Contents

List of ContribUtors ............c..ooooiiiiiiiiiie e xxiii

1.

Like Two Peas in a Pod

B.G. BAICREIOT ...t e |
Editorial INtroduction ...........cccooeiieieieieee e 1
1.1 Advantages of Being ADbIe t0 S€e......ccccuvrierierieriieiieieseeeeee e 3
1.2 Machine VISION ......cceveruiiieiiiiniinieniesiesieeiceee ettt 4
1.2.1 Model for Machine Vision SyStems........cccceveereervereenierseeneennens 6
1.2.2  Applications Classified by Task........ccccoeeeroininiiniiiiiniicee 9
1.2.3  Other Applications of Machine Vision .......c..ccccecevuevenenennenne. 11
1.2.4 Machine Vision Is Not Natural ..........ccccoceveninincnininicenenene. 12
1.3 Product Variability .........cccecveiirienieieeee et 12
1.3.1  Linear DImMEeNSIONS .......cccueeieruieriierierieiie et nieens 13
1.3.2  ShAPEC...iiiiieiieic ettt ettt s es 16
1.3.3 Why Physical Tolerances Matter ............coccveeveecvereerueecrennennnnns 17
1.3.4 Flexible and Articulated ODbjJects.........cccveeeerierienieieieeieeees 20
1.3.5 Soft and Semi-fluid OBJECtS ......ceereeieriiriiiiieieieee e 21
1.3.6  Colour Variations .........c.ceeeeerueeuieieienieniesie st 22
1.3.7 Transient Phenomena.........ccccocceevieienienincnincncnieeeeenee 26
1.3.8  Very Complex ObBJECtS.....cceeruieiieiieeieeieeie e see e 27
1.3.9  Uncooperative ODJECS ......c.eerueeruirrierieiieiienieeieeie e 28
L3010 TEXEULE vttt 28
1.4 SyStems ISSUES ....eeruieiriiieiieiiit ettt e n 30
1.5 REIEICICES ...eeiiieiieiieit ettt 32
Basic Machine Vision Techniques
B.G. Batchelor and P.F. WHEIAN ...............ccocoovoeioiiieieeieieee e 35
Editorial INtroduction ............cceceeieieiiiiininiiceeeee e 35
2.1  Representation of IMaGES .......ceccververierieniieieeie et 37
2.2 Elementary Image Processing Functions............ccoccovevevievreiieniencenienne 39
2.2.1 Monadic Point-by-point Operators .........c.cceeceevereeereeneeneeeenns 40
2.2.2  Dyadic Point-by-point Operators ...........cceceeeeerreerreecreneesreennens 42
2.2.3  LoCal OPCIators......ccceecveeverieiieneieniieeeeieeeeesresseeseesessesssesnnes 43

2.2.4 Linear Local OPerators .........cocceceevuerierieneneniereneeeeeeneensennenne 44



Xiv

Contents
2.2.5 Non-linear Local Operators..........cccceeveerieeeieienienieeneeeeee e 47
2.2.6  N-tuple OPerators.....ccceeecuveerrreerreerrieerireesieeerieeereesseeeseesnseeennes 51
2.2.7  Edge EffectS ...ccceecieiieiieiecieceeeee et 52
2.2.8 Intensity Histogram [hpi, hgi, he, hgc} ......coovvevvecvveciaeeenen, 52
2.3 Binary IMages.......cccceevuieiiieiieieeiieciieieee ettt 53
2.3.1 Measurements on Binary Images ..........cccceoevieieninencncncecnne. 61
2.3.2  Shape DESCIIPLOTS .....ecvieeieieieiieriieiiere et ete e ereeseeseeeaesenas 62
2.4  Binary Mathematical Morphology .........ccceccveverienieniieiieieeieseee e 63
2.4.1 Opening and Closing Operations ...........ccceeeeeueereeneeneenseeneennes 65
2.4.2  Structuring Element Decomposition ...........cocceeeeieienieneenieneenne. 66
2.5  Grey-scale Morphology .........cceecvevieriieniieiiiiieiieseesieesieeee e eeesreeseens 68
2.6 Global Image Transforms...........cceccvevveerieeiiesiesiie e 70
2.6.1 Hough Transform.........coccoeiieiiiiiieie e 71
2.6.2 Two-dimensional Discrete Fourier Transform..............c.......... 73
2.7 TeXture ANALYSIS......ceevierieriieiieieeieeteseesteereeee e steesreeseesaeesnesssesseens 76
2.7.1 Statistical APProaches..........ccoecvevveriieiiiecieniesieseere e 76
2.7.2  Co-occurrence Matrix Approach...........ccceeveienieneeiennennnee, 77
2.7.3  Structural Approaches..........cccceceeverveiiiienienieeeeeeeeeens 80
2.7.4 Morphological Texture Analysis.........cccccvevrrecrrrviereeneerreenennnn. 80
2.8  Implementation Considerations.............ccevverreerieesreseenienieerieeieeeenenens 80
2.8.1 Morphological System Implementation ...........c.cceeceeveereeeennnee. 81
2.9 Commercial DeVICES.......c.eruiruiririieiieiieiieieie et 81
2.9.1 Plug-in Boards: Frame-grabbers ............cccoceevvenieniiecienneneenenn 82
2.9.2 Plug-in Boards: Dedicated Function ..........c.ccceeververeenennennen. 83
2.9.3 Self-contained SyStems .........cccceveerierieiieiieieeeeeee e 83
2.9.4  Turn-Key SYStEmMS......cceiuiruieuiriieiieieieie et 83
2.9.5  SOFIWATE ....eoiiiiiiiiiieeiee e e 84
2.10 Further Remarks ..........ccocueieriiiiiiniiiiicicccnes e 84
B B 2 153 (<1117 84
Intelligent Image Processing
B.G. BAICRHEIOT ... 87
Editorial INtroduction ............ccoceeieieriiiininiiceeeee e 87
3.1  Why We Need Intelligence .........ocveeveeierieniienieeeie e 89
3.2 Pattern RECOZNILION .....eovuiiiiiiieiieieeeeeee e 89
3.2.1 Similarity and Distance .........cccocceveereenieeneiiienieneeieeeeeenens 90
3.2.2  Compactness Hypothesis .......ccccovevveeiiicierienieieeie e 92
3.2.3 Pattern Recognition Models...........cceeveviieierienieniieiieieeieiens 93
3.3 Rule-based SYStemS......cccceceereriirierinininierccenestee e 101
3.3.1 How Rules are Used.........ccccoviemienieniiiiinienieseeee e 101
3.3.2 Combining Rules and Image Processing..............cccecvvervrennennn. 102
3.4 Colour RECOZNItION .....eoveeiieiieieeiie ettt eenes 111
3.4.1 RGB Representation.........c..cccoererineneeeeeeneenieneneneneneenees 111
3.4.2  Pattern RecoOgnition..........ccceevueeoieniinieiienieccc e 112
3.4.3 Programmable Colour Filter...........ccoovveviinieviiiciiiieiieree, 112

3.4.4 Colour Triangle .......ccccvevuieiieieeieieeeee e 113



Contents  xv

3.5 Methods and Applications.........cccecueeeerienienieieee e 114
3.5.1 Human Artifacts.......cooceeveiiiiiiinienieeeeee e 117
352 PLANS eiiiieiicie e 121
3.5.3 Semi-processed Natural Products ...........cccceeveveiicienieneennnne, 126
3.5.4 Fo0d Products ........ccoooeevieiiinieieeeeee e 131
3.6  Concluding Remarks ..........cccooieiriieiiiniiese e 138
3.7 REfOIeNCES ....oveiieiieiieieiee s 139
Using Natural Phenomena to Aid Food Produce Inspection
G LOMG ottt et ettt et 141
Editorial INtroduction .............cocceeiuieieiieiiee et 141
4.1 INtrOdUCLION ..covtiiiieiiiiii et 143
4.2 Techniques to Exploit Natural Phenomena .............cccoeevevieniienenennnnen. 145
4.3 Potato Sizing and INSPECtiON ........cccveveeriieriieiieieeieiieie e 147
4.4  Stone Detection in Soft Fruit Using Auto-fluorescence...................... 149
4.5  Brazil Nut InSpection.........ccccceeriererienieiieneee et 152
4.6 Intact EZ@ INSPECHION .....ccvieiieiieiieiiiesieeie ettt e e seee e 152
4.7 WaLCr SIZING...uiioiieiieiieieeieeteie ettt et nseenseeenes 156
4.8  Enrobed ChocCOlates.........cooueiuieiiieiirieiie ettt 158
4.9 CONCIUSION ....eoiiiiiiiieiieeie ettt et 160
410 REFEIENCES ..ottt s 161
Colour Sorting in the Food Industry
S.C. Bee and M.J. HONEYWOOU ............cccoeeieeeieiiaiesieiieieee e 163
Editorial INtroduction ............cceceeiieieiieiiere e 163
5.1 INrOAUCHION ..ottt et 165
5.2 The Optical Sorting Maching ............cceceevverierieriiecieeieeieseee e, 165
5.2.1 The Feed SYSteM.....ccccvecveiieiieiieiieie et 166
5.2.2  The Optical SYStem .......ccceevieiieiiieiieieceeeee e 166
5.2.3 The Ejection SyStem .........cccceceeierienienenieiieiie e 167
5.2.4 The Image Processing Algorithms...........ccoecvevvveviiecienienneennen. 167
5.3 Assessment of Objects for Colour SOrting ...........cceevereerieeerencvennenenn 167
5.3.1  SpectrophOtOMELIY ......ccceevuevririinirieieieiene st 168
5.3.2 Monochromatic SOTting .........ccecceeveerienienienieeieeieeie e 170
5.3.3  Bichromatic SOItiNg .........ccceeevrevverierierrieieereeeeseeseesreeveennas 170
5.3.4 Dual Monochromatic SOrting............cceecververieerreecvescnenneneeennes 171
5.3.5 Trichromatic SOTtING .......ccccverirereeiiieienenieereeeerceie e 171
5.3.6 Fluorescence Techniques .........ccooeeruieriieiinienienieeeeeeee e 172
5.3.7 Infrared TeChniqUES .........ccceovvirieriieriieiieieeieeeee e 172
5.3.8 Optical Sorting with Lasers...........ccecverieriveciincienieneeieeeenn. 172
5.4  The Optical Inspection SyStem........c.cceceeereriereerienenenieneneneeeeeenees 173
54.1  THUMINATION ..ottt 173
5.4.2 Background and APerture ............cceeeveeveeeesieneenieenieere e 176
5.4.3  Optical Filters......cccovvviiriirieiieie et 176
544 DEECIOTS weouvieiiiiiiieiieeite ettt ettt s 178
5.5  The Sorting SYStEIM .....ceiuiiiiiiieieiie ettt 179

5.5 1 FEEA i 179



Xvi

Contents
5.5.2 EJECHON woeveiieieieieee et
5.5.3 Cleaning and Dust EXtraction ...........cccceeevieienenenencnceienne
5.5.4 The Electronic Processing System..........cccceeveevieecververieennennne.
5.6  The Limitations of Colour SOIting ............cceevevveevirnierienieeeeiesneneenn
5.7 Future Trends .......cccoeiieiieiieieeece et
5.8 REfOIENCES . .eoivieiiiiiiiiet e
Surface Defect Detection on Ceramics
K. FOFFESE ettt ettt et sttt e st e s esbaeeaaesaees
Editorial INtroduction ...........ccccoerininiiineiieieteseseseeeee e
6.1  The Problem ........ccoieiieiieieeeceeeee e
6.2 ODblique IMAGING.....ceiiiiiiiiiieiieiieiee et
6.2.1 Oblique Lighting .......cceevvieiiieiieieeiiesieeie e
6.2.2  ODbliqUe VIEWING ......eeiieiieiieeieeeieiieieeieeee e
6.2.3 Image Rectification ...........ccceeiieiiiriieniiiieeee e
6.2.4 Properties of Tile Surface.........cccceverererenenieniieieeeee
6.2.5 A Practical SyStem ........cccovievieriieiieieiieseee e
6.3  Obtaining More Information: Flying Spot Scanner.............c..cceeuenneen.
6.3.1  INtrodUCHION.....cveiiiiieiieciie et
6.3.2  Optical Layout.......cccceoieiiiiiiiiiienieeceeeee e
6.3.3  Detector REqUIrEmMEnts..........ccvveveeeereerieenieeiesieseeseesne e eens
6.4 Image Processing of Multi-channels .............ccoccveviviienienieniceeeen,
LT T ©re) 1 1o L1 13 () BT RR
6.6 REfEIENCES . ..ouiiiieiieiieiee e
On-line Automated Visual Grading of Fruit: Practical Challenges
P. Ngan, D. Penman and C. BOWHIAN ..............cccoevvevveciraieeieieeseenieenneenns
Editorial INtroduction ...........ccccoerininininieieieeeseseeseeeeee e
7.1 INErOAUCHION .ottt s e e beeeebe e sabeeeaaeas
7.2 Complete Surface Imaging ..........ccccoeeeeeieieneieieseeeeeee e
7.2.1  INtrodUCHION .....couiiieiiiieiertceee e
7.2.2  Surface Feature Tracking..........cccoeevevienieneenenie e
7.3 Stem/CalyX DiSCrimination ............cceeceereerieeierieneenieeenee e seeeeeenees
7.3.1 Concavity Detection Using Light Stripes..........ccccccoererenennnne
7.3.2 A New Approach to Structured Lighting..........c...cccoeverurennennn.
T4 CONCIUSION....ctiiiiieiiiiiterte ettt
7.5  Acknowledgements ...........ccooeeiieiieiieie e
7.6 RELEIENCES . ..ottt e
Vision-based Quality Control in Poultry Processing
W. Daley and D. BFIttON .............cocoieeuieieeiesiieciiecieeie e seesieesve e seve s e
Editorial INtroduction ...........cccoeririririieiieieieesesee e
8.1 INIrOAUCHION ...ttt ve e
8.2 Poultry Grading Application ..........ccccoverireeieieieiee e
8.2.1 Soft Computing: Fuzzy Logic and Neural Networks..............
8.2.2  FUZZY LOZIC..cuiiiieiieieeieceeeeeee ettt

8.2.3  Neural NetWOrks ......ccooouuviiiiiiiiiiiieee et



10.

Contents  xvii

8.3 Algorithm Development..........cccevieiienieiiieiieieeie e 248
8.4 Bruise DeteCtion .....cc.eiueiuieiiiieiieieieie sttt 249
8.5  Fuzzy LogiC APProach .........ccceeeveiieiieniieiieiiereeeeeeeseeie e 249
8.6  The Minimum Distance Classifier.........cc.ceceeueriereninenicnenicncneneenee. 252
8.7  Comparing the Fuzzy Logic to the Minimum Distance Classifier
ADPPIOACK ..t e 253
8.8  Comparison with Human Operators ............ccevvereerieeveeeeseenieenieennens 254
8.9 The FUIUIE ..ottt 256
810 CONCIUSION. ...eutieitieiieie ettt ettt et et e et 257
8.11  Acknowledgements ...........ccoeeieieiieriniee e 257
812 REFEIEINCES ...eueeuieniiiiitieieeiiee ettt 258

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

W, POIZICIINEE ..ottt et et ae e et 259
Editorial IntrodUcCtion ...............cooouiiiiiiiie e 259
9.1 INtrOAUCHION ...t e 261
9.1.1 Problem Statement ..........c...covvreviieeieeeieeeee et 263
9.1.2  Algorithmic Approach ...........cceecveeierieiinieeieie e 263
9.1.3  Trade-offS......ooiiieeeeeee e 265
0.2 GADOT FIILETS ...t 265
9.2.1 Gabor Wavelet FUnctions..............ccceeevieeieceieceieecre e 266
9.3 Optimisation Using a Genetic Algorithm............cccoecvvevevienienennnnen. 267
0.4 EXPEIIMEILS ..c..eitieiietieteeieeiieeieestte st ettt ettt e enee et et enteenteeneeeneeenees 271
9.5 CONCIUSION.....coiuiiiiiiiiie e e e 276
0.6 REfEICNCES ...oocuviiiiiiciee et 276

An Intelligent Approach to Fabric Defect Detection in Textile
Processes

M. Mufti, G. Vachtsevanos and L. DOFFILY ..........ccoccveeeecveceeieiieneeneenenenns 279
Editorial INtroduction ............cceceeiuieieiieiieieee e 279
10,1 INtrodUCHION ..couveiiiiiiiieiieeicet et 281
10.2  ATCRILECIUIE ..t 283
10.3 Fuzzy Wavelet ANalYSiS.......ccccvvcverierieieeieeieie e 286
10.4 Fuzzy INferencing..........ccceeiereeiieieeie ettt 289
10.5 Performance MELIICS ........ceouerierieneriieeie ettt 290
10.6 Degree of Certainty .......cc.eevereereereesieeiesiesreereereeseeeeesseeseesseesesenes 291
10.7 Reliability INeX .....ccveviiiieiiieiieie et 291
10.8 Detectability and Identifiability Measures............ccoeverveneeneeseeneennen. 293
109 LeArNING. . .cotieiieieeiieeiteet ettt ettt b b e e 293
10.10 Practical Implementation of Fuzzy Wavelet Analysis..........ccccveeuvennen. 294
10.11 Loom COntrol ......cc.eoeriiinireeieieieniesiesieeicetetete et 300
10.12 Commercial Implementation ...........ccccecevevereneneneneneenienieneneneene 300
10.13 CONCIUSIONS ..ttt ettt 302
10.14 Acknowledgement............ccveriieriierieeieeee et 303

1015 RETEIENCES ...t 303



xviii Contents

11.

12.

13.

Automated Cutting of Natural Products: A Practical Packing Strategy
PF.WREIAN ...ttt 305
Editorial INtroduCtion ...........c.cooiiiiiiiiieieeeee et 305
11,1 INtrOAUCHION «.coniiieeiieitectceeee et s 307
11.2  The Packing/Cutting Problem ............cceccvrcierienieniieieeiesieeee e 308
11.2.1 The One-dimensional Packing Problem............c.cccccoeernenen. 309
11.2.2 The Two-dimensional Packing Problem...........c.ccccceceneenen. 309
11.2.3 The Three-dimensional Packing Problem..............ccceuvennnnee. 309
11.3 Review of Current Research.........c..ccccecueviiiiinininininnciicicicenne, 310
11.3.1 Packing of Regular Shapes ...........ccoceevieiiniininieieeeeee, 311
11.3.2 Packing of Irregular Shapes .........ccceceveeveienininiiieieeeee 311
11.4 System Implementation ..........c..ccevveereerieeieeeereerieecreeeeeeeseesseeae e 313
11.4.1 Geometric Packer: Implementation............cccceecvervenieeruennennen. 315
11.4.2 Heuristic Packer: Implementation............ccecceeevnienienennnnee. 317
11.5 Performance MEASUIES .........ccccereerierieiienieniieieeie ettt 320
11.6 SyStem ISSUCS.....eieriieiiiierieeiiieeie ettt ettt esbeesebeesbeenene 322
11.6.1 Packing Scenes with Defective Regions.........c.ccccceevenencnene 322
11.7 Packing of Templates on Leather Hides..........cccoeceevieiinieiiniinen, 322
11.7.1 Packing of Templates on Defective Hides ...........cccceeerenrnene 324
11.7.2 Additional Points on Packing in the Leather Industry ............ 325
11.8 CONCIUSION.....ouiiiiiiieieitieiteteteete ettt sttt 326
11,9 RELEICINCES .. ueevieniieiieiieeiieet ettt ettt 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 ............ccecceieiiirineiiiineeeeee e 331
12,1 INtrOAUCHION «.viiiiiiieiiecieeet ettt 333
12.2 Typical Sea-cage IMages ........cceveereereeriieieeieeeee e e 333
12.3  Stereo Image ColleCtion ...........coceeveevieniiiiiienieeeeeeseee e 334
12.3.1 Stereo Cameras. ........coveveerieenieenieiienienieeieeieeire et eaees 334
12.3.2 Calibration.......ccceeverieriinienienienicetet ettt 335
12.3.3 Accuracy Achieved.........ocveiirieiienieeee e 336
12.3.4 Tank-based Trials........ccccereeiiiieiiinieieieeeeeeeee e 337
12.4 Locating Fish with a Trainable Classifier..........c.ccccoevveerivcierieeneennnen. 338
12.5 Taking Measurments Using a Model-based Approach ....................... 341
12.6 Estimating Fish Mass .......ccccoeoeiiiiiiieiie e 343
12,7 CONCIUSIONS ..ttt sttt 344
12,8 RETEIENCES ..cuvieiiiiiciieieeeee e 345
A System for Estimating the Size and Shape of Live Pigs
J.A. Marchant and C.P. SCROfIeld .............ccocoveceeciiiieeieiieiieseee e 347
Editorial INtroduction ............cceceeiuieieiieniereee et 347
13,1 INtrodUCHION ..coueiiiiieiiieiieeet e 349
13.2 Description of the SYStem ..........cccccevievieniieiiciecieceeeee e 350
13.3  CaliDration ..c..evveveriieiieiieiieiee ettt s 351
13.3.1 General Method...........ccooieiieiiiiieiieeee e 351

13.3.2 Lense DiStOrtioN .......ccovieuveeeiieiieiiieeeeeee et eeeeaaeee e 352



14.

15.

Contents  xix

13.3.3 MagnifiCation .......ccceeeeieieriieieeie et 352
13.3.4 Curvature of the Animal’s Surface .........cccccoceeveeeeiencnenenene 354
13.4 IMAZe ANALYSIS ..cciecvieiieieetierieeieere ettt ete e sreesee b e essessaeneeas 356
13.4.1 Image Preparation ...........cccceeeveeeuerieneenieeieeieeeeseeneeeee e senes 356
13.4.2 Initial and Improved Boundary ..........cccoeeieiiniininiinieee, 356
13.4.3 Division into Rump and Abdomen ............ccccoeoiiiiiniennienene 357
13.4.4 Shoulder EStimation ...........cecceeeeierienieneninenceeeceieieiee e 358
13.4.5 Quality Control Checks.........ccerierieriieiirieieeee e 358
13.5 Experiments and ReSults ..........ccccovieiiriiiiinieieeeeeeeeeeee e, 359
13.5.1 Experimental Arrangement ............ccccerevuerereeeeienienieneseneas 359
13.5.2 Initial Filtering of the Data............ccecvvevienienieeciieiecieeeeeen, 359
13.5.3 Image Analysis Repeatability.........cccccvecveeiienienincienieceeenen, 360
13.5.4 Relationship with Weight............occoooiiiiiiiiiieeeeee, 361
13.6 Commercial Development............ccccoeeieieieneneie e 363
13.7  CONCIUSIONS ...uinitiiieiteiieieete sttt sttt et st eae 364
13.8 REfEIENCES ..ottt 365
Sheep Pelt Inspection
P. Hilton, W. Power, M. Hayes and C. BOWHIGH ..............ccccccueeereeneeaeann. 367
Editorial INtroduction ...........c.cooeiiiiriiieieeee et 367
14,1 INtrOAUCTION «.cuiiiiiiieiteetceeeee ettt s 369
14.2 Pelt DEfEcts....ccueiuiriiriiiiiiiiieiesess et 370
14.3 Pelt Grading SYSteM .....cccueeuerieiiieieeie e 371
14.3.1 Laser IMaging .......cccoeeereerieriieiieiienieenieee e 372
14.3.2 Laser IMAaZET ...c.eovueeeiieeiieeiie ettt s 373
14.3.3 Pelt IMages...cccveceieiieieeiieeieieeie e 375
14.3.4 Processing System Architecture............ccoeceeveevereeneeneenenne. 377
14.3.5 TTIALS ceteeiiit e e 378
14.4 Automated Defect Recognition and Classification..............cceeveneenee. 379
14.4.1 Defect APPEArance.........ccecveeeveeveriereeeieeieeeeeeesseesseeseseesenes 379
14.4.2 Supervised Learning ..........ccccceeeeveeneeneeoieeieeieseeieee e 383
14.5 Pelt IdentifiCation ..........c.cooeeerieieieieeee e e 385
14.5.1 Pelt Branding..........cccccvevverieeriiecieiieeienieeieeee e 386
14.5.2 The Code Structure .........c.ccoceveeeeeeienienienenesesceeeeeeeie e 387
14.5.3 Automated Code Reading .........cccecveeieiinienieiieeeeeeeee, 388
14.6 Conclusion and Future Work ..........cccooiiieiiiiiiiieeeee e, 390
14.7  Acknowledgements ..........cccvevvieeieieriienienieeie et 391
14.8 REfEIENCES ....eeuviniiiiiiiiiciiciieeesee et 391

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

E.R. DQVIES ...ttt et e et e e 393
Editorial Introduction ..............cccooviiiioiiii e 393
151 INtrOAUCHION ..ocuvviiiiiie ettt ettt e 395
15.2 The Inspection Mili€U.........cceecverierieriieieeieeiee e 397
15.3  Object LoCAtioN ...c..couerueeuieiiiiiiriinieceeeteeeeetesese et 398

15.3.1 Feature DeteCtion ........cooovuvvvieeiiiiiieeeeee 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 INSpection ...........ccceeeveeverieriienrenieneeseeeeennn. 403
15.5 Case Study: Inspection of Cream BiSCuits..........ccccceveverveneenieeceennnne. 404
15.5.1 Problems with Maximal Cliques........cccceevevieeienienieeeeeeen. 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 GIAIN ..ttt 409
15.7.1 Problems with ClOSING ........ceoeruiriirieieiieeeeie e 412
15.8 Case Study: High-speed Grain Location ..........cccccceeevenencnceienienne. 413
15.9 Design of Template MasKs .........ccoveevievieiienieniienieeiieeeseeseese e eenes 416
15.10 Concluding Remarks ..........ccoceeviiriiiiiiiieiccet e 417
15.11 Acknowledgements ..........ccoecueeierienienieeeee e 418
15,12 RETETEICES ...eenveeneieiiieiieeiiet ettt 419
X-ray Bone Detection in Further Processed Poultry Production
MG AVES ...ttt 421
Editorial INtroduction ...........ccccoeririnirinieieieieesesee et 421
16.1  INtrodUCLION ..oo.vieiiiiiieiieeicet ettt 423
16.2 The Extent of the Problem...........cccceooiiiiiiniiniiiieeeceeee, 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..........ccceveevierieiiieieieeeeee e 425
16.3.1 Attempts to Homogenise the Poultry Product......................... 426
16.4 The BoneScan  SOIUtON. ...........c.ovoverveereeeeereereressssesesessessssssnnens 427
16.4.1 Design ReqUirements ..........cccceecueeverieneeniieieeieeieseeseeee e 427
16.4.2 Accuracy of Bone Detection ..........ccecuveeereeneenieenieeieeeeseene 427
16.4.3 Low Level of False Rejection ...........cccceveeeniiinieiieieieeee 431
16.4.4 Robustness of System Performance over Time....................... 431
16.4.5 Cleanability of the System ..........cccoeveeeienierieceeieceeeee e, 432
16.4.6 High-volume Throughput ..........cccoeviiiiiiiiieeceeeeee, 433
16.4.7 Ease of Use of the System.........ccccoereiinininiiiieeieeee e 434
16.4.8 Robust Rejection Technology .........cccvveveevenieenieeciieieeieseenne. 434
16.4.9 Ability to Provide Management Information..............cccceuene. 436
16.4.10Future Upgradability of the System ..........cccccvevivienienennnn. 436
16.5 Applications OVEIVIEW .........c.coereruiruieieieienieneesie sttt eeeeee e naeseeees 437
16.5.1 The Inspection of Chicken Breast Butterflies ..........c..c.cccc..... 437
16.5.2 Chicken Thigh Meat InSpection ............ccoeeuervereeneerreecrernenne. 441
16.6 Stripped Cooked Chicken Meat Inspection...........ccceceeveeveerieeneeenene. 443
16.7 Future WOrk .....oooiiiiiiiiee e 447
16.8  CONCIUSIONS ...uventetiiiiiieiieieiete ettt sttt st 447
16.9 AcknowledZements ..........ccceevueerieeieiiieiiesieie ettt 448
16.10 RETEICICES ..ottt 448

Final Remarks
B.G. Batchelor and M. GFAVES ............cccceoeeeeeeeeeeieeeeieeeeeeeee e 451
17.1 General COMMENTS ........ooovvviiiiieiieieieeeeeeeee e e e e eareeeeeaaneas 451



Contents

Xx1



2 Springer
http://www.springer.com/978-1-85233-525-0

Machine Vision for the Inspection of Natural Products
Graves, M.; Batchelor, B. (Eds.)

2003, XX, 471 p., Hardcowver

ISBN: @78-1-85233-525-0



