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Analyza snimkdU/obrazu
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analyza snimku

¢ vizualni interpretace
¢ digitalni zpracovani obrazu
=z preprocessing (radiometricke a
geometrické korekce, ...)

=2 vylepseni snimku (Upravy kontrastu,
prostorove filtrovani, ...)

= transformace snimku (podily pasem,
analyza hlavni komponenty, ...)

=2 klasifikace (nerizena, rizena)



. preprocessing

radiometrické korekce :‘*’" P

mosaikovani

,
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e A ‘3‘ replace bad lines







Rektifikace (geometricka korekce, geometricka
registrace, georeferencovani)

¢ originalni data obsahuji velké polohové chyby — nelze je uzit jako mapy

¢ Ucelem korekce je vyloucit zkresleni tak, aby bylo mozno snimek
vlicovat do mapy

¢ georeferencni korekce se provadi pomoci vlicovacich bodu — body,
které Ize presné lokalizovat na rastru (snimku) a jsou znamy jejich

mapoveé souradnice , o ,
nova poloha se pocita pomoci

transformacni rovnice: polynom 1. radu
(pouze translace, rotace, zména

1 1, I velikosti; nejméné 3 vl. body), polynom
2. fadu (6 bodt), 3. radu (10 bodd), ...
|82 eit] v pripadé polynom( vyssich fadu lze
o ziskat lepsi shodu pro body blizké
vlicovacim bod@im, ale tam, kde body
A B chybi, se vyskytnou vétsi chyby

© CCRSJCCT
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¢ transformacni fce najde spravnou polohu, pak dojde
k prevzorkovani, zde je nutno najit vhodnou
hodnotu bunky; 3 metody:
3 metoda nerllzsmo souseda (nearest ne/ghbor), hodnota

=\ 7/

diskrétni data (tematické mapy)
5 biIineérni interpolace (b/'//'near /nterpo/at/on) véieny

LA 44

lokalné nespoijity (snimky)
2 kubické konvoluce (cub/c convo/ut/on) v;'/poc”:et ze 16

7/
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Prakticke cviceni - rektifikace

& rektifikujte naskenovanou topografickou mapu do
systému S-JTSK Krovak

¢ nastroje: Georeferencing (ArcView)
& postup:
=z umisténi vlicovacich bodU

= kontrola chyb
= prevzorkovani (rectify)

8
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kombinace spektralnich pasem

T™M 321 RGB

d lalse-colour Landsat T images of part of 1he Sudan-Eritrea barder are of the area shown in Figures 5.4
M Diand damages in belh lighl and dark 1errains. but each Dand combination conlain: different informanon
4, 2and 1 as BRGHE] (a) is least intormative The standard lalse-colour o ule (bands 4.3 and 2 as BGE) b
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joa major river controlled by & hege shear zone Each image is 30 km across
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TM 432 RGB

Flgure 5.10 nese linearly stretched false-colour Landsat TM images of part of the Sudan-Erilrea border are of the area shown In Figures 5.4
9 .J 4

5. 3and 1.n RGB (¢} reveals bettar ¢

(CRR ey reveal more detalls than the band 3 images n both light and dark terrains, but each bane noinabicn conlains different informaton
Fhe natural colour image (bands 3, 2 and 1 as RGB) (a) is least informative The standard false-colour compo (banas 4. 3 anag 2 as RGEB) {b)
hows vegetation in shades of red. but little more than (a) Combining bands 5 ad of the gistribution of differant

rock types

5, while suppressing vegeiaton as dark tones. The importance of a

1 & correct assignment o! bands 10 colour componenis is shawn by (d),
which nas bands 3.1 and 5 in RGB. Exactly the same infarmation as in (¢} 18 shown, but the choice of colours prevents the ave frorn appraciating

e full range of varability. The geclogy is of a major boundary between a high-grade metamarphic tesrain with granite intrus:ans and basalte
%85 10 the lett, and a very complex, younger terrain of pendotites. metabasaits and metlasediments to 1he rght The boungary IS marked by deap
alluvium aiong a major niver controlled by a2 huge shear zone Each image 1s 30 km across
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TM 531 RGB

Figure 5.10 Tnese linearly stretchod false-colour Landsat TM images of part of 1he Sudan-Erifrea border are of the area shown In Figure
1659 They revaal more detalls than the band 3 images in both light and dark terrains, but ea

natural coiour image (bands 3, 2 and 1 as RGB) (a) is least informative

ch pand combination conlains different intormaton

Tne standard 1alse-colour co mMpos

e (banas 4. 3 ana 2 as AGB) [v)
tad of the distiribution ol differant
carrect assignment ol bands 1o colour components is shawn by {d)

N shades of red. but little more than (a). Combining bands 5,3 and 10 RGB (c} reveals befter ¢

n

uppressing vegeiatcn as dark tenes The mportance of a
3.1 and 5in RGB. Exactly the same infarmation as in () 14 shown, but the choice of colours prevents the gve 'rom appreciating

a of vanability. The geolo ay 1S of a major boundary between a high-grade metamarphic 1erain with granite intrusians and basalte
dyxes 10 the left, and a very complex, younger terrain of pendotites. metabasaits and meis

sediments to 1he right. The boungary |
alluvum along a major niver controlked hy a

S Mmarked by deap
a huge shear zone Each image 1s 30 km across



TM 315 RGB

Flgure 5

.10 nese linearly stretchod false-colour Landsat TM images of part o the Sudan-Eritrea border are of the area shown in F gures 54

combinabion conlains different intormaton
: RGB) (a) is least informative The standard lalse-colour compos

i3 3 images in both ight and dark terrains, but each band comt

The natural c

our image (dands

(banas 4. 3 anad 2 as HGE) {b)
ad, but little more than (a). Combinng bands S, 3 and 1.0 RGB (¢} reveals better getad of the distribution of different
rock types, while suppressing vegetatcn as dark tones. The importance of a correct assignment ol bands 1o colour componenis is shawn by (d).
which nas bands 3.1 and 5 in RGB. Exactly the same infarmation as in (¢) 18 shown, but the choice of colours prevents the gye f'rom appraciating
the full range of varnability The geclogy 1s of a major boundary between a mgh-grace metamarphic 1errain with granite intrus:ans and basalte
yxes5 10 the left, and a very camplex younger terrain of pendotites. metabasallts and metasediments to 1he rght The boungary |

"
v
shows vegetation in shades ¢

S marked by deap
alluwum along a major river controlted hy a huge shear zone Each image is 30 km across
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Figure 7.11

_ Gray-level thresholding for binary image segmentation: (a) original TM1 image containing
continuous distribution of gray tones; (b) TM4 image; () TM4 histogram; (d) TM1 brightness variation in
water areas only.
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TM1, pouze voda




prostorove filtry - kernely

a b

Obr. 8.8 Priklad vysokofrekvenéni (a) a nizkofrekvenéni (b) informace v obraze
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low-pass filtr
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94 Using ArcView Image Analysis

What is a low pass filter?

If you apply Smooth to continuous data, the low pass filter lessens the spatial
frequency of the data. A low pass filter moves a 3 x 3 matrix throughout the
image. The output pixel values are obtained using a convolution kemel. The
effect of the kernel is that pixel values are averaged.

Your original data file values may be like the following:

2 2 2
2 3 2
2 2 2

Where the target pixel is in the center, 3.

A low pass convolution kernel is applied over those values as follows:

1 1 1
1 1 1
1 1 1

Using the convolution kernel, the center pixel of the data matrix, 3, is multiplied by
the kernel value of the same position, 1. Then the products of all the

multiplications are added and the total is divided by the sum of the values in the
convolution kernel as follows:

(Ix2)+(1x2)+(1x2)+

(UIx2)+(Ix3)+(Ix2)+
(1x2)+(lx2)+(1x2))/(l+l+l+1+l+l+l+l+l)
=(19/9)=(2)=2

In this exampie, the target pixel’s output value is 2. 18



Figure 7.10 Result of applying noise reduction algorithm: (a) original image data with noise-induced “salt-and-pepper”
appearance; (b) image resulting from application of algorithm shown in Figure 7.9.



high-pass/sharpen - filtr zostieni
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90

Using ArcView Image Analysis

This is how the Sharpen convolution kernel works

The size of the convolution kernel takes into account the number of pixels
surrounding the target pixel. During the Sharpen function, the center pixel in the
5 x 5 matrix is given the largest weight or most importance, and the pixels that
surround it are given a negative weight.

Your original data file values may be like the following:

4 | 1 1 1
4 2 2 2 i
3 2 3 2 1
2 2 2 2 1
2 1 1 1 1

Where the target pixel is in the center, 3.

The edge-enhancing 5 x 5 summary convolution kernel below is applied to those
values as follows:

-1 -1 -1 -1 -1
-1 -2 2 -2 -1
-1 -2 70 -2 -1
-1 -2 -2 -2 -1
-1 -1 -1 -1 -1

By using the convolution kernel, the center pixel of the data matrix, 3, is
multiplied by the kernel value of the same position, 70. Then the products of all
the multiplications are added and the total is divided by the sum of the values in
the convolution kernel as follows:

(CIxH+CIxD+CEIxD+CEIxD+¢-1x D+
FIxd)+(2x2D+(2xD+P2xD+(-1x D+
Flx3)+(-2x2)+(T70x3)+(-2x)+(-1x D+
Clx2)+C2x2)+(2x2)+(2x2)+ (-1 x 1)+
CIx2)+CGl1xD+CEEx D+ x D+ (-1 x 1)/ (70 +-32)
=(152/38)=(4)=4

In this example, the target pixel’s output value is 4.
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transformace obrazu

@ algebraické operace se spektralnimi
pasmy

@ RGB-HSI transformace

¢ dekorelacni roztazeni histogramu
@ analyza hlavni komponenty

@ klasifikace

22



algebraické operace se spektralnimi pasmy

RATIO (\) MATERIAL A MATERIAL B
0.4 15 .06 2-03 R
06 25 55
0. %6 _074 U_1gm O
0.9 35 53
14
p()dll 12 34 _o9s 92 _0g D
16 36 113
175 | + 70
150 4 +60 ¥
Z A
q 1254 MATERIAL B Ls0 &
~ ~,
g Ry g
Q 100 + LB T4 9
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WAVELENGTH (A)

Figure 6.1 Hypothetical reflectance curves showing how ratios enhancs minor reffectance
variations. From Prost [6].



Figure 5.30 (a) False-colour ratio image of the area of Figure 5.31, using TM 5/4 as red, 3/1 as green and 5/7 as blue Though producing an
excellent discrimination of rock types, the image lacks some topographic detail and is noisy. By using the ISH transform and substituting a contrast-
stretched TM band for the ratio intensity, (b) both defects can be avaided without changing the colour rendition of different rocks, which Is

dependent on spectral features related to iron minerals, albedo and hydroxy-bearing minerals. Both should be compared with Figures 5.14 and
5.26.

24



algebraicke operace se spektralnimi pasmy

J. G. Liu © Imperial College

TM vegetation index
¥ = TM 4 —Min(TM 4)
TA 3 -Min(TM 3)

¥ = TAM4-TM3

TM4+TM3

TM clay mineral ratio index

Y= TAM 5 —Min(TM 5)
TM7 —Min(TM?7)

ATM clay mineral difference index

Y=(ATM 9+ ATM 4)—(ATM 10+ ATM 2)

TM iron oxide ratio index

v IM3 - Min(7M3)
TM 2 — Min(TM 2)

ATM gypsum enhancement colour composite
Red ATM9-ATM 10
Green ATM 8- ATM 10
Blue ATM2-ATM 10

(4-11)

4-12)

(4-13)

(4-14)

(4-15)

(4-16)
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255 C

Obr. 8.17 Princip RGB barevného systému, RGB - zakladni barvy (Cervena, zelena
a modra), CMY - barvy komplementéarni (Cyan - azurova, Magenta - purpurova,
Yellow - zluta)

26



J. G. Liu © Imperial College

a) b}

Figure 6-2 (a) Distribution of pixels in RGB cube for typical correlated bands. (b) Effect of stretching
each band. The data is not stretched to fill the RGB cube by this operation.
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@ analyza hlavni komponenty
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analyza hlavni komponenty, dekorelacni roztazeni histogramu

b

Figure 5.27 (a) A bivariate plot of two
bands with PC axes superimposed. In (b)
the first PC has been stretched after rotation
of the axes to PC space, the second PC
having been stretched in (c). This shows
how it is possible to produce a decorrelation
of the data in PC space. (d) The decorrelated
data have been rotated back to original
band space, the original correlation having
been drastically reduced, although each
pixe! is still in its original position relative to
all the others. Compare with Figure 5.12.

a

255 1

Vv
Q("

4 band2

T

255
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PC1, PC2, PC3 jako RGB

Figure 5.26 This image combines the first-,
second- and third-order principal componenis
from the area of Figures 510 and 5.11 In red,
green and blue. The resull is a vivid colour
represantation of surface variations in which
much geological detail is visible, particularly
ditferent kinds of rock, However, the colours
are not easily related 10 the rocks' spectral
properties, and the compression of most of
the variance into the first PC means that the
other PCs are nolisy and noise interferes with
interpretation in the faise-colour image

o1V)



Figure 5.28 Decorrelation- or D-stretched
image of Landsat TM bands 5, 3and 1 in
RGB for the same area as Figure 5 10c. The
first PC was siretched and edge enhanced
and higher order PCs filtered to remove noise
before rotation back 1o original band space. It
shows little difference compared with Figure
5.14, but the D-stretch technique offers more
opportunities for cosmetc improvement than
the ISH transtorm
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minimalni

jas

i
cerna

Figure 5.13(b) This cross
section through the conical
representation of HSI colour
space shows how pure
spectral hues on the
perimeter grade through
pastel shades to grey at the
axis of the cone. Courtesy of

P AB
purpurova /~ Huta = LogE Ltd.
t= ——
sytos -

modra zelena

tervena

A

azurova

. 8.19 Definovani jednotlivych slozek barevného systému IHS (jasu, tonu a sytosti).
Podle LILLESANDA a KIEFERA (1994)
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rovina kolma na
linii Sedl

Obr. 8.18 Mozny zpilsob transformace RGB a IHS barevného systému
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J. G. Liu © Imperial College

P — Intensity
o — Hue
@ - Saturation

: O : ' Green

__________________

Red
Figure 6-1 The colour cube model for RGB-HSI transformation.
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As shown in Figure 6-1, any a colour in a three band colour composite is a vector P, =(r,,g,,b,) within a
colour cube with edge length of 255 (for 24 bits RGB colour display). The major diagonal line connecting the
origin and the furthest vertex is called grey line because the pixels lying on this line have equal components in
red, green and blue (»=g=>b). The intensity of a colour vector P is defined as the length of its projection on the
grey line, OD, and the hue the azimuth angle around the grey line, o, and the saturation the angle between the
colour vector P and the grey line, ¢. Saturation can be simply calculated as the ratio of the difference of the
maximum and minimum of v, g and b against the maximum of », g and » (Smith 1978). Let the hue angle of
pure blue colour be zero, we then have following RGB-HSI transformation:

[(r,g,b)-—-—ﬁ(r+g+b) (6-1)
2b—g-—r
2V | (6-2)
where V = \/(rz +g° +b°)—(rg+rb+ gb)
Max(r, g,b)— Min(r,g,b)

S(r,g,b)= 6-3
&b Max(r,,b) | o

H(r,g,b)=cos™
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RGB-HSI transformation can also be derived by vector analysis and matrix operation based on the same
colour cube model (Niblack, 1986) as following:

! 1/3 1/3  1/3 R
v 1=1-1/J6 -1/J6 2/V6| |G
v, 1/J6  —2/4J6 0 B

H = tan™ (v, /)

S =V +v]

HSI-RGB transformation:
R I 0204 0612 I
G|=|1 -0204 -0612 1%

B 1 0408 0 v,
v, =S cos2ad
v, = Ssin2zH

(6-4)

(6-5)
(6-6)

(6-7)

(6-8)
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Encode Manipulate Decode

Figure 7.36 I|HS/RGB encoding and decoding for interactive image manip-
ulation. (Adapted from Schowengerdt, 1997.)
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Figure 5.14 The Landsat TM band 5, 3 and 1 data in Figure 5.10c
have been transformed to ISH coordinates, with the intensity and
saturation files stretched and the hue unchanged. The results have
been transformed back to RGB space to produce a vivid range of
colours. Comparison of the two images reveals that the basic colour
differences in the image have not been changed, so that colour can still
be related easily to spectral properties.
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GIS — integrace a analyza
ruznych typu dat

% geologicke a strukturni mapy
¢ geofyzikalni data

¢ geochemicka data

& snimky
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Landsat 7 Topography
Mosalic (DEM)




The depth of penetration of sensors

Surface Technique Platform Property
9
of the Earth 10 Geology ﬁ Lithology, structure
108 Spectral ? [‘* Mineralogy,vegetation
107 |
Depth of Radar (SAR) (_; Rugosity
Penetration
Gamma Rays UK, Th
10°
log (m) Radar (GPR) i Electrical Properties
Electromagnetics { Electrical Properties
Satellite 107 , , :
ﬁb Magnetism i Magentic petrophysics
e 4
Airborne
Seismology i Elasticity
10%6 y
Surface Gravity i Density
@ \4

41



