DATA MINING IN AGRICULTURE

By

ANTONIO MUCHERINO
University of Florida, Gainesville, FL., USA

PETRAQ J. PAPAJORGII
University of Florida, Gainesville, FL., USA

PANOS M. PARDALOS
University of Florida, Gainesville, FL., USA

@ Springer



Antonio Mucherino

Institute of Food & Agricultural
Information Technology Office
University of Florida

P.O. Box 110350

Gainesville, FL 32611

USA

amucherino@ufl.edu

Panos M. Pardalos

Department of Industrial & Systems Engineering

University of Florida

303 Weil Hall

Gainesville, FL 32611-6595
USA

pardalos @ise.ufl.edu

ISSN 1931-6828
ISBN 978-0-387-88614-5

DOI 10.1007/978-0-387-88615-2
Springer Dordrecht Heidelberg London New York

Library of Congress Control Number: 2009934057

(© Springer Science+Business Media, LLC 2009

All rights reserved. This work may not be translated or copied in whole or in part without the written
permission of the publisher (Springer Science+Business Media, LLC, 233 Spring Street, New York, NY
10013, USA), except for brief excerpts in connection with reviews or scholarly analysis. Use in connection
with any form of information storage and retrieval, electronic adaptation, computer software, or by similar

Petraq J. Papajorgji

Institute of Food & Agricultural
Information Technology Office
University of Florida

P.O. Box 110350

Gainesville, FL 32611

USA

petraq @ifas.ufl.edu

e-ISBN 978-0-387-88615-2

or dissimilar methodology now known or hereafter developed is forbidden.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are
not identified as such, is not to be taken as an expression of opinion as to whether or not they are subject

to proprietary rights.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Contents

Preface . ... ... ... . . . . vii
List of Figures . ... ... ...t xiii
1 Introduction to Data Mining .................. ... ... ... ... .... 1
1.1 Whydatamining? . ........ ..t 1

1.2 Data mining techniques .................. ... ... ... ....... 3

1.2.1 Abriefoverview ... 3

1.2.2 Datarepresentation. . .............oeeeeuuuneeeeennnn.. 6

1.3 General applications of datamining ........................... 10
1.3.1 Data mining for studying brain dynamics ................ 11

1.3.2 Data mining in telecommunications . . ................... 12

1.3.3 Mining marketdata ............... .. ... ... 13

1.4 Data mining and optimization .............. ... ... ... ... ..... 14

1.4.1 The simulated annealing algorithm ..................... 17

1.5 Data mining and agriculture . ........... ...t 19

1.6 General structure of the book . .............. ... ... ... ... ... 20

2 Statistical Based Approaches .................. ... ... .. ....... 23
2.1 Principal component analysiS. .............c.oo ... 23

2.2 Interpolation and re@ression ... ............ouiiiniiiiiiia.n 30

2.3 ApplCAtions . .. ... 36
2.3.1 Checking chicken breast quality ........................ 37

2.3.2 Effects of energy use in agriculture ..................... 40

2.4 Experiments in MATLAB® .................................. 40

2.5 EXEICISES ..ottt ettt e e e 44

3 Clusteringby k-means . .............. ... 47
3.1 The basic k-means algorithm . .......... ... ... . ... ... ... 47

3.2 Variants of the k-means algorithm . ............................ 56

3.3 Vector qUantization ... ...........ooeuuuineetiiinneeenn.. 62

ix



Contents

3.4 Fuzzy c-meansclustering . .......... ... 64
3.5 Applications . ... ... 67

3.5.1 Prediction of wine fermentation problem ................ 68

3.5.2 Grading method of apples ................... ... 71
3.6 Experimentsin MATLAB ...... ... ... .. . ... 73
3.7 EXEICISES ..ottt ettt e e e 80
k-Nearest Neighbor Classification ................................ 83
4.1 Asimple classificationrule........... ... ... o i 83
4.2 Reducing the training Set . ...........c.oveiuieieiineennann. 85
4.3 Speeding k-NN UD . ..ottt e 88
4.4 APPHCAtIONS . .. oottt e 89

4.4.1 Climate forecasting ............oeuuieiuineinneennnn. 91

4.4.2 Estimating soil water parameters ....................... 93
4.5 Experimentsin MATLAB ....... ... ... . ... .. ....... ... 96
4.6 EXEICISES .t ti ettt ettt e e e 103
Artificial Neural Networks ............ ... ... ... ... ... ....... 107
5.1 Multilayer perceptron . ... .........uuiiet i 107
5.2 Training aneural network. ........ ... ... i 111
5.3 The pruning proCess . ... .......eeuuuuneeteuunneeeeunnnneenn 113
5.4 ApPPHCAtionS . . ...ttt 114

5.4.1 Pigcoughrecognition ................ ... 116

5.4.2 Sorting apples by watercore ...............c.o i 118
5.5 Software for neural networks . ........... . . i 121
5.6 EXEICISES ..ottt 122
Support Vector Machines ....................................... 123
6.1 Linear classifiers . ......... ...t 123
6.2 Nonlinear classifiers ..............coiiiiininininnnnn... 126
6.3 Noiseand outliers ............ouiiiiiiiin i 129
6.4 Training SVMs .. ... 130
6.5 ApPPlCAtiONS . . ...ttt 131

6.5.1 Recognition of bird species . .............. ... ... 133

6.5.2 Detection of meatandbonemeal ....................... 135
6.6 MATLABandLIBSVM...... ... i 136
6.7 EXEICISES ..ttt ettt 139
Biclustering ............. 143
7.1 Clustering in two dimensionsS. . .........c.oovurieeinneennennnn . 143
7.2 Consistent biclustering . ...t 148
7.3 Unsupervised and supervised biclustering ...................... 151
T4 ApplCAtions . . ...t 153

7.4.1 Biclustering microarray data . ........... ... ... ... 153

7.4.2 Biclustering in agriculture .. ........ ... ... oo 155
7.5 EXCOICISES .\ttt e ittt ettt 159



Contents Xi

8 Validation ............. ... . ... 161
8.1 Validating data mining techniques. ........... ..o, 161

82 Testsetmethod ....... ... ... i 163
8.2.1 Anexamplein MATLAB ......... .. ... .. .ot 163

8.3 Leave-one-outmethod ........... .. .. ... ... 166
8.3.1 Anexamplein MATLAB ........ ... ... . ... ... .... 166

84 k-foldmethod ........... ... .. . i il 168
8.4.1 Anexamplein MATLAB .......... .. ... .. ... .. 170

9 Data Mining in a Parallel Environment . .......................... 173
9.1 Parallel computing ............. ... ... 173

9.2 Asimple parallel algorithm .......... ... ... .. .. ... ...... 176

9.3 Some data mining techniques in parallel ....................... 177
0.3.1 k-MEANS . ..ottt 178

932 k-NN L. 179

0.3.3 ANNS ..ot 181

034 SVMS .ottt 182

9.4 Parallel computing and agriculture ............... ... ......... 184

10 Solutions to Exercises................ ... ... .. il 185
10.1 Problems of Chapter2 ..............iiiiiiiiien... 185

10.2 Problems of Chapter 3 ........ ... ... 191

10.3 Problems of Chapter4 ...ttt 200

10.4 Problems of Chapter5 ......... ...t 204

10.5 Problems of Chapter 6 ............ ... ... . ... ... 211

10.6 Problems of Chapter 7 ........ ... it 216
Appendix A: The MATLAB Environment . ............................ 219
Al BasiCCONCEPLS . ...ttt 219

A.2 Graphic functions . .............cooiuiiiiiiiii .. 224

A.3 Writinga MATLAB function................. ... 228
Appendix B: An ApplicationinC..................... .. ... ... ..., 231
B.l A-meansinC ... ..o 231

B.2 Readingdatafromafile ......... ... ... ... i 238

B.3 Anexample of mainfunction.............. ... ... . .. ... 241

B.4 Generatingrandomdata .......... ... .. i 244

B.5 Running the applications ............ ... ... ... .. ... 247
References. .. ... ... . 253
Glossary . ... ... 265





