Contents !

CONTENTS

AABSTRACT ...ttt ettt ettt ettt ettt e e e st e ekt et e bt e teesb e e e abeebeeeaesaeeene e ens i

KURZFASSUNG. ...ttt ittt ettt ettt ettt e ettt en e s e saeeeaeaneas \

SYMBOLS ...ttt ettt ettt ettt ettt ettt ettt ettt en et Vi

ABBREVIATIONS ...ttt ittt ettt ettt ettt h e et et e et e e te e e e te e e be e seeeanas Vil

T INTRODUCTION . ...ttt ettt ettt ettt ettt et ee e 1

2 STATE OF THE ART OF OPERATOR SYSTEMS IN TRACTORS........ccuvieieeriiaiieiieeinreananas
2.1 The operator system in the context of the operator station
2.2 Control areas in tractor cabins............ccccooiiiiiiieiiiie e

2.2.1 The basic structure of state-of-the-art MFAs
2.3 Operator-controlled functions in atractor................c.cocooevviieiiiciicceie,
2.4 Examples of operator systems on the market..............ccccoocoiniiiin
2.4.1 CommandPro from JOhn DEEre ............cccoecvveivieieeiieiieieeieee
2.4.2 Fendt One from Fendt...........ccoooiiiiiiiiiii e,
2.4.3 Agrotron 9340 TTV from Deutz-Fahr.............cccocoiiiiiiiiin,

3 STATE OF THE ART OF ADAPTIVE CONTROL ELEMENTS ......cooviiiiiaiieiieeiiecnee e 22
3.1 Available onthe market..............cccooiiiiiiiiic e 22
3.2 Disclosed iN SCIBNCE........cociiiiiiiiiiiiieeeie e 26
3.3 Disclosed in Patents .............cooviiiiieiiiecec e 30
3.4 Summary and gap asseSSMENt ...........c.ccuieiieiiieiieie e eeeie e 35

4 THEORETICAL FUNDAMENTALS OF THE HUMAN-MACHINE INTERFACE .........coruvrnninnn.. 36
4.1 Ergonomic context of operating a tractor.............ccccooevvieiiieeciiceiecees 37
4.2 Human-machine interface in a tractor...............cccocooevviiiiiiiicece 38
4.3 The conceptual model for operating a tractor-implement combination...... 42

5 METHODS FOR THE DEVELOPMENT OF ADAPTIVE OPERATOR SYSTEMS ................e...
5.1 Specification of adaptive control elements................cc..ccoeeirinenn.

5.2 Assignment of functions to haptic control elements or screens

5.3 Evaluation of operator systems in tractors..............ccccooeveeviiieiieicccnn.
5.3.1 Cognitive factors ............ccccociiiiiiiiiiiieee e
5.3.2 Physical factors..........ccooviiiiiiiiiiece e

6 POTENTIAL FOR ADAPTIVE OPERATOR SYSTEMS IN TRACTORS.......eevireiriireerannne 60
6.1 Ergonomic fundamentals applied to operating a tractor............c....c.......... 60
6.2 Measurement data from operating a tractor.............cccccviriiinnieiinienne. 63

6.2.1 Operating scenarios of the measuring runs..............ccccceeeveeevveeenne. 64

6.2.2 Analysis of the measurementdata..............c.ccccoooiciiiiinniiinnnen, 69

6.2.3 Results of the analyzed measurementdata ..............c.cccceeeevniinn. 73
Bibliografische Informationen E
https://d-nb.info/1314150766 digitalisiert durch 1

BLIOTHE


https://d-nb.info/1314150766

1 Contents
6.2.3.1 Deutz-Fahr 9340 TTV AgQrotron..........ccccceeecienineenniennnnen. 75

6.2.3.2 Zunhammer MKE14PUL with ISOBUS.............ccccceieeinn 77

6.2.3.3 Bergmann TSW 5210 S with ISOBUS.............ccccoeviienen. 79

6.2.3.4 Horsch Tiger 4 MT ... 81

6.2.3.5 Krone EasyCut 32 CV Float and EasyCut B870CV.......... 83

6.2.3.6 Krone MX 400 with ISOBUS ............cccoiiiiiiiiiiic 86

6.2.3.7 Krone BigPack 1270 XC with ISOBUS ........................... 88

6.2.3.8 Lemken Juwel 8 with ISOBUS ............ccooiiiiiiiie 90

6.2.3.9 Lemken Solitair 9 with ISOBUS.............cccooiiiiiiiinie. 92

6.2.3.10 Krampe Big Body 750 ........ccccovviiiiiiiiiiiiieeeeeieee e, 94

6.2.4 Conclusion from the investigation...................cocoooiii, 96

6.3 Derived concept for adaptive operator systems and its features .............. 99

7 SPECIFICATION OF THE ADAPTIVE OPERATOR SYSTEM.......eotiiiiiiiiiiiniieeiireniiieanns 100
7.1 Individual layers of the operating SCenarios ...........cc.ccccoeveerviieiiiennncenn. 101
7.2 Overall specification based onthe layers..............ccccooviiiiiiinii. 107

8 THE ADAPTIVE OPERATOR SYSTEM.......uiiiiiiiiiiiieiieeaiiieeniieeeireeniieeeiireeseeceeeee e 108
8.1 The overall deSign ........ccoviiiii e 108
8.2 Tractor-related areas ............cccceeeviiiiiiiiiiiie e 110
8.3 Implement-related areas .............cccoooviiiiiiiiiiiie e 111
8.3.1 Therollers ................ BRSSP RRUPTRPPROOOt 111

8.3.2 The retractable joystick.............ccccooiiiiiiiiiiiiiil 113

8.3.3 Therotary sWitCh ... 114

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

9 EVALUATION OF THE ADAPTIVE OPERATOR SYSTEM .......otiiiiiiiiiiniiieeniiieeiee e 116
9.1 Cognitive faCtOrS ........ooiiiiiiie e 116
9.2 Physical factors.............oocuiiiiiiiiiiiiiiie e 119
10 DISCUSSION AND OUTLOOK. ......vieutiautieireireniieaiee et et aeeeee et esee e e esiee e 125
11 REFERENCES ...ttt ittt ettt ettt ra ettt 131
D2 APPENDIX ...eieeiiiiieee ettt e ettt ettt et e e e 139
12.1 Appendix of Chapter 6.2.3 .............cooiiiiieiiee e 139
12.1.1 Horsch Terrano 3 FX.......cccooviiiiiiiiiiiiieccice e 139

12.1.2 Kerner Komet K420 ..........ccooiiiiiiiiiiiiiecceeee e 141

12.1.3 Krone EasyCut 32 CV Float and EasyCut R320CV .................. 143

12.1.4 Wagner WKB00 ............ceeuiiimiiiiiiiceiie et 145

12.2 Appendix of Chapter 6.2.4 ............ccoovoiiiiiiiiiic 147
12.3 Appendix of Chapter 8.4 ..............cocviiiiiiiiiiiiiic s 151
12.4 Appendix of Chapter 9.1 .........ccoiiiiiiiiii 157

12.5 Appendix of Chapter 9.2 ............cccoiiiiiiiiiii e 162



