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Abstract:

An approach to landmark location estimation by
computer vision techniques is proposed. Vanishing
points and size of the landmark are used to derive the
location parameters by a single image. Helicopter
landing site location estimation is presented as an
application. Simulations and experiments also have
been conducted.

Keywords: landmark, location estimation, computer
vision, parallel lines, vanishing points, helicopter
landing site.

1. Iniroduction

Autonomous vehicle navigation is a mulii-
disciplinary and demanding field. In this field, the
location problem [1-8] is most critical. To complete this
task, the relative orientation and position between a
vehicle and the environment should be obtained. There
are two kinds of vision-based approach to solving this
_problem: the landmark approach [1-4] and the map
approach [5-8]. In the second kind of approach, the
features extracted from sensor data are matched with the
features in a detailed map in the environment to
estimate the location parameters.
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The estimation of landmark location with respect
to a vehicle by computer vision techniques with the aim
of low hardware cost and simple computation is the
main interest of this study. Emphasis is placed on the

study of the automatic detection of the landmark
orientation and position. An efficient detection method
and a simple computation scheme are proposed.

Related works on landmark detection are
surveyed as follows. Sato [1] used an image sequence of
the circle of the heliport marking as the visual cue to
zstimate the position and the altitude of a helicopter
with respect to the landing site. It is necessary to know
if there is a circle, but the size of the circle need not be
«nown. Chou and Tsai [2] used house corners as the
standard mark. Based on the knowledge of the distance
from the camera to the ceiling, the relative location
setween the vehicle and the corner can be uniquely
determined. Atiya and Hager [3] used the vertical edges
‘n the environment as the visual landmarks. A stored
map was also utilized to compute the robot location by
1sing those correspondences. Gilg and Schmidt [4]
developed an approach to landmark-based vehicle
guidance in corridors. A symbolic course description is
ased to specify motion tasks.

In this study, a single image acquired by a
camera mounted on the vehicle is used to estimate the
landmark position and orientation relative to the vehicle.
The vanishing points of the parallel lines extracted from
the landmark are detected to derive the landmark
orientation. The size of the landmark is used to compute
the landmark position. The proposed approach has
several advantages. First, the annoying image
correspondence problem is not involved. Low hardware
cost is required. Finally, the computation is based on the
use of analytic formulas and this increases the
computation speed and the possibility of hardware
implementation. .

A case study is presented to estimate landing site

location by using the identification marking H defined

by the International Civil Aviation Organization (ICAO)
[15]. Automatic helicopter landing is highly desired
since landing maneuver is one of the most difficuli
skills demanded of the helicopter pilot. A large
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skills demanded of the helicopter pilot. A large
percentage of accidents were attributed to the landing
phase of a flight. The proposed approach shows the
possibility of automatic detection of the landing site
location by computer vision techniques.

In the remainder of this paper, Section 2 includes
some definitions used in this study. In Section 3, the
derivation of the landmark orientation by the use of the
parallel lines extracted from the landmark is described.
Section 4 includes the derivation of the landmark
position by the use of the size of the landmark. The case
study of landing site location estimation by using the
proposed approach is described in Section 5. Finally,
some conclusions are given in Section 6.

2. Problem definition

In this study, it is desired to compute the
landmark position and orientation. The landmark
position is denoted as (x,, Vm» Z,)', which is the
landmark position with respect to the vehicle. The
landmark orientation is denoted as «,, S,, and ,, which
represent the angles between the three vehicle body axes
and the three main axes of the coordinate system
describing the landmark geometry from the viewpoint
of the vehicle. In the following, the definitions and
notations used in this study are introduced.

Two sets of orthogonal parallel lines are
supposed to exist on the landmark. As shown in Fig. 1,
they are denoted as line set A and line set B, and each
line in line set A is perpendicular to each in B. More
specifically, the two sets are A = {A;, Ay,..., Ay, A}
and B = {B,, B,,...., By, By}. We use p; to indicate that
it is the intersection of lines 4; and B, Also, H; is
defined to include all the collinear intersections of p;,
Dizs+o-ss Pigy @nd p, and V; is all the collinear
intersections of py;, py,...., Py, and p,;. For example,
H, = {p1, Pras-+ - Pigety Prg) @04 V3 = {Pya, Prgse vy Pigiyas
Pp2}- The landmark position is defined as the center
point of the square region p,, p;, Ppe Ppr- This position is
chosen to represent the location of the landmark in this
study.

Several coordinate systems used in this study are
shown in Fig. 2. The camera mounted on the vehicle has
a camera coordinate system (CCS), denoted as x-y-z.
The corresponding image plane (ICS) is denoted as u-v.
The three axes of the vehicle body form a vehicle
coordinate system (VCS), denoted as @,y @laera, anid
ong It is assumed that the line directions of these three
body axes in the CCS are pre-known. The global
coordinate system (GCS) is also needed, which is
denoted as x’-y"-z’. The y"-axis and the z-axis are set on
the ground and parallel to the line sets A and B with the
origin located at the center point of the landmark. The
landmark position with respect to the vehicle is defined
as (X Vs Zm)' Which is the center point of the landmark
in the VCS. The landmark orientation is defined as «,,
B... and ¥,, which are the angles between the axes of the

VCS and the GC3 with respect to the vehicle,
respectively.

The point transformation between the CCS and the VCS
is needed to transform the computed landmark position
in the CCS into the VCS. This transformation can be
found in [17].

3. Computing landmark orientation from parallel
lines on landmark

As is well known, a 3D line passes through the
point (p,, p,, p,)" and has the line direction (d,, d, ;)"
has a vanishing point (x,, v,)" and its line direction can
be determined by the vanishing point to be:

(d,d,,d,) =

1
——_(uUC,vg: f)T,
Jul+vief?

where [ is the focal length of the camera and unit

length is superimposed on the line direction (d,, d,, d;)".
Other findings about vanishing points can be found in
[9].

Then, the landmark orientation is computed as
tollows. At first, the intersections of every two lines in
line set A are computed. The coordinates of all
intersections are averaged to obtain the vanishing point
of line set A. By (1), the line direction of the y"axis in
the CCS is evaluated and denoted as d,. The same
process is followed for line set B, and the result is
denoted as d,. The line direction of the x'-axis of the
GCS in the CCS can be obtained by the cross product of
these two line directions, d,x d,.

Then, the landmark orientation, «,, B,, and y,,
can be computed from the inner products of d.. and
Borma; 4, and dyy,.r, and d.. and d,,, respectively, to get
the following result:

am = (dx‘ X dnormal) / ( dx' dnomm]" )3 (2)
B = (@, % i) 1 (]| | o] 3)
Yoo = (@ i) 1 (] ] )

4. Computing landmark position from size of
landmark

The size of the landmark is used to derive the
landmark position in this study. The inter-point
distances of all collinear point sets, H;’s and Vy’s, are
known in advance. With the inter-point distances, the
3D locations of all collinear points can be computed and
used to determine the landmark position.

In the following, we first describe the derivation
of 3D point locations of a set of collinear points with
known inter-point distances. Next, the derived formulas
are used to compute the landmark position.

B-8
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4.1 Computing 3D locations of collinear points with
known inter-point distances

Let the first point of the N collinear points be
p=(p, P» p»)" and the line direction be d= (d,, &,
4)%. The N collinear points can be described as: p,
p+5,d, p+8,d, p+8,d, ..., and p+5y.,d where §, is the
distance between the first and the (i+1)st collinear
points. According to the perspective transformation
principle, the image point (u,, v, T of the (nt+1)st point
p+5,d on the image plane can be written as follows

= (f 0D P POy gy ®)
' p3+5nd3 p3+5nd3
where n=0, 1, ...., N-1. The linear system below is the

result of transforming (3) into matrix form for n = 0,
1,..,N-1:

Ap=b, (6;
where
f oo f 0 .. oY
A=10 .. 0 S oo 1,
—Uy e —Uyy Ve e =V
p=@,p Ps)T»
and

b=(8,(ud, — fd,), - Oy, ds— 1)),
5o(uuds -fdz) s "y 5N.1(umd3 -fdz))Ts

where p = (p,, P» p;)" is the unknowns. In this
study, QR-decomposition [11] is used to solve this
linear system, which is treated as a least-squares
problem. The result is as follows :

if g; > 0, then
1 U 1 \Y
V=t =t

o, pp \/ﬁf 1 N «/ﬁf N7 3
1

— )

q

otherwise,

1 U 1 v
P I = Qi Qs = Q= O
e P2 P JNF O Nfg YN T Nfg

i
- q3)Ta (7)
q
where
1 na 1 w21
(Ch,Chy%)=( ﬁ ; g, (ud, =-J4), 'ﬁ' %5, (v,dz -Jd,), .

L8 s ud, = f Y, +2) 48,00, — i, Yy, + o))"
q = N N
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4.2 Computing landmark position from sets of
collinear points

The point locations of the sets of collinear points,
H’s and V;’s, are derived as follows. For each collinear
point set, suppose that the corresponding line direction
inthe CCS is d=(d,, d,, &)". Assume d=d,. for sets
Hys and d= d,. for sets V;’s. Actually, the collinear
points can be expressed as p, p+8,d, ..., p*+5,.d and
p+8y.d, where N = q for sets H’s, N = p for sets V;’s,
and §,,...., 8y, are the inter-point distances for that
collinear point set. Now, the location of p can be
computed directly by (7). Then, the locations of all p+q
collinear point sets can also be computed.

According to our experimental experience, we
choose the computed locations of the innermost points
of the landmark to evaluate the landmark position. The
averaged coordinates of these points are computed to
obtain a candidate landmark position. Two candidates
positions can be obtained since both sets H;’s and V;’s
are used. The averaged coordinates of them are
computed to be the final landmark position in the, CCS.
Finally, this position is transformed into (X, Ym Zm)' in
the VCS as the desired landmark position.

5. Case study: landing site location estimation by
identification marking for automatic helicopter
landing

In this section, a case study of the proposed
approach is presented. A single image of the standard
identification marking H on the helicopter landing site
is used to achieve the landing site location estimation.
According to the standards adopted by the ICAO [15],
an identification marking should be provided on the
landing site. As shown in Fig. 3, the identification
marking consists mainly of a letter H, white in color. H;
includes all the collinear vertices of p,;, Py, pis, and py
on line A;, and V; includes all the collinear vertices of
Py Px Py and py on line B, The position of the
marking is defined as the center point of the cross arm
of the H. This position is chosen to represent the
location of the landing site.

5.1 Landing site location by identification marking
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After line set A and line set B are exiracted from
the acquired image of the identification marking. The
process described in Section 3.2 is followed for the
estimation of the landing site orientation. At first,
intersections of line sets A and B are computed. Next,
the corresponding vanishing points and line directions
are obtained. After the desired axis directions of the
GCS in the CCS, d.., d,, and 4., are obtained, the
landing site orientation, ¢, B,, and 7, can be computed
by Equation (2), (3), and (4).

Eight sets of collinear points, H;’s and V;’s, can
be detected on the identification marking. By (7), the
locations of the eight collinear point sets can be
computed.

As described in Section 4.2, p,,, Py, Py, and pis,
are chosen to evaluate the landing site position. The
averaged coordinates of two candidates are then
computed to be the landing site position in the CCS.
Finally, this position is transformed into (x,, Yy, Z,,)" in
the VCS as the desired landing site position.

5.2 Image processing techniques

In this study, sets of parallel lines and sets of
collinear points are extracted from the identification
marking H by image processing techniques. The
employed methods are described as follows.

For each acquired landing site image, line sets A
and B are extracted first by images processing
techniques, including thresholding, edge detection, and
line detection. Since it is originally a visual aid for the
© pilot, it is reasonable to pre-select a threshold value to
segment the identification marking H in the image. A
computational edge detector [16] yields clean edge
points. The Hough transform [10] is applied to the
resulting edge points to detect candidate lines. The
detected candidate lines are then merged and improved
to derive eight lines which can be further divided into
two sets of lines. Eight sets of collinear points are then
computed. In the following, the identification of line
sets A and B from these two sets of lines is described.

The cross ratio [9] is adopted as a feature to
recognize line sets A and B from the two detected line
sets. By definition, the cross ratio of H;’s is 0.082 and
the cross ratio of V;’s is 0.585. The cross ratio of each
line set is calculated and line sets A and B can be
recognized by simple comparison of the computed cross
ratios and the pre-known cross ratios.

Afier line sets A and B are found, the detection

of the desired elements for the proposed approach is
finished.

5.3 Experimental resulis

Simulations have been done to verify the
correctness of the formulas derived in this section with
noise-free data. The relative errors of the landing site
orientation and position are both zero for each test data
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set.

Experiments on real images and error analysis
have also been conducted. An identification marking
satisfying the requirements of the ICAO was made. The
proportion of the length is 10:1. Two kinds of
measurements are used to compute the error. One is the
relative error of the angle between the computed landing
site orientations, d,. and d.. in the CCS, compared with
90 degrees which is the correct angle. The result is
shown in Table 1. The average error is about 3.6 degree.
The other is the relative error of the projection of the
computed landing site position on the image, the center
of the marking, compared with the extracted landing site
position in the acquired image. The result is shown in
Table 2. The average error is about 1.144 pixel. Both
measurements show acceptable results.

6. Conclusions

In this study, an approach to estimating the
landmark location by computer vision techniques using
parallel line information on the landmark is proposed.
This approach uses single images to avoid motion
analysis which is complicated and time consuming.
Only some analytic formulas is needed, which speeds
up the estimation process. The vanishing points of the
parallel lines of the landmark provide the information
for computing landmark orientation. The size of the
landmark is used to compute the landmark position.
Low hardware cost is also guaranteed since only one
camera is required. No equipment on the landmark is
needed. No information of the vehicle location or
motion is required. In fact, we can compute the vehicle
motion by a sequence of landmark location estimation.
A case study of the helicopter landing site location for
automatic helicopter landing by using the identification
marking on the landing site is presented. Acceptable
experimental results have been obtained both in
simulation and in testing real images.
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Pu Pu Puygy Py A,
Py Pn Prgny Prg A
Py Ponz Peaxen Pio1
Ay
Do Pp Priyty Doy
A,
B, B, " B, B,
Fig. 1. Iilustration of the landmark and the notations used in this
study.
image

optical axis
normal axis

lateral axis

vCs
loneitudinal axis
center of gravity
of vehicle

Fig. 2. The camera coordinate system x-y-z, the image coordinate
system u-v, the global coordinate system x ‘- “-z 7, and the
vehicle coordinate system.

0.8m 0.8m
— e - &
T Pu D12 Py Py A,
$ l P P22 Py D24 A,
f T Py a4 A,
l Py Py P Py A,
B, B, B, B,

Fig. 3. lustration of the identification marking H and the notations
used in this study.



(&) The original image.
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¢) The result of edge detection.

—

() The result of collinear
point detection.

(d) The result of line detection.

(f) The image processing result

shown on the original image.

Fig. 4. An image processing result.

Fig. 5. Projections of the computed four inner vertices of the
marking used to evaluate the landing site position on the original
images. The white points shows the results computed by the

collinear points H’s and d, ., and the black ones by Vs and d,..

Table 1
Experimental results for landing site orientation.

computed landing site orientation Angle between relative error

(s B T dy’ and dz’ (degree )
(degree, degree, degree) ( degree )

1 (44.7933, 152.0871, 50.6771) 88.0102 1.9898
2 (48.8344, 134.9871, 57.6695) 86.6913 3.3087
3 (132.3595, 34.3329, 52.6991) 88.0831 1.9169
4 (127.6449, 54.7279, 57.5232) 84.3836 5.6114
5 7 (44.9055, 123.8360, 63.2140) 84.7896 5.2104
Table 2

Experimental results for landing site position.

computed landing
site position

projection of

landing site relative error

computed landing position on  (pixel, pixel)

x,»,2) site position acquired
(u,v) image
(u,v)
(44.7933, 152.0871, (263.27,
1 50.6771) (263.59,248.07) 35,5500 (032, 1.20)
(48.8344, 134.9871, o (240.94, <
2 57.6605) (240.48, 230.65) 231.11) (0.54, 0.46)
(132.3595,34.3329, .. < (239.57,
3 52.6991) (257.86,220.51) 222.03) (2.71,2.42)
(127.6449, 54.7279, < (203.99,
4 57.5232) (202.97,245.76) 246.89) (1.02, 1.13)
< (449055, 123.8360, (295.18, .
5 63.2140) (294.03, 257.86) 257.37) (1.15,0.49)




