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Motivation

Thrilling Facts

Reports by Road Safety Action Programme of European
Commission.

More than one million accidents a year in EU.

More than 40 000 deaths and nearly two million injuries.

The direct and indirect estimate cost: 160 billion Euros.

Rapid increase in Turkey:

0.50M accidents in 1998
0.72M accidents in 2006

97 percent of the accidents in our country is caused by driver
faults.
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Motivation

ADES Project - www.adesproject.com

Current applications are usually focused on driver assistance and
early warning systems.

Possible applications:
Application framework to reduce rate of accidents
Deter drivers from violating tra�c rules
Detect and report driver faults
Can be used to train autonomous urban vehicles

Two layers:
Sensory data acquired & processed
Inference engine
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The Big Picture
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Figure: Basic system architecture of ADES project.
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Detection and tracking of lane markings

In the literature,

Detection
Most common method is Hough Transform.
Neural networks, B-splines, dynamic programming approaches
are also used.

Tracking
Kalman �ltering and particle �ltering techniques applied.

Proposed Approach

Multi Resolution Hough transform for detection
Hidden Markov Models for tracking
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Classical HT

To detect regular shapes: lines, curves, ellipses

Can detect imperfect instances

Tolerant of gaps, una�ected by image noise

Applied after edge detection (canny, sobel, )

In Short:

Candidate lines grouped in terms of (r , � )
Group with high population identi�es a line
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Our Contribution: MHT

Figure: MHT Process 
ow.
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MHT: Why Partition

Apply HT to image partitions of various size

Reduce the e�ect of occlusion
Relative intensity low at curves and far side
Partition size inversely proportional to distance

Figure: MHT Partitioning.
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MHT: (cont.)

After MHT

A candidate line for each partition: (r , � )

Grouped: slope, distance, intensity

Figure: MHT Process illustration.
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MHT: Transformation of Lines

Adjust the center of polar coord.

Aim: All HTs applied relative to a single point

(r , � ) ! (r0, � 0) and (x, y) ! (x0, y0)

Transformation of detected lines

r0 = r + ( x � x0) cos(� ) + ( y � y0) sin(� )
� 0 = �

Transformed lines grouped
Most intense 3 clusters
Intensity threshold applied
less than 3 lanes possible
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Lane Tracking HMM Overview

State is not visible to the observer

Figure: HMM Sample.
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Lane Tracking - HMM

Relation between successor frames

(r0, � 0) not far from (r , � )

2 HMMs for r , � modeling

Small deviation for transition matrix
HMM for � :

States: 0, 1, 2, , 179
Observations: 0, 1, 2, , 179
Transition and Emission Gaussian
Emission prob. matrix: Probability� 0 having observed�
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Experiment: Pre-process

Pre-captured urban drive video

Color remap table

Favor white and yellow regions

Color remap followed by grayscale

Threshold: 32
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Experiment: MHT

Bottommost 116 pixels
Slope may a�ect accuracy
Levels: 32x32, 64x42, 128x42 pixels
Apply HT for each partition
Most promising 3 lines
Usually 2 lines detected
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Experiment: HMM

Emission and transmission:
Deviation in � : Gaussian
Deviation in r: Gaussian

Deviation of
Transmission matrix: 1
Emission matrix: 2

Kemal KAPLAN, Caner KURTUL and H.Levent AKIN FAST LANE TRACKING USING HMM AND MHT FOR AUTONOMOUS



OUTLINE
INTRODUCTION

PROPOSED APPROACH
EXPERIMENT

RESULTS AND CONCLUSIONS

HMM Matrices

Table: Transmission and emission matrices forr and �

Matrices for � symmetric around a diagonal
Range forr : (0 to 282)
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Results

At least 1 line in most cases

Few false positives
Comparison with classical Hough Transform

116x512 region processed as whole
Most intensive 10 lines merged (r , � )
3 of them selected as lane markers

Our approach apparently yields better results

Computational environment and costs:
Intel T2050 processor laptop
1.6 GHz
15.29 ms for classical approach
21.25 ms for proposed approach
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Results (contd.)

Figure: Di�erences between classical HT and proposed approach.
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Sample Video

Sample Video
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Conclusions

MHT + HMM hybrid solution

Main contribution: MHT

Enhanced accuracy observable
Assumptions and Shortcomings:

Convenient day-light conditions
Adaptive color remapping required

Variations in illumination conditions
Variations in road surface

Modeled as lines: cannot handle curves well
Future Work:

Emission matrix can be updated on-the-
y
Adaptation illumination changes
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QUESTIONS?

Caner Kurtul

info@adesproject.com

http://www.adesproject.com
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