uuually apphed to the class frequenc:es a . '. vh: v‘
‘ | polynonual tnend sm'face and a muluquadnc equauon Polynomxal trend sm'faces Were | .
v: rejected because of the lack of sumlanty between plots of drfferent degx’ees and the lack of
predlctablhty of plot shape 'Ihe drstoruon of the trend surfaces was hkely the result of | ._‘f’-‘-'i .
o ’multlple causes "Edge effects were qulte pronounced in areas whlch lacked data pomt B
B comrol therefore a buffer reglon of control pomts outslde therarea of mterest to eontrol f0r
: edge effects has been suggested by Unwm (1975) The shape of a dat7 point cluster may |
- distort the uend surface A cluster wluch is more recta’ngular than squgre has a tendency Rt
for the contours to be elongated parallel to the longer s1de of the data (Unwm 1975) L
: Pecuhar drstnbuuons of data pqnts also affects the shape of a trend sgrface Pmnts :; '
/:hstnbuted along hnes or pomts that are ughtly clustered cause severely dtstorted surfaces o
o be generated (Unwm 1975) Outhers assocxated wrth a ughtly clustered class are glven (
o undue mﬂuence in the trend surt’ace equation and creates a severely dtstorted sm-face - | :
‘- (Unwin 1975) Spectral classes that were clongated, ughtly clustercd contamed outhcts. ) ; e

‘ . ';'.:‘
or were not square were common, for’ these reasons, exact-ﬁttmg surfaces only shou d br.' '

: apphed to spectral ﬁequenctes Computauonally fasﬁr exact—ﬁturtg surface equauons. el
- ‘other tha_n the multiq adic equauon. coulclbwmplemented on the small rmcro-based. B “ :
‘mase ;I“’mce'ssirié’f: " I L Onc Possxble emt-ﬁmng surface equauon that rmght be ".;j PR
'}f._consideted"is the i Peighicd dis”ance_fmwﬁqﬁ.,

'I‘mmngﬁeldswerecleaned non- pammemeall?'toavow mvahdatuluhe test for: B

£

l}



btvartate normahty; the cleamng operauon used was cluster analysrs A parametnc

a7 "

cleamng method may delete vahd data pomts 1f a class is skewed or mulumodal. Output

o descnbmg*the overlap between spectra.l classes i is obtained when a classrﬁer is tramed.

The xmsclassrﬁed spectral values are deleted from the trammg field data o clean the e

fclasses. Thls approach to cleamng was not avarlable because the method of creatmg the

o frequency feature space frorn wluch the decrsxon space 1s denved, used a surfacmg

o | -routme, not a classrﬁcatton routme The number of clusters to dmde a class mto and the v

. 'nufnber of. spectral parrs 1n a cluster to specrfy asan outher ‘was SUchchQ. A hrghly |
drspersed feature Space wrth low frequency values may requlre fewer spectral parrs per
cluster to be declared an otﬁIrer than a ughtly clustered feature space w1th large frequency

'_»values One drrecuon Q(future mearch would be to set up a method to deterrmne when .

“the Opumum number of clusters has been reached to detect outhers A second area of o

e research would be to develop other non-parametnc cleamng operators
H : | 6.3 Observatrons of the VtsuaLIhterpretatron of Frequency Feature Spaces
Q A crop mlendar and personal knowledge about rural environments allowed rnferences
- W be drawn for each class extracted from the three dates of i 1magery The locauon and

' drstnbuuon of spectral peaﬁs in- the frequency featire space greatly mded the analysrs of

g i
each spwtrakclass The frequency feature space may be the tooI an analyst needs to obtam

an ovemew of the mtraclass vanabrhty for a partrcular area. A forester for example, may
requu'e an uutfa’l' analysrs 3? a comferous stand before mspecn; the srte A representahve
‘,'- | sample of comfer pixels could be extracted from a muluspectral image of the area and the:
frdquency feamré space generated. The forester may then' pamuon the separate peaks i in-

the frequency feature space and classrfy the rnultmpectral scene by assrgmng each peak a

drfferent plass numlﬁ‘er T?te specrral locatron of each peak in the frequency feature space
and the spaual locaqon of each peak in the study area may give the forester umque and
- valuable mformauon I’hts aspect of freguency feature space analysrs has yet to be |

s
developed e ’

k4



Plottmg clusters denved by cluster analysxs could be a more effecuve graphtc L
altemauve than generanng a muluquadnc surface to dxsplay the dxstnbunoﬂ of a class. One
problem with thrs method is that the analyst would be le& thh two separate entmes a’

e

genera.hzed featuxe space plot and the cortespondmg hxstograms Another problem is that S _.

the analyst would not know whether s1gmﬁcant peaks would be separab  from the o

surroundmg_minor p&ks wnthm aclass. Another route of research may Jto use cluster

R analysxs (unsupemsed trmmng) to denve classes then apply a surfacmg rouune to the .
classes to gam a better understandmg ot‘the vanabihty w1thm each class L
An excessxve amount of compuung time was requtred to go from traxmng ﬁeld data to

BN frequency feature space plot but, the surfacmg routme remamed the major factor m

v E

- v’ determlmng processtng ume A tradmonal featune space plot plus h15tograms may be a .

reasonable alternative but the frequency feature Space is advantageous because one smgle L

unage is produced wluch combtnes the mformauon of the tradmonal feature space plot and
hlstograms into one mtegrawd whole Faster.sm'facmg routtnes could be unplemented to
reduce the computmg nme requu'ed to generate the ﬁequency featm'e spaces '_

: The frequency feature Space necd not be hmxted*to untransformed speztml

Modtﬁcd spectral values denved from prmcipal component analysw. ratios, vegetan0n S

mdtces or any other 1mage pmcesslng procedure can be used to generane frequency feature . e
spaces "The analyst can then commre the untransformed frequency feature spaces to the -

| correspondmg transformed frequency feature spaces. " ( o
.64 Rasults of‘Research on Understandmg Decxston Spaces ) S

| A sxatxsucal test for brvarxate class normay was descnbed and 1mplemented 'I'ne
results mdtcated that ongmal spectral class%ds;ng MSS bands 5 and 7 had a hlgh )
hkehhood of bemg non-normal Cluster analysxs asa cleamng operauon. d%d not affect

~‘the dxst:nbuuon of the ongmal classes except when outlxers were deleted fmm an othermse S

nghtl@ustered class Cleamng the trammg ﬁelds non-parametncally created some R

normally dtstnbuted _c%asses, but de not make any ongmal, normally dxstnbuted classes = " o



non-normal The surfaced frequenmes were used in the X and Kolmogomv-Smtmov o

: tests due to the small num)ér of tmmng ﬁeld values for some classes The smoothmg

operanon plus sm'facmg routme do not change the normahty of each class (Eyton 1987)

% Users of largc mulnspectral 1mages are adv1sed to run the xz and Kolmogorov-Sxmmov e

—~J"

B genexated both types of cleamng operanons apphed to these data, and the results from the

o tests dxrectly on the trammg ﬁeld values These tests may also be used to detertmne how o
- v,_; parametnc cleamng operauons affect class normahty compared to non~parametnc cleamng

'j operanons Normal shghtly skewed and severely skewed data could be matlfemaucally

: “normahty test compared . .',

" analyzing the omlssron and com.m?ssron errors mgasﬁonﬁngency tﬂ:k 1s

: measwemcnt space Trymg to understand the proble;ns,aisocrated wrth :

- ’I‘he decxsron spaces for the parametnc paralleleplped, lmear c].assrﬁcauon f&lﬁon ,

_ and maximum hkehhood classxﬁcrs yvere compared to the decxsmn spaces denved by the

. non-parametnc Frequency Feature Space Template (FFST) classtfier The decrsxon spaces .
- -from the parametnc class1ﬁers were presented graphlcally to g1ve the ﬁrst time. user, |

- well as the expertenced user a gllmpse mto the d1ﬁ'erent ways classxﬁers dmde up

glassifcaion by

alt. A;p'lo‘t of

{,.ha

A

: t%e dectswn spaces can complerﬁgﬁvthe contmgeney taﬁler The greaiesf surpnst?concemed "
q i
the dOCISIOD space boundanes for the linear classxﬁcanon functlon ‘hlasslﬁer be?ause the

A : o

3 _shape of the decrsron spaces dxd not resemble the shapes of the feature spaces‘ The classes .
E 'wnh the largeS't grey level values occupled the largest decxston space area in measurement
space whxch may cause an undefined class W1th hxgher grey level values to %@ ‘
"‘"mxsclasstﬁed Calculatrons for postenor probabtlmes can be set as threshqlds ’ ear_?. . -

- classxﬁcauon functlon to minimize this problem. The paralleleplped and maxtmum I |
| '.: ' hkehhood decxsxon space boundaries fit closer to the feature spaces These boundanes are
\ cffectrvc only 1f postenor probabthty thresholds have been set for each class or -

R measm'ement space thl be pamuoned into one of the deﬁned classes The decxsxon Space

ey



A
The FFST classrﬁer decxsxon spaces were very sxrmlar S the maxrmum hkehhood

| K decrsron spaces The maxtmum ltkehhood classtﬁer achreved a close decrsron space ﬁt o

%

spacc whxle the maxrmum hkehhodd dectsron space showed that the greatest amount of

B ‘the feature space through a patamemc analysrs of the spectrai values, whrle the FFST

o maxrmum hkelrhood classtﬁer ’I‘he maxrmum hkehhood classtf’ ier dectston spaces, wluch

L class showed that the two largest soil peaks were located at opposrte ends of the feature

- data was located in the center of the feature space. 'I‘he FFST clasSxfier did show the

’ " vanabrhty at the ends of the date 3 sorl dectsron space Spectral classes were deptcted

| more reahstrcally by the FFST classrﬁer not as the classes should be stattstlcally, malnng .
g the decrsxon spaces very ﬂextble | R o o
' ’I‘he deleuon of an outher only aﬁ'ected a local area in the frequency featm'e spaces and ; ‘, e
the FFST decision spaces. Each spectral value ina class was assumed to be mdependent |
| of the smmundmg spectral values, therefore the deleuon of one outher should not affect f |
. : the shape and. onentauou of an entrre decrston space The deleuon of one outlier W

: _ o change the shape and onentauon of the decrsron spaces fmn; the three parametnc f'

' classrﬁers, therefore these classrﬁers do not follow tlus assumpuon

Son;!e general observauons may be drawn from the graphrc dtsplay of the dectston

o spaces The FFST decrsron space plots and the ﬁequency feature space plots had very
- . ,iﬂ'cgularly-shaped geometnes whzch xndrcates the lumtauons of parametnc classxﬁer "-

* decision s spaces wrth tegular shaped geometnes When the paralleleptped classrﬁer placed

S

L spaces drsplayed more vanabthty at the extremes of correlated classesc pared to the S '

- were elhpses, mdrcated that the center of eech ,correlated featire space had more vanabthty R

«&

LA

_plots qf theparametnc classrﬁers showedthe amount ‘_of chssoverlapthere can be between R :

o classrﬁer attarned a close decmon space ﬁt non-parametncally FFST colasjer decrsxon R ‘

than the extremes of the feature space \The frequency feature space for the date 3 bare soxl T |

v.".'».dCClSlon space boundanes aroundthefeatureSpaces constderableoveﬂap wascvndentm .‘



o hnear clasmﬁcanon funcuon eci

themgmalandthecleanedcoverclasses )Thepomnonofoneclasswxmrespecttoall :

~other classeshad a large mﬂuencc on the shape of the lmear class1ﬁmuon functlon dec:sxon

- spaces and the amount of area cc ipied by ?the demsxon spaces in measurement space. The
'on spaces d1d not resemble the feature spa:e shapes |
Dec:sxon spaces from the maxlmum hkehhood cla331fier ﬁt closer to-the feature spaces than .' : '_ A
."d1d the other two paramctnc CIaSSIﬁch but tHe ellipses d1d not mdxcate the spectral 3
jvanablhty that may be 1 pt:esent at the ends of a correlated class. The FFST classtﬁer

’_.decxsmn space plots showed the vanabthty there can be in 3 couelated class An area for

o v
. future research is the deptctxon of parametnc and non-parametnc demsmn spaces m three

dlmensxons 'l'he dec151on spaces would then be shown as volumes A paralleleplped

o decision space would be dxsplayed asa bo:§ in three d1men51ons | _

6.5 Ramtﬁcatlons of the leferences)Between ™ and MSS Feature | AP |
Spacas AR -“f' o ' : o

o The differghces in frequency feature space shape assocmted with a dxfference in spanal

B ; resoluuon bctween MSS to 'I'M mager‘y was analyzed v15ually and stattstlcally An

‘. A assumpnon was made that the shghtlyzdxfferent specu-al ranges for the TM and MSS

| mﬁ'aned channels and dxfferent rad,tometnc resoluttons dld not s:gmﬁcantly mod1fy the

" feature sp spaces Al the spectral classes from the MSS i imagery using bands.5 and 7 were.

| _blvanate non-normal All the TM 1mage classes but canola crop, were bwanate

non-normal usmg data from chan%els 3and 4. No radlomen‘tc destnpmg a.lgonthm was -

| applied at the satcllite dat_a receiVing cent'ex‘@: theTM and-MS

then be compared Radtometnc stnpmg may make blvanate nomtal clasSes non-normal
advelsely affectmg a parametnc clasmﬁcanon '.QV LT o N
The wsual companson betwecn the TT and MSS frequency feature spacewowded \'

4



: .severalmtetesnngresults. 'lhe’lerequencyfeaturespaeeswerelessdr : d-than |
;MSS frequency feature spaces whrch may be beeause the ﬁner spatml resoluuon of the 'I'M
, | , 1*allowed purer mone spectrally homogenous areas to be extracted. These purer plxels ,‘
- '_ would then form nghtly clustened peaks More spectrally hetemgeneous prxels were .'
‘ rex’pected from the coarse spaual resoluuon MSS 1magery Peaks in the MSS frequency
| feature space. would have lbwer frequency values compared to the cor:cspondmg ™
5 ﬁ'equency feature spaces, and the peaks would be more drsperse The TM ffeduency

- feature spaces wg:e also less heterogeneous mtemally The drfferences may have also -

o

1 : ' been caused by the drﬁ'erence in number of prxels between the ’I'M and MSS trammg areas.

Some of the vrsual observauons were supported by the results obtamed from ',

subtractmg the MSS. ﬁequency feature spaces from the T™M: frequency feature spaces One S

result was thal\the central peaks in the TM frequency feafure spaces were more nghtly _
- clustered and contamed more percent frequency volume than the central pea.ks in the MSS

' t'requency feann'e spaces “The wsual analysxs determmed that the TM frequency feature o

L space peaks were ughtly clustered and drd not drsplay as much mtemal vanabrhty as the ‘ @

. 'MSS ﬁ'equency feature space peaks 'I'he mean value for all the drfferenced frequency K _' : . '
} feature space gnds was above zer0 whrch mdrcated that the TM frequency featu"e space

| generally*contamed more percent frequency volume than the MSS frequency featuxe space : R

at each pxxel locanon Away from the central peaks the: percent frequency volume at each
. prxel location for the‘l‘M‘and MSS classes was nearly equal L
v66Summary . g e

Several observauons and reeommendauons for future research based on tlus thesxs

| work have been descnbed, and are now listed formally |
1. 'Iheﬁ'equencyfeamrespacelsavmblealtemauveto . SOC
- ,hxstogramsfor vxsually analyzmg class cover types. ’l‘he frequency f:ature space plot
- - 'can beoverlayedon the feeture space;?&ttoobtam exuamfonnauon aboutptxel o .,_

s

;



g

o easily understood gxaphrc to drscem what is happemng in a spectral class

2. Specmnal classes denved from the red and mfrared radlauon channels had a hrgh N

S ‘-probabrhty of bemg bwanate non-normal Further research is reqmred to undcrstand
L how vanous 1mage processmg techmques affect class normahty Rcsearch can also be

: undertaken to determme the degrec ot' class normalrty whrch can be expected w1th each

v new satelhte and au'craft sensor system ‘

3. The negular decrsron space geomeuy of the three paramanc classxﬁers did not conform

S 1o the megular feature spa& geometry as well as the non- parametnc FFST classrﬁer
A non«parametnc decrsron space should ﬁt better in cases wherq classes are skewed or -

| 4, ,’I‘hemauc Mapper scanner 1rnagery appeared more spectrally heterogeneous at

: mcreased Spatial resoluuon, whrle the frequency feature spaces mdrcated that the

- spec values in eaeh class were more umforrn and Ughtly clustered than the

e spectral values frorn Muluspectral Scanner 1magery This result may truly be due to .

o spaual resoluuon alone, or'may be mﬂuenced by the dxfferences in precrprtauon
o betwcen the two dates therefore future research usmg TM and MSS 1mages of the :

same date is requxred
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TABLEII LandsatMSS Conﬁgurauon. - o
| NOMINAL
'SPATIAL -

,-"vspi-:cmAL " SPECTRAL -

-CHANNEL . RANGE
.~ 400nm - S00nm

,Qouh

;_,j' TABLE 12 Landsat TM Conﬁgurauon

SPECTRAL  SPECTRAL.
 CHANNEL " RANGE

-, 600nm - 700nm - -
- . .. 800nm~- 1100nm.

-

RESOLUTION -

80m"

‘ .80m

80m

"¢ 450nm- 520nm

' 2080nm - 2350nm-

SPECI'RAL

520nm - 600mm .

"~ 1500nm - 175000 .
1600 ot

) CHANNEL " RANGE .

* 790nm - 890nm
* - 510nm - 730rim

ol 500nm.--590nm
.+ .610M4m - 680nm

'NOMINAL
SPATIAL

20

20m .
" 10m



TABLE21 Number of umquc pairs rcquu'ed forapolynormal trcnd surfacc./ J
LDEGREE OF‘ POLYNOMIAL _ NUMBER OF:DISTINCT PAIRS: .

I4

NV R WK -
—
(=4}

ce oy

TABLE 2 2 Cleamng the Eudora, Kansas spcctral classcs thh clustcr analysxs.’

S " NUMBER OF NUMBEROF  NUMBEROF |
.o - PAIRS - CLUSTERS . - PAIRS DROPPED.

o DATEICLASSES R S o L
Winter Wheat - 131 - 20 S 12
Waer = - 3 . 1o . T
Fore/st . - .93 oo 18 : ) -5

3

9.

Baré Soil - a3 Vg
, Com . 14y .20

DATEZCLASSES T L -
Wlntchheat/Soybeans o131 =200 0 :
- Water o '

Forest - T ey, e ¢ 15 , o1
Bare Soil _ 43 9 v 4
. Com e o0y

DATE 3\CLASSES _ A
Soybcans 131 SR . , 2
Water -~ ,.__,84 ,. -9 L I
Forest . - 93 s S 11
3
3

Bare Soil * 43 7
Corn | 142 4
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o -f_TABLE 4 l Kolmogorov-Srmrnov test on Da
: (b) clcaned classcs -

te 1 classes. (a) original classes,
: € e T . KA Y .

¥

- cLASS

| on.:Q..(')S'-" :

'NORMAL |

“‘NON

NORMAL

1 :WI'N_'T'EB ' WHEAT -

S 0114 |

K3
v o
¢

~ -

" waten

ganp'

0081

x|

romest |

0.061 |

0.081

CORN  ~

: 0.054 |

- 0.052 -

| BARE soi.

- 0.107

Q";"'o'53 N

-

" class |

=005

| NORMAL

" NON
NORMAL

| WINTER WHEAT

" 0082

0084 |

X

0.031

0087

FOREST

0,034

0081 |

CORN

0.079 |

0.053

. | qBARESOIL i

cote |

0.055 -

Lo




TABLE 4 2 Kolmogorov-Srmmov test on Datc

(b) clcaned classes e

‘i"';" P .
2classes (@) ongmnl classcs, Ll

P

: cLASé*

=005

NOT

NORMALTQE-V

WINTER WHEAT
SOYBEANS

. WATER ._ﬁ "

Cote -

. 0.069

2 ©

'FOREST

| ooas |,

0072 |

CORN
SR S

AT

oup@;a”

0.063

9

“BARE SOIL ~

0.097 -

0051 |

To@

4

CLASS

e

| @=00s

| NORMAL

| NORMAL |

~WINTER WHEAT | ———
WHEAT “oors

SOYBEANS

0058

O

-

‘WaTem -

0,084

0075

FOREST

| o034

0081 | .

0064 |

0.111 -

0.058
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TABLE 4, 3 Kolmegomv’Snnmov tcst on Datc 3 classes
(b) clean;:d classes L

s e T
4 3

'\/'

(a) ongmal clg,sggs

CLASS

sovaEANscaa“"

\A

WATER

FonesT

°3v¢on~:&fﬁf

. crAss.

=005

NORMAL

NON

NGRMAL :

0.060

n-,x S

0,072

4. FQREST
"!"BL-'.

0044 |

.

'CORN

3 E
L

" 0056

" BARE SOIL

£ 0.060 -

(b)




TABLE 5 1 Number of Ongmal and Clcanqd Spect;al Pmrs for ihé'Aléxander 3

Indxan Rescrvanon

o

NUMBER OF

- 'ORIGINAL PAIRS .

»

. NUMBEROF
- CLEANED PAIRS |

[RAI
4o

o MSS CLASSES N
: ,_Pasmre . . /,g6

"Water, . B 137~ % ¢

Canola 85

" T™M CLASSES o
-Aspen- 3719
- Pasture & 460
- Water © ' 14
Canola - a4



TABLE 5 2 Kolmogorov-Srmmov test for MSS and 'I'M classes
o (a) MSS classes, (b) TM classes _

el .

cuass |

a=0.05

*] NORMAL |

" NON

| canoLa

~0.114 [

0.044

X

-

[oaren

0111

0.055' -

[ pastore

0123

0047

ASPEN

RENREERE

0052

a)

RN

| crass

| a=005"

| NORMAL

"NON
NORMAL

| canoLa

A

. ,0':032_

0.051

‘| wAaTER .

0094

0.028 .

NORMAL,| .

PASTURE

,700527

0040 |

| 'aspEN

0.088

1 0.044

S (b)



4 TABLE 5 3 T-test fox%kevmcss and Kurtosxs on thc lefercpced Gnds

‘ ., NUMBER OF STANDARD DEVIATIONS FROM A ZERO MEA§\ .

 Aspan : 1351 IR <  9.3,673

Paspglrc S %&30 o : § 52892
- Water 124263 219776

‘ : T e Co
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I DATA

| V"Gcneralt’orm [a]—[X]l[b]

o where

SOURCE’ MAP SAMPLEDATA

P T OBS (M _COORDINATES ZVALUES
Y ‘ o »'4 XlYl ‘.,'.',21

: ‘.Xz,Yz L ZQ

HW N -
x
w
E
w
N
w

2 TREND SURFACE BQUATION FOR SAMPLE DATA
: l‘u;v,tdcgrcc Zei- 40+a1X +a2Yl . _: IR RS o
whcrczc =-5umatcd2valuc at Xl.Y coordmatcs L .' ; }

3. SOLUTION

Y

a = matrix of unknowns
. b =matrix of constants '
- X= matnx of sums of squares and cross-products o

| “Solution for samplc data: ey
| "ao oy Yo
ZX IX;? BX; YJ |2z
ZY ZXY ZY 5 ,ZZiYi_

32

(a)

FIGURE 2.3 Two surfacmg routines. ( a’) ghe pOlyh’omial trend sixrfa’ce, (b) the |
muluquadnc equanon R | L



R AT

SOURCE MAP
. : Lo )
£ 0123 v T 3Y3. 23

2 MULTIQUADRI&EIGHT SURFACE EQ@ATION

| Generalform ze ZC [(x X) +(Y Y )2]5

)‘i

3 SOLU u

: Gencralfonn [C]—[au] [ J} |

Expandmg[au]for sample data: A

a11-[(X1 Xl) '+ (Y- Y1)215
Cep=1(X - x2) +(Y{-Yp)2 13
a13 [(X)- x3) (Y- Y3)2]5:
'@ >- '.:i . "‘-' . ‘. . A
AR
a33= [(x3 X3)2+(Y3 Y3)2]51_

Solunon for sample data: v .
AC1] Taii ?12?1’3".-1 Zf DRI
s. .C2 .— a1 322823 22 R ,

163 lagjagyagsl 3l

¢

' 4 MUL'I'IQUADRIC HEIGHT SURFACE EQUA’I‘ION FOR SAMPLE DATA

Zg=CiL(X;-X 2 (Y-Y, )2 )54
O G(Xp-X )2+(Y2 Y, D215,

; Cal<X3 X )2+<Y3 Y, )215 =
o R R
FIGURE23 continued. - . S
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= 'PL*A’TE 5.1 V'Multisp'cct,ral S‘can‘ncrjniage of the Ale d:t:r'Indian,'ReserVatiori.: -
S (Spectral ban_ds 7,5,and 4 QS'c_d to gepferate i_mage.-) . :



PLATE 5.2 Thematic M'appcf image of the Alexander Indian Reservation.
’ (Spectral channels 4, 3, and 2 used to generate image.)
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PLATE\S 3 Muluspectral Scanner rcd and mfrared radxanon chann_él images.
L (a) red channel (b) mfrqged channel . ’, 5 SRR TR
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PLATE 5 4 Themauc Mapper rcd and mfrarcd radmuon channcl xmagcs. | -
S (d) red channcl (b). 1nfmrcd channel . o
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PLATE 5.5 Multispectral Scanner training field locations.
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PLATE 5.6 Thematic Mﬁpper training field loca_tio.ns;
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| Ap'penﬁif'l : Co’mpfut‘e:_i'.Progfams U_sed in_fpésis -

i . The total length of the programs used ar‘e-vcry long therefore only thé names of the
-programs and the functions of the programs are listed. Programs suffixed with a "*'

were programmed in whole or in part by J. Ronald Eyton. Programs suffixed with.a **' . . _

o werc‘progxfammedin‘.whdleorin’:par_tbyi)_}af Niemann. - . = .. o . .

. POLY.L*-1& generate a polyh__dtrﬁal"t;.rcnd surface grid’

‘SMQE.L* - 10 generate a multiquadric surface . . R
 PERCONT.L - to contour a multiquadric surface . = e
-, ZSMOOTH.L* - to smooth the spectral triplets o '

.. GENFREQ.L - to create spectral triplets from spectral pairs

TRAIN.L -to read in spectral values from training fields

KS.L - Kolmogorov-Smirnov.test for bivariate normality . ‘
- “CHLL* - 1o output chi-square deciles : _ : B _
- PERCENT.L -'to change frequencygurfac® grid to a percent surface gnid. = - -
"VOLTEN.L - to determine 10% pexgilt surface volume contours . =~ . .
CCT.L **- to unpack Dipix TO format MSS-scene onto Michigan Terminal Systen . )
- CCT2.L**- to unpack Dipix TO formiat TM scene onto Michigan Terminal System.
- BVSTD.L* - toplot bivariate standard dcviad"al‘ellipses e PR
. DISCRIM - SAS linear discriminant function T .

LINDISC.L* - to generate linear discriminant function grid -

FASTCLUS - £AS clustering routine. - - -
~~ PIPED - to plot parallelepiped decision spaces . T

- TWOFOWR.L** - to change I*2 grid to 1¥4 grid - o
-~ GRDCRE.FOR** - 10 create an Intergraph grid file from an unformatted grid file
. WINDOW.L - to list out percent frequency surface triplets greater than zero -~~~

 RESEALE.L - to change percent frequency surface tripléts into pairs for Kolmogorov-
.. Smirnovtest __. - R

SYMB.L - to plot feature space pixel locations = - -

-DESCRIBE - MIDAS program to output descriptive statistics

‘GENCONT.L - to contour a polynomial trend surface gnd\ . S
X;""’Z

HIST.L* - program used to Create histogram and descriptive statistics for data. .~
. . B r : -. B ‘ " B o - ;‘ . . .
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