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1. Introduction

m Geant4 Visualisation must respond to
varieties of user requirements

Quick response to survey successive events
Impressive special effects for demonstration
High-quality output to prepare journal papers

Flexible camera control for debugging
geometry

Highlighting overlapping of physical volumes
Interactive picking of visualised objects
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2. Visualisable Objects (1)

m Simulation data can be visualised such as:
m Detector components
m A hierarchical structure of physical volumes

m A piece of physical volume, logical volume,
and solid

m Particle trajectories and tracking steps
m Hits of particles in detector components

m Visualisation is performed either with
commands or by writing C++ source
codes of user-action classes
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2. Visualisable Objects (2)

m YOU can also visualise other user
defined objects such as:

m A polyline, that is, a set of successive line
segments (example: coordinate axes)

m A marker which marks an arbitrary 3D
position (example: eye guides)
m [exts

e character strings for description
e comments or titles ...
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3. Visualisation Attributes

m Necessary for visualisation, but not
included in geometrical information
m Colour, visibility, forced-wireframe style, etc

m A set of visualisation attributes is held by
the class GAVi sAttri but es

m AGAVisAttri but es objectis assigned to

a visualisable object with its method
SetVisAttri butes() :

m experinental Hal | | ogi cal
-> SetVisAttributes (AVisAttributes::Invisible)
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3.1 Constructors of (4Vi sAttri but es

The following constructors are
supported by class &4Vi sAttri butes:

m AVi sAttri butes
m AVI sAttri butes
m AVIi sAttri butes
m AVIi sAttri butes

AVIi sAttri butes ()
(HAbool visibility)
(const (ACol our & col our)

(Abool visibility,
const (ACol our & col our)
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3.2 Visibility

m A boolean flag (G4bool ) to control
the visibility of objects

m Access function
m AVisAttributes::SetVisibility
(G4bool visibility)

m If fal se is given as argument, visualisation
IS skipped for objects for which this set of

visualisation attributes is assigned.
The default value of visibility is t r ue.
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3.3 Colour (1)

m Class 4Vi sAt tri but es holds its

colour entry as an instance of class
ACol our

= An equivalent class name, ACol or, is also
available

m ACol our is instantiated by giving

RGB components to its constructor:

m ACol our: : ACol our (HAdouble r = 1.0,
Adouble g = 1.0,
Adouble b = 1.0
0.0 <=r,0,b <=1.0

m The default arguments define “white” color
Geant4 Training 2003
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3.3 Colour (2)

m Access functions of
HAVi sAttri but es to set (ACol our
m Set Col our (const (ACol our & col our)

m Set Col our( Adouble r

(HAdoubl e g ,
Adoubl e b)
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3.4 Assighing 4Vi sAttributes to a
logical volume

m Class ALogi cal Vol unme holds a
pointer of G4Vi sAttri but es

m Access functions of G4Logi cal Vol une
mSetVisAttri butes (
const (AVisAttri butes* pva )
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Sample C++ Code:

-- C++ source codes: Assigning G4 VisAttributes to a logical volume

/[l Instantiation of a | ogical volune
nmyTarget Log =

new (ALogi cal Vol une( nyTar get Tube, BGO,

"TLog", 0, 0, 0);

/[l Instantiation of a set of visualization
[/ attributes wth cyan col our
AVi sAttributes * cal TubeVi sAtt =

new AVi sAttri butes(*Colour(0.,1.,1.));
/[l Set the forced wrefrane style
cal TubeVi sAtt ->Set ForceW reframe(true);
/] Assignnent of the visualization attributes
// to the | ogical volune

myTar get Log- >Set Vi sAttri but es(cal TubeVi sAtt);
Geant4 Training 2003
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4. Polyline and Marker

m Polyline and marker are
defined in the graphics_reps
category

m They are available to model 3D
scenes for visualisation
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4.1 Polyline

m A set of successive line segments
m Defined with a class (4Pol yl i ne

m Used to visualise tracking steps,
particle trajectories, coordinate
axes, etc

m (APol yl i ne is defined as a list of
G4Poi nt 3D objects. Elements of
the list define vertex positions of a
polyline.

Geant4 Training 2003 18



Sample C++ Code:

[/ -- C++ source code: An exanple of defining a |ine segnent

[/ lnstantiation
APol yl 1 ne x_axi s;

¥ Vertex positions
X_axls.append ( APoint3D ( 0., 0., 0.) );
X_axis.append ( APoint3D ( 5. * cm 0., 0.) );

¥ Col or
ACol our red ( 1.0, 0.0, 0.0 ); // color for x-axis
AVi sAttributes att ( red );
X_axis.SetVisAttributes( att );

/] -- end of C++ source code 1]
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4.2 Marker (1)

m Set a mark to an arbitrary 3D position
m Usually used to visualise hits of particles

m Desighed as a 2-dimensional primitive
with shape (square, circle, etc), color,
and special properties of
m (a) always facing the camera and
m (b) having the possibility of its size (diameter)

defined either in real 3D or 2D screen units
(pixels)
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4.2 Marker (2)

m Kinds of markers
m Square : 4ASquar e
mCircle : & Crcle
m [ext : AText

m Constructors
mACrcle (const (APoi nt 3D& pos)

m ASquare (const (APoi nt 3D& pos)
mAText (const (AString& text,
const (APoi nt 3D& pos)

Geant4 Training 2003

21



4.2 Marker (3)

m Each marker class inherits class
AVMar ker
m All access functions of AVMar ker

are available. For example,
m Set Position( const (APoi nt 3D& )
m Set Wr |l dSI ze( Adoubl e real 3d_size )

m Set ScreenSi ze( (Adoubl e 2d size pi xel )
m etcC.
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Sample C++ Code:

Detinition of a small red circle as a marker

ACrcle circle(position),;

/[l Instantiate a circle wwth its 3D position. The

/] argunment "position" is defined as (APoi nt 3D | nst ance
circle. Set ScreenD aneter (1.0);

circle.SetFillStyle (AC rcle::filled);

// NMake it a filled circle

ACol our colour(1.,0.,0.); /| Define red col or
AVi sAttributes attribs(col our);

/] Define a red visualization attribute

circle. SetVisAttributes(attribs);

/] Assign the red attribute to the circle

[/ -- end of C++ source code
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5. Visualisation Drivers

m Visualisation drivers are interfaces to
3D graphics software

®m You can select your favorite one(s)
depending on your purposes such as
m Demo
m Preparing precise figures for journal papers
m Publication of results on Web
s Debugging geometry
m Etc

Geant4 Training 2003
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5.1 Available Graphics Software

m Geant4 provides visualisation drivers:

s DAWN : Technical High-quality
PostScript output

m OPACS: Interactivity, unified GUI
m OpenGL: Quick and flexible visualisation

m Openlnventor: Interactivity, virtual
reality, etc

m RayTracer : Photo-realistic rendering
m VRML: Interactivity, 3D graphics on Web
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5.2 Available Visualisation Drivers

s DAWN

m OPENGLX
m HepRep

m OIX

m RayTracer
m VRML

m etc

- Fukui Renderer DAWN
- OpenGL with Xlib

- HepRep graphics

- Openlnventor with Xlib
- JPEG files

- VRML 1.0/2.0

Geant4 Training 2003 26



5.3 How to Use Visualisation Drivers

m Users can select/use visualisation
driver(s) by setting environmental
variables before compilation:
= setenv G4VIS_USE_DRIVERNAME 1

m Example (DAWN, OpenGLXlib, and VRML drivers):
= setenv G4VIS_USE_DAWN 1
= setenv G4VIS_USE_OPENGLX 1
= setenv G4VIS_USE_VRML 1

m Note that Geant4 library should be installed
with setting the corresponding environmental
variables G4VIS_BUILD DRIVERNAME_DRIVER
to “1” beforehand , e.qg.,
m setenv G4VIS BUILD DAWN_ DRIVER 1
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6. nai n() Function (1)

m Derive your own concrete class from
AVi sManager according to your computer

environments
m Describe the followings in the mai n() :

m Include the header file of the chosen visualisation
manager

m Instantiate and initialize the visualisation manager.
Thelnitialize() method do the initialization

m Delete the visualisation manager at the end
® You can use the C macro "AVI S _USE",

which is automatically set if you incorporate a
visualisation driver in compilation
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6. nai n() Function (2)

m A typical form of nai n( ) function :

[/ Include the header file of your
[/ visualisation nmanager

#i f def AVI S_USE
#i ncl ude “ExNO3Vi sManager. hh”

#endi f
/] Instantiate and initialize the

[/ visualisation nmanager
#i fdef AVI S_USE
AVi sManager* vi sManager = new ExNO3Vi sManager ;
vi sManager->lnitialize();
#endi f

[/ Delete the visualisation nmanager
#i fdef AVI S USE
del et e vi sManager ;

#endi f
Geant4 Training 2003
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/. Visualisation commands

m Here, we introduce some frequently-
used built-in visualisation commands

m For simplicity, we assume that the
Geant4 executable is compiled,
incorporating DAWN, OPENGLX, and
VRML drivers
msetenv AVl S USE DAWN 1
msetenv AVI S USE OPENGX 1

msetenv G4VI S USE VRM 1
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/.1 Scene, Scene Hander, Viewer

m In order to use visualisation commands,

7\

ideas of “scene”, “scene handler”, and
“viewer” must be understood.

m Scene: A set of visualizable 3D data

m Scene handler: Computer Graphics data
modeler, which uses raw data in a scene

m Viewer: Image generator
m Each scene handler is assigned to a scene
m Each viewer is assigned to a scene handler

m "visualisation driver”
= “scene_handler” + “viewer”
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/.2 Steps of Visualisation

m Step 1: Create a scene handler and a viewer
m Step 2: Create an empty scene

m Step 3: Add 3D data to the created scene

m Step 4: Attach the current scene handler
to the current scene

m Step 5: Set camera parameters, drawing
style (wireframe/surface), etc

m Step 6: Make the viewer execute
visualisation

m Step /: Declare the end of visualisation
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7.3 An Example of Visualising Detector

H HF H H

+*

| n\voke the OG.lI X dri ver:
Create a scene handl er and a vi ewer.

[ vis/open OGI X

Set canera and draw ng style

[ vis/viewer/reset

[ vis/viewer/viewoil nt ThetaPhi 70 20
[vis/viewer/set/style w refrane
Vi sual i ze of the whol e detector geonetry
The “/vis/drawol ume” create a scene, add the
world volunme to it, and | et viewer execute
vi sual I sat i on.

[ vi s/ dr awNol une

Decl are the end of visualisation

[ vis/viewer/update
Geant4 Training 2003
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/7.4 An Example of Visualizing Events

#

#
#

H #

H*+ #*

H*F #

Store particle trajactories for visualisation
[ tracking/storelrajectory

| nvoke the DAWN driver: Create a scene
handl er and a vi ewer.

/ vi s/ open DAWN

Canera setting, and draw ng style sel ection,
| f necessary ...

Create a new enpty scene
/vl s/ scene/ create

Add the world volune and trajectories to the

current scene
/ vi s/ scene/ add/ vol une
/vis/scene/add/trajectories

Let the viewer visualise the scene, and decl are

the end of visualisation

[ run/ beanOn 10
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/7.5 /vis/open Command

m Command
mldle>/vis/open <driver tag nanme>

m The “driver_tag name” is a name which shows
“driver name” + “mode”
m Action: Create a visualisation driver
m In other words, create a scene hander and a viewer

m Example: Creating the OPENGLX driver
in the immediate mode:
mldle>/vis/open OGIl X

m How to list available driver _tag name

m|ldle> help /vis/open

or
| dl e> hel p /vis/sceneHandl er/create
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/7.6 /vis/viewer/... Commands

m Commands

m Viewpoint setting:
| dl e> /vi s/viewer/viewol nt Thet aPhi
<t het a_deg> <phi deg>

m Zooming
| dl e> /vis/viewer/zoom <scal e factor>

m |nitialization of camera parameters:
| dl e> /vis/viewer/reset
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/.7 Jvis/viewer/set/style Command

m Command

mldle>/vis/viewer/set/style
<styl e nane>

m The “style_name” can be “wireframe”
or “surface”
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/.8 /vis/drawVolume and
/vis/viewer/update Commands

m Commands:

m | dle> /vis/drawol une <physi cal - vol une- nane>
(Default: world)

| dl e> /vis/viewer/update
m Note that /vi s/ vi ewer/ updat e should be
executed to declare end of visualisation.

You can add visualisation commands of, say,
coordinate axes between the two commands. For
example,

m | dl e> /vis/drawol une
| dl e> /vi s/ scene/ add/ axes <Ox> <OQy> <Qz>

<l engt h> <unit>
m |dle>/vis/viewer/update
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7.9 Commands to Visualize Events

m Commands

mldle>/tracking/storelrajectory 1
| dl e> /vis/scene/add/traj ectories
| dl e> /run/ beanOn <nunber of events>

m Action:
m Automatic visualisation of events
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Sample Visualisation (1)
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Sample Visualisation (2)
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Sample Visualisation (3)
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8. Visualisation from C++ codes

m It is also possible to perform
visualisation from the C++ code

m YOU can describe the visualisation
commands in C++ codes via the
Appl yCommand() method of the UI

manager, as for any other command:
m pUl - >Appl yCommand(“/vis/..m);

m Or you can use Draw() methods of
visualizable classes
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43



O. Exercises

m Read and execute sample
visualisation macros for
examples/novice/N03
m The macro files are “"exN0O3VisX.mac”,

where X=0,1,2,...

m Explanation of macros is all described
in the macro files as comment lines

Geant4 Training 2003
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10. Information

m Geant4 User Guide (and source codes)

m README file:
m geantd/source/visualisation/README

m On-line documentation on Geant4 visualisation

m http://cern.ch/geant4/G4UsersDocuments/UsersGuides/
ForApplicationDeveloper/html/Visualization
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1. Select (G)UI (1)

m In the mai n(), according to the computer
environments, construct a 4Ul sessi on

concrete class provided by Geant4 and
invoke its sessi onStart () method.

m Example:
m (AUl sessi on* sessi on=0;
| f (argc==1)
[/ Define U session for interactive node.

{
[l AU termnal is a (dunb) term nal

session = new AU term nal ;
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1. Select (G)UI (2)

m Geant4 provides the following interfaces for
various (G)UI:
m AUl t erm nal : C-shell like character terminal

m AUl t csh: tcsh-like character terminal with
command completion, history, etc

m AUl GAG: Java based GUI

s AU Xm: Motif-based GUI, command completion,
etc

m Note for AUl t csh:

m Use AUt er m nal with argument (4Ul t csh* :
session = new AU term nal (new AU tcsh);

Geant4 Training 2003 48



2. Environmental Variables

m Users can select and plug in (G)UI by
setting environmental variables before

compilation
e setenv AUl USE GU NAME
m Example:
e setenv AUl _USE TERM NAL 1
e setenv AU _USE GAG 1
e setenv AU USE XM 1

m Note that Geant4 library should be installed
with setting the corresponding environmental
variable G4vI S BU LD GUI NAVE SESSI ON

to “1” beforehand
Geant4 Training 2003
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3. Useful GUI Tools Released by
Geant4 Developers

B GGE: Geometry editor based on Java GUI
m http://erpcl.naruto-u.ac.jp/~geant4

m GPE: Physics editor based on Java GUI
m http://erpcl.naruto-u.ac.jp/~geant4

m OpenScientist: Interactive environment
m http://www.lal.in2p3.fr/OpenScientist
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1. Volume-Overlapping
Detection with DAVID (1)

m DAVID (DAWN-based Visual Volume
Intersection Debugger)

s Automatically detects and highlights
overlapping volumes

e Precise visualization with DAWN
e Interactive visualisation with VRML

s DAVID also generates log files describing
detailed information on the detected overlaps

m Info & source:
e http://geant4.kek.jp/~tanaka
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1. Volume-Overlapping
Detection with DAVID (2)

m Usage of DAVID

m Switch the viewer of the DAWNFILE driver
from renderer DAWN (default) to DAVID.
e setenv ADAVWNFI LE VI EVEER davi d

m Then visualize volumes as usual with the
DAWNFILE driver

m Overlapping volumes (if any) are visualized

e The view is stored in files g4davi d. pri m
(DAWN format) and g4davi d. eps

(PostScript format)
e Log file: g4davi d. | og
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1. Volume-Overlapping
Detection with DAVID (3)

m Sample visualisation
with overlapping
volumes highlighted
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1. Volume-Overlapping
Detection with DAVID (4)

m Log file format
m PhysVol Nane. CopyNo Shape |1 ne_num

m The “line_num?” is the line number of the
overlapping volume in the DAWN-fomat file
“g4.prim file” generated by Geant4

m Sample log file :

NN INTERSECTED VOLUMES !l
caloPhys.O: Tubs: line 17
caloPhys.1: Tubs: line 25
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1. Volume-Overlapping
Dection with DAVID (5)

m If no overlaps are detected,
DAVID displays the following
message:

I Number of intersected volumes ;: 0 !l
Il Congratulations ! \(*o”)/ !l
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2. DTREE:Visualising Detector
Geometry Tree (1)

m DTREE is the function to visualise
detector-geometry tree.

Selection of outputs:
m ASCII-text format

s GAG-window

= XML file

m How to display a tree:

m ldle> /vis/drawlree | XXXTree
(XXX = ATree, GAGIree, XM.Tree, etc)
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2. DTREE:Visualising Detector
Geometry Tree (2)

m How to display a tree:
mldle> /vis/drawlree | XXXTr ee

B XXX = ATree, GAGTree, XMLTree, etc
m Detail level is controlled with the

“verbose” command:
m /Vis/XXXTree/verbose n
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2. DTREE:Visualising Detector
Geometry Tree (3-1)

m ASCII Tree (ATree) : verbose level 0 (default)

Format: PV name + copy number

World
"Calorimeter", copy no. 0
"Layer", copy no. -1 (10 replicas)
"Absorber", copy no. 0
"Gap", copy no. 0
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2. DTREE:Visualising Detector
Geometry Tree (3-2)

m ASCII Tree (ATree) : verbose level 1

Format: PV name + copy number + LV name

"World", copy no. 0, belongs to logical volume "World"
"Calorimeter", copy no. 0, belongs to logical volume "Calorimeter"
"Layer", copy no. -1, belongs to logical volume "Layer" (10 replicas)
"Absorber", copy no. 0, belongs to logical volume "Absorber"
"Gap", copy no. 0, belongs to logical volume "Gap"
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2. DTREE:Visualising Detector
Geometry Tree (3-3)

m ASCII Tree (ATree) : verbose level 2

Format: PV name + copy number + LV name
+ solid name + solid type

"World", copy no. 0, belongs to logical volume "World" and is composed of solid "World" of type "G4Box"
"Calorimeter", copy no. 0, belongs to logical volume "Calorimeter" and is composed of solid "Calorimeter" of type "G4Box"
"Layer", copy no. -1, belongs to logical volume "Layer" and is composed of solid "Layer" of type "G4Box" (10 replicas)
"Absorber", copy no. 0, belongs to logical volume "Absorber" and is composed of solid "Absorber" of type "G4Box"
"Gap", copy no. 0, belongs to logical volume "Gap" and is composed of solid "Gap" of type "G4Box"
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2. DTREE:Visualising Detector
Geometry Tree (3-4)

m ASCII Tree (ATree) : verbose level 10

Format: PV name + copy number (replicas etc. expanded)

"World", copy no. 0
"Calorimeter", copy no. 0

"Layer", copy no. -1
"Absorber", copy no. 0
"Gap", copy no. 0 "Layer", copy no. -1

"Layer", copy no. -1
"Absorber", copy no. 0
"Gap", copy no. 0 "Layer", copy no. -1
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2. DTREE:Visualising Detector
Geometry Tree (4)

m GAG
Tree

File

nins

e
| 2|
Tl | T
| 2| DIE |
gl 4|
A = e

Geant4 History Help [ Log to_File |y to_Terminal [ JAS

G calor
@ CIvis
[y enable
[ disable
[y verbose
[y drawTree
[y drawVolume
[y drawView
[y onen
[ specify
@ ] A3CIITree
@ [JGAGTree
[y verbose
® [ scene
@ ] sceneHandler
@ [ viewer
@ [ carmnera
fim TS claar

a

|| /vis/GAGTree/verbose 10

/visiopen

[The acene handler lecomescurrent.
[The acene handler name is auto-generated.
[The 2nd parameter is the window size hint.

/visfopen [<graphics-svstenr name:=] [<pixels=-]
[For this graphics system, creates a scene handler ready for drawing

exampleND 3 in Idle

-aphic s gystem-name||GAGTrea 6]
r( pixel 600 D)
= DTREE
9 exampleNO3
@ JWworld.0.0
® [JCalerimeter.0.1
o LqLaver 12 \rrent || Clear || Esecute
[yabsorber.0.3
[y Gap.04 T PV LIE0IE JEa% PO e or

& layer.-1.5

@ [Jlayer.-1.8
[yabsorher.0.9
[y Gap.0.10

@ Jlayer.-1.11

@ [Jlayer.-1.14
[y Absorber.0.15
[y Gap.0.16

© layer -1.17

@ [Llaver.-1.20

@ [Jlayer.-1.23
[yAbsorber.0.24
[y Gap.0.25

© layer.-1.28

@ [JLlaver.-1.29

] J12T40 B1E /S
5 1525116 52% fhome
2 TIIF20 ETE fuin

% v s kerm
g ?| % viewer-0 ..

% kterm IQ, kterm b GAG 0RE
% DTREE |44 The GIMP Pl
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2. DTREE:Visualising Detector
Geometry Tree (5-1)

m XML
Tree

Bl B Yen Tecn Tl

Help

=10 %]

D|S|E] = $|5(2| d 26 «|=]«]+]+] == €

For Help, pres= F1

_ Structure | | Values
=™ Warld
..... % copy o 1]
@ logical_volume Wiorld
- @ zolid_name Wiorid
..... % =olid tvpe Gd Box
=23 Calorimeter
@ copy_no 0
e @ logical_volume Calorimeter
----- & zolidname Calorimeter
..... % =olid tvpe GdBox
=23 Layer
- @ copy_no -1
----- % logical_valume Laver
@ solid name Layer
..... & zolid_tvpe 54 Box
-3 Absorber
= ER
..... & copy no 0
----- @ logical valume Gap
@ solidname Giap
@ zolid_type G4 Biox
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2. DTREE:Visualising Detector
Geometry Tree (5-2)

m XML
Tree
(find)

£l Output = XML Motepad
File Edit Aiew Ihzert Toolz Help

=101 x|

D| [ ﬂIJ%I'iIIEI_I Bls5| | [+[*]+]-[F=E &

Structure Walues
== World
..... [ ] capy_ o a
----- % logical_volume Wior Id
..... & =olid_name Wiar|d
e @ solid_type G4 Box
E-Z3 Calorimetsr
& copy no 0
- @ logical volume Calorimeter
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PART 4

Geant4
AIDA & analysis
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2. Interfacing to Geant4

m AIDA (Abstract Interfaces for Data
Analysis) can be used in Geant4 by
selecting the environmental variable
AANALYSI S USE
m Requires AIDA headers installed in the system
m Requires an AIDA compliant tool for analysis

m Tools for analysis compliant with AIDA
interfaces currently are:

= Anaphe
m JAS (Java Analysis Studio)
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3. References ...

m AIDA
m http://aida.freehep.org

m Anaphe
m http://cern.ch/anaphe/

m JAS (Java Analysis Studio)
m http://jas.freehep.org

m Open Scientist Lab
m http://www.lal.in2p3.fr/OpenScientist
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