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Abstract

Building model is one of the important elements in cyber city. The detail of building

model can be distinguished into wired frame, roof structure, facade structure and indoor

structure. The more detailed model is not only more similar to its true appearance, but also

can be applied to more delicate aspect, which may facilitate decision making procedure. This

research, in order to raise level of detail of building model, has developed an automatic facade

linear structure extraction procedure, including orientation reconstruction, multiple image

matching and line fitting. A large number of conjugate points in multiple images are generated

by Speeded Up Robust Features (SURF). With a few control points, orientation reconstruction

can then be done by bundle .adjustment.” Aiming on linear features, object-based matching

combined with multiple windows matching is-applied to decrease the effect of image

difference caused by scale, rotation and relief displacement. Finally, 3D line fitting is done by

Random Sample Consensus (RANSAC). The experimental results indicate that the precision

of orientation reconstruction is about 3 to 5 cm. The precision of object-based matching is 2

cm in average and the precision of line fitting is 10 cm in average.

Key word: Cyber City, Multiple image matching, Object-based matching.
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ms, = — Sin w cos @

\Mm33 = COS W COS P

P oo~ % ke whoroll £ s pitch £ 22 yaw & o 4o 2-3 #1T o

(@) roll % (b) pitch & (c) yaw %
B 2-3 ~ &k & o { W

it FERIAX BAY ¢ 3 EHERGRLE o BEFE LS BBE 0 4o ()T

Ax = Ax, + Axy4 3)
Ay = Ay, + Ayq

16



AXI ~ Ayr - fgsti5 8w $ 4 o

AXd ~ Ayd : s EE R L

15 5415 B0 % L AXT 22 AYr 4o (4) 977

— dr
AXr:X.T

— dr
AYrZY'T
e

dr=ky-r*+k; r® +k;-r’

= ’iz +}—,2: J(x—xo)2+(y—yo)2

X=X—X,

y=y_}’0

ki~ ko~ ko o o 58 SR 8 S0 o

S SR

Xo~ Yo ! i BhAp ¥ kR -

o 15 40 % £ Axd 2 Ayd 45t (B) 95T

o]
< <l

{Axdzpl-(r2+2§2)+2.p2.
Axq =py- (12 +25°) +2-p; -

ol

e
= ’iz +§2 — \/(X_Xo)z +(y_yO)2
X=X—X,

17

(4)

()



Y=Y Yo
IRNVRICINEEE ALE S

FE@) ()3 287 #(Q)xh 5 54(6) -

{sz Xo(ky -r2+ky rt 4+ ks r8) +py - (r2+2%) +2p, X ©)
By =3 (ki t?+ kot ks 1) +py - (1P +25) +2-py XY

2-2 3 i»g

FUGEEEBFHACE L LZRAPP PRI REAZZEPRSF S 07
Bl i@y ppodpF o A i e ngbagiiEtimn s R gAd Z agk
Flpt S 2 p R ITERAEY A T ek and do

G EEap AN EE A PR sk Bk mEERAEY s A3

SR TEE L L S G B 2 g g Bt E e Ra o i1
BIE BT R PR A AL B I B AN p AL ERH

Wz i N RO AP N EFERT EEN D s g oaxhe g A4 SR
¥ o

(Valgren and Lilienthal, 2007)%+ = & # i 4 #<2: ( Scale-invariant feature transform )
2 4v i@ 55 ik 4% pc 2l (Speeded Up Robust Features » SURF) & f&/q & 2 i 8 2 B B ifeh
WE A R TR TIE  ThR AR FIR SITF AR AT PR o TR

TREFIEAL om AFEPER o SURF 97 3 PFRF R > SIFT o B A7 7 &2 &
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sl 1 SURFIE S £l ifiep 07 fle R TR e b Bk AT L

R T X R D G A -
2-2-1 4eif 3 WEHACEE

v ig 5 it 4% Hc@k (Speeded Up Robust Features » {5 < 12 SURF 2 ) & d (Bayetal,
2006)7# & 0 B oAt N R E? RGP R REEE T B AR T Ao R
Borg oo g B iR e N2 BT PFAEEE At L 2 P EET e o

FracEEHF cn¥f e > SURF 12 Hessian matrixX iz 22 2 288 5 hosV(7) 9757 ¢

Lxx(p; 0_) ny(p, 0')

H(p,0) = Ly (,0) Ly (p,)

(7
e
0
Lxx(p; G) = a?G(O’) * I(p)
0
Lyy(p,0) = a_yzG(G) *1(p)
L = iEG % |
Xy(p’ G) - ax dy (0) (p)
Glo)s BB L L onBETRAR o
I(p) & ¥ fhe B p ¥ it b -

Hessian matrix >t g2 5 ¥ B ¥ ¥ 4o 2-3 #71 o
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(@)Lxx (b)Lyy (C)Lxy
B 2-4 ~ Hessian matrix % < % 7 % B

0 %228 52 % SURF 17§ #rigid = FF E#ciT i @ Dxx~Dxy 2 Dyy B~ % Lxx ~

Lxy ¥ Lyy 3+ & Hessian matrix > 4c ] 2-4 #751 o

(d)Dxy

(@Lyy

BEZIX EVr BPRRVEETRREORE e B2 B Bl ARES X275

[JOA-[JOB-[ JOC+[JOD o gt > 83+ E Rp it im » AP B mw@ e A ¢ < 4ph >

Flpt SURF 11 sc & § % /] e 8B (R e 8 B o o] ehm 583 3 37

N
]
F_k
1
i
b3
=3
X
3

BHCH R R E R
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A

] 2-6 ~ Integral Image 7+ %, B

Hessian matrix {7 71| ;% & % 77 sZ BE e ficig B> AR m T e & Rdnaed 2 5 354
SOV & R NI Ll () G o
det(Happroximate) = Dxnyy - (way)z (8)

IEIEL T

_ |LXY(12)|F|DYY(9)|F

w= =0912..=0.9
|Lyy(12)|F|DXy(9)|F

AR EIREE S U RBEAR S ER 5 ( Local Non-maximum Suppression )
‘2/.%“,%@ 5 HcEE o

B WA e BFOR LR 2 E e R R RAE- BEL
Fpt 1] * Acik o (Descriptor ) k f i i R R OB A R BRI L T E SR o
SURF #t& Barpcgba di- B 83 % > F— E4Fdcahht B L s THP D T sk

200 B - LT 6s il 0 4ol 2-6 “F o
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B 27 2 B4

et g R 3R 4t % 2 <0 Haar wavelet transform » 2 wavelet BE G As o i

SR UPEFHELE Y o 03 25 B ARE O { V F D EEEDL S % £ 4ofl

[

2-7T#77 o BP 4 ME G AT e iR B RAA TR AL G ARFE LA -

dy

Bl 2-8~12 %7 K

il e Rant S {irFL 2 e EF - B 8x8 hsub-region » 4- ] 2-8
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Aronoo BP oehvetd MECAR A D G ew ® 0 % F R BN £ Sub-region » * sub-region Z 5x

5 24 F P-4k B o ¥4 B sub-region 3+ & H Haar wavelet transform » i 3| 4p 4>t 4

=k

> o T 78 Ed E B osub-region & € dx 22 dy o $f#r7 dx 22 dy Foz - B ARk
2P g i 33 NP AL v At A v IS BB RPN A E dX R E Xdx s dy B

F Xdy~dx & HER e Ddx|g dy G #HERE Xdy| -

Bl 2-9 ~ it ~3 B 7 LR

PRSP A ¥ e A 2 = A {5 { ¥ iR 77 fee T fepFp 2L 14 Hessian matrix
7 DXX+Dyy it f ARE 2| W3Z BRIt R 0§ 3 B ARER T AR e endhl iR pE o ot
P AL 2 Ap I > K 270 K o
2-2-2 kgET L

%2 SURF (8 @ikt 24 x 27 e dchi et nd 203 € P il fRe

BHp 53 Pt gz ep T gy Bl B R GEF T RA L bR -

A
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bo 2-9 #17 o

st iy o —

|——— \
LEBE
Bl 2-10 ~ & 3Rk BEoT &R

EER R AT RIS S SR < NP SRR SR

&
S R TR L Rl
LSS RS B RS e (9

my3 (Xa—Xp)+m1,(Ya—Y1)+my3(Za—Z1)
m3q (Xa—XL)+m3z2(YaA—YL)+m33(Za~Z1) (9)
F, =y, — Va— M1 (Xa—XL)+ma2 (Ya—YL)+mp3(Za—ZL)
y ° a m3; (Xa—Xp)+m32(Ya—YL)+m33(Za—ZL)

Fy =X, — X, —f[

!
-\-'\’

Xa>VYa+ = B4R 5 AR -
Xo‘yo: "%»J.S%#E?‘IJJ‘%—"

Xa~Ya~Zpa: 2%y 7 B A4k o
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Xe~YL~Z iR 7 AR

foipis E5E o

mll~m33 : £ & &g ErE L 2% > 4oV (2) o

FO)¢ AT E S ER AT FEE (XLYLZO) £ 558 7 B A (XA YaZa)
BHEPETEE 00 B0 rlics B R PR HR(XaYa ) 3 o B A 8 R Xe, Y6, Zo)

BAR Sl W (O)A B R s KRR G R AR T e - AR
¥ 18 Jacobian %" . B& B » 43¢ (10)#75% -

dFy 0Fy 0Fy 0Fy 0Fy 0Fy
|E e 9k 09X, dYy, 07
B = |0F, 0F, 0F, 0F, 0F, aFy
[x 70 ox X v

. .
N

_|oXa ava 9za
B = lﬂ OFy  OFy J (10)

0Xp 0Ya 0Zp

d0Fy  0Fy 6& ‘|

BRIZAELL G

K —x. — f[mll(XA_XL)+m12(YA_YL)+m13(ZA_ZL)
L = ° a m3; (Xa—Xp)+m3z(Ya—YL)+m33(Za—Z1)

(11)

_ _ f[m21(XA—XL)+m22(YA—YL)+m23(ZA—ZL)
Yo ™ Ya ™ iy (Xa—X0)+mss (Ya—Y1)+mss (Za—70)
f1* Bt @ Bipit gy LBt B A i £ 0 4osV(12) ¢
_A(D_
i‘g AX,
BAX +B|AYA|=L+V (12)
L
AY, AZ
AZ, ]
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P e A& @ % Canny Edge Detector ¥2 S e fiF & i & (7 o
3-1-1 Canny Edge Detector

Canny Edge Detector p enp >3 Bk x4y Hi1 8 & 2w BAER © F
g SR E e £330 2AE A ERGFEEFEH L F - H A - F AR B
BT i o Pty R R HEH - o Gl T Rt eREAI Ry B
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HB% S w2 g izig f %o a2 o Canny Edge Detector A48 i A2 4c ) 3-1 #7571 o

@ R4 (D) 4T F @ﬁ&ﬁ@\ ()h 2 R (e)Canny L4
Bl 3-1~ Canny & % 27 & B -

3-1-2 #uf B
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M HEA & 7 Tracing ch7 VB THF > SR G EREFF SR §FHF T

- BT EE S - fEF 8L (Seed point) ¥ 1 fEF BE A ¢ S HEFH ZEEN B e i

Ao F AT e A GERERILE S v THOE I S B2 E MR RSN R

#o ERIEF P OIS BEE E R AR R - PR § AT Bl =2

B Rl ol = RE RS B R A AR R AR TR R - LT

DIEEF PR AR o S BRI ARAC R 3-2 1 0 i BT R AFFR $ IR
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Vv, Vy,Vy ) (a,b,c
0 = cos™I( (v vy va) (0. ) (13)
’v§+v§,+v%- a2+b2+c2

)
-‘«'\‘

Vx =Xc My +Ye-mp — F-mgs
Vy=Xc - Mo +Ye- My — F-mp
Vy=Xc* M3 +Yye+ Mz — f-ma3
a~b-~c:mzw g o

Xe ™ Yo & ilg'f i EL R A {5 OMELEEAD 5 AR o

Vs Vy o Vgt AR B

foipis EgE o

FooA R A 00 RpF S RA WEEETIE G 2TV AR chiR s THERE Y

T ALARR 0 F 2R o

3-3 A F

HHE-fhe s Tk EG AR ORI S A Flt P RMRE G R
P B odEE T A S T e o I PRSP R-T fe il ®F B0 R 9 4 sl R
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Bl 35 % ifpr 4
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(d+depthxvaZ+b2+c2—axXy—bXYy,—cXZp)
(vx.Vy.vz)-(ab,c)

Sdepth = (14)

a~bsc d:dm x> 20 Sl

Vx Y Vy ~ VD iAo

depth : &3 # 5 Gu% & BB -

Xi~YL 2y 7 B4R -
Sdepth : ;£ & 5 depth pFend 5 BFF 2 & o

F5d 2o depth #cie# 77 b /RA2 Sdepth > ¥ WA (153 A b 2 F = 4

Xdepth XL Vi
Ydepth = YL + Sdepth [Vy] (15)
Zdepth ZL Vz

Xes Yo Z ek 2 B AR o

Sdepth © 7B 5 depth rende 7 B 2 B o

Vy s Vy ~ Vp D AR e & o

Xaepth ~ Ydepth ~ Zaepth © iE B & depth pFende 5 A = 4R

RAFE AR L RFEENO)REE PRI RB G o AL PR
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3424 P ERE
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) T 19 SN oot 3 LRl B L S I N B e 2B R ok R i
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B0 AT P AR H P SRS SR N R U F R 1 0 8 e U R AT e

w B R (TN HE 0 o B 3-12 #7T o

(i.)) (i+1,))

(ij+1) (i+1,j+1)

B 3-12 ~ &P 4T R B

BS540 50 (16)
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DN(i+x,j+y) =DN(,j)(1 —x)(1 —y) + DN(i+ 1,j)x(1 —y) + DN(G,j+ 1)1 —x)y +
DN(i + 1,j + 1)xy (16)

DN, j) © # itk 5 (1, )P ehife~ & o

X oyt PR SRR, ) s pht L E -
3-4-3 4§ b 4p i dLi™ R

o EARBT S R G HOTF BB B S N ER R DR S
0 B ;2 (Normalized Cross Correlation )3®f #75 & 8§ B3K & &2 2 B2 B3k o cp B 14
4o (17) 517

Y3 (Gm~Gm)(Gs—Gs) (17)
[2(on-)’ [5(Gs-Ts)’

p=

Gy @ L BB G ¥ chifd o
Gy @ 4 BBk G ¥ chifd BT .

Gs : BB B e ¥ hifcE @& o

Gs : R P W BRe ¥ iz ETHE -
BEFENBG T ROHE - FRAREGAL AT FRRR T IR e

% o 2 7 F1* SNCC(Sum of NCC)(Zhang and Gruen, 2006):& {7 % & &8 ifdp i1 235>
ARG - B po AIRAR S depth TenEGRR G A kT RTA S 2 AP M GlcE

BH I35, BFR T IR R BcE 0 4o 18 HroF o
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1
SNCC(p, depth) = HZ NCC;(p, depth) (18)
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LA FIAET A RIEF 5 E i BT 4L S

e B2~ 8o piakg <
pi#®Ep P 2011/3/29 2011/6/19
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AR Mg =~ ] 4288x2848 pixels 4912x3264 pixels
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a5 la'% EL, 7P, ;ri ; }i
TR T 7 %R
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¥ i 333k 185k

B 4-1 ~ Nikon D2X # ¥’ #Li

B 4-2 ~ Sony A55 #& ¥’ #Li™
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HETHRE D - 4o 45 7 -

(a)D2X # fie e (b)Sony A55 # i
B 4-5 ~ BIF " A

4-2 B F 2 3 %

A F Y AR S e E ik iWitness(Photometrix, 2011) 5 2 - 1 * #& i AutoCal
Calibration Placard (B 4-7) **iz g T F 2l » HeY ¥ & Z -3 R » &0k

4 ¥ ¥+ AutoCal Calibration Placard :& {7 % & fr4p #%& > 4o 4-8 #7751 -
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] 4-8 ~ AutoCal Calibration Placards % & frdp #& = %

2 5 € Wi #9 U iWitness & $1{7 AutoCal T B 4o p B 1L Ap 8 T o
B T R dod 4-2 o o
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Radial Distortion Profile: HIKON CORPORATION HIKOH D2X

B 4-9 ~ Nikon D2X {5 &4i% 4Lva b 2

Decentering Distortion Profile: HIKOH CORPORATIOH HIKOH D2X

] 4-10 > Nikon.D2X i & #4005 % b 47

B 4-11 ~ Sony AL5 {F 5414 400 B d AR

Decentering Distortion Profile: SONY SLT-ASSY
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