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Overview

A single on board color camera
Estimate position of car wrt the lane

Estimate the width and curvature of the lane
ahead at distances of up to 80 meters

Deal with a range of lighting conditions
System runs at 10.5 fps




Primary Techniques

Specialized image processing to detect lane
lines despite significant changes in
illumination conditions

Particle filtering for lane line tracking

--Condensation algorithnConditional Density
Propagtion )

Assumptions

Internal camera calibration is available

Needs to initialize camera pitch, height on
lane of known width

Flat road
Accelerometers provide velocity, yaw, rates
Scanning radar detects on-road obstacles




Lane, Vehicle States

s(t) = [yo(t), tan e(t), Co(t), C: (), W (t),6()]"

Y,(t) : lateral offset

&: bearing of the vehicle wrt the centiee of the lane

C,.C,: the curvature and rate of change urfvature of
the lane ahead of the vehicle

W : Width of the lane
@: thepitch of the camera to the road surface

Road Shape Function
Cubic polynomial

Y(X) =Y, +tan(£)x+%x2 +%X3




State Evolution Model
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Nonlinear Imaging Model
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Where H is the camera height




Pitch, Height Estimation

Users indicates edges of known width lane to find
vanishing point & horizon line

H =Wcosé?
Vv, —.—tané’ | m -m
Vv, : image height ol mis gradient of the left and right
horizon line hand lane marking lines in the ime

Measuring Pitch Change

e SSD comparison of locations above and below

horizon line between successive frames to estimatg

vertical shift

d
NG = —Jrf
f,l+tar o)
d; : vertical disparity
f, s effective focal length of the cameratire j axis of the imag
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Lane Marking Extraction

Extract lane markings from the red channel (goattrest
properties for both white and yellow image markers)
A filter matched to the expected profile of a lane
marker( Cross-correlation with triangular profile);
threshold for candidates

Also need exceed gray level threshold set dynaiyical
depending on overall image brightness- helps with
shadows and different light range

Still have problems with false positives

Feature Extraction Example




Introduction of CONDENSATION Algorithm

CONDENSATION is a particle filter which was initigldeveloped to
address the problem of tracking curves in clutter.

Stochastic approximation of state posterior wisetof N weighted
particles (Sy7 ), where s is a possible statéoveand 77 is its weight
that reflects the plausibility of s as a represgomeof the true state of
the system.

No assumptions on the distributions involved, so represent
arbitrary, multi-modal distributions.’st more useful when tracking in
presence of clutter than Kalman filter (uni-model)

Condensation Example

Mean of weighted

State samples state samples

From Isard and Blake 1998




Estimation by Particle Filtering

Repeat N times for each images

of observations made from th

Randomly select a sampddrom the particle set, based
upon corresponding weiglt

Predict the motion of the sample in the state spaoeg a
stochastic state evolution model

Measure the plausibility of

4 Score

the evolved sample by

comparing its position to that

image. Generate a new weig °

Distance to nearest feature (pixels)

Condensation:
conditional density propagation

() el
Sk-1- Tk

observation
density

From Isard & Blake, 1998




Performance Enhancements
(increase efficiency of particle filter)

» Partitioned sampling

— T — T
s =[Yptane W 0] s,=1[C,,C,]
S1 describes the width of the road ahead of thekeand the

cameré& position relative to the centre of the road (gharoad
properties) S2 describes the curvature properties.

* Importance sampling

Introduce new samples into the particle set to nth&m concentrated
around“more likely' parts of the state space.

Experiment Result
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Figure 7. Estimates vs time (s). Top: Road cur-

vature C, (m~'). Bottom: Offset y, (m)(lane
changes are marked with “*’)).




Achievements and Problems

Runs at 10.5 fps

No ground truth data for lane tracking systems, so
guantitative measures of algorithm performance
are not given

Brightness sunlight and specularities from wet
roads are a problem

Curve estimation lags because dynamical model
does not predict non-random changes of curvature
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Questions?
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