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Registration of Range Measurements With
Compact Surface Representation

Pierre PayeyMember, IEEEand Changzhong Chen

Abstract—This paper introduces an automatic approach for and orientation can be extracted. The latter solution implies very
the estimation of registration parameters between successive complex image processing and pattern recognition algorithms

viewpoints visited by a laser range sensor. The proposed technique ot gre time consuming and rarely fully reliable. The first two
works directly on the raw range measurements and does not re-

quire any external device for pose estimation nor any sophisticated approaches_appear FO be more realistic. A mag_netlc pOSIthn
feature extraction or triangular mesh computation. Assuming @nd orientation tracking device has been tested in our robotic
only object rigidity and some overlap between the scanned areas, workcell. Unfortunately, these devices appear to be mainly
the approach allows to estimate the full set of six parameters dedicated to human body tracking as the magnetic fields they
that define geometrical transformations in three-dimensional ;s are very sensitive to metallic parts that are commonly found
space. A compact modified Gauss sphere representation is used. boti tup. On the other hand. wh boti . d
to encode a simple planar patch approximation of the objects’ Inarobotic setup. Unthe o er. an 'W enarobotic arm ISuse

surface and to validate mapping between the measurements to move the sensor from one VIeWpOInt to another, the internal

collected from different viewpoints. The technique also makes use encoders of the robot also provide a good estimate of the sensor
of the compact surface representation to successively estimatepgsition and orientation. However, the sensor is then constrained

the rotation and the translation parameters between sensor to the robot physical workspace and cannot get an access to
viewpoints. This solution results in an important reduction of

the computational workload and provides sufficient accuracy narrow areas O.f the environment. In r_nqny_apphcatmns, SL.J(.:h
for most robot navigation applications. The proposed approach an approach might reveal to be very limitative. Some specific
performances are demonstrated in an experimental context using approaches using external positioning strategies can be found
real range measurements collected from a series of viewpoints. jn the literature: Miller [1] uses an autonomous helicopter with

Index Terms—Pata registration’ pose estimation, range a diﬂ:erential global naVigation SyStem to bUIld terrain mOdels.
measurements, surface segmentation, three-dimensional (3-D)Normand [2] uses multiple sonar sensors rigidly mounted
modeling. on a mobile platform to construct indoor-3-D representations

for autonomous robot navigation. Others examples using pre-
|. INTRODUCTION E:;lil?g?ted devices or manual assistance can also be found in
UILDING virtual representations of large three-di- ap interesting solution to estimate range sensor registration
mensional (3-D) objects or environments from ranggetween successive viewpoints without any peripheral devices
measurements requires that data are gathered from M take advantage of the raw range data provided by the sensor.
different viewpoints. This requirement results from the comkssuming that there is a sufficient overlap between the areas of
plexity of objects to be modeled, from the limited field of viewhe scene that are measured from each viewpoint, it becomes
of sensors and from occlusions that occur between objegigssible to search for some matching characteristics in both sets
Each dataset gathered from a given point of view is defingd information and then to compute the necessary registration
with respect to a local sensor-based reference frame. Asnfyrmation that makes the projections of those matching ele-
result, the sensor position and orientation at each viewpopiknts to superpose after transformation.
must be estimated to ensure that the information obtained fromy, spite of the fact that the registration problem between range
all sources is merged in a consistent way to build a reliable 3;Raasurements has been studied for a while in computer vision,
model. The problem of registration consists of determining thg) extensive and definitive solution has been found yet. Many
geometric relationships that exist between these different vieysiations to the widely known iterative closest point (ICP) al-
provided by the sensor. _ orithm [6] have been proposed to match characteristic point

The sensor pose can be measured with external means su 85[7]-[10], curves, meshes [11], [12] or parametric surfaces
magnetic position and orientation trackers, robotic arms, or eVAR), [14]. Some approaches use both range and intensity data,
CCD cameras providing images from which the sensor positigiso provided by most range sensors, to improve their selection

of control points that are to be matched [15], [16]. These algo-
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provide such full images by themselves. They rather genera
single points or scan lines of range measurements [18] or rely «
an external mechanical device to translate the sensor or char
its orientation [19].

In this paper, we introduce an approach to estimate regi
tration between sensor viewpoints that makes use of a cor
pact representation of raw data as they are provided by a sin¢
line laser range sensor. The compact mapping of surfaces elii
inates the need for an exhaustive search for features [20]-{22] 1. Rrange sensor scanning from two different viewpoints.
and the computation of sophisticated representations [16], [23].

The technique does not require any help from an external posh_ i , inl i ¢
tion/orientation tracking device to provide an initial estimate offis range inder provides a single scan line of up to 256 un-

the translation and rotation between successive viewpoints &gy distributed range ?essurements W':jh a resqlutlondof uﬁ
no offline calibration is necessary. As a result, the computatiéf 0-1 MM, & scan time of about 25 ms, and a maximum dept

of registration parameters from raw range data, independerffP"e Meter. In ordc(jar tphcover a S|gq|f|can|t surface of the scene,
from any positioning device, enhances the flexibility of sensingc SENSOr IS move with an approximately constant orientation

systems for a variety of applications. The following sections df long a vertical line to collect a series of scan profiles on the vis-

scribe how scan lines are processed to create a compact re‘alg_surface of the object. The small displacements between suc-

sentation of the surface shape. Estimation of the rotation apgbSIVe Scan profiles are under the control of a CRS-F3 robotic

translation parameters is then detailed. Finally, experimental i 0N which the range sensor is mounted. The robot is operated

sults using simulated and real range measurements are prese| world coordlnat.e_s mode in order to ENSure a precise con-
and discussed trol of the sensor position. Next, the sensor is moved to a com-

pletely different viewpoint and the process is repeated to collect
a new set of profiles. Fig. 1 shows the experimental setup for
[I. PROPOSEDAPPROACH two viewpoints.
Our goal is to estimate the rotatiord®;;, and the translations,

Most man-made objects are composed of a set of planar sur- L . :
: ; ; . 71, between two successive viewpoints from which range mea-
faces. Even objects of a higher complexity can be approximated I )
surements have been collected as shown in Fig. 2. The first step
by a set of planar surfaces that are easy to represent. Underthe . =~ . ' . Lo
A : ) ) consists in segmenting each range profile and in approximating
rigidity constraint, these planar regions remain unchanged no : . . _
hem with local straight line segments. This allows to overcome

mat_terfrom Wr."Ch viewpoint they are observgd. iny thelr_prqhe difficulties associated with the irregular spacing between
jection on the image plane, and therefore their distance with re-

spect to the range sensor are affected. As a consequence 88im3 on the same scan profile that preempts a point-based
P 9 : q ' ma¥ching between two profiles. Next, the neighbor profiles that

the relative position and orientation of the sensor has an influﬁ e : _
. : . : ) ow similar shapes are merged into planar patches of various
ence on the object virtual representation. It is then p055|blesto

) . - sizes.
take advantage of these planar regions to estimate the regls?rar . .

) he respective normal vectors, areas and centroids of these
tion between two or more sets of measurements gathered fr

o
. . . . S 2 atches are then computed and used to encode the surface repre-
different viewpoints. These assumptions are similar to thoge P P

. . : entation as a modified Gauss sphere which significantly simpli-
made in most research work on the problem of registration esl|- . .

. . . . les the search for rotation parameters. Indeed, provided two sets
mation. However, a majority of techniques invest a lot of efforts ) .
: o o . . of scan profiles encoded as Gauss spheres, rotation parameters
in building a sophisticated representation of object surfaces be- "~ . o )

. o . ) are estimated by finding the best rotation values that make cor-

fore they actually estimate the position and orientation parame- . . .
. . .~ résponding normal vectors to overlap. As afinal step, translation
ters. Roth [16] provides a nice example of that by proposing a

. . . . rameters relating th f n profil nd therefor
registration technique that is based on a match between surf arameters relating the two sets of scan profiles, and therefore

: ) : . gﬁnmg the displacement of the sensor between viewpoints, are
representations obtained by means of a Delaunay triangulation.. : :
. : esfimated by computing the necessary shift of the patch cen-
Even though this approach performs well, the conversion of raw . :
. . . roids that make corresponding planar patches to match when
range measurements into a triangular mesh mapping of the gb-

. . . . e previously computed rotation transformation is applied to
ject surface is computationally expensive. As a result, much . .
o . . ! One set. Fig. 3illustrates the data flow of the proposed approach.
time is spent on modeling objects with respect to acamera—baf? . ) : . :
. . . .Details on each step are provided in the following section.
reference frame while the actual goal is to estimate the motion
of the sensor between viewpoints. The strategy that is presented
here rather relies on basic planar patches surface representation.
This way, the emphasis is put on the estimation of the sensor’sThe proposed approach relies on a simple planar approxima-
position and orientation variations between viewpoints in 3-flon of surface shapes that is easily computed from raw range
space rather than on an intermediate modeling technique or feasurements to generate compact surface maps that can be
ture extraction procedure. matched to estimate the rotation and translation parameters
A Jupiter laser range sensor based on an active optical tritbetween different viewpoints [24]. This section describes the
gulation technology developed at the National Research Courteib-step procedure that is used to obtain the modified Gauss

of Canada and commercialized by Servo-Robot, Inc. is usephere representation of surfaces.

e e -

I1l. COMPACT REPRESENTATION OFSURFACES
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Fig. 2. Registration problem: estimating rotations and translations between viewpoints.
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. ) . . L Fig. 4. Straight-line fitting on a sequence of range measurements.
Fig. 3. Data processing for registration estimation.

A. Segmentation of Range Profiles

Starting from the raw range measurements, a first prepi
cessing procedure is applied to remove outliers and to smo
the profile with a median filter that reduces the effects of nois
This eliminates large deviations that often occur in raw me
surements. Next, a straight-line fitting technique is applied .
shown in Fig. 4. The process starts at one extremity of the pi
file. Three measurements are initially used to determine the ¢ 17;
entation of the straight line. The following points encountere scan segments normal vectors
along the profile are then successively checked for their prox- _ _
imity in terms of the distance with respect to the initial line ed-9- > Compact representation of a segmented range profie.
timate. When the deviation between a measurement point and
the straight line estimate is below a given threshold (4 mm farameters, where is the number of straight-line segments
our experiments), then the point is considered to be part of thgsociated with the profile.
current straight-line segment. A segment is terminated when
the distance between a measurement point and the straight-BaeScan Merging

estimate is above the selected threshold. In this case, a neWhe prof“e Segmentation previous'y obtained provides an ef-
straight-line segment is initialized and the remaining points fitient way to merge similar neighboring range profiles and to
the profile are successively checked for their proximity with thigreate a patch-based surface representation. Assuming that the
new segment following the same procedure. The process isg@p between two successive scan profiles collected from the
peated until the end of the profile is reached. Once a segmenddsne viewing area is kept small enough to ensure a proper cov-
terminated, its estimation is refined by recomputing the paramgrage of the object surfaces (5 mm in our experiments), the
ters of the segment on the basis of the entire set of measureme@ifiation of the shape between successive profiles should be
points that have been associated with it. smooth except on object edges. As a consequence, successive
Normal vectors, lengths, and center points of eagirofiles should have a similar normal vector distribution where
straight-line segment are computed to parameterize tin@ object surfaces are continuous. The straight-line approxima-
representation of the profile and to obtain a compact mappitigns of neighbor profiles obtained in the previous step are then
as shown in Fig. 5. The length of each segment defines thempared to check for similarity. If the angle and the length of
length of the corresponding normal vector. As a result, a scaarmal vectors associated with each straight-line segment are
profile of 256 measurements can be encoded as a s2t ofwithin a given deviation (0.025 radian for angle and 25% in
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Fig. 6. Definition of patches as combined segmented profiles.
Fig. 7. Compact Gauss sphere representation of a surface shape.

length in our experiments), then neighbor profiles are consid-
ered similar and are combined to create one planar patch folThe vector representation used for line segments is now
each of their segments. For example in Fig. 6, profiles 1 toektended to 3-D space under the form of a modified Gauss
have been collected on a continuous surface and can thereforgpiyere representation to create a compact encoding of the
combined. As these profiles have been previously segmentedistribution of patches that describe the surfaces as shown in
different surface patch is created for each scan segment (pataFigs 7. But given the relatively large number of planar patches
1 to 5inclusively). The same idea applies to profiles 5, 6, andffat might exist in a real 3-D scene, we observed that this
as they are similar. representation can still be advantageously compacted to alimited

Onthe other hand, transitions between objects result in abrgpimber of normal vectors. Specifically, those normal vectors
changes between two successive profiles. When such a trafich differ by a small angular difference can advantageously
sition occurs, the respective profiles are assigned to differés# merged into a single vector with their respective lengths
patches This is the case of profiles 4 and 5 which are successideled. Merging these vectors is equivalent to the unification
scan lines in the raw data set but are not similar. Locating thi$ patches that have a very similar orientation (within some
transition allows to delimitate the boundaries between plan@ierance level) with no consideration of their respective depth
patches associated with the first and the second group of pigth respect to the sensor or their position in the field of view.
files respectively. Fig. 7 shows the metric of co-normality that we introduced

This way, planar patches are defined for each group of coms- select normal vectors that can be merged.and n are
bined straight-line segments. Three points from each segmgm normal vectors corresponding to two planar patches.
are considered to estimate the patch orientation. Fig. 6 illustragggi p; are their projection points on the unit sphere surface.
the process for the first patch ag p2, andps are selected from |f the Euclidean distance betwegn and pg is less than a
the first segment in profile 1, whilgy, ps, andps are extracted given threshold (0.14 mm in our experiments), then and
from the corresponding segment in the second profile. Knowing, can be merged. The resulting vectorhas a total length
the distance between two successive profiles from our acquig-| 7, | + | ng |. In practice, the number of normal vectors
tion setup, theX, Y coordinates op, can be estimated. Thejs significantly reduced by this process. This opportunity to
corresponding’ coordinate o, is then extracted from the first fyrther reduce the complexity of the representation is provided
segment of the second profile. The same steps also apply to agfithe fact that most objects can be approximated by a large
matep; andps coordinates. Eventually, the process is repeate@imber of separated patches, many of them having a similar
to locatep; to pg from p, to pg and so on for as many profiles grientation.
as necessary to fully define a given planar patch. In comparison with the thousands of 3-D points collected

For each planar patch previously defined, the center point g the range sensor, this simplified representation is much
ordinates¢p;, the normal vectory ;, and the area are computednore compact. As a consequence, processing time for the
to define the best fitting planar surface parameters. The cenggistration parameters estimation is significantly shortened
pointis defined as the average of the coordinates afipeints, as the matching between representations from each viewpoint

pi, associated with the patch is simplified. In spite of some lost in the resolution of the
N representation, this strategy proves to be sufficiently accurate

cp; = 1 ZPL (1) for many robotic applications while it significantly speeds up
N i1 the computation in comparison with classical triangular mesh

_ ~solutions that are more dedicated to rendering applications.
The normal vectorn;, corresponds to the smallest eigen

vector of the matri” «, where: IV. REGISTRATION ESTIMATION
oA 1 Starting from the compact Gauss sphere representation, three
a= |72 ¥ 2 . (2) rotation parameters between successive viewpoints can be di-

rectly estimated from the set of normal vectars, Next, three

N oyno a1 translation parameters can be computed from the center points
with p; = (zi,yi, z:). The length of this normal vector is setcoordinates of planar patcheg;, while taking into account the
equal to the area of the planar patch. rotation values previously obtained.
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A. Rotation Parameters Estimation viewpoint | . viewpoint 2
patc]
Three correspondences of normal vectors are required "I;bd(x,y,z)
uniql_Jer determine the rotation matrix, from which thr_ee puchs &Gy 3T [T T T T T LS
rotation angles, &, ¢, 1), can be computed [25]. Provided Id'(' )' dpe(%,y.2)
_ VAN 2 N v ac(X,Y,Z S
thatny andn,, n, andn,, andnz andn, are three nonde- - ¥y_____¥______ _"amh“ _
generated sets of corresponding normal vectors respectively o values with
extracted from the two sets of raw data associated with two
viewpoints between which a rotatio}, has been applied, ' d"“(J"L’y’Z) ‘
i i : . . T T 1 > d(x,y,2)
these vectors must satisfy the following constraint equations: dosy ) w 90
— —/
ni=R n, 3)
52: R ﬁ; (4) Fig. 8. Occurrence of shift values between matching patches.
— —/
n3=R n, (5) . N . o .
to refine the estimation of the rotation matrix, its computation
if we let is repeated for all possible triplets of matching normal vectors
N ., in the simplified Gauss sphere representation. The rotation pa-
n1=[z1,y1,21] and  ny=[ar, by, ] (6) rameters that lead to a maximum overlap (in terms of length)
To= [T, Y2, 2] and 3’2: [as, bs, 2] (7) between normal vectors are considered to be the best estimate
_ o . T for the rotation matrix.
n3=[r3,y3,23] and n3= [as,bs3,c3] (8)

. . B. Translation Parameters Estimation
and the rotation matrix . . .
Once the rotation parameters have been estimated, the appli-

9 h i cation of the resulting rotation matrix to one Gauss sphere rep-
R=1j k L. (9)  resentation leads to two sets of normal vectors having the same
m P 4 orientation but submitted to a shift in 3-D space. Therefore, the

The values of the rotation matrix parameters can be computégslation parameters, = [dz, dy, dz], can be estimated as

by solving the following system of equations for the rightmodf® required translations along the reference axes between the
centroids associated with each surface patch. Mathematically,

vector al
this can be formulated as follows: if a normal vector,and a
ey r b 0O 0 0 0 O 07Tr1g97 !
z1 %1 01 c& e b e 0 0 0 }gl centroid pointcp, refer to one platch while andcp’ refer to
Zl 0 0 0 01 01 01 o b e ; another patch, and matchesn when the rotation matrix is
I; g by s 0 0 0 01 01 01 j applied on the second patch, then we have
ol =10 0 0 ay by o 0 0 Of |k ep] [R T [ep 14
Z2 0 0 0 0 0 0 ax by oo [ 1] |0 1 1 ( )
I3 as b3 C3 0 0 0 0 0 0 m . . . . .
s 0 0 0 as by c5 0 0 0 P whereR is the rotation matrix previously estimated. Placifig
| 2 ] Lo 0 0 0 0 0 ag bs es) Lgl in evidence leads to
(10)

o
The resulting rotation matrix is then checked for orthog- T=cp—R-cp. (15)

onality before the three rotation angles are extracted. For azs many surface patches need to be matched, a good estimate
rotation matrix, 12, defined in accordance with the standarg the translation parameters is the average of the necessary dis-

roll-pitch-yaw (RPY) convention [26], these rotation anglesjacement along each axis over all matched centroids, that is
8, ¢, ¥), can be extracted as follows:

N
. 1 /
g = atan(j, g) (11) T= N Z (epi — R - cp}) (16)
© =atan(—m, jsin + g cosf) (12) =1
W = atan(p, q) (13) WwhereN is the number of correspondences between centroid
/ points.

wheref represents the rotation around thexis, ¢ is the rota-  The matched centroids correspond to patches having sim-
tion around the&” axis, andy is the rotation around th& axis ilar orientation. However, as many patches in the surface
of the reference frame. description might share the same orientation, this tends to
Applying the computed rotation matrix to all normal vectorsesult in some false matches of centroids. But statistically,
in one of the Gauss sphere representations should result intthe correct translation parameter set can be defined as the
overlap of some of these vectors with those of the compact mame with the maximum number of correspondences when all
ping associated with the other viewpoint. However, becausepafssible matching possibilities are considered between pairs
errors in the measurements and the approximations made ondhpatches. Fig. 8 illustrates this idea with two pairs of patches
surface representation, the matching might not be exact. In ordespectively seen from the first and the second viewpoint.
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Fig. 9. Experimental graph of shifts occurrence.

Here the computed rotation matrix has already been applie
to the second set of patches in order to realign it with the firs
one. Considering all possible shifts in this simple case, fou
pairs of matching patches are obtained with their respectiv
translation values being.,.(z, v, 2), daa(z, v, 2), dpe(z,y, 2),
and dyq(z,y, z). However, onlyd,.(z,y, z) and dyi(z,y, 2)
are appropriate estimates as they correspond to a correct st
for each of the patches from the first and second viewpoint:
A graph of shifts occurrence then allows to easily determine

those shift values that lead to a maximum corresponder@ , 10 Range measurements from the right viewpoint and corresponding
between planar patches. Fig. 9 shows a graph of shifts occur- P '
rence computed from experimental data. Each possible sh™
is represented as a 3-D point. These translation coordine
points tend to spread everywhere in the graph space. But t
area with the highest density of points along each axis, that
depicted by the small cube, corresponds to the maximum !
occurrence of some shifting values that lead to a good estime
of the actual translation parameters. A weighted average : =
those shifting values contained in the maximum of occurrenc - front view
region is computed along each axis to provide an estimate E)r 1"
T = [dz,dy, dz]. g-

P

top view

Superposition of two sets of scan lines after registration.

very good both in translation and in rotation. This demonstrates
that registration parameters can be accurately estimated in spite
The proposed algorithm has been tested on the experimemwifahe simplicity of the surface representation.

testbed shown in Fig. 1. The development and validation of theFig. 12 presents experimental results on a more complex
algorithm has been made on a set of range profiles collectedsmene composed of a standard computer setup which has been
various objects with a Jupiter range finder mounted on a 7-DO$canned from three different viewpoints. 40 range profiles
robotic arm. However, the robotic arm is only used to move tlentaining 256 points each are collected from each viewpoint
sensor and to validate the results. Fig. 10 shows a set of 44 pfully cover the scene area. Estimating registration parameters
files of range measurements collected from the right-side viewith the proposed technique and applying the resulting trans-
point in the setup of Fig. 1 and the corresponding patch repfermation matrices to the raw data sets leads to a very good
sentation. The results of the registration estimation procedws@erposition of corresponding surfaces as shown in Fig. 13 for
are illustrated in Fig. 11 as a fitted superposition between thefront and a top view projections. In both cases, we observe
left and the right sets of raw range measurements. We obsetivat the orientation and the translation between viewpoints have
that the alignment between the measurements along all axesésn compensated such that the shape of the objects shown

V. EXPERIMENTAL RESULTS
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COMPARISON OFREGISTRATION PARAMETERS BTQEVLEEENITHREE VIEWPOINTS FOR THECOMPUTER SETUP
Tr:r;::?nr::gon center to left viewpoint center to right viewpoint left to right viewpoint
Theoretical |Experimental|| Theoretical |Experimental|| Theoretical | Experimental

Rotation (X) 0° -0.05° 0° -0.07° 2.67° 2.77°

Rotation (Y) 5.15° 5.04° -5.15° -4.93° -9.95° -9.66°

Rotation (Z) 14.89° 14.96° -14.89° -14.64° -30.01° -29.46°
Translation (X) 0 mm -1.3 mm 0 mm 0.08 mm 0 mm 12.6 mm
Translation (Y)|| 300 mm 313 mm -260 mm -256 mm -541.3 mm | -572.3 mm
Translation (Z) 0 mm 6.7 mm 0 mm 0.16 mm 143.8 mm 142.5 mm

leftmost and the rightmost viewpoints are considered to estimate
registration parameters.

Our experiments revealed that for geometrically symmetric
objects having only a few distinctive surfaces, an overlap

4 of up to 50% between the scan areas might be required to

v , . achieve correct registration. For usual man-made objects, the
left viewpoint S right viewpoint . . .

center viewpoint required overlap area is much less. However, the required

parameter estimates but makes the scanning process longer.
The proposed approach is also promising in terms of per-
_ _ formance. The algorithm has been implemented on Matlab
Fig. 12. Compact surface representation of a computer setup. running on a Pentium 11-933 Mhz with 256 MB RAM. The
processing time required to estimate one set of registration
parameters on the computer setup example is about 6 seconds
including the construction of the compact representation of
surfaces. This corresponds to about 150 ms per pair of scan
lines to be registered. Experiments also demonstrated that the
processing time can been reduced by a factor of 6 to 10 with
an optimized implementation of the proposed technique in C
- running on the same computer.
front view top view - Overall, the scan segmentation and the surface representation
as a compact modified Gauss sphere reveal to significantly im-
Fig. 13. Superposition of three sets of scan lines after registration for theove computation efficiency while not significantly degrading
computer setup. the accuracy of registration parameter estimates. This strategy

o . . . _also makes patch fitting simpler and faster. Using the overlap
in Fig. 12 can be easily recognized. A numerical comparisQnyeen normal vectors as an evaluation factor rather than the

between theoretical and experimental data is presented,iimber of matched points between the two sets of data also
Table I. ) speeds up computation. Moreover, this approach uses more
Experimental results demonsrate that the proposed approgghhs to estimate the surface patches than triangular meshes.

provides registration parameter estimates that are sufficienfllfis results in surface representations that are less sensitive to
accurate for many applications such as space modeling for paifise measurements.

planning and collision avoidance in robotics [27] and even-
tually for virtual representation of artifacts at a medium-low
resolution.

We notice that the error level on translation estimates is someWe have introduced an automatic approach for registration
what higher than on rotation. This fact is due to the difficultgstimation based on raw range measurements provided by a
to determine the best size for the region of maximum of occwsingle line laser range sensor. Registration parameters are ef-
rence in the graph that is used to extract translation values. Alfioiently computed without any need for an external device to
the precision of the estimates appears to be influenced by fitevide an initial estimate. The approach does not require any
distance between viewpoints. This is justified by a lower levéluman interaction and no sophisticated feature extraction or tri-
of overlap between matching surfaces that occur when only thiegulation. Assuming only object rigidity and some overlap be-

degree of overlap directly depends on the complexity of objects
m g contained in the scene. Increasing the overlap between scan
% areas increases the reliability and the accuracy of registration
— %

VI. CONCLUSION
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