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Real-time Progressive Surface Generation
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We developed a progressive surface generation technique using stereo image sequences,
based on the development of a method for simultaneously estimating a surface and
inter-frame camera motion. Several component techniques, including stereo surface
reconstruction and simultaneous estimation of plane parameters and inter-frame motion,
were implemented into real-time demonstration systems. We also developed a method for
progressively generating a surface from the camera positions and 3D point clouds obtained
by an incremental Structure from Motion technique, enabling us to confirm in real-time the
surface reconstruction result at every picture-taken time instance while taking pictures.
We won the best demonstration prize in SSIT2012 on the latter demonstration system.

AR E R
(BHEHAL - M)
B [ A it

2009 4 i 10, 900, 000 3, 270, 000 14, 170, 000

2010 4 8, 700, 000 2,610, 000 11, 310, 000

2011 4 8, 800, 000 2, 640, 000 11, 440, 000

2012 4% 7,100, 000 2, 130, 000 9, 230, 000

R 0

woFk 35, 500, 000 10, 650, 000 46, 150, 000

TR B« A B s

BT E DR - B AFRT - ATEEHRAE - FEER R T 1 7 R

F—TJ—R:astPa—FEVg

3 WotEtl



1. BRSO ER
— B9 72 3 WotEHRIEAN CIlE, AT LA A
TRL—F LT A REDE Y
PRAWEEHANC LY, WiEEE oS0 3K
TR S TR —% ) ELTHEST5. L
L, BEhaAR > hORIESCIRGE#R R D
ST, MKONENDOEREET TH—
Tz A REIERR EOERE & HICHETE
THZLENRROOND. Y—T7 2 AERET
LA 1L, LEROFHTFECL - THE
TR BET — XKL, BEDOY—T7 = RAET
ICHTITOET 7a—FRnHWEND N,
JARRKEE GO AT — X Ik 58
FPEONB G RIIEMECHE 2 2 R
TV, FEREICKT 2 —7 = R EKE, 18
JEWGBHIIGHTE 2 X227 52012
INFETLELIFR ST T —F T —7
T AEHET HIVLERH 7=,

2. HEOEMW

AWFIEO B, BEIT 50 A7 ZHWTHk
HLEEBEFTICADTEICY—T7 =
AEAERL, BEIRDZV—T7 = A LHA
L CHEWRIET CTp < i 24 5 &
EBIT, TOXIRNEEY T LE A LNTIT
ZAHBYVAT LERBETHZEITHoT-

3. BFEDFE

KW Clx, vy 7 —7 2 24

& FEETHICHIZ0, AT L ARRSE

@%Aﬁ&?é# AL AT 4NH AT
(Y i 7 W@%Aﬁk#é&~ SN

TWE 24T D .

(1) 27 VARG EZ R 7Ly
T Y —T = AR

REFLOBREORETHD XAV 7 b
A—=VUT ITAA L NERWEAT LAY —
7z AR BIEL, AT L ARBRS|EE
MEHF—T R T L —ADH AT EH)
Z[RRFICHEE T A HAN A FZEBR% 5. £ L
T, 7L —LABIIELND Y —T = ARG
RE, TSN h A TESHEZHNTHEAL
Tz ticky, YurZvo TRy —7
= AEREEBRT S, 2720, BEOFET

— O FICERNCED T 2 RITA >
VaDEREROBPITXEWESTHZ L TY
—T7 2 AEERLTEY, T4, BirD
Rz cl oYy —7 2 22 HE69 52
CNNEEEL 70D 2T, ARBFFETIE, R
WCED T T — )b REEFERIZIBWT 2RICA
TV aBED, TOEEROME (% 1 AHEE)
FHETHZEICE DY —T = RAERELT
. TOIFETI, I A T EIFHEER RS
BT L —ATBITDHT— )L REER L T A
THEREOBREANTE 5700, £7 1

—AIZBWTH—D A v all
T AERBREL BA DD,

LAH—7

Q@) AT A NHIATEBERH L7 2 s
Ly o7 —7 = AR,

Structure from Motion (SEfM)FH: i Clix, &
BOTREBGEN D, FHEBEDO T A THREN
%k,E@$®%@ (D 3 IRICJEAE & HETE
THZ EICky, HEHCKD 3WkoeELE
179. _®&mi -7 mEN AT &
HE, FTOEBOH AT RENLEZHEE L
Tﬁﬁi’i’ﬁﬂﬂ*’“é LWL 7Y A H L
TRV IS WA, 2 TIE, £,
ZDA 7Y AT SIM DAL A )R
HINZATH 2D T T Y XA HOUVWTHFGE
B %Z21T5. £LC, SEENPLY—T7 A
AT DB ENERITIT O Bk, B &
W, A7 URAEZLSIMITHDLET, A
HENBMENDEICYH—T7 2 2 ZET 5
T RO ELITD.

4. WFFEERE

() A7 VARERSEBZ W7 a7 Ly
VT — T = A ERRIZES T A BFFE R

BRERHNAT U AR D H— i & B A
7 B & [FRCHEE T 2 FEZBEL, Zh
%%ﬁﬁﬂﬁ#évz%A%WWLk(%ﬁ
sal7], FE&FFE25]). £2, AT VUAH
BINOH—7 2 AR AT D ML
2T LEERR LT (Pags#(23]).

K 1: AT L ARERSIME G % V7 B 3
& A ZIEBOERMHET OKT. £ AT LA
FEAEE S L B, A RO EERR.

X 11%, A7 UARERFIEEN D, FmE
Bl 7 L— A Oh AT ER 2 EERHE T
L, ZOREED S IR S m o iESh & H
LT, Vo bloEEmksEERRTLTND
FERLTWS, F72, K210 AT L
A D> D O REEF Y — 7 = R AERR O T
ZaRLTEY, FK @)L, fRexis b ki
@@LKE@tZ&EX//J%TL [F]
X (b) 12, FEEEMAER IV —7 = X &R
LTWA.

wiz, bEibo 2 >ofHiiElAasbE, &
A VI RARA=TTTA A MIESNT,
HFRINAT LABEBENLY—T = AL H A



K 2: 27 UAMEBERN Y —7 = R4
DOEFBAFOBET. /2 A7 LA HLUEE#
LAy va, A —7 = AR,

K 3: A7 LARERIIE B E AV —T7 X & h
A ZIEB O RINHEE LB O, fe o FEYEmG L

Avia (FIFET7L—0F&FNK) . H: 2
AoV —7 2 AERFEREZBER TR R LIEER.

TE—a rERIFICHEE T 5 FikE B3
L7 (Fa%#k[19]).

X 31%, ¥—7 xR LI AT EEOR
ENHEOET AL TV, RXATIE, &
B CHEE SNT= 0 A TEE 2R LT, %
REZ DY — 7 = RAAERRFER A2 2 TERTE
RLTWA, A E WS EThO A 7 EEN
HESNTEBY, ERFLDA Y 2 PNE—0
P—T 2 ADOLHICERINTND. =75,
ZOFETIE, T —2rBICHESNS Y —
T2 AEMETHI ENREETH -7

WIZ, FRNZED T —/L REERIZB W
T2WITLA v a % B, TORIERDONE
(B 1HBEE) ZHETLILICE—7
Ixim%ﬁﬁiﬁéﬁﬁbt(%ﬁﬁ
(1], F#2%F[1[5], HHFHREND).
m,%ﬁﬁﬁ®x%vﬁﬁf§%%w,%%
ROV —7 = 2% KD 5B JFEAE R O B
ZRLTHBY, ZZTCiE BEER (D—1
RNEEEER) DKM BICA v v 258D, £
DEROEBIEZRD D Z LTk iR
YT =2 RERDI.

K51, A7 VARG ZHWTHEE L
Y —7 =A% LTEY, RREATIE,
vFOEEDOREIEZGETRLTND. Hix
fHE DN/ NS, RICRDIEEHENRKENE

e

B 4: 9= REERZEDZA Y2 ZDIE
ROFRSHEICE S —7 = 245k,

X 5: AT LAMGZ A= EY— 7 = 2R
RO MRS, AT 2 AERER (K]
T OEIIEEDOKRE I ERT) .

LEFLTEY, ZOFERN, #E2BEd
% vy b BB A REE k& ] T 5 BRI
BFHTHDZ LD RENTWA.

X 6 1%, BERIIAT LA EEE AT —
T AENATEBORNEEZITY 2 &
WL, KL THEONZY—7 = ARKA
ENTOLIHEFEZRLTND., ZOFEICE
D, MESNFEY—7 AT A2 LN
HE& 7R o=,

DM, FEBENE LT, M T T h
k& HWT, EECFE O HEE & BB A R
HET 2703 ) X A& LTz (M5
(4], ¥R [20][27]).

Q) AT 4 NI ATEBERHA L7 s
Ly v —7 = ZAERRICBI T B
3

A7 Y A HL SIM DAFRIZ I T,
AT D BRIV & R L 7= R8s ks
(TS0, 1EICICAE YD 72 5 2l LA L
WSO ZITH) Z L2 kD, R TEL
ERT NI XLERHELE (FRER
(81091 [13][15][18]).

WIZ, STM DO IIFERAE A, Eifg E ok
MEERRE LIz Fax—=AF0E L, &
e W RS E FIEE VT, Y — 71x
BN ARRT D FEERE L. (F



X 6: 27 L AW RAN @ % AT IR EE L Y —
7 = AERICB T DY —T = AEA O, £
7 L — MO IEMER B &Y — T = A AR R
B e snizt—7=x &,

Eﬁé;&%? *ig® 6 7

Gl P UG R - LN
® ot g -QE?GQ:
BT: 4270 AL 2L SIMMDEHDF LT A
— 7 = RERRDFERY]. e A 7 U A Z L SIM
O (FRNIRERO D A FALE) . A Y—
7 = AR R,

#6][12]). #L T, A7 U A Z) SEM
O hEHA, ERERETLEI, 1ZFY
TNANEALNIY—T =2 A& AR L TERT
HAUVITAUVAT AEHR LT (PRRE
[12]). K 71k, ZOVATAZE>TEDS
Ny —ovx 2257 U ITEROH ERL
TW5. KT AT A%, SS112012 TR b5
FLUARL—Ya v EESE L.

F7, ZERIF O 3 It E AT UEAR Sy
HE, WERORNENDOEREZRDD IT—E
TEREERHWEZET VTR, STV A
ZINZATH TN T XL ERFRE LT (FE%
#[3]04]). HM 8 1%, ZTOFHEILL-TA v
TV RAUHE NV —T = ZAERPM TS
BFERLTWD.

ZOfth, SEM (ZBHE L 7- HEEE R & L C,
Kk % 72 5T HEE (2 B 1T 2 23R 00 7 Kk ) fx
WAk Bk (MGG 2], 2R R
[2][16] [17]) =<, FEMIA SIM 1 &3 FH ATHE 72
LEIRATHN ik (R 3k (10] [11]) % B
L.

B8 A7 U AL SRS — B 7i k%9
— 7 = AEROFET. RAUTERERF O S A T ALE
B

5. ERERRLF
(WFZEREERE . AFZE 3 B QNS 203 12

T

CdERSRm =0 (B 7 18)

1. Shigeki Sugimoto, Takaaki Kato, Kouma
Motooka, Masatoshi Okutomi: Direct Ground

Surface Reconstruction from Stereo Images
IPS]J Transactions on Computer Vision and
Applications, #mif, 2013. (FE#HffEE)
2. Yingiang Zheng, Shigeki Sugimoto,
Masatoshi Okutomi: ASPnP: An accurate and

solution to the

problem, IEICE
Transactions on Information and Systems,
#Hif, Vol.E96-D, No.7, 2013. (FE#ffir)

3. CREH, BEKE, BREER: A7
REICHE L2 EAMAR SO VAT A, BIE
OB IS SCEE D, AFEA, Vol. J96-D,
No. 8, 2013. (HEHfEE)

4. BRIFFEE, BEASH, WEIEE: A7 LAH
G AT IR & X7 A— 2D
[FIRFHERE, EIHWmRE TS CEE D, Aot
A, Vol.J96-D, No.8, 2013. (iB#ifkiE)

5. Wei Jiang, Masao Shimizu
Okutomi :
imaging system, Journal of the European
Optical Society, #@if, Vol.6, No.11051,
pp. 1-10, 2011, DOI:
10. 2971/ jeos. 2011. 11051.

6. Wei Jiang, Shigeki Sugimoto, Masatoshi
Okutomi: Panoramic 3D Reconstruction Using
Stereo

scalable
perspective—n—point

Masatoshi

Monocular multi-view stereo

Panorama,
Pattern

Multi-perspective
International Journal of
Recognition and Artificial Intelligence,
A FtH, Vol.24, No.6, pp.867-896, 2010,
DOI: 10.1142/S0218001410008226.

7. NHBE, AKE, BEER: X7 UAR
FINE % VT2 BRI L D & - S



1.

i HOBIE 2R IGE D,
Vol.J92-D, No.8, pp. 1414-1424,

T—va T, B
oA,
2009.

(Fa%R) G2

Shigeki Takaaki Kato
Motooka, Masatoshi Okutomi: Direct Ground

Sugimoto, Kouma

Surface Reconstruction from Stereo Images,
55 16 [BIE{ OB - B VAR U T LERSUE
(MIRU2013), 201347 A 29 H-8 A 1 H.
SEAEHFIIERT. (GERMEE)
Zheng, Shigeki
Masatoshi Okutomi : A Practical
Rank-Constrained Eight-Point Algorithm for
IEEE
Conference on Computer Vision and Pattern
Recognition (CVPR2013), 201346 A 26 H,
Portland OR USA. (J&ZHeErE)

BIEKE, BZMiETT, PERH, REIER:
BIRH) SIM &Y —T = RERICE B A v A K
>k 3D ETE, 19 mEBE YR
U AFEEGm SCHE (SSI12013), 201346 A 13
H, o7 ¢ ok (EREE)

MiETT, BEkKE, REER: (27 U2
YHENVUERS — B TR K D Zkoe Y —
7 = AR, RS S (2
2a—REVarl A AT AT 4 T), 20134
5 H 30-31 H, HRETRY.

KBS, ZARE, WEIER: FRIIAT
U A B 2 W7o A & 5 IREPH 7o gk
Y —7 = A~ TARR, R ES5
BE(arvra—HEVarif A—URAT
4 7)), 20134E5 A 30-31 H, HHUET RO
&3).

Yingiang Sugimoto

Fundamental Matrix Estimation

Kichang Kim, Takayuki Sugiura, Akihiko
Torii, Shigeki Sugimoto, Masatoshi
Okutomi: Instant Surface Reconstruction

IAPR Conference on
Machine Vision Applications (MVA2013)
201345 H 23 A, “LAfE R (k%)
Shigeki Okutomi :
Camera Self Calibration Based on Direct

for Incremental SfM

Sugimoto, Masatoshi

International Conference
on Pattern Recognition (ICPR2012),
pp. 3240-3243, 2012 4= 11 A 15 A, SIREEE

Image Alignment

Kazuki Nozawa, Akihiko Torii, Masatoshi
Okutomi: Stable Two View Reconstruction

Using the Six—Point Algorithm, Asian
Conference on Computer Vision (ACCV2012)
Vol.Part-1V, pp.122-135, 2012411 A 9 H,
Dae jeon

DOI:10. 1007/978-3-642-37447-0_10.
iRk, BEKE, REIEH: A7 A
WVFE 238 7= Structure from Motion ¥ AT
L, #5515 BIEBOFE - HES VAR YU LR
SCAE (MIRU2012), pp. 1S2-17-1-8, 2012 4E 8 A

Korea,

10.

11.

12

13.

14.

15.

16.

17.

7T H. fEEREES
Zheng, Shigeki

Masatoshi

Sugimoto,
Okutomi :
Generalizing Wiberg Algorithm for Rigid and

Yingiang

Shuicheng Yan,

with Missing
IEEE
Conference on Computer Vision and Pattern
Recognition (CVPR2012), pp.2010-2017, 2012
£ 6 H 19 H , Providence RI USA.
DOI:10. 1109/CVPR. 2012. 6247904.

Yingiang Zheng

Nonrigid Factorizations

Components and Metric Constraints,

Shigeki
Masatoshi

Guangcan Liu,
Sugimoto, Shuicheng  Yan
Okutomi : Low—Rank

Approximation under Robust LI-Norm,

Matrix
IEEE
Conference on Computer Vision and Pattern
Recognition (CVPR2012), pp. 1410-1417, 2012
# 6 H 19 H, Providence RI USA. DOI:
10. 1109/ CVPR. 2012. 6247828

Practical

CBERKE, CERIEHE, @RB, PERM, 12

Arst, WEER: 474 3kETY
AT L, HIShEgE T RY T A
HETEFH SCAE (SS112012), pp. DS1-08-1-1, 2012
6 H 78 H, U7 affiilk. RAMTE
VAbrL—varvE

PRnEE, BEKE, WEIERC AR
RENDATTEGIEIZKET 5 3 IRTEITCDRE
b, L ERRRE (7 Ea—2E
Voa vk A A =T AT 4 T),
Vol. 2012-CVIM-182, No. 19, pp.1-8, 2012 4
5H 23 H, TRAY(EH). BHFRIXE
KA, BB IE#: Inverse Compositional
Image Alignment % fV72 3IRIL/NT A —H
HeEFIEDO R, RO P2 mE (=
VEa—HEVa A A=V AT 4 T),
Vol. 2012-CVIM-181, No. 12, pp.1-8, 2012 4
3H 15 H, HRTERYCRREIL).
BEKE, REER: 2T - @lERAL T
A 2 SEM, 5 14 [RIE{R O - BF R Y
7 L SCH#E (MIRU2011), pp. 1719-1720, 2011
F7H 20-22 B, @RifibA—1.

Zheng, Shigeki
Masatoshi Okutomi: A Branch and Contract
Algorithm For Globally Optimal Fundamental
Matrix Estimation,

Yingiang Sugimoto

IEEE Conference on
Computer Vision and Pattern Recognition
(CVPR2011), pp. 2953-2960, 2011456 H 22 H,

Colorado Springs USA.
DOI:10. 1109/CVPR. 2011. 5995352

Yingiang Zheng, Shigeki Sugimoto,
Masatoshi Okutomi : Deterministically

Maximizing Feasible Subsystem for Robust
Model Fitting with Unit Norm Constraint,
IEEE Conference on Computer Vision and

Pattern Recognition (CVPR2011)
pp. 1825-1832, 2011 £ 6 A 22 H, Colorado
Springs USA.

DOT:10. 1109/CVPR. 2011. 5995640.



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

BIERE, s, REIERE: HECHLME
F T4 3WtEt, 1T EEGE v
TV IR YT b EE T B ST 4 (SS112011),
pp. IS2-11-1-6, 2011 €&£6 A 9 H, /Xy 7 4 =
Rk,

RARET], AR S, BEER: A7 L
FHERVIER DX A VT N T T4 A Mok
S —=T 2 AL H A TEBOREETE, 1§
WP FESFRERE (2 Ea—F BV a v
LA A=Y AT 7)), Vol.2011-CVIM-176,
No. 13, pp.1-8, 2011 4E3 A 18 H, MR I ¥
K (KRB L) .

FRIFOREIE, AR, BEER: /770y
NEFIH Lz 27 VA EGR D & OB ECF- 6
WL N T A — X OEEHEE, EHOES
SRR E (2 Pa—F Vg A—
YA F 4 7)), Vol.2011-CVIM-176, No. 3
pp. 1-8, 2011 43 A 17 H, R TFE R (K
[t (L) .

Yingiang Zheng, Shigeki
Masatoshi Okutomi: 3D Structure Refinement

Sugimoto,

of Nonrigid Surfaces Through Efficient
Image Alignment, Asian Conference on
Computer Vision (ACCV2010), Vol.Part-IV,
pp. 76-89, 2010 4 11 A 12 H, Queenstown NZ.
DOI:10. 1007/978-3-642-19282-1_7.

RATER, REER: FEARA LB s
WZEDHATHY VT L—ray, HFHLE
A RBE (I Ea—FEDa bR
— Y A5 4 7)), Vol.2010-CVIM-173, No. 4,
pp. 1-8, 2010 4E9 H 5 H, f@hK%:
AR, RARER], REER: ¥V
NAFLAARA=UT TA A NMTELD 3 WK
JUERFHHEE, 16 Bt v 7y R
7 A (SS112010), pp.DS1-03-1-1, 2010 46
A 10-11 H, 7837 4 =ik,
Wei Jiang, Shimizu,
Okutomi :
Stereo using Fish-Eye Lens and Mirrors,

Masao Masatoshi

Single—Camera Multi-Baseline
Asian Conference on Computer Vision
(ACCV2009), Vol.Part-II, pp.347-358, 2009
£ 9 H 25 H , Xi’an China. DOI:
10. 1007/978-3-642-12304-7_33.

RARTER, NHEFBME, KRARER, REE
B AT UARERSIEG 2 AV 7o BEEEIC X
2 EREWE— T a VHEE, 12 BEEGOR
ioe BEfE T v R ¥ w4 (MIRU2009),
pp. 1877-1878, 2009 47 H 21 H, <IZU&E A
o (BT .

IEARHER, ZfE, WEIER: ARV XE
S—F o mHIBEvALF AT LAY AT A,
%12 EEGORE - HFE R T U A
(MIRU2009), pp.206-213, 2009 4 7 H 21 H,
IT&E A w2 (AL .

NEWE, ZARSH, BREER: 7770y
b Z2FIH LIz 27 VA B )~ 5 o - s sk
H, 12 EIEg O - B R T L

(MIRU2009), pp. 606-613, 2009 4£ 7 A 20 H,
ITQ&E A v (7L

28. EARHETS, &, REIEH: BIAATREORE
DRI > - HIREEE~ VT AT LAY
27 A, HEI5EEBEEY TR A
(SST12009), pp. IS1-12-1-8, 2009 4£ 6 H 11
H, /"7 ¢ affik.

29. WHGIT, BARSH, WEER: ZIRAT7 L
FAHATZEROCTZEEECIL EFY—7 =
RERR, WA SRR E (2 B2 —
FEVa e A VAT 4T)
Vol. 2009-CVIM-167, No. 19, pp.1-8. 2009 4F
6 A 10 H, mHERF(EHH).

CEINGRED

1. AR, BEIER, MiFEg: #HfEo 27
X DEERHE, ARy MERFENV KT 7,
F AT =R = F T —HIH,
pp. 334-342, 2010

(PE £ PEME)

OHRERGL GE 1)

1. AFR: HIZRME 3 KT — 7 = ATRFHIEEE
AT REREIR BB L O 2R LT
TR DN BT AT R AR T 7 vk,
T R ER, AR, BB
HEFIZ « BUR LZERY:, HLRERT.

FRAH B

&5« FEE 2013-106229
HIFESEA B : Rk 2545 A 20 H.
ERNAOR] : EA.

OBASIRIL (B0 F)

(& DAth]

A= A= U

http://www. ok. ctrl. titech. ac. jp/res/res
—j. shtml

6. BFFoHERR

(D) Wiz

BE  IEMT (OKUTOMI MASATOSHI)

WO TEERT - KPR Toeit ekt - %
e 5« 00262303

(2) Wrge s
L

(3) A I

WA HESR (SHIMIZU MASAO)
HARKS: - WS TR - 2%
WF7e&% 5 : 70361798

BJE  FKEZ (TORIT  AKIHIKO)
W TR - KFFEE T2 e - Bh#
g5« 20585179



