1232

HOl - 22 - AIAESES =2X W 15 &, M 12 & 2009. 12

HEE ZEAE 7|4Hte] sntxol 4 7| HAL

Efficient Exploration for Room Finding Using Wall-Following based
Path Planning

% EHE, S
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(Joong-Tae Park and Jae-Bok Song)

Abstract: This paper proposes an exploration strategy to efficiently find a specific place in large unknown environments with wall-
following based path planning. Many exploration methods proposed so far showed good performance but they focused only on
efficient planning for modeling unknown environments. Therefore, to successfully accomplish the room finding task, two additional
requirements should be considered. First, suitable path-planning is needed to recognize the room number. Most conventional
exploration schemes used the gradient method to extract the optimal path. In these schemes, the paths are extracted in the middle of
the free space which is usually far from the wall. If the robot follows such a path, it is not likely to recognize the room number
written on the wall because room numbers are usually too small to be recognized by camera image from a distance. Second, the
behavior which re-explores the explored area is needed. Even though the robot completes exploration, it is possible that some rooms
are not registered in the constructed map for some reasons such as poor recognition performance, occlusion by a human and so on.
With this scheme, the robot does not have to visit and model the whole environment. This proposed method is very simple but it
guarantees that the robot can find a specific room in most cases. The proposed exploration strategy was verified by various

experiments.

Keywords: exploration, SLAM, intelligence, mobile robot
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Fig. 1. Room number on the door.

Wall-Following path

exploration node
(8 (b)
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Fig. 2. The path to the exploration node: (a) optimal path generated
by the gradient method, and (b) wall-following path.

Recognized room

(a) Right (b) Left
wall-following wall-following

Dynamic
obstacle )

(c) Error motion caused
by dynamic obstacle
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Fig. 3. Problems with room exploration strategy based on wall-
following motion.

d

djg e
o
(T

fi

o i
‘O,

o Ix

o
&
P
rie
ot
il
-
H
£,
N
=,
i
)
)
rr

kel rle
oz
I,
g
B
N ol
r:lg I ¢
>
2 ﬂ“
i
oly gt
i ﬁ' %
i Fi
"3
oz oA,
o4 mlO
o
O o
™
bt
r__)‘:“

ot
il
hed
1

i
o
o

o

rh oo

do,

oo
2
ol
oli
o1

ol
i
I
=1
]

(o3
o
o z
4y
iy o
o, =
T lo
o 18
5
=) JIE
y e

Mo o 8 X

1B
o
k)
=
©
4
FF
o

o
o,
oy

w
=2
T
k)

1 =
=
®
.
L
g
i
[0

o,

2

2
Ny
{0
B
yg 2
Y
2 o
N
o %
g W0
o= &
SO
o,
oft
ol
i o i F\F

ot
2l ol
o
el
i o
i
o
MRy

ot
Y,
Kz
ox I M1 XN o
e of 2 2

4y & mi & fob

o o Mo

L T
ot X o
oEEo

X9,

T e
Lo,
2 to
M R
EY

¥
mE*

e 23 71E0R 23e) 95 W U

He D ANE dehi, 18 s 5% e

e G 2RE etk 139 30 $4 Bl

ojel, 22Y GAS S g

) (), (© 5 A4 2

I £ 9 e a9 e
¥

2
off

ol
R

i
o
i o &

0l
=Y,
ﬁ\l ﬂllO W _1>’
48 Lo

Noon

i "o

T
QC
9

9
i)
ko
ol
Jl

!\’Mm&m&@ﬂj}i_&
oz o
[
ol

o

>.

-— 0

[

_l?k
0
>
=

=

xol BFF
g 2844
gk o5 =X
27F At @
Ho u WsZ
Al ek ek 914
37} 2R Folrlol
5}74_4 BALE o) Eukrl 5
so] WA o2l o] F
A Rl e 94 A9 5
1= Asto] WAlgH wheby mixe]

f

N
o,
fil

il
ol

o
{-40
£ il
it
i i
to 2
)
12

£
ol

a

» oo

rir

o, fllo

o

N

1

o,

e
ARSI 3

(s]
O

|
Ay

I oox

O
% g
hir;
@
Tk
20"
=%

J
£
E o

X0,

I~
m{m of, met
i)
>
oX,
i
ro,
)
e
>
X

&

¢

r&
i
X
i
ok
o
o 2
2
>
o
it
>
i Lg
o
o,
ol Olﬂ
ofi
ol

Ol
OI' i
g
=]
ok
Jo,
fi
! -{>‘
2
v
o)
il
e
o o %

14
o

T

4

14
2
i f=

=

oy I
%

)
rlr

iz
RN

Lo o
ft ol 9
of

ol
o
oft
N
)

il

o

i >
ol

o

o Mo

it
o)

o
ri 23
o
il
g
>
o,
)
ne



L 4 37] BAL 719

vjAe] FholA  3r1g AR 232 v P
AHE Y AE 7S Y AU A9 Hie) 914
& s 2o 4] A8 A AR 9
T ERY uE 9% T 0B8%0R o 3 A
ATeME 2R PEIE 9508 o I AR olF
TS A7IE ThiERRY 9 GEHRE s,
B Well - ¥z} »xﬂz} A QA wse 5
pcz 1%6}“ H4& 5F We 23S wpq iEd.

PCAAME ) W *?HLM 255 AME o183t
UIX]QJ %Lg sl AL St @7 el R

WA Al TE @t ol ADANEOIA, 2EHE B
o) AUl AolRa B wxsle], 9 4pst 2 A%
AEs Aot PE AN v} G4 7%

o
(<3

2 G99 HAHL ZEE o)Frontien) P Y2 S Hl
F oA dAE gA F2E5F ZEEY 995E 29 5@
2ol sk ¥, 2% sp)s ol FUE A7te) =

S
o 1

2o} 999 TAFYS ATk 2 ZEEolelA T
AR FAReE 07} H9, 23] wixle)

A1 19 RS s Bl 2
Wbl B A HA GAE 239 BAleT FHE
25 7]

A~

o) Fe @

SOl olmT w=E HUGY BET AUAE T

. Range senso!
.~ information ¢

¢ Knownarea |
H{unoccupied grids)!

@ ®) ©
T 4. ZREY] 4 FEH,
Fig. 4. Procedure of frontier area extraction. (a) range sensor
information, (b) occupied and unoccupied grids, {c) frontier

TR 5. BAk=E Fue) FE0.
Fig. 5. Procedure for extracting exploration node candidates. (a)
clustered frontier grids, (b) candidates of exploration node.

Mo - 2% . AlASSE =2 ’M 15 &, M 12 & 2000. 12

Aol & AEe 37 5b)e} Hol FE2Y wEvT} x5
A& 0)S(node selection gainyS AXIEIA, == AE o]Fo
7Fd & wEE WE 22 At =5 Y o5
&3} o] PRITH

UNS = ingo *

.

-G

info

+ Qi * Gt + Ugie - G @

A7IN, Gty G Gars ZF =N D& 5 U= BNH 2
Rate] Ag, el BEEE 015005, oy, tiw Gt Gio
G Gar® 7FEA 0]}

73 ¥.0] S(information gain) Gy, = THE-IF o] F3TH2)

H, =~ 1ngt (1- Pi)IOg(] "pz‘)
n-1
R ACA D @
G, = A

714 p B B YAAECEE B, 109 LR
360° WS A Hdl B e FeEolt HA|e
q9E whd WA FAFA (ray casting)S FHEA, FAF
Ho| ¥yt Azl HHEEE VehH, HE pE 8 A
& AR Jdegve|th A H A s: Aoln, o Hiy &}
& FolAM 7P 2w o] 83k

G/t & B2 =EYFE, vAY 0o i w2 Fu
g de F Utk

72 o] S(distance gain) Gy = Thrd} 2] 73t

D

G =15 — ®

total

oJ7)A, D BRAA w7 A" AR dolE
™, Dy ZROIA BE =270 78 A28 4ol &
e et G2 28 wE=oe Ar) resE
2 % et

HFEFo] S(direction gain) G = TH-3 2tk

_°|L

AO
A8

max

Af = 91‘ - Ombou Gdir =1- (4)

7\ g MR woot 2Rile) Aug g, & Z=W 3
A geIMe] 23 7beg JERITh Gu 2Eo] Pk
wrakyl 28 =2 ol Mo| ksh= whak 7ho] Ajol)
ASTE I ks et

B a7e Bxe §4L ndysy] 98 nAe FiE
BRALEly Zlo] olu)E} whE A7) gle]l B W2 2= Aol

o web) dwses we WEe] EARE Bue pe
T B BEE WA g Aol RE 38 )
o et EE nrh ge vixe) Fuel o 4ue
Pz Aol WAkl Felsp] dEol B ATANE gy oo

0 7S 04,02,048 2+7F AAEQITh

T% 6ol Eo], W BARES 9 AN A dAE
B3R g A7 nxe] F3he] o o EAEA] ¥ o
7 iR o g SRy 1Y 6@FE A FhlA =
E.E}o] 03;010 17-5} J—aa Eethq ‘_-LP/] G(b)‘——‘ Yiﬁa
o] J9g o83l BRo| Il & xEES FETF R

a8 VERITE ¥ 6 42 2E0M, G, Gow Gone




Journal of Institute of Control, Robotics and Systems Vol. 15, No. 12, December 2009 1235

(a) Frontier extraction (b) Node extraction

(c) Calculation of three gains
(information, distance, direction)

Node 1: Ginto=0.960 G45=0.862
G4i=0.102 Uns=0.587

Ode 2 Ginf0:0-797 Gdi5[=0.606
Ggir=0.874 Uns=0.771

Node 3: Gy, =0.921 Gy4=0.532
Gir=0.899 Uyns=0.796

Selected node

(d) Extracted path to the selected node
a9 6. AAH ¥ A} H,

Fig. 6. Overall procedure for exploration for room fining,
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Fig. 8. Extraction of candidates for wall-following path.
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(d) Searchregion  (e) Safety check (f) Safe ray-grid set

(2) Search for shortest () Shortest (i) Connected
ray-grid set ray-grid set points
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(j) Start and goal points (k) Final result
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Fig. 9. Process of start and goal positions-connecting with CWFP.
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Fig. 10. Process of generation of association relationship between
nodes and edges.
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TR T i

(b) Procedure of wall-following path extraction
I% 1. ERE AR,
Fig. 11. Wall-following path.
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(a) Environmental map

(b) Wall-following path
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Fig. 12. Wall-following path of whole environmental map.

Target room 2204

(b) Environmental map and recognized room
% 13, 874 A=} 1A WS
Fig. 13. Environmental map and recognized room.
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Target room 2204

2210 l

(a) Optimal path to the pose of Re-exploration node
of NR

Target room 2204

(b) Wall-following path to the re-exploration node
of NR

Reocognized

Selected
2210 .3 re-exploratm node

(c) Recognition of target room number

Y 1408 712 0% AR 3R,
Fig. 14. Procedure for re-exploration for room finding,
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VIDERE stereo camera
- 640 x 480, 320 x 240

Panning: -90°~90°

SensComp Polaroid series 600
- Beam angle 15°
- Min 0.15m, Max 10.7m

SICK LSM200

- Indoor model

- Scanning with 180° range

- Max 32m with mm resolution
- Max 80m with cm resolution

O 15 28 A&EL
Fig. 15. Robot system.

Camera panning

a9 16. el 37,
Fig. 16. Camera panning,

(a) Real environment

(b) Final result of room finding task

I 179 3] 2] HF A
Fig. 17. Final result of room finding task.
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I3 18 W S A A
Fig. 18. Experiment in large scale environment.
s Conventional exploration method

Success e Proposed exploration method
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Fig. 19. Experiment result of room finding task in large scale
environment.
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