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Omni-directional Vision SLAM using a Motion Estimation
Method based on Fisheye Image
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Abstract: This paper proposes a novel mapping algorithm in Omni-directional Vision SLAM based on an obstacle’s feature
extraction using Lucas-Kanade Optical Flow motion detection and images obtained through fish-eye lenses mounted on robots.
Omni-directional image sensors have distortion problems because they use a fish-eye lens or mirror, but it is possible in real time
image processing for mobile robots because it measured all information around the robot at one time. In previous Omni-Directional
Vision SLAM research, feature points in corrected fisheye images were used but the proposed algorithm corrected only the feature
point of the obstacle. We obtained faster processing than previous systems through this process. The core of the proposed algorithm
may be summarized as follows: First, we capture instantaneous 360° panoramic images around a robot through fish-eye lenses which
are mounted in the bottom direction. Second, we remove the feature points of the floor surface using a histogram filter, and label the
candidates of the obstacle extracted. Third, we estimate the location of obstacles based on motion vectors using LKOF. Finally, it
estimates the robot position using an Extended Kalman Filter based on the obstacle position obtained by LKOF and creates a map.
We will confirm the reliability of the mapping algorithm using motion estimation based on fisheye images through the comparison

between maps obtained using the proposed algorithm and real maps.

Keywords: omnidirectional vision, vision slam, fish-eye lens, optical flow

I ME

BE 2R A 2p7]e] x)¢F 9 X x= 2] uigl e
o] A o]FE A Hoj2 2R AFAEY] uvl %
shitolt), Zxof st AF7F A2k o= 217] 9] <
7 9 A% 2 =, SLAM (Simultaneous Localization and
Mapping)> 7Fg 341291 AT FA2A e A7AE9)
Clobsh MmS Eo 01 7E WO EKFSLAM, Fast SLAM
o] thekst Gl golA Ay A, FhElE AlA,

=
259 AN 5 ThFRE AlAell ARt darg]se] i
AE 5]’3

‘?.13
L

> 2

SLAM< tFsk A E 7uko s o
M= oA 2y AME o] g3t ﬁﬂ s o]-8-3k
$7F giFF o)t} 71EdE 223 R AME o] 83819

THI e 1 F

* Corresponding Author

Manuscript received February 5, 2014 / revised May 20, 2014 / accepted

June 3,2014

e 741 AT (yunwon.choi@etrire.kr)

=AY JolF st choijw@ync.ackr)

S, )41 Frheta 11713 ot

(guangyanyan1129@hotmail.com/sglee@ynu.ac.kr)

# o] =2 20124 FHEE)E ] Ades d5ATA
o] 7] 2ATAR A D9E ol FE ZU(2012R1A1B3002240).

Copyright® ICROS 2014

B4 Zt=o) gigt FolE7AY AE 7IRke R Fglont
dolA 2= AA7F Zgo] AR EalTo] molA
A AgE AT ARE nfgo R T FollE JRE F53)
Al HAck et o188 A9 Algto] diFate] T A
HE AZHS Bot de AT o] 2RE e o83t
o] FHe| 5 ARE do] 43t A7) fIAE B8
A bt FHHEE o] 83 SLAMS 3 S A83= mono
SLAM, Ale] =48 F thE A3k stereo SLAM, AU
A7 AHZ o] 83} ceiling SLAM 5 thst thto s o
TEHALE oA bkt AME Ve w Ao T Are)
AFE HARE v O T 3 odometry AHE WEE 283
Kalman filterd]] tgt tjFst A5 E3 SLAMS] gew=7}
wol AsetA ATk 183 2= 3D dlolA AlAG
RGB-D 7H4|g}2 7]uto 2 31 3D SLAMel théfo] %o -
7} 8= 3 ek

53] shuletE o]&gt thket FES] VSLAMOIA T
FH S ©]-83 mono SLAM WAL x| ZElo] whgEslA|nk
G o HARE dY] W] T BE JHE F55
7] e 28 dele 9AS 7R AL lom 2HE L FhvEt
WAL 5d EAAE MEE 2dldA 785k 3A
o] ARE F3l7] ulitel] FH 33 HRE A= %}@
< 7HAARE HolE] AEgke] B dHS 7HA I Aot
H ol & FPGAS AHg-gto =i Wol dsal ANt o5
2830 SLAMS sl f1ge] EAlgc A FhHlet

%



Omni—directional Vision SLAM using a Motion Estimation Method based on Fisheye Image 869

A=} AE o]8ahy] wfiol] =l tgh
AAT 360° o] T HRE g el A7)

of Ag £x7h w=a B2 ARE 4 97 s A

2
T
N
N
lﬂ (o,
R B
o Mg Hn

71 AW onx] SLAME FE WA (paraboloidal
mirror)®l] HHARE olW|AE AAU14] HGE ] XS
oleh Fhjek= A ol AlE AUTHS-7). Tt olsh
o WP gt od kA E o] A7 A 2ol

o8k wo] Hk= 1:}240] ot E ln.‘%Oﬂ/ﬂ‘* 7)1 vk
7 g 2] JFS HlawA AA jrodA AL o=

Auol JRYE FH NG 5= e v g
b A=E ol gl AYF oUAE H5

o] 3

Sl 71E AFNAE 97 4L Slst] ojer dze
S wAgs) S e olgshan elelaE Se
2 @ A7) 2A 4L Bl A7) AAF sk gu
e AT JlE AFE Foo] A7) AL Ade
GoLt Fu JhRS AN 47} Qo) Fohge Askm

A%E SR A=Al e A77} Bashl Sk
2 wrold A oux sLaMe AwAd A5 @

-

IN717) Shske] WA wieks el Sl ot FhHlElE S
o] ¥ AU oMAE s|aEaF R upEe] e
g ke RS AL HolEEE F
ato] golEel Wiz glolES A Hrt gollEe] A
A& FEohaL ol 544 Aw= 8% LKOF (Lucas-
Kanade Optical Flow)E ©]-83}o] o]&g Mg«] s3ds
3T o)FA A %741 P AE 57 HEe] A 24
9HS- forward mapping S FEE WAL 53 HE ]
74ms} 7] 54S H}%Li e FollE 54 4HE A
= Adsto] FHolxe] Gl A|w=g 2 k. & =
wollM= Ak FagEs Al 23 A8k 54 7

& Aol Tt A A= Auek ool HA) 913
HRE Hlaste] Ak A daEFe] AsS ATk

1L X|Qkst A|AE]
1. ™A 7=
B =rollA] AQtek dar
et FhelekE ol gdte] F HHE ;}wﬂl 2%;}
a9 1

A =g 23

R ol A Fojed et Fuoh T
) o|r)AE Ptk ofulAE BAjsle] e u}ahaoﬂ ck
SiEIRE wEoR Wi AAST FNE Fuol
slo] g Bolx g wAY 540 ABa] 9
3 R5e] Auw dgaiA Bk ojsh FA] o<k ojulA
N4 BAEE EAHOR FEHl £49 WHE Tohn
49 Wele] Z7]sh Awe] RES vigoR BNed
HE AARTL FEF 21 Wele AE BRE 7Y
B ARE HFoRE WS o] A $40]7] AT
Folle elHdow &89t Hus AAT Feleel o
A Anel Folle s S ZHSHE Foto] FH ARE
2pdstaL Aell=e] fxE F43
2. EE A|AF_4I

oA Al A EE -8R 2R AAEE Od

_EL

)

I/ Start )

Get Fisheye Image

v

Get Ground Info.

Label to Obstacle Extract
Candidates Feature Points

Extract
Motion Vectors

Remove Ground
Color using
Histogram

Remove Needless
Motion Vectors

h 4

‘ Mapping

T LA AR S5

Correct ‘
Feature points

Fig. 1. The system block diagram.
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Fig. 2. The robot modeling.
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Fig. 4. The information of floor surface using histogram.
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Table 1. The comparison of the experimental results in mapping.

Reference Proposed Algo. Error
0 cm 0 cm 0 cm
1 -141.41] 16.01 |-140.06| 28.00 | -1.35 |-11.99
2 -99.51 | 15.21 |-107.28] 26.64 | 7.77 |-11.43
3 -40.62 | 23.05 | -36.40 | 23.60 | -4.22 | -0.55
4 -19.99 | 29.26 | -25.26 | 30.22 | 527 | -0.96
5 0.00 | 27.50 | 0.00 | 27.78 | 0.00 | -0.28
6 19.99 | 29.26 | 24.49 | 30.03 | -4.50 | -0.77
7 29.76 | 20.16 | 20.69 | 23.28 | 9.07 | -3.12
8 38.62 | 23.05 | 36.40 | 23.60 | 2.22 | -0.55
9 141.41 | 16.01 | 134.06| 8.96 | 7.35 | 7.05
10 180.09 | 17.50 | 180.09 | 9.56 0.00 7.94
3+ (RMS) 518 | 6.31
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Fig. 12. Extraction of moving vectors in 1% experiment.
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