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Advanced geometry

Transformations and modular geometries



In this lecture

• Roto-translation transformations

• ROT-DEFIni card

• Geometry directives

• translat

• transform

• expansion

• Additional card related to a transformation

• ROTPRBIN card

• Tips for building a modular geometry
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The ROT-DEFI card
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ROT-DEFIni card – Introduction 
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The ROT-DEFIni card defines roto-translations that can be applied to:

• Bodies:

To move and rotate geometry

• USRBIN and EVENTBIN cards (see ROTPRBIN card later)

To move and rotate scorings

• LATTICE (not covered here)
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ROT-DEFIni card – Definition 

Geometry - Advanced

Axis: rotation with respect to axis

Id: transformation index

If set to 0, then Id is automatically assigned

Name: transformation name

Optional but recommended for easy referencing

Polar: polar angle of the rotation Rpol (0 ≤  ≤ 180 degrees)

Azm: azimuthal angle of the rotation Razm (-180 ≤  ≤ 180 degrees) [clockwise]

Δx, Δy, Δz: offset for the translation T
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ROT-DEFIni card – Definition 
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In a ROT-DEFI, the transformation is defined as  Xnew = Rpol()  Razm()  (Xold + T)

The order of translation / rotation is relevant. They are not commutative!

The rotations are always performed around the origin of the coordinate system

It is preferable to define rotations through the azimuthal angle

The convention used in the rotation matrices is available in the manual

See: Section 7 – ROT-DEFIni – Note 4

3.                  2.                   1.



ROT-DEFIni card – Example

• Example:

Rotating a body located away from the origin of the coordinate system
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ROT-DEFIni card – Example
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ROT-DEFIni card – Example
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ROT-DEFIni card – Example
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ROT-DEFIni card – Example
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ROT-DEFIni card – “Chaining”
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• It is possible to “chain” multiple ROT-DEFIni cards as a single transformation

• The Name (or Id) on the “chained” ROT-DEFIni cards has to be the same

• The ROT-DEFIni cards are applied from top to bottom

• The inverse transformation is also accessible with a minus sign (“-”) before the 

name or Id number

1.

2.



Geometry directives
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Geometry directives

• Special commands enclosing a body (or a list of bodies) definition:

$start_xxx

...

$end_xxx

• Where “xxx” stands for “translat”, “transform” or “expansion”

• The directive is applied to the list of the bodies embedded between the starting and 

the ending directive lines
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Directives in geometry: translation

$start_translat

...

$end_translat

provides a coordinate translation (dx, dy, dz) 

for all bodies embedded within the directive
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Directives in geometry: transform
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$start_transform

...

$end_transform

applies a roto-translation (pre-defined via ROT-DEFI) 

to all bodies embedded within the directive

(Δz, Δy)



Directives in geometry: expansion

$start_expansion

...

$end_expansion

provides a coordinate expansion (or reduction) 

of the body dimensions by a defined scaling 

factor (f), for all bodies included in the directive

Geometry - Advanced 19

y

z



Directives in geometry: warnings

• $start_expansion and $start_translat are applied at intialisation
→ no CPU penalty

$start_transform is applied runtime
→ some CPU penalty

• One can nest the different directives (at most one per type) but, no matter the input order, 
the adopted sequence is always the following:

$start_transform

$start_translat

$start_expansion

...

$end_expansion

$end_translat

$end_transform
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The ROTPRBIN card
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The ROTPRBIN card

• Consider the following problem:

• Pencil beam impinging on a cylindrical target

• Using the R-Φ-Z USRBIN scoring, for symmetry

• The beam is rotated by 30 around the y axis

• Solution: ROTPRBIN card

• Allows to apply a roto-translation transformation (ROT-DEFIni cards)

to USRBIN or EVENTBIN scorings

• It is important to note, that on the ROTPRBIN card the “inverse” transformation must be used,

i.e., it is not the scoring mesh that is transformed, but the transformation is applied to the scoring 

location, bringing it to the location of the mesh
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The ROTPRBIN card
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• Example:



Pausa
Voltamos em 15 minutos



Building modular geometries
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Bounding box

In the geometry lectures we saw that defining the “VOID” around objects can be quite difficult
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Complex object Complex “VOID”

Adding a new object

requires redefining

the “VOID”

Solution: the Bounding Box

Good practice: use a finite body (RPP, RCC, etc.) as a container for the whole object 

Easy to add



Bounding box
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Only the Bounding Boxes have to be subtracted from the surrounding regions



Object location

• It is always easier to build an object around the origin:

• It makes possible to use measurements from technical drawings directly

• The final object can be translated / rotated into its final position with geometry directives
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Naming conventions

• If multiple people are working on a complex geometry (multiple experimental halls 

and beamlines) it could happen that a body or region name is used twice, which 

leads to geometry errors

• Solution: agree on a naming convention, e.g. set prefixes for each object

• For example:

Geometry - Advanced 28

• 1st character: Beamline

• 2nd character: Object type

• 3rd character: Object number

• 4th-8th character: Free



• It is possible to specify values using expressions

• Possible to make parametric runs

• Fields starting with “=“ will be evaluated by flair, e.g.:

BEAMPOS     x: =2+10*length

• Expressions are stored in the .flair file

• Expressions are also stored in the .inp file as comments, e.g.:

!@what.1=2+10*length

• The cards in the .inp file contain the evaluated values

Do not change by hand, they will be overwritten by flair!!!

Input editor: expressions
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• See manual F3.6} for details

• Useful predefined quantities

• Units, e.g.: MeV, mm, ms… (warning: only threated as conversion factors)

• Constants: fwhm, c, qe…

• Particle masses: Mp, Me…

• All common mathematical functions: sin(x), cos(x), exp(x)…

• Some physics functions

• Card reference functions

• what(n)

• body(name,what)

• card(tag,sdum/id, what)

Input editor: expressions
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• Arrow

• Provides basic drawing/pointing means

• Can be used as snapping point

• Ruler (simple or angle)

• Used to measure distances and angles

• Can be used as snapping point

• Used to project snapping point to different locations

Objects

Flair Intermediate 20

• Point

• Light

• Camera

• Spline



• Light

• Light source to illuminate 3D rendering

• More lights can be defined

• Point

• Can be used as snapping point

• Automatically generated after image calibration

• Allows to add text on the viewport

Objects
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• Camera

• Used to create movies

• Can move along a spline

• Spline

• Creates a cardinal cubic time-spline path for a set of nodes (closed or open)

• Used to define the path of moving objects (e.g. camera)

Objects
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Geometry Editor: movie creation

Steps

1. Create a spline path

Object  Spline

2. Create a camera

Object  Camera

3. Link the Camera with the Spline

4. Adjust the spline keyframes in time

(EU: 1s=24 frames USA: 29.97)

• Either manually in the Input editor

• or with the use of the keyframe

5. Adjust the # of frames in the keyframe

6. Customize a 3D layer for the rendering

7. View the camera from on viewport

8. Open the Movie tool
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Geometry Editor: movie creation

Steps

1. Create a spline path
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Linking, assigns a spline interpolation function

to the camera position wrt the parameter “frame”

A motion can be performed with any function of frame



Geometry Editor: movie creation
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Geometry Editor: movie creation
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Geometry Editor: movie creation
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• Advanced topic

• Allows to calculate the dose incurred due to interventions in activated areas

• Takes into account time to perform work and time for movement

Planner

Flair Intermediate 31



Summary

• The ROT-DEFI card defines roto-translations

• Geometry directives (inside the geometry input) manipulate bodies
• $start_translat $end_translat

$start_transform $end_transform

$start_expansion $end_expansion

• The ROTPRBIN card sets the correspondence between a roto-translation 

transformation and selected USRBIN and EVENTBIN scorings

• Tips on how to more easily build complex geometries
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Tarefa

Rotacionar um corpo e pegar a dose de fótons nele.
1. Criar uma nova simulação padrão "basic"

2. Rotacionar o "target" de forma que a quina dele seja 
atingida pelo feixe

3. Transladar ele para a posição 20 cm

4. Adicionar um detector de dose com filtro de fótons.
Rotacione ele de forma que que case com a posição do 
cilindro

Definições e dicas sugeridas:
1. Feixe de fótons com 40 MeV

2. O ângulo perfeito do cilindro pode ser dado por:
arctan( diâmetro / comprimento)

Extra: Faça um clipe do seu alvo
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