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Thema der Dissertation: 

 

An unknown input observation approach for torque-sensorless assistance in electric 
bicycles 

 

 

Modern electric-powered bicycles require torque sensors, which increase the system cost and 

complexity, to detect cycling and generate electrical assistance. This dissertation explores 

torque-sensorless electrical aid strategies based on unknown input observation approaches 

and different pedaling torque model complexities. By relying on in-wheel and inertial 

measurements, the proposed state observers estimate the cycling torque and provide electrical 

aid without utilizing costly sensors. Unlike conventional methods, performance is assessed 

beyond torque estimation errors, considering the cycling effort reduction and the overall riding 

feeling. Simulations and outdoor tests performed in a variable slope scenario show that using 

an enhanced periodic pedaling torque model achieves assistance performance comparable to 

torque-sensor-equipped systems. The proposed assistance approach offers a cost-effective 

alternative in the growing light electric vehicle market. 
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