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3D NeuronModeling Based on Controllable Convolution Surface

ZHU Xiaoqiang, CHEN Qi
(Schoeol of Communication and Information Engineering , Shanghai University , Shanghai 200444, China)

[ Abstract] In neuroscience, the analysis of complex neural behavior of/the brain requires the construction of a smooth
and high-quality neuron model. Given the complexity of three-dimensional neuron morphology data, the existing
research on the three-dimensional neuron model has the challenges of large creases between skeletons and low surface
smoothness when constructing the model.To solve the challenge that the support radius is too large and the convolution
transition is mixed,a new method of convolution surface blending using local variable support radius control is proposed.
It involves using the algorithm based on the density and radius of sampling points to preprocess the data and combine the
abstraction of the skeleton and the smoothness of the convolution surface. The sparse voxels based on VDB usage
adaptively adjust the spatial resolution to improve the generation efficiency, thus solving the speed problem of extracting
the isosurface of neurons with different radii.The MeshLab tool verifies the water tightness of the mesh and reconstructs
the mesh based on the isotropic remeshing algorithm to validate the generated model data. The Loop algorithm
subdivides the neuron mesh, making its'surface smoother and containing more details. TetGen software generates a high-
quality neuron tetrahedron model to‘construct a neuron model that can execute light propagation simulation experiments
in brain nerve tissue. The experimental results show that, compared with the existing neural modeling methods, the
proposed method can effectively:improve the generation rate and generate high-order smooth mesh models.

[ Key words] neuron visualization ; skeleton ; implicit surface ; convolution surface ; surface blending; grid optimization
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Table 1 Structure of standard neuron data
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Fig.1 Schematic diagram of neuron segmental line skeleton

HFEB NG LT AAE T A M & T I S5
Pt v, PRI A 6 SRR AR T AN TR 2 B B A € 4R
H LU T4 B VR R

BN SWC R pf 2 oo i

B RBRSR SRR URN S B AR 2 e R

HB,L X UNCVIR T SRR KK R
D315 R I BRSO AR AR A, O 3
J& A5

B2 BHEKEREIITO N le—4) 3,

H]3  AbFREE R, R P, PR
IR P, (A 5 Py, SR PR P, B
B P, s



Faok 3 Reat , Bk

$ay o B T 4 A AU T A — 4 8 T A A 233

FTWA WP RN, P, Ry SCE S b
PRI 3

WB,S R P, RSP RENER AL, BT
B 43 32 0 2 W SR S R F N 45 4, T 1 S 3R P, Y T
WP RIGHEE P, AP S MBR P, A5

BB WIRP, ZE LI PR AR H
FEMBR Pyo

BT WIR P R A, PR H ALY A, 2
RIGE L S

T]®S WHES U MBERA 50 & T
I3

AN 2R i X 38 1 1 22 0 FL S Kl Sk 1), =
P22 JE AL FR S5 40 P 2 BT s o JRLER 4 e B £
1429 R BE A, AL BLJS  RR 22 OT B e A
1 374 A RAE Ao Tl Ab $H A5 1 BB AT UMb A TR pih 28 00
TE 2 E0HE W] BEAEAE 1Y S0 REAS AT L 30 A ) A, D>
R FE ST B, Ol e S IR AR TR () A i R 1R A R
A HdE .

B2 ZHMETTHAEER

Fig.2 Preprocessing result of 3D neuron
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