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APPLICATION of FILTERING TECHNIQUES in SPATIAL
and FREQUENCY DOMAINS FOR IMPROVING ACCURACY of
SUPERVISED CLASSIFICATION

SUMMARY. The results of analysis of the possibility of distinguishing the
U.S.A. National Bureau of Standards colour testfields on the basis ofpattern
recognition using System 600 International Imaging Systems (PS) software and
multispectral data are presented. The multispectral four bands data were
preprocesed before classification in both spectral andfrequency domains using
Fast Fourier Transform (FFT technique). Colourfields after maximum likeli-
hood classification were recognizedwith overall accuracy 0f98per centfor FFT
preprocesed image and 99 per centfor image smoothed by Medianfilter.

1. Introduction

The analysis of the possibility of distinguishing the NBS 32 colour test fields
on the basis of pattern recognition using ERDAS software has been published [2]
and presented on 17th ISPRS Congress in Washington D.C. in 1992.

The same digital data in four bands have been used as ‘raw’ data for digital
image processing using powerful 125 System 600 software. Raw data have been
preprocesed before supervised classification both in spatial and frequency
domains. These two preprocesed imageries were used for maximum likelihood
classification on 12S System 600.

2. Reconstruction of the image from its samples

The raw digital multispectral image represents measurement of photographic
density recorded by MB-470 NAC cameraon KODAK IR-2424 film as function
of colour NBS test g(x,y).

Let f(x,y) denote a continuous photographic ideal image representing object
- test g(x,y). This image has been scanned using sampling system Scanmaster
Howtek [2]. Spatial samples of an image could be obtained as discrete image
f(k,I) in spatial domain (k,I) by operation
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f(k,I) = f(x,y) s(k,l)
where s(k,l) is spatial sampling function composed of an array of Dirac delta
function (5) arranged in a grid of spacing X, y in K (columns) and 1 (lines)
directions [1].
The image f(k,1) has been taken from the continuous image recorded as f(x,y)
only at the sample points (k Ax, LAy) by sampling function s(k,I)

s(k,)=£ £ (x-kAx,y-1Ay)
k«-00 la-00

The sampling period must be equal to, or smaller then half of the period of the
finest detail within the scanned image (at least twice its highest frequency
component). It means that photoimage has to be sampled at its Nyquist rate
[3].From sampling theory [3] Ax=Ay<I/2 band width. Band width for MB-470
NAC filters are equal about 120 nm [1]. 200 dpi is equivalentto x=y=0.125 mm.
The chosen aperture 200 dpi has satisfied the Nyquist rate.

Exactreconstruction ofthe image f(x,y) can be obtained by applying filtering
techniques to the sampled discrete image f(k,1). Discrete image is represented in
vector form by mean value, correlation and covariance-variance matrices. As the
colour fields are uniform which means that should contain only low frequency
signal ofthe test fields with small variance values in all bands. Theoretically, all
32 colourtest fields as well as background shouldhave constant brightness (DN)
values in the f(x,y) and f(k,I) images. But the photoimage f(x,y) has been created
by the convolution between the scene (test) radiance g(x,y) and Optical Point
Spread Function of the MB-470 NAC camera which distorted the photographic
image ofthe original object test. Also additional noise (ashigh frequency signal)
has been added to the f(k,I) image during the scanning process using the colour
light beams (R,G,B) of the Scanmaster Howtek. As the result colour test fields
have not constant DN values.

The statistics of the scanned image f(k,l) for all 32 colour test fields are given
in [2]. One can see that standard deviations (SD) vary from 0.9 to 17 (variances
vary from 0.81 to 290). Only field #267 has small value of SD in all four bands
(Black test field).

Applying low-pas filter to sampled image f(k,l) in spatial domain or to Fourier
transformed image 5(u,v) in frequency domain could improve the image and
make it more uniform.

2.1. Filtering in frequency domain

If the grey level at position (k,I) in the region is f(k,I), then the discrete two-
dimensional Fourier transform ofan discrete image f(k,I) of NxN sizeis obtained

'5 An,y)=-"££ f(k,)exp[*Li(uk+vl)] for 0<u, v<N-I
N

k«0 1-0

where i=VT and u,v spatial frequency.



Applications offiltering techniques in spatialfrequency . 39

Fast Fourier Transform (FFT) algorithm of 125 software value which has been
used, requires, that N = 2" for n=0,1,2,...,10. Value n=8 has been chosen for the
image f(k,I) where k=1=256 columns by 256 samples (pixels). ITT image
contains 2N2components (the real and imaginary, or phase and magnitude
components of each coefficients). As !'F(u,v) exhibits a property of conjugate
symmetry [3] almost half of the transform domain components are redundant.
Basic functions of FFT are complex exponential that may be decomposed into
sine and cosine components (there are also redundancies between these compo-
nents as well). The spectral component at the origin (u=v=0) of FFT is equal to
N times spectral average of the image plane

<CRLEY)

This is the zero frequency or DC point (the lowest frequency point) and is
displayed as bright area at the centre of RGB display device. Power Spectrum
Function (PSF) known also as Spectral Density Function is equal to square root
of absolute value of J(u, Vv):

lj(u,v)|2= J(u,v) *"~*(u,v)

where T\u, V) is the complex conjugate o f'} (u,v) and could be calculated by PS
command CPU’FFT’CONJUGATE J(u,v). PSF could be displayed after
scaling as top view (in u,v coordinates system), or as side view after performing
profile on PSF top view display image.

Two functions f(k,I) and ~(u.v) are Fourier transform pairs. Every f(k,I) has
unique transform and every “~(u,v) has unique inverse f(k,lI).
CPU’FFT’POWER_SPECTRUM produce a PSF image. The magnitude ofthe
Fourier coefficients in logarithmic domain could be displayed for analyzing the
frequency power distribution of the image as well as for noise and blur
assessment.

Top view of the PSF of ‘raw’ NAC_FFT_ band#3 image (size 256x256) is
shown on Fig. 1. Zero frequency or DC point is at the centre (u=v=128) as white
area. The conjugate symmetry iseasily seen. As the colour test fields are arranged
in rectangle 4 by 8 in x and y directions, the spread of values (white and black)
in PSF are biased in both u and v directions with constant interval equal 17.

High frequency (HF) or Nyguist frequency is at the edge of the PSF image in
u direction (horizontal line).

Side view of PSF of ‘raw’ image NAC_FFT band #3 (size 256x256) is shown
on Fig.2. One can see thatthe amplitude ofdifferent frequencies vary inthe range
from 100 to 256 (PSF has been compressed to 8-bit data for displaying purpose
on RGB device).

Different filters in frequency domain could be applied to the transformed
image J(u,v). Band #3 of f(k,I) image has been used to test filters in frequency
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domain using CPU’FFT software of 125 System 600. Two images each size
16 x16(n=4) of colour fields #39 and#171 were extracted from band#3.FFT has
been run for both images with Hamming window to avoid aliasing effects. Gauss
filter with DC gain» HF gain were used to perform low-pass filtering of J (u,v);
images (i=1,2). Statistics of raw test fields taken from [1] and smoothed one in
frequency domain by Gauss low-pass filter are shown in Table 1.1tis seen from
table 1 that both images (39 FFT' Gauss and 171 FFT_Gauss) after preprocess-
ing in frequency domain have smaller Max-Min values and SD then raw images.

Profiles in the spatial domain of test field #171 raw image (left) and the image
created by applying FFT with Gauss low-pass filter (right profile) are shown on
Fig.3. It is seen that high spickle noise has been removed by Gauss filter but
additional low DN small noise has been implemented.

Low pass Gauss filter has been implemented to the whole 256x256 band #3
image. PSF top view of image filtered by Gauss functionis shownon Fig.4. Side
view ofthisPSF at0=90 is shown onFig.5. Comparing Fig.2 and Fig.5 one can
see that filtered image has less dispersed graph then raw one. Unfortunately still
noise has been observed onsome ofthetestfields. FFT'EXPONENTIAL_FILTER
in frequency domain has been applied independently to all 256x256 four bands
ofraw image transformed to frequency domain by FFT. Profile in spatial domain
of test field #264 raw image (left) and filtered image (right) band #1 by
exponential filter in frequency domain is shown on Fig.6. From Fig.6 one can see
that the right profile is smoothed comparing to the profile on the raw image.

Raw enlargedimage size 16 x 16 (one colour test field #171 in one band) as
left one and the same test field after FFT processing (as right photo) is shown on
Fig.7. Profiles (lines 1&2onFig.7)ofthesetwoimages are shown onFig. 8 (raw
image) and FFT image on Fig.9. Image after FFT has DN values almost constant
(see Fig.9).

After processing of f(u, v)image in frequency domain inverse transform was
employed to obtain spatial domain 8-bit image. This operation for discrete image
is done by applying formula

v)exp[Ni(uk+vl)] for 0<k, 1<N-1

N k*o v*o n

2.2. Filtering in spatial domain

Second filtered image has been created by using smoothing filter in spatial
domain. The convolution operation in discrete case is given by

y(k,))=h(k,®f(k,I)

y(kD= £  h(k-k\ 1) f(k’,I")
kM™-00
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MEDIAN_FELTER, which performs two-dimensional Tukey median filter
operations was employed for the raw image. Plus shaped kernel wxw=3x3 size
has been used for smoothing raw image and high frequency noise removal.
Weights of the kernel in the window (3x3)=0,1,0,1,1,1,0,1,0.

For discrete image of size NxN (265x256) window wxw is mowing through
the array f(k,l) image and produce new f ’(k,I) image

u>/2 J-Ki>2
f’(k,1)=£ £ f(klI) PSF(i-k,j-I)

m*i-0j/2 n*j-0/2

The first and last lines as well as rows are distorted by this operation.
3. Classification of preprocesed images on PS System 600

Two preprocesed images were created from raw digital data, one using FFT
filtering technique in frequency domain as NAC_FFT and one after filtering in
spatial domain by MEDIAN_F1LTER as NAC_MED. Reducing the scene noise
effect and smoothing the colour test fields prior to per-pixel classification is
highly recommended by many authors [1], [3].

The processing flow of supervised classification procedure on I12S System 600
Model 75 is shown on Fig. 10.

Statistical data of the signatures of the image NAC_FFT after filtering in
frequency domain are shown in Table 2. Statistical data of the signatures of the
image NAC_MED are shown in Table 3. One can see that all test fields in both
preprocesed images have been smoothed comparing to the raw data (see Table
1 published in [2]).Comparison for three test fields in three images has been
constructed (see Table 4) to show the advantage of properly selected filters to be
used with the raw image before classification.

Each colour test field consist of 16 x 16=256 pixels in one band. More then
50 pixels have been taken as the training samples in each class (colour test field).
Itis known that statistical separability between classes is related to the area under
the probability functions in the region of overlap. Increasing the variance (SD2
ofaclass increases the probability error. Asthe all colourtest fields (classes) have
equal a priori probabilities, the decision boundary were located at the centre of
the probability density function. The overlap area decreases as the separation of
the mean values of two classes increases. Statistical separability known as
divergence oftwo classes (i.e. separability of their probability density functions)
were calculated using mean values and inverse covariance matrices in the four-
dimensional space. CPU’CLASS’DIVERGENCE calculates the separability of
two classes with given covariance matrices and mean vectors. Calculations done
according to the formula

Dij=tr[(Ci-Cj)(Cj1- Cil)]+tr{(Cil-Cj1)(Mi-Mj)(Mi-Mj)TJ
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where Dij - divergence for classes i, j
Ci, Cj - the NB by NB covariance matrices of i-th and j-th classes
Mi, Mj - the NB mean vector of i-th and j-th classes for i=1 to NC and

j=1 to NC, i*j
tr - trace of the matrix
T - transpose of the matrix

Inthis case NB=4, NC=32 and .PREP file were used as input to this software.
The equation is used to calculate divergence for each class pair. Matrix NCxNC
of pairwise divergences for every combination of NB bands taken B at time (for
B from 2 to NB) will be stored/printed. Total 2NBcombination of subset of the
bands is possible to be evaluated.

Due to so much of the data which produces this program, only average
divergence and divergence for two classes for given any pair of feature subset
have been calculated. Average divergences and transformed average diver-
gences for different band combinations of NAC_MED.PREP file are shown in
Table 5, and for NAC_FFT.PREP in table 6. Divergence for two classes for
different band combinations are given in Table 7.

One can see from Table 5 and Table 7 that all bands should be taken for
classification, specially if classes #183 and #266 have to be recognized. The
mean values of colour test field #183 and #267 are very close to each other (see
Table 3) as well as colour test field #183 and #266. Please note that these three
classes ( namely 183,266,267) were merged before classification done by
ERDAS software [2].

Maximum likelihood classifier CPU’MLCLASSIFY was employed with
equal a’priori probabilities values for each class to classify two preprocesed
images NAC_MED and NAC_FFT.

4. Evaluation of the classified ‘maps’

All image consist of 256 lines by 256 samples™ 65,536 pixels
All colour test fields consists of (16 lines by 16 samples)x32 fields= 8192
pixels.
Background consist of 65,536-8192=57,344 pixels
These data were used for accuracy assessment of the final maps. The statistics
of classified images are shown in Table 8.
In both outputs a certain number of mixed pixels in the similar colour test
fields hase been observed as shown bellow:
NAC_FFT image: 118 with 117 (both Yellow-Green)
168 with 181 (both Blue)
266 with 267 & 182
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183 with 266 & 267 (almost Black)
38 with 39 (both Orange)
37 with 35 (both Orange)

NAC_MED image: 38 with 39
37 with 35
85 with 86 (both Yellow)
139 with 118 (both Yellow-Green)
168 with 181 (both Blue)
183 with 266 & 267 (Black)

After correction and merging classes representing black fields (#183,266,267)
final overall accuracy for both images are shown bellow.

NAC_FFT NAC_MED

Overall accuracy before correction: 96% 98.2
Overall accuracy after small correction: 98.2% 99%

5. Conclusion

The achieved results show that both methods used for filtering raw data in
spatial or frequency domains are equivalent and they are strongly recommended
to be used before classification. The overall accuracies achieved here by using 12S
System 600 Software are better then accuracy achieved by using ERDAS
software [2]. FFT software is a powerful tool which has not yet been used in
OPOL.iS- IGIK by analyst of multispectral digital data.

For small kernel size MEDIAN filter is recommended to be used in spatial
domain for noise removal and smoothing an image before classification to be
performed.

For bigger kernel size FFT is recommended to be used. The disadvantage is
that FFT in 125 system 600 requires an image of size an integral power of two.

The minimum spectral Euclidian distance in two bands between two classes
for PS System 600 software were found to be more then 10.8, so colour test field
would be classified with 99 percent accuracy.

The elaborated and tested procedures on colour test were employed to
elaborate aerial multispectral photographs of test area KULIN taken by multi-
spectral camera MB-490 NAC. The results will be published separatelly.
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Fig. 1. PSF top view of raw image Fig. 2. PSF su_je view, profile in
NAC_FFT band #3 frequency domain of NAC_FFT raw

image band #3. 9=90°
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Fig. 3. Profile in spatial domain of test

filed #171 raw image (left) and image

after FPT with Gauss low-pass filter
(right) and inverse transformation

Fig. 5. PSF side view, profile in
frequency domain 0 = 90 of NAC_FFT
law-pass Gauss filter

Fig. 4. PSF top view of NAC_FFT
low-pass Gauss filtered image
in frequency domain

Fig. 6. Profile in spatial domain of test
field #171 raw image (left) and image
after FFT with Gauss low-pass filter
(right profile).
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Fig. 7. Enlarged 16 x 16 pixels test field #171. Left (1) is raw image with noise,
right (2) is preprocessed image by FFT operations.

Tir rb 30 "$o

Fig. 8. Profile of raw noisy image (line 1 on Fig.7)
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Fig. 9. Profile of FFT preprocessed image (line 2 on Fig. 7)

NAC - MED.IMAGE
NAC-FFT.IMAGE
Built statistics of an image
Enhancement for visual interpretation
vI/.STSH
Define training sites
» ® VERT
Extract pixels from polygons

Training pixel list by class
Clip class histogram

Prepare
statistics summary for classes
& -PREP
Analyze statistics of each class in each band

EDIT
statistics

Feature selection
VvU.PREP
Classify an image

12S commands
C STATISTICS
C AUX'COPY
M' DISPLAY

M TLM

M' PIECEWISE
M' STASH

M' TRAIN/STASH-FD.E
C CLASS' EXTRACT

C CLASS 'HISTOGRAM
C CLASS' PRFPARE
C'CLASS'DIVERGENCE
M’ SCATTERGRAM

C' CLASS'VALIDATE

C EDIT'EXTRACT
C'EDITPREPARE

C CLASS' DIVERGENCE

C' MLCLASSIFY
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9 NAC-MED-MAP.IMAGE M’ DISPLAY
¢ NAC-FPT-MAP.IMAGE M' SCALE, M' GRAY-SCALE

Fig. 10. Flow chart of supervised classification procedures on System 600 Model 75
PS and software employed to preprocessed NAC-FFT and NAC-MED test images

Statistics of raw and processed by FFT with law-pass Table 1
Field # MIN MAX MAX-MIN MEAN SD Vargg;’a Remarks
39 Raw 53 78 25 64 46 21.2 Gaussian
noise image
39 Noiseless
FET-GAUSS 13 27 14 19 2.8 7.8 image
171 Raw 64 107 43 73 65 422 Splc.kle noise
image
171 FFf-Gauss 34 64 30 50 55 302 Noiseless

image
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Comparision statistical data of three images Table 4
Field # Band =1 Band = 2 Band = 3 Band =4
Image A SD A SD A SD A SD

# 39 Raw 13 2.3 8 15 25 4.6 21 25
NAC_FFT 8 17 3 0.8 17 4.0 4 1.0
NAC_MED 4 11 2 0.7 0.5 16 3 0.9
# 86 Raw 45 10 34 7.5 29 5.7 43 9.9

NAC_FFT 25 51 1 2.6 27 5.7 24 5.7

NAC_MED 19 53 1 2.5 12 31 23 5.3

#171 Raw 29 4.3 37 6.8 43 6.5 50 6.5

NACLFFT 14 2.7 13 3.0 30 55 29 5.0

NAC_MED 5 1.0 13 3.3 14 3.7 17 35

[ =MAX DN value - MIN DN value

Average divergences of NAC_MED.PREP Table 5
Con?k;ﬂiagiions D average Tlr;“;f/feorggeed Rank
1234 16138 49.99 1st
1,3,4 15240 49.94 2nd
12,3 14328 49.93 3rd
2,34 10321 49.84 4th

12,4 8653 49.77 5th
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Average transformed divergence of NAC-FFT.PREP Table 6
Bands Combinations Avergg?sg:sgrs]f:c;rmed Rank
1,234 49.81 1st
1,2,3 49.73 2nd
13,4 49.69 3rd
Divergence for two-classes for different band combinations Table 7
NAC-MED.PREP
Bands Combinations
Cr o CEME l2aa 184 123 2
25-29 183 - 267 96.39 95.66 96.16 52.96
25-28 183 - 184 100.00 100.00 99.99 99.95
25-30 183 - 266 96.40 96.56 95.96 75.53
29-30 267 - 266 100.00 99.99 98.95 54.60
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Final statistics of classified preprocesed images

Class name

38
35
37
39
68
66
67
70
85
82
83
86
139
140
144
193
118
117
116
119
169
168
172
11
182
181
184
265
264
183
267
266

Colour name

d ro
S. 1o
m. ro
gy. ro
s. OY
v. OY
brill 0Y
10Y
deep Y
Y
brill Y
Y
v.G
brill G
.G
v.l.G
deep YG
s.YG
brill YG
L.Y.G
s.g.B
brill gB
L.g.B
v.L.g.B
m.Blue
I.Blue
v.p Blue
med Gray
L.Gray
d.Blue
Black
deep Gray
Total pixels
Total correct
Total incorrect
Overall accuracy

Number of pixels

NAC_FFT NAC MED

250 256
250 253
262 261
263 260
260 261
254 254
257 262
245 250
251 241
256 253
256 260
267 261
257 256
261 257
260 256
258 256
266 256
267 256
256 256
257 256
250 261
254 256
257 261
249 256
252 252
254 256
263 256
259 254
256 256
248 254
249 254
248 254
8192 8192
8042 8109
150 83
98.2 % 99.0 %
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Table 8

Remarks
Red - Orange

colours

Orange - Yellow

Yellow

Green

Yellow - Green

Blue

Blue

Gray

These three have
been added
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ROMUALD KACZYNSKI

ZASTOSOWANIE TECHNIK FILTRACJI PRZESTRZENNEJ
| CZESTOTLIWOSCIOWEJ W CELU POPRAWIENIA
DOKEADNOSCI KLASYFIKACJI NADZOROWANEJ

Streszczenie

W artykule przedstawiono rezultat badarnmozliwosci rozrozniania testow barwnych
z uzyciem cyfrowej analizy obrazu zdje¢ wielospektralnych, przeprowadzonej na
Systemie 600 International Imaging Systems Model 75 (PS).

Rezultatbadan mozliwosci wyrézniania testow barwnych, zarejestrowanych kamerg
MB-470 NAC i opracowanych metodg cyfrowej analizy obrazu z wykorzystaniem
skanera Howtek i systemuERDAS, opublikowano w [2j oraz zaprezentowano na XV11
kongresie Miedzynarodowego Towarzystwa Fotogrametrii i Teledetekcji w
Waszyngtonie w 1992 r.

Te same zdjecia wielospektralne zostaty przetworzone cyfrowo z zastosowaniem
filtracji przestrzennej i czestotliwosciowej (transformacje Fouriera), a nastepnie
opracowane za pomocg cyfrowej analizy obrazu metoda klasyfikacji nadzorowanej na
Systemie 600 PS.

Zdjeciawielospektralne, reprezentujace funkcje ciggtaf(x, y), zostaty przetworzone
na postac cyfrowg jako funkcja f(k, 1) skanerem z aperturg 200 dpi (dpi - punktéw na
cal), co spetnia wymagania tzw. progu Nyguist [3].

Teoretycznie biorgc wszystkie 32 barwne pola testowe zarejestrowane jako f(k, 1)
powinny charakteryzowac state wartosci odpowiedzi spektralnej (DN) o matej wartosci
wariancji. Z uwagi jednak na fakt wykonywania zdje¢ kamerg MB-470 NAC,
charakteryzujaca sie optyczng funkcjg przenoszenia obrazu, OTF<I, szumami
spowodowanymi emulsjg filmu Kodak IR 2424, jak réwniez wptywem skanowania
skanerem llowtek, warunek ten w praktyce nie jest spetniony.

Dane statystczne dla 32 barwnych pdl testowych zamieszczono w tablicy 1w [2].
Z tablicy 1[2] wartos¢ wariancji waha sie w przedziale od 0.81 do 290. Zastosowanie
filtracjido zdjecia f(k, I, pomoze wyréwnac i zniwelowac¢ tak duze rozpietos$ci wartosci
u'ariancji dla poszczeg6lnych pdl testowych [1].

Transformacje Fouriera (FFT- Fast Fourier Transform) zastosowano do zdjecia
cyfrowego f(k, 1), otrzymujac w rezultacie nowe zdjecie oznaczonejako f(u, v). Point
Spread Function (widok z géry) kanatu nr 3 (Red) testu barwnego pokazano narys. 1
Widok profilu z boku obrazu PSF pokazano na rys.2.

Do obrazu jFu, v) moga by¢ zastosowane rdzne filtry cyfrowe w przestrzeni
czestotliwosciowej z bogatego zestawu oprogramowania Systemu 600 PS. Testowanie
roznych filtréw i ich parametréw przeprowadzono na polach testowych nr 39 i nr 171.
Filtr Gaussa, przepuszczajacy niskie czestotliwosci, a zatrzymujacy wysokie (jakimi sg
w tym przypadku szumy), zastosowano w przestrzeni Fouriera do obrazu !'Hu,v),
otrzymujac nowy obraz charakteryzujacy sie wyréwnanymi wartosciami odpowiedzi
spektralnej (DN). Statystyczne dane zdjeciaoryginalnego (*'surowego™) i przetworzonego
dla dwoch pol testowych zamieszczono w tablicy 1.

Profil testu nr 171 ( surowy obraz z lewej) i testu po filtracji czestotliwoSciowej
(profil z prawej) pokazano narys. 3.



Applications offiltering techniques in spatialfrequency . 57

Widok z gory PSF obrazu Filtrowanego filtrem Gaussa niskich czestotliwosci
pokazano narys.4, a widok profilu z boku dla 0 = 90 na rys.5.
Filtr wyktadniczy, realizujgcy podany ponizej wzér

H(A =a+Rexp(y*ECC)

zastosowano do obrazu 9 u, v), otrzymujac nowy obraz. Profil zdjecia surowego i po
przetworzeniu pokazano na rys. 6, a powiekszone zdjecia pola testowego w jednym
kanale, zarejestrowanego na przetworniku cyfrowo-analogowym MATRIX 3000 firmy
Agfa, pokazano narys. 7. Profile (linie 1i2 narys. 7) tych dwéch zdje¢ pokazano na
rys. 8 ( zdjecie surowe) i zdjecie przetworzone na rys. 9.
W wyniku przetworzen w przestrzeni fourierowskiej i filtracji czestotliwosciowej
otrzymano zdjecie NAC_FFT.IMAGE.

Drugie zdjecie NAC_MED.IMAGE otrzymano w wyniku filtracji przestrzennej,
tzw. metodg maski (okna) o wymiarze 3 kolumny x 3 wiersze i wspdtczynnikach:

010
111
010

Klasyfikacje nadzorowang przeprowadzono zgodnie z opracowanym przez autora
schematem pokazanym na rys. 10.

Dane statystyczne p6l treningowych dlazdjecia NAC_FFT zamieszczono w tablicy
2, adla zdjecia NAC_MED w tablicy 3.

W tablicy 4 zamieszczono (w celu poréwnania) dane statystyczne trzech barwnych
pol testowych trzech zdjec¢ (oryginat, zdjecie po filtracji czestotliwosciowej ipo filtracji
przestrzennej metoda maski).

W tablicy 5 zamieszczono wartosci Srednie dywergencjidlaNAC_MED, aw tablicy
6 dla NAC_FFT.

W tablicy 7 zamieszczono wartosci dywergencji dlaparnajtrudniej rozpoznawalnych
pol i réznych kombinacji kanatow kamery MB-470 NAC. Prosze zwréci¢ uwage, ze
klasy nr 183, nr266, nr 267 nie byty potagczone przed klasyfikacja, takjak to uczyniono
w przypadku opracowania na systemie FRDAS [2].

W wyniku klasyfikacji nadzorowanej na Systemie 600 PS obu przetworzonych
zdje¢ otrzymano $rednig dokladnos¢ rozpoznania pol testowych 98 % dla zdjecia
NAC_FFT i99 % dla zdjecia NAC_MED. Wynika z tego wniosek, ze obie filtracje sg
sobie rownowazne, a dokfadno$¢ rozpoznania po filttacji jest wieksza anizeli w
przypadku jej ograniczonego uzycia ( patrz [2]), gdzie otrzymano doktadno$¢ rzedu
96 %).

Przeprowadzonaanalizawykazataréwniez, zeminimalnaodlegtos¢ spektralna(dla
dwdch najbardziej informatycznych kanatéw: RED i IR) powinna by¢ wieksza niz 10
jednostek, co potwierdzawnioski zamieszczone w [2], otrzymane dlazdje¢ opracowanych
na systemie ERDAS.

Powyzsze badania wykorzystano do przeprowadzenia klasyfikacji na Systemie PS
zdje¢ wielospektralnych naturalnego obiektu testowego KULIN, zarejestrowanego
wielospektralngkamerag lotniczg MB-490 NAC. Wyniki tych badan beda przedmiotem
odrebnej publikacji.
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POMYANbA KAUMHLCKN

MPUMEHEHME TEXHWK MPOCTPAHCTBEHHOWM W UYACTOTHOM
ONNBTPAUVIN ONMA TIOBbIMEHNA TOYHOCTU KAACCUDUKALNU
"C YUYUTEJIEM"

Pe3 ome

B cTaTbe npeAacTaBneH pe3ynbTaT WUCCAejoOBaHUM
no BO3MOXHOCTMU BbleneHns LU BEeTHbIX TecToB
MHOTFOCNEeKTpPasnabHbIX CHUMKOB BbIMONMHEHHbIX Kamepol
MB-470 NAC, npeo6pasoBaHHDbLIX B uncpposoin BUL "
o6bpaboTaHHBIX B cucTteme 600 International Imaging
System (12S).

M3 CcTaTUCTUYECKUX [AaHHbIX 32 UBeTHbIX TecTOBbIX
nonel, 3aMeweHHbIXx B [2], BbiTekaeT, 4TO Bapuauumu
kKonebnatca B npepenax oT 0,81 pgo 290. lMpumeHeHUe
hunbTpayumn ans mMcxogHblx cHumkos  f(k,I) noMoXeT
ypaBHMBAaTb n HuBenuposaThb 6onbwue Kone6baHusa
Bapuvauum ANA OTAeNbHbIX NOMEN.

TpaHchopmauna dypbe (FFT) 6blna npumeHeHa Ans
LUMHPOBOro CHUMKa, B pe3ynbTaTe O6bl1 MNONYyYeH HOBbIN

CHUMOK iF(u,v), ans KOTOpoOro 6bl1Kn NPpUMEeHEHbI
pasHble OUNbBTPHLI B hypbepoOBCKOM npocTpaHcTBe
(mexpgy npo4yum, hunbeTp Maycca, nokasaTeNbHbIN
bdunnbTp). BTOpoOi CHMMOK O6bIN MNONy4YeH B pe3ynbTaTe
NPOCTPaHCTBEHHOM hunbTpaymm c NPUMEHEHUEM
bunbTpa MepunaH. CtaTucTtumyeckue JaHHble ob6bpabo-
TaHHbIX CHMMKOB 3aMelweHbl B Tabnuuax 5 un 6.
Knaccnpukayuns 'c yuyntenem" nposogmnnachb
cornacHo c paspaboTaHHOIM aBTOpPOM cxemoi,
NOMELUL,EHHOIA Ha puc. 10. B pes3ynbTaTe Knaccugu-
Kauumnm Oblna nonyyeHa CcCpefHASA TOYHOCTb OMNO3HaBaHWA
TecTOBbIX noneh : 98 % pgnA  un3obpaxeHwus npeobpa-

30BaHHOrNro B (ypbepoBCKOM npocTpaHcTBe U 99 Z pansa
msobpaxeHusa o6paboTaHHOTrO C noMOWbK MNpoCTpPaH-
CTBEHHOW GuAbTpauunmn.

OTMeYeHO YynAy4ylWweHUe TOUYHOCTM Kaaccudpukaymum no

CpaBHeHUIO co CHUMKaMmMu npeob6pas3oBaHHbLIMMN B
OrpaHM4YeHHOM JAunanas3oHe U o06paboTaHHbLIMW B CUCTeMe
ERDAS [2] .

YcTaHOB/IEHO, uToO MUHUMaNbHOE CNeKTpanbHOe
pacctoaHune MeXay 4BYyMSA Knaccamu OONKHO 6bITb
6onbue 10 eguHULU, 4yToO nogTeepxpgaertT pesynbTaTt
NOMYYEHHbIN B cucteme ERDAS, a ony6nuMkKoBaHHbIN B
[2].

MepeBopn: R6Za Totstikowa
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