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Introduction

The polygonal mesh modeling generates quality models, made up of hundreds or thousands of
triangles. These 3D mesh models are ready for rapid prototyping, tool path generation, simulation,

analysis...

In order to use measured/scanned data (point clouds) in modern computer-aided design (CAD),
manufacturing (CAM) or engineering (CAE) software, you may need to generate a CAD-model,

such as IGES or STEP, which can be manipulated with those.

This process is called reverse engineering. The software is a complete solution for the modeling of
typical CAD objects, by providing you all the necessary functions for the construction and the

processing of BSpline and Nurbs surfaces.
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@ Exercise overview

In this exercise, we will see how to convert a mesh model into a CAD model. The process will be
as follows:

® Extracting the holes of the cloud

® Meshing the point cloud

® Smoothing the mesh

® Drawing polylines on a mesh

® Running the BSpline curves and Nurbs surfaces generation
® Doing restrictions on the CAD model

@ The file used in this tutorial is CarBody.rsh

& You can also read and follow the
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Show Only the cloud CarBody. You see that the cloud has some holes. To create the CAD model of a
cloud it is better to create a mesh without holes and to integrate the holes at the end of the process, as
restrictions of the CAD faces. We need to prepare this by extracting the borders of the holes first.

Select the cloud CarBody and launch . Click 3 points on the hole
(with the mode Vertex / End of the ) as on following image to create a rough circle.

|:7|| Click N points to define a circle.
Minimum number of points is 3.

Fixed Position

B [] Fixed center
© © Xp6.18915| YP3.80158 | Z|0.68143
(]
_ [] Fixed axis
% ~ %|-0.00961| v|-0.08055| z| -0.9967 |
i
O Fixed Values
[ radius
Manipulator Options _
[] show the manipulator ‘\ /or
LN
"1\\-‘—-!";

Figure 1: Draw a circle

Validate by selecting OK. Set the options of the next dialog as shown in the following illustration and click
Preview. You have a precise circle fitting the border of the hole.
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— Circle / Using Nominal Circle ﬁ @

Figure 2: Extract a circle using a nominal one

Linear features
Ring band

I
= = InnerlCI
Clipping
[#] Tangential EI [+ Marmal
T ae % C‘%.’)

Force to input feature values
X Y i

Center [_] 20.098698 | 23.837130|| -0.507002
Mormal [ -0.024782 || -0.032488! | -0.999104

Radius I:‘ 4, 2945948

Calculation with 33 points
Standard deviation distance: 0.074

Same process can be used for the 2 other holes of the cloud.

Then, the big hole, similar to a square slot, can be extracted with the command

To simplify the task, the shapes are already present in the Geometric Group folder so, this first step can
be skipped.
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Select the cloud CarBody and launch the command

Select the mode Meshing in two steps and enter 4 the Average distance between points. As we want to
close the holes, choose Try to keep only the external border. . Click Preview.

3D Mesh Creation @ @

Point doud property
Mb of points 1398194

Moise reduction
{®) Meshing in two steps

(") Regular sampling

Meshing parameters

Average distance between
points

Hole management
i JHole detection

(®) Try to keep only the external border

i) Try to create & watertight mesh

Meshing properties
|:| Ignore scanning directions

s OK 2 Preview n Cancel

Figure 3: Creation of a 3D mesh
Click OK to continue with the second step.

Use the method Interpolate new points, set the Deviation error to 0.1 and check the Local
reorganization option. Set the Maxi number of triangles to 1000000 and the Minimum triangle size to

0.2.
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Mesh generation method

| new points v
O Refine with paint
evenly spaced Deviation
error
Refine with deviation
® o 0.1

Maxi number of triangles
Minimum triangle size
[ outlier point distance
[+] Local recrganization

[ chedk for thin part scanned from 2 sides

Refine Mesh from a point cloud a @

Hole management

(®) No free border modification
(C)Extend free border
(O Refine free borders
| wsokNet | okEdt |

Figure 4: Refine the mesh
Validate by selecting OK, Exit.

Change the representation of the mesh CarBody to Flat. You see that the mesh is not very smooth and has
a "Orange peel" effect.
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3 Smoothing the mesh

Select the mesh CarBody and launch the command Mesh \ Smooth \ Regular smoothing.

Use the option Smooth noise with an intensity of 2, and select Smooth Free Border(s). This will make the

border more regular.

Regular smoothing | Replace a part |
e Selection mode
v
= How to Smaoth ?
i8] (@) Smooth MNoise
E (CJKeep Details
° Smoothing intensity: 2
Q
£ Low 1 High
w
[ control Deviation (Max.)
[] smooth Free Border(s)

Coctet | Gocert || @ cenc

Figure 5: Smooth the mesh

Click Preview. You see that the reflection of the light is more uniform, meaning that the surface is smoother.

Validate by OK, Exit. The input mesh is now in the trash. The output mesh has the name of the previous
one, CarBody.

Now, we need to create a network of polylines before creating the CAD patches.
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4.1 Improve external border

Select the mesh CarBody and launch the command . Enter a suitable direction
for the contour extraction: you can enter manually the direction (-0.05, -0.28, -0.95) as in the figure 6 or use
the tool to enter another direction (for example you can rotate the 3d scene and use the screen normal as a
direction). Select options 2D contour and press Preview to compute the contour. If the contour is ok, press
OK to validate the command. If not, adjust the direction and press Preview again.

View direction Element n®0 -> 1 contour(s) extracted. U
0 contour(s) filtered.
B x[ oos| v[ 0] z[ -0.5]

Type of result

(® 2D contour (planar)

(O) 3D contour recalculated without auto-
intersection

(O) Exact 30 contour

External contour €9 ()

Options

[[] Delete dosed contours with |
length smaller than

[[] Delete opened contours with |
length smaller than
Draft angle: v

| 9 ox ||_Qr>rem'ew ||:B::anoel |

Figure 6: External contour of the 3d mesh

The goal is to improve the border of the mesh by cutting the mesh with a new border. In order to remove all
the noise on the border, we will create a new border a little bit inside the one extracted above.

Select the contour External Contour and launch the command to compute a parallel
border. Enter 5 mm for the distance of the offset. Check that the parallel is inside the external contour. If not,
press the reverse button. Press OK to validate.
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—_—
ﬁ Offset plane
L x|[o.05042] v|0.28235| z[-0.95798]
o Other Options
|:| Create copies
| o I > L

Figure 7: Parallel border we will use to cut the mesh

Show only the new border External Contour and the mesh CarBody. Select the polyline and launch the
command Construct > Projection. Click the mesh in order to define that the polyline will be projected on the
mesh. Select the option User defined in order to manually enter the direction of the projection. Enter the
same direction as the one used to create the external border.

Action for original object
(O Do not change original object

(®) Hide original object

(O Put original ohject in the recyde bin

>
c Projection direction @
% (O shortest distance
2 (® User defined ®
o Axis direction
o Jt| 0.05]v[ -0.28]z[ -0.85] ®
[~ Both Directions
[ Keep unprojected segments ®
A Follow the mesh shape .

(G | (S ][O |

Figure 8: Project the new border on the mesh
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We will now cut the mesh according to this new border. Show only the new border Projection External
Contour and the mesh CarBody. Select them and launch the command Vesh > Constraint Meshing.
Select options No direction, 3D Computation and Cut the mesh along the polylines. Press Preview,
you should obtain 2 meshes. Press OK to validate and delete the part outside the contour. Rename the
mesh Part 1 to CarBody.

Figure 9: Mesh with the improved border

4.2 Draw smoothed polylines following curvatures

We will now draw 3 polylines following the 3 main curvatures of the mesh, in order to have a good reverse
engineering of the shape. Select the mesh CarBody and launch the command FPolyline > Projected Polyline
. Select the direction Shortest distance and click points on the mesh to draw polylines as shown in the
figure 10. Be sure to start and end lines on the border of the mesh (the clicked point is a dark green ball
when the point is on the border of the mesh). You can move the control points to adjust lines. Once the
three lines are drawn, press OK to validate.
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Figure 10: Projected polylines following main curvatures

4.3 Compute planar sections

To get a full polyline network, we need now vertical polylines in order to have a full grid on the mesh. Select
the mesh CarBody and launch the command Polyline > Planar sections. Select the option All over to
compute sections all over the mesh. Enter 50 for the step between sections. Select X for the Plane
direction. To get a better result, set the origin as described in the figure 11: press the button

, select option Vertex / End and click the corner of the mesh.
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Figure 11: Set the origin on a corner of the mesh

Press Preview to compute the sections and OK, Exit to validate the command.

Plane definiton
B B3 x[ -ssimooi| v a0.3m27] z[ -25.86%1]

Plane direction
“ ¥ 1 | o] 2| o]
Z [ shonPenes |
'-g Section range
[&]
8 14l over Mumber of sections
h Step beetween sections [ 50 |
g
o
o

v

| &Y Preview | [ © cancel \
| ) O, Next || (4 OF, Exit |

—100—

Figure 12: Planar sections along X each 50 millimeters

The more sections we have, the more patches we will have at the end in the CAD model. We can delete
some sections here in order to lighten the model. Delete unwanted sections to get the result of figure 13.
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Figure 13: Delete unwanted sections

Finally, we will cut the external border in several parts. Indeed, if we compute the CAD model based on this
border, it will be seen as one curve. But this external border can be divided in several connected parts.
Run the tool Polyline = Cut Polyline(s). Select the Vertex / End option and click points as shown in the
figure 14 in order to get 6 pieces of border.
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Figure 14: Cut the external border in 5 pieces
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Select all created polylines (external border, the 3 projected polylines and the planar sections) and the mesh

and launch the command . During the first step, the command should detect 82 lines.

Click on button Next Step: Create Curves. All polylines are converted into BSplines.

(®) Curve modification

(0) Tangent Constraint's modification
Mesh Visibility: 0 1 100

Modify Tolerance of Curves or Go to Surface Creation or
Exit to modify Curves.

g Average Deviation for Curves: 0.176235
Tﬁ Select All Curves 1

@
5 Max, Average Deviation for Curves: 0.872334
L

[5]

=}

[\

o

Exit and Edit Lines/Curves = Mext Step: Create Surface

| € cancel | — 100—

Figure 15: Generate the patches
Launch the next step by clicking on Next Step: Create Surface.

33 Surface Patch have been computed.
c
',9_. Average Deviation for Surfaces: 0.061769
m
Q
6 Max Dev. Error for Surfaces: 0.146828
L
Q
=
a
Mesh Visibility: 0 [} 100
| 4 OK || 6 cancel |

Figure 16: Result of the patch generation

Page 16 of 19


http://wiki-tdg.eu.hexagonmetrology.com:8090/display/Hlp2018MR1/PatchGeneration

3DReshaper Help 2018 MR1

You see that one surface is red, meaning that the surface is restricted by more than 4 edges (refer to the
Ex5 - Reverse Engineering for the full explanation).

Validate by OK.

Use a Show only on the group CarBody: Faces in the CAD Group to better visualize the result of our
workflow. Select all the patches, change the representation to Smooth. You have now the following result.

Figure 17: Display in smooth representation
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6 Doing restrictions on the CAD model

CAD surfaces can be restricted by BSplines, contours or linear geometrical objects.

Select the 3 circles and the square slot (in the Geometry group) and the surface on which the restriction
will be done, and launch the command CAD >Hole / Restriction. Since there is more than 1 contour, the
command automatically understands that we want to apply the restrictions not on the boundary but inside
the surface (The option Hole is automatically selected).

Figure 18: Doing the restriction
Validate with OK.

Now, Show only all the surfaces in group CarBody: Faces (including the orignal face before restriction).
Hide the face without restriction and do a Zoom All. Select all and launch the command CAD > Create
Compound. You have the final result: A CAD-model of the initial Point cloud.
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Figure 19: Final result in representation Smooth + Contours
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