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Integrated Trajectory Planning Approach

So far:

Distributive approach

Arbitration

Goal:

Integrated approach
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Potential Field

A TECHNISCHE
UNIVERSITAT
DARMSTADT

= Mapping the world model to a
hazard map (potential field)

- Function of the relative distance
to lane markers, freespace border
and obstacles

No limitation of number of obstacl
in general

and describtive
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PES Dyn_amic

World model

' ' &
Calculation of shortest distances dr,., dop;,i,
Total potentlal Pyes(z,y,t)
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Trajectory Planning PRORETA 3 —
Potential Field Modeling

Dynamic
object
Q.
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World model §
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3
Calculation of shortest distances dr,., dop;,i, 9
Total potentlal Pyes(z,y,t)
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Trajectory Planning PRORETA 3 —
Potential Field Modeling

Dynamic
object

World model
I I I

v y v

Calculation of shortest distances dg,., d

potential value P

obj,is

==

Total potentlal Pyes(z,y,t)
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Trajectory Planning PRORETA 3 —
Potential Field Modeling

Dynamic
object

World model
I I I

v y v

Calculation of shortest distances dp,., d,

obj,is

Total potentlal Pyes(z,y,t)

potential value P
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Mathematical Formulation of the Lateral

Problem
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Looking for the safest trajectory through

the potential field for a finite, future horizon Looking for:
- Valley (minimum) of the potential
field
3

lateral coordinate y in [m]

0 2 4 6 8 10 12 14 16 18 20
longitudinal coordinate x in [m]
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Mathematical Formulation of the Lateral
Problem

» Looking for the safest trajectory through
the potential field for a finite, future horizon Looking for:
- Valley (minimum) of the potential
field

N w

—

lateral coordinate y in [m]
N o
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w

8 10 12 14 16 18 20
longitudinal coordinate x in [m]
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Trajectory Planning PRORETA 3 —
Mathematical Formulation of the Lateral
Problem
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» Looking for the safest trajectory through

the potential field for a finite, future horizon Looking for:
- Valley (minimum) of the potential
field
subiject to: _
subject to:

= kKinematics and dynamics of the vehicle _ :
_ _ —> dynamic vehicle model
= constraints of steering wheel angle and

steering wheel angle rate —> input and state constraints
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Mathematical Formulation of the Lateral

Problem

Looking for:

- Valley (minimum) of the potential
field

subject to:

lvnamic vehicle model

Semantic description of an
optimal control problem
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The optimal control problem is circularly solved with a variable t, = t, for example
to regard prediction errors of dynamic obstacles

u

uopt(T; to, Xg(to))

to to to+T t+T t
R
| ht |
e L I |
T —s I
T
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The optimal control problem is circularly solved with a variable t, = t, for example
to regard prediction errors of dynamic obstacles

u

Nonlinear model predictive control

Uopt (T; Lo, X (to)) problem:
\_’/\

= Nonlinear cost functional

= Nonlinear dynamic model

= | inear constraints

o to' to+T to +Tt
B h .
__h , = No terminal state constraints and no
T 5 ‘ terminal costs
Used solver:
C/GMRES method [OhtsukaO4]
-
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Trajectory Planning PRORETA 3 —
Decision Making for Interventions
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Trajectory Planner

planned trajectory

v

Intervention Decision Making

Cooperative Automation

Forwarding the planned trajectory to the
underlayed control structure

desired trajectory = planned trajectory

Safety Corridor

Observing the planned trajectory in terms
of excessing of intervention thresholds

Planned trajectory is forwarded during
intervention to the underlayed control

structure

Deactivation of interventions to give back

control to the driver

l desired trajectory

y

desired trajectory

Y

intervention flag = {0,1}

Underlayed Control Structure
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Trajectory Planning PRORETA 3 —
Conclusion

= Modular generation of potential fields based on the proposed world model

= Presentation of a real-time capable, model predictive trajectory planning
approach by using potential fields

= Planned trajectory can be used for Cooperative Automation and Safety Corridor

= Cooperative Automation: Regarding driver-selected desired maneuvers, e.g. a
lane change maneuver

= Safety Corridor: Presentation of an intervention decision making by using the
planned trajectory
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