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What can
Grasshopper
do for you?

Surface DiaGrid

Paneling a Surface
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1. Data Storage

1.1 Objects

a) Params:

« Import and store data

« Used to introduced objects previously created in Rhino
Interface

e.g. point, surface, plane, curve, etc

b) Components:
« Generate and store data
« Created within Grasshopper

e.g. logic, scalar, vector, curve, surface, mesh, etc
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1. Data Storage

1.1 Objects
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1. Data Storage

1.1 Objects

A: Input parameters
B: Name of Component
C: Output parameters
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A) Constants: Used to represent a constant value (e.g. Pi, Golden Ratio, etc).

1. Data Storage

1.2 Scalars B) Operators: used for mathematical operations such as Add, Subtract, Multi-

ply, etc. Example: scalar_operators.ghx

C) Intervals: used to divide numeric extremes (or domains) into interval parts.
Apart from Intervals, Ranges and Series are included within this group. Exam-
ple: scalar_intervals.ghx

D) Utility: evaluate two or more numerical values. Examples: conditional _
statements.ghx and If_Elsetest.ghx

- Conditional Statements: Equality, Similarity, Larger than, Smaller than
- Booleans: If/Else’ statements in grasshopper

E) Polynomials: used to define a polynomial function. Example: Function_Spi-
ral.ghx

F) Trigonometry: used to define a trigonometric function such as sine, cosine,
tangent, etc. Example: Trigonometric_curves.ghx
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1. Data Storage

1.2 Scalars :
(B) Operators

Operators

0'No data was
collected.. ]

0:No data was
.collected.. P

0'No data was
:collected.. p

0! No data was
rcollected.. D

0'No data was
 collected... D




1. Data Storage

1.2 Scalars :

(C) Intervals
Range
Series

Range

Series

Slider

TUESDA

10
11.0
21.0
31.0
41.0
51.0 p
61.0
71.0
81.0
91.0
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1. Data Storage

1.2 Scalars :

(C)
Intervals
Range

. 10.0
& Series

11.0
12.0
13.0
q D LA20 14.0

R 15.0 D
16.0
17.0
18.0
19.0
20.0

10.0 To 20.0 P

Interval




TUESDA

1. Data Storage

1.2 Scalars:

111
(D) 2i2
313
Conditional S
515
. 616
Statements : 717 iz
SES 1 True
219 2! False
Conditional
Statements
0:5.0
110.0
216.0
313.0
2100
515.0 p
63.0 0!False
?iuo 1!False
2160 2!False
QE{]{] 3!False
)| 4False
:SiTme P
6:True CI:TI"L.IE
'?EFalse 1iFalse
SETI’UE ZETI"UE
3! False 3§Tn.|e
———' | 4:False
:SEFalse P
6! False
7iFalse
g!False
! False
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1. Data Storage

1.2 Scalars:

()]
Conditional
Statements :

Circle(R:6.8995 in) ])

Slider || YN
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1. Data Storage

Crv Length |

1.2 Scalars:

Num Pts on Crv

(E)

Polynomials:

Spiral
Function
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1. Data Storage

1.2 Scalars:

Wave Len g th =

(F)

Num Pis on Curve Frequency

Trigonometric:
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1. Data Storage

Branch with
Data List

1.3 Data Trees

path {0;0;0;0} (N=6)
path {0;0;0;1} (N=9)
path {0;0;1;0} (N=9)
path {0;0;1;1} (N=9)
path {0;1;0;0} (N=6)
path {0;1;0;1} (N=9)
path {0;1;1;0} (N=9)
path {0;1;1;1} (N=5)
path {0;2;0;0} (N=7)
path {0;2;0;1} (N=4)
path {0;2;1;0} (N=9)
path {0;2;1;1} (N=9)

Grasshopper™ Data Tree
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1. Data Storage

1.3 Data Trees

Lists & data
management
. List Item
« Listlength 50
7.0
. List Reverse ” ,
. ° 40
« List Shift 0 |
) ° 1_{] 3.{]
L Spllt I|St 0.0 ‘g:g ’
. Cull nth 00 -
5 3.0
«  Cull Pattern .
° 40
« Weaving Data
6.0
7.0
i 00
90 20
4.0
6.0 0.0
8.0 1.0
= G 40
dim: 1 2mmb d p 15 50
8.0
M -
U False
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1. Data Storage

Vector Definition:

1.4 Vectors: magnitude: length of the vector; distance between the start and
end points (scalar value)
Definition
direction: the line (-00 to + °°) on which the vector is based
sense: whether vector is oriented towards =00 or + ©0

Sense

Base Point

Direction
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1. Data Storage

Vector Unit:

1.4 Vectors: magnitude: 1 (the unity)

Vector Unit direction: X, y or z cartesian system axis

sense: cartesian system agreed senses

Unit Vectors

Slider
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1. Data Storage
Location Description E -
1 Vectors: Vector/PointDistance | —omPute the Distance between two paints (A o
and B inputs)
Manipulation
Vector/Point/Decompose Break down a pointinto its X, ¥, and 2 af

? components [xy.z}
o

Compute the angle between two vectors

‘Vectorector/Angle Output computed in Radians

=l

Vector ector/Length Compute the length (amplitude) of a vector

(X2l v

VectorWector/Decompose| Break down a vector into its component parts
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1. Data Storage

1.4 Vectors:

Add the components of vector 1(4 input) to the

v rfecionSummation components of vector 2 (B input)

Manipulation

VectorWVectorWector2pt Creates a wector from two defined points

=l

Megate all the components of a veclor to invert
VectorVector’Reverse the direction. The length of the vector is
maintained

Divide all components by the inverse of the
length of the vector. The resulting vector has a
length of 1.0 and is called the unit vector.
Sometimes referred to as ‘nomalizing”

Vector™ector/Unit Yector

Multiply the components of the vector by a
specified factor it

{a=4.00

WVectorMVectorMultiply
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1. Data Storage

1.4 Vectors:

Manipulation
of Vectors &
Data Trees
Example
‘Shift Data’
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1. Data Storage

1.4 Vectors:

Manipulation
of Vectors &
Data Trees

& Grids of
Points.

Example
‘Scaled Boxes'’




2. Curves

2.1 Definition &

Type of Curves / j{” @ % 7 W HX(}

Line Polyline Circle Ellipse Arc Nurbs curve Poly curve

NURBS Curve

Curve Control Points Resultant Curve

Curve’s Degree Length of the curve

Periodic /Non Periodic Domain of the curve
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A D' nurbs curve behaves the same as a polyline.
It follows from the knotcount formula that a D’
curve has a knot for every control point. Thus,
there is a one-to-one relationship.

2. Curves

( NURBS curve knot vectors as a result of varying degree

2.1 Definition &
Type of Curves

AD?nurbs curve isin fact a rare sighting. It always
looks like it is over-stressed, but the knots are
at least in straightforward locations. The spline
intersects with the control polygon halfway each
segment. D? nurbs curves are typically only used
to approximate arcs and circles.

Degree of a
NURBS curve

D’ is the most common type of nurbs curve and
-indeed- the default in Rhino. You are probably
very familiar with the visual progression of the
spline, eventhough the knots appear to be in
odd locations.

D* is technically possible in Rhino, but the math
for nurbs curves doesn't work as well with even
degrees. Odd numbers are usually preferred.

D? is also quite a common degree. Like the D?
curves it has anatural, but smoother appearance.
Because of the higher degree, control points
have a larger range of influence.

D" and D° are pretty much hypothetical degrees.
Rhino goes all the way up to D', but these
high-degree-splines bear so little resemblance
to the shape of the control polygon that they
are unlikely to be of use in typical modeling
applications.




2. Curves
Curve through

o control points
2.1 Definition &

Type of Curves

Other Types:

Similar to interpolated;
Interpolated kinnks at each vertex;
Curve requires angle (A) of kink

Kinky Curve

: Curve made of
Polyline straight segments

PolyArc

Curve made of
arched segments




Component Location Description Example

. Curve/Analysis/Center Find the center pwcufr;itr ;r;g radius of arcs and
_ .
o I !

Curve/Analysis/Closed Test if a curve is closed or periodic
Curve/Analysis/Closest Find the closest point on a curve to any ?‘i\
Point sample point in space
{xy Z}E
Curve/Analysis/End Points Extract the end points of a curve. L
%Y.z

Curve/Analysis/Explode | Decompose a curve into its component parts ?




2. Curves
2.2 Curve
Analytics Joi
. . oin as many curve segments together as
Curve/Utility/Join Curves possible
Curve/Analysis/Length Measure the length of a curve

Curve/Division/Divide Divide a curve into a equal length segments
Curve <

Curve/Division/Divide | Divide a curve with a preset distance between
Distance points

Py =%

Curve/Division/Divide Divide a curve with a segments with a preset
Length length

Vi )

SOSITNS




Curve/Utility/Flip

Flip the direction of a curve using an optional
guide curve

Curve/Utility/Offset

Offset a curve with a specified distance

Curve/Utility/Fillet

Fillets the sharp corners of a curve with an
input radius

Curve/Utility/Project

Project a curve onto a Brep (a Brep is a set of
joined surfaces like a polysurface in Rhino)

Intersect/Region/Split with
Brep(s)

Split a curve with one or more Breps

Intersect/Region/Trim with
Brep(s)

Trim a curve with one or more Breps. The Ci
(Curves Inside) and Co (Curves Outside)
outputs indicate the direction in which you

would like the trim to occur.




Trim a curve with one or more Regions. The Ci
Intersect/Region/Trim with| (Curves Inside) and Co (Curves Qutside)
2.2 Curve Region(s) outputs indicate the direction in which you

Analytics would like the trim to occur.

2. Curves

Intersect/Boolean/Region Finds the outline (or union) of two planar
Union closed curves

Intersect/Boolean/Region | Finds the intersection of two planar closed
Intersection curves

Intersect/Boolean/Region Finds the difference between two planar
Difference closed curves

LAY X.




Curve Domain

t=0

Curve Divide &
Curve Domain

t=5.0

t=2.3
P2=(1.3,6.1,7.4)
T2(tangent vector) = (0.2,-1.0,0.7) P3=(1.3,6.1,7.4)

P1=(0.2,1.4,5.7) T3(tangent vector) = (-1.0,0.4,0.0)

T1(tangent vector) = (0.1,0.1,0.4)

Divide curve by
number of Divisons

Curve 3D Points at Division
Number of Divisions Tangent at Divisions
Divide at Kinks? Domain parameter

at divisions




2. Curves

2.2 Curve
Analytics

Curve Domain

Other Options:

Divide curve by
Distance

Divide curve by
length

3D Points at Division

Tangent at Divisions

Domain parameter
at divisions

3D Points at Division

Tangent at Divisions

Domain parameter
at divisions
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3. Surfaces

Primitives
3.1 Type of
Surfaces

Sphere primitive Cylinder primitive Plane primitive Cone priitive
{Plane; Radius} {Plane; Radius; Height} {Plane; Width; Height} {Plane; Radius; Height}
Free-Form
q
q
(
Surface from4 Extrude Extrude linear Pipe Loft Curves Offset Surface

corner points  Curves




3. Surfaces

3.1 Surface
Analytics:

Surface Q 3D Points at u,v coordinates

Surface
Domain

Normal Vectors at u,v

u and v coordinates

to evaluate Tangent Plane

Tangent Plane (Frame)
and Normal

Vector

Surface Divide (to obtain coordinates in u,v directions)

Surface 3D Points at u,v coordinates

Normal Vectors at u,v

u,v coordinates from

Divisions inV division of surface




3. Surfaces

3.1 Surface
Analytics:

Surface
Domain

Tangent Plane
and Normal
Vector

Normal Vectors & Tangent Planes:

Surface Divide + Evaluate Surface




3. Surfaces

3.1 Surface
Analytics: R g e R }

within the Rhino
scene

Example
Surface
Connect




3. Surfaces

3.1 Surface
Analytics:

Example
Panelisation

U Interval

S —
V Interval




3. Surfaces

3.1 Surface
Analytics:

Surface Diagrid
(Uniform)

THRUSDA




THURSDA

3. Surfaces

3.1 Surface

Analytics: Divide + SubSurface + Explode
Surface Diagrid
(Uniform) Base I
Domain
(Surface) Edges
Vertices of
U,V divisions ertices o

subsurfaces
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oy [[§ we b way (& w3

I I I R I i i e T

Surface Diagrid
(Non-uniform)

n
]
v
©
S
S
-
n
o

3.1 Surface
Analytics
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3. Surfaces Non-Uniform Distortion:

3.1 Surface Alter u & v coordinate grid by enlarging or reducing the length of the u,v spaces
Analytics:

Surface Diagrid
(Non-uniform)

U divisions = larger
V divisions = mantained
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4. Introduction
vb.net

See _j Logic x|1 Scalar Vector Curve Surface Mesh

PRI LV=ERA2H50 %R E
= W # v [ R A

156~ [ oo IR A1

Clutput string for debugging
and compiling messages

Input parameters

Cutput parameters
script return vlue(s)
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4. Introduction

Vb.net vs Vbscript:
vb.net
1) Variables
4.1 Variables When declaring variables, it is necessary to indicate the type of variable

Int32, double, boolean, string, list, list of 3D points, array, array of 3D points, etc

DimxasInt32=10

‘If you print the value of x at the point, then you will get 10
x=20

‘From now on, x will return 20

Dim x as Double = 20.4

‘Dim keyword means that we are about to define a variable
Dim b as Boolean =True

‘Double, Boolean and String are all examples of base or
Dim name as String =“Joe”

‘ system defined types

Create an array:

‘Array of things

Dim things_list As New List( of String )
things_list.Add(“Thing1”)

things_list. Add(“Thing2"”)

things_list. Add(“Thing3”)
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4. Introduction
vb.net

Vb.net vs Vbscript:

2) Conditional Statements

4.2 Conditional Similar to Vbscript

Statements
‘Single line if statement doesn’t need End If: condition=(x<y), code=(x=x+y)

Ifx<yThenx=x+y

‘Multiple line needs End If to close the block of code
If x <yThen

X=X+Yy

End If

If x <yThen

X = X + y ‘execute this line then go to the step after “End If”
Else If x >y Then

x = X - y ‘execute this line then go to the step after “End If”
Else

x = 2*x‘execute this line then go to the step after “End If”
End If
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4. Introduction

vb.net Vb.net vs Vbscript:

3)Loops

Similar to Vbscript

4.3 Loops

‘Array of places

Dim places_list As New List( of String )
places_list. Add(“Paris”)
places_list. Add(“NY")
places_list.Add(“Beijing”)

‘Loop index

Dim i As Integer

Dim place As String

Dim count As Integer = places_list.Count()

‘Loop starting from 0 to count -1 (count = 3, but last index of the places_list = 2)
For i=0 To count-1

place = places_list(i)

Print( place)

Next




4. Introduction
vb.net

4) Operators
Similar to Vbscript

4.4 Operators

Vb.net vs Vbscript:

| Type
Arnthmetic
Cperators

|Clpemtur |
A

THRUSDA

Descriptien
Raises a number to the power of another number.

-

Multiplies two numbers.

Divides two numbers and returns a flicating-point result.
Divides two numbers and returns an integer result
Divides two numbers and retums only the remainder.

Assignment
Operators

Comparison
Cperators

Concatenaticn
Operators

Logical
Operators

Ao

i

Adds two numbers or retumns the positive value of a numeric expression.
Retumns the difference between two numeric expressions or the mnegative
value of a numeric expression

Assigns a value to a variable

Raises the value of a varable to the power of an expression and assigns
the result back to the variable.

Multiplies the value of a variable by the value of an expressiocn and
assigns the result to the varable.

Divides the wvalue of a varable by the value of an expression and assigns
the ficating-point result to the variable.

Divides the wvalue of a varable by the value of an expression and assigns
the integer result to the varable.

Adds the value of a numeric expression to the value of a mumeriz
variable and assigns the result to the variable. Can also be used to
concatenate a String expression to & String variable and assign the
result to the varnable.

Subtracts the value of an expression from the value of a variable and
assigns the result to the variable.

Concatenates a Sfring expression o a Sting varable or property and
assigns the result to the varable or property.

Less Than

W

W
I}

Less or egual
Greater than
Greater or egual

Equal

2+ "o
=R

Mot equal

Generates a siring concatenation of two expressions.
Concatenate two string expressions.

Performs a logical conjunction on two Boolean expressions

=
=X

%9

Performs logical megation on a Boolean exprassion
Performs a logical disjunction on two Boolean expressions
Performs a logical exclusion on two Boolean expressions
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0. Following are ¥ and x values:
1. v = 20
Z. x = 10
20

4. Introduction
vb.net

Example

E aub Bunicript (BvWal v Az Intedger)
'Print wariables wvalues
FPrint("Following are v and x walues:™)

'Print input wvalus (v
Print ("y = " & v)

'Declare ¥ a3 an integer wvariabhle
Dim x A=z int3iZ = 10

'Print =* initial wralue
Print ("« = " & x)

'Fet x wvalue to be whatewver was there plus input v
= x4+ 9
Print("= = " & x)

'Az=ign x Lo output
A= x
End Sub
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4. Introduction
vb.net

Appendix

Appendix




EF1 An Introduction to Scripting

Grasshopper functionality can be extended using scripting components to write code
using VB DotNET or C# programming languages. There will probably be support for
more languages in the future. User code is placed inside a dynamically generated class
template which is then compiled into an assembly using the CLR compiler that ships with
the DotNET framework. This assembly exists purely in the memory of the computer and
will not be unloaded until Rhino exits.

The script component in Grasshopper has access to Rhino DotNET SDK classes and
functions which are what plugin developers use to build their plug-ins for Rhino. As a
matter of fact, Grasshopper is a Rhino plugin that is completely written as a DotNET
plugin using the very same SDK that accessible to these scripting components!

But why bother using the script components to start with? Indeed, you may never need
to use one, but there are some cases when you might need to. One would be if you like
to achieve a functionality that is otherwise not supported by other Grasshopper
components. Or if you are writing a generative system that uses recursive functions such
as fractals.

This Primer gives a general overview of how to use the scripting component in
Grasshopper using VB DotNET programming language. It includes three sections. The
first is about the script component interface. The second includes a quick review of VB
DotNET language. The next section talks about Rhino DotNET SDK, geometry classes
and utility functions. At the end, there is a listing of where you can go for further help.

92 For plugin version 0.6.0007



The Scripting Interface

13.1 Where to find the Script Components

VB DotNet Script component is found under logic tab. Currently there are two script
components. One is for writing Visual Basic code and the other for C#. There will no
doubt be other scripting languages supported in the future.

To add a script component to the canvas, drag and drop the component icon.

| Logic | Scalar Vector Curve Surface Mesh

IVE A2 %R R
= W 2 |[vF [} (13 [t Vg | £ Be

156+ [ oo R A2 S views - B By -

Cutput string for debugging
and compiling messages

Input pararmeters

Cutput parameters
script return vlue(s)

The default script component has two inputs and two outputs. The user can change
names, types and number of inputs and outputs.

o X: first input of a generic type (object).

e Y:second input of a generic type (object).

e Out: output string with compiling messages.

o A: Returned output of type object.
13.2 Input Parameters
By default, there are two input parameters: x and y. It is possible to edit parameters
names, delete or ad to them and also assign a type. If you right mouse click on any of

the input parameters, you will see a menu that has the following:

e Parameter name: you can click on it and type new name.
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Run time message: for errors and warnings.

Disconnect and Disconnect All. Work the same as other Grasshopper

components.

Flatten: to flatten data. In case of a nested list of data, it converts it to single

array of elements.
List: to indicate if the input is a list of data.

Type hint: Input parameters are set by default to the generic type “object”. Itis
best to specify a type to make the code more readable and efficient. Types that

start with “On” are OpenNURBS types.

¥

X

.@ Mo Runtinme messages

q
q

Y

out
‘ Disconnect Al
A

Disconneck

Flatten

|_ right mouse click

List

<] B

Type hink

|

Help...

<)

Mo hint

Boolzan

Base types

Inkeger
Double
Skring
DateTime

Calar

OpenNURBS types

On3dPoink
On3dvector
OnPlane
OnInterval

OnEFarm

CnLing
OnCircle
Cndrc
onCurve
onsurface
CnBrep
OnMesh

Input parameters can also be managed from the main component menu. If right mouse
click in the middle of the component, you get a menu that has input and output details.

94
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You may use this menu to open input manager and change parameters names, add new
ones or delete as shown in the image.

Note that your scripting function signature (input parameters and their types) can only be

changed through this menu. Once you start editing the source, only function body can
be changed and not the parameters.

X out l)

WE

Prewiew -:hange parameters names

Runtime warnings 3

sharkest lisk Variable Parameters

Longest lisk

€= = O [«

Cross reference

Edit Source...

o —

delete paramet

Input Manager l
P 4 I add new parameter

Ouktput Manager
Inpuk: = 8 z | 0
Inpuk: v 3
Oukput: out » 0K ” Cancel l
Ouktput: A 3

@ Help...

13.3 Output Parameters

You can also define as many outputs or returns as you wish using the main component
menu. Unlike input parameters, there are no types associated with output. They are
defined as the generic system type “object” and the function may assign any type, array
or not to any of the outputs. Following picture shows how to set outputs using the output
manager. Note that the “out” parameter cannot be deleted. It has debugging string and
user debugging strings.
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VB locked parameter

Preview change parameters names

Runtime warnings ]

Shartest lisk Vzriable Parameters

Longest lisk

Cross reference

£[= = O [«

Edit Source...

delete parameter

Expoart Source. .

Input Manager
add new parameter

Quktput Manager I_ L
Input: x » | B | Q
Inpuk: v S
Cukpuk: auk b [ Ok ”. Cancel ]
Oukput: A 3

@ Help...

13.4 Out Window and Debug Information

Output window which is called “out” by default is there to provide debug information. It
lists all compiling errors and warnings. The user can also print values to it from within
the code to help debug. Itis very useful to read compiling messages carefully when the
code is not running correctly.

A

ouk

@
0 Help. ..

Mo Funtime messages

It is a good idea to connect the output string to a text component to see compiling
messages and debug information directly.
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Ho data was collected..

13.5 Inside the Script Component

To open your script component, double click on the middle of the script component or
select “Edit Source...” from the component menu. The script component consists of two
parts. Those are:

A: Imports

B: Grasshopper_Custom_Script class.
C: Link to Microsoft developer network help on VB.NET.
D: Check box to activate the out of focus feature of scripting component.

double click

ScriptEditor

1
13
14
15
Z1
22
23
24
=
20
=7
=5
31

impnrté A
FlClass Grasshopper Custom 3cript E;
&3

PPV gwour coder

Yy g your codes
End Zub

= Sub Bunicript(ByVal x Lz Chiject,

Eﬂhdditiunal methods and Type declaratinnﬁ

End Class

Evyval v Az Chiject)

YEMET onMSON | C

[

]9

A: Imports

D| @&

Imports are external dlls that you might use in your code. Most of them are DotNET
system imports, but there is also the two Rhino dlls: RMA.openNURBS and RMA.Rhino.
These include all rhino geometry and utility functions. There are also the Grasshopper
specific types.

For plugin version 0.6.0007
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([ Imports 3ysSCem

: Imports 3ystem. IO

¢ | Imports 3ystem.Drawving

*EE Imports 3ysten.Drawing. rawingzD

5 i Imports 3ystem.Beflection

Imports 3ystem.Collections

Imports 3ystem.Ccollections.Generic
Imports Microsoft.VisualBasic

Imports RMA, OpenMNURES
Imports BMA.Rhino
 Imports Grasshopper.Kernel.Types

] Class Grasshnpper_CustDHLScripti_ﬁ

E YE.MET on MSDN EE R

B: Grasshopper_Custom_Script Class

Grasshopper_Custom_Script class consists of three parts:

ScriptEditor

[ Clasz Grasshopper Custom Script

1E#Regiun Mmetbhers '’ 1
Priwvate app iz MEhinolpp

Priwvate doc A= MRhinoDoc

19 Puhlic L bz System.Chiject
20i|| #End Region

;355' Sub BunSeript (ByWal x A= Cbhject, ByWal v L= Obhject) 2
? V1Y gyour code>

25 L rma Eitides
= 6 | End Sub

] #Region "idditional methods and Type declarations™ 3

50 | #End Region
i | End Class

YVB.NET on MSDN [ 4

[#%)

'L
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1. Members: This includes two references; one to the current rhino application
(app) and the other to the active document (doc). Rhino application and
document can also be accessed directly using RhinoUtil. Members region also
includes return values or the output of the script function. Return is defined as a
generic system type and the user cannot change that type.

2. RunScript: This is the main function that the user writes their code within.

3. Additional methods and type declarations: this is where you may put
additional functions and types.

The following example shows two ways to access document absolute tolerance. The first
is through using the document reference that comes with the script component (doc) and
the second is through RhUtil (Rhino Utility Functions). Notice that when printing the
tolerance value to the output window, both functions yield same result. Also note that in
this example there are two outputs (MyOutput1 and myOutput2). They are listed in the
members region of the script class.

0. doec_BbsoluteTolerance() = 0.01
1. Bhltil Bhinobpp (). Activeloc (). AbsoluteTolerance(}=0.01

Mylnputt out
Iy Outpu
IMylnput2 My Output?

Class Grasshopper Custom Script
HRegion "members™
Priwvate app Ls MEBhinolkpp
Private doc iLs MRhinoDoc

Public MyOutpul, Mylutput? Ls System.Chiect
#End Region

Sub BunScript (EyWVal MyInputl As Chiject, BEyWVal MyInput2 As Ohject)
'Y wour code-

Dim tol As Double

tol = doc.lbsoluteTolerance ()
Print (™" doc.,ibzsoluteTolerance()] = " & tol)

tol = BhUUtil.Rhinolkppi() .Activeloc () .dbsoluteTolerancel()
Print (™ BhULil.Rhinolpp () .Activeloc () .AbsoluteTolerance()=" & tol)

Y g your coder
End Sub
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KA Visual Basic DotNET

14.1 Introduction

There are plenty of references about VB.NET available over the Internet and in print.
The following is meant to be a quick review of the essentials that you will need to use in
your code.

14.2 Comments

It is a very good practice to comment your code as much as possible. You'll be
surprised how fast you will forget what you did! In VB.NET, you can use an apostrophe
to signal that the rest of the line is a comment and the compiler should ignore. In
Grasshopper, comments are grey color. For example:

14.3 Variables

You can think of variables as containers of data. Different variables have different sizes
depending on the type of the data they accommodate. For example an int32 variable
reserves 32 bits in memory and the name of the variable in the name of that container.
Once a variable is defined, the rest of the code can retrieve the content of the container
using the name of that variable.

Let’s define a container or variable called “x” of type Int32 and initialize it to “10”. After
that, let’s assign the new integer value “20” to x. This is how it will looks in VB DotNET:

Dim x as Int32 = 10

x =20

Here are other examples of commonly used types:

Dim x as Double = 20.4
Dim b as Boolean = True
Dim name as String = “Joe”

The following Grasshopper example uses three variables:
X: is an integer variable that is defined inside the code.
y: is an integer variable passed to the function as an input.
A: is the output variable.

The example prints variable values to the output window throughout the code. As
mentioned before, this is a good way to see what is happening inside your code and
debugging to hopefully minimize the need to an external editor.
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0. Following are ¥y and x values:
20
10
30

E
Inomn

Subh RBunZeript (BEyWal v Az Integer)
'"Print wariakbles wvalues
Print ("Following are v and x wvalues:'™)

'Print input walues (V)
Print(™y = " £ )

'Declare X &z ah integer wvariable
Dim x A= int3i2 = 10

'"Print x initial walue
Print ("= = " & =)

'Zet % wvalue to he whatewver was there plus input v
¥ =¥ + v
Print ("« = " &£ X

'hAzzign * to output
h o= x
End 3uhb

Assigning meaningful variable names that you can quickly recognize will make the code
much more readable and easier to debug. We will try to stick to some good coding
practices throughout the examples in this chapter.

14.4 Arrays and Lists
There are many ways to define arrays in VB.NET. There are single or multi-dimensional

arrays. You can define size of arrays or use dynamic arrays. If you know up front the
number of elements in the array, you can declare defined-size arrays this way:

Dim myArray(1) As Integer Dim my2DArray (1,2) As Integer
myArray (0) =10 my2DArray (0, 0) =10
myArray (1) = 20 my2DArray (0, 1) = 20

my2DArray (0, 2) = 30
my2DArray (1, 0) = 50
my2DArray (1, 1) = 60
my2DArray (1, 2) =70

Dim myArray() As Integer = {10,20} Dim my2DArray(,)As Integer = {{10,20,30},{40,50,60}}
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Keep in mind that arrays in VB.NET are zero based, so when you declare an array size
to be (9) that means that the array has 10 elements. Same goes for multi-dimentional
arrays.

For single dimension dynamic arrays, you can declare a new “List” as shown in the
following example and start adding elements to it.

Element (D) = 10
Element (1} = Z0
Element (2} 30
Element (3} = 40

Dim myList As Hew List{Of Integer})
Fori Az Integer =1 To 10

Lzt &dd(10 # ) Element (4] = 30
Print("Element” &i-1 & "1=" & myList{i- 10 Element (3] = &0 p
Mt &. Element (&) = 70

T. Element (T} = 20

2. Element (8) = 30

5. Element (3) = 100

You can use nested List or ArrayList to declare dynamic multi-dimensional arrays of
same or mixed types. Check the following example:

Dim myList As Hew ArrayList()

Dim myRovw1 () As Double = {201 21.1 221 231} 0. Element{(0,1) = 21.1

Dim myRow20) A Integer = {30,31,32,33,34} 1. Element (1,4} 34 y
Ditm myRavw3() Az String = {"SBC", "DEF"} 2. Element (2,0} = ABC

Dim myList As Hew ArrayList{)}

Dim myRow1 &z Mewe List( Of Double )

MyFowe! Addi20.17: MyRowe! Add(21.1 % MyRow! Addi22.17 MyRow! Add(23.1) G, Elementi{0,1} = 21.1

Dim myRow? As Mewy List] Of Integer ) 1. Element{l,4) 24

Wiy Reowe2 Add(30) MyRow2 A3 ) MyRow2 Addr32); MyRow2 Add(33) MyRow2. Addi34) = T T D
Dim myRow3 & New List( Of String ) R A SR
hlyRowe S Addr AECT MyRow3 Add"DEF"

Dim myList As Hew List{Of Object)

Dim myRowel A Mewy List Of Doukle )

MyRow 1 Add(20.1 1 MyRow! Addi21 11 MyRow Add(22.1); MyRow! Add(23.1) A L e T

Dim myRow2 As Mewy List Of Integer )

4) =
MyRow2 Add(300 MyRowe2 AddiZ1 ) MyRow2 Sdd(32) MyRow2 Add(33). MyRow2 Add(34) pblenE Al i

Dim myRow3 &3 Mew List( Of String 1 - Element (2,0) EBC
MyRowe 3 AddC"ABCY MyRow 3. Sddi"DEF")

Dim miyList As Hew List{Of List{Of Integer))

Dim myRow! Sz Mewe Listt Of Integer ) 0. Element (D, 1) = 21

MR ! Add(20% MyRowe! Adadi21 ) MyRow! Add(22) MyRowed Add(23) e ) s

Dim myRow?2 As Mew List] Of Integer
Py ROy 2 Al 307 MyRove2 SodC31 ) MyRow2 Sdor321 MyRow2 Sdd(33) MyRow2 Sdd(34)

Add Lists and Print: myList.Add(myRow1)
myList.Add{imyRow2}
myList.Add{imyRow3}
Print("Element{0,1} =" & myList{0){1})
Print{"Element{1,4} =" & myList{1}{4}}
Print{"Element{2,0) = " & myList{2)}{0))
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14.5 Operators

There are many built-in operators in VB.NET. They operate on one or more operands.
Here is a table of the common operators for quick reference:

Type Operator Description
Arithmetic A Raises a number to the power of another number.
Operators o Multiplies two numbers.
/ Divides two numbers and returns a floating-point result.
\ Divides two numbers and returns an integer result.
Mod Divides two numbers and returns only the remainder.
+ Adds two numbers or returns the positive value of a numeric expression.

- Returns the difference between two numeric expressions or the negative
value of a numeric expression

Assignment = Assigns a value to a variable
Operators A= Raises the value of a variable to the power of an expression and assigns
the result back to the variable.
*= Multiplies the value of a variable by the value of an expression and
assigns the result to the variable.
I= Divides the value of a variable by the value of an expression and assigns
the floating-point result to the variable.
\= Divides the value of a variable by the value of an expression and assigns
the integer result to the variable.
+= Adds the value of a numeric expression to the value of a numeric

variable and assigns the result to the variable. Can also be used to
concatenate a String expression to a String variable and assign the
result to the variable.

-= Subtracts the value of an expression from the value of a variable and
assigns the result to the variable.

&= Concatenates a String expression to a String variable or property and
assigns the result to the variable or property.
Comparison < Less Than
Operators <= Less or equal
> Greater than
>= Greater or equal
= Equal
<> Not equal
Concatenation & Generates a string concatenation of two expressions.
Operators + Concatenate two string expressions.
Logical And Performs a logical conjunction on two Boolean expressions
Operators Not Performs logical negation on a Boolean expression
Or Performs a logical disjunction on two Boolean expressions
Xor Performs a logical exclusion on two Boolean expressions
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14.6 Conditional Statements

You can think of conditional statements as blocks of code with gates that get executed
only when the gate condition is met. The conditional statement that is mostly used is the
“if” statement with the following format “IF<condition> Then <code> End IF”.

‘Single line if statement doesn’t need End If: condition=(x<y), code=(x=x+y)
Ifx<yThenx=x+y

‘Multiple line needs End If to close the block of code
If x <y Then

X=xX+y
End If

It is also possible to use an “Else If ... Then” and “Else” to choose n alternative code
block to execute. For example:

If x <y Then
X=x+y

Else If x>y Then
X=X-Y

Else
X = 2*X

End If

There is also the “Select Case” statement. It is used to execute different blocks of code
based on the value of an expression (“index” in the example). For example:

Select Case index
Case 0
X=X*Xx
Case 1
X=x"2
Case 2
x =x"(0.5)
End Select

14.7 Loops

Loops allow repeating the execution of the code block inside the body of the loop again
and again as long as the loop condition is met. There are different kinds of loops. We
will explain two of them that are most commonly used.

“For ... Next” Loop
This is the most common way of looping. The structure of the loop looks like:

For < index = start_value> To <end_value> [Step <step_value>]

‘For loop body starts here
[ statements/code to be executed inside the loop]

[ Exit For ] ‘'Optional: to exit the loop at any point

[ other statements]
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[ Continue For ] ‘optional: to skip executing the remaining of the loop statements.
[ other statements]

‘For loop body ends here (just before the "Next”)
‘Next means: go back to the start of the for loop to check if index has passed end_value
‘If index passed end_value, then exit loop and execute statements following "Next”
'‘Otherwise, increment the index by “step_value”

Next

[ statements following the For Loop ]

The following example uses a loop to iterate through an array of places:

Dim places_list As New List( of String )
places_list.Add( “Paris” )
places_list.Add( “NY")

places_list.Add( “Beijing” )

Dim i As Integer
Dim place As String
Dim count As Integer = places_list.Count()

For i=0 To count-1
place = places_list(i)
Print( place )

Next

If looping through objects in an array, you can also use the For...Next loop to
iterate through elements of the array without using an index. The above example
can be rewritten as follows:

Dim places_list As New List( of String )
places_list.Add( “Paris” )
places_list.Add( “"NY” )

places_list.Add( “Beijing” )

For Each place As String In places_list

Print( place )
Next

“While ... End While” Loop
This is also a widely used loop. The structure of the loop looks like:

While < some condition is True >

‘While loop body starts here
[ statements to be executed inside the loop]

[ Exit While ] '‘Optional to exit the loop
[ other statements]

[ Continue While ] 'optional to skip executing the remaining of the loop statements.
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[ other statements]

‘While loop body ends here
'Go back to the start of the loop to check if the condition is still true, then execute the body
‘If condition not true, then exit loop and execute statements following “End While”

End While
[ statements following the While Loop ]

Here is the previous places example re-written using while loop:

Dim places_list As New List( of String )
places_list.Add( “Paris” )
places_list.Add( “"NY” )

places_list.Add( “Beijing” )

Dim i As Integer
Dim place As String
Dim count As Integer = places_list.Count()

i=0

While i < count (i<count) evaluates to true or false
place = places_list(i)
Print( place )
i=i+1

End While

14.8 Nested Loops

Nested loops are a loop that encloses another loop in its body. For example if we have
a grid of points, then in order to get to each point in the list, we need to use a nested
loop. The following example shows how to turn a single dimensional array of points into
a 2-dimensional grid. It then processes the grid to find cells mid points.

4 Create array of points %
» x | % (concatinated rows)
S .
» x | X
X ox %X W
x X | x

The script has two parts:
- First convert a single dimension array to 2-dimension array we call “Grid”.
- Second process the grid to find cells mid points.

In both parts we used nested loops. Here is the script definition in Grasshopper:
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Sulh Bundcript (ByWal Pts Ls List(0f On3dPoint) . ByWal G353 Ls Integer)

'Create a grid of points
Dim Grid L=z New ArravList()

Iim i Az Integer
Iim j Az Integer

'Hezted loop to covert 1D array to 2D grid
L1——Fur i =0 To Poce.Count()] - 1 Step &3
'Declare a row of points
Dim Row A=z New List([ Of On3idPoint )
—For 3 =1 To i + G35 - 1

L2 't a reference od the point
Dim pt Az OnidPoint
pt = Pt=s(])
"Add point to the row
Fow. add (pt)
—Lext

'Add row to the grid
Grid.idd(Row)
—Hext

'Proceszss the grid to find mid points of cells
Dim mwid points Ls New List (| Of On3dPoint |

L1——FDr i =1 To Grid.Count(] - 1
'Zet first and second rows
Dim Rowld L= List( Of On3dPoint )
Rowld = Grid(i - 1)

Dim Rowl L= List( Of On3dPoint )
RBowl = Gridi(i)

For j = 1 To RowO.Counti)] - 1
Dim mwid pt Ls New OnidPoint
wmid pt = (Rowd(j-1) + BowOi(j) + Rowl(j-1)
mid points. Add (mid pt)

HNext

L2

+ Rowilii))

do4

— Next

"Azzign mid point to output
MP = mid points
End Suhb

14.9 Subs and Functions

RunScript is the main function that all script components use. This is what you see when

you open a default script component in Grasshopper:

Sub RunScript(ByVal x As Object, ByVal y As Object)
”’<your code...>
End Sub
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Sub... End Sub: Are keywords that enclose function block of code
“‘RunScript’: is the name of the sub

“(...)": Parentheses after the sub name enclose the input parameters
“‘ByVal x As Object,...”: Are what is called input parameters

Each input parameter needs to define the following:

o ByRef or ByVal: Specify if a parameter is passed by value or by reference.
o Name of the parameter.
o Parameter type preceded by “As” keyword.

Notice that input parameters in Grasshopper RunScript sub are all passed by value
(ByVal key word). That means they are copies of the original input and any change of
these parameters inside the script will not affect the original input. However if you define
additional subs/functions inside your script component, you can pass parameters by
reference (ByRef). Passing parameters by reference means that any change of these
parameter inside the function will change the original value that was passed when the
function exits.

You maybe able to include all your code inside the body of RunScript, however, you can
to define external subs and functions if needed. But why use external functions?

To simplify the main function code.

To make the code more readable.

To isolate and reuse common functionality.

To define specialized functions such as recursion.

What is the difference between a Sub and Function anyway? You define a Sub if you
don’t need a return value. Functions allow you to return one result. You basically assign
a value to that function name. For example:

Function AddFunction( ByVal x As Double, ByVal y As Double )
AddFunction =x +y
End Function

That is said, you don’t have to have a function to return a value. Subs can do it through
input parameters that are passed “ByRef”. In the following, “r¢” is used to return result:

Sub AddSub( ByVal x As Double, ByVal y As Double, ByRef re¢ As Double )
rc=x+y
End Sub

Here is how the caller function looks like using the Function and the Sub::

Dim x As Double = 5.34
Dim y As Double = 3.20
Dim rc As Double = 0.0

rc = AddFunction( x, y )
AddSub( x, y, rc)

In the nested loops section, we illustrated and example that created a grid from a list of
points then calculated mid points. Each of these two functionalities is distinct enough to
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separate in an external sub and probably reuse in future code. Here is a re-write of the
grid example using external functions.

Zub Fun3cript (ByWal Pts As List (Of On3dPoint), EByWal G5 As Integer)

'Create a grid of points
Dim Grid Ls MNew ArrayList|()

'Call grid function
1 |call CreateGrid{Pts, Grid, G3 |

'Za1l wid points function
Dim mid points 4s New List( Of On3ddPoint )
2 |Call FindMidPoints (Grid, mid_pn:\ints:||

"'Azsign wid point to output
MP = mid points
End Suhk

#Region "Additional methods and Type declarations™

'Function to conwvert 1d array Lo 2d array
1|Sub CreateGrid( EvWal Ptz Az List |

'Function to find grid wid points
2|Sub FindMidPoints (ByWal Grid As Arraylist, wid points As Listc| |

#End Region
End Class

Here is how each of the two subs looks when expanded:

#Hegion "Additional methods and Type declarations™

'Function to conwvert 1d array to 2d array
Sukh CreateGrid| EyVWal Pts As Listc(0f COn3dPoint), EBEyRef Grid As Arraylist, EvVal G3 Ls Integer |

Dim i A=z Integer
Diimm j A= Integer

For i = 0 To Pts.Counti() - 1 Step G3
'Declare a row of points
Dim Fow is MNew List | Of Cn3idPoint
For 1 =414 To 1 + G8 - 1
'Get a reference od the point
Dim pt Ls On3dPoint
pt = PEs(])

'Add point to the row
Row. Add (pt)
Next
YAdd row to the grid
Grid. idd (Row)
HNext

End Zub
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'Function to find grid wid points
Sub FindMidPoints (EyWal Grid Ls Arraylist, mid points As Listc(Of OnidPoint )

Diw i is Integer
Diw j ks Integer

For i = 1 To Grid.Count()] - 1
'Get first and second rows
Diw Rowd is Listc( Of On3dPoint )
Rowd = Grid({i - 1)
Dim Bowl Ais Lisc| ©f On3dPoint |
Rowl = Gridi(i)

For j = 1 To RowO.Count ()] - 1
Dim mid pt is New On3dFoint
wid pt = (RowO(j - 1) + RowO(3j) + Rowl(j - 1) + Rowl(j)) / 4
id points.Add(mid_pt)
Iext
Mext
End 3Jub

#End Region

14.10 Recursion

Recursive functions are special type functions that call themselves until some stopping
condition is met. Recursion is commonly used for data search, subdividing and
generative systems. We will discuss an example that shows how recursion works. For
more recursive examples, check Grasshopper wiki and the Gallery page.

The following example takes smaller part of an input line and rotates it by a given angle.
It keeps doing it until line length becomes less than a minimum length.

Input parameters are
e Staring line (C).
e Angle in radians (A). Slider shows angle in degrees, but converts it to radians.
e Minimum length (L) — As a stopping condition.

Output is:
e Array of lines.

We will solve same example iteratively as well as recursively for the sake of comparison.
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Recursive solution. Note that inside the “DivideAndRotate” sub there are:

e Stopping condition to exit the sub.

e A call to the same function (recursive function call themselves).

o “AllLines” (array of lines) is passed by reference to keep adding new lines to the
list.

Sub BunSecript (ByWal C As Online, ByWal A As Double, ByVWal L 4As Double)

'Dezlare all lines
Dim AlllLines As Mew List| Of OnLine |

'"Call recursive function
Czall DividelndBRotate(Line, A4llLines, &4, L)

'"Azsign return walue
Lines = AllLines
End Suhk

#Region "Additional methods and Type declarations™

Subh DividebAndBRotate (Evyval Line iz OnLine,

EvEef |AllLine=s 4z List(0Of OnLine) .,

EvWal angle L=z Doukble,
BvWal Minlength As Double)

'Check the stopping condition
If Line.Length() < HinLength Then Exit Zub

'Take a portion of the line
Dim new line As MNew OnLine (Line)
Dim end pt is New On3dPoint
end pt = new line.Pointht (0.35]

new line.To = end pt

'Rotate
new line.Rotate(angle, OnUcil.On =zaxis, Line.from)

AllLines. add (new line)

'Call self
Call|DividebndRotate (new line, ALllLines, angle, HinLength”

End Sub

#End Region

For plugin version 0.6.0007 111



This is the same functionality using iterative solution using a “while” loop:

Sub BunScript (ByWal C As Online, ByWal 4 As Double, ByWal L As Double)

'Declare all lines
Dim AllLines L= HNew List| Of OnLine )

'Find current length
Dim eurrent L As Doukble = C.Length()

Dim new_line L= OnLine
new_line = C

"'Loop until length iz le=sz than mwin length
— While eurrent L > L
'Zenerate the new line
new_line =|DivideindRotate (new_line, i)

'add to list
AllLines.Add (new_line)

'Stopping condition
current L = new line.Lengthi)
L End While

'Ahesign return value
Line=s = AllLines

End Sub
#Region "Additional methods and Type declarations™
Function DivideldndRotate (EvWal L Ls OnLine, EBvval L iz Double)] iz OnLine
'Take a portion of the line
Dim new line As MNew OnLine (L)
Dim end pt As New On3dPoint
end pt = new line.Pointht(0.35]

new line.To = end pt

'Rotate
new line.Rotate(l, Onlcil.On =zaxis, L.from)

'Function return
DividelindRotate = new line

End Function

#End Region
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14.11 Processing Lists in Grasshopper
Grasshopper script component can process list of input in two ways:

1. Process one input value at a time (component is called number of times equal to
number of values in the input array).
2. Process all input values together (component is called once).

If you need to process each element in a list independently from the rest of the
elements, then using first approach is easier. For example if you have a list of numbers
that you like to increment each one of them by say “10”, then you can use the first
approach. But if you need a sum function to add all elements, then you will need to use
the second approach and pass the whole list as an input.

The following example shows how to process a list of data using the first methods
possessing one input value at a time. In this case the RunScript function is called 10
times (once for each number). Key thing to note is the “Number” input parameter is
passed as a “Double” as opposed to “List(of Double)” as we will see in the next example.

. 0.0
1. 1.5
2. 3.0
3. 4.5
4. 5.0
5 TNE )
6. 9.0
7. 10.5
8. 12.0 1. 0.25
3. 13.5 1. 1.75
2. 3.25
3. 4.75
Number .‘ out ) D
Value A 5. 7.756 D
[ 6. 9.25
7. 10.75
8. 12.25
9. 13.75

Sulk BunIcript (Evyval|Nurkber Lz Doublel EvyVal Value As Double)

L = Number + Value

End Sub
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In the following, we input the list of numbers. You can do that by right mouse click on
the input parameter and check “List”. The RunScript function is called only once.

1 Sub RunScript (ByVal [NList As List(Qf Double))]

Dim Zuwm A= Double = 0.0
Dim i A=z Integer

For i = 0 To NList.Counti{) - 1
S = Swan + WListc (i)
MNext
A = Sum
End 3ub

14.12 Processing Trees in Grasshopper

Trees (or multi-dimensional data) can be processed one element at a time or one branch
(path) at a time or all paths at ones. For example if we divide three of curves into ten
segments each, then we get a structure of three braches or paths, each with a eleven
points. If we use this as an input then we get the following:

A: If both “Flatten” and “List” are checked, then the component is called once and flat list
of all points is passed:

Jiyinaide

Mo Runtime messages D

Disconnect Al

Disconneck [

@ Flatken
List

“x Tywpe hint 3

ﬁg Help...
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B: If “List” only is checked, then the component is called three times in each time, a list
of divide points of one curve is passed:

Jiinside
l:inr:de
Z2'inside
ap Out b\ :
Paths
Mo Runtime messages )
Disconnect All
Disconnect F
[ Flatten
List
Tywpe hink »
w*x—x—ﬂ*x‘ @ teb..

C: When nothing is checked, then the function is called once for each divide points (the
function is called 33 in this case). The same thing happens if only “Flatten” is checked:

d'.JI_“‘.:iJ.L;Il:'
21, inside
22.inside
ag out b\ 23iinside
Paths inside
nside

Mo Runtime messages inside D
nside
Disconnect: All f nside
Disconnect P Enzide
Enside
[ Flatten Eoside
List inside

x’t Type hint 3
ﬁg Help...

This is the code inside the VB component. Basically just print the word “inside” to
indicate that the component was called:

Sub BunScript (ByWal Paths bLs Chiject)

Print ("inzide'™)

End Sub
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14.13 File 1/0

There are many ways to read from and write to files in VB.NET and many tutorials and
documents are available in the internet and printed material. In general, reading a file
involves the following:

- Open the file. Generally you need a path to point to.

- Read the string (whole string or line by line).

- Tokenize the string using some delimiter character(s).
- Cast each token ( to double in this case ).

- Store result.

We will illustrate a simple example that parses points from a text file. Using the following
text file format, we will read each line as a single point and use the first value as x
coordinate, the second as y and the third as z of the point. We will then use these points
as curve control points.

£ coordinates.txt - Motepad |:||E|r>__<|
File Edit Format “iew Help

The VB component accepts as an input a string which is the path of the file to read and
output On3dPoints.

C:\Documents and
Settings\rajaa|D
eskfop \coordinates.txt

Here is the code inside the script component. There are few error trapping code to
make sure that the file exits and has content:
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Zubh BunfSeript (BEvyWal path A= 3Itring)

'Check if file exists

If (Mot IO.File.Exist=(path)l)] Then
Print ("Exit without reading'™)
Feturn

End If

'Bead the file
Dim lines A=z String() = IO File.FReadbllLines (path)

'Check that file i=s not empty

If [(lines I= MNothing) Then
Print ("File has no content')
Feturn

End If

'Dezlare list of points
Dim pts As New List (O0f On3dPoint)

'Loop through lines

For Each line As String In lines
'Tokenize line into array of strings separated by ¢
Dim parts As String() = line.3plitc(",".ToCharirrayi(]]

'Make sure that each line has exactly 3 wvalues
If UBound(parts) <> 2 Then Continuese For

'Conwvert each coordinate from string to double
Dim x As Double = Convert.ToDouble (parts(0))
Dim v As Double = Convert.ToDouble (parts(1))
Dim = As Double = Convert.ToDouble (parts(2)1)

pts.Add (MNew On3idPoint (x, v, =]
Next

h = pts

End Sub
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EFd Rhino .NET SDK

15.1 Overview

Rhino .NET SDK provides access to OpenNURBS geometry and utility functions. There
is a help file that comes when you download .NET SDK. It is a great resource to use.
This is where you can get it from:
http://en.wiki.mcneel.com/default.aspx/McNeel/Rhino4DotNetPlugins.html

In this section, we will focus on the part of the SDK dealing with Rhino geometry classes
and utility functions. We will show examples about how to create and manipulate
geometry using Grasshopper VB script component.

15.2 Understanding NURBS

Rhino is a NURBS modeler that defines curves and surfaces geometry using Non-
Uniform Rational Basis Spline (or NURBS for short). NURBS is an accurate
mathematical representation of curves and surfaces that is highly intuitive to edit.

There are many books and references for those of you interested in an in-depth reading
about NURBS (http://en.wikipedia.org/wiki/NURBS). A basic understanding of NURBS
is necessary to help you use the SDK classes and functions more effectively.

There are four things that define a nurbs curve. Degree, control points, knots and
evaluation rules:

Degree
It is a whole positive number that is usually equal to 1,2,3 or 5. Rhino allows working
with degrees 1-11. Following are few examples of curves and their degree:

Lines and polylines are degree 1 nurbs
curves.
Order = 2 (order = degree + 1)

Circles and ellipses are examples of
degree 2 nurbs curves.

They are also rational or non-uniform
curves.

Order = 3.

Free form curves are usually represented
as degree 3 nurbs curves.
Order =4

Degree 5 is also common, but the rest are
pretty much hypothetical.
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Control points

Control points of a NURBS curve is a list of at least (degree+1) points. The most
common way to change the shape of a nurbs curve is through moving its control points.
Control points have an associated number called a weight. With a few exceptions,
weights are positive numbers. When a curve’s control points all have the same weight
(usually 1), the curve is called non-rational and. We will have an example showing how
to change the weights of control points interactively in Grasshopper.

Knots or knot vector

Each NURBS curve has a list of numbers associated with it that is called a knot vector.
Knots are a little harder to understand and set, but luckily there are SDK functions that
do the job for you. Nevertheless, there are few things that will be useful to learn about
the knot vector:

Knot multiplicity

Number of times a knot value is duplicated is called the knot’s multiplicity. Any
knot value can not be duplicated more than the curve degree. Here are few
things that would be good to know about knots.

Full multiplicity knot is a knot duplicated number of times equal to curve
degree. Clamped curves have knots with full multiplicity at the two ends of the
curve and this is why end control points coincide with curve end points. If there
were full multiplicity knot in the middle of the knot vector, then the curve will go
through the control point and there would be a kink.

Simple knot: is a knot with value appearing only once.

Uniform knot vector satisfies 2 conditions:

1. Number of knots = number of control points + degree — 1.

2. Knots start with a full multiplicity knot, is followed by simple knots,
terminates with a full multiplicity knot, and the values are increasing
and equally spaced. This is typical of clamped curves. Periodic
curves work differently as we will see later.

Here are two curves with identical control points but different knot vectors:

| Degree =3
' Number of control points =7
knot vector = (0,0,0,1,2,3,5,5,5)

Degree =3

Number of control points = 7

knot vector = (0,0,0,1,1,1,4,4,4)

Note: Full knot multiplicity in the middle
creates a kink and the curve is forced to
go through the associated control point.
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Evaluation rule
The evaluation rule uses a mathematical formula that takes a number and assigns a
point. The formula involves the degree, control points, and knots.

Using this formula, there are SDK functions that take a curve parameter, and produce
the corresponding point on that curve. A parameter is a number that lies within the
curve domain. Domains are usually increasing and they consist of two numbers:
minimum domain parameter (m_t(0)) that usually the start of the curve and maximum
(m_t(1)) at the end of the curve.

NURBS Surfaces

You can think of nurbs surfaces as a grid of nurbs curves that go in two directions. The
shape of a NURBS surface is defined by a number of control points and the degree of
that surface in each one of the two directions (u- and v-directions). Refer to Rhino Help
Glossary for more details.

NURBS surfaces can be trimmed or untrimmed. Think of trimmed surfaces as using an
underlying NURBS surface and closed curves to cut a specific shape of that surface.
Each surface has one closed curve that define the outer border (outer loop) and as
many non-intersecting closed inner curves to define holes (Inner loops). A surface with
outer loop that is the same as that of its underlying NURBS surface and that has no
holes is what we refer to as an untrimmed surface.
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The surface on the left is untrimmed. The one on the right is the same surface trimmed
with an elliptical hole. Note that the NURBS structure of the surface doesn’t change
when trimming.

Polysurfaces

A polysurface consists of more than one (usually trimmed) surfaces joined together.
Each of the surfaces has its own parameterization and uv directions don’t have to match.
Polysurfaces and trimmed surfaces are represented using what is called boundary
representation (BRep for short). It basically describes surfaces, edges and vertices
geometry with trimming data and relationships among different parts. For example it
describes each face, its surrounding edges and trims, normal direction relative to the
surface, relationship with neighboring faces and so on. We will describe BReps member
variable and how they are hooked together in some detail later.

OnBrep is probably the most complex data structures in OpenNURBS and it might not
be easily digested, but luckily there are plenty of tools and global functions that come
with Rhino SDK to help create and manipulate BReps.

15.3 OpenNURBS Objects Hierarchy

The SDK help file show all classes hierarchy. Here is a dissected subset of classes
related to geometry creation and manipulation that you will likely use when writing
scripts. | have to warn you, this list is very incomplete. Please refer to the help file for
more details.

OnObiject (all Rhino classes are derived from OnObject)

- OnGeometry (class is derived from or inherits OnObject)
o OnPoint
= OnBrepVertex
=  OnAnnotationTxtDot
o OnPointGrid
o OnPointCloud
o OnCurve (abstaract class)
= OnLineCurve
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o
O
O

OnPolylineCurve
OnArcCurve
OnNurbsCurve
OnCurveOnSurface
OnCurveProxy

e OnBrepTrim

e OnBrepEdge
OnSurface (abstract classt)

= OnPlaneSurface

= OnRevSurface
=  OnSumSurface
= OnNurbsSurface
=  OnProxySurface
e OnBrepFace
e OnOffsetSurface
OnBrep
OnMesh
OnAnnotation

- Points and Vectors (not derived from OnGeometry)

O
O
o

O

On2dPoint (good for parameter space points)

On3dPoint

On4dPoint (good for representing control points with x,y,z and w for
weight)

On3dVector

- Curves (not derived from OnGeometry)

O

O O O O O

OnLine

OnPolyline (is actually derived from OnPointArray)
OnCircle

OnArc

OnEllipse

OnBezierCurve

- Surfaces (not derived from OnGeometry)

@)

O O O O O

OnPlane
OnSphere
OnCylinder
OnCone

OnBox
OnBezierSurface

- Miscellaneous

O

O O O

122

OnBoundingBox (For objects bounding box calculation)

Onlnterval (Used for curve and surface domains)

OnXform (for transforming geometry objects: move, rotate, scale, etc.)
OnMassProperties (to calculate volume, area, centroid, etc)
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15.4 Class structure

A typical class (which is a user-defined data structure) has four main parts:

e Constructor: This is used to create an instance of the class.
Public member variables: This is where class data is stores. OpenNURBS
member variables usually start with “m_" to quickly isolate.

¢ Public member functions: This includes all class functions to create, update and
manipulate class member variable or perform certain functionality.

o Private members: these are class utility functions and variables for internal use.

Once you insatiate a class, you will be able to see all class member functions and

member variable through the auto-complete feature. Note that when you roll-over any of

the function or variables, the signature of that function is shown. Once you start filling

function parameters, the auto-complete will show you which parameter you are at and its

type. This is a great way to navigate available function for each class. Here is an

example from On3dPoint class:

Dim point As New OnidPoint
pDint.I

member
functions

member
variables

Copying data from an exiting class to a new one can be done in one or more ways
depending on the class. For example, let’s create a new On3dPoint and copy the

% CompareTo
% Dispose
% DistanceTo
W Equals
W Fuzz
% GetHashCode
W GetTvpe
5 InkernalPoinker
W Isvalid
W MaximurnCoordinate
W MaximurnCoordinatelnde:
% MinimumCoordinate
W MinimumCoordinateInde:
W Rokate
W Set
% Toskring
W Transform

)
iy
el

W Zero

public % az Double

content of an existing point into it. This is how we may do it:

Dim new_pt as New On3dPoint( input_pt )

Dim new_pt as New On3dPoint
new_pt = input_pt
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Dim new_pt as New On3dPoint
new_pt.New( input_pt )

Dim new_pt as New On3dPoint
new_pt.Set( input_pt)

Dim new_pt as New On3dPoint
new_pt.x = input_pt.x
new_pt.y = input_pt.y
new_pt.z = input_pt.z

Dim new_crv as New OnNurbsCurve
new_crv = input_crv.DuplicateCurve()

15.5 Constant vs Non-constant Instances

Rhino .NET SDK provide two sets of classes. The first is constant and it classes names
are preceded by an “I”; for example /On3dPoint. The corresponding non-constant class
which is what you will mostly need to use has same name without the “I”; for example
On3dPoint. You can duplicate a constant class or see its member variables and some
of the functions, but you cannot change its variables.

Rhino .NET SDK is based on Rhino C++ SDK. C++ programming language offers the
ability to pass constant instants of classes and is used allover the SDK functions. On the
other hand, DotNET doesn’t have such concept and hence the two versions for each
class.

15.6 Points and Vectors

There are many classes that could be used to store and manipulate points and vectors.
Take for example double precision points. There are three types of points:

Class name Member variables Notes
On2dPoint x as Double Mainly used for parameter space points.
y as Double

The “d” in the class name stand for double precision
floating point number. There are other points classes
that has “f” in the name that use single precision.

On3dPoint x as Double Most commonly used to represent points in three
y as Double dimensional coordinate space
On4dPoint x as Double Used for grip points. Grips have weight information
y as Double in addition to the three coordinates.
z as Double
w as Double

Points and vectors operations include:

Vector Addition:
Dim add_v As New On3dVector = v0 + v1
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Vector Subtraction:
Dim subtract_vector As New On3dVector = vO — v1

Vector between two points:
Dim dir_vector As New On3dVector = p1 — p0

Vector dot product (if result is positive number then vectors are in the same direction):

Dim dot_product As Double = v0 * v1

Vector cross product (result is a vector normal to the 2 input vectors)
Dim normal_v As New On3dVector = OnUtil. ON_CrossProduct( vO, v1)

Scale a vector:
Dim scaled_v As New On3dVector = factor * vO

Move a point by a vector:
Dim moved_point As New On3dPoint = org_point + dir_vector

Distance between 2 points:
Dim distance As Double = pt0.DistanceTo( pt1)

Get unit vector (set vector length to 1):
v0.Unitize()

Get vector length:
Dim length As Double = v0.Length()

Following example show how to calculate the angle between two vectors.

[ 1.-S7079&63268

Sub Bunfeript (BEvyvVal w0 As OnddVector, EBEyWal w1l Lz OnidVector)
' Tnitize the input wvectors

vi.nitize()

wvl.Onitize()

Dim dot As Double = OnUcil.oN DotProduct (w0, i)

' Force the dot product of the two input wvectors Lo

fall within the domain for inverse cosine, which

''iz -1 <= x <= 1. This will prevent runtime

' "domalin error”™ math exceptions.

If (dot < -1.0) Then dot = -1.0

If (dot > 1.0) Then dot = 1.0

b = System.Math. boos (dot)

End Sub
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15.7 OnNurbsCurve
In order to create a nurbs curve, you will need to provide the following:

- Dimension, which is typically = 3.
- Order: Curve degree + 1.

- Control points (array of points).

- Knot vector (array of numbers).

- Curve type (clamped or periodic).

There are functions to help create the knot vector, as we will see shortly, so basically
you need to decide on the degree and have a list of control points and you are good to
go. The following example creates a clamped curve.

out
CPaints ‘ N t

x

Subh Fundcript (ByWal CPoints As List (Of On3dPoint] )

'Create nurbhs curve

Dim dirwension iz Integer = 3
Dim order Az Integer = 4
Dim ne iz MNew Onkurbhscurve

'Create open (Clamped)] Nurhs Curve
ne . CreateClampedlniforiurbs (diwmension, order, CPoints.Tolkrravi())

"Aosign curve to the output wvalus L
If{ no.Isvalidi)l | Then
A = ne
End If
End Sub

For smooth closed curves, you should create periodic curves. Using same input control
points and curve degree, the following example shows how to create a periodic curve.

x
ut
CPoints “ GA t
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=

'Create nurbhs curve

Dim dimension L=z Integer
Dim order Az Integer 4
Dim ne A= MNew OnMurbhscurve

'Create clozed (Periodic)

If|{ ne.IsValid() )
b ne
End If
End Suhk

Then

Clamped vs periodic NURBS curves

3

MNurh=s Curve
no.CreatePeriodicUniformMurbs (dimension,

"Azzign curve to the output wvalues L

Suly BunScript (ByWal CPoints L=z List (OQf On3dPoint) )

order, CPoints.Tolkrravi()])

Clamped curves are usually open curves where curve ends coincide with end control
points. Periodic curves are smooth closed curves. The best way to understand the
differences between the two is through comparing control points.

The following component creates clamped NURBS curve and outputs:

0.
1.
2.
3.

{0-8,
{10.0

{o.o,

0.0,

., 0.0,
{10.0, 10.0,

10.0,

0.0}

0.0}
0.0}
0.0}

Here is the periodic curve using same input (control points and curve degree):

0.
1.
2.
3
4.
5
.

{0.0,
[10.0,
{10.0,
{0.0,
{0-0,
[10.0,
{10.0,

0.0,
0.0,
10.0,

10.0,

0.0,
0.0,
10.0,

0.0}

0.0}
0.0}
0.0}

0.0}

0.0}
0.0}
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Note that the periodic curve turned the four input points into seven control points
(4+degree)” and while the clamped curve used four control points only. The knot vector
of the periodic curve used only simple knots while the clamped curve start and end knots
have full multiplicity.

Here are same examples but with degree 2 curves. As you may have guessed, number
of control points and knots of periodic curves change when degree changes.

0. {0.0, 0.0, 0.0}
1. {10.0, 0.0, 0.0}
Z_ {10.0, 10.0, 0.0} 4
3. {0.0, 10.0, 0.0}

{0.0, 0.0, 0.0}

{10.0, 0.0, 0.0}

{i0.0, 10.0, 0.0}

{0.0, 10.0, 0.0}

{0.0, 0.0, 0.0}

{10.0, 0.0, 0.0} “

-1.0

0.0

1.0

2.0 )

3.0

4.0

)

This is the code used to navigate through CV points and knots in the previous examples:

'Jutput

Dim count Az Double

control points

nc. CWCount ()

Dim i Az Integer

Dim ows
For i

Dim eowv Az New On3idFPoint (0,
no.GetCW (i,

Of On3idPoint )
1

Lz INew List|
0 To count -
o, o)

sty

cwa, Add (ow)

Next

'Jutput

Dirm knots Lz New List|

count

For i
knots

Iext

128

knots=s

Of Double )
ne . KnotCount ()

0 To eount - 1

Lhddine Enot (1))
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Weights

Weights of control points in a uniform nurbs curve are set to 1, but this number can vary
in rational nurbs curves. The following example shows how to modify weights of control
points interactively in Grasshopper.

SRR R

é Sub Pundcript (ByWal CPoints As List (0f OnidPoint), EBEyial W Az Double)]
Dim i Az Integer

'Create nurhs curve

Dim dimwmen=sion Lz Integer = 3
Dim order L=z Integer = 4
Dim ev_count Lz Integer = CPoints.Count

Dim ne A= MNew OnMurbhsCurve
ne. CreatePeriodicUniformiNurbhs (diwension, order, CPoints.Tolrrayil)
ne . MakeRational ()

"hAo=zign weights
Dim ow L= MNew OnidPoint

For i = 0 To ev_count - 1
noe . GetCW i, ow)
ow o= o Y

ne.SetCVWii, ov)
ne.SetWeight (i, W)
HNext

'"Assign curwve to the output wvalus 4
Ifi neo.IsValidi) ) Then
A = no
End If
End Suhk
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Divide NURBS curve

Dividing a curve into a number of segments involves the following steps:

- Find curve domain which is the parameter space interval.

- Make a list of parameters that divide the curve into equal segments.

- Find points on the 3d curve.
The following example shows how to achieve that. Note that there is a global function
under RhUtil name space that divides a curve by number of segments or arc length that
you can use directly as we will illustrate later.

0.0

0.2050358125
0.5832478825
0.53627222454 D
1.34588€8737
1.7T000e15632
2.0

Sub BunScript (ByWal Curve Ls OnCurwve, ByWal Num Ls Integer)

Dim min As Double = Curve.Domaini) .Mini)
Dimm max Ls Double

Curve.Domaini) .Max ()

'"Find the step walue
Dim step value iz Double = (max - min) F (Hum - 1)

Iim Points As MNew List|( Of on3idPoint )

Dim t_list (Num) As Double

For i hs Integer = 0 To Num
t list{i) = i / Num

Wext

If (Curve.GetNormalizedirclengthPoints(t list, t list))] Then
For i ks Integer = 0 To Num
Dim pt iz On3dPoint = Curve.Pointdt(t list(i}]
Points.dddipt)
Wext
End If

e
]

Points
t_list

m
]

End Sub

15.8 Curve Classes not Derived from OnCurve

Although all curves can be represented as NURBS curves, it is useful sometimes to
work with other types of curve geometry. One reason is because they mathematical
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representation hat is easier to understand than NURBS and are typically more light-
weighted. It is relatively easy to get the NURBS form of those curves not derived from

OnCurve when you need one. Basically you need to convert to a corresponding class.
The following table shows the correspondence:

Curves Types OnCurve Derived Types

OnLine OnLineCurve

OnPolyline OnPolylineCurve

OnCircle OnArcCurve or OnNurbsCurve (use GetNurbsForm() member function)
OnArc OnArcCurve or OnNurbsCurve (use GetNurbsForm() member function)
OnEllipse OnNurbsCurve (use GetNurbsForm() member function)
OnBezierCurve OnNurbsCurve (use GetNurbsForm() member function)

Here is an example that uses OnEllipse and OnPolyline classes:

Sub BunScript (ByWal X As Chiject, BEyWal R A= Chiject, ByWVal N iAs Chiject)
'Declare a new list of CpenNURES circles
Dim c_list iz New List {Of CnEllipse)

'Declare lizst of lines
Dim p_list As New On3ddPointirray

For i Az Intaz

=1 To N

'Declare a new circle
Dim & As New OnEllipse (OnUtcil.On =y plane, 1 A2, 1)
'Rotate the circle

C.REotate(E * 1, New OnsidVectoriO, 1, 01, New On3idPoint (X, 0, 0))
"Add the eircle to the list

¢ list.hdd(e)

'Add center point
b_list.ippend(C.Center ()]

HNext

Dim polyline is MNew OnPolyline(p list)

"hAgsign the list to the output wvalus L

L= c_list

'"Assign polyline to output walue B

B = polyline

End Sub
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15.9 OnNurbsSurface

Similar to what we discussed for OnNurbsCurve class, to create a OnNurbsSurface you
will need to know:

- Dimension, which is typically = 3.

- Orderin u and v direction: degree + 1.

- Control points.

- Knot vector in u and v directions.

- Surface type (clamped or periodic).
The following example creates a nurbs surface from a grid of control points:

Sub Fun3cript (ByWal Pts As List(0f OnidPoint) . Byyal G5 Lz Integer)

'Create & grid of points
Dim Grid Lz New ArravList()

'Call grid function

Call CreateGrid(Pts, Grid, G3)
'Call create nurks surface function
Dim ns is OnMurkbsSurface

ns = CreateN3(crid, G3)

'"Aszign mwid point to output
nsrf = ns

End Sub

Sub CreateGridi EByWVal Pts bLs List (Of OnidPoint),

ByEef Grid iAs ArraylList, EBEyvWal G3 As Integer |
Dim 1 A= Integer
Dim j A= Integer
For 1 = 0 To Pte.Count()] - 1 Step G2
'Declare o row of points
Dim Bow iz MNew List ([ Of On3dPoint )
For 3 =1 To i + G5 - 1
'Get a reference od the point
Dim pt As On3dPoint
prt = Pt=si]]
'Add point to the row
Fow.Add(pt)
Iext
'Add row to the grid
Grid.idd (Row)
MNext

End Sub
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= Function CreateMN3I(EvWal cwpoints Ls ArravlList,
EvWVal G5 Ls Integer) As OnlurbhsSurface

Const Degree Ls Integer = 3
'Make the surface

Dim orderU Ls Integer = Degree + 1
Dim orderV Lz Integer = Degree + 1

Dim ns As MNew OnNurhs3urface
ns.Create (3, False, orderlU, orderV, 3, G3)

"Add o polints
Dim i Az Integer
Dim j Az Integer
Dim pt As OnsdPoint
For 1 = 0 To &3 - 1
For 3 =0 To &3 - 1
pt = owvpoints(1il (])
ns.3etCVii, 1j, ptl
Mext
Mext

'Jet knots for open surface
ns.MakeClampedliniforwmEnotVector (0]
ns.MakeClampedliniforwmEnotVector (1)

Createl3 = ns
- End Function

Another common example is to divide a surface domain. The following example divides
surface domain into a equal number of points in both direction (number of points must be
greater than one to make sense) and it does the following:

- normalize surface domain (set domain interval to 0-1)
- Calculate step value using number of points.
- Uses a nested loop to calculate surface points using u and v parameters.

Mum

For plugin version 0.6.0007 133



é Subh Bun3cript (EvyvWal Brep Az OnEBrep, EBEvval Num As Integer)
'Find step - MNum mast he > 1
Dim StepValuse iz Doukle = 1 / [(Nuwm - 1)

Dim n3rf Az New OnNurkbsiurface
narf = Brep.Face (D) .Nurhs3urface

'Mormalize dowain in v and v directions
narf.Zethomain(d, 0, 1)
narf.etbhomainil, 0, 1)

Dim Points Az Mew List( Of onidPoint )
Dim i As Double = 0
Dim j Az Double = 0
For i = 0 To 1 Ztep 3tepVWalue
For J =0 To 1 Ztep 3tepVWValue
Dim Pt 4= MNew OnidPoint
Pt = n3rf.Pointicii, 1)
Foints. Add (FPL)
Mext
Mext

A = Points
End Sub

OnSurface class has many functions that are very useful to manipulate and work with
surfaces. The following example shows how to pull a curve to a surface.

There are 2 outputs in the Grasshopper scripting component. The first is the parameter
space curve (flat representation of the 3d curve in world xy plane) relative to surface
domain. The second is the curve in 3d space. We got the 3d curve through “pushing”
the 2d parameter space curve to the surface.

s

Input curve

Input surface
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Sub BunfScript (ByWal Crwv As OnCurwve, EByWal 3rf As OnBrep)

'Zet pulled curve in 2D paraweter space
Dim pull crv As OnCurve
pull crv = Irf.w 3 (0] .Pullback(Crv, doc.hbsoluteTolerance(])

'Fet the pulled curve in 3D space
Dim push crv As OnCurwve
push crv = Jrf.w 3 (0] .Pushup(pull crv, doc.hbsoluteTolerance())

'Cutput both curves
Crvad = pull crv
Crvid = push crv

End Sub

Using the previous example, we will calculate normal vector of the start and end points
of the pulled curve. Here are 2 ways to do that:

- Use pulled 2D curve start and end 2D points and this would be start and end
points on surface in parameter space.

- Oruse pushes 3D curve end points, find closest point to surface and use
resulting parameters to find surface normal.

Sub GetEndMNormslsZD (Evyyal crwad L= OnCurwve,
Evwal srf L= Onturface,
EvFef EndWectorsiZD Ls List (Of OnidVector ]

Dim start_normal Ls OnidVector
Dim end normal Ls On3diector

'find start and end points in parsmeter sSpace
Dim startid Ls New OnZdFoint

startid = crvid.Pointlit3tart ()

Dim endid Ls New OnZdFoint

endzd = crvZd.PointAcEndi()

'Jutput parameters
'Gurface parameters are the X and v of the 24 curve end points

Print ("2D Start u = " £ startid.x)
Print ("2D S3tart v = " &£ startid.y)
Print ("2D End u = " £ endid.x)
Print ("2D End +v = " £ endid.y)

Print (™"

'"Zall surface normal function
start normal = Srf.MNormaldt (startid.x, startid.y)

end normal = srf.MNormaldt (endid.x, endad.y]
EndVectors2D.Add (start normal)

EndVectors2D. Add (end normal)
End Suhb
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= Sub GetEndMormals3D (BEvyWVal crvid Ls OnCurve,
EvWVal srf Ls OnBurface,
EvFef EndWectors3iD Ls List (Of OnidVector ]

'Declare start and end normal
Dirm start_nnrmal L=z OnddiVector
Dirm end_nnrmal L=z OnddiVector

'"Find =start and end points in parawmeter space
Dim start3id ALs New OnidPoint

startid = crvid.PointlitStart ()

Dim end3id As New OnidPoint

endid = crvid.PointlitcEnd/()

'Dezlare parsmeters
Dim u As Double
Dim w As Double

'Zet surface closest point
srf.GetClosestPoint (start3id, u, )
start normal = srf.MNormaldt{u, )

'Cutput start parameters
Print ("3D S3tart u = " £ u)
Print ("3D Start v = " &£ )

srf.GetcClosestPoint (end3d, u, )
end normal = srf.Normaldt{u, )

'Tutput end parameters
Print ("3D End u = " £ u)
Print ("3D End w = ™ £ )

EndVector=s3D.Add (start normal)
EndVectors3D.Add (end normsal)
End Suhk

This is the component picture showing output of parameter value at the end points using
both functions. Notice that both methods yield same parameters as expected.

0. 20 Start u = 4,.24765332233%46
2D Start v = H.025705841208331
20 End uw = 9.B87574983946513
2D End v = 2 22066077926252
3D Start u = 4.24765932233948 d
30 Start v = 5.02570041208331
30 BEnd uw = S.BT5T49839465713
30 End v = 2,2206607TT7T826252
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15.10 Surface Classes not Derived from OnSurface

OpenNURBS provides surface classes not derived from OnSurface. They are valid
mathematical surface definitions and can be converted into OnSurface derived types to
use in functions that take OnSurface. Here is a list of surface classes and their
corresponding OnSurface derived classes:

Basic Surface Types OnSurface derived Types
OnPlane OnPlaneSurface or

OnNurbsSurface (use OnPlane.GetNurbsForm() function)
OnShpere OnRevSurface or

OnNurbsSurface (use OnShpere.GetNurbsForm() function)
OnCylinder OnRevSurface or

OnNurbsSurface (use OnCylinder.GetNurbsForm() function)
OnCone OnRevSurface or

OnNurbsSurface (use OnCone.GetNurbsForm() function)
OnBezierSurface OnNurbsSurface (use GetNurbsForm() member function)

Here is an example that uses OnPlane and OnCone classes:

Subh BunZecript (EvWal radius Ls Double)
'Create & plane from origin and normal
Dim plane L= New OnPlane
Dim origin k= MNew On3idPointil, 1, 0]
Dim normal Lz New Onidvector(l, 1, 3]
plane.CreatefFromNormal (origin, normal)

'Define height walue

Dim height b=z Double = 5

'Create cone

Dim cone Az MNew Oncone (plane, height, radius)

'Aesign output parsmeter

L = oone
E = plane
End Sub
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15.11 OnBrep

Boundary representation (B-Rep) is used to unambiguously represent objects in terms of
their boundary surfaces. You can think of OnBrep as having three distinct parts:

Geometry: 3d geometry of nurbs curves and surfaces. Also 2D curves of
parametric space or trim curves.

3D Topology: faces, edges and vertices. Each face references one nurbs
surface. The face also knows all loops that belong to that face. Edges reference
3d curves. Each edge has a list of trims that use that edge and also the two end
vertices. Vertices reference 3d points in space. Each vertex also have a list of
edges they lie on one of their ends.

2D Topology: 2d parametric space representation of faces and edges. In
parameter space, 2d trim curves go either clockwise or anti-clockwise depending
on whether they are part of an outer or inner loop of the face. Each valid face will
have to have exactly one outer loop but can have as many inner loops as it
needs (holes). Each trim reference one edge, 2 end vertices, one loop and the
2D curve.

The following diagram shows the three parts and how they relate to each other. The top
part shows the underlying 3d nurbs surface and curves geometry that defines a single
face brep face with a hole. The middle is the 3d topology which includes brep face,
outer edges, inner edges (bounding a hole) and vertices. Then there is the parameter
space with trims and loops.
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OnBrep member variables

OnBrep Class member variables include all 3d and 2d geometry and topology
information. Once you create an instance of a brep class, you can view all member
functions and variables. The following image shows member functions in the auto-

complete. The table lists data types with description.

Dim hrep Az New OnBrep

brep.

i _C2
i _C3
ﬂ m_E
ﬁ‘ m_F
ﬁ‘ m_L
ﬁ‘ m_3
ﬁ‘ m_T
ﬁ‘ m_Y

Topology members: describe relationships among different brep parts

OnBrepVertexArray m_V

Array of brep vertices (OnBrepVertex)

OnBrepEdgeArray m_E

Array of brep edges (OnBrepEdge)

OnBrepTrimArray m_T

Array of brep trims (OnBrepTrim)

OnBrepFaceArray m_F

Array of brep faces (OnBrepFace)

OnBrepLoopArray m_L

Array of loops (OnBrepLoop)

Geometry members: geometry data of 3d curves and surfaces and 2d trims

OnCurveArray m_C2

Array of trim curves (2D curves)

CnCurveArray m_C3

Array of edge curve (3D curves)

ONSurfaceArray m_S

Array of surfaces

Notice that each of the OnBrep member functions is basically an array of other classes.

For example m_F is an array of references to OnBrepFace. OnBrepFace is a class

derived from OnSurfaceProxy and has variable and member functions of its own. Here

are the member variables of OnBrepFace, OnBrepEdge, OnBrepVertex, OnBrepTrim

and OnBrepLoop classes:

Dim brep face As MNew OnErepFace

brep face.

o m_bRev
ﬁ m_face_index

ﬁ m_face_material_channel

ﬁ m_Face_uuid
o i
ﬁ m_si
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Dim brep edge Az New OnBrepEdge

brep edge.
o m_ci Fy
i m_edge_index
e ki
i m_tolerance
'f,) m_wi b

Dim brep wertex is HNew OnBrepWVertex
brep vertex.

ﬁ m_ei ~
ﬁ m_tolerance
ﬁ“ m_terkex_jndex "

Dim brep trim As MNew OnBrepTrim
brep trim.

5 m_bRewad -

5 m_czi

5 m_ei

5 m_iso

o m_li

o m_phio

o m_pline

5 m_tolerance

i m_trimn_inde:

o m_type

o m_vi v

Dim brep loop L= New OnBreplLoop
brep loop.
e _fi -~
'ﬁ{“ m_loop_index
o m_phox
ki

"ff" m_type bt

The following diagram shows OnBrep member variables and how they reference each
other. You can use this information to get to any particular part of the brep. For
example each face knows its loops and each loop has a list of the trims and from a trim
you can get to the edge it is hooked to and the 2 end vertices and so on.

outer-loop . /
face 4= jhnorjoop(g) % mis) \

start and end
vertices

edge
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Here is another more detailed diagram of how brep parts are hooked together and how

to get from one part o the other.

5 FACE | _________ + Surface
’—b EDGE
i
cetges( S L———~# 3D Curve
Wetices[2] L Trims |
. VERTEX
Loop( ] |
R -t-——-# 3D Point
Wetices[2]
1 Face
> LOOP
Triml[] 1 Loop 1 Felge
4 I
TRIM o
i
S + 2D Curve

We will spend the coming few examples showing how to create an OnBrep, navigate
different parts and extract brep information. We will also show how to use few of the
functions that come with the class as well as global functions.

Create OnBrep
There are few ways to create a new instance of an OnBrep class:

- Duplicate existing brep
- Duplicate or extract a face in an exiting brep

- Use Create function that takes an OnSurface as an input parameter.

There are 5 overloaded function using different types of surfaces:
o from SumSurface
o from RevSurface
o from PlanarSurface
o from OnSurface
- Use global utility functions.
o From OnUtil such as ON_BrepBox, ON_BrepCone, etc.

o From RhUtil such as RhinoCreatEdgeurface or RhinoSweep1

among others.
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This is an example to create a brep box from corner points.

input points

Suly Bundcript (ByWal Corners Lz List (Of On3dPoint) )

Euild the brep from corners
Dim Brep A= OnBrep = |OnTtil.ON BrepBox|(Corners.Tolrray(]]

A = EBrep
End 3Suhb

Navigate OnBrep data

The following example shows how to extract vertices’ points of a brep box

Sub Funicript (ByWal Corners As List (Of On3dPoint) )
' Build the brep fromw corners
Dim Brep Az OnBrep = OnUtil.ON BrepBox (Corners.Tolrray()]

Dim wyCorners Az Mew List Of OnsdPoint )
Dim v Az OnBrepvertex
Dim i Az Integer

For i = 0 To Brep.w V.Count(] - 1
'get reference to OnErepWVertex
v = Brep.m V(i)

'Get wvertex polnt ([loction)
Dim pt Az MNew OnidPoint
pt = w.point

'Add point Lo array
myCorners. Add(pt)
Hext

A = EBrep

E = myCorners
End 3Sub
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The following example shows how to get the number of geometry and topology parts in a
brep box (faces, edges, trims, vertices, etc).

Brep.m_C2.Count() = 24
. Brep.m C3.Counti(} = 12
. Brep.m E.Count{} = 12
. Brep.m F.Count{} = &

. Brep.m_L.Count() = & D
. Brep.m 5.Count{} = &
. Brep.m_T.Count () 24

. Brep.m V.Count{} = B

out

I.--.lr(jﬁII.iI'I.I‘\-II.l.I:‘\\_'ll—"i:ll'

Transform OnBreps

All classes derived from OnGeometry inherit four transformation functions. The first
three are probably the most commonly used which are Rotate, Scale and Transform.
But there is also a generic “Trabsform” function that takes a 4x4 transformation matrix
defined with OnXform class. We will discuss OnXform in the next section.

brep. -§patate
9 Seale
‘4 Transform
‘9 Translate

Edit OnBrep

Most of OnBrep class member functions are expert user tools to create and edit breps.
There are however many global function to Boolean, intersect or split breps as we will
illustrate in a separate section.

There is an excellent detailed example available in McNeel’s wiki DotNET samples that
creates a brep from scratch and should give you a good idea about what it takes to
create a valid OnBrep from scratch.

Here is an example that extracts OnBrep faces and move them away from the brep
center. The example uses bounding box center.
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Sub BunSeript (ByWal brep L=z OnBrep, ByVWal dis A= Double)
Dim faces L= MNew List(Of OnBrep)

'Loop through brep faces to exdtract them

For £i As Integer = 0 To brep.m F.Counti] - 1
'Decalre new brep
Dim face Ls New OnBrep
face = brep.DuplicateFace (fi, False)

'Add to faces array
faces. Add (face)
MHext

'"Find brep bounding box center
Dim center As New On3dPoint
center = brep.BoundingBox () .Center ()

'Loop through faces and mowve away from center by dis
Dim dir 4= New On3idVector

For i As Integer = 0 To faces.Count () - 1
Dim face Ls OnBrep
face = facesi(i)

'Find ceneter of each extracted face
Dim face center As On3idPoint
face center = face.BoundingBox () .Center (]

'Find translation wvector
dir = face center - center
dir.Unici=e (]

dir *= dis

'Mowe face away from center
face.Translate (dir)
Mext

'"Aszign output

A = faces

End Sub

Other OnBrep member functions

OnBrep class has many other functions that are either inherited from a parent class or
are specific to OnBrep class. All geometry classes, including OnBrep, have a member
function called “BoundingBox()”. One of OpenNURBS classes is OnBoundingBox which
gives useful geometry bounding information. See the following example that finds a
brep bounding box, its center and diagonal length.
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BEBox diagonal length =
0 41.7133072302284

= Zulbh BunZcript (EvyvWal brep Az OnErep)

'Find brep bounding hox
Dim bkhox Az New OnBoundingBox
bbox = brep.BoundingEox()

'Find hounding bhox ceneter
Dim center is MNew On3idPoint
center = hhox.Center()

'Print bounding hox diagonal length
Dim length L= Double = bbhox.Diagonal() .Lengthi]
Print ("BEEBox diagonal length = " & length)

A = bhox
E center

End Sub

Another area that is useful to know about is the mass properties. OnMassProperties
class and few of its functions is illustrated in the following example:

. Brep Area = 1822.12Z3
1. Brep Volume = 7313.758

é Sulb BunSeript (BEvWal myBrep Ls Chject)

'Find and print bhrep area

Dim a mass Az MNew OnMassProperties
myBrep. AreaMassProperties (a mass)
Dim area Az Double = a mass.Areaf)
Print ("Brep Area = " & area)

'"Find and print brep wolume
Dim v _mass Az MNew OnMassProperties
myBrep.VoluwmeMassProperties (v_mass)

Dim vol A= Doukle = v _mass.Volume ()
Print ("Brep Volume = " £ wol)
End Suhk
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There are few functions that start with “Is” that usually retunes a Boolean (true or false).
They inquire about the brep instance you are working with. For example if you like to
know whether the brep is closed polysurface, then use OnBrep.IsSolid() function. Itis
also useful to check if the brep is valid or has valid geometry. Here is a list of these
inquiring functions in OnBrep class:

Lim brep Lz NWew OnBrep
brep.Is.
& d=Deformable
‘W IsDuplicate
W IsKindOF
‘i IsManifold
‘W IsMorphable
‘W IsPointInside
i Is5olid —
W Issurface
& IsWalid
W IsValidFori'2
W IsValidGeomekry
W IsMalidTolerancesAndFlags
W IsMalidTopology bt

[

Following example checks if a given point is inside a brep:

Here is the code to check if a point is inside:

Zub BunSecript (EvyWal brep L= OnEBrep, EvvWal point iz On3dPoint)
'"Tezst if input point iz inside brep
Dim tal L=z Double = doc.bbhzoluteTolerance ()
Dim stricktly in=side As Boolean = True
Dim iz inside A= Eoolean

'"'Call brep function to test the point
iz _insgide = brep.IsPointInside (point, tol, stricktly inside]

Frint (i=_ inside)

End Sub
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15.12 Geometry Transformation

OnXform is a class for storing and manipulating transformation matrix. This includes,
but not limited to, defining a matrix to move, rotate, scale or shear objects.

OnXform’s m_xform is a 4x4 matrix of double precision numbers. The class also has
functions that support matrix operations such as inverse and transpose. Here is few of
the member functions related to creating different transformations.

Diwm wform L=z New OnXform
xform.

W ChangeBasis

% Mirror

“ PlanarProjection
% R.otation

W Scale

W Shear

% Translation

One nice auto-complete feature (available to all functions) is that once a function is
selected, the auto-complete shows all overloaded functions. For example, Translation
accepts either three numbers or a vector as shown in the picture.

Dim xform Az MNew OnXform
xform. Translation|

|A 1 of 2 “oid Oresform. Tranzlation [de As Double, dy &z Double, dz Az Du:uul:ule]l

| 4 2 of 2= Void Oneform. Tranglation (d Az RMA. OpenMURBS _10n3dYector] i

Here are few more OnXform functions:

Dim xform Ls New OnXform
“form.PlanarProjection|
Waid Orxfarm. PlanarProjection [plane As RMA_OpenHURBS _10nPlane)

et transfarmation that projects to a plane

Dim xform As New OnXform
xform. 3hear |:|
Yoid Or=farm. Shear [plane As BMA_ OpenMURBS_10nPlane,

w1 Az AMA OpenMURES. I0n3dY ectar,
ul Az AMA OpenURES . 10n3dector, 21 Az AMA OpenURES . 10R3dWector)

Create shear transformation.

The following example takes an input circle and outputs three circles. The first is scaled
copy of the original circle, the second is rotated circle and the third is translated one.
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Sub BunScript (BEyWal cirele Ls OnCirele,
Evyvwal factor A=z Double,
EvWal angle iz Doukble, EBvyval dir As OnsdVector)

Dim oircles L=z New List( Of OnCircle)

'Goaled cirele

Dim =seale bs New OnXform

Scale.Scale (Onlcil.On origin, factor)
Dim 5 _circle Az New OnCircle(circle]
g circle. Transformiscale)
circles. Add (s circle]

'Rotated circle

Dim rotate is MNew OnXform

rotate.Rotation(angle, OnlUtil.On yaxis, Onlcil.On origin)
Dim r eircle Az New OnCircle(circle]

r circle. Transformirotate)

circles. Add(r circle)

'Moved circle

Dim mowve As New OnXform

mowve . Translation(dir)

Dim m circle Az New OnCircle(circle)
m zwircle. Transform(move)
circles. Add(m circle)

"Assign output
h = pircles

End Sub

15.13 Global utility functions
Aside from member functions that come within each class, Rhino .NET SDK provides

global functions under OnUtil and RhUtil name spaces. We will give examples using few
of these functions.
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OnUtil

Here a summary of functions available under OnUtil that is related to geometry:

COnltil.

% ON_BrepBox

% ON_BrepCone

W ON_BrepConeEdge
% OMN_BrepConeFace
% OMN_BrepConeloap
W OM_BrepCylinder
W ON_BrepExtrude
W Of_BrepExtrudeEdge
W OM_BrepExtrudeFace
W OM_BrepExtrudeloop
W OM_BrepExtrudeverte
W ON_BrepFromMesh

W ON_BrepRevsurface

W OM_Brepsphere

% OM_BrepTorus

W OM_BrepTrimmedPlane
W OM_BrepWedoe

| Create and edit hreps

W ON_Intersect —— Intersect simple geometry

'ﬁ{“ On_xaxis
'ﬁ“ On_xy_plane
'ﬁ“ On_Yyaxis
'ﬁ“ On_vyz_plane

| World coordinate

w5 On_zaxis ystem

5 On_ZERO_TOLERANCE
25 On_zx_plane

OnUtil intersections

ON_Intersect utility function has 11 overloaded functions. Here is a list of intersected
geometry and the return values (the preceding “I” like in “IOnLine” means a constant

instance is passed):

Intersected geometry

output

IOnLine with IOnArc

Line parameters (t0 & t1) and Arc points (p0 & p1)

I0OnLine with IOnCircle

Line parameters (t0 & t1) and circle points (p0 & p1)

I0OnSphere with IOnShere

OnCircle

IOnBoundingBoc with 10OnLine

Line parameters (Onlnterval)

I0OnLine with IOnCylinder

2 points (On3dPoint)

IOnLine with IOnSphere

2 points (On3dPoint)

IOnPlane with IOnSphere

OnCircle

IOnPlane with IOnPlane with IOnPlane

On3dPoint
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IOnPlane with IOnPlane

OnLine

IOnLine with IOnPlane

Parameter t (Double)

IOnLine with 10OnLine

Parameters a & b (on first and second line as Double)

Here is an example to show the result of intersection a line and plane with a sphere:

Subh Bunieript (BEyVal L As OnLine, EBvval P As OnPlane, Evval B Lz Double)

Dim point0 LAz MWew On3idPoint
Dim pointl Az MWew On3idPoint
Dim sireled As HNew OnCircle

'Declare the sphere

Dim sphere Ais New On3phere (OnUtcil.oOn origin, R)

'Interzect line with sphere

OnTeil . ON IntersectiL,

sphere, pointld, pointl)

'Interzsect plane with sphere

OnTtil . ON Intersect (P,

'"Azzign output

PO = pointO
Ftl = pointl

Circle = circlel

End Sub

RhUtil

sphere, circlel)

Rhino Utility (RhUtil) has many more geometry related functions. The list expands with
each new release based on user’s requests. This is snapshot of functions related to

geometry:
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BhlUtil.

Points

% RhinoArePointsCoplanar

% RhinoPointInPlanarClosedCurve
% RhinoProjectPointsToBreps

W RhinoIsPointInBrep

¥ RhinoIsPointCnFace

Curve

% RhinoConvertCurveToPolvline
% RhinoCurveBreplntersect

W RhinoCurveFacelntersect

% RhinoDivideCurve

% RhinoDoCurvelirectionsMatch
% RhinoExtendCrvonsef

% RhinoExtendCurve

% RhinoExtendLineThroughBox
¥ RhinoExtrudeCurveStraight
¥ RhinoExtrudeCurveToPoint

W RhinoFairCurve

W RhinoFitCurve

¥ RhinoFitLineToPainks

W RhinoInterpCurve

% RhinoInterpolatePointsOnsurface
W RhinoMake CubicBeziers

¥ RhinoMake CurveClosed

¥ RhinoMake CurveEndsMeet

W RhinoMergeCurves

W RhinoOffsetCurve

W RhinoOffsetCurveonset

Surface

Brep

% RhinoChangeSeam

% RhinoCreateSurfaceFramCarners

@ RhinoExtend3urface
% RhinoFitSurface

% RhinoInterseckSurfaces
W RhinoMakec15urface
¥ RhinoRailRevalve

¥ RhinoRebuildSurface
¥ RhinoRepairsurface
¥ RhinoRetrimSurface
¥ RhinoRevolve

% RhinoSrfControlPEGrid
¥ RhinoSrfPEGrid

Mesh

¥ RhinoMeshBooleanDifference
¥ RhinoMeshBooleanIntersection
¥ RhinoMeshBooleansplic

¥ RhinoMeshBooleanJnion

¥ RhinoMeshBox

¥ RhinoMeshiCone

¥ RhinoMeshCylinder

¥ RhinoMeshObjects

¥ RhinoMeshOffset

% RhinoMeshPlane

% RhinoMeshsphere

% RhinoRepairMesh

% RhinosplitDisjointMesh

% RhinolnifyMeshiMormals

W RhinoPlanarClosedCurveConkainment Test

¥ RhinoPlanarCurveCollisionTest
W RhinoProjectCurvesToBreps
¥ RhinoPullCurveToMesh

¥ RhinoRebuildCurve

W RhinoRemoveshortSegments
W RhinoRepairZurve

¥ RhinoshortPath

W RhinoSimplifyCuree

% RhinoSimplifwCurveEnd
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% RhinoBooleanDifference

% RhinoBooleanIntersection
% RhinoBooleanUnion

% RhinoBrepCapPlanarHoles
W RhinoBrepClosestPaink

W RhinoBrepGet2dProjection
W RhinoBrepaetZdSection

% RhinoBrepsplit

% RhinoCreatelFaceBrepFromPoints
W RhinoCreateEdgestf

“ RhinoIntersectBreps

% RhinoJoinBrepiMakedEdges
% RhinoJoinBreps

W RhinoMalkePlanarBreps

W RhinoMergeddjoiningEdges
¥ RhinoMergeBrepCoplanarFaces
¥ RhinoMergeBreps

W RhinoRepairBrep

¥ RhinoSplitBrepFace

% RhinoStraightenBrep

% RhPlanarRegionBoolean

% RhPlanarRegionbifference
% RhPlanarRegionIntersection
% RhPlanarRegionUnion

W RhinoSdkLoft
W RhinosdkLoftSurface

W RhinoSweepl
W RhinoSweepz

Utility

% RhinoactiveCPlane

% Rhinoapp

% RhinoFitPlaneToPoinks

% RhinoPlaneThroughBo

“ RhinoProjectToPlane

% RhinoTriangulate3dPalygon
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RhUtil Divide curve

It is possible to divide a curve by number of segments or length on curve using the utility
function RhUtil.RhinoDivideCurve. This is a breakdown of function parameters:

RhinoDivideCurve: Function name.

Curve: constant curve to divide

Num: number of segments.

Len: Curve length to divide by.

False: flag to reverse curve (can be set to True or False)
True: include end point (can be set to True or False)
crv_p: list of divide points

crv_t: list off divide points parameters on curve

Divide curve by number of segments example:

0.0

2.1585447121
5_5054184123
110024752208 1]
17 2503125505
22 5461648004
26 _.T733€443637

Sub Bun3ecript (EvyvWal Curve As OncCurve, EByWal Num LAs Integer)

Dim crv_p Az MNew OnidPointlrray
Dim erv_t As MNew Arraydouble

'A utility function to divide by number or curve length
EhTTtil.RhinobivideCurve (Curve, MNuw, 0, False, True, crv_p, crv_t)

L = crv p
E Crv_t

End Sub

Divide curve by arc length example:

0.0
3.1252661524
3.155&501812
17 504350787
24 55515:8437
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Zubh Bun3cript (EvyVal Curve As Oncurwve, EBEyWal Len 4= Doukle)

Dim erv_p ALz New On3dPointlArray
Dim erv_t ALs New Arraydouble

"A utility function to divide by number or curve length
EhTtil.RhinoDbivideCurve (Curve, 0, Len, False, True, crv_p, Ccrv_t)

L = rcrv p
E Crv_t

End Sub

RhUtil Curve through points (interpolate curve)

RhinolnterpCurve: Function name.

3: curve degree

pt_array: points to create a curve through
Nothing: Start tangent.

Nothng: End tangent

0: Uniform knots

The following example takes as an input a list of On3dPoints and outputs a nurbs curve that goes
through these points.

Sub FunScript (ByWal Points As List (0f On3dPoint) )

Dim pt array iz MNew ArrayOnidPoint
Dim i As Integer

For 1 = 0 To Points.Counti(] - 1
pt_array.ippend(Pointsii))
Mext

'Create an interpolated nurbs curve
Diim crv As New OnlNurbsCurve
crv = BEhUtil.RhinoInterpCurve (3, pt array, Nothing, MNothing, 0]

If({ crv.IsValid() | Then
'3et return wlue to list
L = crv
End If
End Zub
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RhUtil Create edge surface

The input in the following example is a list of four curves and the output is an edge
surface.

154

out
Curves ‘ -

Sulh Rundcript (ByWal Curves As List (0f OnCurve] |

Dim ne listc(3) As OnMurbsCurve
For i Az Integer = 0 To 3

ne list (i) = New OnMurbsCurwve ()
Mext

' et nurbh formwm of each curve
For i Az Integer = 0 To 3

Curves (1] . GetMurbForm (ne 1ist (i) ]
MNext

' Create the edgesurface

Dim Brep Az OnBrep = |[EhUtil.RhinoCreateEdge3rfiinc_list)

A = Erep

End Sub
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3 Help

Where to find more information about Rhino DotNET SDK

There is a lot of information and samples in McNeel Wiki. Developers actively add new
material and examples to it all the time. This is great resource and you can find it here:
http://en.wiki.mcneel.com/default.aspx/McNeel/Rhino4DotNetPlugins.html

Forums and discussion groups

Rhino community is very active and supportive. Grasshopper discussion forum is a
great place to start.
http://grasshopper.rhino3d.com/

You can also post questions to the Rhino Developer Newsgroup. You can access the
developer newsgroup from McNeel’s developer’s page:
http://www.rhino3d.com/developer.htm

Debugging with Visual Studio

For more complex code that is hard to debug from within Grasshopper script component,
you can use Visual Studio Express that Microsoft provides for free or the full version of
developer studio.

Details of where to get the express visual studio and how to use it are found here:
http://en.wiki.mcneel.com/default.aspx/McNeel/DotNetExpressEditions

If you have access to the full version of Visual Studio, then it is even better. Check the
following page to help you get set up:
http://en.wiki.mcneel.com/default.aspx/McNeel/Rhino4DotNetPluglns.html

Grasshopper Scripting Samples

Grasshopper Gallery and discussion forum has many examples of scripted components
that you will probably find useful.
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