KANEHOAPHbIW NNAH

Yucno CopepxaHue [13

15.09 | Uenn, 3agauun, cogepxaHne kypca. icnonb3oBaHue [13 B Haykax o 3emre

22.09 | basoBble NPUHUUII, MOHATUSA, OrPaAHUYEHNSA

24.09 | basoBble NPUHUUIbI, MOHATUSA, OrPaAHUYEHUSA

29.09 | CyuwecTtBylOLUNE CbEMOYHbIE cUcTeMbI, TTX, KaTtanorn CHUMKOB +

08.10 [ lNpeoBaputenbHas NoAroToBKka CHUMKOB

22.10 | OnemeHTbl 1 NpU3HaKM gewndpmnpoBaHns

05.11 | GnemeHTbl 1 NpusHaku gewmndpupoBaHmns +

19.11 | Knaccudmkaumsa nsodpaxeHnun (npusHaku, anropmutm, MUHTepnpeTauus) +

HewmdpurpoBaHme (MHTepnpeTauunsi) 3obpakeHnn

MHTepﬂOJ'IFILI,I/IFI pe3yrnbratoB MoJieBbIX onncaHum

ﬂ,3 B 3aavax AUHaMUMKnN n beHKLI,I/IOHI/lpOBaHI/IFI J'IaHﬂ,LIJaCbTHOFO NOKpoBa

[oknagbl no ctatbsim 2010-2012 rr.

NcTtopusa n nepcnektmebl 03

25.12 | 3aver
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STAIlNblI AHATIU3A OA43:

1.

[Moa6op CHUMKOB (TUN CbEMKU, paspeLleHne NPOCTPaHCTBEHHOE U
pagnomMeTpuyeckoe, Ce3oH, 0b61ayHOCTb, NCKaXKEHNS)

[eomeTpuyeckasa Kkoppekuusi (coBmelleHne ¢ paboven reorpadpumyeckon
npoekunen, npmueaska)

PagnomeTtpudeckasa Koppekuns (nepepacyeT «CbipbiX» 3HAaYEHUN SSPKOCTEN
CbeMKW B NOTOK OTpaXXeHHOW CONIHeYHON paanaunmn, 3aperMcTpmpoBaHHbIN

CEHCOPOM crnyTHMKa, BT1/M?). MpuHUMNMansHO Npy MCNoNb30BaHUM CHUMKOB
3a pasHble CPOKU CbEMKN.

PacuyeT nHaeKCHbIX n3obpaxkeHnun, Xxapaktepusyouwme donsnyeckme CBoMCTea
oTpaxaTernbHOW noBepxHocTn (brnonorndeckas npogyktmeHoctb (NDVI),
Temneparypa, BMaXXHOCTb, TEKCTYPHbIE XapaKTepUCTUKU 1 Op.)

Knaccudumkauusa. Bbibop knaccudpukauMoHHbIX NPU3HAKOB B
3aBMCUMOCTMU OT LeJien uccrnengoBaHns, 0COOeHHOCTEN TEPPUTOPUMN U
UCXOAHbIX AAHHbLIX, MPU HEOOXOAUMOCTU CHMXEHME pa3MepPHOCTHU
AaHHbIX, 000CHOBaHUEe MEeTPUKU, cnocoba Knaccucpukaumm, Yyucna
BO3MOXHbIX KJ1aCCOB.

NHTepnpeTauuns nonyveHHbIX KnaccoB. ConocTasBrieHne nosiy4eHHbIM
Krnaccam cpegHuX 3Ha4eHU anpuopHbLIX AaHHbIX U pe3ynLTaToB NOSEBbIX
N3MEpPEHNN CBOMUCTB NaHawadTHOro rnokposa.



the CORINE program (Co-ordination of Information on the Environment)

Level 1

Level 2

1. Adificial surfaces

Level 3

1.1 Urhan fabric

Continuous urban fahric

Discontinuous urban fabric

1.2 Industrial, corrmercial
and transport units

1.1.1
11.2
1.2.1 Industrial or commercial units
1.2.2 Road and rail networks and
associated land
Port areas

1.3 Mine, dump and
canstruction sites

123
1.2.4 Airports
1.3.1 Mineral extraction sites

1.3.2_Durrp sites

1.3.3 Construction sites

1.4 Artificial, non-
agricultural vegetated
areas

Green urhan areas

1.4.2 Sport and leisure facilities

2. Agricultural areas

21 Arable land

2.1.1 Norririgated arable land
212P t i |
2.1.3 Ricefields

2.2 Permanert crops

2.2.1 Vineyards

2.2.2 Fruittrees and berry plantations

2.2.3 Olive groves

2.3 Pastures

231 Pastures

2.4 Heterogeneous
agricultural areas

2.4.1 Annual crops associated with
permanent craps

2.4.3 Land principally occupied by
agriculture with significant areas
of natural vegetation
244 Aoro-forestry areas |

3. Forests and seminatural 3.1 Foreds 3.1.1 Broad-leaved forest
areas 3.1.2 Coniferous forest
3.1.3 Mixed forest
3.2 Shrub andior 3.2.1 Natural grassland
herbaceous vegetation | 3.2.2 Moors and heathland
associations 3.2.3 Sclerophyllous vegetation
3.2.4 Transitional woodland scrub
3.3 Onen spaces with little i
or novegetation 3.3.2 Bare rock
3.3.3 Sparsely veqgetated areas
3.3.4 Burnt areas
3.3.5 Glaciers and perpetual snow |
4. YWetlands 4.1 Inland wetlands 41.1 Inland marshes
41.2 Peat bogs
4.2 Coastal wetlands 4.2.1 Salt marshes
4.2.2 Salines
423 Intertidal flats
5. Water bodies 5.1 Continental waters 51.1 Water courses

5.1.2 Water bodies

5.2 Marine waters

5.2.1 Coastal lagoons
52.2 Estuaries

52.3 Seaandocean




1. Urban or Built-Up Land

11. Residential

12. Commercial Services

13, Industrial

14, Transportation, Communications
15. Industrial and Commercial

16. Mixed Urban or Built-Up Land
17. Other Urban or Built-Up Land

., Agricultural Land

21. Cropland and Pasture

22, Orchards, Groves, Vineyards, Nurseries
23. Confined Feeding Operations
24, Other Agricultural Land

. Rangeland

31. Herbaceous Rangeland

32. Shrub and Brush Rangeland
33. Mixed Rangeland

. Forest Land

Land Cover Classification in the Upper Arkansas River Coeridor Study Area
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HAVILION BT A
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41, Deciduous Forest Land e v o i BT
42, Evergreen Forest Land NIRRT w"‘*-‘}“;’:'g;‘ N,
43, Mixed Forest Land o T gy,

. Water e ‘; 7 ] il it |
51. Streams and Canals i s Sl
52, Lakes : Lacator Map

53. Reservoirs

54. Bays and Estuaries

. Wetland

61. Forested Wetlands

62. Nonforested Wetlands

. Barren Land

71. Dry Salt Flats

72. Beaches

73. Sandy Areas Other than Beaches
74. Bare Exposed Rock

75. Strip Mines, Quarries, and Gravel Pits
76. Transitional Areas

77. Mixed Barren Land

. 8 Tundra

81. Shrub and Brush Tundra

82, Herbaceous Tundra

83. Bare Ground

84, Wet Tundra

85. Mixed Tundra

. Perennial Snow and Ice S s
91. Perennial Snowfields - paisg
92. Glaciers

Gilleland Creek
Land Use / Land Cover

Dova Sousce: Landsat proveded By Chicview arg Linweesal Tranesees Meccator Tore 17 NAD 450
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Cmagraghy and Paming



URBAN & BUILT UP

11 Residential o Michigan Land/Use Cover Classification System
12 Commercial, Services, & Institutional

13 Industrial

14 Transportation, Communication & Utilities .
[15] Map Industrial Parks under appropriate category in Commercial Level " < 1 - 80! 000

Services & Institutional (12) or Industrial (13) Level lll 1:20,000 to 1:80,000

16 Mixed

17 Estractive Level IV > 1:20,000.
19 Open & Other
AGRICULTURAL LAND

21 Cropland, Rotation & Permanent Pasture

22 Orchards, Bush-Fruits, Vineyards & Omamental Horticulture Areas

4 Forest Land (Level |)

23 Confined Feeding Operations 42 Coniferous Forest (Level II)
[28] Inactive Land (These plant communities will be mapped under
herbaceous, rangelands (31). 421 Upland conifers (Level Ill)
29 Other Agricultural Land 4211 White pine predominates (Level IV)
RANGELAND 4212 Red pine predominates (Level IV}

4213 Jack pine predominates (Level IV)
4214 Scotch pine predominates (Level IV)
4215 White spruce perdominates (Level IV)

31 Herbaceous Rangeland
32 Shrub Rangeland

FOREST LADD , 4219 Other (Level IV)

41 Broadleaved Forest (generally deciduous)

42 Coniferous Forest 422 Lowland conifers {Level Il

43 Mixed Conifer-Broadleaved Forest 4221 Cedar predominates (Level IV)

WATER 4222 Black spruce predominates (Level V)

51 Streams & Waterways 4223 Tamarack Predominates (Level I¥)

52 Lakes 4224 Balsam fir-white spruce predominates (Level V)
53 Reservoirs 4225 Balsam fir predominates (Level IV)

54 Great Lakes 4229 Other (Level I¥)

WETLANDS

61 Forested (wooded) Wetlands
62 Non-Forested (hon-wooded) Wetlands

BARREN
71 Salt Flats (not applicable to Michigan)
72 Beaches & Riverbanks
73 Sand Other than Beaches Landuse
74 Bare Exposed Rock 7 ] Ei Adngurarat e
75 Transttional Areas ot ¥ - 5 E%r:gsél';ﬁgd
79 Other N ] UrbanandBuitUp *
TUNDRA (not applicable to Michigan) ‘; Y % ] atiands
& . A

PERMANENT SNOW & ICE (not applicable to Michigan)






KEPXXEHCKWUW 3ANMOBEOHUK




CHeXHbIN NOKPOB B KOPEHHbLIX U NPOU3BOAHLIX coobLWecTBax KOXKHOU Tauru
(UeHTpanbHO-JlecHOMU 3anoBegHUK)

I3

3* HCO 2010

Landsat 5 TM
paspeweHue 30m YCNOBUN CHEroHaKonmneHus







CErMEHTALMNA N30BPAXEHUU (Image Segmentation)

KINTACCUDPUKALINA — pasgeneHune Bcex nukcenem cCHUMKa no nx
crnekTpanbHbIM NPM3HaKam Ha rpynnbl, COOTBETCTBYHOLIME pa3HbIM OObeKTaM

1. Bbi6op npuaHakoB
2 Knaccudpmkaums Knaccudukaums
- 6e3 oby4yeHus C 0by4yeHnem

\/

* IHTepnpeTauus
3.  JlereHpa
* OdbopmneHune KapThl




NCXOOHbIE OAHHBIE

KINACCNPUNKALINA
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NMPOBJIEMbI

-

KnaccndoumkaumoHHble npusHakm (KI)
HenocTtosaHcTBO KT

Cnocob knaccugukaunm
HeonpeneneHHOCTb

[OpobHOCTb (4MCno Knaccos)

ANCKPETHOE MHOXECTBO

e | : !
L4

HEMNPEPbLIBHOE MHOXECTBO

f,fh\\’//~_j

PCA 2




KNACCUDPUKALUA BE3 OBYYHEHUA @

)

OObEKTbl, OTHOCUTENBbHO U30NUPOBaHbLI B MPOCTPAHCTBE NPU3HAKOB

e
>

_»

Apxocts B 6mokueitr UK 30He
Apxocts B 6nmxner UK 30He

>

SIpKOCTh B KpacHOM 30HE SpKocTh B KpacHOI 30He SIpKoCTh B KpacHO#M 30HE

Spxocts B 6mokHer UK 30He

. NacTy 3Ha4YeHUI APKOCTUN pasHbIX OOBEKTOB M KaloTcs
OGnacTn 3HaYEeHUN SPKOCTU He Obnactu sHaue pKOCTW pas OBbEKTOB NepecekatoTe

fepeceKarTcH Koppensauus mexay CyLLecTBYyeT Koppensauus
KNacCMUKALMOHHBIMU MeXAY 30HamNbHbIMM
Cnoco6 napannenenunena npu3HakaMu OTCYTCTBYET 3HaYEHNSIMM APKOCT
(MeTpUKa MMHMManbHOro (MeTpuKa MaKCUManbLHOro
paccTosAHUA) npasgononoous)




KNACCUDPUKALNA BE3 OBYYEHUA: ISODATA

Iterative Self-Organizing Data Analysis Technique
NTepaTUBHbBIN CaMOOPraHN3yLLNKUCS Crnocob aHanusa gaHHbIX

LUAT 1. leneHne npnu3HaKkoBOro LUAI 2. KaxgbIn nukcesrib OTHOCUTCA B LLIAI 3. PesynbsrupytoLlee nosioxkeHue
npocTpaHcTea Ha N paBHbIX onpeaeneHHbI Krnactep No NpuHumMny LEHTPOB WU rpaHuL, Knactepos
AnanasoHoB MWHUMAITbHOIO PacCTosHUSA



KNACCUPUKALNA C OBYHEHUEM

.{i‘fi{:. PR
Ecnu cnekTpanbHble SPpKOCTU BblAeNSAeMbIX 0ObEKTOB MEHSOTCHA HEMNPEPLIBHO U iof'&wg:’“
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X pk 2
S B 5
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Bpmy Bmy Bm3 SpKocTs B 30He 1
SpkocTts B 30HE 1
Knaccudukaumsa cnocobom
Knaccudukayma cnocobom
MI/IHVIMaCJ*'I)bHOI:O accToaHus MAKCMMATIEROTO
P npasgonogobus

CnektpanbHoe pacctosiHme D
PacctosaHne MaxanaHobuca
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KNACCUDPUKALNA BE3 n C OBYHEHUEM
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OnpepeneHHocTb Knaccudgmrkayum

OBOCHOBAHUE OPOBHOCTU KNACCUDPUKALIUAN

’,

6

8
Yueno knaccos

10

ONCKPETHOE MHOXECTBO

HEMNPEPbLIBHOE MHOXECTBO



OBOCHOBAHUE OPOBHOCTU KNACCUDPUKALIUAN

ANXOTOMUYECKAA KITACCUNDPUKALIUA

MEPBbI/ YPOBEHb (2 knacca) BTOPOW YPOBEHb (4 knacca)
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TECTOBbIE USOBPAXEHUA

RGB

Knaccudukauma Ha 3 knacca
pesynberaTt HeonpeaeneHHoCTb

A

Pactp 220 konoHok x 192 cTpok
Yncno nukcenen 42020, n3 Hux HesHavawme (No Data Cells) - 20728
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0.18 |

o o o
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OnpeaeneHHocTb kKnaccudmraLmm
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Yueno knaccos

10

12

14



TECTOBbIE USOBPAXEHUA
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TectoBoe MHOXecTBO RGB nony4eHo coBMeLLEHNEM Tpex
cnyyanHbix nogMmHoxecTB R, G, B. 3HauyeHus anemeHTOB
NOAMHOXECTB Nosly4eHbl reHepaTopoM CryYarHbIX Yucen u
npuHUMatoT 3HavyeHust ot 0 go 1. Paamep TeCToBOro nsobpaxeHuns
100x100 nukcenewn.



TECTOBbIE USOBPAXEHUA 100x100 nukcenen

LleHTpanbHo-JlecHon 3anoBeAHK, Y4aCTKM YCITOBHO-KOPEHHbIX M NPON3BOAHBLIX NIECOB, BETPOBASbl, BEPXOBOE
6onoto "Ctapocensckuin mox" n none a.Crapocernse. PaspelleHue - 28.5 m.

Landsat 7 ETM+ 22 mapTa Landsat 5 TM 27 anpens 2000 Landsat 5 TM 30 masa 1992 Landsat 7 ETM+ 20 utoHs 2001 Landsat 7 ETM+ 27 ceHTs6ps 2000

i 4 i J L}




NMPU3HAKOBOE npocTtpaHcTso, LUAMOYKA C KNCTOYKOM vs. PCA

npeoopaszoBanue Kauth’s Tasseled Cap (LANDSAT 5 for DN Data)
BR =0.33183*b1+0.33121*b2+0.55177*b3 OO011as ApKOCTh, ANBOEI0
(IPKOCTB) +0.42514*b4+0.48087*b5+0.25252*b7
GR =-0.24717*b1-0.16263*b2-0.40639*b3 NHTEHCUBHOCTh (POTOCHHTE3A,
(3emenocth) | +0.85468*b4+0.05493*b5-0.11749*b7 qucTas MpoayKIuUs,
WET =0.13929*b1+0.22490*b2+0.40359*b3 ConepsxkaHye Biard B 3€JICHOM
(BnaxkHocTh) | +0.25178*b4-0.70133*b5-0.45732*b7 dbuTomacce

npeoOpazoBanue Kauth’s Tasseled Cap (LANDSAT 7 for Reflectance Data)

BR =0.3561*b1+0.3972*b2+0.3904*b3+0.6966* | O6Iwas IPKOCTh, AIBOEI0
(IPKOCTB) b4+0.2286*b5+0.1596*b7
GR =-0.3344"b1-0.3544"b2-0.4556"03+0.6966" | MuTencuBHOCTE (POTOCHHTESA,
(zenenocts) | P4-0.02427b5-0.2630"b7 qucTas MpoayKIIUs,
WET =0.2626*b1+0.2141*b2+0.0926*b3+0.0656* ConeprxaHue Bjard B 3€JICHOM




Multispectral data products

Image classification

Maximum likelihood classifier

+ Define a typical (mean) pixel for each class

» Define a covariance matrix (expressess the
shape of the space occupied by the sample)

« Calculate the probability that each pixel in the
image belongs to that class

* Map classes on the basis of confidence levels

* Usually the best classifier, because the shape
of the class’ feature space is taken into account




Multispectral data products
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Image classification ﬁ, F
xX - A b A} A:
X X aa :4
Minimum distance or nearest neighbour classifier 24

+ Define a typical pixel for each class
* Assign pixels on the basis of spectral distance

* Does not account for the shape of space
occuplied by the class




