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Overview

It presents the "user” components and tools of the QtRoot
layer to facilitate:

. I_(:breation the Qt-based ROOT application and shared
ibrary;

the ROOT-based Qt-application;

using QT GUI "designer" and Qt "project file";
generating the class HTML documentation of the
Qt/Root-based user classes;

ROOQOT-based and stand-alone QtRoot layer installation;

embedding 2D and 3D Qt widgets rendering the ROOT
graphical objects.

The list of the features, achievements and problems along
with the "ToDo" list are present also.
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TGOt — Qt-based implementation
of TVirutalX

Qt-ROOT implementation of TVirtualX (Qt-layer) is to
provide a convenient way of creating the complex end-user
applications those require both Qt GUI and ROOT features.

The primary goal is to allow “embedding” the ROOT classes
like TCanvas and TPad into the arbitrary Qt widgets and
using it seamlessly with other Qt-based components and Qt-
based third party libraries.

TGQt ROQOT class, a Qt-based implementation of TVirtualX
interface is an optional ROOT component. The
Implementation was developed and is supported by STAR
collaboration at Brookhaven National Laboratory.

The history of the project and the QtRoot technical
Implementation details were present at ACAT 2002

(Moscow) and ACAT 2003 (Tsukuba).
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“Spitted” repository

At the moment the project is “splitted” by two separate
CVS Repository: “Qt layer” and “Qt Extension”

* The full version that “Qt-layer” + “Qt Extension” Is
available from BNL CVS Repository

— CVSROOT :pserver:cvsuser@cvs.bnl.gov:/date01/CVS
— Web (STAR). http://root.bnl.gov
— Mail list: qt-root-l@lists.bnl.gov

 The “Qt-layer” is a part of the official ROOT
repository. See: http://root.cern.ch
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Two QtRoot end-user “use cases”

{ LSS COEE } BNL CVS Repository

( TCanvas/TPad \ [ TQtWidget j fl'QtGLViewerWidget}

i \ ;
TVirtualX | Qwidget | | QGLViewer |

s h I

TGQt )| TGX11 }

Even though the TGQt class is a “soul” of the Qt layer it just implements
at the TVirtualX interface and is normally hidden from the end-user code

1. Qt-based ROOT applications use “TCanvas”

2. ROOT-based Qt application use TQtWidget
TOtGLViewerWidget
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Use case: “Qt-based ROOT
applications”

“ROOT application” is the application that either
iInstantiates the ROOT TApplication / TRint
class and enters the ROOT event loop or is the

shared library that can be loaded into the
already running ROOT application via
TSystem::Load method or via ROOT plug-in
mechanism. You must neither initialize Qt
QApplication nor enter the Qt event loop. Qt-
layer takes care about both of these steps. What
you need is just to instantiate the Qt object of
your choice and keeps playing ROOT rules.

(o)}

ﬁ“” 9/28/2005 ROOT 2005 Workshop BROOKHEUEN
fine@bnl.gov CERN NATIONAL LABORATORY



Use case: “ROOT-based Qt
applications”

“Qt application” is the application that either
iInstantiates the Qt QApplication and enters the
Qt event loop or Is the shared library that can be
loaded into the already running Qt application
via Qt plug-in mechanism. You must neither
initialize ROOT TApplication / TRint nor enter
the ROOT event loop. Qt-layer takes care about
both of these steps. What you need is just to
iInstantiate the embedded and regular ROOT
objects of your choice and keep playing Qt rules.
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Benefits
One can include Qt GUI components and
packages into both cases
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2D ROOQOT graphics:
TOQtWidget — QWidget for embedded
TCanvas

A Index of QT classes - Microsoft Internet Explorer

Qui- O HEAG Puwo oo @ BB E-UE
Address @] http:/froot.brl. gov/QtR.oot/himidoc/ TQtWidget.html v B ks 7
«Can be used with Qt X
deSIQner ROOT Qt-laver classes I
*Provided with a bunch of the e
proxy-methods to access the TQtWidget
em bedded TcanvaS ObJeCt class description - source file - inheritance tree (. pdf)
*Provided with the convenient class TQtWidget : public QWidget
Qt signals to notify the client e e

OWidget <- TQtWidget

code about the object

selection, mouse events and B B

. . ) TQtWidget (const Eg;tz:z:,gge‘tf.z) o

Interactions = =y

eCan be subclassed to meet et fersiae ()

Some SpeCial needs. . virtﬁd %éi’entmcustorﬂvent*) S s
& & Local intranet
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Simple histogram browser

(60 lines of C++ code)
“ROOT (Qt inside) |- | o [x]

Click the histograms from the

ListView to draw them onto the Bnooxnﬁ"E“ G0O4 “dESign”

1d or 2d canvases on the right NATIONAL LABORATOR
http://root.bnl.gov
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gROOT->Macro("qcanvas.CC(gPad)"); [
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3D ROOT graphics —
QtGLViewerWidget

|;H§ 2} libQGLViewer - Microsoft Internet Explorer

A Index of QT classes - Microsoft Internet Explorer

File Edit View Favorites Tools Help File Edit Wiew Favorites Tools Help
A @ Y > y NG Y B
- - ) ~ £ —rd v - ) "3 -k -
e Back @ \ﬂ @ ) ) search 7 Favorites @ - @ Back () |ﬂ @ ) | J) search 7 Favorites Q - d
Tttp: /froot. bl gov/QtRoot/tmidoc/TQUGL Viewer Widget. html v|Edeo o address (@] http:jarts.imag. fr/Members/Giles Debunne /QGLViewsr findx. hml v B | lnks

| ~|[searchwieb [ -] E3~ @+ new Tookar update - |
¥l P-# A ®W-wBR

*Can be used with Qt

Y7 -2

A Mail -

[ search wieb |- |ER- 4~ wew Tookbar Update ~ | D Mail -

mai -[ 00 S P-s N R-=aB

»

“d eSIg ne r” T Ot-layer classes

#include "TQIGLView:

*Very simple the end-user
interface to pass the “GL
list” to be rendered

TQtGLViewerWidget

class description - source file - inheritance tree (. pdf)

Documentation

Download

Examples

Developer

erWidget.h"

4 libQGLViewer

& @

Inheritance Chart:

<

QGLViewer TQtGLViewerWidget

ivate:

TQtGLViewerWidget : public QGLViewer

TQtGLViewerWidget (const TQtGLViswer

Version 2.1 is now available |
Supports Qt 4. Dual licensing.

Presentation

void operator=(const TQtCLViewerWidgets)

btected:

domElement (const QStrings name,

libQGLViewer is a free C++ library based on Qt that enables the quick
creation of OpenGL 3D viewers. It features a powerful camera
trackball and simple applications simply require an implementation of
of

irtual QDomElement
virtual woid draw()

drawFooter ()

drawGLLights ()

drawSelectedObiect ()

drawWithNames ()

init ()

postDraw ()

virtual
virtual
virtual
virtual
virtual

postSelection(const QPoints point

the araw() function. It is a tool of choice for OpenGL beginners and
assignments. It provides screenshot saving, mouse manipulated
frames, sterec display, interpolated keyFrames, object selection, and
much more. It is fully customizable and easy to extend to create
complex applications, with an opticnal Qt GUI.

libQGLViewer is not a 3D viewer that can be used directly to view 3D

public:

scenes in various formats. It is more likely to be the starting point for
the coding of such a viewer. Since it is based on the Qt toolkit, it

compiles on anv architecture (Unix-Linux. Mac. Windows.
<

N

<

Full
| &

B

3

(&] http:/fartis.imag. frMembers Gilles.Debunne fQGL Viewer frefManual/d:

& Local intranet
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| €] http: /fartis.imag. frMembers/Giles. Debunne (QGL Viewer fexamples/ind

& Internet
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Qt implementation of ROOT 3D viewer interface
classical: Model-View-Controller

model

TODbject

TPad

A

GL list

A

controller view
TVirtualViewer3D QWidget
(ROOT > 4.01) A
4 <—ROOT plug-in QGLWidget
S - ROOT plug-in—=> 4&
QtRootViewer QGLViewer

Coin Node

A

A 4

A

TOtGLViewerWidget
TQtGLViewer /

? <—ROOT plug-in

TGLViewer
(ROOT < 4.01)
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Qt 3D features

No “soft” matrix / coordinate transformations —
— It is as fast as your GL video hardware
One to one “model-matrix” (=) “view-matrix”, —

“model-points”« “view-points”, “hierarchical model” =
“hierarchical view”

— Trivial navigation “model->view” and “view->mode”

— Change the model does entail change neither in the
controller not in view source code

— “Controller’” and “view” implementations are trivial, therefore
it is robust and stable !

Unlimited number of the simultaneously rendered views / sub-
views / widgets / objects —)

No user’'s model (TObject for example) pointer needed

— The destruction of the model does not entail the viewer
crash and versa verse.

Functionality satisfies the most STAR collaboration
requirements
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Click mouse action of QGLViewer

ClickAction Description

Align the camera axis with the world coordinate system

ALTGH CAMERA :
— axls.

ALIGN_ FRAME Align the manipulatedFrame () axis with the camera.

Translates the manipulatedrrame () t0 the center of the

CEHNTER FRAME
— SCreen.

Translates the camera so that the scenecenter 15 inthe

CEHNTEER SCENE
- center of the screen.

Mo action, only used as a specific return value in

HO CLICK ACTION
— — DeLViewer: :clickBction().

SELECT Calls the gerviewer: :select () function.

Set the camera revolverroundroint () 10 the point under

RAP FROM PIXEL i i
- - pixel (if any).

Makes the scenecenter the new camera

BAP IS5 CENTER
- revolveAroundPoint ().
SHOW ENTIRE SCENE [ranslates the camera so that the entire scene is visible.

Z00M ON PIXEL Makes the camera zoom on the pixel under the mouse (if

any).
ZOOM TO FIT Makes the camera zoom to see the entire scene.
ﬁ“” 9/28/2005 ROOT 2005 Workshop
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Default binding
Double click left button
Control + double click left button

Control + double click right button

Double click right button

Shift + Left button

Double click left button with rnight
button pressed

Double click right button with left
button pressed

Double click middle button

Double click left button with middle
button pressed

Double click right button with middle
button pressed
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Mouse action of QGLViewer

Default binding

MonseAction Handler

HNO MOUSE ACTION

ROTATE

Z0o0M

TRANSLATE

MOVE FORWARD

LOOKE AROUND

MOVE BACKWARD

SCEEEN ROTATE
ROLL

SCREEN TRANSLATE

ZOOM_ON_REGION

9/28/2005
fine@bnl.gov

CAMERA

CAMERA

CAMERA

CAMERA

CAMERA

CAMERA

CAMERA

CAMERA

CAMERA

CAMERA

Description

Mo action, only used as a specific return value in

QGLViewer: i:mouselction ().

Rotates the camera around itS revolveiroundPoint ().
Rotates the manipulatedFrame () around its origin.

Makes the camera zoom infout. Speed depends on

distance to the scene center.

Makes the manipulatedFrame() move closer or further from

the camera.

Translates in the camera XY plane.

Makes the camera go forward at £1vspeed () and view

direction can be changed.

Change the viewing direction. The camera position is not

maodified.

Same as MoveE rForwzrD but backward.

Rotates around an axis orthogonal to the screen.

Rolls camera according to horizontal mouse displacement.

Translates purely horizontally or vertically on screen.

Draws a rectangular region on screen and zoom on it.

ROOT 2005 Workshop
CERN

Left button

Control + Left button

Middle button

Control + Middle button

Right button
Control + Right button

Left and middle buttons
Control + Left and middle

buttons

Left and middle buttons (fly
maode only)

Middle and right buttons
Control + Middle and right

buttons

Shift + Middle button

NATIONAL
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Combination of the different GL
e - attributes .

Eile Edit Options Help

File Edit Options Help

Eile Edit Options Help

Original Solid

“Sliced”

¢ : OpenGL viewer

GPTPCON

Eile Edit Options Help
—l

E=MAGP/TPCON J

Solid + wired

F)
|MaGP [ 150,174 [ Tvolume [ MAGP/MAGP 1357 -0.6T: ShapE=MAGF‘,’T. (\5’
{(MaGPT 150,174 TValume | MAGP/MAGP 1.35/ -0.67: shape=MAGP/TPCON_f

[MAGP [ 150,174 TVolume [ MAGP/MAGP  1.35/ -0.67: shape=MAGP/TPCON A
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3D selection and

Eile Edit Options | Help

M OpenGL viewer
File Edit Options Help

* Synchromize with TPad Ctrl+l
Show light Crl+L
* Select Evert CHIE | w d
» Select Detector ChisD L,
Shaw the selected object Ctrl+T /‘>
Show the selected object in global system  Cirl+l \
Highlight the selected object Crlsl
Crlsl

Context menu

N

~# Status bar
M
\IMAGR [ 150,174 [ Tvolume | MAGP/MAGP 1,35/ ~0.67:

P AN
PCETPCE  3.96/ -

highlighting

¢ : DpenGL viewer

TVolume::MAGP

Inspect

Browse
& Properties | ppgw
Setvisibility

L Unkdarksll
InvertaAllbarks

Sethlame

atellite widget

9/28/2005
fine@bnl.gov
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[M&GP [ 105,167 |, TVolume |, M,

SetTitle

3/28/2005 DrawClass
fine@bnl.gov DrawtClone
Dump
Inspect

SetDrawOption
Setlineattributes
SetFillAttributes

BROOKHEAVEN 17

NATIONAL LABORATORY

-0.34: shape=MAGP/TPCON

MAGP | 150,17



3D customization

Is trivial and it is defined by the Qt and QGLViewer
Implementation, “philosophy” and design

« 3D viewer attributes — base class
— Use — predefined subclasses
— Subclass yourself and use

 Rendering

— Ask controller to generate the view for the “known” ROOT
classes

— Provide your own custom view factory for your class or for the
“know” ROOT class

— Provide the Qt slot to respond the “QGLViewer “draw” Qt signal

o Selection ( like “Rendering”)
— Provide the Qt slot to respond to the QGLViewer “select” signal

* Provide your own “controller’/"view” (see “UAL” talk )
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Installation
e ROOT bundle

./configure [..] --enable-gt

e Stand-alone, either from ROOT CVS or from full
version BNL CVS

gmake <subdir>.pro
make

See: http://root.bnl.gov
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Qt project and Qt designer
o Ot designer

Import the pre-defined Qt “Custom widget”

definition:
SROOTSYS/include/TQtWidget.cw
SROOTSYS/include/TQtGLViewerWidget.cw

e Qt “gmake” utility
Include the gmake include file into your
project
SROOTSYS/include/rootcint.pri
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Documentation tools

e On-line documentation is prepared with the ROOT
THtmlI class. In addition there Is a script to post-
process the output of the THtml class. It replaces
all references of the Qt classes with the proper
hyperlinks to TrollTech or QGLViewer online
documentation. To be useful for the other
application as well.

 There is a Qt section with the latest ROOT 4.04
User’'s Manual
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Readiness

e \WWorks on UNIX and “native” Mac. It was
tested on Windows with ROOT 4.00.08.

e 2D / 3D Qt Root widget are working and
stable

e ROOT GUI needs work inside TGQt class
that affects no end-user interface

* |n other words, QtRoot interface is stable
and it is safe to use it within Qt-based
applications.
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Obstacles

o Splitted repository
— Inconvenient, cost some man-power

« ROOT GUI “unusual” design
— Normally, the ROOT philosophy (see: CERNLIB,

PAW, ROQOT I/0, ROOT 2D graphics , TSystem
elsewhere) use the system feature as low / less as
“reasonable”

— ROOT GUI uses very X11 as hard as possible (Not a

ROOT team fault by the way)

— The same problem see with the GL branch

7STAF?

It has little impact on the “ROOT-based Qt application”
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To Do

* Find and fix the remaining bugs

* Negotiate ROOT team to adopt more project
“pleces”
 To make Qt an optional plug-in (need remove
compile-time dependency from the ROOT code.
#ifdef WIN32GDK

o Add QtThreadlmp class to the official CERN
distribution.

e Improve support for mouse manipulation
keyboard grabbing for vanilla ROOT Gui (That
does not affect Qt application) — needs change
on ROIT GUI side

o Qt Proxy for ROOT Editor classes
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Au-Au Collision (seen at DOE booth)
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