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Abstract. This paper presents a scheme for the indoor simultaneous localization
and mapping (SLAM) problem. The scheme is based on the scan matching
method and is treated as an optimization problem solve by the Simplex method.
The two-dimensional distance transform method is used to facilitate the cost
value evaluation. In order to register scanned maps with built map through
maximum overlap between the maps, a predictive algorithm is proposed. The
algorithm can not only reduce search scope but also discard unexpected objects
that may cause false match. The approach is investigated by an experimental
platform with differential drives. The ICP-SLAM is also implemented for per-
formance comparison. Experimental result shows that the prediction algorithm
can improve accumulation error in the indoor environment.

Keywords: Simultaneous localization and mapping, Simplex method, Iterative
closest point.

1 Introduction

In order to make mobile robot to have intelligent behavior such as path planning,
obstacles avoiding. Mobile robot needs to know its position within environments. Self
localization and map construct is an importance issue and need to be solved. This
problem also calls a simultaneous localization and mapping (SLAM) [1][2][3][4].
Two-dimensional laser range finder (LRF) is one of the common used sensors to
solve this problem. In laser scan matching method, the position and the orientation of
the vehicle is estimated by rotating and translating the current scanned map and com-
pare to the reference map until the max overlap is achieved. In modern SLAM
approaches, some research use extended Kalman filter (EKF) to combine the informa-
tion from laser scan and odometry data to solve SLAM problem. This form of SLAM
is known as EKF-SLAM [5][6]. The main problem is laser scanned data need to be
analyzed and to form a set of feature points. These feature point usually come from
the geometry properties of scanned data such as corner, line curvature. Due to the lack
of feature point detection, this may cause lower system performance and inaccuracy
map mapping. Another kind of approach is used scan matching method. This method
can be categorized into feature to feature, point to feature, point to point. In the
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feature to feature approaches, the property of laser scanned data, such as line seg-
ments, corners are extracted then matched directly [7]. This kind of approach requires
the extract features from laser scanned data precisely. In the point to feature ap-
proaches, the feature such as line is extracted from reference scanned data and forms a
predefined map. Then current scanned data is matched to this predefined map. The
point to point approaches do not need to analysis scanned data. The iterative closest
point (ICP) is the most popular method to align two different point set [8][9]. In this
method, the smallest Euclidean distance for every point in current scanned data to the
reference scanned data is calculated to be the cost value to estimate the best overlap.
The ICP method has better convergence performance in translation then rotation. The
IMRP method [9][10] is then proposed to estimate the rotation.

In this paper, we present a scheme to solve SLAM problem. This scheme treat
mapping problem as an optimization problem. In order to achieve the fast conver-
gence, Simplex method is used and Occupy grid map method is used to reduce the
size of computation data. Unlike the ICP or IMPR, Euclidean distances are pre-
calculated and form a distance map before optimization process. A predict algorithm
is used to find out the maximum overlap in two different maps.

The rest paper is organized as follows: distance transform is described in section 2.1.
The concept of prediction algorithms is described in section 2.2. The Simplex method is
described in section 2.3. Then the experiment is in section 3. Finally the conclusion is
shown in section 4.

2 Method

2.1 Distance Transform

The concept of distance transform (DT) is to calculate the Euclidean distance from
certain position on map to the closest obstacle. The example of DT is shown in Fig. 1.
Before distance transform, the value of obstacle position is set to zero and other posi-
tion is set to infinity (Figl. (a) ). After distance transform, the distance of every non-
obstacle position to the closest obstacle is set, as shown in Fig 1. (b).
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Fig. 1. (a) map before distance transform. (b) result of distance transform
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Fig. 1. (continued)

In this paper, data from laser range finder is formatted as the angle (¢ ) and relate
distance (d) can be denoted as:

¢ 9, 0.9
D= 1 2 3 n (1)
d d, d,..d,
The D are then transform into Cartesian coordinate and expressed as:
X, X, Xy...X,
DC — 1 2 3 n (2)
Vi Y2 Vzeerdy

According to D., an obstacle map can be built, as shown in Fig. 2.
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Fig. 2. Obstacle Map

Then the distance transform are then applied on obstacle map to form a DT Map. If
we take the value of distance as Z-Axis, a three-dimensional figure can be form as
shown in Fig. 3. In this figure, the darkest color (blue) indicates the position on the
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0 4o

Fig. 3. The result of distance transform

map is closer than the bright color (red). This map will be used to generate cost value
in the optimization process.

2.2 Map Prediction

For the two different time step scanned map (P(f), P(t+1)), maps will change due to
the motion of vehicle. Compare to these two maps, some points will disappear and
some point will be discovered. These points will affect the mapping result. In order to
find out the max overlap area, a prediction algorithm is proposed. According to the
odometry of vehicle, a roughly position of vehicle can be estimated. By using this
information, a virtual laser scanned area can be applied to predict the overlap points.
The concept of map prediction is shown in Fig. 4; the rectangle indicated the virtual
scanned area. The figure 4(a) shows the predict area from P(f) to P(t+1). And the
Fig.4(b) indicated the predict area from P(¢+1) back to P(¢) in the forward motion.
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Fig. 4. (a) Prediction P(¢) to P(t+1). (b) Prediction P(¢+1) back to P(t)
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Fig. 4. (continued)

In the experiment, the motion vehicle is separated into two modes: forward and ro-
tation mode. The pseudo code is shown below:

INPUT: P¢ (Xn,VYn:0n), Piv1 (Xp, Y, 6n), T(xX, v, O)
OUTPUT: P_prec (Xn,¥Yn/6n), P_Preci (Xmn, Ym, n)

IF T(y) >0 // forward mode

FOR i from 1 ton

IF P.(yi) < yv + min(Pea(y))
Delete (P.(x;i,vi,0i));

ENDIF

END

FOR 1 from 1 tom

IF  Pealyi) > vy + max(Pc(y))

Delete (P (Xi,yi,0:)) 5

ENDIF
END
ELSE // rotation mode
FOR i from 1 ton
IF P.(6;) < ©
Delete (P (xi,vi,0:));
ENDIF
END

FOR 1 from 1 tom
IF Pt+1(ei) > 180-T(8)
Delete (Pey1(Xi,¥i,01));
ENDIF
END
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ENDIF
P_pre.=P; // output
P_prec.1=Pci1;

From the above method, Fig. 5 shows two maps before and after prediction in rotation
mode. The differences between two maps are shown in the green circle in Fig. 5(a)
and (b). After the prediction process, the point that will disappear in next time step is
discarded. And max overlap area of two maps is achieved to perform mapping.
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Fig. 5. (a) Map before prediction. (b) map after prediction.

2.3 Simplex Method in Map Mapping

Simplex method is a kind of optimization algorithm to estimate the optimal value in
the cost function. The purpose of simplex method is to estimate the relation between
two different maps (P(f) and P(¢+1)). This relation can define by a transformation
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matrix as below. Where x, y, 0 are defined as the x-axis, y-axis shift and rotation
angle separately.

cos@ —sinf

T=T(x.y.6) sinf cos®
= x’ . =
t+1 y 0 0

0 0

3)

o O O O
— O = =

For different time step maps such as P(t+n) can be simply multiply on transformation
estimated before, as Eq(4).
tp__ t+1 t+(n—-1)p__ trp t+(n-1)

r+nT_z+lT'z+2T' o z+nT_z+(n—l)T' r+nT (4)
In the definition of cost function, after distance transform is applied on reference map
(P(f)). The prediction algorithms are applied on current scanned point data (P(¢+1)) to
discard unexpected point. And then transfer to reference to reference DT map accord-
ing following equation.

ot
Prrnas _t+lT ’ F)currenr &)

Then the cost value is defined as fig. 6. The red color grid on the distance map de-
noted the obstacle point on the reference map (P(¢)). And the yellow color grid is the
transformed point data project on to the distance map, and the sum of distance (Dy,,,)
of yellow grid is used as cost value. The Simplex method is used to estimate the
smallest Dy,,,..
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Fig. 6. Example of cost calculation
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The complete flowchart of proposed scheme is shown in Fig. 7.

LRF
v ¥
P(t) P(t+1) [
v vt 5
DT Prediction

A 4

Simplex  [*
v
T(x. v. 6)
v

Global Map.

Fig. 7. Flow chart of proposed scheme

3 Experiment

In this paper, a vehicle with differential drive is used, as shown in Fig. 8. Laser range
finder is mounted in the front of vehicle. A notebook is used to control the vehicle and
perform the SLAM task. Two motor made by MONTROL is used and controlled
through RS-232. The laser range finder is manufactured by HOKUYO URG-04LX.
Scanned data is captured through USB.

Fig. 8. Picture of experimental vehicle
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The control structure of mobile robot is shown in Fig. 9. The robot is driven by two
motor. Data from LRF is received by a notebook through RS-232, Sample rate is 2
seconds. The direction of robot move is controlled by a joystick.
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Fig. 9. Control structure of mobile robot

In the experiment, two methods are implemented to validate the performance of
proposed scheme: odometry only, and ICP-SLAM. The experiment is in a 30mx5m
indoor environment. In the first experiment, we drive vehicle to move around rectan-
gular like environment. The robot is driven to move around this area to observe
the accumulation error of proposed scheme. The result of experiment is shown in

Figure 10.
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Fig. 10. Result for test environment
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The experimental result of ICP and odometry only method is shown in Fig. 11.
Compared with the ICP method, serious accumulation errors problem can be ob-
served. These errors cause the SLAM map inaccuracy. The odometry only method
also can find such problems.
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Fig. 11. (a) Result of ICP method (b) Result of odometry only

In order to test the performance of the prediction algorithm, the same scheme ex-
cept prediction algorithm is performed. The result is shown in Fig. 11. In the green
circle of Fig. 12, one can figure that the floor pillar doesn’t converge well as predic-
tion is applied.

3500

3000

2500

2000 -

1500 -

1000 -

500

0
-1000 500 500 1000

Fig. 13. Result for long corridor environment
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In another experiment, a long corridor environment is used to test the accumulation
error. The result is shown in Fig. 13. The total distance of the corridor is 35m, and 72
scanned data is captured to construct the environment.

The last experiment is the largest scale, the whole environment of office. 450 data
are used to construct the map. The result is shown in Fig. 14.

Fig. 14. Result for large scale indoor environment

In the green circle from above figure, the affect of accumulation error is apparent.
This is caused by the poor point feature in the parallel wall scanned in the corridor
(the black circle shown in Fig. 13.) To overcome this drawback, global optimization
algorithms should be applied in the future.

4 Conclusion

In this paper, we proposed a scheme which integrates distance transform and the con-
cepts of prediction into map mapping task. And the mapping problem is transform
into a optimization problem. The experiment shows it could be continued in the sur-
rounding environment. Even the maps have 450 maps to composition. The proposed
scheme still gets efficiency to complete the SLAM task. However, there are some
problems in the result and need to be overcome in the future. Although the integrated
error has been decreased by prediction algorithm, but for a large scale environment it
still exist. Global map optimizations algorithms need to be develop to overcome this
drawback.
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