Freeform Roof Exercise with Hierarchical Control Geometry —

Example 2
Axel Kilian for GC Workshop Prague 2006
Edited by Karen Fugle for EatyourCAD

With script file FreeFormRoof-Exercise 2.gct created in GC 08.09.02.20. (Please note that the
script may not work with very recent releases of GC Beta.)

Associated files:

crossbarl.cs

(place in C:\Program Files\BentleyXM\WorkSpace\GenerativeComponents\Features)
gc.crossbarl.dll

(place in C:\Program Files\BentleyXM\W orkSpace\GenerativeComponents\Assemblies)
Once you have opened GC then go to Tools>manage loaded feature types.

Select the source code file crossbarl.cs and "Load it!".

The goal is to create a freeform roof following a spatially curving path in the landscape using only
4 top level control points. The example demonstrates how robust hierarchical parametric
modeling can give an easily manipulated model, with complex geometric features downstream.

1.Create a new GCScript file by clicking the New Transaction file tool.
Tile the windows (Window>Tile) so they don’t overlap and both the Symbolic view
and the Default geometric view are visible as well as the GC control panel. The GC
control panel is dockable.
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2. Save the file with an appropriate name for instance freeformroof.gct by clicking on the save
icon.
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3. Familiarize yourself with the view rotation in the bottom tool bar of the geometric view window.
Use the View Rotation tool in the view window to rotate your view. To get back to an
orthographic view select this tool and switch from dynamic to “top” in the pull down
menu. This is a MicroStation functionality.

To zoom in and out use the + and — buttons, the arrow tool for pan and the mountain
range for fit.

To shade a view click on the View Display Mode tool (yellow lightening bolt) and
select the shading mode.
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4. To begin the model select the Create Point tool and place four points in an axonometric view
into the geometric model in a zigzag fashion. These points are the base for the path that winds
through the landscape (we shall skip modeling the landscape here for time sake).
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5. Create a BSpline Curve feature using the four points as control points
To create a feature that does not have a short cut button open the feature library by
clicking on the square icon with the circle of rays around it.
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Click on the BSpline Curve feature and expand it.
From the available feature methods (the list of possible methods to create the
feature, based on various combinations of inputs) select the one “ByPoles”.

Feature Type 4]
=I| BsplineCurve |

Update Method i
| ByFunction

ByHelix

| ByPointsOnCurve
ByPointsOnCurveAsDPoint3ds

| ByPoles

R
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 |Property Expression |
£ |Poles: IPoint[] (repl.) A=

. -|order: int (repl.)
| Support: ISupport...  [null
~-|MakePeriodic: bool  |false

+| ByPolesAsDPoint3ds



The Poles variable expects an array of points in order to create a Bspline Curve. The
syntax for an array in GC is {pointl, point2, point3} where the number of elements is
the number of comma separated features between the curly brackets.

Glossary: { }. Curly brackets are used to define sets e.g. { point1, point2, point3}.

In order to construct the above array, click on the Poles variable under the ByPoles
method and in the input field that pops up place the curly brackets ready for the
array.

To select and existing feature, for instance one of our four points, HOLD DOWN THE
CTRL KEY, then hover over the point in the geometry view until the name of the
feature appears in the input window. Place comas between the points and repeat
until all four points are filled in, then press return to confirm the selection.

For the “Order” fill in “3” for now — this is the order of the Bspline curve, which, for a 4
point control polygon the maximum is four.

Glossary: Order. A Bspline curve's Order defines the curve's distance from the control
polygon's poles. The greater the order number, the further the curve can lie from the poles
of its control polygon. Simply put, the order describes smoothness. The higher the order -
the smoother the curve.

Order=2

" Order=4

To complete the command press apply
You should now see a BSpline that follows the control polygon defined by the four
points.



Click the Save button at this point. You will notice a Transaction called “Graph changed by user”
has been created. Edit this name to say “Bspline created”, hit enter and save again. This step is
now saved. Do this for each step of your model creation and it will be easier to view the process
of model creation and manipulate or edit the steps at a later date. Save further Transactions
where you see the note “Save Transaction”.

6. The next step is creating one sample cross section of the roof along the path. In order to
complete the roof we will construct one cross section first and later replicate it along the path.
For the section we need a plane that is perpendicular to the path and one that is parallel to the
horizontal component of the path.
- Start by opening the feature library — if it is still open press cancel at the bottom first

then reopen it by selecting the “square with rays icon” again.

Scroll to “P” for Plane and open the methods. Select “ByParameterAlongCurve” as

the creation method.

For the curve property select our BSpline by HOLDING DOWN THE CTRL KEY and

THEN hovering over the BSPlinecurve.

For the T Parameter type in a number of type double between 0 and 1, which is the

permissible range for a parametric curve in GC, for instance 0.3, then press return.

Glossary: T Value Point. A T Value Point denotes a relative position - controlled by parameter

value (T) in the range 0.0 to 1.0, along a Line or Curve.

Glossary: Double. A double is another name for a Real number (i.e. any number with a decimal
fraction 1.0, 0.5, 0.03 101.9). Integer. An Integer (referred to as int) is any whole number e.g. 1,
2, 101.

Right click on the T variable afterwards and make sure the free option is checked so
the plane can be moved along the curve for testing.



Save Transaction.

Select the move tool and click on the red circle handle that is around the plane you
just created.

To create the second plane that will be horizontal at all times, select “Plane” from the
feature library again but this time choose “ByOriginPlane” as the creation method.
For the property Origin, choose the first plane (using CTRL again).

For the property Plane, use the XYPlane of the baseCS Coordinatesystem. To do so,
first select the baseCS (using CTRL again) but instead of pressing return add a “.” (

period/point/dot) after the feature name. This dot will expand the list of available
properties. Select the XYPlane for now by double clicking on it and then press return.

This should have created the second Plane plane02 at the same location as plane01
but with a horizontal orientation.

Save Transaction.

7.Now we can use plane02 to create a line that defines the height of our roof. To do so, choose
the “Line” feature from the feature list and as the creation method choose
“ByStartPointDirectionAndLength”. The “Startpoint” is plane01, the direction is the plane02 (a
plane is basically a vector normal to its plane at its origin and therefore can be used as a
direction). As “Length” let’s use a fixed number to start with, depending on the scale of your
model, for instance 3 then press ok.



Save Transaction.

8. Creating the “ribs” or outrigger of the roof we need to first define the direction the cross
members should be pointing to. We can derive this direction from intersecting the two planes we
already have since their intersection will create a direction that is always horizontal and always
perpendicular to the curve its origin is located at.
To create a Direction we need to go to the feature library and select the feature
“Direction” that we want to create. As the creation method we choose
AtPlanePlanelntersection. Fill in plane01 and plane02 and click ok

Save Transaction.



Now that we have the direction of the ribs we can create two lines that point
outwards from the center at the curve.

Select “Line” again from the feature list and the method
“ByStartPointDirectionAndLength”. The Start Point is again our plane01 and the
direction is the direction01 we just created. For Length we use a fraction of the
length of the vertical line. Select the vertical line, line01, then use the dot again to
access its properties, double click on Length and then divide the expression by
2.0 to reduce the width of roof compared to its height. The final expression
should look like this Length = line01.Length \ 2.0. Press Apply and then the Copy
button on the left of ok|cancel|apply.

Save Transaction.

Copy keeps the current values but creates a new line. The only change we
need to make is invert the direction of the Length by changing 2.0 to —2.0. Hit
return to enter the values then OK, there should be three lines in an upside
down “T”, which is our roof section.

9. Now its time to replicate the single section multiple times along the curve in order to describe
or roof following the path. For this we will use a unique GC ability, the ability to replace a single
value with and array of values. This causes anything that depends on the single instance to be
replicated for each of the values in the array. In our case we will use this for the first plane’s
spacing by parameter “T” along the curve. Instead of a single T=0.3 value we will replace it with
an array of values T7={0,0.2,0.4,0.6,0.8,1.0}.

To do this we need to use the edit tool in order to edit the existing plane01. Click on
the edit tool (the hand that points to a square) and click on the plane with the red
circle.

In the edit window click on the T value and replace the single value T=0.3 with the
array T={0,0.2,0.4,0.6,0.8,1.0}

Press apply and observe what happens with the inverted T section

Save Transaction.



10. We can now use the endpoints of the array of inverted T's to support a Bsplinesurface, which
will be the design surface for our roof.

- To create a BsplineSurface select the BsplineSurface from the feature list and as the
creation method select ByPoints in order to have the surface pass through the
endpoints of the T sections.

For the Points field we need to create a two dimensional array which is essentially
two nested one dimensional arrays. The end points of the three lines in the sections
are arrays already so we can reference to them by their name and it refers to the
respective array of endpoints. For instance line0O1.endpoint is such an array.
line01.endpoint[0] would refer to the first endpoint only. To construct a two
dimensional array we need to construct an array out of the three line endpoint arrays.
The expression should look like this Points = {line02.EndPoint, line01.EndPoint,
line03.EndPoint} be sure to remove the [0] indexes after selecting the line with the ctrl
key since we want the entire array of endpoints not just one.



Save Transaction.

11. Currently the surface is constant height and width, to make it more interesting we can make it
responsive to the undulation of the path. To do so we use the edit command and replace the fixed
length of the vertical line of the sections with an expression that calculates the height as a
function between a maximum height of the roof and the height of it base point.
Edit the vertical line by clicking on the edit tool and then the line
In the length field of the line subtract the Z value of the plane01 from the fixed value
currently there for instance if it was 4, Length=3-plane01.Z
This will adjust the height of the roof so that it will always be exactly reaching the
height of absolute 3 in global position by varying its height to compensate for the ups
and downs of the path.

Save Transaction.



12. Play with the move command to vary the initial four points height and position to see the roof

respond.

Save Transaction.

13. Additional steps could be placing a point grid on the surface and then creating a Shape by

Point grid u

sing this.

Place a point on the roof surface. Use the point short cut but now hold down CTRL
before hovering over the surface. If the point shows two circles around itself it is on
the surface. Click to place it anywhere on the surface

Once the point is placed on the surface use edit command to edit the point.

Replace the current U and V value with Series functions to obtain a grid of point
rather then a singular point

U should be set to U = Series(0.0,1.0,0.05)

V should be set to V = Series(0.0,1.0,0.1) (the Series function returns an array with
a set of values from 0 to 1 in steps of 0.1

Press “apply”. You will see a diagonal set of points. In order to get the full grid of
points you need to toggle the replication option of the point. Choose the diagonal set
of yellow point icon tool and click on the points once. That should turn the diagonal
into a full grid of points.

Save Transaction.

Create a ShapeGrid based on the point grid just created. This grid serves as the
placement method for a diagonal cone grid of our roof

Select the feature Shape and as the creation method used ByPointGrid. Set the
PointGrid variable to the PointGrid on the surface just created. When selecting the
point make sure to erase the index numbers in the square brackets to get the entire
array not just one point of it.

Save Transaction.



Once the shape grid is created hide the original BsplineSurface by selecting the grey
diagonal icon and select the surface

Save Transaction.

14. Create a simple crossbar member based on the 4 vertices of a shape, turn it into a generative
component and then populate the shapegrid with the crossbar member. This will create a nice
lattice as a roof. And still the entire structure can be controlled through initial points only.

In order to create a cross bar generative component we first have to create a
placement mockup to simulate the roof input point grid. Let’s place four points in a
square configuration using the point shortcut again as in the beginning.



Save Transaction.

Using those points create a “Shape” from the feature list using the “ByVertices”. The
input needs to be in the form of an array again therefore Vertices =

{point06,point07,point08,point09} (replace the point names with the correct ones of
course).

Save Transaction.

After creating the shape, hide the original points using the Display command. This is
helpful to not accidentally select them later on. In order to be able to replicate the
generative component using a shape grid we need to use only the shape vertices as
input, not the underlying points.

Save Transaction.



Create the crossbar members by first creating a diagonal line in each direction.
Select the “Line” feature and the “ByPoints” method. As StartPoint =
shape02.Vertices[0] and EndPoint = shape02.Vertices[2] . For the other diagonal
press apply and then the Copy button and replace a 1 for the 0 and a 3 for the two in
the Vertices index. You should now have a diagonal cross.

Save Transaction.

Add Cone features using ByLine method to the lines. As the starting radius we don’t
want a fixed number as the scale of the component is not fixed. In order to make it
responsive we need to tie the radius to a fraction of the diagonal line length. To do so



set StartRadius = line04.Length / 25.0 . (25.0 is an arbitrary scaling factor for now.)
Repeat adding a cone to the other diagonal as well.

Save Transaction.

Now is the time to create a Generative Component. To do so select the icon with the
green square and the three branches called “create feature type”

As input choose the shape we created from the four input points — “Define Inputs”,
choose shapes. Then press “OK” on the tool bar (it might be hidden behind another
window). In the big window that pops up be sure to select the “Replicatable”
check box in the input list for the shape. Also, in order to not draw the lines in the
final placed crossbar feature, check the “construction” for the two diagonal lines by
double clicking.

Give the feature a name on the top. Add a number as you are likely to created
several versions. Then press OK to create the new feature

Save Transaction.



15. In the final step, place the new feature you created, from the feature list, onto the Shape grid
on the roof shape grid.

- Bring up the feature list. It should now show the new feature we just created. Select
the “ByDefault” creation method and select the shapegrid as the input. Be sure to
remove the index square brackets when selecting the point with the CTRL key. Press
OK and you should see the crossbar grid populating the surface

Save Transaction.

As the last step hide the shape grid in order to see the mesh clearly. Then shade the
view by selecting the yellow lightening bolt and “shade” in the pulldown menu



Rendered and hidden

That'’s it for now. In order to be able to move the initial points you may want to toggle the BSpline
surface to “Deferred” and click on the bspline01 instance from the Symbolic tree mode (since it is
hidden we cannot select it from the geometry model).

™

Adjustment of the patch through the point grid range.

Phew.



