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Dense Multi-planar Scene Reconstruction from Sparse Point Cloud

MIAO Jun’? CHU Jun? ZHANG Gui-Mei? WANG Lu?

Abstract
texture, there would be problems of over scarcity and holes on the reconstructed point cloud by the method of multi-

There are multi-planar scenes everywhere in our daily life. However, given its lack and self-repeat of the
view reconstruction. Further, there would be vacillation over the reconstructed facades using the method of fitting
the reconstructed point cloud with miniature facets. To address these problems, we propose a method of piecewise
reconstruction of each plane from the sparse point cloud. The proposed method first improves the J-linkage algorithm,
with the stratified sampling instead of the random sampling. We then fit the point cloud with planes using the improved
J-linkage algorithm, to obtain the multi-planar model of the scene. Finally, we extract and reconstruct the planar
regions with the multi-planar model as well as an unsupervised segmentation algorithm. Besides, the non-planar areas are
reconstructed by using the clustering views for multi-view stereo/patch-based multi-view stereo (CMVS/PMVS) algorithm.
Experimental results of the multi-planar model demonstrate that the improved J-linkage algorithm can enhance the
accuracy of the multi-planar model. Also, the experimental results of 3D reconstruction show that our method not only

can effectively overcome holes and jaggies problems, but also can model the complete planar regions.
Key words

Citation Miao Jun, Chu Jun, Zhang Gui-Mei, Wang Lu. Dense multi-planar scene reconstruction from sparse point
cloud. Acta Automatica Sinica, 2015, 41(4): 813—822

Multi-view reconstruction, 3D reconstruction, multiple structures estimation, image segmentation

2V g 52 A B A S5 % L — R, Bl 2V S = R (IR R i

Wk TR I I A BT MR B
R IE R ARG WA R L R AT DA K = ¢k
S W AR A T AT )2 (RN ),

Wk H Y] 2014-04-22 e/TTH Y 2014-10-13

Manuscript received April 22, 2014; accepted October 13, 2014

FHRFE R 4 (61263046, 61462065), 1LFI4H HARFRHE R 4
(20122BAB201037) % )

Supported by National Natural Science Foundation of China
(61263046, 61462065) and Natural Science Foundation of Jiangxi
Province (20122BAB201037)

AL THEME W=

Recommended by Associate Editor JIA Yun-De

1. MEKFHR DY #E 330031 2. M EMAKFHIHILM
WHIFHT #E 330063

1. School of Mechanical and Electrical Engineering, Nanchang
University, Nanchang 330031 2. Institute of Computer Vision,
Nanchang Hangkong University, Nanchang 330063

FEAEAEU ) F1 2 H AL AR A0 I P R A
i Sk PRI AR ORI SR, (HE i T EE AR
S MEAMRRWL &, B E RISy,
ST 2 H SLARRLSE ) 5 2R 38 AR s S N —
ARG B, 8 I SKARAHBLI 2 B LT 454, SRtk
R R = e IR VLA O N AL
PR Iz 35 B Ik B 51458 (Structure
from motion, SFM)[68=101 FIZ W37 4& (Multi-view
stereo, MVS)11=131 SEM $7 A JH # 3T 2 41 541
BTG JZRFAE (SRR 68 FEAR LA &5 4 £ 5RO
(U~ K Ra) a2 g A 10 SRIKEARDLINIZ
S HMI R 45K, Snavely 581 41 B (X H
WG O R SEML J7 ik RERS HERAAT 21 AH L A



814 H | 1k

F {4

41 %

SNSH IR R 1) = i3 st E @ HdE. Zhou
G001 S Rk A I RN PR R b i R T A T
—AN5EE SFM & 48, Furukawa 25181 312 Hi 1)
CMVS/PMVS (Clustering views for multi-view
stereo/patch-based multi-view stereo) 1% 1] ¥
SEM £ A SRAF (1 4 ik i = A 9 M7 s\, A H]
CMVS Sk AR A o0 G PP 5 EAT B8 26, 11 1) 2k
T AL ) PMVS B3R M1 1) J& 1 4 1K
9 323 (AT 0] 5 22 B v, JFAE R 80t B — Stk A
4 Jry A WAE LT S BOb . SCHR (8, 13] HSE
R, BEEH] T 2R SRR, AR T T
2 W A T B AL SR, 2P T R
BUR LW RO — ., B NLE. XET Ry
AEVG FC A2 AR AR T R S0 PE B, E R R GO
BTG SRR () 2 Tk = UL FCRFAE, R ) e 1 B AR K R
B — SR IR, AT A IR A, PRI AR
AR 2 AL, S34b, AR, SCER [13] 5
TR KB 4G R RSP,
ST PR RS AT

AR, K H 4> BTl (Piecewise plane)
TSI 221 TH] 37 554 R A e T 5 o 1) L3I A0~ T F A6
e . 3 7 ) S BREAE T B U S BT XK
o3 BV R E T VERET 7 o piEk: 1) ORI
Y UG A5 BT X 2y v S B R G
s Ze KR AL, SRl I 0 B AT B4 41 5%
FRPCHOP DI, DRI, o ) 45 SRR T SR
ST WU ) R D PERORS 2. 2) HE T 2 U5AE B (B AE R
RIE BN = iR s ) Fgk18-21, 41 Sinha 250)
BT R s M BB, B, ikl
SCPARAE ) TR, SR 05 T BRI AT 56 45 78

(R BE B 231 P T X 8k, Gallup 26119 K4y
BV E i 7 A CMVS/PMVS JiiEAHE G B
Yyse, UL br s S AR AR IS5 4. 1%
7 e g s AR g = 2R, RE
] Multi-RANSAC (Random sample consensus)
VAR R 2 s (PR b P 1, P P R 4y
F P i X RSP i a5k - CMVS/PMVS
JivEE . Hane 25200 $2H 1 7 B R H T B
15 A 4 G oy B AH 45 6 10 7 V0 % T g
P TR B BEORE Y 1 A5 v S 3 1R - T DX 3k, PR ik S
Mk [18—20] 503 v M Al FH et SR T 1y 44 ek 3 e A
TR IS B PR FL R0 P T S (1) I 5%, AR S B B v
SRS K 37 55 00 RS e 1100 R 8 1] 75 2 AR v 1Y) i A
A, Toldo Z52Y FJ I 22 - i A5 B o1 B R
(J-Linkage $%) MMibi — 4 s P Ak v~ i, B T4
B R 25 FEAS BRAGIR BE B ISR S A1 5 B I >~ 1 X 35
B R H AR T ORI S s Y AR T A
FE HEBR 37 S B0 S 1R 250 X3k, 1y ELAR 25 2 4 5 A i
X 3.

ASCHEH — Pl = 4R 55 a1 = 1 22 1 A A
THRUE B B e R o FIA S5, TEAME BIR
BRI AT, PRECE IR 11 X 3k, 7 B —4E %
g s T, PR AL H BIAE T e IR s
TH A 28 A R B9 1 L9 R~ T 00 5 I8 %% () [ B, ks
e A e B . A SCEVER AR WA 1
Fiaw, 156, H SFM £KRE 3k15 3D bt s =5 4%
Ji, BE TG AT Z oAb E. b B, K
Ay AR LA, X J-Linkage 5921
TR R RAE AN T g, A AT ) 45 R kA %
B, BRI IR VT R A R T e A A DA I ]

Z K%

CMVS/PMVS

K1 EEEERTE

Fig.1 Process of our reconstruction approach



4 17 BHEE TR S a2 Py s % md 815

(Relative neighborhood graph, RNG), Jf A 3}/ i
gy FIFRIL, AR T NP (Geodesic star con-
vexity) BEIMG I RIFESR U St rb 11 X ks ),
X PRI DX S AT @ R Rl S, R PRE b s ) Y
Bk Sy AR H CMVS/PMVS Sk .

1 EF i J-Linkage B fhit =4 T |
RE

METN I Z AL G A SEM 2R E 343 11
YR s RS SRR BRI B ) R A
LR R EATREAT 4y B I, W) 50 BRI L i
S3EC BN EATE BT N () 3 5trh (P i 2 b B e
THEAT Z P A T

J-Linkage 522 i1 Toldo %122 & [)—Fh £
SRS RAL v R EE SRR SRR BT
— R S (R K R SRR T AL MR & A R). 1%
LA Multi-RANSACR3! S0k RE 75 5140 1R
EALR S . J-Linkage 50928 58 N EE sS4 G R
BENLHIIBUR o AN Es fAUE SRR, R BRI )
OH B A RIONE & S A e R M, #fE A
BT 5 ) e /N AN e BT R — A e/ KA B
(Minimal sample set, MSS). %/ MSS 42 ),
A] DA A, R B T B e PR ARE AR S48 )
W AR JE il — BUE A IE TR R s RO TR
A5E G ] 155 50, B4 1) [ 85 e i R 1) [ S U )
b BRI, BRI R S R A HA BN
(28005 I, B 20T (R4S FESE B 2k 6k 13 () AN [
LY S5

AT IR SR ) MSS 2 J-Linkage 512
Ja WK SEA.  J-Linkage 5535 6 45 /N Y Al 152
() A~ R R ) 2 BE LA, X R A 7 A8 Y )
TR S PR AP B 2 AR K B s, AL
LR I AE AU BRI AR IR S T B, 1T
(PR S48 mT R sl bk 25 2K i dan, H SEM. 3454146
M, S0 X S 2 HL, iSOG
(1) DX 3 4t 5 /> HAR B, #7 J-Linkage iz HI7E 002K
(1) 52 H A T AR TR SI A IS, 0 A %85 5 /N TR AR 7R 5
Bilmhos B2k, AR 202 R . Rk, AT
KA T — Mo BRI TG 53 TR R I T AL AT 46 2 )
ARG H4) 5], M J-Linkage 7EIXFE R &5 25 012 4T I,
RESRAF L aF A, FARERAE W T

$IR 1 (K-Means %), &—3tf4 N 43D
Hedm it BEASECE S VA A5 0 25 ) AR bR AT —
B AR R = Pz, y, 2,7, 9,0), ATKHE
HLP) K - Means SEEHE G HAR i K A2, /I
SEUN NSRS

=S5 il P gl (1)

i=1 k=1

b, vy AEEARE S P BRIHSRBIE B RIINHE R 1,
A 0. e R kb BEAR s 051
BB 2 (REZSBRMMH). P 1 PREN
K DNEIANFFIFER) K AN 2, A2 RN REA
B 5% BB R R AEE R GE B, B3R B 2
() A REASC
= M 2)
> N; x oy,

i=1

Horh, n AFEARRBEL, Ny W5 b JZHEARREL, o) N
5 EREAT .

w1 (2) AIAN, 22 HAEACE EERR RN, FEAS
T ZEARR, WA b BB PR AR K 2 s L R B L it
K, RZIRR. AW, Sy R, BE4S MSS (K750
PR SR, 8L A AL A 2R B ) i AR

B,
2 THEIGHTFEXE S

2 TR R SE R AR RS Al T, B R
PR A =i A, JEAGE R T =Yk
ST A BRIAT 1) PR Y ) = 4 1]
R340 5C AR AN 55 001 1 X8 BB ORI, AR AEA
JRT B S T 4 55— B 28 )P T X 3 2) A
AR 2R S g A 5 1 1 X R P8 0 o, R
A SR 1% = YR TS I A 2 P B i X
RIBITAT R, 2 DI /D B 25 P o, U S A 1
T DA SE R AR SCRLJE T CUASIN HY  % = 4k
[ITREAE NPTy B T i e S BNV AWE 5% N &
ZJy i3 H R ) P B (1 1 DXk

2.1 MitERNE

I 2B AR IR T Veksler4 $2 H (10 2 T8 7
B BMENE SO WMRAAAE y BT e, 1f
RT gy PTE p, e Bl p MEBWALT y
W, WS y BN EITE M EE, ¢ BERAE y 1l
AL IXRERAE S y MR AR, WE 2 (a) BT
/IR X3 o B SNV I [T TR A el b=t~ =i L T 51
VpeQ:peS& S, =1, Q NEBEL

FE3CHR [24] J5i 3 F, Gulshan 25200 i
By e 2 2R (- 2 (b) FiR), REE A
O e TRAPOSES O, s ¢ 5 p MEE
P RANERAA © F p MBS T ,. €L
% O B p MEFIEE (BRIKEEE) d(c, p), Hori



816 H | 1k & £ 41%
SO TSR] 17508, X EBAG FE AR e )
Np

C(p) = arg Icrélél d(C, p)7 F@,p = FC(ZD)aP (3)

(a) A MEE

(a) Single star-convexity

4 1 A

T

A

o
L

(b) ZEME
(b) Multiple star-convexities
K2 RBnE
Fig.2 Star-convexity
2.2 MEROERORMBER

SCHR [24—25] 1T IR B IE RO SN B
RIGH N ] T -G 3 &, (HFR N TARY, BAEFRid
A (FhoglE) A S, DRHEAS BE BTG B ) 20 1.
T8k, FIRABATT I 5 AR R e 23 1 — AN RS H
b O T SEBUE U I 2 3, BATE R,
SR A TG LS A B B A AT 2 T T AR X
BRI 7 I RETTESE, JF R 230 245 H AR, 2
T AR L) E Bl A LR AT ST ShR L R A
X EEARAC L C IR AT R = Y11 L 5 i B s FE A
KA.

B, LR AP A AL J-Linkage 5%
SR T 8 s i = e AR bR A EAG TR S, i
DAAEANASE IR S48 5 (1) = o Bt A U 8 A 11
3D i, FEAEE & TR PR A 2D 1A X
I, XL AT RN AAE AN IR T Fr . WA 3D P
AL ) = 2 i FOR Y BB — A i X, A
KA RS RGB Bl = M3 L a*b* Bt
ZFIH), 7E L*a*b* ZE A H] K - Means $Ex] K5t

_ ; 2
M(X,c) = izzlal“gmijXz | (4)
Hp, X RoREB1% %, ¢ WEEPL, Np I
RS ¥R kb OARALEEUN, WA M (X, c) =
1,2, k.

RIE, ARG 3D SF L KR TR R
WA SFM BTk 8 e MikE P #3) —4E K
%, Mu(z,y,1) = PU@,y, 2, 1), ¥ u(z, y) 18
AR (4), e H AT

L

A, RTINS = > S (u, 0), IF
K Ormase KT DY RS PP AL 5 () R DA 9 R, AR A5
HAE R AL T ESR IR, 6 HS3Z 2085 k
RIS, 2 Kk AETRE IR, WG R X el 2,
& T[] — DX s U ks>, DRI 6 (AR /N, 3 AT
R8s RIbR il D, mRAFEEIATERE, L2325
BRI, FIBE, k(IR S 00 A R X I
KREMLIGRY], k=4~ 6 JZIEA LR,

IR B S EON R R D, IR ANE S H R
PE 0 B B AT S sl sehmad, HiE R SRR E
2850 ) o3 A AE AR R 2 AN Dk . PRt BT
PN SR USR A bR 1) [R—2k, BE RO 4E (R
50 RS JE T AP X0 A 2) HRetk, B
Ja& T P T DX ) R 2 R A s, U A A
SR TS Sobrid. e AN o5 20 ) 1 i 5 2
B Ry m, BIGEX AN G, B SEAEREAS T X
AT ICARIT K (Relative neighborhood graph)

G, =V,E), i=12--,m (6)

SOl VORI BN FIFTA 14 5, I A
R VR B RE R, YRR (u,0) 8T
R FLCA 8 o A R TR 7 A .
(ARG, T LA R T4 3D T
TR m AHESCARAE I K/ P T A
TSR B 48 352 SO MG O, AERINX
S S AR AT IR0 93 SR O, (1
F B R BB
23 FERESH

SV X3 o) A AN SRR [25] 2R T, A
H Graph-cut BEAIIEAT 201, FISCHR [25] AN A2,
ARSI AT PAS3 R H 22 A X

10 B3 R o Bk R, R R &= RS
O; TEATTsehrid, 5IFE R R O; SMYH AL S S



41 SR T TR A = 2V s s 817

O; (=12, ,i—1i+1,---,m) bric AT R
& XA /MU R
E(L) = Eaua(L(p)+
PEQ
Z AsmoothEsmooth(L(p); L((])) + Z El*(L)
p,qENe =1

(7)

Ay, LS (R, Q ZREGEELES, Ne
M BEINBE R, Egara AEIEIN, Egnoorn N T 1H
T, Ef (L) 3Ron e AR X 22 AR 5

RefE. AEEPAEL
L= i EXL
argL;ggl@)i_Zl Y(L) (8)

(1) de /MBI B e 7 . 3K, S*(0) &
RUEES © FE L AN TR,

ST DX IR 23 1) B AR AR TSR P8 0 Sl 1B A T 1,
RS P A5 A R A ]~ 1 DX S8 A0 A ] A o R AR B
SE—B0, B ULy RIS I 45 RN 4 R — 3. H2Y
B S il o T DR e ST P N TS
W R PR e B A N G5 . N T 4 o
(PIRE BE, A SRR SRR [13] 575, R Z ALK
Z RN JUART IR ZR R0 E R DI A T — SO A .

e, B AR s R AN I
(Cell), C = {p1, -, pes=- » pr}, BE—DICHKAN
ot xt BRI A, po = {pes s Pew ts
Pei; = (wv )T HBEIF AR KRG, ¥ooh
pe ML YEHRE H, ;. BOERNSHER I, #45,
AP A5 ) B S N PR R RS H g, o A A 0 1 A5
I EXPRNR I g 2 S E G L F R
S THIASE 2R 1R 0 M L SR JE T3 s i X, 84
HHAEER B o DR N S VRS ). — Sk i
JAI T AL T UL O AIE s R T M T 4R, B A 1w LR
Bl 8. 70 B SR F URRAE A3 9 Hrota ) 8 Al 38k [X 45,
ARSI L s A4 B A G (Normalized cross
correlation, NCC) {4k A Wr o Mo i UTAC, H kA
VERE A e X 3. BT SEM [ 45 5 b L3R A5 DS AR
REAIE SO R [P G, AT, R 98 e 1) — 3350 ) i
ANE A R R AT, 1 R A A 2 DL BCARRAE 1 LR
BRI EAT

3 FESETFEXEMNER

AT B ER RS P I E R AT,
FEPIAS A 1) R AT A 2D B84 21 (A F i B A 3
ST FI AR, N — R R R X 2) )
%%k (Photo consistent) X 5 =847/l 4.

YT 2 MEERY, s WA S 2 A E T
HB A I, BRI 5 K AN R R R4 31 1) = 4 s ik
TRl . % B P A EUGIE 15 SR A R4l
oIy, FIRAE SR G TR K, ASCRINT —
T B 1) X 5 20T AN [RI R R SR AT K = A 30
HEAT TRl

1E2 BB SEFM H5rh, Al 123k 2 BRI
VLBCAHFAE, T HIX 28 — 4EPURCRRAE SOR B ) =
YERE e RN . = RO R
PG, R 21 0S W AE 25 B G 1 X8 ) A B 5 Y
YRR AL R REAS ST T DX = Y R
(Convex hull). 7@ ™M jE, R LR E A E
A FIH Y 2D S XA R4y, DA LR AIE
YT T X AORT A T D) — S

5 — R R T RE L 2 AP O, A A
28 1 e Rk E A P T AR A R e S
i, WIFEWS SO, A Y gU s 2 A S
ANREIA B E 54 (Realistic texture) RCR. T
R A VAR, AR SCAS R H 22 R0 s DR G 1) 7 68 BT AT 1R
FHATUCEL, 102 K4 SEM V150 it 75 22 1R 5505
e, WA B AR R P 1 X SR e R T T
KA RS I, AR 0 € mmq, IR
2DAFAE R b e m, AT

la—b| <e ()
<]\7i—1,a7]\7i,b> <40

FRAE, W0 o R AR B PR AL kAL e, il
EP I Ao
R (9) e PR REE B B, Ny, R
Ny %3 a R LR, () HPREREIS, 0 Jff
i B,

N TSR, BSth AR (555
S ARSI 19V I 4) RH CMVS/PMVS &
LR

4 SLIGLER
4.1 HERGTRE

21 T BT AN AL 5 3 5P - TS 50U R
111y HLA AL T 3 S T B = A i 1 2R
JAF R, DR R A ) 22 1 T AR 0T 47 5% v 1 T X A
(K373 40 5 S AT SR S AR SO0 ek i) J-Linkage
LT SEE AT T 2 P il S KT i A R A 7
SEHG, R SER 45 R Toldo 4522 (VAT T 1
B N ORAE U B A 2 U, P AR SRR 23 00 [ —
A = e L s 2 BEAT P A o ol AR SO
RIS R A e A SRS S B B sty SO [22] Sk e — 8K
(R, DRI AE B AT FR 3 S R mh A R AT ) 0 24 (1)



818 H | 1k & £ 41 %

n, R . MSS). RAGTRER. B 3 5 s AN EdE, 28 8104 3C
& 3 04 “Dunster” FPAIEBI=4E m it wk [22] SRS, B =S ARSCEIRER. WOk

(a) 3D i AL (b) SCHR [22] MIRERAL () A% BRI o

(a) 3D sparse points (b) Models estimation by [22] (c) Planes estimation by our approach

(d) BN (&) (b) 13D FHI2D Ay () (¢) 13D mf2D Hhs
(d) Input image (e) 2D positions of 3D points from (b) (f) 2D positions of 3D points from (c)

3 “Dunster” 375 FIHRIBEE {5 11

Fig.3 Plane structures estimation of “Dunster”

(a) 3D Hiffi i (b) 3CHk [22] FIBLEL A Tt (c) (b) 13D MI2DAFE () F T 3CHk [22] Mor# (e) FET-3CHk [22] M ER:

(a) 3D sparse points  (b) Models estimation by [22] (c) 2D positions of 3D (d) Planes segmentation (e) 3D reconstruction
points from (b) based on [22] based on [22]

(GEZNELES (@) ALEERIBAU T (h) () P3DAHI2DAR (i) AR () AL I R
(f) Input image (g) Models estimation by (h) 2D positions of 3D (i) Our result of planes (j) Our result of planes
our approach points from (g) segmentation reconstruction

4 “Valbonne” 33 FIHA R A 11

Fig.4 Plane structures estimation of “Valbonne”



44 SR T TR A = 2V s s 819

[22] SLikgE 0 (B 3 (D). (e) WAHH, Wb “H
[0 EAT R J7 % Ak “WigT”, SCiik [22] HIA(E
¥ “HUTR AA AN, 1 AR SCEE A A ) —F
[T CIL R R RE = W S EN =P VA R R [ T
AR R 4 R A, IO DRk 43 2 A T LUK
— B Hh L HEBRTERE AR Z A1

Kl 4 &%t “Valbonne” 35 E 4 5L 5.
4 (a) A (f) MHAEE: “Valbonne” 741 51 =
YERf i L FZ T A ) — IR E AL B4 (D)~ (e) b
SCRR [22] BV B B 4 (b) PR A R
Bl 4 (c) Ky =4 O AR UG L 4, K 4(d)
H(€) 239 hHE TSR [22] 03k 101 1 43 1 R 5 &
LR, B 4 (g) ~ () AARCEEREG R, EERE
4 PRI “HOE JTmATAE AN (K 4 ()
TR #1 B #2), SCER [22]) FIEIEARAG VX
PIANTTI . A S S5 3 (B 4 (b)) W& H, X
AN S i ) SN DS o R o ) S B A
N ASE A 5 /N S TR PR A /ISP T A 0 o (O 1
4 (h) AR BT A RSP, S8k, WE 4 (c) &
BB, SCHER [22] BV R O Y. RS- T A
TrAE RN N A, T AR SR AE 4y 2 SRR K S
MUHEBRAEREA 2 Ah, IKAF R T A A5 V11 i 2 4
TR, 30 n] DLy J5 S G o R A R, BT 21T
VERA S . B 4 () A (d), 78 B H g s 5
B i DX I P TS A U PR AN ME A 3 BT T X 35y
VR, ELVORAE 5 S R v AR ™ 4R 1 R BAXS
BEREEAT IR AN, A0 22 AT A R X S
(Wil 4 (e) HFTRIIR A IK), e &) g 4l 1
PR, A SCEES Rrh, Wl 4 (1) M G) P

(a) A 5 (b) SFM
(a) Input image (b) SFM

i

(OPN YIS G
(e) Removing outliers (black
points)

() LB AN R 1 43 )

(f) Segmentation with

removing outliers

7, O B AE O 105 B 508, ey
1§ 8 0 TR O,

42 SITHIFREELE

T B UE A SO S SR OR, AT
T Z ARG E S AT, B =EN
s E SN E R,

B 5 O “oiim” BB FISE SR, Sy st
10 EEGEN IS KR REAIPLIR 2R,
B IKI 23 HE 3 720 x 480. “SLifi” 5 K4 H
ST DA, B AR AR X (T ). K
5(c) 2V HBRAL T =, Ml sl 26 AR 2 KR
R YRS AR ERSR R, BT S (d) o E 4
RATLUE H, RO G AEAE, i EUREAS 1
DAL TR IR, M RERAP R (B 5 (e) BT
Ja, W 5 (f) Pros, B TP 3 Ear sk, HAb-r
I DA E A 3R] N SFM EE R (B 5 (b))
ATUVE W, BT EGEEE D, W16 8 s R D,
R AL T 5 5 AR (SF T 4), H T2 4
AR, L EE AN CMVS/PMVS 5%k
(& 5 (g)) e SFM AL RATIR K Sk, (HIX B K
RS TR AL 0 DX ST A AE FLIR, A SO (18
5(h)) ££ SFM s 2548 o )1 1 X 3R H 20 B i
FL, ANSAEAEALI, BRSO BT

DN TR A Tl R R A 5 R (Y - v A T
Bl HE R B PP AL, AR SORT 22 RN T F SR AT 0 1 2
A S T S R F ey ) KB W N e
AT BRI ZE (Dinean) ARG 22
(Dsta), 7355 SN

() 3D RiXTRV2D Ayt
(¢) 2D positions corresponding
to 3D point

(d) NEBRS 2

(d) Segmentation without

removing outliers

(2) CMVS/PMVS&E YL
(g) The result of CMVS/PMVS

(h) A SR R
(h) The result of the
proposed approach

5 R EETIIEE.

Fig.5 Reconstruction of “Desktop” sequence



820 H | 1k & £ 41%

#1 SFM. CMVS/PMVS A S )V 1 Fise b s

Table 1  Comparisons of planar jaggies of SFM, CMVS/PMVS and our results
K& 741 SFM CMVS/PMVS ARSI
#1 Ui 428/0.093/0.074 713/0.16/0.137 14 836/2.477TE—04/1.463E—04
#2 BT 2312/0.128/0.136 2954/0.111/0.11 25354/2.497TE—04/1.4477TE—04
#4 I 246/0.172/0.168 4533/0.169/0.139 22264/6.784E—03/3.2288E—03

#5 R 365/0.085/0.116 2417/0.125/0.189 37367/0.012/7.2390E—03

(b) SCHR[21] H~F A (¢) A LA G v

(a) SFM (b) Planes estimation by [21] (¢) Planes estimation by our approach

(d) SCHR[21] 1R 1t
(d) Planar patches extracted by [21]

(e) SCHR[21] (¥Fff i )
(e) Planar patches extracted by [21]

() A SCELTAPEHR - 1 D

(f) Planar regions extracted by our approach

(g) A LSRN T X I

(g) Planar regions extracted by our approach

(h) SCHR [21] SARE S5
(h) Reconstruction result by [21]

6 “Dante” BG4I TE &

Fig.6 Reconstruction of “Dante” sequence

(i) A SCELA R

(i) Our result
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