Middle East Technical University

Department of Computer Engineering

CENG 491
Computer Engineering Design I

Detailed Design Report

CodeSchbeke Software Solutions

S b}

Sila Arslan
Cagla Okutan
Hutice Kevser Sdnmez
Bahar Pamuk
Ebru Dogan

FALL 2005



Contents

1.

INTRODUCTION

1.1 Purpose of the Document..............cccocevvvieinn.n..

1.2 Scope Of the DOCUMENT. ... e e e e O

1.3 Abbreviations and DefinitioNsS ......ccovve i,

SYSTEM OVERVIEW

2.1 SYStemM DeSCIIPLON. .. ..ttt e e e e e e e e
e 4..
5

2.2 Functional Requirements.............cocevieiiiiininens

2.3 SYStEM REQUITEMIEBNTS. .. .u ittt et e e e e e e e e e e ee e e re e enas

INTERFACE DESIGN

4

3.1Sample Graphical User INnterfaces. ..........coov v e 5.

3.2Reviewed Use Case DiagramsS. .......cvue it i et e e e et e ean e eneans

3.3Activity Diagram...........ccocvie it

SYSTEM DESIGN

4.1System Data SIUCIUIES. ...t e e e e e e
4.2 GUIEVENtHANAIEr ClaSS. ... .. iuiieie et e et et e e mr e e
4. 3EdItorChecker Class. ......oooii i e e e e
A AOSGWINAOWS ClaSS ... euitititee it e e e e e e e e e e e eaees
4.5 ANIMAtiONWINAOW ClaSS.......eiii it e e e e e
4.6PhySICSENGING ClasSS... .. ittt et e e e e et e e e e
4. 7FileHandler Class..........cooiiiiiiiiiiiicci e
S T [T T o T

4.9Class Diagrams OVEIVIEW. ... ...uvueiue e e e eeiet et e ee e e eae et eaeeanaenns

. APPENDIX
AL ENUMEIAtION TYPES ...ttt it it e et e e e e e et e e e e e e
A2 DTD SCREMAL. ... e e e e e e e e
A.3 Coding Standards............ccooveiiiiiiiiii e
A4 Gantt Chart........ocov i e

9



1. INTRODUCTION

1.1 Purpose of the document

This document is intended to introduce the systesiglh considerations that will be
basic guideline for the prototype implementatiohe ocument is an improved version of the

previous Initial Design Report in which design dpeations were defined.

1.2 Scope of the document

After giving a general overview, the document spesithe requirements of the
system. Graphical user interface of the systemhmwa and system functionalities are
described with the help of use case and activiagmdims. System modules along with their
classes are described in detail giving the relatigps between them. Additionally, file

hierarchy and a dynamic Gantt chart is attached.

1.3 Abbreviations and Definitions
2D: Two Dimensional
3D: Three Dimensional
AVI: Audio Video Interleave
DTD: Document Type Definition
GUI: Graphical User Interface
MP3: MPEG Audio Layer 3
ODE: Open Dynamics Engine
OSG: OpenSceneGraph
WAV: Waveform Audio
XML: Extended Markup Language
Lane: A portion of a street or highway, usuallgicated by pavement markings, that

is intended for one line of vehicles.



2. SYSTEM OVERVIEW
2.1 System Description

The system TraffEdu is a 3D editor for designing 8Bffic environment and
preparing traffic case simulation on it. It provsdine user to prepare any traffic case which
includes creating road map, inserting traffic lghdr traffic signs, environmental objects,
audio or text, any type of vehicles and determirtbefpaviors of the vehicles in the traffic.
According to these specifications an XML formattiel will be produced.

Animation will be constructed after user pressesanimation button by reading data
from that XML file. This animation will not be irhé format of AVI file which does not allow
user interaction. It will enable the user to champmv of the case by translating or rotating

the camera.

2.2 Functional Requirements

Functional requirements of the TraffEdu System amentioned in the Software
Requirements Analysis report. Functionalities bedoe the ones that are changed or added to
the system after the analysis phase.

1. In the analysis report it is mentioned that TrafiEéditor shall provide the user to
define traffic lights’ synchronization. Instead,tlre timeline user sets behavior of the
traffic light (red, yellow, or green) for each keyame and system adjusts
synchronization accordingly.

2. In the analysis report it is mentioned that whitenstructing the road map of the
environment, user will see 2D symbolic represeotetiof the real 3D objects in 2D
environment. Instead user can see different projt(orthogonal projection from
top, orthogonal projection from front, orthogonabjection from side and perspective
projection by a user defined angle) of the 3D emvinent in four sub windows.

3. TraffEdu system shall provide the user to hide ispldy sub windows mentioned

above.
TraffEdu system shall provide the user to hideispldy menus in the GUI.
Functionality of choosing the hours of the day widt be supported.

Functionality of creating an executable animatitawill not be supported.

N o g &

Functionality of changing behavior of a vehicleidgrthe animation phase will not be

supported.



8. While user is constructing roadmap, adding tradfgns or constructing special case,
the user’s conflicting actions (e.g. locating tlae  a position outside of its path) will

be prevented by giving a warning message to dihectiser to correct her/his fault.

2.3 System Requirements
TraffEdu System requires Microsoft Windows 98/200D/XP Operating
System.
On the developer side the requirements are listémb
* Microsoft Windows XP Professional
* Microsoft Visual Studio .NET 2003
 OpenSceneGraph 0.9.9
+ Open Dynamics Engine 0.5
+ O0SgAL 0.4
» 3D Studio Max
» Adobe Photoshop

3. INTERFACE DESIGN
3.1 Sample Graphical User Interfaces

The TraffEdu Editor's window is mainly divided infour areas which is toolbar (or
menu bar) at the top, Toolbox Window at the lefaimwindow at the middle and Objects and
Properties Windows on the right of the editor wiwd®y default an orthogonal view of the
3D environment is provided for the user for cregtams/her traffic environment.

The addition of objects to the environment is sufgzbvia Toolbox Window on the left of
the window.

A grid platform is provided for better placementaifjects into the area. Creating a
traffic case, starts with placing appropriate rogzes onto the grid platform. This is provided
in the Road Map section of Toolbox Window. The usary click on a type of road and then
click on where he/she wants to place the road emytid.

For placement of Vehicle objects, user can chobseype from Vehicles section of
toolbox and then clicks on the place. Here thené va types of vehicles that the user can
select for using in the traffic case being designed

For addition of the traffic signs and lights ag#ie toolbox is used and the user has

the opportunity to add them to the appropriategdan the road map designed.



The user can insert environmental objects houseti@ss from the Environmental
Objects section of the toolbox.

The current objects in the environment can be $een the Objects Window on the
right panel of the window. Clicking on an objectéd in the Objects Window shows the
current selected object’s properties in Propektv@sdow below.

User will draw path to vehicle objects by clickittge path icon in the toolbar. After
user is done with the current frame, he/she witlkcthe check inconsistency button provided
in the toolbar to see if the designed environmastdmny erroneous placement of objects.

Animation button in the toolbar is clicked aftel e frames are inserted, to see the

3D animation of the traffic case designed. The aiiom is displayed in another window.

TraffEdu
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Figure3.1

The File menu presents actions related with the dipperations which are opening a
new file, opening an existing file, closing the reunt file, saving the file with the same
name or with a different name, displaying curremghened file names and finally exiting
the program.

Camera menu adjusts he camera according to thes rifethe user. Yaw means
changing the look at point of the camera in leff aght directions. Pitch means changing
the look at point of the camera in up and downdatiogs. Zoom In/Zoom out property of
camera means zooming in/out to the current positbrthe camera reference point

through the camera view direction. When an oligestlected zooming action is done by



centering to the object that means changing camefesence point as the center of the
selected object. The keyboard shortcuts will bpldiged in the menu near each item.

Help menu presents the manual for TraffEdu and sdsoe pre-created sample maps

with explanations for easing program usability.

TraffEdu
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Figure 3.2

Under edit menu the following actions may be pemied. Delete, cut, copy actions
will be active when an object is selected.

Under frame menu, user will be able to save theeotly formed environment as a
frame by clicking Insert Frame or he/she will béeaio delete the current frame by clicking
Delete Frame.



TraffEdu
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View menu gives user the chance of viewing/hidingeots or panels on the
environment and the Editor window. Under Hide/Dagpitem user will have the choice of

viewing or not viewing Road Map, Vehicles, Traffogns, Traffic Lights, and Environmental

Objects.

Under Windows user will have the opportunity to see environment prepared, with
Top View, Front View, Side View and 3D View optioriEhe checked ones will be provided

in the main area of the editor. User will also cé®avhich panels of the Editor (Toolbox,

Figure3.3

Objects and/or Properties) to be shown.

User will be able to insert objects, audio and texthe current frame within Insert
Menu. When Text is clicked, a pop up window willpaar allowing the user to insert any

text. In the same way the user will be able torinary audio file into the frame by clicking

Audio item and selecting an audio file of her/Hi®ice.




TraffEdu
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Figure3.4

3.2 Reviewed Use Case Diagrams

The functionalities of the system and the actidmet tcan take place by the user are
depicted clearly in the GUI of the program. Howetlegre exist some actions that must be
donesequentially and dependently to some other actibhese dependencies that are not

dictated in the GUI are represented with use caggams in Figure 3.5.



Figure3.5

If the user wants to insert an object (i.e. traffign, traffic light or vehicle) into the map,
he should first insert a road on which the othgectis must be located or he should insert the
objects on an already inserted road. There couldh@@ny object residing on the grids of the
editor except for the road and the environmentgaib

If the user presses on animate button, he showie ingerted any frame to the system that
he plans to constitute.

For a frame to be inserted there must be any roeatdd on the grids previously to be
displayed in the animation phase.

Lastly, all the insertions should be done afteeitisg a timeline. For the system to be
informed about the starting, ending and charadietisnes of the cases, the timelines of each
case should be inserted before preparing the positf the objects.

3.3 Activity Diagram

In TraffEdu system, from opening a new file to domst a new traffic case to pressing
animation button and watching the simulation, salveequences can be followed. Activity
Diagram below shows one of those sequences to mvakieing mechanism of the system

clearer.
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Open New File
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Figure 3.6
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Figure3.7
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Figure3.8
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4. SYSTEM DESIGN
4.1 System Data Structures

Camera

eyeVector<float »
lookVector<float >
up:Vector<float >

Frame

up dateCamera(Camer bl ovement) void
setCamera)void

e

Velicle

bodyID: dbodylD
speedidReal

steer:dReal

carspacelD): depagelD
wheelObjects Vector<Wheel=
path: Vectorsfloat>

removeP ath()void
drawP athi):void
changePath(ivoid
draw):woid

Wheel
joint]D: dloint[D
hodylD: dhodylD
drawr):void

Fnvironment Object

type EnvitonmentObjectType
draw()void

framelD: it

objects: Vector<Object=
light=olars: Vectorchoolean
outbjects: Vector<Objects
copiedOhjects: Vector<Ohject>
deletedObjects: Vector<Object>
selectedOhjects: Vector<int>
copiedihjectslndex int
outObjectinder: int
totatedChjects: Vector<Object>
sealedObjects Vector<Ohject>

translatedOhjecta VectorsOhie ct>

deletedOhjectindex int
andioslndex int
testslnder int

texts: Vector<Biting™
audiog: Vector<3tring>

setticene( ) void

delete (Vector<Object> delObj): void

inserOhject oby): void
deawFrame(Window Name): void
guiandler: GUIEventHandler
osgHandler: O3FEventHandler

%

Object

objectldint

[ geomlDidCeomlD

typeObjectType
viewlhode: ObjectViewhode
curtertPosition: Vectorsfloat>

transformationh atric Vector<float>

drawl)void
scalelVectorefloat=)void
translate(Vector<float=)void
rotate(Vector<float=)void
display():void
hide()void

A

Branch

lanes Vector <Lane>
typeBranchType

drawn);void
scale(Vector<floats)
translate(Vectorfloat=)
rotate(Vectorsfloats)
display()void
bdde():void

Lane

leftLineRoadlineType
tightline:RoadLineType
ditectionTaneDirection

Road

typeRoadType
toadBranches Vectar
<RoadBranch »
trafficigns Vector
<Trafficdign>
trafficLights Vector
<TrafficLight=

drawn);void

scale(ing):Position
translate(Vector<float=).F ositio
f
rotate(Vectorsfloat)Position
display()void

bdde():void

drawr):void

TrafficLight

TrafficSign

type TrafficLightTypes
color TrafficlightColor
arrowC olor Traffiel ightC olor

type TrafficBignT ypes

draw()void

setColonTrafficLishtColor
):void
getColot() TrafficLightColor

draw()void

Figure4.l
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Frame Class

Frame class is an aggregate class that contains akldreents that are specific to a
frame. Objects of scene, such as vehicles, roeafictlights, traffic signs; camera, text, and
audio are all inside this class.
framel D. int

This member is an identification number for frames.
obj ects: Vector<j ect >

The dynamic objects of the TraffEdu system thatpmesibly different in each frame
Is hold in this vector. These dynamic objects argtances of eithe¥ehicle class or
TraficLight class.
| i ght Col ors: Vect or<bool ean>

This vector holds the state information of tratfghts, if there exists a traffic light in
the frame.
cut Cbj ects: Vector<j ect>

This vector holds the objects on which a cut oj@nas performed. The vector

is adjusted by th&UIEventHandler  class.
copi edObj ects: Vect or <hj ect >

This vector holds the objects on which a copy dpanas performed. The vector is
adjusted by th&UIEventHandler  class.
del et edbj ects: Vect or <Obj ect >

This vector holds the objects on which a deleteatpm is performed. The vector is
adjusted by thelelete function.
sel ect edObj ects: Vector<int>

This vector holds thebjectld s of objects that are currently selected. The vasto
adjusted by th&UIEventHandler  class.
copi edCbj ect sl ndex: int

This is the index which points to an object in ttapiedObjects vector whose
execute function was called at the closest time. The valuthe variable is adjusted by the

ComandCopy class.
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cut Obj ect sl ndex: int

This is the index which points to an object in thaObjects vector whose
execute function was called at the closest time. The valuthe variable is adjusted by the
ComandCut class.
transformati onQbj ects: Vector<Obj ect >

This vector holds the objects on which a transfdionaoperation is performed. The
vector is adjusted by tH@UIEventHandler  class.
transformati onQbj ect sl ndex: int

This is the index which points to an object in tinensformationObjects
vector whoseexecute function was called at the closest time. The vatée variable is
adjusted by theCommandScale, CommandRotate and CommandTranslate
classes.
del et edoj ect sl ndex: int

This is the index which points to an object in tedetedObjects vector whose
execute function was called at the closest time. The valuthe variable is adjusted by the
ComandDelete class.
audi osl ndex: int

This is the index which points to an object in thedios vector whoseexecute
function was called at the closest time. The vatdethe variable is adjusted by the
ComandinsertAudio  class.
t ext sl ndex: int

This is the index which points to an object in tegts vector whoseexecute
function was called at the closest time. The vabdethe variable is adjusted by the
ComandinsertText  class.
texts: Vector<String>

This vector holds the text for the frame.
audi os: Vector<String>

This vector holds the audio file name for the frame
set Scene(): void

This function is responsible from camera settings pitching, yawing and zooming

operations.
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del et e(Vector <Object>): void
This function removes the objects from thigects vector according to the objects
in the argument vector.
i nsert(CObject): void
This function inserts the argument to tiigects  vector.
dr awFr anme( W ndow) : voi d
This function is responsible from the renderingcdls thedraw methods of all
objects in thebjects vector.
gui Handl er: GUI Event Handl er
Each frame has@UIEventHandler  object.
osgHandl er: OSGEvent Handl er

Each frame has@SGEventHandler object.

Camera Class:

Whenever a keyboard callback related to cameratipoisig happens,OSG
EventHandler class orAnimationEventHandler class request an update for the
camera position, the camera object in the curreamné is then updated using the
updateCamera function of this class. This function resets tleenp where the camera is,
the point where it looks and the up vector of theera looking at the parameter which tells
the movement type of the camera. For example ig ZOOM_IN, it will change theeye
vector of the camera that keeps the position ofcdmaera. Whenever a frame either in the
animation or in the editor is renderestCamera method of theCamera class will be
called to set the viewing position and viewing voki This method will be the called from
drawFrame method ofFrame class using th€amera object of that frame in the editor,
but in the animation this method will be called nfrothe dawFrame function of
Animation Class using th€amera object ofAnimationWindow class.Camera object
is both involved inFrame class andAnimationWindow  class. But the crucial point here
Is that,Frame objects that ha€amera object is the ones in the editor, not in the atioma
phase. In the animation phase the user will ndvagkwards and see the previous frames, so
we do not need to keep the camera positions gbr&ous frames, only orf@amera object
is enough for the animation. This is also one @f tbasons why we need a separate event

handler class for the animation phase. Whereade weliiting the environment in the editor,
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user will also be able to update camera and thisbei permanent since for each frame we

had a separatéamera object.

Object Class:

Object class is the parent of classes that dernbsobjects to be drawn in 3D
environment. Since vehicles, wheels, roads, branctiaffic signs and traffic lights along
with the environment objects such as buildings tneeés all have similar properties; the
functions manipulating these will be implementedhe Object class.
objectID:int

This field will be used to identify objects. Forample to be able to calculate the
speed of a vehicle, we should find the differentets position from one frame to another
frame. Since eachrame object has its owarObjects vector, we should identify the
same car by the help of ibbjectID.
geom D: dGeom D

Every object in the environment will have a georjeobrelated to it and this field will
keep the relatedeomID, and this field will be set for each object justdrefthe animation
starts by callingreateGeom method frominitialize method ofPhysicsEngine
class and assigning the returneced@ID to object'sgeomID .

t ype: Qbj ect Type

This field will be used to identify the model diet object to be rendered. To give an
instance, If thaype is TRAFFIC_SIGN, a predisposed traffic sign model will be used or if
the type isPATH red lines will be rendered.

vi ewbde: Obj ect Vi ewivbde

It identifies whether the object should be hiddedisplayed in the screen
current Position: Vector<float>

If a user clicks on one dDSG Windows after clicking on an icon in ToolBox
Window or selecting insert from the Menu Bar, anjeob will be created at the clicked
position. This will be the currentPositioof that object. Whenever a translation is done on
that object, this will be updated. If the objectad/ehicle, this currentPosition

should follow the path, means it should be on thp
transformati onMatri x: Vect or <f | oat >

This matrix will keep all the translations, rotat& and scaling on the object

18



draw():void

If the object’'s viewMode is DISPLAY, this functiomill multiply the current matrix
with thetransformationMatrix, then it will draw the vertices of the object usithg
predisposed model according to th@bjectType. For the animation phasethis
transformationMatrix will be calculated using getGeomPosition or
getBodyPosition giving thegeomID (or bodyID if it is Vehicle or Wheel object)

as parameter to these functions. The returned wec$o the newly calculated
transformationMatrix.
display(): voi d

This function sets the object’s viewMode to DISPLAY
hi de() : voi d

This function sets the object’s viewMode to HIDE.
transl ate(Vector<float>): void

transformationMatrix is recalculated multiplying it with the paramevexctor.
scal e(Vector<fl oat>):void

transformationMatrix is recalculated multiplying it with the parametexctor.
rot at e( Vect or <f | oat >) : voi d

transformationMatrix is recalculated multiplying it with the parametexctor.

Vehicle Class:

Vehicle have properties such apeed , steer , path vector of type float, and
wheelObjects  vector of typeWheel, caspacelD of typedspacelD andbodyID of
type dodyID that are specific to vehicle objects.
bodyl D: dbodyl D

EveryVehicle object in the environment will have a body relatied and this field
will keep the relatetbodylD, and this field will be set for eadkehicle object just before
the animation starts by callingreateBody method frominitialize method of
PhysicsEngine class and assigning the returned dB&dy to vehicle’s bodyID
Vehicle class has this field because the vehicle bodyitaMiheel bodies will be attached
by joints.
speed: dReal

This is the desired speed of the motor that wilghen to related hinge joints of the

front wheels in the animation phase.
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st eer: dReal
This is the steering parameter of the motor thiltlve given to related hinge joints of

the front wheels in the animation phase.
car spacel D. dspacel D

Every vehicle object will form a space with its vef® In the initialization
of the PhysicsEngine class after creating related geoms of thehidle and of its
Wheels , we create a carspace callergateCarSpace of PhysicsEngine class
wheel Cbj ects: Vect or <\Weel >

Vehicle and Wheel classes have hasarelationship since everyehicle
object strictly includes fowVheel object.
pat h: Vector<f| oat >

This is a vector of float keeping the coordinatédhe path’s critical points For
example if the path is composed of two line segsantvill keep three coordinates denoting

the beginning vertex of the path, the vertex inrthedle and the ending point of the path.
drawPat h():void

If the path vector of the ¥hicle object is not empty, this function will draw lines
using the coordinates in this vector. Whenever ljead of typeVEHICLE is drawn this

method will be invoked.
renovePat h(): voi d

This method deletes the path vector of a Vehicleatb
changePat h(): voi d

This method will be invoked whenever the path efviehicle is needed to be changed.
This will happen when the user clicks on path izothe ToolBar or selects Change Path after
right clicking on a selected vehicle. These twoicms will set the DrawMode to
DRAW_PATH, so when an event occurs in t&&G Window when the user left clicks,
current selected vehicle object’'s changePath wlinvoked and the mouse coordinates are

added to patlkector and drawPath method will be called after this

Road Class:

Road class also inherits frodbject class with some specific attributes like its
type, its branches and vectorsTohfficSign andTrafficLight that are on the road.
The reason whyRoad class has ‘hasa’ relationship witffrafficSign and

TrafficLight classes is, they are static objects and theitendée depends on the road
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type and existence of the road. Whenever a roaénsved from the map they are also
removed and a road should already exist whereweffec sign or traffic light is placed and
their consistency should be checked with that royadhe EditorChecker class.Road
objects are composed Bfanches and branches should be accessed fRoad since the
user can manipulate eaBmanch by setting its attributes such as increasing tmaber of
lanes, assigning direction to the lanes which #igicles should follow and determining road

lines.

Wheel Class:

Wheel class has also inherits fro®bject class with some specific attributes like
jointiD  andbodyID.
jointID: dJointlD

Every wheel will be attached by joints to its vehicle, so the related bodies of
vehicles and wheels, we need to keep related [DinThis field will be set for eackivheel
object just before the animation starts by callicgeateJoint method from
initialize method ofPhysicsEngine class and assigning the returnedidtlD
to wheel’sjointID
bodyl D: dBodyl D

Every Wheel object in the environment will have a body relatedt and this field
will keep the relatethodylD, and this field will be set for eadlVheel object just before the
animation starts by callingcreateBody method from initialize method of

PhysicsEngine class and assigning the returned dBodyto wheel’'sbodyID .
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4.2 GUIEventHandler Class

CommandDelete GUIEventHandler
deletedObjectilumbetiint frame Frame *. N
nextUndoP osition : int ComnandSelect
execute() historyListsVector<Command=
undoi) -
addCommand (Fystem: Object
wsendes) execute()
CompaandCut cleatFest() undal)
cutiDbjectfumberint CommandFile
execute() CommandDeselect
d
uadal) new steing)
CommandRedo undol) saveFile(stting)
execute() openFile(string)
execute() CommandFdit
undo)
ConunandUndo exzcute()
Conunand unda()
execute() < sender System:Ohbject * Cominand View
undoi) <
execute [
CommandPaste Q unda () hideDisplay ()
/@ windows()
toolboxWindow ()
execute() objectsWindow ()
undoi) propettiesWindow ()
CommandInsertObject CommandCamera
execute() yawleft ()
undop) yawRight ()
pitchlTp ()
CommnandInsertText pitchDawn ()
InsertedObjectTypestring ConmandScale zoomln ()
zootiout ()
execite() sealedObjectNumberint
undo()
execute])
CommandFrame undag) CommandCopy
copiedObjectiumberint
ingertFrame ) CommandRotate executal)
deleteFrame () totated0bjectiumbering
CommandInsert execute()
undo()
execute])
undal)
(‘ulmmmlAniJrqne CommandTranslate
CommandHelp ] translatedObje et umberint
execute () exacutel)
traffEduHelper () undol) undof)
abowtTraffEdu ()
CommandTimeline Click
Command Insert Audio translatedObjectNumberint
execute)
execubel) undoy
undof)
CommandRight ClickMenn
metald it
execute ()
undo ()
Figure4.2
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Main work-flow of TraffEdu System is, getting ingufrom the user and operating
accordingly. As a result, there are many kindsveings that should be handled in the system.

GUIEventHandler class is one of the event handler classes in yeterm that
handles the requests coming from toolbar, toolbaxdew or OSGEventHandler class.
Each Frame object has an instance @UIEventHandler class. Whenever &rame
object is created, @UIEventHandler  object for that frame is also created automatically

GUIEventHandler  class is designed according to the rules of “comundesign
pattern”. “Command design pattern” encapsulatesgagst as an object, thereby letting you
parameterize clients with different requests, queudog requests, and support undoable
operations. Encapsulating each operation as aatepfrst-level object means that we can
also easily support multilevel undo/redo operations

The work sequence of this class is as follows:

Whenever a request comes from the frame, an object the Commandclass is
created. If the request is an undoable operatien the functionaddCommand, adds the
object for this request to thkistoryLists vector. Undo and redo operations are
performed by traversing on tiéstoryLists vector.

Detailed explanations of these data structuresiagtg and the response of the system

are below:
frane: Frame *

The frame points to theFrame object which created thi&UIEventHandler

object.
hi storyLi sts: Vector <Conmand>

Each command operation that the user perfornisiedin this vector.
next UndoPosi ti on: i nt

This variable holds the position of the next undeaGommand object in the
historyLists v ector Value of this variable is determined by the uncda aedoes

operations. The initial value for the variableis -
addConmmand( Syst em Qhj ect *)

This function deals with creation of ti@mmandobjects according to the argument
sender and also addition of that object to thistoryLists vector, if the operation is
undoable. For example, if a cut request comebdd@tUIEventHandler , addCommand

function is activated. Then the function createsCammandCut object and calls
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clearRest function. After that, since cut operation is unblea it increments the
nextUndoPosition by one and adds the object to thstoryLists vector. As a last
step, it callexecute function ofCommandCutobject.

cl earRest ()

If the user performs a new command after some wp@oations, this function clears
the front of thehistoryLists vector to disable further redos.

It operates as follows;

Firstly clearRest  function checks whetherextUndoPosition is equal to the
size of thehistoryLists vector. If the condition holds, meaning there I undo
operation before the request, it returns. If noganing there has been done some undo
operations before the request, it traverbesoryLists vector from the last added
command object to the objentxtUndoPosition points. Each command object between
these two points is checked.

For example, there is an instanceGimmandCut class between those points. By
using the information indicating how many objecter&v cut,clearRest  function clears
that number of objects from the front of tbaObjects  vector, in theFrame object that
frame points. After thatCommandCut object is popped out from thastoryLists
vector.

Other command objects between those two pointpenfermed similarly.

Command Class

Commandclass is an abstract class used for gatheringrals of command objects in
the same structure. It hamdo and execute functions that will be implemented in each
inherited class o€ommandclass.

Each inherited class ofommandclass, is a command, used for handling GUI
callbacks and calling related classes of other hesduDescriptions of those classes are

below:
CommandSelect Class

In TraffEdu system user has opportunity to makglsior multiple selections. User

can select objects in the following ways:
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* Select All Option:

When this option is chosen by the user from thdbsmounderEdit menu, the
CommandSelect class constructor is called by taddCommand function, with
the arguments indicating that a request to selepaeameters has made. After that, all
objectld s in theframe will be copied into theelectedObjects vector in the
frame by theexecute function of thisCommandSelect class.

* Single Select Option:

This option is chosen by the user by left-clickorgthe object to be selected in the
frame. This results in a request fra$GEventHandler to GUIEventHandler

to create £&ommandSelect object. After that, selected objectbjectld  in the
frame, will be copied into theelectedObjects vector in therame by the
execute function of thisCommandSelect class.

* Multiple Select Option:

This option is activated when the CTRL key is peglsdown and deactivated when the
CTRL key is released up. If this option is actiuser shall select the objects in the
frame by left-clicking on them. This results ineuest fronOSGEventHandler to
GUIEventHandler to create £ommandSelect object. After that, selected
objects’objectld s (in theframe), will be copied into theelectedObjects

vector (in therame) by theexecute function of thisCommandSelect class.

Theundo function of this class has a similar behavior veilecute function of

CommandDeselect class.

CommandDeselect Class

User can deselect objects in the following ways:

+ Deselect All Option:

This option can be chosen in two ways. One of tieehy using the Edit menu
in toolbar, and the other one is by left-clickingan empty area in tHeame if
multiple selection option is not active. These lssin a request from
OSGEventHandler toGUIEventHandler to create &ommandDeselect
object. After thatselectedObjects vector in therame is emptied by the

execute function of thisCommandDeselect class.
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* Single Deselect Option:

This option can be chosen by left-clicking on afeobif multiple selection
option is active. This results in a request frlOBGEventHandler to
GUIEventHandler to create £ommandDeselect object. After that,
objectld  of the chosen object is removed freglectedObjects vector in the

frame.

The undo function of this class has a similar behavior v@iecute function of

CommandSelect class.

CommandDelete Class

In TraffEdu system user has opportunity to makeglsinor multiple deletions.
CommandDelete class handles GUI delete operations either corfiogn Edit menu in
toolbar or from the RightClickMenu which is opengllen the user clicks right button of the
mouse on an object.

The deletedObjectNumber indicates how many objects are deleted from the
frames. The value of this variable is set withdlee of theselectedObjects vector.

The execute  function carries all the objects whosbjectld s exist in the
selectedObjects vector fromobjects vector to thedeletedObjects vector for
the current frame and removes these objects @gjects  vector of following key frames.

The undo function copiesdeletedObjectNumber number of objects from the
deletedObjects vector of current frame to tlubjects vector of this and all following
key frames. Then deletedObjectsindex is decremented according to the
deletedObjectNumber.

CommandCut Class

In TraffEdu system user has opportunity to makwglsi or multiple cut operations.
CommandCut class handles GUI cut operations either cominghfEdit menu in toolbar or
from the RightClickMenu which is opened when therudicks right button of the mouse on
an object.

The cutObjectNumber  indicates how many objects are cut from the franibée

value of this variable is set with the size of seéectedObjects vector.
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The execute  function carries all the objects whosbjectld s exist in the
selectedObjects vector fromobjects  vector to thecutObjects  vector for the
current frame and removes these objects fobjacts  vector of following key frames.

The undo function copiescutObjectNumber number of objects from the
cutObjects  vector of current frame to thabjects vector of this and all following key

frames. TherutObjectsindex is decremented according to the@ObjectNumber.

CommandCopy Class

In TraffEdu system user has opportunity to makglsior multiple copy operations.
CommandCopyclass handles GUI copy operations either comiagnhfEdit menu in toolbar
or from the RightClickMenu which is opened when tiser clicks right button of the mouse
on an object.

The copiedObjectNumber indicates how many objects are copied from the
frame . The value of this variable is set with the siz¢he selectedObjects vector.

The execute  function copies all the objects whosdbjectld s exist in the

selectedObjects vector fromobjects  vector to thecopiedObjects  vector for the
current frame. Then copiedObjectsindex is incremented according to the
copiedObjectNumber.

CommandPaste Class:

CommandPaste class handles GUI paste operations either comarg Edit menu in
toolbar or from the RightClickMenu which is opengllen the user clicks right button of the
mouse on an object.

The execute function starts traversing thastoryLists vector looking for a

match either for aCommandCut or CommandCopy object. If it finds a match for

CommandCui{CommandCopy, it copies cutObjectNumber
(copiedObjectNumber) number of objects from cutObjects
(copiedObijects) vector to theobjects vector of the current and the following frames.
Then cutObjectsindex(copiedObjectsindex) is decremented according to the

cutObjectNumber(copiedObjectNumber).
The undo function starts traversing thistoryLists vector from the index of
CommandPaste object looking for a match either forGommandCut or CommandCopy

object. If it finds a match for CommandCut (CommandCopy, it removes
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cutObjectNumber (copiedObjectNumber) number of objects from thebjects

vector of the current and the following frames adow to theobjectlds’ of objects in
cutObjects(copiedObjects) vector.
Then cutObjectsindex (copiedObjectsindex) is incremented according

to thecutObjectNumber (copiedObjectNumber).

CommandUndo Class

When this option is chosen by the user from tioébtr undeiledit menu, the
CommandUndo class constructor is called by taddCommandfunction.

The execute function calls the undo function of theommandobject which is
pointed by thenextUndoPosition and steps backwards to the previous item by

decrementingiextUndoPosition

CommandRedo Class

When this option is chosen by the user from tloébtr undeilEdit menu, the
CommandRedo class constructor is called by taddCommandfunction.

The execute function steps forward by incrementimgxtUndoPosition and
then calls theexecute function of the Command object which is pointed by the

nextUndoPosition

Commandl nsertObject Class

CommandinsertObject class handles GUI insert operation either comognf
the insert menu in toolbar or from the toolbox bgking drag & drop.

The insertedObjectType indicates which type of object will be createdtlie
frame.

The execute  function calls current frame’s and the followingrnes’ insert
function. This results in creation of an objectra coordinates where the user determined.

Theundo functions calls thelelete function of theframe object and the object,

whoseobjectld  is given, is removed from thabjects  vector.

CommandlnsertText Class
CommandinsertText class handles GUI insert text operation comingnfiasert

menu in toolbar.
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Theexecute function takes the text that the user inserted theframe and sends
it to thetexts vector in thedrame . TraffEdu System supports only adding one texefh
frame so if there is a text inserted before, nesvbated text is written over the old one. Then
textsindex  in theframe is incremented.

Theundo function only decrements thiextsindex  in theframe by one. If this
value is zero, there will no text is written to thie while other parameters of the frame is

being written to the file.

Commandl nsertAudio Class

CommandinsertAudio  class handles GUI insert audio operation comirggnfr
insert menu in toolbar.

Theexecute function takes the audio information that the userse and sends it to
theaudios vector in theframe . TraffEdu System supports only adding one audicexh
frame so if there is an audio inserted before, pedated audio information is written over
the old one. Theaudiosindex in theframe is incremented.

Theundo function only decrements tlaidiosindex in theframe by one. If this
value is zero, there will no audio information isitten to the file while other parameters of

the frame is being written to the file.

CommandScale Class

In TraffEdu system user has opportunity to scaiglsior multiple objects at the same
time. CommandScale class handles GUI scaling operation coming frome th
RightClickMenu  which is opened when the user clicks right buttbthe mouse on the
selected area in the frame.

The scaledObjectNumber indicates how many objects are scaled inftame .
The value of this variable is set with the sizeéhafselectedObjects vector.

The execute function applies scaling operation to each objeot the
selectedObjects vector by using thebjectld s stored in theselectedObjects
vector Before multiplying current matrix of the objectttvithe scale matrix, that matrix is
stored in the transformationObjects vector in theframe and

transformationObjectsindex is incremented by one.
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The wundo function loads the matrixes which are stored ine th
transformationObjects vector over the current matrix of the related otge Then

transformationObjectsindex is decremented by one.

CommandRotate Class

In TraffEdu system user has opportunity to rotategle or multiple objects at the
same time.CommandRotate class handles GUI rotation operation coming frame t
RightClickMenu  which is opened when the user clicks right buttbthe mouse on the
selected area in the frame.

The rotatedObjectNumber indicates how many objects are rotated in the
frame . The value of this variable is set with the siz¢he selectedObjects vector.

The execute function applies rotation operation to each objaot the
selectedObjects vector by using thebjectld s stored in theelectedObjects
vector Before multiplying current matrix of the objectttvithe rotation matrix, that matrix is
stored in the transformationObjects vector in the frame and
transformationObjectsindex is incremented by one.

The wundo function loads the matrixes which are stored ine th
transformationObjects vector over the current matrix of the related otge Then

transformationObjectsindex is decremented by one.

CommandTranslate Class

In TraffEdu system user has opportunity to tramskngle or multiple objects at the
same time. After selecting objects in fheme , user shall make drag & drop. This results in
a request from OSGEventHandler to GUIEventHandler to create a
CommandTranslate object.

ThetranslatedObjectNumber indicates how many objects are translated in the
frame . The value of this variable is set with the siz¢he selectedObjects vector.

The execute function applies translation operation to eacheobjin the
selectedObjects vector by using thebjectld s stored in theselectedObjects
vector Before multiplying current matrix of the objecttithe translation matrix, that
matrix is stored in thetransformationObjects vector in the frame and

transformationObjectsindex is incremented by one.
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The wundo function loads the matrixes which are stored ine th
transformationObjects vector over the current matrix of the related otge Then

transformationObjectsindex is decremented by one.

CommandFile Class

CommandFile class handles file operations coming from file mémuhe toolbar.
Since undo and redo operations can not be apmid¢did class, constructé@ommandFile
object is not added to thestoryLists vector.

Thenew method opens a new OSG window to provide a blavk@ment to the user.

The open method calldoadFile  method in the~ileHandler class with giving
file name as the parameter to the method.

The close method firstly checks if the current file is savéddnot, a pop-up menu
appears to check if the user wants to save themufife or not. According to the user intent
save method is called or current OSG window is deleted.

The save method callssaveFile  method in the~ileHandler class with giving
file name as the parameter to the method.

ThesaveAs method works similar with theave method, only sent parameter name is
changing according to the user request.

The currentFiles method is used to make all currently name of ogefies
appear.

Theexit method is used for exiting from the system but tefbis it callsclose

method for each currently opened files.

CommandView Class

CommandView class handles view operations coming from view mierthe toolbar.
Since undo and redo operations can not be apmi¢hig class, constructe@ommandView
object is not added to thestoryLists vector.

The hideDisplay method hides or displays the selected type ofatbjen the
frame .

Thewindows method shows sub-windows which are not on thelajspr hides sub-
windows which are on the display.

ThetoolboxWindow method hides or displays the toolbox window.

TheobjectsWindow method hides or displays the objects window.
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ThepropertiesWindow method hides or displays the properties window.

CommandCamera Class

In TraffEdu system camera properties are adjustdgerefrom camera menu in the
toolbar or from the keyboard. If the user wantsctange camera properties from the
keyboard, a request is created b®SGEventHandler and sent to the
GUIEventHandler.

TheyawlLeft method rotates the camera head to the left.

TheyawRight method rotates the camera head to the right.

ThepitchUp method rotates the camera head to the up.

ThepitchDown method rotates the camera head to the down.

The zoomIin method zooms in to the current position of the eamreference point

through the camera view direction. When an objedelected zooming action is done

by centering to the object that means changing camederence point as the center of

the selected object.

The zoomOut method zooms out from the current position of thenera reference

point through the camera view direction. When ajeatbis selected zooming action is

done by centering to the object that means charggngera reference point as the center

of the selected object.

CommandFrame Class

As it is mentioned before, in TraffEdu systemt, copy, and paste operations are not
supported. Only inserting a new frame or deletimgested frame is supported.

The insertFrame method firstly callscheckinconsistency method of the
EditorChecker  class by giving pointer of the temporary frame.tBig way correctness of
everything in the frame for the animation is gusead. ThersearchFrames method in
the OSGWindowsclass is called. This function returns if thera isame in th&eyFrames
vector whosdrameld is same as the temporary frame. If it returns,trneans there is a
frame whosdrameld is same with the temporary frame, that frame maeed from the
keyFrames vector. Finally temporary frame is inserted to kkgFrames vector.

The deleteFrame method firstly calls searchFrames method in the
OSGWindowsclass. If it returns true, means there is a frartheseframeld is same with

the temporary frame, that frame is removed fromkigng=rames vector. If not, nothing is
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done because temporary frame has not been instrtélde keyFrames vector in the
OSGWindowsclass.

CommandHelp Class

CommandHelp class handles help operations coming from helpumerthe toolbar.
Since undo and redo operations can not be appli¢id class, constructea@ommandHelp
object is not added to thestoryLists vector.

The traffEduHelper , samples , andaboutTraffEdu are the methods of this

class whose aim is to help the user while prepahegnimation.

CommandAnimate Class

CommandAnimate class is created when the user clicks on the daiimaton on the
GUI. The execute function of this class callsanimate method of the
AnimationWindow class. By this way prepared traffic case is angéthan a newly created

window.

CommandRightClickMenu Class
In TraffEdu system when the user right clicks oa ©SG window, a request from
OSGEventHandler to GUIEventHandler  to open a right click menu is sent.
Themenuld indicates which right click menu will be poppedwpen the user clicks
right button of the mouse.

Theexecute function of this class opens a right click menuwising themenuld .

CommandTimelineClick Class
There are many cases when the user clicks onrtigdiie. These cases and how they
are handled are as follows:
When the user clicks on the timeline,
» If keyFrames vector in theOSGWindowsis empty a blank temporary frame is
created.
* If keyFrames vector in theOSGWindowsis not empty and there is no frame with
the samdrameld with the clicked area of the timeline, a temporfagyne is created.
This frame contains same environment objects with last key frame, whose

frameld is less than thrameld of the frame.
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» If keyFrames vector in theOSGWindowsis not empty and there is a frame with the
sameframeld with the clicked area of the timeline, that fraiméoaded to the newly
created temporary frame.

The execute  function performs all the conditions by the helpsafarchFrames

method in theOSGWindowsclass.

4.3 Editor Checker Class

EditorCheclzer

checlInconsistencylint, O3FWindow*) : boolean

checlkFrameFrame* O30Window*)bhoolean

checkObjectP ositionObjectType, vector<float>, O3FVindow* hoolean
checkVehicleP athV ehicle *hoolean

checkRoadConjunctions (Frame*, O30Window* ) boolean

Figure4.3

EditorChecker  class, as the name implies, checks the operatioms in TraffEdu
Editor so that the user can be notified if he doasflicting operations. The consisitency in
each frame is checked whenever check consistendfonbus pressed, that means
GUIEventHandler's commandCheckConsistency object will create a
EditorChecker object and caltheckinconsistency method of that object, or the
user inserts the current environment as a new fraime&t means GUIEventHandler's
commandInsertFrame object will create a EditorChecker object and call
checkinconsistency method
checkl nconsi stency(int, OSGN ndows *)

This method callxcheckFrame , for the frame whosdramelD given as first
argument, so a process of checking the frame fiberdnt types of consistencies will be
started. The second argument is a pointer t@B&Windowsobject that has that frame. We
need this pointer to be able to reach static fralnects like roads, traffic signs and lights
which are kept irDSGWindowsobject but not ifframe object, since these objects are not

specific to a single frame.
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checkFranme(Frane *, OSGW ndows *): bool ean
This function callscheckObjectPosition for each object in the
frame which is pointed by the first argumentThen forVehicle type objects it calls
checkVehiclePath, and forRoad type objects it callsheckRoadConjuctions.
checkObj ect Position (ObjectType, Vect or <f | oat >, OSGW ndows
*): bool ean
This function checks whether the object placemantsdone appropriately. It checks
whether the object with object type denoted with finst argument could be inserted at the
coordinates denoted with the second argument.rdt 8elects the nearest object in that
coordinates, and according to the type of thatatbjeeturns true or false. Following are the
constraints about positioning of objects.
* A vehicle can only be inserted on road and shanlldw its path.
* Aroad can only be inserted on the grid.
* A path can only be inserted on road.
» Traffic lights and traffic signs can only be ingelton road.
« Environmental objects can not be inserted on thd.ro
checkVehi cl ePat h( Vehi cl e *): bool ean
If the vehicle whose pointer is given as argumeas$ lemptypath vector, this
function returns false, otherwise true. A warningssage should be generated since the user
will not be able to change position of the vehiolethe next frames unless it has a path
associated with it.
checkRoadConj ucti ons(Franme *, OSGW ndows *): bool ean
Thedirection of the lanes of the two branches of two differ@atds should match
if these branches are placed side by side. Thisisnéa lane of a branch witbOGU_BATI
direction meets a lane of another branch BT _DOGU direction this function will return

false.
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4.4 OSGWindows Class

0SGWindows

Frame

lastFramel dint

wector <Object™: roadOhject

wector <0bject™: environmentObject
wector <0rid= ; grids

wector <Frame*> kevFrames
TimeLine: timeline

openWindow?) void
closeWindow):void
searchFrames(int;boolean
draw(Vector <Window ame=) void

Ohject

o

TimeLine Crid
wvertices vector<float> ldm
coloredAreasvector<float> L .
centery, centery, centerz float
drawTimeline()void roadPty Road*
drawGrid (void
Figure4.4

| ast Franel d: i nt

lastFrameld is the variable that keeps the id of the last f@yk inserted. This
variable is necessary for allocating space for #mémationFrames vector of the
AnimationWindow  object. The size of the vector is calculated bygishis variable.
roadObj ect: Vect or <bj ect >
envi ronment Qbj ect: Vect or <Cbj ect >
grids: Vector<Gid>

Grid objects Road objects, th&@rafficSign andTrafficLight object that
the roads contains ariehvironment  objects are static for each frame, their positoul
orientation does not change from frame to frametThwhy they are kept in this class rather
thanFrame class.
keyFranmes: Vect or <Frane*>

The key frames that the user inserted are pushekl tbathekeyFrames vector in

the order the user inserted.
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timeline: TineLine

This object is drawn with each calldoaw function.
openW ndow()

This function initializes the main display arealoé editor.
cl oseW ndow()

This function clears the main display area ofatigor.
sear chFrames(int): bool ean

This function returns true if theeyFrames vector of this class contains a frame with

id that is same with argument and false otherwise.
drawm( Vect or <W ndowNane>)

This function calls draw functions for objects in roadObject,
environmentObject, grids, keyframe vectors of this class. Thémeline
object is also displayed by setting a predetermined ordqagc projection. The argument
determines which of the views will be displayedhe main area3D_VIEW mode displays
perspective projection of the environmedOP_VIEW mode displays orthogonal
projection of the environment from top vieWRONT_VIEW mode displays orthogonal
projection of the environment from front viev&IDE_VIEW mode displays orthogonal
projection of the environment from side view. Thewports are adjusted according to the
size of the argument vector which is the numbeviefving modes. Each mode is drawn by

adjusting the properties of tikamera object of current frame.

TimeLine Class
vertices: vector<fl| oat>

This vector stores the vertices of each rectamgthe timeline.
col or edAr eas: vect or <f | oat >

This vector keeps the indexes of the rectanglew/ffoch a frame is inserted.
dr awTi el i ne()

This function draws theertices  vector as a sequence of rectangles.

Grid Class
Grid class is used to help the user visualize the enment better. Also grids help in
consistency checking. The user is not allowed totlpel cars on the grids on which no roads

are located. Grids are fixed for all frames.
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gridld:int
It is the identification number for each grid.
centerx, centery, centerz :float

They are x, y and z coordinates of each grid.
roadPtr : Road*

This pointer is setto theRoad object if such aRoad object is placed on this grid.
This is needed in order to check ¥/ahicle type object is placed onRoad type object or

not.
drawGid()

This function is responsible for drawing the grid@SGWindows

OSGEventHandler Class

OSGEventHandler class is one of the event handler classes in yeterm that
handles the requests coming from the OSG windowsndnages the operations of the
callback functions of the openscenegraph. ERcame object has an instance of this
OSGEventHandler class. Whenever Brame object is created, abSGEventHandler
object for that frame is also created automatically

ThemouseControl function inOSGEventHandler considers the following
possible conditions:

0 Mouse Left-Click (with CTRL key released)
o On Empty Area

There is no action taken against such a condityoth®OSGEventHandler
class.
0 On a Selected Object

There is no action taken against such a condityoth®OSGEventHandler

class.

0 On a Deselected Object

OSGEventHandler class leaves the management of this callback to
GUIEventHandler class by calling thaddCommandfunction with a

parameter to indicate thaGbmmandSelect object should be created.
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0 Mouse Left-Click (with CTRL key pressed)
0 On Empty Area

There is no action taken against such a condityoth®OSGEventHandler
class.

0 On a Selected Object
OSGEventHandler class leaves the management of this callback to

GUIEventHandler class by calling thaddCommandfunction with a
parameter to indicate thaGommandDeselect object should be created.

0 On a Deselected Object

OSGEventHandler class leaves the management of this callback to
GUIEventHandler class by calling thaddCommandfunction with a
parameter to indicate thatGommandSelect object should be created.
0 Mouse Right-Click (with CTRL key released)
o On Empty Area

OSGEventHandler class leaves the management of this callback to
GUIEventHandler class by calling taddCommandfunction with a
parameter to indicate that an appropri@aenmandRightClickMenu  object
should be created.

0 On a Selected Object

OSGEventHandler class leaves the management of this callback to

GUIEventHandler class by calling thaddCommandfunction with a
parameter to indicate that an appropri@aenmandRightClickMenu  for
that selected object should be created.

0 On a Deselected Object

There is no action taken against such a condityoth&OSGEventHandler
class.
0 On TimeLine
OSGEventHandler class leaves the management of this callback to
GUIEventHandler class indicating &ommandTimelineClick  object
should be created.
When met with a mouse motion callback on an objeetDSGEventHandler class
calls theaddCommandfunction of theGUIEventHandler indicating that a

CommandTranslate object should be created.
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updateCamer a(float, float, float, float, float, float, float, float, float)
When a keyboard callback occurs, this function tgslthe camera properties which

are position, reference point and the look up vecto

4.5 AnimationWindow Class

Animation Winudow

atitnationFrames:vector<Frame*=
cathera: Cathera
handler:AnitnateEventH andler

A pnimationWindow(int) void
sottFrameVectonvector<Frame=)void
fillFratneVectonwe ctor<Frame=)woid
calculatespeed)float

caleulatedte erfloat
drawFratmel)woid

display T ext(Stritng)woid
playdound(String)void
openWindow (Windowt ame)roid

closeWindow Windol ame) void

AnimateFrentHandler

Camera

camerafloat

Ex:gggﬂ' setCameraP osition (float, float, float)void
updateCarmerafloat, float, float)
setCamerafloat, float, float)
eyevectorsfloat
lookwector=float=
upvectorsfloats

Figure4.5

Ani mat i onW ndow (l ast_franme_id:int)

The size ofinimationFrames  vector will be equal t@0*5*last_frame_id
last_frame_id is the identification number of the frame that imserted lastly in
OSGWindows object. This number is multiplied by 30, which tiee number of frames
displayed per second in the animation, and 5. Hee is allowed to insert frames into places
in timeline which are multiple of 5 seconds--simita the timeline of the Macromedia Flash
Editor. So thelast_frame _id must be multiplied by 5 to get how many seconds of

animation is required in total.
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canera: Canera

A camera object is created and located in a defaosition in the scene at the
beginning of the animation. As the input comes frthra keyboard, the callback function,
setCameraPosition , of the AnimateEventHandler object locates the camera to the
new location. As stated before in the explanatibif€amera class, in the animation phase
only one camera object is created instead of omeea object per frame, therefore a change
in the position or orientation of the camera wi# permanent for all frames until a new

keyboard event occurs.
ani mat i onFr ames: vect or <Frame *>

When the animate button is pressed an objecti®fcthss is created. The in-between
frames of theframes vector in OSGWindows object, are created and collected in the
animationFrames  vector by calculating and filling the fields ofjebts.
animate () : void

This  function will call sortFrameVector, fillFrameVector,
calculateSpeed, calculateSteer, openWindow functions of this call in

succession.
sort FraneVect or (vect or <Fr ane>)

Theframes vector inOSGWindowsclass is filled with frames in the order, the user
inserts them. For calculations, two consecutiveraayes must be detected. In order to do so,
the frames vector dDSGWindowsis sorted bysortFrameVector function according to

the frame ids.
fill FrameVect or (vector<frane>)

filFrameVector function fills the in-between frames by incremdigtaaking
two consecutive frames from its argument vectore Trecessaryspeed and steer
properties ofVehicle objects and color properties of thmafficLight objects are

adjusted.
cal cul at eSpeed( )

After setting the corresponding values for objentanimationFrames , speed of
Vehicle objects in each frame is calculated dglculateSpeed function using the
position difference of Vehicles between frames.sT$peed property of theVehicle
objects will be used in setting the speed of eadbhomfor eachworldstep  for making

calculations in ODE.
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cal cul ateSteer( )

The steer of eacNehicle object is calculated for each frame accordinghe t
checkpoints of the path of the cardalculateSteer function. The checkpoints are the
points where the angle of the path is changedhésd points the steer of the vehicle will be
changed accordingly. For the vehicle to make ttations realistic, the car should start
steering before reaching the checkpoints. Thig sgtemperty of each object will be used to set
the steers of the cars in each worldstep for ma&atgulations in ODE.

Steer and speed properties of the vehicles areatotlated during the animation but
just before the animation while filling the in-beten frames.

di spl ayText (Stri ng)

This function displays the String object giventasargument.
pl ayAudi o( St ri ng)

This function plays audio by calling the playSoundction of Audio class with its
argument.
openW ndow )

After making the calculations for sorting the gréilling the array with necessary
frame information, calculating the speed and steérthe each vehicle object, the
openWindow function is called for passing to the animationndaw from the editor
window. A new window is opened in the screen ambitwFrame function is called.
dr awFr ame( )

The objects vector IOSGWindowsclass keeps the positions static objects likespad
traffic lights and traffic signs. For current framethe RoadObject and
EnvironmentObject vectors are drawn since the elements in these/saaiee stable
during the animation. The color of light for eadhafficLight object is stored in
lightColor vector of animationFrames. So the change in traffic lights for each
frame is achieved by this way.

The necessary information for th&ehicle objects is collected in the
animationFrames  vector. This is the speed and steer informatidreah frame we give
the speed and steer to motors and step the wodldeinthe positions of the bodies to update
the position of vehicles and wheels, namely theadyio objects.
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Draw static environment
If time equals timeStep
then
increment currentFrame
run motor with speed and steer of currentframe
wor | dstep(timeSep)
for each vehicle objects
vehicle curren tposition = getBodyPosition
for each wheel object of vehicle
wheel curren tposition = getBodyPosition

draw vehicle and the wheels in their current position

In addition, theanimationFrames vector’s texts vector is checked if this
frame contains textual information. téxtsindex variable of this frame is noet , then
displayText is called with argumerntexts|textsindex].

For audio play, the@nimationFrames vector's audios vector is checked if this
frame must be displayed with audio. .alfidiosindex variable of this frame is notl ,
thenplayAudio is called with argumerdudios[audiosindex].
cl oseW ndow()

This method exits the animation window.

AnimateEventHandler Class

Although animation window is also @SGWindow, a separate class is needed to
handle this window events. The reason is due todifferent responses of the animation
window to the events coming from the keyboard ouseo For example, a right click on other
OSG windows will result in calling theUIEventHandler  class to create a GUI related to
the current selected object, whereas in animatimaow all inputs coming from the user is
related to camera positioning.
set Caner aPosi ti on (Caneraloti on)

This function handles the inputs from the keyboand adjusts the camera positions
by calling theupdateCamera function of the AnimationWindow  class’s camera

object.
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4.6 PhysicsEngine Class

FhysicsEngine

wotld: AW orldID
space: d3pacelD
groutd | dGeondD

create’™ orld]): dWaorldID

stepWorldl dReal steplize) woid

setCravitydReal x, dReal v, dReal ivwoid
setGroundPlane(dReal a dReal b, dReal ¢, dReal d):dGeomlD
createdpace)d3pacelD
createCatdpacevehicleObjectivehicle): d3pacelD
createBody):dBodyID

createCre ol geomT ype:int): e omlD

relateCreomBodyl geomlD:dGeomlD, bodyIDdE o dyIDNvoid
create] oint(): dl ointID

attachTomt(jomt ID:dTomtI D bodyI D] :dBodyID bodyI D2 :dBody D) moad
itnitialize)woid

firalize)void

getGeomP osition geom: de om0 Vector< dReal>

getBodyT osition(body: dBodyIDN Vectors dReal~

set Transformation [trans: VectoradReal=, rotate: VectoredReal=):Wector=dReal=

Figure4.6

ThePhysics Module is used for simulating vehicles in the system applies the
essential physics to the bodies in the environnsenthat the resulting animation becomes
more realistic. All the objects in the environmehbuld be exposed to gravitation, in addition
to this dynamicvehicle  objects should be exposed to friction. Motion wéitceleration,
deceleration or constant speed should be simufatetthose dynamic objects. What is more,
collision detection should be done and collisiomswd be simulated in consistency with the
real world physics. It is decided to use Open Dyicantngine (ODE) library for these
purposes to supply the collision detection and aiglocontrol of the dynamic bodies in the
created world.

PhysicalEngine class makes the necessary ODE initializations with call of
initialize function to constitute the static environment oftygical simulation in
animation phase of TraffEdu system. Firstly, it irevoked to create a world with
createWorld  function to embed the bodies of tbbjects and sets the gravity for that
world. Then, a physical space is created wittateSpace function to handle the collision

detections. Finally the ground plane will be crdaia the space witlcreatePlane
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function to set the ground of the environment. P&are non-placeable geoms, therefore they
do not have an assigned position and rotationtherowvords it is assumed that the plane is
always part of the static environment and not teedny movable object.

For eachvehicle and for its fouwheel objects a rigid body should be created
and the corresponding rigid bodies should be ag@civith joints. To achieve this
createBody function of thePhysicalEngine class should be called, this function will
return the created dBodyID which will be recordadthe bodylID field of theobject. To
attach a joint to aehicle object body and itsvheels’ bodies’attachJoint method
will be used. Similarly for eacbbject a geom should be created and should be related to
its body if one exists. The former will be done dcrgateGeom and  the latter. What is
more, for eaclvehicle and itswheels these geoms should be added to simple car space
for collision handling.

Before rendering each frame the world should ketd once by thstepWorld
function so that the new dynamics can be calculated anddtg or geom positions can be
get in the correct place by calling tlgetBodyRotation /getBodyPosition or
getGeomPosition  /getGeomRotation.

The hierarchy of physics module is shown in Figu&
wor | d: dWor |l dI D Identifies the world
space: dSpacel D Identifies the space.
ground : dGeom D ldentifies the ground geom.
dWor 1 dI D : createWrl d()

Calls dWorldCreate() function of ODE and returns tineated world ID
void : stepWrl d(dReal stepSize)

Calls dWorldStep (world, stepSize) function of ODE
void: setGavity(dReal x, dReal y, dReal 2z)

Calls dWorldSetGravity (world ,X, y, z) so that therld’s global gravity vector is set
dGeom D: set G oundPl ane(dReal a, dReal b, dReal c, dReal d)

Calls dCreatePlane (space,a,b,c,d) to create a aground with the equation
ax+by+cz=d and returns the created plane geom ID.
dSpacel D : creat eSpace()

Calls dHashSpaceCreate (fiinction of ODE and returns the created space ID
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dSpacel D : creat eCar Space(vehi cl eCbj ect : vehi cl e)

Calls dSimpleSpaceCreate (space) function of ODEaaluls the vehicle’s and its
wheels’ geom to that space by calling dSpaceAdgp4d&ID, dGeomID) function of ODE
and returns the created spacelD so that the vetitigéet can set its carSpacelD parameter.
dBodyl D : creat eBody()

Calls dBodyCreate (world) and returns the creataty/hD.
dGeom D: creat eCGeon( geoniype:int)

Calls dGeomCreategéomType) and returns the created geom ID.
void : rel ateGeonBody( geom D: dGeom D, bodyl D: dBodyl D)

Calls dGeomSetBody (geomID, bodyID) function of D
dJointID : createdoint()

Calls dJointCreateHinge2 (world,0) and returnsciteated joint ID.
voi d: attachJoi nt (j oi nt1D: dJoi ntl D, bodyl D1: dBodyl D, bodyl D2: dBod
yl D)

Calls dJointAttachjointiD  , bodylD1 , bodylD2 )
void : initialize()

CallscreateWorld ,setGravity, createSpace, setGroundPlan e
methods and for each object in the environmentteseaeeded body, geom and joints and
relates these as explained above.
void : finalize()

Destroys world, spaces, contact groups and geoimg tree dWorldDestroy,
dSpaceDestroy, dGeomDestroy, dJointGroupDestrofiadstof ODE.

Vect or <dReal >: get GeonPosi ti on(geom dGeom D)

It returnssetTransformation( dGeomGetPosition(geom),dGeomGetRotation(geom))
Vect or <dReal >: get BodyPosi ti on( body: dBodyl D)

It returnssetTransformation( dBodyGetPosition(body),dBodyGetRotation(body))
Vect or <dReal >: set Transformation (trans: Vector<dReal > rotat:
Vect or <dReal >)

Calculates a 4 by 4 matrix from the given 4 by 3rirand returns the result.
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4.7 FileHandler Class

FileHandler

loadhlodel (Btring modellboolean
saveFile(Vector <Frame> frames String file) : boolean
loadFile(Btring file, Vector <Frame=) hoolean

Figure4.7

This class has three main functionalities; one loictv is to read the vertices data of
models to be inserted. One other functionalitpissiad from an XML file and so involve in
the reconstruction of the frames vector for th#itr@ase prepared previously. The last one is
to write the prepared traffic scene to an XML fotted file.

In TraffEdu, premeditated 3ds max models will bedisTo export models from 3ds
max to OpenSceneGraph, we will use OSGExp whiemispen source exporter, actually a
plug-in to be installed on top of 3ds max. The .madels will be translated once and will be
stored in the directory hierarchy of our projecaffiEdu in .0sg format under
TraffEdu/Models directory. In implementing the fiienctions, both the functions supported
by the OpenSceneGraph in osgDB library and thetioptput functions of C++ will be used
according to their ease of use. The osgDB libraoyiples support for reading and writing
scene graphs, providing a plugin framework andilkty classes. The plug-in framework is
centered on the osgDB::Registry, and allows plugihgh provide specific file format
support to be dynamically loaded on demand. osgi@Biges handy functions not only for
managing files but also managing directories. M @gin example, the directory content or a
given file’s type in a given directory can easily &iccessed.
bool ean | oadModel (Stri ng)

The function will read the vertices and normal eeébformation of objects from the
given argument file name. If read operation is sgstul (unsuccessful), it returns a true
(false) boolean value.
bool ean saveFi | e(Vect or <Franme>, Stri ng)

This function simply takes two arguments one ofalihis for the frames to be saved
and the other for the name of the file to be predud he function saves only tbbjects,
audios, texts, lightcolors vectors for each frame anoadObject
environmentObject vectors inOSGWindow class. If save operation is successful

(unsuccessful) it returns a true (false) boolednera
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bool ean | oadFil e(String, Vector <Frame> *)

This function simply takes two arguments one ofaklihis for the frames to be loaded
in and the other for the name of the file to belkxhfrom. If save operation is successful
(unsuccessful), it returns a true (false) boolealne:.

The parsing of the XML file will be done via ApacKerces C++ XML Parser. The
DTD schema and a hierarchy of tags for the XML &te given in A.2.

4.8 Audio Class

Andio

wolume:float

playdound (string)woid
stopdound(ivoid
setWolumefloat)woid
getW olumer) woid

Figure4.8

TraffEdu will have some audios like speaking @ tiser and effects in the animation.
Audio class will be implemented to control the sourflsdio will interact withPhysics
class to play crash effects if a traffic accideappens in the animation. Also it will interact
with AnimationWindow class to play some music or effects inserted byuser in the 3D
Editor part.

Functions in 0sgAL, toolkit for handling spatialDBsound in the OpenSceneGraph
rendering library, will be used to implement thisdhle.

» 0sg::Sample will be created to hold the .vaw sarfilddor each audio object.

* 0sgAL::SoundState will be created to hold the sapind its settings. Volume of the
sound is one of them.

* 0sgAL:SoundNode will be created to hold a SoungStad this node will be inserted
wherever an audio object is created.

* 0sgAL::SoundManager will be created to handle qdebeundStates and to store all
SoundStates to make it possible to find them later For example, when a crash
occurs in a frame and user has been insertefludio object into that frame in the
animation preperation phase, both sound eventsngpfmdm AnimationWindow
class andPhysics class will be pushed into the queue and playedrdetg to their

priority.
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Thevolume variable indicates the volume (gain) of the sosiade.

TheplaySound method is used for creating a new audio strearardogy to the given
sound name and playing the stream by using setR&thod of osgAL::SoundState setting
"true" as a parameter.

ThestopSound method is used for stopping the stream which isgoplayed by using
setPlay method of osgAL::SoundState setting "faésed parameter.

The setVolume method is used for setting the volume of the strég using setGain
method of osgAL::SoundState.

The getVolume method is used for getting the volume of the sirdgy using getGain
method of the osgAL::SoundState.

4.9Class Diagrams Overview
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A. APPENDIX

A.1 Enumeration Types

Enum WindowName{

}

TOP_VIEW,
SIDE_VIEW,
FRONT_VIEW,
3D_VIEW

Enum DrawMode{

SELECT
DRAW_VEHICLE,
DRAW_PATH,
DRAW_WHEEL,
DRAW_ROAD,
DRAW_ROAD_BRANCH,
DRAW_LANE,
DRAW_TRAFFIC_SIGN,
DRAW_TRAFFIC_LIGHT,
DRAW_TREE,
DRAW_HOUSE

Enum ObjectType{

VEHICLE,
WHEEL

PATH,
ROAD,
ROAD_BRANCH,
LANE,
TRAFFIC_SIGN,
TRAFFIC_LIGHT,
HOUSE,
TREE
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Enum BranchType{

ANAYOL,
TALIYOL,
KAVSAK

}

Enum RoadType {
DUZ_YOL,

TALI_ YOL,

KAVSAKLI_YOL,

ADA_YOL,

BOLUNMUS_YOL,
VIRAJLI_YOL,
DARALAN_YOL,
IKI_YONDEN_DARALAN_YOL

}

Enum RoadLineType {
TEKLI_KESIKLI_CIZGlI,
CIFTLI_KESIKLI_CIZGlI,
TEKLI_DEVAMLI_CIZGI,
CIFTLI_DEVAMLI_CIZGI

}

Enum LaneDirection {
DOGU_BATI,

BATI_DOGU,
KUZEY_GUNEY,
GUNEY_KUZEY,
KUZEYDOGU_GUNEYBATI,
KUZEYBATI_GUNEYDOGU,
GUNEYDOGU_KUZEYBATI,
GUNEYBATI_KUZEYDOGU
}
Enum TrafficSignTypes{
SAGA_TEHLIKELI_VIRAJ,
SOLA_TEHLIKELI_VIRAJ,

52



SAGA_TEHLIKELI_ DEVAMLI_VIRAJ,
SOLA_TEHLIKELI_DEVAMLI_VIRAJ,
IKI_TARAFTAN_DARALAN_KAPLAMA,
SAGDAN_DARALAN_KAPLAMA,
SOLDAN_DARALAN_KAPLAMA,
KAYGAN_YOL,
ISIKLI_ISARET_CIHAZI,
IKI_YONLU_TRAFIK,

DIKKAT,

KONTROLSUZ_KAVSAK,
ANAYOL_TALIYOL_KAVSAGI,
SAGDAN_ANAYOL_TALIYOL_KAVSAGI,
SOLDAN_ANAYOL_TALIYOL_KAAGI,
SAGDAN_ANAYOLA GIRIS,
SOLDAN_ANAYOLA_GIRIS,
DONEL_KAVSAK_YAKLASIMI,
TEHLIKELI_VIRAJ_YON_LEVHASI,
YOL_VER,

DUR,

TASIT_GIREMEZ,
TASIT_TRAFIGINE_KAPALI_YOL,
MOTOSIKLET _HARIC_MOTORLU_TASIT_TRAFIGINE_KAPALI_YOL
MOTORLU_TASIT_GIREMEZ,
TASIT_GIREMEZ,

SAGA_DONULMEZ,
SOLA_DONULMEZ,
U_DONUSU_YAPILMAZ,
ONDEKI_TASITI_GECMEK_YASAKTIR,
AZAMI_HIZ_SINIRLAMASI,
BUTUN_KISITLAMALARIN_SONU,
HIZ_KISITLAMASI_SONU,
GECME_YASAGI_SONU,
SAGA_MECBURI_YON,
SOLA_MECBURI_YON,
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ILERI_MECBURI_YON,
ILERI_SAGA_MECBURI_YON,
ILERI_SOLA_MECBURI_YON,
SAGA_SOLA_MECBURI_YON,
ILERIDE_SAGA_MECBURI_YON,
ILERIDE_SOLA_MECBURI_YON,
SAGDAN_GIDINIZ,
SOLDAN_GIDINIZ,
HER_IKI_YANDAN_GIDINIZ,
ADA_ETRAFINDA_DONUNUZ,
MECBURI_ASGARI_HIZ,

MECBURI _ASGARI_HIZ_SONU,
GIRISI_OLMAYAN_YOL_KAVSAGI,
ILERI_CIKMAZ_YOL,

ANAYOL,

ANAYOL_BITIMI,
BOLUNMUS_YOL_ONCESI_YON_LEVHASI

Enum TrafficLightTypes{

}

NORMAL_ISIK,
SUREKLI_YANIP_SONEN_ISIK,
SAGA_OKLU_ISIK,
SOLA_OKLU_ISIK

Enum TrafficLightColor{

}

KIRMIZI,
SARI,
YESIL

Enum ObjectViewMode{

DISPLAY,
HIDE
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Enum CameraMotion{
ZOOM_IN,
ZOOM_OUT,
PITCH_UP,
PITCH_DOWN,
ROW_LEFT,
ROW_RIGHT

A.2DTD Schema
<?xml encoding="1S0O-8859-1"?

<?xml version="1.0" encoding="UTF-8" standalone="ye s"?>
<IDOCTYPE TrafficCase [

<IELEMENT TrafficCase (Background, Frames)>

<IELEMENT Background (Roads)>

<!IELEMENT Roads (Road+))>

<IELEMENT Road (Position, Branches+, Lights*,Signs* )>
<IATTLIST Road type CDATA #REQUIRED>

<IATTLIST Road objectID CDATA #REQUIRED>

<IELEMENT Position>

<IATTLIST Position currentX CDATA #REQUIRED>

<IATTLIST Position currentY CDATA #REQUIRED>

<IATTLIST Position currentZ CDATA #REQUIRED>

<IATTLIST Position transformationMatrix CDATA #REQU IRED>
<IELEMENT Branches(Branch+))>

<IELEMENT Branch (Lanes)>

<IATTLIST Branch objectlID CDATA #REQUIRED>

<IATTLIST Branch direction CDATA #REQUIRED >

<IATTLIST Branch type CDATA #REQUIRED>

<IELEMENT Lanes(Lane+)>

<IELEMENT Lane>

<IATTLIST Lane leftLine>

<IATTLIST Lane rightLine>

<IATTLIST Lane direction>

<IELEMENT Lights (Light+))>



<IELEMENT Light (Position)>

<IATTLIST Light type CDATA #REQUIRED>
<IATTLIST Light objectiD CDATA #REQUIRED>
<IELEMENT Signs (Sign+))>

<!IELEMENT Sign (Position)>

<IATTLIST Sign type CDATA #REQUIRED>
<IATTLIST Sign objectID CDATA #REQUIRED>
<IELEMENT Frames (Frame+)>

<IELEMENT Frame (Objects, Text, Audio)>
<IATTLIST Frame framelD CDATA #REQUIRED>
<IELEMENT Objects (Vehicles, LightUpdates)>
<IELEMENT Vehicles (Vehicle*)>

<IELEMENT Vehicle (Position)>

<IATTLIST Vehicle objectID CDATA #REQUIRED>
<IATTLIST Vehicle type CDATA #REQUIRED>
<IATTLIST Vehicle path CDATA #REQUIRED>
<IELEMENT LightUpdates (LightUpdate *)>
<IELEMENT LightUpdate>

<IATTLIST LightUpdate objectiD CDATA #REQUIRED>
<IATTLIST LightUpdate color CDATA #REQUIRED>
<IATTLIST LightUpdate arrowColor CDATA #IMPLIED >
<IELEMENT Text (#PCDATA)>

<IELEMENT Audio (#PCDATA)>

1>

The hierarchy of tags in the XML output files ofaffiEdu can be seen below:
<TrafficCase>
<Background>
<Roads>
<Road type objectID>
<Position currentX currentY currentZ
transformationMatrix/>
<Branches>
<Branch objectID direction type>
<Lanes>
<Lane leftLine rightLine

direction />
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<Lane>...</Lane>
</Lanes>
</Branch>
<Branch>...</Branch>
</Branches>
<Lights>
<Light objectID type>
<Position currentX currentY curentZ
transformationMatrix/>
</Light>
<Light>...</Light>
</Lights>
<Signs>
<Sign objectID type>

<Position currentX currentY curentZ

transformationMatrix/>
</Sign>
<Sign>... </Sign>
</Signs>
</Road>

<Road> ... </Road>
</Roads>
</Background>
<Frames>
<Frame framelD>
<Objects>
<Vehicles>
<Vehicle objectID type path>
<Position currentX currentY currentZ
transformationMatrix/>
</Vehicle>
<Vehicle>...</Vehicle>
</Vehicles>
<LightUpdates>

<LightUpdate objectID color arrowColor/>

<LightUpdate>...</LightUpdate>
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</LightUpdates>
</Objects>
<Text> </Text>
<Audio> </Audio>
</Frame>
<Frame>...</Frame>
</Frames>

</TrafficCase>

The directory hierarchy of system TraffEdu is dfofes:

ﬂﬁﬂfﬂ;;},,«ﬁ”#f;fﬁﬁﬁﬁﬂr Traf f Edu

\ license
Hodels j/ff//////f \\\\\\\\\\\\\\ lib

o 0

Pork Oninstall

/ bin _ Help

Samples o
gt -

user manuals

installation documents

Sample I

N

sample_1_trf sample_1.wav

.osg models

TraffEdu. ezxe

FigureA.l



A.3 Coding Standards

We decided on some coding standards to make ower made readable. Below are the
standards for variables, function names, type naandsnumeration types.

Variable names begin with lower case charactersifaitds a composite word each
new word begins with a capital letter. (eagard1Word2Word3 )

Function names begin with lower case charactersifaihds a composite word each
new word begins with a capital letter. (esgprd1Word2Word3 )

Type names such as class, enumeration and useeddfipes begin with upper case
characters and if it is a composite word each newdwbegins with a capital letter. (e.qg.
Word1Word2Word3)

Enumerated types are all written in capital letters

Vector typed variables’ are written in plural form.

A.4 Gantt Chart
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