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ABSTRACT 
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By 
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Automation of the asparagus harvesting process is encouraged by the substantial rise in 

demand in Europe and the shortage of seasonal labor. The automation is supposed to 

be achieved by building a mobile robot that consists of a drive system, 3-Axis SCARA, 

and a Harvester tool. The Harvester, as the focus of the research, makes use of the 

analysis conducted on the images taken by a depth camera to obtain information on the 

surrounding of the targeted asparagus. The tool consists of three stepper motors to drive 

the z-axis, cutter, and magazine. The integrated and sequential movement of the three 

axis enables the tool to harvest asparagus. Evaluation on the surrounding is crucial due 

to the uneven height of the ground, the presence of obstacles, and delicate nature of the 

asparagus spears. The analysis results are the inputs for the Harvester to decide on the 

appropriate approach to harvest the targeted asparagus. The performance assessment 

yields a highly satisfactory results, though further improvement is needed to achieve an 

industrial standard suitable for customer usage. 

 

Keywords: Agricultural Robotics, Selective Green Asparagus Harvesting, Motion 

Control, Cascade Control, Image Recognition 



MACHINE VISION BASED VERTICAL POSITIONING    Page 4 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2023 

by Elisabet 

All rights reserved. 

 

 



MACHINE VISION BASED VERTICAL POSITIONING    Page 5 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

DEDICATION 

 

 

I dedicate this work to the further development of this project. 



MACHINE VISION BASED VERTICAL POSITIONING    Page 6 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

ACKNOWLEDGEMENTS 

 

First and foremost, I thank Lord Jesus for His blessings and kindness that have led me 

to where I am at the moment, for the strength He has been giving me throughout the 

process, for the plans He has for me, and for the wonderful people He put in my life. 

To my family for their unwavering prayers, love, and support. Thank you for always 

believing in me and for showing me that love and perseverance will never fail. Thank 

you for the constant reminder to see the positive in everything and keep having faith in 

God’s plan. 

To Andreas for giving me the opportunity to work on my Bachelor Thesis while also 

contributing to the on-going project in the company. To my colleagues; Herbert, 

Dominik, and Roshan. Thank you for the constructive feedback, and for always willing 

to help and guide me. 

To Pak Rusman for being my Advisor. Thank you for the guidance and the support, 

which helped me to finish my thesis. 

To Tasia and Vero, for keeping in touch and always checking in to make sure I am 

doing great despite the distance and time zone difference. Thank you for being on my 

side through thick and thin for as long as I can remember. To Calvin, for always being 

a kind and understanding friend. I appreciate your great help in such a challenging 

period. 

To my comrades for the past four years; Hanzen, CE, Brandon, Dylan, Oliv. Four 

semesters of online classes, ATMI, a semester abroad, and following offline classes 

while I am in Germany would be tough without all of you. 

I appreciate the people who have been helping me along the way, be it an act of 

kindness, a kind word of affirmation, or simply a kind presence. Thank you for 

everything.  



MACHINE VISION BASED VERTICAL POSITIONING    Page 7 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

TABLE OF CONTENTS 

 

 

MACHINE VISION BASED VERTICAL POSITIONING AND CUTTING OF A 

HARVESTING TOOL .................................................................................................. 1 

STATEMENT BY THE AUTHOR ............................................................................... 2 

ABSTRACT ................................................................................................................... 3 

DEDICATION ............................................................................................................... 5 

ACKNOWLEDGEMENTS ........................................................................................... 6 

TABLE OF CONTENTS ............................................................................................... 7 

LIST OF FIGURES ....................................................................................................... 9 

LIST OF TABLES ....................................................................................................... 11 

LIST OF EQUATIONS ............................................................................................... 12 

CHAPTER 1 – INTRODUCTION .............................................................................. 13 

1.1 Background ......................................................................................................... 13 

1.2 Research Problems ............................................................................................. 14 

1.3 Research Objectives ........................................................................................... 14 

1.4 Significance of Study ......................................................................................... 15 

1.5 Research Questions ............................................................................................ 15 

1.6 Hypothesis .......................................................................................................... 15 

CHAPTER 2 – LITERATURE REVIEW ................................................................... 16 

2.1 Theoretical Perspectives ..................................................................................... 16 

2.1.1 Overview of Green Asparagus ............................................................. 16 

2.1.2 Overview of Control System ................................................................ 17 

2.1.3 Motion Control Parameters .................................................................. 19 

2.1.4 Actuator Selection ................................................................................ 22 

2.1.5 Methods to Measure Distance .............................................................. 25 

2.1.6 Overview of Stereo Vision ................................................................... 25 

2.2 Previous Studies ................................................................................................. 28 

2.2.1 CAMIA and Kim Haws’ Automated Selective Asparagus Harvester . 28 

2.2.2 Asparagus Harvesting Robot Coordinated with 3D Vision Sensor ..... 29 

2.2.3 The Green Asparagus Harvesting Robot (GARotics) .......................... 30 

2.2.4 Sprout by Muddy Machines Ltd ........................................................... 31 



MACHINE VISION BASED VERTICAL POSITIONING    Page 8 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

CHAPTER 3 – RESEARCH METHODS ................................................................... 33 

3.1 Research Framework .......................................................................................... 33 

3.2 System and Functional Overview ....................................................................... 35 

3.2.1 Design Requirements ........................................................................... 36 

3.2.2 Context Diagram .................................................................................. 37 

3.2.3 System Diagram ................................................................................... 38 

3.2.4 Data Flow Diagram .............................................................................. 39 

3.3 Hardware and Software Design .......................................................................... 41 

3.3.1 Components Description ...................................................................... 41 

3.3.2 Mechanical Design ............................................................................... 44 

3.3.3 Software Design ................................................................................... 46 

3.3.4 Control System Design ......................................................................... 60 

3.2 Data Collection and Analysis ............................................................................. 61 

3.3 Application and Performance Test ..................................................................... 62 

3.4 Planned Project Timeline.................................................................................... 63 

CHAPTER 4 – RESULTS AND DISCUSSIONS ....................................................... 64 

4.1 Systems Test Result ............................................................................................ 64 

4.1.1 Vision System ....................................................................................... 64 

4.1.2 Motion Control System ........................................................................ 72 

4.2 System Test Result ............................................................................................. 88 

4.2.1 Integrating the Systems ........................................................................ 88 

4.2.2 Integrated System Test Results ............................................................ 88 

4.3 Software Evaluation ........................................................................................... 92 

CHAPTER 5 – CONCLUSIONS AND RECOMENDATIONS ................................. 93 

5.1 Conclusions ........................................................................................................ 93 

5.2 Recommendations .............................................................................................. 94 

GLOSSARY ................................................................................................................ 96 

REFERENCES ............................................................................................................ 97 

APPENDICES ........................................................................................................... 100 

APPENDIX A. SPEED – TORQUE CURVES OF STEPPER MOTORS ............... 100 

APPENDIX B. OSCILLOSCOPE IMAGES OF PARAMETERS TUNING ........... 101 

APPENDIX C. HARVESTING CYCLE TIME TEST RESULT ............................. 103 

CURRICULUM VITAE ............................................................................................ 106 

 



MACHINE VISION BASED VERTICAL POSITIONING    Page 9 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

LIST OF FIGURES 

   

Figure 1 - Distribution of asparagus ............................................................................ 16 

Figure 2 - Block diagram of basic process control loop .............................................. 17 

Figure 3 - Closed loop control system ......................................................................... 18 

Figure 4 - Feedforward control system ........................................................................ 18 

Figure 5 - Four types of JERKMIN parameter ............................................................ 22 

Figure 6 - Torque demanded and provided by the system ........................................... 23 

Figure 7 - Stepper motor speed-torque curve .............................................................. 25 

Figure 8 - Disparity map .............................................................................................. 26 

Figure 9 - Triangulation of two cameras in parallel .................................................... 26 

Figure 10 - The relative triangulation between the camera and image plane .............. 27 

Figure 11 - Robotic arm prototype designed by University of Nagasaki .................... 29 

Figure 12 - Harvesting tool of GARotics: (a) top view; (b) side view. ....................... 31 

Figure 13 - Sprout by Muddy Machines Ltd ............................................................... 32 

Figure 14 - Research framework .................................................................................. 34 

Figure 15 - Mobile robot mechanical design ............................................................... 35 

Figure 16 - Close-up view of the Harvester ................................................................. 36 

Figure 17 - Context diagram ........................................................................................ 38 

Figure 18 - System diagram ......................................................................................... 39 

Figure 19 - Asparagus analysis area ............................................................................ 40 

Figure 20 - Data flow diagram ..................................................................................... 41 

Figure 21 - Harvester mechanical design (top view) ................................................... 44 

Figure 22 - Flowchart of vision program ..................................................................... 47 

Figure 23 - State diagram of motion control program ................................................. 50 

Figure 24 - State 0 of motion control program flowchart (startup) ............................. 51 

Figure 25 - State 1 of motion control program flowchart (z-axis in idle position) ...... 52 

Figure 26 - State 2 of motion control program flowchart (magazine is cleared for z-

axis to go down) ........................................................................................................... 53 

Figure 27 - State 3 of motion control program flowchart (z-axis moves to ready go 

down position) ............................................................................................................. 54 

Figure 28 - State 4 of motion control program flowchart (z-axis moves to down 

position) ....................................................................................................................... 55 

Figure 29 - State 4 of motion control program flowchart (cutting) ............................. 56 

Figure 30 - State 5 of motion control program flowchart (lift asparagus) ................... 57 

Figure 31 - State 7 of motion control program flowchart (close magazine) ................ 58 

Figure 32 - State 8 of motion control program flowchart (Drop asparagus) ............... 59 

Figure 33 - Position control of the cascade control system ......................................... 60 



MACHINE VISION BASED VERTICAL POSITIONING    Page 10 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

Figure 34 - Current control of the cascade control system .......................................... 61 

Figure 35 - Illustration of minDistance and maxDistance ........................................... 65 

Figure 36 - Vision system measurement with one obstacle ......................................... 67 

Figure 37 - Vision system measurement with multiple obstacles ................................ 68 

Figure 38 - Tracking error of magazine ....................................................................... 74 

Figure 39 - Current of magazine .................................................................................. 75 

Figure 40 - Actual velocity of magazine ...................................................................... 75 

Figure 41 - Tracking error of z-axis ............................................................................. 77 

Figure 42 - Current of z-axis ........................................................................................ 77 

Figure 43 - Actual velocity of z-axis ........................................................................... 78 

Figure 44 - Tracking error of cutter ............................................................................. 80 

Figure 45 - Current of cutter ........................................................................................ 81 

Figure 46 - Actual velocity of cutter ............................................................................ 82 

Figure 47 - Harvested asparagus .................................................................................. 83 

Figure 48 - Harvesting cycle with cutter scale (left) and z-axis scale (right) .............. 86 

Figure 49 - Harvesting cycle with magazine scale (left) and z-axis scale (right) ........ 87 

Figure 50 - Actual position of z-axis (green) and magazine (red) for Aspa ID 4 ........ 91 

  



MACHINE VISION BASED VERTICAL POSITIONING    Page 11 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

LIST OF TABLES 

  

Table 1 - Combinations of PID controller ................................................................... 19 

Table 2 - Stepper motors specification ........................................................................ 42 

Table 3 – Encoder, gearbox transmission, and pinion specifications of Harvester ..... 44 

Table 4 – Software sufficiency indicator ..................................................................... 62 

Table 5 - Planned project timeline ............................................................................... 63 

Table 6 - Vision system test result ............................................................................... 70 

Table 7 - Aspa ID 93 measurements ............................................................................ 71 

Table 8 - Motor parameters .......................................................................................... 73 

Table 9 - Units of the variables evaluated on the oscilloscope .................................... 73 

Table 10 - Magazine parameter tuning test result ........................................................ 76 

Table 11 - Z-axis parameter tuning test result ............................................................. 78 

Table 12 - Cutter parameter tuning test result.............................................................. 82 

Table 13 - Harvesting cycle time ................................................................................. 84 

Table 14 - Zero position of each axis ........................................................................... 86 

Table 15 - Summary of integrated system test result ................................................... 90 

Table 16 - Performance test evaluation ....................................................................... 92 

 



MACHINE VISION BASED VERTICAL POSITIONING    Page 12 of 106 
AND CUTTING OF A HARVESTING TOOL 

 Elisabet 
 

 

 

LIST OF EQUATIONS 

 

Equation 1 - Total torque demanded by the system ..................................................... 23 

Equation 2 - Mechanical power output of a motor ...................................................... 24 

Equation 3 - Distance between the target and camera optical axis .............................. 27 

Equation 4 - Distance between two optical axes.......................................................... 27 

Equation 5 - Depth in real-world coordinates .............................................................. 27 

Equation 6 - Width of the image plane ........................................................................ 28 

Equation 7 - Depth of the target in the real-world coordinates .................................... 28 

Equation 8 - Conversion from qc to mm...................................................................... 45 

Equation 9 - Conversion from qc/sample time to rpm ................................................. 45 

Equation 11 - Conversion from qc to degree for cutter ............................................... 45 

Equation 12 - minDistance formula ............................................................................. 48 

Equation 13 - maxDistance formula ............................................................................ 49 

Equation 14 - Harvesting cycle time ............................................................................ 85 

 

  


