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MATLAB Programming

STL File and Final Project
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Laboratory of Neuroimags Biomarker Analysis

Please install MeshLab software

> MeshLab
®  https://www.meshlab.net/#download

the open source system for processing and editing 3D triangular meshes.
M es h L a b It provides a set of tools for editing, cleaning, healing, inspecting,

rendering, texturing and converting meshes. It offers features for
processing raw data produced by 3D digitization tools/devices and for preparing models for 3D printing.



https://www.meshlab.net/#download
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Generate stereolithography(STL) file
Instruction of final project

Please download the handout and materials from Q!
http://cflu.lab.nycu.edu.tw/CFLuU course matlabimage.html



http://cflu.lab.nycu.edu.tw/CFLu_course_matlabimage.html
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of Neuroimage Biomarker Analysis

F (Faces) V (Vertices)
A=zeros(10,10,10); 1|23 4 |10] 2
A(2:9,2:9,2:9)=1; el e e
5 3 1

[F,V] = isosurface(A,0);

\Val F | | |
Each face is composed of 3 vertices. g
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File Edit View Insert Tools Desktop Window Help

A=zeros(10,10,10);
A(2:9,2:9,2:9)=1;
[F,V] = isosurface(A,0);

figure
patch('Faces',F,'Vertices'V,'FaceColor',[0 1 0])
lighting gouraud, camlight(0,0), view(30,30)
axis equal
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ASCII STL
Start with solid name
The file continues with any number of triangles,
each represented as follows: facet normal n; n

outer loop
vertex vl, vl, vl;
vertex v2, v2, v2,
vertex v3, v3, v3;

endloop
endfacet
The file concludes with endsolid name g

i Mk




ASCII STL
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Open Mimaterials_L13\cube_ascii.stl using NotePad (565

| cubestl - BEE

EEF) HEE) HI(0) =RN) JEAH)

solid CubeDemno|

Tacel normal
outer loop

oL IooUABE-UL O/ o0UA0E-UL o7 50VA0E-U]

vertex 2.0000000E+00 2.0000000E+00 1.0000000E+00
vertex 1.0000000E+00 2.0000000E+00 2.0000000E+00
vertex 2.0000000E+00 1.0000000E+00 2. 0000000E+00

vertex 2.0000000E+00 2.0000000E+00 1.0
vertex 2.0000000E+00 3.0000000E+00 1.0
vertex 1.0000000E+00 2.0000000E+00 2.0
endl oop

endfacet
foret noavmel 7 OF1IOATTE_NI

I ATATATATATATAY 2N

E:IldlDOp ENMITACET

endfacet - N facet normal -5.7735026E-01 -5.7735026E-01 -5.7725026E-01
facet normal 7.07106778-01 -0.0000000E4 [outer loop

outer loop vertex 1.0000000B+01 9. 0000000B+00 9. 0000000F+00

vertex 9.0000000E+00 9.0000000E+00 1.0000000E+01
vertex 9.0000000E+00 1.0000000E+01 9. 0000000E+00
endloop

endfacet

endsol1d CubeDemo|
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Binary STL
Each triangle is described by twelve 32-bit
floating-point numbers

UINT&[88] - Header
UINT32 - Number of triangles

foreach triangle

REAL32[3] - Normal vector

REAL32[3] - Vertex 1

REAL32[3] - Vertex 2

REAL32[3] - Vertex 3 Binary STL has a g
UINT16 - Attribute byte count smaller file size.

end
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stlwrite function (released by Sven Holcombe)

‘\MchWOI‘kS” Products Solutions Academia Support Community Events

File Exchange

MATLAB Central +  Files  Authors My File Exchange  Contribute  About

stlwrite - write ASCII or Binary STL files

version 1.9.0.0 (10.6 KB) by Sven
Export a variety of inputs (patch, surface) to an STL triangular mesh
https://www.mathworks.com/matlabcentral/fileexchange/20922-stlwrite-write-

ascii-or-binary-stl-files
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stlwrite function (released by Sven Holcombe)

stiwrite('FILENAME' faces,vertices,MODE','ascii’, TITLE','NAME)
stiwrite('FILENAME' faces,vertices,MODE ", 'binary’, TITLE','NAME')

Examples:
stiwrite('cube_ascii.stl',F,V,'mode’,'ascii', title',CubeDemo’)
stiwrite('cube_binary.stl',F,V,'mode’, 'binary' 'title’,CubeDemo’) g




Original CT.images
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%% perform isosurface and smoothing
img2=smooth3(img,'box’,[3 3 3]);

Please select an appropriate threshold value.
[F.V] = isosurface(img3 @;
[F.V] = reducepatch(F,V,0.1);
V=meshsmooth(F,V); % apply mesh smoothing

figure('color’,[0 0 0])

patch('Faces',F,'Vertices'V,'FaceColor',[0.89 0.85 0.79]....
‘Edgecolor’,'none’)

lighting gouraud, camlight(43,25),camlight(180,0)

view(50,31)

axis equal, axis off

set(gca,'zdir','reverse’)
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Laboratory of Neuroimags Biomarker Analysis

aterials_L13\Dental STLm

7 %% perform isosurface and smoothing
g — img2=smooth3(img,'box’,[3 3 3]);
9
10 %%% Creating zero layers in the first and last slices MImd
11 — img3=zeros(size(img2,1),size(img2,2),size(img2,3)+2);
12 — img3(;:;2:end-1)=img2;
13 %% % % % % % % % % % % % % % %
14
15— [F,V] = isosurface(img3,1300);
16 — [F.V] = reducepatch(F,V,0.1);
17— V=meshsmooth(F.V); % apply mesh smoothing
18
19 — figure('color',[0 0 0])
20 — patch('Faces'F,'Vertices'V,'FaceColor',[0.89 0.85 0.79]....
21 '‘Edgecolor’,'none’)
22— lighting gouraud, camlight(43,25),camlight(180,0)
23— view(50,31)
24 — axis equal, axis off
25 — set(gca,'zdir','reverse’)
26
27 %% export STL file
28 — stlwrite('DentalCT_binary.stl'F,V,'mode’,'binary’, 'title’,'Dental CT")
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Meshlab

@ MeshlLab 2016.12 - [Project_1]

=R X

& File Edit|Filters | Render View Windows Tools Help

|"] % i Apply filter Remove Isolated pieces (wrt Diameter)  Ctrl+P
Show current filter script

Compact faces
Compact vertices
Merge Close Vertices

Project_1

- |5 %

IEI0] XAV ELEEs

Remove Duplicate Faces

Remove Duplicate Vertices
Remove Faces from Non Manifold Edges
Remove Isolated Folded Faces by Edge FIiE

Remove Isolated pieces (wrt Diameter)

Selection 4
Cleaning and Repairing >|
Create New Mesh Layer +
Remeshing, Simplification and Reconstruction 4
Polygonal and Quad Mesh 4
Color Creation and Processing 4
Smoothing, Fairing and Deformation 4
Quality Measure and Computations 4
Normals, Curvatures and Orientation >|
Mesh Layer 4
Raster Layer 4
Range Map 4
Point Set 4
Sampling 4
Texture 4

i
i .l.'ﬂ"ia‘%{é,

IEave

Remove Isolated pieces (wrt Face Num.)
Remove T-Vertices by Edge Collapse
Remove T-Vertices by Edge Flip
Remove Unreferenced Vertices

Remove Vertices wrt Quality

Remove Zero Area Faces

Select Self Intersecting Faces
Select non Manifold Edges
Select non Manifold Vertices
Simplfication: MC Edge Collapse
Snap Mismatched Borders

Split Vertexes Incident on Non Manifold Faces

|

Meone
E Fancy  Cull

o all visible lavers ||

Alt+




Instruction of
Final Project
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Week Topic
11 Graphic structure - curve and image display
12 3D object rendering - surface and volume rendering
13 (12/8) Introduction of 3D printing and STL file output
1. Operation of Slicer (G-code file) and 3D printer (self learning)
14 (12/15) 2.3D printing_ hands-on qt NYCU Maker Space
- 3. Video recording (10 min)
15 (12/22) Please provide photos of 3D printing at MakerSpace, explanation of MATLAB
codes, product showcase, problem/solution & discussion, and work assignment.
All the required files of final report should be uploaded to E3 before 12/28
16 (12/29) Final discussion at classroom in person

(Please bring your headphone!)

You may record the team report using Google Meet or screen recorder software.
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Creality Slicer
https://former.creality.com/download

Operation of Slicer and 3D Printer (self-learning materials)
Video: https://youtu.be/xvOvckeYrKg 19

Handout: http://cflu.lab.nycu.edu.tw/Introduction_Slicer_Printer_CF.pdf



https://former.creality.com/download
https://youtu.be/xvOvckeYrKg
http://cflu.lab.nycu.edu.tw/Introduction_Slicer_Printer_CF.pdf
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Final report video (10 min)
Photos of 3D printing at MakerSpace, explanation of
MATLAB codes, product showcase, problem/solution &
discussion, and work assignment.

Please upload all the required files of final report to E3

system before 12/28:

10'min VideO (*mp4), Can be a YouTube or Google Drive link if the file size is too large.
PowerPoint file
Script file (*.m) g

STL file
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MATLAB programming

(image processing, ROI, modeling)

G-code file generation using Slicer software
3D printing (group photos at MakerSpace)
PowerPoint slides and product presentation

Video recording (should include all the group members) ?
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B33 Laboratory of Nauroimage Biomarker Analysis
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+ Image interpolation and smoothing
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Laboratory of Neuroimags Biomarker Analysis

+ Image interpolation and smoothing
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Photos shared by Team #2
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Laboratory of Neuroimags Biomarker Analysis

+ roipoly & proper thresholding

WL: 176 WW: 398

WL: 176 WW: 398




Laboratory of Neuroimags Biomarker Analysis

v

NBA g

vy
it Wil




http://cflu.lab.nycu.edu.tw, Chia-Feng Lu £ %

+ proper thresholding




THE END
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