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Stochastic Uncertainties in Multi-lane Highway Driving

The ego vehicle’s estimate at time 7 = ¢
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The Present Paper

Stochastic uncertainties: joint state PDFs

Nonparametric prediction of PDFs: characteristic ODEs

Feedback synthesis for the ego vehicle’s stochastic states



Prediction Problem

Kinematic bicycle model

xr =wvcosl, y=wvsinb, éz%tangb, U = a,
= (z,y,0,v)"
u:=(a,¢)"
. . . Y
Nominal MPC policy for each vehicle A
u = wvpc(T, ) o 5
Known initial joint PDFs at ¢ = ¢,
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Want to predict joint PDFsats =17, + T
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Framework

Initial joint PDFs for Transient joint PDFs for the Transient xy marginals
the ego and non-ego ego and non-ego vehicles for the ego and nonego
vehicles vehicles
» Propagate joint . Compute xy
»  state PDFs bivariate
marginals
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Ego vehicle actuation

probabilities and target

Compute collision

PDFs

Optimal finite horizon steering of the

ego from initial to the desired joint

Lateral and longitudinal state PDF

control commands
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Desired safe joint PDF
for the ego vehicle



PDF Prediction Layer
Joint state PDF propagation using Liouville PDE

DL (f(, mapc(x, 1))p) = O,

ot
@cle dynamics

Solve characteristic ODE over ¢ € [{y, 1, + 1]

{=h, po}its - {2'(1), " (DL,

pi — —sz' . f(wi,ﬂMpc(CCi,t)), 1 = 1, . o ,N

- Probability weighted scattered point cloud evolution: method of characteristics
- No approximation of the statistics

- No approximation of the dynamics



PDF Prediction Layer
y marginals (left figure), x marginals (right figure)

Left Lane

BT

L1 2 L3 A MEg MRl [R2

20



Compute Desired State PDF for the Ego at 7 = 1,

Wasserstein barycenter

p*Y = arginf ,{ N W?(p, p1) + XaW?(p, p2)}

Compute collision probabilities using xy bivariate marginals
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PDF Control Layer

State feedback linearization
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Feedback steering of the ego toward the desired joint state PDF
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PDF Control Layer

Stochastic regularization: actuation noise

dz = (Az + Ba) dt + V2eB dw

Schrodinger Bridge Problem
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PDF Control Layer
Solution of Stochastic Optimal Control

u

fa:€)opt = (B(2,t)p(z,1), 26BTV, (2, 1))

Where
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Optimal pair based on the choice € > 0

Markov Kernel for#y < s <t <ty + T

Controllability Gramian

State transition matrix

(z — ®,,2) M ' (z— @tsz))
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PDF Control Layer

Contractive fixed point recursion
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Numerical Simulation
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Summary

Moving horizon nonparametric prediction of joint state PDFs
Compute safest terminal PDF for the ego vehicle

Feedback synthesis for joint PDF steering for the ego vehicle
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