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Abstract—This paper describes a lane detection and tracking
method based on annealed particle filter algorithm, which
combines multiple cues with annealed particle filter. As a
first step, preprocessing, with bar filter and color cues being
used. In the annealed particle filter step, angle information of
edge map is utilized to measure weights of particles.
Experiments show that the time cost of annealed particle
filter algorithm for each frame is largely reduced comparing
with the lane detection and tracking using conventional
particle filter algorithm, which is the main contribution of
this paper. Furthermore, on this basis, we build a robust lane
model which can be applied to not only the linear road but
also the curved road. The experiments indicate that it is
effective for lane detection and tracking.

Index Terms—Ilane detection and tracking, multiple cues,
annealed particle filter, robust lane model.

I. INTRODUCTION

People have a growing interest for driver assistant
systems that are used to monitor the driving conditions by
visual technique, and warn and guide drivers the road
conditions. Lane marker is one of the most important road
signs, which makes lane detection a necessary part for
driver assistant system and unmanned vehicle.

For several decades, lane detection and tracking have
been widely studied for driving on a highway [1], [2] or
urban road [3], for single [1], [4] or multiple [5], [6] lanes.
Various shape models have been applied to describe
borders of a lane.

In this paper we describes a robust lane tracking
algorithm based on annealed particle filter, which
combines multiple cues with annealed particle filter. As a
first step, preprocessing, with bar filter and color cue being
used. The multiple cues contain bar filter and color cue.
Bar filter is efficient to detect bar-shape objects like road
lane, and as the color of the lane on the road is mostly
yellow or white, we constrain a rough range of the color in
the image. Both bar filter and color cue are used to filter
out noises, and to speed up the whole program. In the
annealed particle filter step, angle information of edge
map is utilized to measure weights of particles, the details
are described in Section I11. The experiments show that the
particles number and the time cost per frame of the method
are largely reduced compared with the method based on
conventional particle filter, which is the main contribution
of this paper. For better detecting and tracking lanes using
the method in this paper, we also build a robust lane model
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which can be applied to detect and track the lanes of not
only the linear road but also the curved road. The test
results show that it is effective.

Il. PROCESSING-MULTIPLE CUES

In the preprocessing step, multiple cues, including bar
filter and the color cue, are processed separately before
using annealed particle filter (show in Fig.1(d)).

Figure. 1. Multiple cues. (a) Original image; (b) Bar filter; (c) Color cue;
(d) Preprocessing result.

A. Bar Filter

Lane marker is a relatively distinctive feature, which
can be described as a black-white-black bar-like object [7],
[8]. The bar filter is implemented by checking pixels that
satisfies the black-white-black condition based on
intensity image (as shown in Fig.1 (b)). As the direction of
lane is vertical, the bar filter is executed on the horizontal
direction. The i-th pixel of the image after bar filter
processing is defined as:

BarFilt[i] = (Inten[i]— Inten[i + BarW1]) + (Inten[i] — Inten[i — BarW])
D

where BarW is a width predefined, here we use 15 pixels,
and izBarW means a pixel shifted a length of BarW on the
horizontal direction.

B. Color Cue

In order to better distinguish colors of lane marker and
other colors, we first convert RGB images into HSV color
space. Based on HSV color space two loose conditions are
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defined to limit the color of the input images to the white
zone and yellow zone [8] (shown in Fig.1(c) ).

()

where Hue(i, j) is the hue of pixel (i, j) and Value(i, j) is the
value of pixel (i, j) in HSV color space and the total range
of both Hue and Value are [0,1]. Two values of &, 3 are

0.95 and 0.6 separately.

Hue(i, j) < a;Value(i, j) > S

The annealed particle filter (APF) [9] is a sampling
method to approximate distributions by a set of samples,
and it is tracking the state of the system. The APF is
similar to a conventional particle filter but instead of a
single factored sampling step, it has an annealing run at
each frame in the video sequence. An annealing run at
each layer is the implementation of a conventional particle
filter. In this paper, we use a stationary motion model in
the annealed particle filter algorithm. The particles moved
to the positions with high probability. In the correction
step, the angle information of edge map is used to measure
the weights of particles.

A.

ANNEALED PARTICLE FILTER

Importance Sampling

The set of samples is expressed in (3), where the state of
one sample s; is associated with one weight z;. The
importance sampling procedure selects samples from this
set such that samples with higher weights are more likely
to be drawn.

N
S, ={(s;, 7} :LZ,...,N,Zﬁi =1

i=1

®)

B. Measurement of Particles

Measurement of particles evaluates the likelihood of
how well the samples fit a new observation. Observation
in this work is the angle information of edge map in
current image. Edge map is obtained through processing
the original image by Sobel mask, where edge direction (in
(4)) and magnitude (in (5)) of the whole image can be
obtained.

I
0 =arg tan(l—y) (4)
A= 1241 (5)

The state space of particles is R?, constituted by the
X-coordinate of the center point of side lanes and the
distance from the center point to one side lane.
Y-coordinate of the center point is fixed at the middle of
the whole image. One sample is denoted by s; = (x;,d;) .
Two small regions of one sample are extracted with the
center of (x; —d;,y) and (x; +d;, y) (as shown in the left
upper image of Fig.2). The width and height of these two

small regions are fixed at 51. The whole region of
direction is divided into 9 ranges, as shown in (6).

bins ={-90,-70,-50,-30,-10,10, 30,50, 70,90} (6)
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It counts directions of points in these two small regions
that fall between the elements in the bins. The increment
of voting value is the edge magnitude of the current voting
point. The voting results of the points in left and right
small regions (right upper image of Fig.2) are shown in the
right middle figure and right bottom figure of Fig.2,
respectively. The average direction of the range
corresponding to maximum magnitude of all bins is used
to represent the small region.

The sample with a value of zero for the addition of the
direction of left small region and right small region has a
high possibility to be lane marker because the lanes of the
two sides are mostly symmetric. We model the weights of
particles by Gaussian distribution with (x,o) . Wesetu, o
to 0 and 30, respectively, according to our experiments (as
shown in the left bottom figure of Fig.2).

—(add;—x)?

Vvi — e 20‘2 (7)

where add; is the addition of the direction of the left small
region and the right small region for one sample, w; is the

weight of this sample.

100

Figure.2. Measurement of particles. Left upper: image with one sample
and its two small regions; Left bottom: modeling of weights of particles;
Right upper: two small regions for one sample; Right middle: voting
result for left small region; Right bottom: voting result for right small
region.

C. Annealed Particle Filter

Tracking systems that use conventional particle filter
can get distracted by local features of the posterior density
which reduces their accuracy. Deutscher et al. [9] and
Davidson et al. [10] approached this problem by applying
simulated annealing optimization techniques. They
referred to their solution as the annealed particle filter. The
goal here is to modify the particle filter such that the
number of needed particles is drastically reduced and the
particles do not congregate around local maximum. The
key idea is to gradually introduce the influence of narrow

peaks in the weighting function W(y,,X,) . This is
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achieved by starting a search run in successive layers
gradually change the weighting function as
Wi, (yt ) Xt) = W(yt’ Xt)ﬁm
ﬂo>ﬂ1> : >:3M .

The steps involved in each annealing run are illustrated
in Fig.3

(®)
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Figure. 3. Anillustration of an annealing run for M=3. It shows the
variation of the weighting function, and the re-sampling and diffusion
steps. The influence of the peaks is gradually introduced into the

weighting function W, . Consequently, the particles converge at the

global maximum in the last layer W\, and do not get trapped in local
maximum peaks as opposed to the standard particle filter [9].

Annealed particle filter procedure in our work mainly
has three steps including re-sampling, correction and
weight normalization.

The main cycle consists of repeated calling of annealed
particle filter procedure. The flow chart of the whole
system is shown in Fig.4.

Tracking start
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Preprocessing

v

Particle re-sampling

v

Correction

v

Weiaght normalization

Figure. 4. Flow Chart of the whole system.
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IV. RoBUST LANE MODEL

For making the lane detection and tracking more robust,
we build a robust lane model on the base of the lane
detection and tracking method in this paper, it can be
applied to detect and track the lane of not only the linear
road but also the curved road. It is illustrated in Fig.5, the
down line and up line are fixed at some positions in y
coordinate, we use the annealed particle filter algorithm to
detect and track the down line and up line separately, the
degree of freedom of the model can be regarded as 4.

Figure. 5. The robust lane model built in this paper.

V. EXPERIMENTAL RESULTS

In our work, we use 20 and 80 particles (N=20, N=80)
and 3 annealed layers (M=3) to test the program separately.
The test results are shown in Fig.6,7. The experimental
results are described in Section A. Furthermore, the time
performance is illustrated in Section B.

The robust lane model, which has been stated in Section
1V, is tested in a curved road situation. The experimental
result is shown in Fig.8. The particle number is set to 80
(N=80) and the annealed layer number is set to 5 (M=5) in
the experiment. The test result is described in Section C.

A. Experimental Result

The experiment situation is the dashed lane maker
situation. This situation is very challenging as the lane
marker is cut in and out. As the result indicates, the dashed
line is well tracked. One reason is that the particles cannot
abruptly vary because of the vanishment of the dashed line,
and the other reason is that our observation is based on a
small region, which makes the dashed line to be observed
rapidly as dashed lane disappears regularly. Fig.6,7 are
the experimental results of the lane detection and tracking
using annealed particle filter, where the particle number is
20 (N=20) and annealed layer number is 3 (M=3) in Fig.7,
the particle number is 80 (N=80) and annealed layer
number is 3 (M=3) in Fig.8.

B. Time Performance

We list the time cost of conventional particle filter
algorithm and annealed particle filter algorithm for lane
detection and tracking in Table I. The test image size is
640*480. The two methods have the similar tracking result,
but the used particle number and the time cost per frame of
the method based on annealed particle filter are both
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largely reduced compared with the method based on
conventional particle filter, which is the main contribution
of this paper.

100 00 0 400 00 500

anncoled particle fiker - time per frame 0054227 step: 69
_— "
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annealed particie fiter : time per frame 0.020841  step: 54 100
- = —— L -
2

100 200 300 400 %0 600

annealed particle fiter : time per frame-0.051867 step: 99
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Figure. 7. Experimental results. The particle number is 80 (N=80), the
annealed layer number is 3(M=3).

C. Experimental Result of Robust Lane Model

100 200 0 40 509 &0 The experiment situation is the curved road situation,
Figure. 6. Experimental results. The particle number is 20 (N=20), the we use 80 particles (N=80) and 5 (M=5) annealed layers to
annealed layer number is 3 (M=3). test the program. The test result shown in Fig.8 indicates
that the lane of curved road is well tracked using the model
TABLEIL.  TIME CosT PER FRAME CONTRAST OF ConvenTionaL PE illustrated in Section 4. The time performance is listed in
ALGORITHM AND APF ALGORITHM (SECONDS) Table Il. The test image size is 640*480.
Algorithm Time cost per frame(seconds)
PF(N=1000) 0.15 TABLEIl. TIME CcOST PEEOTS_I\!:A%IT(IA'\IPGF ALGORITHM FOR CURVED
APF(M=3,N=20) 0.028
APF(M=3,N=80) 0.053 Algorithm Time cost per frame(seconds)

APF(M=5,N=80) 0.074
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Figure. 8. Experimental results. Lane detection and tracking using the
robust lane model for curved road, the particle number is 80 (N=80), the
annealed layer number is 5 (M=5)

VI. CONCLUSIONS

A lane tracking approach has been presented by
combining multiple cues with annealed particle filter in
this paper. The multiple cues including bar filter and color
cue are processed in the preprocessing step. After that,
annealed particle filter is exploited to track the lane marker,
the time cost per frame is reduced a lot comparing with the
method based on conventional particle filter. The robust
lane model built on this basis is effective to detect and
track the lane of both the linear road and the curved road.

ACKNOWLEDGMENT

This work was supported by the Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education,
Science and Technology (No. 2009-0090165,
2011-0017228) and partly supported by the Human

35

Resources Development of the Korea Institute of Energy
Technology Evaluation and Planning (KETEP) grant
funded by the Korea government Ministry of Knowledge
Economy (No. 20114010203080).

REFERENCES

E. D. Dickmanns and B. D. Mysliwetz, “Recursive 3-D road and
relative ego-state recognition,” IEEE Trans. on Pattern Recog,
Mach. Intell., vol. 14, pp. 199-213, 1992.

D. Khosla, “Accurate estimation of forward path geometry using
two-clothoid road model,” IEEE Symp. Intell. Veh., vol. 1, pp.
154-159, 2002.

S. Sehestedt, S. Kodagoda, A. Alempijevic, and G. Dissanayake,
“Efficient lane detection and tracking in urban environments,” in
Proceeding European Conference on Mobile Robots, 2007, pp.
126-131.

Y. Wang, D. Shen, and E. K. Teoh, “Lane detection using
Catmull-Romspline,” in  Proceeding IEEE International
Conference on Intelligent Vehicles, 1998, pp. 51-57.

R. Aufrée, R. Chapuis, and F. Chausse, “A model-driven approach
for real-time road recognition,” Mach. Vis. Appl. vol. 13, pp.
95-107, 2001.

C. Lipski, B. Scholz, B. Berger, C. Linz, and T. Stich, “A fast and
robust approach to lane marking detection and lane tracking,” in
Proc. IEEE Southwest Symposium on Image Analysis, 2008, pp.
57-60.

G. Loy, L. Fletcher, N. Apostoloff, and A. Zelinsky. “An adaptive
Fusion Architecture for Target Tracking,” in Proc. 5th |EEE
International Conference on Automatic Face and Gesture
Recognition, pp. 261-266, 2002.

Z. Teng, J.H. Kim, and D.J. Kang, “Real-time Lane detection by
using multiple cues,” in Proc. International Conference on Control,
Automation and Systems, 2010.

J. Deutscher, A. Blake, and I. Reid, “Articulated Body Motion
Capture by Annealed Particle Filtering,” in Proc. IEEE Conference
on Computer Vision and Pattern Recognition, vol. 2, pp. 126-133,
June 2000.

A. Davison, J. Deutscher, and I. Reid “Markerless Motion Capture
of Complex Full-Body Movement for Character Animation,” in
Computer Animation and Simulation, pp. 3-14, 2001.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Hongying Zhao received her BS degree in automation
. from Dalian University of Technology, China, in 2011.
g4 She is now a graduate student in mechanical engineering
of Pusan National University, Korea. Her interests
include: machine vision, image processing, robots and
pattern recognition.

Zhu Teng received her BS degree in automation from
, Central South University, China, in 2006. She is now a
i student of successive postgraduate and doctoral programs

¢ of study in mechanical engineering of Pusan National
. University, Korea. Her current research interests are
shape recognition, machine vision, robots and pattern
recognition..

Hong-Hyun Kim received his BS degree from
Department of Mechanical Engineering, Pusan National
University, Korea in 2012, he is now a graduate student in
mechanical engineering of Pusan National University,
Korea. His interests include: machine vision, robots and
pattern recognition.

Rtk
‘ BB R
Dong-Joong Kang received a B.S. degree in Precision
Engineering from Pusan National University, Pusan,
Korea, in 1988 and an M.E. degree in Mechanical
Engineering from KAIST (Korea Advanced Institute of
Science and Technology), Seoul, Korea, in 1990. He also
received a Ph.D. degree in Automation and Design
Engineering at KAIST, in 1998.

He is now an associate professor in mechanical engineering of Pusan
National University. His current research interests include: pattern
recognition, mobile robot, visual inspection of factory products. He is a
member of the IEEE and ICASE.





