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Location Tracking System for Container Trailer Using Ubiquitous Sensor Networks
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ABSTRACT

This paper describes position tracking system of a container trailer approaching to a gantry crane for loading or unloading a container into
or from a ship, respectively. Proposed position tracking system informs the trailer driver of right position to stop the car under a gantry crane.
To measure the location of a trailer, we used Cricket Mote modules which adopted RF and ultrasound technology. We present an elaborate
method to improve position errors occurring at sensing and calculate three dimensional position by triangulation along with how to reduce
location tracking interval for real-time monitoring. The location information was transmitted to a Personal Digital Assistant (PDA) periodically
through Bluetooth communication for guidance of the trailer driver. In indoor and outdoor tests, position errors were less than 3 cm and
location tracking interval was 0.5 second on average.

719 E
FA4 WA Y| E 9 SA(wireless sensor network), 9] %] % 2| (Location Tracking), &% 5 2(Bluetooth), Automatic Container Terminal

I.M 2 ol WEHAo) A3 wAlst T o, o] Fuje A&

Aol Aol Bl de] AL F$atn ek 4 A

Svet $593H8 9] 90%0) o] FTE B8 A BAC) Qe F2e FAa e AR E FRH

g3 glon vhd ok 10%0)14Y BE o] F71E 1 A 32e AT Yok gebA o)d) th$-517) 93 A E
gtk e} B34l Agoly BRA AN &4 o U B Axde AHNFY A4S

3 S 3e4e AAsE A2 Aoy 29 gy)sta, Au) g, 1EEY AU 5L v Hd A5

N
o
m
it

2K} 2006. 8. 8



FFHAFA L TN =X A1 A32

7t 8 A & 5 ok o8 HAME TV &
T3 rles &83 &9 7Y Aol A
SEALS )3l A|2HE Q] ] 7idte] @ Tl A Egko] A
= A3 A o]JE|vd (ACT: Automated Container
Terminal) 7§ w2} A 02 A= 2730 o
ol Ag3tso] wHdAe EolAx o YEI=
ECT (Europe Combined Terminals)ell M= 973 28] 2%
3 HudE 95, EAle 2ok 2Hd e
& kAL JvH). B A& ole g 8ol R85t
259 2 AN TS A ste] Aeoly ZHAF EH
Ao JAE AE3] 34, SAANA AFgozH
SAE Aol M e S AT AE B
S 2 YA B =10 AL g 2o 2ol A
= AAFH 3 dEE AT 7ol dsiA At 3
FollA = & FAA N AL E 223 A gz Eol o)
AN AP T Aotk 442 AY A% Aot 71&
B3 573 A A8 E g AT W] dlg] 7|sd

. NABIS| 24 U A

204249 74
97274 A 29 L RFS} 28918 S48 47)
1719 @ A} £417) wE,

8l 712 kel whe} Az Sl
AR 4 Au, AkE 9A) gk
W% o} LR A FATFE 9
At o] ATl A= PC EEPDAE 93] H7|A|7|2
Agan. 905H gAES da) 29 134 2ol A
w8 2N A EUIHE Adste] HHolve 14
3} 3hed 34 & RALHSITE A2 L 4/l RE Y H)2
$ 2171914 RF 59} 285 435 FA)o] S48

ot Ed el FHE 20712 2 52 R E o] A
S EWOlRFAIE 9} 2579 =2 A7k Apo) & o]%
3ol 4 A1719}¢*17M A% SAaA w2 &
w9 $41 12+8 743 9] w%

ke

5 wop A%

N oy
>

oo

1

rlr J?l ¢

o (o > it Lo

—|—‘

SHA

£ -llN

Oli

lr

2

g(_g

o
4“»
z 2
i)
B
>,

A1 3 = Bluetooth 41 |
4& Z3PCE AE3A v} A4 doje = EH
g 3L AXY 37H4 A =E2 5E FE3 A
A

Axrieh A2rE 299 9AE sRAe EA
2 Adold B $HAE ol E ZAZ A
24 A3t 929 ol F 3 B

o f0 wju

(,y,2) SAX| 2k A&

g 1 AAE ZHE
Fig. 1 System Architecture

78 542 9% 283 A4 MITS| Cricket 25
2 o] 4315107 RF A1 5.9 2 &3HE 747} 433MHz o
40Khzo) FH5 S A4ET. LIAARE
Tiny0S7} AHE 59100 254 B2 e ZH A
AHe NesC2 738 8.

22717) 24 2%
LA EEMEAEE)E T ¢ 1A
oA ZEo]Y Eiﬂ?J_EM‘ﬂl Jr% T =
o} RF A S & AFate
o A A& A3lA /‘}%Q

<2 TDoA(Time Difference of Arrival) ¥4 o] tH3]. vj 73 2}
FA7) Aol 9] A& A()E o] &3te] FaHA At
Transmitter Receiver
Ty

T, T,

Ultrasound

a3 2. TDoA measurement
Fig. 2 TDoA measurement



USNE o] 48 Zejolu] Egjdle) $iA 54 ANad

Vet Vig
e O

(Ty=T)~(T,=T)H

(1) 414 TOS T1E RE A15.9) $417] S
EHAZ, T2, T3 27 285 250 $47) 2
2, =54 A 7o),

TDoA F28 3% o] 84 £41719) HEE 5]
AANE IR AT A DT F 2 TG 5 QAT
25 YT AL BE 499 & dTAAE ko v

2 B 4F 999 3709 glel Tl ow
J}g% ARkehs 44 & AT,

N

el
A

23435 74
20 o139 A= ALE S A 23 22 E
A7EEAAsHA F 3]

. _ Beacon A - ‘ Beacon B
-
-

w‘/,’

w7 incorrect distance
Listener  “"peR  RFA USB USA

a3 3 M59 7Y 2H)
Fig. 3 Signal Interference Problem

u] 7 A} |7 Bol X)W1 RS} 2 &5k 417]
oA Fol & AU Wb AHE 8] Erk. o) 1]
7 AclA 41 9 REs} u] 7 Bol A 419 JEM 2

ExH% 4 vk °\Eﬁﬁ¥ﬂﬂﬂ 2

HAAEToZE £ HAL TRE 5 gE 28T
o] B4 7]A @t o] A4, A5 & 39357
HeiA Z42ke) viAE ) WAl 715 T35 HH 93
23 A} o8 g &8t A7 o) Lol oz
A Aol BARAA Hrth ol 213 A & sl 2 3] 93
e 29 49} 2o] RFY] A4 A7 52 W o
&34 2557 24 RF Block gt £0712 % 3=
W& AT $:217]4= RF2| Block & Mol uhi=

Z O
=S5

= ol A Fol wgdA Aot

AHel

RF A USA

O8 4 AFe 24 24 siZ
Fig. 4 Solution of Signal Interference

ol Wiz} g7 ¥ 13} o] 7} vl 2 interval time
Zkoll ™3} minimum 3} maximum-g o] o] ¥ $jApo] o]
Random 3} A A431A 3te] TS 31T 5 YAt

E 1. 8] interval time
Table 1 Beacon interval time

minimum maximum average
HlAH A 500 700 600
B)7A B 600 800 700
u7AC 700 900 800
8] A D 800 1000 900
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Table 2 measured error data

0 10 20 30 40 50 60 70
10 | 55| 40 | 55 | 48 | 46 | 32 | 45
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