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Dear VSR User,

This tutorial is a guide to using the Virtual Shape Research (VSR) plug-ins for Rhinoceros 3D®.

By the example of a beach buggy, the tutorial demonstrates a possible design process from sketches to 
the actual 3D model. The VSR plug-ins allow you to embark upon advanced surface modeling, aimed at 
creating top-quality surfaces with very simple surface descriptions.

You should already have gained some basic experience with Rhino and should have completed the requi-
red installations of the VSR tools. These are available for download at:

http://www.virtualshape.com/en/download

In this tutorial, we will use the plug-ins VSR Shape Modeling and VSR Shape Analysis. The required image 
data and Rhino fi les with the design data are supplied by us in addition. The Rhino data refer to the indi-
vidual operations described in this tutorial. The corresponding fi les are indicated at the bottom right of 
the relevant tutorial pages.

The supplied data are not only meant as a means of assistance, but you will actually need them to be able 
to begin with the tutorial. The image data provide sketches of the beach buggy (previously created by us) 
in different views, based upon which the model will be designed. Generation of the image data was done 
outside of Rhino and will therefore not be explained in this tutorial.

Provided that the above mentioned prerequisites are fulfi lled, you can now begin with the tutorial.

We hope you will enjoy working through it!

MODELING A BEACH BUGGY
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LEGEND

The tutorial pages are subdivided into three columns. On the left, you will fi nd the icon(s) of the command(s) you will be using 
in the described operation and the command name that you can enter directly in the command window. The middle section 
contains screenshots illustrating the current task. On the right-hand side, you will fi nd explanations for the operations shown 
in the screenshots.

This tutorial is in English language and all commands and terms therefore refer to the English version.  A German version of this 
tutorial, providing the corresponding German commands and terms, is also available.

The operations where you will be using the VSR plug-ins are marked by a colored bar at the left margin (blue for Shape Modeling 
functions and green for Shape Analysis functions).  All VSR plug-ins are fully integrated in Rhinoceros 3D®, so that you can use the 
VSR tools directly to process and analyze the supplied Rhino fi les and, of course, also your existing model fi les.

Overview and description of the symbols used in this tutorial:

_Command

On the left-hand side, the com-
mands you will be using are dis-
played hierarchically by means of 
their icons, and the corresponding 
command name is given.

RMB
Right Mouse Button

LMB
Left Mouse Button

Several clicks (point by point)LMB with drag & drop

Translate

Click with RMB for pull-down

In grey boxes you will fi nd additional information.

Name of the relevant Rhino fi le for the described operations.

Copy Mirror

Click

Rotate about a point

These symbols mean that you 
have to press the Tab, Shift and Alt 
keys or to keep them pressed.

Rhinofi le: 2.1…

Notes and hints

   LEGENDE
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1.0 PREPARATIONS 

MODELING A BEACH BUGGY

Until recently, high-quality class-A surfaces could be created only with costly specialized software systems. 
With VSR Shape Modeling, Virtual Shape Research has introduced this technology into the Rhinoceros®  
world. Due to the dialog- and handle-based functionalities, the user can reach a new level of effi ciency. A 
wide range of commands allows the surfaces to be analyzed and modifi ed already during their creation.

Numerous functions of the VSR Shape Modeling plug-in include integrated analysis tools, giving the user 
maximum control over the geometry under creation or modifi cation at any time. In addition to these 
integrated analyses, an arbitrary number of additional analyses from the VSR Shape Analysis toolbar can 
be defi ned. These respond with full associativity to any modifi cation of the geometry, even before the 
command is actually terminated. The user can thus reach the desired shape with high-quality surfaces of 
low order in a very short time.

In the following sections, we would fi rst like to introduce you to the toolbars of the VSR plug-ins and 
then proceed to make some preparatory settings in Rhino and align the previously prepared sketches.

1.1 Toolbars

1.2 Settings

1.3 Aligning the blueprints
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Surface Matching 
Match a surface to a reference 
surface or a reference curve 
(with continuity up to G3 for 
surfaces).

Surface from Points 
Create a surface based on 4 
selected points, optionally on 
reference geometry.

Projection 
Project points, curves, and sur-
faces onto target geometry with 
deviation control.

Surface Blend 
Create a blend surface 
between reference surfaces 
with a defi ned degree of 
continuity (up to G3). 

Surface Split 
Split a surface into 2 new 
surfaces using a trim curve 
or a reference surface.

Curve Blend 
Create a blend curve between refe-
rence curves with a defi ned degree of 
continuity (up to G3).

Surface from Curves
Create a surface based on 2-4 
edge curves, optionally with 
the interior of the surface lying 
on reference geometry. Quick Surfacing 

Easily create surfaces on top 
of selected mesh areas.

Curve Matching 
Match a curve to a 
reference curve with 
continuity up to G3.

Curve Sketcher - Dynamic / Point by Point 
Sketch curves point by point or dynamically, 
optionally on reference geometry.

Surface Approximation 
Re-approximate an existing reference 
surface by a new simple (single-span) 
surface.

Curve Approximation 
Re-approximate an existing 
reference curve or polygon 
by a new simple curve.

Control Point Modeling 
Modify single control 
points or control point 
rows/connecting lines 
of a curve or surface, 
optionally on reference 
geometry.

Shape Options 
Options for dis-
playing the newly 
created or modi-
fi ed geometry in 
the VSR modeling 
functions.

The toolbar ‘VSR Shape Modeling’ provides you with numerous functions for geometry creation and modifi cation. The below 
fi gure gives an overview of the toolbar that will be displayed as part of your usual Rhino user interface, after you have installed 
the VSR plug-in:

MODELING A BEACH BUGGY
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1.1 TOOLBARS 
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The ‘VSR Shape Analysis’ plug-in is an add-on to the Rhinoceros 3D® software. It provides you with a variety of powerful diag-
nostic tools aimed at making your everyday work more effi cient:

MODELING A BEACH BUGGY

VSR Shape Analysis

Surface Matching Analysis 
Measure the deviation in position, tangent 
planes, curvature, and curvature fl ow bet-
ween two surfaces along their (common) 
surface edges.

Analysis Management 
Open the dialog window 
that gives you access 
to all existing analysis 
instances.

Dynamic Sections 
Cut a planar section 
through the selected 
surface by means of a 
dynamically controlled 
intersection plane; 
can be combined with 
clipping planes.

Sections 
Create a defi -
ned number of 
planar sections 
using the selec-
ted plane.

Draft Angle Analyses 
Display the visible or demold-
able areas of selected surface 
objects.

Scale View/ Reset Scale View 
Scale the current viewport to maximize 
the active visible area and to get a de-
tailed view by non-proportional scaling.

Deviation 
Determine the deviation between two selec-
ted geometry objects and display the result 
graphically.

Shaded Curvature 
Visualize the curvature properties of the selec-
ted surface objects by a shaded display.

Show/Hide Analysis 
Activate or inactivate the 
display of all defi ned analysis 
instances in the graphics.

Curve Matching Analysis 
Measure the deviation in position, 
tangents, curvature, and curvature 
fl ow between two selected 
curves.

Curvature 
Analyze the curvature properties of 
surfaces and curves.

Global Matching Analysis 
Verify the quality of surface transitions 
for all surfaces of a model (or for a 
selected subset).

Light Lines 
Tool to visually analyze the 
quality of surface objects.

1.1  TOOLBARS



After you have started a command, you can press the ‘F1’ key to 
get quick help for this command. Please note that commands going 
immediately into selection mode when they are activated require an 
additional click in the corresponding dialog window, before the link to 
the quick help can be correctly executed.
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Online help for the individual VSR functions can be found under the menu items ‘VSR Modeling’ and ‘VSR Analysis’ in the ‘Online 
Help’.

Whether the VSR help should be displayed in English 
or German language can be selected in the ‘Rhino 
Options’ under ‘VSR Shape’.

MODELING A BEACH BUGGY
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1.2 SETTINGS 
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When starting Rhino, you are prompted to select the size and unit to be used for the current document. For this tutorial, please 
select ‘small objects’ and ‘mm’. To make it easier to recognize the objects, we have set the background to White. In the work-
space, the VSR toolbars are always visible in the foreground. If you wish, you can change their position by simple drag & drop.

In order that the data we will create can be struc-
tured systematically, we will fi rst prepare the lay-
er structure. Create a layer named ‘Blueprint’ for 
the sketches, and the following sub-layers: ‘Zero‘, 
‘Blue_topview‘, ‘Blue_sideview‘, ‘Blue_rearview‘, 
and ‘Blue_frontview‘.

Set the layer ‘Zero’ to red and lock it. This layer will 
serve as orientation during the next operations and 
must therefore not be moved.

In addition, create the layers ‘Auxiliary’ and ‘Middle’ 
and set these to green. These layers will be used 
sporadically to copy objects or to create objects 
that are needed only temporarily. Since they may 
later be deleted, their color should differ from that 
of the relevant objects. As a fi rst step towards the 
design of the beach buggy, the vehicle has to be sub-
divided into its component parts. To this end, crea-
te the layer ‘VSR’ with the sub-layers ‘Side‘, ’Rear‘, 
‘Front‘, ‘Floor‘, and ’Cover‘.

It is part of our work method to always keep the dialog windows ‘Planes’ and ‘Properties’ open, displaying them at 
the right edge of the screen. This gives you quick access to the objects and an overview of their status at any time. 

3

2
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To facilitate the orientation, defi ne the origin by using 
the ‘Point’ command.

Type the fi gure 0 into the Rhino command prompt.

By doing so, you defi ne a point at the origin of the 
coordinate system. This point will later serve as refe-
rence for the buggy’s front axle.

To move this point to the layer ‘Zero’, mark the point 
and change its layer in the ‘Properties’ window.

Open the pull-down list for the object type ‘Layer’ 
and select the layer ‘Zero’.

Rhino fi le: 1.2_1_settings.3dm

MODELING A BEACH BUGGY
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We will base the design of the beach buggy on so-called blueprints in the form of bitmaps. These sketches, created according 
to the principle of normal projection in the three principal directions, display white lines on blue background. These colors 
offer the best contrast. Black curves, for example, can be better distinguished on this background.

Select the layer ‘Blue_sideview’ as active layer. Then 
execute the ‘PictureFrame’ command in the view-
port ‘Right’. This will open a dialog prompting you to 
select a fi le to be opened. Select the bitmap named 
‘sideview.png’.

Rhino subsequently prompts you to defi ne a start 
point for positioning the picture. This point should 
be the previously defi ned origin. Confi rm this by en-
tering the fi gure 0.

In the next step, Rhino prompts you to defi ne the 
length of the picture frame. Enter 972 mm and con-
fi rm by pressing the Return key.

MODELING A BEACH BUGGY
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A rectangle representing the dimensions of the se-
lected picture is now displayed in the viewport. Press 
the Shift key to align it orthogonally. Once you have 
positioned the rectangle on the red x-axis of the co-
ordinate system, confi rm with the LMB.

The blueprint ‘sideview.png’ has now been inserted.

In the viewport ‘Perspective’ you can see the bitmap 
in its orthogonal position.

You may fi nd the Tab key useful within the commands ‘Translate’, ‘Copy’, ‘Rotate’ etc. If you press the Tab key while 
you move the cursor in one direction or snap to a point, this will activate the ‘Direction Lock’ mode. This means 
that the current direction is maintained and you only have to defi ne the length – either numerically via ‘Object 
Snap’ or simply with the LMB. By pressing the Tab key once while keeping the Shift key pressed you can insert 
the picture with orthogonal alignment. To inactivate the ‘Direction Lock’ mode, simply press the Tab key again.

MODELING A BEACH BUGGY
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To exactly align the blueprint, change to the right view-
port and zoom in the buggy’s front wheel. Activate 
the ‘Move’ command and select the bitmap surface. 
Confi rm by pressing the Return key.

Rhino then prompts you to select the start point. 
Click on the center of the crosshairs to select it. 
Then defi ne the new position by entering the fi gure 0 
into the command prompt and confi rming the entry.

The axle of the beach buggy optically now coincides 
with the red origin and will determine the position 
of the other bitmaps.

Repeat the bitmap positioning procedure with the 
‘PictureFrame’ command for the blueprint ‘topview.
png‘ using ‚Blue_topview‘ as active layer. For this ope-
ration, please activate in addition the check box ‘End’ 
under ‘Object Snap’.

The viewport suited best for this operation is the 
‘Perspective‘, which you should fi rst adjust to a view 
angle as shown in the fi gure on the left. As start 
point for the picture frame, snap the ‘End’ point at 
the front (right) of the blueprint (1.). For the second 
value (length), snap at the rear ‘End’ (2.).

MODELING A BEACH BUGGY
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In the next step, move the blueprint ‘sideview.png’ to 
the end points of the blueprint ‘topview.png’. To do 
so, snap the ‘End’ point at the corner of the ‘sideview.
png’ bitmap (corresponding to the ‘Mid’ point of the 
‘topview.png’ surface) to the ‘End’ of the ‘topview.
png’ bitmap.

The red origin is now located at the height of the 
axle and in the buggy’s symmetry plane.

Stay in the viewport ‘Perspective’ and position the 
middle of the buggy on the origin by moving the 
blueprint ‘topview.png‘.

The right settings under ‘Object Snap’ are important 
for this operation. Activate the check boxes ‘Mid’ and 
‘End‘. Using the ‘Move’ command, you then translate 
the blueprint ‘topview.png’ from the ‘Mid’ (Mitte) to 
the ‘End’ position, as shown in the fi gure.

If need be, you can suppress the active ‘Object Snap’ settings by keeping the Alt key pressed during the operation.

MODELING A BEACH BUGGY
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To position the next bitmap ‘frontview.png’, change 
to the layer ‘Blue_frontview’. As start point, snap to 
the corner of the previously aligned sketches in the 
viewport ‘Perspective’, as shown in the fi gure to the 
left.

In an intermediate operation, redefi ne the viewport 
‘Back’ as ‘Front’ using the RMB.

To snap the endpoint, please activate ‘Project’ and 
‘Planar’ in the second step and snap to the right ‘End’ 
point in the viewport ‘Front‘ (lower left in the below 
fi gure).

For the blueprint ‘rearview.png’ repeat the above de-
scribed procedure at the opposite edge of the layer. 
Position the fi rst ‘End’ point in the viewport ‘Per-
spective‘ and then change to the viewport ‘Front’ to 
position the second ‘End’ point. You should inactivate 
‘Project’ and ‘Planar’ before you do so and change to 
the layer ‘Blue_rearview’ for this bitmap, to maintain 
a proper data structure within the document.

MODELING A BEACH BUGGY1.3 ALIGNING THE BLUEPRINTS
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At fi rst sight, the blueprints ‘frontview.png’ and ‘rearview.png’ do not correspond to the names of the corres-
ponding viewports. With the normal projections we performed to create the sketches, however, the sketch of 
the buggy’s front is at the rear and vice versa. At second sight, you will quickly realize that this makes your work 
more comfortable. Take a look, for example, at the viewport ‘Front‘: Switch off the layer ‘Blue_rearview’ and you 
can then work on the sketch ‘frontview.png‘.

If the bitmaps were not switched, you would be operating behind the blueprint in this case or you would have to 
change to the viewport ‘Back’. To work on the blueprint with the rear view and align objects to it, switch off the 
layer ‘Blue_frontview‘ and work in the viewport ‘Back‘ in front of the blueprint.

We will repeatedly point this out to you in the course of the tutorial.

For the subsequent operations, it is helpful to make the inserted blueprints transparent. Select the bitmaps and 
go to the ‘Material’ tab under ‘Properties’. Under ‘Basic’ change the ‘Transparency’ value to 60 percent, as shown 
in the below fi gure.

MODELING A BEACH BUGGY
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In this chapter, we will be using the VSR tools for the fi rst time. We will start with the aligned blueprints 
and adjust some more settings so as to facilitate our work.

2.1  Surfaces from curves

2.2 Surface analysis

2.3  Surface comparison

2.0 THE FIRST SURFACE 
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To improve visibility, go to the ‘RhinoOptions’, select 
the menu item ‘Grid’ and inactivate the display of grid 
lines and axes. Confi rm this change by clicking on 
OK.

To avoid any unintentional changes during the sub-
sequent operations, lock the layers containing the 
blueprints. In the following, you will be working on 
the layers for the design of surfaces, starting on the 
sub-layer ‘Side’.

For a better overview, add another viewport to 
the layout. To do so, select the viewport ‘Front’ 
and execute the command ‘Split Viewport Verti-
cal’.

Defi ne one of the two resulting front views as 
‘Back’.

Rhino fi le: 2.1_1_preparations.3dm

The display of grid lines and axes can be activated and inactivated directly by pressing the function key F7 in the 
active viewport.

MODELING A BEACH BUGGY
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The following operations are performed in the view-
port ‘Right’. Activate the VSR function ‘Sketch Curve 
– Point by Point’ by clicking with the RMB on the 
command icon and defi ne single points on the upper 
contour of the buggy by means of LMB clicks.

In the sketching mode using the LMB, you defi ne 
the points through which the desired curve is to be 
approximated. We recommend that you use a maxi-
mum order of 4. To this end, set the ‘Max. Order’ in 
the dialog to this value. Once you have clicked on all 
points to be used, press the Return key or the RMB 
to fi nish the curve. After completion of this curve, 
the sketching mode is still active. You could thus crea-
te another new curve by pressing the LMB again.

The VSR command ‘Curvature Analysis’ provides you 
with a tool to quickly and intuitively visualize the cur-
vature properties of curves and surfaces.

The system prompts you to select the objects to be 
included in the curvature analysis. You can select an 
arbitrary number of curve and surface objects. Ter-
minate the selection by pressing the Return key.
If the curve was preselected through the ‘Keep Selec-
ted’ option, it is already included in the selection set 
and you can start directly with the analysis.

This parameter defi nes the number of points (per 
isocurve of a surface or per curve) for which cur-
vature values are to be computed and displayed.

Changing the scaling factor will infl uence the height 
of the resulting curvature graph.

A click on the ‘Adjust Scale’ button will optimize the 
scaling factor to enhance visibility of the graph. The 
scaling factor for the curvature graph is often quite 
high for fl at objects like this curve. The smaller the 
curvature, the higher the scaling factor. 

By means of the ‘VSR Shape Options’ you can defi ne how you want geometry elements to be displayed while 
you create or modify them with the VSR Shape Modeling functions. Furthermore, you can defi ne the selection 
status of these elements. If the option ‘Keep Selected’ is active, the geometry just created or modifi ed will remain 
selected after you have terminated the function with ‘Ok’. Activating the option ‘Allow Selection’ enables the se-
lection of geometry still under creation as input for other functions, without fi rst having to terminate the current 
function with ‘Ok’. Both these options reduce the click rate. 

MODELING A BEACH BUGGY
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The below fi gure shows the effect of the control 
point modifi cation on the curvature graph.

In parallel with the analysis, activate the function 
‘Control Point Modeling’. This tool allows you to 
quickly and easily modify single control points or 
control point rows of surfaces and curves.

In the dialog window that will be opened, the blue 
selection button prompts you to select the objects 
to be modifi ed.

Under ‘Mode’ you can select or change the desired 
modeling mode for the current control point modi-
fi cation. Since we only want to move single control 
points, we stay with the option ‘Single’ here.

The selected curve is displayed in dark blue and the 
control points as light grey spheres. If you move the 
cursor near the control points that can be modifi ed, 
they turn yellow, indicating their selection. You can 
move the points by drag & drop and will immediately 
see the resulting changes in the graph. The modifi ed 
control point will be displayed in red.

A smooth curvature fl ow is an indicator of a well-designed curve.

MODELING A BEACH BUGGY
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The modeling steps you performed in the ‘Control 
Point Modeling’ function can be undone and redone 
one by one by means of the arrow buttons. Once 
you have terminated the command by clicking on 
‘Ok’, a single Rhino ‘Undo’ will undo all modifi cations 
made in the ‘Control Point Modeling’ function.

In single-segment curves and surfaces, the order 
equals the number of control points.

To move the curve with all its control points to the 
outer contour of the sketch in the top view, set the 
‘Mode’ to ‘All’. 

In addition, restrict the moving direction by locking 
the Y- and Z-directions, so that the selected points 
can be moved only in X-direction. To do so, activa-
te the check boxes ‘Y’ and ‘Z’. These control point 
coordinates will then remain unchanged during the 
modeling. 
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The aim of the control point modeling is to achieve 
a smooth curvature fl ow, as displayed in the below 
fi gure.
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A click with the RMB on the ‘Curvature Analysis’ command in the VSR toolbar can equally be used to 
activate or inactivate the display of all analyses of this type. This quick command is available for almost all 
VSR analysis tools.

To adjust the curve to the contour, change the ‘Mode’ 
back to ‘Single’ and move the points individually in X-
direction.

As soon as the curve coincides with the contour and 
the curvature fl ow is smooth, terminate the dialog 
by clicking on Ok.

Since the curvature analysis is associative, changes 
in the curve lead to an immediate, automatic re-
calculation of the curvature data. The display of the 
curvature properties is thus always up-to-date, and 
you can see at once how the modifi cations you make 
affect the curvature of the model components. Even 
after you have confi rmed and quit the dialog of the 
analysis by clicking on ‘Ok’, all modifi cations you 
make to the object will continue to be analyzed in 
the background.

The ‘Analysis Management’ tool gives you direct 
access to all commands of the ‘VSR Shape Analysis’ 
plug-in. Via the corresponding dialog, you can create 
new analyses and modify, rename, activate/inactivate, 
and delete existing analysis instances. In addition, you 
can control the visibility of the handles.

The ‘Analysis Management’ tool can be activated 
via the VSR toolbar or by a click with the RMB on 
a handle and subsequent selection in the context 
menu.

Rhino fi le: 2.1_2_fi rst_curve.3dm

Double-clicking on the handle ‘Curvature_1’ will reopen the dialog of the analysis, allowing you to modify its 
settings. In addition, the handle can be freely moved by drag & drop.
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To move the created curve to the position where the 
buggy has its maximum optical width, change to the 
viewport ‘Top’.

Activate the VSR function ‘Control Point Modeling’ 
and lock the X- and Z-directions this time.

Select the mode ‘All’ to reposition the whole curve.

As an additional aid for this operation, activate the 
option ‘Quadrant’ under ‘Object Snap’ and move the 
curve to the outermost position of the previously 
used contour.

Change again to the viewport ‘Front’, blank the lay-
er ‘Blue_rearview’ and display the layer ‘Blue_front-
view’. Sketch the inner contour of the buggy as 
shown in the fi gure.

To make sure the subsequent design of surfaces based on this curve does not become unnecessarily complex, 
the sketching operation should generate as few control points as possible. To this end, enter the value 3 as ‘Max. 
Order’ in the ‘VSR_Curve Sketcher – Point by Point’ dialog

Change to the viewport ‘Front’ and blank the layer 
‘Blue_frontview’ to improve visibility.

Sketch the relatively straight part of the buggy’s right 
lateral contour on the bitmap ‘rearview.png’. To do 
so, activate the function ‘VSR_Curve Sketcher – 
Point by Point’ with the RMB. Alternatively, you can 
use the LMB here to activate the VSR function ‘Dyna-
mic Sketcher’ and draw the curve while keeping the 
LMB pressed. 

When you use the VSR functions, the ‘Object Snap’ should generally be inactive, unless stated differently in this 
tutorial. Otherwise, your operations in 2-D can easily lead to unintentional snapping, and the curve or surface 
thus created will then not be the one you wanted to create.
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The order of the selected object can also be modifi ed directly in the graphics. To do so, move the mouse cursor 
onto the selected curve or an edge of the selected surface and press a number key between 2 and 9 on your 
keyboard. The selected object will directly adopt the order thus specifi ed.

Instead of copying objects via the command ‘InPlace’, you can also use the keyboard shortcuts ctrl+C followed 
by ctrl+V.

To design the buggy’s lateral surface you need yet ano-
ther curve, which we will place at the bottom. Select 
the upper curve and copy it ‘InPlace’.

Select the command ‘Set Point’ and activate the check 
box ‘SetZ’ in the dialog that will be opened. Confi rm 
by clicking on OK. In the command prompt, you will 
be prompted to indicate the desired position. Select 
this position in the lateral view. Move the cursor to 
the height of the buggy’s lower edge. The system then 
projects the curve points onto this plane. 

If you activate the mode ‘Extrapolate’, you can move 
the outer control point to extend or shorten the 
curve without adding any additional control points 
or control point rows.

The geometry of the rest of the curve will remain 
unchanged during this operation. The control points 
will be redistributed proportionally, keeping the cur-
ve in its original position.

Use the ‘Control Point Modeling’ command to move 
the individual points such that the curve coincides 
with the contour in the blueprint.

If the option ‘Mouse Move Scale’ is active, the con-
trol points will not be moved 1:1 with your mouse 
movements. Instead, the modifi cation is scaled down 
according to a user-defi ned factor, so that very small 
changes are also possible. The range of valid values 
for this factor is from 1 (corresponding to the option 
being inactive) to 50 (extremely small control point 
modifi cations).
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Change viewports again, and in the viewport ‘Front’ 
align the curve with the horizontal curve using the 
‘Move’ command.

Then change to the viewport ‘Perspective’ and move 
the curve at the front to a position next to the hori-
zontal curves. Use the ‘Control Point Modeling’ com-
mand for this operation and activate ‘All’, ‘Y’, and ‘Z’, 
so that the points can be moved only in X-direction.

Select the command ‘Rotate’ in the side view and 
rotate the previously copied curve such that it coin-
cides with the lower contour of the buggy.
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Activate the ‘Control Point Modeling’ command to 
work on a regular distribution of the surface along 
the side of the buggy.

If you activate the mode ‘Extrapolate’, the surface 
will be extrapolated at the end you pick. When using 
this mode, the shape of the selected geometry will 
remain unchanged, it will merely be extended or 
shortened. Since the moving direction of the control 
points is predefi ned in this mode, any other activated 
‘Constraints’ will be ignored.

Extend the surface to match the buggy’s side by mo-
ving the control points in the direction of the arrows 
according to the front, rear, and top view blueprints.

You have now defi ned and positioned all curves re-
quired to create the fi rst surface, so that you may 
proceed to generate the surface with the VSR com-
mand ‘Surface from Curves’.

Start by selecting the four edge curves of the surface. 
If the curves do not intersect, you can use the option 
‘Curve Intersection Tolerance’ to compute intersec-
tion points of the curves. If you select at least three 
curves to create a surface with this function, these 
have to intersect within the tolerance defi ned in this 
option. Increase the value to 10 and confi rm your 
entry by clicking on Ok.
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You can use the analysis tool ‘Light Lines’ to visually inspect the quality of the generated surface. Similar to traditional lighting me-
thods, the different light intensities of the individual surface points here depend on the corresponding surface (or mesh) normal 
direction and the direction of the incident light. The difference is that surface material defi nitions are ignored here and only the 
resulting light intensities are displayed. This results in lines of surface points with identical or similar light intensities.

Start by blanking the layer ‘Blueprint’ and activate 
the ‘Light Lines’ command. The analysis automatically 
includes all currently visible surfaces and meshes of 
your model.

The direction vector of the incident light can be 
changed dynamically. To do so, place the cursor on 
the manipulator (‘Light Source’) and move it to the 
desired position and direction while keeping the LMB 
pressed.

The check box ‘Enable’ allows you to toggle the dis-
play of the ‘Light Lines’ analysis on a temporary basis. 
In the input fi eld ‘Cycles’ you can defi ne the number 
of light or color cycles to be displayed.

The position of the ‘Light Source’ can also be defi ned 
directly by entering its coordinates at the bottom of 
the dialog.

The result and the smoothness of the boundaries 
between colors in addition depend on the settings 
controlling the resolution of the polygon meshes. You 
can change these in the ‘Rhino Options’ under ‘Mesh’.

For the surfaces in the present example, it is suffi ci-
ent to leave the render mesh quality at ‘Smooth & 
slower’.

To enable a uniform/smooth display at a later time 
point, select ‘Custom’ and set the ‘Maximum angle’ 
and ‘Maximum edge length’ to 3 and all other options 
to 0.

The different parameters that can be set in this con-
text are explained in more detail in the ‘VSR Rende-
rer’ tutorial.

1

2

_Options
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With the analysis tool ‘Shaded Curvature Analysis’, 
you have at your disposal a tool that enables quick 
and intuitive visualization of the curvature properties 
of surfaces.

The parameter ‘Mode’ allows you to select the type 
of curvature data to be analyzed. Set this parameter 
to ‘Gaussian’ and verify the curvature of the crea-
ted surface, which will be displayed in false color. By 
means of two numeric values you can control the 
assignment of colors in the shaded display to the 
computed curvature values.

Via the ‘Color Options’ you can infl uence the visua-
lization of the analysis. You can choose between the 
modes ‘Light’, ‘Colored’, and ‘Black&White’.

If you activate the check box ‘Transparent’, the re-
sult of the analysis is displayed in a transparent man-
ner on top of the regular Rhinoceros® object color, 
which remains visible at the same time. 
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Under ‘Options’ you can activate the visualization of 
the radius values computed in the sections.

You can choose between isocurves with constant U-
parameter and isocurves with constant V-parameter 
or activate both directions.

If you click on the button ‘Adjust Scale’, the system 
will determine a new scaling factor that depends on 
the maximum curvature value or curvature radius 
computed. This value will be displayed in the ‘Scaling 
Factor’ fi eld and will be immediately applied, resulting 
in an instant update of the graphics display.

The fi gure shows a curvature course that has not 
yet been optimized in vertical direction. Activate the 
‘Control Point Modeling’ command to try to opti-
mize it.

Curvature analyses by means of graphs are not unk-
nown to Rhino users. The VSR tool ‘Curvature Ana-
lysis’ enhances the display options and in addition 
visualizes the course of the radius.
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In the ‘Control Point Modeling’ dialog, activate ‘Sing-
le’ and ‘Tangent’ and move the control points so as 
to improve the curvature course. Modeling the inner 
control point rows will yield the most effective re-
sults in this case.

The ‘Curvature Analysis’ function gives instant feed-
back while you modify the surface.

Try to achieve a harmonious and uniform distributi-
on of the control points.

The control point modeling can be restricted to a 
single control point/control point row or, by using 
the ‘Blend’ option, can be allowed to affect also the 
adjacent points/rows.
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Activate the Rhino command ‘NetworkSrf’ (surface 
from curve network) and use the existing curves to 
create a surface that can then be used for compa-
rison.

In the ‘Surface From Curve Network’ dialog set the 
‘Edge curves’ tolerance to 0.001.

To enable a proper comparison, extrapolate the sur-
face. Specify an extension factor of 30 mm for the 
lower edge curve and of 300 mm for the lateral edge 
curves.
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Create a layer ‘Side_curves’ as a sub-layer of ‘Side’ 
and set this sub-layer for auxiliary elements to green. 
Then move the curves to this sub-layer.

Since the other surfaces of the buggy will also be 
created from curves, you can already add now the re-
quired sub-layers for the rear, front, cover, and fl oor.

The Rhino surface we created for comparison can 
subsequently be moved to the corresponding auxili-
ary layer or deleted.

_PointsOn
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The command ‘PointsOn’ allows you to display 
the control points of the surface. Visually, the 
surface is of good quality, however, because of 
the large number of control points it cannot 
be further modeled.

The side-by-side comparison clearly shows 
the reduced number of control points of the 
VSR surface. This provides the basis for class-A 
modeling.
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In this chapter, we will add the missing surfaces to complete the basic structure of our beach buggy 
model. Both VSR and Rhino tools will be used for this in a complementary manner.

3.1  Surface creation 

3.2  Surface transitions 
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… and move the nearby control points of the curve 
onto the mirrored points. The auxiliary points can 
then be deleted. The result is a symmetric and ho-
mogeneous curve. 

Activate the layer ‘Blueprint’, the VSR sub-layer ‘Rear’, 
and inactivate the VSR sub-layer ‘Side’. Then go to the 
viewport ‘Top’ to start designing the rear of the ve-
hicle.

Use the Rhino command ‘Curve’ to create a curve 
by means of four control points that you place on 
the rear contour. Here again, the defi ned curve can 
be longer than the contour in the sketch. The aim of 
this operation is to create and subsequently retain 
symmetry.

When trying to match the curve still better to the 
contour in the sketch, make sure the points are mo-
ved such that symmetry will not be lost. Select the 
two outer points with the ‘Move’ function and move 
them in Y-direction to the desired positions by pres-
sing the Tab key while keeping the Shift key pressed.

Move the control points in the middle symmetrically 
away from one another or towards one another by 
scaling in one dimension and selecting the middle 
(zero plane) as starting point. Both points must have 
been selected for this operation. The scaling is done 
in X-direction and can be performed orthogonally 
by keeping the Shift key pressed. If need be, you can 
additionally move the inner points in Y-direction, ana-
logously to the outer points.

To guarantee this, activate the control point display 
with the Rhino command ‘Points On’ and defi ne 
points on top of the control points on one side of 
the model (in this case, to the right of the symmetry 
plane). Before you do this, activate ‘Point’ under ‘Ob-
ject Snap’. Mirror the created points to the left side ...
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Change to the viewport ‘Right’ to snap at the ‘End’ 
and rotate the curve until it is at the right angle.

Deactivate the layer ‘Blue_frontview’ and activate 
‘Blue_rearview’. Move the curve to the upper edge 
of the buggy in the viewport ‘Back’. This change will 
make it obvious that the curve is still planar. Adjust 
it to the upper contour of the buggy. With the Shift 
key pressed, move the outer control points symmet-
rically a little bit in upward direction by pressing the 
Tab key, thereby creating the desired arc.

Verify the created curve using the ‘VSR Curvature 
Analysis’ command.

Click on the button ‘Adjust Scale’ to adjust the dis-
play of the curvature graph. If you wish to adjust the 
scaling according to your individual requirements, 
change the scaling factor manually.

The analyses are numbered chronologically. You can 
defi ne an individual name for the analysis instance, 
under which the ‘Analysis Management’ will know 
the current analysis tool. This name is also displayed 
in a synchronized manner in the handle of the ana-
lysis.

Change to the top view and copy the curve onto the 
rear contour of the buggy.
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Copy the curve in the viewport ‘Right’ and move it 
to the lower edge of the car body. Use the Rhino 
command ‘Rotate’ to adjust the curve to the lower 
contour.

Change to the side view and move the copied curve 
in downward direction to the height of the sharp 
bend.

Adjust the curve in the viewport ‘Back’ with the layer 
‘Blue_rearview’ being visible.

Using the VSR command ‘Sketch Curve – Point by 
Point’ with a ‘Max. Order’ of 3, sketch a curve bet-
ween the upper edge of the buggy and the sharp 
bend. Again, the curve can be longer than that in the 
sketch. If need be, modify the control points until the 
curvature graph looks regular.

During the next operations, you will need this curve 
to be at the ends of the horizontal lines. Therefore, 
move the curve you have just created onto the short 
curve, as shown in the fi gure.
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Change to the viewport ‘Top’ and move the curve 
from the middle to the right edge of the buggy. At the 
new position, rotate it to align it to the ‘End’ point 
of the rearmost curve, and then mirror it about the 
middle.

Change viewports again and create the next curve at 
the bottom rear of the buggy in the side view. 

Use once again the VSR command ‘Sketch Curve – 
Point by Point’ with a ‘Max. Order’ of 3 and evaluate 
the curvature graph using the ‘Curvature Analysis’. 
Then move the curve roughly to the height where 
the bottom curves intersect.

As described above, move the curve to the outer 
edge, rotate it, and mirror it about the middle.

We mostly use the command ‘Mirror’ about the middle, since the middle corresponds to the zero plane of the 
coordinate system. To save a few clicks, enter the fi gure 0 with the ‘Mirror’ command, keep the Shift key pressed, 
and click anywhere near the mirror plane to confi rm.
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Since your installation of the VSR plug-ins, you have at 
your disposal a new display option: ‘VSR Shape Dis-
play’. Its predefi ned settings provide a high-contrast 
and uniform display for the work on your model. 

Activate the VSR command ‘Surface from Curves’ 
and select the upper four curves to begin with. Like 
you did for the side surface of the buggy, create a 
surface also between these four curves. 

In the ‘VSR Shape Options’ dialog you can infl uence 
the display of the geometry elements created or mo-
difi ed with the VSR Shape Modeling functions. The-
se display options override the active Rhino display 
options for the current display mode (Grid, Shaded, 
VSR Realtime Renderer etc.), however, they will not 
become effective until you have completed the se-
lection.

Rhino fi le: 3.1_1_rear_curves.3dm
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Repeat the surface creation procedure using the lo-
wer four curves. You have now created two rear sur-
faces that are not connected.

Move the curves to the VSR sub-layer ‘Rear_curves’ 
and subsequently blank them.

The command ‘Surface Matching’ can be used to con-
nect the two surfaces with a defi ned degree of conti-
nuity at the transition (e.g. position continuity).

As soon as you activate the command, the selection 
becomes active. Only natural, untrimmed surfaces 
can be selected as surfaces to be matched. Select the 
lower edge of the upper surface. The selection will 
then automatically try to fi nd the best reference and 
select it. If no reference can be identifi ed automati-
cally, you will be prompted to select one manually. 
Should you have unintentionally selected the wrong 
surface edge, you can re-initiate the selection at any 
time by clicking on the button ‘Matching Edge’.

Set the desired degree of continuity to ‘Position 
(G0)’. Given the very small distance between the two 
surfaces, we can leave the other settings unchanged.

The option ‘Minimize Changes’ tries to keep control 
point changes in the surface to be matched to a mi-
nimum.

The option ‘Keep Opposite Edge’ allows you to re-
strict changes in the control point rows at the oppo-
site edge of the surface to be matched, so as to pre-
serve the quality of an existing transition at that edge.

The ‘Analysis’ section of the Surface Matching dia-
log offers two integrated analyses. With ‘Matching’ 
you can visualize in the graphics the transition qua-
lity achieved with the current settings. The displayed 
values will normally refer to the selected degree of 
‘Continuity’.
If the option ‘Deviation’ is active, the deviation of the 
matched surface from the input surface will be dis-
played. The dialog that will be opened if you click on 
‘Options’ allows you to defi ne different parameters 
for this analysis, such as the number of points, the 
number of graphs, and the scaling. Click on ‘Apply’; 
the deviation in position should now be 0.

Eventually confi rm your input by clicking on Ok.

Rhino fi le: 3.1_2_rear_surfaces.3dm
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To create the front surface, change to the viewport 
‘Top’, activate the sub-layer ‘Front’ and inactivate the 
layer ‘Rear’.

Using once again the Rhino ‘Curve’ command, draw 
the buggy’s front contour via four point clicks. Like 
you did at the rear, defi ne points on top of the con-
trol points on one side, mirror them about the midd-
le, and move the control points onto the points to 
create symmetry.

Also use the ‘Move’ command again in combination 
with the Shift key, and then ‘Scale 1D’ to adjust the 
curve to the contour in the sketch without compro-
mising symmetry.

Change to the side view and move the curve in Y-
direction to the desired contour position. Rotate it 
until it is at the right angle.

Proceed by creating an orthogonal curve correspon-
ding to the front contour of the buggy. Use the midd-
le contour in the sketch as orientation, as shown in 
the fi gure. Sketch the curve with the VSR Sketcher, 
making sure that the control points are uniformly 
distributed. To achieve this, defi ne the curve by pi-
cking three points and set the ‘Max. Order’ to 3.

In the ‘Front’ viewport, move the curve onto the up-
per contour and adjust the control points so as to 
create a slight arc. The layer ‘Blue_rearview’ should 
be active and the layer ‘Blue_frontview’ inactive du-
ring this operation.

Now invert the visibility of the layers by inactivating 
‘Blue_rearview’ and activating ‘Blue_frontview’. 
Copy the curve you just created and position it at 
the height of the buggy’s lower edge.
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Use the ‘Duplicate Edge’ command to extract the 
outer edge from this auxiliary surface and subse-
quently discard the surface.

Using the ‘VSR Curvature Analysis’ command you 
can compare the cross section curve with the ex-
tracted curve.

The newly created curve is defi ned by only three 
control points. This is benefi cial for creating high-
quality surfaces. Mirror the curve about the middle 
to get the fourth curve that is required to create the 
buggy’s front surface.

Use the VSR command ‘Surface from Curves’ to 
eventually create the front surface. The generated 
auxiliary curves can then be transferred to the sub-
layer ‘Front_curves’.

An alternative that you can use in the surface design 
process is the ‘Sweep2’ (sweep surface using two 
rails) command. The horizontal curves serve as rails 
and the orthogonal curve is used as cross section 
curve.

Activate the option ‘Do not simplify’ in the dialog to 
make sure the sweep surface is not created with a 
simplifi ed cross section curve.

Rhino fi le: 3.1_3_front.3dm
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To create the cover surface, copy the upper curves 
from the layers ‘Rear_curves’, ‘Front_curves’, and 
‘Side_curves’ to the layer ‘Cover’. In addition, select 
the latter as active layer.

Mirror the side curve about the middle. You now 
have four curves that you can use to create the co-
ver surface.

Using the command ‘Surface from Curves’ create 
once more a surface from four curves. The resulting 
surface represents the cover surface.

Transfer the auxiliary curves to the layer ‘Cover_
curves’.

Repeat this procedure for the fl oor surface. To do so, 
change to the sub-layer ‘Floor’, inactivate the layer 
‘Cover’, and copy the lower curves from the layers 
‘Rear_curves’, ‘Front_curves’, and ‘Side_curves’ to 
the layer ‘Floor’. Again, the side curve has to be mir-
rored about the middle to obtain the fourth curve 
for the surface creation.

Create another surface with the command ‘Surface 
From Curves’. The resulting surface represents the 
fl oor surface. Again, transfer the auxiliary curves to 
the corresponding sub-layer after you have comple-
ted the surface creation.
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A look at the layer structure shows that we have 
created an additional sub-layer with the suffi x ‘_cur-
ves’ for each component part of the buggy. 

For a better data structure, the curves required to 
design the surfaces of the buggy chassis are fi led in 
corresponding sub-layers.

In addition, create a new layer with the name ‘Chas-
sis’. Then copy all created surfaces to this layer. Acti-
vate the layer ‘Chassis’ and blank all other layers.

In the following, we will thus only work with the sur-
face copies, avoiding the risk of modifying the gene-
rated original surfaces.

The fi gure to the left shows the active layer ‘Chassis’.

Mirror the side surface about the middle to comple-
te the basic constituents of the chassis.

This gives you a fi rst three-dimensional impression 
of the buggy.

Rhino fi le: 3.1_4_corpus.3dm
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Activate the display of all previously defi ned analyses 
by pressing the RMB and selecting the corresponding 
command.

You can click on the handles with the RMB to dele-
te the corresponding analyses or double-click on a 
handle to see the parameters of this analysis. Delete 
all existing analyses except those of the cover and 
side surfaces. All existing analyses can then be inacti-
vated with the LMB.

You can then delete the mirrored surface again. It 
was created only to verify the symmetry.

In view of the next steps, shrink the trimmed cover, 
fl oor, front, and rear surfaces to keep the surface de-
scriptions as simple as possible.

Mirror the remaining half about the middle and use 
the ‘Shaded Curvature Analysis’ to verify whether 
there are any symmetry errors. A smooth color fl ow 
in the analysis shows that there are no irritations in 
the transition area.

You could also use the ‘VSR Light Lines’ for this ve-
rifi cation.

To make sure that the surfaces have been created 
symmetrically and no mistakes have crept in, create a 
surface in the middle to split the data set at the zero 
plane. Then discard one half of the buggy as well as 
the intersection plane.
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Use the ‘Control Point Modeling’ function to model 
the fender according to the blueprint, until you are 
happy with the result. Make sure the lower edge of 
the fender is roughly at the same height as the lower 
edge of the side surface.

After you have completed the design of the fender, 
you can transfer the curves to the ‘Auxiliary’ layer.

The surface will again be created with the VSR tool 
‘Surface From Curves’. The result is an arch-like, vaul-
ted surface.

We will now start designing the fender. Blank all ob-
jects and continue to work on the layer ‘Chassis’.

Activate the VSR Curve Sketcher and set the ‘Max. 
Order’ to 5.

First sketch the two curves in the side view. Then 
change to the front view and move the curves to the 
right positions: the shorter curve to the inside and 
the longer curve to the outside of the fender.

In a further step, sketch the curve that represents 
the top of the fender.

Move the curve created last further to the front of 
the buggy. Then defi ne the rear curve of the fender.

Change to the viewport ‘Front’ and adjust the height 
of the front and rear curves of the fender. Use the 
viewport ‘Perspective’ as reference.

Rhinodatei: 3.2_1_Kotfl uegel.3dm

Once again, you do not have to adhere exactly to the lines in the blueprint. They simply serve as an orientation 
for the further design process. Your free modeling of the surfaces and your own requirements determine the fi nal 
shape and its effects.

Rhino fi le: 3.1_5_fender.3dm
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a single surface.

At the bend, you can see a fi llet that captures the 
light.
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Proceed by modeling the side and cover surfaces 
with the ‘Control Point Modeling’ tool. 

For the side surface, select the option ‘Tangent’ and 
move single points in such a way that the upper part 
becomes narrower towards the front. 

If this does not lead you to the desired result, please 
try the following alternative: Reduce the height of the 
side surface using the ‘Extrapolate’ mode and subse-
quently pull the points at the rear back to the top 
with the option ‘Tangent’.

You see that given the different possibilities and pa-
rameter settings, different approaches can be used to 
reach the aim.

Whenever you move the points of the cover surface, 
always make sure to retain symmetry. To this end, ac-
tivate ‘Tangent’ as constraint for the cover surface 
and the ‘Single’ mode. The cover surface equally has 
to be narrowed at the front. The trim edge in the 
zero plane and the second control point row from 
the middle must not be modifi ed. Using the above 
described settings, model the surface such that a 
wedge-shaped gap is generated between the side and 
the cover surfaces. 

The aim of this modeling process is to modify the 
surfaces such that there is enough room for the 
blend surface, while preserving at the same time the 
shape characteristics of the surfaces.

At the rear, it is essential that the cover and side sur-
faces intersect the rear surface. This is achieved by 
extrapolating the rear and cover surfaces using the 
‘Extrapolate’ mode of the ‘Control Point Modeling’
tool.

In the following steps, we will continue to design surface transitions. Continue to work on the ‘Chassis’ layer and start by mo-
difying the surfaces that will be used as input for the design of blend surfaces. To this end, display again the previously blanked 
surfaces of the layer ‘Chassis’.

Rhino fi le: 3.2_1_model.3dm
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Activate the VSR command ‘Surface Blend’ to crea-
te a blend surface. The dialog that will be opened 
prompts you to select the fi rst surface edge. Select 
the edge of the cover surface and confi rm with RMB. 
Then click on the edge of the side surface lying op-
posite and confi rm again.

You can move the handles (End1, End2, Start1, and 
Start2) on the surface edges to limit of the blend 
surface. Since the side surface is considerably longer 
than the blend surface to be created, activate ‘Partial’ 
under ‘Options 2’ in the ‘Blend’ dialog. The system 
will then make a fi rst sensible suggestion for the po-
sitions of the handles ‘Start2’ and ‘End2’.

Move the handles at the rear of the buggy beyond 
the position where the rear surface intersects the 
adjacent surfaces. This is to make sure that the blend 
surface is long enough to be trimmed at the rear 
surface.

The main requirement to be met by the blend sur-
face is a curvature continuous transition (‘G2’).

As soon as you limit a blend surface by means of the 
handles in the graphics, the option ‘Partial’ is activa-
ted in the dialog. If you fi rst activate the option in 
the dialog, the corresponding handles are positioned 
such that they match the opposite handles. Once you 
inactivate ‘Partial’, the handles return to the start and 
end of the blending edge.

The ‘Shape’ factors determine the control point dis-
tribution and thus the shape of the blend surface.

In the lower part of the dialog, you can activate inte-
grated analyses. Activate the options ‘Matching 1’ and 
‘Matching 2’ and click on the ‘Options’ button.

This will open further dialog windows, allowing you 
to verify the continuity at the surface transitions. 
Our minimum requirement on the desired transiti-
on is tangent continuity. To verify this, activate ‘Tan-
gency’ and ‘Show Max.’. The maximum deviation will 
be displayed in the graphics. This value results from 
the strong narrowing of the blend surface. Since the 
blend surface was created nearly up to the positi-
on where the surfaces almost intersect, its must be 
further adapted.
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Blend surfaces are normally created with the mini-
mum order and number of segments required by the 
input geometry and the desired degree of continuity. 
If the two input edges have different numbers of seg-
ments, this may result in unwanted small segments. 
You can avoid this effect by activating the option 
‘Merge Segments’. In our situation, however, this 
option is not necessary, as the input edges are not 
segmented. 

The options under ‘Order/Segments’ allow you to 
defi ne the order and number of segments of the sur-
face to be created in the direction of the edges. In 
our example, the minimum order used to create the 
input surfaces causes the blend surface to have an 
excessive curvature. To mitigate this effect, we are 
setting the order to 6 here.

The button ‘Advanced’ offers some more parame-
ters you can defi ne for the surface transitions. The 
settings for the ‘Start’ and ‘End’ will be described in 
detail on the following pages.

The ‘Balance’ sliders allow you to vary the effect of 
the shape factors in addition by defi ning different set-
tings for the start and end of the same side.

As soon as you apply your changes of the different 
settings, the display of the previously activated ‘Mat-
ching Analysis’ is updated and gives you feedback on 
the effect of your modifi cations on the transition 
quality.  
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To further optimize the side surface, activate the 
‘Control Point Modeling’ command in addition. You 
can model the side surface and adapt the blend sur-
face to these changes in parallel. (Even though this 
approach is rather uncommon in the Rhino world, 
we recommend making use of it by all means!)

In addition to the quality of the surface transitions, 
you can defi ne the desired degree of continuity at 
the edges of the blend surface. The desired degree 
can be defi ned either in the ‘Advanced’ window of 
the ‘Blend’ dialog or directly in the graphics via the 
context menu of the handles.

Activate the ‘VSR Shape Display’ to evaluate the VSR 
Shaded Curvature Analysis. The sliders defi ne the 
range of curvature values, with lower values being 
displayed in blue and higher values in red. As you 
move the sliders, you will see that the transitions 
between the blend surface and the side and cover 
surfaces are smooth. There are no sharp boundaries 
visible between the different color shades, nor any 
color irritations at the transitions. This indicates a 
good distribution of the surface tension.

_VSRModeling

_VSRShaded
  Curvature
  Analysis
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Continue on the layer ‘Chassis’ to create in the next 
steps the blend between the cover surface and the 
fender.

To create this blend surface, you need to cut out part 
of the existing surfaces. To this end, defi ne a wide arc 
around the fender in the viewport ‘Top’. Extrude the 
arc in Z-direction, creating a surface that intersects 
the surfaces of the model.

In the next step, split the side, blend, and cover sur-
faces with the auxiliary surface. The cut-off surface 
parts and the auxiliary surface can be deleted the-
reafter.

Slightly curve the lower part of this auxiliary surface 
in outward direction by selecting the lower control 
points and pulling them in a rotating movement to-
wards the back. The rear part of the surface thus 
sweeps back a little.

_Curve

_ExtrudeCrv

_Rotate

_Split
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Before we can create the blend surface, we also have 
to split the fender surface.

Use the LMB to activate the VSR command ‘Dyna-
mic Sketch’. Set the ‘Max. Order’ to 6 and click on 
the button ‘Target’. This button allows you to select a 
target object on which you want to sketch the curve. 
Our target surface here is the fender. Under ‘Ob-
ject Snap’, activate the option ‘Near’ to pull both the 
curve start and end onto the edges. Keep the LMB 
pressed to sketch the curve on the fender, beginning 
either at the surface edge at the front or at the rear 
and moving the mouse to the opposite edge. Make 
sure the lower curve end is close enough to the ou-
ter edge of the fender. It must be further away from 
the middle of the buggy than the lower left corner 
of the adjacent surface cluster. Once you have sket-
ched the curve, inactivate the object snap to avoid 
unintentional snapping during the next operations. If 
you wish to better adjust the curve to the fender, 
activate ‘Oversketch’ in the dialog. Keeping the LMB 
pressed you can then re-sketch parts of the curve to 
correct its shape.

The aim of this curve modeling process is to create 
on the fender a curve with a smooth shape that can 
subsequently be used as input edge for the creation 
of a blend surface.

To this end, activate the ‘Control Point Modeling’ 
tool once again. If the curve is still selected, you can 
directly click on the ‘Target’ button to select the fen-
der as target surface. The curve you are currently 
working on has been created on the fender surface 
and can thus now be modeled on this surface. Model 
the curve into a slight S-shape on the fender, as this 
will facilitate computation of the intended connec-
tion to the chassis. Modify the control points accor-
dingly.

Looking towards the rear of the buggy, the lower 
part of this curve should be located to the left of the 
adjacent edge of the side surface.

In the top view, the curve runs almost in parallel with 
the edge of the chassis. Once you have modeled the 
curve into the desired shape, confi rm with Ok.

Now split the fender surface at the curve and discard 
the inner part. The curve can then be transferred to 
the layer ‘Auxiliary’.

_VSRDynSketch

_VSRModeling

_Split
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Create the blend surface by activating the Rhino 
‘Blend Surface’ function with additional shape cur-
ves. First select the edge of the fender and then, in 
the correct order, the contiguous edges of the side, 
blend, and cover surfaces.

If you start your selection of the fi rst edge in the 
upper area, you should also select the opposite edge 
in the upper area, as otherwise the parametrization 
of the blend surface will be mixed up. Once you have 
confi rmed your selection, set the required continuity 
for both sides to curvature (‘G2’) and activate the 
preview in the following dialog.

The automatically computed blend surface still needs 
some modeling. You can do this by manipulating the 
auxiliary tangents, which are synchronized with the 
dialog. In the dialog you can move the sliders, there-
by changing in turn the control points of the blend 
surface. Use the preview to verify how your modifi -
cations affect the shape.

Use the Rhino function ‘Blend Surface’ to eventually create the blend surface, as the corresponding VSR command in the cur-
rent version does not yet include the option allowing additional shapes to be inserted (will be included in version VSR Shape 
Modeling 2.0).
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At the edges, you can see that the blend surface is 
wavy. If you keep the Alt key pressed, you can freely 
modify the angles of the auxiliary tangents to straigh-
ten out the blend. Modify the blend surface by mo-
ving the control points of the auxiliary tangents until 
you are happy with the shape.

As in the fi gure to the left, the blend surface should 
not be wavy and should exhibit a smooth fl ow at 
the edge. 

To further optimize the surface shape, you will need 
an additional profi le shape curve. This curve has to be 
modeled to fi t the surface shape at a suitable loca-
tion and is subsequently translated along the surface. 
To do so, select the option ‘Add Shapes’ in the com-
mand prompt.   

Place the start point of the additional shape curve at 
a position where you suspect strong undulations or 
where you want more control. Smooth out unwan-
ted waves and steady the course of the isocurves.
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Use the VSR analysis tool ‘Light Lines’ to check the 
shape of surfaces and transitions.

To be able to split the surfaces with their mutual in-
tersection curves in the next step, we have to make 
sure that all surfaces intersect each other.

If your model does not yet meet these requirements, 
use the ‘Control Point Modeling’ tool with ‘Extrapo-
late’ to extend the rear surface and the fl oor surface. 
Make sure not to extrapolate the surfaces beyond 
the zero plane. When all surfaces intersect, they are 
ready for the splitting operation.

Start by splitting the rear surface and then the side 
surface with the adjacent surfaces. Thereafter, split 
the blend surface and the cover surface with the rear 
surface.

The fl oor surface and the front will not be split.

The red lines in the above fi gure show the cutting 
curves.

Delete the surface parts cut off during the splitting 
operation. As a result, you now have half the buggy as 
a surface cluster.

Rhino fi le: 4.0_1_half.3dm
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To improve visibility, blank as much geometry as pos-
sible. Copy the fender and its blend surface as auxili-
ary surfaces to the ‘Wheelcase’ layer or to the layer 
‘Auxiliary’ and inactivate the layer ‘Chassis’.

The copies of the fender and blend surfaces can be 
deleted again after the next operation. The next steps 
are carried out on the active layer ‘Wheelcase_front’.  

Use the ‘Control Point Modeling’ tool to move the 
points of the upper row until the shape of the upper 
edge corresponds to the shape of the wheel case. 
The order in the corresponding direction is 4.

The aim of this modeling operation is to prepare a 
surface edge as input for the next blend. 

For the next steps, create a new layer ‘Wheelcase_
front’ and select it as active layer. Create a plane (ap-
proximately at the height of the front wheel) in the 
side view and rotate this plane by about 40°.

Looking at the front sketch of the buggy in the vie-
wport ‘Front’, move the plane roughly onto the line 
that marks the wheel case in the sketch and tilt it 
such that it lies on the contour.
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Use the command ‘Surfaces from Curves’ to crea-
te a surface from the curves you have just sketched. 
Again, click on the ‘Target’ button and select the fen-
der as target surface. As soon as you have selected 
the curves to be used for the surface creation, a click 
on ‘Apply’ will display a preview of the surface. To 
close the dialog, click on Ok. You can then transfer 
the curves to the layer ‘Wheelcase_front_auxiliary’.

Activate the VSR Curve Sketcher with the RMB and 
sketch a curve on the fender surface. The aim is to 
have four edges for the defi nition of the wheel case 
surface.

Click on the button ‘Target’ in the dialog and then 
on the fender, thereby defi ning the fender surface as 
target surface for the curve to be sketched.

Defi ne the points according to the curve shape, as 
shown in the fi gure to the left. Before you start, set 
the ‘Max. Order’ to a larger value between 4 and 9. 
We recommend that you start with your point clicks 
in the lower narrow part of the fender.

The aim is to create a set of boundary curves roughly 
describing a rectangular strip on the fender. Termina-
te each curve by a click with the RMB and then pro-
ceed to sketching the next curve. Create at fi rst the 
two long curves. Before you sketch the two short 
curves, activate the option ‘Snap Curve Ends’ in the 
dialog.  

If this option is active, the start and end points of the 
curve you are creating will be snapped to the curve 
ends of the previously created curves, provided that 
these are located within the defi ned ‘Tolerance’. The 
snapping will not be executed until you fi nish the 
curve by pressing the Return key or the RMB.

The curve will not be located exactly on the fender 
surface. The deviation depends on the defi ned ‘Max. 
Order’ value and also on the distances between your 
point clicks. Smaller distances between the clicks and 
a higher maximum order will reduce the deviation 
of the curve from the surface. We nevertheless re-
commend to keep the order as low as possible, so as 
to keep the number of control point rows also to a 
minimum. In addition, we will be able to reduce the 
deviation in the next step without creating unwanted 
control point rows.

Rhino fi le: 5.0_1_wheelcase.3dm
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The ‘Deviation Analysis’ command allows you to de-
termine the distance between two objects. The dia-
log that will be opened prompts you to select fi rst 
the object to be analyzed. Click on the surface you 
have just created. Furthermore, this command requi-
res a reference surface. Click on the fender to select 
it as reference. Make sure you select the fender sur-
face and not the adjacent blend surface.

Once you have selected the two objects, the corres-
ponding deviation graphs will be displayed in red. You 
can infl uence the display of the graphs via the settings 
in the dialog window.

To improve visibility, set the parameter ‘No. of 
Graphs’ to 6. You will see the number of longitudinal 
lines on the object change simultaneously. For the 
parameter ‘No. of Points’ the same holds true as for 
the ‘Curvature Analysis’: the higher the number of 
points, the more detailed the graph. Set the scaling 
factor to 13 and activate the check boxes ‘Show Min.’ 
and ‘Show Max.’. The deviation values between the 
two surfaces will be indicated in the corresponding 
labels in the active viewport. This analysis will likewi-
se be stored in the ‘Analysis Management’ and will 
be updated in the background during future modi-
fi cations of the geometry, even after the dialog has 
been closed.

Model the new surface with the ‘Control Point Mo-
deling’ tool. Activate the ‘U/V’ view in the ‘VSR Sha-
pe Options’ to be able to recognize the direction in 
which the order should be decreased. Reduce the 
order in cross direction to 3. 

The aim of this operation is to create a surface that 
closely resembles the geometry of the fender, but 
is located at a distance from the original surface of 
about 10 mm at the front and about 15 mm at the 
rear – similar to an offset surface, but not with a 
constant distance at all locations.

To this end, activate the constraints ‘Blend’ and ‘Nor-
mal’ and the mode ‘Row’ to move the foremost row 
of control points away from the initial position. Con-
tinue to pull until the distance has reached 10 mm. 
You will see the analysis being continuously updated.
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Use the same settings to model the rear part of the 
surface, moving the last control point row towards the 
interior by 15 mm. Make use of the option ‘Mouse 
Move Scale’ to enable also very small movements.

The aim is to create a surface with a uniformly incre-
asing distance from the front to the rear. By a double 
click on the ‘Deviation Analysis’ handle you can reopen 
the dialog of the analysis, allowing you to change the 
scaling factor or the number of graphs, if need be.

The next task is to ‘tidy up’ and ‘straighten out’ the 
individual control points to achieve a proper align-
ment of the new surface. Inactivate ‘Shading’ in the 
‘VSR Shape Options’ to be able to see the control 
points through the surface. Blank the fender surface 
and change to the display mode ‘VSR Shape Display’. 
Move the control points at the edges such that they 
are uniformly distributed. Using the mode ‘Extrapola-
te’, enlarge the surface in the direction of the chassis 
to enable creation of an optimal blend surface later 
on. Change your perspective and display the fender 
surface whenever you want to verify the result of 
your modifi cations.

Now display the fender surface again and activate 
‘Shading’ as display mode. Then use the settings ‘Nor-
mal’ and ‘Row’ to pull the outer control point row 
back towards the fender. Later, when we will narrow 
the chassis above the wheels a little bit, this modifi -
cation will have a strong impact on the look of the 
buggy. To allow the lower part of the fender to be 
split with the fl oor surface later, you can move the 
lower control point row further downward using the 
mode ‘Extrapolate’.

All in all, you have now created the upper and lower 
surfaces for the wheel case, which appears to incre-
ase in thickness from the front to the back and to 
become thinner towards the outer edge. Its lower 
surface has a strip-like shape.

Rhino fi le: 5.0_2_wheelcase_thickness.3dm
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For the next steps, you will need only the surfaces of 
the wheel case. The fender remains blanked.

Use the VSR command ‘Surface Blend’ to create a 
connection between these surfaces. Set the desired 
degree of continuity for the transitions to ‘Flow (G3)’.

Once you have completed the selection, the system 
computes the blend surface. Particularly noticeable 
is the excessive curvature of the computed surface, 
which still ought to be modeled.

Activate the check box ‘Matching 1’ and change some 
of the parameter settings of the analysis in the corre-
sponding ‘Options’ dialog. 

To verify whether there is a gap between the blend 
surface and the fi rst input edge, select the ‘Position’ 
mode. If you activate ‘Show Min.’ and ‘Show Max.’, the 
smallest and the largest distances between the sur-
faces will be indicated in the graphics. The scaling fac-
tor infl uences the display of the corresponding graph.

The analysis shows that there are no gaps between 
the two surfaces. 

Change the settings of the two form factors in the 
dialog. Reduce both factors until the strongly curved 
blend surface becomes fl atter.
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Activate the layer ‘Chassis’ to be able to watch the 
new blend surface and its protrusion through the 
other surfaces.

To eliminate the protrusion, activate the ‘Control 
Point Modeling’ tool in parallel with the ‘Blend’ func-
tion. For the modeling, select the planar surface that 
was used to create the blend surface.

While the computed blend surface is displayed, you 
can modify the input surface and thus the conditions 
determining the blend. The blend surface is simulta-
neously adapted to the new situation and updated in 
the display. 

Activate the ‘Extrapolate’ mode and adjust the upper 
edge of the planar surface, so that the blend eventu-
ally remains beneath the other surfaces and no lon-
ger protrudes. 

You can now make further modifi cations, if need be. 
For example, you can activate the ‘Single’ mode and 
the constraints ‘Normal’ and ‘Blend’ to modify the 
corner point of the surface. To do this, click next to 
the upper point at the front, with suffi cient distance 
from the Blend handle, to move this point in outward 
direction. This makes the arc of the blend more ho-
mogeneous and increases its distance from the rest 
of the chassis at this location.

You can also manipulate the form factors in the ‘Sur-
face Blend’ dialog at the same time.

The key difference between modeling with Rhino and with VSR tools are the different approaches. When mode-
ling with Rhino tools, you defi ne the determining factors prior to the surface creation. In contrast, the VSR tools 
allow you to defi ne the determining factors even during the actual modeling process, for example, by modifying 
control points. This is a dynamic approach that is very helpful whenever the degree of continuity at the transitions 
to the adjacent surfaces is to be preserved. 
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As soon as you are happy with the shape of the mo-
deled surface, confi rm your modifi cations by clicking 
on Ok in the ‘Control Point Modeling’ dialog. Pro-
ceed in a similar way with the input surface below 
the fender. You could, for example, activate the cons-
traints ‘Blend’ and ‘Tangent’ and move the upper con-
trol point at the front so as to create an arc with an 
overall harmonious shape. Make your own decisions 
here, as this type of shape modeling is a matter of 
personal taste.

Please make sure that the modeled surface inter-
sects with the fl oor surface at the rear. If this is not 
the case, extend the surface using the ‘Extrapolate’ 
mode. The blend surface will again be adapted.

The analysis tool ‘Dynamic Sections’ can be helpful in 
verifying surface shapes and distances between sur-
faces. Please also take into consideration the inten-
ded material thickness, which can equally be checked 
with this tool. The fender and the surfaces under-
neath have been designed with larger dimensions 
than the surfaces we actually want to get after the 
fi nal cutting operations. This means that the surfaces 
still have to be split at their correct edges.  

As soon as you activate the command, a section 
curve (combined with a clipping plane) through the 
surfaces and meshes of your model is immediately 
computed and displayed. In addition, a plane symbol 
appears, allowing you to modify the position of the 
intersection plane in the viewport. Activate ‘All’ if 
you want the section to be computed through all 
surfaces. For the option ‘Section Plane’, select ‘Y’ as 
constant. If the intersection curve is not visible from 
your perspective, try inactivating ‘Invert Clipping Pla-
ne’. The intersection curve through the surfaces will 
be displayed in red. Using the handle (displayed as an 
arrow in a rectangle) you can now move the section 
in Y-direction. The section curve is updated after each 
move. 

This tool allows you to verify whether any further 
modifi cations are necessary in the blend surface or 
the input surfaces.

Rhino fi le: 5.0_3_wheelcase_front.3dm

You can keep the Shift key pressed in addition, while you move the Y-plane defi ning the dynamic section. In this 
case, the dynamic section will be updated in real time.
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As soon as you are happy with the result, termina-
te the analysis and the ‘Control Point Modeling’ by 
clicking on Ok. Then terminate the ‘Blend’ function 
as well.

The copied fender surface that was created as an 
auxiliary surface can now be deleted, as you still have 
the original on the layer ‘Chassis’.

Analogously to the procedure used to create the 
front wheel case, design the rear wheel case now. 
Start by creating a new sub-layer ‘Wheelcase_rear’ 
for this component part and activate this layer.

Change to the side view and create a plane on the 
rear wheel, which you then rotate. Using the ‘Con-
trol Point Modeling’ tool, subsequently model the 
upper edge of this planar surface into an arc.

Blank the layer ‘Blue_frontview’ and display the layer 
‘Blue_rearview’. Activate ‘All’, ‘Y’, and ‘Z’ in the ‘Con-
trol Point Modeling’ dialog and move the plane in 
the viewport ‘Front’ from the middle to the line that 
marks the edge of the wheel case. Confi rm your ent-
ry by clicking on Ok. In addition, tilt the plane so that 
it lies on the contour in the blueprint.
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Rhino fi le: 5.0_4_wheelcase_rear.3dm

Return to the side view and with the VSR Sketcher 
create a curve by means of three points and with an 
order of 6, using the contour of the rear wheel case 
in the blueprint as orientation. Then move this curve 
to the outer edge of the buggy in the top and front 
views. The curve does not necessarily have to coinci-
de with the contour. The important thing is that it is 
located at the outer edge.

Extrude the curve towards the middle to create a 
surface with an extrusion distance of 65 mm. You can 
then delete the curve or move it to the layer ‘Wheel-
case_rear_auxiliary’.

Since the extrusion command can create only a pla-
nar surface, you still need to curve it slightly using 
the ‘Control Point Modeling’ function. Increase the 
surface order to 3 and activate the ‘Row’ mode to 
manipulate the surface in normal direction. Either lift 
the middle control point row a little or move the 
outer row slightly downwards towards the middle.

The result will be a uniformly curved, strip-shaped 
surface, which you will connect to the other sur-
face in the next step. Use the VSR command ‘Surface 
Blend’ for this and set the continuity constraint to 
‘Curvature (G2)’.

For the next operations, it will be helpful to join the 
surfaces.
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Once again activate the layer ‘Chassis’.

We will now cut out the wheel case using the surface 
just generated. To this end, split the rear surface and 
the side surface with the new surface cluster.

Then proceed in the same way with the new surface 
cluster, that is, split it with the rear, side, and fl oor 
surfaces. The surface parts that are no longer needed 
can be deleted right away.

For the next operations, you will need surfaces that 
can be used to cut out parts of the buggy surfaces at 
the front and at the fender. Change to the top view 
and activate the display mode ‘Wireframe’ to be able 
to see the contours in the blueprint underneath the 
created surfaces of the buggy. Blank the layers with 
the wheel cases and activate the ‘Auxiliary’ sub-layer 
of the layer ‘Chassis’.

Activate the VSR Sketcher with the RMB and click 
on the ‘Target’ button this time. Select the fender as 
target surface. Follow the front edge of the fender 
for the point clicks. Terminate the sketching process 
by pressing the RMB and leave the dialog as usual by 
clicking on Ok.

In contrast to Rhino, the defi nition of a curve with the VSR Sketcher does not require a large number of control 
points. Once you have sketched the curve, confi rm your entry as usual and display the control points of the newly 
sketched curve. You will see that the VSR command internally reapproximates the curve, taking into account the 
target surface and the predefi ned parameters.
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Create an auxiliary surface on the layer ‘Auxiliary’ 
using the ‘Sweep1’ (sweep surface using one rail) 
command. The left edge curve of the front surface 
(marked in red in the fi gure) will serve as rail. The 
curve we have just generated will be the cross sec-
tion curve. Important options that you should ac-
tivate in the ‘Sweep 1’ dialog are the ‘Style’ option 
‘Freeform’ and ‘Do not simplify’ in the lower section.

Activate the ‘Control Point Modeling’ command and 
select ‘Extrapolate’ to shorten the front surface and 
extend it in upward direction. Please make sure it 
also intersects the fl oor surface. If it does not, you 
have to extrapolate the surface in this direction.

Since in the next step we want to connect the front 
surface with the auxiliary surface by creating a blend 
surface, modify also the auxiliary surface with the 
‘Control Point Modeling’ command. Set the order 
in U- and V-directions to 4 and, using the ‘Extrapo-
late’ mode again, extend the surface in upward and 
downward directions until it intersects the adjacent 
surfaces.

Move single control points to straighten out the 
non-uniform lower edge of the surface. Activate the 
‘Tangent’ constraint and the ‘Single’ mode for this 
operation.

All in all, the two surfaces at the front ought to have 
roughly the same height. If any modifi cations are 
necessary to meet this requirement, you can make 
them now.

Confi rm your input and close the dialog.

Then activate the VSR command for the creation of 
blend surfaces. As input edges, use the edge curves 
of the front surface and the auxiliary surface lying 
next to each other, and activate ‘Tangency’ to create 
tangent continuous transitions at both edges. Depen-
ding on the requirements to be met at the transi-
tions, the control point distribution of the created 
blend surface can still be modifi ed. To this end, modify 
the shape factors accordingly by moving the sliders. 
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With the surface creation command defi ne another 
auxiliary surface for the intended surface splitting 
operations, creating a plane in the area of the front 
wheel case. You are still working on the layer ‘Auxi-
liary’.

Move the created surface to the outer edge of the 
fender in the top view blueprint. At the fi nal position, 
perform a two-dimensional rotation of the surface to 
adjust the angle.

Then use the VSR ‘Control Point Modeling’ command 
to modify the surface. Increase the order in U- and 
V-directions to 3. In order to create a vaulted surface, 
move the points at the corners in the direction of 
the surface normal. Activate the constraint ‘Normal’ 
in the ‘Control Point Modeling’ dialog for this ope-
ration. After you have inactivated ‘Normal’ again and 
activated the ‘Row’ mode, move the control point 
row in the middle slightly in upward direction. After 
this, pull this row a little bit away from the surface 
with the ‘Y’ constraint activated to prevent unwan-
ted modifi cations in the direction of the Y-axis. Finally, 
confi rm your input and close the dialog.

You now have at your disposal all surfaces necessary 
to create and split the buggy surfaces.

Copy the surfaces from the layers ‘Wheelhouse_
front’ and ‘Wheelhouse_back’ to the layer ‘Chassis’ 
and select the latter as active layer. In addition, copy 
the surface you created last from the layer ‘Auxiliary’ 
to the layer ‘Chassis’. Then blank all other layers.
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If you come across any problems during the splitting operations, for example, because a surface cannot 
be split, even though it intersects the other surface, it can be helpful to break up surface clusters and try 
again with the individual surfaces.

Rhino fi le: 5.0_5_buggy_side.3dm

In the following, the surfaces will be split at their mu-
tual intersection curves. 

Individual surface shapes are created during surface 
modeling processes. For your own model, you have 
to verify and decide whether there are still any sur-
faces that are too short. If need be, you should now 
extrapolate individual surfaces to enable the subse-
quent splitting operations. We recommend that you 
extrapolate the fl oor surface towards the side and 
the front. 

Proceed by splitting fi rst the fender, the blend sur-
face, and the cover surface with the front surface and 
the surfaces created last in the front area. To stay on 
top of the cutting process, always instantly delete the 
surface parts that are no longer needed. Next, split 
the surfaces of the front wheel case with the front 
surfaces, the lateral vaulted surface, and the fl oor 
surface, and then the front surfaces with all other 
surfaces and the lateral vaulted surface with the sur-
faces adjacent to it. Finally, split the fl oor surface with 
all the other surfaces.

_Mirror
Once you have completed splitting the surfaces of the 
chassis, mirror it about the middle to get a view of the 
whole buggy
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As a fi nal operation, carry out a global analysis of your model. The ‘Global Matching Analysis’ allows you to verify the quality of 
all surface transitions in the model (or of a user-defi ned subset) at once. This function puts you in a position to quickly identify 
and correct any weaknesses in your model.

To carry out the analysis, activate the VSR command 
‘Global Matching Analysis’ and check whether all 
transitions meet your quality requirements.

Once you have activated the command, you are 
prompted to select the surfaces to be analyzed. Ac-
tivating the check box ‘All’ will select all surfaces.
You can then click on ‘Apply’ to start the analysis. 

In the dialog section ‘Defective Filter’ you can de-
fi ne the criteria based upon which the command 
will evaluate the transition quality for each pair of 
surface edges identifi ed. By means of the four check 
boxes ‘Position (G°)’, ‘Tangency (G¹)’, ‘Curvature 
(G²)’, and ‘Flow (G³)’, you can fi rst select the quality 
criteria to be used for the identifi cation of defects. 
Any combination of criteria is possible.

The corresponding color buttons show the colors 
that will be used to mark the locations where the 
analysis has found a defect with regard to the cor-
responding criterion. If several criteria have been 
violated, the defect for the lowest criterion will be 
indicated.

As an example, we will defi ne position defects in 
the range between 0.001 and 1.0 and want these 
to be indicated. As soon as we modify the input, the 
analysis is simultaneously recomputed and the result 
instantly provided. Our data set shows no position 
defects, as all surface connections are marked with 
white labels. A prerequisite for any position defects 
being indicated is, of course, that the corresponding 
criterion has been activated. 

The lower part of the dialog displays a list of the 
measured values. The check boxes above the list al-
low you to infl uence the display of the results. You 
may decide, for example, that only surface transi-
tions with defects are to be shown, that the surface 
edges should be marked in different colors, or whe-
ther or not the labels are to be displayed. The labels 
are used to identify the individual pairs of surface 
edges and are displayed both in the graphics and in 
the results list.
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If you decrease the ‘Range Min.’ value, for example, to 
0.0001, all surface edges with a distance larger than 
0.0001 will be marked with a colored label.

At the same time, these labels are marked in the re-
sults list. A glance at labels 4 and 9 in the list shows a 
distance of 0.0004 in the column ‘G0 Max.’.

As this value, however, serves only as an example and 
a ‘Range Min.’ of 0.001 is completely suffi cient for our 
purpose, we will accept the data set as is.

The values listed for ‘G1’ and ‘G2’ are also not cons-
picuous in our model. When performing such an ana-
lysis, make sure you defi ne reasonable ‘Range Max.’ 
values. Tangent discontinuities above 10 degrees, for 
example, are very likely to be deliberate sharp bends. 
The ‘Range Max.’ parameter provides you with a tool 
to fi lter out values that have been designed intenti-
onally.

Click on Ok to terminate the analysis.
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