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Abstract

This article deals with the modelling and simulation of a mobile robot with a laser range finder
and map building. The simulator is built in the Matlab Simulink environment, thereby taking
advantage of the powerful Matlab toolboxes for developing mapping, localization, SLAM and
navigation algorithms. The simulator includes the models of a mobile robot, a laser range finder
(LRF) and the environment. The purpose of the modelling is to create a simulation model where
different algorithms for mapping can be tested. We assume a two-dimensional environment and
that the robot knows its own pose. The two-dimensional model of the environment is built
with line segments. The line segment is defined with two points on the line and the normal
line equation. The laser range finder model in each time step gives the set of distances to
obstacles (e.g., a wall) at anglesto 180°. We assume that the influence of the LRF’s noise

is proportional to the distance of reflection point from the robot. In this way we can test the
robustness of mapping algorithms without knowing the real noise distribution. In an S-function
the 2D environment model and the LRF model is simulated and in another S-function the map-
building algorithm is implemented. The robot with its LRF is also animated with Matlab’s
Virtual Reality toolbox in a 3D environment. A map-building algorithm is developed and tested
with a simulation. The line segments, extracted from the LRF’s output in each scan, are made
up of polylines, which are merged with the existing global map to form a new global map. The
global map of the environment is represented by unions of line segments, where each union
represents an object in the environment. In this way the search strategy to find pairs of line
segments for localization purposes could be faster than with an environment map, which is
composed of only one set of line segments.
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1 Introduction erful tool for developing all kinds of algorithms. The
- o L . simulator includes the models of a mobile robot (Fig.1
Map building, localization and navigation are impor- ) 3 |aser range finder and the environment. The pur-
tant issues in mobile robotics. To develop and test aéose of the modelling is to create a simulation model

gorithms for executing tasks of this kind, it is usefulnere gifferent algorithms for mapping can be tested.
to have a simulator of a mobile robot equipped withye 455ume a two-dimensional environment and that the
sensors in a static environment. Since a Laser Ran

96bot knows its own pose
Finder (LRF) is often used as the basic interaction be- P

tween the robot and the environment, the represented 5(t) = [Zrob (1), Yrop(t), Prop(t 1
mobile robot model also includes a model of the LRF. PLE) = [ron(t), Brob (1), ron ()] @)
The problem of robotic mapping and localization hast time t, in a global frame of reference (Fig.1 (a)). The
been widely studied. A robot must know its own poselenotation for timet, will be subsequently abandoned
(localization problem) in order to build a map, and thefor simplicity.

robot also needs to know the environment map (map:

ping problem) to localize itself to its current pose. Th -1 Robot Model
problems of mapping and localization can be handle®he kinematic model of the robot is given by the fol-
separately if the robot's pose is given to the robot byowing equations

a human or from using GPS and INU sensors (outdoor

environments) when map building. The map of the en- Zrob = U COS Prob,

vironment can then be used to solve the localization Urob = U SIL Qyop, )
problem. To avoid the known robot’s pose assumption,
a SLAM (Simultaneous Localization and Mapping) al-

gorithm must be built, where the problems of localizay here the inputy denotes the tangential speed, input
tion and mapping are merged. The robot can localize it;, jenotes the angular speed,.{,, y,.;) denotes the

self by odometric measurements and by comparing thﬁbsition of the robot in global coordinates, ) and

local map, obtained from the current view of the robot,, “genotes the orientation of the robot according to
with an already built global environment map. In [1]{he global coordinate axis,:.

a comprehensive survey of the SLAM problem is ad- _
dressed. In the literature different approaches to thé2 Environment Model

map building were proposed. A top_ological map [Z]The two-dimensional model of the environment can be
is composed of the nodes representing topological Ic€—LIiI

¢T'ob =w,

cations and the edges between the nodes. These node t with Ime segments. The line segment Is deﬁned
S ; ' two points on the line and the normal line equation

contain information about the way to reach a connecte

topological location. In [2] the metric and topolog-

ical paradigm are integrated into a hybrid system for

map building. A global topological map connects localyhere the parameter. denotes the distance of the line

metric maps, allowing a compact environment modefrom the origin, parametes; € (—=, 7] denotes the

which does not require global metric consistency andirection of the line normal passing through the origin

provides both precision and robustness. The metric agndz, v are the global coordinates of the points ly-

proach builds a map with occupancy grids or with siming on the line.

ple geometrical features (e.g., line segments). Occu- )

pancy grids require a huge amount of computer men-3 Laser Range-Finder Model

ory and are therefore not appropriate when modellinghe |aser range finder in each time step gives the set

a large environment [3]. In this paper we chose Iin%f distancesi, = [dyoe, ..., ds150¢] to obstacles (e.g.,

segments for the environment model as they require a

smaller amount of computer memory. In [4] a com-@ Wall) at angleg); = [0°, ..., 180°]. We simulate a

rgcosa; +ygsina; —p; =0, 3)

sented by polygonal curves (polylines), possibly contFig: 1 (b)) and all(j = 1,..., ) the lines describing
taining rich shape information for matching environ-the environment line segments with determinants and
ment scans. However, some environment objects c&f/culate distances

not be represented by one polyline (consecutive line — —
segments). Therefore, each environment object is repd(i:J) = \/(fﬂz‘p(ld) = Trob)? + (Wip(i, J) — Yrob)?

resented by the union of inconsecutive line segments in (4)
this paper.

) If there is no intersection point between the lines, this
2 Simulator is labelled with
The main reason to develop a new simulator instead of d(i,j) = D; D > dmas, (5)

using one of the many already available is to study navi-

gation, localization and mapping algorithms in the Matwhere d,,,,,, denotes the maximal range of the LRF

lab Simulink environment. Matlab and its tool-boxes(e.g.,80m). In the case of concurring lines the near-

(e.g., Fuzzy Logic, Control, etc.) represent a very powest point of the environment line segment to the robot
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mented in Matlab Simulink with a simulation scheme
using theode45 integration method. For simulation
purposes it is enough to control the robot with the in-
putsv andw. The robot’s pose (1) is the input in
the S-functions Animationand Mapping In the S-
function Animationthe 2D environment model and the
LRF model is simulated. In the S-functidvlapping
the map-building algorithm is implemented. The Robot
with its LRF in a 3D environment which correspond
to the already described 2D environment model is ani-
mated in Matlab’s Virtual Reality toolbox. Input in Vir-
tual Reality blockV/R Sinkis robot’s pose (1) and set of

LRF's distanced,, at angled..

Laser beam
line v

Zg Xg Lv Koo

Fig. 1 (a) Coordinates of the robot according to the ’

global coordinates. (b) Intersection point between the
laser beam line and the environment line.
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Fig. 2 Structure of the simulator

(zrobs Yrob) 1S Chosen as the reflecting point. Be-

cause the intersections between the lines are calcu-

lated, the intersections behind the robot and the i3  Mapping algorithm

tersections in front of the robot, which do not lie on

the environment line segments, must be eliminated (l&ssuming that the robot knows its own pose (Eq. 1)) the
belled with Eq. (5)). Furthermore, we choose a poin€alculated reflection pointr(; (i), yg (4)) according to

with the minimum distance from the robak(i) = the global coordinates is
min(d(i, 1), ...,d(i, N)) as the reflection point. So,
if there is no intersection point between the- th 26 (i) = Tyop + d(i) cos O (i),
laser beam and all the environment lines, the distances ya (i) = yYrop + d(i) sinfg(i) and
d(i,:) take the valueD andd(i) = D. If there are 06(i) = (1o — 90°) + 0, (3); (8)
more environment lines in front of the robot, the near- ¢ . — \frob sV
1= ) 7”7

est intersection point is chosen as the reflecting point
of the laser beam. We define the vectors (Fig. 1 herefi (i) d hel b | g
S . - T (5 i tes the laser-beam angle according to
() @ = (€08 Prop, i rop, 0) ANAd = (w4 (i, j) —  YWMErele(n) deno ; :
Tran Yin (12 7) —Yron 0). If the dot producﬁ-cf< 0. the the global coordinate frame (Fig.1 (a)). All consecutive

; : . o
intersection point lies behind the robot and it is elimi points (8) by which a reflection has occurretl <

|_ . . .
nated. Iff,(i) equals0°® (180°) and there is an envi- dmaz) are clustered, other pointg(g) > dina.) are ig

’ . 3 . nored. If there is only one point in a cluster, it is also
ronment line on the left (right) side of the robot, an in-; y P

: : . . ignored. Each cluster is then split into more clusters
tersection point between lines, which does not appeﬁq b

. CE L the distance between two following points is greater
m:zrt]he real LRF, is eliminated. This situation happeng,an, the threshold. Finally, every cluster is reduced in

the set of consecutive line segments or polylines using

the split-and-merge algorithm (it is fast and has good
(6) accurate) [4] and least-squares line fitting. The line

segments are defined with edge points and line param-
where the operatox denotes the cross product. Weetersp, (the distance of the line from the origin) and
assume the LRF noise model using ay € (—m, 7] (the direction of the line normal passing
through the origin).

g=axd=(0,0,cs),
cs >0 (c3 < 0),

dnoise() = d(i) + ) N(0,0), (7)
where N (0,0) denotes the normal distributed noiseEach local mags (Fig.3) represents a set of polylines
with zero mean and variance. If the distancé(i) is (51, 52), and each polyline is composed of consecu-
large, the influence of the noise is proportionally largetive line segments described with line parameters and
In this way we can test the robustness of mapping alg@edge points. The global ma@ (Fig.3, right) is com-
rithms without knowing the real noise distribution. posed of the uniong{1, G2 andG3) of line segments,
which represent objects in the environment. The local
map S is united with the previously built global map
Figure 2 shows the structure of the simulator built inG,;4 to get a new global maginew = S U Gorp.
Matlab Simulink. The continuous model (2) is imple-When a robot makes its second local nfapGorp is

3.1 Integrating the global map with the local map

2.4 Structure of the simulator
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Gpw=S U G,,,= (51,52) U (G1,G2) G=(G1,G2,G3) G=(G1,G2,G3)
= (G1,G2,51,52)

‘oo [t ) 1% [
o/ s\ =>_ I \=>_a/T\
Oy Gmue Oy $asy

G3=S1
Fig. 3 Integrating the global ma@ =(G1, G2) with the local maps =(51, 52).

equal to the local mafr;rs7, Obtained in the first en- lines (e.g., 1000) and the local environment map is
vironment scan. When uniting§ andGop each line also composed of a set (e.g., 10) of local environment
segment of the setdp1.p, S) is compared to each line lines. For localization purposes the line segments of
segment in one loop. We define the conditions the global map that correspond to the same environ-
ment line segments (e.g., a wall) as the line segments
clia+b<l(L1)+T of the local map, must be found. The line parame-
2:c+d<(L1)+T ters of the local (robot’s coordinates) magg,pLi) are
3iate<l(I2)+T reco!”nputed to global coordinates accordlng to the ap-
’ (9) proximately known robot pose [7] (the prediction step
cd:b+d<I(L2)+T of the Extended Kalman Filter). In general, parame-
c¢h:rl <R, c6:1r2 < R, ters gk, par) Of each global line must be compared
T:r3<R, 8:14<R, to recomputed parameters’(;, p’; ;) of each local line
to find the corresponding pair of lines. In large envi-
for merging the line segmentsl and L2 (Fig. 4), ronments this can take a huge number of comparisons
which correspond to the same environment line sede.g.,1000 x 10). If the sum of the squared differences
ment for the threshold®' and R, wherel(Li) denotes (acr — o;)? + (par — pp;)? is below a threshold,
the length of line segmerti. If at least two of condi- the lines can be chosen as a corresponding pair. In our
tionsc; (i = 1,2, 3, 4) are satisfied and if all conditions mapping approach the map is composed of unions of
¢; (i = 5,6,7,8) are satisfied, two line segments ardines, where each union corresponds to an environment
merged. If the conditions, andc, or the conditiong3  object. Itis very likely that objects seen by the robot in
andc4 are satisfied, two line segments are also mergethe previous environment scan are also seen in the cur-
rent environment scan. There could be many line seg-
ments that are seen in the current environment scan that

~ correspond to objects (unioid&) seen in the previous
V a ! environment scan. The search strategy can be faster if
A r the line pairs for the comparisons are first found among
4 ~\ R all the global lines that correspond to the environment
objects seen in the previous environment scan and all
Fig. 4 Line segment&1 and L2. the local lines (recomputed parameters) of the current
scan.

When merging two line segments, new line-segmerft  Results
parameters are computed by uniting the edge poin
of both segments, as indicated in [6]. If the merge

line segments belong to different unions, the unions a N . . ; ;
merged (Fig.3G1 v mw = GloLp U S2). The loop of I%now experiments at different values of LRF noise vari-

comparison is then repeated. If the conditions for merceo (0-07m, 0.42m and0.63m) and a fixed value

) o d = 14m (Eq. (7)), where the global environment
ing any two segments are not fulfilled in the next loop, ™** “~. . .
the loop is stopped. map G is built. The environment scans are taken at

posespl, p2 andp3. The experiments shows that our

In [7] the SLAM algorithm for a line-based environ- mapping algorithm is robust, even at a lot of noise from
ment representation is described. Let us assume ththe LRF. Our mapping approach builds a global map
the global environment map has already been built wittvith many sets (unions) of line segments, which cor-
the SLAM algorithm and we are dealing only with respond to the environment objects. Compared to oc-
a localization problem now. The global environmentupancy grids [3] the environment description with the

map is composed of the set of the global environmerine segments requires a much smaller amount of com-

ig. (5) (a) shows a simulated LRF, a mobile robot
d a 2D environment. Figures (5) (b), (c) and (d)
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Fig. 5 (a) Reflecting points of the LRF in a 2D environment. (b), (c) and (d) Experiment of building @&ap
(G1,G2,G3) at d4, = 14m and (b)o = 0.07m, (¢) o = 0.42m and (d)o = 0.63m.

puter memory. In [5] the environment is represente®
by polygonal curves (polylines), possibly containing1
rich shape information, which can be important Wherl; ]
matching consecutive environment scans for localiza-
tion purposes. The object represented by the union %
the linesG3 (6 lines) in Fig. 5 (b) could not be repre- ]
sented by one, but four polylines (consecutive line seg-
ments) seen from the left, right, lower and upper sides
of this object (4 lines). Environment representation
with polylines could require more computer memory[3]
than our representation with unions of line segments.

Fig. 6 shows a 3D animation of the robot with its LRF4
in a city environment. Animation model is constructe

in the Matlab Virtual Reality toolbox. Fig. 7 shows
built global-map of the city environment and the reflect-
ing points of the LRF atl,,,,.. = 80m ando = 0.04m.
Each environment building (object) is represented witlrns]
four line segments.

5 Conclusion [6]

In this paper we represent a simulator of a mobile rob t7]
with a LRF in a static environment and propose a mag-
building algorithm, which is tested on the simulator.
An environment map describes each environment ob-
ject with a union of line segments. In this way the
search strategy to find pairs of line segments for lo-
calization purposes could be faster than with an envi-
ronment map, which is composed of only one set of
line segments. The mapping algorithm is fast enough
for real-time applications and will be integrated into the
SLAM algorithm in the future.
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Fig. 6 3D animation model of the robot with its LRF in a city environment.

N

P

Fig. 7 Global map of the city environment and the reflecting points of the LRF, gt = 80m ando = 0.04m.
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