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ABSTRACT

In this paper, we introduce a RFIDbased real time air cargo monitoring system for cargo management in
the air cargo terminal. In order to construct functional requirement and development framework, we have
analyzed the user requirements of cargo personnel of Incheon International Air Cargo Terminal. To find out
the possibilities to adopt RFID in the cargo, we had benchmarked different RFID systems and also tested
radio environment of the cargo. Based on the RFID system test and radior environment test, we developed a
web based cargo monitoring solution which adopts EPC network and BPM solution with flexibility and
expandability.
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Air Protocol ISO 18000-6C

Passive Type/On Metal

Type Type
Range -
Operating Temperature -20°C ~ +60°C
F 4. 900MHz 2|H¢] 7]%A A<
2E S5 A~} 900 MHz 2]t]
Frequency 908.5 ~ 914MHz

EPC Gen 2 : ISO/IEC

Support RFID tag 18000-6C

Air Protocols ISO/IEC 18000-6C

Operating Temperature -20°C ~ +60°C

2 A8 A+

900MHz ™% RFID Aol gk A&-e Truck
dock¥} Storage 12|37 Workstation X7 ol|4] 212]#
2] 2 gk Wk a3 B el wE QXE
Agl o Fa=grh B glzel] gk AAE2 20
N eSS g el XIS o B IDE vl
02 7} QA B ARt Harghs 7k Aotk 1
A= olelje} 2l

A3 ZAzlel wpEx 900MHz thel2] RFID AH]&=
el ez gk Q1A efRe] el 4] 1.5m ]
elld 100%] 77 A8 B9l or), Truck
dock®} workstation®l|4] 100%2] ¢1XE-28 WA 23}
= 7397k Adsdek EEl 207l el eigh Q1A EAE
2] A= R QAlEe] 90%°l3) TR et
ek

453 RFID )= gtevfe] dx 2719} 3+
8%, Haidoe] Babd oz #hgg) lalAz] e} 914
Eoll 33 v1X]7] wistell APA Aol A4 A
o5l Qe A Z=E frrlstelof ghet $1o] Ag
Aol A 71 A3k Aot MY A== 1.5me}
30°01m B Le] QA ofFit) wleha A<l
#-gell olel Z717F (AR ¢F 3m) ULDe]l tigh §
Al Brls3slch wEbA 900MHz 9] 453 A
H|= Skid =919 3155 29f FadE Aol A8

J
AR

=

¢

T

O

o

E 5. wdeln = Sepeine] Ay A
0
daiAe|4e] 29 | 2 (w0 | 3| ays
| )| B Ax 1= | 0 | %)
(&)

Tuek 1 30 | 30 | 1000
0 Skid Storage 30 30 100.0

Work
1 station 30 28 93.3
Truck 1 30 | 30 | 1000
30 | Skid | Storage | 30 | 30 | 100.0
Work | 35 | 29 | 967

station
Tuek | 30 | 29 | 967
0 | Skid | Storage | 30 | 30 | 100.0

Work
station 30 26 86.7

1|15 -
Drgcck 30 | 30 | 100.0
30 | Skid | Storage | 30 | 30 | 100.0
Work 135 | 39 | 100.0

station
Truck | 30 | 28 | 933
0 | Skid | Storage | 30 | 27 | 90.0
Work |3 | 24 | 800

5 station
ggg{‘ 30 | 29 | 967
30 | Skid Storage 30 29 96.7
avork | 30 | 25 | 833
Truck 1 30 | 26 | 867
0 Skid Storage 30 24 80
Work | 35 | 27 | 90

1 station
Tuek | 30 | 27 | 90
30 | Skid Storage 30 26 86.7
ovork | 30 | 28 | 933
Truck | 30 | 24 | 80
0 Skid Storage 30 27 90
Work | 35 | 28 | 033

station

2 | 1.5 -
]T)rg‘cck 30 | 28 | 933
30 | Skid | Storage | 30 | 28 | 933
avork | 30 | 29 | 967
Truek | 30 | 14 | 467
0 Skid Storage 30 13 43.3
Work 139 | 5 | 40

2 station
Truek 130 | 17 | 567
30 | Skid | Storage | 30 | 14 | 467
Work | 3 | 51 | 70

station
477

www.dbpia.co.kr




g2 A18}3] =54 *10-03 Vol. 35 No. 3

2.3.3 =% RFID &t|e] ds Ay

1) 433MHz tH% RFID Ao th3l Als A3

(1) 714 AL

433MHz 22| RFID A& ] 3t gjn]dell
A ARS3lAL Qe K A AN R HAES 21353

or e 2 o] 7]EA Al o) Rk

¥ 6. 433MHz H119] 7]&3] Al

1 S5 KA} el
Operating Frequency 433.92MHz

Air Protocol ISO/IEC 18000-7

Type Active Type

Range 100m

Operating Temperature -30°C ~ +70°C

E 7. 433MHz 2]t19] 7)%A A9

2Y KAF] 433 MHz2]H
Frequency IF Frequency: 307.2KHz

RF Frequency: 433.92MHz

Support RFID tag All KPC RFID Tags

Air Protocols ISO/IEC 18000-7

-30°C ~ +70°C

Operating Temperature

@ ¥ A

433MHz tH%<] RFID Aol gk A2 553
B2e] 7S aefste] FAlellA 3l 7sshe
AARgo] 7hsgt tiatel tial] A-g-staal she 1ol
ule} A4 giite FelEl A8 31739l WorkstationTF
Airside Gate #A|ZollA] ©]F] Hr}.  433MHz AH|
= <k 7R Aol 9lo] stelvke] whaRde]
Hueko]7] wiiol Qlevl Zhwol] gl 432 A<
3kl

Airside Gate Aol = QXA o]F 27}
AAHA A= o] 9ol A AlE 2m=E A
om QlAltiAte] o] 5 F1 AFeellA 1A Etedok 3}
BRGSO gk AE ASS AAEITE o
= 45 11km/h2 A SR
Swu] QA ULD 33} 24k A<l B 7k=

N
1
r
o 4
> =
>,
E
Lo
oo,
R
4
Mo
—

E 8. Workstation A3 Az}

1 ULD | Workstaion 30 30 100.0
2 ULD | Workstaion | 30 | 30 | 100.0
1 3 ULD | Workstaion | 30 30 | 100.0
4 ULD | Workstaion 30 30 | 100.0
5 ULD | Workstaion 30 30 100.0
1 ULD | Workstaion | 30 | 30 | 100.0
2 ULD | Workstaion | 30 | 30 | 100.0
20| 3 ULD | Workstaion | 30 | 30 | 100.0
4 ULD | Workstaion 30 30 | 100.0
5 ULD | Workstaion 30 30 100.0

E 9. Airside Gate % A3 23}

A7 | s |2 | A QA A4 E
I | e [T @

0 ULD 30 30 100.0

0 27} 30 30 100.0

! 2 11 ULD 30 30 100.0
11 B 17} 30 30 100.0
0 ULD 30 30 100.0
0 27} 30 30 100.0
20 2

11 ULD 30 30 100.0

11 | §z27} 30 30 100.0

I 100% 2 11ton] e BrdelA] Ag A
QA gl Bk FA7 ek

2) 2.45GHz %] RFID Aol o3t A% A3

1) 714 AL

2.45GHz ™9d¢] RFID #u|= &) vl 3o
2RxkE] o]l ARSEl L 9l RAFS] A2 zIssisl e
w ez 2 Y rjed Al os3 2ok

E 10. 245GHz #119] 7154 Al)

72| =¥ F4 RFID
o ! Active 'lo“ag
Operating Frequency 2.45GHz
Air Protocol ISO/IEC 18000-4
Type Active Type
Range ] 71
Operating Temperature -10°C ~ +70°C

www.dbpia.co.kr



a3

o

ok
i)
g

% /RFID 7% 7

E 11. 245GHz =tje] 71&4 A
2y 5 RAF] 2.45GHz=]T]
2] 97
Hlo|E(R%, %1, %)
=% — HS
= 5 A= o D A5
7bs, Al A9
Frequency 2.45GHz
Air Protocols ISO/IEC 18000-4
Operating Temperature -4°C ~ +85°C

@ ¥ At

245GHz tfede] RFID Aol gt A3-e An|2)
(*Eﬁﬂ)ﬂ 22 433MHz H9¢] RFID #H|<}
Ugt 3ol o]Fe] FHow Mg Al H Alg 3t
7§—% JsiA dAsiAct. o Ao olefje} %k

2.45GHz thed2] RFID AH|el] tigh A3 ZAzl=
433MHz 2] Amldl gk A3 Auje} v]wsle]

Al ez QA go] e
oA AAIEE <14} Aol et
How FgshE

E 12. Workstaion A3 A3}

Aoz g wep o
Al wa} g

ol el 558 Hlas M8

Az A= | B3 | saae | epages | IHE
ﬁx_ (m) DHAO], = ]-J— il _IE/QT (%)
1 ULD 30 28 93.3
2 ULD 30 28 93.3
1 3 ULD 30 27 90.0
4 ULD 30 28 93.3
5 ULD 30 26 86.7
1 ULD 30 27 90.0
2 ULD 30 28 93.3
20 3 ULD 30 27 90.0
4 ULD 30 28 93.3
5 ULD 30 26 86.7
F 13. Airside_2.45GHz 4% HAE
2 B L R P I I I U T s
T m | o | A= | 8 (%)
0 | ULD | 30 | 28 93.3
| ) 0 |Elz7k| 30 | 30 | 100.0
11 | ULD | 30 | 26 86.7
11 | ez2zk| 30 | 28 | 933
0 | ULD | 30 | 28 93.3
0 |Elz7k| 30 | 28 93.3
20 2
11 | ULD | 30 | 26 86.7
11 | Ea2zh| 30 | 27 90.0

7% 433MHz dije] ulE Agahs
e wolt wiele) A% Azk Al

22w A el o wge
A Aziroz n) s

24 QM= sk= E{o|Zol| oigt MutEd 24

QAT 3H Buldel AR A AR F
78k RFID AH]9] Aol R-A o2 o3k n|x]
gl AnEel Tk 492 AAssc) 9le) 4
5 AYsh Askagel v A7 2 el
shaA she mEle Azsle] AZAge) A
A B35 5(data capturing) AR|E AAAs| 213 43

=3
A9 24 At A AT BUR 0
& 3k Erldeln] 34 A Ao A ARE X
Foha Q= = Aoz A 24 A
dde] 2] AZEE arefste] eAdE] 25 24174
= Agsiglon 24 Al ofle] Aul} 414
=ik
£ 14, AnjaesE ) 2 Al
[ A | A [ waw [ A
Spectrum | Rohde&S 9KHz ~
! Analyzer | chwartz ESCI 3 GHz
Log-Periodi 5
2 | cap) | ETS 3148 | 200MHz
1GHz
Antenna
Horn 800 MHz
3 Antenna EMCO 3115 ~ 18 GHz
4 RF Cable He;ber—Su SucoFlex
ner
2.4.1 HuEd &5
et eeld v 5% 0] Anad 34 A

539} H]9(900MHz, 433Mhz)®] 74-9-= LP et
& AHg3kar 23F9K2.45GHz) 2] 7-$~= Hom <}l
e ARkl e EAlEEe] anke] wRkE SAst
ek

RFID %}Hl&l A4
2 ofdz}e]A (Spectrum Analyzer)E ©]8-3}] 7t
T g AIA7)E A3l vl 4 sisich

=

433MHz 29| 5538 RFID A|2Ele] 44l 7h=
= 53], =] =M fAEs 4 Alle
-110dBmA o} dub S 2= 90dBmA E2] 41
479

www.dbpia.co.kr



g2 A18}3] =54 *10-03 Vol. 35 No. 3

# 15, 29 =Y ofdelo|=E o] 83 AAly] 54 A3}

Develop Application DB Server

_ "L office " \vorkstation il workstation _

?u C{l’ﬂ]"]’ é] é Hc} OJ'E‘“‘/]' S% 6‘ 733’—]-(dbm) JDBC _~= l

- f il ‘°]: 7J'—E 433MHz 900MHz :/Ia\:ﬁi:nring :/Ia\:g;:nring Dashboard Oracte

1 LP East <4 -73.55 -65.18 System System ;

2 | P | East | 59 | 7411 | 6545 | '

3 LP West Z,:;Ql -73.20 -65.06 Event Capturing Yystem Enterprise Server

S erver

4| LP | West | 9 | 7335 | -63.89 romf [epciss

5 LP South | 4] -73.55 -65.18 1

6 LP South | 43 -72.86 -63.73 P ST

7 LP North | 3] -72.99 -63.60

— | TCP/IP L TCP/IP
8 LP North | %% -74.11 -64.04 = =
Reader Management <=

7b=2 Zh=r) webA Truck dock 2 7]e} 2|36l 4] S e %
=A% -75dBm~-73dBm AE2] ~HEZ A7]= 5 S g Lo Resie
Al A2 A7) dfghew 283t Ao wtt
=} 900MHztH&e] RFID A|Z~Hlel|4] 2jt] kAl O 1. AIDC 7| 71 393 2UEE AaE AR
AH-e AeA=- 1w, i 52 aW = AlgH
5o gl ElLe] lepzate] Sn) Alekse] elu] it o= 2 ARASE 917 2= st 9
qhelell RAlEE A $E [(fARkE] Agr)E T SRS Aelsb] A% AEE & el ARt
Aol = _95dBmo|AFO. R A olE]e] glowm oubzlgl ANA ARE A7) 413 ZelAlelold w2 A H

2

L8 oA -75dBm A E2] FAIE BAS 71
22 Truck dock % 7]} X|delx] =A%
-65dBm~63dBm x| ~HER A7)= i +
Al e A7) dster 283k RHow gt
=k

2.45GHz thee] 739~ o} thede] Fuls= A7)0}
vlas) A ehghon] 58] G hakla] SA%
A= -17.98dbm T} -23.14dbm O E & FAS B
ool gick o] Aol we}l e B4 A}
2.45GHZ H|¥e] F3l4g WAl gl Zlo= o
e} 53], W& ekl ETVyl 3 AhvlEe] 914
3} gle] 2.45GHz tH%2] RFID ]S A-83}7]0
AL & AR o AtuIch

=3k $)9] 93 3% A3, 1.6GHz 99
PCS ¥ #13}9} 2.14GHz =9 tlekgh Bl 43
o] Z4=]o] 2.45GHz t<}2] RFID A2 #-gof=
ojzfgo] oS Zo= oAEr)

2.5 RFID 7|8} &Z2s}2 DL|E|Zl A|AH] 7{gt

2.5.1 AAHE! o7 |ElIX

RFID 7[8F &g3tE RuE]s] Alzgle] A
EPC U ES S 7ukew 78]13} ZFo] RFID #+
H]E 3t % W3 E(data capturing) I HRE 7%
5= vl =Hayene] o F5H AHH
EA vz s mdlg gdlEgde ojZe|AlelA
15 #3571913 ZUE ] o] EelAlold e R

Nt

(o]

480

el S13 dlelele]l 2~z s 4= ok

1) 214 wHlayer)

9o e AE 2 AuEhy B ) 3stE
Buldold 83EE SARIE(IAE, al
Al =58 Esle] Skid 9]¢ 3Ee] ASE
900MHz tH4}e] RFID AH|Z ULD =19 319
74%- 433MHz Hge] Au|=2 235 zlsgslct

L
[
ly
h
p
=
o
~<
[}
2

o
o
2
o,
[o
oft
3—l=',
ot
4
p
o,
e
il
At
o,

ofo
<
T
5y
o fr i
rﬂ
2
- .
[N
T
[
Ir o
it
o
=

ool A &
& A}
Aol EE 574 2 A2
19 shusp) S19) chaga vz
Qe AFaA}e] ool we vy o
2} BPM(Business Process Modeling) <5418
QJsjalct 13l 2% AR olBajolshz )
o] MRl SRR W& Aol ol Ase o

1o g
25
ol
g

i
v

Aok

i

A P D

i

3
<& 53l RFIDE §j38 A Al2dE55 <&

3) =ZHAIEo]A THlayer)

RFID7|%% 7¥ko 2 35w 37 BPM 748 &
3 RS ARG ARl A 7MAH 22 AlF3]
A Zlog B Aol st muEs] &£744
122] 3= o|HI 7]l vt AL 35 A

do

N

www.dbpia.co.kr



% /RFID 7] 714k 38E 2UEY Alzd

Configuration config = new Configuration();
config.addEventTypeAlias("LocationReport",
LocationReport.class);
EPServiceProvider epService =
EPServiceProviderManager.getDefaultProvider(config);
LRMovingZoneStmt.createStmt(epService, 10, new
UpdateListener()
{ public void update(EventBean[] newEvents, EventBean[]
oldEvents)
{ for (int i = 0; i < newEvents.length; i++)

{ System.out.println("ALERT: Asset group not moving
together, zone " +

newEvents[i].get("Part.zone"));
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