ILWIS 2.1 for Windows

The Integrated Land and Water Information System

Reference Guide

ILWIS Department,
International Institute for
Aerospace Survey & Earth Sciences
Enschede, The Netherlands



© ILWIS Department, ITC, October 1997

ITC

The International Institute for Aerospace Survey and Earth Sciences, Enschede, is the largest
institute for international higher education in the Netherlands. Its main objective is to assist
developing countries in human resources devel opment in aerospace surveys, Remote Sensing
applications, the establishment of geoinformation systems and the management of geoinformation.
To thisend, ITC concentrates on three activities: education/training, research and advisory services.
In-house expertise covers an extensive range of disciplinesin the above fields.

Disclaimer

The International Institute for Aerospace Survey and Earth Sciences (ITC) has carefully prepared
and reviewed this document, the software and the data set on CD-ROM for accuracy. However, ITC
takes no responsibility or liability for incidental or consequential damages arising from the use of
this document or the data on the accompanying CD-ROM and reserves the right to update, revise, or
change this document or the data without notice.

Proprietary Notice

The information in this document is the sole property of the International Institute for Aerospace
Survey and Earth Sciences (ITC) and may not be reproduced, stored in aretrieval system or
transmitted in any form or by any means: electronic, photocopying or otherwise, without permission
inwriting from ITC.

Contact addresses

For general information about ILWIS, please contact:
ILWIS Department, ITC

PO Box 6,

7500 AA Enschede

The Netherlands

E-mail: ILWIS@ITC.NL

Tel.: +31-53-4 874 337

Fax : +31-53-4 874 484

Web-site: http://www.itc.nl/ilwig/

Remarks, suggestions and bug reports, should be sent to:
Drs. Jelger Kooistra,

E-mail: ILWIS@ITC.NL

Tel.: +31-53-4 874 217

Fax : +31-53-4 874 484



Authors and Acknowledgments

The ILWIS Reference Guide was written by Petra Budde, L ucas Broekema,
Remco Dost, Iris van Duren, and Lyande Eelderink. The final format of the
Reference Guide was prepared by Nick Verplak and Petra Budde. We would like
to thank Wim Koolhoven and Jelle Wind for technical proofreading, and Audrey
Schutten for English proofreading.

ILWIS isdesigned by Wim Koolhoven and Jelle Wind. The entire ILWIS team
responsible for releasing version 2.1 consisted of the following persons:

- ILWIS Development team: Jan Hendrikse, Wim Koolhoven, Willem
Nieuwenhuis, Martin Schouwenburg, Dick Visser and Jelle Wind. Team
Leader: Wim Koolhoven.

- ILWISTest team: Alda Balde, Maria Bastidas de Calderén, Guillermo
Calderodn, Guillermo Chavez Ardanza, Roshanak Darvishzadeh,
Rhodora M.Gonzalez, Citlalli Lépez Binnquist, Paola Napolitano,
Sharlet Ovrahim, Francesco Palazzo, Asuncién Saldafia L 6pez and
Moshe Sabto. Team leader: Moshe Sabto.

- ILWIS Documentation team: Lucas Broekema, Petra Budde, Remco
Dosgt, Iris van Duren, Lyande Eelderink, Jamshid Farifteh. Team leader:
Petra Budde.

- ILWIS Users group: contact person ILWIS usersat ITC: Ceesvan
Westen, Contact person external ILWIS users: Jelger Kooistra

Project leader: Theo van Rijn






Contents

[ (=7 =T = SR Xi
IR [ € T [ o ] o 1
1.1 What iS ILWIS fOr WINAOWS .......uueiiiieiiieeiiiii e e e e ettt s e e e e e e e s s e e eeaeenes 1

1.2 When you are NeW 10 WINAOWS .....cooiiiiiieeeeeeeee e 2
1.2.1 Windows features introdUCiON..............couvviiiiiiiii 2

2 o T 5o ) = L1 o o 4

1.2.3 USING @ IMENU ..ot 5

2 @ T o] I 1 = o U 6

1.2.5 Using @ dialog DOX.......ccooviiiiiiiiii 7

1.3 Getting started with ILWIS for WiNAOWS .......ccoooviiiiii 10
1.4 Importing data from ILWIS 1.4 ..o 12

A = F- 1] [o3 o 0 o Lot = 0 £ RSURRR 17
2.1 ILWIS WINAOW TYPES ..ot 17
2.2 ILWIS 0DJECES @Nnd ICONS......cciiiiiiiiiiiiii 18
2.3 Before creating ILWIS maps and tables ..........ccccco 19
2.4 Working With dOMaINS .........cooiiiiiiii 20
2.5 AHDULE tADIES ... 22
2.6 Layers in @ map WINAOW ..........cooiiiiiiiiiiiii 23
2.7 MAP VIBWS ... 23
2.8Drag and ArOP ..ccoeeeeeiieee e 24
2.9 Dependent data ODJECES........cooiiiiiiiiii 25
2.10 Properties of ODJECTS.......cooviiiiii 26

3. ILWIS window types and their functionality .............ccccceevviiiiiiiiinnnnee. 29
K 0 I /=TT 1Y/ T [ 1 PPN 29

K 700 T 11 o [T 1T o 29

.12 CAlAIOG. . e eeiiiiiiiiiiiiei et 30

3.1.3 OPEratioN-lST......cccviiiiiiiiiiiiiii 31

T80 I @0 a1 o= T T I 11 = 32

0 I T = 101 o] o TN o= 33

.18 NAVIGALOK .eiiiiiiiiiiiiiiiiiee 34

.17 StALUS lINE ..t 34

3.1.8 MENU COMMEANAS ... . eeeiieeiiiiieee e e e e e ettt s e s e e e e e e ettt s e e e e e e e e et r e e e e e eeeenrennaeeees 34

3.1.9 MOUSE FUNCLIONS ...t e e e e e e e e eraa e 37

B2 MAP WINAOW ... 38

1 37285 T 111 o To 113 1T o 38

3.2.2 FUNCHONANTY ...eeeeiiiiiiiiiiiieeee 38

T N = TU 1 o] o TN o - 43

I S - Y U 11 = 44

3.2.5 MENU COMMIEANAS ... ..eeeiieeiiiiiie e e e e e e ettt e e e e e e e ettt s e e e e e e e e et r e e e e e e e eenrenn e e eees 44

ILWIS Reference Guide i



Contents

T Y [ 10 £T= T U (o 1o ] 1 45

I JC I 1= o [ IR, o (o 1 T 46
170G 20 A T (o To [0 T3 1o ) 46
3.3.2 FUNCHONANTY ...eeeiviiiiiiiiiiieeee 47
3.3.3 COMMANA INE . .eeiiiie e 49
TR I ] =Y (0 13N 11 (= 50
3.3.5 MENU COMMANTS.....uuiiitiiiiiiee e e e et e e e e e e e e e e e e e e s e e e eeanes 50
3.3.6 MOUSE FUNCHIONS ....ieeiiie e e e e e e e e e e e e e e anes 51

3.4 Pixel information WINGOW..........couuiiiiiiiii et e e e e e e e 52
G T A T (o Yo [0 T2 1o ) 52
342 FUNCHONANTY ...eeeeviiiiiiiiiiiieee 53
RO ] =Y (0 13N 11 [T 56
3.4.4 MENU COMMEANTS .. ..uuiiitiiii et ee e e et e e e e e e e e e e e e et e s e e eanaeeanes 56
3.4.5 MOUSE FUNCHIONS ...t e e e e e e e e e e e e e anes 56

4. ILWIS ODJECTS. ... 59
4.1 DAtA ODJECTS ..ceiiiiiiiiiiiiiiiiee 59
4. 1.1 INtrOAUCTION TO M@PS ..ttttttttttiiiitittttttetbebbbbbbbbbbbbbebbbbbb bbb bbbbbbbbbbbebbbbbebbebebeeeeeeee 60
4.1.2 RASIEI IMBPS  ..eiieeiiiieiiite et e et e e e e et e e e e e e e e e errr e e e e e eenns 61
R B o) o] o I 1 1 =T o L PPN 64
4.1.4 SEOMENT MAPS  .oeiiieirtiiiii e et ettt e e e et e e e e e e e e et e e e et e eerrrarraeeeeeenn 67
T o a1 £ = o1 PPN 70
L G 1Y =T o N 3 £ PPN 73
T 1= o1 1= N 74
< T @] 1] o1 o TN 77
4.1.9 Link between maps and tableS............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieee 81

4.2 SErViCe ODJECTS......cciiiiiiiiiiii 81
0t N D 1o 1 = N 82
A S =T o] (=1T=T o1 = 110 ] o [P TPPTRPRN 86
R R CT=T0 ] (=1 (= (=] o= N 89
4.2.4 COOFTINALE SYSTEIMN ...uutiiiitiiiiiiiiiiittieiitteeebbeeeebeebebbe bbb bbb bbb bbbbbbbbbbrbeeeereee 93

4.3 SPeCial ODJECTES.....cciiiiiiiiiiiii 97
Y =T I 1= PPN 97
R Il o 111 (oo [ = 10 PPN 98
4.3.3 SAMPIE SELS  Loiiiiiiiiiiiitiiiit bbbttt 100
4.3.4 Two-dimensional tableS ........ccovuiiii e 102
AV, £ o = 103
4.3.6 FIBIS  ooeiie s 104
O A U] T 1[0 0 105
S S o ] o] £ PPN 108

AN o T = L (o] [ 110
T =0 [ (0] R 115
5.1 Introduction t0 Map €aitOrS........coeiiiiiiiiiii 115
T2 o (=L I =T o [ o 115
5.2.1 FUNCHONANTY ...ooeviiiiiiiiiiiiiiiii 115
5.2.2 MENU COMMANTS .. ..uuiiitiiii it ee e e e e e e e et e e e et e e e eaans 117
T2 = 10 11 0] 1 o T 118

ii ILWIS Reference Guide



Contents

5.3 POIYGON @AITON ..o 119
5.3.1 FUNCHONANTY ...ceeviiiiiiiiiiiiiiiie 119
5.3.2 MENU COMMEANAS ... ..cceiiieeiiiiei s e e e et e s e e e e et s s e e e e e e et e e e e e e e eearen e eeees 122
5.3. 3 BUON DA . 122

5.4 SegMENt €AITON.....cciiiiiiiii e 123
5.4.1 FUNCHONANTY ...cooviiiiiiiiiiiiiiii 123
5.4.2 MENU COMMEANAS......ceiieieiiiiisie e e e ee et e e e e e e e e ettt s e s e e e e e e eaaeer e e e e e eeeeerenn e eeees 131
T N = TW )1 (o] o T o= 131

ST o T =T 11 o] PP 132
5.5.1 FUNCHONANTY ...ceeviiiiiiiiiiiiiiii 132
5.5.2 MENU COMMEANAS ... ..ceiieeiiiiiei e e e e e et s s e e e e e et s s e e e e e e et e s e e e e e eeerea e eees 136
B5.5.3 BUON DA .o 137

5.6 Domain Class/ID €ItOr ...........ccouviiiiiiiiiiii 138
5.6.1 FUNCHONANTY ....ooeviiiiiiiiiiiiiiiii 138
5.6.2 MENU COMMEANAS ... ..ceiiieiiiiiisi s e e e ee et s e e e e e e e et s e e e e e e eaaterr e e e e e e eeerenn e eeees 139

5.7 Representation Class €ditOr............cooouiiiiiiiii 139
B5.7. 1 FUNCHONANTY ...coeviiiiiiiiiiiiiiii 139
5.7.2 MENU COMMEANAS ... ..ceiieiiiiiieieeeee e et e e e e e e e e ettt s s e e e e e e eaater e s e e e e e eeerean e eeees 141
I TN = 101 o] o T o - 141

5.8 Representation Value/Gradual editor ..o 142
5.8.1 FUNCHONANTY ....oevviiiiiiiiiiiiiiiiii 142
5.8.2 MENU COMMEANAS......ceiiiieiiiiei e e e ee et e s e e e e e e et s e e e e e e et e s e e e e e eearean e eeees 143

5.9 Georeference Tiepoints €ditOr ... 144
5.9.1 FUNCHONANTY ...coeviiiiiiiiiiiiiiiii 144
5.9.2 MENU COMMEANAS ... ..ceiiieiiiiisie e e ee et s e e e e e et s e e e e e e et e e e e e e e eearea e eeees 146
RS RS I = 101 o] o T o - 146

5.10 Georeference 3D €ditOr........ccoviiiiiiiiiii 147
5.10.1 FUNCHONAIILY ....eeeviiiiiiiiiiiiiiiiiii 147
5.10.2 MENU COMMIANTUS ....ceeieeeiiiisiseeeeeeeiieiaa s e e eeeeeeettsn s s e e eaeeeaateaa e e e eeeeeeesrnnaaaeees 152
R O B = T 1 (o N o - T 152

5.11 Sample Set @dItOr .......cccoiiiiiiiiii 152
5.11.1 FUNCHONAIILY ...ceeviiiiiiiiiiiiiiiiiiiie 152
0 I 2 V1Y o T o0 o 4= T T £ 156
N I B = T 1 (o o o - 1 156

I 2 AN g T =1 1o =T 11 (o ) SO PP 157
5.12.1 FUNCHONAIILY ...coevvieiiiiiiiiiiiiii 157
5.12.2 MENU COMMIANTUS ....ceeieeeiiiieiseeeeeeeetiiea s e e e eeeeeattsn s s e e e eeeeaatsnaaseeeaeeeerennnaaeeees 159
N 2 T = T 1 (] N o - 160

6. Map & Table calculation ... 163

L 200 1o To 11 o 1 o o P 163
6.1.1 Overview of operators and funCtioNS ..........ccccccciiiiii 163
6.1.2 SPECIAI TOPICS ...eiiiiiiiiiiiiiiiiiii 165

6.2 Map CalCUIALION ........coeiiiiiiii 166
L0720 I 1o To 11 o3 1T o 166
6.2.2 General syntax of MapCalc formulae..........cccccccooiiiiiiiii 166
6.2.3 Description of operators and funCtionS............ccccccciiiiiiiii 169

6.2.3.1 Operators on domain Value and Image.............cccoeeiei, 169

ILWIS Reference Guide iii



Contents

6.2.3.2 Operators on domain BOOl ..........cooooviiiiiiiin 171
6.2.3.3 Functions on domain Value and Image.............cccoevevei, 172
6.2.3.4 Operators and functions on non-value mMaps...........cccoeeveveeeeeeeeeeeennn 180

6.2.4 Special Map CalCUulatioNns ...........cccccoiiiiiiiiii 183
6.2.4.1 Calculating with undefined values..............cccoo o, 183
6.2.4.2 Predefined variables............ccoo oo, 185
6.2.4.3 Create an attribute Map ..o 186
6.2.4.4 ClasSifyiNg @ MaP ...oooeeeeeee oo 187
6.2.4.5 Two-dimensional tables ..., 188
6.2.4.6 Neighbourhood operations ..., 189

6.2.5 User-defined fUNCLIONS. ... 196
6.2.6 Pocket Line CalCUlator.............ccouvviiiiiiiii 203
B.2.7 SCIIPLS .eiiiiiiiiiii ittt 205
6.3 Table calculation ... 208
6.3.1 INtrOAUCTION ..eoeiiiiiiiiiiiiiiii 208
6.3.2 General syntax of TabCalc formulae .........ccccccciiiiiii 208
6.3.3 Description of Operators and fUNCLONS ... 210
6.3.3.1 Operators on domain Value and Image.............ccccoeevev, 210
6.3.3.2 Operators on domain BOOl ..........cooooviiiiiiii 212
6.3.3.3 Functions on domain Value and Image.............cccoeeevii, 214
6.3.3.4 Predefined ValUBS........ccooo i 225
6.3.3.5 Operators and functions on non-value columns (Class, Group, ID) 226
6.3.4 Special Table CalCulations ...........ccccccviiiiiii 231
6.3.4.1 Calculating with undefined values..............cccoo e, 231
6.3.4.2 Predefined variables and record specific operations ....................... 233
6.3.4.3 CONVEISIONS ..o 236
6.3.4.4 Classify COIUMNS.......oooii i 236
6.3.4.5 AgQregating ValUesS .........coooiiiiee i 237
6.3.4.6 JOINING COIUMNS .....ciiiiiiiie e 240

6.3.5 SPECIAI TOPICS ...ciiiiiiiiiiiiiiiiiii 241
6.3.5.1 Calculations on cOOrdiNAtES .........cooeeiieieeieee e 241
6.3.5.2 Calculations on point data...........oooveeereiieii 246
6.3.5.3 Calculations on data Properties........ccoovveverieiiieee 249
6.3.5.4 Calculations 0N COIOIS.......ccovii e 250

A O] o 1] =11 (0] o PP P PP PPPPPPPPPPPPPPP 257
7.1 ViSUANIZALION.....ccoiiiiiiiii 257
7.1.1 Show Map Or Other ODJEC........cccvviiiiiiii 257
7.1.2 COlOr COMPOSITE .ceeiiiiiiiiiiiiiiiie 258
T. 1.3 DISPIAY 3D ..cciiiiiiiiiiiiiii 264
A Y o o YT I LSRR PPERRR 265
T.1.5 SlIAE SNOW ...eiiiiieiiiiiiiiii e e e e e e e e e e s e e e e e e e e s aanes 267
7.2 RASLEr OPEIALIONS ....coiiiiiiiieeieeee e 268
7.2.1 Map CalCUIAtION ....cooiiiiiiiiiii 268
7.2.2 Attribute map of raster Map ......ccccoviiiii 270
72,3 ClOSS ettt 273
7.2.4 AQOIrEOALE MAP ... . i eeiteieriiii e e et et e et e e et e e st e e e e e e enrra e 276
7.2.5 Distance CalCulation ...........cccccciiiiiiiiii 282

iv ILWIS Reference Guide



Contents

7.2.6 EIALION ..ccoiiiiiiiiiiiiii 289
7.2.7 Are@a NUMDEIING.....ccoiiiiiiiiii 292
7.2.8 SUb-Map Of raStEr MAP.......cciiiiiiiiiii 296
7.2.9 GlUE TaSIEI MAPS ...ciiiiiiiiiiiiiii i 298
7.2.20 MiIITOITROTALE ...cooviiiiiiiiiiiiiii 303
7.3 1MAge ProCeSSING......coiiiiiiiiiiie 309
T3 L FILEI i 309
7.3.2 Standard fillers ... 314
7. 3.3 FIlEr IYPES oo 315
7.3 4 SECh (oo 322
7.3.5 SHCING ceeiiiiiiiiiiiiiii 330
7.3.6 COlOr SEPArAtION ....cceviiiiiiiiiiiiiiiiii e 334
T.3.7 CHUSEEN..cciiiiiiiiiiiiiee 338
7.3.8 SAMPIE....oiiiiiiiiiii 341
7.3.9 CIASSIfY coeiiiiiiiiiiiii 341
7.3.10 RESAMPIE c.ccoiiiiiiiiiiiiii 347
T4 STALISTICS .o 353
T4 L HISTOQIAM...ciiiiiiiiiiiiiiiiie 353
7.4.2 Autocorrelation - SEMIVANANCE ... 359
7.4.3 Principal Component ANAIYSIS .........coviviiiiiiiiii 363
744 FACIOr ANAIYSIS ..ceeiiiiiiiiiiiiiiii 367
7.4.5 Variance-CovarianCe MALliX .........ccuuiiiiiiiiiiiiiii e 370
7.4.6 Correlation MAatfiX. ... 372
7.4.7 Neighbour POIYJONS.......ccooviiiiiiiiiii 374
7.4.8 Segment direction NiStOgram ..........cccccviiiiiiiiiii 376
7.4.9 POINt STALISHCS ...eeviiiiiiiiiiiiiiii 379
7.4.10 Spatial Correlation..........cccccviiiiiiii 380
7.4.11 Pattern @nalySiS........cccuiiiiiiiiiiiiii 382
7.5 INEEIPOIALION ..o 388
T.5. L DENSITY .ottt 388
7.5.2 Contour iNterpolation ...........ccuviiiiiiiiiiii 391
7.5.3 PoINt iNterpolation ..........ccovviiiiiiiiiii 394
7.5.4 NEAIESE POINT....cciiiiiiiiiiiiiii 395
7.5.5 MOVING QVETAJE ....coiviiiiiiiiiiiiiiiiiiee et 398
7.5.6 Trend SUMACE ......ccoviiiiiiiiiii 403
7.5.7 MOVING SUIMACE ......ciiiiiiiiiiiiii 405
7.6 VECIOr OPEIAtIONS ....ccoiiiiiiiieiieee et 409
T.6. L UNIQUE ID ..cciiiiiiiiiiiiiiiiiee 409
7.6.2 Attribute map of PolygoNn Map.........ccviiiiiii 412
7.6.3 MASK POIYGONS ....ccoviiiiiiiiiiiiii 415
7.6.4 Assign 1abels t0 POIYJONS ........oovviiiiiiiiii 418
7.6.5 Transform POIYQONS.........couviiiiiiiiiii 419
7.6.6 Attribute map of SEgMENt MAP ......coovviviiiiii 422
7.6.7 MaSK SEOMENTS ....ccoiiiiiiiiiiiii 424
7.6.8 Assign 1abels t0 SEgMENTS ........covvviiiiiiiii 427
7.6.9 Sub-map of SEgMENT MAP ...ceoiviiiiiiiiii 429
7.6.10 GIUE SEIMENT MAPS ...eiiiiiiiiiiiiiiiiiiiie e 431
7.6.11 Densify segment COOrdINALES..........coivviiiiiiiiiiii 436

ILWIS Reference Guide \Y



Contents

7.6.12 TUNNEl SEOMENTS ...ciiiiiiiiiiiiiiii 438
7.6.13 Transform SEOMENTS........ccoiiiiiiiiiiii 440
7.6.14 Attribute map of POINEMAP «..coovviiiiii 442
7.6.15 MASK POINTS ...cooiiiiiiiiiiiiiiiiii 445
7.6.16 Sub-map of POINE MAP ....ccoviiiiiiiiiii 448
7.6.17 GIUE POINT MAPS ..eeiiiiiiiiiiiiiiiii e 450
7.6.18 Transform POINES ........cooviviiiiiiii 454
7.6.19 Transform COOrdiNateS...........covvviiiiiiiiii 456

T.7 RASIEIZE .o 457
7.7.1 POIYQONS 10 FASTEN....cciiiiiiiiiiiiiiiiiiii et 457
7.7.2 SEPMENTES 10 FASTEN ...ciiiieiiiie ettt 459
7.7.3 SEIMENT UENSILY....ceiiiiiiiiiiiiiiiii 462
7.7 4 POINS 10 TASTEI c.eeiiiiiiiiiiiiiiii 464
T.7.5 POINTABNSIY...ccoiiiiiiiiiiiiiiiii 467

T8 VECIONZE ..o 470
7.8.1 RASIEr 10 POIYGON .coviiiiiiiiiiiiiiiiii 470
7.8.2 RASIEN 10 SEOMENT ... oottt 473
7.8.3 RASIEI 10 POINTS ...eiiiiiiiiiiiiiiiii 477
7.8.4 POlygons t0 SEGIMENLS ....cccviiiiiiiiiiiiiiiiie 479
7.8.5 POIYGON 10 POINTS...cciiiiiiiiiiiiiiiiii 481
7.8.6 SEgMENLS 0 POIYGONS ...covviiiiiiiiiiiiiiiii 484
7.8.7 SEgMENTS 10 POINTS.....vreiiiieeiiiiriiiee e e e e e e 488

7.9 Table OPEratioNS. ........ccoviiiiiiiiii 490
7.9.1 Transpose table..........ooov 490

8. HOW TO ... e 493
B.LHOW O (BASICS ) cooiiiiiiiiiiiieee e 493
8.1.1 How to display maps and tables & Z0OM...........cccccccciiiiiiiiiiiii, 493
8.1.2 HOW t0 ZOOM 1IN ON MEAPS ..eeiiiiiiiiiiiiiiiiiiiiieeeee ettt 495
8.1.3 HOW t0 Start OPErationNS...........coiviiiiiiiiiiiiiiii 495
8.1.4 HOW t0 Create ODJECES .....ccvvvviiiiiiiiiiiii 496
8.1.5 HOW 10 OPEN ODJECES ...coeviiiiiiiiiiiiiiiie 496
8.1.6 How to open the pixel information Window .............ccccccciiiiii, 497
8.1.7 HOW t0 €dit ODJECES ...coiviiiiiiiiiiiiiiii 497

B2 HOW 0 @O .o 498
8.2.1 How to add annotation to a map WiNdOW.............cccccvviiiiiiiiiiiii, 498
8.2.2 How to add extra data layers to a map WiNdOW ............cccccvvviiiiiiiiiiiiinnnnnnn, 499
8.2.3 How to add coordinates to a satellite image...........cccccceeiiiiiiiiii, 500
8.2.4 How to add columns to atable..........cccccciiiii 501

8.3 How to aggregate column VAlUES.............oooviiiiiiiiii 502
8.4 How to break dependency lINKS ... 508
8.5 HOW 0 CalCUIALE.......coieiiiii 510
8.5.1 How to calculate an aspect Map .........ccovvvviiiiiiiiiiiii 510
8.5.2 How to calculate a confusion MatriX ........ccccccvviiiiiiiiii 511
8.5.3 How to calculate a Digital Elevation Model ............ccccccociiiiiiiiiii. 512
8.5.4 How to calculate a hiStogram..........ccccccviiiiiiiiii 514
8.5.5 How to calculate NDVI.........ccoviiiiiiiiiiiiii 514
8.5.6 How to calculate an Optimum Index Factor ............cccovvvvviviiii e 515

Vi

ILWIS Reference Guide



Contents

8.5.7 How to calculate a SIope mMap ... 515
8.5.8 How to calculate with maps and tables ............ccccoooiii 516
8.5.9 How to calculate with class names or IDs in maps and tables.................... 516
8.5.10 How to calculate with undefineds in maps and tables..................ccccceee 517
8.6 How to calculate (advanced) ... 518
8.6.1 How to calculate a classified aspect map........ccccccvviiiiiiiiiiiiii, 518
8.6.2 How to calculate distances using iterationsS...........ccccccvviiiiiiiiii, 519
8.6.3 How to calculate flooded area and water volume after construction of a dam522
8.7 HOW 0 ChaNQe ... 525
8.7.1 How to change the definition of a dependent data object.................ccceee. 525
8.7.2 How to change display Options ..........cccccccciiiiiiiii 526
8.7.3 How to change the properties of an object............cccccccciiiiiiii 527
8.7.4 How to change the working or start-up directory for ILWIS for Windows ..... 527
8.8 How to classify @ map or COIUMN ... 529
8.9 HOW t0 COPY ODJECES ... 531
8.10 HOW t0 CrEALE ....ceeviee ettt e et e e e e e e e e e eeees 531
8.10.1 HOW 10 Create @ 3D VIBW......cciviiiiiiiiiiiiiiiiiiiteeeeeeee e 531
8.10.2 How to create annotation ............ccuviviiiiiiiiiiiiii 532
8.10.3 How to create an aSpPeCt MAP .....ccuvrruuiiieeriiiiiiiies e 532
8.10.4 How to create attribute maps .........ccccciiiiiii 532
8.10.5 How to create an (attribute) table..........cccccoi 534
8.10.6 How to create a color COMPOSILE........ccevviiiiiiiiiiiiiii 535
8.10.7 How to create columns in atable..........ccccocoii 535
8.10.8 How to create a coordinate SYSIEM .........ccevvviiiiiiiiiiiiii 535
8.10.9 How to create a Digital Elevation Model ............ccccccccociiiiiiiiiiii. 536
8.10.10 How to create @ dOMAaIN.........ccouiviiiiiiiiiiii 536
8.10.11 How to create a domain GroUD ........ccevviiiiiiiiiiiiiiiiiiiee e 538
8.10.12 How to create a georeferenCe........ccccccviiiiiiiiiii 539
8.10.13 How to create linear filters .........cccccviiiiiii 540
8.10.14 How to create ODJECES ......ccovvviiiiiiiii 541
8.10.15 HOW 1O Create MaPS...ceuvruuiieeeieeeiiiias e ettt e e 541
8.10.16 How to create a map liSt........ccovvviiiiiiiiiiii 542
8.10.17 How to create polygon MaPS........ccuiviiiiiiiiiiiiiiiii e 543
8.10.18 How to create a repreSentation ..........ccccccvviiiiiiiiiiiii 544
8.10.19 How to create a sample set for image classification................ccccccceee. 545
8.10.20 HOW O Create SCIPLS ..ivvviiiiiiiiiiiiieieieeeeee e 546
8.10.21 How to create segments which pass exactly through existing points ....... 546
8.10.22 How to create a SIope Map ....ccovvviiiiiiiiiiiii 547
8.10.23 How to create two-dimensional tables............ccccccociiiiiiiiiiiii 547
8.10.24 How to create user-defined fUNCLIONS ... 547
8.11 HOW tO CUSIOMIZE ....cceiiiiiiiiiiieeeee e 548
8.11.1 How to customize the Catalog .........ccoevvviviiiiiiiiii 548
8.11.2 How to customize the Operation-list ...........cccccciiiiiiii 549
8.11.3 How to customize the Pixel Information Window .............cccccccvviiiininnnnnn. 549
8.11.4 How to customize the Point EIitOr ..........cccccviiiiiiiiiii 550
8.11.5 How to customize the Polygon Editor............ccccccciiiiiiiiiiiii 550
8.11.6 How to customize the Segment EditOr ...........ccccccvviiiiiiiiiiiiii 551
8.12 How to delete ODJECES ......ooovviiiiii 551

ILWIS Reference Guide Vii



Contents

. L3 HOW t0 dIgItIZE....cco e 552
8.14 How to digitize on a background map (screen-digitizing) .........ccccoeviiiiiiin. 552
8.15 HOW tO diSPIAY .....cceeiiieiiiiiii 553
8.15.1 How to display Digital Elevation Models ...........cccccccoiiiii. 553
8.15.2 How to display map lists as a slide Show...........cccccccciiiiiiii, 556
8.15.3 How to display maps and tables and zoOm .............ccccevviiiiiievieeeiiieeee e, 557
8.15.4 How to display a map by one of its attributes...........ccccccveeiii i, 557
8.16 How to drag and drop .........coevviiiiiiiiiiii 558
B.L7 HOW 0 €. ..o 559
8.17.1 HOW t0 €dit @ 3D-VIEW.....cciiiiiiiiiiiiiiiiiiii 559
8.17.2 How to edit annOtatioN ............covvviiiiiiiiiiii 559
8.17.3 How to edit the definition of dependent data objects..............cccccevvvnnnnnnn. 561
8.17.4 How t0 edit @ dOMAIN........ccoiiiiiiiiiiiiiii 561
8.17.5 How to edit & georeferencCe.........cccccciiiiiiiiiiii 562
8.17.6 How to edit Map lISIS ....ccovvviiiiiiiiiiii 563
8.17.7 HOW 10 €It MAPS....cciiiiiiiiiiiiiiiiiii 563
8.17.8 HOW 10 €dit ODJECES ...cceviviiiiiiiiiiiiiii 564
8.17.9 How to edit the properties of an Object...........cccccciiiiiiiiii 564
8.17.10 How to edit a repreSentation ..........ccccccvvviiiiiiiiiii 564
8.17.11 How to edit an existing sample Set.........ccccccciiiiiiiiiii 566
8.17.12 HOW 0 €dit & SCIIPL...ciiviiiiiiiiiiiiiiiii 566
8.17.13 How to edit A table........cccoviiiiiiiiiiii 567
8.17.14 How to edit two-dimensional tables.............cccccoiiiiiiiii 569
8.17.15 How to edit user-defined linear filters..........cccccoooiiiiiiii 569
8.17.16 How to edit user-defined fUNCLIONS ... 569
8.18 HOW 0 @XPOIT ...ttt ettt e e e e e e e e e e e e e e eeee 570
8.18.1 HOW 10 EXPOIT AALA ....ccevviiiiiiiiiiiiiiiiii 570
8.19 How to extract points from selected SEgMENTS..........ccovvvviiiiiii, 571
8.20 HOW 0 IMPOIt...ccoiiiiiiiiiiieeeee e 571
8.20.1 How to import data from ILWIS 1.3, 1.4 0r L.4L.....ccovviiiiieiieeeeieeiee e 571
8.20.2 How to import other formats .........ccccccciiiiii 575
8.21 HOW tO INtErPOIALe ......coeeiiiiiiiii 576
8.22 HOW 10 JOIN i 576
8.22.1 How to join areas from a histogram to an attribute table .......................... 576
8.22.2 How to join columns from another table into a table...............cceevvvveen. 578
8.23 How to make dependent data objects up-to-date ............ccccvviviiiiiii, 581
8.24 HOW 10 OB ...ttt ettt e e e e et e e e e e e e e e e e eeee 582
8.24.1 HOW 10 OPEN ODJECES ..oeiiiiiiiiiiiiiiiiieee 582
8.24.2 How to open the pixel information Window ............ccccccccciiiiii, 582
8.25 How to 0pen (adVaNCEed)..........coovviiiiiiiiiiii 583
8.25.1 How to open internal domains/representations............cccccccvvvviiiiiiiiiinnnnnnn, 583
8.25.2 How to open objects as atable ........ccccccoiii 584
8.26 HOW 10 PFINT. e 585
8.26.1 How to print maps and annotation............cccccccvviiiiiiiiiii 585
8.26.2 HOW 1O Print tableS......ccovviiiiiiiiiii 586
8.26.3 How to print pixel information ...........ccccccoiiiiiiii 586
8.27 HOW t0 RASIEIIZE ... 587
8.28 HOW tO reference amap .....cooovivviiiiiii 588

viii

ILWIS Reference Guide



Contents

8.29 How to release disk SPaCe ... 589
8.30 How to retrieve specific elements from maps .........ccccccviiii 590
8.31 HOW tO FUN SCIIPLS...cciiiiiiiiiiiieee e 592
8.32 HOW 0 SAVE ...ttt e ettt e e e e e e een 592
8.32.1 HOW t0 Save annotation ...........cccuivviiiiiiiiiiiii 592
8.32.2 HOW t0 SAVE @ MAP VIEW....ciiiiiiiiiiiiiiiiiiiiieeee e 592
8.32.3 HOW tO SAVE raStEI MEPS . ... eeeeeeeirriiiae e ee ettt e et e e e e s 593
8.33 HOW t0 SliCE @N IMAJE ....coeiiiiiiiiii 593
8.34 HOW 10 SEE U .iieeiiiiii ettt e et e e e e e e e e e eeees 595
8.34.1 How to set up a digitizer and how to start digitizing.............cccccccvviinnnnnnn. 595
8.34.2 HOW 10 Set UP @ PIOET ...cceiiiiiiiiiiiiiiiiii 597
8.34.3 HOW 10 SEt UP @ PIINTEN...ciiiiiiiiiiiiiiiiiiiii 598
8.35 HOW t0 Start OPerationNsS...........ccuviiiiiiiiiiii 599
8.30 HOW 10 USE ...ttt ettt e e et e b e e e e e e e e n e e e e eeeens 599
8.36.1 HOwW t0 USE the Catalog.........cccvvviiiiiiiiiiiiiiii 599
8.36.2 HOW 10 USE COIUMNS ...cooviiiiiiiiiiiiiiiiiiiei 601
8.36.3 How to use layers in @ map WiNAOW ..........cccceviiiiiiiiiiiii 603
8.36.4 How to use the Georeference Tiepoints editor ............cccccccvvvviii, 605
8.36.5 HOW {0 USE MASKS ...cooviiiiiiiiiiiiiiiiiii 606
8.36.6 How to use the Operation-liSt...........ccccccviiiiiiiii 608
8.36.7 How to use parameters in SCHPLS ......covvviiiiiiiiiii 608
8.36.8 How to use pixel information...........cccccccciiiii 609
8.36.9 How to use the Status liNe.........ccoovviiiiiii 610
8.37 HOW 10 VECIONIZE. ..o 611
8.38 How to view and edit the properties of an object...........cccccciiiiiii, 614
8.39 HOW t0 ZOOM N ON MAPS ...coeiiiiiiiiiiieeeeee et 616
APPENAICES ... App. 1
A. New capabilities and functions of ILWIS for Windows..................eevveeviiiiinnnnn. App. 1
B. ILWIS ODJECES ..o App. 7
B.LILWIS ODJECIS ..o App. 7

B.2 Relations between ILWIS 0DJECES.........ccoovvviiiiiiiii App. 13

C. ILWIS OPEIatiONS.....cceiiiiiiiieieeeeeee e App. 15
D. Operators and functions in MapCalc and TabCalc ..............ccoeeeiiii, App. 29
E. Commands and expressions (introduction) ..o, App. 37
E.LILWIS COMMANAS ....cooiiiiiiiiiiiii App. 37
E.2.1 ILWIS XPreSSIONS .....ccciiiiiiiiiiiiiiieeeeeee ettt App. 44
E.2.2 ILWIS expressions (alphabetic)..........cccccoi App. 57
E.2.3 Construction of @XPreSSioNS ........ccvvviiiiiiiiiiii App. 60

F. ILWIS script [anguage (SYNLAX) ....cooeeeeeeeeeeeeeeeeee e App. 63
G. ILWIS SOftWAIE ..o App. 73
G.1 File @XIENSIONS ...coiiiiiiiiiiiiiiiii App. 73

G.2 FlES OVEIVIEW ...ccooiiiiiiiiiiiiiiiii App. 78

G.3 System 0DJECES OVEIVIEW .........covvviiiiiiiii App. 84

G.4 General structure of object definition files............cccccociiii App. 85

H. Keyboard SNOMCULS ........coooiiii oo App. 89
[ MOUSE fUNCHIONS ...ttt bbbeenenees App. 95

ILWIS Reference Guide ix



Contents

J. DIGILIZEN MENUS .ceiiiiiiiiiiii App. 99
R o T | = [ (o ) ST App. 99
Y=o [0 1T o1 o ] (o ] ST PPPPPPTRPN App. 101
S JRC I = o 11Y/ o [o] 0 I =[] (o T ST App. 104

K. TLWIS 8S DDE SEIVET ..ottt e e e e eees App. 105

LM X e I

X ILWIS Reference Guide



Preface

ILWISisan acronym for the Integrated Land and Water Information System.
It is a Geographic Information System (GIS) with Image Processing capabilities.
ILWIS has been developed by the International Institute for Aerospace Survey and
Earth Sciences (ITC), Enschede, The Netherlands. For more than a decade, since
1985, the software has undergone major improvements. The last of these includes
the change from DOS to the Windows environment. The release of ILWIS for
Windows marks a new erain the development of the software.

AsaGIS and Remote Sensing package, ILWIS alows you to input, manage,
analyze and present geographical data. From the data you can generate information
on the spatial and temporal patterns and processes on the earth surface.

The ILWIS media

The ILWIS Reference Guide is part of the documentation for ILWIS 2.1. The full
documentation includes:
- ILWIS Installation Guide. Instructions for setting up ILWIS and
guidelines for setting up hardware, such as digitizers and printers;

- ILWIS Beginner’'s Guide. A first look at ILWIS, introducing the basic
concepts, some essential ILWIS techniques and the main operations
included in ILWIS;

- ILWIS User’s Guide. Training in the skills you need to work with
ILWIS. It provides numerous exercises to practice GIS techniques and
Image Processing operations,

- ILWIS Applications Guide. Advanced procedures to work with
ILWIS, providing 25 case studies for various research disciplines;

- ILWIS Reference Guide. Detailed description of the functionality of
ILWIS including its window types, the objects, the operations, etc.,
illustrated with tips and examples.

Besides these Guides, extensive on-line and context-sensitive Help is available in
the program.

The ILWIS Help and Reference Guide: Main objectives

The ILWIS Reference Guide isaprintout of the ILWIS on-line Help. Of course,
the hyper links available in the Help are not available in this book; furthermore
Help on user-interface dialog boxes has not been included in this Reference
Guide.

The ILWIS Help and the ILWIS Reference Guide are intended to help you
understand the concepts of the ILWIS 2.1 software, to explain the working of all
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windows, editors, and operations, and to answer your specific questions. Numerous
tips and examples are provided to inspire you to using the ILWIS software to its full

extent.

If you have been using an earlier DOS version of ILWIS, we strongly recommend
that you go through the first four chapters of the ILWIS Reference Guide, in
order to get an idea of the new concepts of the ILWIS for Windows version.

For athorough introduction to GIS and I mage Processing, we recommend the
following textbooks on GIS and on Remote Sensing:

Aronoff, S. (1989). Geographic Information Systems: A management
perspective. WDL Publications, 294 pp.

Bonham-Carter, G. F. (1996). Geographic Information Systems for
Geosciences. Modeling with GIS. Computer methods in the
Geosciences. Pergamon Press, 398 pp.

Sabins, F.F. Jr. (1987). Remote Sensing, Principles and Interpretation.
W.H. Freeman and Co., 449 pp.

Lillesand, T.M. and R.W. Kiefer (1987). Remote Sensing and Image
Interpretation. John Wiley & Sons, New Y ork, 612 pp.

Structure of the ILWIS Reference Guide
The ILWIS Reference Guide consists of 8 chapters.

Chapter one, Introduction to ILWIS for Windows, is intended to get
you started with ILWIS, and to show you the basics of the user interface.

Chapter two, Basic concepts, provides short introductions to the
ILWIS window types, the ILWIS objects, domains, dependent data
objects and properties of objects.

Chapter three, ILWIS window types and their functionality, describes
the functionality the ILWIS Main window, map windows, table
windows and the pixel information window.

Chapter four, ILWIS objects, describes all ILWIS abjects, for instance
raster, polygon, segment and point maps, tables, domains,
representations, georeferences, coordinate systems, etc.

Chapter five, Editors, describes the functionality of al editors: the
pixel, polygon, segment and point editor, domain editors, representation
editors, georeference editors, sample set editors and the annotation
editor.

Chapter six, Map and Table calculation, provides an overview of all
operators and functions that can be used to calculate with maps and
tables; many examples are included. Furthermore, user-defined
functions and scripts are explained.

Xii
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- Chapters seven, Operations, treats all operations. For each operation,
functionality, dialog box, command line syntax and algorithm are
described.

- Chapter eight, How to, provides you with information on performing a
certain task and choosing the right menu commands.

- Finadly, the Appendices provide overviews of commands and
expressions that can be used on the command lines, syntax for scripts,
file extensions, etc.

Conventions used in the ILWIS Reference Guide
This guideis formatted in such away that the specific actions dealing with the
software are separated from the accompanying text.
» Formulas that you should type exactly as described are shown in Cour i er
New 10.
For example: Mapc = Mapa + Mapb

&  Thisisatip box. It isused to givetips.

The ILWIS Help and the ILWIS Reference Guide were made on computers with
SVGA display (with aresolution of 1068 by 768 pixels, and 256 colors). If you are
working on a screen with alower resolution, some of the pictures in this book may
look dlightly different from the ones displayed on the screen. Thisis even more so
when you work in VGA mode (640 by 480 pixels, and 16 colors); the display of
some of the maps and images may be confusing. We therefore recommend to use at
least a resolution that allows you to display 256 colors.

The ILWIS Help and the ILWIS Reference Guide were prepared with ILWIS
running under Microsoft Windows 3.1, with the Windows default color scheme, so
al ILWIS windows shown in this book are in the Windows 3.1 fashion.
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