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function |vol center cov| = MeshProperties (mesh)

% Calculates the following properties for a unstructured triangle surface mesh:
% mesh - triangle mesh

% vol - mesh volume (scalar)

% center - center of gravity (3 vector)

% cov - coveriance matrix (3x3 matrix)

% aggregated volume, center & cov. counters

v_sum=0;

c_sum = zeros (3,1);

C_sum = zeros (3,3);

N = size (mesh.indices, 1);

for i=1;N
% triangle vertices
vl = mesh. vertices (mesh. indices (i, 1) , 3} ;
v2 = mesh. vertices (mesh. indices (i, 2), :) ;
v3 = mesh. vertices (mesh. indices (i, 3) , :) ;
% compute triangle properties
|vcC| =TetraProp (v1',v2'v3');
% assimilate results

V_Sum =v_sum +V; % partial volumes

c_sum =c_sum + (v * ¢); % center is volume-weighte

C_sum=C_sum + C; % non-centered covariance
end

% total volume is sum of partial volumes

vol =v_sum;

% center of gravity is volume-weighted sum of tetrahedr centers
center = c_sum/v_sum;

% E{(x-mean)"2 }= E{x"2} - E{x}"2

% not 100% sure about "vol" division, but it gives realistic results
cov = (C_sum/vol) - (center*center') ;

Function |vol center cov| = TetraProp (v1, v2, v3)
% properties of a tetrahedron with v0=(0,0,0)
% code assumes (0,0,0) as cov. reference point

% canonical cov. for a (0,0,0), (1,0,0), (0,1,0), (0,0,1) tetrahedron
C_can=1/120*|211;
121;
112];
% transform. matrix
A=|vliv2v3|;

vol = 1/6 * det(A);
center = (v1+v2+v3)/4; % div. by 4 due to (0,0,0) ref.
cov = det(A)*A*C_can*A’;
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function spher = CovSphericity (cov, lax)
%% Compute covariance-based sphericity value
% cov - covariance matrix (3x3 matrix)
% lax - long-axis vector (3 vector)
% spher - computed sphericity index (scalar)
% compute two axes orthogonal to lax
cl=cross (lax, |[001]);
c2 =cross (lax, c1) ;
% orthogonal rotation matrix
ROT = |lax / norm(lax) ;

¢l / norm(cl);

c2 / norm(c2)|;

% rotate cov. matrix to align to lax axis
cov = ROT*cov*ROT';

% spher ~ = vol/height"3
spher = det(cov) / (cov (1,1) 3);
spher = sqrt (spher); % quad. to linear units
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