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Estimation of Camera Motion with Feature Flow Model
for Construction of 3D Environment
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Map information is important for path planning and self-localization when mobile robots accomplish
autonomous tasks. In unknown environments, mobile robots should generate an environment map by themselves.
Then, we propose a method for construction of the 3D environment model by a mobile robot. Our proposed method is
based on structure from motion. We use a single omni-directional camera to measure the objects in the environment.
Our method estimates the camera motion with feature flow model. The feature flow model makes it possible to
estimate the camera motion precisely by taking advantage of the wide field of view of the omni-directional camera.
Experimental results showed the effectiveness of our proposed method.

Key Words: Feature Flow Model, 3D Environment Model, Omni-directional Camera, Structure from Motion

1. Fif

BEia R v b OSREEAMSC B EALERE 21T 5 72012
BESNMLETHS. L, vRy MORMEEE THEMN

WATEN T A58 1CiEe Ry NBEREBEREZHEIL, X
%Wﬁ?éﬂ%#%é

MR A RRIZIE T A T2 K> THBNODRO G EZIT 5 T
Tu—FnH5H. L, BEOHATIIEENRTNTZDH
%< OWBENNLIEL 20, R ORI QAR EHE
B EVOMENRS D, ZOMBEICK LT, BEWHREEFS
RGP NRBEREINTEY, ZTTARIRL X E2HW:
B AZIZEDEHAIRICHENE X 7 — &2 AW =2 A T2
KBFNBIAHD. rAy MNIHEHTH I EE2EBET DL,
a2y MO 360 A —EICHRE TE D RHMI A T 0N
LTW5. BFFH A FIZIEWRE 24 % 7208 BB D
FHARCFTRRRIZE DI TH D Z E ARSI TV D[4].

—RINZH AT BN AT VA RO, A TMO
R CEE) IRFELTEBY, ERENEWVIEERENR
VW, EZT, 1 RO AT EBEISE, SN TR S
HES % OV CEZEITYE—L a v AT LA ERH S,
OFETe Ry NOBEERLZ 2 bS5 2 &L TEREEZHR
T LNTES.

UEDZ EnD, AFETIIEFTMI AT 1 BOREHN
7= a AT UAEIC X BEHHI AT 5. Structure from
Motion (SFM) 1ZE— 3 VAT L AEDO—FETHS. SFM
i, B 2 RO S EE O EIBRICE VT, T
NG L7z SONEBMRN S, I A T O EEBHEE & R
SR DOFH R Z RIRFITIT 5 FIETH D.

Fe & 1 XBEIZ SEM IZEEASW - FHIITFEEERE L TN B [5]. X
BR[SIOFIEICBIT DHE L LT, AT ONEBEBHEEHR
BEFE ST ENFET NG, ZOFETIIN AT OMBELE
BHEEIC 8 T LT Y XA[6)F VT WER, ZOFEIL/

AT DARLEENME E SN TWB[T]. # 2 TR
TIL, ®HFH AT ORBOEES ZRBANHAT 526 T

FVRBER I A THIONE « BEEHTET S FIEERET
b. R TIRZ O EEBHEE T2 EA 7T e —ET L

LIEA TV D

2. NEOHME

AWFZETIE, RFMHIAT L LTETE A A T IR I
TR T b0EHNS. BEinAy R LT, £
FALH AT 28 L-Einigghe Ry E2AVWD (X 1).
BEInAR v P EZBREETTETSE, ETTICRE L-BEG
HRAWCEHIIZIT ).

FTEEB ARG 5. RANCESS L2 B O RER %
L, U077 L—LATEIEITY 2 LT, BHE{T-o=
TS ENBIGTE 5. &l OB EE) B
By MVEREH L, MIET 587 MV OF A R T
N —FFT NI YTEHBZ ETHATONBLEEEZHTETD.
HEME ST IE L8 & O TR AR 3 IR TR 2 R 9 5.
I EABIHSE TRV IEL, FHHEITo=2NE oM
S OMTEEEERE AV, HEREZAKRTS. Boh
FHUFE SR b = AMEEET L. 2T =ARICIHST
DT 7 AF ¥ HBAGEBN LRI LA 2 & TTF 7 &
F Y BEREFFo 72 3RTREET VA EKT 5.

3. BRIEETIER
3.1 WG i
71 AT OBERIZO 2 BEMICEIT 250 RERST 57
O, BENETOBEG) DR EUS AL, BEiEOE (S £ TEl
T35 (X2). AFVETIE, Lucas Kanade Tracker & Hifg % £°5
I v NS L TRET 2 FliEE MAG b TR B T
HER1E WS

Omni-Directional Camera I.

Mobile Robot

Fig. 1 Mobile Robot and Omni-directional Image
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Fig. 3 Calculation of Ray Vector
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Fig. 4 Feature Flow
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Table 1 Results of Camera Motion Estimation

Previous Method | Feature Flow Model
(a) A-E Distance 148 [mm] 12.4 [mm]
(b) Average 90.7 [deg] 90.0 [deg]
(c) Standard Variance 1.80 [deg] 0.43 [deg]
(d) Maximum Error 3.2 [deg] 0.5 [deg]
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(a) Eight-Point Algorithm (b) Feature Flow Model
Fig. 7 Results of Camera Motion Estimation

(a) Actual Image (b) Input Image
Fig. 8 Experimental Environment
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Fig. 9 Measurement Result

Fig. 10 3D Environment Model
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