
  

  

I. MOTIVATION  

In many applications, the desired system behavior is not 
fixed, but varies over time depending on the preferences of 
the user. These variations are usually not taken into account 
directly during the controller design. Instead, conservative 
controllers are often obtained that are unnecessarily robust in 
order to behave well under all circumstances but consequently 
also have a lower performance. Another possibility is to 
obtain controllers that behave well under most circumstances, 
but lead to poor performance for some others.  

In this research, the goal is to avoid these issues by 
assessing the actual user requirements and adapting the 
control strategy accordingly. Here, a specific test case is 
studied, where the goal is to optimize the control strategy for 
a badminton robot. The requirements for the robot’s control 
strongly depend on the human opponent the robot is facing.  

II. BADMINTON ROBOT 

A schematic representation of the badminton robot is 
shown in Fig. 1. This robot consists of a moving platform 
(located on the left), which can move along a guide across the 
badminton field. On this platform a robot arm with a racket is 
mounted, which can hit the shuttles towards the human player 
(on the right). A vision system is present that captures the 
shuttles’ flight trajectories to and from the robot, and uses this 
data to determine the interception point where the robot can 
hit the shuttle.  

 

Figure 1: Schematic overview of badminton robot. 

For this test case, the goal is to minimize the energy 
consumed by the robot, while ensuring the robot is capable of 
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hitting back the shuttles towards the human opponent. 
Consider for example that the robot is playing an experienced 
human opponent, who constantly hits the shuttle back very 
fast towards the robot. The robot platform then needs to move 
in a time-optimal fashion, or it will fail to hit the shuttle. If 
this aggressive player is replaced by a mellow player, who 
only hits the shuttle back slowly, it becomes possible to save 
energy by moving the platform more slowly. 

Suppose that a profile �� exists for a specific user i, which 
specifies how the user hits the shuttle (how long it typically 
takes the shuttle to reach the robot, what direction the user 
typically hits the shuttles in, …). The goal is then to optimize 
the controller so that the expected energy consumption is 
minimized, while ensuring the robot is capable of returning 
the shuttle often enough. The control setpoints x are therefore 
found by solving the following optimization problem 
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In this optimization problem the cost contains the expected 
energy, given the current user, while the constraint is added 
to ensure that the robot is able to return the shuttle with a 
probability of at least (1-	�), where � is a fixed low number. 

User profiles have been estimated for both types of 
opponent described earlier, based on observations of the 
players’ behavior during rallies of 100 hits towards the robot. 
Based on these two different profiles, two different sets of 
control settings have also been developed by solving the 
optimization problem mentioned above. The results indicate 
that the robot performs close to time-optimal during a game 
against an aggressive opponent, while about 50% less energy 
is consumed in case of a less aggressive player. 

III.  CONCLUSIONS AND OUTLOOK 

In this research, a control strategy is developed to take 
varying user specifications into account and adapt the control 
parameters such that the optimal performance is obtained for 
each user. Here, this strategy is successfully applied to reduce 
the energy consumption of a badminton robot, but several 
different applications are studied in a project entitled 
“Personalized Products Emerging from Tailored User 
Adapting Logic” (PERPETUAL). 

Further research will focus on the identification of user 
profiles. Currently, this is mainly done offline, but the goal is 
to perform this operation online so that the controller can 
automatically adapt to the varying user demands, even if they 
are not yet in the profile database. To this end, morphing of 
different user profiles will also be investigated. 
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