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LANDSAT

* LANDSAT Orbit Type Sun-Synchronous
 LANDSAT 4,5 MSS Sensor
Characteristics Altitude 705 km
. LANDSAT_ T_M, ETM+ Sensor Inclination 98.2 deg
Characteristics
Period 99 min
San Wavelength (um) Resolution (m) Repeat Cycle 16 days
Blue 1 0.45 - 0.52 30
Green 2 0.52-0.60 30 Band Wavelength (um) Resolution (m)
Red 3 0.63 - 0.69 30
Near IR 4 0.76 - 0.90 30 Green 1 05-0.6 82
SWIR 5 1.55-1.75 30
Thermal IR 6 10.40 - 12.50 120 (TM) 60 (ETM+)  ed 2 06-0.7 82
SWIR 7 2.08 - 2.35 30 Near R 3 0.7-0.8 82
Panchromatic 0.5-0.9 15
Near IR 4 08-1.1 82



Landsat Data Is available for FREE

. . Band Wavelength (um) Resolution (m)
° Path 188’ ROW' 25 Blue 1 0.45 - 0.52 30
e elp188r025 7t200005 = R >
— Red 3 0.63 - 0.69 30
O7_tar_gz Near IR 4 0.76 - 0.90 30
SWIR 5 1.55-1.75 30
¢ G EOT| = Thermal IR 6 10.40 - 12.50 120 (TM) 60 (ETM+)
SWIR 7 2.08 - 2.35 30
Panchromatic 0.5-0.9 15
& | Nazwa Rozmiat | Typ = | Data modyFikac | Dat: =
*|:|1EErDEE_?kEDDDDED?_zS#_nnEl1 Kif 17 823 KB  IrfanView TIF File 2002-09-15 09:19
*|:|1EiEirEl25_?k2EIEIEIEIEEI?_234_nn62.I:iF 17823 KB IrfanView TIF File A002-09-15 09:19
*|:|1EErEI25_?p2I:IDEIEISEI?_234_nnEiEI.|:iF 284 740 KB  IrfanView TIF File 2002-09-15 09:15 J
| *|:|1EErDEE_?tEDDDDED?_234_nn1EI.tif 71217KB  Irfanview TIF File 2002-09-15 0909
*|:|1EErDEE_?tEDDDDED?_ES4_|'||'|2EI.tif 71217KB  Irfanview TIF File 2002-09-15 0909
*p1EEFDEE_._-"|I2|:||:||:||:|5|:|._-"_E34_I'|I'|3|:|.|Ii|: 71217 KE  IrfanView TIF File A002-09-15 09:09
*p1EEFDEE_._-"|I2|:||:||:||:|5|:|._-"_234_I'II'I4|:|.|Ii|: 71217KB  IrfanView TIF File 2002-09-15 09:09
*|:|1EErDEE_?tEDDEIEIEEI?_ES4_|'||'|5EI.tif 71217KB  Irfanview TIF File 2002-09-15 0909
*|:|1EErDEE_?tEDDDDED?_ES4_|'||'|F"EI.tif 71217KB  Irfanview TIF File 2002-09-15 0909 -
|4 I iy 3




Image processing

* Pre-processing — later will be explained
 Image enhancement
e Data extraction — later will be explained




Digital image

Histogram
Contrast stretching
Color composite

Data:
— IKONOS (B, G, R, IR, PAN)

— LANDSAT (TM1, TM2, TM3, TM4, TM5, TM6, TM7,
TM8)



Digital image

B8 blue: Map blue - ILWIS ;Iglﬂ

File Edit Layers Options Help

(DO & e al; &2 |||
= =1 | iy

E}i@ B blue - Map blus
7 Properties

»

1,168 I 420667 57, 5547369.98) &




Histogram

Histogram "blue" - TableHistogram{blue.mpr) - ILWIS - |EI|£|

File Edit Colurmns Records Yiew Help

|Gt <« B >

Iﬂj npix NpixXpct pOCROTCZEro| hpixcuwn |(hpocumpot Area s
0 1 0.00 0.00 1 0.00 16
o000 1 0 0.00 0.00 1 0.00 o
2 0 0.00 0.00 1 0.00 ]
20000 3 0 0.00 0.00 1 0.00 ]
4 0 0.00 0.00 1 0.00 ]
70000 [ 0 0.00 0.00 1 0.00 ]
& 0 0.00 .00 1 0.00 0
w 7 0 0.00 .00 1 0.00 ]
2 60000 g 0 0.00 0.00 1 0.00 o
= 9 0 0.00 0.00 1 0.00 o
; 500004 10 0 0.00 0.00 1 0.00 ]
E 11 0 0.00 0.00 1 0.00 ]
5 40000+ 1z 0 0.00 0.00 1 0.00 o
= 13 0 0.00 0.00 1 0.00 ]
30000+ 14 0 0.00 .00 1 o.00 o
15 0 0.00 .00 1 0.00 0
20000+ 1a o o0.0oo0 o.oo 1 0.00 DLI
100004 Min 0 0.00 0.00 1 0.00 Of =
Max 24535 9.94 9,94 953694 100.00 1517360
0 g 3725 0.39 0.39 518588 55.583 S980A
] : . J J Sth 13434 1.41 1.41 311953 3z.71 214945
u 50 1od 150 200 250 Surn 953694 99.95 99.95| 209555477|21973.45 15259104|"
1| | »
Mean=36.27 Std.Dev=7.67 a]
Median=34 Pred=31 (94835)
0.0% int= 0:255 0.5% int= 26: 68
1.0% int= 26: 62 2.0% int= 27: 54
5.0% int= 28: 50 10.0% int= 29: 485
Kl

Double click ta change column properties of npixpct: Percentage of pixels

-sl_l‘_



Visualisation without contrast
stretching

B blue: Map blue - ILWIS — ;IE'Z‘

File Edt Layers Options Help splay Options - Raster Map ﬂ
DB A e &l | @e || |

Big@ blue - Map blue Raster Mﬂp blue

Properties

Ik ap blus

[ramain Image
V¥ Info

Minimurn: O M agimum: 265
[" Scale Limits
[ Transparent

[~ Test

Bepresentation I@gra}l jd
[ Shetch EI

© Light & Momal © Dak  © Gray

[" Create Pyramid Layers

QK I Eancell Help |

1,878 I 42350595, 5547369 98) A




Histogram stretchnig

Histogram “blue_s" - TableHistogram(blue_s.mpr) - ILWIS - |EI|5|
File Edit Columns Records Wiew Help
ELREEEIER: |
mj npix npixpct poctnotzero| npixcum npcumnpct Area -
[u} 6168 0.65 0.00 6168 0.65 95685
onnnn- il i} 0.00 0.00 6168 0.65 af
2 i} 0.00 0.00 6168 0.65 i}
S0000 3 i} 0.00 0.00 6168 0.65 i}
q i} 0.00 0.00 6168 0.65 i}
Z00004 5 i} 0.00 0.00 6165 0.65 i}
£ [u} 0.00 0.00 6168 0.65 [u}
2 0000 7 13651 1.43 1.44 13819 z2.08 218416
= 3 i} 0.00 0.00 13819 z.08 i}
By | 9 i} 0.00 0.00 19819 z.08 i}
; 50000 | 10 i} 0.00 0.00 19819 z.08 i}
= 11 i} 0.00 0.00 19819 z.08 i}
£ 40000+ | 1z 0 0.00 0.00 19819 Z.08 0
= 13 [u} 0.00 0.00 19819 z2.08 [u}
30000+ | 14 32505 3.41 3.43 52324 5.49 520080
15 i} 0.00 0.00 52324 5.49 i}
200004 J 15 il 0.00 0.00 52324 5.49 DL|
100004 | Min [u} 0.00 0.00 6168 0.65 0| =
Max 94535 3.94 10.01 9536394 100.00 1517360
. |||||II||||. v 3725 0.39 0.39 665559 71.88 59606
J ! J J StD 15450 1.41 1.42 300051 31.46 215205
o 50 100 150 200 230 Sum 953634 93.99 100.01| 175503109|18402.54 15253104 >
1| | »
Mean=71.98 Std.Dev=50.19 2]
Median=57 Pred=35 [94535)
0.0% int=  0:255 0.5% int= 6:255
1.0% int=  7:254 2.0% int= 13:219
5.0% int= 20:176 10.0% int= 21:142
w
Kl _'IJ

Daouble click ta change column properties of npix: Number of pixels




Visualisation after stretching

B blue: Map blue - ILWIS
Ele Edit Layers Options Help play Options - Raster Map X|

EEER N NN

Ei@mblua-mapblue \ > . ; = % : Y : ; : Il o ¥ St Raster Mﬂp blue

Properties

M ap blus

Diamain Image

v Irifio

Minimurn: 0 Maxirmum: 255
[ Scale Limits

[" Transparent

[~ Text

Reprezentation I@gra}l jd
@ St

" Light f* Momal  Dak Gray

[ Create Pyramid Layers

ak. I Cancell Help |

[t,1g8 [ 420e67.57, So4rzena) | o
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Visualisation after equalization

File Edit Layers Cptions Help

=T N

6,342 [ 423362 40, B5473E0.4L) | 4

Histogram “blue_s ableHistogram(blue_s2.mpr) - =100 x|
Fle Edit Columns Records Yiew Help
& b | t W <@ rm ‘
@ value npix npiXpot| npixcum  npowmpot Area =
1 1 6i6a| 0.65 6168 0.65 58688
90000 2 4 13651 1.43 19819 z.08 218416
3 10 32505  3.41 52324 5.49 szo080
0000 4 2z 53302 5.59 105626 11.08 g52832
5 40 80304 8.42 185930  19.50 1284864
70000 3 63 24835 9.94 280765  29.44 1517360
- 7 88 88310  9.28% 368075 38.70 1412960
Rk g 108 66477 6.97 435552]  45.67 1063632 ||
= E 126 66683  6.99 502235 52.66 1066928
5 50000 10 143 55785  5.85 sse0z0|  58.51 892560
B 11 157 47857 5.02 605877 63.53 765712
£ 40000 12z 163 41812  4.38 647789 §7.92 670592
El 13 178 30515  3.20 676304 71.12 466240
30000 14 187 33426)  3.50 711730)  74.63 534816
15 196 30380)  3.13 742110 77.81 486080
20000 16 203 27317|  2.88 769427 80.68 437072
17 210 24194 2.54 793621 83.22 387104] |
oA Min 1 3130 0.33 5168 0.65 S0050[ -
0 Hax 2586 94835  9.94 953694) 100.00 1517360
T T T 1 vy 181 26492 2.78 685420 71.87 423864
o <l iy Vam;ED 24l Z2y Sth 64 26390  z.77 304760)  31.95 422235
S?m 6513 953694| 99.99| 24675105 2587.32 152591&3 ¥
1
Mean=126.50 Std. Dev=73.71 =
Median=12 Pred=63 (24835)
0.0% in 0.5% int=  1:255
1.0% in 2.0% inf 4:251
5.0% int= : 10.0% int= 22:231
Ll b
Double dlick to change column propertiss of npix; Number of pixels i
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Color composite

B rgb: MapColorComp2 o el

File Edit Layers Options Help

[k R & | &

=ik B rab - MapColorCe
=-E& Properties

[1,687 [ 422742.52, S547369.04) 7

12



Color composite

Rile Edit Layers Options Help

DO % ve ey @M

1B Properties

|g,837 [ 42334282, So47343.88) 4

13



Interpretation key

Part of the image with the object and Its
descriptions

14



key

10N

Interpretat

15



Interpretation key

Forest - 1 Structure:

*Color- red

+Structure — coarse, barankowa smooth (amorphous )

fine
ecoarse 16



Interpretation key

Grass - 2 Structure:

esmooth (amorphous )
«fine
scoarse

*Color- ligh red
*Strukture — amophous

17



Interpretation key

Urban- 3

*Color Stl‘u Ctu re.
ssteel esmooth (amorphous )
*gree «fine

*Strukture scoarse
ecoarse sspotted
«fine LI

18




Interpretation key

Structure:
Water - 4 *smooth (amorphous )
*Kolor — black :]::I(r)lzrse
«Struktura — amorphous

sspotted

i 19



Interpretation key

Bare soils - 5
*Color — cyan - bright
*Structure — spotted

Structure:

esmooth (amorphous )
«fine

scoarse

sspotted

20



Interpretation key

Wastelands- 6

*Color - dark grees, with red
strips
*Strukture — spotted

Structure

esmooth @morpho
«fine

scoarse

sspotted

21



Interpretation key

Structure:

esmooth (amorphous )

Roofs res 7 “fine
ecoarse
Color - green spotted

*Strukture - amorphous

22



Image classification

e Unsupervised
e Supervised

23



Base of automatic classification

i =]
V1052631 + 08MBIEK 1= 0990578 i :
B Regression Parameters: Y = 3545751 + 0984835 Regression Parameters:
il i G e S e S . B X akis: pl89r0ZE TLEZO000507 =84 nndl
20 T axis: plBSr0ZE Te20000507 234 nnZ0 Y axis: pl8gr0Z5_7c20000507_z34 nnso
200 R : Cosff. of Deo. = 98.12 & I = 5 . Cosff. of Dat. gl.l8 %
i : iz ’ gud. Dev. of X e 4l. 222661 b | : CE 8cd. Dev. of ¥ 44.4835832
i ; gtd. Dev. of T = 35.160148 3 ] ! i Std. Dev. of T = 4B.szlze3
160 §.E. of Estimate = 4.B1EL73 L | - - 5.E. of Estimate Z1. 095491
= il std. Error of Beta = 0.000014 : E 1 K std. Error of Beta 0.000086
i Bl e I e t Stat for ¥ or Bera = 61741.03153% . =] 3 s ks AR S
& ol ! [ t Gtat for Beta =» 1 = -11334,267628 i t Stat for Beta <> 1 = -271.310525
¢ Shis Siaw = 27860760 1 Sample Size (n) 72860760

100 e G = L K| Apparent df 5 72EE0758
&0 -

&0 I Ehoi Reaession Ling

40 = s i e .

s : : : 20 i = 2 e Save o Cipboard |
20 z ‘ Save to Clipboard | Close | 5 i i
0 ‘/: T " . . R | = | 0615 27 39 51 6372 84 55108 123138 153 158 183 199 213 228 243 Piint |
g | ¥ E g 5 rin &l
0615 27 30 51 B372 84 96105 123 138 153 165 183 188 213 226 243 P [ — C ——
- — O —— low frequency high frequency
lows frequency high frequency

— Graph Type Mode ——— [ Graphic View Settings
& Bar Graph

 Line Graph

£~ Agea Graph | | © Cumulative | | {5 New width |2 £ Mew class number | Update |

Histogram of p188r025_7t20000507_z34 nnS0

& Frequency Display graph  from  [38 o [152

— Summary Statistics
| Class width | Mean | Actusl min | &otual max | N | Sid deviation |
e | ev.sz3 | o | =55 | 4.o0398E7 | 25388 |

Broad Clusters

1200000 + ===+ Fine Clusters
1000000

S00000

Frequency

500000

400000

200000

42 48 54 B0 66 72 78 B84 90 96 102 108 114 120 126 132 138 144 150 156 Reflectance

Figuee 1

Save to Cliphoard | Frirnt Close Help

24



Cluster unsupervised classifcation

L1 wis Open - [D:d.
[ File Edit  Opetations

lzoDB2e X

5[]
Y

Vigw ' Window Help

»EEE

| mneanleapBnlcanernzmmme=+DoEnslaE
“show cluster.mpr j|
3 & tm3_m Eme
Operation-List | Mavigator | 23 mZp @ tm3_ms @ tm&
Operation-Tres 23_m5p B trra_ms B tma
Show - 23 m_p @ tmd Editma_m
[T Pixel Infa 23_meq Ehitma B tme_m
Edit [ tmd ENtme_m

Wisualization
[ Raster Cperations

TLWIS Help ' [

= F3 Image Processing =] = ﬁ Jon| Znalezione tematy i x|
B Filer Ukipp  Wwitecz  Dalg Stat Cecion S - o
B Stretch | Elikrij ternat. a hastepnie kliknij praycizk wiswist] d
ER) slicing Spistredoi  Indeks IW_I_,Iszul_<ai| Ulubioﬂel [ Tyt |
BB Color Separation Wipisz skawo kluczowe, kidre choesz Cluster
Color Composite Inter zZhalesc:
R Color Compasite Cluster : command line
B Cluster |cluster Cluster : dialog box
Sample Map Cluster : functionality
BB Classity Pﬂ
ER) Resample CODE
&% Epipolar Stereo Pair Code_ c_:onsistenc:y in segments i |
FF Stereo Pair From DTM Cakriging ’ﬁ i
. et L
= m Statls.tlcs Color composite
[} Histogram Color composite [interactive)
[T Raster Calor domain Menu commands
MaplList Eolor functlops Mottt s
. Pal olor separation
% S:g‘ﬁ:::s COLORKSI
Caolars
[ points Column management
=1 3 Interpolation B2 m Colurnn operations
B Densify Raster Map Column Properties
B Kriging Fram Raster @ tm2_m | | Column semi-variogram
aing B tmz_me | Column slicing
B Interpolate Contours 2 e | Column staistics
R Paint Interpolation @ =" |Columndgagregate
) ector Operations tm3_ Columndggregatedyg |
@ Rasterize Dth_ Calrandiaoran stal"nk
ER) Yectarize [ w3 Wipdiiet] |
[ Table Operations Ehim3_ j
F|||'=| Create | _ILI 8 tma_m -
4 »

25



Mumber of Input Maps
i1 T2 3 4

Iﬁ tril_rm

I ERtm2_m

Led Led el

I B3 _m

Mumber of Clusters E

Output B aszter Map ||:Iuster

Dezcription:

¥ Output Table |

Shiow | Define |

Cancel |

Help

B cluster: MapCluster{mlist{tm1_m,tm2_m,tm3_m)},10,cluster]) - ILWIS

File Edit Layers Options Help
EEIER I NN =

=iEAER cluster - MapClus
4 Properties

Il cluster 4
l:lcluster 5
[ chusters
l:lCIuster 7
-Cluster g
Pl cluster o
-Cluster 10

26



Statistics

wr ()= " oo —% ’

5, = War (X)

KOW(X,Y) = 3" (X = )(% = 4)

b = Kow(x.Y)
Xy 5,0,

27



Variable - example

10 12 15 mean =12
10 12 12 variance = 4
10 10 15 | Standard deviation = 2
T™M1
35
$
30
- \\
* L 2
20 oo 2
15
R? = 0.2392
10
5
0 I I I
0 5 10 15

20

Covariance = -4.5

22 20 21

20 22 22

33 32 21
T™M2

mean =24

variance =25

Standard deviation =5

Correlation cooeficient = -0.489

28



Correlation between channels

(&l MatrixCorr{grupa_w) - ILWIS

Fil= Edit ‘iew Help

=10l |

Mean per bhand: ;I
g0, 00 66 .99 61.19 o0, 64 gz .90 61.09
Std. per band:
g.39 12 .42 21.73 19.89 25.27 28.89
.
Kl _'*I_I
grups w 1 grups w o2 grupa w 3 |grupa w 4| grupa w oS grupa w & :J
grupsa w1 1.00 0.95 0.95 -0.26 0.7s 0.37
grupsa w2 0.95 1.00 o.o7 -0.11 0.:54 o.37
grupa w3 0.95 o.97 1.00 -0.26 0.c54 0.9z
grupa w 4 -0.26 -0.11 -0.26 1.00 0.04 -0.24
grupa w 5 o.7a 0.34 0.34 0.04 1.00 0.94
grupa w b 0.37 0.37 0.9z -0.24 0.54 1.00
.
Kl _'*I_I

29



Training fields

i Sample Set Editor: pola_tr1 = |§ |5|
File Edit Layers Options Help

|DOXx G| &b

Sample 5tal ?_<i
| 2 laz i - I

Band Hean Sthev Nr Pred Tot-ald

1z 69.3 1.8 460 7o 2086
il 45.0 1.6 541 o B 2086
3 358.9 2.2 410 38 2086
i el £t ke 4.2 270 G 52 20886
5] 49.7 4.8 215 A5 2086
[ Z8.6 3.1 302 28 Z026

Current Selection:
3B 0.0

0.0
0.0
0.0
0.0
0.0
0.0

[780,1786 || 450870.88, 5547809.41) | 50°04'40,88"N, 20°15'47 99

Microsaft Po... | [©)] skrzynka odb...l 124 Total Comma. .. | E8 2 adobere... v”ﬁa Twis30 - [ Microsoft E-xc...l ] Dokurrient1 - | | E | e 2 2000

Q-jst_artl 2 2 Windaws ... v| |5 Eksplorat, .. -| 53 Internet ... v|

30



Training fields

i pola_tr1: Map pola_tr1 - ILWIS 101 =l

File Edit Lavers ©Options Help

Do % ey ®e [|fEEs

=EEEA B pola_trl - Map p b
i Properties

[ 4: zabud

2

[74,1453  [{ 441380,39, 5567927.44) | S0°1538.00°N, 20°10039,35°E

4
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Base of automatic classification

i =]
V1052631 + 08MBIEK 1= 0990578 i :
B Regression Parameters: Y = 3545751 + 0984835 Regression Parameters:
il i G e S e S . B X akis: pl89r0ZE TLEZO000507 =84 nndl
20 T axis: plBSr0ZE Te20000507 234 nnZ0 Y axis: pl8gr0Z5_7c20000507_z34 nnso
200 R : Cosff. of Deo. = 98.12 & I = 5 . Cosff. of Dat. gl.l8 %
i : iz ’ gud. Dev. of X e 4l. 222661 b | : CE 8cd. Dev. of ¥ 44.4835832
i ; gtd. Dev. of T = 35.160148 3 ] ! i Std. Dev. of T = 4B.szlze3
160 §.E. of Estimate = 4.B1EL73 L | - - 5.E. of Estimate Z1. 095491
= il std. Error of Beta = 0.000014 : E 1 K std. Error of Beta 0.000086
i Bl e I e t Stat for ¥ or Bera = 61741.03153% . =] 3 s ks AR S
& ol ! [ t Gtat for Beta =» 1 = -11334,267628 i t Stat for Beta <> 1 = -271.310525
¢ Shis Siaw = 27860760 1 Sample Size (n) 72860760

100 e G = L K| Apparent df 5 72EE0758
&0 -

&0 I Ehoi Reaession Ling

40 = s i e .

s : : : 20 i = 2 e Save o Cipboard |
20 z ‘ Save to Clipboard | Close | 5 i i
0 ‘/: T " . . R | = | 0615 27 39 51 6372 84 55108 123138 153 158 183 199 213 228 243 Piint |
g | ¥ E g 5 rin &l
0615 27 30 51 B372 84 96105 123 138 153 165 183 188 213 226 243 P [ — C ——
- — O —— low frequency high frequency
lows frequency high frequency

— Graph Type Mode ——— [ Graphic View Settings
& Bar Graph

 Line Graph

£~ Agea Graph | | © Cumulative | | {5 New width |2 £ Mew class number | Update |

Histogram of p188r025_7t20000507_z34 nnS0

& Frequency Display graph  from  [38 o [152

— Summary Statistics
| Class width | Mean | Actusl min | &otual max | N | Sid deviation |
e | ev.sz3 | o | =55 | 4.o0398E7 | 25388 |

Broad Clusters

1200000 + ===+ Fine Clusters
1000000

S00000

Frequency

500000

400000

200000

42 48 54 B0 66 72 78 B84 90 96 102 108 114 120 126 132 138 144 150 156 Reflectance

Figuee 1

Save to Cliphoard | Frirnt Close Help
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grupa_w 2

250

200

150

100

S0

Statistics of training fields

wers  iopkions  Help

MapListApplic{grupa,MapSubMapCoords{##,400000,5570000,4 70000,5
eabture space for grupa_w_ 1 and grupa_ w2 |

¢ dme @ |k

— 4

1= | | ||[i:e7878
2504
200

150+

grupa_w_4

T T
s0 100 150 =200 =250 100
grupa_ w1

S0+

T T
200 250

lreature space for grupa_w_3 and grupa_w_4 |
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Classification methods

The following classification methods are
available:

Box classifier, using a multiplication factor,

Minimum Distance, optionally using a threshold
value,

Minimum Mahalanobis distance, optionally using
a threshold value,

Maximum Likelihood, optionally using a
threshold value,

Maximum Likelihood including Prior
Probabllities, optionally using a threshold value.

34



Classification methods

Prior to any classification, empirical statistics are drawn from the training
pixels in the input sample set. These sample statistics are calculated per
class of training pixels and per band. For instance, for a single class (i), n
mean values are calculated when there are n input bands; these n mean
values together are called the class mean (vector) for that class (mi).

Depending on the selected classification method, the following statistics are
calculated:
for each class i of training pixels:

— the means of training pixels per band (mi),

— in case of box classifier: the variance of the training pixels per band,

— the standard deviation of the training pixels per band (should be > 0),

— the predominant value (mode) per band,

— in case of Minimum Mahalanobis distance, Maximum Likelihood and Prior
Probability classifier: an n x n variance-covariance matrix (Vi) which stores class
variance per band, and class covariance between bands.

For each feature vector to be classified, these statistics are used to
calculate the shortest 'distance’ towards the training classes. All
classification decisions are thus based on these statistical empirical
parameters.

35



Supervised classification
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Box classifier

For each class, a multi-dimensional box is
drawn around the class mean.

For each class, the size of the box is U Wy RS

- [} .
calculated as: W oY ouu 25553
(class mean * standard deviation per ‘u ueu Wit c7
* . e . e . L LELy e C P
band) * multiplication factor b u u i ]
= u u ad ELE
= PP | 55t WL T - Y
o ] fa T th
« If afeature vector falls inside a box, = .t g d:
then the corresponding class name is s ! a9
assigned. s B Pl amd o
- if a feature vector falls within two w o 1 N A
boxes, the class hame of the box with Band IR

the smallest product of standard
deviations is assigned, i.e. the class
name of the smallest box.

» |f a feature vector does not fall within a
box, the undefined value is assigned.



Minimum Distance to Mean

For each feature vector, the
distances towards class
means are calculated.

The shortest Euclidian
distance to a class mean is
found:;

if this shortest distance to a
class mean is smaller than the
user-defined threshold, then
this class name is assigned to
the output pixel.

else the undefined value is
assigned.
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Mindist (100 i 50)

Dist{50.000000))

] . _ _ _ 393839

A th -‘;;f

S0°16'34. 21N, 20°0749.92°E 51764 [ 450237.66, 5560907.30) | S0°1645.11°N, 20°181

[t2,1336 [ 438045.89, 5560895.59)

39



Minimum Mahalanobis distance:

For each feature vector, the Mahalanobis distances towards class means are
calculated. This includes the calculation of the variance-covariance matrix V

for each class i.
The Mahalanobis distance is calculated as:

di(x) =y"Vity
For an explanation of the parameters, see Maximum Likelihood classifier.

« For each feature vector X, the shortest Mahalanobis distance to a class
mean is found;

e |f this shortest distance to a class mean is smaller than the user-defined
threshold, then this class name is assigned to the output pixel.

» else the undefined value is assigned.
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Machalanobis distance

Z 5
4 i dlﬁ(y’u) 22 4 dﬂf (}7’ F’l) = 2 y‘
3 3 -
2 %% .“ X o1l o _O-x .H .y
Ov. ' d (xp)=2 Oy -
1 m( ’“) 1 d”r(x,“):l
s 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
don (%, 18) = V(21 = )2+ .+ (20 = i)’
m "” 1 #1 n ,u'n d ( ) \/(Il - #1)2 (I‘ﬂ - f-"‘n)g
T X!'-’t' - - a0 + Qoo + —_—
= V(x - wI(x - p)T i o
= V=D (x— w7
gdzie ) jest macierzg diagonalng djag(gf, Ug, . __O—i)_
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Machalanobis distance

di(x) = yTVity

_— . .
0 1 2 3 4 5 [] 7
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Maximum Likelihood

For each feature vector, the distances towards class means are calculated. This includes the
calculation of the variance-covariance matrix V for each class i.

The formula used in Maximum Likelihood reads:
d(x) =In|V[+yTVly

where:

« d. - distance between feature vector (x) and a class mean (m,) based on probabilities

* 'V, -the n x n variance-covariance matrix of class i, where n is the number of input bands
* |V]| - determinant of V,

* V1 theinverse of V,

Y -Xx-mij;is the difference vector between feature vector x and class mean vector m,
 yT-the transposed of y

« For each feature vector x, the shortest distance di to a class mean m; is found,;

« if this shortest distance to a class mean is smaller than the user-defined threshold, then this class
name is assigned to the output pixel.

* else the undefined value is assigned.
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File Edit

Maximum Likelihood

Layers Opkions  Help

Properties
Legend
: forest_c
: Forest_d
1 grass
+ sail
1 urban
1 wiaker

|589,1390 |( 449555.75, S543252.14)

| 50°02'21,95"N, 20°17'45.64'E

4
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Accuracy analysis

e Control fields

§|_ Fle  Edit Layers OpOons Help

E
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E14RA B punkky_kontrolne
E-EY' Properties
=5 Legend
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Accuracy analysis — cross matrix

[ MatrinConfusion{D:elp188r025_7t20000507" cross_tabl.tbt,punkty_kontrolnel,n - | I:Ilil
File Edit Wiew Help
Lverage LAocouracy = g0.20 % ;I
Iverage Relishlity = S51.17 =%
|[rrerall Accuracy = 85.98 %

.
< :

laki la=z 1 laz 1 pola woda zabud MMCLASSI]ACCTIRACY :l

laki = Q 54 Q Q Q Q 0.14
la=z i Q 117 Q Q Q Q Q 1.00
laz 1 14 3 150 0 0 0 0 o.20
pola Q Q Q g1 Q Q Q 1.00
woda Q Q Q Q 464 Q Q 1.00
zabud 1 a 14 a Q 111 Q .77
BELILEILITY 0.38 0.91 0.e&9 o.20 1.00 1.00

.
Kl ¥
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Accuracy analysis

Sal e




Overall accuracy

User’s accuracy

| ElFoiski | gmroski | @[ 5 =12

=

=i

;aka Drruky Opcie

Interpretation of a confusion matrix:
Consider the following example of a confusion matrix:
CLASSIFICATION RESULTS

forest bush crop urban bare vater ACC
GROUND forest 440 40 [a] [a] 30 10 0.83
TRUTH bush 20 220 [a] [a] 410 10 0.71
crop i0 i0 210 10 =11 10 o0.58
urban 20 [a] 20 240 100 10 0.586
bare [a] [a] 10 10 230 [a] o.es
watar o 20 [a] [a] [a] z40 0.8s
REL 0.50 0.76 o0.88 0.82 0.51 0.86

Average accuracy 74.25%

fverage reliability = B0.38%

Owerall accuracy = 73.15%

In the example above:

m unclass reprezents the Unclassified column,

m ACC represents the Accuracy column,

m REL represents the Reliability column.

Explanation:

= Rows correspond to classes in the ground truth map (or test =et).

m Columns correspond to claszes in the classification result.

m The disgonal elsments in the matrix represent the number of correctly classified pixels of sach class, i.e. the number of ground truth pixels with a certain class name that
actually obtained the same class name during classification. In the example above, 440 pixels of 'forest’ in the test set were correctly classified as 'forest' in the classified
image.

m The off-disgonal elements represent misclaszsified pixelz or the claz=ification errore, i.e. the number of ground truth pixels that ended up in another class during

classification. In the example above, 40 pixels of 'forest’ in the test set were clas

m Off-diagonal re

errors of omi

m Off-diagonal
MUTiS S

fied as 'bush' in the classified image.

v elements repre=ent ground truth pixels of a certain class whlch were excluded from that class during classification. Such errors are also known as
n or exclusion. For example, 50 ground truth pixels of 'crop' were excluded from the 'crop' class in the classification and ended up in the 'bare’ clas
umn elements reprezent ground truth pixels of other claszes that were included in a certain classzification class. Such errors are alzo known as srrors
o on or inclusion. Fc:r example 100 ground truth pixels of 'urban’ were included in the 'bare’ clazs by the classification.

m The figures in column Unclsssified represent the ground truth pixels that were found not classified in the classified image.

Accuracy (also known as producer's accurac The figures in column Accuracy (ACC) present the accuracy of your classification: it is the fraction of correctly classified pixels
with regard to all pixels of that ground truth class. For each class of ground truth pixels (row), the number of correctly classified pixels is divided by the total number of ground
truth or test pixels of that class. For example, for the 'forest’ class, the accuracy is 440/330 = 0.83 meaning that approximately 83% of the forest’ ground truth pixels also
appear as 'forest' pixels in the classified image.

(alsc known as user's accuracy): The figures in row Rslisbility (REL) present the reliability of classes in the classified image: it is the fraction of correctly classifi
h regard to all pixels classified as this class in the cla ied image. For each class in the classified image (column), the number of correctly classified pixels is
by the total number of pixels which were claszified a= this clazs. For example, for the forest’ class, the reliability iz 440/490 = 0.30 meaning that approximately S0% CF the
‘forest’ pixelzs in the classified imaage actually represent 'forest' on the ground.

s is calculated as the sum of the accuracy figures in column Accuracy divided by the number of classes in the test set.
calculated as the sum of the reliability figures in column Reliability divided by the number of classes in the test set.
iz calculated as the total number of correctly classified pixels (dlagcnal elen1ent=l divided by the total number of test pixels.

Wi

From the example above, you can conclude that the test zet claszes 'crop’ and 'urban’ were difficult to clazsify a= many of such test =zet pixels were excluded from the 'crop’
and the 'urban' claszes, thus the areas of these claszesz in the classified image are probably underestimated. On the other hand, class 'bare’ in the image is not very reliable as
many test set pixels of other classes were included in the 'bare' class in the classified image, thus the area of the 'bare’ class in the classified image is probably overestimated.

MNote:
The results of your confusion matrix highly depend on the selection of ground truth / test set pixels. You may find yourself in a situation of the chicken-egg problem with your
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