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Concurrent visual multiple lane detection for autonomous vehicles

Rachana Ashok Gupta, Wesley Snyder, and W. Shepherd Pitts

Abstract— This paper proposes a monocular vision solution
to simultaneous detection of multiple lanes in navigable regions /
urban roads using accumulator voting. Unlike other approaches
in literature, this paper first examines the extent of lane
parameters required for continuous control of any vehicle
manually or autonomously. The accumulator-based algorithm is
designed using this fundamental control knowledge to vote for
the required lane parameters (position of lanes and steering
angle required) in the image plane. The novel accumulator
voting scheme is called “Parametric Transform for Multi-lane
Detection.”” This paper not only adapts predictive control in
the image plane, but also detects multiple lanes in the scene
concurrently in the form of multiple peaks in the accumulator.
This method is robust to shadows and invariant to color, texture,
and width of the road. Finally, the method is designed for
dashed/continuous lines.

I. INTRODUCTION

“Autonomous vehicles” are not a new concept. They have
been proposed for the long-term goal of having vehicles
driving autonomously in an unknown environment for the
purpose of human safety, convenience, and ease of life.
Currently, most autonomous research vehicles depend on
relatively expensive LIDAR, Radar, and undependable GPS
[10][12][22]. Other approaches have been tried such as
autonomous driving using dead reckoning and road profile
recognition [13] using on-board sensors, automated high-
way systems (AHS) with lanes equipped with a magnetic
infrastructure, and a central communication system. These
approaches have obvious disadvantages such as the need to
thoroughly map the drivable terrain beforehand, and infeasi-
bility for large public road networks due to costs. Thus, it is
desirable to use computer vision systems to achieve low cost,
low maintenance autonomous vehicle navigation. Recent
results from vision research suggest that visual control may
now be feasible and will be a major step in conversion of the
entire autonomous guidance system to a vision-based one.

A. Background

There are four principle components to road detection in
literature: (1) With AI and machine learning-based ap-
proaches the vision system is extensively trained for road and
non-road regions using a neural network or other machine
learning technique using a combination of features such as
texture, color, luminance and coordinates of the image pixels,
etc [15][21]. (2) Color Processing is another technique used
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for urban scene understanding and lane detection [1][12][14].
Very common assumptions are painted lane markings, dis-
tinct paved and marked road boundaries [10][14]. The colors
and the presence of the road lane markings can vary be-
tween different geographical regions. Thus, these techniques
may fail in unstructured environments and un-marked roads.
(3) There have been research efforts to detect unmarked
and unpaved roads using vision area-based and stereo
processing techniques [6]. However, once the road region
or boundary is classified within the desired accuracy, the
boundary and road parameters must be determined to control
the vehicle. Researchers mostly rely on filtering techniques to
extract road edges and boundaries. There are other techniques
available such as maximum entropy thresholding [19] to
segment the marked road edges from road surface. (4) Curve
fitting techniques are used in many cases to approximate the
road boundaries [9][17] and surfaces[3][20]. Dickmanns and
Mysliwetz present 3-D modeling of the road in [3].

According to Kluge and Thorpe [4], three are three basic
criteria that are very important: (1) the accuracy of the model
to fit the road, (2) computational cost of the model fitting
and extraction of road parameters, and (3) the robustness
and stability of the model and the fitting process in presence
of noise. They discuss, in brief, different techniques used
for recovering road parameters. Back-projection techniques
assume constant road width [2], and thus the estimated road
shape can have arbitrary errors. Road shapes have been mod-
eled as straight lines [9][18][19], parabolae [6][17], circles
[4], cubic splines [16][20] and Taylor series approximation
of clothoids [3][11], etc.

Accumulator-based methods are popular as they are easy
to implement and are robust to noise. Because the compu-
tational complexity of the algorithm increases exponentially
with the number of parameters being estimated; these meth-
ods have been primarily used in past for straight lines [5]
and constant curvature (circle) detectors [4]. Statistical fitting
techniques are useful in case of fitting higher degree curves
to the road, as they are computationally more efficient [4].
However, unlike statistical fitting techniques, accumulators
allow detection of multiple instances of objects. This work
uses an accumulator-based technique to achieve robustness
and concurrency; but it modifies the accumulation technique
to deal with curved roads reducing the number of parameters
to be estimated to that of straight lines.

In a perspective transform, where the camera is on the
vehicle looking at the road at a particular angle, the road
boundaries in the image are not parallel to each other and
represent two different curves and therefore two sets of
parameters. Techniques like RALPH [7][12] take the inverse
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perspective transform to build the top view of the road in the
image to determine the curvature of the road, which is now
the same for both road boundaries. The advantage of this
technique is the detection of both road boundaries with one
parameter set. However, the inverse perspective transform
can be tricky when other vehicles/objects are in the scene and
when the terrain is not flat. RALPH determines the empty
region of the road using laser sensors and therefore processes
only the empty road region for discovering the curvature.

B. Motivation

All vision approaches mentioned above deal with detect-
ing road/non-road regions or the boundaries as correctly
as possible. Very few of them deal with vehicle control.
However, for an autonomous vehicle application the most
important information needed is immediate control action
(for example, speed, steering angle, rate of steering change
etc). Therefore, all road information detected in any form
(curve equations/segmented regions/boundary locations) has
to be converted into vehicle control parameters. Hence,
this work adopts a control-motivated philosophy. Therefore,
the problem is broken down into following sub-parts and
executed in that order:

1) Determine the type of lane parameters needed to calcu-
late the correct immediate vehicle controls to keep the
vehicle in its lane.

2) Detect the lanes and the lane parameters from the scene
image.

3) Use the lane parameters to calculate the local controls
for the vehicle.

Other than approaching the road following problem from
control perspective, the novelties of the proposed algorithm
are: it is designed to intrinsically provide the lane param-
eters for multiple lanes (if they exist) concurrently in the
image scene and is therefore called “Parametric Transform
for multi-lanes,” and the algorithm achieves vehicle control
in pixel co-ordinates - “predictive control in image co-
ordinates.” The proposed algorithm also relaxes some of the
assumptions required by other algorithms such as presence
of painted lane markings, prior knowledge of road textures,
prior learning by the vehicle controller, etc.

This paper is organized as follows: Section 2 explains the
motion control strategy. Section 3 introduces the paramet-
ric transform for multi-lane detection and its mathematical
theory. Navigation and predictive control in image plane is
explained here. Section 4 presents the results, analysis and
discussions of the failed cases. This section also compares
this technique with other state-of-the-art techniques and
discusses the advantages of the novel technique proposed
here. Finally, Section 5 concludes the paper.

II. MOTION CONTROL STRATEGY

Fully functional autonomous navigation has many aspects:
road detection, other vehicle detection, sign detection, inter-
section, exit, obstacle detection, etc. All of these aspects are
equally important to achieve a fully functional autonomously
navigable vehicle in a real urban setting. Therefore, the

whole autonomous system needs to be aware of the entire
scene. In this paper, the primary focus is designing a lane de-
tection algorithm, which simplifies/reduces the calculations
of required car control parameters (such as steering angle,
speed and rate of change of steering) in order to maintain the
vehicle’s position within the lane boundaries. This suggests
that instead of processing the complete lane boundaries in
the scene, it is necessary to take a bottom-to-top approach;
i.e., to know the lane parameters closest to the vehicle first.

j
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Near region
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Fig. 1. Urban road scene explaining predictive motion strategy

In a lot of scenarios in an urban scene containing other
vehicles and objects, the far away road region (near the
horizon) is not sufficiently visible to make any significant
control navigations decision. Therefore, the scene is divided
into different regions as shown in Fig. 1. The “near region”
consists of most of the road region starting from the bottom
of the image to 3/4 of the region below horizon. The ratio
can be changed as per requirements. The region above that is
considered as “far region” which consists of mostly the sky
and the road near the horizon. Thus the road region within
the “far region” has very little information about the road
parameters and therefore it is ignored.

Fig. 1 shows a simple urban road scene. Other than the
fact that there are speed limits in the urban environment,
vehicle speed is intuitively controlled by either the speed
of another vehicle in front and/or the bending of the road.
For the vehicle to follow the near region, the vehicle should
always point towards the current look-ahead point B. Thus,
the steering angle () is corrected by looking at the B(x, y).
The near region in the image plane has a point or a series of
points predicting the next position(s) of the vehicle. The rate
of change of steering angle () can be estimated by looking
at these multiple look-ahead points next to B if available.
Thus, to find controls to reach the look-ahead point B, Fig.
1 shows tangents (solid black lines) approximating the road
boundaries in the near region as straight lines. Therefore, the
distance d to the nearest look-ahead point has to be chosen
such that the lane boundaries within distance d can be safely
approximated to straight lines. To fulfill this, d is defined
as some percentage p of the near region, where p can be
changed dynamically from frame-to-frame as a function of
curvature of the road (k) (x is defined in a later subsection).
This corresponds to the philosophy that look-ahead distance
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will decrease with sharper turns Eq (1), [8].

d=p-h' wherep o liKandrlciE%)pﬂl (1)
In the perspective transform, road boundaries meet at the
horizon line. The meeting point is called vanishing point
(vp). The point of intersection of two tangents shown in Fig.
1 can thus be called as the “current vanishing point (cvp)”;
i.e., the point where the current closest road boundaries will
meet assuming the closest road extends to infinity with zero
curvature where the tangents are drawn (Eq (2)).

lim cvp — vp 2)
Kk—0

The vehicle might not track the center of the lane and
therefore the current steering angle (0) depends on (1) the
current location of the vehicle, P'(x.,y.) (P is the projection
of the center of the scene P, assuming that the camera is
installed at the center of the vehicle) and (2) the lane angle,
o, which the lane center (x',y") makes looking at the current
vanishing point. 8 can be calculated as per Eq. (3) and (4)
if the vehicle is tracking the center of the lane correctly then

0=a. y
G:tanl( ; ) 3)
X' —xc

dtan o
=tan ' [ ———— 4
n (d—i—(x’—xc)tana) @

Thus, the lane parameters representing every lane uniquely
are (1) lane center ¥/, (2) lane angle o, and (3) lane width
W. The scene could have multiple lanes. Therefore, to
distinguish different lanes, this paper considers storing the
location (x') and the angle (&) in an accumulator.

This is the main principle used to design the accumulator
based parametric transform to detect (x', &, W) for the lanes
in the scene and predictive control in image co-ordinates.

III. PARAMETRIC TRANSFORM FOR MULTI-LANE
DETECTION

The multi-lane detection algorithm explained here is de-
signed to obtain the following three lane parameters: lane
center at the bottom of the scene (¥'), the angle that the
lane forms with the x-axis (&) and lane width W. The
region beyond horizon is ignored, as it does not have any
lane/road information. In this discussion, it is assumed that
the “bottom” row or row 0, is at the bottom of the image,
unlike many image analysis configurations which put row
0 at the top. Given the camera’s pose and its projective
transformation, it is straightforward to determine the location
of the horizon (/).

Let I C R? denote the set of image coordinates visible in
the camera’s view, and let I; denote those coordinates below
the horizon. Furthermore, let ¥’ denote a column number on
the bottom row of the image. We seek a particular value of
x' which will be the center of a lane. There may be more
than one such x'. Let d denote the set of all points in I,
which could possibly be a lane edge. Several criteria may be
used to find these points. Typically, they are points of high
gradient magnitude, and with some additional restrictions on
the brightness or color of the regions they are dividing.

Horizon

«w—>

Fig. 2. Coordinate system used, showing the possibility that two lanes are
visible in the image

Finally, let 7'(x,0), I’ : ®* — R denote the point on the
horizon intersected by the vector through x’ in the direction
0. These definitions are illustrated in Fig. 2. To determine
the existence and parameters of the lane, choose a value for
x' and 6, which determines #'(x’,0). Then, for each point
8 € d, compute the intersection of the line through #'(-) and
0 with row 0 (note that this point may not lie in the image),
and call that point /. Then, if x’ is indeed the center of the
lane, and § is actually a point on the lane edge, W =2|x' —I|.

Define a 3-D accumulator A. Loop over all values of x/,
0, computing W, and incrementing the point A(x’',0,W);

A(xl79’W) = Z p(6) ) (5)
ded
where p(6) is a weight, 0 < p(-) < 1, representing the
confidence that 6 is a road edge. Each distinct peak in the
accumulator will represent a lane in the image.

This version of the algorithm is computationally heavy,
and in the next section, we trade computation in the image
domain for computation in the accumulator domain, in order
to obtain the speed necessary for real-time control of a
vehicle.

Instead of voting at every edge point in the image as a
potential road edge point in the accumulator A for x,0,W,
voting by pairs of lines as potential set of lane boundary
segments in the accumulator A for x’, & is proposed. This
is achieved by first using the simplest and classic Hough
transform to find straight-line components in the near region.
Criteria and constraints defined such that the lines having
highest potential to form objects which look like lanes are
used in the voting scheme. Thus avoiding the edges created
by shadows and other noise.

Fig. 3. Sliding window approach from bottom to top

The near region of the image is split into overlapping
windows, as shown in Fig. 3; where 50% of each window
wit1 overlaps with window w; and w;, (See Fig. 3). In each
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window, the potential road boundaries are detected using the
Hough transform on the Canny edge-detected image. The
number of windows is chosen such that window height is d
which is function of x (Eq. (1)). Thus, the small segments of
the road boundaries in each window can be safely approxi-
mated (by Hough transform) as straight lines. However the
minimum number of windows is K = 3. The Hough output in
window wy is a set of lines Ly = {L;, L}, L} ..,L} }. The goal
is to locate a pair of lines {Li,L{} in window wy such that
Li,L] € Ly and Li,L] € 95, where S is a possible navigable
road region with boundary dS. Therefore, a set of pairs of
lines, L, is formed as per Eq (6).

L= {{L,L]}

The following criteria must be satisfied by {L’ L it for them
to match with possible 9.
Criterion 1: cvp on the horizon satisfies

W >0 (7)

ielyand L €Ly and i #j}  (6)

ijo_ i g
g = h

~0 (8)

Eq (8) requires that the intersection point {xk , y } of a pa1r
of lines {L;, L ++ should be as close to cvp (cvpy,cvpy), i.
horizon line (h) as possible considering the region is ﬂat
(see Fig. 3). I cannot be negative i.e. A’ cannot be below
the bottom of the image (Eq (7)).

Criterion 2: Sufficient width.

This criterion requires that the width of the lane should
be greater than a pre-determined limit, Wy (in pixels), which
can be determined from camera resolution (pixels/meter) and
the car width. This ensures that two lines very close to each
other will not be considered as navigable lane boundaries.
This criterion helps filter noisy edges, lines formed due to
shadows, lines due to other anomalies on the road such as
arrows, etc. Wk] is the width between lines {Lk,Lli} measured
in pixels at the bottom of the image plane (Eq (9) and Fig
3).

Wl >w, 9)
Criterion 3: Smoothness factor.
sk = j VG
s;j

Where,S;cj/ € wk,L};,Li € 8S§<j/

VG =VGx+ VGy

VGx = |Sg(x,y) —Se(x+1,y)|

VGy = |Sg(x,y) = Sg(x,y + 1)
This criterion requires that the gradient (change in the
intensity) integrated over the region S/ in the gray scale

(10)

image Sg be very small. Sk/ is the region confined by lines
L}(, L the lower and the upper row of the window wy (see
Flg 3) Thus, s;(/ is called the “smoothness factor” for region
k . The lower the value of sk, the smoother, and thus the
more navigable is the region.
After using criteria (1), (2), and (3) to filter to obtain the
potential lane boundaries; the following objective function

J,ij is calculated for each potential pair {L};,Li} of road
boundaries (Eq (11)). N

PRIC)
Jl =Ke % (11)
Jk] is called the voting strength for the pair {L’ L it~ Given
I, lane center resulting from each potential pair of lines
{Li,L]}, potential boundaries of the lane, can be uniquely

represented by two parameters ¢, the lane angle and x;{”  X-
coordinate of the center of two lines (See Fig. 3). Therefore, a
2-D accumulator is constructed and a voting system is used to
vote for each pair of lines with a voting strength of J; Yin A,
with {x',a}. The accumulator is updated for all K WlndOWS
in each frame. Therefore, if a navigable road/region exists in
the image, all the overlapping windows shoulq have a pair
of boundaries with almost the same Ot,i’ and x;”/ forming a

peak in the accumulator A at {xk o’

K n n .. I ..
A(x/’OC) = Z Z Z J]l(j 'f(xklj _x/va[ij - OC)
k=01 j(i#))
Where,
—(®+b%)
fla,p)={¢€ 202 V—xr<a<xpand —op <b< aq

0, otherwise

ij et i)
_ y X, +x
S =tan! [ 25— ) x = [ X%
ij ij "k 2
X Y%

J,ij = Voting strength,
K= Number of Windows in the images

. 12
A small neighborhood of {+x, %0y } around each {x,”, ot/
is increased using a Gaussian blur kernel with standard

deviation o, for noise removal and smoothed peaks. See Eq
(12), Fig. 4(a).

A. Negative voting scheme

As the voting scheme considers all the possible potential
pairs of lines to vote in the accumulator, there is a possibility
of falsely detecting a lane at the location of the edge shared
by two lanes. This is illustrated in Fig. 5(a). The accumulator
will have multiple peaks representing: (1) lane 1 due to line
pair AB, AC, (2) lane 2 due to line pair AC, AD, and (3)
a false lane 3 due to line pair AB, AD as this pair too
satisfies all the criteria for a lane. To avoid this, we use the

(a) Original f(a,b) (b) Newf(a,b)

Fig. 4. Negative Voting Scheme: change in f(a,b)

negatlve votmg scheme as follows: If a potential lane center
with {xk , } is formed with voting strength Jk] due to line
pair {L},L] } then none of the lines (lane edges) {L L]}
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can be lane centers and each should be voted with equal in
magnitude but with negative voting strength —J,’ in the same
accumulator A. Thus, f(a,b) in Eq. (12) is changed to new
f(a,b) shown in Fig. 4(b); where negative peaks represent
{x,a} of lane edges {L;,L{}. The positive peak represents
{x;” ,04/}. The variance of the Gaussian blur depends on
the width of the lane W,’. Later, the negative values in the
accumulator are pulled to zero to get only positive peaks
representing the true lane centers, see Fig. 5(a), Fig. 5(b)).

00,

Lane3: {x, a}:

(a) False lane detection. Original road figure is from [16]

(b) False lane is avoided by negative votes in A

Fig. 5.

B. Predictive control in image co-ordinates

It is demonstrated below that the vehicle control parame-
ters can be calculated from the image plane co-ordinates;
thus the transformation to the ground plane co-ordinates
is not necessary. Let {x,a}; be the lane parameters in

Camera Horizon line -
SR .
\%j = Image plane
H ~ 0 T
0 ~ )
Opric g,
> Ground plane ERRLE
L
Fig. 6. Camera Configuration

current frame/window F; and {x, &}, be the corresponding
lane parameters in the next frame/window F; ;. “Predictive
control” is analogous to a human driver’s behavior where
he/she approximately predicts the next point B, for the
vehicle to reach, while at point P, in F;, and adjusts the
speed and the steering in order to reach that point. A human
driver will change the steering angle to match the new angle
6; at the rate of @ as per accumulator peak from F;, Eq (4).

Let the distance [ (pixels) travelled between 2 frames in
image plane correspond to the distance /, in the ground plane
(Fig. 1 and 6). From the perspective transform, we have Eq

(13); where H is the camera height from the ground plane,
O is the camera angle with respect to the horizon, and f is
the focal length of the camera, [11] (See Fig. 6).

I H(cos® —sin®)
“ f(lcos®+sin®)

Let v and v, be the vehicle speed in image plane and in the
ground plane respectively, defined in Eq (14).

1 L
PTa T A
Thus, assuming either [ or [, is known, the curvature of the
road in image plane, k, is defined in terms of & and /. The
vehicle speed v can be calculated as a function of x and
a constant maximum speed for the vehicle v, in pixels.
Constants Uy, and f are to be determined experimentally
to suit the vehicle dynamics, see Eq (15). The philosophy is
that the vehicle speed is inversely proportional to the K, [8].

K= O 41— O ﬁvmax
l (1+x)
Let @ be the rate of change of steering angle, which will
depend on 6, Eq (16).
o= %, (16)
If the vehicle tracks the center of the lane correctly, it will
match with the center of the image plane and thus, oo = 6.
However, the vehicle might not always follow the center of
the lane and therefore, steering control will be dependent on
the calculation of 6. Differentiating Eq (13) gives,

dl, _4 H(cos®+1sin®) 1d
dt  \ f(sin®—Icos®)
l,-o Hv

(6.1—6,) f(sin®—Icos®)?

At point P, the final steering angle required is 6,41, Eq
(4). Once a safe speed v, for the vehicle is calculated from
I, for a given curvature using Eq (13), (14) and (15); the
corresponding steering rate @ can be calculated recursively
from current frame F; to F,41 using Eq (17). Thus, the
relationship between image plane and ground plane velocity
is derived in terms of image plane parameters, the vehicle
control parameters v,, @, 8 can be computed directly from
the image plane, and a transformation to the ground plane
is not necessary. Moreover, as 60 and v are functions of
{¥',a}; the lane parameters {x',a} can be used for the
vehicle control.

13)

, where Ar = (frames per second) ™! (14)

and v = (15)

a7

IV. RESULT AND ANALYSIS

The algorithm in this work is designed to detect multiple
lanes simultaneously in the form of multiple peaks in an
accumulator. This is similar to any parametric transform
where multiple instances of the object and their parameters
can be detected simultaneously using accumulator voting.
Straight line Hough is a classic example.

The algorithm is tested on road images in this paper
in addition to some of the road images from the previous
lane detection literature, see Fig. 5 and 7. The red dots
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© (d

(@

Fig. 7. Concurrent multi-lane detection results. Original road image in
7(d) are taken from [16]

predict the direction of vehicle motion as well as the future
position of the vehicle. Red solid lines are the approximately
predicted locations of the road boundaries in the “near
region” extended up to the horizon.

It is observed that irrespective of the lighting conditions,
horizon location on the scene image, width of the road, shad-
ows, and road markings; the algorithm detects the multiple
lanes. It does not depend on whether the camera is pointing
downwards towards the road - getting almost all the image
with road in it (Fig. 7(d)) - or it is pointing towards horizon
with the road in less than half of the scene image, Fig. 7(a),
7(b), 7(g). As the algorithm does not consider the color of
the line yet, even the lane with opposite traffic is marked as
additional navigable lane. Currently, the algorithm takes on
an average 1.5 to 2 frames/second to detect the lanes on a
laptop (dual core 2.8 GHz) with room for improvement.

(b)

Fig. 8. Multiple lanes suggesting the change in the steering angle within
the same lane in the near region

The algorithm splits the near region into multiple win-
dows. Therefore, in case of higher curvature roads, the
multi-lane detector highlights 2 pairs of lane boundaries in
the same lane vertically apart (See Fig. 8). This is useful
in predictive control of steering angles in the next frames
as explained in section III. More research has to be done
regarding this.

A. Discussion on failed cases

The proposed algorithm depends on detecting strong edges
that potentially represent lines (painted, unpainted, physi-
cal, etc); which match the shape of the road boundaries.
Additionally, the algorithm filters the detected lines based
on the previously mentioned criteria such as enough width,
smoothness of the region, etc (See section III). Therefore
the algorithm fails in cases where the correct road edges
are not strong enough to be detected, are absent or other
non-road strong lines are present in the scene satisfying the
same criterion such as painted arrows, pedestrian cross-walk
segments, (Fig. 9(c)), cars (Fig. 9(a)), etc. In some cases,
the algorithm detects a wide pedestrian side-walk as another
lane because it does not distinguish the difference between
a curb and a line, Fig. 9(d).

Some of these problems can be solved by introducing
lane edge tracking, current lane tracking or temporal filtering
such that the algorithm will filter anomalies and also work
with disappearance of road-edge for a few frames. Temporal
filtering and tracking will also increase the processed frames
per second as the algorithm will be processing small parts
of the scene (corresponding to the road edges present in the
previous frame) as opposed to the whole frame. This will be
addressed in future work.

(c) (@)

Fig. 9. Some failed results

B. Comparison with other techniques

So far, lane detection algorithms in the literature do not
detect multiple lanes in the scene simultaneously [7][16][19].
Wang et al. [16] used accumulator voting prior to B-spline
fitting; however, they vote for the vanishing point. As the
vanishing point is same for all the lanes in the scene, their
accumulator does not represent multiple lanes, Fig. 5(b).
This algorithm intrinsically develops multiple peaks in the
accumulator without additional processing for multiple lanes.
Yu et al. [19] used a splitting window approach. However,
they split the image into fixed ratios and do not consider
the possible look-ahead distance d to decide the near region

2421



boundary. Additionally, the algorithms in the literature which
use the Hough transform to detect road edges do not deal
with curved roads [19]. The proposed method uses the path
tracking control knowledge to detect the required road angle
and therefore can deal with curved roads without knowing
the complete road boundaries. The results presented in this
paper are achieved in the image coordinate space; therefore,
there is no need for an inverse perspective transform inorder
to navigate properly.

V. CONCLUSION

This work proposed a monocular vision solution to de-
tection of multiple lanes in navigable regions / urban roads.
The paper first formulated an opinion on the lane parameters
needed to control any vehicle autonomously/manually in
real-time. This control knowledge was then used to design an
accumulator voting scheme that determines the location and
the angle of multiple lanes (if they exist) in the image scene;
in the form of multiple distinct peaks in an accumulator
- “Parametric transform for multi-lanes.” The parametric
transform design is modified with some practical road edge
constraints to reduce the accumulator dimensions and thus
making it useful in real-time operation. This paper adapts
control in the image plane from ground plane control -
“Predictive control in the image coordinates.” Further, the
method is robust to shadows and invariant to color, texture,
and width of the road. Finally, the method is applicable to
both straight and curved roads.
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