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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.

is



•0

.S

pJ
le
,0.
104
1 e•

le•
Ile
Ili
117
117
II•
114
11•
11+
11•
I
30

171
17•
1x4

IT•
17•
1111
Ill

17•
114
111
111
I ;.
1

I • •I
1.J

I.S

1:•
tan
I'•I
Ia
1S1
a•
44
ta.

la.
I..
I.e
1.1
1.7
I.1
1.•
114
I..
I.+
I.•
l;.
I
1+}I

1,1

11S

1.0111
1.1
,11
,x•
1.4
I••
lu
,1.
11.

1•I

.1
,•4

/C0
7C1
I r I
)n)
70•
/ns
7n•
110+
)011
tn•
1110
711
1111
111+
11•
1114
JI•
717
111
7I•
IlC

t; 7
)}1
J)r
))S

t:i^ • ts:f•
•

:::::::ss;s:s;sssssssss;Its sss;sci 	 ti	 t	 t s	 js ts..
::i::::11191 :: i 1 : • //. ^ ss•....:•1.11:lllllflfslltl Jlllsls r 
1• •••1111 ..111	 1 /	 1111 .1,11 (111111	 fI 111x1! 1	 ► 	 /,

:;:::909:1 ::::::::::::::• ::::;:::::•sr11ss sssss;s;s;s if tf 	 t	 1 ! f 	. ;...rxxxx•1.1.1111••1
=•f••i1^^••/1115^•^^i^^^^{siiiiiiiii^^^ 	 t!	 t	 ► 	 l^lr f^ if •t•Ir••N1111•x1.1♦ • r • 1 •1•••	 •	 r

r1	 ••x

	

1.••x••••x1•••xr1. 1 ••1111••111 •/ 1111 	 1111rlflllf	 !	 l	 IIJf 1	 11 •

•••••11••1.11••11•••• ••11 •11••11 	 :	 11• Ilfl	 Il/ f l 1111	 1	 f r	 111 f	 1 •	 1

:::s::::::::::::::::: iss:} s:srsslilssssssilssssssssssis 	 s^s	 l	 list, :1114:: t! _ ••

1••NIH M1N••• 1/11.11•• 11 111.1 . /1 1111 lllrrl11I111111 ► ! l^	 ► 	 ► 	 111!! ••••1 • 1	 •NO
•••1111••11•x•11/1••x11••1••11.1.111:11• •1111 flllfrlffl/flflll! f	 /1 f1J11l:N	 11 •1111
x11•••1•x11•x•••x N••1••1.1./• :1t1•^IN llrr ► 1I7lllrl ► 11111ff i 1f^11; t^	 7 !! 111111^1f/ 11••: ^ ••• ••/1•
•111111t1N •x••x1••xx••t11H 1x71 •• •1• ..... lrlflr! 1111/ 1 Ir 111111IIIIIII f I rllll 111111 1I	 •x11	 111 •••
0610:994099990 1.7 ••1x•711 IN•N IIN••••11.1l/fll! 11111Ifllrlllflllllllll N 11lIIIIIIrr1111•:N H • •/• •1111

^^^1^:^^::; lssj::::s110001^sil^iiiE l111111^iit## 111111 1 1 11 81111iiis:::::!!;! 101.:6111!
••11.1•.x.1 N 111:•x11 1• •1111:•1111:•••1:11.1••flllfllllllrlll111lftlJrfll111I11/11111IIIrI N.•:.. N•••^1.1^11111
1.1.1.1.111.•11111••••1•9x1•. H1111.11.• • r11 Hlllrl 111111+11f11111f111I11r11111111111111111 1.111N Q •	 1. 1/11•

Irr..1..11.•rr•111.1rx1.r1 •.1.NIN•.••I/ H 11IIr111 I11 1111 1711111111111111I1IIIIlfll11ll7 r111/1.1111 . 111••• 1 1 x UM:
•x11•.1.1r.•11111.11•r•N M:11111.•11111.•. ► /11.1111//I/If11fIf1x11+f/llf1rf11+11lI1^111//.1x.11.11.1.11111 N111
•••N N Ix1••N••••x••N •1xlxxH •r 11 1.111111.1•Irtl!lI111111l1Ir11111111I1l111x11111r111!•1•x•1.IQ•1 .111.1•/11•
1.111•N 111•N •7 •x H••1.x•xN 1.1••111.•1111•••1.1/rJlll ► flll/f /1111 11 11I!llfllllfll11 1/! • •N H111/••11/1 1111'
1•x/11..1 N •.•••N •N I••1• •x•1.11•.•1••1111.111.lIt7fl!l/1!!1111111x11111frIl1lfllfllll• x•111^11.111111^ inn
1111111•• Hx•x••.1x/.N 1111:•••1•.•111..1..x••111.11I11/rlflrll/lrlllllf11If1/1/x11.11 11.11.11. 11.11N /1 1• •
x11.11•/•111.1••1 ► 11.1 x11.11•.•9••• 1 .. 11•t 1.111. N 117III/i/11111fr flllllill r 1 x I I r I 111 x11111••111••• 91.1111.11111.1
1111111./••N 1x1Ixr11x N 111x••11 1••1. ► • ► IH •••r•1•l/11x111!/ll!!flllllll////tilt,/1/111.•1.1••11111111x1111/1•
r1..1•x•r•1111H •1111.1••1•••11111.••11x•/x 1 .1 N •111.r1Ir1////11111111111r7111111r l/I N1• N •11111/1.111111111
•••11x.•H N1••111•i •1.•N 1.1 xI Hx111••.111.1111 N1l/fr1!ll11t117fff1 11111 fr ► I111r11r111..•1.111  see *70 1/111/11
/./11•..111•N ••t1•.•11•••1•N .1 ► 11111 ► •111.111••..i trr 111!11 1 17171/ r r111 f l rll/1flr.x H11.111

	

see
	 1.1111

111...•1 N•N 111x ♦111.•••1• x•11.1 1 11 .• N 111 ► 1111. H.111 1I I11l11!ll/r/Ifflffl/ll11f/II N1..11111/111 1.111.111 N 11
11.1..•1•••x••... H.111 N • 1.1 11 1x •1 H1.• H1.•x111.11•rllllllllllrlllrllll f 11frff11/.....•IN•••11111//•1.11/••/1
•.1••1• N11••11•Ir••.•••1:1.1•N •x••1 . 11111••xH N••1.tlrf1/11/1r11r/111117r ► 11/111/.1.••111 111. 11••••••.•1.1.1•
•.•
1919N .99904:0N

H1H •1••1•ll/11x1!l r111lrllrlrlllllrll.l.•1.111U •/11.11 H 11••111.1

1••t.••111••r••1•r•1•.1.11..•1.•1111x11.• ► 11r1 x111111x+11/flllrllxllf fl.•.1..11 Q11•f1./.111.1/••••1

N rI H 11r11.r..•1 ► 11111r1r •• IH 1111x•1.111 .111x71x111L 1111!1! /(IrlIf11111 1lIrr1l. 11•/ • 1/  • •111•••••.••11/••x•

111..111. H 1./1x.1 ► 111.1•Ir:• •:1.11 x 111. N H.1x1111..11/..I/1Ir/1llf ► ltllrl11fl f/.•. 1 .1 .1•^/11U^11/.•1........
N 1..111.1• N...11.1r11• N•••x11111111 ► .I•••1.1•r ► 1.11 N1•/fl111!/1! lfJflll1/1.1../11.11/1 ••• ••11••x1.11•/111
•• N 111•x•1.1••11.111•••11h •x1•• 1 N 11. N N••.x1.•11.111.1.1.1.11111•••1••1/11 11 911 4 1112171:1 4//./ H ./1111.1/
.•.1..• N1111.111• N11/•/•• N1. N 1 ► 111••••1..1•• N1N11•/111.1111.1.11111•x11.1 . 1.• • •••• ••I//I H 111111/11
•1••11•••1••11.1.11111.11.1.111•.1• N ..••1..11. N 1.. N 1••111./1./1/••••..•H/...:.•1 1 •^1111^01 H /1 N IIIt11/111

..•1.11.1.11111111.1111 ► ••...:11.1111.1.1111111•.1.••1•••1.1..1111•••11.1••1••1•••11111/11111.111111111111.1.1
/..11111111••1..•.11111.1..1.x.•.1• •• . • • • ...... 11..1••.••1111••11.111.1.•1..1.111.1.11111111/11.•11111111111.111
•.11..1.1.•.11111.11••••1.•11111.•11.1• . .111.1••11 • .. ► .•.1...1 .11.1.111.•.1/.•.•11.1111//1/••41//t11t111111111
•.1.11111.1.•..•...11••11x1111.1.1.11.1.1.1•..11.11.1.1.1.......1....1.1.1..1.•.•1111/1/1111111/1111111111/111
•11.111....••.•..•/.1•Ir..•1•...•1..11 ► 1.1.1.1.•..1.•11............... • • 1..•..x 1 111.11 111.1.11111111111111111
••1.1.11.•.•11.1•.11••1•.•x111.....•.1.1•..•.•.111. ► . ► /.•11.•••.1••1......•.11•/111111:/1/1.1.1111111111.1.111
..1.11.1.•/1...•...•.1..•.••1..•..1.1.1•.1•.1..11.•11•.•11.••1...111.•.1....••./111.1111111.1.1111111111.111.1
•11.•.1..1••....•1.1.•1.111.•1.1.1.1..1.•11.••1.•..1...•11111..1.../1.•.•/•• .•x /111111111.11.1111111111111.111
.•1..1•..1.1.•1•••11111.1....11.• ► 1.1..••1•....•1111.1•......•.•.••/../••/1.••/x//111/111111.t11tI1111111/11.1
.11•.11••••1.1. ► 1111..•.11•.•.•..•....1••11.1.1.•11.1111.9..1.11..•.1.1.11.•.1•///11111111.111111111111.111111

••.11•.11.r.
..•...•111.1.11.•11111.1.11.11 ► •.111 ► ....1.1..........11•./1•.1.1.•/..1.1.•1.11/1111111•..1111111111111.111111
..1.../.11.•11111.1111x•...1.•..•1.111./.1. ► ............................^:::1.//.1111111111•..11111
..1.•1.1.1.11.•1.1•.1.•1•.1.1.1.11.1.•1.1...•.1....•......./ ....................... 	 •.11•/IIIII11111•.1111/
../......./1 ► ..................•..1..,.111•x111.•.11. ► 1••111.1.•...•I.1•.•1.1/•/11.111111111..IIII11.1.11.11•.
...•././//.....1•••..•...•11.1.•..111..1.1.••.•1.•1•.....111..11.1.•....1•..1111/1/ ...•.11•.1•••1.1.11.1.11..
......./.•..•......1..•.../......ee.......•/..1•.•.1..•..1.••....•.••1.x111.1..:.....1.•.11..1..11#f	 .	

..•1...'

.•111..1•.11.111••.11.1.1.111.1•••1.1...•....• 1....•...1..••......1.•................111.1.111...•.•1.1...

.1.1..1.11•.•1.•1•...••1.111••111111..•.111•..11.••1•.•.11.111..1.11.•1.•11•....1...........1.•1.•..1..••1. •1
•.•....11.......•1.1 •1•1•••Ir1•••.11••.1..•1.11.•.11...11/1.11.....•..1••11.1111/111x/111••••.1.1.1../1..115 1
•....1••..x.11..•11.:•.1.11111.11..1••11•..1..1.1.•...1•.1••..1.1.• N .1•..1•.111 111 N111111.1 1 H 1111111 H 177x1
•1...1.1.11.1111.•1•.•1.11•.1111.111•••.11..1...•.1.1.1•••1.•.1..•1111.1.111./1//111/1//1/11111J1;)I11.1x//••,
1.1.•1.••.•1111...1••1.••/111....••..11/111/III!//11111..••••1.1... •.•11.1.•1.111/1/111/x11.1 	 I
..•.•..•1.•.•..•...11...1 1 .•1.• H IfllIllfllrllrllll/I 111 • 1 . I. r1 . 1 .. •1. 1• N••..Ix//11 U 1x1p 7l7/ljJJJ77x1111111
...• N ••1..1•.••• . .1/11.1 1 1.11,7 rllll,llt11111I1lIIIf11111 / 1 1 ► . N •••.1.••1•...•//111x71111/......! 7717r7/xxM 11

/11.•.••1.••...•..1••.IU r l r l lr l rll11x,1111x1,rlrflllrrr,rllrlrl.l • ..• • •.1 r...•r. u x n 1u 1e n1uN qn x1/1ur1

••. H .•1111 H .....f/)Irll/111I11III11111Illrlllfllf111111+11/1111 N 1••111.1. •• •• 1111 Nx//1/x1/1x1//111/r1111/1x.
N..•.••..••.1111IIIIxIlllrr rllll l1lf111111)1111111I11111I11f11!!7. • •• .1 • N • •1. 1 1 x1/ • H Ux1///l11•rx1/r1/xx1U
•.. 11. 1 .111•!lrl,!!11!!x1llrxrrlxr11rl „ 11x1! a /rrr/rl11x11/ r/lr, rf/lr11.1/1.•••/.I.rxx+x/r11r•x7 u/• N11/rnxrrl
111111111xlllllllllrl1111lI........... +9111111111/IlI........ 11 1 1II I L •1•..111. 1 1/x11///11111 H/lJ 1//1x11/x/11/1

1x1,11 !1/17/111, rI111111IlI11/1111111Ir1117 ,1 111 11 11/ I l Ilfllfflf....... N •••••11.•.•.N x/11 1 11 . / • 1 .1. H /.x11..1.
11l.1111!l111lIIIIflIlI11l1 „	 ..I!lI1171Il117 1 111lIIfl r l x 1 r l I J 111111. 11!!.11.11.•.•.....•..•..•...1.•.....1

111 a rlrllrrlr,l r.1rr111r11111r1.1 111111 n rl f11r11+ rrrrrr
 . . . 

llllr n 1.rr11frrl..f••111•..•..1.•..•••.••1..•.1••...•1

111,r11111f1111I111111111rt11111l1111111/11111!/l/rll!lf1l/1lf11I1l1711111f/f,If1.•.••••..1•.•..••..1....1••..••.
Ixllllrllllllllllllll lr!l.flrlllrlllf!!llrl/1x11lltll11111I11lIf1Ifr11!lf1111111..1.11..•1•..1.1••1..•11..1..1x1

fllllilllil111if1lrr11I1711111Il	
.........11111l1II1I1111x111+111x1/111111x1171111!/I 	
....•..•..•I.....I 111111 I1

f1111111111 1 111 1 11r 1111 1! rlrlllllx	 I	 1I	 1111!(Illf111111/111111x1 1!11x111111111f1111111f ,1111111lIIllllill

111111 l l l i l r rllrr1111rr1lIrJ11111 	 •^^^7/7^7)7SrrI11r(1/rrf111111rrrr11r x 11 

1
11!

r1
111 111111 l l r l l x r l r l r f f f l!! f l 1. r l f f r f 11111 A IA

f11lII1r/f11 1 r111

rr

 11	 1111x11!11	 (!!`!7 7rr^lrrJJ/lJJt7J // 77 1111) (

(?

7 11 r

(!

4 1111

/

11 t"I 

t4l!{

fr+I1lx111lfrf1111rrI111111rfr1111111111f11r1

11111117111111)7S^^SS^71JI7^1717J11177!!!!7)JJ7J7/)}Jj777/7^,1117111111/IfllI111111Iflllllllllf111111111111^,
1111711117r7777717%7l1!)17/1)711J11711)!1!l1777)!7/J))JlllI771J1)rl..... f............fr1111. !1.....111/77777/.

1111111/717111)1117!!))7117IJ7111 7l1t/ l l7tll)!!7!l a ll!!/lllllllllJ/f1J1711	 1?1, 1/11/
1 ! 11111 111)!!!)1171)771

111IJlI77/Jllrll)lIJII/!f!l111!)11ltfltlIII/111171117111/111/lltl711111)ft11117.1!11)71111/JI/Il/11111//)fltJ)!f

l
!1I!!./)71117I))/711711.17!11117.7.1111111.)1I17117J11/lI.1711171111)1!1/7!7111171111111) llftl/ ► /1!1/11)/)1/111

!)1117711111/11711/7/1111111/t1i17.71111771/lJJ171!//Ill1711111+/!/11lI1lrlll..!l.IIIIIIlI1/+ltl/!/t/IIIIIIi

/l77t7)I171!l7f ► 771711111) ► 11)!l/.fI/77/I77!!7.ltlllll 11117711ltrll.11tlitttl/1r11111l1117II/1lf llllll711 I+I I/
7)!)7/777)Ilfrt77JJ1l ► 7)!!lJtli/1!!/71111111I7/Itlllt177r/7111+1!!. 2!1x11111111711f1lI11!

► tr1f11I1!/Ir.111/II

17177777177111/I))I11lIJllf)rlllllJr/Il)/r............/)117/ltllfillftrll11111!!ll/II/IIIIlII111ttllllllrr11711
777)77.7lt7/I7J7)117711717771!/717!l7717r11/)!J7!lI711lr/lr!!!f)I lJlt/11171J11.)I/7111111/IIIlfllltlll1l111177
Ill)7!//!I1/1171777/I711tlf7I1/717f7771/11l1/11711/)/rJ11x1lJ!!!!!71/1)7.7171/Irllr/llllrllll1111//l11711111711

/l11i1117717I ► !11/71)11111!1111/117I117I111!/1!1/11.......... IFI1/t/I+r1t1111IlIIlllflllll1171rfI111l1111711)lI
7171111711!!/711171771)71)Ill11171I/IrrIIl7111777//))rilil/IIJ71fl)/117!7111/J1I/I1/ltl/11/I/If1J/iI/11

► 111/111

77x11711 n n rll)r11 ► rf)/ n	
/!l/

Jlllrr)+rr//rr. It 'J!/ 1!J n rrrrr/.rr7rlrr/)IlrrrrlllJ n 11x11.. a ..... +/r/Il+r7rrJlrll
111171!171111/1111117!117/.!717/!JlJl1/IJ)ltrill)/!77/7l7l1/ll111271l11111117/Ill U 11I1I11111r1111/t

► Il11Jl

177771111/1!//11111)!1!)7771!1717

7111:;1/
/
!7
/
!
/ls

/7

s ss7slr7sss;^s;ssssssssss;ss ss;sss;ssj;sss;ss;sssssss rls 1/117:11/11!

11/11111;1/11 ^;^;;;;;;;;:'11111

;111 iiSjli i l ii ii
1l 11SSi1 1111 l77/11117//111/711!1 fii 111111111111 111.1111111111111

► ./))/)1 / /	 11771!1,11!/11171!/117/1111,11,111,/1!11.11111!„ 1,1l,11l1!!!11!/11!1,1111/! „ Il /11171/t

J!/!l111!l71171 1 „ I,I) „ 11111/11J1!l111)1111/lIll)I I'l11111!7111/!llllllJ/,1111Jlf//)I
1/,J11/l111lI1J1.......71.111111/1111!)11/! 1!!lIJIJ/Jl1111J1!111/l1117J1J,/1!1/717//1
1/J/.) M !!177117!1//l!!/11111111111/11!1111!11111,111111/1111,111111711111111!1717!
Il7A111!!1,l11J1111111111/111!!!/IlIJI171111l1/111111111111111)//l1J/1/1lII,17f)/t/
I/l,11////1/1I1!lJ171,111J111)111/,1//!111!111111111111!//!//Ill/111/1!lJ1111/lt///
JIl//!!/111111/1111111/l!lllllllJJ111111111111!!I/II/IlIlJ11l/J!!1J/111!!11!11/71!

17!11111/)111,71l11J111,/11/IlIlJ,J11JJ1111l1111!!1!1111/1111117//)1J111JJ/111///
I/JI11J,1!l117l1111711171/11/111,!11/1171711.1111!!111/1171/111/111!11/A1f171/!

1 711!1,11111!11!1/!/11//lJ!/1!1/11111111111/!l/1111111J,11117J1/771)!
//l11111J//111/1111171/IIlI111/11J1/1111,11111111111/t/

11111111!11111111/111111111111l1,17l1l71 ► /1/.I
111,11711, • 1 1 /! „ !11117!11111!71!/1J111f//ff

	

71111,1 1 )11),11 1 1),1111 711 !	
/!1111!!IIJ,IJ/1l,1!l1111/

!)1177

/11111111!

Figure 3g.- Classification results for the artificial image
thr nc holded with applicatinn of three - neinhhnr fil ter

I

Filter applied six times.

i
16



•o

:i
.1

.4

.7

loo

o3
101
IO•

S4
101
lo•
lo•
Ilo
111
117
111
II•
114
II•
117
11:
1
140
In
i)1
1)•
174
174

17•
v•
I1[
1.1
I1J
17)
11•
114
I I•
1\11
1 \"
IT•
1 ."
1.1
1.1
,rl
1.•
1.a
l u
Irl
Irf
1••

15^
I4
1♦
141
I4•
1^ ♦

I4^
1 ,.
1.1
I,J
1.1

^.r

I4•

I • 1
1'1

I "
1•.
1.1
!.7

I••1.1
1•.
1..
I•"

I••

1.111..

Irw

7' 7
jrl
711•
IC+
711
111/
,n•

711
717
.1 \
!Ir
714
714
711
714
71.
)7!
771
7711
771

11!4

111••1$. n1.1/1•r••I.I•Irr11/1rIN1• frrll(rf r •r/	 1 Irl	 7 t	 +	 t7	 t)t j !+ 711	 1
1111111.1••11.•1111•rr111••..1.••.••S•Illrlrrrrtir S 

11
(1 /I: fil l

	

SI {^	 !f{f !7{ {SS7{ Irf{{llf lrlSSr^ir
•x1.1!.•••••11 x.11•..••.1! •1.TT.!••r••.rf H/I17!77. Sr rr 11((11 fSS 111fl rlrl (/f 7S

	

7 ti 77t 7t rt J,J,r7+/[
	

if711rJ1r•..•

♦• xi./•If'1•!11•i^If^ltl/^^•Ii11r^1•f^Ilfllffl:lff^fI
HI

)(f{({
too

/	
t 

i`
	

}	 lij 
	 1111/! i 	 Jf

M •11111!1.1!1!!•! 111lIII181111 	r 	 ffl 1/ 	 {r 1 171	 11111111••• /!
1•N .1••/1•••1••/1•IIIr•!11!••••.ff•rr••rlrrrlflr ItJ 111 llfllfll	 N N177fJJr7J t /11111

1
1.1 •.NU

11••1•••11••111111.11111f•11••1.1•f •/f.•fllff 11 	 II fill f 1771 1	 t	 77	 t	 1111111•x1• //•
,11x.•1.11.11.1./••1.1.11111.1••/1x••IIIllllf l lr{{11 IfII S I I III, S ff^	 f ^7{f ,)	 SI	 1 1l11f•1•/1.i...
111••1••11111111111.111•x/xx•11•r111f11.11171! lfl If 1117 If 17!77.	 7)1 fJ77! ► t1{11/!1/•Ixx11//11•
fxxl lxH r111111•r1.•N•1^xf•Ix11•x 

1.^11060:111
111	1rf11lfllrllfll^fllll 1	

11 11
 
17)1!7 tl IIIJr1•IIr^////Ire

xx1•x111M 11•JIIN I••xN 1!•1111.111  	 Ill! 1111:1111 1111 1^1 111	 , 	 ,r 717 1117111fI•r / 1/ NI11rIC
x11••.•11111111••1••1/.•x11••101••x11f1•Ix1f 1111/If 71!!11/111/ll{!f/ 	 !1	 77J77) ► )1)IIIl1.1•r1.•1/11 ►11!!111
•11••1.11111l11•••1.111.1I/NxN 11x••1•111x17l1111:1 ► 1111111111r ► :fl/1 N ),771,7)71711/1111.111H 1/1/ /.N 1/.1.

iii:i::iilii^.::S:tiS;Iii{;isSSiSS:iSiiZti:3S13S11SS33S3^SS1S111S11411313ISf113111331313SIIxi:: SNIi::Sx=ttil
.•••1.••.11.1•r•r/r11111./••IIr•IIII/n •111Cl11111 If11f11 Iffl/111111 !11111/Il/lflllllfllll•1. 1 • .I U11 •••11111
11/•••••x1 NIh •x1x•1.11•rx 1..•H •r•I. N/x•N 711//Iflifffllfll11/f lIIIIIIIIrlII111l/117711tH 1•••1111I.rR1 ♦/1•
••H•••tx•H•-•HH1/•••1f 11•.HHI•H.H/tx•1111l111111 111f1lllllllllf rlll	 ...............Ht•••1NgU• g1e1
Irr•H H IH H111111H .rI H1lxrIxH l Ht•xlr11xf 11 fllfl l7lflll(Illllfffllfl ................ : g et x•//NN Nl11r11
H 111••H t•••11tIx HfIHf11H x•Ifx.•H ••H U 1•IIIIffr1111111 f11l11111I111111111fI11r1f111x11••1111 1/1111 H 1.11
111.x111.11 ► t1..H H H HfH H1/•txlH HIft1•Ix I ! Illllff ► llllflllfl n Irfltllllr,lllllll H.•f • // O Ne11I11
••x.•11 HIH H x..•1.••11.111 ♦•1.1. 11. 11 HIt11•^Il/llf77777! !111/17111I1111 111111111 1r1/ 1 1•t.H 1111 1/1!1!!•11111
•1•• IH•H.•IxHtI H••1.1x1•..•1H1•HNH111{xx1/111f1/(IfIl11111fIlrlllll l lf lllllf ll . I.IH HIII /N1/N11/111
.1.•N•N ••H•H N•HxHIHHIHIH11H H/ 11 117!77 tlllflluril1111i11f1il1111 f11fIU1•H.H1I1/111H Ie1111f
.•xIHHHHHHt•11111.N.H111.IH . HI•H Hxx•111111rj1.IIf17r11„1lrlu/1111 11 11/ //l IH H11J 1/1111I1I11111
IHIHHIH  ♦HI•.1•IIHHfx•HIH. 1 1.1111.1•xf•N11x77!/1rf(!Ilil!llrlflu l1171./1111NHH.111/11 N11r1H 1111
•.•1H••H t • 1t•••IH 11.•HxH•.H /r11H NIH ► HNrlIrf111r1llrrf!lllll/lll rll ll l llf lr1 1 . . 1 / 11111//111•If1I1.1
H.INHHH1tH t•.1 H•H•111t••.tI H.H.N••{HNIf if f /17 r!. „ llllll f.l.l.11ll 1777 f!l t lHr•11 111 1111111111111
N.I H1H 1111 HIH•Nf•H I.111•H Ix1•I HIH11fIH••f!(11111 11IrI11l1111IItllllfl11111 NIH.N1/11^111111 N1I1^
HHH.t1 ♦. H N1.I. HtIH F1NHHN1x H •IHIH 111!•rrrr/IIIIIIf111f/111111/11 1 11//1l IHI. H1U111 •11111!.

• ••1 /x
I 111.

/.x.t1•HH.H•.H•H1rxt11HH•H.•111•r• 1H//1t••tfl //f1111,Iff1111/.//r/II/f1 nrl.•..1•r1e1/.........t•1 H1
• 111 H.H• . • ...• r . . IH t•11x1 H.H1.n•IIxH•Hfrllrrrrrrlf nllrrfrrl llr, frlln.H1•. ulrutt•....ttt.•1.
•IrH••••IIHHI•.••11 ♦ IHH•.1...•IHHH..IHHtH.IIlffll.11lllllllllllll7111 r/IItHH H1U11 H 1t••1./11111
H...H•H11.111. 11•H•I..H H1t .H•.H •!H H•1••x•H111If711llrllllf1111111111111.. . 11 .11171 U11tIH /•HIH 11
•1•.1•.•1. ••.•H•1.•.•...H...1...IH•H..1HH.HIHH11llllrll fffllrlf/lf7 1 1,r r 1..-t .1UH711•/ /ttH 1/1.1.x11
•.x..x••.1•./.1........... 1•.1.•111.11tx•.x•/•11• .•••Ix•1111lI1r!l1I11lIll1111177 7 ... 1.t11111x11f111t111111f111
•11 H1.1.1t•t•HH••H•1H H.t 11•1.11•....x•11/•x-•.N x • • I f 111111!! ...... /lrllrl f lHH•HItIN 11 H1/IIt H1/. H 11
.IHHH11.•111.••H.•1•It.	 .............. •f1.1••.HIHt1111111711fri11.1l.II H ...•ar1 H11I.1. 1 H . 111 •/ N 1/
rH1rr.•x•r.H.r..HHrH.t•r.• Irr•HH• H•• If1 H•x.HH111rlrfr,rrlfrrr.rrlu r•H•1.r11n1p1.r11rr.r111tt1}1
•..•.•.••IH1H•/•M•..•1.111H H . / . .H.1H1.1/••1••1H. •. ••HHIH.t..111Ht 11•H 1111! Nr11•.1./111/111t11111
•.••.x.. H.••..•.•.111...t11HN1.•H.H.......•......•.1t••I H11.I.L..I...H 1•.1.1//1 H 111 . 1 .. H 11111 I/If/.1
•••..HH•11•IH1H 1••H.•.•IH H••1HNH•••1.11./111.•111 N •111••1.1.11•. ► 11 H.1••I11 111/ U11 1 H/111 11111111
••.....•.1H •11.•.1••HH•HI•H H••IIH •.11.11111.1• ♦• NH•H•IH•N•HHHtH . H.N N.11 N 11/1H/11111111111
••./111••••11•H ••11H t1.111.. • ♦• H.r1.1.1H.H.••IHrI HItH. N •.•t••.1..1.•.•••1.111.1/1f 1IM N111111 I H 1.11
•11.•1.••••.•1••.••..11.1••111.•11H H 1.1t••111•.•1•..1.••11.111••.It...••1.1..• Hrlleer111..1•I.IIIIIr1111•••
1....11•.•....•111.111..11/•...IH 1.....1.11f ♦11♦111 H•.IH ..111..1.....H .1..••.lrr. •111!1111/11111111'.•}•/1
H .111..11..1.•1.1••1•.11111.1.11•••.•••1.1••11••1.1111• .. •• •. ..1.1111.•t • H ..t H l/1..I.II•••1111111111111•.•.
H 1. •.•111.1.1..1.111.•11•.••.1.1••11.1.11.1•.1.1111.•..1•.1..111.11••..1.••111.Ir1.rr1...••1••11111111111••11
.11.11.111♦11 t•. H . H •.1.. H 11..1•H.....111.111.1.111• ••. H .1. ♦1. H ..•. H ••..•I.rl.rrx...•1111111111111/•I./1
•111.111.11/1.•1.1.11 H .I H .r H H H•1.IIIIH •111.•111 ► 1. • I H 111• H H.•11.1.•.1.•.Irr.•.I.Ir•111111,111•'.••111
•111.1••111111.1111.111• H• H H H. H1.1.11.1••11.••H .1111.••111.1 H ..•1•.1/1•.rII!!!!!•111.111111111111111.11
1.1•.1111•..1 H• H .11.1.11x1• / H H H•.11.x.1•rH 1•t• ♦ t•1.1...11•.•.1.../..•.1•/11lf 1••••.11.1111111111111/1/•/
•11.11.1.1.1.•.•111111.1.•11•.•••••.••.•.1.1.11••••11••.•11•.1•.•1•.1111..•1..1.1II••I.1.11••11111111111111.11

..............    H .rIH • •I.IH ...t11•H•t••1.1../1.I H t•1./. r••r/.17r•.IN ••1.11111111111.111.1•
t•I H 111•••1.1.1.11.1 H . H 11.11. N H..•1111.1.111.11.1.1•..1..1••.•1•..••1••1117111.11!•••111.11111111•/••1.11
t1r•1111..•.•• H 1 H .N ...•1•.... H • •111.1111••1•••.•1.11 .1 1.1 .1 1 1 ••. • 11 .)1. 1 1 H7U11.1/•1.111111111111}••••111
.•I H 1•I H H 11.11.1•.1•.•••111.1111..11•..11111•...1.1.•.•111.....1..••••1•.1.rI•r1.•...•I••••/•111111..•1.1111
1.1.1.1•...••1..11••.111.11.11. •1.11 11 1. 111 . •.1 . H 11.11 . 1 H IH •..11 H 11••.1.••1 IIf ••x•.••••1./.11111••/111•Ir
.111.111.1..1tI H H f1 . 1H 111./.1 H ..1..1•H .•,1.••11111. 1 1.1. H H H1/.••.• H.Hr/rtr.1•.••••••••/1111.•11•••/1
.111.11•.H H.r•H 1..1 N.11.1./111 • .H Hrt1.1•t•t• ♦ H.f•11••HI111..H111.1 . ..71 ► rI V.•.11111 H 11111/1.. 1111.1
.1/•111111...11..• N .1.1.. H H 11. 1 H .•1..1....11111.1••1•.•••.......•1.11./If L.rlr.•.11•I••111•I•.II•••11
•1...1111..111.•.♦1.•1..11.•1111 H •1H •1.1x.1. H 11 H . N ..... ............. 11•....77x1 ► .•.•...11r..•I11•.11•.7H
1/.../..1....1.....1...1.1.1.•.1.1..1.1.11••.11•.1111•...III.t.1...1....•....•rrl1117! .r.. ► . 11 .••I..I/I•r•
..1.111x1.1111t•I11•N H ..H •..11..1 1 .///Irl/lI1/11t1/.1 .1 . H 1 .•♦ H .I•.1...• H •rr/rH r • .1..3131J33)771 H 71 N 7f
.1111.1.1.1.1..1••111•. H.H ....1•I/I/11//1///rrrrlitlr/•.••....1111••1.•.....•rtrn 717.E I7J17717J)I J),II..•I

•.11.....1.•11 H 1.. H 1••I H I..rll ll 7flf lllfllll/111111lI Ir H ..111..•...1•.•.1..171 ► fr/.• 4..)TJ171)11J7/••1.7•I
..11111..1.•.•11.1.11...11/11/111 ll l fl l lll, l llilllliltll ll l f 7 •. I . H 1.111 • H 111111rrl1l1.3...x. .x1...•1/!I!7l.Ir/•
.I H 111•.1..11.1•IIIIIfiI/fll/r111 1 111 11111.1111I11lllll i111I11 . 1 	...11.11.•111 . IIIIrH lxI I/ U.!lx1.r • • 7 H 111
11. a 1.111.. H .11l lllllfllfillflir l lrlrll......... ..r111 11 f/ l11 1 1•. 1 .•1 1 1.1 H 111 . .x1 MI!/x/11/••7x.I.r/ r f x•rrl
•11.111•.• 1 H /Illillr1111111111111 1 1 1 11111 1 111711/I11111 rl r1 171 f 1 111 ••. .. H •. • 11 1 •fU N f H. U7•x/l H11r.1x/ H.
f1lilrllll111111I1Ilflll)!177!711 71111 1 11 1 1 1 1 11111

1
 1111.1111 111111111111 l1,f 11.•.1..•• -. • • 1.I Nx//r1I1.x11.l11rr1U Il.1

i1-1111.1r11.r,rl11lrrllllf l rlrTll rfrlllrl11l..x7111/rlrTlrll	 l r l l

	

I I I	 r l r l....1.....1.11..1...1..111e•1.rIr1.1.1

fllllllllfllflf71II1f111!lflrlfi111111IIllllfl11111111llrlfllfllllllll.-•...•........1....1.11.1......1.•.11

I1111111,lIrl11l,I11711JI I II11 11111111 I111111111/lllr/1 . I J 111 1 111111111111 I I•. 1..1......•.•1....1.111..•.....11
Ifllflrl1/r111II11i1f 1 11lllllllll fl lll 7 11 1 1 1 I/IlI 11r1711111l11.1I11f 11 r I I I 1 f..1..1.•.......1.•...1.1...•...•.

tilll11I111111117777!l,rllflr7777!!llltilllllllrrlllfl111Illililll1,11111fliflf••..•1••.....1.x.•.1.1.•..1.•.11
ill!71111,fllrlllr!llllrl,rlllllll l lrlf l ........rlrll l 1 111111„ 1Il11lII111I11f1l 1 f11 •••.•.. M H H 1.1.1.11lllfl
rrlllllllllllillllllllrr ll11111111 f 	If	 fl	 Ifr/l lull/flllllllr11.1r rlllfllrll llllllflrlllllfllrlfll1111f1r1

17/1(Illllill/,l/111/111I11f1	 II	 )333/1331x3 I	 „ 1.111!!!fll/lllll7!lllfl1111 1 lll lll lrl .x771 „ fl...... i I II
II 111, 1/ I r l r, r 11111, f 1 II! 	 1137 ► 333717171)!1 11313331!11r fl!lI7II!!llllllllrrlllllllrl/11111I11flllllf I

	
111!1,11

11,1711117111flllllr ll)33Jl77!)T177)77I11I117777)J7 Irllllllllllflrlllll........ lull „ rllllllllllfl ,111!111
r fllIIIIII ,

If13333
11 3 7 71f ! /I I!)J)J1/1!)111777) 1)Il)!3!!7 	 1! lfllll/ll/IIlr ,rl ! „ Ill llf

!
,llr,llllllll!lI11/1,f1

111//1 1!111111	 r177))1l71/1/7/7171717 ! J1)lJ771771)!I) 33 71311171r171111, Irlr777777fllllrllllllr11111,1111111
,11,711rIJJJJ77777I!!Jl/)717/1/7/I/I7))1J1/J)Irl7l1!lJ117117!!/1!11111111111.111,11,11tlI..........11.111)Il/)1
lllllll/177711)II/.I.717lI!)r)))fll71771J!!)l771)!1)l177.!!Il!/!!)117/111)1/7111 J1JIilJlrllll.rll)llltlrlll/17!
I1171J)1)lll)Jr1/III))x117111)I rlfl)17//IJIII/flt7!/IIJIIt//!!Il!!J1)I)l171117!/711/.1J!)Jlrll)lI)Il)111771111
llllj7)l771))I)Irr.!)!r!/771))IlJrllflll)111/1117111+1II)171111f1 J/IJr1/!11/III)r1lr//11/11171/IIIf)!/1111/!!If

	

11171)7111111)/I/rJ)1)I/71!11/71111I)Ill11)1!1)1II/r1111!/11/If/1J17rIr)III/Ilr, 	 1111111lIl ► 11//IIfJ1/)111171/1

)7/I/I7I11111J7 1 !	 rrrr)7771.r)lllflll/Ir/IJ)rlllll)Il1r1117 "11!11!/r r lrl) Ir/lr ri))IIIrI1711111r 1 Ilrr 1J 11)17/
)/Il171111f111)r)rr11/17x7/711/1117++f111711111117+rIfI7rtIJ1/11717111?If 7)lIIII/IIIIJIIr1/IIIiJ/11Ir/1111111!/)Ii

r )fI)7/71)l71Il r l l ) rr )r/I/)))II Ir Il/1171 1 ) I !!//1ft)lf11 / 11/ 11 777 I III 1111 I1r•.IfIfIrIIlI1!llrlllllrlr./!!!
7J/rll)l111r11)Irlrll!!11lIIIJ/)/!//flillilllllllllll/I11l111/Il1111)I111171I IIri)1/1/!ltll/1/11)Irrr)11111
Ilrrrl rll!)i11r11lllrrrlll/,)II)III/r)/7.JJ11/lJ17J11)I1r1111f1111171/IIr1/I/1I111111111111111II111It fI111111/!
))I1111711111I1/1rr/111171111)II7111)JIIIIIr//lI17J11111111)IIfll)1)IIiIr/IIIIr1!)I!/IJIrr71r1/11111/!17!!1)1!

IJ)Ilfl))lf r ll)! ..rrrr/Ilrfrl rllJ/rffr)fr!!r/ r n lfrltlrlr U rrftt)/r/rIJ/rrt/r/+.rlrlrrrrrrrlJllrr/rl1/I1rJ1)71
Irr+rill/Irr a Irrrl))r+r)//rrrr7771r11Ir1171rerrr ► Ilel ► rr)r+r/rl/lrfrrrrrr77.x1rrrr ► r.+rr.rrrr//JrIrrJlr)/rlrr
rlllfl1111r1)e)rrrrJrf ► +rJ)1x11... a .......J)rlrr)llrrltr! ► lelfr+ra llrrlr) r/lrrrrrrr/lrrrrrrr/lr//lrrrrrlr+r+

Irl/r)!!lif1ll)1l111)f ► 1 r1))I/Ir1717J/IJl/II11/JII/71)
► 117 ► /I/11 ► 7)lr71•x11111!!!I/IfIJIIr/7II1/Ir1Il ► )II/f/!II

771/r/I/rIlI11)I))!/rilll l /I1)11' ! J l33113111331/ ! 111111 ► ! 1!!77)1)/III//IIIII r I1 1 /11 / 11 11 ll 1111/1.11/111
l,)Jtrlllll7l)III)...IIr I /Ir/11 SlS I1lI l1 J I I / Il 1 33 1 3 1/)I1 1 +x11/Ill r /IIIIJI rII I llfllf /1111 3 ,1 13 „ 3 17!)1 r/J11J1!
)JI

1
l)7!i!!/ . JJlI 1177));!feelj-J)I11lJ.1Illll/l11J111l1l11+7111 ► 111J/!!111111//IIJ,IIlI11l ,1111/11.1/)111) 	 I/

!1 . 1!1111 I I

	

	 lI1/Ilr)111./ 1
1
1. 11 U J.I,1/11./1 U /111/Iltl/1I1 r 11111 1 11J 11,111 1 ) .JI1/1111J111lI a 'It 1/.11!

1 1117.11J1/J11.11!!!/ U 111 U /71111/1 /117,l1l , l1 a J/II1)tIl,I/IIlI1.11,111J11lIlfllll
1/1 UITull///111//)x11/111ulull,ll,l//Jl11/IIT 1Jl,!!1!U!/l/,Jl,u,l/Jl  u1.11l111)J
!11111// / I L 1/l/l1111111l/1!//111111/1111 ,1 ,1111 .1 1 Illl) I IIII a JIII,IlIIIl11I/17111!
1!l111I11 U 11117 , 1•//7111 a !11711/I/lJ/l/1!//.Il! U J.II,I1!//!l1J111111111! 017111!

.111!/1111111l1111/lllu /1I/1/11111/IIII,IIlI1l111 11 1 1 1= a ll,ll11/)IJ11171!!!f/Il
, TJ.II/!1!I/111117 a !l	 ...111111/1/111111J11!/I/1 	 11.......1/11.1!!11111/1,1111,71/l!!
7777/1111,11/II/11111//1111//11l1l1l1111/11I/I//,!•II11/1/JJ/III.)!)//r

....1/11/7111111111111111!/	 /... .
1.

.. a 1/1/1111/111,/II.,/ ► I.1/r,/111I1!!1 1l/1/17!
! 1111/111111111lI . I a 1lllll/!lIIIJIIIlIJIIIlI1111111,1I7l/l

/!!171!11/111111111111 . 7/11/1 1 111 1 1 1 /71 11 1 1 / 1 Il/1/!!1
/J11171111)1111 7, /I I, 1 !11111/11171 l 1 1 1J IlIf/ill

L ,111111!lll ,x 777 1 11/I I l1111. '1Il11117J111J!
)IJl111,111 . 111111lJIIl1111J /	 117!!!11

1 111)11l.111!!/11.11	 11)/!Jr
J/7/77

. I/1111.A

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.
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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.
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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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