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User preference slider  comfort vs support trade-off

Comfort (RMS accel)
Tire load stability
Rider sink reduction
Anti-bob
Current savings

AI-Based Control of an e-Bike Rear MR Damper
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AI controller vs Skyhook  comfort vs support mode
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sprung-mass IMU

MR damper +
stroke sensor

Unsprung-mass IMU

ONLINE / INFERENCE & CONTROL
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Signal conditioning

● Mahony attitude (pitch)
● Digital filtering
● Scaling and normalization
● Derived rates / features

GRU policy inference

● Recurrent controller core
● Hidden state h(t)
● Temporal context from memory
● Output mapped to Iref

MR damper driver

● Output current mapping
● Current clamp and safety limits
● Coil current command

User preference
Comfort         Support

set via mobile app

Surface library
● Stochastic road inputs and discrete obstacles

ISO road profile

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance [m]

2

0

2

4

He
ig

ht
 [m

m
]

RMS = 1.78 mm

ISO 8608 class B road profile
Tire envelope filter

300 200 100 0 100 200 300
Distance from step [mm]

0

5

10

15

20

He
ig

ht
 [m

m
]

R = 0.33 m

Tire rolling envelope filter

Bridged region
Road surface
Tire envelope

Rider events
● Rider-induced forces

Pedalling force
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Simulation model
● 3-mass suspension model with damper 

dynamics

3-mass model
F-v map

Current lag

Metrics & objective
● Comfort (RMS acceleration)
● Road holding / tire load stability
● Anti-bob
● Rider sink reduction
● Stroke usage / current saving

Evaluated for discrete slider steps

Preference slider
Comfort         Support

Evolution Strategies 
optimization

● Sample controller parameters θ
● Run simulation batch
● Evaluate J(θ,α)
● Update search distribution
● Keep best solution θ*
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Fig. 1: Hardware overview

Fig. 2: Online inference and control

Fig. 3: Offline simulation and training

Fig. 4: Controller comparison Fig. 5: Example response log Fig. 6: Improvement vs. slider value
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