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A Moving Path Control of an Automatic Guided Vehicle
Using Relative Distance Fingerprinting

Hong Youn Sik™ - Kim Da Jung™ - Hong Sang Hyun™

ABSTRACT

In this paper, a method of moving path control of an automatic guided vehicle in an indoor environment through recognition of marker
images using vision sensors is presented. The existing AGV moving control system using infrared-ray sensors and landmarks have faced
at two critical problems. Since there are many windows in a crematorium, they are going to let in too much sunlight in the main hall
which is the moving area of AGVs. Sunlight affects the correct recognition of landmarks due to refraction and/or reflection of sunlight.
The second one is that a crematorium has a narrow indoor environment compared to typical industrial fields. Particularly when an AVG
changes its direction to enter the designated furnace the information provided by guided sensors cannot be utilized to estimate its location
because the rotating space is too narrow to get them. To resolve the occurrences of such circumstances that cannot access sensing data
in a WSN environment, a relative distance from marker to an AGV will be used as fingerprinting used for location estimation. Compared
to the existing fingerprinting method which uses RSS, our proposed method may result in a higher reliable estimation of location. Our
experimental results show that the proposed method proves the correctness and applicability. In addition, our proposed approach will be
applied to the AGV system in the crematorium so that it can transport a dead body safely from the loading place to its rightful
destination.

Keywords : Automatic Guided Vehicle, Indoor Position Tracking, Marker Recognition, Relative Distance Fingerprinting,
Moving Path Control

A AE BRE o] &3 FlolFATEe] F3 H & Ao

2
ol
Ir
ok
o
lo

Rl Al HAANE o8 v 9 A4S Fal TAIEAHAGY)S FH B2 A
<

Aok AEDIEE o83 AGY T Ao} Azwle] A4 Az Friso] Sof £ gew s Ao A4 ANE Az A4A Ralt
Tl WS A3 A Bho] Wad A% A=rlaF ol&F Fd AT Aolvh olele Aol WAL, oAU WSN BeIA 4%
ARE A5aA Rels AR wed & b e R nlAG AGY 7 Al ARl ARE AR AR Beehs WekS AFET FANE
FAAZRSS)E ARem Agare wAol W nA 4 oluX 2718 ARz AgaH Audow AYE} ¥ 94 A I58
S ooluh B9 AGVE olgd ke 49 Fal At A ARE ATom Agat Wokd BuAS At B il A A
oINS S0 FeloldAe Axtel 488 Aol
IIE : RQI0ISAIE, AL 21X &5, Ot 24, Mi7z] X2, F4 A2 Mo
.M B
Az grEsd o 40 MANs $4% B A
Aol dAdigte = FAlolt) o] o] s (FRT
% B ere davsha 0139E AAATH AL elsel ATHE. Ee FRESAEGLE M= AN A,
t4 3 oA PARE T wg 5 S s -
”%ﬁ‘j%:?l%tﬁﬁ}ﬁ mleld gy A7e aRe] wE oe A SEiE FEE T AUE
= 2013d 7€ 129 Al ZFo. AR E] ox= 2} Eof "4 &1 o) B
2 914 20134 99 5% 14& s 5o Asd BEata vk # =
AARSEE 12013 99 99 oM, Fig. 10 B9 AAY, sgdold E43 Ay

*

g

rresponding Author : Hong Youn Sik(yshong@incheon.ac.kr)

KIPS Tr. Comp. and Comm. Sys.



428 ZSEMEIS=2X/HFH 2 S

kol Al F-2l o]} (Automatic Guided Vehicle, AGV)
o] AlALS FAS AHAEE HF HFAAQA G2
AAE sl RTCERNTE & e wAE OF A
shot S Ak AR #Ao wlE] ol Fihe] Wi
A4y e, FeEy FESHA g 53 AHA g
FEIA MASA T F JEE GEe F AU}
g asit
Ik e sae
= | 1111 |J| |
l‘ l _____ _.
)

AGV 2

. fIITIT:

A, A% FERIA6NM= A 275 AT F=t
] 1 Al

),

e SR vl fEekels vWi"eta, AGVel FEE

a4 o] Ble BEse] AGVE ol FaAsH 8
T Aotk o] WA AGVZF Fd EFel FHEH FE
¥ HEgel ok AAA T & ke Fhe A

bAoA Al 2 Aol Woldi wol
S A S ke kel Aoz AFHA o
woll, ZAdE etd of vjde ekl WA A
Bhsateh B ohel, w5 w4 544 24 ol
frEerele] wASES 2A + gk

o

Lepel o] zhe FAME Asy] A, FAAAA
U E 9] A (wireless sensor network, WSN) 3t el A 224
A 718 AGV F8 Ao wH2AS Ake v ATHIL Fig.
1o] Bl AAY, AGVe] A&d 2 AM7E Ao 22
A F3 3 AAE w7l d=rtA(landmark) S 53}
A dozA AGVZF AA4E HAZE wet A& FIL
AEE FdstAt. 1ev o] WA AA dg17]e A&
9& A Fe gl

CFE WA RRE A7
w oA WAL A}

o
X

ol M= v
ng ggat
ek ARt

=i
fmgerpnnt) =]
2 g dste=

x[:{g

ANAE T2@ [I10=(2013.

Fig. 201 19l AAY, A% 4 W AGV7} v} 2R
4 @ gl gikn A4S of m AGVel 43
uw AA7E ANF whA oluHe] A7|(HA o]m A9

o)) 1, 0]tk i, AGVSE mhA ) At Azl diolt,
ANZy 20>t1)4 W AGVE wiAC 25 o 7MEA As)
w(d2<dl), AGV7} Q4@ mhA ome] ol(l,y) A
%
74

O_u
ot

[ 2 AA Ak F vl dl:l,; =d2:1,,°] %
ohodubdRl AE dudFEle AR FREZAN T4
(wireless LAN) 3HAoA A~ EEV} LHELH'C RF
Az ol FAAE A7) (received signal strength, RSS)E A}
gt 1y AGVEE mHA9 dd AE AR AR
o], A& Ar7L A vl WeEE RSS A

of nlg Aoz MF=st =& HA HARE F5T

>~
=

AGV at t3

AGV at 12

lay ! t
Iz d
Les

Ch t/<2<t3 0|, 14 < Ly < g Al
Marxer

AGV at £l

-

AGVattl

AGV at 12 AGV at i3
O}, di=d2>d3 0|0, ti<t2<t3

Fig. 2. Image size variation of a marker with respect to each

AGV move
- dref (known) —— d,gf -d, _ d,ef -d,
I --f Ar
AGVatl, oo
X dx (unknown)
AGVat 1,
Marker
! '!entotal‘.
. after t seconds .
N R ; d N
(xw,. J‘cw‘) (xcur FIXY EX.T’QHE RS cur]
[———p
i le’"‘rmaiﬂs i
— .liEP’l —f X‘L‘grpg“‘m

total

Fig. 3. Calculation of the expected velocity(upper) of an AGV
and the residual distance(lower) using relative distance
fingerprinting



[e]
3

C At oM A A d B AR dudE

T AGVY & expected g o) za) 4
t}. o H&-3t Foll AGVE miA 9] Fe A
2 1eN, o mains = & o Sltk(Fig. 3 of#H). webA
AGVZE 34 F3bell 2dstr] del| mh7] #A=& F3f v
| Skl i E ¢ JAl Fo] Fx A
1= W& (overrun) S WA 5 3tk
= AGVSH mtAZE A ARE AR A
AGVe] AATE 912 HR G
£ 53 AGVY 8 4=
P 2= -1 s I s ) i
ZE A wk v A AL 7 Q1A G B2

of AT £ FRe wAE 2

A

o

0

T Fx v

2

[¢]

;91 ol
O

=

=L
o
N

2
l—rl i rE

51
il
X

o

= o

=

=)
X

HO]—‘%} Z

B
N

ot
e
S

=2 S T oo ¢
B 2
> 2
m1mm1m

jinc
ST

TR O o
i)
s
o
o
=

o, b
X,
=

~

2
}O{I
i)
oo

(o
of
:%
%’3
<
N
N

[
0,
r_>.i
ol
ol
o)
f
)
>
N
>

et

[¢] =
FQES W YU AFdh
o

ooy Ko 2

o A% WS BAE A Ang AAeka, 59
£ 9 gF A7 Pl o AFT Aol

2.1 MeMMAM 7|k 4
AUeA] o5 A (mobile unit, MU)2] 91x] FHd]
2 AEEE 25T A 3] vz dig A
olojA 1A FA A7t Sk ©Ae] Slth b, 49
AAA A do] 3 g7k AekA] eirhd, A e
2 a7k A dEpdeHIL A A "*W% AHEEE 914
4 €]

|_|.| _r|;;| KK-I )\|AE+I

SR I b1Track[10]° o) M A7) By 2 A
A A7 5 MY B ?/‘*%D}_ 14%/\1 £A72 A
ol Ax P = HHZ]o}_ﬂ, 7 EA7)= 409 aE = &
Uz Agdd. Eurls 4 $40719 A 4ol FHH
B el FEo] BAEA dEE A7 &3 a5
2 e n FFREE Fdsh o e Aud
A2 FA o] Tk Fxdel e vk, FHE A Al

g Aslus Hm(w s
A MUZ 59 2 MU
52 59 oA (1Y AR W], A Aswae]

- 1

(1
IR %fsﬂ) Wi ANE BEIS] MU A2
= A

wtu}ab o] A9 xe
wbbs o] & A 9)Al

R

do Ho > (T oy

2.2 =03 (landmark)[12]

dEvias, Fig 4o w9l AAR, AL T A2

STHAZ K &

J2E 0l88 FL0ISKtE =& B2 M0 429

3 167MUxd We)e] 28 22ow AR Ao 2t
m/ﬂﬂoﬂ ARG 49 EE(, b, ¢, d)& #EwpA] WF
& vehlz) g8 ALgE olF Sl 25 ab de 4,

A

o1 k8] BRb, ¢, O Aoz LA, 0109
A7t EAY BEE Asvias] n§ WEMD)E et
9% Aow, 2 At 29 A% vt pari

57 25 % AgEA @t BEedoz 1AH)

F Mg A5 ws7] 98 AHgEn
=

=

e
ot 2
10 fo N My

devias 79 g AN vR g 4947
WA A AzElAE @ Wel e Asvhans

(checksum) 7% Al&3skA 7] ulid, A=
glol & diolE7t AEdA] AqFE ddET 5 gl

Wempa Q2 ASEE o8 W=

g o] BAGHA 2

Fig. 4. A structure of landmark[12] and the typical
4x4 landmark

o X
pre)
i
o X
ol
rlr%
<
o
o

10
o

T =

:Ixé

[o

ful*]

2 ol

md M

x2

o
oZirziJEu
ox & rH g 1o Ok rfp

o
&
WL
Lo

f

fr oo

=3
)
g
2
N
Ao
A
o
[FOSA 57

cupAzbA] ¢l A&
449 (overlap zone)o] WA 7] wWitolth ol&
a7 &l ol AF[INA = o ﬂcﬂ}i FE 7]
Aetetsit. ol% W=nkA
H#¥E A=’ (checksum) S 913 7
s 209 Aenta gE 3

wo=A A F4 o MY TbesAde Eole

ﬁ

2oqlo Y rfr o [0 M o Jo He

' 2
H

il

x

f

ol

ol

>

b

ol

ol

©

ol [ H Ao pE ob N = M O on of

1 to
a9

oltt.

ol% W=rvka 914 WA e AE, Fig. 5ol 29l AAF,

AGVAHFg oz BADE BAO 2719 d=rta A9t BE
ug 2 Agsta 7] wie] yEHE 7E

Gvel o Ad Aug e 4

lo
|
)
e
1r1
_\9
>

KIPS Tr. Comp. and Comm. Sys.



430 ZEMEIES=2A/HFEH 2 S8 AL M2E M10=(2013. 10)

A=niash AGVS) At Azsh BE 13mEE o4 wel A2 BRA4 447 08 A4 9o FASEs o
ojuNE Zoma QA ORHE gl oz dAdstA Hrh Aol AP E7Fssignt 7€ ATl E o #AE
gy z dEwkaet AGVZE g A7 .3 HeE W Azt A8 A FREA e AGV olF AAE FAL
od A, AGVe ulF HFd Agsta dd ofd Hx 2 RS v, PID WA Ao 71Me A83te] AGV7E
ARE 7|Fow Az At AANE ol AAUZ FYEE A3t gl A
= AGVZE B AAS AdAE eWdo] Aztet TAE
. Mok & Mark B Mark € Ao 4 ) e, AN AT G ol FAE A
I ,__1___, _____ _? ________ A3 (underrun) WA o2 AGVE F8H Fo2A AGV

21 r , I 1.8 | o] SbAA S FREAT
. O | Te B =R AR AGVS BAG 4d ALE A

. | 1. ' n - -

5 purpw—. : = % Auz gl N8 ch@ e el Ads
| | | A28 & ) Al AGYZH B3 TN emdsh

2u an o e wAE 5+ oy

AHE Mark A = (z,y)=(+0.8M, — 1.3M)
Mark B= (z,y)=(—1.2M, —1.3M) 3. M2 X222 0|28t AGV fIx =H

Fig. 5. An illustration of the double landmark recognition

algorithm [9] 31 Al2E IR

AGVE Fig. 7l 129 AR ZE¥, Alolw, A4R2
T U 5 otk AARE dEsag ddss 9 d.
AR AneFe Aol 54 AN 3% wans 0 Lor o 4GNS WA Ak o) we

ARSI A% Aoleluol ol ARe e wueq  EOFEOIE BACI A0 Ay AYAHG 27 24

548 @e AT dolelolzel AR got vy To 0¥ Tl A ANF dmeia @y dudws 7

MU® 928 Z2As= waolth A&E duaZL flolg etk Aol AGV F¥ 2=7F 300=7F W AEe

+4 W9 A 34 W 20 FAEL, dolg 4 ool PLOS TRATS, ATl G Held

4 WA Fig 6o 19l A8 MUS| 9A S0 mag G A HDE RS BERel A A8 A

FUe dez 94 DAz 39 AR Agam Ay o

A4 AE(RSS)S ZA43TE Fig. 6014 24 ==&

FHNEE 94 AFon $AsE 48 GPt 94 U‘

F4 9ol MUSl @A 9AE AR delgulo] st v :

watA H= d, K-2AF ol AdE dare] S (K-nearest

neighbor algorithm) [4]& AF&-3}7] = ghch
Fixed Fixed (musAEAE)
Node 1 Node 4

755 M0 BUs |

PLC SYSTEM —
™ location
.

fingerprints | motor contrater_ |
L

Motor & Whneel Motor & Whneel
(Left) (Right)

Fig. 7. An operational overview of the AGV system

Fixed Fixed
Node 2 Node 3 Fig. 7 291 AT AGVE A9 Ay 9% An 2
Fig. 6. A possible structure for applying RSS-based ol AA e ARE T4 LANS T3l 53 oA A=
fingerprinting algorithm elo] ALsh wI o]E Fo & AL HAsE)
Al 25TAA(FELA), AAZAA (o] F H3F &) 9
Fig. 1o 2.9l AAY AGV7F AAE gz g8} FEANAY f5) 59 ANE F712 ZFstn o &
AeAE= 0% B A 7)ol Hag d, AA d% g =7 AofHd AA7E dErAE AR AAEHA R
(171 M= 3l 3ol AYAIA Fas)a AGVZE HEnf AR 24 A7t 8 wAE WoAYA W, AGVel FF



A5 whA QRS o]§3ted AGV7H
Atk W&, AGVE 24 ?z}

vl o] Huigte

KR

=
olgst W, APl vl A3
: Y

S

WAE A8k iAo
5 x

#4252 B v}

A

(e}
ZA)

ER-RY

A}

ol g3l A1zl

) a

Tl A= AGV«]

o

Fig. 8. the original image(left) and the converted gray

image(right)

34 Wl A A= "eld 9l
AgEE gAY @

o]
gel ole FR BAG Q= A%, Suy A4S
gAekY ng WEEADS 2D 5 At o F
Qi BAWS el FHsuA T W BA AT
nf WEE AP0 AW Zdsu Ak B A
A4S oz dof Uy ik,

Fig. 9. The extraction of the candidate region for the
marker(left) and its verification(right)

42 M0 431

3) PR

UH }\]Z]l— tﬂ‘ié‘}-—‘i— AGVQ] _?,]i]% _il_zi-a‘]_j] ‘?’]—E"H}ﬂ"i‘ }‘]_/_7\_
glo] Ay %7} welol vl wA AA T BE A
59

WA o218, ehalge] BAE AA iAol gato] 1%
At goto] FEUY 4%FE 599 FHL NFoR o
A Bt 2UE GlA 40 v Aol o
o Aolth AFHom mAY AFe By EE o4
sl %9 dRAEe 2 WAE Ho} AFe Ak,

Fig. 10. A stepwise execution for verifying the marker

33 FUSES i3 AS Azl 2
AGVL 4 Bl sl slolis & WA s
of w717k AW W} AGVTH) ARl
Ae 248 AN RS A5 B A Sr9
AE seteln, Aol H4 WAL AW H4 A4

Aok wet.

to o
o
1

=

1) AGV 34 w4

Wz Zo] rolal, F(arc)?] 4%’} A radian ¢ wl, &9
Aol Arolth, 3 AHo=RY < npH| e wpgE wf
Aol A=ZE 42 1], 2012 & wf, W 9 FY e T
o] Zols} H Eﬂ?&q. -In:‘ vk Abo] 1+AE bl 3,

rl: (rl+a) = Arl @ Ar2 (1)

AMRFH BAF rlol 33 s & ¢ itk

axX Arl
"= e Al @

2) AGV 34 A% A7 78]

A eke] AAE AR AR QJAE E3) AGVZE 3
7 Wl Adavy Fod 9 A EOJ (rotation
point, RP)g}al #Et}. Fig. 1104 RPE o= FEAHY
oAt RPEFE 3H& A& wj7pA] dd ] bt 8t

KIPS Tr. Comp. and Comm. Sys.



432 ZEMEIES=2A/HFEH 2 S8 AL M2E HM10=(2013. 10)

w3 A AR L = AO)el o8 7 vk |, v,

= AGVe| F8 &ojt,
l,=v.Xt, 3)

St AGVZE S ahgel A (EE gl
A o) QaNE E e 208 wEHcl g 3,
QoA AGVZE e A E L AGY 04 94 7,
RPEFE 24 AA7AAe A [ she] #AZ dnuw
e 2

L=>1+r+1, )

webd | < L— o — 1, & wEsjol @k ojr)A |,
= AGVZE 9o FEIA Ze wEe of AgelH,
AGV F3 &= v, o w gk

34 Htf Azl X2e ol8% fIx FH
AGVS} vh7lske] A A A& o8 AGVE 914

F4e AR 71272 olgd T F AUtk

oy

TR A=
79 7187 Ak H4G)E A 7 5 A
fp;—Ifpi
A, = (5-1)
J i €T:— X;
J [
p'i pz
Ax:w=fj ! (5-2)
/ ‘ y]_y1

Zt 730 71e71E AR AEE 95 o 4 A€k
T 712715 AREStel AGVE RS FAE o g
3 73] 2789 71Ed T el ° ke VIede A

line
&segment 3
2.0 line
.. |segment 2
1.5
. line
.. | segmentl
ol
07 [ .
os| | ””””W”WW”T”?T
0.5 1.0 15 «x 2.0

Fig. 12. A linear-wise location estimation of an AGV using
relative distance fingerprinting

%
o wA Qe AuE A AR B sy Wil
o vk oW A AT fpveured D A, AGVE F

9)x] gexpected (. gexpected ) (@) (= A(7) S AL

sel 78 % gt

. fpmin - fpmeasured

expected __
Pt = 6)
Yi=Yi
expected __ B fpmin - fpmeasured 7
Y =~ Ymin A
z. =

i T
T‘;—]—’ Lmin = min[a:i7acj], Ymin = min[yﬁyj]

gl A& ARE o]&3 AGVY $IAE FAH5]
7 FAL Fig. 133 2ok & AR RS =
=3 A= wA A4 B AgelAMRH FE

=

=
A FPssn 12 F7h wes
A =

o

i =

ofr
—_

SN o Ny

X ofl i

>
=
>~
>
o
S

B Ao o o
N

1 oox

Lgd L S S
\ e Ot gl 4y
== E5 X3 v
x| location
=T fingerprints

(reference points)

Fig. 13. An experimental set up for estimating the location of
an AGV using relative distance fingerprinting

3 AGVE HBE-RoboCAR-Vision[13]& AM&
3 AGVE rlo] AR AEEZH 24 ATmegal 282



ARgStE | FEE Alol(DC EE)7} 7besith T3 VGAH

(30fps) CMOS olul 2 AA7E FRE o] glo) 24~25GHz

telell A dwak RF §alo] 7bssith &4, 2¥ AGVE

HIHANE F2sle] 9du, d=rka @45 N5 A

Ttk mA A4S S8 HFE vjdE tekd glolry

g = A F3 OpenCVI[14]E AH&3H91 e, Visual C++ <
S AMg3te] sk

42 o7y 37|e} oAl JIs He|

s 27)sk 94 Abs Ae BAE B4
Al AFol AFH TAE BAMEHSA) A
AL8-314 OD:] 23 AGV Az CCD 7hH ez A
nMAS FFEE 2 AGVE AHANA =& Ad
&9l Table 1o] A 2719k A4 Azl gk 4
g 2otk vilel 2217k 255 vl 914 b A

il

Hﬂ

G Holuv a4 SRR webde & & deh o
A 277k 5Cm ARFEE A4 ks AL oF ImH o
He 9 5 ok E3, A4 A4 W9 Wl 132 ol
o vHA xel AT & 5 An

Table 1. Summary of the marker size and its distance to be
recognized

S ol A% A QA &5
(max) A (m) A 2] A TH( )
0.5 16
>15 R
0.5 1.0
15cm x om 1 13
15cm 15 7
2 16.9
0.5 <0.1
1 12
20cm x L5 13
) 3m
20cm 2 1.3~14
2.5 15
3 12

43 At Hel X2 &8
AGVS}F npA ] Ao A-lE A& AEE A
3F slol W ulA 9ol zo] A A
B34 H45S Jasist) o
Aol AR & FFo] F
B o148 Ak nk#(15em x 15cm)g A3 EHFlg. 14).
Y QAE wiAE I AAE JRE AL F ) o

2 =9, Fig. 179 BQ AAH GEA Ro] AHH nAES

EE

il

AHT A% AGVE $8IH3IF B A ek
Table 2 23 AGVel wpete] o) Aol sl 12

| whA olw] 19}4 dAE 2oFstgith Table 29| vh7] o]

SOiARl X2 H2E 0188 Fl0ISAEe =8 Z2 M0 433

0f0

vlA] A7)+, Fig. 14 2l AAY, AGV tl2=Zd o]
=85 olnxZ yelt}h Table 2245-E AAZE A&
@Ei AREE MUS| 914 FA40] 7tede & 5 Tk ©
st Fold s ojux| Z7] F7HEe] 4

B3 Alofo] gl
RF A5t &2 vhrl 27]e] neh 14 ks @97t A

e ©o] itk WhHe] RF Als $A17] $jx]e] whe}

RSS #te] Wsirt AepAwh vpete] Aol A7 e o
Aot FAHE el Ark E =&olA AGVeF A ¢
of Ad AYE AFoRE Tt = HHol AL V]
Bk 2] FA4 Azl A A Al ARE AYR F 5
A BT A olE BREE e dA BE e Ao
Rom, Ao A AL o] Ao FFete= Ao gt
.
Table 2. The relation of relative distance to the marker and
its image size
2R AGVE | iy ojux) 27)(em) | PP A
np7 oke] A A 8=
A (m) wol Zo) =7+ ] (%)
2 0.5 - 0.43
15 0.9 +0.4 1.39
1 1.5 +0.6 3.87
0.5 24 +0.9 9.91

M Contours Image

M Contours Image

Fig. 14. The marker image displayed on the mock-up AGV with
respect to the relative distance from the mock-up AGV to the
marker

44 At Azl |28 olBst ¢
AR ARE o83 By AGVS M 24 ot dnt
Aol g3k A% AnE Fig. 159 YeElldh Fig.

R 2
1594, 2m A A AGVS % Agel, 05m A4
2 & WA 3 A A(Fig. 13)e]o] A Hlul tiigel A A €]

KIPS Tr. Comp. and Comm. Sys.



434 ZEMEIES=2A/HFEH 2 S8 AL M2E M10=(2013. 10)

sttt 4348 AREAE 15cm x 16em 27]¢] e <l 46 J& 2etg S8t oA £E M
g ARt v S AR Pon, 2Y AGVY dd Fd8 A= 2y AGVe] AARE A5 FA8] fEiAE AGY Yl
of Ag F4& 913 lem %Hi AEE #ASAH et HoAE SR7F A Favt vk wd AATE 29
A AR Aol Ha F4 A= lem otk B AGV D AEAAM vAE FEE7] s ols), el
o F3 £x(454)Z 7|FoE 50ecm °lEd writ} v o AA4E AAE st ), old A FAHdAM 2aH
oM A& AAsta HE)N(F I FH)S AHEE Y T AREE Fol7] A8 AA| Gl okd 9 BEE F
AGV9 A& ALtstdich 2 G F2 7S A8sth & AA QA v

A4 At HAd 9A FA4 A= bemHArHeat W9 gh W go] L AP S FAOR FiE Y FF0] o)F
+0.025%°1H). &3 2 AGVY] 1A F4 Adte T4 A ojxtt. mAZE fIAGE T FRAE FHOE S B
Al A BT +1~+5em U] ool 9 XEA Q= Aoz o= g §F S FEo dEle AREE Hlws] Bokth Fig.
a9tk AGVZF S0em o3 wuit vp ojmlAsl A 169] B A, WA AN & F2 & W e
=4, o] o]% AgE AGVY #d F &% 2 A = AR 1706ms(B ) ol At Bt dAdel = 35 ARE
A7He EdiE AstEnh 2y mE AGVY F3 SRe o] 222ms(B)E AT Hol& HATh I} AA &
=4 A3 AL FH(0.121m/s) 0.2 TEAALE B3 Mdsts] 918k o Eae grte] A Swrb oF guj
YR PNE FASEES 2340.125m/s)8ke] %) A Wl A el & ¢ Al AgelA ASE &=
A F4 o7 A AGVIE 7E £5E 24T A AXEE clockOFE o] &3t 2m, clockOF+ 1/1,000%
S pIDAold od X2 7+4:(0.117m/s) o};ﬂ Hog R SR ARES Whgkely] W] washy] HdRE FHS
B 9% 24 o A gasih tha] uka) AGVO] o] 1/1,000,000% @912 W & o]& A5z FYsiilnt
T A FAEEE VE g AU tA =4 &
A5, o]z Qe o] A FAH AT LA LE‘r. 47 HE YX 72 X & 0= M

RE AGVE AHEste] npARNEH o] AgE <53

45 At H2| X222 0|8% F¥ & FX I, HEE A& 5 0% Mt FESHA ¥ HAA

ANz At Ag A ARE o]&sW AGVY @A) M bAEHA olsste AE HFHom Hs) RYTh
2% 9 e TUAA Yo Aw ARe Aita 5 7t A 4 HALS Fig. 1791 Jepfioith 43 84S
gtk AFE vl 9ttt B3 AGVY FF £L2 A& A T W AA S o] HigEEE By AGVY

o

=2

wE 8ol Gl G8eA dEel head Ags w @ T4 Axson, tod s FAge
St A7 6729 W 1462 U W AR Ang ojgg AU T AL A4S wAS ALY 27 AGW}
Aeol weh ¢34 we AN AwsE

WAsh AGVSHel A7} 225met 1Bmz 247 Asdg AT oM
o webd =y AGVe Fa 2 o 0ll3m/second = AT HEE ABS A 2T AGVIF H3 A1
678m/minute 7} HTh o] e AA mg AGVe Fa & AWl TAAS SelsHin A, Ao sk olg sl
E 675~680m/minutes} Ao Aol7t A peg o 4 ST U EHE old wmie A7 FAgens &
=3 o A Ao H e VES ATt
584 8
O30 o
44 #2(m) B wmgolAE Al A MAANE o83 trl 94
25 1 Hg B3] AGVE] 3 ARE Aojshs et Aot
th o2 93] wiAS AGVSe] AUlAZE AELE o] &
2 st WbEs AAEAT FUARE AEoR2 ol gt
AGVY 1A, T8 &5 9 w799 o] AY T e
15 4 FEEs FHT F Uk B AGVE AHge A3 Ax
2 =ToA Adets WHE H8e A F4 2 T &
;| T oS Fgrrt vl§ =5S Atk E3 npA A4
—— A # &g PP e A 98 F uAE ALY B
.oEE e 2% 94 AASE 1R 94 F2 Ee TEFAo,
. Ay AN Q4 EEE AT S AQUTh B =EolA
o Aetsl= w4 e A ARE AdE IJ5ET 5 g T3
1 2 3 4 s 6 7 ojuf 2l F7to] Fad ANE B3 F AF AU &
Fig. 15. A comparison of the estimated location using 7hedt Aol AGVE Alelshs W maH o A
fingerprinting with its real location T des gt



200

180

e _\/_\/‘\/ \/‘\_\

140

120

100

80

60

a0

20 — — —

o
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
—HH S ELH FE ML ——ERIY L FE MT

Fig. 16. Comparison of the execution time for the outline
extraction

A | -

A4 = = Al Aol o, virist spvetke] 7
E=7F 2 RS AT Qlvks dAdo] Slrh wekA 2 =
woll A AQketE Aol sAHo R PR V)E
gt fEe Al H8sHe Aol At &
=wo A A A 71E Ao dAA Z)ek Feliak 2
& F3 AxFe Tes Bdste e S g
A e A AlaEe H8d Floln

Fig. 17. A series of snapshots of the mock-up AGV move
starting from upper left image in clockwise rotation

#nEH

[1] Yanying Gu; Lo, A.; Niemegeers, L, “A survey of indoor
positioning systems for wireless personal networks”,
Communications Surveys & Tutorials, IEEE, pp.13-32, 2009.

[2] Jeffrey. H and Gaetano. B,. “Location systems for ubiquitous
computing,” IEEE Computer, pp.57-66, 2001.

[3] K. Kaemarungsi and P. Krishnamurthy, “Modeling of Indoor
Positioning Systems Based on Location Fingerprinting”, IEEE
INFOCOM, pp.1012-1022, 2004.

[4] M. Bal, H. Xue, W. SHen, H. Ghenniwa, “A 3-D Indoor
Location Tracking and Visualization Systems Based on
Wireless Sensor Networks,”, IEEE Systems, Man and
Cybernetics, pp.1584-1589, 2010.

AL X2 Z2E 0188 FA0ISKE = 2 M0 435

[5] Maur’cio Marengoni and Denise Stringhini, “High Level
Computer Vision using OpenCV”, 24th SIBGRAPH
Conference on Graphics, Patterns, and Images Tutorials,
pp.9-10, 2011.

[6] P. N. Druzhkov, V. L. Erukhimov, N. Yu. Zolotykh, E. A.
Kozinov,V. D. Kustikova, 1. B. Meerov, and A. N. Polovinkin,
“New Object Detection Features in the OpenCV Library”,
software and hardware for pattern recognition and image
analysis, 2011.

[7] F. Bergamasco, A. Albarelli, A. Torsello, “A Fast Image-Space
Marker Design Based on Projective Invariants®, Springer—
Verlag, pp.7-8, 2012.

[8] Hye-Gyeong, Youn-Sik Hong, “A Moving Control of an
Automatic Guided Vehicle Based on the Recognition of Double
Landmakrs”, Journal of KICS, Vol.37C, No.8, pp.721-730, 2012.

[9] S. Jung, W. Jung, W. Woo, “Infrared-based User Location
Tracking System for Indoor Environments”, Journal of IEEK,
Vol.42, No.5, pp.9-20, 2005.

[10] S. Park, T. Han, “Improvement of Jittering in marker
detection step for Marker Based Augmented Reality”,
HCI2010, pp.405-408, 2010.

[11] K-G Yang, Marker recognition using OpenCV libraries
(technical report), http://blog.daum.net/pg365/, 2011.

[12] T. Choi, J. Park, Vision Mobile Robot Control using
HBE-ROBOCAR-Vision, Hankack Electronics Ltd. 2009.

[13] OpenCV web site, http://opencv.org/

[14] Hagisonic web site, http://www.hagisonic.com/

[15] Seoul Memorial Park, http://www.memorial-park.or.kr/

[16] Sangbok Memorial Park (by Changwon City Facilities
Management Corporation), http://sangbok.cwsisul.or.kr/

2 2 4

e-mail : yshong@incheon.ac.kr

1983 @i et A2k 3tak(3HAh

198591 KAIST A7) 2 A8k wp(4 A})

1989 KAIST 7127 A-+ 82}

1991 ~& A IH st 757 H &8
g

FHAldtob: Butd 135 H, Internet of Things

(
(

)

4t 3
e-mail : dajung0609@nate.com
2010 3¥~3 Al 1Mt 5T

B A3 5

i
I

KIPS Tr. Comp. and Comm. Sys.



436 ZEMEIEl=2X/EFE 2 S8 AL X2E [10=(2013. 10)

= A
S

0'7_

&
e-mail : viva8902@nate.com
20109 39 ~3 A <At AFEE

oy AE 3

29~9 A AR e mHkel
AFYATA Q74

FiEuk 7, A 92 54




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


