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Large-scale Evaluation of Neighborhood Weights and Sizes

The Experiment

We investigate the quality of weighted neighborhoods N; C [n] with different sizes, see [1] for complete results. The weights are
determined by the normal similarity between points and are given by a sigmoid function modeling both continuous and sharp increases. Our
large-scale analysis consists of more than 1, 000 point sets P = {p; | © € [n]}, with neighborhoods A; C [Z] and normals n; € S?.

W Evaluation Model
1. O S = b —1 Following [2,3], consider the covariance matrix of N;
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Figure: Plots of the sigmoid Slgcos(m) for three parameter choices. For each point p;, evaluate these via a Shannon-type error
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For x = <n“n’2”>+1 and j € N; assign weights for p; from p; as ¢ i In(L7) i In(P7) — 57 In(S57)
and for a range of possible neighborhood sizes
0 r € (—o0,a), k€ R :={6,...,20}, determine the optimal weight-
W;; = Slgg",‘f(a}) — —% COS (bﬂl(a_;;a)) + % r € |a,a’), ing parameter pair (a*, b*) via
| P
1 xr € |a’, +o00 |
| ] ) (a™,b*) = arg min — Z min Edlm (1)
with a € [0,1), b € R>; U {0} anda’ = (1 — a)b™! + a. (ab)ep |P| <= keR

Optimal parameter k analysis

Optimal Parameter (a*, b*) analysis

We run the evaluation from Equation (1) on 1, 000 clean [4| and nine noisy models [5]. Plot k that achieve optimality in Equa-
tion (1).
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(a) 1,000 clean models [4]. (b) nine noisy models [5]. Figure: k distributed over 1, 000 clean models [4].
Figure: Distribution of optimal parameters (a*, b*) on the two model sets.
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Could the values be increased (a+, b+ ), were they maximal (a = .9, b = 00), or would
an increase lead to a faulty evaluation, e.g. via empty neighborhoods (—a-+, —b+).

a—=.9 a-+ —a+ b = o© b-+ — b+ g
clean models [4] 248 20 732 32 968 0 | | | | | | |
noisy models [5] 0 1 8 1 3 0 e R
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Table: Distribution into maximal parameters, possible increase, and failure when increasing. | S | |
Figure: k distribution over nine noisy models [5].

Conclusions:

Conclusions:
» Set b small, which takes all neighbors into account. » Use small k for clean models, have to
» Set a as large as possible to only weight similar neighbors highly. vary k for noisy models.
» Have to choose a small enough to actually obtain a non-empty neighborhood. » Optimality is only achieved with
» Equal-weights (a = 0, b = o0) or sharp cut-off weights (b = o0) as widely used varying neighborhood size k, but
in the literature are rarely optimal. literature usually fixes some k.
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