u%iﬁ?ﬁn %ﬁ“h? f’""\‘ 3D}3”]’3‘-,;..

M 4p 45
~A S TR
5986424@mail.yzu.edu.tw

Kz

3D Al auE > § 3D F A IFY B
- Tk KA d % 3D e e~ ekt @
PmEFEEAI A Fa 4l 3D R
03D E=Hz oA b > A& F B siaguE i
TR THEEFL T Ae RFFZR 2
B chied o 4ot 222 BT afivts 7
S5 1M D ERSPHE AAET Y
# fl’”f - B F B G AH DT B

R Ko g suE SIFT 45k v
ﬁfr FREPS AR LSS F Y ik
BLehz R Bl o Ryt G AH D - B
)a »z e Perspective-n-Point & & 2 T pFif Hidk
B g B2 o JIF QLGB F B A
e R b BmFARE R H
Fo BB AR @ E 3] 3D D o
MeE® JBmRAWE S T &5 3D E 80
7B

Abstract

3D modeling is an important and sometimes
difficult task in 3D digital content creation. Its
difficulty arises from the fact that most modeling
systems create 3D models from unfriendly user
interface based on 2D views. This unfriendly user
interface creates a barrier for non-expert users
who do not have professional knowledge in 3D
modeling. In view of this, in this paper we
develop an interactive 3D modeling system based
on the technology of Augmented Reality (AR)
and hope this system can reduce the barrier of 3D
modeling. We employ SIFT features to establish
image  correspondences and use these
correspondences to calibrate camera and
therefore reconstruct the 3D positions of these
correspondences. Following this, an efficient
Perspective-n-Point algorithm is applied to track
the camera so that we can create a
primitive-based 3D modeling toolkit on this AR
platform. By this system, users can operate and
edit the 3D object via an interactive and intuitive
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approach in this AR environment and finally
create the required 3D models.

Keywords: Camera tracking, interactive 3D
mode ling, Augmented reality
1.% 2

xi—?é‘: *% 3D B or HopFrie o 248 3D

3D RREEEES BB e

W:E D #ci-p FA L - BRMAPEE

3D Hcimp 51’!‘!‘%:?\:’ 3D EH AL E
255 NN ?ﬁtm’f‘ﬁ? ‘“ﬁrﬂmné & ¥
¢ 3D 1 H#0 A8 4c 3ds Max & Maya % % & (7 -
LR ERE 8 R R R A I SRR
¥ AL KT AR E FIEEGE » R o e
Bz A BT BAR RTF A
PTG Bl Nk iES KT 3D S E B
Jszr%‘f—‘k Pierkarski - H 4% 2 25 < [28]¢ #& 7] > 4
Lx‘F‘ AT aky” &F'"’J'—" 'JIW)?* 3D mf#}_e » e
T EETw BB ’f#:ﬁ 3D F &I A Ao g i §
boog gty B Clark # 4 [ F7 - B
22w 3D Z RIS R F T LA
mART Y B FER T w;é;‘s % B
FEETF LR A HETIDHE R

4./\»:-.

’Jirﬁ )

B BRRORFEREIT FE 0 - KA
FAPFEFI AT AREA R RS LA
i® o

e 2d RRREFHIRDRET R 0 B
# 7 8 (Augemented Reality, AR) ¥ - # &2 ¢
g Y e m R R o e ﬁ*j ‘ﬁ
BEFLF T FRFAER ALY €V EH
FHB L E o b aE b 3D HEAPF S
Pt ARG TR OF R D
T35 %ﬁﬁ » Fl X Pierkarski @ it
Bk ieis 3D 2 Hhm
;i\ ;7% & 5+ % (head mounted display,
rﬂx\if'li‘glli»’éb “_‘ﬁ";r-ﬁ:’
%Eﬂ?«'liﬁ LG il i e r e AR
fa> A SP?T RERAE L AR -
%&*m°

F_k

B owff Jmb .


mailto:s986424@mail.yzu.edu.tw
mailto:chteng@saturn.yzu.edu.tw

N » RIS T AR B o & & H
BHRHIEL T TR EFOERAG 0 HHT B
%Qmplﬁf%vﬂwﬂwbﬁmaﬁ
P TR R EERERY 53D T TR
AR TE s R &y - ra‘%ﬁ'ﬁﬁ—"lﬂ T
’-’{':2—3’1’ woF IR H PR F BB o

ng,%%ng«@%&kmxﬁ
@Q%%'Mﬁ%&ﬁﬁ?%Dﬁﬂﬁ?i
AR P H T B PR BB R "ﬁ”
i BEG NEFTFIDHFEadEIT EAE KR
T g ERATE BT 2 AR S REE
2 ?F{;,T%*[v; ’|% fLefplk T ,Lévh{;_ [F3 FE?
¥ FH AR ERB L G G R R
Ao B PR B PCE Lt
PRH R P AT B 3D e

2.% priF

AT G A & R R - BT AR
é%@ﬁﬁ@iSD%#*ﬁ’ﬂ“ﬂﬁu/
T A G KA M AT g

21 3 #3" 3DEH

3D = HE_ 3D i p FEITY A A A
> Flpderm Bb)"ﬁ}} iF ne}; rreruE = 448 3D
YA - EA BRI w2 - 0 B A A
B & R 3D FH R * 3DE Bgc k4o
3ds Max & Maya %i& {7 » igdt fifl § ffd #
A ﬁ A1 \1E;f‘r$ [ 1 ¥ g 7 E 2 IR
37 A S Lot gl > TP % «>'\§fk|—h€hé:g é‘F
R Ay B &M Bk g AT
o SRR BEY I FE a2
TG oeh Nie (T 3D AT A g AR

ARET R TR ¥ - fE 1
AR Y R EDREHIMES Z RN
B {8 4 451 3D 3o 40 [22]0 H- B
& (structured light) 2 2 range finder 12 = p& e
FEEHFH DA G E o TR L T B
Feit ¥ QL2 W 3D HA 40[26]7 T4
BE A LEPBEO R DLRpES Y @
PERERRP Y B Lo b TV
2 e 3D H0A] o o B 2 SRR A A
BB ZEZHF AR 2R EA A
agﬁ@ggzﬁ;&ﬁ,—&%mng@w

) PR (T

B AR 3D Al {5 R
3 —F;EH’"/\ RERag B fjHEE el
= 5%, 2 tfaE sk (image-based modeling)

—+
-

- BApg 7 AA 5 [2][4][5][6][13][15]
[17][18][26] » iefdsz i 2 1 % & & * Apis

PRI R P T2 2 1 3D KA o APk
WA E A RE R o SRR

- # R % * SfM(structure from motion) ji
[7I[14][21] &k 48 & B2 ik ® — 2 Fpegb b= B 7
e anifeiz® o e 88 doimisget 3D B¢
ERANHENN ARt s S =g S R b o
FAEL > F P BB RS S 2R
A 1 #E"é‘j I Fﬁ,‘,;{;—nﬁ;% s 4 r‘]LLEIJx‘F""'J 4
FH AT - ‘Hjﬁf&‘ﬁ B 30N el uE
FiF o )4e VideoTrace[2] 8 - B 3 & 38 §oifuE
HoAR S enkp] o @ ¥ ‘]35‘ Foa R BRI
R R i bl i s R R e gn/#.—, B i
VRS 3D B 0 pb A R
it g structure from motion € i 2P T
AR RE B § @ F RS
‘Heen b AP L AAT I 0 5 A0
REEEFEFB S 3:7"'] SRR Ll SV
22 f 480 3D HOF] o pt A AT 2EY R
5 Aigd A ‘“J}ixﬁri‘?b‘?ﬁﬁ* »h - B
PARETRIT o AR PR TR AHS M ER
wts .ﬁ 35—1" P BT NEERE ’Hﬁm}%@ﬂ'

22 1% HHFRHLFLEF D LK

BHEFEBFREL 230t & Df

g > éﬁf\%‘i‘i Sutherland # & 7 % - i Eg {50
WA [10] & A R R DRy
PSR A PR R o F R B 5 AZuma 9 3
9 e mk%« [19] » — B R frmﬁi‘a i’!‘i,ﬁ
.‘«u/,’l’E;c FUNTZHEZ C(DEBRERFT LS
(Combines real and virtual) > (2) ”Pfﬁmj ﬁv
(Interactive in real-time) » (3)= E: £ F’* E_
(Registered in 3D)° d 453 7 5 i FE 27 TR
BN e PV U FEE R ﬁxE‘-h‘—f’T’B’frm
TE et A I RNEHETTIRORE  F

FA-RIRE?PEHy BRI 58
B o2 Ey ¥ UNERIRLE bR E
Ho» P UERERYFMORITIEL LR @
ooy gt ’%‘?J“ Pierkarski % & 7 - fg s
FHIFHET rﬂ‘ﬁv-\ 3D = #-,% e[27][28] -

kLA B e 2 < A1 58 a0 3D L*st_ ’
Pierkarski #& 1! 7 1 1¥-L 5 (working plane) s
4 0 st ﬁtﬁu 472 - B BTG o A
L] A ip BT g 2 CSG (Constructive Solid
Geometry)j;tﬁtm:ﬁé%gﬁ PUk FRBEAR T MR (T



Detect SIFT Establishimage Create Feature CreateVirtual
Features Correspondences Map Primitive

Input I 4

Frames
Detect SIFT Match SIFT Estimate Camera Interactive AR
Features Features Pose Modeling

DRI 1
SRUREL Ersh SRS E 2 LS SN =t Sl S S Y R

ﬁﬁﬁ@%%%ﬁﬁﬁﬁﬁub&%%,jg

7RG =k F 4o GPS (Global
Positioning System) ~ & r_:}.u ZOIE G R

(magnetic and inertial tracker) % % #f 24 2_i> > &
TE- BREWUL RRFEE R T A
Wﬁiﬁﬂfﬁ’@%ﬁ@%%ﬁ—;%é
Pl B G AENT KA R R ERE 0 T
Pl it b Hoeg]e gtk iid Pierkarsk g d
e Unlver5|ty of South Australla T Y BT
B o s Rk S T - Lk—fﬁ i
AL M T BB - & BDEH R &
> [23] -

Jiim (In-situ Image-based Modeling) £_
Hengel etal “TR & ch- 23 F 3 D EH 4

+ [1]13] - uig 7 W pERp 8 i g 2
g@%@Aﬁﬁﬁgﬂmﬁﬁﬁvmz?ﬁ
(immersive modeling) > Sm e g
VideoTrace[2]#g i1 » iﬂﬂ} | # SfM P 478 e
RPN G2 R 2 Y chE FH‘ ' 141
FApE T KT 3D EHC 0 £ W At ks
DAGHE R ARRT 0 Fl v ‘7F’B-*4‘E'v'ﬁ

&howie

LL<

B o
% ) i kL2 ?Paf?]'ifvﬂﬁ“%},@q*#%
WA e e D e

ARpm(Augmented Reality for Polygon Modeling)
[16] 8 - /& & 3 7 5 $ikr22 3dsMax # it

m*%’%**ﬁfwfk@fww’ W

AN A 5 (“PAR% )t g /*%gmBD#n%*" ’
e * ﬁ";ﬁd - lﬁaﬁma‘ % 3k # (pointer
device) ¥t~ i i (F¥miE > 1 7 )W A ETERE
¥R 3] 3ds Max #ri% e fiia LEFRE Wi

* ﬁ“’ BB 3dsMax ehig < Ea 4 A 7

EAb S L | MRS
AR 13 i * >t 3D 2 ek siiB g [20][24] -

H ¢ 3DARModeler[24] ¥ #.&_- i@;ﬁg LR A
3ds Max> i § ¥ 3ds Max chi & # iv o i@ %

BT E R R T oo L2

'Mug%ﬁﬁ?&%PW e d e v b senfy
r 3 Ndok R B T IR A oG 0 i FE s

&iéiﬁﬁﬁPT@F3Dﬁmﬁﬁﬁ,m
Fod 2 ag AW EH/ET - 1]}}7%&\35’

b ol R R L g R LL'%#J{L"']F‘%T Pl
IESSLLLd RENEE PRERS L2
i‘%?ﬁf &.}a;ﬁ;ﬁ Abm|§%i°

W

RNV =S IPE

RAT Gk AR - rR o B T A
% F B p| 8t #1(Detect & Match SIFT
Features) ~ Feature Map =& = (Establish Image
Correspondences & Create Feature Map) ~ #&3* 1%
ehif gE(Estimate Camera Pose) ~ & # 4~ 2 e4e
~ (Create Virtual Primitive)rs 3 3 & ;% 4534 §
£ 3D & fi-(Interactive AR Modeling) & 2 i ¥R

o
> o

x_.fe’g*fp%i‘aﬁ P73 #5¢ 3D
o 3 'F“J’-‘Q:f‘?%ﬁ’%%ﬁ Bz RZREY e
B i F 2B {F R TR exFeyidZ

1) (Feature Map)mi* =
voend e gher 2 b =

o Feature Map &_%° i%-T
Ji 7R i B
’ "JI-LM Lg’f%\l f}; Fﬂmﬁ_*ﬂi,\,
ETZ mﬁrﬁf B~ o % Feature Map & =

& 45 - #;%Jﬂ’t&p\,z'm%m > K
lr% NP Rk L K2 27 Feature
Map ¥ sdF fcghie (70 ¥ ri >+ Feature Map
VR = R B hAdRis g ¢ v T
&?%d“%$ﬁﬁ%ﬁ%@%ﬁ%@ﬁi
BB AR RGBT AEEZ R
Wﬁ%ﬂﬁﬁfﬁéfé GovnuFEIEaEe ik

Pz E &3 e o WS TT Bnit ik
<~“i§—§ v m:}F, il TIEINPINT B AEMIR: gl E-S vk
EoTo APRYEA LN BB EEF
{ FHiamanip o

AN 3 e S
b= % ;2 w

32 FHcBLNGIR|



:f%,’{%;ﬂ,@ﬁ’lfﬁ R - R SRR ) 1 2 e
20— o BB B R AREEe T R iy
(robust) T i 49 A sziim%ﬁ ik S S
ﬁ}; AL En P B L o j-\;_ﬂﬂé » I\ AT R
R ijAF gk 5 SIFT(Scale Invariant Feature
Transform) 4% #cgk - SIFT #frﬁf;:«é d & H Lowe

R [8] - B e QAP i e RE
i~ %{bk’»%}i%lbi{ﬁ e fcgy o § 8

DR Y ;r4 Ht 3t |
£ (9]

SIFT #pcgbenl A4 58 ¥ & B 2k
2L % [ e A& (gradient) < o] 12 % 2 w; izt g
* B 7 Bhehur flichs ot 5t o G A
oy B A &R r%\—%i’ * Fr scale
g BT &:&(Gaussian function) fix S fF A
(convolutlon) A @3- kA ‘rhr‘s ﬂ"r;?‘ o 4P
Mg RGBT RTEINRHLER
1§ (difference-of-Gaussian, DOG) » # DOG #- i
P BB BT A SIFT #cgbaiziE el o

2

BFAPRLIELSE BirEL- BEE £

Hese SN R LR

DI 1822 fg;% ré»(image orientation) o
L = Eh i 1 & § %- B circular
Gaussian-weighted wmdow Pt B iFE e B

28 gt window p gradient #ic @ 4 o &
W mc‘:ﬁi: =Bl B B ESIFT ke

it B R ALE S Bl R A
ﬁ FABRIoR X 5 1287 LEF4pE # 4k
I

A% SIFT 3 pcgh i fics £
v e £i85F SIFT 3 fcghant
o d 3 SIFT e BB AR T > 3 1
ﬁﬁ%%%ﬂSWT%&@iﬁﬁﬁiﬁ&@
(Euclidean distance)s #2i%? H i 3 I f¥ ﬁ?jﬁ*f
HeBLED € 3P 5 31T rﬂ‘“”’%ﬁd E V- ik
¢ SIFT w & (% A 2 {L IR B 3T e Ib"‘#'f’fs
B 4ok A 8L SIFT & 8 g8 2 4GRS
et biApF 4T 1o Bl &7 BT HE
Bl F 2 F BRERLFER S o BlE T
VoA ds I B A e o o 2t SIFT &
HrBhendic® B~ 0 B AE 424 SIFT #icgtie
FHTEEF A R ER T > TG %‘?’}‘f
i¢ * Best-Bin-First ;# & ;2 [9] > 12 k-d tree e
9 [12)ie 7 B0 o pe gk e E 2 SIFT e
L ¥ EAE S N F U e P i BE e E B L
i & o

R i g 3 Fafen™ E Kol SIFT
B ACEE R ot 4> @ 4 2 SIFT #Actk
R AR RER M Fptivd B A 4F SIFT

19 y 3N ,Fa

g R T
A°é’i‘%‘a ENE S
4o+ e GPU k217 S

¥R AT T s
,’ﬁgjavé“'%wglq
|W%ﬁ%mk 41
* GPU inT (718 5 &y 4 ~ g3k B SIFT 4% gk
2L T ¥ e [30] ﬂ\pa‘u » %L
B g i kit SIFT B ficmhest & 81 1o

3.3 Feature Map #ug =

bofe 2o wEril o Ak SLen P LT Rk v -
& Feature Map> & T3 ¢ » i * 3 FHF
# p 2 & (camera self-calibration) ;& & 72 [7]
AP @RGP s R s A
TR FEE i ARAeT 0§ AR
P EBGES AL & PP RS HHE R Bl
7 SIFT #Fpcghifip] » £ J1% gt fcghie (7
SIFT jce & ant k2 gl Bt
B c¥t s B % (0 ) - < Establish Image
Correspondences) > 3 7 izt B ATk ¥
E""? i fﬁ? P AP BRI P 5*“%““_ i ES
B EREERAS SEE S I
%Wﬁ@mﬂﬁ4ﬁnﬂo
aga s mEm®O =(mO, m® ) L5 i
SRR G | BRUBE - RIS ARD
AL - BFEBH P P kﬁ'{’fr’— B 7
#B‘}‘J‘f@m )i 2k o i H 5 1@;%/%&#}»,‘?;1

oo BT 2 WP ARE T AL ER]
nL Jz“f P Sk
POV ) POTM
(i __1 i M __2 ™Mij
Z Mjx T My T
¥ P M, P M,

@)
B¢ M A% j Bz AL EROAS LR

(homogeneous coordinates) % 7= » P % £ % i
5 W et PO sy ks 8
o PO _KO[RO |—ROtO] » RO 5 e

ot L TR AAEPB AR
Vil 2 S TR gl e KO

L% 0 RE hEE M R 4EL (camera
calibration matrix) » 7 T ER 4 P IR L o
PRSI B 5 - X3 FHEL o

£9 4 oy,
KO=| 0 0O v, @)
0 0 1

A £O L3 s i je(effective focal



(d)

~ (@)(b)(c)E = Feature Map 7= 5 827§ ©
(d)%gf%}y,g ‘\’fu_ B8 T = )i F"’,\!;uﬁ %gfﬁ\g,ﬂ B o

length) » 7 % B HffB kT kB = 5 et
Bl - BRI EIRIT 1o v & BB DA T
% (skew factor)» i & e E RS o X > @
gy ek bR - KRR ERT 0o
(Ug Vo) & B2 15T & 4 B 1 & Ephid %P
Wheg? BB BT G 8L — L j\;}b
(Ug, Vo) § 23T B e Bl F AP T
PAHEKT & 1y s 002 (Uy,V, )mﬁzm Y

#ifend wmo pi et KO g3 gie
g EF D Gd oA e o
d 3 Z &5 Canp ESHp 5 % E o

"S

s ggM; KO ROzt 28 g
HigfFdo) v 209025 g 9% &P
el ”P{K?}xﬁihgi"‘)}‘i F'&ﬂhpé;‘ﬁﬁm

%45 1 < [7] - ,\ R R & .sf_%%fﬁﬁ po3R %5
o BEFERBYGEF SR S @ (epipolar
geometry) B¢ % (¥ fundamental matrix)z*+ & ) #
RS I Sl BFRY 2 4 Lz
PR NERR ESEEBN NSk R T
EE o FRd S N AP (D)3t R RS
AL S A AL I S EE
Ll N S N (VEar NS R
T NAFRz R F Bk o B2 R

R SRR T 6 BRI T
2 fper 2 & o Feature Map o
Bl = #7o7 5 A @ * bk R

Feature Map - i = &) » 7 L 247 L 358
P Z %I FARE DB AeB = (@)(b)(c) T

o RF L Bl (5 SIFT 45 gkl ) o
T A PR faE 2 LG e R B o o
BRI S EL L € G v e e A B

Ed ’%’5’\;‘2; 2 St 2 1 g cng A ak(outliers)
”ﬁ BETY #Bﬁﬁmﬂ A5 j\g;ﬁ [
-7 ng\F"" mFﬁﬁieh PR A fundamental

matrix % & ﬁm i ﬁmﬁ)@ﬂb[ﬂ] o N {8 g ¥
7 - B33 Er 5N GuFE S & (robust estimation) %
¥ fundamental matrix s#icid - f* b 32
TR BEE o B RS I FIT hl mE
REFHEPP ARITESEHENZARZ
BB o B if enE i R Ao Bl o (d)rF o S
ZBAEALS B ApEREFEOBREBEE
B LANTTELEREOY ol 0 4
AR A S VB e o 0 d RS E
Zr gz R
3.4 HRAS L B
- S

. Feature Map & = 2\ fpe e

“J
=



C B

)
iE

@rHs t

(b) & ¥ -

(c) = epipolar line * :ez T - gk
(7 i 4 57

B

s e

PR FARRAS g B T TS T P PR
B o7 a‘ﬂ%fm&%% %Tmf*’”*rf*”ﬁ”
BEFAANPS RS el EF G

)
F,E’Fc‘;}ﬁhmriio—.ﬂf‘j\‘,;b’@ m:}?%i%
J&* 4 ARTOOIK it[20] F_iBzk #&52  chp
FH(T (A B K) R ¢ Ae o B F &1
—%%ﬁm%%%ﬁLiﬁ’*ﬁﬁﬁﬁh—
BEGARE M B R BRSO I Sl R A
j&ﬁﬁ"‘ P Vi e i RS P A R
1 BRI rs‘-kg: F G R FAE
‘éﬁ’ﬂ#u- g %’&*iﬁ%a‘?‘ﬁ%ﬂiiﬁb
RS- AT LB TXRE -
lt;,);t: e m}iﬂ-«él "k“ ‘i«ﬂ’%m ik
B REE o TE B R N i
REER A )i_;_ﬁ'x“" g B oo b
B9 EE & v‘gf% w‘;tﬁ;;; Perspective-n-Point (PnP)
Droblem oAb e S5 F 5 E AR R
% > H9 Lepetit % ”Lri& 11 EPNP 5% 3 7% [25]
ez lff’#%rli Fiag - vk T A
TR P ke TR O B
EPNP ehfk h g i ch= B3 8k
v B dlgamE e & PP chR L

> ?n\i
PR w&» By

N\

HF_

T ﬁﬁ#ﬁ
5%

ﬁfh/* Byt 3
[(AFRCEE S =3 LN E e

de » AR o
e B (OF BRI o
5+ epipolar line( %) -
g v ;} T g o
I FEehfpte 3 4p 3;571 Bt oo

gL phee B #*’ﬂ*'lf!—\!b AR T
Gk AR T SR fE- B 12x12 B g
fé_(elgenvector) R Q- s G 2l N N
WA PR T Btz B R
g §—j—}@:’1’vﬁﬁ FT G BB BT R A E o 4

A HET G _:is;k,.l HELISV It F i T ¥
S ;k fra PENE - R AHE
R T G A RRE > TE R R TR S
AR T REFRAT R RS
e R g o

Bz R REEPRT R P}

%ﬁfﬁ%hﬁ’AWi%%%%%umzm
17 SIFT 5 chanid B » £ #-igdt P ek &
Feature Map © ¥’ thadicghe (7 SIFT 4 gk
Gt ¥t d A e e aviE Feature Map ¢ &
- BRSSP R TR 7
L Bl pang, AP T Az A

o

BRI a e = R M el e 3.3
R R UL ﬁ‘ﬁb%&,‘wﬁ%;&e@%,@l
A IR S SRR a3

FEETE PR R BRI ARD
- ZJ\ ¥ ¢+ fundamental matrix ;ﬁt“ 3 7



m%j‘}%% ﬁx“" j&—f—l ’L‘ m_l_
EPnP ok NRES g '1»1‘51'&7 T%’Ezﬁﬁ%@—iﬁ

HREITHHE to

RSB

Ede M

5 m#Es i

FORAEBBIBRIEBETEFI B
N 3DEH A PRE AEF R
FpEs wEd AP TR G

Feature Map ¥ 3D Bhenfk & 0 F| % vif 5

B ¥ TG i s 4 Lg\-l}"T/;.p e % e
(marker)L i L S r]‘“ AprFER ;ﬁ

B KRR TR AR hi g 2 3
I‘?pO

AT R T - B E S N ke r B
F4~ 12 o & Feature Map iz = 2 215 > i ¢
EFR PR AR ORI A A RD 5

LY — SR h(4cBl = (@) 7)) i@ % ] + 2 h B
ot it BHFER p RS PR E i
) '&3‘, fe i v FEd ik A e epipolar B %
[21] » & ¥ ¢h - R E ":g; P& 4 “r3) ¢ epipolar
Iine(&rzﬁ?]: (b)y#r7r) SR E T A% - R
# hmi&mzw;w IzRZEY mﬁq“sﬂ £
B2 PRI G ZRPGS hgEk 28R ‘ﬂk
R A pta i«fér ey - R x%f»%_/i
By 2ol PREFRE S LATT Y &
PWp AR Nz Y I8
Iz RZ AR » Pt R RS B
PR (deB 2 )T ) R B PG R
¢ S migd 2 2B 2 T (4Bl = (0)Y 1§
g ) FltBF R - A SR 3N
A H R R BT L AR

o o



5

%]'r

B8 D EH L E o

TAPERE Ak .f‘»ufﬁ‘}éi‘_i 13D P 2t

BEEE E Y jﬁ E- S SNy ek ra-(Jngg]
N ()R W e D o - A
e ade x o MEIS KAV B X FRH T B D
R ERY HFId N DS
36 I H MR BE DK

ARE G i 3D B VAP S
primitive-based 4z - TR ¢ LK B A
 ¢523D 4~ i (primitive) B 4 » 22 15 J5 F 4 7
BI3das Ny Ay 2ieE ) kil B
3D FEHCenp B oo A Fa——,{gfggw—*z EFHE -
R A 3D 4 1% ¥k kﬁz&j"}&“ﬁ‘“[‘g}‘x"
Fliatake L5 FR% 5808k ¢ 8
GERTHEHNEFTIH L ALP é %
- SRR b X i N 3 F

FER L EPPEaE G .
CUERERIS B PARET g EE o

o é‘fﬂim'“_a” wl%q"i %HiBEH 3D
}ff'l——m—* B & - E""—;T,‘!:.‘é?*ﬁi‘ﬁxﬁ =R i ;}‘_—l
PREPF A DR R 03D F 2 g
SE AL A R RS A RE AR
RS TR ) et K EPP
R TR R A I Sl (TR
TR EL RE T B § t)#frBD#v"fi_‘ i
F AR I T 5 0 ARSI 2R
gE B {F g H %‘f%i%@»ﬁwgsoﬁﬂp\ o} 2 0 F
ME 3Dt - BEESPEF THmh
%E;ﬁg_%—;ﬁiﬁuﬁ Al 3D ;!,Z‘Lﬁv%ig»\&%%m?
AP Tl it

u

%

m=|v|~[KR|-KRt]M ~PM (3



He By ~d a3 glE8 s @ ripio

i % 3 (scale) » 3D B M 2 T 5 m,e.,e&« m
TR AT EEAT o TERGAEELKY)
(X, y) = (ulw, viw) »

Blw & A&k see 3 #50 3D 2 Heh- B
IS 37 L ok “bz * - B ERIRER
Fen 3D HEA o F AR K EH M ITLA
R R ] <~a?4ﬂ§ﬁvi’ei =%
@ FEP T IR DR EE 0 AE Y g
§ RS (eRe @) T7) F#FR Y F
ﬁwn@wfeveﬁﬁw*,ﬁm# 0% K
;"—-’ﬁ(—&rnﬂf(b) 'T?F) 2_fs i ’?]z—’ F%ﬁ.ﬁ—rﬁ]’fl
e P ong KT E-Fl g et EfFﬁJ e g
LRt SR AR 2ol § g
AR RARRR AT o ARG REY KA
P Bl e o Fpt PR g
4]5’3 R AL BE T 0 R H "ﬂ'z?’ MBEEHAEE
FLME L B Jﬁ:% FHCA e o
Ao Ft We ¢ ok FE b i AR FEH3D
A A SERE RS (e R R 3D
g vil gkl

4R %55

B HALAT T TR T VPR 5 3D 2
B ® 7 A kR oS
primitive-based 2= #-2 » ¥+ 2 F $ 49:2 7 3D &
oo BT A i A AT g 3Dk
Bl QBT F g N AR i R Y
+ & E 2 MR £ AR S RERlY
EESEE SV Lrkd SIS 3 R
o JN R HE O MRk S 2
B)> A xBT A aguEe 2 3D RA 0 P
Rk ﬁfu:‘* MFHF B N g
¥ % ez i f4e 3ds Max 4p it o d R #
T4 B R g RS TR (T 3D 4 if ek
Ao Fpr e LA

S.5mBEAREY

AFETHERET - EUBH TR S AAES
Ih N 3D EH LMo kst DA AR
e 1% SIFT $ ez v JHgr o e
WA P AR PR EE SR g i
2o A% Perspective n-Point ;i & ;2 F 114& ¥
ﬁﬁmn*,%_*’* LR B S
7 3D #E fiLenp e

AT EARIFE FET - B AT

BT oo 3D Rk TS 0 s - B RS
D EHRIEMF P E 2 MTEANPAK
HY 4 Sl

LATH L S enfih A o d 3tk Aatp
2P RSN 5 I Fﬁ]ﬁ%“'i P &
EH pﬂ‘wrxfl—;j Fhor L el Aty et
AR F"’&pi*i** {HETE R 48t e 3D
2.4 » G BP0 d 3T Ak SLp
ENC RS ml s E‘i’l TR B B e 3N s E A e A
{ % engz i 4o 2 5 (surface of
revolution) ~ ## /& & (extrusion) 2 % p d A5 %
(free-form deformation) % #-73 B4t & 4 & * —‘ﬂ‘z
R A 4 o

3.4 »~ Feature Map & jt { #7454 o o %
AAEP T i REE KN FAL AL L
g B I g0 T A L ATH K
B0 fp BAOT R BT

542t

[1]A. Hengel, “Image-based modeling for
augmented reality,” International Symposium
on Ubiquitous Virtual Reality, 2010.

[2] A. Hengel, A. Dick, T. Thormahlen, B. Ward,
P. H. S. Torr, “VideoTrace: Rapid interactive
scene modeling from video,” ACM
Transactions on Graphics, Vol. 26, No. 3,
2007, Special issue: Proceedings of ACM
SIGGRAPH 2007.

[3] A. Hengel, R. Hill, B. Ward, and A. Dick, “In
situ image-based modeling,” in Proceedings
of the International Symposium on Mixed and
Augmented Reality (ISMAR’09), pp. 107-110,
2009.

[4] A. Reche, I. Martin, G. Drettakis, "Volumetric
reconstruction and interactive rendering of
trees from photographs,” ACM Transactions
on Graphics, Vol. 23, No. 3, pp. 720-727,
2004, Special issue: Proceedings of ACM
SIGGRAPH 2004

[5]B. Neubert, T. Franken, O. Deussen,
“Approximate image-based tree-modeling
using particle flows, ACM Transactions on
Graphics, Vol. 26, No. 3, 2007, Special issue:
Proceedings of ACM SIGGRAPH 2007.

[6]C.-H. Teng and Y.-S. Chen, “Image-based
tree modeling from a few images with very
narrow viewing range,” The Visual Computer,
Vol. 25, No. 4, pp. 297-307.

[7]C.-H. Teng, Y.-S. Chen, and W.-H. Hsu,
“Camera self-calibration method suitable for

&
I

\_



variant camera constraints,” Applied Optics,
Vol. 45, No. 4, pp. 688-696, 2006.

[8] D. G. Lowe, “Distinctive image features from
scale-invariant ~ keypoints,”  International
Journal of Computer Vision, Vol. 60, No. 2,
pp. 91-110, 2004.

[9]1. Skrypnyk and D. G. Lowe, “Scene
modelling, recognition and tracking with
mvariant image features,” in International
Symposium on Mixed and Augmented Reality
(ISMAR’04), pp. 110-119, November 2004.

[10] I Sutherland, "A head-mounted
three-dimensional display,” in AFIPS Fall
Joint Computer Conference, pp. 757-764,
Washington, DC, 1968.

[11] J. H. Clark, "Designing surfaces in 3-D,"
Communications of the ACM, Vol. 19, No. 8,
pp. 454-460, 1976.

[12] J. S. Beis and D. G. Lowe, “Shape indexing
using approximate nearest-neighbour search
in high-dimensional spaces,” in Proceedings
of the IEEE Conference on Computer Vision
and Pattern Recognition, pp. 1000-1006,
1997.

[13] L. Quan, P. Tan, G. Zeng, L. Yuan, J. Wang,
S. B. Kang, "Image-based plant rendering,"
ACM Transactions on Graphics, Vol. 25, No.
3, pp. 599-604, 2006, Special issue:
Proceedings of ACM SIGGRAPH 2006.

[14] M. Pollefeys, “Self-calibration and metric
3D reconstruction from uncalibrated image
sequences,” Ph.D.  thesis, Katholicke
Universiteit Leuven, 1999.

[15] P. E. Debevec, C. J. Taylor, and J. Malik,
“Modeling and rendering architecture from
photographs: A hybrid geometry- and
image-based approach,” in Proceedings of
SIGGRAPH 1996.

[16] P. Fiala and N. Adamo-Villani, "ARpm: an
augmented reality interface for polygonal
mode ling," in Proceedings of the International
Symposium on Mixed and Augmented Reality
(ISMAR’05), 2005.

[17] P. Muller, G.Zeng, P. Wonka, L. V. Gool,
“Image-based  procedural modeling of
facades,” ACM Transactions on Graphics,
Vol. 26, No. 3, 2007, Special issue:
Proceedings of ACM SIGGRAPH 2007.

[18] P. Tan, G. Zeng, J. Wang, S. B. Kang, L.
Quanm “Image-based tree modeling,” ACM
Transactions on Graphics, Vol. 26, No. 3,
2007, Special issue: Proceedings of ACM
SIGGRAPH 2007.

[19] R. Azuma, "A survey of augmented reality,"
Presence:  Teleoperators and  Virtual
Environments, Vol. 6, No. 4, pp. 355-385,
1997.

[20] R. Freeman and A. Steed, “Interactive
modeling and tracking for mixed and
augmented reality,” in Proceedings of the
ACM symposium on Virtual Reality Software
and Technology, (VRST’06), 2006.

[21] R. I. Hartley, A. Zisserman, Muliple View
Geometry in Computer Vision, Cambridge
University Press, 2nd edition, ISBN:
0521540518, 2003.

[22] S. Rusinkiewicz, O. Hall-Holt, M. Levoy,
“Real-time 3D model acquisition,” ACM
Transactions on Graphics, Vol. 21, No.3,
Special issue: Proceedings of ACM
SIGGRAPH 2002, pp. 438-446, 2002.

[23] T. N. Hoang and B. H. Thomas,
“Augmented reality in-situ 3D model menu
for outdoors,” in Proceedings of the
International Symposium on Mixed and
Augmented Reality (ISMAR’08), pp. 185-186,
2008.

[24] T. V. Doand J.-W. Lee, "3DARModeler: a
3D modeling system in augmented reality
environment,” International  Journal  of
Electrical, Computer, and Systems
Engineering, Vol. 4, No. 2, pp. 145-154,
2010.

[25] V. Lepetit, F. Moreno-Noguer, and P. Fua,
“EPnP: An accurate O(n) solution to the PnP
problem,” International Journal of Computer
Vision, Vol. 81, pp. 155-166, 2009.

[26] W. Matusik, H. Pfister, A. Ngan, P.
Beardsley, R. Ziegler, and L. McMillan,
"Image-based 3D photography using opacity
hulls,” ACM Transactions on Graphics, Vol.
21, No.3, Special issue: Proceedings of ACM
SIGGRAPH 2002, pp. 427-437, 2002.

[27] W. Piekarski, "3D modeling with the
Tinmith mobile outdoor augmented reality
system,” IEEE Computer Graphics and
Applications, Vol. 26, No.1, pp. 14-17, 2006.

[28] W. Piekarski, “Interactive 3D modeling in
outdoor augmented reality worlds,” Ph.D.
thesis, University of South Australia, 2004.

[29] ARToolKit, Available at:
http //www.hitl.washington.edu/artoolkit/.
[30] SiftGPU, Available at:

http://cs.unc.edu/~ccwu/siftgpu/.



http://www.hitl.washington.edu/artoolkit/
http://cs.unc.edu/~ccwu/siftgpu/

