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STEREOSCOPIC ROBOT VISION SYSTEM

Abstract

The visual system is one of the most important sensors in
robotics. It is used by the robot to acquire information
about the world, to be able to navigate in it. A stereoscopic
system allows the robot to easily determine the distance of
the objects in its vicinity. This paper discusses a
stereoscopic system, which allows the robot to locate a
flight of stairs and to determine its orientation. The main
steps in solving this task are as follows: edge detection is
applied on the stereo image; then the analytic form of
theses edges are calculated using Hough transformation;
stereo matching is done using the starting points of the
edges, the distance of the stairs is derived using
triangulation. Finally the orientation of the stairs is
calculated using geometric equations.
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1. INTRODUCTIONAL REMARKS

Robotics in the modern world is gaining more andrano
significance. The field of robotics, which aims toeate
human-like robots is called humanoid robotics.

Robot vision is a very broad scientific field. Somkits
interests are: visual servoing, pattern recognitistereo
vision, etc. Stereo vision is one of the more intgualr parts
of robotics, because of its significance for movingan
unstructured environment.

This paper introduces a stereo system designedsi®rin
anthropomorphic robots as for navigation in an wwkm
environment. The emphasis was set on detecting
analyzing simple, prismatic objects like: stairsples,
prismatic obstacles, etc. Special attention wasowel to
scenes containing stairs, which the robot analgsesthen
approaches.

A virtual simulation environment is programmed festing
the designed algorithms in every phase of developme
Finally the system is tested on a small-scale reafobot in

a real-life human environment.

2. ELEMENTS OF MACHINE VISION

This chapter introduces some of the basic elem@nts
machine vision, which are of use later in this paliee
edge detection, feature extraction and trianguiatio

2.1Edge detection

Edge detection is an image processing method. At th
places, where a function has an intense inclinatiom first
derivative will have a local extreme value [5].the case of
2D images, the mathematical operator gradientesl.u$ is

a two dimensional derivative which is directed todgthe
biggest rate of change in the vicinity of the point
considered.

So as to detect edges, local extreme values ofjrddient
must be found. In the case of digital signals,gredient is
approximated with the following equations:
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where d, and dy is the horizontal and vertical distance

between two adjacent samples (usually equal toThg
magnitude and orientation of the gradient can lpressed
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2.1.1The Canny method

and This algorithm, in addition to the gradient caldigda, also

contains other steps for improving the results bé t
detection. Its distinguishing marks are the twoeshiold
values [6], which are to be explained in the folilogv

The algorithm can be divided into 6 steps:

1. In the first, a digital Gauss filter is applied ttee
image as to suppress the possible noise

2. After the elimination of noise, a 2D gradient is
used with extended convolution matrices:
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3. The orientation of the gradient is calculated using
the formula (1.3).

4. In the fourth step the orientation of the gradieit
each point is classified into one of 4 groups. &ample,
lines with orientation between 0 and 22.5 degrees the
ones between 157.5 and 180 are assigned into diss of
0°. In this way, the exact value of the orientatiin
substituted with classes.

5. Next, the non-maximum edge points are
suppressed. In this step the edge line is follobgdhe
class information. Every edge point that is not the
orientation of the previous points class, gets ielated.
Only those points are left which have corresponding
orientation class.

6. In the last step, the continuity of the edge lige i
assured. Two thresholds are introduget,and p2, where
pl>p2. All the points on the edge, which have intensity
larger tharpl are automatically confirmed. If its intensity is
less tharpl but more thap2 then the point is going to be
confirmed only if it has a confirmed point in anjaxknt
square. Otherwise it will be deleted.

This last step is the main innovation of the Canmgthod,
which makes it very effective. In this paper, thigthod
will be used, because it gives narrow (5th step)l an
continuous (6th step) edges.

2.2Hough transformation

This transformation belongs to the group of feature
extraction methods. It is intended to extract ragigatures
[4] from the images, e.g. lines, circles, ellipsets,. All of
these forms can be expressed analytically (i.eutit an
equation).

In this paper the Hough transformation is used xivaet
analytic expressions of lines. Because of this,nttethods
subtype designed for lines will be explained in the
following. A line can be parameterized in the x-kane
like:

Xcosg+ysind=r, (2.1)

where r is the length of the normal of the line, which
normal intersects the coordinate origin (0,0), efdl is the
angle between the normal and theaxis. For any point on
a particular line, the values of andd are constants.
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Figure 2.1 Parametric description of a line
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In this way, Hough transformation is a projectioanfi the
(x,y) space into(r,d) space. Equation (2.1) shows that
points in the first space are really sinusoidalvesrin the
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second space. If Hough transformation is appliedaon
image derived by edge detection (a binary imad@n the
brightest points in the(r,8) plain will be the ones

corresponding to the straight edge lines [4]. Fgdiocal
maximal points will yield in edge detected line atians.
The familiar form of an equatiory=ax+b is gotten by

expressing the parameters in the following way:

_cgs@ b=_'
sing@

“sing’ (2:2)

2.3 Stereoscopy - triangulation

Stereoscopy is a way of seeing objects in 3D. Td& df it

is to be able to determine depth of view, objestatice,
object proportions, etc. in the scene. Triangutaitoa well-
known method of calculating the distance of objects
knowing the angles under which the object is seem fat
least two positions and knowing the distance betvthese
two positions [3]. In this way triangulation is skly related

to stereoscopy, because it gives information abmtance,
one of the most important elements of stereoscopy.

)
/

projection plane

N

Figure 2.2 Triangulation using two cameras

Knowing the angless and S as well as the distance

between the two cameras, the next equation caretieed
to give the distance of the object:

d= ZM . (23)
tga +tgs

3. SIMULATION SYSTEM - VIRTUAL SCENE

The virtual scene is a 3D environment, which existly as
a software simulation. It contains virtual objedights and
virtual cameras. Cameras are used to get 2D imafgte
scene, just like in real world.

In the following, the main steps will be given tap&ain
how the simulation works. The first step is the wasition
of images from two stereo cameras, which are then
processed and analyzed as get information on abjbet
are present in the scene. Under analysis, we mésn
determination of distance of objects and their maegon
compared to the camera. Finally the virtual robot
approaches the object (stairs) so as to be pawmiiblthe



front edge of it. It is important to emphasize,tttiee robot
knows the geometry of the system only through taera
images.

3.1 Virtualcameras

Knowing the coordinates of a point on the cameragie, it
is easy to determine the angle under which it éndgy the
camera:

a= arctarE—tar(amaX/ 2) D(J :
Xmax/ 2

where a,,,, is the width of the field of viewx,,, is the

resolution of the camera. In this way, the necgsaagles
are gotten for triangulation.

The cameras are positioned in a so-called canonical
configuration. That means that their optical axes a

parallel, the projection surfaces are in the sataeepand
their upper edges belong to the same line. Inulag, the
stereo pairing of a point on the stereo image®iedn the
same horizontal line.

3.3 Image processing

The first step after acquisition is the transforiorabf color
into intensity (grayscale) images, because theovdtig
algorithms can work only on such pictures. ThenGaany
detection is invoked (described in 2.1.1). The bina
pictures (black-white) of the detected edges ant &ethe
blocks for Hough transformation, which extractsgmaetric
information on the lines present in the scene gxiibed
in 2.2). The result of this method is a continu®3
grayscale image from which the local extremes nhest

extracted. As explained in 2.2 the maximum points

represent the straight lines in the x-y plane his tvay, the
parametric line equations are gotten.

3.4 Analysis and reasoning

The analysis begins with searching for the begigrand

ending points of the parametric lines on the lefesstereo
image. It is done in the following way: the anatlines are
followed until a discontinuity in the edge is readhlf it is

a discontinuity from black to white dot, then thdge

begins, otherwise it ends. These points are therest
paired with the right-side image. Pairing searcdase on
the same horizontal line as in which the point lesthe

left image. Stereo pairing is a demanding procbsd,uses
2D correlation calculation for each point of theeli[1]. The

point with the best correlation result will be deeld as the
right pair of the point on the left image. Corr&atusually

gives good results, because the to images are sjuiitar

due to the small parallaxes.

Calculating the angle 8

The algorithm for calculating the angte entirely based on
geometric equations. No approximations were used.

Equation 2.2 shows how to calculate the anglesenfield
of view of the camera knowing its position on ttemera
image. This calculation is valid for both x andxisa
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In order for the robot to be able to approach tizérs it
must know what is the angle between him and theoblif
the horizontal plane. This angle is designai@dwhich
must be found knowing only the angles in the imgg«)
and also the inclination and height of the camera.

kamer:

stepenist
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Figure 3.1 Angles in a) horizontal and b) vertigine

After the deduction of a series of geometric equej we
get:

cosﬁj , 3.1)

6= arctarEtana—
cosgp

where a is the horizontal angle in the pictur@ is the
vertical angle in the picture andp is the camera
inclination.

The phenomenon of inclined edges

Using perspective projection, an interesting effeah be
noticed: near the border of the image the lines #na in
real-life parallel to the border, appear to be imed. It
doesn't happen with the lines going through thetereof
the image. The closer the line is to the bordeg th
phenomenon is more emphasized.

Figure 3.2 The phenomenon of inclined lines

This effect appears when the lines are not parafisl the

projection surface, because then some points ofinthere
situated closer to the surface than others. l.eenwthe
camera is inclined forward, the upper part of thggztion

plane is getting closer to the scene while the fopat is
getting more distant. In that case when a raygtfticomes
from one of the upper corners, inclining the cameit

cause the light to move up and away from the cefiteis

deviation can be corrected with the following eduorat

a =arctan X 3.2

Xmax/ 2 i + 2 |
tar(amax/ 2) Y




Calculating the distance of objects

With the basic method of triangulation the righgkn
distance of the object is gotten.

Figure 3.3 Geometry in the triangulation plane

But in this work the distance of the object frone tentral
point M is needed:

d
e = )

(3.3)
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sin arctaniOI
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where d

Figure 3.4 Calculation of the operational lengths

The operational lengthss, and s,
calculated as follows from the figure:
S =€, Sin(@+90- 1)

S, =€,,Ccos@ +90-1)

for approach are
(3.6)
3.7

Knowing them, the robot can perform its actionse3écan
be divided into the following steps:

is gotten from equation (2.3) and the other

elements are explained on figure 3.3. The calcdlate

distance must be projected on the x-y plane. Kngwire
angle of inclination of the camerd, the task is trivial:

ey =€sing. (3.4)

Finally the projection of the anglg on the x-y plane must

be expressed:

tan
tanA = _y .
sin

(3.5)
3.5Simulation of the robot's actions

To perform the action of approaching the stairs
following information is needed:

a) 2 b)

[ v?|

the

 the anglé in the horizontal plane between the robot

and the object
* the projection (on the x-y plane) of the distantthe
object from the central poing,,

- the angle/
It is enough to know only these elements so asdbet can
perform its actions in case a flight of stairsridfriont of it.
The robot must approach it so, that the front edigéhe
stairs must be parallel with the line connectioe two

cameras and every time the robot must be on a amnst
distance. The starting position is in the genewdecas

follows:

d)

>

o0 »

Sy
X

Figure 3.5 Robot actions

In step a) the robot turns in an angle3” — & so as the
optical axes will be parallel to the front edgetloé stairs.
Then, in step b) the robot is moving straight famvarhe
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distance it should prevail is equal to the sumsyf and

some value,A. This value is added so the robot doesn't
approach exactly the left edge of the stairs,somewhere
in the middle. Step c) is turning back in a righgi. This
way, the robot is parallel to the front edge of #iairs.
Finally the last step d) is performed in which tlebot

passes the straight distanceSyf.

4. EXPERIMENTAL VALIDATION

The goal of experimental realization of the vissgdtem is

to check the theoretical and simulation algoritimdal-life

situation. The experimental system consists of &ilmo
robot, that analyzes the scene and then approdtiees
stairs. It is not a walking biped (as the goalfplath) but a

wheeled robot. The reason for this is of courss, ttie

biped is not produced yet, but the validation mbst

performed.

h h.: _____ stereo camer.

notebook
, computer

__- Chassi

Figure 4.1 Mobile robot

The main parts of the robot are:

« the stereo cameraswhich are the most essential part of
the system; two Logitech's QuickCam for Notebooks
Pro web cameras were selected for the task witblé f
of view of 30°x40° and a resolution of 640x480 fxe
the cameras must be mounted in the canonical way
a_notebook computewhich performs all the signal
processing; an Acer Aspire 1312 is used with AMD
Athlon 2000+ 1.66 GHz processor and with 256Mb of
memory
electronic circuits- they are comprised of a AT89C52
controller  (with its environment and RS232
communication with the PC) and a driver electronics
board
motors— step motors are used for greater precision.

The analysis of the scene is performed exactly ilikéhe
simulation. A test image and the results of thelymigs are
shown in the following:
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Figure 4.2 Camera imageof the real-life stair nhode

Figure 4.3 Detected edgs, Hough lines, distam&j

The experimental results of determining the distaotan
object based on the above gotten pictures gave the
following results:

€racun [CM] €om [CM] | Ae [cm] de [%]
97,43 97,1 0,33 0,40
119,39 120,5 1,11 0,92
89,31 88,5 0,81 0,91
88,93 88,4 0,53 0,60
91,12 90,8 0.32 0,35
90,84 89,0 1.8 2,02
101,46 99,5 1,96 1,97
102,88 101,2 1,68 1,66
78,21 76.0 2,21 2,91
73,72 71,8 1,92 2,67

Table 4.1 Distance measurement results

In further testing, eight cases of robot approacerew
conducted. The results were as follows: the robotseded
in six cases to precisely position itself in fraftthe stairs,
while in two cases it didn’t. The errors were istsenumber
4. and 6. Analysing the errors it made, it was bhed,
that in the first case the stereo matching systémndt
succeed in its task due to high noise in the imagkde
the other fault happened because an imperfectiothén
electro-mechanical part of the mobile robot.



6. DIRECTIONS OF NEXT RESEARCHES

5. CONCLUSION . . .
The presented visual system was projected for watk
This paper demonstrated that the proposed stengiesco prismatic objects. In further development the émgst

visual system is a viable solution of the requitagk. It algorithm should be generalized to be able to wweith
was shown, that the problem of approaching a stsércan objects that don’t have straight edges. After tiveimen the
be solved solely with the use of the stereo imamed robot would be able to recognize a large rangeiftéreént
knowing only the camera inclination and height. The obstacles, a cognitive system should be develomiugu
deducted geometrical equations in combination \wdme artificial intelligence. That would mean that thebot
well-known image processing methods (like Cannyeedg would be able to classify and learn to recognizev,ne
detection, Hough transformation, etc.) are welkezlifor unfamiliar types of objects.

solving problems of this type.
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