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In this paper two scanning strategies (stop-scan, continuous scanning) of Small Mobile Mapping System (SMMS) are discussed. SMMS registers 3D
scans to provide accurate metric maps. This strategies have been implemented and evaluated in INDOOR environment. First is stop-scan fashion –
SMMS stops, acquires data and moves forward to next position. The second approach is scan acquisition during motion. The data acquired in these
approaches are registered using GPGPU ICP algorithm. As a result the comparison of the two registered point clouds with ground truth data is
demonstrated. 
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Introduction

Mobile Mapping Systems [1] are very promising technolo-
gies. MMS can be used in many applications such as Urban
Search And Rescue (USAR), spatial design, map services
etc. Current MMSs are manned surface, aerial or ground
vehicles. It is difficult to replace the human operator by an
autonomous system. The Small Mobile Mapping System
(SMMS) can be deployed and controlled by one operator.
It can perform simple tasks autonomously, but the auto -
nomous behaviour is not a main topic of this paper. We are
focused on comparison of two scanning strategies for
SMMS. To compare these strategies we used data from two
experiments and matched them using GPGPU ICP [2] –
General Purpose Computing on Graphics Processing Units
implementation of Iterative Closest Point algorithm intro-
duced by Besl and McKay in [3]. GPGPU ICP uses regular
grid decomposition and parallel computation to decrease
computation time of Nearest Neighbour Search (NNS) with
minimal lost of accuracy. NNS procedure takes the most of
computation time as shown in[4]. Another approach is to
use kd-tree [5] or octree based NNS [6]. In [7] a comparison
of point cloud matching strategies is presented.

In section “Scanning strategies” we describe the two
strategies compared in this paper. Section “Motion model”
shows the way of creating point clouds while SMMS is
moving. We have shown evaluation of scanning strategies
in section “Experiments”. Final observations and remarks
are denoted in section “Conclusions”.

Scanning strategies

In this paper we are focused on comparison of two scan-
ning strategies for the SMMS. The first one is stop-scan

strategy – the mapping system moves forward e.g. 1m, then
system stops and makes a full scan. Scanner field of view is
270° vertical and 360° horizontal. Full scan takes approxi-
mately 1-2 minutes. After scanning robot moves to the next
location and performs the measurement again. This cycle
is repeated until operator stops mapping. The second is
continuous scanning strategy – the mapping system moves
forward with a speed set by the operator and acquires the
3D data. Each profile from the scanner is transformed to
local coordinates and every 180° point cloud is saved with
current platform odometry.

Motion model

We assume that the Small Mobile Mapping System (SMMS
– fig. 1.) is moving straight forward. SMMS consists of sev-
eral components: mobile platform (MobileRobots Pioneer
3-AT),  IMU XSENS MTI-G, 3D Laser Measurement Sys-
tem based on SICK LMS100 scanner presented in [8].
IMU is mounted with offset in x axis (fig. 1. - second co-
ordinate system) to the platform’s coordinate system. 3D
Laser Measurement System is installed on the top of the
platform (third coordinate system on fig. 1.)  with offset in
y axis.

When SMMS is performing the scan 3D scanner is ro-
tating around the y axis. The coordinates of the point Pi
coordinates in local coordinate system are transformed into
IMU coordinates system – translation T3={0, offsetY, 0},
and rotation Rpitch={0,0,κ}, and Rroll={ω,0,0}. Next step is
to transform the point cloud to the global coordinates sys-
tem. Every point is moved along x axis – T2={offsetx,0,0}.
Finally all points from 3D scan are saved with odometry
information (R={0,ϕ,0} and T={x,0,z}) separately (data is
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not transformed into the global coordinates system) in
order to align the data using GPGPU ICP algorithm. Data
from one 3D scan are transformed using equation (1) – the
origin (0,0,0) of local coordinate system is in the end of
the measurement.

(1)

Pn – odometry at the end of the measurement,
Pi – odometry of i-th profile,
P’i – new odometry of i-th profile,
Ri – rotation matrix – around y axis by ϕ–ϕ - difference be-
tween i-th platform angle and n-th angle.

Experiments

Small Mobile Mapping System was tested in two IN-
DOOR experiments. First one is production hall – approx-
imately 50 meters long (fig. 2), and the second one is 80
meters long corridor (fig. 4). Fig. 2c shows point clouds
from two strategies aligned with GPGPU ICP algorithm.
The alignment error in this case is small, but if we consider
more scans the error is bigger and increases with number
of scans. There is 1 meter error after 40 meters of scanning.

If the mapping system is moving slowly we can have
more accurate metric maps. Especially when its speed is re-
duced to zero (stop-scan) – there is no odometry error in a
single 3D scan. If we have an error in each point cloud be-
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Fig. 2. Point clouds acquired in the first experiment using a) continuous scanning strategy (25 scans), b) stop-scan strate gy
(18 scans), c) one cloud from each strategy aligned with GPGPU ICP algorithm

Fig. 1. Small Mobile Mapping System with three coordinate systems: 1) mobile robot odometry – global, 2) IMU, 3) 3D
laser scanner
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fore registration, we cannot correct it. Reducing the speed
of the mapping system movement we can increase its ac-
curacy, but it extends scanning time.

In the second experiment two scanning strategies are
compared to ground truth data from ZF 5010 scanner. The
scanner has 187.3m range and 0.1mm resolution with
320°×360° field of view. The corridor was mapped using
3D Laser Measurement System with LMS100 and ZF
5010 scanner (fig. 4). Using the stop-scan  and continuous
scanning strategy 45 and 109 point clouds has been ac-
quired accordingly. In fig. 5. the comparison of maps cre-
ated in experiment is shown. Point clouds were aligned
using 100 iterations of GPGPU ICP algorithm with same
parameters. The stop-scan map is more accurate – there is
few meters error at 80m distance after aligning compared
to ground truth data.

The first experiment was done in a complex environ-
ment, where many structured elements are distributed
around. This environment is better than an almost empty
corridor, where algorithm may have problems to align
clouds correctly along the corridor – there is no plane, ex-
cept the end of the corridor, orthogonal to the direction of
motion. In the first experiment the stop-scan strategy pro-
vides a better odometry than continuous scanning one, but
in the second experiment both paths are similar. This may
be caused by gyroscope mounted in the platform – in pro-
duction hall (first experiment) the floor was made of metal
and there were many running machines generating strong
magnetic fields.
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Fig. 3. Point clouds from stop-scan and continuous scanning with odometry and after registration using GPGPU ICP;
top view, grid 10m x 10m

Fig. 4. Point clouds acquired in the second experiment; a) stop-scan strategy (45 scans), b) ground truth data from ZF
5010 laser scanner
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Conclusions

In this paper two scanning strategies of Small Mobile Map-
ping System are discussed. Stop-scan strategy provides more
accurate metric maps after alignment using GPGPU ICP
algorithm. Continuous scanning strategy is faster than
stop-scan and provides more data at the same distance.
Using GPGPU ICP algorithm we can build accurate 3D
maps. Continuous scanning can provide maps from the
moving platform with minimal loss of accuracy. It is possi-
ble to build SMMS which can create maps from 3D data
while it moves.

Acknowledgements

This work was partially supported by Polish National Cen-
ter of Science (grant No. UMO- 2011/03/D/ST6/03175,
“Methodology of semantic models building based on mo-
bile robot’s observations”. The research leading to these re-
sults has received partial funding from the European
Community’s Seventh Framework Programme (FP7/2007-
2013) under grant agreement n285417. This work has
been partially supported by the European Union in the
framework of European Social Fund through the Warsaw
University of Technology Development Programme.

References
[1] Tao, V., Li, J. “Advances in Mobile Mapping Technology”,

ISPRS Series, volume 4. Taylor & Francis, Inc., Bristol, PA,
USA, 2007 

[2] Nuchter A., Lingemann K., Hertzberg J. “Cached kd tree
search for ICP algorithms.” 3-D Digital Imaging and Modeling,
2007. 3DIM’07. Sixth International Conference on. IEEE, 2007.

[3] Bedkowski J., Maslowski A., de Cubber G., “Real time 3D lo-
calization and mapping for USAR robotic application,” Indus-
trial Robot, vol. 39, no. 5, 464–474, 2012.

[4] Qiu D., May S., Nüchter A., “GPU-Accelerated Nearest
Neighbor Search for 3D Registration,” in Proceedings of the
7th International Conference on Computer Vision Systems:
Computer Vision Systems, ser. ICVS09. Berlin, Heidelberg:
Springer-Verlag, 194–203, 2009. 

[5] Besl, P. J., N. D. McKay. “A Method for Registration of 3-D
Shapes.” IEEE Trans. Pattern Anal. Mach. Intell. 14(2): 239-
256, 1992

[6] Elseberg J., Borrmann D., Nüchter A., “Efficient processing of
large 3D point clouds,” in Information, Communication and
Automation Technologies (ICAT), 2011 XXIII International
Symposium on, 1 –7, 2011. 

[7] Będkowski J., Majek K., Nüchter A., “General Purpose Com-
puting on Graphics Processing Units for Robotic Applications”,
Journal of Software Engineering for Robotics, 2013.

[8] Majek K., Pełka M., Będkowski J., Cader M., Masłowski A.,
“Projekt autonomicznego robota inspekcyjnego”, Automation,
Warsaw, 2013. 

12

Fig. 5. Point clouds from stop-scan and continuous scanning with odometry and after registration; top view, grid 10m
x 10m
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