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8 Benjamin Huhle et al.

5.2 Parallel Implementation

During initialization, scan IDs, initial scan poses, and
range data in the local coordinate frame of the respec-
tive scanner are uploaded to the GPU.

At every iteration, intersections of scans are com-
puted on the CPU and uploaded to the GPU. Accord-
ingly, a set of reference and intruder scans is provided
for each CUDA kernel that transforms the local range
data to the world coordinate frame using the current
pose information. Each kernel then loops over the line
segments of the reference and intruder scans to com-
pute the pair of line segments with minimum distance
while keeping to the search radiusr NN . After a pair of
line segments has been identi�ed, the distance vector
between the segments, i.e., the force vectorf , is calcu-
lated along with the intersection point in world space.

After each iteration, the indices of the nearest neigh-
bor line segments, the corresponding forces, and the in-
tersection points are downloaded from the GPU.

6 The Data

We show results of the registration algorithm applied
to real data that we acquired using a prototype system.
Here, no ground truth is available, but the performance
can be evaluated by qualitative inspection of the result-
ing models.

For a quantitative investigation of the presented reg-
istration problem, we use simulated data for additional
experiments. In this case, perfect ground truth data is
available for quanti�able results and comparisons. Fur-
thermore, we do not have to deal with time synchro-
nization issues between the sensors.

The sensor model and the motion model, i.e., as-
sumptions on how the sensors are moved through the
scene while recording, are the same for both real and
simulated data: We assume motion with moderate speed
and 2D scanners working at high frequency, such that
the ego-motion during the acquisition of single 2D scans
can be neglected. Further, we expect that an initial
guess of the orientation of each scan is available.

6.1 Real Data

To acquire real data, we use a prototype system com-
prising two SICK LMS200 scanners, anXSenseinertia
sensor and aMatrix BlueFox color camera with �sh-eye
lens. This setup is depicted in Figure 7. During acquisi-
tion, the device is moved and rotated smoothly through
the scene by hand. Registration is performed using the
laser-based range data and the orientation readings of

Fig. 7 Prototype system of the proposed setup consisting
of two 2D laser scanners and an XSense inertia sensor. The
prototype additionally includes a color camera with �sheye
lens to capture texture information.

the inertia sensor as initial rotation estimates. In order
to colorize the models, we calibrated the camera using
the OCamCalib Toolbox [16] and project the 3D points
into the camera image for a bilinear color lookup.

6.2 Simulating the Acquisition

We tried to simulate the acquisition as realistically as
possible in order not to change the problem itself. There-
fore, we employ a sensor model that reproduces di�er-
ent real world error sources of the scanning process.

The registration process is started with an initial
guess of the orientation for each scan. Accordingly, we
apply random noise to the ground truth orientation
(uniformly distributed axes and normally distributed
angles).

The acquisition of the range data is simulated by
computing scan ray distances to the mesh-based 3D test
models. To account for the systematic and the statistic
errors of the sensor, in direction as well as in range, we
add Gaussian noise to the depth values (� = 1 :0cm).
Furthermore, we simulate the e�ect of 
ying pixels , that
occurs whenever the spot of the scan ray covers surfaces
at di�erent distances as it happens on edges of objects.
We use Monte Carlo integration with 50 samples of the
scan cone and restrict the integration area to the length
of the measurement impulse. The maximum range of
the scanner is taken into account, i.e., measurements
where less than half of the samples hit a surface of the
model, are marked asmax range readings. The choice
of parameters is exemplarily based on the speci�cations
of the SICK LMS200 range �nder [23,24].

The linear motion of the sensor is modeled with a
B-Spline curve that interpolates randomly chosen con-


