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Using 2-D laser scanner and omni-directional
vision for mobile robot |ocalization
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Abgtract : The paper discusses a new mobile robot localization method by meansof fuson of a 2-D

laser scanner and omni-directional vison. This 2-D laser scanner , which manufactured by SICK

optics, can measure precise distance and direction of reflecting points, znd this omni-directional

vison , which we developed , can identify some landmarks by extracting tie i2iob information from

theimage. The data extracted from both sensors are different in character , 0 they compensate
each other in the fuson method. A RoboCup middle size league soccer robot (goa keeper) is cho-

en to test the agorithm , experimentd results are provided.
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1 Introduction

An important problem in mobile roboticsislo-
calization!'!.
na snrs to regpond to its surrounding environ-

Normaly , a mobile robot uses exter-

ment and determine its podtion. There are many
requirements for these externa snsrs. Frs of
all , accuracy is important to more precise localizar
tion, and wider view are necessary for more robust
localization!®!. For achieving better environment
recognition, senor fudon is one of eficient way.
However , each senr must have sufficient capabil-
ity to achieve the most efficient environment recog-
nition'®!,

Vidon senors are getting used for mobile
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robots easly because of recent improvement of
cameras and procesrs. And al, a gecid mirror
attaching to a camera was developed and it became
easy to get omni-directiona view from a sngle inr
age. The omni-directional image can provide ome
landmarks information of the environment around
the robot. However , it is difficult to know precise
distance information of the landmarksfrom the im-
age, hence no information about shape of the envi-
ronment can be given.

A 2-D laser scanner isthe most popular senor
for indoor mobile robots, because it is smple and
givesprecise distance and direction information di-
rectly. It provides denser scans and more accurate
measurements as compared to other senorslike ul-
traoonic and infrared rangefinders. The measure
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ment provides clear features for an ordinary indoor
environment such as line ssgment , corners break
points S 2-D laser scanner can recoghize the
polygond obstacles of the environment eadly and
accurately. But unfortunatdy , it can t eadly rec
ognize objects which have not obviousfeatures such
asline ssgment and corners break points, hence it
is unable to known entire feature of the environ-
ment 4]

In this paper, we discuss a new method of
mobile robot localization. If the objects nearby the
robot are polygons, we can use the data extracted
from the laser scanner for locdization and data ex-
tracted from the vidon to verify. If the objects
nearby the robot have not obvious features such as
line ssgment and corners break points, we can
firstly use omni-directional vison to extract seg-
ment information and recognize these objects, and
then we can use data extracted from the laser scan-
ner to get the precise distance and direction infor-
mation.

2 Sensor modeling

2.1 2D laser scanner

We use the 2-D laser scanner manufactured by
SICK optics. The LM S200 calculates the distance
to the object usng the time of flight of pulsed
light. An extremely short pulse of light (infrared
laser beam) is transmitted towards an object. Part
of thelight isreflected back to the unit afraction of
a seoond later. A rotating mirror deflectsthe pul sed
light beam to many points in a semi-circle. The
precise direction is given by an angular senor on
the mirror (laser RADAR) . A large number of co-
ordinates measured in this way are put together to
form a modd of the surrounding ared s contours.
Udng the serid interface of the unit, measure
ments are tranderred in rea time to a host PC.

In all our experiments, 2-D laser scanner pro-
vides 180° coverage with 0. 5% angular reolution.
The range resolution isin the order of mm.

Detecting dl the line ssgments, corners, and
break pointsin a certainty environment is an easy
task. The senor provides a polar range data st in
theformof (d9) , where® isthe anglefrom 0° to

180° in step of 0.5° and d is the range vaue. A
model is defined to detect the corners and break
points by comparing the relation of any data point
with its neighbor points. In the tota of 361 points
of laser data per scan, break points are those points
satifying the following conditions!®’ :
abs(di - di-1) > abs(di+1 - di)L;
abs(dis1 - d) > K (i =2,3, ,360),
(1)
where d; is the disance of data point from the
robot podtion, returned by laser scanner , L and K
are predefined congtants, L is a codfficient to ex-
press the reation of neighbor laser point, K isa
least threshold for the break point, as shown in
Fig. 1.

Robot Laser

Fg. 1 The corners and break points detection
2.2 Omni-directional vison

The vidon system, which developed by our-
slves, condsts of an acrylic cylinder with a small
oolor CCD camera indde and the spherica mirror
on the top. A OB based frame grabber (L INX,
ZR3504TQC chips) which delivers the images di-
rectly to the main CPU memory.

We can use landmark detection method to get
the view angles to these objects. On the 22D map
of the environment , both the left and right edges
are conddered as landmarks'®.
phericd omni-vison, an object of
shape looks like a sector in the image, as shown in
Fig.2. The vison program converts at most eight
boundary points of each blob of specid color into
the polar coordinates to get the ranger of sector.

Because of the
rectangular

3 Fuson of 2-D laser scanner and
omni-directional vison

Here, we propose a smple snor fugon
method of the 2-D laser scanner and the omni-di-
rectional vison. Those laser and vison information
can complement each other based on the directiona
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Fg. 2 A sampleimage
informations. Therefore the fuson makes mobile
robot posible to do much better environment
recognition and sdlf-locdization.

As explained before:

a. The 2-D laser scanner can provide: precise
directions and distance to line ssgments, corners
and break points at the reflecting plane;

b. The omni-directiona vison can provide di-
rections of some landmarksin the environment.

S detected reflecting pointsin 2-D laser scan-
ner and detected blobs in vison are fused to give
environmental feature information based on the di-
rection with following methods:

a. If the objects nearby the robot are poly-
gons, we can use the data extracted from the laser
scanner for localization and data extracted from the
vigon to verify;

b. If the objects nearby the robot have not ob-
vious features such as line ssgment and corners
break points, we can firstly use omni-directiona
vidon to extract ssgment information and recognize
these objects, and then we can use data extracted
from the laser scanner to get the precise distance
and direction information.

4 Experiments

Experiments were carried out in dandard
RoboCup land. There are two corner flagposs and one
god. S nohile robot can use thee three landmarks to
o Hf-locdization. Sandard RoboCup land behind the
god keeper shown as Hg. 3.

comer {lagposts

Fg. 3 Schemeof experimenta environment

4.1 2-D laser scanner process

For RoboCup, instead of a net, a wadl is
placed around and behind the goa. The depth of
the god isat least 0.5 m. S the 2-D laser scanner
can eadly recognize it and measure the precise dis
tance and direction of the reflecting points such as
B, C, D, E, shownas Fig. 4.

TS5 10 05 00
Lim

Fg. 4 Experimentd result in the 2-D laser scanner

The corner flagposts are cylinders with a di-
ameter of 20 cm and height of 1 m. If thereis a
person (i.e a umpire) nearby the corner flagpost ,
the laser scanner canf t recognize which is the cor-
ner flagpost or the person. distinguish between the
flagpost and the person.

Resultant detected reflecting pointsin the ex-
periment are shown as Fig. 4.

4.2 \Vison process

In the vison , the camera takes an image usng
the omni-directional mirror and then process the
image to extract blob information. Resultant direc-
tions to detected blobsin the experiment are shown
in Fig.5.

4.3 Fuson

At the part of fuson, the detected blobs in
omni-directiona vison and the detected reflecting
pointsin 2-D laser scanner are fused based on the
direction information.

The fudon agorithm is asfollows:

Initialize state of robot podtion
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FHg. 5 Blob extracted by the omni-directiond vison
deltangle=0.5
for i=1 361 do
Laser scanning
end for
if FoundGa TowPost () then
Locdization by tihe rati extracted from
the laser scanner ;
Verify by the data extracted from the vi-
gon;
end if
e
if OnlyFoundGoaOnePost () then
Cet the blob information of the corner-
post by vidon;
Get the direction information of the

cornerpost ;
Get the precise distance information by
laser ;
Locdlization;
end if
end dse

Updating the state of robot podtion
Result fused datain experiment shown as Fig.

From the result of experiment , the method of
fudng the disance and direction information ex-
tracted from the 2-D laser scanner and the blob in-
formation extracted from the omni-directiona vi-
son can obvioudy improve the robustness and pre-
cison in mobile robot localization.

(b} wision

(c) fused

FHg. 6 Fused experiment result
Further work will be focused on rea-time lo-
calization estimate and 9 multaneous mgp-building.
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