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Introduction

• Mobile robots to transport materials, production 
parts and tools
• Start from warehouse to production line and 

collect empty carts back to warehouse 
• Moving path can be designed and Trajectory 

tracking is important
• Explore the effects of different methods for 

trajectory tracking 

Fig 1. Wheeled robot in the warehouse
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Problem Statement
• Trajectory reference

Fig 2.2. Reference Trajectory (XY)
Fig 2.3. Reference Trajectory (X-Y Plane)
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Problem Statement
• 2D double integrator model • Nominal  Model (Idealized)

• Actual model

Fig 3.3. Nominal Model MatricesFig 3.2. Actual Model Matrices

Fig 3.1. State Space Expression
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Problem Statement
• Model Predictive Control (MPC) 
• Direct collocation (DC) to generate initial control input
• Different strategies of Iterative Learning Control (ILC)

Fig 5. ILC Block DiagramFig 4. MPC Block Diagram
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Method - MPC

• Require long prediction horizon and 
accurate model for good performance
• Cannot utilize history of control input and 

tracking error from previous iteration.
• Use nominal model for computing control 

input and use actual model for updating 
robot states.
• No error convergence.

Fig 4. MPC Block Diagram

Fig 6. MPC Tracking Algorithm
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Method - MPC

• Require long prediction horizon and 
accurate model for good performance
• Cannot utilize history of control input and 

tracking error from previous iteration.
• Use nominal model for computing control 

input and use actual model for updating 
robot states.
• No error convergence.

Fig 7. MPC Tracking Result
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Method - ILC

Fig 5. ILC Block Diagram

Fig 8. Direct Collocation Algorithm
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Method – ILC (Model-Based)

Fig 10. ILC-LQR Algorithm

Fig 9. ILC-QP Algorithm
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Method – ILC (Model-Based)

Fig 11. ILC-QP Convergence Result

Fig 12. ILC-LQR Convergence Result



Printing:
This poster is 48” wide by 36” high. It’s 
designed to be printed on a large-format 
printer.

Customizing the Content:
The placeholders in this poster are formatted 
for you. Type in the placeholders to add text, 
or click an icon to add a table, chart, SmartArt 
graphic, picture or multimedia file.
To add or remove bullet points from text, just 
click the Bullets button on the Home tab.
If you need more placeholders for titles, 
content or body text, just make a copy of what 
you need and drag it into place. PowerPoint’s 
Smart Guides will help you align it with 
everything else.
Want to use your own pictures instead of ours? 
No problem! Just right-click a picture and 
choose Change Picture. Maintain the 
proportion of pictures as you resize by 
dragging a corner.

Method – ILC (Model-Free)

Fig 13. ILC-MF Algorithm

Fig 14. ILC-MF Convergence Result
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Discussion

Table 1. Performance Comparison

Fig 15. DDPG Block Diagram
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Discussion

Fig 16. Model-Based ILC Convergence Proof
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Conclusion

• Control input constraint (actuator 
limit) is not consider in the ILC 
iteration.
• Better model-free ILC can be 

investigated (use of learning 
function (L(q)) and Q-filter (Q(q)). 
• Extension for nonlinear system or 

system with disturbance / noise.
Fig 17. Schema of ILC Working Principle. 

(Bristow, Douglas A., Marina Tharayil, and 
Andrew G. Alleyne. "A survey of iterative 
learning control." IEEE control systems 

magazine 26.3 (2006): 96-114.)
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