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 Novel system concept and algorithmic
• How can the coupling topology of RC systems be influenced by the use of 3D beam shaping?
• What role does temporal and spatial multiplexing play in RC systems?

 System design for optical Reservoir Computing
• Which components are best suited for 3D beam shaping in RC systems? 
• What technological constraints have to be considered in design and manufacturing? 
• What options does "intra-cavity" beam shaping offer for the dynamics and algorithmics of the RC 

system?
 Benchmarking and evaluation of the system

• Which properties of RC systems can be particularly optimized by using optical elements? 
• Which elements of the value chain are the most crucial in regard to their energy and resource 

efficiency?

 Reservoir Computing is a powerful concept for
analogue neuromorphic computing

 Due to its properties, this concept is suitable for
energy efficient implementation of neural networks

 Advancements in manufacturing processes and design
approaches enable the use of complex optical beam-
shaping components for controlling the coupling
topology

 Based on an existing optical setup for action
recognition, various reservoir computing systems will
be implemented and investigated regarding their
performance, as well as energy and resource efficiency

o Delay time strongly influences the prediction error and provides additional memory 
capacity

o Optimal values of the delay depend on the implementation and the chosen task
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Motivation and state of the art

Optical technologyEnergy efficient algorithms

Scientific objectives

Expertise
• Optical system design
• Microoptics and optical 

system integration
• Microlithography and holography for 

fabrication of optical beam shapers
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Expertise
• Reservoir Computing (RC)
• Extreme Learning Machines
• Timescale tuning and delay effects
• Bifurcation analysis and nonlinear dynamics
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Existing setup

o Hybrid electro-optical RC 
system for pattern 
recognition

o Purely optical system concept for 
instantaneous motion recognition
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