

















Fig. 14. Left: The skull model with the first layer in blue and the second
layer in red. Right: layer visualization in the motor model.

Fig. 15. Three layers of the top of the motor model.

tive editing for the results in this paper, because that would skew the
comparison with other approaches.

6 RESULTS

We present the running times of our algorithm on a small set of mod-
els. The models were selected to include some variety of how difficult
the models are and how many sharp features they possess. For each
model we run one inside-outside classification for inside removal. We
list the number of polygons of the input model, the number of poly-
gons of the output, as well as the complete running time (See Table 1).
We also include an informal comparison with Ju’s PolyMender soft-
ware [10] available at his web page'. PolyMender needs to scan the
input models into a hierarchical grid. One parameter maxd allows the
user to control the maximal depth of the octree. In our experiments, we
tune the parameters for PolyMender to capture the details of different
models. Polymender generates an order of magnitude more triangles
for the models house, building 2, and mechanic 1. A main reason is
that coplanar faces seem to force a very detailed voxelization. Most of
the models are well reconstructed with maxd = 9. The bird skeleton
contains many detailed structures and requires maxd = 10. For simpler
models such as the Turbine and Skull we set maxd = 8. We use the ver-
sion dc-clean for all models except for the bird which uses dc. While
our algorithm cannot compete with Polymender’s hole filling function-
ality, we believe that the results underline that our proposed system can
complement volumetric methods well. We also list a breakdown of our
running times for the three major steps clustering, sampling, and graph
cut in Table 2. In the same table we list statistics about the graph and
memory consumption. The main parameters of our algorithm are the
number of random samples, the number of border samples, the number
of rays per node, the threshold for the intersection computation and the
threshold for the coplanarity computation. For these tests we made a
binary correct or not correct decision based on visual inspection. See
Table 3 and Table 4 for the results. We measured the influence of clus-
tering on three models (see Table 5). Even though we do not perform
clustering in the second column, we still have to run the intersection

Thttp://www.cse.wustl.edu/ taoju/code/polymender.htm

Fig. 16. Left: The turb model with the first layer in blue and second
layer in red. This model is an illustration of the difference of the view-
based and object-based inside-outside classification. Please note that
the interior pipe structure is correctly classified as outside because it is
reachable through several smaller pipes. Right: a closeup.

and coplanarity tests (I[s]). Note that the skull is an extreme case that
benefits a lot from clustering, as it has very large connected compo-
nents; the others are just normal cases where both connected mesh and
intersected triangles both exist. The third column simulates a triangle
soup case by randomly messing up selected triangles. The clustering
algorithm typically improves the overall running time because it re-
duces the number of nodes and edges in the visibility graph processed
by the graph cut algorithm.

[ Model [ Alg. [ Tri.In# [ Tri.Out# [ Time [s] ]
2 . VGC | 24K 11K 89.1s
ki JU 24K T.OM 14.97s
e ‘,;} VGC | 111K 92K 17.6s
s | 2 JO 111K T.IM 8.37s
e} ' VGC | 93K 85K 439s
= JU 93K 791K 17.812s
) - VGC | 33K 22K 22.7s
= JU 33K 897K 6.687s
= . VGC | 1.04K | 1.03K 5.52s
g JU | 1.04K 361K 3.062s
g » VGC | 25K 23K 3.75s
g JU 25K 742K 2.34s
= l VGC | 1.76M | 1.76M 66.5s
2 JU | 1.76M 843K 46.18s
= ‘ VGC | 1.16M | 1.16M | 47.89s
“ JU [ 1.16M | 1.6IM 443Ts
g h VGS | 140k 44K 74145
g JU 140k 1.5M 17.016s

Table 1. The table lists the number of input triangles (Tri.In) and output
triangles (Tri.Out) and total computation time in seconds. We compare
our results (VGC: Visibility Graph Cut) against Ju’s PolyMender (version
1.7).

7 DiscussiIoN

In this section we want to compare to previous work, identify contri-
butions and open problems that are of interest for future research.

Mesh Repair: Our algorithm performs several steps of a mesh re-
pair framework, but we do not currently address hole filling, a major
challenge that is implemented in some previous mesh repair systems,
e.g. [2, 10]. However, the problem of hole filling is not solved by pre-
vious work and it remains an inherently difficult topic. Many cases
require user input to be resolved. Our major avenue for future work is
to determine how the visibility graph can be used to let a user specify
hints for hole filling.

Inside Outside Classification: We believe that our algorithm sig-
nificantly improves the state of the art, because we make better use
of visibility information. Previous work, especially Borodin et al. [4]



[ Model [ C[s] | S[sl [ GIs] [ Rays | Node | Edge [ Mem ] Clustering No Clustering Triangle Soup
house | 2.1 | 73 | 14 | 20M | 1.2M | 87M | 316M (CIs)/S[sVGlsD | [s)/S[s)/G[s]) (S[s)/GIsD
bird 73 9.1 1.2 3.5M | 224K 1.2M 46M bird 18 (7.3/9.1/1.2) 25 (3.5/18.7/3) 11 (10.1/1.1)
bldgl 6.4 36 1.5 1IM | 691K | 5.3M 183M skull | 47 (46/1.4/0.06) | 194 (21.4/145/28) | 161 (135.2/25.9)
bldg2 4.8 16.7 1.2 6.9M | 432K 1.9M 74M motor | 25 (3.5/20/1.5) 48 (2.3/43.2/2.5) 11 (10.1/0.5)
mechl 0.1 5.3 0.1 24M | 77K 825K 28M
mech2 | 07 71 095 | 12M | 80K 156K ™M Table 5. Running times for clustering(C), sampling(S), intersection(l),
wrb | 66 | 0.1 | Ims | 94K | 590 | 739 | 40K | @andgraphcut(G)
skull 46 1.4 0.06 | 55K 3.4K 1.5K 338K
motor 5.1 58 11 26M 1.6M | 12.4M | 443M

Table 2. The break-down of computation times for each model and
running times in seconds for clustering (C) , sampling (S), and graph
cut (G). Further we list the number of rays used in the sampling stage
(Rays), the number of nodes (Node) and edges (Edge) of the visibility

graph, and the memory consumption (Mem).

RS =5, BS =30, RperN = 8 16 32 48 64
house, time= 49s | 89s | 206s | 327s | 382s

RS =5, RperN =16, BS = 6 15 24 30 36
house, time= 23s | 44s | 68s 89s 121s

BS =30, RperN =16, RS = 0 5 10 15 20
house, time= 75s | 89s | 102s | 121s | 143s

RS =10, BS =0, RperN = 8 16 32 48 64
bird, time= 7s 17s | 22s 32s 42s

RS =10, RperN = 16, BS = 0 6 15 24 30
bird, time= 17s | 35s | 59s 108s | 146s

BS =0, RperN =16, RS = 5 10 15 20 25
bird, time= 8s 17s 33s 52s 79s

Table 3. We evaluate the parameters number of random samples (RS),
number of border samples (BS), and the number of rays per node
(RperN) on two selected models. We always keep two parameters the
same and vary the other one. As result we report the running time. The
lowest running time that produces a correct result is highlighted in red.

and Murali et al. [15] make many assumptions about the model and
are therefore not robust to intersecting and coplanar triangles. On the
other hand volumetric methods [2, 10] can deal with a larger number
of inputs, but they are not able to classify the original geometry. As
a result a significant increase in triangles is likely for all models that
do not have a nice uniform triangulation. Furthermore, our experience
with the Polymender software [10] shows that there are some robust-
ness issues that would have to be resolved. We therefore argue that our
algorithm is the best available choice for inside-outside classification

and related applications.

8 CONCLUSION

We presented a robust visibility based geometry analysis algorithm
that takes a triangular model as input and computes an inside and out-
side classification of oriented triangle faces. We show how to use this
classification for three example applications: inside removal, normal
orientation, layer-based visualization. The core idea of out framework
is to propagate visibility using ray casting and to compute a classifi-
cation using graph cut. We believe that our algorithm is a significant

[ Model [ x-size | y-size [ z-size [ I-thresh [ C-thresh |
house | 204 216 157 [10°—102]10°—-102
mechl | 26 25 30 [10°=103 [ 10°-1072
motor 5 21 20 [ 10°=102 [ 10°-102

Table 4. We list the setting for three models for the threshold parame-
ters that produce correct results: threshold for the intersection detection
(I-thresh) and threshold for the coplanar detection (C-thresh). The pa-
rameter range was determined by running a large number of tests with

different thresholds and subsequent visual inspection of the results.

technical improvement over previous techniques.
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