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PART IV
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Optimisation technigque & Advanced features



Detector Description
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Debugging tools



Smart voxels

B For each mother volume

B a one-dimensional virtual division is performed
« the virtual division is along a chosen axis
« the axis is chosen by using an heuristic

B Subdivisions (slices) containing same volumes are gathered
iInto one

B Subdivisions containing many volumes are refined

e applying a virtual division again using a second Cartesian axis
e the third axis can be used for a further refinement, in case

B Smart voxels are computed at initialisation time
B When the detector geometry is closed
B Do not require large memory or computing resources
B At tracking time, searching is done in a hierarchy of virtual

AT
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Detector description tuning

B Some geometry topologies may require ‘special’
tuning for ideal and efficient optimisation

B for example: a dense nucleus of volumes included in
very large mother volume

B Granularity of voxelisation can be explicitly set
B Methods Set/ Get Smartl ess() from G4Logi cal Vol une

B Critical regions for optimisation can be detected

B Helper class Gismart Voxel st at for monitoring time spent in
detector geometry optimisation

e Automatically activated if /run/ ver bose greater than 1

Per cent Menor y Heads Nodes Poi nters Total CPU Vol unme
91.70 1k 1 50 50 0.00 Cal ori meter
8. 30 Ok il 3 4 0. 00 Layer
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Visualising voxel structure

B The computed voxel structure can be visualized
with the final detector geometry

M Helper class &br awoxel s

M Visualize voxels given a logical volume
o (ADrawNoxel s:: Drawoxel s(const (ALogi cal Vol une*)

B Allows setting of visualization attributes for

voxels
e (ADrawVoxel s: : Set Voxel sVi sAttri butes(..)

B useful for debugging purposes

B Can also be done through a visualization
command at run-time:

* /vis/scene/add/ | ogi cal Vol une <I ogi cal - vol une- nane> [ <dept h>]
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Customising optimisation

B Detector regions may be excluded from
optimisation (ex. for debug purposes)

B Optional argument in constructor of &Logi cal Vol une Or

through provided set methods
o Setptimsation/lsToOpti m se()

B Optimisation is turned on by default
B Optimisation for parameterised volumes can be
chosen

B Along one single Cartesian axis
e Specifying the axis in the constructor for GPvPar anet eri sed

B Using 3D voxelisation along the 3 Cartesian axes
e Specifying in kUndef i ned in the constructor for ;pPvPar anet eri sed

G.Cosmo, Detector Description - CERN, November 2002



_ 1By
Grouping volumes Lyl

m To represent a regular pattern of positioned
volumes, composing a more or less complex
structure

m Structures which are hard to describe with simple
replicas or parameterised volumes

m Structures which may consist of different shapes

m Assembly volume
m acts as an envelope for its daughter volumes
m Its role is over once its logical volume has been placed

m daughter physical volumes become independent copies
In the final structure
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G4AssemblyVolume

HAAssenbl yVol ume( (ALogi cal Vol une* vol une,
GAThreeVect or & transl ation,
ARot ati onMatri x* rotation);

m Helper class to combine logical volumes in arbitrary way

m Participating logical volumes are treated as triplets
e |ogical volume, translation, rotation
m Imprints of the assembly volume are made inside a mother
logical volume through G4Assenbl yVol une: : Makel nprint (..)
m Each physical volume name is generated automatically
e Format: av. WAV i npr XXX YYY_ ZZZ
« WWV— assembly volume instance number
¢ XXX — assembly volume imprint number

* YYY — name of the placed logical volume in the assembly
« ZZZ — index of the associated logical volume

m Generated physical volumes (and related transformations)
are automatically managed (creation and destruction)
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Assembly of volumes:
example -1

/1l Define a plate

AVSol i d* Pl ateBox = new ABox( "Pl ateBox", plateX/ 2., plateY/ 2., platezZ/ 2. );

(ALogi cal Vol une* pl atelLV = new G4Logi cal Vol une( Pl at eBox, Pb, "Pl atelLV',
/'l Define one |ayer as one assenbly vol une
HAAssenbl yVol ume* assenbl yDet ect or = new AAssenbl yVol une() ;
/'l Rotation and translation of a plate inside the assenbly
HARot ati onMatri x Ra; GAThreeVector Ta;
// Rotation of the assenbly inside the world
(ARot ati onMatri x Rm
/[l Fill the assenbly by the plates
Ta.set X( caloX/4. ); Ta.setY( caloY/4. ); Ta.setZ( 0. );
assenbl yDet ect or- >AddPl acedVol unme( pl ateLV, ATransfornBD(Ta, Ra) );
Ta.set X( -1*caloX/4. ); Ta.setY( caloY/4. ); Ta.setZ( 0. );
assenbl yDet ect or- >AddPl acedVol unme( pl ateLV, GATransfornB8D(Ta, Ra) );
Ta.set X( -1*caloX/4. ); Ta.setY( -1*caloY/4. ); Ta.setZ( 0. );
assenbl yDet ect or- >AddPl acedVol une( pl ateLV, ATransfornB8D(Ta, Ra) );
Ta.set X( caloX/4. ); Ta.setY( -1*caloY/4. ); Ta.setZ( 0. );
assenbl yDet ect or- >AddPl acedVol unme( pl ateLV, ATransfornB8D(Ta, Ra) );
/[l Now instantiate the | ayers
for( unsigned int i =0; i < layers; i++ ) {
/1l Translation of the assenbly inside the world
AThreeVector Tm( 0,0,i*(calozZ + cal oCal oOfset) - firstCal oPos );
assenbl yDet ect or ->Makel nprint( worl dLV, GATransfornB8D(Tm Rm) );
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Assembly of volumes:
example -2

AN
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Reflecting solids

m ARefl ectedSol i d

m utility class representing a solid shifted from its
original reference frame to a new reflected one

m the reflection (G4Refl ect [ X/ Y/ Z] 3D) Is applied as a
decomposition into rotation and translation
m ARefl ectionFactory

m Singleton object using G4Ref | ect edSol i d for
generating placements of reflected volumes

m Reflections can be applied to CSG and specific
solids
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Reflecting hierarchies of volumes - 1

ARef |l ecti onFactory:: Pl ace(..)

m  Used for normal placements:
i. Performs the transformation decomposition
ii. Generates a new reflected solid and logical volume
Retrieves it from a map if the reflected object is already created

iii. Transforms any daughter and places them in the given
mother

iv. Returns a pair of physical volumes, the second being a
placement in the reflected mother
APhysi cal Vol unesPai r

Pl ace(const ATransfornB8D& transfornBD, // the transfornmation

const (AString& nane, /] the actual nanme
ALogi cal Vol une* LV, /'l the |ogical volune
ALogi cal Vol une* not her LV, // the nother vol une
Abool noBool , /'l currently unused
A nt copyNo) /'l optional copy nunber
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Reflecting hierarchies of volumes - 2

ARef | ecti onFactory:: Replicate(..)
m Creates replicas in the given mother volume

m Returns a pair of physical volumes, the second being a
replica in the reflected mother

APhysi cal Vol unesPai r

Repl i cate(const (AString& nane, /'l the actual nane
(ALogi cal Vol ume* LV, /'l the |ogical volune
ALogi cal Vol une* notherLV, [/ the nother vol une
Eaxi s axi s /] axis of replication
i nt replicaNo // nunber of replicas
i nt wi dt h, [/ width of single replica
i nt offset=0) // optional nother offset
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User defined solids

m All solids should derive from &VvSol i d and
Implement its abstract interface

m Will guarantee the solid is treated as any other
solid predefined in the kernel

m Basic functionalities required for a solid
m Compute distances to/from the shape
m Detect If a point is inside the shape

m Compute the surface normal to the shape at a
given point

m Compute the extent of the shape

m Provide few visualization/graphics utilities
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What a solid should reply to...- 1

El nsi de | nsi de(const (AThreeVector& p) const;

m Should return, considering a predefined tolerance:

= kQutside - if the point at offset p is outside the shapes boundaries
m kSurface - if the point is close less than Tol er ance/ 2 from the surface
m klnside - if the point is inside the shape boundaries

AThreeVect or SurfaceNormal (const GAThreeVector & p) const;

m Should return the outwards pointing unit normal of the shape for
the surface closest to the point at offset p.
Adoubl e D stanceTol n(const GAThr eeVector & p,
const (AThreeVector & v) const;

m Should return the distance along the normalized vector v to the
shape from the point at offset p. If there is no intersection,
returns ki nfinity. The first intersection resulting from ‘leaving’ a
surface/volume is discarded. Hence, it is tolerant of points on the
surface of the shape
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What a solid should reply to...- 2

HAdoubl e D stanceTol n(const GAThreeVector & p) const;

m Calculates the distance to the nearest surface of a shape from an
outside point p. The distance can be an underestimate

Adoubl e D stanceToQut (const GAThreeVector & p,
const AThreeVector & v,
const (Abool cal cNor nmef al se,
bool * val i dNor m=0,
AThreeVect or* n=0) const;

m Returns the distance along the normalised vector v to the shape,
from a point at an offset p inside or on the surface of the shape.
Intersections with surfaces, when the point is less than Tol er ance/ 2
from a surface must be ignored. If cal cNor mis true, then it must also
set val i dNor mto either:

s True - if the solid lies entirely behind or on the exiting surface. Then it
must set n to the outwards normal vector (the Magnitude of the vector is

not defined)
m Fal se - if the solid does not lie entirely behind or on the exiting surface

Adoubl e D stanceToQut (const (AThreeVector& p) const;

m Calculates the distance to the nearest surface of a shape from an inside point
p. The distance can be an underestimate
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Solid: more functions...

AAbool Cal cul at eExt ent (const EAXi s pAXi s,
const AVoxel Limts& pVoxel Limt,
const AAffineTransforn& pTransform
GAdoubl e& pM n, GAdoubl e& pMax) const;

m Calculates the minimum and maximum extent of the solid, when under

the specified transform, and within the specified limits. If the solid is not
intersected by the region, return f al se, else return true

Member functions for the purpose of visualization:

voi d Descri beYoursel f To (AVG aphi csScene& scene) const;

m “double dispatch” function which identifies the solid to the
graphics scene

AVi sExtent CGet Extent () const;

m Provides extent (bounding box) as possible hint to the graphics
view
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Interface to CAD systems

Models imported from CAD systems can describe
the solid geometry of detectors made by large
number of elements with the greatest accuracy
and detail

m A solid model contains the purely geometrical data
representing the solids and their position in a given
reference frame

Solid descriptions of detector models can be
Imported from CAD systems

m e.g. Katia & Pro/Engineer
e using STEP AP203 compliant protocol

Tracking in BREP solids created through CAD
systems Is supported
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How to import CAD geometries

m Detector geometry description should be
modularized
m By sub-detector and sub-detector components
m Each component in a separate STEP file

m (AAssenbl yCreat or and &Assenbl y classes from the
STEPIinterface module should be used to read a
STEP file generated by a CAD system and create
the assembled geometry in Geant4

m Geometry is generated and described through BREP
shapes

m Geometry modules for each component are assembled
In the user code
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Importing STEP models:
example -1

HAAssenbl yCreat or MYAC("tracker.stp");
/| Associate a creator to a given STEP file.
My AC. ReadSt epFi | e();
/|l Reads the STEP file.
STEPentity* ent =0;
/'l No predefined STEP entity in this exanple.
[/ A dummy pointer is used.
MyAC. Creat eAGeonetry(*ent);
/| Generates GEANT4 geonetry obj ects.

void *pl = MAC. GetCreatedObject();

/Il Retrieve vector of placed entities.
HAAssenbl y* assenbly = new AAssenbl y();

/'l An assenbly is an aggregation of placed entities.
assenbl y- >Set Pl acedVect or (*( 4Pl acedVect or *) pl ) ;

[l Initialise the assenbly.
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Importing STEP models:

example - 2

Aint solids = assenbl y->CGet Nunber OF Sol i ds() ;

/] Get the total nunber of solids anong all entities.
for(Aint c¢c=0; c<solids; c++)

/| Generate |ogical volunes and pl acenents for each solid.

ps = assenbl y->Get Pl acedSol i d(c) ;
ALogi cal Vol une* |lv =

new ALogi cal Vol une(ps->Get Solid(), Lead, "STEPI og");
HARot ationMatri x* hr = ps->Cet Rot ation();
GAThreeVector* tr = ps->Cet Transl ation();
AAVPhysi cal Vol une* pv =

new APVPI acenent (hr, *tr, ps->CGetSolid()->GetNane(),

| v, experinental Hall _phys, false, c);
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GGE (Graphical Geometry Editor)

m Implemented in JAVA, GGE is a graphical
geometry editor compliant to Geant4. It allows
1o:

m Describe a detector geometry including:
e materials, solids, logical volumes, placements

m Graphically visualize the detector geometry using a
Geant4 supported visualization system, e.g. DAWN

m Store persistently the detector description
m Generate the C++ code according to the Geant4
specifications
m GGE can be downloaded from Web as a separate

tool:
http://erpcl. naruto-u. ac. j p/ ~geant 4/
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Visualizing detector geometry tree

m Built-in commands defined to display
the hierarchical geometry tree
m As simple ASCII text structure
m Graphical through GUI (combined with GAG)
m As XML exportable format

m Implemented in the visualization module
m As an additional graphics driver

m G3 DTREE capabilities provided and more
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Blother Yoluime

Debugging e [F T
geometries | | | |

An overlapping volume is a contained volume which
actually protrudes from its mother volume

m Volumes are also often positioned in a same volume with the
intent of not provoking intersections between themselves.
When volumes in a common mother actually intersect
themselves are defined as overlapping

Geant4 does not allow for malformed geometries

The problem of detecting overlaps between volumes is
bounded by the complexity of the solid models description

Utilities are provided for detecting wrong positioning
m Graphical tools
m Kernel run-time commands
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Debugging tools: DAVID

m DAVID is a graphical debugging tool for

detecting potential intersections of volumes

m Accuracy of the graphical representation can
be tuned to the exact geometrical
description. :

m physical—volu_me surfaces are automatically g i||||||i |||||
decomposed into 3D polygons : | B B |||||||||
= intersections of the generated polygons are =

parsed.

m |If a polygon intersects with another one, the
physical volumes associated to these polygons
are highlighted in color (red is the default).

m DAVID can be downloaded from the Web as
external tool for Geant4
m http://geant4.kek.jp/GEANT4/vis/DAWN/About DAVID.html
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Debugging run-time commands

m Built-in run-time commands to activate verification tests
for the user geometry are defined
geonetry/test/run Or geonetry/test/grid test

» to start verification of geometry for overlapping regions based on
a standard grid setup, limited to the first depth level
geonetry/test/recursive test

» applies the grid test to all depth levels (may require CPU time!)
geonetry/test/cylinder test

» shoots lines according to a cylindrical pattern
geonetry/test/|line_ test

» to shoot a line along a specified direction and position
geonetry/test/ position

» to specify position for the | i ne_t est
geonetry/test/direction

» to specify direction for the | i ne_t est
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Debugging run-time commands - 2

B Example layout:

Geonlfest : no daughter vol une extendi ng outsi de nother detected.
GeonTest Error: Overl appi ng daughter vol unes
The vol unmes Tracker[0] and Overl ap[O0],
bot h daughters of volume World[ 0],
appear to overlap at the follow ng points in global coordinates: (list truncated)

length (cm  ----- start position (cm) ----- ----- end position (cm -----
240 -240 -145.5 -145.5 0 -145. 5 -145.5
VWi ch in the nother coordi nate system are:
Rehdi il AU R R BB ¥ startl posuti arR(ECmU-E 3-8 8 321 end position (cm) -----

Whi ch in the coordinate system of Tracker[O0] are:
length (cm)  ----- start position (cm ----- ----- end position (cm -----

Whi ch in the coordinate system of Overl ap[0] are:
length (cm  ----- start position (cm ----- ----- end position (cm -----
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Debugging tools: OLAP

m Uses tracking of neutral particles to
verify boundary crossing in opposite
directions

m Stand-alone batch application
m Provided as extended example

m Can be combined with a graphical
environment and GUI (ex. Qt library)

m Integrated in the CMS Iguana Framework
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Debugging tools: OLAP

graphical indication of Geantd4 Macro:
detected overlaps

/vis/scene/create
/vis/sceneHandler/create VRML2FILE
/vig/viewer/create

/olap/goto ECalEnd

/olap/grid 7 7 7

/olap/trigger

/vis/viewer/update

S VRMLicw P [ydant] i ] ) o E

Elle  Ylaw ZpecislF

Output:

delta=55.3416

vol 1: point=(560.513,1503.21,-141.4)

vol 2: point=(560.513,1443.86,-141.4)

A -> B:

[0]: ine=[2] PVName=[NewWorld:(0] Type=[N]

[1]: in==[0] PVName=[ECalEndcap:0] Type=[N]
[2]: ine=[1] PVName=[ECalEndcap07:38] Type=[N]

P e Eemeall B Byl Uil | Seess

[ Reaniy

B -= A:
red: mother [0]: ins=[2] PVName=[NewWorld:0] Type=[N]

blue: daughters

daughters are protruding their mother avigationHistories of points of overlap
(including: info about translation, rotation, solid specs)
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