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1 Conclusion

As the result of the simulation engine project, as a team, we accomplished to built a
game engine that each member contributed succesfully by adding their own extension
and integrating them to work together. We built our own FPS game by making use of our
game engine. In spite of the fact that there were not much time to first finishing the
game engine completely and building a game using it, we tended to integrate our engine
- framework and each extension towards the game we wanted to create as an end
result. Finally we accomplished to built a small map to run our game, with the models,
graphics, Al, physics and multimedia extensions working together.

2 Introduction

2.1 Purpose

The task of the project was to study an existing Open Source simulation engine, integrate
necessary external components, extend it with meaningful modifications and to
implement a simple tech demo/game to demonstrade the improved engine.

2.1.1 OGRE

Ogre is the simulation engine that we extended. OGRE (Object-Oriented Graphics
Rendering Engine) is a scene-oriented, flexible 3D rendering engine written in
C++ designed to make it easier and intuitive for developers to produce
applications utilising hardware-accelerated 3D graphics. As its name states, OGRE
is "just" a rendering engine. As such, its main purpose is to provide a general
solution for graphics rendering. It is not an all-in-one solution in terms of game
development or simulation as it doesn't provide audio or physics support, for
instance.

The choice of OGRE as a graphics engine allows developers the freedom to use
whatever physics, input, audio and other libraries they want and allows the OGRE
development team to focus on graphics rather than distribute their efforts
amongst several systems. OGRE explicitly supports the OIS, SDL and CEGUI
libraries, and includes the Cg toolkit.

2.1.2 Extending OGRE

Taking advantage of OGRE providing freedom to use physics — audio - AI and
multimedia extentions, we planned to make fully functional game engine by
implementing these features in a limited amount of time. Also simultanously
adapting our engine into a game concept by adding several features on the run.

2.2 Goals
Graphics
eThe basic idea is to create a programmable GPU shader that is capable of
blurring the reflections generated by an environment map.
e Use GLSL as the language of implementation.
Al

e a 2D path-finding engine which was implemented by OpenSteer.
e The decision-making was implemented in the Fuzzy logic way.
¢ Goal



- multi-chase
- avoid obstacles
- hide
- path-finding
Physics

e Create 2D destructible objects
e Generate cracking patterns in real time using a Voronoi Diagram.
e Be as realistic as possible

Multimedia

e OpenAL, OgreAL 3D sound
e Interaction with camera (Face tracking)
o Optimize face tracking algorithm
o Create new thread for only this extension(Boost)
o move user face to left/right to interact with game
o Replace user's face with smiley
3 Pre-study

3.1 How does the system look today?

We use some basic interaction such as mouse and keyboard.

3.2 What did you want to make better?

We want to add more interaction to any game engine, so we create extension to
detect object for control the game.

3.3 Project plan and division of themes

[0 [Tesk Name Duration Stant Finish [Pread
| 2
|1 Software Engineering [Yigit] 30 days? Mon 10/26/09  Fri 12/4/09 !
21 Create working convention 1cay? Fr10Q0/09  Fn 10/30/09
| R and non Sdays? Mon 102609  Fri 10/30/09
< 1 Design Framework (Game States and should be MVC) output may be class dagram of framework 7days? Mon 102608  Tue 11/2/08
| & Design Class dagram of each extensions 6days? Wed 11/409 Wed 11/11/09
| & Design interaction between extensions Sdays? Mon 102609 Fn 1073009
[FE= Make schedule for everyone 2days? Mon 117209  Tue 1173009
[ Implement Framework 13days? Thu 111208 Mon 11/30/09
s Merge all extension 4days?  Tue 12109 Fri 12409
0 | Test 2days?  Tue 12109 Wed 12/2/09
[ 11 Multimedia Extension [Akekarat] 26 days? Mon 10/26/08 Mon 11/30:09
| 12 face tracking on CpenCV 4days? Mon 102609 Thu 10,2909
351 merge OpenCV with Ogre2D to test 4days? Mon 11/209  Thu 11/509 12
e create Thread for OpenCV 3days? Mon 11/S09 Wed 11/11/09 13
% determine the cutput by using many frames 4deys? Thu 1171209  Tue 11/17/09 14
6 | send each frame image to Ogre30 25days? Wed 11/1808%  Fn 11720008 15
|37 render each rame on Ogre3D 2days?  Fn 112008 Tue 11/24/09 16
[T18 | document everything 45days? Tue 1172409 Mon 11/3009 17
| 18 Graphics Extension (George] 26 days? Mon 10/26/09 Mon 11/30:09
20 | write a vertex shader, fragr shader of meps and blury 7.5deys? Mon 1026/09 Wed 11/4/09
721 edit materal script for environment maps and blurry reflections 55days? Wed 11/408 Wed 11/11/09 20
221 apply ezher a mipmap biasing operation of Blurr algor tothe shader 7days? Thu 111209  Fn 1120009 21
= Gocument the work 6days? Mon 112309 Mon 11730009 22
| 24 Al Extension [Sicheng] 26.5days? Mon10/26/08  Tue 12/1/09
2% use the FFLL to determine the patrolhide states based on the HP of enemies. 6days? Mon 102608  Mon 11/2/09
|26 | adoptthe FFLL to Gecide whether 1o ttack or detect in the pairal mode, based on the distance to the main character, 6days?  Tue 117308  Tue 11/10/09 25
27 In the target detection state (detect), the realization will be done by the chaselag plugn of OpenSteer; Sdays? Wed 111108 Tue 11/17/09 26
28 | In the hice state, change the code of plugin of O tofind and hide; 4days? Wed 11/18/09 Mon 1172309 27
728 document 55days? Tue 112409  Tue 12/1/09 28
| 30 Physics Extension [Henrique] 26 days? Mon 10/26/03 Mon 11/30/09
| L | implement basic cracking paltern algorthm 6days? Mon 102608  Mon 11/2/09
2 integrate the algorehm with Ogre3D 45days?  Tue 117309 Mon 11/809 31
[ N implement civision of the polygons according to pattem 55deys? Mon 11/S/08  Mon 11/16/09 32
[ 34 generate dfferent patterns for different materials 4days? Tue 111709 Fn 11720009 33
738 apply forces to the fragments 45days? Mon 112308 Fn 11/27/09 34
| 38 document 1.5days?  Fri1127/09 Mon 11/30/09 35
737 Miscellaneous [All members) 13days? Tue 12108  Thu 1211709
|38 create MAYA map model and impaort to Ogre [George] ddays?  Tue 121089 Fri 12/4/09
738 create MAYA character model « Animation [George] Sdays? Mon 12709  Fri 121110938
a0 | creste MAYA cbject model [George] 4deys? Mon 121409  Thu 12/17/09 39
781 convert MAYA map to OpenSteer map [Simon] 4days?  Tue 121109 Fri 12/4/09
-5, all user interface HP, Bullets and eise [Simon] Sdays? Mon 12/7/08 Thu 12/17/09 41
43 | 3D Soundpan (OpenAL) [None] 1day? Mon 121409  Mon 12/14/09
4% | came play part 13days?  Tue1211/09  Thu 12/17/09
s | character walking [Yigit] 20ays?  Tue 12/109  Wed 12/2/08
% | control character [Banana] 2days?  Thu 127308 Fri 12/4/09
a7 dodge lef/right [Banana] 2days?  Mon 12709 Tue 12/8/09
48 | character shoot gun [Banana) 3days? Wed 12/909  Fr 121109
s | check contact of buliet and cbject and then object move or damaged [Henrique] 3days? Tue 1211509  Thu 12/17/09
% attach gun to camera and move & 6days? Tue 12/109  Tue 12/809
5 1 winfiose [Yigit} 7 days? Wed 12/909 Thu 12/17/0950 |

52 |Presentation 3days? Tue 1271509 Thu 12/17/09



D [Task Name | Duration Start [ Finish T&.., e = ber 2009
| | l { I I I I I ST 8 T2 T 3 T A0 T2 T 3

,‘.\.,gil. Engineering [Yigit] 30 days? Mon 10/26/09 Fri 124009 1 L e—

2 | Create working convention 1aay?  Fri108008  Fr 1030109 @@ Axekarat
37 Functional and non functional requirement Sdays? Mon 102609  Fri 1030009 | C— VIOt
[T&7  Design Framework (Game States and should be MVC) output may be class dagram of framework 7deys? Mon 102608  Tue 112/08 | —— it

5 | Design Class dagram of each extensions 6days? Wed 11/409 Wed 11/11/09 | R, Everyone
8 | Design Interaction between extensions Sdays? Mon 102609  Fn 1023009 | G Everyone
"7 Make schedule for everyone 2days? Mon 11209 Tue 11309 | G Akekarat
8 | implement Framework 13deys? Thu111208 Mon 1130009 | i, Yigit
9 | Merge all extension Adays?  Tue 12109 Fri 12409 C— Akokaral

0 | Test 2days?  Tue 12109 Wed 12209 | S Yight

11 Multimedia Extension [Akekarat] 26 days? Mon 10/26/03 Mon 113009 = <

12 | face tracking on CpenCV 4days? Mon 102609 Thu 10720009 | — Axekasat

T3 | merge OpenCV with Ogre3D to test 4days?  Mon 11208 Thu 11/50912 | e Axekarat

14 | create Thread for OpenCV 3days?  Mon 11/909 Wed 111110913 | okarat
15 | determine the output by using many frames. 4deys? Thu 111209 Tue 11170914 |  Akekarat
[T767]  send each frame image to Ogre30 25deys? Wed 111809  Fn 11200915 | Akekarat

7 render each frame on Ogre3D 2days?  Fr 112008 Tue 11/24/08 16 Akokarat
18 | document everything 45days? Tue 112400 Mon 11300917 | Akokarat
18 Graphics Extension (George] 26 days? Mon 10/26/09 Mon 11/30:09 | o =
20 | write a vertex shader, fragment shader of maps and blury i 7.5days? Mon 102608  Wed 11/4/089 | ey G010
21| edit matedal script for maps and blurry 55days? Wed 11/408 Wed 11/11/09 20 George
[T227]  opply exher o mipmap biasing operation or gaussian biurr algonthm to the fragment shader 7days? Thu 111209  Fn 112000921 |
23 document the work 6days? Mon 112309 Mon 11300922 | roxa.

24 Al Extension [Sicheng] 26.5days? Mon10/26/09  Tue 12109 = <
25 usethe FFLL to determine the patrolhide states based on the HP of enemies: 6days? Mon 1026109  Mon 1172109 Sicheng

26 , adopt the FFLL to decide whether 1o attack or detect in the patrol mode, based on the distance to the main character; 6days?  Tue 11309 Tue 11/100925 | Sicheng
[7277  inthetarget detection state (detect), the realization will be done by the chaseftag plugin of OpenSteer; Sdays? Wed 1171109  Tue 11/17/09 26 . Sichong
[T28 1 inthe hice state, change the cade of chaseAsp plugin of OpenSteer to find cbstacles and hide; 4days? Wed 111809 Mon 11230927 | Sicheng
Hw.nL document. 55days? Tue 112408  Tue 12/1/0928 | Sicheng

30 Physics Extension [Henrique) 26 days? Mon 10/26/09 Mon 11/30/09 @ 7
iu..lL implement basic cracking pattem algorithm Gdays? Mon 102609 Mon 11209 | Henrique
32| integrate the aigorithm with Ogre3D 45days?  Tue 117308 Mon 11931 | Henvique

3 implement division of the polygons according to pattem 55days?  Mon 117908 Mon 11160932 | Henrique
734 generate dfferent patiems for different materials 4days? Tue 11M7M09  Fri 117200933 |
35 | applyforces to the fragments 45days? Mon 112308  Fr 1127/0934 |  Henrique

% ‘document 15days? Fr 112709 Mon 1173000935 | Henrique

37 Miscellaneous [All members] 13days?  Tue 12108 Thui21709 > o
[738 7 create MAYA map model and impart to Ogre [Gearge] ddays?  Tue 12109 Fr12409 | s Georgo
| 735 | create MAYA character model + Animation [George] 5days? Mon 12708  Fri 121110938 | [bl.r

40 | creste MAYA cbject model [George] 4deys? Mon 121409 Thu 12170939 | George
41| convert MAYA map to OpenSteer map [Simon] 4days?  Tue 12409 Fri12M4i09 | C—Sicheng
4| ail ser nierface HP, Bullets snd eise [Smon] Gdays? Moo 127708 Tha 1217708 41 | T ey Sicheng
[M«L 30 Sound part (OpenAL) [None] 1day? Mon 12/1409  Mon 1214109 & Axekarat

a Game play part 13days?  Tue1211/09 Thu 1217/09 = v

[ character walking [Yig] 2days?  Tue 12109  Wed 12/2/08 S Akekarat

46 control character [Banana] 2days?  Thu 127309 Fri 1204009 — Akekarat
T Godge lefiright [Banana] 2days?  Mon 12709 Tue 12/8/09 G Axekaral

@ character shoat gun [Banana] 3days? Wed 120909 Fri 121109 C— AXekarat
& check contact of buliet and object 8nd then cbject move or damaged [Henrique] 3deys? Tue 124509 Thu 12/17/09 — AKekarat

@ attach gun to camera and move t 6days?  Tue 12109  Tue 12/809 Yigit
|$l' winfiose [Yigt) 7days? Wed 12/809 Thu 12/17/05 50 H Yigit
752 |Presentation 3deys? Tue 1271509  Thu 12/17/09 G Everyone

Task [ ° External Tasks
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4 Specification of demands (for each extension)

4.1 Functional demands (functionality)
4.1.1 Graphics

be able to transfer variables from Ogre rendering engine to the Vertex
shader.

be able to transfer variables between the Vertex shader to Fragment
shader.

Do all the Matrices calculations in on space preferably in the World space.
create either real-time calculations of mipmaps or prebuild them.
Real-time calculation of reflection ray vector.

4.1.2 Al

The extension plug-in of Opensteer should be able to synchornize with the
game.

The plug-in provides interfaces for the core of the game to control the
player object and receive the movement parameters of enemy objects.
The enemy objects driven by state-machine could run autonomously.
Enemy objects could chase the player, attack, hide, and avoid obstacles.
The path-finding of enemy objects is based on Dijkstra algorithm.

4.1.3 Physics

The physics extension should deliver a solution for generation of simple
destructible 2D objects. More specifically, the extension should not only tessellate
the fragments, but also generate the crack patterns for it. On top of that, after the
division of polygons is done, gravity should bring the broken pieces downwards.
Also, the generated fragments should always be different every time an object is
broken. Finally, the whole process should be done in real time and without a big
impact in the performance of the game.

4.1.4 Multimedia

detect face of user

show face of user in real-time

detect left and right movement of user's face

replace smileys on user's face

change smileys face when depend on player's life point

4.2 Non-functional demands (properties)(quality requirement)

4.2.1 Graphics

Do approximation for Fresnel calculation for better efficiency (using Shlick's
approximation).

Allow the shader to work on several video cards (increase compatibility).
Create a similar environment map that is close to the real 3D world
environment.



4.2.2 Al

e The computation and the response of the Al should be fast.

e The enemy will "cheat" , such as know the position of the player without
seeing.

¢ reduce the object collision in the Al layer.

4.2.3 Physics

The shape of fragments generated combined to the ability of setting the material
properties of the object should add more realism to the results.

4.2.4 Multimedia
e should be fast
e detect user's face in most cases
e track movement of user's face in most cases

5 Analysis
5.1 Main framework

A solid framework is key to succeeding in building a complete game. Having a
flexible and solid framework powering your game makes your overall game easier
and faster to code, read and understand, and also less error-prone and more
stable. It started with deciding upon how the state managers and the main
application works together, then the game states and the rest were added. Here is
the final UML diagram of the main framework that whole engine was built upon.

( See next page)



GameState

enter) ; void StartlipApnp
createScene(]) : void

exit) - void

paused woid statDemod : woid

resumed : void
keyPressed{&kevEventRel : KevEvent) : bool
keyReleased(&kevEventRef : KeyEvent) : bool

mousedovedifent: MouseEventy : hoal AppState
mousePressed(&evt: MouseEventid : MouseButtonlD) : bool n - - 1
mouseReleased(&evt : MouseEvent,id : MouseButtonlDy ; bool *m_pF‘arent ‘AppStateListener
maveCarmeral : void m_pCamera: Camera AppStateManager
etinputd : void *mfp_SceneMngr Sce_neManager
updatetimesinceLastFrame : double) void “miindow - Rendeftindow
onLeftPressed(&evt : MouseEvent) : void create(parent : AppStateListenername : String) ;vaid | | ManageAppStatelstateName : String,state : AppState) :void
onExtButtonGarnel8args | EventArgs) : void destroy) ; void findByMNamedstateMare : String) : AppState
setBufferadioced : void enterq ; void startistate : AppState)  void
setUnbofferedioded : void exit() - void changeAppState(state | AppState type : inf) © void
pauseQ - bool pushappState(state | AppState) : bool
DeadState  resurmed :void popAppStated : void
updated) : void shutdown(  woid
findByMame(stateMame : String) : void ity vaid
entert - voird chanoeAppStatelstate | AppState type : inf) : void
createScensd) - void pushappState(state : AppState) : boal
exit) - wnid _ shutdawn ) - vaid
paLsed i newOperation() : vaid
resumed : vaid newOperation( : void
keyPressed(&keyvEventRel: KeyEvent) : bool newOperation( - vaid
keyReleased(&kevEventRef : KeyEvent) : bool
mousedovedifevt: MouseBEvent) : boal
mousePressed(&evt: MouseEventid : MouseButtonlD) : bool 1
mouseReleased{&evt : MouseEvent,id : MouseButtonID? : bool 1
oneExitButton{args : Eventiras) : hool
onEnterButton{&args | Eventirys)  bool AppStateListenar
updatedtirmesinceLastFrame © double) : void
MenuState managesppStateistatenarne © String arg3 $void state | AppState) © void

findByMame(stateNarme : String) : void
changeAppStatestate : AppState type :int) : void

enterd : void pushAppStatestate | AppState) : bool
createScened) : void popAppStated ©void
exit) - void chutdown() : vaid

pause woid
resumed) :void
keyPressed{&keyEventRef : KeyEvent) - bool

keyReleased({&keyEventRef : KeyEvent) : bool Ogreframework
mousedovedifent: MouseEvent) : hoal rm_pRoot: Root
mousePressedifevt: MouseEventid : MouseButtonIDy - hoal m_pRenderdind : Rermdarniind ow
mouseReleased{&evt : MouseEvent,id : MouseButtonlD) : bool m_pWiewpar ; Viewport
oneExitButtoniargs : EventArgs) : baol rn_plog : Log
onEnterButton{&aras | EventArgs) | baal m_pinputhngr : Inputhaneger
updatedimeSinceLastFrame : double) :vaid m_pTimer : Timer
m_pkeyhoard : Keyhoard
Start5tate m_phouse : Mouse

m_pGUIRenderer: OgreCEGUIRenderer
m_pGUISystern : System

eriter() : void

crgatEchngO “void initOgrefwndTitle : String *pkeyListener : KeyListener*pMouselistener : Mouselistener) : void
exit() : void updateQgredimesSincelastFrame : double) : void

pauseq : void updateStates( : void

resumer) : void keyPressed(&keyEvantRef : KeyEvent) : bool

keyPressed(&keyEventRer : KeyEvent) : ool keyReleasediBkeyEventRer: KeyEvent) : hool

keyReleased{&keyEventRef : KeyEvent) - bool mougemoved(&evt: MouseEvent) : bool

mousehovediGevt - MouseEvent) : ool rousePressed(&evt | MouseEvent id | MouseButtonlD) : bool

mousePressed{&evt : MouseEvent,id - MouseButtonlD) - bool rmouseReleasedig&evt - MouseEvent,id : MouseButton|D) : bool

mouseReleased{&evt : MouseEvent,id : MouseButtonID? - bool
oneExitButton{args : EventAras) : hool

onEnterButton{&args : Eventfrgs) : bool
updatelimeSinceLastFrame : double) : void

5.2 Architecture

Every game engine, from the simplest to the most complex, requires some means of
updating the internal state of every game object over time. It is an extremely difficult job
to built a perfect architecture in this sense. Our aim was to at least try to find a solution
to the problem of deciding upon a version.



Display

Camera

Keyboard &
Mouse

MY

Main Loop
AN D
N/
N/ /I\
DATA -
Object Data World Data

A ) Input Manager:

finding input devices

attaching and configuring input devices
read control values from input devices

maps physical inputs to game controls

Input Manager was programmed mostly specific to the game itself.
Since the genre we have picked was FPS, the camera movements
and the navigation was built accordingly.

B) Game States

The most crucial part of the main framework was the states of the
game. Whole framework was built upon the states. Stack fashion
was used to handle the changes between the states. In the
beginning of the game there are no elements in the stack and as
soon as the game is executed first state is pushed to the stack.
Afterwards, depending on the previous state and the next state,
whenever a new state is acquired, either the previous one is
popped or deleted from the stack or the new state is pushed over
the previous state without deleting the last one from the state. It is
very important to analyze the states and execute accordingly.

- Start State
- Play State

- Menu State
- Dead State



6 Design (for each extension)
6.1 Classes
6.1.1 Graphics

The graphics extension had a simple design approach, as everything
was already integrated in Ogre's engine. So there was no need for doing
extra effort in integrating or interfacing our framework with the graphics
extension.

As mentioned before the main task of the extension is to create a
programmable GPU shader for blurry reflections, which practically needed
creating 3 different pieces of code:

1- A modified material file.

2- A Vertex shader.

3- A fragment shader.

Material file CPU
Processing

!

Fragment <— Vertex shader } glzgessing

shader

6.1.2 Al

The extension is based on the OpenSteer API, so the Al extension is a
plug-in of the OpenSteer.

Pluglin

[

PathFindPlugln
i ->
>
&
B :
1
P 1
aney battlelfield
_____ T=-=-=-= g
F——— i ———
! |
- Vehicle 1
SimpleVehicle . : hatarles -
| |
. N Sttt
- P
plaver 1 |
=4 : flags *
]
L —— —
I i 3




Map

In this simulation engine, the map is constructed by the logic map and the
visible map. The logic map is defined separately because of using
OpenSteer. The map has three mainly component, such as the battlefield
class, obstacles class and flags class.

The battlefield presents the range of this map, and limits the movement of
the player, in order to prevent the movement out of range.

Obstacles on the map can provide partly of the collision detection.
Moreover, the obstacles on the map can be detected by the Al-enemies, to
make the avoiding and hiding.

Defining the flags on the map is for the path-finding algorithm. The AI-
enemies which are in the path-finding mode will find the shortest path to
chase the player.

Enemy

The enemy class inherites the simplevehicle class of OpenSteer library.

- SOAR hierarchy

shoot

As the figure shows, the activities of the Al-enemy follow a SOAR
hierarchy. The SOAR has three main components, attack, explore and
retreat.

The state under explore is patrol. The enemy will patrol around a *home’
position and look around to search for the player object.

Under the attack category, if the enemy found the player object, it will
camp and shoot the player which is in the shooting range. While the player
moves out of the shooting range, the enemy will start to chase the player
object.

Moreover, the enemy could turn to the hide state if it has too low hit
points. As we know, the player will keep shooting the enemy objects in the
game, so I designed a ‘hide’ state to command the enemy to find the
nearest obstacle to hide behind. For the level of difficulties, some of the
enemies will not have this function.
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The path finding state is a special state which is out of the SOAR hierarchy.
Imaging a situation that an enemy is under attack and sending a help
signal. Then other enemies on the map will know the position and get to
the player. For that reason, there should be a path-finding function for the
enemy to find the player as soon as possible without aimlessness. The
path-finding algorithm is implemented by the Dijkstra algorithm, which
asks for an array to define the path info.

The decision-making of the enemy is base on the distance and

implemented by the fuzzy-logic. If the player is in the shooting range, the
enemy will camp and shoot, otherwise it will chase. The fuzzy-logic is not
necessary in a FPS game actually, but it is done.

6.1.3 Physics

PhysicsExtension

-mPhysicsExtension : PhysicsExtansion
~objects @ Obj*

Loount @ int

-pWorld : OgreMewt::World *
-mSceneiar : SceneManager *
FpMode | SceneMode *

-position : Wectord

-material : MaterialPtr

-PhiysicsExtansion()

H~PhysicsExtension()

#Destroy() : void

+getSingletonPtr() | static PhysicsExtension *
+oreateCbject() - SceneMNode *
+set3cenehManager() : void

HsetWorld() : void

+setPosition]) © woid

+sethateriall) | void

Obj

FmScanalgr | SceneManager ©
Fnaterial @ MateralPtr

L - const int

Fn - const int

Fedgecount © int

Hiorce : int

Foount - int

e Crack *

Fvalues : float **

FpWorld ; Ogrefewt;:Waorld *
FrodeMame - char
FhumObjects : stafic int
Fdestroyed : static int
Fposition ; Vectord

+satPosition() : void
+sethatenal() ; void
+oreateObject() | SceneMode *
+rewbject() - ScenahMode *
+Destroy() | SceneMode *
HorceCallBack() © void

VoronoiDiagramGenerator

Crack

+sizeX : float
+sizeY : float

lm : const int

n : const int
l-opStructure @ int =
-count ©int
lFadgeCount : int
FuertCount @it
FopEdges : float ™
l-maxx : float
-max’ : float
FminX ; flost
lmin' : float

lwdg | VeoronoiDiagramGenarator

+Crack()

+~-Crackl)
+generateMaterialStructure) @ veid
+generateCrack() : float **
+oountValues() :int
+polygon'ertexList() : float *
+vartexCount() | int
lFweakestMeaighbour() @ int
-converiToModelSpaceXy() : float
Feonver TolModelSpaced) - float **
FgenerateCrackMode() ; int
laenerateEdgesLisi(} : int
l-sortVerticas() | void
+huildVeriexLisi() : float *

The physics extension is divided in four basic classes: PhysicsExtension,
Obj, Crack and VoronoiDiagramGenerator. The PhysicsExtension is the top
level class and is resposible for the handling of the destructible objects in
the scene through the use of Obj class instances.

The Obj class handles the low level properties of individual objects such as
size, initial position, material as well as the physical forces applied to it.
Furthermore, when the object is destroyed, the Obj class generates the
fragments through the use of the Crack class.

The Crack class is the one responsible for the generation of crack patterns.
It makes use of the VoronoiDiagramGenerator class to create the Voronoi
Diagram based on the crack pattern. Each of the polygons in the diagram is
then made available to the Obj class for tessellation.

The VoronoiDiagramGenerator class, as its name already says, is used for
the sole purpose of generating the Voronoi Diagrams.

The API available for the users is limited to the PhysicsExtension class. This
means that all properties that can be set for the objects are available as
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PhysicsExtension methods and all the other classes are transparent to the
user.

6.1.4 Multim edia[banana]

ExtensionOpenCy
-mExtensionOpenCY : ExtensionOpenCWV | ] OpenCVThread
-ExtensionOpenCV() I =
+ojetSingleton() | ExtensionOpanChy/ 1|
¢ |
1 1 |
l__ ___ > FrameData
1
CommandController
winterfacas
+analyzeCommandi(} | Tracking
* +irack()

1

winterfaces
. |CommandAnalyzer
+radaFrame} HaarCascadeTracking
JAN
Hrack()
AnalyzeLeft AnalyzeRight
+addFrame() +addFramei)

This design is very flexible for many cases. First, user can add another
Haar Cascade tracking type by change cascade file. Second, They can add
more tracking algorithm easily by extends Tracking interface. Finally they
can add more moving pattern of tracking object by extends interface
CommandAnalyzer. For example, we use Analyzeleft class for detect move
left pattern. This design has more advantage, because user can use this
extension easily by only ExtensionOpenCV class. I use singleton pattern, so
user can use it from any class. We use OpenCVThread class to be new
thread that do all work of this extension, so this extension faster than
using only one thread. Additionally, this extension don't use Ogre3D as
library, so user can use this extension with another game engine. Thus, I
send movement data and image of each frame to game engine.

6.2 Interaction
These is interaction of each extension. We choose to use Facade pattern as much
as possible, because user can use each extension easier by use only one class.

Multimedia Extension

Class ExtensionOpenCV
static ExtensionOpenCV& getSingleton()
static ExtensionOpenCV* getSingletonPtr()
int initOpenCV()
int endOpenCV()
void cvLoopThread()
bool isFinish()
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unsigned char* getFramelmage()

int getCameralmageWidth()

int getCameralmageHeight()

int getCameralmageDepth()

int getCameralmageSize()

void setFaceType(FaceType faceType)
CommandType getCommand()

Physics Extension
Class PhysicsExtension
static PhysicsExtension* getSingletonPtr()
SceneNode *createObject(float *vertexList, int start, int num)
void setSceneManager(SceneManager *sceneMgr)
void setWorld(OgreNewt::World* pW)
void setPosition(Vector3 pos)
void setMaterial(MaterialPtr mat)

AI Extension
Class PathFindPlugln
int createEnemy(Vec3 pos)
Enemy* getEnemy(int identi)
void deleteEnemy(int identi)
void open ()
void update (const float currentTime, const float elapsedTime)
void close ()
const AVGroup& allVehicles ()
Class Player
Vec3 getPosition(void)
Vec3 forward()
Class Enemy
int getID()
void setState(StateAl s)
StateAl getState()
void setDie(bool isDie)
bool isDie()
Vec3 forward()
Vec3 position()
void setHP(int hp)
int getHP()

Graphics Extension
This extension creates only material and tech demo can use that material.

6.3 Implementation (for each extension)
6.3.1 Graphics
The implementation is done in three parts:

1. Modified material file: Each 3D mesh in the world is bound to a specific
material through a proprietary script in a material file. In the Extension,
some attributes had to be declared like the name of used shaders, what
language they used, and the variables sent from the engine to the shaders.
2.Vertex shader: The vertex shader is mainly responsible for doing the
matrix calculations to transform vertices from object space to world space,
and then calculate the reflection vector that will be used.

3. Fragment shader: The fragment shader is responsible for applying the
blurr value through forcing a certain LOD of the mipmaps of the
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environment map. And by using the reflection vector it determines the
texture coordinates used for reflection. Then Fresnel approximation is
applied to enhance the realism of the reflection.

6.3.2 Al

1. create a plugin for OpenSteer

2. build a logic-game map in the extension by using the border, obstacle and
path class.

3. create a player object and use the position control interface to connect to
the keyboard controller.

4. create several enemy objects and set the start position and start state.

6.3.3 Physics

The PhysicsExtension class is implemented as a singleton and can handle
several objects. When a new object is created, a new Obj instance is added
to an array. When the Obj is instanciated, a Crack instance is associated
with it. For speed purposes, in the Crack instance, the material structure is
already generated as well as the crack pattern (Voronoi Diagram).

The material structure is generated by simply adding random values to a
matrix. A hit point is then set in this matrix and a recursive method spreads
through the nodes with the smallest numbers. Using these points as
generating points, the Voronoi Diagram is created and so is the crack
pattern.

When the PhysicsExtension::Destroy() method is called, the Destroy()
method of the Obj instance to be destroyed is called. This method retrieves
the vertex list for each fragment of the object and draws them on the
screen. This vertex list is built by the Crack::generateEdgesList() method by
iterating through the line fragments generated by the Voronoi Diagram.
When the line is an edge of the polygon being handled, both ends (of the
line) are added to the list.

When one of the ends of the line is added, tests are made to ensure the
corners of the object are also added when appropriate. This list is then
sorted in counterclockwise order by transforming the points to polar
coordinates and sorting their angles from lowest to highest.

After having the fragments draw to the screen, their collision primitives are
created through the Newton Physics engine. For performance reasons, thin
boxes had to be used to enclose the fragments which can lead to weird
behaviour sometimes.

Finally, each fragment is attached to its own Ogre::SceneNode and each of
these nodes are attached to a parent Ogre::SceneNode which is returned by
the PhysicsExtension::Destroy().

6.3.4 Multimedia

We use Haar-like features to detect user's face because this algorithm
is very flexible. We can change object to detect by change only cascade file.
We use Boost library for create new thread. We show user's face on right-
top of the screen, so user can see himself. After we work for this tech demo,
We add smiley face to user's display face, so this tech demo is funnier then
before. This smiley face change based on user's life point.

6.4 Integration and testing[banana]
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We have a lot of library from every extension, so we have to manage these

library. We create environment variable to reference to folder of each library,

therefore we can work in many computer without modify Visual C++ project. Then

we can use SVN in the same file. In order to use SVN we should commit only
important file. We structure folder of this tech demo by separate each extension,

library and tech demo. We group all of resource files in one folder.

7 Tech demo
o Description

This tech demo combines every extension together for making FPS game.
This game is one player because we have Al extension.

o Overall Design
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o Implementation[Banana]

After integration, we implement game play of tech demo. We design
Character and FPSEnemy class by using factory pattern, so we can create
enemy so easily and we can add another type of enemy so easily too. We
detect building collision by OpenSteer library instead of physics library
because Opensteer have to use this data for calculate steering algorithm. We
detect collision of character and gun by using ray and cylinder in physics. We
crack plane as mirror of the building. We create physics plane at the bottom
of this mirror because mirror will crack and drop on this plane.

We create real FPS game because we can win and lose. We will lose this
game when player die. And we will win this game by kill all of the enemy. We
also have walk, shoot and die animation of an enemy. We use sound effect
from counter-strike.

o Screenshots
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Appendixes: Extension proposals

1- Graphics Extension Description: The basic Idea is to write a programmable shader
(most probably with GLSL) and link it to the ogre3d frame work. The shader is
responsible for calculating blurred reflection instead of the regular sharp reflections
produced by environment maps. It uses mipmapping and level of details to produce
these reflections.

More over to achieve more realistic results I'll add Fresnel effects to the reflections.

2- AI Extension Description: The extension of Al & script engine is focusing on the
logic of the opponent or NPC creatures in FPS games. The Al of creatures in games can
be divided into two parts, the path-finding and decision-making. The path-finding
function should be a 3-D path-finding algorithm if possible. However, at least it could be
a 2D path-finding engine which could be implemented by OpenSteer. In addition, Dijkstra
algorithm could be involved in to help to find the shortest path.

The decision-making engine will be implemented in the Fuzzy logic way. The decision-
making engine controls the action of creatures, and it decides when, whether and in
which way to response any provoking signals made by the players.

3- Physics Extension Description: The goal of this extension is to provide the
capability to generate destructible objects in real time to the simulation engine.

To achieve this, a cracking pattern algorithm should be implemented. This algorithm
should generate a fracture to the 2D objects that will be then divided into more polygons.
This will hopefully be realistic enough to significantly enhance user experience.

Finally, if possible, the extension should be able to deal with different sorts of materials.

4- Multimedia Extension Description: The extension will use Real time computer
vision library (OpenCV). Camera will detect user face while playing game. Using face
recognition algorithm to detect user face from camera. Then this extension send direction
command or another command to engine by using position of the face in many frames.
Additionally, extension send capturing frame to engine, then display frames in texture or
interface.
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