Ciclop

3D Scanner



® First DIY 3D Scanner

* Fully customizable

What 1s Ciclop?

®* 30 minutes assembling

* Open-Source



What 1s Ciclop?

* Scanning volume: 20 cm (diameter) x 20 cm (height)

* Accuracy around 0,5mm (according to calibration)

* BQZUMBT-328 & ZUM Scan

S Ready to connect 2 motors, 4 lasers, or one
LDR.




Hardware: Easy to butld and open
Lo 1mprove




The technology: Laser triangulation bq

By s‘




The technology: Laser triangulation

Lasers impact on the rotating piece

Perfil visto por la camara

— The camera collects the surface
information, analyzes and recreates the
Seccibén real pieza ﬁgure




Auto-calibration: A differential
value




Software: Open to the future bq
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How can I obtain a good scanning? bq

Many factors are involved in the process: Lighting, color of the piece, brightness...Here we will

learn how to control them




Ambient Lighting

Lighting should be uniform, indirect and medium intensity. Thus, the appearance of reflections and

shadows are avoided.




Ambient Lighting

A commendable idea is to set a direct light from the back, with some dispersion and not

concentrated




Object material

Objects with glossy finishes are difficult to scan because they can produce glare. But that does not

mean it is not possible




Object material

The next piece is a metal screw. It may seems impossible to scan
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Object material

But there is the possibility of applying a watercolor or acrylic paint water-soluble covering the

piece and remove all metallic sheen, making it matte




Object material

The result of scanning once this part s as follows:




Object material

A next step would be the possible re-design of the piece (applying a smoothing with a 3D software

for example)




Object material

Another metallic example, which was painted and then scanned:




Object color

The laser beam is red, so that color objects can cause problems when it comes to recognition.




Object color

Light-colored objects can cause problems, especially in high brightness environments. In these

cases it is recommended to decrease the brightness

Uncorrected Brightness
brightness diminished
%




Object color

In the same way that dark objects, the results can be inaccurate, especially in environments with

little light

Uncorrected

Corrected



Object color

It is recommended to decrease the contrast and exposure increase a little, in addition to |owering

the threshold

Uncorrected

Corrected



Object color

The ideal would be a non- aggressive or very intense color, matte and dull




A beginning and an end
—

a HORUS Meshlab

Real piece PLY




A beginning and an end
—

a HORUS Meshlab

Reconstruction

Calibration

Scanning

Real piece PLY




A

3 HORUS

First step: Calibrating and Obtaining a point cloud




1. Wizard Mode

r

3. Calibration
Workbench

2. Control Workbench

~\

§ J
4 N
4. Scanning
Workbench
§ J




1. Wizard Mode

Horus has away of using "step by step" for users with no experience in 3D scanning

ﬁ

>

3D Scanning for everyone

Create new Open recent file

Wizard mode (step by step)
Scan using recent settings
Advanced Control

Advanced Calibration

Don't show this dialog again



1. Wizard Mode

It opens every time the program is started, or from the File menu

Horus O.1 - Beta x
File Edit View Help

Launch Wizard
A Scanning workbench v

Load Model

Save Model
Clear Model

Open Profile
Save Profile

Reset Profile

Exit Ctri+Q



Prev

1. Wizard Mode

When you start the Wizard, this is the screen displayed

ConeEHON ... Calibration ..................... Scanning

Connect Edit preferences




1. Wizard Mode

The first step is to press the Connect button. If everything is properly connected and configured,

the video is displayed on the right side

Connection .................. Calibration .........cccceeeeee Scanning

Edit preferences

Put the pattern on the platform as shown in the picture and
press “"Auto check”

Auto check

Prev Skip



1. Wizard Mode

Next is to edit the preferences. The following configuration window appears

Settings

Luminosity | Medium v

Pattern distance (mm) 0.0

Cancel OK



1. Wizard Mode

It may be modified brightness and distance of the pattern.

Settings

Luminosity Medium v

Pattern distance (mm) 0.0

Cancel OK



1. Wizard Mode

Pattern is the distance in mm, from the upper side of the square in the lower left part of the

pattern to the rotating platform of the scanner




1. Wizard Mode

It is very important to place the pattern as indicated in Figure. Then select Auto-Check

Connection .................. Calibration ........ccccceeeeeee Scanning

Edit preferences

Put the pattern on the platform as shown in the picture and
press "Auto check”

Auto check

Prev Skip



1. Wizard Mode

If this is the first time the scanner is configured, the foIIowing window will appear. This dialogue

lasers recommend setting manually to get a vertical position.

Manual laser adjustment

/\ It i1s recomended to adjust line lasers vertically.

\i"/’ You need to use the allen wrench.

Do you want to adjust it now?

No Yes



1. Wizard Mode

If the button YES is pressed both lasers will light. Using the calibration pattern, lasers will be

placed vertically. To make this adjustment we will use the screws

Connection ..........c.ccoc0s Calibration .........ccorrererens Scanning

Edit preferences

Put the pattern on the platform as shown in the pecture and
press "Auto check™

i

Auto check

Prev Skip



1. Wizard Mode

After clicking Next, we turn to the calibration. We place the pattern as the figure and click

Calibrate

ConNECtion .....covmremmarinre Calibration .................... Scanning

Put the pattern on the platform as shown in the pcture and
press "Calibrate”

Calibrate

Prev Skip



1. Wizard Mode

After pressing Calibrate, start the process

Connection ..........cceeeeens Calibration ...........oocieeens Scanning

Put the pattern on the platform as shown in the picture and

press Calibrate”™

Cancel




1. Wizard Mode

Once finished, if everything is correct, the message "All OK" is displayed

Connection ........cewewwees Calibration ...........coee.n Scanning

Put the pattern on the platform as shown in the picture and
press “Calibrate”

All OK. Please press next to continue

Calibrate

Prev Next



1. Wizard Mode

The last step of the Wizard will set the scan preferences. This screen shows the available options



1. Wizard Mode

Resolution: High resolution, Medium resolution, Low resolution. The higher it is, the higher the

scan time



1. Wizard Mode

Laser: It can be used the left laser, right laser, or both. If we use both, the amount of scanned

points will be higher, so our piece will be more detailed



1. Wizard Mode

Scanning Type: It can be used Simple scanning or With Texture. The simple scanning doesn’t
catch the object color. The scanning with texture uses 2 Images to catch the laser, generating the

mesh of points with the real colors of the object



1. Wizard Mode

Connection ........ccceenenee,  Calibration

Resolution Hgh v
Laser Right Y
Scan Type Texture Scan v

Prev Next



1. Wizard Mode

Once the Preference Scanning Settings are finished, we press Next, and the scanner will be

ready to start working

Ready to scan!

You have finished the wizard.
; Press Play button to start scanning.

OK



2. Control Workbench

%

Camera control

Control of the parameters one by one

0 128

Brightness B
0 32

Contrast fii

0 79
Saturation W

1 16
Exposure ]
Frame rate [ 30
Resolution i 1280x360

Use distortion
Laser control
LDR value
Motor control

Gcode control

[ Control workbench




2.

Control Workbench

The changes made into the workbench do not affect to the others

L

Camera control

0

Brightness
0

Confrast

0
Saturation

1
Exposure {]

fContIoI workbench v|

Frame rate x_3_0

Resolution ; 1280x360

Use distortion
Laser control
LDR value
Motor control

Gcode control




2. Control Workbench

Its goal is to experiment and learn about the different parameters

L

Camera control

0 128

Brightness [
0 32

Contrast

0 79
Saturation B

1 16
Exposure ;"]

n¢]

255

255

255

512

Frame rate E3_0

Resolution :1_1280X960

Use distortion
Laser control
LDR value
Motor control

Gcode control

Control workbench

|
v




3. Calibration Workbench

Calibration of the different components of the laser

File Edit View Help
L

Camera settings

0 142
Brightness ]
/s
0 32
Contrast ﬂ
0 100
Saturation ‘_I
1 16
Exposure T J

Frame rate ‘ 30

Resolution ‘ 1280x960

Use distortion
Pattern settings
Laser settings
Camera intrinsics
Laser triangulation

Platform extrinsics

| Calibration workbench |




3. Calibration Workbench

The changes made into the workbench affect to the others

File Edit View Help
%

Camera settings

0 142
Brightness 7
0 32
Contrast 1 "’
0 100
Saturation (']
1 16
Exposure )

e

255

255

255

512

Frame rate ‘ 30

Resolution | 1280x960

Use distortion
Pattern settings
Laser settings
Camera intrinsics
Laser triangulation

Platform extrinsics

| Calibration workbench v |




3. Calibration Workbench

This process will be essential to obtain a good result

File Edit View Help
, 7( | Calibration workbench v

Camera settings

0 142
Brightness (]
/s
0 32
Contrast ﬂ
0 100
Saturation fi
1 16
Exposure 2 J

Frame rate ‘ 30

Resolution | 1280x960

Use distortion
Pattern settings
Laser settings
Camera intrinsics
Laser triangulation

Platform extrinsics




3. Calibration Workbench

It will consist of:

Camara settings ® Intrinsics calibration

Patern settings - ® Laser triangulation

. .. ) )
Laser settings Extrinsics calibration



3. Calibration Workbench

Camera Settings:

The camera settings aims to ensure that the pattern is detected correctly, in different positions
Camera Settings

and lighting conditions of the scene.



3. Calibration Workbench

Camera Settings




3. Calibration Workbench

Camera Settings

Brightness: Brightness of the image




3. Calibration Workbench

Camera Settings

Contrast: Relative intensity difference




3. Calibration Workbench

Camera Settings

Saturation: Intensity of color image




3. Calibration Workbench

Camera Settings

Exposure Time lens aperture (milliseconds)




3. Calibration Workbench

Camera Settings

Framerate: Images captured per second

Resolution: Image size. 4:3

Distortion: Distortion correction lens according to the calibration



3. Calibration Workbench

Patern Settings:

Calibration is done by a pattern




3. Calibration Workbench

Patern Settings:

By default comes configured according to the one it comes with Ciclop

Square width 13
Pattern rows G

Pattern columns 11

Pattern distance 37.3




3. Calibration Workbench

Patern Settings:

The distance set will be the one shown in Figure

Square width 13
Pattern rows G

Pattern columns 11

Pattern distance 37.3




3. Calibration Workbench

Laser Settings:

Option Enable / Disable right, left Laser, or both




3. Calibration Workbench

Laser Settings:

They should be adjusted to be completely vertical relative to the platform




3. Calibration Workbench

Intrinsics Calibration:

The aim is to calculate:

® Focal lengths
* Optical center

® |ensdistorsion



File Edit View Help
Camera Settings
Pattern Settings
Laser Settings
Camera Intrinsics

Camera matrix

Distortion vector

Laser Triangulation

Platform Extrinsics

3. Calibration Workbench

Intrinsics Calibration:

Horus 0.1 - Beta x

Camera Intrinsics

Press space bar to perform capures

Cancel

We capture 12 pattern images in

different positions.

If the frame is green, the image is valid.

It is advised that the positions are as
different as possible.



3. Calibration Workbench bq

Intrinsics Calibration:

Horus 0.1 - Beta 4

File Edit View Help

The result is displayed numerically and

Camera Settings Camera Intrinsics g raP h i Cal |>}
Pattern Settings
Laser Settings

Camera Intrinsics

Camera matrix

At this point, we can accept or reject the
Distortion vector

calibration.

Laser Triangulation

Platform Extrinsics Reject Accept



3. Calibration Workbench

L aser Triangulation:

The aim is to calculate:

o Lasers tilt and distance from the camera to its intersection



File Edit View Help
L 28
Camera Settings
Pattern Settings
Laser Settings
Camera Intrinsics
Laser Triangulation

Left Laser Plane

Right Laser Plane

Platform Extrinsics

3. Calibration Workbench

Horus O.1 - Beta

Laser Triangulation

L aser Triangulation:

Put the pattern on the platform and press Calibrate to continue

Cancel

It is the second calibration process

We position the pattern as in the

example

We press on Calibrate



3. Calibration Workbench

L aser Triangulation:

Horus 0.1 - Beta x

File Edit View Help

The result is displayed numerically and

Camera Settings Laser Triangulation

Pattern Settings graphical Iy.

Laser Settings

Camera Intrinsics

-150
Laser Triangulation ‘
Left Laser Plane 'i
1 . . o v o
At this point, to see if it is acceptable, we
Right Laser Plane
< 50 will discuss:
150
130 100 - e
0 300
e >0 100 15040[';"50

Platform Extrinsics Reject Accept



3. Calibration Workbench

L aser Triangulation:

Horus 0.1 - Beta x
File Edit View Help
R N 1- Dispersion of points: Both numbers
amera Settings Laser Triangulation
T should be as close to 0.1.
Laser Settings
Camera Intrinsics
Laser Triangulation ‘ -0
Left Laser Plane i
' 2- Minimum distance from the plane to
1
ot s e the origin: The difference should be less
0
o 500 than 30
100 25a20 7
J(D 30 o0 355'00

Platform Extrinsics Reject Accept



3. Calibration Workbench

Extrinsic Calibration:

The aim is to calculate:

o The position, and rotation of the disk center or platform



File Edit View Help
L 4
Camera Settings
Pattern Settings
Laser Settings
Camera Intrinsics
Laser Triangulation
Platform Extrinsics

Rotation matrix

Translation vector

3. Calibration Workbench

Extrinsic Calibration:

Horus O.1 - Beta x

Platform Extrinsics

Put the pattern on the platform and press Calibrate to continue

Cancel

Third and last calibration

We position the pattern as in the

example

We press on Calibrate



File Edit View Help

Camera Settings
Pattern Settings
Laser Settings
Camera Intrinsics
Laser Triangulation
Platform Extrinsics

Rotation matrix

Translation vector

3. Calibration Workbench

Extrinsic Calibration:

Horus 0.1 - Beta x

The result is displayed numerically and

Platform Extrinsics

graphically.

At this point, we can accept or reject the

calibration.

Reject Accept



4. Scanning Workbench

Scanning and obtaining the points cloud

Horus O.1 - Beta x

File Edit View Help

’ % P & i Scanning workbench v

Scan Parameters

Scan Type | Texture Scan

Use Laser |Use Right Laser
Fast Scan (experimental)
Rotative Platform
Image Acquisition
Image Segmentation

Point Cloud Generation




4. Scanning Workbench

Configure the scanning options and you get the points cloud

File Edit View Help

v Z b B U
Scan Parameters

Scan Type | Texture Scan

Use Laser |Use Right Laser
Fast Scan (experimental)
Rotative Platform
Image Acquisition
Image Segmentation

Point Cloud Generation

Horus O.1 - Beta

Scanning workbench

v




4. Scanning Workbench

Settings panel
Scan Type: Without Texture / With Texture. In the second case, the real color of the piece is

captured

Horus 0.1 - Beta

File Edit View Help

Scanning workbench

v % b B U

it q c _

v

Scan Type | Texture Scan

Use Laser |Use Right Laser Y
Fast Scan (experimental)

Rotative Platform

Image Acquisition

Image Segmentation

Point Cloud Generation




4. Scanning Workbench bq

Settings panel

Horus 0.1 - Beta x

File Edit View Help

v % >»m SERO SRR | o Using laser: Left, right, or both.

Scan Parameters

Scan Type | Texture Scan

Using both, you'll get more

Use Laser Use Right Laser

information, but should make a

Fast Scan (experimental)

i latf c o
it i more accurate calibration for better
Image Acquisition
results.

Image Segmentation

Point Cloud Generation




4. Scanning Workbench bq

Settings panel

Horus O.1 - Beta X

File Edit View Help

v 7( > B U Scanning workbench v
o Motor parameters, speed and

Scan Parameters

acceleration.

Rotative Platform

Step Degrees 0.9

Feed Rate 200

A small or minimum step, 0,45° for

Acceleration 300

example, generates higher points

Image Acquisition
Image Segmentation

density.

Point Cloud Generation




File Edit View Help

v Z > B il

Scan Parameters
Rotative Platform

Image Acquisition

100
Brightness
32
Contrast ;
32
Saturation
6
Exposure

Framerate 30

Resolution 1280x960
Use Distortion

Image Segmentation

4. Scanning Workbench bq

Horus O.1 - Beta

Settings panel

Scanning workbench

v

Image acquisition: Brightness, contrast,

saturation, exposure...

They are the same parameters as in the

Calibration Workbench.



File Edit View Help

¢ % > B U

Scan Parameters
Rotative Platform

Image Acquisition

Image Segmentation
Use Open @&
3
Open

Use Threshold 4

22
Threshold

Point Cloud Generation

| C

4. Scanning Workbench

Settings panel

Horus 0.1 - Beta x

Scanning workbench v ® Image Segmentation.

Applying a filter. Noise is removed
above the desired value (threshold),

but the cloud will have less detail.




File Edit View Help

¢ % > B U

Scan Parameters
Rotative Platform
Image Acquisition
Image Segmentation

Use Open @&

3
Open

Use Threshold 4

22
Threshold

Point Cloud Generation

| C

4. Scanning Workbench

Settings panel
Horus 0.1 - Beta <
Scanning workbench ¥ ® I mage Segm e ntati on.

For simple texture or without

scanning, can be used threshold.




File Edit View Help

¢ % > B U

Scan Parameters
Rotative Platform
Image Acquisition
Image Segmentation

Use Open @&

3
Open

Use Threshold 4

22
Threshold

Point Cloud Generation

| C

4. Scanning Workbench

Settings panel

Horus 0.1 - Beta x

Scanning workbench v ® Image Segmentation.

For Scanning with texture, you also
can use Open, and the removing

noise intensifies.




File Edit View Help
v % > E

Scan Parameters
Rotative Platform
Image Acquisition

Image Segmentation

Point Cloud Generation %)
View ROI 4
109
Diameter
194
Height

Choose Point Cloud Color

&

4. Scanning Workbench

Horus O.1 - Beta

Settings panel

Scanning workbench

v

ROI: Creating an area of interest.

It will be scanned only within the
cylinder, avoiding obtaining noise

from outer areas.



4. Scanning Workbench

Settings panel

To scan, press in the PLAY icon

Once finished, to save the point cloud will click on File > Save Model

The output format will be .PLY
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1. Cleaning the Cloud
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3. Poisson
Reconstruction
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5. Smoothing the
.STL (optional)

\

2. Calculation of
normal vectors

4, Joining clouds
(optional)

J




1. Cleaning the Cloud

Cloud cleaning is use to remove those points that do not want, because they are noise, or do not

interest us



1. Cleaning the Cloud

To do this, we open the point cloud format .PLY

File > Import mesh



1. Cleaning the Cloud

We must open the point cloud in .PLY format

— =

& File Edit Filters Render View Windows Tools Help

T Fevcewmse OO @

FOV: 60
FPS: 105.3

e WM

OH® - /B ZFHE T EED XXX

Mesh: Bola1.ply
Vertices: 455737
Faces: 0




1. Cleaning the Cloud

To delete points, select the Verrex Selecttool

Then we choose the unwanted points. They are displayed in red



1. Cleaning the Cloud

® File Edit Filters Render View Windows Tools Help - || 8] %

NEwvceomsa OB @ v @ SOH® - & /B TE . [NEED| XXX

FOV: 60 Mesh: Bola1.ply
FPS: 457 Vertices: 455737
Faces: 0




1. Cleaning the Cloud

® File Edit Filters Render View Windows Tools Help - || 8] %

NEwvceomsa OB @ v @ SOH® - & /B TE . [NEED| XXX

FOV: 60 Mesh: Bola1.ply
FPS: 457 Vertices: 455737
Faces: 0




1. Cleaning the Cloud

Then select the option Delete selected vertices of the toolbar

X X XK

Delete the current set of selected
vertices: faces that share one of the
deleted vertexes are deleted too.

(filter select.dll)




1. Cleaning the Cloud

A cleaned cloud points will be very important to obtain a good result



2. Calculation of normal vectors bq

A normal is a perpendicular vector to a plane




2. Calculation of normal vectors bq

In this step, we will calculate the normal of the points cloud.

To do this, we group a number of points to form a plane, and finally the average is calculated.



2. Calculation of normal vectors

@ File Edit | Filters VRender View Windows Tools HeIP

Apply filter Delete Selected Vertices

Show current filter script

Selection

Cleaning and Repairing

Create New Mesh Layer

Remeshing, Simplification and Reconstruction
Polygonal and Quad Mesh

Color Creation and Processing
Smoothing, Fairing and Deformation
Quality Measure and Computations
Normals, Curvatures and Orientation
Mesh Layer

Raster Layer

Range Map

Point Set

Sampling

Texture

Camera

FOV: 60
FPS: 375

Compute Face Normals
Compute Per-Polygon Face Normals
Compute Vertex Normals

Compute curvature principal directions
Compute normals for point sets

Compute the normals of the vertices
of a mesh without exploiting the
triangle connectivity, useful for
dataset with no faces

Cut mesh along crease edges
Discrete Curvatures

Freeze Current Matrix

Invert Faces Orientation (Filter. meshing.dll)
Normalize Face Normals
Normalize Vertex Normals
Per Vertex Normal Function
Re-Orient all faces coherentely
Reset Current Matrix
Smooths normals on a point sets
Transform: Align to Principal Axis
Transform: Flip and/or swap axis
sh: Bola1.ply
Transform: Move, Translate, Center tices: 455356

Transform: Rotate



2. Calculation of normal vectors bq

Now we calculate the number of neighbors. Determines the amount of points needed to create a

vector.

It is recommended to start with a value of 10. The other values will be left by default. Then, we

apply it.



2. Calculation of normal vectors bq

Compute normals for point sets [E3]

Compute the normals of the verfices of 3 mesh without exploiting the frianale
cornectivity, useful for dataset with no faces

Meighbour num 10

Smooth Iteration 0

Flip normals w.r.t. viewpoint

Viewpoint Pos. a a 2 Get ['I.:'iew Dir ha

Default Help

Close Apply




2. Calculation of normal vectors bq

We show normal. The best reconstructions are when the direction of the vectors are oriented away

from the object.

If the normal vectors are not directed outwards, we repeat the step changing the number of
neighbors to 50; if repeated, 100.



2. Calculation of normal vectors bq

v

Number of Number of
n e | () neighbors: 50



3. Poisson Reconstruction

For the reconstruction, we convert from .PLY to .STL

It is a critical step, because depending on the previously established normal and reconstruction

values, the STL may vary.



3. Poisson Reconstruction

To do this, we choose the option Poisson Reconstruction



3. Poisson Reconstruc

& File Edit [Filters | Render View Windows Tools Help

Apply filter Compute normals for point sets

Show current filter script

Selection

Cleaning and Repairing

Create Mew Mesh Layer

Remeshing, Simplification and Reconstruction
Palygonal and Quad Mesh

Color Creation and Processing
Smoothing, Fainng and Deformation
Quality Measure and Computations
Mormals, Curvatures and Orientation
Mesh Layer

Raster Layer

Range Map

Point Set

Sampling

Texture

Camera

Ctrl+P

C5G Operation

Close Holes

Clustering decimaticn

Convex Hull

Crease Marking with MonFaux Edges
Curvature flipping optimization

Cut mesh along crease edges
Delaunay Triangulaticn

Marching Cubes (APSS)

Marching Cubes (RIMLS)

Mesh aging and chipping simulation
Planar flipping cptimization

Points Cloud Movement

Quadric Edge Collapse Decimation
Quadric Edge Collapse Decimation (with texture)
Refine User-Defined

Simplfication: MC Edge Collapse
Subdivision Surfaces: Butterfly Subdivision
Subdivision Surfaces: Catrmull-Clark
Subdivision Surfaces: L52 Loop
Subdivision Surfaces: Loop
Subdivision Surfaces: Midpoint
Surface Reconstruction: Ball Pivoting

Surface Reconstruction: Poisson

e Use the points and normal to build a

Tri to Quad by 4-8 Subdivision surface using the Poisson Surface
Tri to Quad by smart triangle pair reconstruction approach.

Turn into Quad-Dominant mesh | (filter_poisson.dlif)

Turn intc a Pure-Triangular mesh

Uniform Mesh Resampling

tion

@ X XX




3. Poisson Reconstruction

In this windowyou can modify two values:

Octree Depth

Solver Divide



3. Poisson Reconstruction

The recommended values of both parameters are between 6 and 11.

With a higher the value, the reconstruction is more accurate, but it takes longer to make the

process.



3. Poisson Reconstruction

[ Surface Reconstruction: Poisson

Lise the paints and normal fo build a surface using
the Poisson Surface reconsiruchion aooroaa.

Qctree Depth 8

Solver Divide |
Samples per Mode 1

Surface offsetting 1

Default

Close




3. Poisson Reconstruction

To view reconstruction:

View > Show Layer Dialog



3. Poisson Reconstruction

NFevcemsEs [0 @0 RPN cON® - /W= TE:TE€EQ | X XX

FOV: 60 Mesh: buho_stl.ply
ERS: 135 Vertices: 324728
Faces: 649380




3. Poisson Reconstruction

To save the reconstruction (STL):

File > Export Mesh...



3. Poisson Reconstruction

Sometimes due to the geometry of the piece, the cloud of points are incomplete.

To fix this, you can re-scan the piece in another position or by using another laser, and then join
the different clouds.



4. Joining clouds (optional)

To do this, we will open the various .PLY in MeshLab



4. Joining clouds (optional)

& File Edit Filters Render View

A RN A -]

FOV: 60
FPS: 61.0

Windows Tools Help

= OB ® »

K¥IEIS] [ PR P1 B

Current Mesh: est-2.ply
Vertices: 229530 (567289)
Faces: 0 (0)

\

- & X
5. ° AN \J :
Project_1 g X
8 0 est-1.ply* [ B
> 8 2 est-2.ply * (1] M
< | T »
Applied filter Compute normals a
for point sets in 1801
Applied filter Compute
for point sets in 1763
Applied filter Compute n
for point sets in 1156
Applied filter Compute n
for point s in 1154
Disabled D ~ate mode
Normal Cur ure
Disabled Decorate mode |
Normal/Curvature =




4. Joining clouds (optional)

In the Layer Dialog, we calculate each normal point cloud, as described above.

Once done, we click on the A/igntool



4. Joining clouds (optional)

3 MeshLab_b4bit Vi3 ABETA T Proeec |

@ File Edit Filters Render View Windows Tools Help - |8 %
NFevcewmsae O B@ ePMN BEOH® & /B EE I IEED XXX

Align Tool 7 X

1 2 3 4
0 '™ est-1.ply
2 & est-2.ply
[ Glue Here Mesh { Param ICP Default ]

| Manual Rough Glueing [ Param Arc Creation ]

J

| Glue Here Visible Meshes | |Param ICP Current Arc
]
|

[ Point Based Glueing

Show Bad Arc ]

Set as Base Mesh [

Hide/Reveal Unglued Mesh J

Recalc Current Arc | —
|| use False Colors

Process ] ["] use Point Rendering

FOV: 60 Currenffﬂestj_:.est—‘l.ply
FPS: 106.4 Vertices: 337759 (567289)
Faces: 0 (0)




4. Joining clouds (optional)

In the 700/ panel, we click on the first layer, and we glue it at the space (G/ue Here Mesh)

Then, we select the second mesh, and click on Point Based glueing.



4. Joining clouds (optional)

& MeshLab_64bit | S

Choose at least 4 matching pair of points on the two meshes.
Double Click over each mesh to add new points. Choose points in consistent order

Allow Scaling

\ OK \ \ Eancel \




4. Joining clouds (optional)

In this window you have to select at least 3 points in common of both clouds.
Example: First a point cloud 1, and then the same pointin the 2nd.

The choice does not have to be exact, can be approximated.



4. Joining clouds (optional)




4. Joining clouds (optional)

The numbered points appear. If you select an invalid point you must cancel and repeat the process.

Once the points are selected, click on OK.



4. Joining clouds (optional)

' MeshLab_64bit v1.34BETA - [Project_1]
@ File Edit Filters Render View Windows Tools Help
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Align Tool

1 20034
0™ * estlply
2 % * est-2.ply

[ Unglue Mesh ] [ Param ICP Default J

[ Glue Here Visible Meshes ] Param ICP Current Arc

SLIeS HouN G [ Param Arc Creation ]

Show Bad Arc I

[ Set as Base Mesh ] [

Hide/Reveal Unglued Mesh }

Recalc Current Arc | —
|| use False Colors

[ Process ] [ use Point Rendering

Current Mesh: est-2.ply
Vertices: 229530 (567289)
Faces: 0 (0)




4. Joining clouds (optional)

To join the aliened clouds:

Filters > Mesh Layer > Flatten Visible Layers



4. Joining clouds (optional)

2 MeshLab 64bit v1.3.4BETA - [

& File Edit | Filters | Render View Windows Tools Help =[5 =
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Apply filter Compute normals for point sets Ctrl+P
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Selection
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Create Mew Mesh Layer
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Polygonal and Quad Mesh

Color Creation and Processing
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Mesh Layer

Raster Layer
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Sampling

Texture

Camera
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Change the current layer
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Delete Current Mesh

Delete all non visible Mesh Layers
Duplicate Current layer

Flatten Visible Layers

Freeze Current Matrix

Move selected faces to an

Rename Current Mesh (filter_layer.dil)

Reset Current Matrix

Split in Connected Components
Faces: 0 (0)

§ i

Flatten all or only the visible layers
Generate a BMPTS file for 4 into a single new mesh.
Transformations are preserved.
Existing layers can be optionally
Move selected vertices to  deleted
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4. Joining clouds (optional)

Flatten Visible Layers 5
Fatten all or only the visible layers
info & sngle new mesh.

Transformations are preserved,
Existing layers can be opionaly
defefed

Merge Only Visible Layers

Delete Layers

Merge duplicate vertices

e T e O ™ I ™

Keep unreferenced vertices

[ Default ] [ Help ]

[ Close ] [ Apply ]

In this window we select Keep Unreferenced

Vertices option

All other values will be left by default.



3. Smoothing the .STL (optional) bq

Although itis a process that can be performed with a different software, MeshLab gives the

opportunity to smooth the STL reconstructed.



3. Smoothing the .STL (optional) bq

Our goal is to smooth the jagged faces




3. Smoothing the .STL (optional) bq

With the Selection roo/faces, we select the faces that we choose to smooth, and then choose
Smooth Taubin.



9. Smoothing the .STL (optional)
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:§ Meshlab_64bit v1.3.4

S File Edit Render View Windows Tools Help
D & &

Apply filter Surface Reconstruction: Poisson

Show current filter script

Selection
Cleaning and Repairing

Create New Mesh Layer

Remeshing, Simplification and Reconstruction

Polygonal and Quad Mesh

Color Creation and Processing
Smoothing, Fairing and Deformation
Quality Measure and Computations
Mormals, Curvatures and Crientation
Mesh Layer

Raster Layer

Range Map

Point Set

Sampling

Texture

Camera

Ctrl+P

Craters Generation
Depth Smooth
Directional Geom. Preserv,
Fractal Displacement \ %
Geometric Cylindrical Unwrapping
Geometric Function

HC Laplacian Smocth

Laplacian Smoocth

Laplacian smooth (surface preserve)
MLS projection (APS5)

MLS praojection (RIMLS)

Randem vertex displacement
ScaleDependent Laplacian Smooth
Smooth Face Mormals

Smooth Vertex Quality

Taubin Smooth

TwoStep Thr:f‘-.-|_l.Taubin smoothing, it make t».\-'c Etl.’:pE of
smoothing, forth and back, for each iteration.
UnSharp | Baced on:

UnSharp | Gabriel Taubin,

A signal processing approach to fair surface
UnSharp design

UnSharp | Siggraph 1995

Vertex Lin| weiprer unsharp.dil)
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9. Smoothing the .STL (optional)
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3. Smoothing the .STL (optional) bq

The A Tauhin smoonthing, it make two stens of
smooiing, forth and back, for each iterabion.
Baszed on:

e
A signal processing approach to fair
surface design

Siggraph 1995 Lambda is by default.
Lambaa 0.3 About the rest of values, we recommend them as in
il 1.5

the picture.

Smoothing steps 20

J | Affect only selected faces

| Preview

. Default ] l Help ]

Close




3. Smoothing the .STL (optional) bq

The result is the following:







