HE R J'Ja‘ﬂ?l '!.IH M;]i:ﬂ:rﬂu‘uiniﬁ] AUGME NU{‘D REAT MY

l\UfL;MI INTED RE AUIY M’PLI(AM{)N DE Vr* t)?)’ DI WL

. ny ‘ !’ f
Wfﬁ‘%ﬂﬂ - Watla
dnwn Nondn
T 3 0 : : S& “
W TS R R L R ) P A m s RN

L

'fL.%"!!“ﬁ'i‘i‘rﬁré u.sl.ﬁl Jeass A 30 ! il l‘l"“s!‘ ]

AL AT TN

s =

L

v, 9¥
8 ﬂul gl mﬂlmﬁw “ugicir’ﬁ*%m‘n‘ii;l'ﬂEL'-il‘aiF.

188

1.l’ﬁunr?P 1

T J‘am:ler 3

w.n.:!



M UNanTHYHa AUGMENTED REALITY

AUGMENTED REALITY APPLICATION DEVELOPMENT

d 1 $ (7] 7] =Y
HaantnusiidluaumiiavesmsanmnmuvdngaslSygniainssumansiadia

a a2 =Y d

TUINIAINTINABNNIUNDS
a g
ANZIAINIINAIAAS

%) = Y v L7
aoumalulagwIzaeuna NI IAUNMITAIANIZII

Umsdnwm 2555



YSyayriinustnisfinw 2555

AU IMmnssunoNRLADS

anzdmnssumand aontumalulagwssaauinddngummsaianszus
S0 mswawueundedurila Augmented Reality

Augmented Reality Application Development

BARY
1. weseing e SaEUnANY 52010865
2. wwednts  AeAsAU shatnAnwl 52011259

¢ e
27191589UINN

(n5.25 Aaulnan)



N1TWAIUILUNALATUYTA Augmented Reality

@ &

YWRTEANT LA 52010865
Unedey e AaAsdU 52011259
A3.25 70U aulnan 8719715871UT NN

YnasAnwn 2555
UNANED

wmaluladiaienads (Augmented Reality : AR) iflutszunnudavaswealuladainy

Laflaua3e (Virtual Reality : VR) Atin1sirsz uumnuassunauaniuwaluladain tieasa

: a <

FANET DU T IV UL IANINAH TWN VY IRDITILMDI NI D8 UNTRMARINATY ¢
lulasanuaznanfmaelae 4 uaztunsulunisasianalulagiadouaseyuun
= ol a P e Ne,  ah Y
Fanszvaun1sueanaluladdnme n1sdesiginin (Image Analysis) @9iudunaunIsALM
Marker 97nn#lAINNARY UarduALIINg UTBla (Marker Database) MifinTainutaya
TIALALFULUUVRY Marker tieUnINTlAT gL ULYRS Marker N15ATUIMAIR LU TS
a1uilA (Pose Estimation) v84 Marker isuAUNaDY WATNTYUIUNISTATIININEDINRDN
aa . = a v 2 v o o aaa
Luwaaudld (3D Rendering) Fudunisfiudayadluluam lagldardumiadauiian

Auald awlanwaiiouase Inalslaunivantunisdrein e Unaintune FLARToolKit



Augmented Reality Application Development

Mr. Peerapat  Numpud 52010865
Mr. Sanshai Kitsirisin 51011259
Dr. Voravat Limpoka  Advisor

Academic Year 2012
ABSTRACT

Augmented Reality (AR) technology is one type of Virtual Reality (VR)
technology which combines reality system and image technology to create a virtual
reality display via a computer screen or other display devices.

This study discusses the various theories of Augmented Reality and the
process of creating augmented reality technology. The process of this technology is
image analysis which implements the Marker detection process from camera images,
and search Marker from the Marker database, which stores the size and format of the
data to analyze the pattern of the marker. The analysis includes Pose Estimation of
the camera comparative to the marker, and 3D Rendering, which creates two-
dimensional images from three-dimensional models), adding the data into images by
using the result of Pose Estimation so that augmented reality can be created. The

main library used is FLARToolKit
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JYULUsHTIIaNa Layntnlananina ndeddinleasiin1siuninuag seuuaryininisiing
@ilouinuanIuuATILasILERRaBENYIRen T Tinannihluvdnnisiie 9 veunelulal
Lailoua3e (Augmented Reality)

nsrvIumsTheTuveswaluladiaiionsss (Augmented Reality) tuasUsznaudae

A

unsundfsreluiifie Image Analysis, Pose Estimation waz 3D Rendering inaluladl

tr}

See

LaflourssanusanteUssanauEILALATIENA M (Image Analysis) lasanilu 2 Uszian
s i Marker based AR Ua¥ Marker-less Based AR lagil Marker based AR 1u
Junsnsiziamlagaide Marker (Tngdnydnual) 1undnlunisyitaeu du Marker-less
Based AR Liunsiasteinmitldnndnunidng 4 foglunin (Natural Features) 3mviinns
Aimsneiiterurnsaaidumynds 3 37 (30 Pose) ileihluldeudaly Tuusaandnusi
auttfufinwianiy Marker based AR dauduisnasuoesuiening g Betunauves Marker
based AR @ianinsowvaladu 3 duseu laun Image Analysis, Pose Estimation ag 3D
Graphic Rendering

lagsauuaINTsUIUNIg Image Analysis way Pose Estimation 2¢gnisensiu q Auh

Il '
@ e

- - dl l:‘lJ oA = ﬂl ] =l @ =l 3 ' 2/
Visual Tracking tfiasnlulasssutisiliaendnwiaissdleniuniinduediniiewina lu
winrweavaluladiaiiousss lnefinIasdienugiuiinanitadife FLARToolKit sy Liown
Tuauvenszuaunis Image Analysis Way Pose Estimation (5139885uelay 8anrdnves

FLARToolKit Library (Juitugu

2.1 vannisveunalulagiadauass (Augmented Reality)
2.1.1 n159LAT1ERA M (Image Analysis)
1) wasnmitlsi@unmluws Binary Image) laglundasfinigaveanin a¢dl

£ v =4 1 L | = [ o/ s
ANULLYRILEslA 2 Luu Ae alnenulle Weuwnulanieale@iay 0 uwag

d{' I at I = o

1 Tagarilandu 0 WieArseAuAILEINg (Intensity) vosnatuilaim

I

n71 Threshold wazdlandu 1 WeArsyauamyaI1ssRnatuiiAINIn



n71 Threshold F9AUULLAINFDI5EAULUILYINIIINT1TUTENaNEaYI 97U

a =a

Iaeeneilussansan

2) MnIwnundaneiu (Connected Components) laglginaiialunis
JiAsnzRamiEeni1 Connected Component Labeling
° o ¥ o o a & o v

3) vhmsuduseusy (Contours) Yeaiuinlenn Wadnsluduneuiiugn)

4) IMNNABNTVRITUMBUNUAT TTUUITNINISUTTUIUNIAINITITNLAD IV

FY] < o = & = | s i

aunsduRTIWIUEUTeUIUIATUgUAMALY ndeantluseuuasnIgng

o o @ v o d 2 od v = o
(Corners) M9d9Av8Y Marker 3INYAFAVBLAUATIWVIAFUNMILA UWazdqan

9

milniuazgniiluldludunausialy

2.1.2 Pose Estimation

Hudunourasnisduaffunuads 3 93 (3D Pose) 189 Marker 1ila
\eutundesidle Ardargnuaniluguiiminduuia axa (TCM) Aisvuanuduiug
3817319 Camera Coordinated Frame ias Marker Coordinated Frame @9d@inng

7 (1)

Xe Ri1 Riz Ryz T [Xm Xm
Ye| _ |R21 Raz Raz Tl fYa| _ T Yu )
Zx R31 Rs; Ryz Ti||Zy Zy
1 0 0 0 et 1l i

%9 Camera Coordinated Frame Af® Coordinated Frame #l4®1484
muvtla 9 veandesidle waz Marker Coordinated Frame fife Coordinated

Frame #il8n389siunuila 9 w89 Marker



(;ameca Coordinates Observed Screen
c

A Coordinates

Ideal Screen
Coordinates

Zc
Iimage Distortion Function

~ Marker Coordinates
Ym

Xm

Zm is directed to upside

E‘Uﬁ 2.1 WEMIAUFUWUS Camera Coordinated Frame

was Marker Coordinated Frame

1NFUN 21 anuduiudsvninegela 9 (X, Y, Zc ) uu Camera
Coordinated Frame ﬁuqm‘ﬁmﬁu (x, yi ) Tu Ideal Screen Coordinated Frame

Huldany Perspective Projection a3l (2)

hx; S Lot TRER ey ‘;‘;‘ ‘;(f
hy;|=10 sf, ¥ 0 ZC =C ZC )
h .Y D9 1" f

Toedi C Wuwminduunn 3xa¢ MUssnaulumen s, f, f, x, Ve Tneviluud
AMaTEs AR Camera Parameters @39zArunaldinainduney Camera
Calibration daupA1A uduRUTIzNINgala 9 vu Ideal Screen Coordinated
Frame (x, y) NU Observe Screen Coordinated Frame (xg Yq) %dL'ﬁUQ@ﬁLﬂLﬁu

1349 9 Tunw



Ideal Screen

Coorgjpates Observed Screen

Coordinates

Marker

sUN 2.2 LEAIANUFUNUS 5214 Ideal Screen Coordinates

lLay Observe Screen Coordinates

wagauNsnasule laseaunisy (3)

d? = (xy-x9)° + (91 =¥ )?
p={1-fd*} @)
xg = p(x1-x0) +%0,¥ =pP1-Y0) + Yo
ol Xo, Yo AOIAAUENA14YBIN1S Distortion (Center Coordinates of

Distortion) Wag f Ae Distortion Factor &A1 2 axleu1a1nnsyuIunis Camera

Calibration

Marker Coordinates: (Xm, Ym, Zm)
Tmc: 2222 KNOWN
Camera Coordinates

L NTOYYUNT
:l[ IINU VY N

Ideal Screen Coordinates
KNOWN GET by Image Processing
Observed Screen Coordinates: ( xo, yo)

JU 2.3 n3zUIUNIIATUINAT 3D Poses
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pu| o ) ' - ) 1
mﬂgﬂm 2.3 ruanInIzuIun1siaElauuasal TCM Luanﬁmmwuwm
Marker ¥4 4 9AUL Observed Screen Coordinates Tunmiigeainnassinle 4

a

naNMlavlaNIEAIl @u1sanilaannnisAIuluIAIse UTaITeRTuATRANaIs (Error

Function) #aa@uni1sy (4) leenaluwaisiaglsmaianiaaiun1suiAiivuisay

(Optimization) FauUnsEUILLUY Iterative
1 . .
err = Yi=1234{(xi — 2)° + 0: — 9%} (4)

oo Xi ¥ uandlélae

h#; fran
hy;| = C.Tem ZML_ 1 =1,2,34
h 1/

2.1.3 3D Rendering

druiliudruanieiiasifliingzuaunis Augmented Reality Asufiiu
auysal FafAon1aifiy (Augment) Toyailisrdasnis Tnevhluudenduluaauis
(3D Model) aslulunmitléanndasiile w sumisves Marker finsaanuain
Funeu Image  Analysis lagldardumiadeauiffidwialdanduneu Pose
Estimation

Tneialuuda 3D Rendering wunedis nszurunisiivhnisasenmaasiinann
Tuinaauiin dalunaauiftdareduisingriedauandounis q Msdaanisading
At lesannmaiiamagnu 30 rendering tuiivannuans uslulassauiisnden
Anwnatia 3D Rendering laale Realtime 3D Engine M@ Papervision3D %18lu

ANSWAILILBUNELAYY

v X v o 9 aa
2.2 ANNSLUBIAULAYINUAITUTENIANANTNAINDA
aa a v ) v A g o a
nsUssilananIneInaalneIvTeInuUNskUasveas Unmnidudgy ez uiaean
(Analogue Signal) vieglusuvesdaiuiinea (Digital Signal) ieltlunisuseaiananiiu
nepauianeila wazdshunldlunisandeywvesnin wu andyainsuniunigluniv

[ 2/ 4 o aa < ° o o & o a
Wudu Tunsudasawlndudyanufineaiiu sruvaziguamniuidnluAnnume
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nT¥UIUNIT Sampling Waz Quantization wazdstoyaseninlujluuuiines 3niu

aoufamediziivtayanimasmiieaiud laenissesnhgaudinigluinsedduguiuy

1 &

299913158 Arluudardovetorsisduanitanuandfnig 4 va13anw (pixel) MU 9 uay

s

furdivestatarsisdnidusiamuuaiuniasganmniglunmiueg

Anal
Sine Woa";ve

Integer

N " . Equivalent o, 1 Pul
(a) pow Q“__(\‘ ‘:'2_‘__)\____ Equivlrl.:fﬂ T:'lis:

Pixel Quantization

DDA EEE TR
0
0

1 | 72 rosfviedir v fan

+ sk fer
OEE o

1 55
i

AHHHAEBEHMEOBDBOE
3 £

4

F
BOEBEDEOHE

2] =] 2j=]=

(b)

U 2.4 mswlasguamandgeiuesundantidudygyiunines

2.2.1 wiavasludgunn
1) Binary Image w38 amu1a-A1 Wuguildiideniiies 1 Saregnnin lagmd

LILAADIAT ABA1 0 YIBEMT LasA 1 ¥5adv7

|
R b L ST TS B S
it Ll i il Ll e e

JU# 2.5 AWUUU Binary %38 AMWY17-61
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= 2/ s & aa 1A
2) Grayscale Image L‘T;Ju'gﬂmﬁuimﬂ’lﬂgﬂLLUU‘uaaaﬁLi&l 2 317 lneAniiuagd

Areglutag 9 uils Feszduvesdiuedivrunvesdniildiiuad

STTTEN e T Y -
e ETERETETEAE - TN T TN

b1
{oosaer ooy @y s vze essr A )
f’\w‘: £33 CHN AW L M4 voam b xS
/ T AL -:u:_n-:f_y/
At 2

UM 2.6 ATWLUU Grayscale W38N 3zAUWN

3) RGB Image %38 True Color Image (Husuiiulagldonsise 3 fifivuin
m x n x g lag m ABAI1LENT Way n AoAlLNIIveIn wlumiieganIn

i g T dudwuduiumdaudnueeyaluwiazanain Tuudasds

AUAALENAUAD Fad (Red) #len (Green) wazAtdu (Blue)

————
_—=TIT5 0,029 Blue
0.2900 0.027 0.0
0.0827 0,087  Q,0827 0,3
9.1922 ©.,0677 Lrreen p.

M D120 O.1508 D.TIN D.17
ST O0.1608 0.0e27 f:.'é e _D. 192

0.22% 0.34% Red v
5490 0.9882 O.5176 0.5802
0.3588 0.2402 58

'gﬂﬁ 2.7 AMNLLUU RGB
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= -1
4) Indexed Image LJugUAfizunuunsiuuuy Indexed Ao amdssianil

U

e = 1 i & L4 =] o [ =l
zinuAallu Indexed LLﬁSIULL@ﬁx’U@Q@WﬁLiB ‘ﬂﬁLﬂUﬂWLL‘WU\‘I‘UGGﬁIU

Indexed 1 14

14 17 21 21 83

Frage Courtery of Suman Cobwn

5U# 2.8 ALY Indexed

2.2.2 1NIFIUVDNE

o =Y

o o o 2 v ' & Y =g v °
Pundgaanndululavesudazganmastued Auduiutenly Ingduau

U

Tanunduazlvdiuiuduindulusme sanandlunisnei 2.1

A137199 2.1 9undusingaediurutnvesguniu

Fuudn LAYFIUAD U
1 2 2
2 "3 4
4 2’ 16
8 2’ 256
16
16 2 65536

I =l a

uonntuesgiuresdivarsuuuuanideuldiu laun seuueidd (Red

Green Blue, RGB) warsruu 1awaa3 (Hue Saturation Value, HSV)



14

ol &

2.2.2.1 szuudensal (RGB)
] ad a Y A o o
Wusruuresdininainnissiniuesidld Ae dues (R) Adea (G)
wasdudu (8) Wiseiuwvuindill enfiwusuniw 24 Jn eliAnduns
Wiy 8 Um (256 A1) Adeadaniniu 8 Un (256 /1) uazdurduiiavinnu
8 Um (256 A1) laeluimazgnvean mazinaInn1sTIudnae 9 AU uaning

UM 2.9

28
37

22
’3’ 13 87 39
v

RGB = (32, 54, 32)

2

JU# 2.9 Yayaniwlunilsaanin

a o 1 o W a i v v d
Woridveams 3 wwauiu TuuSualasaiiainuiasladu
A v L 1 al 1 I ar L7 d‘
LAINEYY Wi HanfUsEMINuAIsEAuAINET ATy Aaglananidunas
a 9 wnuedusug mu‘lmmmﬂmaaﬂwmvuaﬂﬁuaﬂﬂi IAEIAUNES

U 990N NABIRINDA aunuway Wusu

miay

JUN 210 nweasAvauasmuuntdnanuazIides
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2.2.2.2 STUULDULEED (HSV)
Wusguunaglnisiiansaundanie Hue (H) Saturation (S) way Value
(V) lag H AodAvesiidndn (uae 1We7 wasudu) Tumejudfazeyn 0-255
o 1 [ ] o 1 & = P I PRI+
Ty 256 A1 aAn H davihdugudiswansduniuasilonniintuaruan
A1dene 9 Audsuluasawnady (Spectrum) wesdaumii 255 Aoy
naunudunidnass wseenanand Ladnal H € [0° 360° F4A1 H @115

AWl 31N5EUUE RGB lanatl

R, = R—min(R,G.B)

G, = G—min(R,G, B)

B, = B-min(R,G,B)

AN S fiaA1nuuIgnonasd Jedimn S dandugud Adnlaasidud

W (Ladlan H) anAn S iy 255 aglamiaindu H a1ananlainan

Susv € [0, 1] Tagasamuwiailaann

~ max(R,G, B) —min(R,G, B)
max( R,G, B)

S

AV ABAIAIMEI19YRE 1 30 (Pixel) T 9 Feaunsninlaginan
v ' & o 1 o
AMNTRLLEIaIIvesdTUsEnauiu Tagrn V € [0, 1] Taganunsaduin
lan

V =max(R,G, B)

¥ Saturation
Value

JUM 2.11 uanessuuduwuy HSV



16

2.2.3 nmsulasnmiiidunmi@inea

anianeatuiidnwamluiledtu 2 §6 vie fixy) 2esmAuduveLes
el x uar y Ao afivendamumisluszuuiidaain wasavesiladdu a dumis
T 9 andudndiufuauainueuas a rumdady nssurunisulasnwlidu
awluBeRdnealsn 138091 Image Digitization finszununis 3 tuneu Ae mstiuiin
A (Image Acquisition) n1sduldaniaiumia (Image Sampling) wagn1sUseana

ANANLTNTB LAY (Image Quantization)

2.2.3.1 nsuunnaw (Image Acquisition)
1 [ o i = .
n1sargwlunisudatninlienelias (Continuous Image) 21N
aada o o = v o
AMUWUY 3 TANTBIAUIENDUIAINATIY A2MEY WazAsEn Tilunw
Wiedowlies 2 ARndudnmnTkarauguviitu lngldeunsalifsuas
. . 1 k% U dll v [=f =y & 1
(Optical Device) 1¥u ndaae U auvasnmlvuntuninuuilay uane

YUNSEAE WIaAuLlraufinwes laaludiuveinisduiinnwazlenaln

n1auaslugUnsaln eI A WYIMTT FUN W3

2.2.3.2 n1sdudanganiunis (Image Sampling)
nasviamundlinaredunimiineassliisnisduidongasumua
. . 1 o ] s A
Spatially Sampling lagguidananizuraiunuslunmianslugun 2.12
= =

tdudonan s1vaudennmdilsnasilaiuazidengs laefinuisanisgy

\dannfe ganw nsa Pixel

2.2.3.3 3a (Pixel)
Jumhefuanruasidonvessunmluniswaninaosnniaviige
= ¢ ' =i < a v 1 =l @ 1o =
AouTiamed udsuiuentuaiamealadldnistusiuvesgn widdunimds
! = ' o v oo & A (7
sailevAsliiannsauenasidiliufiavan q la dsiudioniwgnuanimianin

= =% o @

o L3 k4 @l 14 2 I:J 1 4 E!l
JpRRuWImes nmaznesgnuiuliedlunihiefiusyneuniegad Jsdwlun
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R4 =l 1 A o 1 H o l A
rAodinsdudonindiunus a1nTEEaNIAMUNLNGEY  ANAINYDS

=

AmilER ATy LLaﬂqmﬂ,u‘iﬂw 213

i r

‘h } 4‘.,\ =

/?’ | }/ \(‘{ :
S :

A

UM 2.12 AvasdnenaaniuA1vauriazinniea

Eal

-
128x128 64x64 32x32
(n) (W (m)

Uﬁ 2.13 9u1a28330 (Pixel) laiwinfu

suimulaamieniy usdlevinnisduidenyaunavidealadviniu
Wavhnsveenmaglinanintesniwuanaaiy Ingaingu Ui 2.13 (n)
= = = o = v & & 2 v
fiauasiBungengn nmniauaziBangeasldidenlunsifiudeyavuin

P840 maITun U
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2.2.3.4 N15UTZUIUAINIULTULES

'
=

amwiilaainnisguiien uwiazalunimazgnunuemed Janmlulm
&1 (Grayscale) Usznaulumsdaiuazlamadanasluautedvn Aduand

'Lugﬂ‘?i 2.14

0 : 255

Ul 2.14 Awesdainnimuazyaewesd 0-255

9103 Aaruvusmeiiay 0 luunsiidgunasunussaifiay

255 samsauilu 256 svdud (0-255) Tasfidmaudndaumiieainudii
IHlunmaudriindam mnguannsadeusglugiiavgiuass vie 2° lnef
8 Aadrunudn feduddilunmazgnunufemidluaugiuassiio 00000000
<

LLax?i’unﬁ%gmmuﬁamﬁa 11111111 uasdegasinansynindaiud

ymfeglalumudwiunisiveesdn luaguaesdagui 2.15 uag 2.16

0 0000 0000
1 0000 0001
2 0000 0010
3 0000 0011
S 0000 0100

253 11111101
254 11111110
255 11111111

JU# 2.15 A1vasdluguuuuvasAfinea
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199 192 187 97 102 101 9¢ W9
195 195 180 111 54 97 9€ 9¢
196 195 195 100 101 103 92 100
186 201 100 94 118 115 130 103
188 202 124 11€ 95 107 111 128
187 205 184 112 105 102 111 124
197 201 198 95 102 192 199 105
199 200 102 9@ 134 195 195 110
18% 193 184 105 1 194 193 224
199 194 M2 114 o 82 231 201
IR0 192 196 100 2 9% 234 222
0% IRF 195 85 109 0% 107 29

SUT 2.16 YrsvasAdluudazinieageasnin

2.2.4 M3¥auus (Threshold)

Tunsussinananmidesnsmudiniies 2 seaunie 1 U0 (0 Au 1) Tne
T 0 wnugaitfudduavar 1 wnugaiidudns Weosnnamisuidwduiian
Wumanesyeiu gy nm 16 aud Fedesudasdeyaamlndusunimu-i

msvhgun -y ildlaglfinadamsilea (Threshold) (el
fifnnavesnw Tagvinasuennguvesnmeeniludau q wavvhnisudasnwlidu
AMmszUUTEAUAIN (Grayscale) dsfliimuidinadd (Intensity) agszning 0-255
Thunmiiiaianududiie s@esseiu (Binary Image) laadlitoulvin draruidy
waswasganwlaiisiinimiowhivamsslead (Threshold) Tgnnwiuiiamndy
0 Ao Tunsnssiutravndidiganiasiinwlugedudu 1 wiedudun
nszvIun1sanaeagnintuldlunisasianmeni-a lagenaiinssuiuniseng q

Widaneiiavilinun I IMLAB Y

2.2.5 n1sM1vaun (Edge Detection)
A15UIWEUNN (Edge Detection) Wunmsvniduseuingfieglunw ensiu

duseungianvzaunsadiuiasiuil (vuin) vieidnvdnvesingiula aegals

U q

—

ﬂ’liJﬂ'ﬁ‘Vi']‘tlEﬁJﬂ’lWﬁQﬂﬁ’lja\‘laﬂJU‘jimﬁLN‘hﬁlL‘%ﬂﬁd’W TaBlan1Ep1984N 1TV UTDININ

L. Da

' ¥
= = = = 1

fiflaunmdisn Feflnuuanaiesenitsiuntidunundates wialinnuaineli
adaueinm
ANIMVBUANIYATIREBUINEUTBUA N UM B LnALAB A URAle Tagdnan

= v ° | Ay v o 'Y ] = aa & o
ﬂ'ﬁLﬂa&]uuﬂaﬂ‘ﬂaQﬂ'ﬁ']ilw]w’[,um'm.‘wuﬂ'ﬂlﬂaLﬂﬂﬂﬂ‘quﬂﬁ\?ﬂaq? FAITNIINRIVDUUUL
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mefiunagds wisdlsinuauisoudelaidu 2 nguwdn Ae Gradient method
wav Laplacian method Tagluusas3sissasideadedeluil (Castleman, Kenneth
R. 1996 : 465-466 ; Fisher, Robert et al. 2004)

1) Gradient method

[ '
= o

TFilasmveulagnismandigaiasyngegaluguvetayiussusiu 1

1 q U 4 v

| = a

161&1@ﬂﬁLﬂu’uauasaq“[ua'auﬁmﬂam Threshold Fae9viliiduneud L
Snwarnun fag93Bnnsuivaurenguil 1y Roberts, Prewitt, Sobel
way Canny tuduy

2) Laplacian method

s s

Felazwmeulavldoyiusdudu 2 lneldgafidr y 1Wu 0 (Zero
crossing) @9iatazlaianlunisAiuamuinnin Gradient Method 78819
18n1591 Yeuvednauil i Laplacian of Gaussian Waz Marrs-Hildreth

LJusu

Threshold
y 2)

Edge

Ul 2.17 nsmluansnismusudie3s Gradient Method (3Uf 2)
waz Laplacian Method (gﬂﬁ 3) laggui 1 uansiiepnuuanang

YI52AUAMULTUVDNE (GIMP 2004)
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2.2.6 Contour

Contour fg List veaqafiunu Curve Tugunmn

A
B &
D F

L ge oL P OSER I e P T e T e S R ;
i Koo A3 H
5 o taLia) |
i i
! R R O e %
g ) B000g. H 1 RO100 3 i

) - ] B ! '
" ] i 1 | H
1= : ] B
| ! ' i LD{IGOG{"-. 0 L
W i o BN R s
1 | I ] ; 1! i i 4

e ¥

B ' ' chmoo] | :
i | | 1 ' -
1 \ ! ' ' !
i FMEDN W SR i ] R el [
| '
1 I
~d [
1 i
PR NSRRI T 8 o o £ e o, o o i o e 2 g, U

JU# 2.18 ¢@814A1511 Contour

nntunwilsIdaIniIsmy Contour F9UsENaUMedIU A-E dIUA1Ua"s

[ 2

fia Contour Ia® ¢ wan8fa Contour, h v1884 Hole favuduuszdu Exterior

g e

Boundaries vasunidyT (Mlily 0 AFenssuveiiuiu) dudugaiuidy Interior

2
=

Boundaries 18971ui1du13 150 Exterior Boundary vasiiuie (Fasgluiiunu1ivie
1 ¥ A ] = 1 . A p 1
Nunseuvestundsn) Tuanuduaseaseuinanm Binary uaz Edge 91 Detect 1@
=l 4 as = £ at £ a u‘j @ sal v =) =
silanuuananeiudndoslunadns daulunadnsnlaniae Tu Edge 193ulani q

a¢la Exterior Contour Wag Interior Contour 1N@890UNUUIALNANUNIN

2.2.7 n1IA3233UN1SIAABULYWI (Motion Detection)
n1sasradunisiadsuluandudednlungalusuiunisiseuding (Video
: = o asl @ i = v
Understanding) @4inia@ua3sn1snsiadunisindauiivesynna taen1snaidunis
i = 1 e ) /] = ' o
wwaouildudu 9 (Window-based Object Detection) @sunnaialuainnisnsiadu

i - & 2 i i @ o P
N3LARBUNILUUNILWTH (Conventional Object Detection) N19915223UN15LARAUTN
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[ ! | a U £ < o ]
Wud 9 Pasnnuianaianisnsaduluanmwindennuasundasiy wu n1s
WaguAuduvauas n1sasvisuaenszan Wudu vilidresanisniuauailunig
o o . ] w o A | | P

snaula (Thresholding) 1nlluingimaeunvislil vananidrisannisusvanana

vibimgUszananavinnudesas lnedlddudimuninaglinsniuluvinalats

U

= w £ o I = ) 2 =
WﬁluauqﬂﬂaqﬂwmuqiﬂiﬁUUL%lﬂuzaﬂ']wu’lﬂaali‘ﬂ‘ﬂﬁFli'l"ﬂ"ﬂULaﬁvLﬂ JIUDINTT

'
=

AsIRdUENIEATEUUAvuAlIMTagunI Ny lasasulusyuuiinissdnlaely

nguf U 1usyivg (Aritificial Intellingence)

ed

at A = s s A @ s dl
ﬂ’]iﬁ]i?ﬁ]ﬂ‘UﬂTﬁLﬂﬁ@iﬂﬁ?ﬂ’lﬂﬁ]ﬂi%ENﬂLWE]WGLIU’I?%UUG]'i'J’i]’ﬂUﬂ’]?Lﬂﬁ@Tﬂﬁ’J

wuuviuiiviule (Real Time) Ingldn1sasiadunisimdeulninvuiludiu 9 n150529

'
s s =

UingAaeuNtULININN1IAsITUTRgiAGaun (Moving Object Detection)

1

) a W i 4 : §
mmmamim@mmmqﬁmaauw (Object Tracking)

aa

o w a4 o c ¥ o o v v =
N1799793UIANVILARDUN (Object  Tracking) Yuausavinlevateds o

annsawiaiiu 2 uuanslug § Ae n1sduneAniswdsunlasveunsunmiiay

U

Tnanu (Temporal Differencing) WagN1sAUMINUNGILAaEAUNUNAIT (Background
: . 4 B EOTRAR)
Modeling and Subtraction) lneAgn1ssnidudsmsduiiuguniiaiuaiuisalunis

n3193ularaFENIIALIMEsAILYsEIanalli Nt weegalsAnnuignastay 1
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Uszdvsamisilunisinanldess dawdsnnsuasladdivednausunamdudiiuiu
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170 WAN1INNIUYIISNI5NEITLADINITNNNUNEIND ULV LA

nsAnmuingndeui (Object Tracking) tudsdnduunnmsagiilingu
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faiAnansindauiuagn1ansevin@asinlignisiininguu q dnidevateviula

U

o = s = dl o o @ @ o U o
iguensinningMiasiouil Felaevaluiaanuisadiuuneanteitu 4 Usziam
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1) n1shanuingMafouniuuiugiuiuudiass (Model-based) WWumau
WEYIUNILAARNIUINQNLT ULV A URUUIIaaIntaIeul) Tay Auuu

q U
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Y v v o=

Pasumnarildnazgninieulineulasiesiarmun dtuisivensenly

Y

annsavihauiuingilinsivaraminla

= s 1 { 4:‘ dy =y ﬁyJ 5 =t
2) n1sRanNIngilAdeuNuURUYgILUSIMTY (Region-based) \Wunisfs

@ 1

ayadfny Wu & aanany nduvinsAanuiuiwaniu lnevideya

@
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YRIFINAIDBNUTLY

1

o
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3) nmsAemuingiieiounuuiugiuveuinguu (Contour-based) azufu

q
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vauvesingadeuiililaduiudiing ety veuingazgnadneenun
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Usuussluudar suilindu fadunisianiuingiiindoudiasldnadivie
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sTUURsTUie S nwALUaensY
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4) nrsAenudngindeuniuunugIuanyazianie (Feature-based) i

q
v

& al = a o = = = v [
aUsTasAnIEAUMILasfanun1sinauingMedeuilaeldnudnuauy
ANIEUNBEN 1 JUTaUIs Nunvesing veu yu iWudu 938nsles
Tinalsld wndmggnuatisunsdau Wetdsnstunwaundlusunsunudy

s A A s v 1 ﬁ.‘ ar
a1113003293UN SRR UNTBITRglANNAT TG WazalunTaunly

o 1 A | e oo w o lo & v o
Jggwvasnsnsrdiaudaiiesanies ilsuidndantdussuulidniudasd
nsdeuiiunsnneay Mlildaesnisannusneulseaunisal #anA1g

& A v & 2 o § v ° v 2 &
LLU\‘1Wumm'ﬁ?‘ﬂ‘ﬂULUuuaaﬂVl'ﬂW'i%UUa'uﬂﬁﬂVl'N’]u‘lﬂﬁ?@Li:]“llu

2.2.8 35n1an151d783Uuuy (Template Matching)

N15%191U28935015L1g UL (Template Matching) Aa miﬂngmwﬁ
sosn1smaArluisuiisuiuguwuuimieg1e (Template) GﬁqgﬂLLUUﬁaaéﬁaﬁaxLﬁu
Auaz A MuAdnENLEIALA1 9 Td1u1salenAINLANAIYe RSN wIEne q I8
meﬁaﬁwmw%&@”\uﬁﬁmLU'%'EJULﬁEJUﬁUEULLUUﬁﬁ [fensrsdeumuAdERdetuTey
Awiael FeedurnsEiuTnuans ndeuvednaula uatelFeresianisii
Aoudiaunnig Wy fimnudaulmsiedeyaiinisunindeu vutn wazamides

}2

Falgwunardannsoudls lnefeserdonisvinauludunaunisussuianatuauia

as

Template Matching \Juwaiiafidesldfuagninireving waelinadnsiineudiad
Uszavsnmuadeidsded wadaiimunzdmiunismnvasonsiidaunlling
vunw afla Template  Matching  avilmanuadieadsiumaiiaiiionia
Convolution dwiuwmaiia Template Matching L319gvhn1siadew Template 1U#s

1 | A o ' <4 @
9a019 9 91nd18luan vuasans WefuliumAtAmmileuaes Template AU

9

UTIMATN 9 UUAT Bauaun1siiguilizoniinis Correlation  uazA1AI1Y

willauiliitadnae1911 Correlation Coefficient anunsaAiuialdanaunisy (5)

ZWXH(fl . f o ) X ZNXM(WI < w >) (5)
VEG-< [ > XZWi=<w >)?
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Avuald ¢ Ao A1 Correlation Coefficient
f Ao Armnuudusiazgeduunin
w Mg AIALLELAaY gAY Template
<f> uay <w> fi AnadedvenTn (uiawi1 Template) uway Template

AUFIAU

v ¥ v oa A o a1 e v a1 i
faduiuInulaenwmileunu Template wan AmlanaziaAnduy 1 uea

=

mwinldwilauduarfazidanas

Ul 2.19 nmaag1emsld Template Matching Tunsfumam

2.3 FLARManager

FLARManager  1Ju Framework  wiiandsfidaeliisnaiuisaldaulavsns
FLARToolKit lunsadrauaundiaduldietu FLARManager anunsaldauldiu 30 Engine
fivarnvate  wavuenmileatndudiamisadanisiferfunisiia nssnanasn1Tay
Marker l#agsasanauns uazislundniu FLARManager Ssatfuayumansiaiunazdans

U UL Marker WUy Multi-Marker lagndag



25

dm3ulausnilu FLARManager @ w3y Tracking fissdsluil
1) FLARToolKit
2) flare*tracker
3) flare*NFT
wardm3u 30 Framework lu FLARManager #ilddm3unis Render figsialuil
1) Alternativa3D
2) Away3D
3) Away3D Lite
4) Papervision3D
5) Sandy3D

yaneug FLARManager dalslaunsald flare* saufiu Away3D, Sandy3D, Alternativa3D &

FLARToolKit tflu Flash Actionscript Version %83 ARTooKit %ammiﬂgﬂﬂwm
Wil web-base lalaadne FLARToolKit gnwmeunslaglasunisatuayuaintnaun
Wwegnn warluduladunaivleniladmdssgndldinduweundindustianuig

FLARToolKit Huin3esilefivsynausaeiladdusing 9 Asndusiosldluniswaun
Tusunsuludumalulad AR venainiudfsldvsznaudelausinanunsnsesiuldvann
way Platform azwerguandeunndavedlausnd eliiedanisuilulssgndldly
Platform flumnsnefuuayiiusednsnim FLARToolKit 19 Papervision3D thelunisuansua

wiouiidanisfivgunsaiuazlavinivesndedinlesiy

2.3.1 wanAINUgIUYas FLARToolKit

FLARToolkit sygnlingiadieudousiunmislevedlanuisannuais dedl
Aatudulsildamaund auduegludmisndiildifu Tracking Marker Tngil
Funoulunis Tracking fieil

1) nderiAlavinnisduawainlanuiiaudusiwazddudinauiiunes

2) wevldurineufiumeivinisfumnsousunsidmasula  luudagisle

R1EY
3) dmsaduisensauzunssdindsala q sewdurasviinisAiuinumg

AMIAFATARNILABINUAL AU USAUAUNERIALD



26

1 v a

AUnU989na9lAle ARNNILABINIIANITYNIIAINATUNLY

b
calle

4) 119

s
s Y [

= =l = [ =] ) v
WEINY INUUITVINSIUIBUNEURT Marker Wmﬁ?ﬂ"ﬂUlﬂﬁ]qﬂIaﬂ

o)

< =Y L= s 1 -:!‘v & 1
LataulsaInilAImsanuAT Marker NISuLmMIalyl
5) fAiunnsaiua Marker fiflagazvinnisnalueaadluvuiilely

\ a o o
TanuiamnaasauL Marker duaesl

6) dumougang Wedldanumisesuaniua fldasitunwanuifdeuii

ALUULANLAIAIILRSY

positions and
orientations of

video stream
marks

from camera Search for
_"‘D markers

The image Is converted to
binary image and black
marker frame is identified

Find marker 3D
position and
orientation

Positions and orientations of
markers relatively to the
camera are calculated

The symbol inside of the :
marker is matched with Eﬁ:rr"kt éf;/_r,
templates in memory

h

: = Using T; transform 30
Virtual objects are - virtual objects to align
rendered in video frame . them with markers, *

-~ Render 3D objects Ppsittior:;) and
q ST Lk orient objects
video stream to i virtual objects ) IDs of
the user HMD marks

] o

JU# 2.20 WaARITUABUNTYI19IUYBY FLARToOIKit

2/ o s ] al = A s =
fifadrindwmivsruuneuiunesiieatunsueuuYa sy uuaiauaisly
& A w o vd a1 o | o v
Asduaseinguadiouszysingiiiunneiile Marker egludiuiindesanunsaas
n313dulaviegn Tracking B9813gnTninmigruiaLaznIsiAdeunvesingaiiou
wanaINUUMIN Marker gnUanielaudinlsiieniedu q awvirliingailoudy
1 o a k2 o el =l £ d! 1 v J
wiglunielivsngesnun dwiudedrindndenisimeizestymivuianianieg
NS Pattern Fesz83K19TENININGRIAU Marker Nianunsnazviniinsiadula

LA lALTAUAIRT19N 2.2
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i 1 d o -
A3 2.2 u,am's::a:mqqaqmwmminmmi Tracking

ANUYUINYEY Marker TiLLanAneAu

Pattern Size (inches) Usable Range (inches)
275 16
3.50 25
4.25 35
a5l 50

nafilda1nn1snnaeiade Pattern Milvuinfiuananeiuanefainiundos
uaviARaundasaanutaunseis Tnqaiioutumely ssiiulédn Pattem fisuu
Tugliuiiszansamuannin Saduldainaaned 2.2 wavlunsdifl Pattern S
e fuwsiirududounes Pattern unndsiu Pattern Aislvunadudauuinni
%:ﬁ'ﬁzawN’lumiuami’waﬁauﬁqﬁamaalﬂﬁﬂ Fafuuenaindesauiauda
dodrialunsuenduinaaioudsiuegfumnududaunes Marker 8ndne

HauBIN13 Tracking tuiitlasuiiwesuauduiieates Tunsdiuasn
AuluifuenassyliiAanisasiousasuaiuy Marker vinlifunansenudonis
Tracking Marker tiuies fatfumsidenianiiazldunti Marker Wiarusiuades

Mgnisavilnansenutiousanis Tracking Marker

2.3.2 BANNITWAIUN
nswakeundiadu AR aald FLARToolKit duuUssnausie 2 @unan 9

M fie nadsuneundindunazdiuvesnisvitlilusunsuiin Marker Nagldiu

%U
TUsunsu (Marker Training) n1sidsulusunsuiiiodents FLARToolKit 1iuidasdivh

=1

Teidan (o9 nfiugIues FLARToolKit fifsAdunugiuinliwezinn deaevinlv

2
s

lasssmaslusunsuglidudau uanainddaiimagralusunsudusranunsatunly
Wuduwuulunisi@sulusunsuveanst dmsuludiuass Marker Training tu 9119

FLARToolKit ladnm3euiaiasilafdteaanislaauliliwan
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1. Initialize the video capture and read in the marker pattern files and camera

y al o parameters.

Main Loop 2. Grab a video input frame.
3. Detect the markers and recognized patterns in the video input frame.

4, Calculate the camera transformation relative to the detected patterns.

5. Draw the virtual objects on the detected patterns.

Shutdown | 6. Close the video capture down.

Ut 2.21 Tassdrevaalusunsuuszgndniaditu AR 7114 FLARToolKit

< = ° i ! a o oa
Tudumaui 2-5 agrwinuldiies 9 auninsazesnanueundindu s
- o = v o a o A a a o
ﬂ?gUTUﬂ'ﬁL‘lﬂﬁ']ua']'ﬂﬁ]ﬂWaﬂﬂﬂqﬁiUﬂquﬂm%W%ﬂLL@UW@Lﬂ’UUQu MR RN
@ & | = 3 | o ] =
‘LUTWSW%UWQUW 1 ﬁ]gLﬂuaqus{J@ﬂﬂqiLm'ﬁﬂﬂiﬂ'}’]M‘W'ﬁﬂllﬂﬁ]'ﬂﬂ']'im']ﬂ']uuaﬁaﬂumauw 6

vziludiuresnisduganisvinnuveauaunainduy

2.4 ActionScript 3.0

ActionScript WHu Object-Oriented Language %GQHWWUW%‘HI@EJ Macromedia Inc
(YaqUu Adobe Systems 1Jui1va4) Fahunrwaiugiuuns ECMAScript (mangaansingiu
\Ju Superset 984 syntax LLazQﬂié’ﬂﬁumﬂﬁuaﬂNn%wmﬁ%ﬂu JavaScript) wazldiu
wandmiunsiauduladuaseanduiiidunisimundmuswnanWasy Adobe Flash

Player a@slduuniniuluguuvunasnistlsdiaveslug SWF  1Bunwidu Open-source

(yanefalusunsufliiinnsUadalén wWaliauduaiuisasiuwauineseals wazadyfola
= =
GHISI)

: . & v . o o o
ACtlonSCﬂpt Qﬂ'e]’e]ﬂLLU“ULUENG]‘LJH’IWiUﬂ’iEF]TUﬂ&Jﬂ’]WLﬂa’aul%’.}nﬂLGl@'iVl\‘]’WEJ‘Lug‘LJ

= a4

aa o o = , 1 1w
wuu 2 §if @avilu Adobe Flash (@elfufa Macromedia Flash) Tuwaausn 9 szgatiulu

. . o ¥ ai-:! wa v v = 1 2 d‘ o
animation Lagiauaioniues flash Nilnuauvalunisnauldladntasdsasudrsnasyia

9

[

nsdiguaniUanAsudsdiin Tugudauilddinisfiuiendunisinaundigiidmsunns

@ I

as1nunaguy Web-based uavnisldwoundindunismudsediuinung (fnediasu

s

. . Fy P o @/ 2/ a | o
ale) TullagUu ActionScript Wuiwnzandmiunisldnuluusueuniintuniigiuteya

U

2
%

dmsU Flash Turesdugausniiuty wesdunlife 1.0 Fan1sviautureudiege

ASURILALY ST AUNT
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L3

Flash MX 2004 5§30 ActionScript 2.0 Fenisideulusunsunwiar3usi

P |

wnzaufun1IRaunYes Flash Application vilsiussudanatlunisdeuansud Jaays
ThAeaudavgunniulunisudly

Flash Player 9 alpha (lul 2006) Lﬁuﬁuﬁlwﬂ‘um ActionScript FaldiFunisineums
\3un7 ActionScript 3.0 Wuntwilusunsudsingiitaglinismueiiunniunasasise
ihndunldlmdlfideiinnsadueundinduurasiidudeuiu Tuneituiiingusrasdiie
n1smoulnduariuvas ActionScript Virtual Machine dsiinisideulyaianilugiuiu éae
m&gﬁiﬁmﬁﬁau’tu ActionScript 3.0 leiuuaitvanelaeialudvdu Flash Player 9 dslu
suilwltuluagliannsavianuuugug 9 16 uenaintu ActionScript 3.0 Faiiu Uy
ﬁugmmaa Flex 2 API

LLéﬁqﬁﬂisLLamiﬁauMiLmuL?ﬁﬁmq (Object Oriented Programming Wunsdeu

a [ | wia N B i < a =y
TWsunsulaenesdeding 9 Wuinghilnaueaud®, msdaiiuaudi g va4) duludeiliaises

woety Hausin ActionScript 1.0 Huazileu OOP léfm uslalldguwuumsidieu OOP
Audusnmsgusidludninlstn fadu ActionScript 20 Fdlsgninnldlaaisannsaidou
ActionScript 1 ulWadmsuaanausnaenusitan leeiin1sdnangluuunisiauazln
nsUszniadulseg q Tnsesnudneeaizaas OOP 1na
fauiih ActionScript 3.0 aviAsuuassuuuuntsdoulunateesafiniy uiiugiu
audladefues Actionscript 2.0 fednddlelaed uieuin Developer ﬁﬁﬁugmmi
Weulusunsuiuy OOP ag;jué’amaﬂuﬁguﬁ'uﬁuﬁ’u ActionScript 3.0 tagfaunsaviale
Flash libraries ana1saldiu XML veawstiwefiieuansifonvaaiusriwesls
LWﬂIuIagﬁgﬂiﬁﬂTugﬂuz XML diau AJAX
TummaBsulvsunsabinasdunmeilvwuinm sdinazgwungnissnulieansainig
Foulusunsuunusiatiu wasngrnslensaiiisasfesfiinwetuasiniafiuasiiu
fiduiiy azvhliliannsaneslndniesulsunsuld ngysdnilaensaives ActionScript
fisateluil
1) Dot Syntax (.)
ildindeanunegn () iilouanafis TargetPath wed Timeline 19y
root.mc_l.mc 2 lasan AcrtionScript \Ju Object-Oriented Language 1313+
THipoamunegadniussuia Properties w3e Method #iiflu Movie Clip nsld

v
& @

NMUTULT1ERUNYATUNA95ENI19 Instance Name iU Properties 1oy

1

mc_1.play()
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2) Case Sensitivity

a1 ActionScript  \untwidiiiansndusiadessfinlng+8nves
Frsnus seiliiilotsdeu ActionScript  waviinisuszaiadiusdedn
movieClip IsunnAnefufulsiitedn MovieClip
3) Semicolins ;)
Tun1wn ActionScript  1ileaudidiasdeslaiedioinioinung

Semicolons (;) A3

var x:number = 20;

break;

4) Comment

= & = a ' T a =
ﬂ?iL"UUu@@NLNUWIUTU?LLﬂ31]LUUﬂrﬁaﬁUqﬂ?WIU'iLLﬂilJuuui'iﬂﬁﬁLE]EJG]

| 7 = R Vel ' o @ . 5
athels lnedomuignesumuiiuasliiinadanisudamdivas ActionScript

Ing gUlvvYeINsIeunasuusly ActionScript difail

// this is first comment

/* this is second comment */

nseg1sasiulinisasumualasldinioanune (/) azdunis
ADULUUANTIIUSTNALAENITbTLATOINUNE (/* i */) 1 Hun1sAauLLus

nae o usivia
= 10 & v 1 &l v s =
mMadeunsuuAlidnludesegnnousuvetussvinauely ansnsadiou

AouuAliluusTvinlRBanuszluaAden1e 9 Y89 ActionScript ba
my_txt.text = “hello world”; // assigns text to text fields

5) Quotation Marks (“”)
Tun1swanidoyadiildumidnusluniu ActionScript  tuawsesldy

Quotation Marks Tun1suuakeniIgnNwsas9nay lULanINansaI1Tenkus 1wsiy
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[
CYE -

AW ActionScript duazlddsnwsilumadeansud artduiedniudeean

ag1etnaude yafdnysnlduanddulusuny deerauy

trace(“x”);

trace(x);

Toglumdansnazinisuaninafidnys x UUNL198 Output WAluAE

@ o el @ o
US‘SW@‘HE’{@&%LLammwafﬂumLLU‘i X UUYUI98 OUtpUt
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uni 3

N1529NLUULAZNAIUN

wianliseundnnalasguane 9 Mneatesiumalulad Augmented Reality
Tuun® 2 1ad7 UNINaNMBITUABUNITOANLUULALTAILILBUNALATY LAgn15UIvanNnIs

=l 1 :j 2/
WAZNOENAN 9 WaniusUszgnalY

3.1 wanmsnuvsanalulagiaiiousss (Augmented Reality)

-3 ‘[ Image Analysis (Marker Detectlion)

i ek Marker Position In Images
Marker Database |
¢ S0 SR
|
LV B A I E— ‘ Pose Estimation
|
l 3D Poses of the markers

i‘ 3D Rendering " | 3D Model Database

g‘uﬁ 3.1 WHUNINAITVIUYaInALLlaBElauaTe
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nannsvinauvesLeUndirdustin Augmented Reality § 3 nsyuIuns Faseluil

1) n3lATERaIm (Image Analysis) [udunountsdum Marker fifinsiiudoya
TAkaEIULUUYRY Marker Lﬁaﬁmﬁmﬁ:ﬁgﬂuwﬂuad Marker

2) NTATUIUAIRILMLNLTY 3 3R (Pose Estimation) 989 Marker Ligufiunaas

3) nszuauMsaseaaeslifainlumaguis (3D Rendering) Lﬁumﬂﬁu%’aa&a

wrlUTunwleslemduridade 3 Gadauialasulaninadousss

3.2 Data Flow Diagram

3.2.1 Context Diagram
Augmented Reality System

Marker
User —af _arZ A &
Augmented Reality

@ Object 30 System

3tlﬁ 3.2 Context Diagram

- A =Y k2 ¥
UL WATUUWLTY Context Diagram MioSutedeyaidiuazeanued
External Entity w84 User
1) User 11 Marker 11911015 Detect tiavinnisiluyssunanalusyuu

2) Object 3D wans Media sl User
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3.2.2 Diagram Level-0 758 Parent Diagram

Augmented Reality System

- File Marker
Marker_PAT

Marker
User — -
Real_World_Pos .
Detect Marker — - e Pose Estimation

L ibjeclab id Real_World_Relate_Cam_Pos ‘

-x
(A4 B2 SnMedia - File_ Medial

gﬂ‘ﬁ 3.3 Diagram 0 %3@ Parent Diagram

1

nn iy Diagram Level O 930 Parent Diagram WJu Diagram Ay

£
o s s

% = ] v e | o o
s¥AuamaIN Context Diagram F9azinulainluszauiiinszuiunisnie 9 idAgy
@ -

nan o fo

1) Detect Marker [{un3zU2UN15MMIN1T Detect Marker 290 User

2) Pose Estimation lunszuluUnIsAILIaAIsWALae 3 fiRnnlanainy

Walvideardeanulaniadiou
3) Render 3D Object \Junszurunis Render Taguantlv User tiiudu

Tani@ilauasy

= g LY

usnniudediunaufiudeya (Data store Symbol) MAutayadfey Laun

@

]
=

1) File Marker \uundafudoyaiiiulid Marker Mifiuniia PAT File

18

|

a3

2) File_Media {Wuunanfudayaiiulid Media #1991y nm dle

a (v -3 .
aULITY LWunuY
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3.2.3 Diagram Level-1

Augmented Reality System

” Template
—

|
| Binary_Pic_Data Draw_Square_Lines_On_Pic_Data
|

Find Corners and
Edges

| S i et e et —————

Binary_Pic_Data_Contours

Marker_PAT

e
Real_World_Pos

Draw Contours

31]17'; 3.4 Diagram Level-1

a1y Diagram Level 1 #38 Child Diagram 284 Process flazoSune
sasaluil

1) Find Threshold \Jun1stdsuiimmiavesnin lagviinisuennguvssnin
sonludiu q wagvhnsuasnwlhdunmssfudn (Grayscale) a3
AmnuLdimasd (Intensity) ofsgving 0-255 Tidunmdisirnauitud
Wlesaoeszdu (Binary Image) Tneildevludn 01ANULULLAIYE93ANIN
Indidrsndnvdawirtudinsulead (Thresholds) Wgnnwidudian 1fu 0
Aolduden 'Luwwm‘iqﬁwﬁ'mmnﬁfhﬁqantiws'iﬁ’mw’luqmﬁgm@u 1 30
Hudun

2) Draw_Contours ({un1svidusaugusin 9 71 Webcam nsaaduls

3) Find Corners and edges Lﬂunﬂimqmawawm 9 Adudmass

IINUUTIINITIANTOURDNTBUNILAT VD UFMBENIY



3.3 TUsunsuuazyaazasilofldluniswauiuaunaiady
3.3.1 ¥auuas
1) Adobe Flash Builder 4.6
2) syuudjunnns Windows 7 wag Mac OS

3) Library fit2elun1simun fie ARToolKit

3.3.2 g15auas
1) Notebook TOSHIBA Qosmio F750-1016XT
2) CPU: Intel Core i5-2450M 2.5 GHz, RAM 8 GB, HDD 640 GB
3) Graphic Chip : nVidia GeForce GT 540M (2 GB GDDR3)
4) Logitech Webcam C600

36
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unm 4

ASWRIUN LUSHASY

Tuuniiazilunstiemguiuasudnnsitierdesiumaluladiadiousisuildlunis
WauweUnaadu lagaznanfadunouniy q Aunn15a319 Marker Tuaudanisidou

TUsunsu

4.1 n15d519 Marker waznisunluTdeu

4.1.1 aileruvas Marker
o = 3 o v a as =
Marker fojuainagun FLARToolKit @nnsaissuiuazinaiuluinloansy

= & =l - 4 a & v v
%39 Marker LTJUEULLUUW'Nﬂ’]EJJ‘I']W‘V]L'ﬁ']a'llmﬁﬂa‘s’mﬁﬂuu']Vfiawuwa'é]ﬂﬂ?Lm IG]EJ

v a

FLARToolKit smsaunulwd PDF dmsuung Marker fias1aliadrantinas waglunis
4519 Marker tiuiltedndaieaantesaasalull

1) Marker %ﬁm@ugﬂmdﬁmﬁw

o A E 2

388917679U) wariulvfodny

o 4

2) Marker gfasillduvauNneltenuy (Fan
vunurasniaaniu Qrenaluaznsstiududrsddursu) legAnsunuay

fimunuiveveulu 25% Y99A11U81NVBIVOUVES Marker

3) dedringanie fe Nunaeluiduvey viesendn Marker Image Av#eq

= o =

Ldilusyauuans Auinieluarmrsoluden du17 wieddudie q oy

FLARToolKit 9&AnRMILMeALLUENNIINTUED Marker Sd@du

Ul 4.1 §9819989 Marker 91 FLARToolKit Ia¥n15Tvudn



38

4.1.2 A1dlg1uvas Pattern
198 Pattern JulwaniAvdoyavesgunmlugaaudnatsves Marker Ll
Walusunss FLARToolKit azvinnisluanlwa Pattern Aunnuilelwaniauinnintu

WeotaztldiSeuiieunasanuisoilain Marker lnaguuinloans

4.1.3 n3a%1e Marker Tl GhanudSudu fie annununvesauidu 25% va9
A7MUE1IVBIYDUVBY Marker)

1518101508519 Marker auiala q Alaa1uanufents wasaunsana.
Marker #ifvunauansneiuls Setuneulunisadrs Marker Toni Tnoldlusunsa
Adobe Photoshop a@wnsavitldiail

1) asslndlmifusnaunn 285 x 285 pixel

2) Uiy View @enuy Show uéniden Grid 9ntulsTagifiunisig

YR 4 x 4 Failvgl wiBvuA 16 x 16 Yodldn

UM 4.2 TWdgnudseaniliu 4 x4 daslug) vieaura 16 x 16 dauian

3) yihmsladanludesiiduduvey (@eslvajseuusnianun) dunuiiaie
Tuduravtuamisnayldeslsadluila mwslﬂugﬂmwﬁaﬁﬂmﬂﬁ

AanadlunAieIuIstag
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Ul 4.3 udaennslddaieairaluvauves Marker

JUN 4.4 99819989 Marker Tnfauazilulden

4.2 nslgeulusinsy ARToolKit Marker Generator

TUsun3u ARToolKit Marker Generator {Wulusunsuildlunisadnslng pat a1nlvd
Marker fiis1a¥19iu TeeistanunsalUldiusunsuilldiiulas http:/flash.tarotaro.org/
blog/2008/12/14/artoolkit-marker-generator-online-released/ Sudusenisswlvan
a3 Marker Waldlulusunsy Iﬂ%ﬁ%nwé’wimamlﬂégﬂﬂgu%ﬁﬂﬁ 2 guluu Fie (denlud

Anlasnnaslurauianas wiavinisldndasiunanlunisduninianinnisenlvanlua
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Settings

| Mode Select: Marker Segments: Marker Size:

|| select... w)| | SEthaEton | 16x16 v | 5%

] ’-“T:
Preview Marker

sUTl 4.5 TUsunsu ARToolKit Marker Generator #&4an

#n1sanlnanlua Marker

dlalusunsuaninsansraduldudainlndimswivanlUidulvd Marker Sfuasyinnas
finseusU Marker Meiduduag YonaInisdeanunsafviuna Marker Segments el
ANaEIELA Was Pattern Size Lialuvieanvuiniiuiives Marker faztiluvindulg
Pattern \ilaimuanneta3euiosud insnaty Get Pattern PnulUsunsLRzLan Y
e Marker firluvh Pattem ilonsraseuinduluauidesnisuds sinisnalu Save

Watuiinlwg .pat IUldnulu Tunsunald
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Settings

Mode Select: Marker Segments: Marker Size:

| Select... v | ‘2

| 16x16 v | 5%

E‘Uﬁ 4.6 TUsunsu ARToolKit Marker Generator wandlng

4.3 :
Marker Nanlviantaz Preview Marker

as 1a ¥ =
4.3 msAnfalalonleinaila Blue/Green Screen
wiatla Blue/Green Screen tiuldlunsinaiwingaanannuvaavioainvas e
@ 0 Vv & v o &5 [V 4 °
mwingulalulaniunuvasu q eglulassauiislagenldlusunsu Motion 5 lunisii

2
o/

FRlanl8mAtA Green Screen WiatiAlanlaluldlun1s Render lnoddunaunisvinnail

4.3.1 nswisudnladmsuldlunisnnne
Toletazldlunrsdndeannsamldaniuledsng q vieawisaneiale
AEAULRINte damsunisateviiiftlemeaueatuansavinlanail

1) wisuanuasdden Weeldinddeansansyauwdidien uviinsinseuu

[ '
=i

pifavasuaz oy Aagun 4.6
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d =Y g’} (-] ats 1 =
UM 4.7 nsAnnanIndegadinsuldlunisansdale
o | a o
2) #iN15aNEARLeRIUNRBINTS
4.3.2 MIAAWUUEIUIaAAAINBaNaINIngA8lUsuNTN Motion 5

1) vimadalusunsd Motion 5 Wusn Lden Motion Project antuaandu

Open Woai1ea Ul
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= a o o w & i 2 .
2) \denlwdidlenazunundnuvdiesn lneidanuauiuy File -> Import

nduyihnsdenlwaifle nadu Import Wietidletuunlda

& Motion File _Edit_Mark__ Object Favorites _View Share _Window Help . Nl'w!r-l Dk S 4
. I

Iorary
Notting Selec e
Import Files

22 = [El m | m - || 53 video_for_project

FAVORITE E )
L Al My Files M Cutvideo 9.mov

Screen = halemshakel. MOV

#% Applications I halemshake2. MOV

wvl_ 1.0 M harlern shake.mp3

M Docorments B Kong copy.mov

© Downloads MANAGER B kong MOV
i1 Movies 4445 PM W Missile AT creen mpd
I3 Music AB.21 PM Em Mong copy mov

%

55 Picures R — ooy

SHARLD adate e
M sceleron d eHectmad

Audio: | Mix 1o Stereo

Cancel

3Ui 4.9 n13 import Twd3AteunTdem

3) In1sAeNuUMaIdlgI98n BUALUIINNITAANLEBNIALBNNBINTAATIY
waIean MNUuaani Library -> Filters -> Keying -> Keyer naly

Apply Wisdudunisaatiunasdilisisan

JUT 4.10 msdaiunasdiletaandledids Keying
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25% v [W v Render v View v [ ~

o
-] ot = v

JUT 4.11 dlendaiiunasasniiauiosuan

4) Uufinlvaidle leeidenunuiiy Share -> Export Movie.. 3nWuAZN
= o va )
Render \dan# Color 1y Color + Alpha iteliAlearunsauanaiiy

paaduuuulusalals navsl Next Wiaviinastiuinluainle

Motion  File Edit_ Mark . Object Fai
AN L T =

e i

ites . View. Share Window Help I 17 & 2.68 B
= e e e

Q Export "Untitled. motn” as a QuickTime movie

| Options P‘_“: ! Summary

30 Rendering
Color; | Color + Alpha

(¥ Premultiply alpha

Render Quality: | Use canvas setting :

Camera: | Active Camera
Lighting: | Use canvas setting 3

Shadows: | Use canvas setting
Fields: | Use canvas setting &
Reflections; | Use canvas setting &
Mation Blur: Use canvas setting = N

Depth of Field: | Use canvas setting :

Frame Blanding: Use canvas setting *

Cancel | [Coext o

Ufi 4.12 n15 Save SalariatilnglU1deu

€aN
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Wesanlnddmefianusatiluyiinig Render ‘lﬁ'ﬁué’mﬁlﬂﬁmuaqa
FLV #atiusnazldlusunsy Adobe Media Encoder Tunisudaslug
Taei3uannmsislusunsy Adobe Media Encoder 3uan 91ntiuyiinIg
Import &3l lnsadniladosmng + Myudrovuvesiusunsy o
Fonludiflefiagtmvinisuuas nada Open WodnlngialeTuun
¥insianlnddnlaidosnisazutateanin Tneidon Format 1 FLV
isudasliidiflesenuiduuisana FLV wazadniden Encode Alpha

= e n o | o
Channel almidlaaruisonansiunaantuwuulusslals

% _ Adobe Media Encoder CS6_ Flie Preset _Window . Hel FV17 & 348 ca D 4 e = 1005EF Thui

00;00;00;00
o

sU#l 4.13 nsudasunuanalwddflesin MoV lu FLv
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4.4 nrsReulUswnsy
4.4.1 n1sad1eaulniuwaznisinlausis FLARToolKit unldenu
1) Walusunsu Adobe Flash Builder 31an vdainiuvinnisadnsaulg

Tneidond File -> New -> ActionScript Project

m Edit Nawgate Search ProJect Data Run Window Help 117 &
[@ Flex Project
% Impgrt Flash Builder Project... Ga Flex Library Project
Qpen Flle... [a Flex Mobile Project
Close =W
Close All O #¥W F ActionScript Mobile Praject

[ Flash Professional Project

;:\,Z A, 1 Flash Catalyst Compatible Project
Save All _ [ Project...

4 Export Flash Builder Project... T MXML Application

Revert 5 MXML Component

Move. % Item Renderer

Rename F2 @ MXML Module
Refresh 1 MXML Skin

Convert Line Delimiters To > " ActionScript File

1J17i 4.14 wansn1sas1sulud (New ActionScript Project)

2) vamssadelndiilmiadudes Project Name nisiamnweUnaLaduy
#aelusunsy Adobe Flash Builder 1u 1snanunsnidenlanagiaun
wuulnu Tned Application Type aeillvidandeiu 2 wuuie Web
(runs in Adobe Flash Player) &g Desktop (runs in Adobe Air) Falu
TassnuiiisnasldnnsWauuuy Desktop (runs in Adobe Air) Lilesan
AITRAIIILUY Web (runs in Adobe Flash Player) tugfad] Uy Ao

anu15a5ulALAUILUST IR ST
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8 .00 New ActionScript Project
Create an ActionScript project. (Cim=
Specify the location of the files in the new project. f { }

tion  Build Paths

Project name: “ ) }

Project location

@ Use default location

Folder: /Users/fal2mkungz/Documents/Adobe Flash Builder 4.6 Browse

Application type
O LggWeb (runs in Adobe Flash Player)
(») (g3 Desktop (runs in Adobe AIR)

Flex SDKX version
() Use default SDK (currently "Flex 4.6.0") Configure Flex SDKs...

() Use a specific SDK: = Flex 4.6.0
Flex 4.6.0 requires Adobe AIR 3.1

(\?/] < Back Next > ftiCancel | Finish

o & o ' P o a W
sUT 4.15 nsnstanulusinaznisidanguuuunnsiunaunaiadu
n151ilausa3 FLARToolKit 1ltautiy 1sdndudasinnisdnannlnd

-t o o " ) &
wazlnatnesndndunnldlulnawes sre vasuieiasvu lneilua

g udwla‘l’

uazlWameindiniinmol

e Tyawmesviaviualu FLARManager vi 1 0/src

o lydiRuatunisfiAiaTunTnaInnasILasn1sinn1s Marker e
W flarConfig.xml ('e'JEﬂu FLARManager_v1 1 O/resources/flar)
warlnd FLARCameraParams.dat (a¢/lu

FLARManager_v1_1 0/resources/flarToolkit)
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eno ol src
e H = ERERIT TNy Q
FAVORITES b Name 4| Date Modified Size
[ - e
: All My Files = apps 1/31/54 BE 8:49 AM
o > | a 1/31/54 BE 8:49 AM -
= AirDrop » 8 com 1/31/54 BE 8:49 AM =
:/.\; Applications » B examples 1/31/54 BE B:49 AM -
| Desktop = FLARManager_AppLauncher.as 8/8/53 BE 6:45 AM 622 bytes
5 ™, FLARManagerExampleLauncher.as 1/31/54 BE B:45 AM 1KB
[} Documents -

FLARManagerProfiler.as 11/1/53 BE 12:42 AM 2 KB
€3 Downloads > jp 1/31/54 BE B:49 AM -
-] Movies > org 2/12/56 BE 3:31 PM -
I Music todo.txt 1/31/54 BE 8:45 AM 40 KB
=) Pictures

809 [ resources

(i~ E = RICREXIE RSN Q

FAVORITES Name = . %- & Date Modified siz

» [ assets Today 711 PM -
All My Files .

- 4 v (i far 1/31/54 BE 8:49 AM .
a AirDrop flarConfig_flare.xml 8/8/53 BE6:45 AM 1k
¥ Applications flarConfig_flarToolkitxml 8/8/53 BE 6:45 AM 2k
[ Desktop flarConfig_loader.xml B/8/53 BE 645 AM 3r
r flarConfig_wide.xml| 8/8/53 BE 6:45 AM 2F
"# Doc t -
[ Pocuery B flarConhg.xml 1/31/54 BE 8:45 AM 3
© Downloads B invert.pbj 8/8/53 BE 6:45 AM 296 byt
[} Movies invert.pbk 8/8/53 BE 6.45 AM 449 by
ﬂ Music markerBallConfig.xml 8/8/53 BE 6:45 AM 2k
- sequencARConfig.xml B/8/53 BE 6:45 AM 2k
i > [ Nare 1/31/54 BE 8:49 AM -

SHARED ¥ [ farToolkit d 1/31/54 BE 8:49 AM -

ks FLARCameraParams.dat 8/8/53 BE 6:45 AM 136 byu
s >[I patterns 1/31/54 BE 8:49 AM .
£ Vacitosh HD ¥ (i markers 1/31/54 BE 8:49 AM

.| BOOTCAMP

LN o

JUN 4.16 Wauasinawmasndewinnisanaanuldluliawmasd src

Ya39ulnsiNnas19du

& 4 e ar = a ‘¢ & =
4.4.2 A1IAIAEINIUNITAAATULAZIATIZY Marker LaZNITANATNLNDLEAY

NAAWSULIDNIN

Tun3nmuRAIs19 9 1NEINUNITANMILLAETIATIEY Marker Lagn13619a7

4 L L3 v n‘j o 1 a € 1 L3
Wislamraansuumtvetu @unsaluimuamimisiiinesaig 9 Tulwd

flarConfig.xml Tagagiian wasinainan § NRaaivuneadl

1. sourceWidth waz sourceHeight tWuraunitsuazaugsaldlunis

Junmidle laeanfiaggndeinluds Camera.setMode () Tu

FLARCameraSource.as

2. displayWidth waz displayHeight L"fJuﬁwmmn%’ﬂqL,Lasmmgqﬁlﬂumi

LARIIALD

a0 W o o a P
3. framerate ﬂaﬂ']ami']qﬂﬂ']WLﬂaaul‘Wﬂunaj 1 U
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4. trackerToSourceRatio nwvzeialenlgdmiunisinnuargnuivvuig

TaeAn trackerToSourceRatio Nauazgnadluimsneinisinny lae

U
[ £

laussdmiunsiamutiuazyihaulaisaiu 81 downsampling 310
wsiagviilinisi3euiand Pattern endadu lagen 1.0 azlidinsvi

Y o

downsampling filAdu 0.5 (ALSufAL) Aiin13vi downsampling AU

'
=

aseiTlentuil

5. activityThreshold ija camera.activityLevel Uaen11A7
activity Threshold mww%a?ﬁiaﬁ%’uL‘ﬁ’ﬂmﬁwlﬁgﬂeiﬂﬂé'é FLARToolkit
uaz Marker axgnaidlililefing ndeulmosinnuazazvganisinmy
\iaiiy frame rates ASuAUYBY activityThreshold fie 16 Taeandl
annsaldldisudaust 0-100 nsdarntden q avvi T Marker ananse
ideulmléBasvanniy

6. mirrorDisplay Sy true Sileuarn1insradu Marker IPNNAN
ALLUIUBL

7. smoothing €181 smoothing fiA1in wyilinguaToufivinis Render
@ﬂuﬁ'au“ﬁu uarmauALeIdIaon s usumlaves Marker

8. pattern resolution LfuApsav BVl Pattern Aivwinldlunns
WiguLgy

9. pattern path Aasumisvaslnd Pattern (IMdusana pat) funuldly

=i =)
n13W3guLng U

4.4.3 Basic Augmented Reality
1. mMssefuranadigniiuidiuly stage

this.addEventListener(Event. ADDED TO_STAGE, this.onAdded);

2. nmstlauins FLARToolkit @1iunisfnnsd Marker
var flarManager:FLARManager = new FLARManager
("flarConfig.xml" , new FLARToolkitManager(), this.stage);

3. nsWanassiuneuiialdlunissuniniale

this.addChild(Sprite(this.flarManager.flarSource));



50

4. nsnsadumnuidsunuatued Marker WU n13ATIANU Marker #5813
7l Marker gnineenainuss

this.flarManager.addEventListener(FLARMarkerEvent.
MARKER_ADDED, this.onMarkerAdded);
this.flarManager.addEventListener(FLARMarkerEvent.
MARKER _UPDATED, this.onMarkerUpdated);
this.flarManager.addEventListener(FLARMarkerEvent.
MARKER_REMOVED, this.onMarkerRemoved);

= a v ' a o Y
5. 9z¥50 FLARManager \3AU NoUNSRARIENNIINGRY
Papervision3D t319zilisuindnnismanisaliantiey
this.flarManager.addEventListener(Event.INIT,

this.onFlarManagerinited);

6. N13IAAAY Papervision3D
private function onFlarManagerInited (evt:Event) :void {
this.flarManager.removeEventListener(Event.INIT,

this.onFlarManagerinited);

this.scene3D = new Scene3D();

this.viewport3D = new Viewport3D(this.stage.stageWidth,
this.stage.stageHeight);

this.addChild(this.viewport3D);

this.camera3D = new FLARCamera_PV3D(this.flarManager,
new Rectangle(0, 0, this.stage.stageWidth,
this.stage.stageHeight));

this.renderEngine = new LazyRenderEngine(this.scene3D,
this.camera3D, this.viewport3D);
this.pointLight3D = new PointLight3D();
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this.pointLight3D.x = 1000;
this.pointLight3D.y = 1000;
this.pointLight3D.z = -1000;

this.addEventListener(Event.ENTER_FRAME,

this.onEnterFrame);

\8931n Papervision 115 Render Scene @1luyn 9 w5 fatiulsded

Wi danisingnisel ENTER_FRAME

7. msainguedowdieltlunis Render (Fraghaaziiumsasagnuisr)
var cubeMaterial:FlatShadeMaterial = new FlatShadeMaterial
(this.pointLight3D, OxFF1919, 0x730000);
var materialsList:MaterialsList = new MaterialsList
({all: cubeMaterial});
var cube:Cube = new Cube(materialsList, 40, 40, 40);

cube.z += 20;

// create a container for the cube, that will accept matrix
transformations.

this.cubeContainer = new DisplayObject3D();
this.cubeContainer.addChild(cube);
this.scene3D.addChild(this.cubeContainer);

8. N1TMUAUDIRE FLARMarkerEvents
private function onMarkerAdded (evt:FLARMarkerEvent) :void {
this.cubeContainer.visible = true;
this.activeMarker = evt.marker;
}
private function onMarkerRemoved (evt:FLARMarkerEvent)

void {
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this.cubeContainer.visible = false;

this.activeMarker = null;

9. nswamgnurA Lileaaan Papervision 15 Render Scene g1luwn 4
i i1aliusslovianlematiiiouwausmindlilmiagn oazsi
Tignunergauaiauniian

private function onEnterFrame (evt:Event) :void {
this.cube.transform =
PVGeomUtils.convertMatrixToPVMatrix(this.activeMarker.
transformMatrix, this.flarManager.flarSource.mirrored);

this.renderEngine.render();

4.5 favg19uaUNALATUYn Augmented Reality 1¥11015WRIUN
= o o ar =
1) wpUndiatud Render Ingadioudugunm
a w4 o P a
2) usUndadui Render Ingaiiouuidle

3) ueUndnduil Render Inglafiauitueiugu

ana Augmentedieality

JUT 4.17 ragreuaundiaduil Render Tngiatiaudugunin



AanNnD sampleVideo

A00 AugmentedReality_DAE
e -

JUN 4.19 dredranaundiaduil Render dngiatioudusiiudu
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Uni 5

unagUiazvalauaug

5.1 unagy

Vs o

FLARToolKit waziiinsuisaie FLARManager @lunsideulusunsudu nenaizddavild
a1 ActionScript 3.0 Fuluntwiildausulid Flash Wumdn laemailefudiuiin
walalusuinninselusunsuvinsuldgnisauasuaiugilun1snsadu Marker vinisdou
vunwingaileu 3 fdldedsgndsmuingussasdvasnisiauilinddd 9nnisWamn
Tusunsuanansoasuliadeiifinasonsiuiulesnulddedeli
1) ndoaiuuas (Webcam) fithurldnusiinaantiiia Wy puazidenvesnin
9r5IN13080 W (Frame Rate) Uavanansauiupuainweiauaydla
2) danmuaiveadlurosildlunisdisnm lasvesildlunisdienimais
nsnuRuLasliined wardinuainufisame duasainanniiulundesasii

n15 Detect Marker laligataudsaraviilnlusunsulananlyfne

5.2 Ugymuazauassn

as

1) YaymiagWauilassaulufiauiiugnlunislafaidu (Function) e 4 w9
laus1? FLARToolkit  Fsdesldiaanlunis@nwiuazisnisladavinlunisein
TassudldiaaAoutiuu

2) Ugwudwanunasesmiunlduszuiana 1209910015 UsENaHaINA WA LAN

o - & Y B v oo a & [ ]
MNndpaIuuAl (Webcam) duilaretadefinelminauidanainduls 1oy
=) al ! q‘ - vV a a L 9
uaeusadssuNIuAe § MilmAstgmilunisuszanananiw Wusu
< 9 = = @ S A -
3) Jawmingrdugedduasiauminidenldluniswauilasssui wesainlasaanudl
¥ o a @ ddog vy = o = v o a o ¢
azResiinsindlausiild Fedndunasdevinisfnnslanysaiuazasy
fugnAewntuney JanAananundunsulaiatavsilndsnailun1sii
nauAluderawainae g Tuldauls
4) Jymlunsiasugenauislavsni Wesainlausniveunvly As OpenCV uas

ARToolKit uitgymlunisiheenduaslausiniguisiuii Fedeymidangin



55

@

2/ 3 17 o v v 1 [ =] | 1
NNAUTH ﬂ“/l']lmﬁflL']a’IIUﬂWiﬂUﬂ’N’Uaﬂﬂaaqu’lu‘ﬂ‘u%ﬂﬁLﬂEIL’JﬁWIUﬂ@U‘U’NiJ’lﬂ

s

g invihdasinsmeeniunslaussludiielvlanuniauawuiniige

as

lusvesianilegedadndin

5.3 wuanensuily

1) esniniisreznailunsiauilusunsusiie vlddesdnuilundey 9 funs
WAL

2) weneuusuanminndenlinrasfigalunisldauilusunsumaliladiaiiou
239 (Augmented Reality)

3) alfiadespeufiamesidusrinsamiemelunisiilasey iawisa
FOITUAISINIUAIUAN 9 LepEnasga

4) \ilesaniitlgwilunislilausiives OpencV uag ARToolKit luntsldanusaufiu

as

Jevhlvinsuzavidesyihiniswdsulavsiindleglailu FLARToolKt  wivelw
1A99ULES AVUA LAV
5) Anwinsldenilausis FLARToolkit Tusseziiaridnialmsingaienaun

= o | = :
TWswnsumevaeiunamanideluveinisldlausis OpenCV way ARToolkit

5.4 WUIMIGIUNITWRIUIAD

nnlassuieunalulagialiousss (Augmented Reality) ansnsauiluussynald

[V %) i o 1 2 € o 1 v = a 2
umuene 9 lasnane wiu delavan tnud aandeenssy wavdu 9 Wusu Jaludagduls

2

=l o =l & 2 s i 1 & [y el ¥ oo
um'immﬂiuiaamamm’[*ﬁnuaEmLwaawmmu LLax’luaummau’lﬂaumwﬂmmumi

Tdnuwmaluladdiusgraunivaged1suuuou
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1. n1sandluanlusunsy Adobe Flash Builder
ailvanlusunsy Adobe Flash Builder ¢

https://www.adobe.com/cfusion/tdrc/index.cfm?product=flash_builder

2. msanniluan 3D Engine Papervision3D
- aniluanlnd Papervision3D 167
http://code.google.com/p/papervision3d/downloads/list
- yhnsfinaentiawmas ascollada waz papervisiondd lulwlawmes ore iny

o jul &
Inapanlulalilu sr/org vasufiasieliu

3. msadlvanlaush3 FLARManager
- amilvanlausts FLARManager 67
http://words.transmote.com/wp/flarmanager/

- NS Extract Iduazdalulday
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package

{

f19819 Source Code va3uauUnaLAYuT Render Tngiaiiowlugunw

LUU Multi-Marker

import com.transmote.flar.FLARManager;

import com.transmote.flar.camera.FLARCamera_Flash3D;
import com.transmote.flar.marker.FLARMarker;

import com.transmote.flar.marker.FLARMarkerEvent;
import com.transmote.flar.tracker.FLARToolkitManager;

import com.transmote.utils.time.FramerateDisplay;

import examples.support.MarkerPlane;

import flash.display.Scene;
import flash.display.Shape;
import flash.display.Sprite;
import flash.events.ErrorEvent;
import flash.events.Event;

import flash.eeom.Rectangle;

[SWF(width = '800',height = '600', backgroundColor = '#000000', frameRate = '30")]

public class AugmentedReality extends Sprite
{

private var flarManager:FLARManager;

private var markerPlane:MarkerPlane;

private var scene:Sprite;

private var camera:FLARCamera_Flash3D;

public function AugmentedReality()

{
this.addEventListener(Event ADDED_TO STAGE, this.onAdded);
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private function onAdded (evt:Event):void

{

this.removeEventListener(Event. ADDED TO STAGE, this.onAdded);

// pass the path to the FLARManager xml config file into the

FLARManager constructor,

detection.

tracking library,

// FLARManager creates and uses a FLARCameraSource by default.

// the image from the first detected camera will be used for marker

// also pass an IFLARTrackerManager instance to communicate with a

// and a reference to the Stage (required by some trackers).

this.flarManager = new FLARManager("flarConfig.xml", new

FLARToolkitManager(), this.stage);

this.onFlarManagerError);

capture.

this.onMarkerAdded);

this.onMarkerRemoved);

this.onMarkerUpdated);

this.flarManager.addEventListener(ErrorEvent.ERROR,

// add FLARManager.flarSource to the display list to display the video

this.addChild(Sprite(this.flarManager.flarSource));

// begin listening for FLARMarkerEvents.
this.flarManager.addEventListener(FLARMarkerEvent. MARKER_ADDED,

this.flarManager.addEventListener(FLARMarkerEvent. MARKER REMOVED,

this.flarManager.addEventListener(FLARMarkerEvent. MARKER _UPDATED,

// framerate display helps to keep an eye on performance.

var framerateDisplay:FramerateDisplay = new FramerateDisplay();

this.addChild(framerateDisplay);



63

this.flarManager.addEventListener(Event.INIT, this.onFlarManagerinited);
}
private function onFlarManagerError (evt:ErrorEvent) :void
{
this.flarManager.removeEventListener(ErrorEvent.ERRCR,
this.onFlarManagerError);
this.flarManager.removeEventListener(Event.INIT,

this.onFlarManagerinited);

trace(evt.text);

}
private function onFlarManagerinited (evt:Event) :void
{
this.scene = new Sprite();
this.addChild(this.scene);
var axes:Sprite = new Sprite();
this.addChild(axes);
var zAxis:Shape = new Shape();
zAxis.rotationX = -90;
axes.addChild(zAxis);
}
private function onMarkerAdded (evt:FLARMarkerEvent).void
{

trace("["+evt.marker.patternid+"] added"),

switch(evt.marker.patternid){
case 0
{
// load an image to display on top of the marker.
// note, this could be any content loaded with a Loader, still or
animated.
this.markerPlane = new MarkerPlane("rockman.jpg");

this.markerPlane.visible = false;
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// rotate an image in z-axis
this.markerPlane.rotationY = 180,
this.markerPlane.rotationZ = 90;

this.scene.addChild(this.markerPlane);

this.camera = new FLARCamera_Flash3D(this.flarManager, new
Rectangle(0, 0, this.stage.stageWidth, this.stage.stageHeight));

this.camera.scene = this.scene;

case 1:

// load an image to display on top of the marker.

// note, this could be any content loaded with a Loader, still or
animated.

this.markerPlane2 = new MarkerPlane("HoN.jpg");

this.markerPlane2.visible = false;

// rotate an image in z-axis
this.markerPlaneZ2.rotationY = 180;
this.markerPlane2.rotationZ = 90;

this.scene.addChild(this.markerPlane?2);

this.camera = new FLARCamera_Flash3D(this.flarManager, new
Rectangle(0, 0, this.stage.stageWidth, this.stage.stageHeight));

this.camera.scene = this.scene;

}

}

this.onMarkerUpdated(evt),
}
private function onMarkerRemoved (evt:FLARMarkerEvent):void
{

trace('["+evt.marker.patternld+"] removed");

iftthis.markerPlane)
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{
this.markerPlane.visible = false;
}
}
private function onMarkerUpdated (evt:FLARMarkerEvent):void
{

trace("["+evt.marker.patternld+"] updated"),
switch(evt.marker.patternid){
case 0

{

this.markerPlane.visible = true;

this.camera.applyTransform(evt.marker.transformMatrix);

break;

case 1:

this.markerPlane2.visible = true;

this.camera.applyTransform(evt.marker.transformMatrix);
break;
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import com.transmote.flar.FLARManager;

import com.transmote.flar.camera.FLARCamera_PV3D;
import com.transmote.flar.marker.FLARMarker;

import com.transmote.flar.marker.FLARMarkerEvent;
import com.transmote.flar.tracker.FLARToolkitManager;
import com.transmote.flar.utils.geom.PVGeomUtils;

import com.transmote.utils.time.FramerateDisplay;

import flash.display.*;

import flash.events.*;

import flash.geom.Rectangle;
import flash.media.Video;
import flash.net.NetConnection;
import flash.net.NetStream;
import flash.text.®;

import flash.utils.Timer;

import org.papervision3d.materials.MovieMaterial;
import org.papervision3d.materials.VideoStreamMaterial;
import org.papervision3d.objects.DisplayObject3D;
import org.papervision3d.objects.primitives.Plane;
import org.papervision3d.render.LazyRenderEngine;
import org.papervision3d.scenes.Scene3D;

import org.papervision3d.view.Viewport3D;

[SWF(width = '800',height = '600", backgroundColor = '#000000', frameRate = '30")]

public class NewsPaper extends Sprite

{

66



67

private var flarManager:FLARManager;
private var framerateDisplay:FramerateDisplay;
private var scene3D:Scene3D;

private var viewport2D:Viewport3D;
private var camera3D:FLARCamera_PV3D;
private var lre:LazyRenderEngine;

private var plane3D:Plane;

private var container:DisplayObject3D;
private var marker:FLARMarker;

private var material:MovieMaterial;
protected var video:Video;

protected var nc:NetConnection;

protected var ns:NetStream;

public function NewsPaper()

{
this.addEventListener(Event ADDED TO STAGE, this.onAdded);

private function onAdded (evt:Event):void

{
this.removeEventListener(Event. ADDED TO STAGE, this.onAdded);

// Initial FLARManager

this.flarManager = new FLARManager("flarConfig.xml", new
FLARToolkitManager(), this.stage);

this.addChild(Sprite(this.flarManager.flarSource));

this.flarManager.addEventListener(ErrorEvent. ERROR,

this.onFlarManagerError);

// begin listening for FLARMarkerEvents,
this.flarManager.addEventListener(FLARMarkerEvent. MARKER_ADDED,
this.onMarkerAdded);
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this.flarManager.addEventListener(FLARMarkerEvent. MARKER REMOVED,

this.onMarkerRemoved);

//this.flarManager.addEventListener(FLARMarkerEvent. MARKER UPDATED,
this.onMarkerUpdated);

// framerate display helps to keep an eye on performance.
this.framerateDisplay = new FramerateDisplay();

this.addChild(framerateDisplay);

this.flarManager.addEventListener(Event.INIT, this.onFlarManagerinited);

private function onFlarManagerinited (evt:Event) :void
{

this.removeEventListener(Event.INIT, this.onFlarManagerinited);

this.scene3D = new Scene3D();

this.camera3D = new FLARCamera_PV3D(this.flarManager, new
Rectangle(0, 0, this.stage.stageWidth, this.stage.stageHeight));

this.camera3D.z = -30;

this.viewport3D = new Viewport2D(800, 600, true);

lre = new LazyRenderEngine(this.scene3D, this.camera3D,

this.viewport3D);

o/

this.nc = new NetConnection();
this.nc.connect(null);
this.ns = new NetStream(this.nc);

this.ns.client = {};

this.ns.play("Nadate.flv");



this.ns.pause();
this.video = new Videc(1080, 608);
this.video.smoothing = true;

this.video.attachNetStream(this.ns);

this.material = new VideoStreamMaterial(this.video, this.ns, true, true)

this.material.smooth = true;

this.material.doubleSided = true;

this.plane3D = new Plane(this.material, 240, 255, 5, 5);
this.plane3D.scaleY = -1;

this.plane3D.rotationZ = -90;

//this.plane3D.rotationX = 90;

this.plane3D.visible = false;

this.container = new DisplayObject3D();
this.container.addChild(this.plane3D);

/1
//--- (END) Video Render -—-
//

this.scene3D.addChild(this.container);
this.addChild(this.viewport3D),

this.addEventListener(Event.ENTER_FRAME, this.onEnterFrame);

private function onEnterFrame (evt:Event):void
{

if(this.marker != null)

{

this.container.transform =
PVGeomUltils.convertMatrixToPVMatrix(marker.transformMatrix);
}
this.lre.render();

2
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private function onFlarManagerError (evt:ErrorEvent) :void

{

this.flarManager.removeEventListener(ErrorEvent. ERROR,

this.onFlarManagerError);

this.flarManager.removeEventListener(Event.INIT,

this.onFlarManagerinited);

trace(evt.text);

private function enMarkerAdded (evt:FLARMarkerEvent):void
{
trace('["+evt.marker.patternid+"] added");
this.marker = evt.marker,
stage.addEventListener( KeyboardEvent.KEY DOWN, keyDownHandler),
//this.ns.resume();
this.plane3D.visible = true;
//this.ns.play();

private function onMarkerRemoved (evt:FLARMarkerEvent):void
{
trace("["+evt.marker.patternid+"] removed");
this.marker = null;
//stage.addEventListener( KeyboardEvent.KEY DOWN, keyDownHandler);
this.ns.pause();
this.plane3D.visible = false;
//this.video.vid.stop();

private function keyDownHandler (evt:KeyboardEvent).void

{
//trace("Key Value" + evt.keyCode);
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iftevt.keyCode == 13)
{

this.ns.togglePause();
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package

{
import com.transmote.flar.FLARManager;
import com.transmote.flar.camera.FLARCamera_PV3D;
import com.transmote.flar.marker.FLARMarker;
import com.transmote.flar.marker.FLARMarkerEvent;
import com.transmote.flar.tracker.FLARToolkitManager;

import com.transmote. flar.utils.geom.PVGeomUtils;

import flash.display.Sprite;
import flash.events.Event;

import flash.geom.Rectangle;

import org.papervision3d.cameras.Camera3D;

import org.papervision3d.lights.PointLight30D;

import org.papervision3d.materials.BitmapFileMaterial;
import org.papervision3d.materials.BitmapMaterial;
import org.papervision3d.materials.utils.MaterialsList;
import org.papervision3d.abjects.DisplayObject3D;
import org.papervision3d.objects.parsers.DAE;

import org.papervision3d.render.LazyRenderEngine;
import org.papervision3d.scenes.Scene3D;

import org.papervision3d.view.Viewport3D;

[SWF(width = '800',height = '600', backgroundColor = '#000000', frameRate = '30')]
public class AugmentedReality GUI extends Sprite

{

private var flarManager:FLARManager;

private var scene3D:Scene3D;



private var camera3D:Camera3D;
private var viewport3D:Viewport3D;
private var renderkEngine:LazyRenderEngine;

private var pointlLight3D:PointLight3D;

private var model0:DAE;

private var activeMarkerO:FLARMarker;

private var modelContainer0:DisplayObject3D;
private var bitmapFileMaterial01:BitmapFileMaterial,
private var bitmapFileMaterial02:BitmapFileMaterial;
private var bitmapFileMaterial03:BitmapFileMaterial;

private var materialsListO:MaterialsList;

private var model1:DAE;

private var activeMarkerl:FLARMarker;

private var modelContainer1:DisplayObject3D;
private var bitmapFileMaterial11:BitmapFileMaterial;
private var bitmapFileMaterial12:BitmapFileMaterial;
private var bitmapFileMaterial13:BitmapFileMaterial;
private var bitmapFileMaterial14:BitmapFileMaterial;
private var bitmapFileMaterial15:BitmapFileMaterial;
private var bitmapFileMaterial16:BitmapFileMaterial;
private var bitmapFileMaterial17:BitmapFileMaterial;
private var bitmapFileMaterial18:BitmapFileMaterial;

private var materialsList1:MaterialsList;

private var model2:DAE;
private var activeMarker2:FLARMarker;
private var modelContainer2:DisplayObject3D;

private var markerld:int;
public function AugmentedReality GUI()

{
this.addEventListener(Event. ADDED_TO_STAGE, this.onAdded);
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private function onAdded (evt:Event) :void {

this.removeEventListener(Event ADDED_TO_STAGE, this.onAdded);

// pass the path to the FLARManager xml config file into the

FLARManager constructor.

detection.

tracking library,

// FLARManager creates and uses a FLARCameraSource by default.

// the image from the first detected camera will be used for marker

// also pass an IFLARTrackerManager instance to communicate with a

// and a reference to the Stage (required by some trackers).

this.flarManager = new FLARManager("flarConfig.xml", new

FLARToolkitManager(), this.stage);

FLARManager.

// to switch tracking engines, pass a different IFLARTrackerManager into

// refer to this page for information on using different tracking engines:
// http://words.transmote.com/wp/inside-flarmanager-tracking-engines/

" this.flarManager = new

FLARManager("../resources/flar/flarConfig.xml”, new FlareManager(), this.stage);

1/ this.flarManager = new

FLARManager("./resources/flar/flarConfig.xml", new FlareNFTManager(), this.stage);

capture.

this.onMarkerAdded);

this.onMarkerUpdated);

// add FLARManager.flarSource to the display list to display the video

this.addChild(Sprite(this.flarManager.flarSource));

// begin listening for FLARMarkerEvents.
this.flarManager.addEventListener(FLARMarkerEvent. MARKER_ADDED,

this.flarManager.addEventListener(FLARMarkerEvent. MARKER_UPDATED,
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this.flarManager.addEventListener(FLARMarkerEvent. MARKER_REMOVED,

this.onMarkerRemoved):

// wait for FLARManager to initialize before setting up Papervision3D
environment.

this.flarManager.addEventListener(Event.INIT, this.onFlarManagerinited);

private function onFlarManagerinited (evt:Event) :void {
this.flarManager.removetventListener(Event.INIT,

this.onFlarManagerinited);

this.scene3D = new Scene3D();

this.viewport3D = new Viewport3D(this.stage. stageWidth,
this.stage.stageHeight);

this.addChild(this.viewport3D);

this.camera3D = new FLARCamera_PV3D(this.flarManager, new

Rectangle(D, 0, this.stage.stageWidth, this.stage.stageHeight));

this.renderkEngine = new LazyRenderEngine(this.scene3D, this.camera3D,

this.viewport30D);

this.pointLight3D = new PointLight3D();
this.pcintLight3D.x = 1000;
this.pointLight3D.y = 1000;
this.pointLight3D.z = -1000;

//--— Setting Model 0 —--

this.bitmapFileMaterial01 = new BitmapFileMaterial(" 01 -
_Default1noCulling.JPG");

this.bitmapFileMaterial02 = new BitmapFileMaterial(" 02 _-
_DefaultinoCulling.JPG");

this.bitmapFileMaterial03 = new BitmapFileMaterial(" 03 -
_DefaultlnoCulling. JPG");
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this.materialsList0 = new MaterialsList();

this.materialsList0.addMaterial(this.bitmapFileMaterial01);
this.materialsList0.addMaterial(this.bitmapFileMaterial02);
this.materialsList0.addMaterial(this.bitmapFileMaterial03);

// load the model 0. (this model has to be scaled and rotated to fit the
marker; every model is different.)
this.model0 = new DAE(true, "modelQ", true);

model0.load("Citizen.dae", this.materialsList0);

model0.rotationX = 90;
model0.rotationZ = -90;

model0.scale = 0.5;

//---- Setting Model 2 -

this.bitmapFileMaterialll = new
BitmapFileMaterial("__Paper_noCulling.jpg");

this.bitmapFileMaterial12 = new
BitmapFileMaterial("__Plant Cover Kudzu noCulling.jog");

this.bitmapFileMaterial13 = new BitmapFileMaterial("Burj-TennisH.png");

this.bitmapFileMaterial14 = new
BitmapFileMaterial("Burj3_1noCulling.png");

this.bitmapFileMaterial15 = new BitmapFileMaterial("Burj3.png");

this.bitmapFileMaterial16 = new
BitmapFileMaterial(“fensterinoCulling.png");

this.bitmapFileMaterial17 = new BitmapFileMaterial("fenster2 1.png");

this.bitmapFileMaterial18 = new
BitmapFileMaterial('fenster2noCulling.png");

this.materialsList1 = new MaterialsList();

this.materialsList1.addMaterial(this.bitmapFileMaterial 11);
this.materialsList1.addMaterial(this.bitmapFileMaterial 12);
this.materialsList1.addMaterial(this.bitmapFileMaterial 13);
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this.materialsList1.addMaterial(this.bitmapFileMaterial 14);
this.materialsList1.addMaterial(this.bitmapFileMaterial15);
this.materialsList1.addMaterial(this.bitmapFileMaterial 16);
this.materialsList1.addMaterial(this.bitmapFileMaterial 17);
this.materialsList1.addMaterial(this.bitmapFileMaterial 18);

// load the model 1. (this model has to be scaled and rotated to fit the

marker; every model is different.)

this.model1l = new DAE(true, "model1", true);
modell.load("Hotel.dae", this.materialsList1);
modell.rotationX = 90;
modell.rotationZ = -90;

modell.scale = 0.06;

// load the model 2. (this model has to be scaled and rotated to fit the

marker; every model is different.)

transformations.

this.model2 = new DAE(true, "model2", true);
model2.load("EBVEYRON.dae");
model2.rotationX = 90;

model2.rotationZ = -90;

model2.scale = §;

// create a container for the model, that will accept matrix

this.modelContainer0 = new DisplayObject3D();
this.modelContainer0.addChild(model0);
this.modelContainer0.visible = false;

this.scene3D.addChild(this.modelContainer0);

this.modelContainerl = new DisplayObject3D();
this.modelContainer1.addChild(model1);
this.modelContainerl.visible = false;

this.scene3D.addChild(this.modelContainerl);

this.modelContainer2 = new DisplayObject3D();
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this.modelContainer2.addChild(model 2);
this.modelContainer2.visible = false;

this.scene3D.addChild(this.modelContainer2);

this.addEventListener(Event.ENTER_FRAME, this.onEnterFrame);

private function onMarkerAdded (evt:FLARMarkerEvent) :void

{

iflevt.marker.patternld == 0)

{
trace("["+evt.marker.patternid+"] added"),
markerAdded(0);
this.activeMarker0 = evt.marker;

1

iflevt.marker.patternid == 1)

{
trace("["+evt.marker.patternid+"] added");
markerAdded(1);
this.activeMarker1 = evt.marker;

}

iflevt.marker.patternid == 2)

{
trace("["+evt.marker.patternid+"] added"),
markerAdded(2);
this.activeMarker2 = evt.marker;

}

}

private function onMarkerUpdated (evt:FLARMarkerEvent) :void

{
iflevt.marker.patternid == 0)

{



trace('["+evt.marker.patternid+"] updated");
markerAdded(0);

this.activeMarker0 = evt.marker;

iflevt. marker.patternid == 1)

{
trace('["+evt.marker.patternid+"] updated");
markerAdded(1);
this.activeMarker1 = evt.marker;

}

iflevt. marker.patternid == 2)

{
trace('["+evt.marker.patternid+"] updated");
markerAdded(2);
this.activeMarker2 = evt.marker;

}

private function onMarkerRemoved (evt:FLARMarkerEvent) void

{
iflevt.marker.patternid == 0)
{
trace("["+evt.marker.patternid+"] removed");
markerRemoved(0);
this.activeMarker0 = evt.marker;
}

iflevt.marker.patternid == 1)

{
trace("["+evt.marker.pattermnid+"] removed"),
markerRemoved(1);

this.activeMarker1 = evt.marker;
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iflevt.marker.patternid == 2)

{
trace('['+evt.marker.patternid+"] removed");
markerRemoved(2);

this.activeMarker2 = evt.marker;

this.activeMarker0 = null;
this.activeMarker1 = null;

this.activeMarker2 = null;

private function onEnterFrame (evt:Event) :void {
// apply the FLARToolkit transformation matrix to the Cube.
if (this.activeMarkerQ)
{

this.modelContainer0.transform =
PVGeomUtils.convertMatrixToPVMatrix(this.activeMarker0.transformMatrix);
}

if (this.activeMarker1)
{

this.modelContainer1.transform =
PVGeomUtils.convertMatrixToPVMatrix(this.activeMarker1 transformMatrix);
1

if (this.activeMarker2)
{

this.modelContainer2.transform =
PVGeomUtils.convertMatrixToPVMatrix(this.activeMarker2.transformMatrix);
}
// update the Papervision3D view.

this.renderkEngine.render();
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private function markerAdded (markerld:int) :void

{
var x:int = markerld;
switch(x)
{
case O
{
//trace("Matching Case 0");
iftthis.modelContainerQ.visible == false)
{
//trace("Set Visible -> True");
this.modelContainerQ.visible = true;
break;
}
else
break;
}
case 1
{
//trace("Matching Case 1");
if(this.modelContainerl.visible == false)
{
//trace("Set Visible -> True");
this.modelContainerl.visible = true;
break;
}
else
break;
}
case 2
{

//trace("Matching Case 1");
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iftthis.modelContainer2.visible == false)

{
//trace("Set Visible -> True");
this.modelContainer2.visible = true;
break;

}

else
break;

private function markerRemoved (markerld:int) :void

{
var xint = markerld;
switch(x)
{
case 0
{
//trace("Matching Case 0");
if(this.modelContainer0.visible == true)
{
//trace("Set Visible -> false");
this.modelContainer0.visible = false;
break;
}
else
break;
}
case 1:
{

trace("Matching Case 1");
iftthis.modelContainerl.visible == true)

{
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//trace("Set Visible -> false");

this.modelContainer1.visible = false;

break;
}
else
break;
}
case 2:
{

trace("Matching Case 2");

if(this.modelContainer2.visible == true)

{
//trace('Set Visible -> false");
this.modelContainer2.visible = false;
break;

}

else
break;





