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Outline

* Driver Assistance and Chassis Control
— Separation of system functions and goals
— Advantages of integration

 Energy framework for system integration
— Conceptual idea
— Mathematical basis
— Practicality

* Driver acceptance
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Safety System Convenience System

« Want to extend safety to environment based systems
— Need performance guarantees to do this



Common Goal: Reduce Hazard

System Hazard
Adaptive Cruise Control Following distance
Closing rate
Lanekeeping Lateral error
Heading error
Stability Control Yaw rate
Lateral velocity
Roll Stability Control Roll angle

* Interpret hazards in terms of energy (real or artificial)

« Coordinate systems to prevent hazard increase
— ‘Springs’ for position hazards; ‘dampers’ for velocity hazards



Earlier Concepts

 Hazard maps
— Reichardt/Schick (1992) Al
— Electric field analogy

— Desired motion not always
achievable s

 Virtual bumpers
— Donath et. al (1998)
— Body-fixed approach
— Lateral/Longitudinal asymmetry




An Even Earlier Concept...

* Gibson and Crooks, American Journal of Psychology, 1938
— Inspired by Kurt Lewin (“Principles of Topological Psychology”)

Field of
safe travel



Lanekeeping with Potential Fields

 Interpret lane boundaries as
a potential field

« Gradient (slope) of potential
defines an additional force

e Add this force to existing
dynamics to assist
— Additional steer angle/braking

o System redefines dynamics
of driving but driver controls



Analogy to Gravitational Field

Consider marble rolling in valley
Maximum height is bounded by initial energy
Similarly, maximum lane error can be bounded

Different shapes can be used for potentials



Adding Longitudinal Obstacles
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 Create a Potential Field Offset by Safety Distance
— Safety distance from follower law (ex: constant headway)
— Potential field defines aggressiveness of system




Chassis Control Tasks

* Roll dynamics
— Additional potential energy
— Now have underactuation

« Stability control

— Must provide damping for the
yaw and lateral energy

— Design flexibility

— Links to lanekeeping clear
e Anti-lock braking

— Enforce actuator limits



Building a Dynamic Model

ma = F, Start with F = ma



Building a Dynamic Model

Change coordinates
g (body-fixed)



Building a Dynamic Model

e
F, =-C,a

Yy a

mU,-mrd, = B substitute for forces:
mUu +mrU = F *Forces from slip angles
Y " g *Slip angles from velocity
lr= M,

z



Building a Dynamic Model
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Building a Dynamic Model

e

F,=-C,a
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(dissipate energy) (driver+controller)



Control Law

Mq - f (q) - g(q udriver) — g(q ucontrol)

11 1 1

Inertial  Drift Forces Driver Add Potential
Forces Q' f £ 0 Controlled Forces Fields and
(steering, braking) Damping

Final System:
T

M- £(0) - 9(0 Ugner) =~
g




Control Law

f (q) - g(q udriver) = g(q ucontrol)

1 1 1 1

Inertial  Drift Forces Driver Add Potential
Forces Q' f q £0 Controlled Forces Fields and
(steering, braking) Damping

In the absence of driver input:
T

M- f () =- ﬂﬂq

A generalized mass-spring-damper we can bound!




Example: Lanekeeping

e Control law Is quite simple
— Interpretation in terms of lookahead distance

* Analysis gives requirements for gains and error bound
— Tune lookahead distance and potential gain for performance
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driver




Time to show this works...



L ateral Error Bounds

 Final bound is quite tight
— Based on worst case curvature and rate on test loop

« Stability demonstrated up to 0.85¢g lateral acceleration



Driver Acceptance

« Ultimate test is user acceptance
— Some optimism based on Gibson and Crooks

e |ssues remain
— Lane change / overtaking
— Current user studies with Volkswagen AG

Lane Centers
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Conclusions

 Framework for system integration

— Intuitive physical interpretation
» Systems reduce hazard
* Driver can add hazard

— Mathematical basis for coordinating systems
— Bounds on performance

e A lot more detall exists
— More results available
— Still much more to do



