Contents

1 Setting the SCene ................ooooooeoiveeiveeeeeeeeeeeeeeeeeeeeeeeeeeeoeoeeoo 1
1.1 Human and Animal ViSiON.............c.o.eeemmeeereereeereeres oo, 1
12 Maching VISION .....ococ.ououeuecureieieteeeeeeeeee e seees s et e 2

1.2.1  Machine Vision FUNCHODS...........c.ovoveovvereeeerereeeesereene o, 3
1.3 Applications of Image ProCessing .............ooeeeeeeeeeereeereeeesiseeresiooos 4
1.3.1  Health SEIVICES ......ccceerivmemirieeiiereseeeeeeeseeesese e e 4
1.3.2  Security and Forensic SCIENCe ............cocoveveeereveveoeeesn, 5
133 MIIATY ..ottt cecseeeee e e s eee e se s s 5
1.3.4  Commercial.........c..ccoimmiveriiiieiii et eer e 6
135 INdustrial ........cooooeoeiieeiienirerceccecite et 6
1.3.6  Earth RESOUICES......c.cecevimeeieieneeeeeeeeeeeees e e eesveses e s 7
1.3.7 Entertainment and Leisure ............coocveveeeeeeeomuverernerennnn, 7
1.3.8  DOMESHC ..ottt e ees e e 7
1.3.9  Broadcast TeleViSion ................ooueoeeemeeeeeeeeeereeeeeeesees 8
1.3.10 Agriculture and FOOQ ...........c..ocvvimeerieeeeeeeeerereecessserersesens 8
L3.11 CommuniCatiONS .........cceevereeiierieietireeeeeeeseereereesees e 8
1.3.12 Education and Training ...............cooueeeeeeeeeeeeesereeeeresnnn 9
1.3.13  Service Industry, TEANSPOTt ..........cocveeemeeeerrvereerreeereesoeess 9
1.3.14 ReSearch ...........ceieereieeenreererennnce st eees e eseanns 9
14 Problems of System DESighi..........ooooveuieieueeeeeeeereeereeeeeeeeeeeone 10
14.1  Simplifying the Task .......ccoccoeervuueirerieeeere e ereere . 1
142 A WAIMINE ..ottt ese st era et 12
143 Non-Industrial Image Processing..........ccoceeeeeereerevevnnnnnn.. 12
1.5  Interactive Image Processing (IIP)............ccoovvvooeeeveeeeereeoeeeenn, 12
1.6 Practical Uses of Interactive Image Processing.............................. 13
1.7 Purpose and Outline of This BOOK............cccovvereereeereereeeereserrinns 15
2 Principles of Digital Image Processing..................cooccoo......... 17
2.1  Digital Representations of IMAages...........cccouemeeeeevvrevsrcssesesrsenonnn, 18
2.1.1 Monochrome (Grey-Scale) Images.........c.oeceevuveerrerennnn.. 19
212 Binary IMAZES ......ccceerninriiitieirieieeee et eeeee e esenseesses oo 20
2.1.3 Color and Multispectral Images..............cooevevveveeeeeernnn., 20
2.14 Stereoscopic Image Pairs .........cccoeeeeoveveeeeeeeeeeseseer oo, 21
215 MoVIng IMAZES ..coovuerereieeeeeceece e en s e 21
22 Processing FUNCHOMNS .......covevevevmuiuceteniteeeesise e e ee e eee s e 22
22,1 NOWHOM.......coetimietemreeererectese e seere s st sresesessesssrenss 23
2.2.2 Monadic Point-by-Point Operators ............cocoeveeveeenn... 24
223 Dyadic Point-by-Point Operators.............ccvoeeveeereonennn.. 26
224 LoCal OPerators......c.oovieeriveeereeeeeeeeeseeseeresessreesssesesssesas 27

Bibliografische Informationen
http://d-nb.info/931677084

gt rt ATI
digitalisiert durch

HE|
L

L


http://d-nb.info/931677084

Xiv

Interactive Image Processing

2.24.1 Linear Local Operators ........o.ecvereverseerererrccrerenes 28

2.24.2 Non-Linear Local Operators............cccevceerercncnns 29

2.2.4.3 Using Direction Codes........cecvecrrrercnecerennenenenas 31

225 n-ple OPErators.......ccoeeeveveerecrmusenisisiosnisesissmsssssesssaas 31

226 EOQZE ffECtS. ..o snrcevesesseneesce e snaees s aeens 32

2277 Global Image Transforms...........ccoecvinmmmsuisvensnnisicnsinnans 33

228 Geometric Transforms.............cccoeveineerveeesseresrorenserersensorens 34

2.3 Binary IMAes .......ccceevrmenreeinmneincren e seneestsncsaesesessasssssesnsses 38
2.3.1 Measurements on Binary Images...........ccccocevevervievrenrernes 43

24, COMMEDLATY......c.coiiiirriereeeirneseeeeeseeeseeressessessessssssossesssseseassssssens oo 45
Syntax of IIPL ... 47
3.1 INEOAUCHOM......ccuerreerrerirenieseiseereeeseeressestas e srsssessasssansesnaresasassons 47
32 Basic COMMANAS ......oocoeirireieieneeieioierieserseseeestonseessesnsscessesessesad 48
3.3 Command SEQUENCES ........cccvuiirumrunierisisierseeisssteesisstssesessssnsmessssens 52
34 REGISIETS it inece st esb st ssresssons e sasssebesesssassrensonsee 53
3.5 Looping, Jumps, and Conditional Jumps............ccecererreverereerrennnnns 54
3.6 MACIOS .ttt sttt ste e sse st et s sencrer s seasnebsease e 55
3.6.1  Macro NAMES ........ceeveveierveerrernenreissssesrssesssesersssssessessenes 55

3.6.2 Macros Take Precedence Over Basic Commands............ 55

3.6.3 Programming Style .........ccceervicmrieneirnrececrneieeieensereennenns 56

3.6.4 Macro Arguments, Numeric Values..........c...cccoeeererrennnnn. 56

3.6.5 Macros Incorporating Other Macros...........c.ooceveeverrerenne.. 57

3.6.6 Macro Arguments Generalized ..............ccoveviiniriienniiinnns 58

3.6.7  RECUISION .....ooveerrerererieniesentnissesstessstensssessesaserssssnsnes 58

3.6.8 Library and User-Defined Macros ............cccccveeererrnrennene. 58

3.6.9 Further Remarks Relating to Macros ............cccevvvvvenvinenes 59

3.7  Histogram Buffer ........ccoovevinninieicninentecenreiinrec e e sssvesseeone 59
3.8 Character SUINES....ccuviiiiiiereecereiee e srere s sresser e seressesessessosessessond 60
3.9 Miscellaneous Control FEatures.........cuouveeeerevinernerinrenisiesisreerensend 61
3.10 Calling User-Defined FURCHONS .........ccceeeereinnnrvererircnieeenesesnenenn.s 63
3.11 Discussion and SUMMATY..........coceceueueransirnieieinccseensrerersrnersnseseseenss 65
3.11.1 Choice of Mnemonic FOrM............cccevcvcuceernrnrerernrernnenensd 65

3.11.2 Repertoire of Basic Commands .........c...occovvevurverirvecnnnane. 66

3.11.3 History, Variations on a ThEmME.......ooveeevevveeceereeeereeeeernennd 67

3114 RESUINE......ocomeneirieeeereeeererenceneererene e e tetessas s en e ans 68

312 AAeNUIN.........ccvorererereecrr et e st 69
3.12.1 Incorporating Basic-Like Features into IIPL .................... 69

3.13 Prolog+, Merging Prolog with IIPL...........ccovoveoiieeeieeeeeeeeeernen 70
Practical Considerations...................ccccoooevvveeveeovvroerecrenseenn, 71
4.1  Workstation Layout...........eceveerenieiceisiestceerceeve e seeeeeeeeseenesnens 71
4.1.2  Ergonomic FacCtors .........ccccoenmiereriiernnnreeeecesrsosisneeees 72

4.1.3  Systemn Response Times.........ccooecereeriereriieseneveseeeeenees 74

414 Recording RESUILS .....ccovvrereeveniveereereeier e eeceeeeseseereeenne 74



Contents XV

42 Extending the Scope of IIPL..........cccomiiniiiiniinnniicieninas 76

4.2.1 Controlling Dedicated Image Processing Hardware......... 76
43  Adding a Processor to Control the IIP ..., 71
44 Using a Journal to Generate Macros...........vvveeinicnencsvncnsacninnnans 78
4.5 Can We Use Al Techniques to Guide the IIPL User?..........coueuin. 79
4.6 Generating Software for Target SYSIEMS ......ccoovvvrinnernnnririnirininns 79
4.7 Hardware-Based Versions of IIPL ........ccccovnisnininnininninnns 81

4,7.1 TIPL/H System 1: A Basic SYStem.......coccoceremeemmncrerisurnns 81

4,72 1IPL/H System 2: Added Capabilities........ccc.oovrrererenerunecs 84

4.73 IIPL/H System 3: A System for Desktop Computers ....... 85

4.74 Status of IIPL/H Implementations ...........coeeveveeverccerenennes 89
4.8 Menu Selection of COMMANGS............covvimeniimiiinniiisnend 90
49 UsingaMousein IIPL........c.ccocoonnniniminnniiinniiicestenns 91
410 PSUO-COlOr....cinrieeneeccsiciestiiininin sttt irssss st ssireas e sr s anas 92
411 CONCIUSIONS....ccciovieniitiisiiieesssseise sttt sssaseses st s bsesnsnss s besens 93
Applications Case Studies ... 95
5.1  Crack Detection in Metal COMPONENES.......covccrvurniririrnniessensnenss 95
5.2 Robotic Manipulation of ObJECIS.......ccouririrmiviiniiiiiiiesniinienns 97
5.3 Form Measurement of Glassware (BOttle)........occvveviiinnincnnsd 98
5.4  Examination of Aerosol SPrays .........ccecoeerverremersmssssessnecrereneens 101
5.5 Examination of Paint WOrk.........cccccoccovuvvinmnisnenenenienievennen 103
5.6 Inspecting Factory-Made Cakes .......ccoooerencrenineiririnennisininnns 105
5.7 Inspection of the Cap of an Electric Light Bulb ............ccoreeeeene. 106
5.8 Measurement of Coiling of a Helical Lamp Filament.................. 108
5.9 Detecting Glass FIaKes...........cuiniiiniinniiniinins s 109
5.10 Locating the Ends of Floppy Serpentine Objects.......................... 111
5.11 Verifying the Existence of a Chamfer...............ccoocvcvvernveninnrinnan 112
5.12 Inspecting Non-Populated Printed Circuit Boards.............c.c.c.ce.. 113
5.13 Checking the Roundness of Fruit..........cccccuniinninininccnnnnnnnn 116
5.14 Reading Punched Letiering on a Metal Surface.........oovvvenennnas 119
5.15 Identifying a Playing Card ..........cccovivivninrerneinnnnicnsisininnns 120
5.16 Determining the Orientation and Pitch of a Grid............ccoccnenene. 122
5.17 Existential Inspection of Internal Threads............cccovvvvivvivunnnn. 124
5.18 Processing Laser Scanner Data of Metal Surfaces .............oe0.. 125
5.19 Checking LCD DiSplays .......cccoccnnnnininmninininnnensessvesnens 127
5.20 Aligning Teeth on @ GEar..........covevvmmrerermeneiteiisni e 130
5.21 Determining Hardness of a Metal Surface..........cooeovvvninviininnne 133
5.22 Counting Diskettes in a Cardboard BoX .......cccocevceecvivniiiinninnnne. 134
5.23 Deciding on the Toss of @ COiN..........cuveemirereecenenirinrereissiiecees 135
5.24 Counting the Teeth on a Rubber Belt.........ccoviiirninniniinnnes 137
5.25 Calibrating a Spirit Level........ocoimnniriecce e, 138



Xxvi

6

Appendix A Basic Functions

Appendix B Sample Macros

Interactive Image Processing
Integrating IIPLwith Prolog

GLOSSATY ...voveeececreerssiesseesessostsmssssessneasrese iesarsssssnssassestassssinssessssnssassessases
6.1 ITHTOQUCHON......cvvee e seeeraecseeessestssesesiteasessssbesie s snessssassebassessases
6.1.1  PrediCates ..cuvieiirieeceeescciniinnsiisaseenssessaness e sssns e et sonsesss
6.1.2  TFACIS covirecriereiriinsssceisuarisiebetsinesserneasiesssonassessssnenesnassns
6.1.3  QUETIES ...vovvvrererreverineeceseriererisisserboresaesssnssesnassas et suconsne
6.1.4  RUIES....cocreereriereeereeenteste e scenterasasse st ss s e sasasann s easssens
6.1.5 Back-TracKiNg.....cccoocrmrormsimnmmseisenienninssiarierensiesssosonns
6.1.6  RECUISION ....eorvriirereereerineeccccinnrsinnie e s s e nree e snessassane
6.1.7  LASES.ceveeiriiirieeerireseresescosesaesenseseconarsosanssss sessesnorassaressasaan
6.1.8 Built-in Predicates .........occceeerivimiinienirnnrenrennesieniessnnanns
6.2 Earlier Attempts to Combine Prolog and Image Processing ....... 148
6.3 Specification of PIOIOZ+ ..ottt 149
6.3.1  SYDIAK....oiiireeeeriirisiiinier st e en s et 149
6.3.2 Accommodating IIPL. Commands with No Arguments..150
6.3.3 Accommodating IIPL. Commands with Arguments........ 150
6.3.4 Passing Parameters Follows Normal Conventions ......... 151
6.3.5 Interactive Operation of Prolog+ .........ccoveveieinnnnnnne. 152
6.3.6 Prolog+ Rules Replace IIPL Macros .........oooeceeevenecnnan. 152
6.3.7 Program COontrol.............coceccierviomcnninionnnnenissseesssnne 153
6.3.8 Predicates for Controlling Other Devices ............cccocue 154
64  Some ApPlICAtONS .....c.ccoiiieriniiieiiiin st absssvesene 154
6.5 Implementation of Prolog+.......occovevvmmininiiininen et 155
6.6 DISCUSSION .....overerrerinrieeereereseessesesneesseesesseneesessissusssaassessessarienses 157
In ConCIUSION.........ooooie et is e ane 159
7.1 A Seeing Is Worth 10,000 Tellings .......ccocecovimnnccisnicccinenrinnnn 159
72  Alternative Modes of Interactive Image Processing.................... 160
7.2 FUuture PIOSPECES .....cucuemieireesiriisecct st st esiesesessserossasesnsasses 162

Basic FUNCHONS ......c.cociiiiiniiiiiinieinniecriniet et ensaesaes
Images Illustrating Basic Functions

B.1  Edge Detectors......ccooviiniiiiiiiininiinicscnennnenane
B.2 Featre Detectors
B3 FAETS .ottt snesissestasssee e e ee e s

B4 Image GEneration..............ceeeeerveirrerrerenruesensseeressnsessesssersesessases
B.5 Intensity-Based Functions
B.6 Binary Images
B.7  CONUOL ..coereiiicririeeciireietnecnt ettt snssesasbassssesasbessasassensseenes
B.8 Image Measurement
B.9 Utilities

...........................................................

..............................................................................




Contents xvii

Appendix C Images for Applications Case Studies
1 Crack Detection in Metal COMPONENLS ....c.vcueviriiieineiesieeessenersennne
2 Robotic Manipulation of ObJects ........ccvevviiiiiniveiiininenns
3 Form Measurement of GIASSWATE............ccouviremeiireeiiitesmsininsieinssones
4 Examination of Aerosol SPrays......c..ccviinnnriiinesnsninincincnna,
5 Examination of Paint Work ..........ccccccvivininiiinennnncinnnnionnnseenes
6 Inspecting Factory-Made Cakes ..........coooevmernennmnccnecnieciininininaes
7 Inspection of the Cap of an Electric Light Bulb..........ccccccevvennanne.
8 Measurement of Coiling of a Lamp Filament ...........ccoovniernennenn.
9 Detecting Glass FIAKES ........cccoovv i nnsicnsnccneeseciens

10 Locating the Ends of Floppy Serpentine Objects.........ccooeveneneniens
11 Verifying the Existence of a Chamfer ...........ccvinnnniivninnienne,
12 Inspecting Printed Circuit Boards .....c.coioeninnnnnncciencncnennnaes
13 Checking the Roundness of FIuit ..o
14 Reading Punched Lettering on a Metal Surface.........c.oeveeevncreennes
15 Identifying a Playing Card.........coeveimiineinniniicninninnnnsccenecsnsnenins
16 Determining the Orientation and Pitch of a Grid ..o,
17 Existential Inspection of Internal Threads..........ccoovvicnnniiinnnan,
18 Processing Laser Scanner Data of Metal Surfaces...........cc.coeveeeeee
19 Checking LCD DiSPIays........coconvviniimiennniniisisas e iecssetcecsecncsinis
20 Aligning Teeth 0n 8 GEar........ccciieiimimninssesi i
21 Determining Hardness of a Metal Surface ......oovencciinnnnicnnnnn
22 Counting Diskettes in a Cardboard BOX ........ccovievnicninencncncnsnna
23 Deciding on the Toss 0f 2 COil .......voviniieiieieiiieec e
24 Counting the Teeth on a Rubber Belt ...,
25 Calibrating a Spirit Level ......cooviiiniiiinccrr e

RREFCIRIICES ..o ee e e eee st esebasssessbs s ss s ssbsasas st s b s sesasaneassesessosinans 365

Table of IIPL Basic Commands ..........ccoiooivevecieinenrneenesescsereneses 369



