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The application of radio frequency identification (RFID) sensor-tags in cold chain systems has recently received
a great deal of attention. To design cold chain systems with RFID sensor-tags that minimize the initial
investment and operational cost while fulfilling the functional and operational requirements, simulation study is
one of the preferable and effective approaches. To simulate the possible design configurations, the individual
components in a cold chain system can be extracted and implemented as a DEVS (Discrete Event System
Specification) model. Based on the proposed DEVS model, a new cold chain simulation model can be efficiently
created by simply connecting each DEVS model around the RFID sensor-tag of interest in sequence according to
the structure of the cold chain system, and then executed (or simulated) on Java programming environments by
the DEVSJAVA simulator. As a result of simulation, some key performance indexes such as reliability, accuracy
or timeliness can be calculated and used to choose better components or to compare different system configura-
tions of cold chain systems.

Keywords: Cold chain system, RFID, Simulation, DEVS

LA & e Z2 A2 4n), A1 B2 748 AAZ FEAcold
chain) Al 2~®lojgt1 3k FEA QS dubAel FFFRT
Fofets Ao A M S M 9IS FE B aTAY0l O Bor, 53] EFY RE AN Jud ®
2 SE9 AZtolth. T4 Fudt 2ol AHE & UHY L AES0] Fesit)
Aol E 59 U] §o|F 5 9l o} 5 P A HT ZEAA N2E S AAF 02 £435t7] 9)8ke] RFID
= AN o] WA A nfHolt)h E3] Ao A 9l MM 7]|&o] A3E RFID WA B 18 A Lsl= AT/ 52
At A& o5 BUEY 2 Alo] ZHA A HFREOILE Q) TH(Pereira, 2008; Catarinucci, 2009). RFID Al 8] 12 243}
oA Lo YFE wol B FES0| A AR, &%, A BT FAGE AU A 2HY FEoE TH| S B
ME, oo, 2l AN B AHLER AT £ AR A} Btk ZEAA A28 TS Do sdEdol ¥

B AS7 A (FANE: 312068-03) AQORE o] Fo]H L
TF, 100-715 AEEEA S+ FZ 17} 30 53UIstn AGAI 288 Tel 1 02-2260-3887, Fax @ 02-2269-2212,

E—ma'l : yonghan@dgu edu
20149 99 12¢ A 20159 19 99 AR A 20159 39 209 AA 4.



174 R

AR 8 E =
a” T)E U7 UA,
A A28 o] 57
28 4 711% o -$- 5 2.3kt Aiello, 2011).
Ast7] el A AlEd ol 7S ul¢
o1tk 18 A RFID AAE) 1 7] Hke]
ZEAA AN 2E ? & =Y WAl o5 A AHLE A
& A EHolE7F AR etk =& W89 Algd oA o
7] A (Kelton, 2007; Sigam, 2011)E AH&-3l= A% 7Hs3A T,

HE =70 A8 AEg ol #A, 53T 7L Y
AR AN F53e AR & FEY 5 Aok webA 71500l
RFID A A Bl 1 7]9ke] SEAQ) Al 2]l AA S o), ] & 2
Aed #dE FAHASS AR AFEA A4 &8tk
LAY 2 A HI o] AR FHS AP o B
e A& A EY o =7 7t a8t

ofo B AT ZEA A2d9 FA 7]
79 a0l L Aeks Ha
AFALA (discrete even) Al 2HlS 7
(Discrete Event System Specification) & 4] &
2 A B ol TS A G B A7
A A g o)A AT A3 Kang et a1(2012)oﬂ
At

& 479 AL b3 2o WA A 2% 4 DEVS &4
E 9 #Y Zopo) AEgold Aol tishA zhFe] A
o A 38 A= o] He FEAA A2 AL E vhot
st 724 7154 FAe 4 Al 43 A = Aol
<A LAY BHE AASIL, o] EDEVS F4 o
TUSE U} g TU2E FHSHE Bkl el 45
o A s A = s ZEAQ A2E GqAE YR

< FYse @_i}% A 6‘}1 Q% 7}

A O A 6%

N :& (o) lﬂ
rN

J

it

F

_LL4
oft

)
£l

o,
N

-~

o
s o
= e
ruﬁ o °% ob 4

f”lo r-{n:

—LJ
r_ rBL

2.1DEVS 33 &

(1) DEVS E.4-Atomic and Coupled

Zeigler(2000)°]l 2J3) 4] A F# Discrete Event System Specifi-
cation(DEVS) o] AHAHA A 281-& A 52 o] 11 X531 HE)
2 7)&dte T AAEA, FEAQ 2" RdE
2 A g olde] 488 F e “L‘ﬂi"]‘:}. oj At &l
g2 AEg oA JofA £F ZEA 2 YWE HAYS S
ZZH2E AAAN T = A (event)e] TAE 7|4t 2 gt}
(North and Macal, 2007). =AY A 2Hl &
25 7 9, 93, 23,

Fol whet 1 Aeivt Mkt N 2 /72F

SEERREE
_Zl,g—].lﬁ il:;‘(ﬂo] /\];\Eq]o 0]/\ /\]_ ] 2:3) E} UE
ZE2 A 2T ofye}, DEVS §4 &2 Zé Ei/ﬂlzzﬂzz A2

g 33 ZEA 2 Ao] T& I e Eofoll A A&

=2
H th(Farooq et al., 2006; Pujo et al., 2006; Zacharewicz et al.,
2011; Bae et al., 2013).

DEVSAIA 7/ FAHQAEL atomic ZDE, AZHQA F+
AL coupled 29 2 3T} DEVS A2 & 4 Al 2H S
REH /M Ze FAHLAR YT, olE TARLY B
A3 F2E 71E8, o] FALASE ATHOE A4S
X Bt 5343 A 28-S BT o)A 7H 7] o

HE e LA QAE atomic o2t 3} o] atomic RE
& <Figure 1>(a)oll A1 A13H4 T} atomic 2E-& TA = 77 84
2 A 3] Q45 A2H QY e 181 &Y %j?}f}ow}
283 08 4710 QA% oFo] 37) 849] Aok S TF

o} E Ry7L 08 233 ko A4 A3l 1 QE atomic
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ghroltt, o] LASE 29 2 Y59 Yo Hu
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HA gorg b RdE9A %“%‘t% T l %eth <F1gure
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A& o] &3to] Ansta .

Atomic ZH-& F9E Yehf= v, A S A 72
W= coupled 22 B3 TAHRAZA atomic & é*a‘olur

£ coupled EREE TAH L, & FE coupled EB | 7
A847F 2 4 9t DEVS %‘éloﬂ/ﬂt‘ coupled Z&-& o] &
HA ASHA F2E 2te E4F RIS H4A 74T+ 3
Al =Tk Coupled 22 9] A ©] & <Figure 1>(c)9+ 2.

(2) DEVS A & o] H

DEVS ¥4 2o A& DEVSE 23 H Al 289 A& o)A
= §fste] A A EdolE Y dagEs AFdt ol 2
& N EFCIH Q| < Java 718k A 77 Z10] DEVSIAVA
(ACIMS, 2010; Sarjoughian, 1998)°] T+ DEVSIAVA < DEVS 3
AES 7L E e REY B AEYold S LCE, Java
Z2 Y A& Aol AEEHTH DEVS FAE 7]6t
NEY o)A 7H53H dl= E@%(atomic zdo Ao #AA
AZ) L A g ol A (A= ol Axl)ol 23 API(Ap-
plication Program Interface)E A| &3t} DEVS 2 ¢ 7|2 &
Ae ze Z2OY Y27t 2FH 9lon, o] & FY
25 AAAEAAQ Javad EA4Q ’a—i\-(mhernance)"ﬂ u}2}
A G (extend) & ATh Y| A4 2 7]E2 DEVS API
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AM = <X, S, Y, &ext, 6int, A, ta>
X : set of external input event types

175

CM = <X, Y, M, EIC, EOC, IC, SELECT>

S : set of sequential states for a model

Y : external event types generated as output;

Gext, external transition function(QxX —S) ‘ ‘

Sint :

A\ @ output function (S —Y) .

ta : time advance function indicating the time “ag
the system is allowed to stay in a state
if no external event occurs(S—Ry ")

| $'=0cx(s,2.X)

internal transition function (S —S)

s'=8,,4(s) IC :

y X :

— Y : set of output events
ERIRRY
EIC : set of external input couplings
EOC :
set of internal couplings
SELECT : subset of M —M, the tie-breaking
function which defines how to select

set of input events

. set of sub-components

s
the external output coupling function

here,
Q = {(s, ¢)] s€S and 0<e<ta(s)}

(a) Definition of atomic model

(b) State transition of atomic model

the event from the set of
simultaneous events

(c) Definition of coupled model

Figure 1. DEVS atomic model(Zeigler, 2000)
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Figure 2. Typical cold chain system architecture
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Figure 3. Cold chain system data collection and storage model
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4. FEA D N 2R A& o] R

41 A EG o)A AH- AN FA 2d

Al &g olido] EatA ’\}R;HE AzA 2" 2 FETEY
AA T AHEStE AE FACE, AFAA A &Y
ojd o] & EE & Algﬂl °l EE$]017} =
288t J]ﬂ-/]?‘—_] AR 17 g gkl e Al
2HE A3 e 84 -—rL;i. S A] & (permanent/temporary
entity) 7 7HA TRE EF & Atk ¥, V1A, 55T

Zo] Aggold A 7I7J AA ol EAetes 245 974
242 B9 5taL, AYE e Jut Zo] AgHold B
d W H-E ol Tt FHE WA 7)aL, gE A B A2
E%lg] Aej ol o3 Hake _ZI,_]_HLOcq %Eﬂ F3) Azl o3f
S AN AEHE 245 I F 247 2 Y3 THKelton,
2007; Carrie, 1988). FAt= Al E# o)A U] A FER
A, A4E o drtt A28 WRE Soltynt Al2EE
dube A 229 438 RE LU AE Fo| FE @
4 948 299 9rt od B FEAAL ARy
AR 12 B33 A ZEL A 947 2desla, 93

A8|(Z1, $4EY, RFID Reader) < £33t o] 53l A
o2 5dyste Aol 7hesitt o9 2 RddEe )2
o= N A &4 W trgE e £45t, FEE
AA ) BAEA ] g ZH8E §ol3HA = F e AT

=
o) FAL A A QA2H AAME IS
Aol oy 2L /AT A 1E &
of ¥-2+3k 7HX-]](6]-}\]Z40] RS By g

W 744 3eishn
3ok & Alo] itk A, 7 ol webd Shcka 2ol A
& WA AL B ol BA% ol AFY Pt 38
S ABHY AR A2H ] Aol Aol 2 2
A7 A @& 5 lork, 8 AR o] AAE 7 22 o)

ﬁu«l AA ZEAQ A2 Ao A Q%“é(Scalabﬂity)

SgR &5 9e N 74%'% g a7t FEeTa g
T it =4, %’-Exﬂ kol A o] Zk NE (R, &5 EY
Zlg e e HEE REY HOIE 3tal, 78 A o] & A
o tel A= @;Ls}ﬂ] 1REta, B grgstelof gtk &

Reader
Carrier
. (Truck) warehouse O

Input entity
(workloads with attached sensor tag)

(a) entity flow based simulation model

2] kol B RA A Tk Z42ke) Al Aol aRlH o
of gth. & 734 949 RdY o 43 FHo] EAF
AR, FAAD AR MM 1S 7HDs] mEd ot= AL
U594 & W2(Parameter, Specification, Internal Operations)
< 2 e A 1Y) B3 o Wl o] HA] gt

B ATl e ol #AE s &317] Aot A 1S
FTAL LAZ BT o5 FAHCE FH &7 B 20
W Zo} %*45}5101 A e Lo} e akgote A o2 iy
A 2"E 843k th. <Figure 4>l EHH v} o], Al A g

O

a7t %T‘Er YEHZE Azl B4l w2t o] 5A7] 2, 2]
o tdol 5= ol oz AN IS THOR -7—‘?4; A
of Ao w2t A% A&t Adoltt ndAd AedY

HAH A, AHH 0 E RFID MM 1S FA 02 W
A& *c}%l%%aﬂréﬁ}” ol AlAE 1 7]Hke] FTAQ] &
A ATl Agdsitta #AE7] ol o] 9 2 e
= R A= i i Ael1e] mdyg st FEo] psd
T A, A DA E A2 BFFEA 9 8 3

o A )¢}t ‘%_]'L,§]-o]-_ﬂ’ SN R AE EFEE S 9T}

42 74 8&8 F2

RFID Al B} 1= &8, A% e Ao g o 2AM A&
AANEA Aoz el wet gu-n Sl g SaA A
ARAN 2RO AAHEE HjA doh AA e 19 #A
AR ZEAQY 4 B $HoRTH 25 AR 24
gt 2o-mEdoj ot 45 #A&she Zlo] Fo ot &
AAE 29} wf{Fdte 7484 F 1) FH 37 (environment) 2}
2) RFID ] T = Z(reader, antenna, middleware 30| T}, Al A4 7}
AFEE AL (FHL, SE5EY, AL T EE A)o] FoolE
Zholl MAE] 1] Aol B &2 Wstd SRFEE A F
a7 98k 3t &9 RFID g =S AAE 1R
FE A o] uhghd JHE g0 = G2 Ak RFID
g sl = RS AAeta Aeete 3) AR A4

Zx(repository) = FHA A 0] Hodith FHA A A
g8 AN AET A= AAE 27 A S A A6
AZ A5 e 7120 "Boh nAHOR o] dT-Y
FAo] H = 4)RFID Al B 1 71 88 74 8.40|T

warehouse

Carrier
(Truck)

Sensor
Tag

(b) censor tag based simulation model

Figure 4. Two different entity modeling in cold chain system simulation modeling
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=829 224 (End Node)E H3te] oAl 7)
<Table 1> A A3 Th. <Table 1> Al WA €
infout LE S| 49} o

g] :rL/H QAE
(Atomlc model)%l| 4] DEVS atomic 2@ 2
e 9U g AT

Zt atomic E@ 2 DEVSIAVA©|A 7]& DEVS B9 Z A&
H & Atomic Y 2E A (extends)3te] NS H T HAZ
Java Z2 17 1o 53} /7 Eclipsell A1 DEVSIAVA
APIE o] &3} AFH Atomic FIHX2E 4538 <Table 1>
} 2SO N FH2E A s

(1) Sensor_Tag

718 atomic 2 S A 71 AAAQI HE-L 5= Sen-
sor Tag 582 25 AlA 9 RFID Bl 1E 34 229
ot} A Ao HE &AM 9} RFID Tag7F 2o
©% 9l3 TX RFID B} 17} &5 AR ALAZ AL
ATE Qou, BEAQ Huo 44 Feg Fu)
Aozt 599 BUA 392 £ 4 gnh rgos
A9 279 LEARE AF 8 5 Y= R E A

k1o N, _gﬂ Flr ol
O o off [ ol L

[ex
r

Table 1. Five cold chain system atomic models

A -

on, oA Ag
L5 HloJEE A%
Sensor Tag £.99] &3]

% ojg 7H4 3

3
A,

=< T A A 4T

¢

[o
{1

2] A3, 7182 0 2 Carrier
NodeZHE Agwre 3t A 78} 1 Reader Node o]
QAo o3l ol A4 L AZHE O A 2E A4
Q20 A3t Sensor Tage F M2 U8 EE(in, t in)2}
& 7)o 28 TE@ our} ST n TEE= ndle) B4
& ¢ ‘start EE ‘stop’ ASEE d NodeZHE TAY,
Reader NodeZHH &% 874 AE 94 A5 E Wt AL
Hoh, =3t in” LEE Carrier NodeZ —r51 Held 228 A
guk=d AFEHET ¢ out” EEE Sensor TagZ} W i-oll A%
3t 37 A H (A7 25)E Reader NodeZ U E¥ATH DEVS &
Eoll 47t Sensor Tage &9 JEHE 7HE o o H,
Wi 253 fAske 5 w7 HE T (parameter), W/9] 5
¢ B A o] §F4=(internal/external transition) S 7} 4= 1T}, <Figure
5> Sensor_Tag7t YA AT HAviTt o7 25 A/ %
& wj(When_to Sense == INTERVAL) 523} 42 pseudo
codeS 53 7|2A o2 A3 Aot} Pseudo coded] = Sen-
sor_Tag®] “3 €l (phase), Ul 7l 8 9~(parameter), W}/ 5 A€l A o]
g7t Aol o] ok 718 B m s gholl T2 Sen-
sor Tag«] AT GALS W 0 2 A o) 7hsshu Al 251y T
S+ <Figure 6> Sensor TagS oM Eo| o] 3} /el 7 o|(state-

oﬂ, |
L O
l-ﬂ "
2
O

yul

fl

o

Jl[‘

s

transition) T ol A =413} &9, 7]E} FEAAL FA 2
29} Sensor TagZte] 452 &(AAY A &Y FES &
g A H ) A== ZhErekA| AN ST

DEVS Model L .
Descriptions Atomic model (Icon)
(component)
Reader Nod An atomic model corresponding to RFID Readers and Middleware. This
eader Node . .
R ;1 y model requests and receives data such as temperature and temperature ing Reager_!\lﬂde :;—;Ut
eader . . . ) assive
) recorded time(timestamp) from Sensor Tag Node. It also delivers the tine = ot out
Middleware) : - o=infinity .
received data to Database Node
Carrier Node An atomic model for any storage or transportation facility where the Carrier Node | ec_out
(envi - ) sensor-tag is stationed temporarily. Once the temperature changes, it ing Passive gout
environmen S
passes the changed temperature data to Sensor Tag Node g=infinity ot _out
An atomic model corresponding to the RFID sensor-tag.
Sensor Tag | Environmental information like temperature that is delivered from any ine Sensﬂr_rTag
- . . . o . i . . Fassie ot_out
(sensor-tag) | Carrier Node is stored and maintained inside. In addition, the information | f_in® g=infinity
stored is passed to Reader Node by request
DB Node . . . i
e An atomic model for the external information system or data storage for ne DB_que
(information . ure. timest 6 tion transferred f Reader Nod tine Passive gout
emperature-.timestamp information transferred from Reader Node | e
system) P P - o=infinity
An atomic model to start and end a simulation run. This model
End Node generates a signal for simulation start and activates the connected atomic End_Node
(logical models such as Sensor Tag Node, Carrier Node and Reader Node. ing Passive @out
component) | When it is used as the last component in the simulation model, it sends a=infinity
a ‘deactivating’ signal to Database Node, and Sensor Tag Node
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State variables: model state can be one of elements of following set phase

CLRNTS CLRNNTY) »

phase = {“active”, “passive”, “requested”, “closing”, “responding”}

Parameters : each parameter has several options regarding the sensor-tag specifications.
When_to Sense = {EVENT, INTERVAL} // decide when to check temperature
When_to_Store = {EVENT, INTERVAL, NOTHING} // decide when to store the temperature checked
What to Store = {AS IS, RANGE OUT, GAP_OUT} // decide the condition of storing temperature
Overflow Treat = {NOTHING, REMOVE_ALL, QUEUE, LAST UPDATE}

// treatments for tag memory full case

In case of (When to Sense == INTERVAL)
External Transition Function (&..) :

Case : if(port == “in”) A (x == “start”) A (phase == “passive”) then phase = “active”, 0 = 0
Case : if(port == “in”) A (x == “requested”) A (phase == “active”) then phase = “requested”, 0 = 0
Case : if(port == “t in”) A (x € XT) A (phase == “active”) then set CT = X7, phase = “active” for the remaining time.

Case : if(port == “in”) A (x == “stop”) A (phase == “active”) then phase = “closing”, 0 = 0

Internal Transition Function (&) :
if phase = “closing” then phase = “passive” forever
else if phase = “requested” then phase = “responding” forOseconds
else if (phase = “active”) A (current time == sensing_time)
then ST = CT, sensing_interval += sensing_interval, phase = “active” until any event happens.
else phase = “active” until any event happens.

Output function (A) :
if (phase = “responding”) then send current temperature through port “t out” to the connected Reader Node
else do nothing

Figure 5. Sensor_Tag Node pseudo code
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super( TestM3");
initialize(; _
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-

~ViewableAtomic sn_tag= new Sencor_Tag [sensor-Tag’,

3 ddce uplingthis, "in", sn, i

" addCoupling(rd_2, "t_out”, dn, "t_

b
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3,43, 100, 3, 5.0, -20, 3

ViewableAtomic sn= new End Node("Start” End_Type START);

ViewableAtomic cn_1= new Carrier_Node ["carrier
1"20,Read Er_InstaII XES, temp_queus);

ViewableAtomic rd_1= new Reader_Node (reader 1",
Back_Up_Method YES_REMOVE,
When_to_ReadINTERVALE);

ViewableAtomic cn_2= new Carrier_Mode ("carrier 27,
10,Reader_InstallNO temp_queue);

ViewableAtomic rd_2= new Reader_Mode (reader 27,

Back_Up_Method YES_REMOWE, When_to_Read EVENT 4);

VigwableAtomic en= new End_Node ["end point”,
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ViewableAtomic dn= new DE_Node [DE System”5.0, -20%

{ Components
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~
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Figure 13. Java codes for <Figure 12>(b)
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