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Motivation

¥ In 2001, 43% of all vehicle fatalities were caused by a
collision with a flxed obstacle (NHTSA)

¥ This accounted for over 18,000 fatalities in 2001
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Spectrum of Lanekeeping Assistance

PASSIVE ACTIVE
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Spectrum of Lanekeeping Assistance

PASSIVE ACTIVE

Lane Departure

     Warning

¥ These systems warn the driver of an imminent lane de-
parture (Suzuki and Jansson (2003), Feng et al. (2000), Lee et al. (1999))

† Visual, Auditory, or Haptic

¥ Lanekeeping is still the drivers responsibility
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Spectrum of Lanekeeping Assistance

PASSIVE ACTIVE

Lane Departure

     Warning

Fully Autonomous

¥ Completely autonomous systems remove the driver en-
tirely from the lanekeeping task (Fenton and Mayhon (1991), Shladover

et al. (1991))

¥ Requires an extremely high level of robustness
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Spectrum of Lanekeeping Assistance

PASSIVE ACTIVE

Lane Departure

     Warning

Fully Autonomous

Active Assistance

¥ Active assistance combines driver and controller com-
mands to aid in lanekeeping
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Enabling Technologies

¥ The ability to determine lane position

† Vision Systems (Gehrig et al. (2002), Franke et al. (1997))

† GPS combined with Precision Road Maps (Omae & Fujioka (1999),

Farrell & Barth (2000), Alban (2002))

¥ ‘x’-by-wire technology

† Brake-by-Wire
† Throttle-by-Wire
† Steer-by-Wire

Source: Delphi Automotive
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Research Goal

¥ Design objectives for a lanekeeping assistance system:

† Provide lanekeeping ability without driver inputs
† Must not hinder normal driving

¥ These are often competing objectives

¥ Goals:

† Smoothly combine driver and controller commands
† Keep the vehicle in the lane
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Outline

¥ Potential Fields for Vehicle Control

† Vehicle Dynamics
† Control Structure

¥ Lanekeeping Stability and Performance

¥ Bounding Lateral Motion

† Lyapunov Approach

¥ Bounding with Time-Varying Disturbances

¥ Experimental Test-Bed and Results

¥ Contributions and Future Work
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Potential Field Concept

¥ Use control to create the efiect of ‘artiflcial’ potential
energy

† Control technique commonly used in robotics
(Khatib (1986), Hogan (1985))

† Intuitive and low level approach to control
† Controller stores energy

m

Actuator


m


Spring


m




Potential Energy
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Similar Concepts for Vehicle Control

¥ Reichardt and Schick (1994) used an electric fleld anal-
ogy

† Make the car behave like an electron
† Can result in unrealizable motions
⁄ Vehicle behavior is difierent than an electron

¥ ‘Virtual’ bumper approach by
Donath et al. (1998)

† Scaling di–culties
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Potential Fields for Lanekeeping Assistance

¥ This approach:

† Fix the potential fleld on the
road

† Add control forces from the
potential on top of the exist-
ing dynamics

Lanekeeping Potential


¥ Controller implementation and system behavior is de-
termined by the vehicle dynamics
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Vehicle Dynamics

¥ Vehicle dynamics are governed by tire forces

† Longitudinal forces are created by braking or engine torques

¥ How are lateral forces generated?

Velocity

a

Fy

X

Y
† Fy = ¡Cyfi

† Cy is called the tire cor-
nering stifiness
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Vehicle Dynamics
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¥ Assuming a by-wire vehicle we have control over steering, –,
and all the longitudinal forces, Fxi.
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Equations of Motion

¥ The equations of motion are

Mq̃ = f( _q) + g(uc)

† g(uc) contains the controlled terms
⁄ uc =

£

– Fxfr Fxfl Fxrr Fxrl

⁄T

† f( _q) contains the uncontrolled (drift) terms

⁄ _q =
£

Ux Uy r
⁄T

¥ Since tire forces are always oppositely signed from the
slip angles, the uncontrolled terms remove energy

_qTf( _q) • 0
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Control Law

¥ The controlled terms are deflned by the driver inputs,
B(ud), and the ‘artiflcial’ potential function, V (w)

† The potential function is flxed in the road environment
† Assuming a straight road w =

£

s e ˆ
⁄T
deflnes the dis-

tance down the road, the lateral error, and the heading error
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Control Law

¥ The potential fleld controller is given by

g(uc) = B(ud)¡
µ

@V

@w

@w

@q

¶T

¥ Physically, this is realized through the tire forces
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Potential Field Controller Remarks

Mq̃ = f( _q) +B(ud)¡
‡

@V
@w

@w
@q

·T

¥ The uncontrolled dynamics remove energy

† System dissipates energy in the absence of driver inputs
⁄ E = T + V is decreasing

¥ Adds assistance on top of the existing vehicle dynamics

¥ Initial energy provides a bound for the system

¥ Is it a useful bound for lanekeeping?
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Lanekeeping Simulation

¥ Assume a quadratic potential function and no driver
input

V (e) = ke2
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Lanekeeping Response

C.G. Towards Rear
 C.G. Towards Front


¥ Knowing that the overall energy is decreasing doesn’t
tell us the whole story for lanekeeping

† Energy Asymmetry
⁄ Large amount in the longitudinal direction

⁄ Small amounts in the lateral and rotational directions
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Outline

¥ Potential Fields for Vehicle Control

† Vehicle Dynamics
† Control Structure

¥ Lanekeeping Stability and Performance

¥ Bounding Lateral Motion

† Lyapunov Approach

¥ Bounding with Time-Varying Disturbances

¥ Experimental Test-Bed and Results

¥ Contributions and Future Work
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Lanekeeping Stability Factors

¥ The lanekeeping stability of the vehicle depends on:

† Vehicle parameters
⁄ Stonex (1941), Segel (1957)

† Actuator coordination (steering and difierential braking)
⁄ Ackermann (1994), Alleyne (1996)

† Sensing location (lookahead)
⁄ Peng and Tomizuka (1993), Guldner et al. (1999)

¥ Studied independently

¥We want to account for all these factors
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‘Virtual’ Force Concept

¥ Treat control force from the potential function as a ‘vir-
tual’ force
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Full Control Capability
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‘Virtual’ Force Concept

¥ Treat control force from the potential function as a ‘vir-
tual’ force
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Steering Only
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Sensing Location

¥ Incorporate sensing location by basing the control force
on a projected lateral ofiset, ela

V (ela)

ela = ecf + xla sinˆ

ψ
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ela
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Control

Force

ecf
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Stability Analysis Approach

¥ Behavior of interest is the lateral and heading error dy-
namics

¥ Analysis Steps

† Transform equations to road flxed coordinates
† Linearize about a trajectory corresponding to straight driving
at the potential minimum

† Linear Stability Analysis

Stanford University A Potential Field Framework for Active Vehicle Lanekeeping Assistance - 26 Dynamic Design Lab



Stability Result 1

¥ For stability the control force must be in front of the
neutral steer point

¥ The neutral steer point is the location on a vehicle where
an applied force creates no steady state yaw rate

xcf >
aCf ¡ bCr
Cf + Cr

Control Force Behind N.S.P. Control Force in Front of N.S.P.
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