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We evaluate GM3 against the Kinematic Bicycle Model
(KBM). For real-world evaluation, we use trajectories

Micro-mobility vehicles (MMVs), such as bicycles,
scooters, and skateboards, account for 133M+ US GM3 State Update
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arbitrary wheel layouts. the aggressive maneuver experiments, GM3 closely
Vehicle Integration | oad Transfer follows the ground truth while KBM tends to over/under
The primary motivation for this work is to enable We apply the tire brush model to any tire configuration by: Normal load is redistributed longitudinally then laterally steer in hlgh-curveitur esegments.
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The tire brush model represents the tire tread as a Fy trone — — Tiatsgn (Vi)x; > 0
collection of independent and elastic bristles, each of F,; =14 "
which deflect under slip and friction forces. In GM3, | B | ong T (y)x; < 0
this model serves as the foundation for capturing AT T o, latSENAILIH =
realistic MMV dynamics.
Lean Skateboard Truck Geometry
The tire brush model captures the non-linear For lean-capable MMVs, rider lean angle is derived from Skateboards have two independent steering assemblies
transition from elastic deformation at low slip angles velocity and turn radius. This angle is used to project the called “trucks” that rotate in opposite directions about a
to sliding friction at high slip angles. This is important rider’s gravitational force into the lateral axis and calculate kingpin bolt when the rider leans to turn. We calculate Conclusion
for modeling MMVs which experience significant slip the roll moment. these angles from the lean angle.
since they ﬁyridmg GM3 demonstrates that a unified, tire-level physical

e are lightweight P Shi
e have small contact patches '
e easily perform aggressive maneuvers

model can better capture dynamics of MMVs than
simplified kinematic models, especially in high-
curvature segments and during aggressive maneuvers.
This provides a stronger foundation for autonomous
MMV stacks and mixed-autonomy traffic simulation.
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The model’'s relatively simple parameter set makes it
practical for real-time control applications. Its physical
basis allows for intuitive parameter tuning and Yrider,rot
provides meaningful insights into how tire design

choices affect MMV dynamics. Platfo rm D ive I’Sity
Symbol Currently, our model supports three control interfaces: explicit manual control, lean-to-steer with truck geometry, and

Half contact length differential drive. Since GM3 is modular, the control module can be extended to other control interfaces. This allows GM3 to
Tire radius support any wheeled MMV or robot, given individual wheel steering angles and angular velocity from the control module.
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