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1 Sphericity ψ parameter
Rounded object morphology can be characterized by the sphericity parameter that gives
information about the degree of spherical shape of the object. The sphericity parameter
reads [1]:

ψ = π1/3(6Vm)2/3

Sm

∈ [0 : 1] (1)

where Vm is the measured volume and Sm the measured surface of the object. ψ = 1 for
a perfect sphere while it decreases with the increase of the degree of non-sperical shape of
the object. However, in absence of surface reconstruction (i.e., polygonal meshing) [2, 3]
due to the cubic-shape (voxel) discretization of the volume the sphericity parameter is
biased.

To characterize this bias, spheres with different radius were simulated with the sphere
equation using the following Python code :

import numpy as np
import nrrd

radius = 100 # define the radius of the output sphere

N = int((radius+2)*2)
volume = np.zeros((N,N,N))
Xcenter=Ycenter=Zcenter=N/2

for i in range(N):
for j in range(N):

for k in range(N):
if ((i-Xcenter)**2+(j-Ycenter)**2+(k-Zcenter)**2<=radius**2):

volume[i,j,k]=1
nrrd.write(’radius_’+str(radius)+’.nrrd’, volume)

The Python code takes as input the radius of the desired sphere and returns a cubic-
shape volume containing the sphere. Then, the sphere of each volume was investigated
with the 3D object counter plugin of the ImageJ software [4] returning, among others,
the measured volume (Vm) and the measured surface (Sm) of the sphere. The results and
calculated sphericity parameters are presented in Table 1 and Figure 1. The results show
that:

• Radii calculated from the measured volumes are in good agreement with initial radii
and associated error decreases with the radius increase.

• Sphericity ψ parameter tends toward 2/3 with the increase of the initial radius.

2



Table 1: Initial radius r0, measured volume Vm, measured surface Sm, sphericity ψ pa-
rameter and radius calculated from the measured volume r(Vm) results.

r0 (pixel) Vm (pixel3) Sm (pixel2) ψ r(Vm) (pixel)
1 7 30 0.5899 1.19
2 33 78 0.6379 1.99
3 123 174 0.6874 3.09
4 257 294 0.6649 3.94
5 515 486 0.6393 4.97
6 925 678 0.6771 6.04
7 1419 894 0.6831 6.97
8 2109 1182 0.6728 7.96
9 3071 1518 0.6731 9.02
10 4169 1902 0.6586 9.98
11 5575 2262 0.6722 11.00
12 7153 2646 0.6785 11.95
13 9171 3174 0.6676 12.99
14 11513 3678 0.6704 14.01
15 14147 4254 0.6650 15.00
25 65267 11766 0.6663 24.98
50 523305 47070 0.6672 49.99
100 4187857 188502 0.6665 99.99
200 33507884 753774 0.6668 200.00
500 523592064 4712094 0.6667 500.00
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Figure 1: Sphericity ψ parameter as function of the recalculated radius from the measured
volume for spheres with a cubic-shape (voxel) discretization.
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2 Code and fitted weights
The code and the fitted weights used in the present work are made available for any
interested researcher to use for their needs and can be downloaded from https://github.
com/steveC91/3D-DCNN.
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