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A rectangle-based relative localization method is proposed for a mobile robot based on a

novel geometric formulation. In an artificial environment where a mobile robot navigates, rectangular
shapes are ubiquitous. When a scene rectangle is captured using a camera attached to a mobile robot,
localization can be performed and described in the relative coordinates of the scene rectangle. Especially,
our method works with a single image for a scene rectangle whose aspect ratio is not known. Moreover, a
camera calibration is unnecessary with an assumption of the pinhole camera model. The proposed
method is largely based on the theory of coupled line cameras (CLC), which provides a basis for
efficient computation with analytic solutions and intuitive geometric interpretation. We introduce the
fundamentals of CLC and describe the proposed method with some experimental results in simulation

environment.

localization, camera calibration, rectangle reconstruction, coupled line cameras (CLC)
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(b) Candidate pose of a line camera when [, and [, are fixed

Fig. 1. Geometric configuration of a line cameral'”
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Fig. 4. Geometric method to infer a centered quad from an off-centered quad™™



AR19) SO SAsleled i Aeluselol .
Aol Fau] ARe As AeaR] YL, 712
ol w1k HOH*E Ae1) S o] A% Aol

WS AAsh= Aojth Flg 5 Z=x.

7heete] 914 p, 7t 2E-2] YAE hFStrta 344k
A2 S0 p,ol Y3t 0% BEo] 7|8} Hr ) oF
HAZ] ok Ay U 6,9 AH 7R = o] 55

of SH 79, 6,7t BAH BN HF olmlx] b2t

GELEETEE N LR R
212 ARBIoF Ttk ol A ol $IBk APS
A Akt

g Gl A s olulA A
H

Sl charet

it galAol S

Fig. 5. Geometric configuration of rectangle-based localization

O A 912 742 SI3 2 ALz 7IRke] Z]skskA Wi 13

Ao, g Bof M F [19]9) 7]t 15}
sh2) uhEel 2012 AFERH 4 9loh. Fig. 5 F=.
WA ol theliA 2782 A 7hlehe Rz p ot
£ Antehe el 7)sbgnet seiete] FALEE
379 B2l BT 5 ek oot k= 217 F4) 4
ARZFR R} oju|A] ARZFEe] Sjggih. B =Ry T
o ol 23te] 91 FHelNHY T A2t
G,9] sAukpo] Fejo] Fagoln] o) 5B Ho| So|e}
3PS 4 ek shuleke] IX9IE ek A
©6)°1 olof Z7k2el 7|spHske: B shlete] 914 p
S Sl o Barer S HAT 4 ek A ©
stetell = A Elo] AlE A Thilebge] Ak 7
OE Z/ll xl/\].ﬂvﬂo] xy q] lr—or] o]—r 3\&111]1
Ho| wZo sk, thzriel mHo] Uolul,
aﬂ EAHE (1,0,0) 22 3l= HH®A otk & &
o} 4249] A5elol 801 e RS B Azt
B3} o uﬂrﬂol ﬂm dee
zy%w o]

111

P

14

N':V‘r:rPE

oJsic)
el wet % A4l
thH 37]H 3K (scaling)S 4=
fo.

1 QoA o) 2e] Aty 1A 249l

ol

FlA Atele & 7Pt webs FrheR
ote] 7lakarAql WS A-8_ith

7Hiizk S4 polM B AAAE G o $AH A
L, o W& o) e v, 21t SRKG o) b FHA1F0)
B dEA JOeER ol A AN = U A
SHAl T4 AR ol HisiM e Al v, S ARt
& 4= Uk o] i W pu= A 2o FIPAL Qe
Hefoletal & = QAL WE po, = SR SULTHAY
et & 4 Stk whEhA, 232 dA WEkelA
U= Lvp, A dshE FUALS THe I =
i Al dyy =lpo, 7t ALk o] AR ols 2R A

2 AAo] vtz ZgE 5 Yk
AR pope MR 252 po, = W AAR

S0 Y, 5 o]F Helo] F(projection)3h 413to]



14 =35ks) =22 A1 A1 5 (2016.3)

o) dubA o shu|ake] o] o] FEH| A 3
A RS 2 Q7] "ol o] Ige AXA Hrh

4.1 O™ F&oll M
Fig. 6:& AloFE WS oA Gl 2831 o5 Hoj
Fr} o] dlofA= AHY defHolE Fif 259] Aty

(d) Off-centered quad @,

e,

(f) Reconstruction

(h) Rectification

(g) Reconstruction of frustum

Fig. 6. lllustrative example of the proposed method

2 AE AR 9 9 Fig 6(a)2F = G
Fig. 6(b)= 7= o|v|A] A S dlon 9T
Zhilet AEe deA A gk AR ZiERgel 7HY
of upet 250l Wate] $41 ETSHe BE vl
a2 7Skt

Fig. 6(c)= 49 94 (@)l 4 A3
Aitolrt. o] At I M= e whe &
orm Fig (@)l HA A% Azt@el stz
Q,% A4kl ol 88171 Hk Fig. 6(ere 4 7holehy

IR gl Gl Qe 34 At
0 FET oIk i 4D 3 44 0ol 4
a35lo] A A AAAE Go] a
perspectlve—to—Euchdean HES Bl Q2 FE A4lgh
% 93 A9 G oIt Fig. 6@ HFH02 7}
olete] $A} 728 Helek Arolch Fig 6(hy ol
A GAS rectifyt 01]0]1’4-

Fig 6@t o] 48 Apatgel o1t 3
Al Al 32%4011*1 INEEEES

-

=

Xe)
=
A

filo

s

A
S

T

e

_L,d

O}N
Iz
(o
L

v
25 o) v=59279 2 A 4 f:4.1324
181t} Fig. 6(b)9] 2k gAo] &l o
Aoleka 7Hsh, Fig. 625 e % UE A}
o] FH|(= 1L.6916)E Bl FS ol 0.4%2] =}ol7
sjol, Aokl ARl AALE AZE 4 ook
SIck. it o ool AL lEolN 73 AFS AMgal
7] wzoll AA 7hlete] RIS o 4= ARt
o] AlEgo]d Ayl Aite] Fehd il
AT
& AA B2 Mathematica 10.2.004 LA E AL
OS X 10.11.2 g4 Addstlek ALE AR @, 7F
T2 ol $HE 92 4L Rt el & AR d,E
AARE 744 0.001 % v]9tS 2(2.8 GHz Intel Core i7
ZRAA 715), A 25 stegofollx] ATl AL
shzlo] FE|7h gle Aotk
of WS AA| ols =il A&7 feliM= EY
Al sl olulx] A Q& FE8he #H0]
A AdggE ofof gict Flg 6(C) Az o5 S FAIA

ot mlm on:
o n? o
(=IO

Boog 4 &

-
ot

-
i)
0%

% e
4

alfe
2

]
4

e
= =



(c) Voronoi diagram (d) Detection of quad

Fig 7. Automatic extraction of image quad: an example
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Fig. 8. Simulation of a moving logistics robot based on relative
localization of the proposed method (Continued)



16 =353 =52 41178 415 (2016.3)

102.0 2 08 X 10.11.2 3404 2= gict. 7|27l
272 Fig. 8(a)i 2k,

Ag o] o] AT ofF 2R Fhare] BEO R
wRF of5o] FHssiThaL 1Rtk 25to) Am Avtto
Fuletr} satelo] glar o)
o Byo] g e Hagsto] X
o} Algdo| ol B Alztge] AEe Heat
7Vs 3tttk A4 YAl A Fig. T3t 2L
A,

Fig. 8(b)-(c)= Fig. 63 S-AS17 AEH A4 A2
of A% Fhuleby e
SOOI H8 A Q,
AZFE Q= Fig. 49] WY

e Fhileby e A

ofo
ol
2L
=3
3!
aQ
x
Re)
B
N
>
o

i = —;
P HUT S Qloh FEMN Aol BE M
A ALY GolaL, H2A A @ 7t B3k FAL
Ztgor ZYiol gt

Fig. 8(d)-(N= XS YU 7o =g A4
Ql 1A 749 A5 HolEoh Fig 8(d)olA dA 9
Z|ol| A 8] it 55 aht dow, Bk SYE9
SRS F24 Ao Hoj3a Qi) oo F A2
Z59| o]F HHo] FAME Aefo]n of Aol A ¢l
= 5 B YA

275l Hot Fig 8(e)«= ©
RS FHCR Fig §(dys 18 ZloR whd 353}

oA oM Afol 9] Zh 7t BR HALES 4
2 ok 23] AJHiA E7E = Fig 8( F
8(e)E olE WHe sl 13 Aer =5
FUEE W B F24 Hol F9UE
oA 2F7HA 9 ARE UEaL Slok

o] wf Y] F4] Aik= Ao E 24 e <10°°
olE v HERE AIE Frk of FAl= H3E AAR
o] 7)o Y3t A A2l Z7]o|H Fig. 8] oofAl=
O3 o] s ok el 94 (0,0,0)02 F3E
A3 vieo] thi= 3tef S4loltt o]F 229
71 H3Es p, = (2,9,,0) 0101 AIRE o2 F9F 54
it p, = (2,,,,0) o2l SEAL o] wf SR = A
W ZhEPEe] Aol A AR Hgksto] fA
g} o] §f @X= e =|p, —p, |2 AAFSICE Fig. 8(d)o]

=
12
>

2] AlA| Q1= 3.55612x10720] AT 2 X]= 5.93888x
10"o]t},

o] 91| 40| AT olgsle] LT} AR A
% 24 dielZe] Hg ol HolZrh Fig. 8(2)t

o] @] Yo 4] 2 7

=
)
2
|3
Y
o
o
oo
ol
ol
2
U

8@l A Mz 2He 1
2 apzke o) KA AT Hpol 7t Qlek. ol 917 3
% TpgollA] AR, (o] SelAl ¥ =20.5°) Fig. 8(h)

oM Zio] BE AA2YY FHOR BHS

o

b b
P Ao T WRol A AR HolEt. Fig 8
ol e =& WH3 o]F BHo] ARE FA5)

& HojEth

©

stoll 2208 svleks guo] £AsHs 24
2 BYoka ol olgsto] o] el A

e Aty 53,

N
N
]
> m ol
M oX ku
4y
o2
ol
Qo
rr
N
ol
o
Lo
iy
oZ

RSOSSN |
o M g
L
o
>
S
ot
4 T j;
i% Og%p
“;; i
e o [
oo g
2 ol
o
2
1
i)
L)
|z
&

T
3
)
)i
[e]
e
[¢]
e ©
S
Y
N
=,
I
0%
u
2
r o
N
o,
st

£
-0,
N
of
-
o
i
2
9%

Mo o
P o
—O‘ N
=
W O
CU S
ér\l
fr ot
-

4>

%

=
N
rE
(e}
ol
o
i
~
>
©
1:011

=
s
HE
>,
il
£
o
[ -
=2
2
=3
ol
o IE
filo
2 g
oo
ol

)
fr rr fo

of
L
=)
o
H1
t_o{'
o
2
rO
oz
oE
mt i
3
!
ol
e
2
i
L)
Ol
2
PO
N O

o fd
ol
ol
ox
el
=2
rir
~
D3
1o
oz
rE

I
kI

32
2ol
i

e

1

&
<t

oN,

t

Ir
=2

1w ©
oX,
i=) rir
of
ox o
i
i)
2
ol
ol
2
o
2
ol
ol
)
=
oo
ok
4

fr o

Eﬂ}{]l

& ok

(]

| s g Soi 4
sfeto] M selepgel TAlE T A

02 ¥° o m% e o o
o —

)
o
tlo
e

©
)
& o
2 S
o L
;
i

A 71k 912] 7 7 W



2 W-gE mEE Aojui 7ot Agt ek
2 4299 Aeudoldut Aol 87 oy
o]},

Ab AL

B olil= MOTIE/KEITO] 2341 §3t di4l7|&
7HEEA}RI(10048920, 10051155) 2 MSIP/IITPL] IT SW

=
ALY UH71% EA(10041743)2] AL o}
Sy

References

[1] Se, Stephen, David Lowe, and Jim Little, “Mobile robot
localization and mapping with uncertainty using scale-
invariant visual landmarks.” The international Journal of
robotics Research, vol. 21, no. 8, pp. 735-758, 2002.

[2] Shaw, David, and Nick Barnes, ‘“Perspective Rectangle
Detection,” In Proc. of the Workshop of the Application
of Computer Vision, in conjunction with ECCV 2006,
2006.

[3] Hartl, Andreas, and Gerhard Reitmayr, “Rectangular
target extraction for mobile augmented reality applications.”
In Pattern Recognition (ICPR), 2012 21st International
Conference on, pp. 81-84. IEEE, 2012.

[4] Korah, Thommen, and Christopher Rasmussen, “2D
lattice extraction from structured environments.” In /mage
Processing, 2007. ICIP 2007. IEEE International Conference
on, vol. 2, pp. II-61. IEEE, 2007.

[5] Elloumi, Wael, Sylvie Treuillet, and Rémy Leconge, “Real-
time camera orientation estimation based on vanishing
point tracking under Manhattan World assumption.” Journal
of Real-Time Image Processing, pp. 1-16, 2014.

[6] Triggs, Bill, Philip F. McLauchlan, Richard 1. Hartley,
and Andrew W. Fitzgibbon. “Bundle adjustment—a
modern synthesis.” In Vision algorithms: theory and
practice, pp. 298-372. Springer Berlin Heidelberg, 2000.

[7]1 Szeliski, R. 2010, Computer Vision: Algorithms and
Applications, Springer.

[8] Hartley, R. and Zisserman, A., 2003, Multiple View
Geometry in Computer Vision, Cambridge University
Press.

[9] J.-H. Lee, 2012, “Camera Calibration from a Single
Image based on Coupled Line Cameras and Rectangle

AP 917 242 915 AAR 7] A)skety w17

Constraint,” In Pattern Recognition (ICPR), 2012 21st
International Conference on, pp. 758-762.

[10] J.-H. Lee, “A New Solution for Projective Reconstruction
Based on Coupled Line Cameras,” ETRI Journal, vol. 35,
no. 5, pp. 939-942, 2013.

[11] J.-H. Lee, “New Geometric Interpretation and Analytic
Solution for Quadrilateral Reconstruction,” In Pattern
Recognition (ICPR), 2014 22nd International Conference
on, pp. 4015-4020, 2014.

[12] J.-H. Lee, “Single View Reconstruction of Cuboids and
Transformation in Perspective,” ETRI Technical Report,
2015.

[13] J.-H. Lee, “An Asnalytic Solution to Projector Pose
Estimation Problem,” ETRI Journal, vol. 34, no. 6, pp.
978-981,2012.

[14] J. Lee, J.-H. Lee, and J. Kim, “Analysis on Coupled Line
Cameras using Projective Geometry,” In PSIVT Workshop
on Vision Meets Graphics, Nov., 2015.

[15] Lagunovsky, Dmitry, and Sergey Ablameyko. “Straight-
line-based primitive extraction in grey-scale object
recognition.” Pattern Recognition Letters 20, no. 10, pp.
1005-1014, 1999.

[16] C.R.JungandR. Schramm, “Rectangle Detection Based
On A Windowed Hough Transform,” In Proc. 17th
SIBGRAPI, pp.113 -120, 2004.

[17] Zhang, Zhengyou, and Li-wei He. “Note-taking with a
camera: whiteboard scanning and image enhancement.”
In Acoustics, Speech, and Signal Processing, 2004.
Proceedings.(ICASSP'04). IEEE International Conference
on, vol. 3, pp. iii-533. IEEE, 2004.

[18] Keller, Christoph Gustav, Christoph Sprunk, Claus
Bahlmann, Jan Giebel, and Gregory Baratof. ‘“Real-time
recognition of US speed signs.” In Intelligent Vehicles
Symposium, 2008 IEEE, pp. 518-523. IEEE, 2008.

[19] von Gioi, Rafael Grompone, et al. “LSD: A Fast Line
Segment Detector With A False Detection Control,”
IEEE Transactions on Pattern Analysis & Machine
Intelligence, 4 (2008): 722-732.

[20] M.-K. Jung and J.-B. Song, “Robust Global Localization
based on Environment map through Sensor Fusion,”
Journal of Korea Robotics Society, vol. 9, no. 2, pp.
96-103, 2014.

[21] H. Hwan and J.-B. Song, “Global Localization Based on
Ceiling Image Map,” Journal of Korea Robotics Society,
vol. 9, no. 3, pp. 170-177, 2014.

[22] Lee, J.-H., “Geometric Method for Detection of Image
Quadrilateral,” In Circuits/Systems, Computers and



18 =353 =84 41178 415 (2016.3)

Communications (ITC-CSCC), 2015 the 30th International
Technical Conference on, pp. 482-48.

[23] Doucet, Arnaud, Simon Godsill, and Christophe Andrieu,
“On sequential Monte Carlo sampling methods for Bayesian
filtering,” Statistics and computing, vol. 10, no. 3 pp.
197-208, 2000.

[24] Pomérico-Franquiz, Juan, Sanowar H. Khan, and Yuriy
S. Shmaliy, “Combined extended FIR/Kalman filtering
for indoor robot localization via triangulation.” Measurement
50, pp. 236-243,2014.

[25] A.Lee,J.-H. Lee, J.-H., and Lee, ““Sampling-based Control
of SAR System Mounted on A Simple Manipulator,”
Transactions of the Society of CAD/CAM Engineers,
vol. 19, no 4, pp. 356-367, 2014.

OII

of = 3
1994 POSTECH HAMAHFEAD)
1996 POSTECH HAAILHE-8FX AL
1999 POSTECH ZAFA|AHZ8HEA})
| 1099 - 37 ETRI$ 87|12 ATHE A<
A4

2007 ~ &A) UST AFE| AZEYo]AF BEus
ok A L2, HCL, 2 RE 2, AFEH

o X &
1986 KAIST 7] 2 AA}gsty} A}
1996 LB FHH(Tokai) th8ha 3-23}} upa}
1986 ~ B A BLAAEAATY 2|53 01|
714 TR 7t R A S 284 o)
7

ol

BTk N2RFE 2, 2R, 9l

o| of &
2008 F-2fetar vjr]o] g sk WEjw] o]
_ A
2011 Zdistu Feedaety dast
AAHEEAIAD
2012 ~ @A Hehr|E At dosta
AFELZEY o)A A

FAJEo}: Computer Vision, Augmented Reality, Pro-cam System

Zl

d M3
1996 A8t AFE T3 F3HAIAD
- 2006 =t AFEFSHF 3 EAD
=N

>

1998 ~ 2001 (F)EF 71EdAT4 B

2001 ~ 8A) A5HAEAAT-L ASHUAA
TEedTEAR

.

wARok 2R T AL, AP =R, 2R



	1. 서 론
	2. 선분 카메라쌍
	2.1 선분 카메라
	2.2 선분 카메라쌍
	2.3 비중심 직사각형의 처리

	3. 이동 로봇의 사각형 기반 위치추정
	3.1 문제 정의
	3.2 선분 카메라쌍을 활용한 계산 방법

	4. 실험 및 토의
	4.1 예제 영상에 적용
	4.2 시뮬레이션 결과

	4. 결 론
	사 사
	References

