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Algorithm 2 Cleaning up off-directional stitches

1: procedure cleanup (spt, stitches, normal)
2: for all e € stitches do

3: U4 eu
4: V<4 e
5: spt.remove(e)
6: /I Label the connected components with numbers 1 and 2
7: spt.dfs(u,1)
8: spt.dfs(v,2)
9: /I Select best from other connected component
10: ub + getBestNode(u,cl,1)
11 vb + getBestNode(v, ¢2,2)
12: if ¢l < ¢2then
13: nu < u
14: nv < ub
15: else
16: nu < v
17: nv < vb
18: /I Compare costs between the old and new edge
19: wl + cost(nu, nv, normal[nu))
20: w2 <+ cost(u, v, normal|u))
21: if wl < w2 then
22: spt.add(edge(nu, nv))
23: else
24 spt.add(edge(u,v))

Figure 3.16: Each circle in the normal map behaves in the opposite way as the one in Figure 3.
A typical direction goes normal to the surface of the circle, in contrast to the tangential direction
we saw before. The blue region does not represent any specific stitch directions, indicating uniform
stiffening.
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Figure 3.17: Enforcement of no-go boundaries yields results that are consistent throughout the stitch
plan

is a semi-automatic approach to solving the problem, since these segments need to be chosen by the
user via a line/segment drawing interface. We can guarantee that there wouldn’t be any stitches

going over the centres of the circles, producing soft spots in each of the circle centres.

3.1.9 Mixing Material properties and cost functions

Another advantage of using a tree structure to produce stitch plans is the generalization
capability it offers. We can seamlessly move from complete anisotropy to complete isotropy by
changing a single number w. We use w as an interpolation constant that can be dialed from 0.0
to 1.0 - fully anisotropic to fully isotropic respectively. Mathematically, this can be represented as

follows,

coStiotal = (1 — w) - costy + w - costs. (3.7)

where cost, and costy are given by equations 3.5 and 3.4 respectively. The new edge weight
will then be given by costiotal

Figure 3.19 shows some results when applying this formula to modify the cost functions

25



Figure 3.18: Maps used to generate stitch plans shown in Figure 3.19

for maps described in Figure 3.19. The pink normal map is interpreted as horizontal stitching
everywhere. The density map used is flat (no gradient change) and sampled using stratified uniform

sampling.

3.2 Map optimization with Inverse Design

As we saw in the previous sections, the density and normal map form the main constraints
our stitch planning algorithms need to adhere to. The density map specifies how many stitches need
to be made in local regions of the fabric and the normal map specifies the direction those stitches need
to head toward. These maps can become increasingly tricky to design by hand, since the resulting
outcome they have on the stitch plan being made and how they might affect different properties
of the cloth are very hard to predict. In this section, we will look at techniques for automating
the process of generating these maps based on a user defined performance criteria. The user of the
system can specify external forces being applied on the cloth and the desired deformation of the cloth
in response to those forces. An optimization algorithm then computes density and normal maps that
give a solution producing the target cloth behaviour. At the heart of this optimization algorithm is

a cloth simulator, which helps us predict how different estimations of the density and normal map
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Figure 3.19: w values ranging from 0.0 to 1.0. Top left - 0.0 (completely anisotropic), Top right -
0.3, Bottom Left - 0.5, Bottom Centre - 0.7, Bottom Right - 1.0 (completely isotropic)
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