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Side on single collision response

!





Side on multi collision response

!



Suspension aligned normal

!
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P1 = Center + Right - Up

P2 = Center - Right - Up



CP1
CP2

Surface Normal N

CP1 = P1 - Center

CP2 = P2 - Center



N

S1 S2

CP1
CP2

S1 = CP1 · N

S2 = CP2 · N



CP1

Contact Point

N

S3

S3 = (CP1 – Contact Point) · N





Custom wheel collision response

!



Wheel depenetrates and upward 
force!





Driving on wall

!



Driving near walls

!



Winch driving on the wall

!



Flipping over

!



Flipping over solved

!
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Turning Radius Video

!



Wheel slip

!



Torque Divided Evenly

Motor Torque: 200lb-ft

Wheel 1 Torque: 50lb-ft

Wheel 2 Torque: 50lb-ft

Wheel 3 Torque: 50lb-ft

Wheel 4 Torque: 50lb-ft



Motor RPM Calculation

Motor RPM: 4000

Wheel 1 RPM: 3500

Wheel 2 RPM: 4000

Wheel 3 RPM: 2500

Wheel 4 RPM: 3800
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• Motor
• Tire Friction



Side on wheel rolling on the ground

!











Driving up muddy hill

!



Normal Force N

Surface Friction

Tire Friction



Normal Force N

Torque

Friction Force



Forward Force

Lateral Force

Lateral Velocity

= Torque / Radius

= (Lateral Velocity
/ Forward Velocity)

* Normal Force



Total Force = Sqrt(Forward Force^2 
+ Lateral Force^2)

Force Scale = Max Force / Total Force



Max Force



Velocity

Rotational Force



Velocity

Friction Force

Braking Force



Power sliding video

!







Video of driving around paths

!





L

W

R

R = W/2 + L/sin(Theta)

Ackermann Steering Geometry





Waypoint in turning circle

!



Waypoint behind us

!



Path following video

!





Driving with probes avoiding 
objects!





Spline following video

!
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