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Construction of 3-D Environment Model based on Automatic Baseline Determined

Structure from Motion Constrained by Point and Line Features

by Using Omnidirectional Camera

Ryosuke Kawanishi*!, Atsushi Yamashita*? and Toru Kaneko*?

In this paper, we propose a method for 3-D environment model construction based on structure from motion by

using an omnidirectional camera. Map information is important for path planning and self-localization when mobile

robots execute autonomous tasks. In an unknown environment, mobile robots should measure the environment and

construct its map by themselves. Our proposed method uses point and line features to measure environments densely.

Point and line feature-combined constraint condition make it possible to estimate camera movement precisely. More-

over, the proposed method optimizes baseline length for precision and robustness of camera movement estimation .

The baseline optimization is invariant for environments, the number of features and camera movement. Experimental

results show the effectiveness of our proposed method.
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Fig.1 Omnidirectional camera. (a) Camera with a hyperboloid
mirror. (b) Acquired image.
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Fig.2 Procedure of our proposed method. (A) The evaluation
value does not satisfy the condition and base-point is not
first observation point. (B) The value does not satisfy it
and base-point is first observation point. (C) The value
satisfies it.
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Fig.3 Edge segment extraction. (a) Input image. (b) Ex-
tracted canny edge points. (c¢) Edge points without re-
jected corner points.
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Fig.5 Search for correspomdmg edge segment. ( ) Sampling
points in previous frame. (b) Edge points in next frame.
(c) Tracked sampling points. (d) Points which are close
to tracked sampling points. (e) Corresponding edge seg-
ment.
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Fig.6 Baseline evaluation.

BRFETIE, M(D) Ik > THEESBORZEREZ T 5.
BRI O ZE M 2 ML OZ LR G(0) 2, {1-G(b)}
ZRHMlBEEIC DT B 2 & T, EHRRHE O LI 22 A MR 0 3
LB BICE VTN Z L 2D, b A TR DR &
DZEMMN e AR E L & OFEES 112725 & &, KREICEDD
T A ZEENIHEE TE R (I A ZITHI0I1R{k [14]) . Bl
T G(b) DRAMEIT 4 THHICHLHEDL LT {1-G(b)} L LT
WBHDIX, IBEAFEAT B REEEN H D D1 G(b) OfEA 1 LA
EDL&EZnHThD. B f 2HAM0 7 L— 280
BT, BAEOWHEROEAIC LS THNT S G(b) O
B+ LT, I AT OMBOEIC L D ERE KR L 75T
fliASAIRE & 72 5.

FEMRIER £ 1x, WA T OWHERI NS WAL GO) ITX
DN B E VBN, M(b) ORISR E 72 5. 3
BMPEL 2B oh, HBEBORYIZE D G(b) DRl
<L LT, FHMBAL f OB D . A —E
U EOESICRD L, FHMlEE fide—2710EL, WTRED
BEMERTLOIICRD. ERTHONMER f 07770
Bl 6 12T

PSS -7 I L & &, BB OEEORINE XY
b B RO 2RI 72 A8 DR 0 IZ X B HIED R < BT b,
T 72 LR OEREN K7 & 2 EHUTIT OGS & 2 FREM:
DEE-TWNBHLEEZ NS (2771, MO - T
1% 9 TROWATEEME L YR H 5) . Lo, FHlBIE s N
M ZERLTCWHHACEREZRIRT 2008EE L. 22
TRETETIE, FHMEEEK £(GO) 2RI (f(z) = az®)
L, TOMEEBPEMEL FIZR -7z & & ORRE % A 8ICER
T 5.

Z ORISR, BUES/ NS WIEE GHERE O & A/ &
WEE) , Ak LHRIIC R WERARIRE N D X 91
5. 22T, RELTCGEREREZ RN T 5720120, —EH
Pl Iz 2 HARE Ol 235 D 7 Bef CERE
OHEZBMGT HHENDD. FOBITERICS AL LT,

4.3 BHALERIYCORBARIZESH A S EEDOHTE

AWFFETIL, xR EXHET v ¥ O H % [FRFZ VT 2
T EHEE T D, Fox ORERTIE[11] TIE, BB OIHG A
2L o TH A ZEEBOYIMMEE TS L, &R n 27 EE

2012 4 5 H



404 JIL v s i

FEIIHGET DB TITo T, L, ey YDk
FAWTH A ZEEHEEEIT D &, BEICK - T Ho7kskoxt
EE Y PNELNT, VAT ARRLEICRDZENEZDLN
4. F AR TR, W7 DR D RS A R VT
71 A ZiE@EHEET .

MGy PEANTHE 2 ZTEEBEHET LG, Vel ib
SKOEBENMETHD. £ I TREFETIE, BRENEHE
RO SE2RET 5. £PEREPRA, BEAD 3HR
SICBWT 4.3 2 HUM T2 7 A ZiESOFELEZ1T5. 3
HEHNTEREZ GO TON A TEBORBEAATRETH 513
2, 2 A TIHRETERVERBICH S HERETHZ L
NTED. 3N TRELIN-HEHERE, ThETicEbn
TWLETOREOHERELHAT D, 3HADOATRIEL
SN AERPEER 2R CTREL TH D IR S 2207w, B
BRI EROKELEX 5.

4.3.1 HHEORHE D A T EBHEE

HEAEBIEHAR E OFMICAIET 28 (FRA) 28T
A, PRI, ORISR B ERE OB OM, 4.2
HICHR M SN2 B R OFHIE DNy L e DI & L TER
L. RSN SRS ETON A ZEBOYIMMEIL 2 FLAOE
ERWT 8 RIEICL > THT 5.

4.3.2 [RIZED) O KL

MIETy PE AW A TIRETIX, PSSy DA E A I
FHTHZENTE D, ZZTRETFETIED A T OliEES)
DRHEMIN e LT 5. [EEITHNCRTT RIS = Y U0 3 Ik
JLHMRT MVOFEEL, [BERITHNCKTT D R EUR OB O
75 [24) #H T 5. BT OB, 4.1 HTESNRD D
A ZEHEHND.

T, SIS &N AT OREER L OBEERINT S, HS
m—1, m ORISR DD IR T BV v o1, Tim &,
i m O m—11Zx3 20 A ZE#HOEERI TS R B X ON7E
N7 vt EORITIZEL RO (12) D3pk v 320 [24].

(rim—1 X RTr;m)Tt =0 (12)

(12) RUITITEHER 7 MABE TN TNER, HsR oKD
Wt Mt VT t 22T R E L TR =
LT, R ML EEERTTHE IV CIEER S L EETER
WCHEHTE S, ZoX 2L THEBSNEZTERY ML, b
Z DI EERATHIN A A T IEB) & 25 L < M7 hVIZRRZEMN
BENRWGES, b A TEEBOWHETT M E KT D, iead
HHATTH & DFEFE Er, TN FO XS ICH TSNS,

ERp = ZZ [(ri,m—l X RTI‘i,m)Tt]Q

WIT, Gy e AT ORES L OREZETT 5. 1
HoBEB HELNDXIET v ¥ i OfFHIT, His m »HER
Ty VWD) HARFED 2T EHOERRNZ bl n g & LT
Fbahsd 322 . nim i, METYY i D3 KITHIA
e; LML T L ORI RIS D I A TEBOEFEF TS Ry,
EORITLLF O (14) A3Hk Y 3o,

(13)

JRSJ Vol. 30 No. 4

7 & 1 %
(Rpmnim)Te; =0 (14)

B DERAZ SV n; W@ R 2L T, |
BTy PO 3 WL e; EHMHTE S, Gz y ¥ LEEATS
L DREFE Fr IZULTFO XS ICEHENS.

By =y ) [(Romim)"e]”

XA L DEFE Br, LRIGT v Y L O35 B, Of% ML
T AEMEATHI A RS 5 2 LT, AT OREEER & HEET 5
4.3.3 WiHEEB) O i b

ATET CRci b S 7 [ldRER) &, i B 5 A A~
7 MVORMIEE FAWC, BB FHEOFRRZE % FoME T 500
HEIZHETT D, BETIEE, N2 FAREIZES 3 A
XISy VO 3 IR RO TR EE R/MET 5.
T, MIEEE D AT OIWHEER & OFREEZEHT S, 3
SUSFRR A2 R/MET B30 ROV [12] IC RS0V TRl
OE/MEE KD . ABFFETHW D 2 FMEE CHE MRS L Kk
IMET B Z LIk, FHAED DS A D 3 WITIEREIZ A1 D kR
DEATART R L v & SRR R 2SR U T SIS S D e~ 2 -
LRI, & ORAERBRELRMET D 2L LIRIERBETHD.
ZOLEDOBGE By, TR RIS D A T EB ORI T
B Ry, WHEARZ BV by, ZOTETFO (16) RTHRDINS.

WIZ, FhGxy & AT OREEER & OREZEIHT 5. %)
Gy VO 3RITMEERTAE ST ML p; &, B A TED)
DWHERT BV by, KT ATHAE m DORET Y Y8 D 3K
JLHMART MV e \Zxt L CEERNRY ML g, ORI, L
TOBEERD 5.

(15)

v, — (RErim + to)| (16)

ZIT, gim i glae =000 gl (REynim) = 0 OHAL
RI MV THD. £, Aims Bim 1L gim & 3RIET v VB
IFLIERE & 72 D & 2 OMRECT, (17) RFOEZE~T bLaHANT
BIHTE5., ZoLrE, Wi MLEERT v PO OEE
Ey WUTO LS IcEbah5.

B, =YY (1-glhpi)

(18)

g;,m = (Aim8im + tm)/ || Aimim + tm]|

(19)

(18), (19) ik, #HuEA D RZRIET v P OMELE &,
SHET v PO 3 WITALE D> D BRI S LI BN E DR 7
ERETHD. T72bb, BERTy U HRHEE & RERICNSV R
VRIS FEE DWW TR E AR R MET B

SHGR L DRRE Fy,, MGxy V& 0% By 2hvMET 2
WY N EERT 52 LT, I AT OWHEEE 2 HEET 5.
B, RETOBEOR/MEAHE T, RANSAC 2L vz

May, 2012



I ACEHE T ORFEUR & R P ORI & ERE O A BIREICHE-S < Structure from Motion (2 & 2 ZRICEREEE T VAR 405

DR EVEBFFEEBRINL TV 5.
BREEENRKE W EHE SNBSS, oS TE
Wiz ik U, PRI AV, —JF, FREEEINVNE
<Y, TOMBREPIEROLER FICh D7 8 OBE CTEE
FNZRHARE S, BB TE FROBRERKREVLORH S, =
DX D e B FHESIERR Ak L, KIEIIEOFENC S AV S
AT BBENT D 2 & TR & EHGRHE & OB RIRE L L
BATERAZENMEB I NS AREERH 206 TH 5.

4.3.4 WERFHEO 3 WotFH

FR LBy PO 3WITEHIEAT S . IRETIETIE, 4.3.2
O & [FIRFIC, BERFHE O RG22 3 OTN s 2 R IR
5. EHRAHED 3 WOEDORBITIT L —_o = e v —
H—MEERAWD. TNETITH A ZEEHNELNZTXTO
A m BT 50 A ZEBORERITS & WESZ FLrz v
T, UTOREZMHET 208 L ERT Y Y0 3 KT EEH
9 2.

>

m

v} — (Rprim +tm)||” — min (20)

> I(Asmim + tm) + (Bimes + pi)||* — min (1)

5. ®E T Y v 49

BONFHARED D 3 KED K x—NElc k) =ik
WIS %, UL, Rox—28Ic ko TR 6N 5 SE G
MR RO E B L TORNED, BERRLICFET
SHEAERESNG T EBb . I CIRETHTH, RIS
DHEBEIRCEAT B & 5 12 A8k st % Tk [25]
BEAT5ZLT, k0 ERORERBECHER LTI AR
BT B, SbIC, ABRLACRE LG0T 7 A F v % =
AEOKEITIEY (1175 2 LT, TFAMCERRENT 2.

6. = &

AR LD FERTIE, 3T 2496x1664 £ 7 /L D47
BHN B Lz, £z, AFRIET X CONEE AT T4 T
1T-oTWA.

6.1 EREOBERE

AR IRET 5 MR O ABREFEORIEEZ{To /2. %
P, A UESEESSEEN T 7 L— AR Ok R S B A A EEAT,
MEFEICL > THRUERENDBIRSND N E ) D ERGET 5.
ZOFERTIE, AR LEEGNN 7 L —AL— FEE X TH
U E B EERT D 2 LT, #UAIC T L — Ao
WEZELIETND.

FEHREPRIE SN D E TOFMOBEEOHE =T (K7 . 7
L—AL— F3BWES (K 7(a) & ROVEES (9 7(h) &
T, Zb—Ab— NI 2825, T72bb, WkHEN
QMERRDB L LEMTHD. 7L —hb— FBRVGA IR
VIO E 44 7 L — L% OB E TORBENBRIRE N,
T L —AhL— FRBRWNAIE 84 7 L— A% OERENER S
nz. 2%, 7L —2Aal— b8 THIZIERE CBENIHEE

AARARy MERFE30 &4 5

71—

0.35
0.3

0.25 v ol
0.2 ”

0.15 /

0.1
0.05 *’I
0+

0 0.02  0.04 0.06 0.08 0.1

Feature translation f(G(5))

Displacement of distribution G(b)
(a)

0.35

03
025 2

A.“
* L g

0.2 g
0.15 4

0.1 <>
0.05

Feature translation 7(¢(5))
'S

0 0.02 0.04 0.06 0.08 0.1
Displacement of distribution G(b)
(b)
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ment (44 frames).
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Fig.8 Baseline evaluation with camera movement including

stopping. (a) Evaluation value per frame. (b) Proposed
method.
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Fig.9 Baseline evaluation with camera movement including cir-
cling. (a) Evaluation value per frame. (b) Proposed
method.

—HAZIEIER 10(c) MW, ZOHHEEIZ 11(c) DFHNTE
NENFEL TS, LaL, BEFEICEIY —FEoN L
TR D HRENBIREI N7, BELTH A ZEBHEEIMT
7o, Wik () OFHURER 2 QU E I RE L2

BIERE L, RS T D RO ERERE ORI TR 8 ¥ 7 2 /LLL
TTholz. ZORRNIGL, DATEHNPEERHETX
P N AR

6.2 BHEALCERIYCERWN=AASERHE

AR OFRET D0 A 7 #HIHEE ORFE 23T 5. ERI
X 12(a) IR TEREE TITo 72, B A TR OHEE S G OFHI
EREE12(b), () BT, B A FI1EE 12(c) TO/IHTRL
TN SRBEIABRM L, 4 [\ 90 FEHER &% T H3E ST R
iR E L2, EfTHEETS X% 60m <, BE#HIcHE LR
1055 MDA E AT & T 5. 22T, HEMAOEGE
WGP ORY) & RGOHEBE Lz, Zhic kY, M3t sH
HEHE PRI BT D70, ThEEME L CGHEEZITD.

FETT L—2BERE L CGEHEITo 7258 L, BEFIE
WLV EREZHBNLE LA L OlIEEITo iR e 1
T, EnD, RESINT-T7 L—20%, WIHME S L s
L OFTEBRE GREFIEIC L > TEIICER SN -85 ok
a1 L TAr—Y v 7Rzl BEANZIE0 £25.),
B SN T ERRZE & RO BT A WV CTHER 7 — L2
HLZETHD.

T L —28% 20 UL FICRE LTIZA, A TN g%
TolMimi T, BIRE /e 2 SR OWHERE R B 2 1HEL 720
WUBRRRERE LT-. E£72, 7 L —2a%% 300 LL RICERE LIZ5E,
ETEEMMNBIR SN2, FRE CORMFREEHET

DIZLIEIR A — VBT D DRI AR L L, AHEN

May, 2012



A7 AEEHE T ORF R & BTy P ORI & R O AR EICEE-S < Structure from Motion (2 XD ZKICEREEE T VAR 407

Q© Camera position ™ Measurement point

e high

low
(b)
i e high
Eh ;
1
L
i
oyl ]
! Stopping
2
L low

(c)
Fig.10 Measurement results with camera movement including
stopping. (a) Environment. (b) Bird’s-eye view. (c)
Top view.
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Fig.11 Measurement results with camera movement including
circling. (a) Environment. (b) Bird’s-eye view. (c) Top
view.

Table 1 Evaluation of camera movement estimation.

Frames | Estimation error | Absolute distance
[] [m]
Proposed

method - 0.0024 0.14

20 Failed
30 0.0128 0.77
50 0.0092 0.55
Fixed frames 70 0.0143 0.86
100 0.0038 0.23
150 0.0058 0.35
200 0.0082 0.29

300 Failed
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Fig.12 Measurement and camera movement estimation results.
(a) Environment. (b) Bird’s-eye view. (c) Top view.
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Fig.13 Estimated camera positions. Our proposed baseline de-
termination provides an improvement in the estimation.

FAERE AT E LT 3 WItEH O LI % X 14(b) 12
MHE»HAZKE (c) 12, EnbARERE (d) ICEhFhrT.
BYOT oy DS TIRERT v VNFHIISh, T7AFYOH

DERIIFFBORIC L o TRl S TR Y, HMa Lt ERT v ¥

JRSJ Vol. 30 No. 4

74—

¥
&
._H
¥

(a)
— ¢« » Cameramovement ™ Measurement point

\&I” high

K )
'r “.~l.
- 5

Measurement and camera movement estimation results
in a large environment. (a) Environment. (b) Bird’s-
eye view. (c) Side view. (d) Top view.

Fig.14

DIFHAIRNC BN = 2 & TE e 3 RotEHIAM T 2 7.
ARINTZRETT VER 15 ((a) FRAK, (b) B (2
Y. 3WIHEIE L T I AT ¥ LOESHNEN TR Y, EEE
DOBREEIIEWVET VNERTE T D. it,@%@ﬁ&Eé
AVOZERIZZ L < RO DU WV IC B LTI
Ty URFHIIENTWE TS, LYEMORIREFEHRLEZET
JLERoSTIND.

7. & Fid

AWFIETIL, FHER L ERT > PO 5 O SEMEE vz
A ZIEEMEES LOFHFEZEA Lz, £k, AL
WINTAET BBREEICHB W TRIE Lo A T EBHEE L %72 3k
TR T2 D Z L 2R Lz, F7=, &0l A Z 2 Al Ee
RIMEOAEIRELEE LT, fEROMZEITIES Gz,
AR O 22 I 72 0545 % % 58 L= 3B 2 W= EE o B
ERETFEEZRE Lz, FRICEY, U2 ZEEHOMEE, 0

May, 2012



I ACEHE T ORFEUR & R P ORI & ERE O A BIREICHE-S < Structure from Motion (2 & 2 ZRICEREEE T VAR 409

Fig.15 Modeling result in a large environment. (a) Top view. (b) Bird’s-eye view.
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