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Big data challenge, 339
 

cloud-based big data, 340
 

models in big data environment, 341
 

BoniRob, 166–167
 

C 

CAAS,  see Chinese Academy of Agricultural
  

Sciences (CAAS)
 

CAC,  see Codex Alimentarius Commission (CAC)


CAICT,  see Chinese Academy of Information and 

Communication Technology (CAICT)
 

Calibration equation, 42
 

CAN,  see Controller area network (CAN)
 

Canopy chlorophyll content index (CCCI), 37
 

Canopy chlorophyll density (CCD), 57
 

Canopy N density (CND), 57
 

Canopy nitrogen density estimation, 63–68
 

CCCI,  see Canopy chlorophyll content index 


(CCCI)
 

CCD,  see Canopy chlorophyll density (CCD);
  

Charge-coupled device (CCD)
 

CERES-Wheat model, 77, 78–79, 80–81
 

Charge-coupled device (CCD), 106, 141
 

Chemical injection with carrier control, 187–188
 

China, PA in, 231
 

crop growth detection and physiological 


parameters, 237–247
 

cultivated land, 232
 

key technologies of agricultural information 


perception, 233
 

rapid acquisition of soil information in
  

farmland, 233–237
 

Chinese Academy of Agricultural Sciences
  

(CAAS), 251
 

Chinese Academy of Information and 


Communication Technology
  

(CAICT), 247
 

Chlorophyll
 

chlorophyll/greenness sensors, 179
 

in crops, 57
 

meter readings, 28
 

Claas system, 40, 41
 

Closed-loop control system, 156
 

Cloud computing, 292
 

CMOS,  see Complementary metal–oxide 


semiconductor (CMOS)
 

CND,  see Canopy N density (CND)
 

Codex Alimentarius Commission (CAC), 281
 

Coefficient of variation (CV), 27, 99
 

Collection device, 61–62
 

Commercial autonomous machines, 168
 

Commercial field machine-based canopy
  

reflectance systems, 41
 

Community-based precision agriculture
 

AMF, 226–227
 

in Indonesia, 221–222
 

 




Japanese government statistics, 214
 

learning group of farmers, 218–221
 

position of Japanese agriculture, 214
 

precision agriculture, 213
 

precision restoring approach, 222–226
 

profitable farm sizes, 218
 

regional farming system, 215
 

rural development, 217
 

strategy, 217
 

structure, 216
 

Complementary metal–oxide semiconductor
  

(CMOS), 141
 

Condition monitoring systems, 148–149
 

Continuous wavelet transform (CWT), 57
 

Contour mapping, 310
 

Control algorithms, 22, 24
 

applications and concepts, 28–29
 

combined use of yield potential, 27
 

components, 24–28
 

RI, 26–27
 

sensor-based algorithms for fertilizer 


nitrogen, 24
 

sufficiency, 28
 

yield goal, 24–25
 

yield potential, 26
 

Control for precision agriculture, 111
 

feedback control, 116–121
 

prescriptive control, 112–115
 

production management system, 111–112
 

responsive control, 115–116
 

Control layer, 155
 

Controlled variable, 22
 

Controller area network (CAN), 304
 

Controller error, 156
 

Conventional PA technology, 21
 

Conventional techniques, 56
 

Core area, 94
 

Corn production management expert system, 


264, 266
 

Cotton root rot, 191
 

Cranberry production, 199
 

Crop
 

fields, 121
 

flow meters, 33
 

foliage, 189
 

growth, 280
 

growth detector development, 239–241
 

information detection, 238–239
 

irrigation, 22
 

CROP-Meter measurements, 190
 

Crop canopy reflectance sensing, 34
 

application, 37–40
 

canopy sensing implementations for field 


applications, 40–43
 

field machine-based canopy reflectance
  

systems, 41
 

interference filter bandwidths, 45
 



 

 

 

 

349 Index 

ISR, 39
 

LED transmitted bandwidths, 45
 

monochromatic LEDs, 41
 

optical geometry, 43
 

relationship between NDVI-based INSEY 


index and yield, 39
 

satellite-and aircraft-borne sensing systems, 4

sensor mounting geometries, 42
 

spectral indices and relationship to crop 


management, 34–37
 

spectral reflectance response to higher levels

of nitrogen fertilization, 38
 

weed detection and spot spraying of weeds, 4

Crop canopy sensor, 184
 

Crop chlorophyll and nitrogen content inversion,

63;  see also Remote sensing
 

canopy spectral measurements, 64
 

correlation analysis between spectral indices

and chlorophyll content, 70, 73
 

crop nutrition evaluation and growth status, 


74–76
 

estimation of crop vertical chlorophyll 


content, 68–74
 

experiment and data collection, 63–64, 68–7

hyperspectral reflectance of maize leaves, 72

nitrogen content distribution with remote 


sensing, 68–74
 

Pearson’s correlation coefficients, 65, 67, 69


plots of measured vs. predicted chlorophyll 


content, 74
 

results and conclusions, 64–68, 71–74
 

wavelet features, 73
 

wheat leaf nitrogen concentration and canop

nitrogen density estimation, 63–68 

Crop condition sensing, 290; see also Good  

agricultural practices (GAP)
 

crop characteristics, 291
 

hyperspectral image, 292
 

Crop growth detection and physiological 

parameters, 237
 

crop growth detector development, 239–241


crop information detection, 238–239
 

flowchart of main program, 238
 

hand-held crop growth detector development

241–245
 

subroutines in software, 239
 

vehicle-mounted four-waveband crop growth
  

detection system development, 245–24

Crop LAI estimation, 59, 76; see also Remote
  

sensing
 

data assimilation mode integrating 


observations, 78
 

estimation results of EnKF assimilation 


algorithms, 80
 

experiment and data collection, 77
 

LAI dynamic changing information, 81
 

methods, 78–79
 

1
 


 

0
 


 

 


1
 


 

 

y
 

 

,
 

7
 

results and analysis, 79–81
 

scatter plots of observed LAI and EnKF­

assimilated LAI, 80
 

Crop management, 313
 

algorithms of site-specific primary tillage, 315
 

application in fertilization, 316–321
 

application in irrigation, 323–325
 

application in plant protection, 321–323
 

harvesting, 325–327
 

planting, 315–316
 

seeding, 315–316
 

site-specific in precision agriculture, 314
 

tillage, 314–315
 

Crop pest management, 200–202 

Crop protection, 125, 286
 

application equipment, 288–289
 

pest and disease management, 287–288
 

weed control, 286–287
 

Crop water estimation and inversion, 81; see also  
Remote sensing
 

experiment and data collection, 81
 

methods and analysis, 81–82
 

model application, 84
 

nonlinear regression of LWC, 83
 

relationship between LWC, 84
 

results, 82–84
 

selected vegetation indices, wavebands, and 


references, 82
 

spectral variables for the GRA–PLS model 


implementation, 83
 

Crop yield distribution
 

with combine harvester, 88
 

comparison of spatial distribution 


characteristics, 88–89
 

experiments and data collection, 88
 

parameters of semivariance model, 89
 

Cruise control systems, 326
 

Cultivated land, 232
 

CV,  see Coefficient of variation (CV)
 

CWT,  see Continuous wavelet transform (CWT)
 

D 

DAQ,  see Data acquisition unit (DAQ) 

Data acquisition data analysis, 307
 

process data acquisition system, 308
 

soil mapping, 308
 

weather monitoring, 311
 

yield mapping, 308–311
 

Data acquisition unit (DAQ), 184
 

Data processing, 307
 

DD index,  see Double difference index 


(DD index)
 

Decision support system (DSS), 251, 287
 

Deflection plate-based sensor, 32
 

DGPS,  see Differential global positioning 


system (DGPS) 
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Diagnosis decision-making expert system, 264
 

corn production management, 264, 266
 

wheat production management, 264, 265
 

Difference vegetation index (DVI), 64, 238
 

Differential global positioning system (DGPS), 


60, 197
 

Dissolved reactive phosphorus (DRP), 183
 

Double difference index (DD index), 71
 

DRP, see Dissolved reactive phosphorus (DRP)
 

DSS, see Decision support system (DSS)
 

DVI, see Difference vegetation index (DVI)
 

Dynamic tracking system, 272
 

agricultural machines, 272, 273
 

Map Search toolset, 273
 

production archive details, 274
 

production archive query, 273
 

E 

EC, see Electrical conductivity (EC)
 

Eco-farmers, 218
 

Ecotone, 94
 

ECU, see Electronic control units (ECU)
 

Education for sustainable development 


(ESD), 221
 

EIPRO, see Environmental impacts of products
 

(EIPRO)
 

Electrical conductivity (EC), 183
 

Electronic control units (ECU), 135, 304
 

Electronics, 22, 302–303
 

Engineering process control (EPC), 294
 

Ensemble Kalman filtering (EnKF), 77
 

Environmental impacts of products (EIPRO), 285
 

Environmental protection, 283
 

EPC, see Engineering process control (EPC)
 

ES, see Expert system (ES)
 

ESAM, see Extended spectral angle mapping 


(ESAM) 

ESD, see Education for sustainable development 

(ESD)
 

European Food Law, 282
 

European Food Sustainable Consumption and 


Production (SCP), 285
 

Expert system (ES), 264
 

Extended spectral angle mapping (ESAM), 201
 

F 

FAO, see Food and Agriculture Organization 

(FAO)
 

Farm-gate regimes, 311
 

Farmers, 301–302
 

Farming by balance, 316
 

Farmland
 

information management platform, 262
 

information perception, 233
 

soil moisture monitoring system in, 252–254
 

Farmland data acquisition by machine, 59
 

automatic soil collection system, 62
 

crop yield information acquisition, 59–60
 

DGPS, 60
 

soil information sampling and recording 


system, 61
 

soil nutrition data acquisition, 61–62
 

yield estimation system on axial-flow-type
 

combine harvester, 60
 

Farm management, 306; see also Precision 


agriculture (PA)
 

administration, 311–312
 

data acquisition and data analysis, 307–311
 

data handling systems, 307
 

information-driven, 306
 

on-farm research, 312
 

quality management, 312–313
 

Farm management information systems 

(FMIS), 47
 

Farm management system (FMS), 308
 

Fast close (FC), 123
 

Fault detection and diagnosis systems, see
 
Condition monitoring systems
 

FC, see Fast close (FC)
 

Feature-based approach, 142
 

Feedback control, 116
 

closed-loop feedback control scheme, 117
 

crop fields, 121
 

dynamic response of system output to set 


point, 118
 

observability, 119, 120
 

PA control shares, 118
 

set of time behaviors, 117
 

visually detectable growth condition 


difference of corn plants, 119
 

Feed distribution systems, 137
 

Fertilization, application in, 316
 

all-in-all fertilization, 320–321
 

by balance, 316–317
 

by growth, 317–319
 

organic fertilization, 319–320
 

by sustainability, 319
 

theoretical approaches, 317
 

truck-mounted multibin fertilizer air 


spreader, 318
 

Fertilizer application, 180
 

Field
 

boundary irregularities, 152
 

canopy reflectance measuring systems, 40
 

coverage, 151
 

crop production, automation for, 138–139
 

decomposition, 151
 

robots, 336
 

Field information acquisition, 252
 

agricultural IoT and, 252
 

integrated agricultural information
 

monitoring, 254–255 
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precision management system, 254–255 

soil moisture monitoring system, 252–254
 

Field information collection system, 268
 

Field of view (FOV), 64
 

FMIS, see Farm management information 


systems (FMIS)
 

FMS, see Farm management system (FMS)
 

FOC, see Full operational capability (FOC)
 

Food and Agriculture Organization (FAO), 281
 

Food safety, 280, 283
 

international institutions with, 281–282 

internationally acknowledged food safety 

systems, 282–283 

Food Safety System Certification standard 

(FSSC), 282
 

Force-based crop flow meters, 33
 

Four-wheel drive (4WD), 136, 158
 

Four-wheel steering (4WS), 136, 158
 

4WS/4WD robot, 166
 

FOV, see Field of view (FOV)
 

FPI, see Fuzziness performance index (FPI)
 

FroboMind architecture, 163–165
 

FS 22000, 282
 

FSSC, see Food Safety System Certification 


standard (FSSC)
 

Full operational capability (FOC), 305
 

Fungicide application, 189–191
 

Fuzziness performance index (FPI), 98
 

G 

GAP, see Good agricultural practices (GAP)
 

Georeferenced sensing, 106, 107
 

Geographic Information System (GIS), 61, 178,
 

179, 217, 233, 271–272
 

Georeferenced yield monitoring, 29
 

GFSI, see Global Food Safety Initiative (GFSI)
 

GIS, see Geographic Information System (GIS)
 

Global Food Safety Initiative (GFSI), 282
 

GlobalGAP scheme, 282–283
 

control points in fruit and vegetables
 

checklist, 284
 

Global navigation satellite system (GNSS), 21, 


135, 233, 305, 306
 

Global positioning satellite (GPS), 4, 6
 

Global positioning system (GPS), 21, 106, 143,
 

161, 178, 179, 233, 285
 

GNDVI, see Green normalized difference
 

vegetation index (GNDVI)
 

GNSS, see Global navigation satellite system 


(GNSS)
 

Good agricultural practices (GAP), 280
 

chain of traceability, 292
 

GlobalGAP scheme, 282–283
 

high-quality food, 281
 

international institutions with food safety, 


281–282 

internationally acknowledged food safety 

systems, 282–283
 

meeting traceability requirement, 285–290
 

model-based statistical process control, 294
 

PA, 283–285
 

variability modeling and traceability, 292–294
 

GPS-based soil maps, 178–179 

GPS, see Global positioning satellite (GPS); 

Global positioning system (GPS) 

GRA–PLS, see Gray relational analysis–partial 

least squares (GRA–PLS) 

Gray relational analysis–partial least squares 

(GRA–PLS), 81
 

Greenhouse plant production systems, 138
 

Green normalized difference vegetation index 


(GNDVI), 64
 

GreenSeeker sensor, 10, 184
 

Grid sampling strategies, 6
 

Guidance systems, 333
 

H 

HACCP, see Hazard analysis and critical control 

points (HACCP) 

Hand-held crop growth detector development, 241
 

field test, 245
 

hardware design, 242–243
 

JN5139 wireless module, 243
 

software design, 243
 

software of controller, 244
 

software of sensor, 244
 

with Zigbee, 242
 

HARB, see Heilongjiang Agricultural 

Reclamation Bureau (HARB)
 

Harvest automation, 126–127
 

Harvesters, 302
 

Harvesting, 325
 

all-in-all, 326–327
 

guidance, 325–326
 

operation control, 326
 

Hazard analysis and critical control points
 

(HACCP), 282
 

Heilongjiang Agricultural Reclamation Bureau
 

(HARB), 270
 

Heilongjiang Province
 

agricultural machines straight navigation, 274
 

dynamic tracking system, 272–274
 

GIS, 271–272
 

precision agriculture in, 270
 

remote scheduling of field operations, 274
 

remote sensing image and data system, 271
 

Herbicide application, 188–189 

HLB disease, see Huanglongbing disease 

(HLB disease)
 

Holland Scientific Crop Circle Sensor, 10
 

Honjo, 218
 

Honjo Precision Farming Society (HPFS), 218, 219
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HPFS,  see Honjo Precision Farming Society 

(HPFS)
 

Huanglongbing disease (HLB disease), 200, 20

Huantai Precision Agriculture Information 


Management, 254
 

Human perception, 139
 

Hyperspectral remote sensing, 74
 

I 

ICT,  see Information and communication 

technology (ICT)
 

ID,  see Identification (ID)
 

Identification (ID), 218
 

IFS,  see International Food Standard (IFS)
 

Image-based spot sprayer, 40
 

Implement control, 135, 136, 160–161, 302
 

Implement management systems (IMS), 160
 

IMS,  see Implement management systems (IMS

IMU,  see Inertial measurement unit (IMU)
 

Indonesia, community-based approach in, 221–2

Inertial measurement unit (IMU), 143
 

Information and communication technology
  

(ICT), 222, 257
 

INSEY, 10, 26
 

Instant Yield Map, 60
 

Integrated agricultural information monitoring, 

254–255 

Integrated pest management (IPM), 285, 287
 

application equipment, 288–289
 

pest and disease management, 287–288
 

weed control, 286–287
 

Intelligent agricultural equipment 

automation system of agricultural  

machinery, 258
 

development and application, 257
 

laser-control land leveling system, 259–261


VRT application in agricultural machinery,
 

258–259
 

Intelligent agricultural machines, 161–162
 

Intelligent machine design framework, 134, 135

see also Autonomous vehicles and 

field robots; Perception sensors
 

automated agricultural machines, 134
 

hardware architecture, 135
 

machine awareness, 135–136
 

machine behavior, 136–137
 

machine perception, 136
 

multilayer design framework, 135
 

navigation control, 136
 

software and communications
  

architectures, 135
 

Intelligent machines, 134, 137, 138;  see also
  
Autonomous vehicles and field robot

Perception sensors
 

automation for field crop production, 138–1

automation of irrigation systems, 137
 

1
 

)
 

22
 




 

 

;
 

s; 


39
 

automation technology, 137, 138
 

greenhouse plant production systems, 138
 

Intelligent production and measurement systems,
  

269–270
 

Intensity-based approach, 142
 

International Food Standard (IFS), 282
 

Internet of Things (IoT), 232;  see also
  
Agricultural IoT
 

Inverse simple ratio (ISR), 39
 

IoT,  see Internet of Things (IoT)
 

IPM,  see Integrated pest management (IPM)
 

Irrigated agriculture, 193
 

Irrigation systems, 193, 323
 

automation of, 137
 

irrigation monitoring and control, 324–325
 

site-specific irrigation, 325
 

soil sensor network, 324
 

ISO 22000, 282
 

ISOBUS standard, 135
 

support for sensor systems, 47
 

ISR,  see Inverse simple ratio (ISR)
 

iTEC Pro, 160–161
 

J 

Japanese Society of Agricultural Machinery 

(JSAM), 223
 

Japan Science and Technology Agency (JST), 225
 

JAUGS Domain Model,  see Joint Architecture for 


Unmanned Ground Systems Domain  

Model (JAUGS Domain Model) 

JAUS,  see Joint architecture for unmanned 

systems (JAUS)
 

John Deere Machine Sync, 155
 

Joint Architecture for Unmanned Ground 


Systems Domain Model (JAUGS
  

Domain Model), 163
 

Joint architecture for unmanned systems 


(JAUS), 135
 

JSAM,  see Japanese Society of Agricultural
  

Machinery (JSAM)
 

JST,  see Japan Science and Technology
  

Agency (JST)
 

K 

Kappa coefficient, 98
 

Knock-out criterion, 327
 

Kriging, 4, 5
 

interpolation, 88, 89, 91
 

L 

Labor management, 332
 

all-in-all, 336–338
 

field robots, 336
 

guidance systems, 333
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large autonomous field robots, 337
 

leader–follower systems, 335–336
 

mechanical systems, 333–334
 

optical systems, 334
 

overall assessment, 334–335
 

satellite systems, 334
 

small autonomous field robots, 337
 

tools and implements, 332–333
 

Ladar, 143
 

LAI,  see Leaf area index (LAI)
 

LAN,  see Local area network (LAN)
 

Laser-control land leveling system, 259
 

China Agricultural University, 260
 

operation of laser land leveler, 261
 

principle diagram, 260
 

Laser, 142–143
 

LCD,  see Liquid crystal display (LCD)
 

Leader–follower systems, 335–336
 

Leaf area index (LAI), 190
 

Leaf N concentration (LNC), 57
 

Leaf water content (LWC), 58
 

LED,  see Light-emitting diode (LED)
 

LEPA,  see Low-energy precision application 


(LEPA) 

Lettuce production, 202–203 

LiDAR,  see Light detecting and ranging 

(LiDAR)
 

Lidar, 143
 

Light-emitting diode (LED), 234
 

Light detecting and ranging (LiDAR), 7
 

Linear quadratic regulator optimization (LQR 


optimization), 158
 

Liquid crystal display (LCD), 234
 

LMS151, 143
 

LNC,  see Leaf N concentration (LNC)
 

Local area network (LAN), 248
 

Localization, 139
 

Location sensing, 305–306
 

Logic integrated circuits, 22
 

Low-energy precision application (LEPA), 195
 

LQR optimization, see Linear quadratic regulat

optimization (LQR optimization) 

LWC,  see Leaf water content (LWC) 

M 

M2M,  see Man-to-machine (M2M) 

Machine behavior, 136–137
 

John Deere’s Machine Sync, 155
 

machine coordination, 154–155
 

optimal path planning, 151–153
 

optimized vehicle routing, 153, 154
 

robotic behavior, 150
 

Machine coordination, 154–155 

Machine health awareness, 147–148
 

for autonomous machine, 148
 

condition monitoring systems, 148–149
 

or 


limitations, 149–150 

planter monitors, 150
 

Machinery hiring, 331
 

Machinery management, 327
 

process monitoring, 329–330
 

remote service, 330–332
 

route planning, 327–329
 

system control, 330
 

Machinery rings, 327
 

Machine supervision, 137
 

Machine vision, 147
 

Man-to-machine (M2M), 303
 

Management decision in PA, 251–252
 

Management platform of agricultural
  

information, 261
 

environmental database, 263
 

farmland information management 


platform, 262
 

production-related data, 261
 

Management zone (MZ), 85, 91; see also Precision
  

management, prescriptions for 

delineation of agricultural MZ, 97–99 

extraction of MZ based on spatial contiguous  

clustering algorithm, 95–97 

extraction of PA MZ based on multiyear yield 

data, 91–95 

method for, 91
 

Manure handling, 301–302
 

Map-based boom section control systems, 159
 

Mass flow-based yield measuring systems, 30
 

crop flow meters, 33
 

deflection plate-based sensor, 32
 

equation, 30
 

volumetric flow rate, 32
 

weighing conveyor sensor, 31
 

Matheron’s approach, 4
 

Maximum residue levels (MRLs), 283
 

Maximum return to nitrogen (MRTN), 28
 

MCU, see Micro controller unit (MCU)
 

Mechanical systems, 333–334
 

Mechanical weeding, 322
 

Melsted, S. W., 3
 

MEMS,  see Microelectromechanical systems 


(MEMS) 

MESA,  see Midelevation spray application 

(MESA)
 

Meteorological data, 263
 

Microbial safety, 289–290
 

Micro controller unit (MCU), 237
 

Microelectromechanical systems (MEMS), 248
 

MICS,  see Mobile implement control systems 


(MICS)
 

Midelevation spray application (MESA), 195
 

Minimum noise fractionation (MNF), 90
 

Mission planning, 136–137
 

Mixture tuned matched filtering (MTMF), 201
 

MNF,  see Minimum noise fractionation (MNF)
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Mobile implement control systems (MICS), 47
 

Mobile sensor suite, 200
 

Model-based statistical process control, 294
 

Modified partition entropy (MPE), 98
 

Monochromatic LEDs, 41
 

Monocular vision, 139, 141
 

MPE, see Modified partition entropy (MPE)
 

MRLs, see Maximum residue levels (MRLs)
 

MRTN, see Maximum return to nitrogen (MRTN)
 

MTMF, see Mixture tuned matched filtering 


(MTMF) 

MTVI, see Multitemporal vegetation index 

(MTVI)
 

Multipurpose process controllers, 302
 

Multitemporal vegetation index (MTVI), 237
 

MZ, see Management zone (MZ)
 

N 

National Demonstration Base for Precision 


Agriculture, 266
 

airborne remote sensing platform
 

applications, 268–269
 

field information collection system, 268
 

intelligent production and measurement 


systems, 269–270
 

precision agriculture resource management 


GIS, 267–268
 

VRT control system, 267
 

National Engineering Research Center for 


Information Technology in Agriculture
 

(NERCITA), 251, 256, 258, 260
 

Navigational Satellite Timing and Ranging 

(NAVSTAR), 305
 

Navigation and collision avoidance, 139
 

Navigation and machine control technologies, 


155; see also Intelligent machines
 

bicycle model of tractor, 157
 

controls background, 155–156
 

implement control, 160–161
 

navigation control, 156–158
 

sprayer boom section control, 159–160
 

NAVSTAR, see Navigational Satellite Timing 

and Ranging (NAVSTAR) 

NDGI, see Normalized differential green index 

(NDGI) 

NDI, see Normalized difference index (NDI) 

NDRE, see Normalized difference red edge 

index (NDRE) 

NDVI, see Normalized difference vegetation 

index (NDVI) 

NDWI, see Normalized difference water index 

(NDWI)
 

Near-infrared (NIR), 34, 57, 106
 

Near-infrared spectroscopy analysis (NIRS 


analysis), 233
 

Nectarine production, 199
 

NERCITA, see National Engineering Research 

Center for Information Technology in 

Agriculture (NERCITA) 

“New Farmer 21”, 218
 

NIR, see Near-infrared (NIR) 

NIRS analysis, see Near-infrared spectroscopy 

analysis (NIRS analysis) 

Nitrate nitrogen (NN), 97
 

Nitrogen
 

in crops, 57–58
 

restrictions, 311
 

uptake, 37
 

Nitrogen fertilizing by growth, 317
 

crop growth sensors in nitrogen fertilizing 


systems, 318
 

online system, 319
 

precision fertilization, 318
 

Nitrogen reflectance index (NRI), 64
 

Nitrogen use efficiency (NUE), 23
 

Normalized difference index (NDI), 238
 

Normalized difference red edge index 


(NDRE), 37
 

Normalized difference vegetation index (NDVI), 


10, 26, 64, 106, 184, 185, 237
 

Normalized difference water index (NDWI), 64
 

Normalized differential green index (NDGI), 238
 

N responsiveness, see Response index (RI) 

NRI, see Nitrogen reflectance index (NRI) 

NUE, see N use efficiency (NUE); Nitrogen use 

efficiency (NUE) 

Nugget variance, 4
 

N use efficiency (NUE), 57
 

Nutrition management, 339
 

O 

Object recognition, 139
 

Observability, 119, 120
 

Observable data, 109
 

OC, see Organic carbon (OC) 

Occupational health, safety, and welfare, 283
 

OM, see Organic matter (OM) 

OMIS, see Operative modular imaging 

spectrometer (OMIS) 

On-farm data processing, 302
 

On-farm research, 312
 

On-the-go crop nutrient stress sensing system, 123
 

Online system, 319
 

Open-loop control system, 156
 

Operative modular imaging spectrometer
 

(OMIS), 75, 268
 

Operator-driven systems, 329
 

Optical and radiation-based yield measuring 


systems, 33
 

Optical fiber, crop growth detector development 

with, 239–241 

Optical systems, 334
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Optic Mapper™, 11
 

Optimal path planning, 151
 

algorithm, 152
 

in planar field, 152
 

on 3D terrain, 153
 

on 2D planar surface, 151–152
 

Optimized soil-adjusted vegetation index 


(OSAVI), 64
 

Optimized vehicle routing, 153, 154
 

Organic carbon (OC), 44
 

Organic fertilization, 319–320
 

Organic matter (OM), 87
 

OSAVI, see Optimized soil-adjusted vegetation 


index (OSAVI)
 

P 

PA, see Precision agriculture (PA)
 

Particular phosphorus (PP), 183
 

Patch density (PD), 93
 

PCA, see Principal components analysis (PCA)
 

PCR, see Polymerase chain reaction (PCR)
 

PCs, see Personal computers (PCs)
 

PD, see Patch density (PD)
 

PDA, see Personal digital assistant (PDA)
 

Pearson’s correlation coefficients, 65, 67
 

Peck, T. R., 3
 

Penman–Monteith equation, 324
 

Perception sensors, 139; see also Intelligent 


machines
 

active 3D range camera, 144
 

challenges and new development, 146, 147
 

cost, 146
 

electromagnetic spectrum and, 140
 

ladar, 143
 

laser, 142–143
 

lidar, 143
 

maintenance, 145–146
 

monocular vision, 139, 141
 

radar, 143
 

range, 144–145
 

ratings, 146
 

robust to dust, 145
 

robust to lighting, 145
 

selection, 144
 

stereo vision, 141–142
 

ultrasonic sensor, 143–144
 

Personal computers (PCs), 302
 

Personal digital assistant (PDA), 245, 247
 

Pest control, 125–126
 

Pesticides, 186
 

application, 197–199
 

PFNET, see Precision Farming Network of
 

Toyohashi-Atsumi (PFNET)
 

Photochemical reflectance index (PRI), 64
 

Photoelectric sensors, 188–189
 

Photonic mixer device (PMD), 144
 

PID controllers, see Proportional, integral, and
 

differential controllers (PID controllers)
 

Planter monitors, 150
 

Planters, 302
 

Planting, 122–123, 315–316
 

Plant protection application, 321
 

all-in-all, 322–323
 

application technology, 322
 

mechanical weeding, 322
 

monitoring, 321
 

Plant protection products (PPPs), 283
 

Plugfests, 304
 

PMD, see Photonic mixer device (PMD)
 

Point-to-point network, 243
 

Polymerase chain reaction (PCR), 200
 

Portable soil total nitrogen detector development,
 

235
 

optical fiber and distribution of LEDs, 237
 

optical fiber structure, 236
 

Y-type fiber, 236
 

Power-take-off engagement (PTO engagement),
 

161, 334
 

PP, see Particular phosphorus (PP)
 

PPPs, see Plant protection products (PPPs)
 

Precision agriculture (PA), 1, 21, 103, 134, 


177–178, 213, 232, 300; see also
 
Community-based precision 


agriculture; Farm management
 

active-optical sensors, 11
 

GPS, 6
 

GreenSeeker sensor, 10
 

grid sampling strategies, 6
 

kriging, 5
 

precision farming sections and items, 301
 

in precision land use, 301
 

process diagram, 262
 

recommended sampling strategy, 3
 

representation, 104
 

residual soil nitrate, 8
 

resource management GIS, 267–268
 

site-specific weed control research, 12, 13
 

soil delineation tools, 9
 

Soil Doctor, 11
 

soil electrical transmittance properties, 9
 

soil P and K levels, 7
 

soil testing, 2
 

statistical tools, 4
 

technologies, 283
 

water movement through and over landscape, 7
 

yield monitor adoption for corn and 


soybeans, 12
 

Precision agriculture implementation, 121
 

few scenarios of unwanted sprayer boom 


vibrations and/or waving, 124
 

harvest automation, 126–127
 

intelligent variable-rate applicator, 124
 

pest and weed control, 125–126
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Precision agriculture implementation (Continued)
 

planning and planting, 122–123
 

precision irrigation system, 125
 

robotic target sprayer for vineyard pest 


control, 125
 

VRA, 123–125
 

Precision agriculture management zone
 

extraction, 91
 

changes in fragmentation degree of partition 


map, 92–95
 

changes in fragmentation index of partition 


map with scale, 94
 

changes in mean, standard deviation, and 


coefficient of variation, 92, 93
 

changes in reduction rate of variance, 92
 

changes in spatial consistency, 95
 

Kriging interpolation, 91
 

MZ generation, 91–92
 

partition map after filtering with different 


scales of window, 95
 

PD, 93
 

significant changes in lag differences, 92
 

Precision crop farming, sensing technology for, 21
 

block diagram, 23
 

control algorithms, 24–29
 

crop canopy reflectance sensing, 34–43
 

crop production costs, 24
 

electronics and sensor systems, 22
 

ISOBUS support for sensor systems, 47
 

soil property sensing, 43–47
 

water use, 23–24
 

yield monitoring, 29–34
 

Precision crop pest management, 186; see also 
Specialty crops 

challenges and research needs, 191–193 

variable-rate controllers, 187–188 

variable-rate pesticide application methods, 

186–187 

variable-rate pest management activities, 

188–191 

Precision Farming Network of Toyohashi-Atsumi 

(PFNET), 228
 

Precision fertilizer, 197–199
 

Precision fertilizer application, 180; see also
 
Specialty crops 

challenges and research needs, 185–186 

equipment for fertilizer VRA, 180–182 

map-based variable-rate liquid fertilizer
 

applicator, 181
 

prescription map, 182
 

sensor-based variable-rate application
 

system, 181
 

variable-rate fertilization practice, 182–185
 

Precision irrigation system, 125
 

Precision management system, 254–255
 

crop yield distribution with combine 


harvester, 88–89
 

GIS, 85
 

key links in decision making, 85
 

kriging interpolation analysis of soil 


nutrition, 88
 

prescriptions, 84
 

procedures in decision making and 


prescription generation, 85–88
 

soil nutrition map generation, 87–88
 

spatial feature values of soil properties, 87
 

variable-rate fertilization, 86
 

yield map based on remote sensing, 89–91
 

Precision restoring approach, 222
 

“food desert” phenomenon, 225
 

information-oriented field, 225–226
 

JSAM, 223
 

Ministry of Agriculture, Forestry and 


Fisheries, 224–225
 

national project of arable cultivation, 224
 

Precision water management, 193; see also
 
Specialty crops 

application uniformity test, 195–196 

challenges and research needs, 196–197 

VRI, 193–194 

VRI control, 194–195 

Prescription farming, see Farming by balance
 

Prescription map, 182
 

Prescriptive control, 112
 

enhanced open-loop prescription control 


system, 115
 

example yield response model of hybrid 


corn, 114
 

first-order-like nitrogen-to-yield model, 113
 

inverse transfer function, 114
 

open-loop prescription control system, 113
 

prescriptive crop production management, 112
 

PRI, see Photochemical reflectance index (PRI)
 

Principal components analysis (PCA), 90
 

Process monitoring, 329–330
 

Proportional, integral, and differential controllers 


(PID controllers), 157
 

PTO engagement, see Power-take-off
 

engagement (PTO engagement)
 

Pulse width modulation (PWM), 182
 

applicator, 123
 

PWM, see Pulse width modulation (PWM)
 

Q 

Quality management, 312–313 

R 

Radar, 143
 

Radiation-based mass detection, 33
 

Radio-frequency identification (RFID), 248, 293
 

Rapid effective nitrogen fertilizer, 319
 

Ratio vegetation index (RVI), 237
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“Ready-to-use” commands, 111
 

Real-time sense and apply (RTSA), 21
 

Recording device, 61
 

Red-edge inflection point (REIP), 36
 

Red-edge position (REP), 64, 201
 

Reflectance, 42
 

REIP, see Red-edge inflection point (REIP)
 

Relative spectral response (RSR), 41
 

Remote irrigation monitoring and control system 


(RIMCS), 195
 

Remote scheduling of field operations, 274
 

Remote sensing, 106
 

Remote sensing techniques, acquisition of crop 


information based on, 56
 

chlorophyll in crops, 57
 

crop LAI, 59
 

leaf N content, 58
 

nitrogen in crops, 57–58
 

water content of crops, 58–59
 

water stress, 56–57
 

Remote service system, 330
 

all-in-all, 331–332
 

machinery hiring, 331
 

with manufacturer-service-database, 331
 

service hiring, 331
 

REP, see Red-edge position (REP)
 

Response index (RI), 26–27
 

Responsive control, 115–116
 

RFID, see Radio-frequency identification (RFID)
 

RI, see Response index (RI)
 

RIMCS, see Remote irrigation monitoring and 


control system (RIMCS) 

RMSD, see Root mean square difference (RMSD) 

RMSDEV, see Root mean squared deviation 

(RMSDEV) 

RMSE, see Root mean square error (RMSE) 

RMSS value, see Root-mean-square standardized 

value (RMSS value)
 

Robotic behavior, 150
 

Robotic fruit harvesting, 138
 

Robotics Operating System (ROS), 163, 165
 

Robotics software system architectures, 165
 

Robot machine form app roaches, 167–168
 

Robot operating system (ROS), 135
 

Robot system architectures, 162
 

Robust navigation control, 158
 

Root-mean-square standardized value (RMSS 


value), 87
 

Root mean squared deviation (RMSDEV), 202
 

Root mean square difference (RMSD), 198
 

Root mean square error (RMSE), 70
 

ROS, see Robot operating system (ROS);
 

Robotics Operating System (ROS) 

Route planning, 327
 

operator-driven systems, 329
 

in sugar beet production, 328
 

RSR, see Relative spectral response (RSR) 

RTSA, see Real-time sense and apply (RTSA) 

RVI, see Ratio vegetation index (RVI) 

S 

SAM, see Spectral angle mapping (SAM)
 

Sampling depth, 62
 

Sanitary and Phytosanitary agreement (SPS
 

agreement), 282
 

Satellite imagery, 8–9
 

Satellite systems, 334
 

sensing systems, 41
 

SAVI, see Soil-adjusted vegetation index (SAVI)
 

SBC, see Single board computer (SBC)
 

SC-KM clustering algorithm, see Spatial 


contiguous K-means clustering 

algorithm (SC-KM clustering 

algorithm) 

SCP, see European Food Sustainable 

Consumption and Production (SCP) 

SCRI program, see Specialty crop research 

initiative program (SCRI program)
 

SDI, see Subsurface drip irrigation (SDI)
 

“Seed curve” search algorithm, 153
 

Seeding, 315–316
 

Self-propelling units, 304
 

Sensing for precision agriculture, 105
 

effectiveness of controlling precision crop 

production, 110
 

making data observable, 109–111
 

spatial sensing, 105–108
 

temporal changes of canopy NDVI values, 109
 

temporal sensing, 108–109
 

yield variation, 111
 

Sensors, 302–303
 

fusion, 136
 

sensor-based algorithms for fertilizer 


nitrogen, 24
 

systems, 22
 

Service hiring, 331
 

Shelf life prediction, 293
 

Short-wave near-infrared bands (SWIR bands), 84
 

SICK, 143
 

SID, see Spectral information divergence (SID)
 

SiGe, see Silicon germanium (SiGe)
 

Signal process circuit, 246
 

Silicon germanium (SiGe), 143
 

Simple ratio (SR), 36
 

Single board computer (SBC), 195
 

SIPI, see Structure insensitive pigment index 


(SIPI)
 

Site-specific crop management (SSCM), 286
 

Site-specific irrigation, 325
 

Site-specific management zones (SSMZ), 183
 

Site-specific variable rate irrigation (SS-VRI), 325
 

Site-specific weed control research, 12, 13
 

Small field robots in research, 165–167
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Soil
 

delineation tools, 9
 

EC sensor, 184
 

electrical transmittance properties, 9
 

information sampling system, 61
 

mapping, 308
 

moisture, 314–315
 

organic matter content detector development,
 

234–235
 

parameter data, 263
 

sampling, 2
 

strength measuring systems, 46
 

testing, 2
 

Soil-adjusted vegetation index (SAVI), 64
 

Soil Doctor, 11
 

Soil information rapid acquisition in farmland, 233
 

NIRS analysis, 233
 

portable soil total nitrogen detector
 

development, 235–237
 

soil organic matter content detector
 

development, 234–235
 

Soil moisture monitoring system, 252
 

Huantai Precision Agriculture Information 


Management, 254
 

on IoT, 253
 

Soil nutrition
 

data acquisition, 61–62
 

experiment and data collection, 87
 

interpolation, 87–88
 

map generation, 87
 

soil nutrition interpolation, 87–88
 

spatial structure analysis of soil nutrition, 87
 

Soil property sensing, 43
 

crop performance, 43
 

pH sensing, 47
 

soil strength measuring systems, 46
 

temporal variability of soil nutrients, 44
 

Solid set canopy delivery system (SSCD system),
 

198
 

Spatial contiguous clustering algorithm
 

extraction of MZs based on, 95
 

SC-KM clustering algorithm, 96
 

selection of MZ parameters, 96
 

study area and data sources, 96
 

Spatial contiguous K-means clustering algorithm 

(SC-KM clustering algorithm), 96
 

Spatial distribution of soil fertility, 61
 

Spatial sensing, 105
 

georeferenced sensing, 106, 107
 

high and low yields, 108
 

remote sensing, 106
 

soil characteristics, 107
 

soil properties, 105
 

Spatial structure analysis of soil nutrition, 87
 

SPC, see Statistical process control (SPC)
 

Specialty crop research initiative program 


(SCRI program), 203
 

Specialty crops, 197; see also Precision fertilizer 

application
 

challenges and research needs, 203
 

crop pest management, 200–202
 

pesticides application, 197–199
 

precision fertilizer, 197–199
 

precision technologies for, 197
 

related studies for specialty crops, 202–203
 

water management, 199–200
 

Spectral angle mapping (SAM), 201
 

Spectral indices
 

combine-derived yield map, 35
 

NDRE, 37
 

NDVI, 34, 36
 

REIP, 36–37
 

and relationship to crop management, 34
 

spectral reflectance of wheat and soil, 35
 

Spectral variation in Oklahoma soils, 37
 

SR, 36
 

Spectral information divergence (SID), 201
 

Spectroscopy, 237–238
 

Sprayers, 302
 

boom section control, 159–160
 

Spray technology, 323
 

Sprinkler irrigation systems, 195
 

SPS agreement, see Sanitary and Phytosanitary 


agreement (SPS agreement) 

SR, see Simple ratio (SR) 

SS-VRI, see Site-specific variable rate irrigation 

(SS-VRI) 

SSCD system, see Solid set canopy delivery 

system (SSCD system) 

SSCM, see Site-specific crop management 

(SSCM) 

SSMZ-CYG, see SSMZ using constant yield goal 

(SSMZ-CYG) 

SSMZ-VYG, see SSMZ using variable yield goal 

(SSMZ-VYG) 

SSMZ, see Site-specific management zones 

(SSMZ)
 

SSMZ using constant yield goal (SSMZ-CYG), 183
 

SSMZ using variable yield goal (SSMZ-VYG), 183
 

Standardized electronic communication, 303
 

agricultural BUS-system, 304
 

agricultural BUS-system ISO 11783, 305
 

German DIN organization, 304
 

mobile multipurpose agricultural process, 303
 

OSI model, 304–305
 

Statistical process control (SPC), 294
 

Stereo matching, 142
 

Stereo vision, 141–142
 

Straight navigation system, 274
 

Structure insensitive pigment index (SIPI), 64
 

Subsurface drip irrigation (SDI), 199
 

Sufficiency, 28
 

Supplementary fertilization, 86
 

Sustainability, 341–342
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Sustainable agriculture, 342
 

SWIR bands, see Short-wave near-infrared bands 


(SWIR bands)
 

System and software architecture, 161; see also
 
Autonomous vehicles and field robots
 

architectural thinking, 162
 

for autonomous tractor, 162
 

FroboMind architecture, 163–165
 

hierarchical relationships, 163
 

intelligent agricultural machines, 161–162
 

JAUGS Domain Model, 163
 

robotics software system architectures, 165
 

robot system architectures, 162
 

ROS, 163
 

vehicle coordination, 165
 

System control, 330
 

System integration and application, 257; see also
 
Precision agriculture (PA)
 

diagnosis decision-making expert system, 


264–266 

intelligent agricultural equipment 

development and application, 257–261 

management platform of agricultural 

information, 261–263 

National Demonstration Base for Precision 

Agriculture in Beijing, 266–270 

precision agriculture in Heilongjiang 

Province, 270–274 

T 

Task controller (TC), 319
 

TC, see Task controller (TC)
 

TCARI, see Transformed chlorophyll absorption 


in reflectance index (TCARI)
 

Temporal sensing, 108–109
 

Thematic map, 263
 

Thematic mapper data (TM data), 84
 

Three-band algorithm, 82
 

Tillage, 314–315
 

TIM, see Tractor implement management (TIM)
 

Time-of-flight principle (ToF principle), 


142–143 

TM data, see Thematic mapper data (TM data) 

TN, see Total nitrogen (TN) 

ToF principle, see Time-of-flight principle 

(ToF principle) 

Tokyo University of Agriculture and Technology 

(TUAT), 225
 

Total nitrogen (TN), 75
 

Total phosphorus (TP),
 

Toyohashi, 220
 

Toyohashi PF-net Society, see Toyohashi
 

Precision Farming Network Society 


(Toyohashi PF-net Society)
 

Toyohashi Precision Farming Network Society 


(Toyohashi PF-net Society), 220
 

Traceability, 292–294
 

chain of, 292
 

crop protection, 286–289
 

fertilizer application, 286
 

IPM, 286–289
 

microbial safety, 289–290
 

requirement, 285
 

site history and site management, 286
 

ractor implement management (TIM), 340
 

ractors, 302
 

ransformed chlorophyll absorption in
  

reflectance index (TCARI), 64
 

raveling salesman problem (TSP), 151
 

rimble units, 40, 41
 

SP,  see Traveling salesman problem (TSP)
 

UAT,  see Tokyo University of Agriculture and 


Technology (TUAT) 

 

AV,  see Unmanned aerial vehicle (UAV)
 

ltrasonic sensor, 143–144
 

nmanned aerial vehicle (UAV), 202, 321
 

ser terminals (UT), 319
 

T,  see User terminals (UT)
 


 

ariability modeling, 292–294
 

ariable-rate application (VRA), 105, 123–125,
  

178, 180
 

equipment for fertilizer, 180
 

map-based variable-rate liquid fertilizer
  

applicator, 181
 

PWM, 182
 

sensor-based variable-rate application
  

system, 181
 

ariable-rate controllers, 187–188
 

ariable-rate fertilization, 86
 

ariable-rate fertilization practice, 182
 

crop canopy sensor and soil EC
  

sensor, 184
 

economic feasibility of variable-rate N 


application, 183
 

grain yield potential of winter wheat, 185
 

on-farm study, 185
 

real-time sensing and control system, 184
 

impact of variable-rate fertilization, 183
 

ariable-rate irrigation (VRI), 193–194 

application uniformity test, 195–196 

challenges and research needs, 196–197 

control, 194–195 

ariable-rate pesticide application methods,  

186–187 

ariable-rate pest management activities 

fungicide application, 189–191 

herbicide application, 188–189 

T

T

T

T

T

T

T

U

U

U

U

U

U

V

V

V

V

V

V

V

V

V
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Variable-rate technology (VRT), 11, 123,
 

177–178, 179, 258
 

application in agricultural machinery,
 

258–259
 

VDI, see Vegetation dry index (VDI)
 

Vegetation dry index (VDI), 81
 

Vegetation indices (VIs), 34, 106
 

Vehicle-mounted four-waveband crop growth
 

detection system development, 245
 

advantages of four-waveband crop growth
 

detection system, 246–247
 

vehicle-mounted crop detection system, 246
 

Vehicle routing problem (VRP), 154
 

VIs, see Vegetation indices (VIs)
 

VRA, see Variable-rate application (VRA)
 

VRI, see Variable-rate irrigation (VRI)
 

VRP, see Vehicle routing problem (VRP)
 

VRT, see Variable-rate technology (VRT)
 

W 

Water
 

content of crops, 58–59
 

management, 199–200
 

resources data, 263
 

stress, 56–57
 

Water band index (WBI), 64
 

WBI, see Water band index (WBI)
 

Weather monitoring, 311
 

Weed control, 125–126
 

Weeding robot, 166
 

Weedseeker®, 40
 

Weighing conveyor sensor, 31
 

Wheat leaf nitrogen concentration, 63–68
 

Wheat production management expert system, 


264, 265
 

WHO, see World Health Organization (WHO)
 

Wi-Fi, see Wireless fidelity (Wi-Fi)
 

Wireless fidelity (Wi-Fi), 248
 

Wireless sensor network (WSN), 241, 249–250
 

World Health Organization (WHO), 281
 

Index 

World Trade Organization (WTO), 282
 

SN,  see Wireless sensor network (WSN)
 

TO,  see World Trade Organization (WTO)
 

 

ield
 

goal, 24–25
 

potential, 26, 38
 

sensor types, 29
 

Yield Check, 91
 

Yield Editor, 91
 

ield map(s), 34
 

based on remote sensing, 89
 

based on remote sensing, 89–91
 

combine-derived, 35
 

construction of yield estimation model using 


remote sensing technology, 90
 

experiments and data collection, 90
 

results of yield estimation based on remote
  

sensing and actual yield measurement,
  

90, 91
 

ield mapping, 308;  see also Soil—mapping
 

contour mapping, 310
 

in contour shape and grid shape, 309
 

farm-specific strategies, 310–311
 

grid mapping, 309
 

nitrogen residuals, 310
 

yield monitors in harvesting technologies, 309
 

ield monitoring, 29
 

mass flow-based yield measuring systems,
  

30–33
 

optical and radiation-based yield measuring 


systems, 33
 

variables in yield monitoring equations, 30
 

yield maps, 34
 

yield sensor types, 29
 

 

eltex model, 11
 

W

W

Y

Y

Y

Y

Y

Z
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