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ABSTRACT
The LFT algorithm (Large Fat Tetrahedron) is useddtect congruent subsets amongst unordered seis1aind
forms the kernel of a partial shape matching mettidthough the method yields several advantagesisnd
relatively efficient, its performance depends hjgbih the choice of various geometrical thresholdpeeters, as
e.g, for the length difference of two edges. We présenoverview of the key parameters of the algoridnd
their influence on the computation, a guide lingtovide an initial value for the parameters andpn@ose an
approach to their automatic adjustment.
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need to be aligned to each other, that is be
1. INTRODL‘!CTION transformed to a common coordinate system. The
The LFT algorithm (Large Fat Tetrahedron) was process of aligning the scan views is called séew v
designed to detect approximately congruent registration. From the aligned point sets the sierfaf
tetrahedrons in two point sets [Verg_eest_ 2Q10]. If the object can be reconstructed, either fully or
such tetr_ahedro_ns are fou_nd, they rmght indicage th partially, depending on the coverage of the scan
overlapping region of partially matching shapese Th yiews. If the surface can be fully reconstructéaan
assumption was that if a large fat tetrahedron with o 3ssumed to represent the boundary of a volume, o
particular dimensions occurs in point s&f the  sojid model. Then a solid model can be derived,
probability that a congruent tetrahedron is found i \yhich can serve as input to a CAD (Computer-Aided
point setB is sm_all, unless both tetrahedrons reside in Design) system for further modeling and processing.
the overlap region oA andB. Thus, LFTs can serve  gasing a design on an existing object or on retise o
as indicators of partial shape matching. The algoti  recedent models is an important paradigm in some
will be briefly described in Section 2. industries, such as industrial design engineeugh
One important application of partial shape matching a method can be successful only when even
is 3D scanning of physical objects. To construct a occasional users of scanning devices can easily
geometric model from a physical object, multiple operate the system. However, the registration iask
scan views are taken, each consisting of range dataeven nowadays, still an impeding factor. In pragctic
i.e. 3D points representing the object’s surface. Sincethe user could be a stylist who has manually cceate
the orientation of the object relative to the séagn  clay model of a future household device. Whereas
device is different for different scan views, the taking the scan views of the clay model is a
collection of points from all scan views do not as commonsense task to him/her, the registration of
such represent the object’s surface. First thetpoin view pairs is not. The scanning system’s
o - . manufacturer normally offers an interactive sofevar
Permission to make digital or hard copies of alpart of . .
this work for personal or classroom use is gramtitdout package, allowing ~the —user to designate
fee provided that copies are not made or distribdee | correspondences he/she observes amongst the scan
profit or commercial advantage and that copies bieiar | VIEWS, as to provide a starting position for a ghap
notice and the full citation on the first page. Topy | matching algorithm, typically based on the ICP
otherwise, or republish, to post on servers or |to(lterative Closest Point) method. The user has to
redistribute to lists, requires prior specific pession | aligned each scan view with the set of scan views
and/or a fee. aligned previously. Generally this way of operating
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the scanner is perceived as slow and tedious, iboth and B'O B such thatA’ and B' are samples of the
incidental users and by trained operators. same subsurface of the objestand B’ are then said

Several approaches have been reported to thd® representan overlap region of the samples.
problem of partial shape matching. From here on welLet a set of setB; be a partitioning o8 defined as
assume that the input data consists of unordered po follows. A three-dimensional grid is constructed,
sets only. That is, we will not rely on preprocesse aligned with a bounding box d. The grid has the
that generate surface meshes, nor on additionalsize of the bounding box & The block-shaped grid
information such as color, texture or material elements, or cells, all have the same size and have
properties of the scanned object. We focus on theindexi, i = 1, ...,G, whereG is the number of cells of
kernel problem of matching two point sets. Most B. Each cell encloses zero or more point8oEach
methods make use of geometric descriptors and/orpoint of B is enclosed by exactly one ced}.is the set
feature points. The geometric descriptor can take of points enclosed by cell indexed

many forms, including moments, FFT coefficients, | .t o' and B’ be the largest overlap oA and B,

spin images etc [Johnson 1999]. Defining a featurelnformally defined as follows. Assuming thatandB
using integrated quantities rather than using are range images of a physical object,9end S,

derivatives reduces the influence of noise [Getflan informally be defined as the portions of the suefat
2005]. Another approach to diminish sensitivity to the physical object represented by and B

noise and data outliers is taken by [Aiger 2008. H respectively. Then, botA’ and B’ represent all or

collects sets of 4 planar points in each of the two some part of the physical overlap surfe@en Ss.

pomt clou_ds. If a particular se_t from one poirdud Depending on the extent & n S , A’ and B’ each
is approximately congruent with one from the other . :
may contain zero up to as many points as the

point cloud, a candidate corresponding pair of 4- L .
points sets is found. If the 4-points set is retli cardinality ofA andB, respectively.

wide, then the method is less sensitive to noise. W Let B'; = Bi n B, that is the portion of celB,
refer to [Gelfland 2005] and references thereindor ~coinciding with the overlap region. Our search

more extended description of registration methods. ~ strategy is based on the assumption that the qverla
region is connected and has the extent of at thast

size of a cell. In such cases there might exist Bet
containing multiple points oB;’. A property of any
point of B’ is that its Euclidian distance tA is

relatively small, provided thak andB are defined in

Our approach is inspired by the 4-points congruent
sets as in [Aiger 2008]. We look for 4-points sets
which define a large fat tetrahedron (LFT). The
assumption is that the geometry of a large tetnaimed

is relatively rare and therefore can serve to detec the same coordinate svstem. However. sineadB

correspondences in the two point clouds. However,Ori inate from inde en)(/jent éam in ’rocesses the

since true correspondence exists in the overlaipmeg 19" penc amping p S, ey
will in general be defined in different coordinate

?erllr);hgg rgﬁgersbe%%%yufi ntz:?e steht eto ntSribs ;e Oc:cf tfgfsystems. The difference between the two coordinate
tetrahedrons in point sets can be very large, aSyStemS can be described by a ”g'd I_oody
straightforward comparison of two sets of transformatlori\/l,_ such thatMB andA are defined in
tetrahedrons (each derived from one point cloud) th&? same coordma_te system, WhMB is the set of
points of B to which transformatiorM has been

would not be efficient. Our algorithm derives a . . i .
limited number of fat tetrahedrons from one point applied. W‘? name this transformation maiching
transformation

cloud. Then each tetrahedron is tested for being
approximately congruent to any point neighborhood Since neither the overlap region, nor the matching
in the other point set. In [Vergeest 2010] we have transformationM are known, we determine which of
speculated about the advantages of the LFT algorith the setd; is fully or partly contained iB’. We do so
compared to other strategies. However, lacking aby constructing the largest and fattest tetrahednon
benchmark platform we cannot demonstrate this. In€ach cell and test each such LFT against congruency
the next section the LFT algorithm will be briefly Wwith 4-points sets oA.

described. In section 3 we present the influence of

parameters on the computational performance of the2.1 Finding the LFT

method. Conclusions and recommendations are giverMWhen a small set of points & is close toA and if

in section 4. these points are sufficiently non-planar, then the
transformation to match this set withis a relatively
2. THELFT ALGORITHM good candidate of thiel we are looking for. Relying

Let two point set# andB be given, originating from  on this principle we base the algorithm on matching
sampling of a portion of the surface of a three- points toA, where the_ 4 points are contained in the
dimensional object. There may exist subgets] A same cell. The 4 points, denoted Vv,, vs, v, are
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selected fromB; such that they form an LFT as
follows: v; and v, are the points irB; which are
furthest apartyvs is the point inB; furthest from the
line throughv; andv,, that is it maximizes\g — v;) x
(V2 — V)| Vg4 is the point inB; furthest from the plane
defined byv;, v, andvs, that is it maximizes | ¥ —
Vi) X (Vo = Vvy) ). (V4 — Vvq) |. An example of an LFT is
shown in Figure 1.

Figure 1. Point cloud B, its cell structure and the
LFT contained in a cell. Data are from the
Stanford Bunny [Stanford 2010].

2.2 Calculating the transformation M

Once an LFT has been determined in a particular cel
of point cloudB, we look for potential corresponding
4-points sets inA. As mentioned, when the LFT
resides in the overlap region of shapeandB then
there should exist 4 points iA representing a
tetrahedron with dimensions equal to those of the
LFT, that is up to some precision since the poats s

A andB are obtained as independent measurements
The deviation between “corresponding” points can be
expected to be as large as half of the scan spacin
practiced. We have applied two methods to detect
(approximately) congruent 4-points sets An We
look for pointsay, a,, a; anday in A such that there
exists a transformatioM with Mv; = g for i=1,...4.
The edge lengths of the LFT are dendied Vi —vjl.

Method 1
For each point i\, name ita;
Translate the LFT such thata,

Search for points inA at distancel;, from a;
and name them,

For each such,

Search for points iA at distancé,; fromv; and at
distancé,; fromv, and name thera,

For each such;

Rotate the LFT abowt such thatv, gets closest
toa,
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Rotate the LFT about axisi( v») such that
V3 gets closets ta;

If then y is close to any point iA (calleday) the
accumulated transformations so far applied
to the LFT represent a candidite

End of method 1

Alternatively we can explicitly test congruency by
comparing the six edge lenths of the LFT to the
corresponding distances between candidate pajnts
ay, az, as. We defined, as the threshold value for
length comparisons.

Method 2
For each point i\, name ita;
For each point i\, name ita,

If |dist@y, ay) —l12 <3
For each point iA, name itag
If |distéy, as) — 113 < S and
|distéy, ag) —l23 <A
For each point i, name itay

If |distdy, ay) —114 < S and
|disty, ay) — 124 < S and
|dists, a4) —lsd <O
Computd! from thev; anda;.
End of method 2

In method 2 the calculation of the transfoivhis
postponed until the congruency is fully checkedeOn
way to obtainM (as we implemented it) is to
concatenate the translations and rotations in Bxact
the same way as done in method 1; see [Vergeest
010] for the explicit equation. The two sets, {/,

v3) and @, a,, as) are sufficient to determinigl, but
they do not lead to a set of linear equations \&ith
unique solution since the congruency is approximate
only. However, a solution based on minimizig
IMv; — af* would be feasible and accurate (not
implemented).

2.3 Computing the degree of overlap

Typically thousands of candidatd transforms are
found, depending on threshold. If §, is increased
the number of candidates will rise steeply, as
discussed later. We need to test whether or not a
particularM is the matching transform. If an LHTis
contained inB” then the directed Hausdorff distance
of ML to A will be (by definition) small ifM is the
matching transformation. It can be expected ther th
a significant portion of the pointMB; (from the
current cell) will be close té as well. Conversely,
when many pointsMB; appear close toA the
probability thatM is the matching transform is large.



In our algorithm, all points in ceB; are subjected to = .= 5= f,= 0. If aforementioned fractiohand all

M and their distance ta is determined. If a sufficient  §; are large thelt behaves like an"6power function
fractionf of the points are closer thahto A thenM of P for large P; the number of candidaté

is saved as a candidate transformation. As a finaltransforms would be very large and many of them
step, each of the candidate transformations is tsed have to be checked by Hausdorff twice, namely once
compute the seMB, involving all points ofB. The involving MB; and possibly once more involvifgB.

degree of matching 0B to A is defined asN, the 1o achieve efficient partial shape matching the
number of points iMMB closer thand; to A. The  zigorithm should detect the matchiivy (therefore,
transformation producing the largééis the outcome  the parameters should not be too small), without

of the method. superfluous candidates (therefore, the parameters
3. PERFORMANCE AND should not be too large).
PARAMETERS To gain insight in the effects of the parameters we

As reported in [Vergeest 2010] the algorithm has have performed numerical tests on one particular se

been successfully applied to practical scan view©f A and B, with cardinality 3188 and 2407,
registration. A typical CPU time of partial shape respectively. These sets are down-sampled versions

matching was 500s, which could be reduced to about®’ the Bunny data from the Stanford Scan Data
10s in a CUDA-GPU implementation [Kooijman Repository [Stanford 2010]. The data points are
2009]. relatively evenly spaced, about 2mm apart, on a

_ i surface with a diameter of approximately 150mm.
We have now studied the influence of the parameters

. Table 1 gives an impression of the computational
o1, 0, 03 andf on the computational performance of .
the algorithm for method 2. The granularity of the EXPENs€ of the algorithm for Method 2. The 10 runs

subdivision intoG cells is also of influence to the differ only by the parametek. The c_eII division was
algorithm. Not all cells produce an acceptable LFT. & = 5%5%5 = 125 equally sized blocks of
We have set a lower limit to the number of points 24><31><27r_nm. Out of these, 77 were empty and 7
from B contained in a cell; if the cell contains too few cells contained an LFT that was sufficiently lasyel
points we do not consider it. If a particular LFSTtd0 fat. OUt_Of these 7, only one LFT appeared to be
small or too thin, it is discarded. Therefore, tally located in the_ overlap region a_nd CO[.JId produce the
10% of the cells produce an LFT for further correct matching transform. ThIS partlcul_ar LFT had
processing. We focused on method 2 since its 112 = 40.6mm _and a base tr_|angle of height 20.2mm
implementation is relatively simple and it will be (that is the distance of poing to edgev,v;) and

compared to its CUDA implementation in the near thickness _3.1mm (distance @4 to the base). _The
future. An upper bound of the complexity of the algorithm includes threshold parameters for thickne
algorithm is C 0 GP®, whereP is the number of to accept LFTs and also for the minimum number of

points occurring in a scan view (we assumed ghat points contained in cells that are considered efeca

andB are of comparable size). In the search process,Of an LtFT' For thi runs SOE) Tab:ce 1r; 'Fhﬁtllml(;aggr;
for each cell, each point iA is visited at least twice parameters were chosen .2..mm lor height an or

: : the number of points in a cell. The latter numbasw
in order to form the line segmeaia,. When the test 23 _ .
against;, is passed, another loop over all elements of calculated asig / G™ = 2407/250 96, which reflects

A is made to find candidateg and finally one more the fact that the data points represgnt a dimeabtgn
loop to find a4 (the maximal cost is proportional to 2 boundfﬂfy rather than a vglumetrlc F:ontent. Thb. ce
GP* so far). If a, is found, then all points in the cell located in the overlap region contained 100 points.
are compared toA (cost proportional toP?) and We have set fract!on parameter 0.9. .If 90% or
possibly another check of alB against A is more of the cell pomts after transformat_|on gmifzdr
performed, as described in section 2.3. The mainthan,&2 to any point ofA then the LFT yielded “cell
terms of the cosE are: OK” in the table.d, was set to 1.5mm. The threshold
5 . . . for computing the overlap explicitly was setdp=
CUP+BP +BP + (B3+f4P°. (1)  1.5mm. When the correct overlap (and thus the
B is the probability that thé, test is passed®, is correct matching transform) was found, the
proportional to the probability that theg andl,; test ~ associated LFT was classified as “all OK”.
are passed anfs is proportional to the probability From the table we see thit= 0.67 is approximately
that thelys, I24 andls, tests are passefl depends on  the |owest threshold for which at least one of The
parametef and the degree of overlap found of points | FTs produced the correct matching transfoln
in the current cell wittA. The number of points fronMB closer thand; =
If we would set’;=0 then no LFT would practically ~1.5mm toA was 540 (22.4%), reflecting the size of
pass thd;, test and terms 2 and 3 would vanish, or the overlap region (we were able to judge the
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na = 3188, ng = 2407,G =125, LFTs =7,0,=1.5mm, ;= 1.5mm, f=0.9
d1 (mm) an a;, OK aio3 a3 OK Q1034 a12340K | cell OK | all OK | CPU(s)
0.00 7.1x10 0 0 0 0 0 0 0 2
0.15 7.1x10| 2.0x16| 6.3x16| 6.5x1G | 2.0x10 10 0 0 18
0.30 7.1x10| 4.0x16 | 1.3x10 | 5.1x1d| 1.7x16 438 0 0 40
0.45 7.1x10| 59x16| 1.9x10 | 1.8x1G| 5.6x16 4345 2 0 95
0.60 7.1x10| 7.9x10 | 2.5x10 | 4.2x10| 1.3x10| 22,900 4 0 330
0.66 7.1x10| 8.7x16| 2.8x10| 56x1G| 1.8x10| 36,638 6 0 410
0.67 7.1x10| 8.9x10 | 2.8x10 | 6.9x10 | 1.9x10| 45,274 10 1 46(
0.75 7.1x10| 9.9x16 | 3.2x10 | 8.2x1G| 2.6x10| 83,868 15 2 78(
1.05 7.1x10| 1.4x16 | 4.4x10 | 2.3x16| 7.2x10| 5.8x10 64 4| 4800
1.50 7.1x10| 2.0x16 | 6.3x10 | 6.6x10 | 2.1x16°| 4.5x16 371 26| 36,700

Table 1. Complexity terms of length tests by Method 2 as function of threshold ¢,. Data are from the
Stanford Bunny.

correctness of the transformation of these pagicul
scan views based on ground knowledge from
alternative shape matching methods). Out of the
100 points in the particular cell containing the
“correct” LFT, 97 were at close distance #
(within thresholdd, = 1.5mm).

Obviously, the 4 vertices;..v, of the LFT itself
belong to that set of 97 points, since they arseclo
to the points...a4. For the same LFT one different

4-points  set
transformation passing

in A was found
“Cell

OoK”.

leading
With that

to a

transformation 91 points of the cell were closéto
but so were only 159 points & making it very
unlikely that the transformation was the matching
transform. Another LFT generated 8 transforms
passing “Cell OK” but turned out not the matching
transform. The total of 10 cases of “Cell OK” is

600
°
& 400
S o &e°
>
& 200 °
0 T T T
0 50 100 150
Rotation of transform (degrees)

Figure 2. Number of points in MB close to A
versus rotation of M for d, = 0.67 and f=0.9. The
plot contains 10 data points.

depicted in Figure 2. The number of overlap points
in B is plotted against the rotation exerted by the
transform. The latter quantity was chosen as it
characterizes the transform, although there is, of
course, not a one-to-one relationship between the
angle and the transformation matrix. The orientatio
of scan viewB relative to A is 89.9 degrees,
according to the solution found &af = 0.67. The
number ofl, tests is, independently éf, equal to

na? times the number of LFTs considered. For the
runs of Table 1 this number, labeled, was
3188x7 = 7.1x10. For; = 0.67, 1.3% of thé;,
comparisons passed the test, labeld OK”. This
percentage is collective over all accepted LFTs in
the run. The number of§, |,3) tests is, times the
“a;, OK” cases, or 2.8xF0 This number depends
on the third power offi,. Further; in equation (1)

is dependent ody.
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Figure 3. Number of points in MB close to A
versusrotation of M for ¢, = 0.75 and f=0.9. The
plot contains 15 data points.

For the particular runs in Table 1 it turned owttth
p1 =0 foro, < 0.66 andp; is rising for increasing
01. For 6; = 0.67, 0.02% of thea;,; tests was
positive. This percentage is proportionalfoand
depends o@;. From the 1.9%10ay 34 tests, 0.002%
or 45,274 resulted positively. This fraction affect
fs. Finally, the number of exhaustive tests of
distanceMB to A depends on the fraction of “cell
OK” (0.02% in the run fos, = 0.67). This fraction
is proportional tg3,.



The increase of computation time with increasing

is obvious from the rightmost column of Table 1.
The choice 08, seems most critical, where&sand

f affect the number of distance evaluations, which
will be increasingly critical for larga, andng.

The effect of changinffrom 0.9 to 0.8 is shown in
Figure 5, which should be compared to Figure 3.
The number of candidates passing thtareshold
rises from 15 to 308. Instead of having only two
correct transformations fof=0.9, there are 4 of
them forf=0.8. They show up as a narrow peak in
Figure 5 near 90

600

g 400 -
E ] ,'.;_;_: i
>
3 200

0 ‘ ‘ ‘

0 50 100 150

Rotation of transformation (degrees)

Figure 4. Number of points in MB close to A
versus rotation of M for §; = 1.05 and f = 0.9.
The plot contains 64 data points.
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E -it*z: o&%% ‘.va -%.& '.'\
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0 ‘ ‘ ‘
0 50 100 150
Rotation of transform (degrees)

Figure 5. Number of points in MB close to A
versus rotation of M for §; = 0.75 and f = 0.8.
The plot contains 308 data points.

Lowering f to 0.5 does not lead to more correct
transforms, but increases the background of
incorrect candidates (Figure 6). In Table 2 the
number of candidates and the performance of the
algorithm, for the different values of, are
presented. It should be noted that coefficight
increases with decreasirfg leading to 8 power
behavior of the complexity, see equation (1). The
increase of CPU time in Table 2 can be practically
completely attributed to the number of full distanc
computations. When the number of tested cells
increases from 308 to 8695 (factor 28.2), the CPU
time for B-to-A distance computation increases by
factor (2114-780) / (829-780) = 27.2. In all cases
the number of cell-té:x distance computations is
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83,868, which would increase with th8 power of
number points as well. However, tife coefficient

is small whend, is moderate and the number of
points in a cell is small.

0 50

100 150

Rotation of transform (degrees)

Figure 6. Number of points in MB close to A
versus rotation of M for 4, = 0.75 and f = 0.5.
The plot contains 8695 data points.

Ny = 3188, ng =2407,G =125, LFTs=7,
01 =0.75mmg, = 1.5mm, d3=1.5mm

f a123,0K | cell OK | all OK | CPU(s)
0.9 83,868 15 2 780
0.8 83,868 308 4 829
0.5 83,868 8695 4 2114

Table 2. Dependence on f of the performance of
Method 2.

We observed that increasiag and/or decreasinfy
puts a dramatic load on the computation. Further,
having approximately 1.6 times more unordered
points in the sets, rises the CPU times by a factor
20.8, see Table 3 for details. For a pufeogder
behavior one would expect a factor 16.8, but there
are other factors such as the number of accepted
LFTs, which changed from 7 to 9.

4. CONCLUSIONS

The two most critical factors influencing the
performance of the algorithm are the point setssize
andd;. In the test runs we have used down-sampled
versions of point sets containing originally 40,200
and 30,400 points. The down-sampling algorithm
removed points conservatively from the set such
that no two points were less thanlength units
apart, wheree was set to 2mm for the runs in Tables
1 and 2, and = 1.5mm for the runs in Table 3. For
given ¢ an upper limit ofé; would be 0.5 in a
worst-case one-dimensional setting. Using a small
value ford; could lead to zero LFT matches.



na = 3188, ng = 2407, G = 125,5, = 0.75mmg, = 1.5mm, d5= 1.5mm, f=0.9
Na Ng, LFTs aio a;» OK a3 aj03 OK Q1934 a12340K | cell OK | all OK | CPU(s)
3188, 2407, 77.1x1d | 9.9x16 | 3.2x10 | 8.2x16 | 2.6x10| 83,868 15 2 78(
5140, 4127, 92.4x10 | 3.1x16 | 1.6x103° | 4.0x16 | 2.1x16°| 737,044 703 40 16,24D

Table 3. Effect of increasing the density of the point sets by approximately a factor 1.6 for Method 2.

Empirically we have found;=0.66mm=0.38 as an
upper limit in the particular setting of the rung w
performed. This could be considered as a rule of
thumb for d;, although it presumes evenly spaced
points. The choice db has turned out to be critical
as well. When we selectg8=6x6x6=216, none of
the LFTs yielded a correct transform, unless we
increasedy; from 0.67 to 1.05mm. Indeed, refining
the cell subdivision could exceptionally imply that
fewercells are fully included in the overlap region.
When we loweredG to 4x4x4=64, none of the
LFTs yielded a correct transform, not evervat
1.05. This could have been expected since the LFTs
all exceed the size of the overlap region and are
therefore unlikely to fit “correctly” toA at any
place.

The subdivision has been implemented on an
arbitrarily orientated evenly spaced grid, namely a
grid aligned with the global coordinate system.sThi
subdivision method could be improved significantly
to reduce the number cells that should be
considered further. If we assume that the overlap
region contains at least 20% of the point8dhen

the 5x5x5 subdivision seems appropriate.

The values ob; andd, are less criticalprovided
that 6, is not unnecessarily large. The values we
supplied (1.5mm or 0.% seem reasonablé&0.9
turned also a good starting value; the correct
transforms yielded about 95% overlap of the cell
with A, and we observed that even with increased
o, it was not useful to sélower than 0.9.

As mentioned, these recommendations for initial
parameter values are still case-specific. When the
scanning process would result in very unevenly
distributed points, the parameters should be dérive
from the highest occurring

A possible strategy for automatically adjusting the
parameters is to set relatively large €.g. 0.01
times the diagonal of the bounding boxAf and
perform a run withd; = 0.3¢. Then the largest

overlap detected can be tested for compactness and

connectedness. If the distribution of the overlagpi
points is not consistent with a connected portibn o
A and/orB, runs with increased; can be carried
out.
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Both the length tests and the distance computations
can be implemented with a good degree of
parallelization. Unlike purely two-dimensional
processes such as image restoration, 3D scan view
data cannot be subdivided in portions which can be
processed completely independently. Still an
acceleration of the computation by a factor ofd0 t
100 appears feasible in Cuda implementations that
are presently under investigation.
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