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ABSTRACT

Implementation of Dynamic Data Sharing Mechanism using
EKF-DR Path Prediction in Network Virtual Environment

Song, Sun-Hee
Advisor: Prof. Ra, Sang-Dong, Ph. D.
Department of Computer Engineering

Graduate School of Chosun University

net-VE(Network Virtual Environment) is a system that links the distributed
network to the virtual reality technology and offers 3 dimensional world to
help distributed multi users mutually interact through real time networking. In
the net-VE system, distributed network technology, such as network
broadband, fairness, distributed mutual interaction, synchronization, resource
management and expansion, and other different technologies become organic
within a single system. Additionally, synchronization resulting from time delay
requires technologies regarding collision check at a natural reality, accord and
resolution.

Consistency at a distributed virtual environment of the client-server
structure 1s maintained by endless exchange of static information among
distributed clients. The regular transfer of static information brings traffic
overhead of network. The precise way for network users to know the others’
static is to transfer the packet by hand shaking for each frame, which takes a

big burden of the synchronization and reduces the velocity. As the current
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static transferring value, z,, does not arrive at the time, t,, without packet
delay time, a reconciliation between the scope setting permitting errors and
broadband for updates is needed during a cycle interval of the synchronization.

There are two approaches solving the bandwidth problem within the net-VE
system where you can lessen the occurrence of dynamic data or minimize the
received messages and decrease the bandwidth of the overall virtual world.
The main technique that minimizes the received traffic of dynamic data and
lessens the overall bandwidth is the Dead-reckoning algorithm. This is first of
all a method that transfers current coordinates and speeds constantly and
synchronizes them, then estimates the location during the synchronization for
each client. From the recipient, they can take this value and apply
Dead-reckoning and estimate the observation location till the next
synchronization. While the movement becomes unnatural when the
synchronization time becomes long. As the movement locus becomes an
aggregation of straight lines, the merit is that the error does not accumulate as
it lessens the errors whenever the synchronization occurs. Secondly, as the
Dead-reckoning of DIS(Distributed Interactive Simulation) calculates the
location of its own object, it transfers and performs synchronization when the
error becomes bigger than the limit value, so that while there is less delay
when the dynamic data does not change directions aggressively, efficiency is
significantly decreased.

As mentioned above, although the Dead-reckoning method is the most used
and efficient method, 1t is difficult to perform estimations for single-shot and
unpredictable events. So, when a new participant is linked to the 3D scene of
the network’s virtual world, and as the frequent broadcast that maintains
consistency and has mutual reactions with other participants and sharing
initiates jerks that are caused by network delay, and collision and late
information transfer, it is important to reflect the shared event among multi

users through location reinforcement by prompt path estimation. A Kalman
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filter measures the status by repeating the estimation and filtering every level;
as this filter uses the most recent estimated status information, it can calculate
the best estimation possible for future statuses.

This study will design a path estimation model that uses
EKF-DR(Extended Kalman Filter) which measures the status by repeating the
estimation and filtering for each level and will estimate the path of the
dynamic data at the client cache. Also, it will decrease the estimation error and
increase the path estimation efficiency by using the actual measured value of
the movement locus and the measured error value information. It will finally
simulate the path estimation that uses the Dead-reckoning algorithm of the
DIS and EKF-DR and compare the results.

When a new client is linked to a 3D scene of the network virtual world, it
interpolates the previous location with the Dead-reckoning path prediction
algorithm of DIS to maintain consistency and shows the natural dynamic data
sharing scene of the 3D virtual world. The shared dynamic data of the 3D

virtual environment is implementation using the DIS/X3D/Java EAL
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<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE X3D PUBLIC
"http://www.web3D.org/TaskGroups/x3d/translation/x3d-compact.dtd"

"file:///C:/www.web3D.org/TaskGroups/x3d/translation/x3d-compact.dtd"
>

<X3D version='3.0'>
<Scene>

<!-- This NavigationInfo node is added to many scenes, making
examination

of objects easier. -->

<NavigationInfo type='"EXAMINE" "ANY"'/>
<Group>

<Shape>

<!-- When attribute values are not specified, the default values
from the VRML Specification are used. -->

<Appearance DEF="BROWN">

<Material diffuseColor="0.6 0.6 0.0/">>

</Appearance>

<Box/>

</Shape>

</Group>

</Scene>

</X3D>

a9 2-6 X3D/DTD &4 +x
Fig. 2-6 X3D/DTD Document Architecture
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19 2-8 SPLINE®] World Partitioning "%
Fig. 2-8 World Partitioning Method of SPLINE
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<% 1.1> DIS entity state PDU Z =
Table 1.1 DIS entity state PDU Fields

f‘ée;l?eSS)ize Entity state PDU field Contents
12 PDU header protocol version, PDU type
Padding, time stamp, length
6 Entity ID site, application, entity
1 Force ID -
1 Number of articulation Parameters |N
8 Entity type entity kind, domain, country, category
8 Alternative entity type same as above
12 Linear velocity X, Y, Z(32-bit components)
24 Location X, Y, Z(64-bit components)
12 Orientation H, P, R(32-bit components)
4 Appearance -
40 Dead-Reckoning Parameters algorithm, other parameters, linear
acceleration, angular velocity
12 Entity markings -
4 Capabilities 32 boolean fields
nx16 |Articulation parameters change, ID, parameter type, value
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8 18 24
Protocol Exercise PDU Type Protocol
Version Identifier Family
Time Stamp
PDU Length | Padding

19 3-9 DIS entity state PDU 3|t
Fig. 3-9 DIS entity state PDU Header
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v(k+1)=[z(k+1)— z(k+1lk)] (5.13)

=[z(k+1)—h(P, z(k+1lk))]
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Interpolation and update
x(k +1)
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Prediction (a) (c)
2(k +1|k)
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Estimation (e)
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EKF-DR MODEL

Threshold (d)
z(k) = 2(k +1| k)

Observation (b)
z(k)

99 53 $AdlHe 4 £4 5EE

Fig. 5-3 Position Estimation Flowchart of Dynamic Data
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X3DInterpolatorNode : X3DChildNode {

SFFloat [in] set_fraction (-00,00)

MFFloat [in,out] key [1 (=oc0,00)
MF<type> [in,out] keyValue (]
[SIM]F<type> [out] value_changed

a9 54 fARG ==

Fig. 5-4 Position Interpolation Node
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Transform {
Shape
IndexedFaceSet { coordIndex='... -1 ...

Coordinate DEF='Moved' point [ X v Z, ... ] # t0 ESPDU

}
}
CoordinateInterpolator DEF='Agent_Mover'
key [t0 t1 t2 ] #  OXE 17149 7] Alzte] &=
keyValue 'x v z, ... ' # sty 7] AIzF 9 shve] ESPDU

TimeSensor DEF='Timer' cycleInterval 5 loop TRUE

ROUTE Timer.fraction_changed TO Agent_Mover.set_value
ROUTE Agent_Mover.value_changed TO Agent_Moved.point

a9 55 Azt Mg FFeE

Fig. 5-5 Action Node Depending on Time
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main () {
DataGramSocket socketl;
DataGramPacket packetl;
EntityStatePDU espdul;
Entity_0l1 remoteAgent_A;
int i;
while (1) {
if (socketl.packetAvailable()){
socketl.receive (&packetl);
espdul.convertFromRawPacket (&packetl);
if (Entity_0l.member(espdul.entityID())
Entity_0l.update(espdul,ctime()):
else
Entity_0l.addEntity(espdul,ctime());

a9 5-6 HEdrY s HEHARE

Fig. 5-6 Dead-reckoning Algorithm Multicast
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main () {
Event eventl;
DataGramSocket socketl;
EntityStatePDU espdul;
agent agent_A (initPosition);
int i;
espdul.initializeWithPosition(myAgentPosition());
socketl.send(espdul.convertToRawPacket());
lastStateSent = agent_A;
lastTimeSent = ctime();
while(1){ //Update my dynamic data agent based on event
Agent_A.calcNewPosition(Event.read());
//Calculate EKF-DR Position
Agent_A.setEKFDRposition(lastStateSent.position() +
lastStateSent.velocity () * (ctime() - lastTimeSent):
//0nly send an update if EKF-DR threshold exceeded
if (abs(agent_A.position()-lastStateSent.position() >
thresh){socketl.send(espdul.coonvertToRawPacket());
lastStateSent = agent_A; lastTimeSent = ctimel():
1}

a9 5-7 EKF-DR &1 & HHoE
Fig. 5-7 EKF-DR Algorithm Update
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Convergence time

le
- = —
j Convergence time € 2| %
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Actual path &1

time

14 5-8 DR FH &g+

Fig. 5-8 DR Convergence Algorithm
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_________________________________________________________________________

SharedNode X
{LastModified=x}
SharedNode Y
{LasModified=y}

Server Client
Queue Queue
’ ()
HEES & (T T [y x1]
Init server @@
. /1\ )
Shared list pU% Shared list
m

SharedNode X
{LastModified=x1]

3

\W

v

SharedNode Y
{LasModified=y}

(Shared data Display]

29 59 54 AEEe YH e

Fig. 5-9 Filtering of Dynamic Entity
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Fig. 6-1 Position Estimation
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Fig. 6-2 First Error Accumulative Result
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29 6-3 DR¥ EKF-DRel 23 o & 4
Fig. 6-3 Number Required using DR and EKF-DR
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%12 W=7 B @ AAAA} 47 94

Table 1.2 Actual and Conversion Position to be Dead-reckoning Interval

Position Actual Conversion. Conversion.
DR Interval ctua 1 ERR 2 ERR
X 4.62 4.49 -0.13 441 -0.21

0.75

v 5.68 5.72 +0.04 5.90 +0.22
050 X 4.62 452 -0.10 455 -0.07
. v 5.64 5.68 +0.04 5.71 +0.08
0.10 X 4.62 461 -0.01 4.62 -0.00
. v 5.64 5.64 +0.00 5.64 +0.00
0.05 X 4.62 4.63 -0.00 4.62 -0.00
' y 5.64 5.64 +0.00 5.64 +0.00
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Fig. 6-4 Position Prediction of Dead-reckoning Convergence Algorithm
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DEF sharedROUTEsCreator Script {

eventIn SFString

sharedRouteCreateString

eventInSFString

sharedNodeRouteDeleteString

eventOut SFString routeCrParam

eventOut SFString routeNodeDelParam

url "javascript:

function sharedRouteCreateString(value) {
routeCrParam = value: }

function sharedNodeRouteDeleteString(value) {
routeNodeDelParam = value;

}ll

11‘3]:1 675 %‘IQI’H\__ 7_1;_(” ?_]/’;]‘

Fig. 6-5 Object Recognition to be Sharing
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node sharedROUTEsCreator implements
routeCreator {
eventOut SFString routeCrParam;

eventOut SFString routeNodeDelParam; }

99 66 54 FHE 4% B9E 59

Fig. 6-6 Route Implements for Dynamic Sharing
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side view
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Fig. 6-7 Background node
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X3DBackgroundNode

SFBool
MFFloat
MFColor
MFFloat
MFColor
SFTime
SFBool

[in]
[in,out]
[in,out]
[in,out]
[in,out]
[out]
[out]

set_bind

X3DBindableNode {

groundAngle []

groundColor []

skyAngle
skyColor
bindTime

isBound

(]
000

[0, 7 /2]
[0,1]
[0, 7]
[0,1]

Y 6-8 499 AR wE

Fig. 6-8 Background Node of Scene
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SFBool
MFFloat
MFColor
MFString
MFString
MFString
MFString
MFString
MFString
MFFloat
MFColor
SFTime
SFBool

[in]
[in,out]
[in,out]
[in,out]
[in,out]
[in,out]
[in,out]
[in,out]
[in,out]
[in,out]
[in,out]
[out]
[out]

set_bind

Background : X3DBackgroundNode {

groundAngle [] [0, 7 /2]
groundColor [] [0,1]
backUrl (] [urn]
bottomUrl [] [urn]
frontUrl (] [urn]
leftUrl (] [urn]
rightUrl (] [urn]
topUrl (] [urn]
skyAngle [] [0, 7]
skyColor 000 [0,1]
bindTime

isBound

99 6-9 3 A olvA W

Fig. 6-9 Background Image Map of Scene
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NavigationInfo : X3DBindableNode {

SFBool  [in] set_bind

MFFloat [in,out] avatarSize [0.25 1.6 0.75] [0,)
SFBool [in,out] headlight TRUE

SFFloat [in,out] speed 1.0 [0,00)
MFString [in,out] type ["WALK" "ANY"]
SFFloat [in,out] wvisibilityLimit 0.0 [0,0)

SFTime [out] bindTime
SFBool [out] isBound

a4 6-10 8 ==

Fig. 6-10 Navigation Node
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Viewpoint : X3DBindableNode {
SFBool [in] set_bind
SFVec3f [in,out] centerOfRotation 0 0 0  (-co,c0)

SFFloat [in,out] fieldOfView /4 (0, 7)

SFBool [in,out] jump TRUE

SFRotation [in,out] orientation 0010 [-1,1],(-00,00)
SFVec3t [in,out] position 0010 (-o0,00)

SFTime [out] bindTime
SFBool [out] isBound

nn

SFString [] description

9% 611 gwe] Aopz

Fig. 6-11 Viewpoint of Scene
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<?xml version="1.0" encoding="UTF-8"?>

<!DOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.0//EN"
"http://www.web3d.org/specifications/x3d-3.0.dtd">

<X3D version='3.0"' profile='Immersive'
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema-instance’
xsd:noNamespaceSchemaLocation=" http://www.web3d.org/specifications/x3d-3.0.xsd '>

<head>

<meta name='title' content='BoxEaiJava.x3d'/>

<meta name='example' content='BoxEaiJavaPage.html'/>

<meta name='description' content='External Authoring Interface (EAI) Java example
from VRML 97 Amendment 2 specification.'/>

<meta name='creator' content='Martin Reddy'/>

<meta name='translator' content='Xeena VRML importer'/>

<meta name='translator' content='Navigate - Mady by SSH '/>

<meta name='warning' content='Under development. VRML 97 EAI support appears
inconsistent for various browsers.'/>

<meta name='reference' content='BoxEai.java'/>

<meta name='reference' content='javadoc/index.html'/>

<meta name='reference' content='originals/box/'/>

<meta name='reference' content='
http://www.web3d.org/technicalinfo/specifications/ISO_IEC_14772-All/part2/javaBind.htm
1#Examples '/>

<meta name='reference' content='
http://www.web3d.org/technicalinfo/specifications/ISO_IEC_14772-All/index.html '/>

<meta name='reference' content='
http://www.parallelgraphics.com/developer/products/cortona/eai '/>

<meta name='subject' content='External Authoring Interface (EAI) Java example'/>

<meta name='identifier' content='
http://www.web3d.org/x3d/content/examples/Basic/ExternalAuthoringInterface/BoxEaiJav
a.x3d '/>

<meta name='generator' content='X3D-Edit,
http://www.web3d.org/x3d/content/README.X3D-Edit.html'/>

<meta name='generator' content='Vrml97ToX3dNist, http://ovrt.nist.gov/v2_x3d.html'/>

<meta name='license' content='../../license.html'/>

</head>

<!--

<Scene>

<Shape>

<Appearance>

<Material DEF='BoxMaterial' diffuseColor='1.0 0.0 0.0'/>
</Appearance>

<Box/>

</Shape>

</Scene>

</X3D>

<!--

<!-- Tag color codes: <Node DEF='NodeName' attribute='value'/> -->

% 6-12 3D 7HEed ZEdHa

Fig. 6-12 3D Virtual world Framework
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(f)

2% 6-14 379 M3 AN

Fig. 6-14 3D Virtual world Rendering
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=
2 o= ]

// KR AAKKEAAKRKAR AR A AR KRR A A AR A AR A AR A h Ak hh,%
// * Navigate - Mady by SSH =
// KA AAKKEAAKRKAR AR AR A KRR A A AR AR A A AR A h Ak hh%%
A (O Pl £ = FY = %¢ CFollowCarmera
=Z4 tutari MatrizFromMormaltVaD _eve. ¥3D _at) R /1= Tll=] TS
= B UpdateBeforeCallback{void) = ﬁ: CCamera
= ‘ﬁ; CFollowCamera Update Callbackivaid) = ~CCameralvald)
-4 312 9 QIEH0IA Wintain(HINSTANCE _Hinst, HINSTANCE, LPSTR, INT) f BuildFrustumivoid
@g CCamera @ g_Car 4 BuildProjMatrix{woid)
@ g9_Carld =@ CCarneralvoid)
@ gCity =@ GetCamLookAt(voidy
@ g_Cityld =@ GetFar(void) const
% g_Direction =@ GetFOW(vaid) const
# g Distance =@ GetFrustum{void) const
@ g_FollowCameta =4 GetMode(void)
% g_Hinst =@ GetMear{void) const
% g_Plane =@ GetNextFrame Translation{void}

% q_Planeld GetPausevald)

# 9_PlanePosition =& GetProjMatrix(void) const

#% g_PlaneSpeed =@ GetRotation{void)

@ 0_SkyBox =4 GetTranslation(vaid)

% 9_SkyBoxld GetviewMatrix(void) const

@ g_Tilt InitCameraTarget(const Y30 &_At, const V2D &_Rotation, F32 _Distance)
@ 9Up =4 |nitialize(void)

@ |_SeadlD =@ SetCollisionMode(Bool _CollisionMode)

@ SetFar(F32 _Far)
SetFOV(FIZ FOY)
Sethlear(F32 Near)
=@ SethlestFrameTranslation{const ¥3D &_Translation)
=% SetPause(Bool _pause)
=@ SetProjMatrixiconst Matrix & _Proj)
SetRotation(W3D _rotation)
=& SetTranslationtV3D translation)
=@ SetView{void)
=@ SetViewFromBBox(BoundingBox30 =_BBox. const Matrix =_Transfo)
= SetViewMatrix{const Matrix & _Miew)
Shut{void)
=& JwitchMode(vaid)
=@ Update(woid)
-4 UpdateCameraFly(const W3D &_Translation, const V20 &_Rotation)
<@ UpdateCameraTarget(F32 _Translation, const V2D &_Rotation)
o m_At
o m_Far
o m_FOY
¥ m_Frustum
9% m_InvFullProjMatrix
o m_Mode
r_Near
o m_NextFrameTranslation
o m_Pause
o m_ProjMatrix
% m_fiotation
o# m_Translation
¢ m_UseCollizion
o m_vViewhatrix
m_WheelAccel
=@ ~CFollowCamera(void)
% CFollowCameralvoid)
SetfotOfset(V3D RotOfset)
SetTarget(V3D _Target)
=4 Updatetvoid)
% m_0ldTarget
g% m_RotationOffzet

#include <Input_Precomp.h>

#include <Kernel_Export.h>
#include <Renderer_Export.h>
#include <Input_Export.h>
#include <Collision_Export.h>
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#include <Audio_Export.h>
#include <AnimatManager_Export.h>
#include <AlPlane_Precomp.h>
#include <CMan.h>

#include "FollowCamera.h"

LR SRR S S S SRS SR E LSRR E R EEE R E RS e R e SRR R R

#pragma once

class CFollowCamera : public CCamera
{
public:
CFol lowCamera(void);
~CFol lowCamera(void) ;
inline void SetTarget(V3D_Target) {m_OldTarget = m_At; m_At = _Target; }
inline void SetRotOffset(V3D_RotOffset) {m_RotationOffset = _RotOffset; }
void Update();
protected:
V3D m_OldTarget;
V3D m_RotationOffset;

// AR A AR AR A AR AR A A A AR A A A AR A KA A KAA KA AR A KRR AR ) k)
/] * EntryPoint.h = Win32 Executable *
// AR A AR AR A AR AR A A A AR A A A AR A KR AR AA KA AR AR AR AR A ),k )

#include "App_Precomp.h"

extern LPDIRECT3DDEVICE9 g_Device;
extern HINSTANCE g_HInst = 0;

// init Sky box

CSkyBox* g_SkyBox = NULL;

S32 g_SkyBox I d = -1;
// city model

CAt | asMesh= g City = NULL;

S32 g_Cityld = -1;
// Plane model

CAt | asHMesh~ g_Plane = NULL;

S32 g_Planeld = -1;
/] AtsA 2"

CAt | asHMesh~ g_Car = NULL;

S32 g_Carld = -1;
F32 g_Distance = 10.0f;

CFol lowCamer a* g_Fol lowCamera = NULL;
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V3D g_PlanePosition(0.f, 10.f, 0.f);
V3D g_Direction(1.0f, 0.0f, 0.0f);
F32 g_PlaneSpeed = 10.0f;

V3D g_Up(0.0f, 1.0f, 0.0f);

F32 g_Tilt = 0.0f;

S32 |_SeadlD = -1;

Matrix MatrixFromNormal (V3D _eye, V3D _at)
{

Matrix [|_mat;

V3D I_normal = _at - _eye;
V3DNormal ize(&|_normal, &|_normal);

V3D |_up;

|_mat(0,0) = |_normal .x;
|_mat(0,1) = I_normal.y;
|_mat(0,2) = I_normal.z;
|_mat(0,3) = 0.0f;

V3D |_left;

V3DCrossProduct (&l _left, &l_normal, &g_Up);
V3DNormal ize(&!_left, &l_left);

|_mat(2,0) = I_left.x;
|_mat(2,1) = I_left.y;
|_mat(2,2) = I_left.z;
|_mat(2,3) = 0.0f;

V3DCrossProduct (&l _up, &l_left, &l_normal);
V3DNormal ize(&!_up, &!_up);

|_mat(1,0) = |_up.x;
|_mat(1,1) = |_up.vy;
|_mat(1,2) = |_up.z;
|_mat(1,3) = 0.0f;

|_mat(3,0) = _eye.x;
|_mat(3,1) = _eye.y;
|_mat(3,2) = _eye.z;
|_mat(3,3) = 1.0f;

return |_mat;

}

Result UpdateBeforeCal Iback()
{ return SUCCESS;

}

?esult UpdateCal Iback()
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/] Press escape to exit application

if (1g_System.GetPadManager () .GetKeyboard() .GetKeyState(DIK_ESCAPE)
&& g_System.GetPadManager () .GetKeyboard() .GetKeylLastState(DIK_ESCAPE))

{

}

if (lg_System.GetPadManager () .GetKeyboard() .GetKeyState(DIK_F12)
&% g_System.GetPadManager () .GetKeyboard() .GetKeyLastState(DIK_F12))

{

}

g_System.Kill();

Screenshot("Tutorial1", 0);

Matrixx |_TM = g_Plane—>GetTransfo();
CKeyboard &|_Keyboard = g_System.GetPadManager () .GetKeyboard() ;

if (I_Keyboard.GetKeyState(DIK_UP))

{

g_PlanePosition -= g_PlaneSpeed*g_Direction*GETDELTA_T();
}
if (I_Keyboard.GetKeyState(DIK_DOWN))
{

g_PlanePosition += g_PlaneSpeed*g_Direction*GETDELTA_T();
}

V3D |_rotOffset(0.0f, 0.0f, 0.0f);
if (I_Keyboard.GetKeyState(DIK_LEFT))

{
Matrix |_RotY;
MatrixRotationY(&|_RotY, —40.0f*DEGTORAD*GETDELTA_T());
V3DTransformNormal (&g_Direction, &g_Direction, &l_RotY);
if (g_Tilt > -40.0f+«DEGTORAD)
{
g_Tilt += -100.0f*DEGTORAD*GETDELTA_T() ;
}
if (g_Tilt < -40.0f*DEGTORAD)
{
g_Tilt = -40.0f+*DEGTORAD;
}
[T i rrririiiiriili
|_rotOffset.x = —-40.0f*DEGTORAD*GETDELTA_T();
[T L E i i irriiiriiiiiirriy
}
if (I_Keyboard.GetKeyState(DIK_RIGHT))
{

Matrix |_RotY;
MatrixRotationY(&| _RotY, 40.0f+«DEGTORAD*GETDELTA_T());
V3DTransformNormal (&g_Direction, &g_Direction, &l_RotY);

if (g_Tilt < 40.0f+DEGTORAD)
{
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g_Tilt += 100.0f*DEGTORAD*GETDELTA_T() ;

}
if (g_Tilt > 40.0f+DEGTORAD)
{
g_Tilt = 40.0f+DEGTORAD;
}

N v

I_rotOffset.x = 40.0f+*DEGTORAD*GETDELTA_T();

N v
}

V3D |_Correction = g_System.GetCol | isionManager().GetCorrection(|_SeadlD,
g_PlanePosition, g_Plane—>GetBoundingSphere()->Radius);
g_PlanePosition += |_Correction;

// Tilt Rotation

g_Up = V3D(0.0f, 1.0f, 0.0f);

Matrix |_TiltMatrix;

D3DXMatr ixRotationAxis(&l_TiltMatrix, & _Direction, g_Tilt);
V3DTransformNormal (&g_Up, &g_Up, &|_TiltMatrix);

// camera follow user input rotation
g_Fol lowCamera—>SetRotOffset(|_rotOffset);

//compute matrix for air plane from direction and position
*|_TM = MatrixFromNormal(g_PlanePosition, g_PlanePosition + 10.0f*g_Direction);

// Tilt Attenuation
g Tilt == 0.9f;

g_Fol lowCamera—>SetTarget(g_PlanePosition);
g_Fol lowCamera—>Update() ;
return SUCCESS;

}

// KRR AR R R AR AR R R R AR R R R A A AR R A A A AR A AR A AR A AR A AR A AR AR AR A A A A A KA AR KA AR A AR AR KRR A AR hhk*

// WinMain

A R R R
INT WINAP| WinMain( HINSTANCE _HInst, HINSTANCE, LPSTR, INT )

{
g_Hlnst = _HlInst;

if (FAILED(g_System.Initialize()))
{

}
SetWindowText( g_System.GetLowRenderer().GetHWnd(), "Navigate - Mady by SSH");

return -1;

N vy

/] *kk Set callback for the mainloop

g_System.SetCal IbackBeforeUpdate(&UpdateBeforeCal Iback) ;
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g_System.SetCal IbackAf terUpdate(&UpdateCal Iback) ;

// Set Clear Color

g_System.GetLowRenderer () .SetClearColor (RGBAColor(0.5f, 0.5f, 0.5f, 0.0f));
g_System.GetLowRenderer () .SetFogFar (1000.0f) ;
g_System.GetLowRenderer () .SetFogColor (RGBAColor (200.0f/255.
0f,200.0f/255.0f,200.0f/255.0f,1.0f));
g_System.GetLowRenderer () .SetLightDecayPower (10000.0f);
g_System.GetLowRenderer () .SetColorDecayPower (10000.0f) ;

g_Fol lowCamera = NEW CFol lowCamera();
g_Fol lowCamera—>Initialize();
g_System.GetDrawManager () .RegisterCamera(g_Fol lowCamera) ;

V2D rot(25.0f, -90.0f);

V3D pos(0.f, 10.0f, 0.f);
g_System.GetDrawManager () .GetCamera() . InitCameraTarget(pos, rot, 15.0f);
g_System.GetDrawManager () .GetCamera() .SetNear (1.0f);
g_System.GetDrawManager () .GetCamera() .SetFar(5000.0f) ;

InitScreenshot();

g_SkyBox = NEW CSkyBox();
g_SkyBox—>Initialize(".#Midatatskyttsky512.dds");
g_SkyBox|d = g_System.GetDrawManager () .AddGraphObject(g_SkyBox) ;

g_City= NEW CAtlasMesh;
g_City—>SetMesh( " .#datattest.amh");
g_Cityld = g_System.GetDrawManager () .AddGraphObject(g_City);

g_Plane= NEW CAtlasHMesh;

g_Plane—>SetMesh( " .Widatattbo.amh") ;

g_Planeld = g_System.GetDrawManager () .AddGraphObject(g_Plane);
g_Plane->Update() ;

g_Plane->LoadHAnim(" .##dataitbo.han") ;

g_Car= NEW CAt lasHMesh() ;
g_Car—>SetMesh( " .##datat4x4.amh") ;

g_Carld = g_System.GetDrawManager () .AddGraphObject(g_Car);
g_Car—>Update();

g_Car—>LoadHAnim(".#¥data4x4 . han");

/[l X8 FF ot

|_SeadlD =

g_System.GetCol | isionManager () .LoadSead( " .#datatcol | ision.asd");
Matrixx |_TM = g_Plane—>GetTransfo();

MatrixScale(1_TM, 2.f, 2.f, 2.f);

Matrix |_TR;

MatrixTranslation(& _TR, 0.f, 0.f, 0.f);

*|_TM *= |_TR;

[ILLTTTTITL L i i i i i rrriiiiriiiiirirnrii
// MainLoop
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g_System.MainLoop();
//

Ny

g_System.GetCol I isionManager () .ReleaseSead(|_SeadID) ;

if (g_Plane)
{g_System.GetDrawManager () .RemoveGraphObject(g_Planeld);
DELETE g_Plane;

}

if (g_Car)
{g_System.GetDrawManager () .RemoveGraphObject(g_Carld);
DELETE g_Car;

}

if (g_City)
{g_System.GetDrawManager () .RemoveGraphObject(g_Cityld);
DELETE g_City;

}

if (g_SkyBox)
{g_System.GetDrawManager () .RemoveGraphObject(g_SkyBox!d) ;
SAFEDELETE(g_SkyBox) ;

}

CleanScreenshot() ;

[ILLITTTTL LI i i i i i ririiiiiiiiiriirnri
/] Shut
g_System.Shut();
//
[ILLTTTTTIL LI i i i i i ririiiiiiiiirirrnri

return 0;

}

#include "App_Precomp.h"
#using <mscorlib.dl >

CFol lowCamera: :CFol lowCamera(void)
{m_RotationOffset = V3D(0.0f, 0.0f, 0.0f);
}

CFol lowCamera: :~CFol lowCamera(void){

}
void CFol lowCamera: :Update(){
F32 |_SpeedZoom = 0.0f;
V2D |_Rot(0.f, 0.1);
CMouse &!_Mouse = g_System.GetPadManager () .GetMouse();

if ( |_Mouse.GetButtonState(0)) {
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|_Rot.x = |_Mouse.GetPosition().x - |_Mouse.GetlLastPosition().x;
|_Rot.y = |_Mouse.GetPosition().y - |_Mouse.GetlLastPosition().y;
|_Rot *= 1.f*DEGTORAD;

}
[ILLTTTIIL LI i i i i i i i i i i rriiiirieiillirrr
CKeyboard &|_Keyboard = g_System.GetPadManager () .GetKeyboard() ;

if (I_Mouse.GetWheelState()) {
m_WheelAccel += |_Mouse.GetWheelState() * 2.f;
(m_WheelAccel < 1.f)? m_WheelAccel = -1.f : 0;
(m_WheelAccel > 1.f)? m_WheelAccel = 1.f : 0;

| _SpeedZoom = - 150.f * m_WheelAccel * GETDELTA_T();
}

(1_Keyboard.GetKeyState(DIK_HOME))?|_SpeedZoom = -m_WheelAccel * GETDELTA_T()
0;

(1_Keyboard.GetKeyState(DIK_END) ) ?|_SpeedZoom = m_WheelAccel =* GETDELTA_T()
0

m_Translation —= m_OldTarget - m_At;
|_Rot.x += m_RotationOffset.x;
|_Rot.y += m_RotationOffset.y;
LILIHEEEEEIEEI L L Err i i i ii i rriirrrrrrirrrrsi
UpdateCameraTarget(|_SpeedZoom, |_Rot);
Matrix |_View,|_RX,I_RY,|_RZ, I_T;
//Build the transfo matrices
Matrixldentity(&l_View);
MatrixRotationX(&I_RX,-m_Rotation.x);
MatrixRotationY(&I_RY,-m_Rotation.y);
//MatrixRotationZ(&|_RZ,-m_Rotation.z);
MatrixTranslation(&!_T,-m_Translation.x,-m_Translation.y,-m_Translation.z);

[_View = |_TxI_Viewx|_RY*|_RX;

//Set the matrix
SetViewMatrix(|1_View);

I il
m_RotationOffset = 0.0f;

T
}

N Yy,

// Program: Red Box, Green Box
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// Description: Uses the EAl to change the colour of a box to green

import java.applet.x;

import vrml.eai.field.*;

import vrml.eai.Node;

import vrml.eai.BrowserFactory;
import vrml.eai.Browser;

public class BoxEai extends Applet {

public void init() {
super.init();

}

public void start() {

Browser browser = null

Node material = null
EventInSFColor boxcolor = null

// Get the VRML Browser - try 10 times
for (int count = 0; count < 10; count++) {
browser = BrowserFactory.getBrowser(this);
if (browser !=null) break
try {
Thread.sleep(200);
} catch (InterruptedException ignored) {}
}

// Get the diffuseColor eventln of the DEF'd material node
try {
material = browser.getNode("BoxMaterial");
boxcolor = (EventInSFColor) material.getEventIn("set_diffuseColor");
} catch (vrml.eai.lInvalidNodeException ignored) {}

// Sleep for 1 second
try {
Thread.sleep(1000);
} catch ( InterruptedException ignored ) {}

// Change the material's diffuse color to green (0,1,0)
float[] newcolor = new float[3];

newcolor[0] = 0.0f; newcolor[1] = 1.0f; newcolor[2] = 0.0f;

boxcolor.setValue(newcolor); } }

[ITTTTIILLEE i i i i i i i i rriiiiiiiiiirrnrii
// Program: Helix Spring.

// Description:

/1l This program calculates coordinates needed to make a helix spring

/] and sets them in 3D scene. spineLimit x crossSectionLimit = 250 x 10
/] = 2500, and thus satisfies vrml97 conformity requirements for

/] Extrusion node. The animation speed may be adjusted by altering
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/] thread.sleep value, but too low values may decrease browser
/] render ing per formance.

import java.awt.x*;

import java.applet.x;

import vrml.eai.field.*;

import vrml.eai.Node;

import vrml.eai.BrowserFactory;
import vrml.eai.Browser;

public class HelixEai extends Applet implements Runnable {

Event InMFVec3f spine = null
EventInMFVec2f crossSection = nul |
Thread thread = null

Choice choice;

int spineLimit = 250;

float[ ][] spineValue = new float[spineLimit+11[3];

int crossSectionLimit = 10;

float[][] crossSectionValue = new float[crossSectionLimit+1][2];
float numCoils = 5f;

// set up the applet controls
public void init() {
super.init();
setBackground(Color.white);
Panel p1 = new Panel();
Label IbINCoils = new Label("Number of Coils");
p1.add( IbINCoils);
choice= new Choice();
choice.addltem("5"); choice.addltem("4"); choice.addltem("3");
choice.addltem("2"); choice.addltem("1");
p1.add(choice);
add(p1);
}

public void start() {
// get the VRML Browser reference
Browser browser = null
for (int count = 0; count < 10; count++) {
browser = BrowserFactory.getBrowser(this);
if (browser !=null) break
try { Thread.sleep (200); } catch (InterruptedException e) {}
}
if (browser == null) {
throw new Error("Failed to get the browser after 10 tries!");

}

// get the spine and crossSection fields of the Extrusion node

try {
Node coil = browser.getNode("Coil");
spine = (EventInMFVec3f) coil.getEventIn("set_spine");
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crossSection = (EventInMFVec2f) coil.getEventIn("set_crossSection");
} catch (vrml.eai.InvalidNodeException ne){
System.out.printIn("Node Exception Error:"

}

if (thread == null) {
thread = new Thread(this);
thread.start();
} else

thread.resume() ;
}

+ ne.getMessage());

public void stop() {
if (thread != null) thread.suspend();
}

public void destroy() {
thread.stop();
thread = null

}

public void run() {

// calculate and set the crossSection values of the Extrusion node
float thickness = 0.1f;

float diameter = 1.5f;

float two_pi = (float) Math.Pl = 2.0f;

for (int j =0; j <= crossSectionLimit; j++) {

float angle = j * two_pi / crossSectionLimit;

crossSectionValue[ j][0] = thickness / 2 = (float) Math.sin(angle);

crossSectionValue[ j][1] = thickness / 2 = (float) Math.cos(angle);

}

crossSection.setValue(crossSectionValue) ;

// oscilate the spring between 0.3 and 1, with 0.05 increments
float inc = 0.05f;

float value = 0.3f;

float springlLength = 2f;

while (true) {

value += inc;

//calculate and set the coordinates for the whole spine

for (int i =0; i <= spineLimit; i++) {
float stepsPerCoil = (float) Math.round(spineLimit / numCoils);
float angle = i * two_pi / stepsPerCoil;

spineValue[i][0] = diameter / 2 = (float) Math.cos(angle);
spineValue[i][1] = springLength / numCoils * value * i / stepsPerCoil;
spineValue[i][2] = diameter / 2 = (float) Math.sin(angle);

}

spine.setValue(spineValue);

// sleep for 0.1 seconds
try { thread.sleep(100); } catch (InterruptedException e) {}

// reverse movement direction
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if (value >= 1f && inc == 0.05f)

inc = -0.05f;

else if (value <= 0.3 & inc == -0.05f)
inc = 0.05f;

}

}

// handle input (deprecated Java API)
public boolean handleEvent(Event event) {
if (event.id == Event.ACTION_EVENT && event.target == choice)
changeNumCoi Is() ;
return super .handleEvent(event);

}

// changes number of coils in the helix
private void changeNumCoils() {

String number = choice.getSelected!tem();

numCoils = (new Float(number)).floatValue();

3
N Yy,

// Program: Scene Switcher

// Description:

/1l Uses the EAl to change the value of all Switch nodes in a scene
/] based upon a couple of buttons that the user can press.

import java.awt.x*;

import java.applet.x;

import vrml.eai.Node;

import vrml.eai.BrowserFactory;
import vrml.eai.Browser;

import vrml.eai.field.*;

public class SwitcherEai extends Applet {
Browser browser = null

String buttont "Flick Switch 1";
String button2 = "Flick Switch 2";

// create the two applet buttons and get the browser reference
public void start() {

setBackground(Color.white);

add(new Button(buttoni));

add(new Button(button2));

browser = BrowserFactory.getBrowser(this);

}

// search scene graph for all Switch nodes and update their whichChoice
public void set_switch(int value) {

browser .beginUpdate() ;

Node root = browser .getNode( "RootNode") ;

- 1238 -



set_switch_recur((EventOutMFNode) root.getEventQut("children"), value);
browser .endUpdate() ;

}

// recursive method to do the scene graph traversal
public void set_switch_recur (EventOutMFNode children, int value) {
if (children == null) return

children.getValue();
nodes. length;

Node nodes| ]
int num_nodes

for (int i =0; i < num_nodes; ++i) {
String node_type = nodes[i].getType();

if (node_type.compareTo("Switch") == 0) {
// Grab the whichChoice field of the Switch and change it
EventInSFInt32 whichChoice = (EventInSFInt32)
nodes[i].getEventIn("whichChoice");
whichChoice.setValue(value);
} else if (node_type.compareTo("Group") == 0 ||

node_type.compareTo("Transform") ==
node_type.compareTo("Col I ision") ==

01l
0) {
// recurse into grouping nodes - other grouping nodes possible

set_switch_recur ((EventOutMFNode) nodes[i].getEventQut("children"),

value);

1}

// The button event handling routine
public boolean action(Event event, Object what) {
if (event.target instanceof Button &% browser != null) {
Button b = (Button) event.target;
if (b.getLabel() == buttonl) {
set_switch(0);
} else if (b.getLabel() == button2) {
set_switch(1);
}

}

return true

H}
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