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Plane-Based Multi-View 3D Dense Reconstruction

Student : Chia-Chun Chang Advisor : Zen Chen

Institute of Multimedia Engineering
College of Computer Science

National Chiao Tung University

Abstract

This paper addresses 3D dense reconstruction of a scene/object from multiple photos
taken by a calibrated camera.-Unlike most of the existing methods which use a fixed-sized
window to do two-view correlation matching for verifying the photo consistency across the
multiple views, our method applies a multi-image matching without requiring a fixed-sized
window. The reconstruction begins with extracting image features such as local min/max
intensity or the like from the input images, and then applies the epipolar constraints to derive
the matched feature pairs. The whole object surface is approximated by a set of planar surface
patches in 3D space; that is, the object model consists of a set of oriented points or a point
cloud in short. Each planar patch is initially represented by a plane equation derived from the
associated line/point feature pairs. Next, an iterative optimization process is called for to
refine the plane parameter to attain higher accuracy. Finally, a dense model for 3D model is
accomplished. We apply our reconstruction method to synthetic images in order to check the
geometry correctness and real images for robustness testing. The experimental results show
that our reconstructed models generally look smoother and more accurate than the ones
reconstructed by a top existing multi-view stereo method.
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H.(m) = (@M, —mn")(dM, —mn")""  (3.2)
P& 32 3. homography 2 3¢ 5] g :T‘*u#a FliEdT > ed e APRTEF LR
4o 3 fitness function e~ 18 el 3¢ > £ (3.2)° e(dM, —m,n")™1 € 2 fpeana X
P TR R R T E B Rk > it (32)

- Mt M 'm ]
]F;;‘: B — [ T r T Py EII
= 0 0 O 1 !
-1 _ -1 _ _
P/ = BB = [M,|m,] [0 MB 0 Mrl mr] = [Mer 1|_1W7‘1\/Ir 1mr + mr] = [Id;]0]

-1 -1 ~ ~ o
Pc’ =F.B = [Mclmc] [O MB 0 Mrl mr] = [McMr 1|_McMr 1mr + mc] = [Mclmc]
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!

=

zZep. = PX = PCBB_1X = PC’X’ = X' =B 1x = y,

z
1
no
NTX = NTBB™'X = (BTN)"B'X = N'"X' = N' = BN = |™
n,
dl
_nlo_
dl
N’T nll ’
nT 11— n
N =— d —[1] (3.3)
n,
dl
[ 1.
x' x'
[no ny np] [y [+d ' =0=d =—[ny ny ny] |y
z' z'
x' x'
Zpr = My |y' I me=d'zp, =d'M. |y'| + m, =d  (3.4)
z! z'
xl
#-d'=—[ny n; ny] |y [+~ »B4HE
ZI
x' x' [x']
(d'z)p, = d'My |y'| + mp| —[ng ny na] |y'| | = (d'M) —my[ng ny n3]) |y
z' 7' 7' ]
x' [x']
5 ML=y o m= 00 0 01 (dz)p, = (@M —milny ng my]) |y| = a1, |y
z' 7' ]
x' x' x'
(d'zo)pe = d'M; [y' [+ me <—[n6 ny nol |y'| | = (@'M; —me[ng ni nz]) [y
Zl ZI ZI

#d reference image #& | comparison image 7 homography matrix %

H.(n") = (d'M; —m¢[ng ny ny]")(d' My —my[ng ny ny])™*
1A I 1A ! ! ! 1A _ 1 ! ! ! li ! !
= (d'M; — m¢[ng nj ny])(d'ld3) 1= ?(d M; —mg[ng ny ny))

[ng ni na]
= Mc,' - mé d’

(3.2)2 (3.5)chi b :

=M. —-m/n" (3.5
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B2)E Al ¥& R Atk ™ » #rif Bl e homography ## 4 o> 5% o
_1 —
(3.5) 0] E B k4R 5 35 6B = oMB . ‘Mrl Mrel s WEH @ AR A

7| ¢h homography #& 4 2 5% > & (3.5) &g (3.2) [ it 7 3F 5 o

BBt ikl
1. &g reference dp4ddi e > d *09r RT g 2 € 4 < (REE) rd # 00 F)t >
> a’ b’ C’ T ,
BB 5 Saela b AT T R [T S 1] R R e i

A5 3 -
2. d AEPFTAIES M) =1d; m). = 0> ¢ homography ## >\ S @ { &1 -

3.4 lterative plane parameter optimization

~-.

=& * fitness function #c4 e ;8 > k35 3 fitness function & - B a3 % o
e TR I am o Kifﬁ 7 (33)sm’ - 4 f&ﬁﬁBﬁﬁlgf' ERERCS S

Fnei=ncean o BB = (1(pRIHMA)R)) = > (1(p}I (H(n, +an)p))

peQ peQ

,H}

,ﬂ}

=
JE D (p): =] (H(m)p)
d (3.4) i H(ny + An) = M—m(ny +An)" =M — mn,” — mAn™ = H(ny) — mAnT

« J(H(me % Mn)p) = J((H(ny) — mAnT)p)

](0)((H(nk) —mAnT)p) = Je ) ((H(nk))_l(H(nk) - mAnT)p)
=%+ ((1d = (HGw) "'man” ) p)

Let (H(nk))_lm = 71, then J&k+1) ((Id — (H(nk))_lmAnT) p) = J&k+D((1d -
mAn7)p

15



u m, u
suppose p=|v |, m=|m, |, I(p)=J||v]||=3(u ), 3% ((Id mAn’ )p) (k+1) (Idp mAN’ p)
1 m, 1
ullm, ul|mAnp u-myAn’ p
=3V 1d v |-mAnT p [= 3% | v [ @, |an"p [= 3% v - @anTp | |= 3% | v-mAnT p
1]|m, 1||m,An" p 1-m,An" p
u-m,An"p |
-m,An" p
_ gl V-m,An' p _ g u-m,An'p v-maAn’p
1-m,An" p 1-m,An"p '1-m,An" p
1
= *’a‘.?r BERN

fOoy) = f(xo,¥0) + fi (x0, ¥0) (X — x0) + £, (x0, ¥0) (¥ — ¥0)

1
+z(fxx(x0:%)(x — %0)* + 2fyy (X0, Yo) X =%6) (¥ — ¥o) + fyry (X0, ¥0) (¥ — }’0)2) +
~ f(x0,¥0) + felXo, Yo (x = x0) +./, (%0, ¥o) ¥y —y0)  (3.5)

u—mgAnTp _ v—1ii, AnTp

Lx= 0=u,y0=v’iliz\%flzf?sﬁkﬂ;‘(B.S)%g:

1-Ai,AnTp Y~ 1-miAnTp’

“\W' —
k+l ((Id mAn )p)zJ(k-HL) u TOAnT p ’V TlAnTp
1-m,An‘p 1-m,An'p

& T
~ J(k+l)(uyv) [M JJX k+l)(u,v)+(w_v}]y(ku)(u,v)

1-m,An" p 1-m,An' p
m,An' p (k+1) V-MAN P )
~ 300(p)+| 22D Py o AP
(p)+ i U (p) Ty (p)
d %ﬁi%%ﬁ% B8 3 A3 1—MAn"ph 4 AJ2 > & & -2 > ¢ 40§ iteration 4z
0
#PF o Ang Pl S 0% £ > FAn - |0] 0 #Tref,AnTp - 0
0

Fl £ m,AnTp =0 BE T
](k“)((ld — mAnT)p)

— MyAnT v — myAnT
~ Jk+1D) U~ MeAn b _ (k+1) vomAanp (ke+1)
J¥ P (p) + <1 A, AnTp u)]x (p) + <1 gy v Jy" T (p)

~ J*D (p) — (A Anp) ] KD (p) — (i Anp)), F Y (p)
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E,.o = X (1(PH(H(n +an)p)f = Y (1(p}a ((1c-an” )p)f

peQ peQ
NZ( () (m An' p) k+l(p)+(rﬁlAnT p)\]y(k“)(p))2
peQ
u u ’
=S 1(p)a“(p)+| Molan, an, an]v |3, (p)+| Mfan, An, an]v]|[3,(p)
pect 1 1

= S (PR (p)+ (Angu + Any + An, Y3, “(p)+ A3, (o)

peQ
We finally set
FO = uFZ F1 = uFZ
o~ g (k1 ~ o (k+1
Fy = o), Y ) + i1y J, ¥ (p)
D :=1(p) —J**V(p)
peQ
aEk+l _ 2 _
—k+1 —2 SR (AnyFy + AniF 4 AnyFy+ D) =0
aAnl pEQ
2 2 Ang
Foo FyFR FyF, [An, F,D F° - FRF FF, FD 0
2 2 Anl
PR, RF, F2 | Any| 1 P%lFD| P RE, RF, F’ FD 12 0
= FAn=0
FhAn s VLR RTEE e BNy, =N HAn o BEFTEE e £ N0 T - S E] o
-1 -1
Bis § i e B lracts o d WiEAR i e anK{ % B = OMB 0 _Mrl e
aCOTL‘U-
b
BB R AT R AR BT[] = | O e e ae T
conv
dCOTlV_
S ¥ o

S . y . . o L ER+D_p ()
Jeacis it i LEO L ki Bang i E®D L ik + 15 Bane i pld |EE(T£|
»> % — i threshold pF » B 2| %_iterative optimization i 4z & o

7n

# 1 iterative optimization s #icy

AR EER IS Ardeif A | i Bl | AP AL JoaPFT B Sk
(@ | (0.03,-0.9993, 0.02, -5.064) 69.3866 8 60.9051 (-0.003, -0.9999, -0.0002, 0.6981)
(b) | (0.9986, 0.0499, -0.02, 1.332) 33.136 12 25.8439 (0.9999, -0.0048, -0.0061, 0.5892)
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(c) | (0.99890.0244 -0.041, -157.2) | 40.8148 21 32.5579 (0.9999, -0.0021, 0.0003, -200.73)
(d) | (0.019, -0.999, 0.039, -166.37) | 33.1689 15 25.7916 (-0.002, -0.9999, -0.0006, -198.83)
(e) | (0.025,0.04,0.9988, -452.78) | 74.3815 32 47.6023 (-0.0026, -0.0014, 0.9999, -399.41)
() | (0.029, 0.043,0.9987, -234.26) | 40.4442 11 25.0043 (0.0001, 0.0017, 0.9999, -199.83)

% 1(@)~(f)~ = * B 6(@)~(f) =3 84 24 chd=4oT 5 S 7 3F * 6(a)~(f)+ 7 bounding
window & 1474528 % 0 B {4 R iterative optimization o {8 3] { 4F T 6 fdcer KR

e v WA
?1"_: ‘%E’E‘ﬁ?.‘ ¥ ® ,ﬁ_t‘- -a‘;/,.o
AR & e ey B L F R 2 reference & i
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%!i #ﬁ?ﬁ} _..aﬁ-’i’:‘k

4.1 Homography £ Pixel-wise #& % £

= iterative optimization & » B Jijzacts T w4 ' ¢ #-reference B2 AL B2 1)
Jearie T o » FIPFIHE B -2 SRRy D 3_3‘_* TIPS —\(32)%& PRI

homography ## $% 16 =2 2'5\
d R EIE B PR gcE > A7 ¢ % * bicubic p &2 Kk {7 3] subpixel
e intensity o

=

(®
Cube000% Cube0002 Cube0003
Cube0004 Cube0005
(reference)
Plane equation : (-0.003, -0.9999, -0.0002, 0.6981)
(b)
Cube0003 Cube0004 Cube0005
(reference)
Plane equation : (0.9999, -0.0048, -0.0061, 0.5892)
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©

Cube0003 Cube0004 Cube0005
(reference)
Plane equation : (0.9999, -0.0021, 0.0003, -200.73)
(d) s
Cube0002 Cube0003
Cube0004 Cube0005
(reference)
Plane equation : (-0.002, -0.9999, -0.0006, -198.83)
(e)

Cube0001 Cube0002 Cube0003
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Cube0004 Cube0005

(reference)
Plane equation : (-0.002, -0.9999, -0.0006, -198.83)

(®

Cube0004 Cube0005

(reference)
Plane equation : (0.0001; 0.0017, 0:9999, -199.83)

B 8 # < acL & & homography .4 %

@ 8(a)~(f)~ = & #-reference image < %2 3| B 8(a)~()* T & = 425% > AP H s F ik

G % o

e iruﬁiﬁll#}tﬁ%“ R P v & P T G R R 2 normal sh3R 4 ¢ erintensity ¥ & £

s L ] 0 @ A ovR SRR P chintensity B B S 0 TR E L o Fpb o A
;J:Z,-wr}, F RS Pt & B pixel ghintensity FEE X o HEE X L M gAY R o
2R o

W MR ] % 5 widthxheight 8 o £ (i, ) 5 % kB 8 t(i, /) #hintensity
k=1~M, i=1~width, j=1~height - 3 % £t % D > D €_widthxheight <"~ > ® D(i,j) =

L3N (0 )) = e )’ = 2% DG ) 5 pr(i )2 ) o ol ) £ o 2

— 1 ..
pk(ll_]) zﬁzliv{:lpk(l!]) °

it g R o A R ahintensity - % 2R anE 0 g T R ik
ﬁi@&»,@%ﬁwzmszm%A0¢@m9m$%%£ﬁ%ﬁi+w%ﬁ,ﬁ
TRPRE LG > 5T TP Ahe PRFL O E AT R P pins o 8
BT AL A BRI LR RS T §BEA PR R L
WA o
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(d) (e) ()
B 9 ¥ homography {s e8 ifiads & £ chid &
Bl 9(@)~(f)~ % = ¥+ Bl 8(a)~(f) 113 & homography # 4 (& H’ i » A= EE L 2 ks
% o

Iligfengg ¢ % * matlab eV colormap jet ot A 4 o AREITIEE ¢ X & intensity
B AR L ARFEIT Ao 4 R Aodntensity shiEARE o

42 * MSER 35 14818 1) ﬁﬂ%ﬁ‘i’»ﬂ‘f‘&ﬁ*?‘ EFEY e 13

< Ais 0 BRI R Y gL S 5 2 0 % k-means 2 E_otsu F* H5E fao

BEAR L B L g e 2 o  E B ki end F &2 B F L A PR B
g 3o moapdt e 3 X 2 Rl o AR R ’ﬁx‘ka“m'%;é%i!n{MSER°
MSER 2 ¢ % Maximally Stable Extremal Regions » & - fi#-ki% » #- intensity JE_
Aol 2t intensity (i Rk o THAGEE RE Y 0 B IR LTS Fefi

Y

it £ MSER # g4I 1% 5 Fad & EATTE VIR R EAPLP? 23287
7R 3 R gEar A .‘rﬁboundlng window > &4 A e &+ MSER 3% 4! ) 9(a)~(f):’ L5
JEERE M P A wE e 7B 7(@)~(f)¢ < bounding window - lgﬁﬂ}z € Pl T R E$S
TR, T B o
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(d) (e) ()
B 10 ¥+ 2% X 8 % i MSER % %
B 10(@)~(0) = 4 =1 § 9@)~(N) TR LB o GAMSER 15 @ 31 ch% 3 > & g ii 4
?F ﬁ“ °
1913, R 8228 MSER § 485 & 4 oofe (370 g P H 8 T G chdd gk R T
A% local intensity min/max £_non-uniform &7 » #7028 X @i § 1 F o

(@)
147 18| '9(16-7) | 13(14-1)
15 21 | 2(24-22) | 14(15-1)
16|19 20 20
0 |11| 13 1
(b)
13(14-1) | 9(18-9) | 9 |13
15 | 2(21-19) | 1(2-1) | 14
16 19 20 |20
0 11 13 |1
(c)
13] 9 9 4(13-9)
15| 2 1 1(14-13)
16 | 19 | 5(20-15) | 1(20-19)
0 |11 | 2(13-11) | 0(1-1)
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(@)

(b)

(©)

(d)

(d)

5(13-8) 9 9 |4
2(15-13) 2 1|1
0(16-16) | 5(19-14) | 5 |1
0 0(11-11) | 1(2-1) | 0
(e)
2(5-3) | 1(9-8) | 1(9-8) | 1(4-3)
2 2 1 1
0 5 5 1
0 0 1 0
)
2| 1 1 |1
2| 2 |o@1|1
0| 1(54) | 15-4) | 1
0. 0 1 |o

Bl-11 4= B> MSER % B N enghifze
:l&-%] 6(a) ¥ iFpcEl o 3 MSER ¥ % (8] 10(a)) P e i Bhiagkie » W ESF £

7’]_‘ %*ﬂ."f‘f’l’ll"’éz\/ 4

411 g] 6(b) A 1 o #ifis NBR(ES DBRIIHIEH o LA ¢ FIT R B
‘E_ o

2 #B 11(@) 2 ¢ g e w“ MSER % 3 (] 10(b)) p crodr e Bh fadRie » 11 4
%\'T'F ’ ',ﬁ“f‘l" #\*/\écéﬂ’ 'XLT_E? =~ I °

T B @) 5 A BARe E(E S DB TRIRA RS P T i

BLEcE o

SRR IU(D) 2 ¢ e > ot MSER T 8 (] 10(0)) I e sk bfhie o 12 4
%‘:1’ ",“I‘l’ #\*,“:Um"zlg Z\*/~ °
TR ) B D e (S ARG A S Y T B

LT o
) 11(C) 2 ¢ ch#F x> B> MSER % 3 (B 10(d)) p chd B it ze » 1 4

g
Z&'\'/" ’ ,"F'_ 7};1‘_;‘7:;’1”:’ IV % 5% ©

TR R A R (S SRR IF R LS T

(e) = : #-B 11(d) = ¥ it - B> MSER % & (] 10(e))p chdF pcgh ik ie » 11 4
%/”—,—‘V’#\*ﬁ‘)ﬁj’ung\/ °
T L) 5 A seRge Eh(EEd BRI AL 0 SRS P T R R
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ZHiE -

= KR 11(e) = ¢ ehiF g > >t MSER % 2 (B] 10(F)) N e eghfdhse o S
2o B AfEEas izd &7 o

TR 5 A 0 AR (S BTG 0 RS Y T R
ZHE -

BRI R B R ) 2 3 o A ol (D% -

(f)

43 £h4 K Akt 3D 8

d iterative optimization ¢ 35 d1ed B iR kP chz BT e lax+by+cz+d-e
AL R-reference ikt 2D BRI BT 2 AT e RED| M 2D gz R > U
dgs it f R 2D ghet B R RS iESTAR 0 B2 BT G B B B
TR Fpt & LY D s e 2D B AR o
oo K

LR - BPHPWAIE A BEE S CP CPEH A R A ks B RE
WpeRg 4 4

CP=4R"P +C0p . (4.1)

2 CR~COy T & 5PW ISR T
lf AW PR E LG My > N385 B 5 Kpop > P38 585 Ry ~Trep» T4 C 5
2 D E]'JRref = VlC/R Trep = COW (
B AR AT A e s W0, 0 d 5 R B E Ry o

!

0
Trepm © 400 % v 20 A8 AR T Saiip 4l ez MR S H °
0

md (AN T E ST s At A AR T R EEY Oref LB g e
COref = Rref Oref + Tref

0]
0| = RrefWOref + Tref
[0
0]
0| — ref =RrefW0ref
[0
0
Rref_1 0 _Tref = WOref
0
Woref_ ref_l( Tref) ref Tref
FE AVt P REFE ST 4 2D BAER 1 e (T g e R AR
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ZD%ﬁﬂﬁ'Yrﬁ:ﬂ—
LB 2D B R AR AT oz BAE

u
S [1{] = Kref[Rref Tref] [Wp] (4.2)

d R E G 2D Bhenz A frius = 10 # (4.2)58 B = non-homogeneous >
—.“]""» |—\< )\S:lo

l l = Kreerepr + KrefTref
1
lvl - KrefTref = Kreerepr
1

u
-1
p = (Kreeref) <[vl - KrefTref> (4.3)
1

F 0 BLw 2 2D ghenw B o T O B - iE W Orer t+ t(Wp - 0ref) °
TiESMRE PR ET G m%,é%h ’ i*u TP 2D BT P R BT 5 oz gk o
,'/\§]9(a)~(f)tl MSER #i ) k i 38 92D 8L 5 1 > #-igdt MSER ¢ ¢ %3 2D

2o A BRI £ L)~ »]J:ﬂ,(m VT UETI6 BT R BT o e TG

%Eﬂﬁﬂ:%&w F‘f”‘”:z.sﬁw:f“l SRR R e
?viéf"’

4.4 F* 3 Bl d = aicd)

Bl 12 B 10(C) T & *» & e &

'—lﬁ:—lmmf}’—}‘ TG HEF 5 AR gﬂ&lm¢é~¥ » 4o B 12 » ——}391@‘5\1
Boodok & B RHY mﬂ‘bﬁzfr MSER B~ gk iic (B 12 # ¢hv 4 m%&)mw T R
;;g.;rggfg“wﬂ_,g,\wij ,57\/)‘14 S:E_ﬂhmlm o
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I REEF

5] ERZREITqg - R v FRHE

Tz BT TS Z MeEREA R F40T 0 T2 Furukawa B 2 b

7l

Furukawa’s result Our result

Point set

Oriented point set
(Point cloud with
surface normal)
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Texture mapped
model

The mesh model
with PSR
(depth=9)

# ¢ Furukawa #7i¢ * % Boho™
Level = 0, cell size =1x1, threshold=0.7, window size=5x5
l 13 Furukawa f 2% i = ;% 2= Convex cube 2 +* #&

FR) 13 7 12 d1 Furukawa ehE 22 5 % 3 3 4oV 95k ch Tl 0 3 & R F] G

1

N

Furukawa * ¥ % -] patch & & 1 T 5
B
W 7_?.&‘}".?" ‘EEI 7

BT ATt s om Ak 2 E - ﬂ;i\ifﬁ:{— B.patch> ¥ Zw &40 F »

e T g o

1 reference B (s AL T 2 B T & G B A BEdE ok 2 o
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% 2 12 Viewd % reference B2 el BriE £

e | Viewl | View2 | View3 View4 View5
(reference)
1 0.5138 | 0.5073 | 0.3847 0 0.2946
2 X 0.5806 | 0.073 0 0.2161
3 X 0.8999 | 0.5642 0 0.8407
4 1.1575 | 0.6935 | 0.125 0 0.4402
5 1.7308 | 1.1002 | 0.3851 0 0.6317
6 0.4636 | 0.224 | 0.5902 0 1.6874

B 15 & 2= % & & % -View2

B 15 ¢ =gk i View2 endF gl » %2k 5 Viewd cndF 23] View2 chx g2 gk o

5.2 HFErNET G FHzafEv 7

TR
#gF Lo (=i Lipp
PRAIAREpE(RBE > S

Fplck i H LR P > Jpdp L B~ - ISO B X
NESEEST AT SRR 1

B R (8 PR G

£ %4 K)

#) -
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A H - d TG b oo post s gk (landmark) % 8 B reference B gt H s § tfeeh
homography “E* > = & view %% fg»:,grsg‘ % p erhomography matrix ## % reference $*
T o

2 homography #& 3% {5 & reference 2 A £ {2/ ch® B At & > £ & 0] (0% B
7 texture & uniform %3 > & 1 § P FEe boundary % i o ipBRET B ALBGEY d FFHEEL
¢k expand 57 ;872 - 4% o

® HBERIMFRALNImES P E L PERE > LY 3D 2FM G

ks ambiguous H% 3 © (I F F7))

® AHEEENDFER NI EGRORE > F LB R pE S I maf

AP %y A mailbox (£ F S®B G AT Bt FLREENT G FF T
His T 5 chedge T s Lo JFoEif i o

o 2

mailbox0001 mailbox0002 mailbox0003

C =l

mailbox0004 mailbox0005

B 16 Input image : #F& 3 mailbox =¥ i

(@) .

Plane equation : (-0.9994, 0.0119, -0.0323, -313.8605)
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(b)

Plane equation : (-0.0261, -0.9996, -0.0056, 50.4821)

(©)

Plane equation : (-0.0307,-0.0481, -0.9984, -84.2262)

Bl'17 mailbox fafE & & i &

B R X F 7 mailbox0003 # = reference #4 $eh o

(@) 4 mailbox e} w
(b) 1+ mailbox 7% &
(c) 4 mailbox e+ w

TR TR

ETIN

G AL B R Hcacts T %
G oERA Rl B2 B acts T %
30 A b R W A gt T e %

i

o

(@)
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(b)

(©

B 18 H#E& % % MSER #f 1) %k en % (mailbox)
(@ F1* MSER k& B 17(a)® &8 L fritenFas > H MSER S8k 2.5 : delta=1,
variation=0.1 -
(b) #1* MSER % & 45 B] 17(b)® 122 % f& M % & »H MSER % #icik 2.5 : delta=1,
variation=0.1 -

(c) §1* MSER % # 5 B 17(c) ¥ %ﬂ.—g‘g_ﬁ{x'&me’ ¥ " # MSER %ﬁiﬁ?ﬁ: 5 - delta=1,
variation = 0.1 o p* ‘*%mﬁli"’tﬂ ’1@4’% >

Our result
_-r'-"'f; - —
= D
- -\'3‘7‘;{1‘,}:;.“‘ I|
) ]
Vertex . B /
“'“"m_
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Vertex
with
normal

Texture
mapped
vertex

The
mesh
model
after PSR
(depth=9
)

\.\4\ g B

H ¢ Furukawa #71¢ * 4 Hche™ ¢ Level = 1, cell size =1x1, threshold=0.7,
window size=5x5 & 4 *£ 15 PSR iJZ {8 <5 mesh model # if £ i ~ < face -

B 19 £:2= agh? Tz apRiA %% 0 ¥ 2 Furukawa ihe 2 5 % 38 71 )
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B 19 F —g— Furukawa sne 2= & % & 72 43 > H i F] % p * texture-less % 3
Furukawa = & ¢ Z 004 pcBh i A > ¢ £d e v BRI F I ndF gl v B B
(expansion)en®s iF > fie @ = T g cPEL P o ZA@ 3p B 3 texture-less (% 3 pF o F] R

% i H4pE patch ths~4n @ 0 — £ texture-less (1% &
W x ﬁhﬁ 2B 7 vk A 4 ST A0AT patch o Furukawa “rR B2 i R L 4 2
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5.3 The 3D reconstruction of Wadham College
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Planar patch extracted
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Plane Equation: (-0.122207, 2.73108, 0.00356, 0.44526)

36




= =R

—t
15

Plane Equation: (-0.124784, -0.00636, 7.17101, -50.93003)
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&
i
Plane Equation: (6.35967, 10.22689, -0.04237, 48.66512)

+ I
!
f_i
Hi

Plane Equation: (-25.628434, 0.92826, -31.87700, 24.96075)
¥
R

Plane Equation: (-5.20439, -0.04653, -0.00406, 4.07834)

Fobo AL HETEE CBER cREZ - Ha FRe], A 5N

Furukawa’s method

Our method
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