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Method for Measuring Absolute Position of a Yard Crane for Port Automation
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ABSTRACT

Since 1960s, a container shipping volume has increased dramatically and continuous on a trend of rapid
growth, and so the number of containers handled at the port increases. The position measurement of the yard
crane is very important for improving the operating efficiency of the port. This paper describes the method to
measure the absolute position of yard crane accurately and rapidly, using both the output pulse of an encoder
and infrared sensors. The crane position is calculated by counting the output pulse of an incremental encoder,
which is mounted on the wheel in the crane. By the way, the wheel slippage on rail may cause some errors in
the crane position information obtained from encoder pulse, and the infrared sensor is used to compensate for
errors in the crane position information. The performance of proposed method is verified on experimental results
with the simulator of yard crane, the size of which is about 1/10 with the real crane.
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.M 2 wE3 FUMERR, Aoy Adutel gi¥FdH I K5

A Ae)stelol & Aoy <ol FAI FrtEHI

19603 =8 3tEe] sidedos Adoldsd A = Aotk waA o] Aol HF 9 s
a7] Al&ksle] aeltt o] ZAglojule] o3t EF #ol A9FE A7F @ onjgo] ZilgEz o] A7FS
ANA Aol BEFE 4407 83190k 3}

T MK : REl9, S M7 X RA|ASZS B FAd] Ak wEkA o] AHAY & e H

E-mail : twchun@uou.ulsan.ac.kr
=~ Hal@ i MI|Sstn i shal 4
o H3l, AEG HAHI|ZHE DS
oo 3|9 BAW MI[HOAHSSE
MRl 2003, 9. 2 1RE ALAE 2003, 11, 25
AAl2tz e 2003 12 22

2

=9 A7 Yate] A#e] AEgd e A
e Agele Folste] tish o3yF - 2o A
AgE D gk Tl AF Ee wskE
TR0 3] Yl AEsld AlA" (ALS,

dofe]

—_

oi&i-lloﬁ:l‘lfﬂ}ié}&&tm



B et OB A2 20044 47

Automatic Landing System), A5H% ol A2
(APIS, Automatic Position Identification System), At
& 73 2E (AVG, Automatically Guided Vehicles),
Aol A zZ2d AF¢d Al2" (Container
Stacking Profile Auto Scanning System) ¢ A7}
A o] BA F of= YN X*fﬂ AAE 273
st AHFHA Fel Alade] R T&HQ &9
47s St HAoln, FA ii’]"]«] a4 4 &
A3 st ofe] Walg At gith

ol AHRlY Hx 4 W4 F WA RFIDE *}
g3t wale] e s1edt® o RFIDY E
2FUe 7 14 D7) gl M2 dgle] 227} °ib
TEY aztoln], Hx F B ujx)g BAo] Lo}
e ARE oA A Hol AHEHIL Jo E
A=Zro W F s
dRO gre] FAle] @o] A %‘:} ARl Ut
g ojA "*"‘12 /‘Pﬁo}~ w22 ‘ﬂ—’x—*’ =

O T

= Aol stk 2lye) =Y (linear encoder)E A}
B3k B2 AU o]F A A7 A AME
Ah2 A7 4o ,

ol &

w71, S, WA F 715 9FE A gevde

Aol 9lor} RTG (Rubber Tire Gantry)ol: A}&3s}

A xsha Azl Y oAt ool 7Hed RMG

(Rail Mounted Gantry)ol?t A48 AHga 4+ glon

A ARAAME AAY X7t e TS oA
-

AN ARAR A go] nwz @ol Be
st BAE Qe

2 ERAE v 33 dmrle $Hus
AYHANE AHgstel FREA A =99
9 947 g Zdske YA ANGRT. BE
sl 2 AzEe FHRAE Aedste] 2
Ag o5 AYE A, viAe £Y3 Az
"oz Aud 9A%e oA So <stel A
A48 07 A% FAEGE B4 gk o
&4 of BAE A st A AFe 2
E299) o|$Pne] U4 DAL AYMANE A
Ashe] o 0aE wAHY. AA) ok= A9 110
=719) ok a#Q) AFUClHE AWE 1At
Hol Az SAT 42 doh ¥ el AN

oz Qe 94 e A2

=
o €
_\,‘_,
& =
i)

2. 7| of=3z2clel HU9lx| EF WA

7]%«1 of= Al 93 4 ¥4 T RFIDE A
€8 24, guo] dxdE AT WA 544
sto] z+zh 7)e gt
2.1 RFIDE ALESH o= Fdele] YAx|SH WAl
39 12 3 F AFY (gantry) A FHE
#1%F RFID (Radio Frequency IDentification)& 1<
Zo|th,

0|

Reader / Write

RF Control
Module Module

//'/‘n E i Antenna

]

Transponder

I8 1 RFID AR
Fig. 1 Structure of RFID

o] RFID= #Y(reader), <HelY, dlaglu F
EdBAZH (transponder) 2 FAEY thga g
o] g
- B E AA
- Aol g

% Q9w edazhdaE o LF Jux
2 ARz ARAA UM AFFoA o
Uxg 22710,



@ ol 23] TAE= AFPHro Aol Eu}
W, EdAFEE Mo Add A4S HY
o2 ARE3te] 128 bitse) f ID S EHA

7t

@ o] ID#te HeHUE Fole Yz dHE
oM E )% (decoder) 3 F, o] &
£ RS232 AHEAOR PC 508 HE
ER2FC A dolg FAo dny
Al #gto] BT WA= of FEe FHg

ol WAL EdAZOs} £EARE Ago] e W
&7} glena 29 & of= Abo] Ao wjAzEy| 7}

H50), mY 2999 ol542s WA A Eds
Zo9l uld AAT BRRE e $F Ay W
2

7ol A7s] folsity. ¥ Awgle] ERAFET
o #AA YA =2 wiE EdAZY  ZuA
ZAA 7] oF 50ms, ERAECA IDFS EHA
24w AlZre] °F 20ms, EWRAFETY FulM Htol
BE dbdEe] 0g gl AlojEe] tiz|d w7kA] Al
Zbol oF 20ms Q¥ th uwEld AZgglo] ERAE
o] 74 Aol =g wiH o3 Alo]E FuH] ¢8
AZHA] oF Q0mse] B Al7te] Aot o] =4
AZE A AFE e AAFH oxE LAY,
53| A5l o|F&E7t Tt 2 o] 2t &
7hech

22 2lLfo] AmCIE AFZSHE WA
Oy 25 YA A A F4L& A% Y
o] d3H (linear encoder)E B¢l ZAojw, o] ol

HAurlE= AM et Az HE (element) 2 FAE T} o] olg]
AEHE Wi 379 d7A4 0] dAHFTA LR LA
of lom Zeojr} 1815mm*E 2435mm7hA] 474A]
F57F Aok oM ol s JdHEE HH=
Azl Aoz AAshd Hd 1L7km7HA F3o] 7}
Itk AlAEES oy g MRAAZE WAAE o
Aol AHHE Yo o] uf dHE U HAE 3
N GFAEA A e AES FAld -5kl A
AAE ALts.
guo] qlire 54 g7 2l

B A4

S %7, oM, WA Sl A 9ol gl
- =S AEE ] mm o

L g AaA

- Ay 2479 17 Km

SVPWME o] 83 #71dEg 3|4 AHE] g 165

Ist section element

PL
Pa

25 mm

5 A I 1

2nd section element

a8 2 2luof d=H
Fig. 2 Linear encoder

2 dAFdMe Ad 2AALY 38m, AL=st
0.1mm, A Ze]7} 86mmelH, 2245mm Zolel 274
delvez FAHE StegmanAt dUo] dFGE AHE
stom =4 Xzt RS42 AFENo® HHEH
th 2¥3e @Yo} dzE aA#HQY A A
AE EA%7] A EExoH, ¥ 4% AYAY
AlE#olE oA Ao A8 guo] Az A}
olt}.

2

Encoder  2'nd Section Element

1'st Section Element

a8 3 2o IMHE ALESIo HFE|e HLiA|E
ZHste YAl

Fig. 3 Method for measuring the absoiute position of
a gantry using the linear encoder

of= A JelA W)= AT 7 o] FW o}
Uzt AR 7Hsd RTGE mlel Aezl 949 A=
HollA F3= RMGS 5 7H4 £57F ok o] W
A MEgo F g & RMGoT 4&o] 7hsah,
a#Hed H9 #HY A= felA olEde EEE
(trolley)®] $12] &4 % AMEE 4= 9Tk

3. dmr| HAS Mo MMM op=Iaolo|
Hojeix S8

Az FAPasl HQUANE AMgele e
A =

at7] HAstol, WA A5



166 SR sk 0% AI29R 20044 44

e ———————

rEE

z;\l x—]gx«] W

o] Spectral BandwidthE 5° 0] <]
3 tole=g AbEsln, 555 EolnE 01%0}01
45KHz9] A% H2E 7 ol

2|7} olF Al day & E’éi—%— 7HE

2 AFee] olsAHE 4 o
T 37Me] e 134 & 20487}1«1 -k
Incremental NZEE AFE3}L, U}O]ii Aol 7

[
)

I’l]omr
o
2
o
AP

{o
2y
.{
i
9,
%
=
2
il
2,
i)
>
et
)
A
ol
ok
e
EN
o 4

ol A E Atsict. HA
As7lddle %7 £58 Zar7la 24 B3
7}A717) 9lske] 901 71018 AlgEgong A%
71 1313 o "2 Foll J]ojulE 58k grol v 13]
A AL} _\;]1;}_

ol oo T, £ lf g {0 W

38 4 2uof AaH A
Fig. 4 Photo of linear encoder

o 2 ol oaf A" AXNAE

o] girt. A HAAE upAe] £F o il 3
2ol ojsf AdE §A] ghol 2Ap7f glemz, o] o)
7b Azbe] AdE Al gk ol F oA
EAGE WFE9 olgARY & F A A A
W ARE dg 5 doke Aotk
o] #AHE AAst7] HAdte] daiv] P29 3
A AL ANE AREE WAl AAEE e, o Fig. 5 Method for measuring absolute positions of
el dig g4 % 542 ARt gantry using encoder pulse and IR sensors
31 dan 822 g AFal A 5H Su 32 MO MMME AEel9t ESL| XA BY
] F2o o3 AL YAaE BAEA A dar HAZ 7leEdte] MEE] A2 A=
Felo) Al YA e FA87] Slste] A AA WAL wFle] AR uH £d AYES A4
£ AT o] A9d AMe 4 EdaEdnit u T gAY a3} Toll bl age A ghel
el ID == 7hda she REDeh 22 A9 4l gre sy oxp} Qb o] ek Algke] Ade e
AE o D AEsF glen®, RMGAR S48 g wexEe) 94 24 x4l A% F78H 9o,
2 of ARG A Aste] BFT} o) Bk A
29 5% datdssh A9l ANE AT AF o age dew 494 tolesg AXwT. A
2§42 SARAE a9 Aolth. of= AU A Zg|7} o]E A] & HYA tho|ortol FA G =
F] olgshz 42 Ftol AeolyEol HAHA Sl oo AW H2r} LAsle] who] L2 A 0] 7]
ong, AUl 5 gHe A HA S R A qgyeg vy of dHHEL TAHA A
o Fgstojof gty webA WY 4 bk F tholowrt A 9xs} dze Had os Ak
FE 27] vl 75& dwr|e 9 f’—ﬁa st ARE uwste] dzg Baz ANE 9% e B
FE dd el dAT e A 23 tole Absih,
=& Azt Adgd A8" X—Mﬁ 411*1% HEA
el7b 00mm eJviels, &% £E7b lmsec °132 & 351 MM clo|e=e| DRHS XN
F3] wad, Fde HgMe AAE Folr] st o= =9l A|EHOlEAME MEe)r} o] Ese



¥ Aol 247 5A% F 107) H9H tholesg
dAsten, 19 62 dAd HAM tholexr 9
A W neNEg BN gelch 23 ofw 9170
A doleze] 23 "JEWEﬂ RN EAE &
wa}7] glste] 7 thol o mrl AN wAE WES
Fel. 5 QUYL WAY dud ddele o
TS Aaste], AAFY AelE toles ¥
25 sy S/l 31 ‘%}ff}?d_ el ol ¥
I U ZaNgozMi HHAHoR o] oo
So g WEE 4% 5 UG

3800 mm _IRS RS H 3800 mm

3000 mm .EIR4 R4 E. 3000 mm

2000 mm .E R3 IR3 E. 2000 mm

1000 mm .éIRZ 1R2 :) 1000 mm

100 mm qéIR] IR1 H 100 mm

O3 6 Mz2lel MM clo|2E M| x| ¥ Ws
Fig. 6 Installation position and number for each IR
diode of gantry

322 AXHE A AT|H

HA 7t tole Enjrt AAE AE 32HE A=y
B2 7 & U1F 7HeH g o2 #Alste] °]
=8 A A e Al SAE e
AR JHHEZE TS W A4 to]eEe] ‘?i
& Aagy. o] Wxd sjdsts Ve el #E
HolEolA ¢l & @4 dsy EHULE 78T
3RE heE ft3 wlaste] o AR By 2HE gt
THE Adg gole=d s ts JAHHE
BAE 7] A7A Liﬂ B2 7w ol o ®HA 7t

28 g2 Aol WF AUNAE AL,

AA 9 ] W Az edo] ozt 3
=oflAf 2-3 A ¥
A, 1 HH T AR A

A vl F7h E 2

fojo B ILoon dn

SVPWM$E ol 4% d7125g 24 A8 AL 167

A e A4 BAZL 249 o e YA
gstel AHYEL WAL W, HH voloc
WE 9 o] tolesst 48 94 AAF F, A
Fele] @4 AA7k o] WEE A7 AL Holos
b AR Aol AAG (B RN AgH AR
dolEl e 0mmeld Hofske AgelE o g

A
W, EE¥e Ay 9x% 24 B4e PR

9 73 2o B2 @ sl AE79 3% 2
Aol AZE & Alolo] Hlo|y WER A@s, @
A7)2 4% 49 nAE FEET dd g o
? 7o e A9 $F olos AAe
o, dag FHUA D A4 ANE et A
AR ZApAe W) AdgA FARAT A
Fai}

Timing belt
Encoder
Direction Moto ‘
Receiver
1IR2 IR1
e i e e e e e s
1830mm 1250 mm 650mm 70 mm
-controller
& Driver

a7 7 E2a HieE SHuA

Fig. 7 Method for measuring absolute positions of trolley

2 =T AAE B4 RFID 343 &
g wlus, Adcle] 10Km/hZ °olF A
POmse] SAA DA wEo] ¢ 250mme] HH =
Qxp7F GAFTE ofo ubste B mEA AL

ao?i
« 8 to

rol o?:‘., i [g—a

ﬂﬂﬂ‘”iﬂ 1%257} 7}&?% 4
o A7t St mEbd 2 u}
2o Agsln waA e = »
Fo REA] gron Mxn|fo] AP Be B
ol ey, add HA tho] e =0 -
H RTGE 7% $)x=Ad+ =
Aol sl



168 EUEFEE Hak HoE 2 20045 44

4. NEZD}

19 88 of= AN MFe] E EEFY $A
Aol 2 A& $8 Lonworks UEHZ T4 =0t}

Host Computer

Data Communcatior

Network Line

‘“‘ff'

Gantry | Gantry 2 Trolley Linear Laser Sensor &
Position Control Position Control Position Control || | Encoder Digital Compas|

Board Board Board Board

a8 8 of=3zelel HE/D FAE
Fig. 8 Network structure for yard crane

o] EYAE F5 271 WFYe] YXF4 L A4
Aolg w2 EECY AXEFA 9 fAAANE =X,
21 o} °“:”34‘-L ==, 7AHlY AAEelE =
golx AA L oAE HAusg = 2 AT
s} dolel BAE wojazA7] T 2F 6709 =
2 FAHe gt 2 Adq e AYH AME AL
£33 a3 gyo] dadE AR WY 5

Ao 2 zrol A SAE FAIH. &
A AN A HAAE AHESt

=24 94 Aojsgan, o Ay
AAAM 2 dFy Az 4% 9x%
%’513}71 dste] ALgEch AR Ao
nfolAZ A 0}7| 2 ALY 16HIE
0171 S0CIKCE AH&-3tdth =3 HES
24 Foz: REZFHALY MCI43I50 FEHE& A

31900, MEYA viAs BuAAE AHEsta, Ul
E9A HES 9sld 78 Kbpse #AFEEE 717l
Echelon A}l FTT-10A EAAM (transceiver) & AH&
8]—9}]\11]-[6'7],

of= AU AEHoHELR AAY T
AA of= AN AVl oF 110 FAAAA Az
sgon AFg =ol7b oF 2m, WFY Fo] 24m,
2 ozt Im7bdth 3 AFEE HYD oA o
EA71E RMG H2& Algsigion, 84 Zole bm
o|t}.

a9 99 102 Z
B fow iﬁld«l
el JHE
A= 3

_{

S~
ol
e
T

T

>,

o 7
!
=

2

oy o rf fo 2 o
Py
=
do
R
i

K
HU

=dA HEdZE A$d 1]01
e f Al Hﬂ YT
~EAFEHY 45T gHos,
&8t i/\]o}‘}i‘:}. il

Okﬂ W
iﬁ n

=1
o
ol
4
M }op
e
HU

A aP%@e Fe e A VIE AAGE AR
TFAED e FelMe NFe ¢ EEYS] T4
A, B/0%, ol% F/=HLE T TAIHE B

(a) SEhael o 7|Z9)
(a) Window for operating status and reference position

EEICR

i
IREDG 1REDS IREDZ IREDY

IREDS + « IREDS

IREDS

IREDY o

IRED?

IRED

«iRED1

(b) Aalol olsLlxl ¥ X FE|o|L] ZEA
(b) Window for crane position and stacking containers

112 ¢ ARAHEES & (7|F EE22] YR = 1402m, 7|=E
x| 2%l = 1431l Z29)

Fig. 9 Window of host computer at reference trolly
position = 1402m, reference gantry position = 1431mn

3l oz ®A 9 R AA

=z
2 1709 E2ae 944 %, o] daHE

rSL'



(a) Sxtaeh 2 7|=9l% 2 &

{a) Window for operating status and reference position

1
IREDG WRED IREDT ERED
. . . .

IRECE - - REDE

BEDY . -IREDS

DS - - iREDS

- RED

HEDT . - HREDT
-

(b) Zalolel oAl & MMYE Ao M F
(b) Window for crane position and stacking containers

O3 10 MAFRES & (J)F EE2] x| = 802m, VIE
WE2| A%} = 640me! ER)

Fig. 10 Window of host computer at reference trolly
position = 802m, reference gantry position = 640m

WEE ) ARG GA Zde Al AUl $A
3 Hol(bay) 2 G HME, oA A E fAE 7y
A% ZAS FEL AL 71E 94 48 F
e ol HFE 2 EEY 7EYA gs 4=
71 Aolth. a9 9b)elMe dAl Aol o]FH
Azl A 2k wolg} doll A e HHoY
5 221902 1l Aot}

Oy 9¢ EEge AFdy J1EAA0L
1402mm, 1431mm% %5, AdAel 71E A

DN
e N

SVPWMS ol 83 7| dEg 314 <we /AL 169

ahAs o AAFEFHS U AL H Aold. E
Ede A7 1402mmol™, 2709 W32 A g
1431mm= 7]5 Aol BesA o5=H A

a2y B2 2 g9 Y2 2as R tol

2= WMEE 747 39 2 2otk #ue] dIfzE
A% A3 fARL 1428mmel, dFH BxE
ANE 92783 3mm A5 237 Ik

ag 102 Esdst WFde JIEsdAt 47
802mm, 640mm¢%¥ A%, ZFlo] NEH A =2Hs}
A o FEFEY ZUH FE B Hog EE
7o) X E 802mmeolL, 2708 WEY Az zzt
640mm, 639mm= lmm«] zlol7b 9lont, A ¢le] 7]
F A4 A AsA olFHUH, EEY R A
Zg 9AZ A IR tholo= WEyE ZH7 oW

2 1gelth Fyo] dadE FAF AFY AARS
642mmol ™, Qlzr] Hx2 ALkE 2709 AFE YA
#HE 2~3 mm A% =o)7} VEhytth

58 E

B owRe dan 229 Y94 44z ok= a9
A9l AUIN FAPHE AMFG o) P 9
A Q& Azl HL, Wl 5 9% 715 A 9%
2w gonA, dAugol Adsta mud 94
Axrol Asieh Aol glck ok Al AR
e AWe FAsel Puof d=mud AA g
2 eRd ANG PO ZHF 94X g2
& 23 3 mmelule] 43| Ao eibute] gglom
2, 8 wRod AN gHoE 49 4aE 29
o] At AT 24 & dek o] $AL A
A AT delA FAse RMGES] dFest 2
2 SlefA FAeke £gele ARAA ZH 47
489 F 22 Aotk

2 e S=aEct XIE SMdEY fEHT 7|
ot XS5t AFME S| Ajglol| 2Bk ZAYuct

[1] Yujj Kosaka, at al, “Development of Automatic
Operating System of Transfer Crane”, MHI Tech.
Review, Vol. 32, No. 2, pp. 66~70, 1995.

[2] Yoshiaki Okubo, “On-Greund Operation System of



170 EO% TEE Wk #9% 2% 20044 44

Container Cranes”, MHI Tech. Review, Vol. 32, No. 2,
pp. 55~60, 199%.

[31 T. Sholes and D. Stocker, “New Technology for
Container Crane Automation, Part 3", GE Motors &
Industrial Systems Technical Library.

[4] Texas Instruments,“Series 2510 Reader System,
Reference Manual” Texas Instruments, 1996.

[5]1 ID Technologies, “RFID, How it works and how to
profit from it", ID Technologies, 1997.

[6] MOTOROLA, LonWorks Technology device data,
Motorola, 1996.

[71 MOTOROLA, Echelon LonWorks Products Databook,
Motorola, 19%.

e (2

19594 18 304 19814 Ry M7
T, 19834 M2 ozt ®M7|
ZA(MAD. 19874 = hEh o
f

IMAEEA|AHREE m4 of 55 HEYS

o0d 58 624 ed BaTl 20
HM7IZotnt Y. 1994 S chete HY|
HAN. 19979 & chstel A
ABE 22 HA 2lEd

t
k.

OH T
o
_':-_'

—

o N
L=
FJJE_IIQ_

k=l
BB
>

B N o
oln okl
[

1o

01 & 2| (3F5AR)

1957d 10@ S5 1980 MEd S
19829 & thEte N7
). 1900 & chstd o
B, 1994~19954 Te
A = M7
M,

>
\
Ok T
I
ic
HJ

0K

o N
o
b
12
S

prany

W=
I

J

=
iy
9 i

>
job)
w
Q>; J
<
0=
Ok HD [
El
4>

i
ir

ZEZ(HR

195644 24U M. 1980 M 20 St ™
Zi3stnt Y. 1982 & UiE MIIB
St ZAU(MAL 1988 T tHEd 7|
3o ZU(ESY). A Rl MR
SeF W

| W (EHH)

1960 8 2, 198414 M2t Iof A
B8 &Y. 1986 E=EoETIEd
M7l ® HASER SAH(MAD. 1991
S ot Z(rAD. 19974 ~ 1998 O

= Univ. of Wisconsin-Madison Z&34:.
19954 ~oixf 2A MI|HoASSER

&3] 7|20lAL



