-

-~ THE DIGITAL AGE
iN AGRICULTURE
Mehmet Metin Ozguven

|

| |
SECACHES



AY
o7 '_/-/‘[‘ -»»" W/ C

3 ", ﬂ///

=0 S

$inveayn i Imedududig

The Digital Age in Agriculturé

-

AR I, Ry
a1mma~.un< HINERWMYHIINY
CHIANG M\l UNIVERSITY LIBRARY

Mehmet Metin Ozguven

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




Contents

Preface....covviinveeieecce e e xi
IATUEDOT oo sonss s onnasvssassie esoiss orvoms S0y TS S XS R S 093 §3A T4 TE S E s s s 8 i i i e i e XV
Chapter 1  Precision AGLICUILUTE ......cvevieiiiiieiete sttt st ee s s e erestesae e e eseseessesns 1
Ll IO OAUCION civurmnsnsionsshomsssnsnstsisar s semsmiorisiniinsis ins svssansssmrs ot skt sies ssoms s vamsmssisnmens 1

L2 Variability ..ot 2

1.3 Variable Rate APPIICAtION .....ceveerieiieiiisiceiieeir ettt een e 3

1.3.1 Variable Rate Application Methods.........ccceeeeeieiniiinininnereireniennns 4

1.3.2 Comparison of Variable Rate Application Methods..............c.cvvee.e. 8

1.33 Components in Variable Rate Application ..........cccccccoeveeviereerieenennn. 9

1.3.4 Variable Rate Application SyStems.............cccivererreiveeeiieeeeeeenennn, 11

1.3.5 Control Technology in Variable Rate Application................coc........ 13

1.4  Benefits of Precision AGriCUltUre ........cccoovivviviiviirieiieeesesese e eeees e s 15

1.4.1 Effective Fertilizer USage ........ccuovvvirirririiiiieiereereeeeee s 16

1.4.2 Effective Pesticide USAge......ccccvvvivreriiiiireiiireeecreee e 16

1.4.3 BIHeCtiVE TR GatI O sssuvssovssusrsinmis s s sod s s st i sin i ondinsons 17

14.4 Effective Management ........c.coocovvveveeeeerereesrerereesereeereveen e 19

14.5 Contribution to Food Safety..........cccoeviiirieiiiiiieieieeccreee e, 20

1.4.6 TraceabIlity ...c.covvveviirieieeicitcie e 21

1.4.7 RISk MAT ABEINEIE wosvinsssvuss sasssyiniorsssvms s ss e ine 15 664 S355r5 sinannon 22

1.5 Components of Precision AGriCUltUre ............cucvevvvveceervereeeieeseeeeeeeseeereseens 23

RETEIEICES ...ttt ettt ettt e et e et et e et e te et e st eeeeeetesneeaeessesren 25

Chapter 2 Precision LiveStock FATINITE .o susvassuvsnss sssns ossssanesasss siassiss s essnistsnnssasnsnss sosnsnonasussoness 29
2.1  Importance of Animal ProductiOn ..........cocuiveeereeieerieneeseseeeeeseeeeeeeeseeiesees 29

2.2 Animal NULTIEION ..ovvecieiiiiteccie ettt eb ettt e s ae et eereeeaesenaesaeenees 29

2.3 Mechanization in LIVESTOCK ....c..cceiviiviviereieneeeeteeee et eee e s eeeeseeseeseneesseeeees 30

2.4 Precision Livestock ProdUCtiON .......cuviicieeueereeeeeseeeeeee e eeeeeeee e esaesenes 31

2.5  Precision Livestock Farming Applications ..............ccoeevvevierireereeeeseenereenenanes 33

2.5.1 Electronic Animal Recognition SyStems.........c.ccccoevvereiirnirenrennen. 34

2.5.2 Automatic Feed Measuring SyStems ..........coccovvvveeiiivieeeeesneensnns 35

2.53 Drinker Systems Measuring Water Consumption ..................coev.... 37

254 Milk Quality Measurement SYSLEIMS .........evevrvieeeievieireeeeeeeeesnene 37

255 Monitoring of Movement Activities in Dairy Cattle ....................... 39

2.5.6 Detection Of LaMmENOSE: s srsmsvsimssmsiiaimsiosss missis sy 0 s s¥assiosion 41

2.5.7 Detection Of ESEIUS ..ocvveviieriiiciie ettt st ene s 42

2.5.8 Measurement of Body Characteristics and Gait Analysis............... 44

2.5.9 Monitoring of Broiler Houses and Early Warning System.............. 46

2.5.10  Monitoring Health Status with Voice Analysis ...........c.coevvrrrvrnnnnn. 48

2.5.11  Automatic Temperature Measurement with Thermal Camera......... 51

2.5.12  Automatic Animal Weighing, Sorting, and Marking Systems......... 53

RETEIEICES 1vvevveviitiitectecte ettt ettt ettt er e e teeteenteteeaeeessreeseessensensensesseeseessersens 54



vi Contents
Chapter 3 Agricultural RODOLS.......ccoiiiiiiiiiieiriciiei ettt ettt renene 59
3.1 WhatIs @ RODOL? ....ceiviiiiiiiiiiiciceieset sttt st ebe bbb 59
3.2  Advantages and Disadvantages of RODOLS........ccoceevveiirierirennienieesieinsieiiienis 60
3.2.1 Advantages Of ROBOLS s imusssssns smasr sissinyons svssasscrasionins 60

322 Disadvantages of RODOLS.......c.ccorueeriririeenininieeisrsees s 61

3.3 Robot Accidents and Safety ........cocveveiiriinieieniensenieiei e 61
3.4 Classification 0f RODOES.........couevirieiiriniiniiiiinisieiee et 61
3D NeW TIENU ROBOLS vuivunsssusmmsromscsovmsnssammoss i s rsoss v s s S st 62
351 Smart Autonomous (Robot) Vehicles .........ccoevvrverereririerieerieierieenns 62

352 Autonomous Flying RODOLS .........ccvevuriiieininenreinesesesecenee 62

353 Humano1d REBOIS .visesvommsssvasiissnopsium fresos s svmssssssssnsmssnsmeis doss 63

354 Wearable RODOLS iivstsssisisssssessussvsassnisn s sosassnsnisaisnsss vosssnsawassswsinns 63

355 Underwater RODOLS ......ccveviiiiciiiiinieeeicsrese e 64

3.5.6 SOLE RODOLS. ...ttt et sn e beens 64

3.5.7 Industrial and Delta RODOLS .....cc.evvvveveirieiirieirieiiee e 65

3.6 . Components 0f RODOLS ..ccuivesiieiimissssemosssssssvisssresin ssne rivisisssaissaassssesiaresivossas 66
3.6.1 RODOE CRaSSIS...cververrerierriieiesienieieiie ettt s sbe s b sneas 67

3.6.2 SEINSOTS wuverventiiete sttt sttt ettt ettt b e st be s bt sbebesnen 68

3.6.3 CONLTOLIET ...ttt sttt eb b benes 68

3.6.4 ACOHBTOLS aveinaruierssntbans vt mpessns s vasin sy e dare s 5evssbadss sEs 515555 69

3.6.5 MaAnIPUIALOT......cveuiieiiireirit et 69

3.6.6 ENd EffeCtOr.....oviiiieiieiiieiesecenceie st 70

3.7 Robot Kinematics and DyNamiCs..........ecurveiereinieiniireeiosirisiseseresieeseessinenns 70
3.8 Robot (AUtonomOoUSs) TIACLOL iiueisssisirisssiossesssrsassissssosssoniossisssoniisssossosinssnssinnsns 71
3.9  Robot Tractor EQUIPIMENL .......ccceveriirierieniiieriiiereeieieseeeesesseseesiessessessessessesnes 73
3.9.1 RadAr SENSOTS ...eoviririiririieriicienreiisiet et eve bbb eseenis 73

392 L aSeT S CANTNCT Suvvstisrassminsssmrmessssmvnn o v sossmssysass B soaius sopss smiisss 74

3.9.3 LA G savmsmnssfinsmronssnonastommsssms svvss i i 55 Has e aavs Gis dosiin s s s v nsie 74

394 GPS/Inertial Navigation System (INS).......ccccovevrererieresveerieenrennnen. 75

3.9.5 UIrasonic SENSOT.......everiiiiriieririreiireerieiesiesieeresbesseseeserseseesessessessnes 75

3.9.6 CHAINETAS womisvammsbnommn s s s s mssmi msssnis s sessisdnss 76

310" AgtiCultiral ROBOUS visemmmrmmussinsmsmmotis st iisasiessnsise st iames sitsissine e inss 76
3.11 Examples of Agricultural RODOLS .........coceververerereiieirieineiseesieese e 77
3111 MilKIing RODOL......cociiiiiiiiie it 78

3.11.2: - Beeding RODGT:, suvessnvssssomsrssrinnesinsmeisassis o msssssseivs s e soassss s 78

3.11.3 . Calf Feeding RODOt i riiisirsiismniisicasisssssesisisnsnassesesssnsns susbsnasns 79

3.11.4  Barn Cleaning RODOE .......c.cceviviireirieiinenneineeesre e 80

3.11.5 Mechanical Weed Control RODOL...........oveveeririeieiiniiisiereresereinnns 80

3.11.6  Spraying RODOL .....covevcriiiiiiirieciriecceee et 80

3.11.7  Cucumber Harvesting RODOE .........coovvveiveririririeieieineieiceeerenne 83

3.11.8  Paddy Planting RODOE ........cceevririviririnierinieiiesresecseee e 84

3.11.9  BoniRob Multipurpose Agriculture and Weed Control Robot........ 86
RETETENCES ...ttt b s sttt sb et s b e s b s e e s besn b e anees 87
Chapter 4 Use of Unmanned Aerial Vehicles in Agriculture ..............ccoeeveevereeeveseereeresreieennae 91
4.1  What Is an Unmanned Aerial VEhicle? ..........cocvveevirivineicinieiessseseienns 91
4.2 - DEOTE: SYSIETIS tonstswuvonsvvnsvvnivaimssrsesssnss s sosshs5ies s 5555103588500 03554 0800 08 TSR 1T 95
4.3 Components Of DIONES ......ccvvirurvevererisisereisseresesiseresesessesesesssessesesessssesesasesseses 96
44 Drone OPeratiOn ......ceceeeieeeireresiiesteseisesitesseressesessetessesesseresseressesesseseesessasesnes 97



Contents

Chapter 5

Chapter 6

vii

4.5  Issues to Consider in Drone Design .......cccocvrevvirieeevinceneseeeeeree e 2., 98
4.6  Cameras and Sensors Used with DIones..........ccccocvevvvviveveneeeeiveeeereeesreens 99
4.6.1 Optical CAIMETAS .....ovvverveeiriiriieiisieie et e 99
4.6.2 Multispectral Cameras..........cvieeririieiverieriiesreieeere i ere e 100
4.6.3 Hyperspectral CAmMETaS. ...........vvvvveviiieeeieieessiesesesseseeseseesesesees 100
4.6.4 Thermal Cameras..........cccoueireireiiiirieisiee e 101
4.6.5 Light Detection and Ranging (Lidar) ........cc.ceevrvreeceneeeieriaenrennan, 102
4.6.6 Synthetic Aperture Radar (SAR) .....cccvivereereereesveneensinnssvormesisssssnnns 102
4.7 Use of Drones in AGriCUILUIE .......c.ccecvivereerieiireeriirereerire e ereereseereseessereeenes 103
4.7.1 Precision AgriCulture ...........coceeviveceireiesinecreeriee e 104
4.7.2 Examining the Growth Status of Plants ..........c.ceceoceeveereeresennennnn. 104
4.7.3 Classiication of PIANtS: et s onssmminmmms 111
4.74 Determination of Plant Phenotypes .........ccccoveeerirvienenenrereniennn, 111
4.7.5 Detection of Plant Diseases and Pests ..........cccevevvevvievrenrreeereennne. 112
4.7.6 Detection 0f WEedS.......coevviiriiiiiiiieeiiicesrere e 116
4.7.7 AGFICUIUTA] SPEAVING v svssevusstsvessseissssosassammenssmessimsis s o 118
4.7.8 Artificial Pollination .........cccvueverveiiiieeeeriee e 122
4.7.9 Variable Rate Fertilization..........cc.cocecevnirieriinnineinnieierissieesnenenns 123
4.7.10  Yield ESHIMALE. ..c..eceireiiiriniiirieierisetieietssi et st sa v s e ereane 126
4.7.11  Determination of Soil Fertility .........ccccerevererieresiernerirsesensenseneerennes 127
4.7.12  Use in Irrigation AppliCations...........cceeveeveevveieeeeseeeeiseeseesesnees 131
4.7.13  Use in Animal Breeding .........cccuvveverievinieierieeesiee e 132
RELEIEICES ..ottt e be e re e eseenseresrenis 135
Agriculture 5.0 and the Internet of Things .........ccocveveiviriirericivieececee e 141
5.1  What Is AGriculture 4.07 ......ccccoviiiiininneiiiiecreeere e er e 141
5.2 Supportive Technologies in Agriculture 4.0..........ccocecvveverireievireirecrereesnenns 142
5.3  WhatIs the Internet of Things (I0T)7......cceiciiiereriiirierieeirereesreeeee v 144
5.4 BigData and AnalytiCS.......cooeevrirrsimiiriniirere st er e 147
5.5 5G and Its Use in AGriCUItUre......cccoovvvueriiriiieriecieereeeereee e 148
5.6 IoT Application Examples in AGriculture ...........ccccoveveeiivnrereieesreeesreenenes 148
5.6.1 Digital Agriculture Platforms ...........cooeceveerivinrecrereceieseeseeeeenns 150
562 Telemetry SYSIEIMS .....ccceveveueririiienririeieriniriere e v erenas 151
5.6.3 Fertilizer Information SyStem..........ccoevverivieiieerireeeirererenieeeesenens 153
5.6.4 Water Quality Measurements ...........cccvverererereeereeressereeereseesennens 154
5.6.5 Smart Milk-Monitoring Platform ............ccooevveivieeeevecieiereennn, 154
ST AGIICUILUIE 5.0....ciiiviiiiiiiiiieetse ettt sttt 155
REFETEICES ....vvvviiiiieiiti ettt sttt sa s s 157
Image Processing and Machine Vision in Agriculture ..........coceevevevvrvesveennervennann. 161
6.1  What Is Image Processing? ........ccccveriiiemriiereiiineieneeiiereseeesesseesessssssenssesenns 161
6.2  Image Processing OpPerations.........cccevvevvererieesreesseisrenserenseessensseessorssneseas 162
6.3 Stages of IMage ProCESSING ......couvvrriririeiecereiiie ettt 163
6.4  Image Processing Application Examples in Agriculture .............ccoceveveuenenne 164
6.4.1 Detection of Plant Diseases and Pests ...........ccccceveireeeiiereeernennens 164
6.4.2 Visual Object DEteCiON i essussmssssssssusers sssiissenssssasmersisssssvars sives 167
6.4.3 Determining the Fertilizer Distribution Pattern.............c.cocvevenen. 168
6.4.4 Determination of Agricultural Product Characteristics ................ 170

6.4.5 Dynamic Obstacle Detection............cccvevreereeesreesreiesiseeeseseneane 171



viii

Chapter 7

Chapter 8

Contents

6.5 What Is Machifie VASIONT seuswusssiiamsnssinsssbessovssuosses i ssesssses v sos s ey s avss 171

6.6  Machine Vision Application Examples in Agriculture ...........cccevveveerennnns 173

6.6.1 Sorting Agricultural Products by Quality ........ccovervenevienienennenn. 174

6.6.2 Detection of Plant Diseases and Pests .........c.ccovevverererinieneninnens 175

6.6.3 Deteetion of ' Weeds i.iueiummmsmsmmnssmssssiisiimmeissss s 175

6.6.4 Detection of Plant and Soil ........cccecevveniieiinenniccciene 179

RELEIENCES ...cvveuiiiiirercttese e e s 180

Data Mining in A griculture s s i sssssssost e smsmmsississsiess s e 183

7.1  What Is Data Mining? .......cccceeviirieiiiiiiiniiiiiinieciein e s 183

7.2 Data MINING PrOCESS ....ccvveiiiirrieiriiiiiteeiesieseesteesesieessesssesseessesssesssessesssesunens 183

73 -Data Pre-PrOCESBING . ssvmmsnsseusswsmssssms o ionssis s sasmisss roamis o85S0 s 8 as 3550 185

7.4  Data Mining TEChNIQUES ......cccoveiiriemiriireieieienieeeene e 186

7.4.1 Classification TeChDIQUES........coveerirererereniirce e 187

T:4:.1.1  KeNeatest Ne1ghbor o mmssssmmuesmas ssememsssnsonis e 187

7.4.1.2  Artificial Neural Networks ........ccccovvevverieiienciiniiennennnns 188

7.4.1.3  Support Vector Machines .........ccocoeveverininiiiniiniinennens 191

7.4.2 Statistically Based Approaches..........cccccevivinieceninineninennnenne, 193

7.4.2.1 Principal Component Analysis........c.ccocvvervinineiianeiinnnn 193

7.4.2.2 Interpolation and Regression........cceveeevvericeeninirnecnenenns 193

7.4.3  Clustering TeChNIQUES......c.ecveriieieiirercre e 194

TA3.1  K-MEANS....cveiiicieiiicniciireesieee e 195

7.4.3.2  BiCIUSIEIING ..ccvviriiiiririiesiieie et 195

7.5  Data Mining Practice Examples in Agriculture........c.cccovvevevencninncinennnns 196

7.5.1 Use in Clone Selection ..........coceeririiieincciiieiniieneeeseen e 197

7.5.2 Monitoring Animal Eating Behaviors ..........ccccevevvenincrinnincncnennn, 198

7:9:3 Animal IdeNtIiCatION ewmsresmsmmesimsnnisismennimmm oy 198

7.5.4 Identifying Animal SOUNAS.......cccccevieriiiniiiiinninieneeienee e 199

7.5.5 Detection of Plant Disease and Pest Damage ...........ccccoeveveennennene 200

7.5.6 Detection of Plant PEsts .........ccccerieieiieiiiciniieiiceneeceecesieseen 202

75,7 Detection of WEES s s isssodomnsnera s 203

758 * Yield Bstimate orassnomatimmmmavatamoms mo i 204

7.5.9 Identification of Plant Leaves.........c.cccverirerininenencnenenicseeniens 206

RELEIENCES ..ottt e 207

Artificial Intelligence, Machine Learning, and Deep Learning in Agriculture ...... 209

8.1  What Is Artificial Intelligence? .......c..cccomiirniiniciiniinieninieee 209

8.2  Sub-branches of Artificial INtelligence ........c.covvevireiireninienieneiienenen: 211

83 What Is Machine Learning Puisssimmorsmvimsmsmsamiosmsisim i s 212

8.4  Machine Learning PTOCESSES .....c.evveviereiiereriineninresese st 213

8.5  Machine Learning Methods .......c..ccceeiriiierinininnnnncee e 215

8.6 ' Machine Learning Petformiance MEICS .omiscisvmemssssnuissnssssssopsmsisssmnns 223

87 Whatls Deep Learning? .. svsinms sivesspessusssss suos yssonssniabos svvssvessness s 228

8.8  Common Architectural Principles of Deep Networks .........ccccovevivcnicinnnnenn 230

8.9  Deep Learning Archit€CtUures .......coeieererirerinenineneie s 233

8.10 Fundamentals of Convolutional Neural Networks ........c..coccevvinenieiiiiiennens 235

8.11 Image Classification and Detection......... e 240
8.12 Artificial Intelligence, Machine Learning, and Deep Learning

Application Examples in Ariculture.........occovereneeneniieienesenee e 243



Contents

8.12.1
8.12.2
8.12.3
8.12.4
8.12.5
8.12.6
8.12.7
8.12.8
8.12.9
8.12.10
8.12.11
8.12.12
8.12.13
8.12.14
8.12.15

References......

Detection of Plant Diseases and Pests ..........ccvcvveervireeveeneerennnn @245
Detection 0f WEEdS .......cccviiriiieiiiiiiire et 250
Monitoring the Growth of Plants............cccevevvreviviciireeiicrereenne, 252
Detection of Plant and Tree Locations ...........c.cceevevveveeeveieevennennan 258
Detection of Real-Time Fruit.........cccccevviveeiivveeceiienicciececvece e 258
Detection of Grape Yield.......c..cccooivieiviiveiieiieiriieeiceceeeeennn 258
Identification of Plant Leaves.........cccovevveeeeveriiiieericrcecveeenesnn 262
Monitoring of Plant-Growing Environments.............c.ccoceevervevenn. 263
Detection of Real-Time ObJect ........cccvvvviirveiiereirieieirieeeeerena 267
Identification of Agricultural Machinery.............ccccoevevieveieenennnn. 267
STHATE SPIAVET xvsuvviusevussesmsuoiinnsmamssnssssns i vors s sorssesiisssssis i siosss 268
Use in Agricultural Product Drying .........cccevveevevvirereneereieeennnn, 268
Identification of ANimals......ccccocveiiviiiiriieieie e 272
Use in Feeding Applications in LIVEStOCK .......c..cevvvvvririieirriiinns 274
Identification of Animal Sounds...........cccceeeevveiiirieiicirieeeereeeenans 275
.......................................................................................................... 278
.......................................................................................................... 283



	20231126144543681_0001
	20231126144557349_0001
	20231126144608565_0001
	20231126144623386_0001
	20231126144632845_0001
	20231126144646509_0001
	20231126144655542_0001

