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ABSTRACT

The objective of the study was how to build multi-touchscreen table, which is equipped
with a relatively high price to be usable in a lower price by study principles and technology of
touchscreen. Then analyze data to search how to replace the original devices with other devices
which easy to buy and affordable. Then apply these devices to replace old equipments to reduce
costs. The important part is the touch system of the table. The touch system will be usable by use
the camera to capture the position of a touch point that on the surface. Additionally the system is
worked with reacTIVision software that is used to analyze the characteristics for a touch surface
instead of a touchsereen. The system’s application is developed with Action Script 3 and tested on
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[7] “S9@®usl5150” [Online] Available - http://th. wikipedia.org/wiki/S 388U U39/, 2015

[8] Eric Hemphill. “DIY Touch Table for Under $200: Construction Overview” [Online]

Available : https://www.youtube.com/watch?v=MhAH5rkChAk/. 2012

[9] Hack in a Minute. “Building Diy Multi-Touch Table” [Online]

Available : https://www.youtube.com/watch?v=i41AxBeCMTM/. 2009

[9] PeauProductions. “How To Build a Rear DI Multitouch Table” [Online]
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reacTIVision : 194)szanananmiitanilasslumdumtwddal i suse g

Nldnaaeu (Aasldiessu 1.4)

Download : http://reactivision.sourceforge.net/#files

udp-flashle-bridge : 19dmsumsSudsdoyanun UDP szndranesa 3333 uaz

1151033 Adobe Flash (1¥damdumiiasenanalsam)

Download : http:/gkaindl.com/software/udp-flashlc-bridge

Adobe Flash Professional (JF1us3 30 91) : 1¥d195ums@eunuy Action

4 w s @
Script TIUNIDDAMUY User Interface TR NUaa U 15 Na 01

Download : http://www.adobe.com/products/flash.html

TUIO Library : Slugadadmsuldanisansuszvinnyi Action Script 1u

T1/511n50 Adobe Flash 10 reacTIVision (33 ms1Fnusgluiate maruin n.2)

Download : http://www.tuio.org/?software (190 Flash AS3)
FlyCapture 2.6 : Driver dm5ulda1unazasnindes Firefly MV

Download : http://www.ptgrey.com/support/downloads

VUABUNITANGI FlyCapture

1) Al T1lsun35a FlyCapture 183n0NA Next

Welcome to the FlyCapture 2.6 Release 4
(x64) Setup Wizard

The Setup Wizard will install FlyCapture 2.6 Release 4 (x64)
on your computer. Click Next to continue or Cancel to exit
the Setup Wizard.

Cancel

1 ) al
U7 0.1 VuAeUNSAAAS FlyCapture



2) 8ouFUReu luiazdoanas (I accept the terms in the License Agreement)
B FlyCapture 2.6 Release 4 (x64) Setup wiell “

End-User License Agreement
Please read the following license agreement carefully

GR FlyCaptu SDK License Agreemen e

|READ CAREFULLY: This is a legal agreement between you (an
individual or a single entity) (“you”) and Point Grey Research,

Inc. (“PGR”). Before installing and using the FlyCapture®

Software Development Kit and any updates to it that we may at

our discretion provide to you (collectively, the "SDK"), you should
read this agreement. If you do not agree with all of the terms of
this agreement, do not install or use the SDK. PGR may change
this agreement at any time and it is your responsibility to review
the most updated version of it on PGR’s website at v

[¥]1 accept the tarms in the License Agreement

ey 45

v D e s
S Installs only those files required for a FlyCapture2-basad program

a to'run {drivers and DLLs only). This option is recommended for

r OEMs who create custom applications. . ‘

e

Complete

instals all SOK components except ar6ss-development files. This
indudes drivers and DLLs, executables, documentation, and
example source code. This is the recommended option for most

users,

“ = Use this option to choose which SDK components to install and

T where they will be installed. Choose this option to install the

1 cross-development files. This option is recommended for advanced
E users only.

Next | Cancel |

¢

1 9 3
3Uii 0.3 TuneUNITAAAS FlyCapture
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4) Lﬁ'anﬁﬂmmunm;ﬁﬂ“lﬁﬂﬁjﬁn‘l%’ﬂunﬁ'ﬂq Firefly T2unusasinsou’ls

E‘ ' : FlyCapture 26 Release 4 (x64) Setup = ':'I

E Inte'faoe Driver Selecl:ion

' Please select drivers to install, (
I will use firewire cameras.

[¥]Install PGRCAM - Point Grey Firewire Camera Driver.
[¥]Install FirePRO - Paint Grey Firewire Interface Driver.

(V11 will use USB cameras.

(] Install PGRUSBCam - Point Grey USB Camera Driver, Configure LISBPro

DInsthSBPro ~Point Grey USB Interface Driver. j
: t ( instalied eminterfacesuith nothing current| tedas |

(:] I will use GigE cameras, \
[#] Install PERGIGE - Point Gréy GigE Filtar Drfver,

gﬂﬁ n.4 TUARUMIARAS FlyCapture

[ 1 ¥
5) AanNYe9 Click to confirm sﬁﬁ)ﬁuﬂummﬂm HAINA Nexi

WL o s

Confirm Interface Seiection
Pleasa verify. your interface driver selection,

Ymhms&chdﬁaﬂomgnwﬁmmmmbeﬁmaeyadoutmﬂ i
mtbemuedaﬂnsem&msdecﬁmwgomﬁdwmﬂ:es&cud k
interfaces. ; ; LY i
PGR Camera Dri‘-ﬂ, : 7 ;
PGR FirePro Driver
PGR USB Camera Driver I
PGR USBPro Driver
PGR GigE Driver

[¥] Click to confirm

1 0.5 YuneUNITAAAY FlyCapture

Eah
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4 o 1 = g{'
6) NA Install 1fi9AAAS IIzT0IUNNHRHITINT v Anasauysal

i FlyCapture 2.6 Release 4 (x64) Setup =ik n

Ready to install FlyCapture 2.6 Release 4 (x64) ‘(

| Click Install to begin the installation. Click Back to review or change any of your
| installation settings. Click Cancel to exit the wizard.

Badc i N as st 64, cancel )

Pl YR - e e N C e R el =
v

9 9
511 1.6 VABUNITAANT FlyCapture

ET]

F2
1.2 M31¥31% TUIO 1 Action Seript
dindesnsiiamnaerliinadiiie1FnusnTAy# o011 Action Script 9740414 Library
r:'l. Y s A cg o v @ .. wé g '
Y94 TUIO tite 1o i FAianniua msa e iy reacTIVision 14 Guiionludiu

2 a P a & o A v = = = P .
uwzessiieInsanduiaz 1danudesdu eunsadnuiadn 147 hip:/bubblebird at/
M3 1597u Action Seript 718111 11511053 Adobe Flash s lvsnaudas 2 dau de'lvld

fla MRgIRudIaAmanSodumesla uaz Md .as w30 A Action Script Hazuatoey

TAauazmdslumsinauaie

¥ ¥
Yugaumsanaun 1911 TUIO

o o e/
1) 1839109171 Ivaa TUIO t1ag unzip TWdudany 1ddaz)
Iy tuio_as3 v 0.8 07-Jun-1512:10PM  File folder

B tuio_as3_v_0_8.zip 07-Jun-1512:10PM  WinRAR ZIP archive

Ui 0.7 Fuseums1Fau TuIo
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o

=Y 3 1 (-7 i
2) WaTilsunsu Adobe Flash ud39zuuning 19830 M f¥ade Create New 1580

Action Script 3.0

Create from Template Create New Learn ;
B cdvertisng | 1. Introducing Flash » i
B AR for Android B Actonscrpt2.0 | 2 Symbois»

'. Animation ‘ AR .| 3. Timelines and Animation »
‘ Banners '. AR for Android w 4. Instance Names »
‘B edia Playback B arworios L_]"5. Simple Interactivity »
'. Presentations ‘ Flash Lite 4 | BlActionScript »
J More ™7} ~ActionScript Fie i 7. Working with Data »
" Flash JavaScript File \_] 8. Buiding an Application »

Open a Recent ltem *=. Flash Project &4-9. Publishing for Mobile »
B vrawingappfia ™% - ActionSeript 3.0 Class ] ~10. Publishing for AR »
= |laiias ™ ActonScript 3.0 nterface L “4:Adobe TV »

J Open
Extend

{88 Fiash Exchange »

31 n.8 msad a1l Action Seript 3.0

1 1 ! 1
3) AR vea Tosnsanz il Property (Fanw 0.9) 1aand A iftasas

properties Waniiy [S1(/_D 2 )it e

Decument
\ Fi
Untitled-1

o Puelisn © an’ F*
Profile: ‘Befault |
| Publish Settinasw: 1
Target: ?L':ii'a's'h’ Player 112 ”;'-'rj 5

Script: [ ActionScript 3.0 |v]
Class: | } &

4 g
314 0.9 M3A391 Action Script 3.0
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4) 4% Document Class I a3 19 IunILANNIYIOY (14d as) tazafnit +

MAUA Soure path U89 Library Taolda /./uag Al Lﬁﬁ '(mugﬂ .10)

Witn.10 s by
- T‘ 1120481 £18 207
o
5) Aaite ﬁ%"aj ' lﬁ’" i
z tuse
@ i ',-. :- _[Dl . _a’—i-_v_ o — . v E , i 7 B w_Iﬁ_v_‘Q‘_éi i
Orgaiize* E@é\ : @gb.
is i &
Tocs o ' - o
g DQ;M &'W 2 File folder &
Downleads
B Music 2"3 o ? o q;a N\ ¥a
tm ayinan®
s Local Disk (Cy)
a Game (D2
s Data (B

€2 DVD RW Drive (F:
= Nentzpat (G2

ﬁ Metwork -

o
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6) naamntuiin Tvduds TuTvames wio as3 v o s szalseneudasiduas

Trainefanen (@sgal n.12)

| examples 17-Sep-114:49PM  File folder

& org 17-Sep-11 4:48 PM File folder

B nevappfia 07-Jun-15232PM  Flash Document
| readme.bd 17-Sep-11 5312 PM  Text Document

4 2
Uil .12 llsnanualuTvames tio as3 v 0 8

Daanft o iend v IWd Class (mnds i Tulsunsuazatialisaluid)

DD

711 n.13 m3ud 1o Class

Target: newappfa

public class Main extends MovieClip {

public function Main() {
// constructor code

}

31 n.14 nihaeludauues Action Script
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“H@%ﬁiﬁﬂ‘lﬂé Main.as

package {

import org.tuio.*;

import org.tuio.osc.*;

import org.tuio.connectors.*;

import flash.display.MovieClip;

import flash.display.Shape;

import flash.display.*;

import flash.events.*:

public class Main extends MovieClip implements ITuioListener {

private var tuio:TuioClient;

private var tuioCursor: TuioCursor;

private var circleSize:uint = 0;

private var lineWeight:uint = 10;

private var lineColor:uint = 0x000000;

private var link:Shape = new Shape();

private var penPoint:Array = new Array; // [x,y]
private var touchX:Number; // touch position x

private var touchY :Number; // touch position y

private var maxLayer:uint = 2;

private var layerIndex:uint = 2;

private var history:Array = new Array(); // [x,y,color,weight]
private var hisLine:Shape = new Shape(); // history line

private var hisBuffer:int; // history buffer is contain number of drawing

public function Main(){
/* Uncomment the connection type you want to use
* comment or remove the other one
* LocalConnection is the connection method used by default*/

this.tuio = new TuioClient(new LCConnector());

41



this.tuio.addListener(this);
board.addChild(hisLine);
}
public function handleCollision():void {
//Change Tool

if (newButton.hitTestPoint (touchX touchY, false))

{
clearScreen();
H
else if (penButton.hitTestPoint (touchX touchY, false))
{
changeTool(penButton.x,penButton.y);
penTool();
}
else if (eraserButton.hitTestPoint (touchX,touchY, false))
{
changeTool(eraserButton.x eraserButton.y);
eraserTool();
}
else if (brushButton.hitTestPoint (touchX touchY, false))
{
changeTool(brushButton.x,brushButton.y);
brushTool();
¥
else if (undoButton.hitTestPoint (touchX,touchY, false))
{
undoTool();
}

else if (undoButton.hitTestPoint (touchX.touchY, false))
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redoTool();

}

// Change Color

else if (blackColor.hitTestPoint (touchX touchY, false))

{
changeColor(0x000000,blackColor.x,blackColor.y);
trace('black’);

H

else if (greenColor.hitTestPoint (touchX, touchY, false))

{
changeColor(0x00CC66,greenColor.x,greenColor.y);
trace('green’);

¥

else if (cyanColor.hit TestPoint (touchX, touch, false))

{
changeColor(0x01B6AD,cyanColor.x,cyanColor.y);
trace('cyan’);

b

else if (blueColor.hitTestPoint (touchX,touchY, false))

{
changeColor(0x3399FF blueColor.x,blueColor.y);
trace('blue');

b

else if (brownColor.hitTestPoint (touchX touchY, false))

{
changeColor(0x771100,brownColor.x,brownColor.y);

-

trace('brown');

t
else if (redColor.hitTestPoint (touchX touchY, false))

{
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changeColor(0xFF3333,redColor.x,redColor.y);

trace('red");

H

else if (pinkColor.hitTestPoint (touchX, touchY, false))

{
changeColor(0xFF6699,pinkColor.x,pinkColor.y);
trace('pink’);

b

else if (orangeColor.hitTestPoint (touchX,touchY, false))

{
changeColor(OxFFé600,orangeCOIOr.x,orangeC()lor.y);
trace('orange');

}

else if (yellowColor.hitTestPoint (touchX,touchY, false))

{

changeColor(0xFFCC00,yellowColor.x,yellowColor.y);

trace('yellow");

}

public function clearScreen():void {
link.graphics.clear();
history = new Array();
trace('clear’);

}

public function penTool():void{
changeColor(0x000000,blackColor.x,blackColor.y);
lineWeight = 10;

trace('pen');
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public function eraserTool():void {
lineWeight = 20;
lineColor = 0xFFFFFF;
trace(‘eraser");
}
public function brushTool():void {
lineWeight = 25;
changeColor(OxOO0OOO,blackC()lor.x,blackColor.y);

trace('brush’);

public function showDisplay(){
var maxLoop:uint = hisBuffer;
for(var i:int = 0 ; i< hisBuffer;i++){
ifthistory[i].length <2){
e

}
else{
var startX:Number = history[i][1][0];
var startY:Number = history[i][1][1];
hisLine.graphics.moveTo(startX startY);
for(var j:int =2 ; j< history[i].length;j++){
var preX:Number = history[i][j][0];
var preY :Number = history[i][jI[1];
var X:Number = history[i][j][2];
var Y:Number = history[i][j][3];
var hisColor:uint = history[i][j1[4];
var weight:uint = history[i][j][5];
hisLine.graphics.lineStyle(weight, hisColor, 1):
hisLine.graphics.lineTo(X,Y);



}
public function undoTool():void{
trace('undo');
hisBuffer--;
clearScreen();
hisLine.graphics.clear();
showDisplay();
3
public function redoTool():void{
trace(‘redo");
hisBuffer++;
clearScreen();
hisLine.graphics.clear();
showDisplay();

/fChange cursor to selected color

public function changeColor(color:uint,locX:Number,locY:Number):void {
lineColor = color;
selectedColor.x = locX;
selectedColor.y = locY;

}

public function changeTool(locX:Number,locY :Number):void{
selectedTool.x = locX;
selectedTool.y = locY;

}

public function addTuioObject(tuioObject:TuioObject):void {

trace("add: "+tuioObject.toString());

46
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¥
public function updateTuioObject(tuioObject: TuioObject):void {
trace("update: "+tuioObject.toString());
}
public function removeTuioObject(tuioObject: TuioObject):void {
trace("remove: "+tuioObject.toString());
}
public function addTuioCursor(tuioCursor: TuioCursor):void {
var X:Number = tuioCursor.x*board.width:
var y:Number = tuioCursor.y*board.height:
touchX = x;

touchY =vy;

var cursorID:String = tuioCursor.sessionlD.toString();
penPoint[cursorID] = [x,y];
history. push([cursorID,]);
handleCollision();
}
public function updateTuioCursor(tuioCursor: TuioCursor):void {
var cursorID:String = tuioCursor.sessionID.toString();
var x:Number = tuioCursor.x*board.width;
var y:Number = tuioCursor.y*board.height;
var prePosX:Number = penPoint[cursorID][0];
var prePosY:Number = penPoint[cursorID][ 1];
LinkLine(cursorID,prePosX,prePosY,x,y,lineWeight,lineColor);
penPoint[cursorID] = [x,y]; //contain x,y position
for(var i=0;i<history.length;i++){
ifthistory[i][0]==cursorID){
history[i].push([prePosX,prePosY ,x,y,lineColor, lineWeight]);
}
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}

public function removeTuioCursor(tuioCursor: TuioCursor):void {
trace(history.length);
for(var i:int=0;i<history.length;i++){
if(history[i].length<2){

history.splice(i, 1);

-
trace(history.length);
hisBuffer = history.length;
'
public function addTuioBlob(tuioBlob: TuioBlob):void {
trace("add: "+tuioBlob.toString());
}
public function updateTuioBlob(tuioBlob: TuioBlob):void {
trace("update: "+tuioBlob.toString());
¥
public function removeTuioBlob(tuioBlob:TuioBlob):void {
trace("remove: "+tuioBlob.toString()):
¥
public function LinkLine(name:String,pre X:Number,preY :Number,
X:Number,Y :Number, lineWeight:uint,lineColor:uint):void {
link.graphics.lineStyle(lineWeight,lineColor, 1);
if(preX==0 && preY==0){
link.graphics.lineTo(X ,Y);

elseq{
link.graphics.moveTo(preX,preY);
link.graphics.lineTo(X ,Y);
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}
board.addChild(link);
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