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High fidelity and robust quantum operations are essential for the development of room temperature spin-

based quantum technologies. As the operations rely on external fields controlling the system, optimizing 

the controls becomes paramount. It is a highly non-trivial task requiring in-depth knowledge of system 

dynamics and system-environment interactions as well as experimental limitations. In this talk, I will 

begin with reviewing the bare essentials of optimal control theory and their numerical implementations 

to provide a versatile optimization tool that is capable of encompassing experimental constraints while 

maintaining access to a typically trap-free control landscape [1]. Several experiments with nitrogen-

vacancy center spins exploiting this powerful tool will be briefly discussed to highlight its role in enabling 

quantum technological applications [2]. Furthermore, I will present recent collaborative efforts to improve 

the optimization performance [3], and to explore the challenges of applying the control optimization in 

more advanced scenarios [4]. 
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