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Abstract

In the process industries control &
organization consist of interconnections
on different levels.
The process controls that run these
industries are a collection of well-
defined functions in the form of standard
modules interconnected by a communication
network.

Real-Time(throughput, response

time}, operator communication, flexibili-
ty, back-up and recovery needs have dis-
tributed organization of both system
hardware and software.

Multi-level systems are aften advocated
for controlling complex systems, such

as, electric, water, oil, gas plants.

In practice, these systems encompass
computers and person with their various
communication requirements and limitations.
Hence, Careful mutual adaptation of
computer communications and organizational
structure is necessary. This paper con-
centrates on these interactions between

process control and organization on the

basis of industrial case studies.

398

1. M 2

Alage Al g BAMNY] S8 Aage Ve
Hol A7) 5 (Ao, 2|g3a, Jagya, 8
F2)g ZE MEHE ASY A2¥ o2 (system
Modules) E°| BAIZ|52% A ¥ dZES Zgixel
Areeoz Ta=ofglst, (13 1)

oleig A Aade Rag

[y e

Ix
2%

T 52 Networkg
°|83t% data® A¥EI, 7Y wh Ajage
B 492 Ta AAY HAY zggs A E
BLAHY A 71522 AY AFS F8&4F ArE
2aty g FH| Bpojop et
£ Adg BAbAo] Ajase

Control system™ %% & ¥2je] e A A8l (Mast-

Plant supervisory

er management information system)¥®%2 ¥l

Nadg 747

47 AT ofF7Ae) sEY 23zUE

£
e 944 AAT® (Real-Time Process-
ing)% #HPEY A28 4 (Redundant confi-
guration) g WEO ¥, I 737 FYHY
T ) responsibility A% Ze 7jaxo 43
27 MY BU 42 AA FEHARE RE o
B BIROME AU 8 BAA AlARe] 229

FAN 2 Az" A FHEAMY A2ad Ao fete
AL NP 2E 7l &t



2. A2y FA $H(system Configuration
Environments)

A g gl Alad (3¥ 2)2 3% FrAE
¥e] A A% (Master Management Information
System), Plant supervisory control system
(Dual Computers), Local process control
system®l °]#%% =9l (pual redundant links)
2 8% point-to-Point WA 2E A% HHAF
TR,
°| ¥4 Line® Primary/Back-up °|“ Alter-
nate 25% ¥ 5 UM FAYST YA
Primary/Back~-up RE9A¢E Prime Line°l %
e Feel ci¥MA 271H 22 Back-up Lineg
&
7158 #¥s 3 Alternate EEMAME e Aoy
ol =AM Z nink Line$ HUEISA F¥ERICH.
Processortt E4!l Line2 Redundancy®: 4HQ &

Alxde] 7 2 8% MHA (Robustness) g3

e

H733o Single Lineg 2% RE rink

2% 247 AlaFY MR F8FY 2 EA
ojfoixieh. oyt AAge Y EAE raultd
oful Fault Tolerance 7|&°% A dojz £
e It 2% 24 AAT Ao =g
2327 (Real-Time Requirement)2 A &=

& plant ¥7H Dynamicy =9} WAL 29
5t7] 2ttod Hah A x7o] 2N FeyHE MAZ
Qo A Ejojop st g RFCl  FASE CHE Yy
24 o28YUA7H(Response Times), ZH4l 37
{Update Frequency), A7+ A% LAY R (Time
Intervals and Times of Occurence)}® &
Al29e] 24U AT AT R 4 (Real-Time
Constraints)ol 2#jA o] Rojzict[1],

ol M e XM A o] thaw| Al 2HY He w3
ZjE2E AEEE drHA Holst X g AR

A~ (General Purpose Data Processing
Computer System)} AfHIE| &= Zojct,

2t processor &7 §Alo] TREF 2|72} pelay
A BAAC] Al A" AAIZE gYAeo 1 wAE

oA = zAolE.,

ria

3. zZ22¥YR 75H P4 (Programming and
Functional Configuration)
AMZE BaA0] Al ade] gg4AY tisiM 7 z=E

7Ife® 2YEE VISESE FANY b P,

- Multitasking® W4 & Eventsol Ty A4
2% (Time Critical Process)& T@E
Realtime Operating System.

- Multitasking™ I1/0 Process Interface2
A¥*tE High Level Language®t °1=i§t Al¢)
(Peatures) &% BE£% 3t3 Y& ADA, Modula2,
PEAL{5] Language, Logical Programming
Language(Prolog).

- Process Control #°o %88l E= s/w 71y
£ 7 &(Real-Time DBMS, Real-Time Computer
Aided Software Engineering Tools).

~ Data Acquisition/Logging

~ Supervisory Control

~ Sequence Control{Storage Programed Con-
trol)

~ Digital Control(Closed Loop Systems)

- MMI({Interaction/Data Representation)

- A 28 Resource? #4t/Z 8 Control.

4. Integration into System
Physical® %2 48 Y Network® Wi

7} e ArElge A2 FRX(Hierarchical

Architecture)® Bus ¥ %% Data HighwayE®

FAR, (2% 3)

- %97 process Control System® Local Front-
end Computer® ¥ 78t pProcess Data
Highway[2]

- Plant Data Highway® A 2% & Process
Control System™ Plant Control Computer
2 Y7 (Ethernet : 10Mbits/S)

- 714 Low Level® Local Bus¥ Process
#4° A5%7]7|% process Instrumentation
Abole} Ziul& Cabling & A

o]2{3t physicalft A% 720 =& FpY A

rio



Data® Z¥AMe 5ol yoiMel ARpaolct,
o]7]o|- 7-Layer-ISO/0SI-Model®l Y® H&
=3 Uthi4].
0}F 1-422 £A2F Aol pata ¥4 U
5738 SAAHZY purelE AT 4 YHe
¥ 49 A2 *
A322 Y5 e FAHY 1 AZoE dEuA
Eotof TBEH Al
AzoM WeEots MY AS AFoHA ®ot.
ol ge 379
cation)g 9 Faw: Hxst ¥AZY 7%
ooy ot Azo®
CES
o|2{t 0S12 Model® 7 2¥E A {%E:
230 agde 9oy 7 279 Y
Interface 2| LA E A% A2 4 5o ey
dge 7127 He ZH7 Hez FA 709 8
712] Sub-System2% ‘5o HEsta it

32 AM2E

£Xl (peer to Peer Communi-

#E AZLE FEREA

dutd o2 vendor®l A W Xoju gle WA E
¥l E B E 33 (Network Layer) 7t & #£%E

stol A gtz

7% 7t =

% (Transport Layer)*#%

H7ie) 1 goz EYF O AEE I g%
(28] 4)
5. System Design Considerations
- pual Link Lineg £% Point-to Point

WAl2] Hardware Configuration®] =& AjA#l
2] Hardware 23 %7% Processor Loadd
#£4, Plant Control Level® °]3% Tz
2%t prime Computer® Fail’] Back-up

Computer® £31*#,

mfm

ol g3t
28k ccITT X.259
A7 ThE Al AN

- IS0/0SI 7 Layer 7% AEZR) AL S
A =% 379 S
HEgoR ¥F 42 d4dg
Y, ttgd e He.

- Data Communication Subsystemg 9%t
Define

e A AYY 949 AL Criticaldt AYY

400

87t s30 BojetE 7jH M E QL

. Data LinkZ &% Dpata? H4& H 27I%%
239 =& YA Vs HE,

. Sub-System® 23 Z7)%= & 2% pata®] ™
7t2] gE & A Network
de 7ls HE.

Error Z*# Data Message® A &

3o
-3

Q
24

Data Message2 Packetizing, Routing,

o AN vl HE

A ABI7re] Data Traffic® Free FlowE

2
. BN BRERY g4 ZEIFE E3Y ¢ d:

Flow Control® #=x

Error Detection/Recovery Procedure®]
LR
. AHAIE yser Interface?d X
. Data E4! Device A= =YY Display
. e A 2aE B4 pinks® GatewayE 71
T 9le = ZHE.
. EAl jetwork® EHHH Mz 7l5g
de

Y o
7 Flexibility &¥&

A= ¢ #EU(standards)

BE MU A2 Y2
A%t 3% Based HEI YUtt. FHAUHM 7 Layer
T2 7439 ¢ s E 2% F84E

ZHdHol 7| 0% Specificationg HE ¥

6.

1S0/0SI Modeld EZZ e

2 Qlehe ZiojTt, (8]
E3F Reference ModelZ User ModeE Network©l
¥7Asto] 3% protocold A& CCITT Recomm-

eded X.25% BEYol Q°I%F $Tt. (Physical
Layer, Data Link Layer, Network Layer).
%47]%)A¢{ CCITT Recommendation{9]°] IS0/0SI
Reference Model ®% ™ Detail}t Lower Levél
o] 4# sSpecification2® g ¥ £ vt
e FYE U Apgolch,
£3%| application Layert $8% ZEMAE° osr
ofziof g 2%he
H370) 98% A2 ¥TE Gy 389

ZEAME0

e



-
=
Management S
Information 2
System g 8
o Q
g8
g A
Dataway
Stations
Information Data Highway
Dataway
Stations
Dataway Dataway _l
Stations Stations ]
L ©
h R
[0
B
. —
S8
U [T —
Processing Communication CPU [Comparatod CPU || CPU | Comparator| CPU Fu %é f%
Communication Control A linterpro- B A [Interpro- | B o 5
=— Channel — — - Possible Subsystems Cessor Link cessor Link g5 ©
@ rield Unit I 2
(38 1) guizel 2 Ao A A TE Izhangeovex.;\ Changeoveil Changeoverl Changeoverl o ’;
a8 ¢
n
-
Plant 2
Supervisory g
Control Dataway Dataway =
. Stations | Stations ®
l pPlant data highway
_____ L e e e — — - = ——— —_
T Process Control Data Highway I
s
Process Dataway | 5
Control Stations| ©
5]
Process data highway L] o
Q
o]
—_—— == - - — T~ = ‘—I —————— Dataway _ | bataway Dataway &
Stations f Stations Stations
Front END Front END I I ‘ I
Computer Computer
T v Local bus A
2%
I Field/Production Process e
" 9]
Direct Direct § O
Device Device =
(73] 3) Bus 2% AEY X L
Ir—-—-—:: Good S (33 2) A g EabAel A aEd 711%&*‘?1
| Enable —\II IN o
Eventl | Reset or | | I: SERVICE Gateway
i Disconnect! IDisable
| | Event :E:nabld: ¥ / Application N\
: l : | pisable Il oUT Network A _Ef?(_?eff_ Network B
. el i
aintenanc
Ba 'l | SERVICH}| presentation Entity
§ LAN
1 : X
:Disconnec |Connect-} :Dlsconnect Session Model
[ I Transport
1 8;’11 Peer to
Install | | Remove Peer = = T Fontrol
PN I SERVICE 5 _Da_ga_li_lrlk_ ontrol _
r e 7 Data Link Protocol Medium Access Control
i nknown ical ST T T T
| I —— H ! Physica [—f’hysmal
(73] 5) Entity Controlling State Diagram i physical Medium
(Install, Remove, Connect, Discomnect,
Enable, Disable, Write Set Points,
Reset Event)
{13] 4) 1S0/0SI-RM 7 Layed %% End to End

401
Communication® T2 Overhead



Z50 BAGO] HeolH vojA, HUPEFS AF

stoj Eof, a8 4 oA R Rt o] Gateway
(1019 WO = Network *+X A% EE Proto-
col B0 3ojof o3 PA =& PR Gateway
o] 2g50M ol “tEHAME Network TE
B2 Protocold A¥stE Zojth.

ti3t Hardware? M/ £2 o3 Eopx|A & ¢lout

olHE 7154l

(Complete Gateways Available on Multibus-

Board)[6] Softwaret ¥ M/Years 7 ko]
218 & Yol
12l 5& Software® Hardware EntityS9]

Service Stated ‘teb-ict.

7. 3 &

254 9®7*|2] physical?¥ Network E°] °1®
ttE 28¥oF(Commercial, Production,
MilitaryS§&)o A8 A3, 3% 1942 Zo

B2E Sub-system&2

Network System®l 2]
oz Ao Hoxz glt.

239 Broadband &% sSystem[7] & Ao 7t
3t ¥4 Bandwidth® Ethernet Typed
BussystemEL A 1 754 L Atz QEE.
(Supernet : 100Mbit/S, Glasfiber Network :
Gigabit-Range)

#xje] M E, ZE Real-Time Processing?®
%79k Front-End-Computer A AHeg g2op7t1
92H
Management Information System& #% 7] 5419

2TAYE FEH gobta qlst.

Plant Process Control System¥

42 Hardware-Software 7]$°] Z}7] ©t& Fielqdl
Zol H2E7oly 2394 M£¥ Network Communi-
cation® EH ol =3t HHF® Network 7|& Y 4

A2 AS Fze B4A0] o] o Hg @R

24 BECY 22 NdelA Zol A7t Fuhetok

g Aolrt.

402

[11]

[2]

[31]

(4]

(5]

(6]

[71

[8]

(9]

{10]

REFERENCES
Macleod, I.M.(1983) Data consistency
sensor-based distributed computer
control systems. Proc. 5th IFAC work-
shop on Distributed computer control
systems May. 1983
Walze, H. (1978) Bit serial communi-
cation in decentralized control
systems-approaches for common solutions.
IFAC Conference Helsinki
IEEE (1981) 802 Local network stand-
1981

ard Draft B. Oct. 19,

Mier, E.E. (1982) High-Level protocols,
standards, and the OSI reference Model,
Data communications, July, 71-101
DIN 66253(1981) Teil 1 PEAL Basis
Teil 2 FULL PEAL, Beuth, Berlin
XICOM(1983) The SNA Micro Node
product information

Cooper, E. B.,et al(1983)

Design issues in broadband local
networks, Data communications

Feb. 83, 109-122

ISO Data Processing-Open System
Interconnection DP 7498 Basic Reference
Model 1980

CCITT recommendation X.25 VIIth plenary
Assembly Geneva June, 1980
John. S. Quarterman dnd Josiah C.
Hoskins. Notable Computer Networks
Communication of the ACM Vol 29 No. 10

Oct. 1986



