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Dense 3D Reconstruction with Particle Swam Optimization

Student : Ping-Yi Sung Advisor : Zen Chen

Institute of Multimedia Engineering
College of Computer Science

National Chiao Tung University

Abstract

This paper presents-a-stochastic optimization based multi-view stereo (MVS)
approach for 3D dense reconstruction. \We propose to apply adaptive weighted stereo
matching functions to achieve more accurate optimization result. On the other hand,
the reconstruction completeness falls short of the lack of enough visible views. We
advocate allowing the child patch to borrow the parent visible view when needed even
though the parent view is not in the specified viewing angle range. In addition, we
shall adopt a GLN-PSO stochastic patch optimization method to avoid the local traps
of a derivative based numerical optimization method. To improve the reconstruction
quality we propose a patch priority queue to select the best patch to search for the next

patch for the patch expansion process.
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- & ¥#% (Introduction)
1.1 =3 & (Motivation)
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1.2 1p M7= 3 (Related Work)
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=% Ta i (Patch Optimization)
3.1 @ ¢ & BLE T G (Patch Center and Patch)

v B3 A - B 3D point 8 FEE D - HuEEL ¢ epatch po - B
pi&F = B 5HciE+ - ~ %W 5 patch center c(p) ~ patch normal n(p) £ patch
extent u » % fFep f%i&{?f%igf‘; AEF ek e b W& dense shpatch o 7 A
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32 e ZzwiE & A #RE (Patch Normal and Normal
Range)
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x f optimization search - 4 < #- normal 2 spherical coordinate # 7= - normal
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35 X o #F4p k£ (Patch Texture Correlation)

¥+ = B patcho 2 7 ¥ 12 =8 2% patch & V(p) 8 %7 =htexture correlation >
;ﬁ P %7 patch & 4% 3% 0 12 i 2% P A expansion BF 4 Z_patch priority - #- patch
window % homography % .P~# ¢ intensity # % unit vector ¢t > ¥+ & t
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ZiJEV(p),iij titt Zi,jEV(p),i:tj it
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3.6 * PRI iEA (Invisible Camera Filtering)

2t V(p) oE#& - % & optimization p+ 2 3= 7 invisible camera > R4 &r=h
patch ‘3% § LB 4 L&k #1100 patch 8.2 FE %4 visible
camera g8 S »cie AP igAR @ ¥ patch &5 R i s correlation k- AT 3%
& #12 invisible camera - § 3% if* £ pLi& correlation {-# % < camera view it %
reference correlation camera V, (p) ;‘T_'»M",lf V(p) ® £ V,(p) =1correlation -] »*
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3.7 L& iFAR 2 FARFRF (Patch Depth and Depth Range)

i 44 patch center e ¥ 2 — 1B depth $-#cd & » %34 d reference camera
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L ~efoF e V(p) ¥ 7 112 R(p) 15T 24 5 narrow view
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— -1
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3.8 W& & =x (Level of Detail)

% textureless s surface » d ¢ textureless X 7 #F %4 » A FF R-H ARG
repeated pattern eigsH % o s F A T ac 45 anfE o & & J1 45 ehsurface 5 B
B e g 2 % pe A 4 window e R B 25 texture iR F I o
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9 p it ik &R E (Adaptive Fitness Weighting)
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_ AT (x,y)|?
h(x,y) =e 9 ,(x,y) €N

(x=x0)* , (¥=¥0)?
4 20;; hn 20; )

gl,y) = ICENERCENIY (x,y) €02
20g 204

B {4 edge gradient magnitude weighting k(x, y) P 1&_& 3% putextureless (132
2 F ¢ optimization - » local trap» #+3¢  { edge sapixel %+ $& < caweighting »
@ =%t uniform region = pixel B|%5 4 #& ) e weighting > A= @ * 3x3 9
Sobel operator 3 i ip] edge gradient - & ¥ 3% i3 §2 v edge gradient normalize

I [0,1] = B ¥ 5 weighting e & ¢« % 75 convolution operator » Gy, G, 4 %] #

¥ & ¥ 4% 0 Sobel operator -

~ 11Ge, ) * Gy + 1(x,y) * Gyloy \
k(x,y) = exp ((max(”](!)) * Gy + 1(02) * Gy”)) (%y) €4

h fo 2% i iz = B weighting 4p 3k & normalize

1< 7
adaptive fitness weighting w(x,y) : 1M PR e % € 7.2 &7 &% o

_ gC,y)k(x, y)h(x,y)
W) = I kG k) B € 1
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3.10 Homography 3 # & T & & @& (Homography
Projection and Optimization)

¥ ¢ 4w patch %4 n(p) & d(p) > 2 5 patch extent & I, # e 4k
Afdol it 0 JRIE Iy 0 texture difference o FE 2t K& i n(p) &
d(p) %8355 Opyp) Il (x,y) €N H4 % patch plane s B> 4 358 2 815
patch 2 P~fk g8 » T F. T #15 Iypy L B~ texture intensity

TRPHRT A 5 gy AR patchplane & HF 3 Iy & BHZR> T2
P52 gk level of detail &7 e scale @ (B~ o 2228 3 2 dp 45 N 2% S BTk b
- 1 intrinsic scalar L(p) > # i 4 412 ¢ Habbecke ¢+ homography matrix > #-i&
GO AEE S - B gy ¥ D E V(p) B homography H;(p),i€
Vip) -

el 0 0
Lip)=| o el ol; €=0.38,1(p) =0,1,2,..
0 0 1

Py = L(p)K;[R; T;] = [M; m;]

_ —n()c(p)
D)=

H;i(p) = (D()M; — min(p)")(D(P)Mp(p) — Mryn(@)) "

Texture difference 32 & *+ £_i¢ * normalized cross correlation (NCC) %+ & ;
HA LT 4eaf fitness Gt B AR AP B 0 ¢ £ pixel A7 F view 2 intensity

£ mean intensity 7 absolute difference AT (x,y) > 4

X
Ty = V@)™ ) <Hf M)

JeV(p)

x
I <Hi [)’D —T(x, }’)‘
1

AT(ry) = V@)™ )
i€V (p)
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3 % AT(x,y) *v » weighting ci% 5 fitness &(p) e

(n(@),d()) = arg min £(p), where §(p) = (x;mwoc, VAT ()

3.11 & i i K& (Optimization Strategy)

% seed patch =7 optimization p¥ > d **:B A 5 normal 3 > 5 % £ 4 »~ local
minimum - &:&42 PSO & * uniform distribution ¢ i# particle =¥ > ¥ & » initial
normal ¥ depth i % 2.7 — i initial particle o

¥t expansion patch » £ {2k H &2 parent patch <X & - @ % initial normal £
parent patch'4p = » 2 2£ # parent patch - & & [l i% & initial depthe @ ** expansion
patch # 2 £ #cid 2o 5429 PSQ optimization % 7 4cif | ac f $R4E >~ 4 parent
patch &1 ervinitial particle -

A expansion a2 ¢ 5 A P4 » T & & fpiT a0 camera iF 5 visible camera -
feod ahde kA gEdp R TR 0 4 ~ 60 camera ¥ it 5 4 3% patch o i 6 R
optimization i £z % 3| H 1= texture §: 58 patch ¥ acid % » #> invisible
camera i = 9§25 2V iP € & 75 patch optimization 2 {& ] * correlation # % I
# Jﬂf invisible camera - ¥ & #734 {7 optimization & I visible camera {j< &t > & &_%

visible camera % & PR i % patch o

15



yw§ 3 HEEkiEiL (Particle Swam Optimization)

4.1 . F ¥ & @ v fif (Introduction to Particle Swam
Optlmlzatlon)

v

2 RE I MHESHEESE S AP patch optimization 7 3£ 7 adaptive
weighting & 3 ¥ . #2 % 0 visible camera % level of detail - fitness function #-5 =
— 1B EE 2 pic A ernon-linear optimization problem ] gt 2 i iz 42 ¢ * Particle Swam
Optimization (PSO) [21] * 4% 5 fp#a>> Furukawa & * conjugate gradient 2_ #f
numerical optimization method > PSO #t=¢ initial guess shiz#g |+ i< » ¥ ¢ » 2 % 7]
= initial guess #n4# 3% # ~ local trap °

i * PSO * $-f% non-linear problem > # g2t 7 7 & 48 § S dcam 'L ch- =
Mz (Jacobian )% - =t pies(‘Hessian ) » #% = — B derivative free shvg & 2 » 2
B 4% B fbh = particle safitness function: & 2 ¥ &38R 7§ 55 7 s 0T 7 R 1
10 FO AR B i B i Levenberg - Marquardt Algorithm ( LMA)f# /% 17 285 7 & 9
T & Koo

PSO e1p év’vfifc{:ﬁ Fl- %= D mend¥c x K] 1t fitness function &(x) -
Wit D @A e %Bcy BHcH [ B particle ki 7P~k 0 DR A S PR
51757 - Bfkandy o 0 % gF B iteration s i particle - iterative 4 7 E

Tl Koz ares im0k 5% o o@m &{4 — Boiteration 1 £ particle 7&{;& 79T e

EY A

arg mxin &(x)
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4.2 GLN-PSO

GLN-PSO [22] #_PSO e—- fa:zigig fiz » P ena " EB L F g d gkt
i# particle )z ac¥2 local search s 2 # & o 2218 % PSO 48 F » GLN-PSO
particle # #~ %% 7 global best ( gbest )~personal best ( pbest )12 % inertia = = >
GLN-PSO p| #_fizu 2 “F4e ~ 3 Jocal best ( Ibest )% near neighbor best ( nbest )

Local Best $£4 %{Eﬁﬁiﬁﬁd&ﬁv pbest ; #-p % 3% 8= B particle =
pbest ¥2 p % 2% particle 3 & B4z P50 k iT ¢ fitness & | e pbest 7 5 Ibest- Near
neighbor best PEL F £~ %] 5 | B RddF colth - F 15 o FH 577 H i
pbest & & AR a0 2 A oa BEend 5 ¥ fitness o & 12 5% &_fitness-distance-ratio

(FDR )*“iE & ~ 7 phest s & A 5 1% 5 nbest 3% ik o

(X)) — f(PJ)

which i ;ej}
|xid - del

Njg = arg max {FDR =
Pjd
GLN-PSO ci# #2 o B3+ B 4o F N B9 vy A5 % | B particlesns d %
HE P E S Dig > Gia > lia >Nia * Xxig & % ot pbest ~ gbest ~ Ibest ~ nbest 2 current
&% 0 B particle s d B ¥ w~cpcyr e, Bl E AT inertia - pbest -
gbest ~ Ibest # nbest # &4 £ : u BIE~ # uniform distribution /i ** [0,1) %
Ll

Vig = WVig + cpu(Dig — Xig) + cqu(gia — Xia) + cullia — Xiq) + cru(nig — xiq)
4.2.1 4c3¢ ¥ #& (Acceleration Constant)

2 GLN-PSO ? & 44 o 2L ER/ Wy cy 0 ocy, & %57 inertia ~
pbest~gbest-~Ibest 2 nbest # & & & > F] 5 3k + -  uniform distribution 4 ** [0,1)

R BET AT A e EaEL AL B o 3 E B particler w &7 vy ¥
17



#13% particle g 42428 > 30 2 d 3 vy A dR PRI E R B FEEE  A¥ - =
iteration P&+ i¢ % particle BB &+ 3] 2 B = & = ¥ - $430 4248 S8 d F < particle

Plag P H =8 e Rp 5 X2 5 giljcactt > AR w SEF iteration & &
PERI - B3 5055 E weod WAkt PaiphBd e

R 0 %7 & FE iR particle /L global minimum 4 # > AR € ¢y ehh s B

>+ H ¢ acceleration constant % 4¢:# Jz ac °
4.2.2 -+ #2&2¥ & =& (Particle Number and Iteration Number)

PSO ;& 572 7 45 & — B & < Hiteration =t #i > #2;% &34 (7 particle number *
f f -+
iteration =t #c: fitness 2+ & :T‘&g i% 1k o Particle number :H#c® 2 E& 3 i G R

R E P Sl B R B LIRGR ek A 1000 = e fitness 3-8 5 ¥ 4 20*50

e
g

2

£ 2*500 = f& e & > fe P &g 20 i particle # 50 iteration 4 7 exploration Hg, & °

U AN E R P %‘gc} convergence condition k4% & & K © ST arend EfE o &304

BT - &I o
4.2.3 Jeagi~ +7 (Convergence Analysis)

PSO #74] /i & /2 ervlcaci & 2 I pFi% & dispersion index & £ velocity index
2 threshold » 1 * 7 8 ¥ 5F et 32 ' 4] ok 247 F jeac L A4 Jraceh
iteration m % - #73 particle &2 gbest SEZLIAT » ¥ #r3 F 7 o velocity BT
0; T #r4 particle fs4piT 2 # £ # # o Dispersion index § £ velocity index 7 3+

FaofdeTerg o HP | (A4 particle 28k D A& R o

Zg:l 23=1|xid - pgdl
I-D

5= Z§=123=1|Vid|
I-D

6=
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4.3 GLN-PSO %4 4% (Comparison between GLN-PSO and PSO)

#8m GLN-PSO = local best 3+ & 2% # 7| k-nearest neighbor - indexing £ 4 >
2718 % PSO &t 5 4t » 3= &_% high dimension & large number of particles p# >
w2 4 - & overhead » fe d 3P AR 7 Fé“fﬁj 3o pHT R
particle number » # > ; £ —‘g fitness :+ & A Z & i& {7 <= £ pixel #homography 3%

# 2 bilinear interpolation 2~ % & # s 8 fjshintensity » ]t indexing 7= & g i<

% iF e - = fitness 3+ % . pa S A7 ¢ > 2 e Fr parent patch
# % hinitial gue i3 ; O 4¢3 51 local search
1 G e g B

Pk e e

Wt 5
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I % T 3 (Patch Expansion)
51 % & L4 (Patch Priority)

JEF B % % 3V g I > patch e expansion & &% g T priority B ¢ § #iif en
@ Tac® % 5 & Furukawa & PMVS ¥ > @ R iF g R T 7 eh
optimization process » ¥ ® & i patch # ¢* B 3% 3 % independent - 4% 2-4_patch &
T & 538 ¢ = enfiltering 22 re-expansion 4 st 3 $&iF chi 1+ o m Habbecke e
2 ¥ IF PF fugrowing e7region % — 1B A growing region & ;= £ » ¢k expansion
pF 7L~ — 3% seed region - filtering i 421 * 22 parent patch =f % &
runtime ;I‘ e > Tt Fik e surface s gk o Lt TE m‘—;—ﬁﬁ’%’ &
surface i FHL> 2 5% 5 #r-patch #%5 H priority- 3 & d priority #.% <5 patch
A& {7 expansion e 2% i 5 B B2 IR priority $i§ <o patch H expansion patch n
priority. » #& % > F]pt [ * priority K& AL ERE T F R & GHEA FE T p
surface> = ® » Lzg ¥ F i3~ e patch -#ci® 5 T - i expansion 73 parent patch -

& 1§ patch 0 priority T & & q(p) » #ciEma% | R priority 48% > ¥ 5~ 7| %
Bl . %) F_fitness ~ correlation ~ visible camera number £2 level of detail - % 33 =
texture ¥ & #e i& 12 2 visible camera # % 1 patch 4p 4 4£ 2> @ level of detail # i<
sopatch » 2 7 #& % entexture » g2 4 & 3 sapriority o

40 38 E(p) 4 3% patch % adaptive weighting i fitness ~ y(p) # 3% patch
22 visible images # %’ correlation ~ [V| & |V(p)| B4 %] 4 & %¥ &1 camera
number £ visible camera number ; [(p) # ™ 0 B 40 level of detail - 2 ¢ a,b#
% B 3 chweighting S8 (K % 5 1)

4
q(p) = (l(p) + 1é(p) exp (_ %P) _ lbl(ll/?|>

B L 0 2V #-seed patch 2< ~ priority queue ¥ - ¥ i B& patch priority 4 % I

M B~ 1T L parent patch :& {7 expansion > @ expansion Z # & child patch » ¢ <

20



~ priority patch # £ {73 B > £4F € I| priority queue 7 Z FFE B L2 Pl L -

5.2 ¥ it (Image Cell Map)

Ao ok B p g aff4 e + % dense shpatch s 2 7 B SR £
=z B0 2 expansion #RiTenRT patch o 2% P RSB s 2] 5 cell size T pixel
sacellmap Q; 57 % & 7 patch &z BP9 ch@ B » #icid4% ] Pl B R AXF - it d
e B s PHZELIBEFRESEREL & PR ART T D
B ¥ 2 &1 pixel o #77 priority queue P~ 3t parent patch #1 & ix £ #8:T
cell expansion P& £ 3\ /Th:;— #om ¥ it 7_object image regions £ H w % 5 4l AR
@ p ¥ x & seed points, A akd 3| s Ij'*uf» EET A e

#-p FF 377 visibleimage Feacell C;(p),i € V(p): F ke dkiZcell ¢ 2
vRit patch < Expansion A2 % & i€ &+ — i cell 383 5 — @ patch > @ 5 7 &
patch filtering + Zxress cell # patch endt #wfd » 24 i o 2r — @ cell 5c 79 5 47 & B
patch o & T 3- E 2 F R 48 » AP AR (5 R4 » 1 - B cell #7i8 2.4 ik~

patch #ic® Cay ° % = 38 E3F Cpar RI13Z cell ?j&f, % = expansion °
5.3 #Hip AR 2 T & (Expansion of Neighboring Cells)

At 2E A Ci(p),i € V(p) <one-ring neighbor cells N;(p) + 8 i > = &
expansion > & % ¢ 7 = &A% » % - &3 neighbor cell ¢ ¢ 3 - @ ¢ K& 450
patch * £2 p # patch 4piTp¥ > % = #_neighborcell = 3 — B 7 fpARie ¥ & & %3
spatch B > % = B £_% & B neighbor cell ¢ 5% 7] patch #& & 1+ *2 Cpox FF ©

¥ — A pF > d >t neighborcell @ 55 - BigER G ¥ i § 3K
F|ApiT S Hchpatch » A w2 B AF 078 & 3% neighbor cell 5 expansion - 2% i 35
¥ 3 opatch P BEF|H S T g o TP ETHEFE LN po FF L E T 0 BT

FORRE € AR F BT 00 F 2R 4K+ o deT 50 B |(c(py) — () “n(p)| ;
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c(p2) Flp1 2 BEHL > 30 0| (c(p1) — c(p2)) * n(p2) [P Ec(py) Flp, sHEEAE -

|(c(p1) — c(p2)) " n(p)| + [(c(p1) — c(p2)) - n(p2)| <p

n(py,pz) =

2

g o 2

d g nsion o
- B

cell # )| %+

R g 12 ad > #71 0 BT B2 fp , T o

22



%2 % T &gk (Patch Filtering)
6.1 # 72 T 5 iE)g (Runtime Patch Filtering)

% seed patch refinement % expansion s:E 427 » ¥ i € 3 Jracd| F & L
patch » 1335 & S B RRA] > 30 ¢ 2 45 F Rz patch > £ ¥ » 7 4c > priority
queue ® o

B L F1 5 20 & patch optimization 5 :iE {5 invisible camera filtering
V()| < Vipin > PIFE 8 pe % = »d 3T expansion ¥ 4 v » 7 invisible camera »
77 18 ¢ i v texture trap o SR Sk % % IR iz trap s view s patch homography
PG FF AR k5 B AR S G0 window size £ H 5o Aty
homography & 7 window #&: &2 patch size z_ ‘" 5 » F - F [ 3¢ 4 E'M'J“f %
view ' i ¥ e pEE A w0 ik eniE 2 £ F B 4 o H = 0 F R ifos #& i silhouette T o

s g3 {7 visibility test » 4] ﬁ?#xﬁ & silhouette 2_ *} =1 patch

6.2 14 2 T & i§ g (Post-Processing Patch Filtering)

1

A expansion iz ® A P E EAE — Beell ¥ $ 5 2E 2~ B2 ghpatch

A2 f priority queue 0 patch ¥4t & iF {8 5 L BE 1 expansion i Az > & I
A7 i patch 3R AL e ‘ﬁ% Tt ip 3y P filter out er ] H i filtering

A I__ﬁ,fll} model £ 2 » iapFe EEF ﬁf%ﬁﬁ:i’]m“ ,—K%ﬁ%w@ *!L 718 B

;:577_ o
6.2.1 /F A RI3FiE g (Depth Test Filtering)

Aipeny - B filter % p >+ cell e depth test » v i 3k F= — % cell 7 patch
FOA R - B HCAIT G0 1395 z-buffer test cope L A PRI p hkocell ¢ d(p)
g ghcameraview > ¥ A H B E AL TE V()| < Vpin X3 F#H3 po
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6.2.2 T & 4p M 1&gk (Patch Correlation Filtering)

% = 1 filter 24245 normalized correlation y(p) %% > % patch 3 |V (p)|

2 y(p) 4t 2 i b cell s patch & » Bl# p 4R 5 outlier M“ﬁ% ) TG e
Braloa 2 E'H"J‘,!f p-e

vorm< Y re)
p'€Ci(p),iv(p)

6.2.3 Ap A8 %28k (Neighk

p b % 4p A cell
¢ it pa - 41* 53 #%

w8 cell ¢
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¥ F %% % (Experiments)
BAF P @ % o A2 Intel i7 2600 3.4Ghz thr o R AR T EE > At
HpEd 2240 ~ 9 level of detail v pyramid % 4 » &+ ij 42 o3 (A8 5 6GB (Dino

dataset £ 363 & F2 k) > #rIM R (¢ * 64bit eniTE KA T A FEERME

7.1 GLN-PSO £r PSO  #& 4 7 (Analysis of GLN-PSO and
PSO)

et g e Rk S8BT 0 GLN-PSO 2 PSO sifzac s F 0 #+ #5037 10266
i seed patch i@ » = w=08-c, =12 ¢, =15 ¢ =1"¢c, =1% k=5>
particle number 3 15 i& {7 60 =X iteration o

50 R 4k JT ek RS E T 0 20 e N B S O initial St A Y - B
particle - 4 % p & 2% initial 28 %7 44~ ’%’fi’t 9 it el G fE 0 T8 L
3 &4~ initial 82 5 % o 2% 14 seed patch 0 optimization kELZE T < & i

i e fitness ¥7 Jx ar i #c o

Type Average Fitness

GLN-PSO wi/o initial particle 5.0581
GLN-PSO with initial particle 4.1242
PSO wi/o initial particle 5.5116
PSO with initial particle 4.3865

# 1. GLN-PSO ¥ PSO 2_+t #i
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Average Fitness Average Iteration

GLN-PSO with initial particle 4.1242 41.3885

GLN-PSO wi/o initial particle 5.1300 40.2145

# 2.GLN-PSO 3 &+ » initial particle 2 +* $# (convergence threshold 0.01)
BEEFET O APk 58T 2 GLN-PSO # &7 i iF azar® % » 1
# 3 % GLN-PSO g PSO #c » Initial particle s0fFim = o jeacs % 385 #ed
A ¢ * convergence threshold # % 3 & Jzaref /=™ » GLN-PSO v % % % 41

a4

i 60 RAp % fFs A praF B E ¢ 5 * GLN-PSO i & optimization =

& > ¥ 4o~ initial particle ¥2 convergence threshold -
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7.2 pig g &€ R L £+ (Analysis of Adaptive Fitness
Weighting)

P84 AP - i synthetic concave cube ki {T - Bl R ER AL - B
g fhwindow size (61x61)® H % 5 z4EH i T 5 = o ,%’ﬁ“t“ Kfgr v g |
* adaptive weighting (distance ~ difference ~ gradient) ehZ %] - F RS E F R 0 &

o E6Tq mypaﬁgﬁj*“ window%@fﬁUZEﬁ A fAS L BT €S

~

)
¥

A 40 5B Ea S AEREGTH T A3 12 @ 5 % adaptive
weighting ez acs % P B fds -

@ 7 real dataset = % ¢ - d >t &2+ 7 edge gradient magnitude i ;i
weighting > e B 4 3 53 5430 textureless &4 > 4 R5 @ * adapted weighting

e patch &7 % %] % major uniform texture » 4+ ~ local trap o

B 10. - BT 5 window rexample > = B = reference image-> + B = # ¥ — & visible image -

fzd ¢ BHEST patch center sh Pk 0 2124 77 homography 4 #2 &
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With adaptive weighting Without adaptive weighting

(ours) (Furukawa’s)

250 250

200 200

normalized

il

pixel-wised

sum of

mean

difference

% 3. 7 & & * Adaptive Fitness Weighting * # %
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73 # * & FikdE =z i F  (Reconstruction of
Synthesis Images)

7.3.1 2+ & = 43 #3] (Reconstruction of Synthesis Pawn Model)

@ B 1) 24 3k 245 & 500x800 cit 3 & X Bt (B 11) & F > & drdp
bR 54 SIFT f4n-view matching & # o seed point = 3 10266 & >
& 38 runtime filtering 5 5 seed patch #]4% 6490 & ¢ 7 14 iz seed patch B 4~ £
i= dense patches o d % & = B2 ik silhouette &7 e e i €2 i pFEA 5]
» 7 silhouette T3 e

% 4p Fencell size %% patch % & & (cell size ¥ = 2) > £ Furukawa sh&

R OL g 0 A s k) At B patch A () 14) 0 £ T A SR

Poisson surface reconstruction =& & (s B it = &« 4 7 #3185 (B 15) -

B 11. Pawndataset #£+ 2 ifd 22+ 5 % 110 20 56 B 1
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B 12. Pawn dataset ¥ 6490 i seedpatch &z B¢ 2 A # » H @ o= 8 L4pdsd v > F R 54
5k i > e

B 13.Pawndataset €& s ez A B2 4p 82 F > H ¥ B8 L4487 o o TR AP L

S
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Ours Furukawa’s

Furukawa’s

@ (b) (c)
B 15.Pawndataset £ 2% 2 - Bli AP 2or s @EF e (D)EEE% > (05

Furukawa (PMVS) & £ % %
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74 %% ER B RLE= 2] (Reconstruction of Real

hAEOPHRY o APHFTHPEEFEE > 7418 742 * middlebury
hodataset » & E * ¢ Frenfp s 4o#ic; 7.4.3 ¢ shface dataset s P2 * 4 bundle
adjustment eFi4p % S #icie (7 £ 1E o

7.4.1 2 > 9 33 Middlebury &4 #-3] (Reconstruction of Middlebury Dinosaur
Model)

bz B R &Y o A ¥ Middlebury [2] 78 3 4L E Dino dataset > -
T 2k R R P o £ 5 363 R B MU IR ALK B ok v & B Ap E4c B 17
F P Al 5 640x480 5 T E o dwdp i e 8 SR 3R fde o F A AP A
SIFT i& {7 n-view matching» - & * = & ¥ i= & 1) seed point> £ & &%= if &

% £ 2= dense patches
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Bl 17. Dino dataset % 1 o el gan s A2 4 gt B RS <o RAE S R o
Iﬁtb‘%ﬂ/p\ “’g_ﬁ_‘i,l E»Lr?vié k

RN SR PR SEREE S PRV E SRR

silhouette> 5 -t = 5& R i§cm intensity 4 %| normalize 3] [0,1]: " 3k <_threshold
P~ intensity ~ ** 0.15 1pixel » £ @& F i& {7 kernel size 10 =~ dilate £ erode i 2
silhouette &% % -

B A g * SIFT &L n-view feature. matching» ¥ 7z 3% i® 2 seed point 5
3D Z- &R % © Dino dataset 7 6057 # initial seed point» g% runtime filtering
fs 91 seed patch & 1872 i o

-

TBF S d *t camera view shlicB AnE £ 0 5 0 M 4 expansion i# B 0 &

EINS

3

A iz 2 = B visible cell map & = expansion » @ W ¥t& i patch = reference
cell map i& 7 expansion » iz BF % ® AP E R 7 cellsizecng % > §
cell size 5 4 erfi-A| P &g vt cell size 2 enfic ez 25 5 > e BT 7 P B> end 32

PR30 2450 @ cell size2 et P2 & 10 /) BF -
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B 18. Dino

B 19. Dino dataset cell size 2 z_ & = % %
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742 =9 3p Middlebury # B #3] (Reconstruction of Middlebury Temple
Model)

d 3t temple dataset ¥7 dino dataset IR B Ap e > S i 22 741 S 4R 4R e e
R SR T 4 @ % fple 07 2 P17 silhouette B if o B 34 A

w8 % 8 tRaz = dense patch 22 #273] o

B 21. Temple dataset Z & ¥ | rdpis o # > H @ o Bhix 8 £ 4487 o > F ARG APk

B0 TR IR M AT R o
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7.4.3 2 = A % #3] (Reconstruction of Human Face Model)

e [23] ¢ g4 s dataset E e 2 HA o pERB R RS LH TR RO
FEP O OPGETRFIEFE AT AP pE (B 24) 5 i e dataset ehi & Fit
LA AR B end BApSIRS > ¥ 2 4 F S 2 £_uniform s $3 expansion F¥ £
P e visible camera i B~fi g PEERIE o 27 Furukawa g S Ap it o d 3T iRl 27 1 i
s F Ak L B+ s wx Furukawa snEaE R R T LG R F I 0 A AP e
=& %15 %+ 7 parent patch £ camera View » i it i B~ T R I8 a4 0 £
EREREE (B 25)-°

¥ = nF|EpEk &8 i o 40003000 ¥ f R R ZRERINA G P AR D
textureless » @ & &/ B R §* 31x31 o window 7 355 »x:r texture & [l 4% 5 i
o A0 ER 5 textureless e det 2 i % % level of detail mﬁﬁ%}* e E Ben
pixel efy i 4 > @ 2L3 4 window size > ¥f3* optimization s4c:# 3 P! Ba e L o
A FAFL £=08"%~+ LOD % 10> ~ ;T‘.%ELH—" # 7 31x31 = window p
P 3 11 £ T %) 288x288 Tl ikt it 4 o B2 * FH 7 61x61 windows size 3t

Fap FREEERET I 1B PFSER G 945 1P

Rl 24. Face dataset ¥ I % ¥ (% R) 2 4p 8 4 # (+ F])
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Ours Furukawa’s

@] 25. Face dataset & Furukawa & = % & & W i

B] 26. Face dataset cell size 2 2. £ 2= % %
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¥ A% 2#He kg B (Conclusion and Future
Work)

8.1 ¥# (Conclusion)

~% < 41 * inlier feature matching srcamera view # &+ 3 =nvisible camera -
¥ 143 »xfiE A foun-uniform 4 # chcamera view i = visible camera 3 & 2 R 4% >
Ea EH FEHEA DR EY AR RGER RGN EEF R Y NP
3 camera view sne3k F ok ek if 1> T 2 Furukawa cHE iE 4p vt 3 i dp
B e da i e gt th s $4T textureless 4 48 24 high resolution image = sampling >
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ek 1. 8P 54 (Symbol Table)

Descriptions default value
%4 A set of cameras used to shoot the object
I; Image associated with camera# i in V
0; The i-th camera center
P; Projection matrix of camera # i
P;(x) Projection of 3D point x onto image plane I;
P Patch identity symbol
c(p) Patch center of p
n(p) Patch normal of p
V(p) The set of cameras seeing patch p
Vip) eV
R(p) Patch reference camera R(p) € V(p)
r(p) Unit ray vector from Ogq,) 10 c(p)
lr(@)Il =1
d(p) Depth of patch p
c(p) = d(p)r(p)
D(p) Distance from patch plane to world origin
q(p) Patch priority value of patch p
l(p) The level of detail for patch p
[(p) = 0 stands for the original patch level
L(p) The shrinkage matrix for the image at [-th level
of detail
2,(p) Patch extent at the [-th level of detail (given by a
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set of image pixels)

y(p) Normalized texture correlation of patch p
v, () Reference correlation camera (See section 3.6)

C; Cell map generated from [;

Ci(p) The cell of patch p incell map C;
N;(p) A group of unexpanded neighbor cells of C;(p)

T Cell size (in 2D image pixel) 4
Cnax Maximum patch number ina cell 5
Vonin Minimum visible camera number 3

u Patch extent radius in Iz (in 2D image pixel) 15

£ Level of detail scalar ratio 0.8

v Intensity variance threshold 36

a Normalized texture correlation threshold 0.95

w Visible camera normal correlation threshold 0.87

A Homography window ratio threshold 0.55

A Neighbor support ratio 0.25

B Depth range scalar (pixel) 0.25t

o, Patch distance weighting (u*x2+1)
3

o Patch difference weighting 128*128

oy Patch gradient weighting 10.0

. 4 BFEE
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ek 2. m¥EAZ A5 (Pseudocode)

Input: multiple images

Output: a set of dense patches

I. Compute SIFT features and do n-view matching for all camera images.
Il. For each feature matching
1. Compute c(p) from triangulation.
2. Initialize V(p), R(p),n(p), d(p),r(p)
3.  Optimize patch p using GLN-PSO algorithm.
4. Compute gq(p) and push p into priority queue.
I11.While priority queue is not empty
1. Pop the top priority patch p form priority queue
2. Initialize C;(p),N;(p) wherei € V(p)
3. Foreach p' of N;(p)
. Initialize V(p"), R(p"), n(p"),c(p"), d(p’),r(p")
ii. Optimize p" using GLN-PSO algorithm.
iii. Filter out invisible views V(p') <« {i € V(p'),t; - ty, () > a}
iv. V()] <Vpin ,drop p’
v. Ifall |€i(p)| = Craxsi € V(p'), drop p’
Vi. Compute q(p")

4

vii. Push p’ into visible cell maps C;(p’'),i € V(p') and priority
queue.

IV. 3-Step Patch filtering

3 5. FEEEEANE
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