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Abstract

This paper investigates the performance characteristics of the data link layer of the 1996 version
of IEC/ISA fieldbus which is developed as international standard of fieldbus. A discrete-event
simulation model of the data link layer of IEC/ISA fieldbus is developed. Using the simulation model,
this paper identifies the network parameters that influence the performance of priority scheme and
real-time data transmission, and analyzes the delay performance of IEC/ISA fieldbus with respect to
the change of network parameters. The simulation model also integrates continuous-time simulation
model of a control system as application process. Using the integrated simulation model, this study
investigates the effect of network-induced delay on the performance of control system. Since the
simulation model developed in this study can predict the network performance, it will be effectively
utilized in the design phase of control and automation systems that adopt the IEC/ISA fieldbus.
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Fig. 1. Structure of Event Scheduling in the
IEC/ISA Fieldbus Simulation Model.
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H|2RE $3she Aol VIEH Y] vl dEE v
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Table 3. Simulation  condition for PT

service.
o | PR Aol | AEH o 24 F7] (ms)
T 9 octet)| & | T T G08]G05]G=02
1 268 R | AxE 207 | 412 | 1029
PT| 2 140 32 | AFEX | 14| 2151 538
3 76 32 | AFEE| B 107 | 22

HA] =g Bt G=0.8¢]32 PT durationS
500 octet duratione@  ZAAZ Akl
V(TTRT)7} Wislshs 790l E&d AAFHE 94
99 3ot 94 w9 dioleEY] Af A Az
o] 19l 29} 3o weht glek a3 204 My
V(TTRT)7} 718 B39 4 ¢4& 12 «
7t Sl Botda 94 €4 302 i 3
T o8k & V(TTRT)ZE 24 AAQESE o
4 &4 dolele) AE Ae] Fksle] Fe ¢
<9 dlelele] Ag A Ak ZAidlw B $
9] dlelele) Ad A Az MA3] FvRke
FAE Rtk a3 34 2" V(TTRT)Z: 2
ARELFE A 902kl diole] A4 2l Az
o7} 2R} w3 V(TTRT)S A& ke ¢
A 7718 ZF 4 24 dleleiel Al x4 A
b 9 ol wisA] gw A el A
V(TTRT)7} "S- #A AA% H$5ms ols} #7h

oo
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Fig. 2. Number of priority assigned to the
delegated token.
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Fig. 3. System delay with respect to the change
of V(TTRTXG=0.8).
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Fig. 4. System delay with respect to the change
of V(TTRT)(G=05).
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Fig. 5. System delay with respect to the change
of V(TTRTXG=0.2).

(1373)

BHH SHE OB IR 103

1% 49} 5ol bzt vEYm i Ralb g7t
=05, 029 7A%9 A Azle] Jehd glck Ed
2 Hal Gr} Yold$E V(TTRT) Hslel] sl
A E97F A A AzEe] Aozt FraHE G
o9 e Sl V(TTRT)S] wislel] chsfed -4
9] dolEiztell FA Alad Azk] Aole ASMA
ZolEck F UES =Y EdY ¥l eSS
V(TTRT)S] ¢d3o] FojErhks A& & 5+ stk 2
2 Solla 94 =9i7kel] dlole] x]Ad A7) Aolrt
= AL 4 £47) ofE dARe] A" Az b
AR by wlsrt oh27] digelch

2400 —

System Delay {ms)
L |

z
g
|

8.00 P=2

Feopom— ‘P=3

I i I f 7 I T ]
400.00 600.00 800.00 1000.00 1200.00
PT duration (octet time)

2| 6. PT duration?] ®z}ol] digk % xjd A7k
(G=0.8)

Fig. 6. System delay with respect to the change
of PT duration(G=0.8).
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o] ZolErh: AL & + vk V(TTRD)S PT
durationel el ikt A¥e AT A Iy
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Fig. 8. System delay with respect to the change
of PT duration(G=0.2).
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Table 4. Simulation  condition for ES
service.

Ao} | A$TH| ¢4
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UNIF =
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o

S
Hy 4o
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5

o
j=]
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duratione] 27}t wel & F7] Fdell AFI
gl dloleje] o] FUlslEA AAMAA AE Ao
A7re 20157] AL o]FHElE ES duration
o] Z/ASE A% A Ao] FAF) A3t
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aekg ulshA =) dielck =089 2 F3ll
A ES duratione] "}$- 9A A48 73-54200ms °]
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A Zophe olft & rEUl BEES ¥R F
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Fig. 9. System delay with respect to the change
of ES duration.
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E:2 5. PT¢ ES Xujiex] AlBeo]lad =

¥l
Table 5. Simulation condition for PT and
ES services.
ol $A] Aol (A7) w4 [ 24 3] my)
ST e octet) | 5 | 2E [G-08]G=05/G-02
1 | 268 | 3 |As2¥] 343 | 50 | 1372
PT) 2 | 140 | 2 |A52¥| 179 | 287 | 717
31 7 | 2 Ax¥E] 97 |15 | 320
ES| B o @ | #% | verTRD

£ Aelld] palsts ABdold 24 ¥ 59 7
2w PT A9 7% 21 94 $9d dloleir} 2
Alshs Ed Pk mF FodsAl dddsqe. 7
7] kE= PT APR)2E 918 $4 £91 1, 2, 3 7
2 ES Apjxg 9% s F5 sz gl 2
Aella] 2Agol sl ES dlele}s dgsl=

N
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A
A
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€S data

System delay (ms)

4.00 —

800.00
V(TTRT) (ms)

1200.00

32| 13. V(TTRT)S Hslel didk A% A Azt
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Fig. 13. System delay with respect to the

change of V(TTRTXG=0.2).
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System dasay wm o,
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~

1090 s

ES data

, v 1 T " 1
£0a.00 500.00 £00.00
PT duration {octet time)

3% 14. PT duration®] *H3lel] ofgt A Ad A
ZHG=0.8)

Fig. 14. System delay with respect
change of PT duration(G=0.8).

to the
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1
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1 T 1 T T 1
49996 $00.00 £00.09
PT duration {octet time)

28 15, PT duration®} *#3ka digt A$ A4 A
ZHG=0.5)

Fig, 15, System delay with respect to the
change of PT duration(G=05).
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System delay with respect
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Fig. 17.
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FERTeTT IR

System delay (mst

w40
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TR B

T T T 7 1
0.00 .20 040 0.60 .80 100
VIMST)

22 18, viMsT)e] Hste] g AE Ad Azt
(G=0.5)

Fig. 18. System delay with respect to the
change of VIMSTXG=0.5).
|

?},\ 1000 _E ES data
o.10 T I T l T I T l T ‘

.00 0.20 0.40 V(M )0.50 0.80 1.60

a2 19, vMST)e] #ste] digk A% Ad A
(G=0.2)

Fig. 19. System delay with respect to the

change of VIMST)(G=0.2).

I3 17404 2R ES deleld] Zeolzk VIMST)
off nl#sld Zrlslmg VIMST)7F 7185 ES
dlolele] Xl A7ke] ZFrigkct ileld B ES
dlolele] jod A7 F7hgel Hls] PT dlolele] A
e AW FA3 Frleke EES Relud °le
V(MST)7} Z7¥sbas] A 3=z 43 F PT A
2ol FEE Bam gk ZA| FolEr] dEeldh

BoRE S+

VIMST)7} W$ 2 ghes AA=Ed A9 =g 3=
828 ES Aulao]] mlsle] e 4 €99 PT
dolele A$ 7137E flelAld 2d 183 19+
G=05% 029 = VIMST)7} A% AQd Akl 7
2= d3ke FARE Aoltk 23 17, 18, 1924
=9 ¥} P42 VIMST)S Wbl A4 A
A A7l mlAe G Arke & & 5 Atk

2. IEC/ISA FxBjzdl4 Ao] dlojele] A

2 Aol [EC/ISA H&HAg] kcEd FEEE
o} ZAEg 7Y Ao Aage ALATIE A5l
Ho] dlolelel A% BAS FAgch 13 200 v
¢ wje} o] B AJEHolEelA e 12 Alxie} of
Edole]E Eishe FYE »e AHHT x= 2
L 2E28 re A, ke 17 k= 27} 3
el Ale] 28 FARKY Aol FZof FE kT
Lo wf 10ms vhet Aol dHolelE AAEe, A
30708 wsollME Foizl Edg Fslol we} dlo]H
7} s =2 slgcl.

oy R

IComroIIerJ

[ pLE 4 |

DLE 32

73 20. Ale] Axde] A& WEHFY 74
Fig. 20. Configuration of network with control
system.
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= A dlolele Al Mgl AR qichrt

Zae wurryl EAL AP A4FA 3o
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e

EZg pti A dHelelE viElo R FEEE] dlo]
HE A F FES rxo AEY &7l A
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27 A= e SEZ dHolElE ARl
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AT B
10 msec

Sensor [ il X

Controller

|/

Actuator | } } |

a8 21, F7144 Aejdlole]y A4
Fig. 21. Transmission of periodic control data.

o]l Aol & FAE FHE 7] SeiA F]
Moz AMsle AM dHeleEe i AA dlejiz)
2HAsly] oldel] EEZZ Hgo] gaslojof Tt
Y wg 2Ege delHE o] 2EE doly
7b 3] Aol dfellolelz AFo] dmsolor ¥
ot F WENIE B3l AN = ZEEE dolH
£ Afshe AHol 10msehe AEH 771 ool ¢
grEjofo} At & =EolA AR Alo] Azl &
de} FEES AD F5e o o] A=
ol59] £& dolojmgl 1§ 220 veht gtk
# 2204 71E oY rol 2= 12 sk

Gls) = alets
¢ s
_ 1
Gys) = (0.3s+1)(0.03s+1)

Zero Order Holder Controller Plant

/

a7 22 Aol Alzde] BF tolo]az
Fig. 22. Block diagram of control system.

£ Aol LASE 17298 a3 100] Hehd nieh 2
°] PT9 ES AHlag 2% A3k PT dloEe)
7Sl 4 &7 13 39 welHe A $ER
dhsie], 941 917k 290 wlolele FolAos WA
gt =& ES Apleo] ofs] Agd 2AES o]
Bl F7es Al 2 Al Aol el
£ PT Aplaz Adfshe 3tet 2AEd 2l
ES Aplag Sefshe Aol disl] 24sisict
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E33XH S H 10K 109

PT AH|ag F8shs A$olls Ao delgE 4
9] 2(normal 2 A$8IEE 93, ES AR|AE
o] g8k Aol Ale] dlolel= AAIE N 23l A
$EE Aeg slgich

1) ES Au|az Ao dlolel g Asshe 44

HEY = P55 Aol Axglofr] whshe Al
dlolelE ES 2AIEH AR|aE o83t Afe
735l PT9 ES diolefe] Hhalel oift AjE=iold
27 & 6 Fo12 k. & 60l vehd uie} 7o)
xz 13} 204 Ao} dioJel& 10msY F7]|&E wHAl
gl 2 A¥e|x= ES DLPDUE o83 ~AEY
)27t Zle} dlolg] 38 F719) U 10msS] F
7182 HEEA Aol delelg SIS 2AELS
£ 7A%et Ale] dlojele] WA FlEct AR Z F7]
2 Ao dHoleld AFBIEE 2AIEY = 98 v
w3kt E 7904 CASE 1€ V(TTRT)=10ms,
PT duration=300 octet time, VIMST)=0.74% A
Hale] 7F k= 10msvicl ES Aulag 38 ¢
3)E=2 g 7otk CASE 29} 32 V(TTRT)¢
V(MST)E z4sld ES duratione CASE 13} 7
ot ES 2AIEY Auled] F71E ST 5ol
o},

k23 6. ES Anlxg ¥ Aleidely A%
Algdlold 2741

Table 6. Simulation condition for control
data transmission through ES
Service.
Z Y oA =
1 268 | 2 | AT EX 343
PT 2 0 | 3R F7% a8
3 0 | R |AFE 2
S A9k dolg| 30 | 0 | F14 47
Aol dlolE| 30 2 714 10

kS 7. ES Aplzoljd] Aeidlels] HE: F7]
2AEH

Table 7. Scheduling of control data

transmission period in the ES

service.
V(TTRT) PT duration |ES duration
CASE {ms) VIMST) (octet time) | (octet time)
1 10 0.74 300 30
20 0.49 300 30
3 30 0.33 300 30
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k23 8. ES Auj2olx] Alojdlele] A Al
4

Table 8. Number of rejected control data in
the ES service.

. A4 dolg A% | EEEY dlolH 44
CASE a9 4% 4
1 0/100 0/100
50/100 50/100
3 66/100 66/100
J {3‘“1
0.00 — \\ _,“' | ~J
o
\
] \\/\. —— CasEd
o — T 1 T T T

0.00 200.00 400.00 600.00 800,00 1000.00
Time (ms)

a8 23. ES 2AEY WA wE Aol &4

Fig. 23. Control output with respect to the

change of ES scheduling.

2.00

Piant Qutput

0.00 200.00 400.00 600.00 800.00 1000.00
Time (ms)

0% 24, ES 2A1ER W7 o E9E 29
Fig. 24. Plant output with respect to the change
of ES scheduling.

23 239 24%= ES 2AEY 718 47 10, 20,
30msZ WH3RE dof Aol FHo FdE E39
Azeln], E 8ol 7t gl disle] F fafo] 12l
Aol F3MlelzE qlste] A$EA] 23 dloly]

olr

4 RS St

of vt wlasle] glek a3 23, 249 B 8ol
ES 2AES F717}F Alo] dlolele] Al Fri9 £
g 10ms= HAE A4l Ao deolele] &Ax 3
A Al H FHE FHT Ho AH5E Hol: A
oz Jepdrl ES AAEY F77F Aol delel
A 1R A AR ASele £AEE Aol
dlojele] eyt gl Aoz o] Alxgle] A
o] ZA A3EE &  olvk webd ES AR|AE
£33l Aol dlolelg sl Agol 2AER 771
£ Aol dielefe] WA F)9} s dA=efof
g}

2) PT Au|22 Aol doleld Af3le %

Aol Axgellx] Frid e sl wlolelE PT
Aulze] A €91 28 B3k A3 A5l dio]
B Ao oigl AlEHeld =42 & 99 2t wiA
PT duration=300 octet time, V(MST)=0.20% I
A 735l V(TTRT)®] wislol] gt Ao A]lx5le]
A5& &3 Al a3 259 269 dehd glow,
zZb 7ol Ao} FEEE koA g A
dlojete] Zle £ 109 el gich

#  9.PT #M&E &1 Alofdlels A
Algdeld =4

Table 9. Simulation condition for control
data transmission through PT
service.

| o e | BO|AE w o |2 7

TR A el 2P P
1 28 | R |AF BE| M43
b 0 ! 30| 4 47
R T

P12 o -

Hol8) 30 2 | #7149 10
3 20 | [Ax £ 26
ES & 0 | 2| F14 3

23 10. PT Afu]&dld V(TTRT) #H3jel] of
3t Aejdlole] M A 34

Table 10. Number of rejected control data
with respect to the change of
V(TTRT) in the PT service.

V(TTRT) | 44 dlojg] A | ZEEH HoH
(ms) A F As Hd 5+
50 23/100 23/100
100 34/100 34/100
200 26/100 26/100
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P s Aell PT AHIAE 3 W o S8 § glA]9
1 of ol wizkgh A¥ES 7|x]7| wjFolct

a3y 27, 289 ¥ 112 V(TTRT)=100ms,
VIMST)=0.252 4% %ol PT duration?] #H3}
of wigh A Ad ARk AARE =&Y Aotk o
g 273} 282%E] PT duration®] Z7HE Aloj
Alzwle] e 45E o 4 9lck PT duration
o] ZA MAEW § xczofx] PT dolg] Aol o

Caontroller Output

\ [ T e W Ba 48kS Anlsla wehr, Ale] Ajxsle] A

| —— o 4 emel Th] B80] AAsE A)e] Aeld A

- 0.00 ' 2onlao I molon ' snolon l ”0'” I \ocf;on 0'] E]]O]E']Q] 'ﬁ"}‘éol '%'7]‘%3}- PT durationﬂ 50

Tims (ms) octet time2® AAFE Afdle 3 oA A

a3 26, V(TTRT)—Q‘ tﬁi}"“ qﬁ'} 21]01 %3—31 49} 33} 29] dolelE 3]_%],;‘,} wy 2 %J.TL:" 7]711_
o evertrn, T ok & o) Atk S0 ¢4l 12 s BeR ¢

L BEE Ha £ 2AERE] s ES A=
sh 41 91 3, 2 dlolels] Aot YHnI A
of Aglel Aol Asfsi= Hloleie] M7} Ha
o /”\ aled Ao} A|2els] Aol SaEch
E: 3 11. PT Au]2ellA] PT duration ¥}l
ok Aofulole] A% U H5

Table 11. Number of rejected control data
with respect to the change of PT

2.00 -

Plant Output
1

. duration in the PT service.
040 / e PT duration | AA dloJ8 AF | FEE? dlo|¥
| —— vranasens (octet time) A £ Ag AW F
50 14/100 15/100
e T e T T 300 34/100 34/100
' Time (ns) ' 500 35/100 38/100

38| 26. V(TTRT)S #3lel] izt FHE £
Fig. 26. Plant output with respect to the change
of V(TTRT). .

V(TTRT)7} 50ms & = 7}z 23749] Ao dlo]
El7} Aol ZEZH A APEHA] Za FAEA
t}. V(TTRTZF 100msE Z7ksbda] A4l Alofsl
= ale] delele] gt 3R Fokkdedt
V(TTRT)7} 200msZ A4 oA 26708 7h43}
Ak o] w Ao} AN Aol A dlojee] A
g7 AL4E P oAFH Al ABol
V(TTRT)l w2} vz 37} 28 74| o 7 /
< V(TTRT)S 4R u¥]l&F ES AH]zol] #33)9] N L
owa  1Ael ¥ 116X 71EF nigh 7o) 22| 27. PT duration®] “she] djat Ajo] =
V(TTRT)® 3717} PT Au|&e] Hl=ghe $74471 Fig. 27. Control output with respect to the
= 7o) o3 ES Au|A A% Z7IAA ES AfH] change of PT duration.

Controller Qutput
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n 160 =
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2l 28. PT duration®] SRS = T8 30, VMSD)S st tgt ZAE 2
Fig. 28. Plant output with respect to the change . .
of PT duration Fig. 30. Plant output with respect to the change
) of V(MST).
th&o2  PT  duration=300 octet time,

V(TTRT)=100ms& zA=" 79 VIMST)e]
37} Ale] AlxEle] Agol Blxle ddke RAWRE A
r} 23 29, 302 & 120 et gjeh

i 12. PT Au]zella VMST) ®3tol
gt Aeldlele] HE Al 3l
Table 12. Number of rejected control data
with respect to the change of
V(MST) in the PT service.
AA "oy A% | LEEY doly
VIMST) A & A% 49 &
0.06 18/100 17/100
0.15 29/100 30/100
0.25 34/100 34/100
oo T T T T T T 1
0.00 200.00 400.OTDime (m z()”) 00 800.00 1000.00
38 29. VIMST)2] w3}ol digt Ao &4
Fig. 29. Control output with respect to the

change of VIMST).
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F d71Eka Qe AR e dSele the k=
2 E3g Adstn XA d7jEia Sle Asels
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high®} lowe] 7 714 4 ¢4 5% A3k
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9 RE i uhisled A% BE £33 A7
o 9l FatEU [EC/ASA Hrw2d) tpE AL
EZ Aol 4 97 A 29 deleld]
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Gojele AARA"E  Teer(Target Token Rotation
Timer)& wlmgic). w4 Trpr?t Trrriel & 3%
dle 2 4 = HAA] shrte] AgE 4 gl
ok 0 Trrr7b Trer2ed 2R 790l Trar?b @
B4 47k o8 s delelg AEs 5 glem),
high -4 9] WAAE $AA o2 2143,
PROFIBUS®] AlE#Hold el HA] o4k Abd =
g8 e B3l FHEglon, AlEHeld el
A A 2AEYSs ARl dig FERErE a3
31ell et glcl PROFIBUSE AlEdold =d
Al dlelel gz AZe] Ad AzkE zE,
IEC/ISA Hz=ms0] AEdo|d mdly) 7k 2o
2 A¥L asigtl. &, PROFIBUSHA]E highsb

lowe] F 7o} 24 £9 EFUe AFsl=s
IEC/ISA o oM E time—-critical &%

time-available®] + 789 4 &% deo|gExle]
AEE oR Vsl F /x| ZReBe] A%5g
FUT B Halo] disle] mlasigich X 1340
IEC/ISA BE=r¢} PROFIBUSY AE#Hold 27
o] FoiA glck & 134 HA=¢] Hol= dloleje}
FH =g EPFE AHololoh. AL (=08, 05, 0.2
2] Al 7k Edlg Ralel diste] 3siglon zh7t
9] Ef¥] B34 high %= time-critical 41
9 dlolele} Jow T time-available 4 49 d
olel= Folxl Edfy Rajolld 242 50%E |3k
ZAo2 35k PROFIBUSS 7-$<ll& 0.5Kbit/s,
1.5Kbit/s ¥ 12Mbit/s®] A% $58 AYPspA|3t 2
HolM= ECASA Hesjxete] 4 44 7159
gt A vlaeg 2 BHoR slug £ R A
ol mdlo] ois] HE £EF 1Mbit/s2 A}
Algslsict 2 Aol IEC/AISA "=wxo PT
duration< 300 octet time 22 A3}

Eid 13. [EC/1ISA "Hx=®~2} PROFIBUS2|
Al BHeld 22
Table 13. Simulation condition for IEC/ISA
fieldbus and PROFIBUS.

oA 29 Aol w‘E}\E sy A F7] (ms)
(octet)] % | 2% [G-08[G-05]G=02
high, A%
time-critical | | % jpg| 2| B | B
low, =) 4
time-available 25| 32 By 163 | 262 | 653
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3% 31. PROFIBUS AlE#Heo|d 2de] Abd 24
'Y TE

Structure of Event Scheduling in the
PROFIBUS Simulation Model.

Fig. 31.
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Fig. 32, Comparison of priority scheme with
respect to the change of TRT(G=0.3).
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. 33. Comparison of priority scheme with
respect to the change of TRT(G=05).
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Fig. 34. Comparison of priority scheme with
respect to the change of TRT(G=0.2).
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