
Contents I

CONTENTS

Abstract..................................................................................................................... III

Kurzfassung............................................................................................................... IV

Symbols.......................................................................................................................VI

Abbreviations...........................................................................................................VIII

1 Introduction............................................................................................................1

2 State of the art of operator systems in tractors...........................................4
2.1 The operator system in the context of the operator station...........................5
2.2 Control areas in tractor cabins......................................................................... 5

2.2.1 The basic structure of state-of-the-art MFAs......................................10
2.3 Operator-controlled functions in a tractor...................................................... 11
2.4 Examples of operator systems on the market...............................................15

2.4.1 CommandPro from John Deere.......................................................... 16
2.4.2 Fendt One from Fendt.......................................................................... 18
2.4.3 Agrotron 9340 TTV from Deutz-Fahr...................................................20

3 State of the art of adaptive control elements.............................................. 22
3.1 Available on the market..................................................................................22
3.2 Disclosed in science.......................................................................................26
3.3 Disclosed in patents.......................................................................................30
3.4 Summary and gap assessment.....................................................................35

4 Theoretical fundamentals of the human-machine interface.........................36
4.1 Ergonomic context of operating a tractor......................................................37
4.2 Human-machine interface in a tractor........................................................... 38
4.3 The conceptual model for operating a tractor-implement combination..... 42

5 Methods for the development of adaptive operator systems..................... 46
5.1 Specification of adaptive control elements................................................... 46
5.2 Assignment of functions to haptic control elements or screens................... 48
5.3 Evaluation of operator systems in tractors....................................................51

5.3.1 Cognitive factors...................................................................................51
5.3.2 Physical factors.....................................................................................54

6 Potential for adaptive operator systems in tractors.................................. 60
6.1 Ergonomic fundamentals applied to operating a tractor..............................60
6.2 Measurement data from operating a tractor................................................. 63

6.2.1 Operating scenarios of the measuring runs........................................64
6.2.2 Analysis of the measurement data......................................................69
6.2.3 Results of the analyzed measurement data.......................................73

https://d-nb.info/1314150766


// Contents

6.2.3.1 Deutz-Fahr 9340 TTV Agrotron............................................ 75
6.2.3.2 Zunhammer MKE14PUL with ISOBUS................................ 77
6.2.3.3 Bergmann TSW 5210 S with ISOBUS..................................79
6.2.3.4 Horsch Tiger 4 MT.................................................................81
6.2.3.5 Krone EasyCut 32 CV Float and EasyCut B 870 CV..........83
6.2.3.6 Krone MX 400 with ISOBUS.................................................86
6.2.3.7 Krone BigPack 1270 XC with ISOBUS................................ 88
6.2.3.8 Lemken Juwel 8 with ISOBUS............................................. 90
6.2.3.9 Lemken Solitair 9 with ISOBUS............................................ 92
6.2.3.10 Krampe Big Body 750...........................................................94

6.2.4 Conclusion from the investigation....................................................... 96
6.3 Derived concept for adaptive operator systems and its features..............99

7 Specification of the adaptive operator system............................................. 100
7.1 Individual layers of the operating scenarios............................................... 101
7.2 Overall specification based on the layers................................................... 107

8 The adaptive operator system......................................................................... 108
8.1 The overall design........................................................................................108
8.2 Tractor-related areas....................................................................................110
8.3 Implement-related areas.............................................................................. 111

8.3.1 The rollers........................................................................................... 111
8.3.2 The retractable joystick.......................................................................113
8.3.3 The rotary switch................................................................................ 114

8.4 Operating scenario-based function assignment.........................................115

9 Evaluation of the adaptive operator system................................................116
9.1 Cognitive factors........................................................................................... 116
9.2 Physical factors............................................................................................. 119

10 Discussion and outlook.....................................................................................125

11 References......................................................................................................... 131

12 Appendix...............................................................................................................139
12.1 Appendix of Chapter 6.2.3........................................................................139

12.1.1 Horsch Terrano 3 FX........................................................................139
12.1.2 Kerner Komet K420..........................................................................141
12.1.3 Krone EasyCut 32 CV Float and EasyCut R 320 CV......................143
12.1.4 Wagner WK600.................................................................................145

12.2 Appendix of Chapter 6.2.4........................................................................147
12.3 Appendix of Chapter 8.4........................................................................... 151
12.4 Appendix of Chapter 9.1........................................................................... 157
12.5 Appendix of Chapter 9.2........................................................................... 162


