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1. SPATIAL FILTERING

Spatial filtering was originally developed to eliminate

misclassifications of pixels. The four-neighbor filter was

developed and tested by Van Roon and Lynn (ref. 1) and was

incorporated into the EOD-LARSYS program at the .Johnson Space

Center (ref. 2).

Coincidentally, two special filtering problems arose in the

screwworm eradication project of NASA's Health Applications

Office. Both involved an automatic classification procedure

iI ref. 3) for converting zonal maps on paper to properly coded

digital. tapes. Misclassification of pixels in homogeneous zones

required some kind of filtering technique, and the serious

classification problems at interzone boundaries also required a

powerful filter.

An eight-neighbor filter as described in this report fills these

needs, differing from the Van Roon and Lynn filter in two 4

important aspects. First, it is based on eight neighbors rather

than four, and the number of these neighbors defining a misclas-

sification can be set from three to eight. Second, it can be

applied repeatedly.

This report demonstrates the use of this new filter. Since

few technical details are presented, the reader interested in

greater detail should consult reference 3, which presents more

details of the program.

to
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2. A DESCRIPTION GF THE FILTER

The operation of the eight-neighbor filter is described at length

in reference 3. Basically, the eight-neighbors of each pixel are

examined for class. If the filter options specify three neigh-

bors, then the pixel is replaced by the class first found three

times in an orderly search of the neighbors.

For most uses, the first class found three times in an ordered

search of the eight neighbors appears to be the most appropriate

for reclassification of a given pixel. Classification of real

images, such as Landsat, benefit from two or three consecutive

applications of the filters. Artificial images require about

five applications of the same filter to eliminate misclassified

boundaries.

1
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3. APPLICATION OF THE FILTER

Figure 1, in black and white, shows an image to be digitized.

Figure 3 shows a symbol map from a machine classification of a

hand-painted zone map. Note that in figure 3A (the classified

non-filtered image) several classifications are defective since

the zones must be homogeneous; all borders seem to be defective.

The remaining figures show how various filter combinations per-

form a homogenization of the zones and edges.

It should be noted that the image studied here was digitized by

the table scantier of the Image-100 computer at JSC in bLilding

17. This scanner is little more sophisticated than a television

receiver.	 Illumination of opaque images is primitive, based on

two photoflood lamps, which are very uneven in illumination. If

a good scanner with good illumination were used, classification

results would be much cleaner.

The most urgent use of the filter in the digitization of zonal

maps involves the elimination of misclassifications at the bound-

aries between painted zones. Misclassifications occur here

because of pixels that are mixed because of differences in

relief in the interzonal areas which cause shadows, the admix-

ture of paints, and for many other reasons. Figures 2A and 2B

pj
show the magnitude of the problem in a typical case.

The cleaning of boundaries requires a multiple application of

the filter, as shown in the various cases presented in these

figures.	 It is apparent that the filters must usually be applied

several times before the boundaries are distinct.

This type of use carries significant dangers for use with natural

images. For the artificial zonal images for which this capabil-

ity was developed, the exact location of the boundary was much

less important than having a sharp boundary between zones.

3
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Nonsharp boundaries will have improperly classified pixels whose

values would have no relation to either of the two adjoining

zones.

Multiple application of the filter can cause boundaries to move,

and this would normally be a distortion of the proper classifi-

cations of a natural image. For this reason, indiscriminate

multiple use of this filter should be strongly discouraged.

Figures A-1 and B-1 document the application of this filter

system to different non-synthetic images. In figure A-1 the

filter system was applied to a zone discriminator rising composite

ITOS images (ref. 4). Figure B-1 demonstrates its application

to cluster analysis of a Landsat image.
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4. CONCLUSIONS

The new eight-neighbor filter has its first use in cleaning zones

and sharpening boundaries during the digitization or hand-painted

zone maps. It has also shown value in making computer-hased

vegetation zones more homogeneous, as they are known to be. Its

application to classification of natural images, such as Landsat.

or other multispectral imagery, is demonstrated in appendix B.

Indications are that it will be useful if judiciously applied,

but that without care it can lead to gross errors if multiple

applications are made.
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Figure 2a.- C13ssfication of a portion of figure 1
without thresholding.
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Figure 2b.- Classification of figure 1 with arbitrary
threshold value of 50.
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Figure 3a.— Classification results for the artificial image,
thresholded before application of three-neighbor filter.
(Thresholded pixels are represented by zeroes.)
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Figure 3b.— Classification results for the artificial image,
thresholded, with application of three-neighbor filter:

Filter applied once.
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Figure 3c.- Classification results for the artificial image,
thresholded, with application of three-neighbor filter:

Filter applied twice.
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Figure 3d.- Classification results for the artificial image,
thresholded, with application of three-neighbor filter:
Filter applied three times.
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Figure 3e.- Classification results for the artificial image,
thresholded, with application of three-neighbor filter:
Filter applied four times.
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figure 3f.— Classification results for the artificial image,
thresholded, with application of three-neighbor filter
Filter applied five times.
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gure 3h.- Classification results for the artificial imaiu
thresholded, with application of three-neighbor filter:
Filter applied seven times.
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Figure 4a.--(	 • sification results for the unthresholded image
before appi— ation of the three-neighbor filter.
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once.
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Figure 4d.- Classification results for the unthresholded image
with application of the three-neighbor filter: r ilter applied

three times.

MW

21



iiiiiiiiii =: iiiiiii ii ####I 's# ### 	 s ss	 Mnff ;isssssssrs
•	 ^	 ###r #„######lli11111 i^ I# #1t11r111rr rrr,i fll:•;
••	 191111r191111111911r••1r11.119.1r••19111 trrr,rrrrrrt,rr S,r,1 rt	 •	 r1t111r1rur1rr11rr n1f 19
•S x119r9•N11991 N N H H Ht1.11t••f •9 N N 1 //(!911,1(1/I 1# ^ /1 ,{^ # :

	

ftt11 ► J1l11tr,111flIIN Uli
is:^ :::::::: : ::;:;:::;:::;:::::::::::::::::s / i: :;;::iii#i1	 i

ff
lS /•r 	 1 tF iii •+:	 e

•/ f9-t lr N lfl N H H9 •+1191. 9Nf•• • •11 • 	 I 1!t 11 It	 1rl	 ,^	 1191 1 1 111 9119+
•• •91•.1..+f^1H H1:•H 919 N9 •/^ 3

/
•••^•	 s „ SII:III' , f s4s	

IIHIHIM111111118

1	 It
0IM1

^^°;:;::: ::::::::::::9:: 109::::!1: ::::it 	 .15x9	 . .
119.

f	 1 /91 11... .
Io t 1..1.11x1+19119N11x1x 11199x1+11911N1x1N ll f111(Ifffffl llllfflltl rlilrr t71r1r17t111rlIf1111x.N ..0 ./////.e

lob

10) 11 +.11x1+1r••r•1n •1r111r9r19•xN.11x+11frlrlrrrrfrrlrlrfrrffrrr rlr Jt 7r71117t7rrrr1r.1!•r..1rU/.. N.//u/
lo • •111.r9.1111++x1r11.1x•11.rrrrl.n 199nxr1flfrr rlrft/rlrrrrrlrrsrfrrfrr tltt7trtllrrl,lr n x11911e.u.e/eu / n
la g	• 19111.In11119/11111111+1 +1.x+1.1111 ► 991+f(fflfrlrrr/1111x/rrrrrrfrrllrrrrrerrrlfrrrr11f1+11.1•../u •

.•//
e
e///+/

10 7 	x11111.1+•111191+•111x1++11.191.1.911x91.1119191111x9/17(
t
rt flf ll(slrf11I111

r
f......I .....	 /x:1111•...1.••/!..///

Ip•	 91;.x999911•;•:1:111:;;11x1:(111x11111::;;1;Ilflflllilffll7fl^f7^rlff/lllfflrffrf!!!f !!11.1:::9j./:/.:/•:e::9:
Ilo r1•.1.•I..x1r111911.91119 n11+11f19•.x+19.11rrrr a rr n rr n rr n rr rrll.rllrr.rrlrrlrrlrrrr9+1.•.0 ...0 !/e/.//1
111	 99.191+••1x1119.... lef 1x91.11f 9., M 9 6999x91r(r111flllfl l lll rlilf111I11lllllrrllrllllr9•.•91/.1e... MM./
Ilt x•.1.x.•rxf1xr111.1191rrrxf 11 . 1 ► 9 N11 HfH N 1911x(lf11r1lrf lrllf lfrllfllrfrf 7fl11l11!l7911e •9U...U. n•/..H.
11) 9N1xx N.H NxN 11N N.1....199111•+1:11119 N9111999frfrf1I1I117ilrr•91119 /717r11111lilN1.1•/./..../ N 9e. N..
11 • r91.+n.1•.1x.r..191x N1 nr19n1xa111.N9911.•r.rrfrrrrllrlrrlrrrlfrrrlrftrrlf rrrlflllr•.1.91u n4...•ee..///
115	 1x91 ,9••x91 . 111.N•1f.9.91..11.I N111191.911 .9x11(flfrlf/!llrrl7rflllfllllflf1fI111/1r N11.1///..N.. n!•..:w

li p	9:1:::::::::9:11994,
111 911..1.9.f........1N 9919x9.N N.-911111N fflfrlrllrr(!!!lllfllrlr/If llrlllllf••H.@...//. /U•//..9//
11 •	 ......... . ..... 
	

.11. 11. 19111rr119.119x••1rrrlrlrrt.rtrtrrfrlrrrrr.r.rlrr/rfr.1.11/..//..Z:..../..//./
17^	 99r.99.rf99 n9lr.rr.rn•911xfn111r9f9xr19r1f..11rrrrrtrrlrrfrrfffrlrf n rr/rrl/1f111919.r9e.e Us./e/e.er9x1/e^
Irl	 r1f•119.x991r•111.9.x.9119.199.1+xx1191.1111x1.1.rrrrl rf rlfrrrtfrrrrlrr91111x9 r1fr11.9911uu a .../u .11919.•
177	 ••I N ...9.•1.99xH 111.9.1 H .1.1x••111911 N11f9i•111(IIl7( I /r/ 1 17/lf/lll/rlf 111(x111.9. 9 N .../1//e.// 199111111
IJ)	 9.99.9•x99.1x11/rxlxrxl•911x9..11111xx1xrr..9x11911•rrrrrlrrr.rlllrflrrfrlllrf rll n .•91e..e u•..e.1.Z991.Irf..
I7 •	.x.. . 1.19..•.1...1 1...9•.111111191 x19911.Lx119xf111f1(If11111!lfrr11x1/111 ! (/! f 1•.911. U/./. n/le+/911.111/911
IJS	 99.•1..•.•9.9.•991. n .•• n .19r1191.In .•r.919111911.9rrrrr.rtrrrrrrrfrrrr rr rrr n r•1.99.e/ee/en s1/1II,r1++1.9.
11,	 ••.••11•..99.9•.•199•..••991.1.1.x1119..1111111.91••1/f7971191/111x1/!!l1/11111f••91••.IU NN If9/lf/f/11+/119
171	 .11991991.9••.9991••.1.•99.x119•.Ix.1f •11xx N 91199.1•••rllfllll7flf.l.rrltrl//I N .991./U/../+911 N 11!11911it
It •	r11•.99.•.x9.11•r111r1. 199+91..19+1•.x1199119+••r111r•./r n rrr a rrrllrrrrrrrrrr..•9•...///.0 919 x99999.19 1.11•
1r•	 ..99x..9999.91.x.99x..9r9xN x11•rxx•9.11rrx19fx19x11f•••1rrrlftlrrlrrrrrrrrrll••9..•...uuu99r.f.ff9.1.f.•+•
I)^	 .1....99+.1.1111..x•.1.11.111x.1111.119.1911xxx111.1rN•.1.rrrrrrrtlrrrlrrrrl•1x••99te••. U.T••f11f/1111f/111/ ♦
I)I	 .91911.9.9911.•.•x1..19.rx...•1.99..f91999.11911119•.111...••1119 ► •I/f/1x717//••9 ♦•1.99/.////u•//11/1•fllll/++e.•
Ili	 •••11.•111. ► f1H 11x 1 .1. • .1199 9 91 . N9111..1...+1••19••19.999...••.•••1••••1.•9.9/...//.•91•+111111111111111
I) ) 	1.11.9.1••11••1••.••1.9••1.1..•9.1.91+..99.••.•.1111...••9...•9...••...1••••9.9.99///...LH 9//1,+11111111.1/1
Il • 	.991. ► I..I Nxx.11911x111111.1. N •1x1111..911.11x1x N991H 191 H.1.1x1..1•11.79••••/H.N //.1111•If1111111./9111

IIc	 1..•.11.91..•.111.1.1111.11111.1.1111111.111.91111111.1.9••11x1.1.1.1.1191••/1•.9///...../.f 11/9111111119+1111
Ir,	 9.919.9.9••••1991 91...1.9x 99••11•• ♦♦1...1•.191• 	 •• •••.•.x1119.1.•911••11 99••/!///.//1991.•/IIIIIIIIII/1111
I) 7 	.11.1.111.1.1•••1:9119..9rIZ1.9111.1./•1111...1..;:1.;9.19•.••.1111..•.• H N 	 H M:H 91911;1111111+-.1-..1
I)°	 11•••.••91••••11.11.11••1111•••.1 ► 1 1•.• • 9• N 19•N •I99.99••191 . ••1.1•.N .••1•.••!/1•././9/ H 911r111 I II111 H 11.•
1]•	 1.91••,•9••••••••11••••1•.1.1••9.199x•111•.•.1•••••••9••••91.•••1 ♦9♦1.1•••••••.!//!//// n x1191+x1111111111111.•
1-C	 9.91•••19••..1.1••9.1•.1.91•••••••99.111.1.911..1.1199 • •1.1. 9 .1 x 1• •1 . 911.• 91 .1.//!..//./f1• H II111!IIIII/•/111
I.I	 991.91••• . • • •••••111.1.1 . •.1•N 11.911 ♦1••9.99. N N •.11x H• N1x.................. ///.. NIIII H 111111111119911.1
I .7	 T•199••ff•.•...•.....•.• H199+9 H 9.191 9191 ................99,	 , , N•11•.9.9..//!e!7//I91+11111111/111/111111
1.7	 •••1.••99x9 . •••91.1.11991 N•...1.••...•••••I....N ••1..199•• ♦19•11••111 x.9. H N N.e/ N .11.•/11111111111+••111•
1..	 •99•.•.•99199.•••..•99.91.1..191.• • 19 9.9.1 1 1 • ..F1 1. 11. N ..9.1999.91111.1.1.9/.// /re/// •1 N IIII1111 1 1 1 11 H . I H 1
l.c	 •r9.91.•••••1•♦••..•.•99.9../•.1.•• Ixr•1•rr•1.1.••11•r•••r•••.•.••.••.•.•/•••/!/r... n .9.1•/91111111i9r.•1•.•••
1 •.	 ::@set.91••I9f.•• H I •• •♦ •• . N 1 N •f •.•.99.1.99999x1.••91••9191•••h ..19199.1 •!/. mn../11111...
1 .•	 911•.1••9/1••••.1.1••.1.9•.•1/•• .• 9•.11 •.11• ••1 •• .. 9 1 1 .19 H •91.9f.••1•••9••/e..r/M/..........................  
1.a	 .•9••9.9991.••.•...•..••..••.•99.•9•••1.1x911,1•..•.1.1•••.91.1•x991•.91.9•/eree/H/.e19.19f•IIr11.1.1.•.. •.. n

1 • v	 1.91999•••1.•1•••9911.•9••1.9.•919 . 9.11 1 .9 . • .1 119 • N H 9.1••191 ••1.• N •.•11•/K /e.//M./1.•I/911.f11.9.1...1••J
ISi	 11••119••9••9.•.••99••1••.1.9••9•x1.•1.1•.1.1•••191.•.•...•19911.1111.119••/ n //e//1/e./111/I.If.19•.••.•1.11.7
Ic1	 •.9•.•11..9•.•••••1.•1..••.1.1••111.9.1.9.119•.•.9.1•.••••11••1.191./.9•••1.!/!.//!/9////•I..If ••+•1.1....•1./
1 . 1	 •1.•19•..91..91••...••1.1 . 9. •1 .9. H 91.11 H•99H N .••999••If9•.•.•.9.1•I••9.1//.1/./.•./. ♦11.119.1.111.•17177•
I S1	 x•9.99........ •••..•.••...•..•...•••1.11.•...••9••..•.•.•9••.•.1.1•...1..••reels ► !e!r•e•SI.11.9.9..r•..•7Jllr n

1° • 	919.99.9..9.11•••1.11/991f9.•....../1•/9f1• H99.9•••,..••9.19.9.9•••1••19.1•.!e!e/ ne M•Ir•tl./•.1 1.111.J7))IJe
IS • 	9/1.9.1••.9...•..•.rrrr.f9.•r..•9•..•rrrrrrrrrrrr/rrrr.•+r1••.••9••.r.9.9••.9xlraere!lr,etr77717}777777.7 n n.e
I • •	 •99•.•.••••1•.91.•.•.•. ...9••••rrrrrrrrrrrrlllrlr a rrlrrrr•9•r1/r•919•.•1•..1.rleale!/^ree ..77J17J7 n 7T7,re..r n

IS1	 •••.1911 . . N•.•.• . N •1.11•••11/11!!Irll1I11f1ir1lirlflll lfr ll f• 1 1 1. N .. N .1•.•.rl9!!..-•(1 n e77t7T77)177)e!lPrle

Ic • 	9••.9.•••1••91••9•.1.•1 a rrrrrrrrrrlrrrr a rrrrrrrrrrrrrrlrrrrllrl•.•9191.•1./9•r./e./er•r/e.err!lr.erer n rerrre
Icv  

9.1.+.•.•091
9.9 •. I999.99r91.9 a rtrrrrrlr.rrrrrrrrrrrrtrlrtrlrr/rrlrrr n .Ir n fl•• 9.•!f•1•Ie9reslseelereeeeeee/!re/erlre!!r/

I.Q	 91x1:717119!lr ll lrrlrl lll7 17 11x1711lIII1/1/91 1 111 /r /tlll • I•• N •999 •.efee./.r/l..e +/e. M e//11x9 effl
1.1	 r•9.9.••••rrr a rrrlrlrrrrrtr..lrltrrrrrrrlr/rrr:rrlrrrlr a 1717x.1111x1••99•.11•.'rrr/.e neee.exerelreee•errrxr•
I.7	 r•rlrlrrrr n rlr!lrrrlrxrrxrrrxrllrrrrrrxlrxxrt n rx.lrtrtrl ! n 171x1 a l/11x9.•^9r•9.r•eeee/e..e n eee•reeer.elr•••
I. A	 rlltllrx n r n 1rlrrrrrtrrrlllrlr n 111x1 n 1111x1111.r.lrrxrxllrrlrllrrfrrrr9r.••r•9.919••/9!r/9e9e9/1a•l.19..••!
I, • 	lrllllrlllrlfrrl/7911x1/lrllrlfll lf 111r l 11 1 1 ( 11111 .1 (rll rll .............III.9-9.99 N 199•,7.91919.19,•.•1.9.1•.9
I • '•	 11111:lrrllltllllrlllflrrlflltlll( ( tftlr!!1ltll l fll l r ...................11l(f9.• 9.L 9I • •9.9•..91f • • If 1,1,.9•••
I••	 .ll!!11!lrllrlflll.Ilrr.11lrl711f7frrr.711111(7111l1IIlrlrrlxlirllr171111!!1! n •991••..,.•+•.999••••.••19.9••7
I. 7	Iflrfllrrrrl17r111 r11!llifllrrrrllr.11lrllllll.11111IIrlrlflllrlrlllllrlflfl1lr7111 H .9.9. H ... . 99..9.-. •9.9111
I. t 	 rrrrlrrrxlrrr a rrrrrlrrrll.rrrxrrrfllrtl11x1 a rrrrlrlrrtr l rrrfrlrrrlrrrrrlrrrr r! a 1r n 9.f•••..9..•9.9rrn 1x111

I .•	 Ix11117rlrrrllrlrlrrlllrrrrtrrrrlll l r x1117t1! 1 rrr r r r I.. r i. I. r l r l r l rlrrrrrr l r l r l r rrr! 1 11
	 11 

	
1 11 l

- 11 r 1111If111f!!

1 •n	 1r1f11f1!!lrtrllll11I 1 llllllr r77^t { 7 t 7177777^17 Ir7111r//f!rl l lrl ll l rrr r l l lf!lr 7111rlll11117711r11111111lI11
1 • i	 ill n trrrrrrrxr.xr n !fr 	 71r11J77 7 tu 7tr7r 177 77r^7177rfrxrlrrlrrl a rrlllrrrrlrrrlrrrrllrrrrlllrllrl.rlrlrlrlrr
777	 rrrrrlt+rtrrr.rl[^17r 7 : 7i7,7771r7J1777777J77TT7777777 »	 .........rrlrrrlrrrrtltr!!lrrlrrtrrtlrrrrr.rr.. ..	 !!r

I7)	 1llrllli111x1+77/77)777777,777777717Jt7,Ir7777777777771771)lllrllfllrfllifllflrrlllllrlrl11..
1llrlr!

1+ •	Il1 11!l11^111 777.II771177'llllt77f71ef17177)77771)77)7771717177rlrrrrlllrl!lllrr.11llrlllrlllllrlrllll! !7777
I +•	 rrll71777 7777171777 ........... ► 177117r771r7T7,1lIrl/l)lTtlTTr7+777lflllllllll lrl lll ll1111r17rl111!!)717^11I17
I7.	 1117777771,r7717J7117/7777111x:11x17rlrl,Illrlt7777771x11777+T1T1l7),)711171171frx71+t r/T171rlt7rtJr+l7rrrT717
1 7 '	 77!7)717+rl1711f7117)lrl llf111!)rr7lrlltllt)1117r7111r11171+777777!!7)lllJl,lfll7rrir ll/1lr,111

11171
1rt,trt7r1TT17T

17.	 r/llrllll n x71 ,7 n 1x17,1 n r7r171rtlrrr+rrlr117r7 n n v Irrl+err ► ! n 1,7/7x17111Irlrlrrlrr ,r7+117 ► r1/rlrlllr

1 ••	 rllrIIIT11t1l11177,71717177r71.......",I...J7711171117+I1r1117T771711,IIx111+711,11711171)r71l7117lt7J1771171)
1 . 9	 1 1Il+J,lr:lrll'17, 1x1)17)177777117e1tl1rlf1,171 7f7 7711111t7,1re177771!/71+7771+171I1f1+111111,7 „ 71t1111771l77
1°I	 i)lr+7r,tlllt ► 1lltltl7rlrllrl/Il7 lif t  l,Il+llfire+11 7111 1 lll r ItIfIrlellrllttt+ /r IF 1, It  1llllrlf

1 . 7	 1rf77tr1171711.1171!)Illrtllrlltllf7tl+lllllfer771lf/7llreflrtel11111)!ltl/tr+rll)It1)11711r71+,1I11 /7 771+1717
I .	 IIIrIt7l777717t17l Ifl+ J 7+117171 ► rtfrltfl N t//111x7171177l9x11l[11171719f11,1!lt111)117I/71771I1117/t1+117+1/,!
I ••	 )711r711111+r11117+rl/rr17177/llli f lflr l)11 IMF," 7^^7rl+l7t+ll+l)lt rlrrl17 +171Ir11111/1lllllllrllelf/11Jl71t

1 • `	 77x11117,lltle71177r17171711 , 7171 )• ?I fllllt11117171117771 „ 117/11711711f1,17717171111/1J117flI1r111711711111)1
I ••	 l7l77llll7lf)1fll1 R 171717I1IJr,1++ it 	 lllllr7rlit!/1)!71111 N 177/7+/1r/IIIIITeII)1r111r11/Il 1l7rl1r1+1+1+111+
1 •r	 7717171)77717771171eIlr7e7171711I1f1111I1f1,tl7117r71771IT177111x1111)lrr11717rl17T+II7711i11,I1r11tr111,1!!!!
I • -	 77rT71rl1n ntrinr(77171x97rrll+ 3+tlr

t7)

rrl

t77

rf+1

r7

1

t)

rrr/
/

rrlr

+

n

r

,errnlnlulrrTlrrtl+,leJ+lrr•rrrrltrerlt
l

l

)

nrn117ur,t

r7/te7tl7ftl^rlt^l;tlelr ► +et iilfsl Jl;i I ll!! )
7
111111 AM,"1l±9111# #flllt;ftl^^i^t>>>>1>>>;^llls^^l7SAA W

117111171	

1^^1
I^ )	711	 I's ► lrll l U U )11x11111111 „ 1111 U lllAl1J17ltrel,er ► Jt1717t )111 L 11llA11111JA7711 U lAlltlllr

I • `	 77/!7!7 1	 /lxllAlA71/111)J117JlIJ7A1117111A1llAlllt,llaAl.t/IAAIAIIAIAAAIlII!lAdllll)!IlIAJJrf7/+
1•S	 111Al7Alil71111A^1J/I1111,I11AddAlJl1AA!l/1711llAlAlll7l/IAAAAIAAl1lAl/lallAIAAIAeT+
Iv.	 /J11AAlAll,ll//IIIIiIx1111llllJA71!!1ll/1IJA/,111lA117111111 AAAAIIAAAAlIlllA/llrf7lf
1 .7	 !1171,1/AlA!lAJIIAaIl111l11,IAI17!!Jll171/1llIJ)llA!lllAlll}J111 llA/J1771111A11t1l1r
Iv+	 ll,lA,/J1J1J1171177JA11/1lllall)11/ll111!!1J/IIIIl1lAAlJdJJ17111/111/1!111,/Il

lll!!1lf
rtI

9
f'

I.•	 111117!11111/1111I1!lJJlAl7t1l77AJl11l1A1117171/17lJ1AlA l l A l A,aAllA,l	 911

7r?	 allJ1711177111111/AAlll!l11111t11111 AJ111 1/I/1111111!l1711111AI11Al1AI)lJllrl+117
701	 1/1J171717l,1717111AAIAAII/A!1/!!!lAAd11111AAllA1/AIAAAAIId'•JJAAlAAI/AAlfl/7r
707	 J11/7lA1d11lJ11111Al/AdIIIIIIIdlA1l11lI/AlAlllllJlA Al/17AAA.1l/a/AlllAJ7177J7
707	 1 II1IIIl A1)17A1111/IIIIA 1111	AtIJlIA AIlaII Il/lAfll))71

70•	 AllAA11111111/allAll AAdn/dAaddAAll a !111111+117)

105	 IAl1AallllAAlA11/JAJIAI7lAA/, Allllalll/1!117

7r	 A/1lllAAla1A1A1.. A A!!.AlA11AIlAlAl,lll1J77
7n

.
7	 !lI J1111A1AAlllr	 7/777177!

Tr y	 1117111IIJ/IAAA	 7'7:1771

10•	
Jllllt

719	
! /1

711
717
71)
JI•
715
716
117
71•
71''
77^
771

77)
J7-	 t ,rr	 ..I^ii,11l1t^^77S

Figure 4e.- Classification results for the unthresholded image
with application of the three-neighbor filter: Filter applied
four times.
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Figure4f.— Classification results for the unthresholded image
with application of the three-neighhor filter: Filter applied
five times.
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Figure 4g.- Classification results for the unthresholded image
with application of the three-neighbor filter:	 Filtcr applied
six times.
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Figure 4h.- Classification results for the unthresholded image
with application of the three-neighbor filter: Filter applied
seven times.
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Figure 5a.- Classification results for the image.
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Figure 5b.— Classification results for the image with
application of the four-neighbor filter: Filter
applied once.
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Figure Sc.- Classification results for the image with
application of the four-neighbor filter: 	 Filter
applied twice.

28



4'

1Y
v.

Ice
IUI
1407

10
101
10•
107
IU•
1^1
IIO
111
117
111
Ilr
IIS
II•
117
110

!o

177

,l.

re
1479
I!•
Il/
Ito
111
117
IJ1

j
Y

l5
I)n
119
,1•
Iry
fro
Ifl
Ir2

Ira
Ir.

j
I

.0
IYY

'
4SO

IS7
IS)

Ise
1`7

^S1
..c
,nl
••7

.Y
1e;

I•r
I•»
1.1
17e
tr

11

1 7 ^'
11•

Ir•
119
IOC

j
•
•7

I f 1
1Mr
Ins
•e
In7
101
1.14
Igo
Iq l

7
11

IY^17S
Ive
;v)
IIM

Jot

tooI

i0
JOi
Ue

707
JU•

21
7	

1
11
17

Ir
JIS

711

jl1
20

Jtl
I.J
727
J7r
7JS

1

W1

I 5

:i::::::i:i:i; 	 ►i::i::=`SSi#;1	

,	
i^ #f i 11111 8 096 9 t

I 91!•91 t19 ••• • 1	 1 • ► • 9rf 001!11 ffl f1 1 ► 1 11 rf	 llltllt.• ••
f}f 9919! 9. 01• • t •	 t 9999 9199!• rtllfrl	 1 f„ fl/ffl	 J 7! J 7!l,r/9../t.••

ii: ;•T: t:f 

ii• i • 11 ^ i•I;
i

► ^• ► • i illllff # 1 ^Il(1#ffll^^	 #	 JJ i 1llfll•99 :9
/	

'••/

	 1 •	 t	 •	 • 1 	 1 1••	 f/1111! ! 1	 II#1 Ifl1	 y{	
))t J1111,fIt••}/•

	

t 1t ♦ f	 •
MUM

  9• f! f R f rl t1 ! f...	 ll)11lrf7 N	 0

111H "'I'MI iii iii i :iii:iiiIiisi IN 11 # #':##1111 ,111H I	 ^^ )̂ ; ##;#;'s#11191 1 0 iss•
Otte 69:1/10 N• 0.9 99.99 H IttN •f •1f 0f Ill' fI/#I,Irl,f fffffl7fl 	 S 7111111,,.. I: 99
1.0f1•ttf tl• 9900.• ►

=!
• 91.19.Ot9/1 ►f/f0.rl ► Il11/l I'll f l rf ►►►► I7!! n 	

{ 
7f lm "11 ,IO./../

s
. S •^ •.

ii:: g o 01990 : 101 to iii i iiii i ii ii io iiiol liti# # #s ##; ####### ## # # ##; #ilr	 i! #f,;ssi :0 ISM:
..}1111• . • 11 /t	

• /
:1 r1 }11:::If:1::•f::::f:::1:: ::::!llfll/!!f1lllf%1/!!I7!lJf11111/f7!lfflllfil/toffe e: /19	 ^^^^_^^^_•^=sZ•=s:

:Itllfllll%fllfl%f11111f1I!11f111!!lIJf11111i111::::.^1^^:: % !^/,•^^:•

iii :iiiiiiiiiiiiiiiiii

	

M. .3w , 	## ##;################### MillI'll1400iiii ^ is= =1111
01r/f.991r11010191r.f ••9 91101.1!11.1tr1111 ► 7lffffrlfrrr/1719/fl/rl7rtJ11111

 

11 if II II	 H 1/•10.1. 1.
111119!Nt1901ft ♦1 t•t•r11tf/01t9tt 019.1/•t1.1//1r+rflll/lrr/+111 /f ll/1111!!/f 1!111 1 1 9. /1.0/0 •.1/ /

####;'###################1#### ## iiii ii:::'s's:'sip:s1iiiiiiiii
;":,

go' 1010199!11f10101TIf1101 ♦......!..111} rt.ft•!I/ffl/flrllrffllllllfl21+7!l ,1 71119t/+t1UN •}1:
	

:j:::• nn
1...... tlN 997111 I}191/f //t/901.! 119/011/1 +11Illlllfllllflllllll l/l111lr11 N N 011///101 • •• 1/11)•••

!/!91019 ///rr•..rr9•f 1f 1199101}•t••9H 9••t1110111!91!/I1119/17119! N !!l1J1l1trrlJr/•t•///./•/•• 1 • .H R•/•I)••
0119 1091 0111 0191♦•101011}01 Nrtr H 11.19.1101 Httl.tl/1fr/+71rlr1rll/llll/f rlrtl)/r.9••11/•01. 0171. ORff !.14.1. 3f1t••1//tt1•}.•1 • ff•Tf t1t•t•/1.9/t1.111.f•f/ff ► /t9/Irllrflf/1)Ilf 1!!fl11111!!!!l.119///.////• J7 iii00/1fff19911
H01N9/t011t1•tlft/rtfl ntr 01.09 H11919911•••1010101/ll///lff U1lf1/111ff117f1 N19•//////•q ^)7c0114l11 ♦114••1•
01 H/1f1191t 0191 • •}r /r/Nt1999-1 •i 9.901 1499! 999199! N10r1 71/ffllf//llflllllllllfle^ll•/•1/ll•• ••0/••111.1.11.14
1491! t1 N If11 N lT•H1ff /T f/11}19fttNflt}• ♦111111 t NR Illl(Illlrll7111f/flllll•910101 H1N071 •Of1.•111111111•
nff:.runt/9trt•frT9t9/trr91rrr1/1t1t•919rr/f1t99/r• rr) a 9+9919 n trrrllJrJ •t1.1.0 lfb ••.f••reff•r11r114rr1•
./If tO.9 ffstf,f/ ;;H 11jt^ 9r19Tfr9^If1/191101^1t r^f t ► rf..rll1111/71r177//f1,/ .10.^^.^/•.... ►••ntt/ofRt11f1,f f•
t 11f.9fft /1119 f1 • f rt19.01/ ► NrHIH. ft/ •N 1119111 1r 149(1! ll f I/r.. • / /1.•• •11 1r ♦ 01/1111•
t ootolf rr ► 1r/..•tr.•rrr/rr.•If.1 H.119.019.-9/01frH 91.•t1. 11l1l 111 llf l lft o •91.1.1011/.//O.0 H /11.0111.ff1/•
1f 9tf.ltt•1 ► /•/••9..rftt n/r••.rrf19119trr.t1r19//9tfIr.9/.9f/9• n ► /frt, n	 t9r91u1•./•lu.•.•14••1. 1111, ♦•11•
/.9t9•f/r/ ►► r91f•9 ► .rrtrf. •f/f1a 1r1•919//nt9t11t9/ tt.f t/rf••rrlfrfo/f9 ► 199•t ►.nhpb••ta.1411 1 oe1 11 1 1 •114.1
Nf91.19.01.ft. ► ltl ► r.tlrttf../.rt.•/...r/rrf 91/ 999. ••90 H1.fIH f/•f11f 1.//01./11000/1 /•••01 /14 H 1n111111 1111•
9..•9•...t.••19 ►► ...frf9•rftt/..•f9..1.• f1 .1r999 ♦•. r••n.t..01t•//./9•tt.fl9.lullnn1d.11.1414•011 ,11 11 141141•
/t1.1.01ft199t1019/f 010101.0101019.•9•tlrt9rr• tN 01•.0101.1 01 /9 901 011101 01• ► ••/1171 •/-f.14••o111r 111101 HI•

0111
1191!01t•11ft9f7.01•:01/ 9019 90M U: N11f 01!/!:•990101rff901ftttr

..91
..•f 1./9.•11/1/	

n
SOf11 ► •91 1 111 1 1I I 14111•

t/9911/•f•9•t91019901111.••. 01.1.♦/99/01.0.01.9990191 ► ••.1.•`••...11•//•//• • r •1.1.OIIIIIIIII •111♦
11/01N9191t••11111111r N 11t1N01f••r1101 9141111.90191./1H1. ♦/ N 99 019019019.1 U ••1..10^r1•I 010111111111 !•1141•
► ♦01901 ..1 t ♦919•••101 t/N91•IN 01119 ► t991011NN01tt101 .911.• ► . 01.0191••991.//• /N1.007N .14.11111111111) 11019
91 ► 1101t0101011• • 9101r 99 1.19910191!•111••1111191//•.11.11/♦101901.••190101191// //•191.11111.01111111111)1141011
► .111.01 019.1119 • ► 111 91 9 1 9 01 1119.01.0101101.101 019.01 •.011.9 01 ► 01101 9 01 911.••1/11 000.011.•1111111111111//011/•
91 . 91.• ► r H1199t•/01 /9 H. 91t9•t•101	 6001•11 ♦.99••19990.0101.0191/. • 01f 01 9 9 N a//•/•••.0.14.7. 11 1 1 11 1 1 1 1001 11011
•//•.• ► .•.11011.01901N101.901/N.Ht9011.119• ► /....... ► ..1 9 1.. • ..1 / 01 901 / 11//• 101 1.1714n11111111 1 •11111411
f/tt.9..•••r•9911.99f.99..19•tt...99r•19r199911..199.9.•9.....9.//9.f..t99..^/•./•=•••9•/.001/1 1 1 1 1 1 /111.111414
► 9•••• ► . N19.N019t/.f91101971901. ► •••••1•H 1901/N01.9N•H.9 ► •1.9 ► 01019N••••••••OH.•9•nn1111111n1111111111
91191.1.011.01 91019911! 0111901901 f19011.1t9191011r99f ► 90119./1.01.0101. ► 911• 0	 . 01901 nnlU 1110 /11111 ♦/1•
It019.011.101! ► 114!9♦}9991/0191 t/ofr•9 •► 1t

1o
,•.111 ► . ► 01 tr ► 01910101.99019r•01 /•0^^.^^^^.^11117 ♦ 0111111 •1/11111111

1/9 t101r01fIt1111rf 9/011!f1 •11!/9019! •11r901991/91f0101/901 /11 •0191.•1• / 1/• 77•••••111//•1- 	 111111411111•
•1.1901901011019191911}9149111././f19991•rt111rf 11.91!/•1111.1114/:19.010101•^/•0^•/.•011401101.011111f111f1101n
919 1101 01 011r011tt..1.f011101.191/1.1.1 ► 1199/01901011.011.01/010101.!•1919//1/1/010.1........111f010101011411^001011.99.1! 1.1999.99/199.1111.901.9999199010101/1t••01901901....0110101.011.••000• ..•1..11111••1111111.1411. p 1
..191.1491 /t91t111t1tt.r111rr..19r./9991.1111.191...1.•9•t9/ff//tf99.1 1 t999/f/1/01.^0..1/11411/•14 1114 f 111141110070
11t91/19/•/tt11.1.1•..1111911191.11.9.1991t91111t.1.1••11t.9919•f 199 t ► 9•• ► 101/000••00./0111.1••111•• . /11^J7 77 ••
91111.11.141••9901019/99.19/•191.1r1.9•f• 9•1119t111•011••9141.•./01.10101•••10.•1.0100.0••0 001/•11/11111•• 7)100
11111.991.19111.1111991/119.0110101140001771070)O1000010101.01o. t 019 N ► •01• u•1./.•...•t.Tr.++114111/1.00• •...•101f101119 01 1 9 01 1r0101fl199f 101111l1l7/fllftfl/17111r171l 9• I 01 01 •f 01 01 01 /19 0 11.•a••••0N• J777,1Q)!))707.09010
I I011Yt01 N 011119901!11/ f1COrllfflllllfllflf 1111197! I'll lflttl. ••911 . 01019•/•/•1.1.10 M1.)7 Il 1117 .1999..•

... 11 90DO000 M :
11199. 999911111111111lIlI11171!!rl114111If11!lllll(171fllflll l )rf l lf 01191901 01 1.10.0 1•./0...•000.0.•0•.•.•00•
01011.19 p011r7111f1lfl/+l7/rll lrlllllllll71t 111 111l1l1ll ll r l l l l l tll/IT 111 1 11 .1 ••.000.• ►H ./ N./•../.11..070.•1
00; IJlll!l1Ifl11flrlfll171fllllflfl1111111I!l1I1lflllr//!!llr l /f ll lrl lf11911 011010/0 H0H 0001 000 .00.0/ M O••
rl lllf1/17117119!llrlrf1711l11117r11!!!lllfrfl11f1111711111!r i ll )l llf l l f f 111r••111.10• .••1 0100J • U0.••1t• 9999•
Illlll/!(1111 11 llr(Illlr!!!l11lff7rf(1(1ltlfllrllrltlfl lf l! l 

Itrrlr
l ,1 rrrrrrllr+991991999.1499•/11•f•/19tr•111.1••9•]

199111111(lllr11791111/rllllll!Illlllrllf!(Ir!!1(IrIl1lllr 	 lllllllll(/lI
 0191
Hf11 0101.}19

9. 01.•1
01.f•11119019010101t•

1111111l/1f71!lI/Ir11l1171lf11fI1!l1lflllrf1177'l11rlffl)If7flflrrlllfllf/I1701t1901. 10101.010101
!(llrrrfl!lrrrfl,llllll711(flrr a rrr/rrrr(! n r rllrl(rlrlr/r a (,/rrl(Il/llll a llrr99.1.19t.}1} ••.1.1111••.911••••7fj

IlIIIl/llrl(1111/1111flI11111/1......... 1((7111.!111111111!11911fff117r7!!1(ll 1l 1711111l1 J 7000000 (10131J 111171179
I!!I!1!!lfllrrlf r 7llrllll //141 

+1l

1+ 11f11r1 1 ((1 7 S JJ Jf

7

14111 IIl) j̀............

I
	

l!lflfr/ifll7ll11l/llllrfl1111111lIf11I1f/1!I

1171/I

(

rlllrllll
tlJ

l^ 7 i 7 ^ J1 Jill I 1Jli)J777177777

7)

i^)7 7i7T#ii `1 7ri1!!rlllr!!117f1111Ji!!,Ill i !(l i lJ7 liliil

l

l lllrrlll

l iilli^i!##77^^^I7171^1^^Jll) tl1i7172l1211^777 2 17)l7 1r7JJ)T^l#^JIIlr (l lffll11^7!l
I
I11l7711/11llllli^it il7J17!

r ^Jl7)1177I)7711l2lltt17771t,JTrfll1111))J1)I!/171777)7tlfl t ! l rll l ) 7 l lii ltT' !l}lI ,tJTrr)Jl)Jllltr)771t7771))
!t)lt)TIr7lTIll77ltlrr7t77rl rl rr,tll..Jrrrl l)ll771117,)17tttll)1/7J)Jt1l1IJ71T17!!lI17!!)ll,ll!11r1711111J727r
r)rrTrrtlr2rnlllrnrintlrTJt7T7rl,rinJrt)rtnrtrlrl717tuT17tln)tttt ► )tt:rut,lrn/u)turJtuturtltrrlr

uT/till/tl+ tTrllurrT nJ)!l71tr/trurl2rtnrllrtn ► nrr7+lrf))Trlulttllrltrrrrfn+rll ► TTn7rlr nt7 nrlulln
tltl111211211777,tr1rlrlr)tfrJt7)r71r)t„ 771)17Tt7tf1l/tftrtf7)t777t7t117lf l721l J71)I)rr)trl7)J)7 ► !ftl7rt)7117
J271J)I1IIIlf117711)!27l+122)7771tlitllt77lfllr+77!!flttltrr/ltT11771)tJt7l77771tllr))l77f77)r11711tt77rtllJl,
7l!!I/!)fll777!7)ltlt)fllttlll/777117777171771711 117119!111171111919117771917711177911:1JrIrllr7l/1711lIllJ,
991197 n u u n tllltrlrn ,r a 97117 nitr n 1:2727+1 n l7 n lrttrr7r1frr77 ► ttr7ttttrftrlr,l,lrrrrllrrlrtt)7lttlt77JJ
1217Irt7 )J1t tfr+)+It)rll777^7tltJTrtttI fit tfit 7lf7l11tTtllTltllJJl)27Jtftllltllr)It17J177l1)J)r))r7r7117T!)777

llitrillf)ttftt7lllll7ltfltlii7llltlf 119117771/1111 ► I) ► /r^lJfrl!)I)J7ttl11191717lJllr7l77l777))1771l11717l7l7,
't ltf if/lllltt7 ► lllf17917+r7TTt,17711171tttll,fljlrrlrfl1911!1 ► )171211ttJlft7117)lllrrllf!!J1)lJl)trll1Tt77177
tfllfl ►► errltllr,rrrllJl7lJ1 ► 71 JJJl/

] l) „ I7 !) r J!!llrll717!!f)!!lr171r1Ilfl ► 1r1211r7rt 77 1f77lttl!!Jr)
ttftfltttttetrrrltttltltreref7) )J)))1J1 ]117771 ^1,1#r Jill " t r tll)rtltl/teltrlltll7 

W ill
 t!o 

S 
J) J,)rrr11177J)

Illf lrfll)!l!I 72)IIIl1M 3 ))!))J J)JJJ) If	 I 11 11l1t711117712r,l))))7!	 )1) IIlJtJ	 7)] I1/171J)717J1//)/
2r7I/r//I2/	 )17/ll)Il)JJIIJII)1J7J1JlJ)))I)J71)„ )) P 	 ))1J)JJI)JI)1) J 71 7)717J1))J)1 .Jr7r1119
olrl	 1)771 U 1J1J/1111)I,Ill,lll „ I11)Jlllllllllll)J „ 1117117,117/171717)1J711r1J I,lJ1JI1,TI

!11771,7)/1171! „ JIJ11,117lJ 01177117 „ 11,11111111711 „ 117JJlJ,/l,l1111J1171)!!JIlf)I11
//111/I)Jlll1J7!l,J/l,117I,tJ),Jll,111771771,711,JJ17J1lllJl,lll,ll)IllIIJJJJ171717J
lllll)J/l „ 11717111)illJl)!J! „ !Jl11l111)1711lJ111711711/11,771,/ll7lll/llll!lllJll!

17Jill 1 IliJlJllll,llllll7lrl,)!  „ 1J „ 71117,1 „ 01lJII Il71,114)1,711!l,JJ,JJIlJf 1142/!/
 71 T)

77111,1,7,JIlJIIIJllll/1,111,! „ 11,17 ,J1,,,,,,J11J,1l,l)7J7171117J1l/!f!)tltl
J,,,),,,,J1J11lIlJ1JlI!)11,),!l]),)]J) „ 1J717)7,1111l1,11!!1),1, 11„ 11117))!7)

JJlll ll)J......1)!!)11771Jrr/1
1171, ,,,J„ 111,11,,11J),117J „ 111/71))1JJ7t7,/Ill!

,1,,,,,,,,,,,,,,7,,,14,)
lllll,,,7,,,,,1,,,,,11„ lll,lll)1)lt7J))f !I

117),117,))Jlll,lJ)Jllllll,111,0117 f l 1!141
/1)11111 717111E !1 	 !fill)!)

I171J111l17J	 77!77!1
11721

ot)/rlIU7 lJl	 !) 11!17
nnnr,rrr.	 1711211/fll71J117f 111J7Jr!!7 - Jl, „ J) 1)17)

Figure 5d.- Classification results for the image with
application of the four-neighbor filter: Filter
applied three times.
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Figure Se.- Classification results for the image with
application of the four-neighbor filter: Filter
applied four times.
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Figure 5f.- Classification results for the image with
application of the four-neighbor filter: Filter
applied five times.
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Figure Sg.-- Classification results for the image with
application of the four-neighbor filter: Filter

applied six times.
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Figure Sh.- Classification results for the image with
application of the four-neighbor filter: Filter
applied seven times.
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Figure 6.— Classification results for the image kith
seven applications of the five-neighbor filter.
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Figure 7.— Classification results for the image with
seven applications of the six-neighbor filter.
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APPENDIX A

FILTRATION OF RESULTS OF A ZONE DISCRIN1INATOR

A-1



1b

41

Arp and Phinney developed an interesting discriminator of reflec-

tivity-thermal regimes (ref. 4). In essence, they extended

emissivity zones using results of clustering of composite images

i

	

from the Very High Resolution Radiometer of ITOS/NOAA satellites.

Figure A-1 shows the effects of filtering a portion of the

resulting zone image. Figure A-1 (..) shows the unfiltered clus-

tered image; (b) shows the results of a single application of

the filter; (c), a double application of the filter, etc. The

user decided that three appli,-.,tions was optimum in this

application.	 I
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APPENDIX B

FILTERING RESULTS OF CLUSTERING OF A LANDSAT IMAGE

	

3

B-1



Figure E'l shows the results of clustering a Landsat image of

east-central Mexico. Figure B-1(a) shows the results of a single

application of a three-neighbor filter; figure B-1(b) shows the

results of two applications of the filter, etc.

In this case, it can be seen that one or two applications may

be useful for simplifying the results of clustering, but more

applications may be harmful. The river is very apparent in the

raw image, but it tends to disappear with multiple applications.

B-2



f

AF-

4

(a) Unifltered image
(b) One application of the filter
(c) Two applications of the filter
(d) Three applications of the filter

(e) Four applications of the filter
(f) Five applications of the filter

g	 Six applications of the filter
h; Seven applications of the filter

(a)
	

(e)

IF
	

( b )
	

( f ,

( c )
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( d )

rigure Ii • 1.	 littering results of clustering of a I,andsat inane.
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