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Novel real-time local two dimension map building method based on
binocular vision
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Abstract: According to the characteristics of wheeled mobile robots, a novel method for real-time local two dimension
(2D) map building based on binocular vision is proposed. Firstly, the principle of virtual height lines imaging in
binocular vision system is proposed. The scene is partitioned into uniform grids, and virtual height line segments( VHLS)
which do not exist in the scene are introduced. Each VHLS was projected into the stereo images in binocular vision
system and formed a projection line segment ( PLS). Finding the height of the scene is converted to finding the
correspondence that has the maximum similarity metric on the PLS and in the searched horizontal disparity range. Then,
a novel local 2D map building method is proposed. Similarity metric of the scene on the part of the PLS whose height is
greater than the maximum which robots can overleap, is to determine whether the scene grid is an obstacle region or not.
The experiment results show that the proposed method is valid and real-time for mobile robots, and can be used for
building three dimension(3D) map.
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Fig. 1  Principle of VHL imaging in binocular vision system
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Fig.2 The special case of the projection of VHL
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Fig.4 Left images of the experiments

P 2 T A X PN A s A 4 T 7 1 X 3R, A i b o
IR FEZ X3 J5 7 B B2 IE 7 ) % R 2= AN AR
WY X I i, iR k. BCRH C++ B
SIS HLECE S AMD 1.6 GHz CPU,2 GB
DDR WA£, iz 47 HF ] /NF 100 ms, i 2 HLAF AT
X S B P SR

S oy 3 20 ST A T s 3 5 3 1Bl AL R 5
JE B AELX) g — A EA TR A B A5 21 19 2 AEMA%
P o Hb TR 5 22 A AN B4 A 0 DX 3k Ay it 4 5

R USRS DX, 11 Ak T o A RS A A% 2
BCARAT Befet ) o AR AL T oA IRAS IR Je B8 A T X Js
SRR R XS, TR S T R A B
YOI T5 1) (RSB B R T LSRR o iRl T IR R
A5 22 A SE I , T A 48 B 22> A% ) R 4L
JELAE G LB M AR R SR, A e B R
PR — 22k Lo R st M, 32 AR 225
MR Pk, WnEL S Fros, BRhe Py TR o, 3
AR DX S HE R

[ diA R

[ Ak

Z,, /mm
L
T

i

é [ BRI

00
-4000 -2000 0 2000 4000
X, /mm

(2) B4 I 7" 5 5 IR A A

~4000 —2000 0 2000 4000
2% /mm

(b) [E14(b) iR 7 57 L B A

-4 000 -2000 0 2000 4000
X, /mm

(c) 4(o) [T 7R 5 LB 2

KIS 2 Zidias i sc e sl
Fig.5 2D grid maps

P15 (b)) Fb I PR A A% DA iR D L i, e
SORAS RN AR B 5 (o) b TR AR T Y 2
WP, KR A — B 32.5 em WRERRY), th T
BI{E H, =40 cm, Frxix X n] bl a Nl i, Pebn
IE N A RS T HS 7 IR AR 5 48 4R AN 3
ARALIN B it B R € HAE K F 25 8 R N A
A E AR RIIN BE BT B, Bebmic A R AR . K
4(b) HFRYHEIZ AT 25 s BEAN R, 2R 2 2
VR T R b B s TR H, B#B
SIFETEARLIN BB (B C HLAEKCF 0 22 48 30
L A EL A e R A A 0 B2 18 68 o7 st e 40 W S o AR
A&, AR 12 DI D R4, RIBL A AN Al g

WERAFF Ak — 464, BG4 LR T BI(E H, A9
SIFETEARIIN B BB C HLAEKCF 0 22 48 30
L A EL A i R R0 52 4 o IO A, 308 5 S 23 R
A, MR HBIZ o ) S al @ AT DX, RIBLAS A Al g
TEJE LA A B AR LA, S P g AN 220 B )
I, 23 55 RERGH) 2 (8] DR 35 520 s T AN B
RGP DI, AR SO0 TR B i RN ALY
WA 00 R A ) R SRS A 2 A Lt A B ) i 1%

BT 2 HEpbAs B S BR A R, h TA
SCRFHE 2 i, AT AR R, I, 4R R
S T R BTR LR R



1442 FEER KL www. ¢jig. en

%16 &

x1 ESXWMERESUNRESR
Tab.1 Depth result of obstacles in Fig. 5

BIS BefFES  HRHRE/em SERER em BRZE/%
1 400 390 -2.5
(a) 2 700 690 -1.4
3 900 900 0
1 600 620 3.33
(b) 2 800 830 3.75
3 1100 1100 0
1 600 580 -3.33
(c) 2 700 — —
3 800 760 -5

1T 52 56 P BT SR B A% DR/ O 30 em x
30 em, Xy F1 Zy J5[A) ERAEE N 30 em FR 1 A]
PAFE Hh , M 2] rp ook B e 40 R 199 B A 45 2R 0 I AL
NHURGREEOR 1815 PR 4 59 /N LU R AR AL,
{HNSEIR AR, AR DR/ NI 22
FUERX—Z R A 3 AN 1) 8 HRO 5| i
A AR R Z —, W 6 B

(a) £

() HA
P65 | A 77 1120 ) A0 s JEE R B R o7 2 1

Fig. 6 The case for window effect of the projection

location of VHL

MM L (K 6 P RYF L) Bk Btk
ERIRERRI NS IMIN Y 3 MEER (A 27 H R/
g —=F) R APN IR g TR ARA I B2 #9787 1 2800, 2%

#8I32 B ARSI A B A R AR RLI 2%
U iR BE LR T L BRI o S R B o b o AR,
T i RSB - 1) o A IR A DX 58 B2 352 ) e
TARALAR LT AL FAT T S 2 0 e AR, 51k
ey X R P DX K53 )l AR RIS e i 4
WAL TEBRE IR 25, S 5t b
DX Il B ) I 5 DX SR 3 1) A e AR
&1 4 (a) rfFRe AT ) 1A S5 B B J3E A T — 2 Al X
2 1] BRI SRR o A (R AT —
e BB A A BT L 4R BT B, PR, FETE R4
NTFREITE A

R 2 AERIPRS o P25 RS AR S e 1 3 55t v i
(BX7/)E VAR Y SN I N DN AW -
— A B i A ) B, R AR . R
TERGE 2 LR B e fE VL I 53Rk (U, V, ), i X
(3) AT ARG B 434~ 3 5t 9 L, B 3RAR 4 b A
(19 13 J5E (L, TS 10 5 3 RIS 3t &1 (A i
4% B

B —Fh TR G S SR 2 AR B R Ty
o BCHR RO B B R K
o LA TR AU AL A AR B 2 K 22
12 BT PRS2 7 A i RO R 52 P9 08 J7 i SIS i) L
R E 0T R AL R L 1 T B {EAR A I B R A B
THAAMRLIN AR A LU B2 AR AR AR
SCBLT 2 HEMPAR MU I PR . SRR SRR, P R
T A R, BAT BRI AR T B
NS EER I AT R A 3 Ae Al o

2% 3Lk ( References)

[ 1] Ivanjko E, Petrovic I. Experimental evaluation of occupancy grid
map improvement by sonar data corrections| C]//Proceedings of
the 13th Mediterranean Conference on Control and Automation.
Washington DC:; IEEE, 2005 95-100.

[ 2] Tamilselvi D, Rajalakshmi P, Shalinie S M. Dynamic
programming agent for mobile robot navigation with moving
obstacles| C]//Proceedings of 2009 International Conference on
Intelligent Agent and Multi-Agent Systems. Washington DC:
IEEE, 2009 1-5.

[3] Baek S H, An S Y, Oh S Y. Local grid map based rough
localization for the mobile robot by using self-organization map

[ C]//Proceedings of the 2006 SICE-ICASE International Joint



5 8 ]

WA A5 XU L BRI B3 S IR R 780 2 24 PR 2 D5 0

1443

[4]

[6]

(8]

Conference. Washington DC: IEEE, 2006: 5919-5923.
Lee Y C, Yu W, Lim J H, et al. Sonar grid map based
localization for autonomous mobile robots [ C ]//Proceedings of
the 2008 IEEE/ASME International Conference on Mechatronics
and Embedded Systems and Applications. Washington DC:
IEEE, 2008 : 558-563.

Elfes A. Sonar-based real-world mapping and navigation [ J].
IEEE Journal of Robotics and Automation, 1987 (3) . 249-265.

Fumio K, Takashi Y, Shuuji K, et al. Whole body locomotion
planning of humanoid robots based on a 3D grid map [ C]//
Proceedings of the 2005 IEEE International Conference on
Robotics and Automation. Washington DC: IEEE, 2005. 1072-
1078.

Chen H H, Xu Z Z. 3D map building based on stereo vision
[ C]//Proceedings of the 2006 IEEE International Conference on
Networking, Sensing and Control. Washington DC. IEEE,
2006 :969-973.

Chen H H, Xu Z Z. Local 3D map building and error analysis
based on stereo vision [ C]//Proceedings of IECON 2005 31st
Annual Conference of IEEE Industrial Electronics Society.
Washington DC; IEEE, 2005 :379-382.

Kodagoda S, Hemachandra E A S M, Jayasekara P G, et al.
Obstacle detection and map building with a rotating ultrasonic
range sensor using bayesian combination| C]//Proceedings of the
2nd International Conference on Information and Automation.

Washington DC; IEEE, 2006 :98-103.

[10]

[11]

[12]

[13]

[14]

[15]

Chen Baifan, Cai Zixing, Xiao Zheng, et al. Real-time detection
of dynamic obstacle using laser radar[ C]//Proceedings of the 9th
International Young Computer Scientists Conference. Washington
DC: IEEE, 2008 1728-1732.

Lim Youngchul, Lee Chunghee, Kwon Soon, et al. Position
estimation and multiple obstacles tracking method based on stereo
vision system [ C |//Proceedings of 2009 IEEE Intelligent
Vehicles Symposium. Washington DC; IEEE, 2009 72-77.
Gartshore R, Aguado A, Galambos C. Incremental map building
using an occupancy grid for an autonomous monocular robot
[ C ]//Proceedings of the 7th International Conference on
Control, Automation, Robotics and Vision. Washington DC.
IEEE, 2002. 613-618.

Lejla B M, Ivan P, Edouard 1. Mobile robot localization using
local occupancy grid maps transformations [ C ]//Proceedings of
the 12th International Power Electronics and Motion Control
Conference. Washington DC; IEEE, 2007 ; 1307-1312.

Zhang 7 Y. Flexible camera calibration by viewing a plane from
unknown orientations [ C ]//Proceedings of the 1999 IEEE
International Conference on Computer Vision. Washington DC:
IEEE, 1999 666-673.

Heikkila J, Silven O. Four-step camera calibration procedure
with implicit image correction computer vision and pattern
recognition| C |//Proceedings of 1997 IEEE Computer Society
Vision and Pattern

Conference on Computer Recognition.

Washington DC: IEEE, 1997 1106 -1112.



