Mesh2Surface Help

Mesh2Surface is a plugin for Rhino providing many tools to make reverse engineering. 3D reverse
engineering is a process of converting a triangular mesh to a surface model. Triangular meshes are
representation of the reality but in a discrete way. Thisety presentation is not suitable for editing and
combining with already created CAD model. The easiest analogy can be made if you imagine that you have
a picture taken with a normal camera, but you want to get the contours of the image as curves. This
process is known and is called vectorisation. The same approach has to be applied to the triangular
meshes.

Mesh2Surface is designed to work with noisy meshes. These meshes are imperfect and come from
non-contact scanning. The imagishow two type of mesheEirst one is generated from CAD model, which
is not suitable and the second one is from a real-nontact scanning.

When learning the software, the user can download a simple example which has been used in this
documentation. The filecan be downloaded fronmttp://www.mesh2surface.com/?p=samples

Installing Mesh2Surface

The latest version of software can be downloaded from the download section of the website. We
recommendthatyouk 3 A 40 GKS 6S06aAi(S NBIdz I NI & FyR dzLRIGS i
provide automatic updates. A video tutorial of how the software can be installed can be found here:
https://www.youtube.com/watch?v=0§JQ02vec

Activation


http://www.mesh2surface.com/?p=samples
https://www.youtube.com/watch?v=Oo-jJQ02vec

Mesh2Surface is free wownload and install from the download section of the website. It is
recommended that the user downloads and installs the most recent version of the software as it contains
the most recentprovements and bug fixe¥he user can use the software for 14 dakker that the
software will requires a license. The license is based on the computer MAC address.

To activate the software select "Mesh2Surfadectivate Software..." from the main man

Activation key is required, To obtain activation key, please provide the serial number listed bellow

Serial Mumber 01039331 2E5000000000002263E2407A ’ Copy to dipboard l

If you have a valid activation key, enter in the box bellow

Activation Key

Use 'Copy to Clipboard' button to copy the serial number.

Send the serial number wupport at] mesh2surface.coror to the reselleito obtaina license key.

Licensing using RhinoceidsoServer

Mesh2Surface can be used also in a node mode in a local nefWugkmeans if the user have only
one license, he still can use the software on multiple machines, but only one at a time (or if he has
5 licenses, he can use 5 instances of the softwétrases the same mechanism as Rhino with Zoo
server. To learn more about this approach visitps://wiki.mcneel.com/zoo/home

There are some steps which needs to be taken by the user to make the plugin working. Detailed
information can be found here:

Servelinstallation

1. Download and install Zoo 6 server from Rhino web site.
(http://www.rh ino3d.com/download/zoo/6/latesy

2. Start Zoo Admin panel
3. Stop the Zoo service. Use TdoBtop
4. Exit Zoo Admin panel

5. Download www.mesh2siace.com/download/zoo/m2s_z006.zip
6. Extract the zip file in the Zoo plugins directory. Normally located \&®r&gjram Files
(x86)Zo0 6.QPIlugins



7. Right click on tProgram Files (x8&Joo 6 Pluginsm2sZooPlugin.dll and select

properties

8. In the FPoperties dialog if you see 'Unblock’ option, please select it and click Apply (refer
to: www.mesh2surface.com/download/zoo/unblock.png)

9. You will ned Administrative rights to unblock the DIl (this is the Microsoft Windows
Security issue, if the usernst administrator)

10. Start Zoo Admin panel
11. Start again Zoo service. Use To@sart
12. Select add license from the toolbar or BEdidd... from the menu.

13. Make sure you select the product Mesh2Surface in the dialog.
14. Enter simpléext - for example ‘request’

15. A message will be shown with MAC address of the computer where the Zoo server is
installed.
16. Send this address to support@mesh2surface.com

17. When you receive a new product key, enter it from the Zoo admin pandicenae
key.

18. In order to have the server working properly make sure that it is visible from the other
computers and the service is running.
Check http://wiki.mcneel.com/zoo/home for troubleshooting.

Client site installation

1. Make Sure that you have Rhino installed

2. Download and install the latest mesh2Surface plugin. Make sure you have version 4.2.12
or higher.

3. Start Rhinoceros and make sure that Mesh2surface menu is visible.

4. Select Mesh2SurfateOptions\ Use Zod.icensing Server

5. When prompted input the IP address of the Server installation

6. Use test connectivity to ensure that the zoo server is accessible.

7. If the server is not visible visit http://wiki.mcneel.com/zoo/home and check the
troubleshooting ara.

8. Select Mesh2Surfatedbout...

9. You should see a version of the software and it should be 4.2.12 or higher
10. Also you should see either Basic or Advanced mode of the software.




Shapes

Mesh2Surface has its own graphical interface. The usecresmtenumerous of shapes and when
satisfied send them in the maRhinoapplication. For example, define a plaa€just the position of the
LX FyS yR LINBaa KS 0 dziagedfyhe wér NBok hagpy vty thewdsulityhe @b !
delete the plane in Rhino, get back to Mesh2Surface, modify the plane and create it again. This provides
flexibility of the parametric modelling

In order to start creating shapes, the user selects the mesh which will be used as a reference and select
Mesh2Surfaca ShapesX menu from the main Rhinoceros menu.

User Interface
The main window consists of the following elements:

3D View

New shapes s¢ion

Selection toolbar

List of already created shapes
Individual shape control panel
Alignment toolbar

Create in Rhino buttons
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Creste Allin Rhino. Hold Ctrl key and use mouse wheel to change sensitivity

3D View(1)

3D View is where the user can navigate the resililie scene can be navigated in similar way like in
the mainRhino application

HoldRight mouse buttorand start dragging the scene will rotate

Hold Shift key + Righinouse button and start draggingthe scene will pan (translate)



Hold Ctrl key + Rightouse button and start draggirgthe scene will zoom in analt

UseMouse wheelc the scene will zoom in or out

The toolbar at the top of the 3D view allows the user to zoom, pan, rotate and set different views
and show the global coordinate axis.

Sets the view in such way that the whole object is visible

m Enters in a mode so the user can zoom to a rectangle defined by him. Click and hold the left
mouse button. Drag with the mouse to define a rectangle of interest. Release the mouse button. The
seene will automatically zoom to this rectangle

Enters in a mode so the user can rotate the object in the 3D view. Click and hold the left mouse
button. Dragging the mouse will rotate the object. Release the mouse button to finish

n Enters in a mode so ¢huser can translate the object in the 3D view. Click and hold the left
mouse button. Dragging the mouse will translate the object. Release the mouse button to finish.

G Enters in a mode so the user can zoom in and out the object in the 3D view. Clivkl@rice
left mouse button. Dragging the mouse will zoom in or out depending on the mouse movement.
Release the mouse button to finish.

numni! Clicking on the icons will place the view in one of the standard views. At

any time this can also be achieved by usheykeyboard. The table below shows the views and the
keyboard keys that can be used

Standard View Key
Top Tort
Bottom Morm
Left L orl
Right Rorr
Front Forf
Back Borb

E Sets the view to Isometric view. User can also do this by predsikgy on the keyboard

.lr
Shows or hides visualisation of the coordinate system. The global coordinate system is drawn in
a way that X axis is in red, Y axis is green and Z axis is blue.



New shapes sectiq2)

If you want to create a new shape, press the [ + ] button. A menu will appear offering to
choose the shape to be created

Selection
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Shapes

Delete ... Delete All

Plane

Cylinder
Sphere

@ d &
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Syrmetry Plane

’ Extruded

.

Revolved
Patch

3D Sketch
Cuad Surface
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Selection toolba(3)

Most of the shapes are created using selected regions on viliegh2Surfacdriesto build a
best shape to fit onto. In the example of the imagreorder to define the outer cylinder, the use
selects as many points as he want to describe where the cylindand then select Cylinder from the
Shapes Type list contrdflesh2Surface provides options to make manual and automatic selection
based on curvatureSeeSelection section in this document.



Hold Ctrl key and use mouse wheel to change sensitivity

List ofcreated shapes (4)

While the user creates marghapes all of them are kept and listed. Selecting the shape in this
list activates this shapes and makes it visible in the 3D view. The user can change the parameters of
the shape, rebuild it, delete it or modify the size in B2 view. An already createshape can be
deleted by selecting it in the list and pressing Delete button or right click on the item to be deleted
and select Delete from the popup menu.
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Duplicate

Delete ...
Delete All

Duplication¢ When a 3D Sketch is selected as an active surface, byctigking on the
4S5t SOGA2y GKS 02y iGSEG YSydz gAatt O2yidl Ay O2YY!l
Mesh2Surface will create another 3DSketch completely identical to the existing 3D Skatant
version of Mesh2Surface supports duplication only for 3DSketch.

Individual shape control panéb)

Shape Deviation

Every shape has its own properties. The plane for example
has direction of its normal, the cylinder has axis, sphere has a

vertical (V) | | Horizontal (H) radius etc. When a shape is defined, the use has the ability to
= CYLINDER A~ | R2dza G GKS &Kl LIS danK S AZXQT Gl N
Name Cylinder shape passing its best way through the selected triangles.
Fit RM5: 0.095691 Despite this dpending on the design intent, the user may
= Direction Fit Driven want to put exact numbers or constrain the shape. For
X 0.000151 example, if the best fitylinder has radiusf 100.250516
¥ 0000222 units, the user can type in the radius 800.25units and thus
5 oaanon have a perfect feature. Or for example cylinder axis has to be
S Radin f Driven parallel to the Z axis or the axis has to pass through the
origin. This panel allows the user to have full control over the
100.250516 created fatures The two controls Vertical and Horizontal
=/ Base Point | Fit Driven works on shapes with Directions (such as Plane, Cylinder,
X 0.135302 Revolved and Extrusion). The buttons are quick and easy way
Y -0.137906 to set the direction to custom and make it parallel to Z axis (in
z -83.461162 . Ccase of pressing Vertitbutton) or make the direction to be
perpendicular to Z axis ( in case of pressing Horizontal
button).

Alignment toolbaK6)
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in the right position. For exapte we may want to have a plane of the object to be on the bottom
plane, one of the plane to be parallel to OYZ plane, axis of a cylinder to be parallel to the Z axis etc.
This is different from building a cylinder in such way, but vice versa. We cortsieungst fit
cylinder, that we align the whole object to be in such way that the Z axis passes the cylindgeaxis.
Alignment section for details how to align the object using Mesh2Surface
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Aligned object

Create in Rhinbuttons(7)

When shapes have been createdviesh2Surface, they remain and the user can save the file
on the disk and later open the file, select Shapes of this mesh and the shapes remains. At the
moment when the user is happy and wants to use the created shapes as surfaces in the main
applicato/ WKAY2OSNR&asxs (GKA& odzitzy Fft26a (2 WiNIy
of how many times a shape is transferred to Rhino. For example if | select a plane from the shapes



list and press 5 times this button, there will be 5 plane sw$atreated in Rhino although they will
be the same.

Selection

Every shape (except 3D Sketch) is created using selected triangles. The selected triangles are
displayed in red and when the user tries to create a new shape or rebuild existing one it uses¢mdly
selected triangles. The following type of selection can be applied on the gtfege Hand (Filled), Free
Hand, Line and Magic Wan&electing the type of selection enters in the selection mode and shows a
brush size as a circle on the screen.

{87 Mesh2Surface 4.3.12 (DEMONSTRATION SYSTEM NOT FOR RESALE) - a X
| Newshape |Type v n Sensitivic 33  degrees | DeselectAl | | SelectAl | [UndoLastselection | Options ... | HowTo
Delete ... | Deleteal | -
Cyinder
Plane
Curves
Cylinder(1)
Plane(2)
Shape
~
v
Create in Rhino Hold Ctrl key and use mouse wheel to change the size of the brush
S @ weoree [ O 5o [

When inFree Hand (FiIIe)_m, Free Fornm or Lineselectior , hold the left mouse button
and start moving the mouse. The selection will appear on the screen and when the left mouse button is
released the selection will be applied on the mesh. fitlewing tools and actions are important to
perform manual selection

HoldCtrl key on the keyboard and rotate the mouse whetdis will cause the brush to change its size.

HoldAlt key and use the selection as described. The drawing on the screleecaitie grey and when
releasing the mouse left button this will DESELECT triangles instead of selecting them.

When inLine selectiormode, holdshift I y R a4 NI aSt SOdAy3a gAatt WwWiz2010Q
vertical.
When selection is appliedseélects all the triangles under the painted area. If there is a need to select only
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Magicwand B8 ¢ This mode selects triangles based on the surface curvaturedér to select an area

with similar curvature, while in this mode click somewhere where the area needs to be selected. The
software automatically expands the selection to all the neighbour tringles which have similar curvature.
There are two ways to conttthe sensitivity of what the curvature is.



1. Using the slider next to the Magic wand icon or
2. While holding the Ctrl key on the keyboard scroll up or down with the mouse wheel.
A video tutorial of how to use selection can be found here:

https://www.youtube.com/watch?v=4TDzHANSfAE

Hide / Show / Isolate
If the user works with a complex or large mesh, the portions of the mesh can be hided temporarily

Use selection tools to mark trigies on the mesh (see all the way above).

E - Hide selected, if there are selected triangles of the mesh, they become hidden and no longer used

E - Show selected if there are hidden triangles of the mesh, they are brought back to the scene and
become \sible

E - Isolatec if the user wants to concentrate on a specific area, he can select these triangles and leave
only them on the screen. Technically what the software does is hides all the triangles which are NOT
selected and leaves only selected triarsgter work.

v
- Deselects all triangles which are selected
ﬁ - Selects all visible triangles

E - if selection is made with some of the tools mentioned above it undoes the last selection


https://www.youtube.com/watch?v=4TDzHANsfAE

These commands are also accessible from the context menu. If the usgheseouse click with right
mouse button the context menu allows quick access to thmsamands

Loom All A
Undao Ctrl+Z
PN Deselect All Ctrl+D
m |solate
A8 Hide Selected
kd show Hidden
E Free Form Filled L8]
Free Form

=
'

=

Line Selection
Alighment

If there is a primitive selected and visible on the screen, the object can be aligned to the world
coordinate system using this primitive. The controls for aligning the object in space are changing depending
on the type of the primitre selected. If a plane is selected the options are that the object can be aligned to

Align By Primitive E E E I:erigin

In case of a cylinder, extrusion and revolved surfaces, the controls change ¢dtagisvould mean that if
one of the align buttons pressed, it will align the object in such way so the chosen axis passes through the
axis of the primitive.

Align By Primitive E E Origin

If the object is aligned in space, the user can use the home I:@mo restore the original position of
the object.

the world planeg; OXY, OYZ, O." =

Once the user is happy amehnts to set the alignment of the original mesh which is the main Rhino
F LILJX AOF A2y KS OFy dzasS (KS W{Si wkKAy2 aSakK Ay {1}

An example tutorial of how the alignment works can be seen on this link.

https://www.youtube.com/watch?v=bNrr3g2Xkg

Basic Primitives

Mesh2Surface provides fast and efficient tools to creheeprimitivesPlane Cylinderand Sphere
with the best fit approach. The ushas to select the area representing the primitive and build. The
software automatically will fit a primitive to the selection and visualise it. Furthermore, using the control
panel of the primitive, the user can control the shape in a constrained wayke rexactly what he wants,


https://www.youtube.com/watch?v=bN-Fr3q2Xkg

for example for a plane the design intent mightdech that the plane iperpendicular to the base OXY

world plane. In this case the software will make again a best fit, but adding this constraint to the algorithm
and find the lest position of the plane

Plane
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87 Mesh2Surface 43.16 - @ X
Newshape | Type ~ . Smsmviw 1 [3:12 ] degrees | Deselect Al | [ selectAll | Undo Last selecton | How T

|Symmetry Plane

Create in Rhino.

Hold Ctrl key and use mouse wheel to change sensitivity

Create ALL in Rhino. \ @ Align By Primitive @ @ @ Eongm [ Set Rhina Mesh in Same Location i

Manipulating the plane

Use the anchor points at the plane corners to resize the plane. Point out the point, hold the mouse

button andstart dragging. The plane resizes depending on the mouse nidseanchor poindff the plane
is a handle for rotating the plane on its own.



Hold Ctrl key and use mouse wheel to change sensitivity

Plane options panel

Shape Deviation

[ Rebuild | | vertical (v) | | Horizontal (H)

= PLANE
Mame Plane
Fit RMS: 0.033840
Type Axis aligned
=l Mormal Fit Driven
X 0.670715
A -0.741714
z 0.000941
= Offset Fit Driven
-21.716876

Verticalbutton ¢ by pressing the button, the software adds constraints to the bestrit builds the plane
in such way thatt is perpendicular to the world OXY plane. The Normal section of the parameters changes
to custom and the Z valugecomeszero.

Horizontalbutton ¢ by pressing the button, the software builds the plane in such say that the plane is
parallel to the OXY world plane but still finds the best fit of the plane.



Fit RMS Shows the root mean squared of the plane to the selected points. Based guality of the real
scanned plane and the noise of the scanner this value may differ, but it is an indication about the quality of
the plane and how well it fits through the selected points.

Typec the best fit plane is indefinite, but the result which theer uses for modelling is a rectangular
shape. By changing this option, the user has control over the way the rectangle looks like.

Minimal ¢ finds the minimum rectangle that fits the selected area
Axis alignedc all the sides of the rectangle are pdedto one of the axis.

Normal¢ in the mathematics, this is the direction vector perpendicular to the plane. The Normal of the
plane defines the orientation of the plane in the space. By changing the values, the user can adjust the
direction of the plane

X Axisg The plane will be parallel to the OYZ world plane
Y Axis; The plane will be parallel to the OXZ world plane
Z Axi; The plane will be parallel to the OXY world plane
Customg the user can set his own values of the direction of the normal

Other primitivesg if there are already created other primitives, in this list the user will get
directions from them. By selecting them the plane is constructed in such way that it can be parallel to
another plane or perpendicular to another cylinder, revamhor extruded surfaces.

Offset( this is the distance of the origin (the point with coordinates 0, 0, 0) to the plane.

Fit Driveng the software automatically finds the plane which best fits through the selected points
and determines this value

Zerog the plane is constructed in such way that it passes through the origin

Customg the user can set exact location of the plane to a specified distance from the origin

Rebuildg in some cases when the user adjusts the parameters of the plane, he needs to press the button
Rebuild in order the new custom modifications to be applied and the new plane to be created

Deviation



@3 Mesh2surface 43.16

| Newshape | Type |Plane | @I Senshiviy 342 degress  DeselectAl | SelectAll | UndoLastselection HowTo

| Deete... | | Deletenl |

Shape Deviation
riemee s [055 | o]
[ selection only ozs0 [

] Show Min \ Max 0.050
0.050
025
Points compared: 6314
In Tolerance: 3351/ 53.07%
Above Talerance: 1536  24.33%
Below Tolerance: 1427 / 22.60%
RMS: 0.062

Create in Rhina
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The deviation mode shows a coloured information hdw points are distributed against the defined

plane. This powerful tool provides information about the quality of the scanned data and the real surface
compared to the best fit plane. Moving the mouse over the coloured points shows an onscreen information
with a real displacement values.

Cylinder
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Hold Ctrl key and use mouse wheel to change sensitivity
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Manipulating thecylinder

Use the 2 anchor points at the end of the cylinder to change the length. Point out the Ipolidithe
mouse button and start dragging. The cylinder resizes depending on the mouse move

Hold Ctrl key and use mouse wheel to change sensitivity

Cylinderoptions panel

Shape Deviation

[ Rebuild | | vertical () | Horizontal (H) |

= CYLINDER P
MNarme Cylinder
Fit RMS: 0.093963
[= Direction Fit Driven
X 0.000116
¥ -0.000221
z 1.000000
=1 Radius Fit Driven
100.248829
[=I Base Point Fit Driven
X 0.135891
¥ -0.136749
z -83.357812 v

Verticalbutton ¢ by pressing the button, the software adds constraints to the best fit and builds the
cylinder in such way that its dirgen is perpendicular to the world OXY plane. The Direction section of the
parameters changes to custom with values (0, 0, 1).



Horizontalbutton ¢ by pressing the button, the software builds the cylinder in such say that the direction
of the cylinder is paallel to the OXY world plane.

Fit RMS Shows the root mean squared of the cylinder to the selected points. Based on the quality of the
real scanned plane and the noise of the scanner this value may differ, but it is an indication about the
quality of theplane and how well it fits through the selected points.

Direction ¢ this is the axis of the cylinder passing through the base point
X Axisg Thecylinderwill be parallel to the &world axis
Y Axig; The cylinder will be parallel to the OY world axis
ZAxis¢ The cylinder will be parallel to the OZ world axis
Customg the user can set his own values of the direction of ¢ciginder

Other primitivesg if there are already created other primitives, in this list the user will get directions
from them. By selecting them theylinderis constructed in such way that it can perpendicularto
another plane oparallelto another cylinderrevolved or extruded surfaces.

Radius- the actual radius of the cylinder.

Fit Driveng the software automatically finds theylinderwhich best fits through the selected
points and determines this value

Customg the user can se¢xact radiuf the cylinder
Base Point; this is the point through which the central axis of the cylinder passes through.

Fit Driveng the software automatically finds the cylinder which best fits through the selected
points and determines this value

Origin ¢ the base point will be (0, 0, 0)

Customg the user can set exact location of this point

Rebuildg in some cases when the user adjusts the parameters o€ytinder, he needs to press the
button Rebuild in order the new custom modifications to be agpknd the new plane to be created

Deviation



The deviation mode shows a coloured information how the points are distributed against the defined
cylinder. This powerful tool provides information about the quality of the scanned data and the real surface
compared to the best fibr constructed cylinderMoving the mouse over the coloured points shows an
onscreen information with a real displacement values.

Sphere
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