Contents

List of ContribUtors ...............ooooiiviiiiiiiiee e xxiii

1.

Like Two Peas in a Pod

B.G. BAICREIOT ...ttt |
Editorial INtroduction ...........ccccoeeiieieieeee et 1
1.1 Advantages of Being AbIe t0 S€e......ccccuivierieriieriieiieieeeeeeie e 3
1.2 Machine VISION ......ccceveeuiiieiiiiniinieniesiesieetceit ettt 4
1.2.1 Model for Machine Vision SyStems........ccccevveruereereenieenueneennens 6
1.2.2  Applications Classified by Task........ccccoecervininiiniiiiinieee 9
1.2.3  Other Applications of Machine Vision .......c..ccccecevenenencnnenne. 11
1.2.4 Machine Vision Is Not Natural ..........ccccoceveninininininninienene. 12
1.3 Product Variability .........cccecieiiiieiieieeee et 12
1.3.1  Linear DIMEeNSIONS .......ccceeieruierienieeieiie e 13
1.3.2  ShAPC...iiiiiiiicie ettt st es 16
1.3.3  Why Physical Tolerances Matter ............ccccvevververeerirecrennennnns 17
1.3.4  Flexible and Articulated Objects........c.ccocevererireevenicnienennenne. 20
1.3.5 Soft and Semi-fluid ObJectS .......ceveeriiriiiiiierierieeeeeees 21
1.3.6  Colour Variations .........ccceeeeeeueeienieieniesiesie e 22
1.3.7 Transient Phenomena.........ccccoceeeeieienieninencncnceieieee e 26
1.3.8  Very Complex ODBJectS.......cocereruirierienininienienieeeeieeeienie e 27
1.3.9  Uncooperative ODJECS ......c.eevuieruiereeieiieiierieesieesie e 28
L3010 TEXEULE .ottt 28
1.4 SyStemS ISSUES ....eevuiiiiiiiiiieeiiieeieesee ettt e ae e s 30
1.5 REfEIENCES ..uveuviiiiiiiiieciiccc e e 32
Basic Machine Vision Techniques
B.G. Batchelor and P.F. WHelan ............c.cccoooeioiioeeiieiieieeeeeeeeee e 35
Editorial INtroduction ...........cccooiiiieriiniiieeeeecee e 35
2.1  Representation of IMAZES .......ceecvercveiieiiiniieiieie et 37
2.2 Elementary Image Processing Functions.........c.ccoccecevvevevieieicnienennenn. 39
2.2.1 Monadic Point-by-point Operators ..........c.cceeceereerreecueneeneennenn 40
2.2.2  Dyadic Point-by-point Operators ...........cceoeereereereereeneeneannens 42
2.2.3  LOCAl OPETatOrsS. ....ccveevieeiieeieciieieeieeie e eeeseeesaeeseeeveeeveeeeesseens 43

2.2.4  Linear Local OPerators ...........cceecververeeerieesueereneenreenseessessesnnes 44



Xiv

Contents
2.2.5 Non-linear Local Operators..........cccceeveerieeeieienienieeneeeeee e 47
2.2.6  N-tuple Operators........cceceereerieerierienienienieeneene et seesieenieens 51
2.2.7  Edge EffectS ...cceoviieiieiieiecieceectee et 52
2.2.8 Intensity Histogram [hpi, hgi, he, hgc} ......coovvevveeveciaieennen. 52
2.3 Binary IMages.......ccccevieiiieiieieeiieeieeieee ettt 53
2.3.1 Measurements on Binary Images ........c.ccooceevirieninencencenen. 61
2.3.2  Shape DESCIIPLOrS .....cecvieieieieiiieriieieere ettt ere e eveeeaesenes 62
2.4  Binary Mathematical Morphology .........ccceeveverieniieniieiieieeieseeie e 63
2.4.1 Opening and Closing Operations ...........c.cceceeererereeeenreneennene 65
2.4.2 Structuring Element DecompoSition ..........ccccceveeveeeieeienienienns 66
2.5  Grey-scale Morphology.........ccecieeieriieniiecieiieiieseesie e eeeesveeseens 68
2.6 Global Image Transforms...........cceccverieeriieiieriesiie e 70
2.6.1 Hough Transform.........coccecvevieninininienreeieneneneneeeecereeee e 71
2.6.2 Two-dimensional Discrete Fourier Transform..............c......... 73
2.7 TeXture ANALYSIS.....ccocvieivieriieiieieeieiteste et ere e ereesre et b eeeesaeeereens 76
2.7.1 Statistical APProaches..........ccoevvevveriieciiecienieeiereere e 76
2.7.2  Co-occurrence Matrix Approach.........c.ccccvevenereeceeicncnennenn 77
2.7.3  Structural Approaches..........coooevierieiieiieeeieeeee e 80
2.7.4 Morphological Texture Analysis.......cccceeverereeeenieiienieneneneenne 80
2.8 Implementation Considerations.............ccevverreerrieruereeneesieenreecreeeenenens 80
2.8.1 Morphological System Implementation ...........c.cccceeeverenuennenn 81
2.9 Commercial DeVICES. ......coeruieiuieiieieeiiesieie ettt 81
2.9.1 Plug-in Boards: Frame-grabbers ...........cccccceverenirinieeienne. 82
2.9.2 Plug-in Boards: Dedicated Function ..........c.cccoevverienienvennnennen. 83
2.9.3 Self-contained SYStEMS ..........cccerverieriieriieiieieeieneee e 83
2.9./4  Turn-Key SYStemS......ccoerviriririririiieieieninene e 83
2.9.5  SOTEWAIE ...ooiuiiiiiieiie e 84
2.10 Further Remarks .........cccecueiieriiiiiiiineieeee e 84
2,11 REFEIENCES ..cuvenviiiiiiiciiciieee ettt 84
Intelligent Image Processing
B.G. BAICRHEIOT ...ttt 87
Editorial INtroduction ..........cccooieiieiiiiiiie e 87
3.1  Why We Need Intelligence ..........ccvevieiirieiieniieiecie e 89
3.2 Pattern RECOZNIION ......evvvieieiieiieiicieeieeie et 89
3.2.1 Similarity and DiStance .........ccccoceveneninienieneeieiciencnenenene 90
3.2.2 Compactness Hypothesis ........ccceeverrerienieniiieiieicereeceene 92
3.2.3 Pattern Recognition Models...........coooeririninininnieieieee e, 93
3.3 Rule-based SYStemMS.......cceviiriiriieiieiieieciese et 101
3.3.1 How Rules are Used........cccooerirerieniiiienineninencneeeeeeieene 101
3.3.2 Combining Rules and Image Processing...........cccccceeeeerueennnne. 102
3.4 Colour RECOZNILION ......oiuieieiieiieieie et 111
3.4.1 RGB Representation...........cccocuevverieenieeiesieseenieeieesesneseeenns 111
3.4.2  Pattern RecONItion.........cccceevveriieniieniieieeieeieieee e 112
3.4.3 Programmable Colour Filter...........ccoooeiimninniniiieiceee, 112

3.4.4 Colour Triangle ........ccoceevieiiiiiiiieeeeeee e 113



Contents  xv

3.5 Methods and Applications.........cceecueeierieriieniieieee e 114
3.5.1 Human Artifacts.......cooceevieiiiiinienieeeeeee e 117
352 PLanS .eeiiiiiicieeee e 121
3.5.3 Semi-processed Natural Products ...........cccceevvreiiicreneeneennnn, 126
3.5.4 Fo0od Products ........ceeeerieiiiiieieeeeeeee e 131
3.6 Concluding Remarks ..........ccccoieieieiiiiieie et 138
3.7 REfOreNCES ....oveiieiieieieeece s 139
Using Natural Phenomena to Aid Food Produce Inspection
G LOMG oottt ettt ettt et s 141
Editorial INtroduction ...........ccceceeiiieieiieiiee e 141
4.1 INtrOdUCLION ..oouviiiiiiieiie ettt 143
4.2 Techniques to Exploit Natural Phenomena .............cccoevvevienrieneennnnen. 145
4.3  Potato Sizing and INSPECHION ........cccveveeriieriieiieierieie et eie e 147
4.4  Stone Detection in Soft Fruit Using Auto-fluorescence...................... 149
4.5  Brazil Nut INSpection.........cceeeeiieieriieiieiierie e 152
4.6 Intact EZE INSPECHION .....ccvievieeiiieiiiiesieeie ettt 152
4.7 WaLCr SIZING...uiiiieiieiieieeieeieesteee ettt et sbe e esseennes 156
4.8  Enrobed ChoCOlates..........ccevuiririneririnieieicnene et 158
4.9 CONCIUSION ....cotiiiieii ettt ettt ettt 160
410 REfETCINCES ....eevieniieniieiiieiieeetee et 161
Colour Sorting in the Food Industry
S.C. Bee and M.J. HONEYWOOU ............ccoeeieeeiaiiaieiiesiieieeieeae e sve e 163
Editorial INtroduction ............cceceeiiiecieiieiieniee e 163
5.1 INtrOAUCHION ..oveiiiieiieieee et 165
5.2 The Optical Sorting Machine ...........ccceceeveeieneieniiieieeeee e 165
5.2.1 The Feed SYSteM.....ccouiviiiieiieriieiieie et 166
5.2.2 The Optical SYSteM .....cccverrieriieiieieieieeie et 166
5.2.3 The Ejection SYStem .........cccoecieierieniieiieeeie e 167
5.2.4 The Image Processing Algorithms ...........cccooceviiiiininieneenne 167
5.3 Assessment of Objects for Colour SOrting ...........ccoevvevvevreecreeeeneennn. 167
5.3.1  SpectrophotOMELrY ....c.cccveeveiierierieriieie e 168
5.3.2  Monochromatic SOItiNG ........ccccoverererereeeesieneneneneneeeenens 170
5.3.3  Bichromatic SOIting .........cccceeeroierienienieieeieeieseeseee e 170
5.3.4 Dual Monochromatic SOrting............ccccceeveerreevreerenveseereeenne 171
5.3.5 Trichromatic SOTtNG ........ccceeeverierieriierieie e neeieeee e senes 171
5.3.6  Fluorescence Techniques .........cccceceeeeuenienenincncnieieieniennens 172
5.3.7 Infrared Techniques ........c.ccoooeereerieiieiieieneeeee e 172
5.3.8 Optical Sorting with Lasers.........ccccccevererenininieieneesee 172
5.4  The Optical Inspection SYSteM..........cceccverrieriierierienienieeee e 173
541  THUMINALION ..ouvitiriiriiiitiiiienierteeteeeet et 173
5.4.2 Background and Aperture ...........eccveveeiiirienienie e 176
543  Optical FIlters.....cccoeoiiiieiiiiiie et 176
544 DEEECLOTS ..cuvtiniieiieiieiieriieite sttt ettt ettt 178
5.5  The SOrting SYStEIM ......ecuveruieieeieeieeieeierte et eteeve e seeeseeseeee e senes 179

551 FeA i 179



Xvi

Contents
5.5.2 EJECHON woeveiieieieieee et
5.5.3 Cleaning and Dust EXtraction ...........cccceceviereninencnenceiennne
5.5.4 The Electronic Processing System..........cccceevvevveevereerieennennn.
5.6  The Limitations of Colour SOIting ............cceevevveevieeiervereereeeeennenenns
5.7 FUuture TIends ......occcoeoieiiieiieieeie ettt
5.8 REfOIENCES . .eovieiieiieiiee e
Surface Defect Detection on Ceramics
A K. FOFFESE ettt ettt sttt s bee s aee st e s teesnbaeeseesaees
Editorial INtroduction ...........coccoerirereiieieieieneese et
6.1  The Problem ......ccc.oociiiiiieciiecieeeeeeeee e
6.2 Oblique TMAaGINg ......cooueeiiiiiiiieiie et
6.2.1 Oblique Lighting .......cceevvieviieiieieeiiesierieeie e
6.2.2  ODbliqUE VIEWING ......eerereiieiiieiieeeieiieieeieeie e seee e se s e
6.2.3 Image Rectification ...........cccoevieriieiiinieiie e
6.2.4 Properties of Tile Surface.........cccoeeeiieiiniineicieeeee
6.2.5 A Practical SyStem .........ccceevevieviieiiiieceeceee e
6.3  Obtaining More Information: Flying Spot Scanner.............c..ccceevvne.n.
6.3.1  INtrOdUCLION ......eoitieiieiieie e
6.3.2  Optical Layoul........cceoieiiriiiiieiieeeeeee e
6.3.3  Detector REqQUIrEMENTS.......c.cecveeeveevieriierieeieere e e sieeve e
6.4 Image Processing of Multi-channels ............cccccoveviieciiniienienieieeeen,
6.5 CONCIUSION....cuiiiiiiiiiiiinterteeie ettt ettt
6.6 REfEIENCES . ..oouiiiieiieciieteee et
On-line Automated Visual Grading of Fruit: Practical Challenges
P. Ngan, D. Penman and C. BOWHIGN ...........cccccccueueeeeieiiiiieeieeeee e
Editorial INtroduction ...........cceoeiiriiieieieieie e
7.1 INtrOdUCHION ..ottt
7.2 Complete Surface Imaging ...........ccceeeeerierienieiieeeeeeee e
7.2.1  INtrodUCtION ......eovuieiieiieiieie et
7.2.2  Surface Feature Tracking..........ccooeeveveerieeneenieiieiieeeesieeneenns
7.3 Stem/CalyX DiSCrimMINation ...........cceeevereereerieereerieerieneeeeesresseenseenens
7.3.1 Concavity Detection Using Light Stripes...........cccccceverencnnns
7.3.2 A New Approach to Structured Lighting............c.cccoceneenee.
T4 CONCIUSION ...ttt sttt
7.5  Acknowledgements ..........ccceecuerieiienienieie et
7.6 REfEICNCES ...oocuviiiiiieiie et
Vision-based Quality Control in Poultry Processing
W. Daley and D. BFitfOMN ..........ccocueiieiieeiie ettt
Editorial INtroduction ...........c.cooiiieiiieieieee e
8.1 INtrOdUCION ....cviiiiiiiiiriiciteeeet e
8.2 Poultry Grading AppliCation ..........cccceeuevuerinienereneeieienenene e
8.2.1 Soft Computing: Fuzzy Logic and Neural Networks..............
8.2.2  FUZZY LOZIC. . uiiiiiiieiieiieee ettt

8.2.3  Neural NEetWOTKS .....cccvviiiiiriiiieieieeceee et



Contents  xvii

8.3 Algorithm Development..........cccevieiienieiiieiieieeie e 248
8.4 Bruise DeteCtion .....cc.eiueiuieiiiieeieiieieie et 249
8.5  Fuzzy Logic APProach .........ccecvevieiieriieiieiecie et 249
8.6  The Minimum Distance Classifier.........ccccovevenenerinneeniencnenencnene, 252
8.7 Comparing the Fuzzy Logic to the Minimum Distance Classifier
ADPPIOACK .. e 253
8.8  Comparison with Human Operators .........c.ccevvereerieereieeeseenreenreennens 254
8.9 The FULUTIE ...c.erviiiiiiieiccecese e 256
8.10  CONCIUSION. ...eutiitieiieie ettt ettt ettt e s e e e eneeas 257
8.11 Acknowledgements ...........ccoouerieiieiieniee e 257
812 REfOIENCES ..ot 258

9. Quality Classification of Wooden Surfaces Using Gabor Filters and
Genetic Feature Optimisation

W. POIZICIINCK ........oeeeeeeeeeiieeieeete ettt s seensesnsesnaensaens 259
Editorial INtrodUCtioN ..........cceeeeviieiiieeieeiiie ettt 259
9.1 INtrOUCHION ...ttt 261
9.1.1  Problem Statement ............coeeeieierieniene e 263
9.1.2  Algorithmic ApProach ...........cceecvevveriieriincieeiecie e 263
9.1.3  Trade-0ffS.....ccceeiieieeie e 265
0.2 GAbOT FilterS ... ceeuiiiieiieiieie et 265
9.2.1 Gabor Wavelet FUNctions............cccceoeverenenenieeieesese e 266
9.3 Optimisation Using a Genetic Algorithm...........ccccoecvvveverienieniennenen. 267
0.4 EXPEIIMEILS ..c.uvivieiieiietieieeieseesitesteesseeteenseeseesseesseeseenseensesnsesssessnes 271
L T ©re) 1 1o L 13 () BT RS 276
0.6 REfEIENCES ..ottt e 276
10. An Intelligent Approach to Fabric Defect Detection in Textile
Processes
M. Mufti, G. Vachtsevanos and L. DOFFILY .............cccovveveeceeeieesieireecrearennnn 279
Editorial INtrodUCtion ............cceceeiiiecieiieiieieeie et 279
10,1 INtrOAUCHION ..eoeviiciiieciie ettt ettt eaee et e e e e 281
10.2 ATCRItECTUIE ...t 283
10.3 Fuzzy Wavelet ANalySiS.......cccevcveviiniieiieiieieieeieeeeee e 286
10.4 Fuzzy INferencing..........ccceevvevierieeeencie e 289
10.5 Performance MELIICS ......cc.ecvuvieruieeiiiiecieeeiieeeiee et eieeesaee et e e 290
10.6 Degree of Certainty ........c.eevereereeneeie et 291
10.7 Reliability INeX .....ccveviiiiiiiieiiieieccceeeeeeee e 291
10.8 Detectability and Identifiability Measures..........coccveverereeveneenienuenne. 293
10.9 LEAIMING..c..eeteieiiniiiinieetieitetetenteste ettt ettt sttt sa e s 293
10.10 Practical Implementation of Fuzzy Wavelet Analysis..........ccccceeeenen. 294
10.11 LoOm CONLIOL ...ttt 300
10.12 Commercial Implementation ............ccceeeveeeeeeienieniienieeieeieseese e 300
10.13 CONCIUSIONS ..c.vvieniieeiieiieeiietieieeieeiesaesteseee st eaeeeeeaeenaessaesseenseeseennes 302
10.14 Acknowledgement. ..........ccoeeruieiiieiieiee e 303

JO.15 RETEIEINCES ..o 303



xviii Contents

11.

12.

13.

Automated Cutting of Natural Products: A Practical Packing Strategy
PoF. WREIAN ...ttt 305
Editorial INtroduction ..........ccccooieiiriiiiiiiieiiecec e 305
11,1 INtrOAUCHION ..ttt 307
11.2  The Packing/Cutting Problem ...........cceceevierierienieiieiesieeee e 308
11.2.1 The One-dimensional Packing Problem............c.cccccovrnnnen. 309
11.2.2 The Two-dimensional Packing Problem...........c..cccccecennnee. 309
11.2.3 The Three-dimensional Packing Problem............c.cccouvenennen. 309
11.3 Review of Current Research.........c..cccecuevievininincnnnciicieceee, 310
11.3.1 Packing of Regular Shapes ..........cccccevemineninenceienicncncnnns 311
11.3.2 Packing of Irregular Shapes ..........ccooceeviioinienieniieiieeeeeee, 311
11.4 System Implementation .............cceoveevierieeriieieneenieere e se e eenes 313
11.4.1 Geometric Packer: Implementation............cccceecververireriennenen. 315
11.4.2 Heuristic Packer: Implementation............ccccecceeveveevienencncnnne 317
11.5 Performance MEASUIES ..........ccceiiereerieeieiieniienieeieeee et 320
11.6 SyStem ISSUCS.....uieeiieiiiieeiieriieeie et ettt ereeereeereesbeesaeesebeesnbeenens 322
11.6.1 Packing Scenes with Defective Regions ..........ccccccevvevivennnnen. 322
11.7 Packing of Templates on Leather Hides..........cceeveciirienienineeen. 322
11.7.1 Packing of Templates on Defective Hides .........c.ccccceereennenee. 324
11.7.2 Additional Points on Packing in the Leather Industry ............ 325
11.8 CONCIUSION....couiiuiiiiiiieetieitee ettt 326
11.9 REfEIENCES ..ottt 326
Model-based Stereo Imaging for Estimating the Biomass of Live Fish
R.D. Tillett, J A. Lines, D. Chan, N.J.B. McFarlane and L.G. Ross.............. 331
Editorial INtroduction ............ceoieririiiieiieiecee e 331
12,1 TNrOAUCHION <.ttt 333
12.2 Typical Sea-cage IMageS .......cccevverierieriieiieieieee e 333
12.3  Stereo Image Collection .........cccceceeeeievieneninineneneeececreeeseenie e 334
12.3.1 Stereo Cameras. ......c.eeveeeeerieriienieeieeie et siee et eeee e 334
12.3.2 Calibration........ccueouerieriiiieiieeieeceetee ettt 335
12.3.3 Accuracy Achieved.......cccooveviiecieiienieiicieee e 336
12.3.4 Tank-based Trials........ccccereeririeiienieieeee e 337
12.4 Locating Fish with a Trainable Classifier...........cccccovveeiinienencennnen. 338
12.5 Taking Measurments Using a Model-based Approach ....................... 341
12.6 Estimating Fish Mass ........ccceceviieriinieiecieeiee e 343
12,7 CONCIUSIONS «..onvintiiiiirieeiietentente sttt ettt sttt eee 344
12,8 RETEICICES .. eeiniitieiieiieeee ettt 345
A System for Estimating the Size and Shape of Live Pigs
J.A. Marchant and C.P. SChofield ..............ccoueeeeeiiciieiiiesieiieieeeieeieenens 347
Editorial INtroduction ...........coccoeiiririeieieieensese e 347
13,1 TNtrOAUCHION «.ouviniiiiieeiccitet ettt 349
13.2 Description of the SYStem ..........ccocciviiiiiiiiieeeeeeee e 350
13.3  CaliDIation ..c.eeoveeieeieiieieieee ettt 351
13.3.1 General Method.........c.cooceriiiiiiiiieieie e 351

13.3.2 Lense DiStOrtion ........ccceeeeeveeeeeiuieeeeieeeeeeeeeeeeeeeeeeeeeeeaeee e 352



14.

15.

Contents  xix

13.3.3 MagnifiCation ........ccueeeeiieriieieeie et 352
13.3.4 Curvature of the Animal’s Surface .........cccccoceeeeecieiiicnenee 354
13.4 TMAage ANALYSIS ...ciccvieiieieerieriieie ettt este s e essessaeneees 356
13.4.1 Image Preparation ...........cccceeeeeeeerieneenieesieeieeeesieeeeeee e senes 356
13.4.2 Initial and Improved Boundary ..........cccooeeviiniinieiinreee, 356
13.4.3 Division into Rump and Abdomen ............ccccoeoiiiiiiniennnenne 357
13.4.4 Shoulder EStimation ..........ccccevveeieienienienieneneeeeceieieee e 358
13.4.5 Quality Control Checks.........ccerverieriieiinienieeeieeie e 358
13.5 Experiments and RESUILS ........ccccoverereeienieniinininenenecccececee e 359
13.5.1 Experimental Arrangement ............cceceeveevueeieeienieneeneeeeenne. 359
13.5.2 Initial Filtering of the Data...........cccccveevieieviieieeiecieeeeen, 359
13.5.3 Image Analysis Repeatability.........ccccceevveevienierincienieneeienen. 360
13.5.4 Relationship with Weight..........ccccocovininniniiiiniiinnnce 361
13.6 Commercial Development............ccccooereiiiiinienieieeeeeeeee e 363
13.7  CONCIUSIONS ...ttt sttt ettt st eb ettt e b ens 364
13.8 RETEIENCES ..cuveueiiiiieiieieeiieee et 365
Sheep Pelt Inspection
P. Hilton, W. Power, M. Hayes and C. BOWHIAN ............c..cccccoveveeeeeeianeanenns 367
Editorial INtroduction ............ccecieiiieieiieiieeee e 367
14.1 INtrodUCHION ..coveiuiiiiiieiietietcecee ettt 369
14.2 Pelt Defects....ccuoiuiiiiiiiieieieeese e e 370
14.3 Pelt Grading SYSteM ......ccueeeveiieiierieerie et ee s 371
14.3.1 Laser IMaging .......cccoeeerueerieeiieeie et 372
14.3.2 Laser IMAager ......ccceueruierieeiieieiie e 373
14.3.3 Pelt IMages....cccvcovieiieieeiiecieeee e 375
14.3.4 Processing System Architecture............ccoecvevvvevirecienveneeneennnn. 377
14.3.5 TTIALS c.eeeeiicie ettt ettt eee 378
14.4 Automated Defect Recognition and Classification.........c..cceceveeeeee. 379
14.4.1 Defect APPEArance.........c.ecveeveevereereerreereeeeeeesteesseeseenesenes 379
14.4.2 Supervised Learning ..........ccccceeevereeneeriiesieeienieneenieenesnenenns 383
14.5 Pelt IdentifiCation ..........ccceerereieiiereese e 385
14.5.1 Pelt Branding........ccccoeieiieiieiiiie et 386
14.5.2 The Code Structure ...........ccoceeeeieieieieneseseeeeceeeeeee e 387
14.5.3 Automated Code Reading ..........ccccvevevienienieniieiinieeieseenne, 388
14.6 Conclusion and Future Work ..........ccccovvieviiniiniiieeeeeee e, 390
14.7  Acknowledgements ...........coecueeiirieiieniieneee e 391
14.8 REfEICICES .. .eenvieniiiiieiiieiiei ettt 391

Design of Object Location Algorithms and Their Use for Food and
Cereals Inspection

E R DQVIES ...ttt ettt et e st e st st e sbaesnee e 393
Editorial INtrodUuCtion ............cceceeiuirieiieiienieeie et 393
151 INtrOAUCHION ..eeevieciieciie ettt ettt et e et eeaee e 395
15.2 The Inspection MIlICU..........coerieirieieiieiee st 397
15.3  ODbject LOCAtION .....cvieeiieeiieiieciiecieeie ettt re e 398

15.3.1 Feature DeteCtion .......cc..ceovuviiieivieeieeeee e 398



XX

16.

17.

Contents

15.3.2 The Hough Transform............cocceeveeiiiiiiinienieeeceeeeee, 400
15.3.3 The Maximal Clique Graph Matching Technique .................. 401
15.4 Case Study: Jaffa Cake INnSpection ...........ccceeeveeveriereecienienieseeeeennn. 403
15.5 Case Study: Inspection of Cream BiScuits...........cccceveverveneeriescrernenne. 404
15.5.1 Problems with Maximal Cliques.........cccceecvevuieienieniieeneenenn 405
15.6 Case Study: Location of Insects in Consignments of Grain................ 406
15.7 Case Study: Location of Non-insect Contaminants in Consignments
OF GIAIMN ..ttt 409
15.7.1 Problems with ClOSING .......cccevvereeienienienininieeecceereecieeae 412
15.8 Case Study: High-speed Grain Location .........cccccecevvenieneenceneennne. 413
15.9 Design of Template MasKs .........cccovvevuieriiiiinieniienieereeeeeeeseesre v 416
15.10 Concluding Remarks ..........ccocvveviiiiiiiieiieniei e 417
15.11 Acknowledgements ............cccceverienienenineneeieicienesene e 418
15,12 RETETEICES ..ottt 419
X-ray Bone Detection in Further Processed Poultry Production
MG AVES ..ttt 421
Editorial INtroduCtion ...........ccooeriniriiinieieieeesesee e 421
16.1  INtrOAUCLION ..eovvieiiieiiieiieeiieteee ettt ee e 423
16.2 The Extent of the Problem...........cccoooiiiiiiiniiiiieeeeeeeeee, 424
16.2.1 Data for the Occurrence of Bones in Poultry Meat................. 424
16.2.2 Future Trends Which Will Increase the Problem.................... 424
16.3 The Technical Challenge..........cccveveerieriieiiieieieiee e 425
16.3.1 Attempts to Homogenise the Poultry Product......................... 426
16.4 The BoneScan  SOIUtION. ...........c.ovoverveereereeeeeeesessssesesessesessessenens 427
16.4.1 Design ReqUIrements ...........cccveeuereerienieeniieieeieeeesieesieeee e 427
16.4.2 Accuracy of Bone Detection ..........ccoceeeevieniieienienieseeeeenee. 427
16.4.3 Low Level of False Rejection ........ccocceveevieienienienicnicneen. 431
16.4.4 Robustness of System Performance over Time....................... 431
16.4.5 Cleanability of the System ..........ccceevveevienieriecieeiecieeeeeen, 432
16.4.6 High-volume Throughput ..........cccoeviriiiiinieieeeeeeeee, 433
16.4.7 Ease of Use of the System...........occoviiiiiiieiiiiiiceeeeee, 434
16.4.8 Robust Rejection Technology .........cccvvevieeerieenieeciieieeiesieenne. 434
16.4.9 Ability to Provide Management Information..............ccccceuene. 436
16.4.10Future Upgradability of the System .........cccceceeveeeeevencncncnnne 436
16.5 Applications OVEIVIEW ........cecuieiuiiiiiieeie ettt 437
16.5.1 The Inspection of Chicken Breast Butterflies .............c.cc.c..... 437
16.5.2 Chicken Thigh Meat InSpection ............ccceeveeeereenreecrencvesenene 441
16.6 Stripped Cooked Chicken Meat Inspection.........c..cocceevererceeenennenn 443
16.7 FUuture WOrk .....oooeiiiiieee e 447
16.8  CONCIUSIONS .....eiutiiietieiieiieieiete sttt st eb ettt st ebe e ens 447
16.9 Acknowledgements ..........cccvevveerieeieiiieiiesieieeie e seee e e sre e 448
16.10 REFETENCES ..ottt 448

Final Remarks
B.G. Batchelor and M. GFAVES ................couueeveeeiiiiiieeiieeeeeeeeeeeiiieeeeeeeeeeinns 451
17.1 General COMMENTS ........coovveiiiiiiiee et eare e s eaaeeas 451



Contents

Xx1



