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The Alignment of Triangular Meshes Based on the Distance Feature
Between the Centroid and Vertices

Minjeong Koo' + Sanghun Jeong'" - Ku-Jin Kim™"

ABSTRACT

Although the iterative closest point (ICP) algorithm has been widely used to align two point clouds, ICP tends to fail when the initial
orientation of the two point clouds are significantly different. In this paper, when two triangular meshes A and B have significantly different
initial orientations, we present an algorithm to align them. After obtaining weighted centroids for meshes A and B, respectively, vertices
that are likely to correspond to each other between meshes are set as feature points using the distance from the centroid to the vertices.
After rotating mesh B so that the feature points of A and B to be close each other, RMSD (root mean square deviation) is measured
for the vertices of A and B. Aligned meshes are obtained by repeating the same process while changing the feature points until the RMSD
is less than the reference value. Through experiments, we show that the proposed algorithm aligns the mesh even when the ICP and
Go-ICP algorithms fail.
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Input: A= {V, F} and B = {W, G} // meshes
& // threshold for the RMSD between two meshes
o.// threshold for the iteration
Step 1: // Compute the weighted centroid
C, := the weighted centroid of A;
Cp := the weighted centroid of B;
Step 2: // Translate A and B for C, and Cy, to be located
// at origin O
foreach v, E Vdov,=v,—-C,;
for each w; € Wdo wj :=w;—Cg;
Step 3: // Decide the feature points in A
F, := the vertex vi such as [[v. — O|| = MAX . ; 4,(|[v; - O|));
N, = the vertex v, such as [[v, — O|| = MIN ., o,(||v; — Ol));
Step 4: //Sort the vertices in B with respect to its distance to O
(be1), biay > by) = the sequence of the indices of vertices of B,
where [y — Ol = [[Wyiy — Of, 1 £j<m;
Step 5: // Accumulatively rotate B according to the
[/ updated feature points
B*=B;
MINgysp = RMSD (A, B¥);
x:=1;
y i =m;
count := 0;
while (count < «) do begin
B := rotated B with the rotation axis (wyy, — 0) X (Fy~ 0)
for the line segment Owy, to be overlapped with OF, ;
B := rotated B with the rotanon axis (F, — O) with the angle
acos((Ns ~ 0)* (W) ~ O)([| N~ O [ | Wiy ~ O )
if (||[Fy — Wyl < 108 and [N, — Wiyl < 103) then begin
if (RMSD(A, B) < 3) then Output B and Exit;
if (MINgysp > RMSD (A, B)) then begin
MINgysp := RMSD (A, B);
B*=B;
end

end
if [|[Fy — Wyl > [N — Wyl then x:=x+1;
else y:=y—1;
count++;
end
Step 6: Output B*;

Fig. 1. The Suggested Algorithm
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(d) ()
Fig. 3. The High Resolution Mesh (Green) and the Low
Resolution Mesh (Red) of EMD1815: (a) the Initial State, (b)
the 1st Iteration (RMSD: 6161.465660), (c) the 2nd lteration
(RMSD: 716.359659) (d) the 7th lteration (RMSD: 11.546572).
and (e) the 64th (Final) Aligned Result (RMSD: 0.261572).
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Fig. 4. The Initial Position and the Aligned Result of
the Suggested Algorithm, ICP Algorithm,
and Go-ICP Algorithm for the Meshes.



ENgS 0|85t

=0

AZES |

- o=

Hol 3

529

Table 1. The Experimental Results of the Suggested Algorithm, ICP, and Go-ICP. The Euclidean Fitness Epsilon for ICP is 0.01,
and the Mean Squared Error (MSE) Convergence Threshold for Go-ICP is 0.01. The lteration Threshold for the Suggested Algorithm

and ICP is 100.
The number of vertices The suggested algorithm ICP Go-ICP
Mesh 4
(CAD model R Mesh lz |
for bone (f:angno €
Dataset plaéesh .1—h6 platgsr 1?6nean J 5 RMSD CO@utation RMSD Con.lputation RMSD Con.lputation
an : ig low resolution time(s) time(s) time(s)
resolution
models for models for
EMD) D)
Bone platel 47,010 47,455 0.049522 | 0.019370 21.079 0.0869127 8.151 0.005954 150.455
Bone plate2 61,933 62,184 0.917643 | 0.345508 14.044 48.706848 20.999 18.339924 108.898
Bone plate3 64,172 64,717 1.040153 | 126.009921 | 178.310 7.863900 15.722 0.018506 72.345
Bone plate4 55,738 76,109 0.746893 | 0.011441 2.971 231.290955 25.514 |230.648926| 151.828
Bone plate5 18,018 18,027 0.321687 | 0.249331 1.825 0.400073 3.383 0.223563 52.486
Bone plate6 26,396 26,441 0.559950 | 0.549446 20.382 0.659200 4.079 0.394896 53.208
EMD1003 80,454 19,204 0.877014 | 0.254518 44.463 3373.578857 2.027 - -
EMD1303 136,030 32,682 1.076592 | 15.057670 82.173 0.017847 18.598 0.017838 109.804
EMD1709 12,954 3,116 0.497445 | 0.150707 0.345 1115.324341 0.754 - -
EMD1815 43,054 10,064 0.829870 | 0.261572 16.893 14423.14602 2.562 - -

Ago] o oz A2kg W4l Fola CAD et
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WollA= T E WS AR AHES L A H4E B
2 A8t tH(Table 18%). Fig. 40o14& 4 w4 € A
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