Point Cloud Denoising

Boris Mederos Luiz Velho Luiz Henrique de Figueiredo
IMPA—-Instituto de Materatica Pura e Aplicada
Estrada Dona Castorina 110, 22461-320 Rio de Janeiro, RJ, Brazil
boris@impa.br 1lvelho@impa.br 1hf@impa.br

September 3, 2003

In order to denoise a point cloud our algorithm have the following steps:
i) Estimate an initial normal vector;) at each samplg.

i) Determine a neighborhood sai, atp.

i) Apply a robust smoothing operat@j(.) atp using the neighborhodV,.

We compute the normal vect@zr;, at a pointp based in robust statistics theory, the

normal vector is calculated a@ = miny, > ger 9(n'(q - p))w(|lp — ¢||) subject to
the restriction|n|| = 1, whereK is the set ofk-near neighbors of whereg(z) =
2 2

o —e%s, w(z) = e are the influence function and weight fuction respectively
with U, (x) = %(f”) , U.(z) = w(x). This problem is solved using iterative method.

The neighborhood of the input datdas computed constructiong an initial s&}, with
the k-near neightboors gfand for each elemente N, we add each k-near neighbor

s’ if the two condition are valid: i} ¢ N,. ii) ||s" — p|| < 20..

Once we have computed an initial normél and the neighborhooty,,, we apply the
smoothing operata®(p) = p+t*n*, wheren* andt* satisfy the following minimiza-
tion problem:

{n*,t*} = min » g(n'(q—p—tn))w(lg—pl) 1)
{n,t} 4eN,

subject tg|n|| = 1. Minimizing the above equation is equivalent to solve the following
two non-linear equations, the first is the partial derivative of (1) with respect to

> Velllg —pl)¥s(n'(g —p —tn))(—(g—p)'n+1) =0 )

qup

and the second is the partial derivative of (1) with respeet to

> Welllg = pl)Ts(n'(g — p—tn)((a — p)(g — p)'n —2t(g—p)) = An (3)
qEN,

Given an initial normah;, we solve the equation (2) with respectttobtaining

topr = ki, Yo, Waln'(q = p — txn))e(|lq — pll)hg, Whereh, = n'(q — p) is
the height of the poing with respect to the plane determined dyandp , the scalar
ke, = quzvp U, (nt(q—p—txn))P(|lqg — p||) is the sum of the weights. After few



iterations of the above equation we obtain the vegtet p+t,n that smooth the noisy
data in a better way than existing methods. Note that for the initial valee0 we get

ty = k=1 quNp U, (he)¥.c(|lp — qll)hy that is exactly the Fleishman et al method
see [3]. When we have determined an optitak minimize the equation (1) with re-
spect ton in a similar way to [4]. We iterate few steps interchanging the minimization
with respect ta andn until we obtain an optimal valu@(p) = p + t*n*. The use of

the influence functiog(.) make the smoothing method robust agains outliers and stop
smoothing near of sharp features.

We also extend the methods in [2,3] to point clouds, we extend the Jones et al algorithm,
computing the valug = k~' - 3" v Us(||TI(g) — p[)Pc(llg — pl)g, where the

predictorII(g) is computed using the norma&é and the neighborhood ofp is

N, ={q€ N, ||(q) —pl| < os; n,-n, > —a}, the use of the neighborhodd,
produce good results in thin regions where the existing method fails, it also enhances
the features in the model. In oder to determmgthe normal has to be consistently
oriented, we use EMST( extended minimum spanning tree ) in the same way as in
[1] to orient the normals. In the case of Fleishman et al algorithm we compute

t=kt. >gen’ Vs([[I(g) — pl)¥e(llg — pll)h, whereh is height of the poiny and

the smoothing value is = p+tn. The use of the predictdf(¢) and the neighborhood
NZ', improve the original Fleishman algorithm.
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