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, 
) 

. 
 «

».

 ( -
, , .) -
, . 
,  ( , -

, -
.) -

.  -
:

1. ScanEx IMAGE Processor v3.6.15 –  « -
 « » (  – Image Processor). -

, , – -
-

.
2. ScanMagic v2.8.2 –  «

 « » (  – ScanMagic). , -

, .
3. ArcGIS 10.1 –  ESRI – Environmental Systems Research

Institute (  ArcGIS). , 
6

, -
. -

, . , -
.

 Image Processor 
 [29, 30] – -

, . 
-

, 
http://www.scanex.ru/ru/software/downloads.asp:
1. ScanEx IMAGE Processor Lite v3.6 ( , – 

, 
);

2. ScanMagic Lite v2.7 ( , -
).

 ( ,
ScanEx Image Processor Lite , 
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, 
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 ( . open

source – ), -
, . 
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 [31–
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. , 
. , -
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.
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, .
 ( ) -
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8
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 – . -

 ( ) ,
 Image Processor  ArcGIS. 
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.

-
 [4, 8, 9, 11, 12, 14, 15, 16, 20, 21, 27], ,

. 

, [5, 7, 10, 23, 24]), . -
, -

, 
 [22, 29, 30]. 

 Image Processor
 – ArcGIS) 

,  [18, 19, 26].

 – , -

-
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 – 1 ) . , 

, . . -
-
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, 
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 ( , -

)  ( ). -
 (

),  (  – ,
) . -

10

 ( , -
)  ( , ), -

. -
:

, -
, 

. 
 4  11 , 
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.2.1], [25, .2], [27, .2], [28].

-
. , 

(0,35  – 1,4 )  ( )
 ( ), -

. 
, -

.  – -
 ( ), , -

. – -
.

-
,  – . -

, 
. -

 ( ) ,
, 

.

. air-born; , , )
 ( . space-born;  – 

, , 
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 – ,  ( -
-, -, .), -

, , , , – -
.
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)  ( ). -
 [8, .2.2-2.4], [13, .8], [25, .2], [27,

.2], [28].

 ( )
 ( ) -

, .
-

, 
 (  – -

, ) 
; , -

). 
 « » , -

. 
.

,  « » -
; 

 (  – ) 
 ( , ) . 

 – 
-

.  (
, ) -

. -
, , -

.
-

 (  6 
16 )  (

 – ) ; 
 ( ), 

. -
-

. -
,  – -

. , -
 ( , 

), , .

12

-
, , 

. 
, -

.  ( , -
)  ( , .)

.
 [4, .3, 5], [25, . 3-6], [15]. -

,  [25] 
, 

.

-
, ,

 (RGB, – Red, Green, Blue). 
,

 RGB.
 CMY (Cyan, Magenta,

Yellow – , -
, )  HSI (Hue, Saturation, Intensity,
 – , ). 

, 
, -

 – . 

. -
 [4, .6].
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 2

 (
 1946 .) 

, -
. 

, :
–  ( , );
–  ( , );
–  –  (NOAA), -

 (TERRA, AQUA, NPP…),  (LANDSAT, SPOT, UK-
DMC2…),  (QuickBird, IKONOS, WorldView, GeoEye, EROS,
Pleiades…);

–  ( , ) .
-

, :
–  ( );
–  ( );
–  ( );
–  ( );
–  ( );
–  ( , , , ).

-
, 

, , 
. 

-

. -
.

 [8, .5], [25, . 3-4], [31-38].
 ( , Google Earth) 

,  ( -
). -

, 
. -

 ( , ), -
. , -

.

14

, 

, .
:

–  0 (level-0) – ;
–  1 (level-1, ) – -

 (  1A),  (1B);
–  2 (level-2, ) – 

,  – -
 (  2A) -

 (  2B).
,  0  1 

-
. -

, 
, , , -

. -
 ( , , , .). -

, -
. -

-
 (  fusion). 

 [27, . 7-8], [29].
 ( ,  LANDSAT) 

 2, 
.

:

-
 ( ), -

, -
 ( , , -

, .). 
-

 Image Processor  ArcGIS . 
, Image Processor  – 

, -
. 
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 (
)  ( ). 

, 
, , . 

 (
), RPC (Rational Polynomial Coefficients) – -

, . 
, 

) .

-
. 

 – . :
–  ( -

);  – -
 (ISODATA), , 

, -
;

–  (
, – 

);  – .
– ;  – , 

(change detection),  NDVI .
 Image

Processor,  ArcGIS.
, 

-
 ( ) -

.  [8, . 4.4], [13,
. 8], [25, . 5-6], [27, . 9]  [29-30].

: 

 ( ) -
 ( , , , 

.) . -
-

. 
:

–  ( -
, , 

); -
, . ;

16

–  (
),  ( ) 

 ( , -
 – -

);
–  (

, );  – 
 ( ).

, -
 ( )

. 
. 

 ( ) .
,
;
-

, . 
-

, -
. -

, -
.

 ISODATA (Iterative Self-Organizing Data Analysis) 
, -

-
. -

.  (
 / ) -

 (30–50 ) 
,  

. -
, -

,  [27, . 9], [29-30].

 Image Processor -
, -

. 
 (SOM – Self-Organizing Maps) -
 (GTM – Generative Topographic Mapping). -
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. 
.   [27,  .  9],

 [30] , -
.

 (Topographic Mapping, TM) 
 ( ) -

 ( ) 
 ( ) -

. 
, 

). , . 
 ( ) -

, -
. 

: )  (
 – 

) )  ( , -
-

).

 –  ( -
 K- , ) -

 ( , ). 
, -

. , 
. 

, 
; -

.

-
, , . -

, . 
, :

–  « » , . , -
;

– -
, .;
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, , -
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.)  ( , 
) . 

-
.

 –  ( -
) , , 

. , 
, 

. 
, 

. 
-

,  3D 
, 

.
-

. 
: 

 (0,1 ). ,  SPOT-4 -
 10 

(0,1 ):(10 ), . 1:100 000. , 
 – , -

.

-
, ,  [8, . 4.5], [12, . 7.4]  [13, . 8].
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 3

 1

. -
. 

 Image Processor , , ,
 ( ) .

 1.  LANDSAT-5

 Image Processor (  –  – Image
Processor).  – -

.  –
.

.  ( . -
), 

, . -
, -

.

-
-

. 
 « » 

UTM WGS84 .

, .
.

.
:\Tasks\Work-1\Data\LANDSAT

 L5169018_01820100810_B10.TIF .

VNIR/SWIR Thermal. 
 [+] . VNIR/SWIR

 6 , , 
Thermal  ( ) .

20

. , 
 ( )   30  ,  

 ( ) –  UTM,  40,
 WGS84.

 (
), .

. 
.

ESRI
World  ESRI ArcInfo / ArcView), Mapinfo TAB
MapInfo), ScanEx Geogrid  Geogrid  ScanEx), MET File

), 
.

, ,
, 

 ( . 1.1). 
.

. . 
) , 

.

-

, -
 –  RGB.

, 
– .

 (  RGB ,
) 

, 
 – -

.

. 1.1. 
LANDSAT-5 

, 
, .

.
, :

–  – L5169018_01820100810_B30.TIF;
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–  – L5169018_01820100810_B20.TIF;
–  – L5169018_01820100810_B10.TIF.

. 
, 

. .
, 

».  «  3-2-1»
 RGB), . 

 LANDSAT TM  (B10) 
,  (B20) – ,  (B10) – .

,
. , 

, 
.

)
. , 

. 
 – . ,

 5-4-3:
–  – L5169018_01820100810_B50.TIF;
–  – L5169018_01820100810_B40.TIF;
–  – L5169018_01820100810_B30.TIF.

 « » – -
,  – , 

 – . 
,  – , 
. -

,
 « ».

.
,  - 10.08.2010 . 

. 
. 

, 
. 

 5-4-3 
.

 4-3-2 (  « »).
–  – L5169018_01820100810_B40.TIF;
–  – L5169018_01820100810_B30.TIF;
–  – L5169018_01820100810_B20.TIF.

22

 LANDSAT-5 (TM)

, 
, , 

1 ( 10) 30 450 520
2 ( 20) 30 520 605
3 ( 30) 30 630 690
4 ( 40) 30 760 900  (NIR)
5 ( 50) 30 1550 1750  (SWIR)
6 ( 60) 120 10400 12500  ( )
7 ( 70) 30 2080 2350  (SWIR)

, 
, ). 

,  – . 
.

 (  7-5-4).
–  – L5169018_01820100810_B70.TIF;
–  – L5169018_01820100810_B50.TIF;
–  – L5169018_01820100810_B40.TIF.

 (
 RGB ). 

.
.  – -

, -
. .

 2.  SPOT-4

 –  .
:\Tasks\Work-

1\Data\SPOT-4\20m  IMAGERY.TIF.
 4  XS3, XS2, XS1, SWIR.

, 
. . 

.
,  – .
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. 1). 
, IMAGERY.TIF  4 . -

 1-2-3 (« »).
–  – 1_IMAGERY_ch1;
–  – 1_IMAGERY_ch2;
–  – 1_IMAGERY_ch3.

, -
. , 

 1  LANDSAT, ?

.  SPOT-4 ( . 
,  – 31.08.2011 ., -

 – 20 )  DIMAP.
4. 

IMAGERY.TIF :
– ch1 –  (NIR);
– ch2 – ;
– ch3 – ;
– ch4 –  (SWIR).

. 
 4-1-2 (  –  – ,  « »).

.
 ( . 1), 

, , ,
, . ,

 – .

 – 
IMAGERY.TIF :\Tasks\Work-1\Data\SPOT-

4\10m. , 
MONO. .

.
 1_IMAGERY_ch1

.
. , 

.
-

. 
, , 

 – 10 .
,  - .

24

 3.  WorldView-2

 – .
:\Tasks\Work-

1\Data\WorldView-2,  10JUN27075256-
S2AS-052616628010_01_P002.TIL.

 (red, green, blue), .
 800 , .

. 
 « » (1-2-3).

.  WorldView-2, 
Standard, -

 0,5  (1  – , 2 – , 3 – ). 
27  2010 ., 

.

, 
. 

? ,  – .

 4. 

,
 – , ,
. , 

.
 Windows :\Tasks\Work-

1\Data\LANDSAT.  LANDSAT-5 TM
 Level1 .  LANDSAT-5 

Level1  http://glovis.usgs.gov.
 GEOTIFF.

 8 .
 UTM  WGS1984. 

README.gtf
, L5169018_01820100810_GCP.txt – .

 « » L5169018_01820100810_MTL.txt
 (

 MS WORD):
– ;
– ;
– ;
– .

 Word, -
.
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:\Tasks\Work-1\Data\SPOT-4\20m
 SPOT-4  DIMAP,  Level1A.

IMAGERY.TIF ; 
METADATA.DIM – ; Icon.jpg Preview.jpg – -

 (QuickLook).  ( ,
») METADATA.DIM :

– ;
– ;
–  (  SUN_AZIMUTH,

SUN_ELEVATION).

 Word, 
. :\Tasks\Work-

1\Data\WorldView-2.  WorldView-2:
– 10JUN27075256-S2AS-052616628010_01_P002.TIF – 

;
– 10JUN27075256-S2AS-052616628010_01_P002-BROWSE.JPG – -

 (QuickLook);
– 10JUN27075256-S2AS-052616628010_01_P002.IMD – ;
– 10JUN27075256-S2AS-052616628010_01_P002.RPB – RPC-

;
– 10JUN27075256-S2AS-052616628010_01_P002.TIL – 

;
– 10JUN27075256-S2AS-052616628010_01_P002_README.TXT – 

;
– BASE.TXT – .

:
– ;
– ;
– ;
–  ( );
– .

 Word 
.

Image Processor.
IMAGERY.TIF :\Tasks\Work-1\Data\SPOT-4\20m ( . 

2). .
-

: , , , , , ,
.

-
 4–1–3. .

26

 5. 

, .
. 1.2). -

. , -
, .

: -
, 

. -
, -

RGB , 

. -
-

 0  2. -

, -
.

. 1.2. r
 SPOT-4

:
– . -

.
–  ( ).

 1  10 (
), 

.
– . .
– , .

. ). Range

 RGB, . 

None.
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, 
.dat. .

, . 
. 

.

 6. 

. , 
. 

.

 –  
.

  
. . 1.3). ,

Universal Transverse Mercator,  WGS_1984,
 40,  – .

, 
,

.

. 1.3. 

. 
.

. 
,

28

. 
.

. . 
, 

Shift.
,  ( . 1.4), :

– , -
; , 

 RGB ;
– ;
–  – ;
–  – ;
–  – ;
–  – ;
–  – .

-

-
. -

.

. 1.4. 

 7. 

 Image Processor 
 ( ) MapInfo (MIF/MID)  ESRI  ArcInfo  /

ArcView (SHP). 
 – .

. 1.5).
. , 

PRJ- , 
Define Projection, -

. 

Vector Layers Control, -

. 

.
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-

:\Tasks\Work-1\Data\vektor.

 ESRI SHAPE
 water_region.shp

.shp.

, -
-
-

 «–»  «+»:
 – 

;
 – ;
 – 

.

. 1.5. « »

. 1.6.  «
»

. 1.6),

. :
–  ( );
–  ( );
– .

 water_region.shp ,
 – ,  – 

 2.
.shp , 

 2 ( . 1.7). 
.

30

. 1.7. 

 – 
, .

 – ,
.

 ( ).
 – .

 8. 

L5169018_01820100810_B10.TIF
:\Tasks\Work-1\Data\LANDSAT.  VNIR-SWIR,

 ( . 1).
 – . -

 5–4–3, -
 2%  ( .

5).
 (

). . 1.8). 
. 

. . 
).

.
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. 1.8.  « »

 ( , ) 
 ( ). 

 –  
 ( . 1.9).

.
. 1.9. 

32

 ( -
,  - ).

 ( ) 
.

. 
, 

 4–5 ). 
, 

, . 1.10 ( , ,
, , 

, ). :
– ;
–  ( );
–  (  5–4–3 );
–  (

);
–  ( );
– : ,  ( -

).

. 1.10.

.1.10. 
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. 
? ? ?

. 
, ?

, 
: , 

, .
.

 9.  ( ) 

 – 
. . 1.11).

. 1.11. 

. -
,  8  (LANDSAT,

SPOT-4, SPOT-5),  Byte (  8 , 
0–255),  –  Float32 (

, 32 ).
-
-

, -
. , 

34

, 
; 

;
 – -

. , :
– . -

. , 
, -

.
– Linear – . -

, 
.

–  (Hermit) – .
-

, .
, 

, :
– None – ;
– Selected Region – ;
–  – -

.

,
, 

.

, 
) :

ArcInfo World, Mapinfo TAB, MET.

 SPOT-4  GeoTiff. 
  

, . 1.12.
:\Tasks\Work-1\Data\ Export, 

. SPOT-4_20110831.tif.
20 ,  «

– 9999,  – Geotiff,  – ,  –
Byte,  – , 

. 
. 

 (  – ).
LANDSAT-5 :\Tasks\Work-

1\Data\LANDSAT . 1) 
.
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. 1.12.  SPOT-4

. 1.13.  LANDSAT-5

  . 
, . 1.13. 

:\Tasks\Work-1\Data\Export, :
–  – Landsat5_20100810.tif;
–  – Geotiff;
– – ;

36

–  – Byte;
– – ;
–  – ;
–  – 30 ( );
–  « » – 9999.

.  2–3 . 
 (

– ).  ImageProcessor.

 10.  ArcGIS

-
. , 

 ArcGIS.
 ArcMap. .

Landsat5_20100810.tif
:\Tasks\Work-1\Data\Export.  ArcMap

, 
. .

ArcToolbox.
, .

.
Landsat5_20100810.tif,

. .
.

. , 
.

:\Tasks\Work-1\Data\Export.
:

– Landsat5_20100810.tif.ovr – ;
– Landsat5_20100810.tif.aux.xml – .

Landsat5_20100810.tif
. 1.14).  — RGB Composite,  

Channel Band  RGB  
:

–  – Band_5;
–  – Band_4;
–  – Band_3

.  
.
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, . .  2, 
.

. . . ,
. 

 – .
,  – .

. 1.14.  RGB  ArcMap

3–2–1 («
») . -

.

.
.

. 
. -

 LANDSAT.lyr :\Tasks\Work-1\Data\Export
.

SPOT-4_20110831.tif
:\Tasks\Work-1\Data\Export.

. 
 (

).
 4–1–2, -

 –  ( . .  2).
SPOT.lyr, 

:\Tasks\Work-1\Data\Export.
 ArcMap.

38

 2

. -
.

 «
», « », «
», «  RPC ».

 1.  SPOT-4 

.  – 

. -
, -

. -
-

:
– ;
– ;
– ;
– , ;
– .

) :
–

;
–

 ( ) .

, : ,
, , 
.

, 
, 

 – .
 Image Processor 

 – ,
, 

.

 Image Processor (  –  – Image Processor). -
 – .
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IMAGERY.TIF :\Tasks\Work-
2\Data\Exercise1\10m -

. 
.

– ), . 
 – ,

1_IMAGERY_Ch1, . 
. 

.
.

 – .
.

:\Tasks\Work-2\Data\vektor. -
 – ESRI SHAPE, .shp

 water_region.shp .

. -

.shp,
.

.
. 2.1).

. 2.1. 

, ,  2, , -
, -

.
. 

 300 ) . 
,  SPOT-4  Level1A -

. -
 500 .

.

40

 –  . 

 GCP . 2.2).

.2.2. 

, , 
. 

 – 
  . 

, 
,  ( ) 

. 
,  «>» 

 ( . 2.3).

. 2.3. 

-
From X, From Y

To X, To Y. -
, Use Long/Lat.

 – -
.

, 
. -

, .
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 – ,  7–8
. , , ,

.

– . 
.

: , ,
.

, 
 – 

 – .

 – .
,

. .
. 

 – 1.tic
:\Tasks\Work-2\Data\GCP . 2.4).

 – . 
. -

.  ( . 2.5).

. 2.4.

42

. 2.5. »

, , -
, . -

:
– , ,  – 

;
– , ,  ( -

 1– );
– – 

5- ;
–  – -

 5– ;
–  – -

 5– .

-
1_IMAGERY_ch1, -
,

. -
 RMSE, .

 RMSE   20  ,  
.

 ( ) , .
. ; ,

, . 
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, , -
.

, 
, 

.  RMSE 
. ,

.
. 

, 
.

, 
, 

RMSE . , 
,

 (  7).
, 

. . 
 (

).  10 , -
 1:200 000, 

.
.  – 

, , . 2.6. 
SPOT_correct1.tif

:\Tasks\Work-2\Data\Export.

. 2.6.  SPOT-4.
44

-
 –  .

 – 
.  (  –  ). 

.

 2.  SPOT-4  LANDSAT
 « »

. -
-

 ( -
). , 

, , 
. 

SPOT-4  LANDSAT-7,  USGS. -
 30 .

IMAGERY.TIF :\Tasks\Work-
2\Data\Exercise2\10m -

. -
 – ) . 

.
 –  

landsat_mosaic.tif :\Tasks\Work-2\Data\Landsat.
.

. 2.7. IMAGERY.TIF landsat_mosaic.tif



45

 –  RGB, -
. landsat_mosaic.tif. 

, 
, 

landsat_mosaic.tif . 2.7).
. 

IMAGERY.TIF , landsat_mosaic.tif – . -
IMAGERY.TIF.

, ) 
 – . -

, 
, 
, . 

,  «>»
 ( . . 2.8).

 7–8 , .
IMAGERY.TIF landsat_mosaic.tif

. -
, 1.

2.gcp
:\Tasks\Work-2\Data\GCP.

. 2.8. 

. -
 1_IMAGERY_ch1.  – -

.
. .  RMSE
)  10 , 

, ,
46

, 
 ( . ). 

,  – 
.

 RMSE ( )  10 , 
.  ( -

. 1), . , 
, 

, , 
.

,
.  RMSE 

. 
,  RMSE  10 , 

.  RMSE 
10 , -

.
.  – 

, , . 2.9. 
SPOT_correct2.tif

:\Tasks\Work-2\Data\Export.

. 2.9. 

IMAGERY.tif. , 
 LANDSAT . .
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 3.  SPOT-4

.  ( ) 
 – -

, , 
. -

, , , -
, . , 

, . 
,

. , 
, .

.

IMAGERY.TIF :\Tasks\Work-
2\Data\Exercise3\10m -

. -
 – ) . 

.
landsat_mosaic.tif :\Tasks\Work-

2\Data\LANDSAT. .
srtm_48_01.tif

:\Tasks\Work-2\Data\srtm_48_01\srtm_48_01.

. SRTM – , 
, . -

 – 90 ,  15 .

 – . -
 – 2.gcp

:\Tasks\Work-2\Data\GCP, 
. IMAGERY.TIF  landsat_mosaic.tif

, , 
2.

 – .

 ( . 2.10).
.  ( ) -

, , 
, .

 Level1A (
)  SPOT-4, SPOT-5, EROS- , EROS-B.

48

 WorldView-1,
WorldView-2, GeoEye-1, IKONOS, QuickBird 

, 
. 

 – RPC ( -
).

. 2.10. 

-
1_IMAGERY_ch1. 

srtm_48_01_ch1.
, 

, .
,

. 
: , , .

.

 ( . 2.10) 
. -

 RMSE. -
-

.

. 2.11. 
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 RMSE -
, , ,

 ( 2).
.  –

. 2.11.
SPOT_correct3.tif

:\Tasks\Work-2\Data\Export.
-

.

 4.  SPOT-4

.  – 
, . 

, 
, 

. 
, 

. 
. 

 (
), 

.

SPOT-4_20120808.tif :\Tasks\Work-
2\Data\exercise4 -

.
 – )

 4–1–3. 
.

IMAGERY.tif :\Tasks\Work-
2\Data\exercise4\SPOT-4_20110810.  – 

 RGB, . -
IMAGERY.tif  4–1–3, 

.

. ). SPOT-4_20120808.tif  ( -
), IMAGERY.tif – .

, 
. 2.12. -

. 
 –  140 .

50

 – . 2.13).
1_SPOT-

4_20120808_ch1.
IMAGERY_ch1 . -

. 
.

-
, 

.

. 2.12. 

. 2.13. 

,  ( -
). -
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. :
– – 20 ;
–  ( , -

) – 3. ,
;

–  ( ) – 60 ;
–  ( ) – 1 ;
–  ( ,

) – 1000.

).

, 
. , -

. 2.13).
-

. -
.

. 
. . 

 –
.

. 2.14. 
-

. 
52

 – -
. -

 1– .
 ( -

,  5 ), 
.  – 

, . 2.14.
SPOT_correct4.tif

:\Tasks\Work-2\Data\Export. -
 Image Processor.

 5. 
 RPC  ArcGIS

. -
 WorldView-1/2, GeoEye-1, IKONOS, QuickBird,

 ( ). 
 (RPC – Rational Polynomial Coefficients).

WorldView  Ge Eye 
. 

 Standard Orth  Ready  WorldView-1 ,
,  4 . -

, 
. -

 RPC -
 Image Processor, ENVI  ArcGIS.

 ArcMap .
10JUN27075256-S2AS-

052616628010_01_ P002.TIF :\Tasks\Work-2\Data\WorldView-
2\052616628010_01\ 052616628010_01_P002_PSH. -

. .
. ArcToolBox

,
, 

. 10 1). 
. 

,  2
. .

 Windows :\Tasks\Work-
2\Data\WorldView-2\052616628010_01\052616628010_01_P002_PSH. 

 RPC 10JUN27075256-S2AS-
052616628010_01_P002.RPB.
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srtm_48_01.tif :\Tasks\Work-2\Data\srtm_48_01\srtm_48_01.
.

 ArcGIS

,
, ). -

 RPC -
.RPB .RPC.

. 2.15).  10JUN27075256-S2AS-
052616628010_01_P002.TIF.  Orto.tif,

:\Tasks\Work-2\Data\Export.
 DEM , -

). srtm_48_01.tif.  Z 
 1,  Z – 0. 

. .

. 2.15. 

 ArcMap
 – .

Orto.tif
. .

10JUN27075256-S2AS-052616628010_01_P002.TIF.
Orto.tif, 

. . , 

, .
 ArcMap, .
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 3

, 

. -
.

 1.  (Image Fusion)
 SPOT-4  Image Processor

.
-

 ( , ,
, ) .
 ( )  – -

 ( -
)  ( -
), 

.
:

–  (  Brovey, );
–  (PCA);
– -

 RGB – HSI;
– ;
–  ( );
– .

 Image Processor 
.

 Image Processor. SPOT-4_10m.tif
:\Tasks\Work-3\Data\exercise1. SPOT-4_20m.tif

. . 
 SPOT-4 –  (  10 ) 

 (  20 ). -
.

 –   10  .  
, , 

10 . -
.

. 
SPOT-4_20m.tif  4–1–2 ( ).

 –  ( ) ,
 PCA .
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, 
 (MRA).

 10- SPOT-4_10m_ch1, 

SPOT-4_20m.tif. .

. . 
.

,  PC
. 3.1). , , 

, . 
,

SPOT-4_20m.tif
 4–1–3. .

.

, 
 0  1). 

. , 
 (

).

. 3.1. 

, -
; -

56

. -
 MRA .

, :
– MR -

, 
; 

 1  6;
– MR 

 ( -
, 

).

.
, 

, .  ,
-

, _fus.

_fus  4–1–2. .
, .

SPOT-4_fusion.tif :\Tasks\Work-
3\Data\export. , . 3.2.

. 3.2.  « »

_fus (  – ), .
,

. -
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.
 –

 ( )  – .
 ( ) . 3.3). 

, 
. 

, 
.

-
, 

_fus
4–1–2. . 

,
.

SPOT-4_fus2.tif
:\Tasks\Work-3\Data\export.

. 3.2. -
-

.

. 3.3.  « »

 2. 

.  – , 
.

-
:

– , , 
;

–
» .

.

58

SPOT-4_fusion2.tif :\Tasks\Work-
3\Data\exercise2

. 
 4–1–2, .

 – 
SPOT-4_fusion.tif :\Tasks\Work-3\Data\Export (

). 
.

 (SPOT-4_fusion2.tif SPOT-4_fusion.tif) -
 ( ) 

 (Fusion).
 Image Processor 

. 
. 

 ( –
, , ), 

, 
.

SPOT-4_fusion.tif :
–  – SPOT-4_fusion_ch4;
–  – SPOT-4_fusion_ch1;
–  – SPOT-4_fusion_ch3.

.
 ( . 3.4).

. 3.4. 
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, 
.

. -
.

, . -
, ,

-
. -

.
.
-

. .
-

.  – -
 – .

. 3.5).
 SPOT-4-fusion,

 – SPOT-4 fusion2.  RGB 
, , 

.

. 3.5. 

 – . ,
 ( ). -

.
. 

60

. 3.5 
3.6. 

.
, 

, ,

 ( . 3.6) RGB .

. 3.6. 

. 
. 

, 

. , 
.  –

. .
, . 3.7.

SPOT-4_mosaic.tif :\Tasks\Work-
3\Data\Export. Byte,  –

,  – ,  « » – 0,
 – 10 . 

, 
, . 

. 
.

 – ,
SPOT-4_mosaic.tif
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:\Tasks\Work-3\Data\Export.  1–
2–3 ( , 

). .
.

. 3.7. 

 – 
; SPOT-4_fusion2.tif SPOT-4_fusion.tif

.

-
 Image Processor. 

 –  –
 – . -

 1 SPOT-4_fusion2_ch1,
 2 – SPOT-4_fusion_ch1

joined_ch1. -
. 3.8 -

.

. 3.8. 

 Image Processor 
 –

.  

62

 ( ), 
.

 – joined_ch1.
 (  –

SPOT-4_fusion2_ch2 SPOT-4_fusion_ch2, SPOT-4_fusion2_ch3 SPOT-
4_fusion_ch3, SPOT-4_fusion2_ch4 SPOT-4_fusion4_ch4).

, ,  
:

–  – joined_ h4;
–  – joined_ h1;
–  – joined_ h2.

.  – 
spot_mosaic2.tif :\Tasks\Work-3\Data\Export.  4

joined,
. , 

– 10 . 
 5 ). .

 3.  SPOT-4

IMAGERY.tif :\Tasks\Work-
3\Data\Exercise4\SPOT-4\20m -

, . -
 4–1–2 ( ).

. 3.9. 

. 
Imagery_ch1, 

 – Imagery_ch2,
 – Imagery_ch3.

.
.

nc2_green nc2_blue.
-

:
 – Imagery_ch2;
 – nc2_green;

 – nc2_blue.
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 Image Processor 
. 

-
.

 –  –
 (  2). 

 ( . 3.9). 
.  (

). 
 ( ).

Imagery_ch1, Imagery_ch3, Imagery_ch4
 – . -

, .
IMAGERY.tif

:\Tasks\Work-3\Data\Exercise4\SPOT-4\10m. -

 10 . 
. 

. 
,  – .

. 
 –  ( )

. 1).

.3.10. 

64

 (_fus)  
. 3.10.

. 
. 3.11. SPOT-4_naturalcolor.tif

:\Tasks\Work-3\Data\Export.
.

. 3.11.  SPOT-4 

 4.  SPOT-4

 SPOT-4_mosaic.tif :\Tasks\Work-
3\Data\Export, 2.

 4–1–2, 
.
 SPOT-4_20120803.tif :\Tasks\Work-

3\Data\exercise4.
.

. SPOT-
4_20120803_ch4, SPOT-4_20120803_ch1,  –

 SPOT-4_20120803_ch2 . 
, 

. 
.

.
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 (2011  2012 .) -
. -

 –  – .
 SPOT-4_20120803,

 – SPOT-4_mosaic. -
 ( ).

 –

.
. 

.
, 

. , 
, 

. 
. 

.
, 

, 
. 

.
. 

– , . 3.12.
mosaic_general.tif :\Tasks\Work-3\Data\Export. 

 20% .
.

. 3.12. 

.
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 5. 

SPOT-4_nc.tif
:\Tasks\Work-3\Data\Export

. , 
 1–2–3 ( ) 

.
.  – , 

, 
, . 

, 
, 

 ( , ). 
, 

, , ,
, . 

 (  3 3, 5 5
).

 Image Processor  20 
. ,

, , .

 –   –
 –  ( ).

 ( . 3.13.)

SPOT-4_nc_ch1,  

Red.

.

,

.

.

. 3.13. 
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, -
Green Blue.

 RGB (  –  RGB). 
. 

. 
. 

 ( . 3.14). ?
 – , 

 (Red, Green Blue), .

. 3.14. 

. 
 –  –  –

. 
. 

.
Red, Green Blue.

. ? ,
, -

 – .
. , ,

, .
 – , 

 (Red, Green Blue), .
 (Edge Detection). 

 –  – 
– -

. 
68

Red, Green Blue. -
.

-
 ( . 3.16).

 (Emboss filter), 
. 

 –  – 
.  « » .

.3.15. 

. 3.16. 

.
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 6. 

.
, , 

. 
, 

, 

.

. 

, 

. 
, .

 Image Processor. L5169018_01820100810_B10.TIF
C:\Tasks\Work-3\Data\Exercise6. 

VNIR/SWIR. 
 4–3–2 (« », 

). 
. , 

. -
.  3–2–1 («

»). . 
, .

 – .
, , , 

. 
 – . , 

(B10 B30),   – . 
 HOT ,

 (HOT ).

. , 

 ( 10) . 3.17).

. 
.

70

, 
,  ( . 3.18).

. 3.17. 

, . 
, 

. 
. 

_unhazed.
, 

.

, -

-
. -

,

. 
-
-

 3–2–1.
 (

. 3.19).

. 3.18. 
, 10
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 B20  B30, 
. -

, . -
, , -

. 
 «unhazed».

. 3.19.  4–3–2
(« »)

. 3.20.  « »

72

, -
. landsat5_unhazed.tif :\Tasks\Work-

3\Data\Export. , . 3.20.

 7.  (Image Fusion)
 QuickBird  ArcGIS

.  ArcGIS ,

. -
:

– IHS (  RGB 
 IHS);

– Brovey Transform (  Brovey);
– ESRI ( );
– Simple Mean ( ).

,  ESRI  Simple Mean 
, 
.

 ArcMap .
10JUN27075341-M2AS_R3C1-

052390756010_01_P001.TIF (
 2  QuickBird) 10JUN27075341-P2AS_R3C1-

052390756010_01_P001.TIF (
 0,5  QuickBird) :\Tasks\Work-

3\Data\QuickBird.
.

 QuickBird 
3–2–1 ( ) 

3. -
 ( . 

1).

. 
.

. 
. 

.
, 

IHS, BROVEY, ESRI SIMPLE MEAN, 
. , 

.
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 ArcToolbox. 
, ,

. 
. 

,  1,
 – 2,  – 3,  – 4. 

:\Tasks\Work-3\Data\Export
QuickBird.tif.

.

. 
. 

.
 – ,

. 
 « » .

.lyr.
 ArcMap, .
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 4

 4

. -
 Image Processor:  ISODATA ( -

, ) 
 ( , 

). -
 ArcGIS .

 1.  SPOT-4
 ISODATA

 Image Processor. IMAGERY.TIF
:\Tasks\Work-4\SPOT-4_20120903. -
,  4–1–2 (  –

 – ) .
.  – 

, , 
. 

, 
 ( )  ( )

.
 ISODATA (

 – Iterative Self-Organizing Data Analysis Technique) 
, -

 ( ). -
, -

 ( ).
, -

, -
. 

. 
.

-
 –  – ISODATA. -

. , 
.  50, 
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 – 20 ( . 4.1). 
.

. 4.1.  ISODATA

 (  – )  
. .

 – 
.

-
-

). , -
, 

isodata_clusters,  ( . 4.2).

. 4.2. 

 RGB  4,  1  2 (  RGB ).  -
-

 ( . 4.3).

. 4.3. « »

76

 RGB -
 ( . 4.4).

. 4.4.  «  RGB »

. 4.5). -

, 
. 

.

. 4.5.  « »

 ( . 4.6). 

. 4.6.  « »

 ( . 4.7).
, , ,

. -
, , -

.

. 4.7.  « »
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, -
 ( ), 
). -

 ( . 4.8). 
, 

.  «1» 
, .

. 4.8. 

, 
. , -

 ( ), 
 ( . 4.9). , 

. , -
 « ».

.4.9. « »

, -
 ( ), ,

: , , , , 
, , ,  ( . 4.10).

78

. 4.10. 

. 4.11. 

 –  – ). -
.

, , 
, ISODATA-clusters After-Median.

 ( . 4.11).
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. -
Legend_ISODATA

:\Tasks\Work-4\Export.
.

ISODATA_clusters.mif
:\Tasks\Work-4\Export. Code

 – Short) Type (  – Char), -
. . Yes (

) .
. 4.12).

.4.12. « »

. 4.13). 
. -

, 
Code, -

 1000 -
 1000 2. .

. 4.13. 

-
,  – . 

, Code, 
 ( .4.14). ISO-

DATA_clusters.tif :\Tasks\Work-4\Export.

80

. 4.14. 

, 
. .

 2. 

.  ( ) -
 ( ). 

, -
.

-
 ( , , 

, ), 
.

IMAGERY.TIF :\Tasks\Work-4\SPOT-
4_20120903. , 

 4–1–2 (  –  – )
.

Clas-
ses.shp  – ) 

.  Type -
,   Code  – . -

. ,
 ( , , 

 – 2).

. 4.15) (  –  –  – -
).  4,  1   2  ,  

 – Classes.shp, Code.
.

, .
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. 4.15. 

. 
, -

 –  –  – -
. , 

, . 
.

. 4.16.  « »

NNClasses). 
. NNClasses.

. -
 RGB  4, 1  2 (

RGB ).  RGB 
, 

82

. 
 ( . 1).

, 
, 

 ( ) .
, 

 ( -
 –  – ; . -

1). After-median
NNClasses.

. -
1 NNClasses.mif

:\Tasks\Work-4\Export.
Code  – Short) Type (  – Char), -

. . Yes (
) .

.
. 

NNClasses.mif. 
, Code,  

 1000  1000 2.
.

-
,  – . 

NNclasses.tif :\Tasks\Work-
4\Export.

. 
ISO-

DATA_clusters.tif . -

NNclasses.tif. .
.
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 5

.
, . -

.  ( -
, .) . -

 (Change Detection). -
. -

, .

 1. 
 LANDSAT. 

 ( , ) 

 – -
. 

,  RGB -
 –  ( -

, ). 

 (Change Detection).
-

, ,
 ( , ,

).
 Image Processor. Lt5_20090908.tif

 Lt5_20110712.tif :\Tasks\Work-5\Data -
. 

.
 – 

LANDSAT-5:  –  08.09.2009,  –  12.07.2011. 
 (

) , -
. 

, ).
 RGB .  (

08.09.2009)  5–4–3 (
) 

. -
-

84

 (  12.07.2011)  5–4–3. -
 ( -

3).
-

. . 
 – 

, . 
, , -

. , -
 5–4–3 .

, -
 – .  

, -
. -

 (
)  –  ( -

).
. 

 5–  12.07.2011, -
 – 4 ,  – 5  08.09.2009.

 ( -
) 

,  – . -
,  –  ( . 5.1).

. 5.1. 
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, , -
.

 RGB  4  5 , -
, 

.
-

2.

 2. 
ISODATA. 

, , -
, -
. 

-
. , -

ISODATA, -
.

,
. 

 ( -
 – , ).

. 5.2. 

.  5.2)  

,  
 4   5

. 
-

. 
-
-

 _warp.

86

. -
 –  – ISO-

DATA .5.3).  ( -
) – . -

 ( ). -
50,  – 20. -

.  4   5  
 ( , ).

. 5.3.  ISODATA

. 5.4. 

. , 
 (  – )  

 (ISODATA-clusters). -



87

,
 RGB  ( . 5.4).  (

 – ). 
ISODATA-clusters.

-
, . 

 RGB 
. ,

-
.

, 
. -

. 

. , , -
 ( . 5.5). -

, 111), .
-

, , . -
 111, .

. 5.5. 

-
. . -

Yes. , 
, .

88

-
 (  –

-
), 

 ( .mif) 
C:\Tasks\Work-

5\Data\Results. -

. 5.6.

. 5.6. 

-
 ( ). 

 ( . 5.7).

 – 3000 2 (
4 ). .

-
, -

. , -
 (  – ,  –

,  – 2).

. 5.7. 
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. 5.8. 

 ( , ), -
.

 (  –
).

 3. 

 Image Processor 
C:\Tasks\Work-5\Data\. 

:
IRS_PAN_20060615.tif –  IRS,  PAN ( -

 6 ),  15.06.2006;
SP5_20110525.tif –  SPOT-5, -

 2,5 ,  25.05.2011.

-
, ,

,  2011 .,  –  2006 .
. 

IRS_PAN_20060615.tif,  – 6
 (  64 ).

, -
 SPOT-5,  IRS-PAN.

, -
. SP5_20110525.tif,  

 – IRS_PAN_20060615.tif ( . 5.9).

90

. 5.9. 

, 
.

 Change Detection. 
 – . -

 ( . 5.10).

IRS_PAN_20060615.tif,
 – SP5_20110525.tif,

 –
. 

-
-

. -

Changes_probability –
.

. 5.10. 

Changes_probability.
, -

. Changes_probability -
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, -
. , 

, . -
, .

, -
 ( -

). 
. 

Changes-detected.
Changes-

detected. , , -
, . .  

Yes
 ( . 2).

. 5.11. 

. 5.12. 
.

92

Change-Detection.mif, -
 ( ). 

:\Tasks\Work-5\Data\Results . -
, . 5.11.

,  2000 2 (0,02 ).
, -

 ( . 5.12).
.

 4.  NDVI

 Image Processor Lt5_20110712.tif
:\Tasks\Work-5\Data -

. . -
 5–4–3 .

 NDVI 
 – 

 – NDVI. -
. -

 4 ,  –
3 . -

. -
after-

NDVI, -

.

. 5.13.  NDVI

after-NDVI. -
. , -

 (  – ).
-

NDVI.icp. .
 NDVI  ( . 5.14).

 NDVI
.  Image Processor -

.
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. 5.14.  NDVI 

-
.  – 8. -

, , -
.  -

 NDVI ( , , . 5.15).

.5.15.  NDVI

 NDVI -
.  NDVI 

 (  – ).
After-NDVI,  – -

. : -
, , , , , , -

 ( . 5.16).  NDVI ?
,   NDVI  -

. . 5.17. -
float32

),  – ,

94

 « » –9999. NDVI.tif
C:\Tasks\Work-5\Data\Results.

,  ArcMap, 
NDVI.tif, . , 

 –1…+1.

. 5.16.  NDVI , 

. 5.17. 

after.NDVI, 
.
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 5. 

, -
 SWVI ( -

). -
,  NDVI. 

.

, -
 ( ), 

, .
Lt5_20090908.tif  C:\Tasks\Work-5\Data. -

 Lt5_20110712.tif
 5–4–3. .

 (  – ).  
 6  (  12.07.2011), 

. 
, . -

 ( ) , -
 ( . 5.18). 

,  5–4–3 .

. 5.18. 

 SWVI -
.  – -

96

 – NDVI, . 5.19 -
.  SWVI 

.  (  2009 .) SWVI1, 
 (  2011 .) – SWVI2.

. 5.19.  SWVI

-
 (  –  – -

). 
 ( .  5.20)  -

 ( , X), SWVI1 -
.

. 5.20. 
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SWVI2 Y.  
X–Y.

Difference.  -
, . 5.20. , 

.
Difference.tif . -
 (  – -

), .
 –1  +1, 

 –1,   –  1. 
5. , . 5.21. ,

 (0,2–0,6).

. 5.21.  SWVI

-
. , 

. 
 0,3.

 (  – 
– ). 

X, -
Difference

. 
X>0,3  0,3 , ). 

threshold. . 
. ,

.
threshold . 

 – ). 
threshold.  ( . -

2). . Yes.
 (  – -

, ). .mif.  
Code Char

.
98

threshold,
. 5.22. -

 5000 2, 
. 

 – ). -
,  2.

 ( . 2) -
, 

. 5.23). .

. 5.22. 

. 5.23. 

-
, -

 ( ) 
.
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