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A Petri-net Model for Operational Cycle in
SCADA Systems
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Abstract
Supervisory control and data acquisition (SCADA) system monitors and controls industrial processes in
critical infrastructures (CIs) and plays the vital role in maintaining the reliability of CIs such as power, oil,
and gas system. In fact, SCADA system refers to the set of control process, which measures and monitors
sensors in remote substations from a control center. These sensors usually have a type of automated
response capability when a certain criteria is met. When an abnormal system status occurs, an alarm signal
is raised in control center and as a result the operator will be notified. In this way, all normal and abnormal
system statuses are monitored in control center. In CI’s application, since several substation resources and
their related sensors are too high (because the CI’s grid is often large, complex and wide), the number of
alarms is very high. It gets worse when the operator mistakes and as a result, cascading alarms are flooded.
In this condition, the rate of raising alarms may be more than clearing them.

In SCADA system, alarm clearing is one of the main duties of operators. When an alarm is raised in
control center, the operator should clear it as soon as possible. However, the recent reports confirm the poor
alarm clearing causes accidents in the SCADA system. As any operator mistake can increase the number of
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alarms and jcopardize the system reliability, alarms proecssing and decision-making for clearing them arc a
stressful and time-consuming for the SCADA operators. In a large and complex CI such as power system,
when operators are overwhelmed by the system alarms, they may take wrong decisions and even ignore
alarms. Alarm flooding, lots of operator’s workload and his/her fatigue as a result, are the main causes of
operator’s mistake.

If generating of an alarm in a remote substation is denoted as an operational cycle in an SCADA system
until clearing it by the operator in control center, the aim of this paper is modeling the operational cycele by
using colored petri nets. The proposed model is based on a general approach which alarm messages are
integrated with the operator’s commands. Of course, the model focuses on generating of alarms by
substation resources. To verify the proposed model, a real data set of power system of Iran is used and to
demonstrate the potential of the proposed model some scenarios about operator’ workload and alarm

flooding are simulated.

Keywords: Alarm, Modeling, Operational cycle, Petri nets, SCADA.
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(Figure-1): SCADA system architecture
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(Table-1): Sample Major/Minor alarms of Power system
SCADA [12]
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-CB failurc, c.g. air or gas low pressure
-AC/DC supply failure, e.g. DC indication
supply failurc

-Sensitive over current alarm
-Transformer mechanical alarm c.g. cooling el
sysiem fail

-Linc distancc faulty, c.g. distance power swing
blocking

-Bus bar high/low voltage alarm

-Linc distancc protcction opcrated

-Feeder protection trip, e.g. over current
protection operated

-Trans. main protection trip e.g. differential relay 3T
operated

-CB blocking and auto tripping
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(Figure-2): A color Petri net model for Major/Minor alarms

Jain alolu  goloiiy Joo -V
folsCw!
wolol ad b ygslnl g b jlaie Bl jlaze alle
Seolaal b bl Jlade abls gilwJaw o a5l
s loylada plyiea; laailis Sl olgoe (5) 5% (slaesd
L iz g ooldiwl i g8 o glp aailis X 5
bl ploy Glgiee alis ya sl Gloj (S 5l ool

Silwad sl g gilwand 1) Ol Gaidilby 5 jlase
9 bl 5l oles oo Gasloy 5l alse o 0 eyl LS,
slp ol slaglm! )l fuoen g oslaiwl Lol algs
Jese ylade alan 0 el b leass

2,5 solaiu!

Sl bl daslasa b oawglas jo baslayg, ause
dbole o)l cunsy 5l el BT oy Les g ol
1135 05,5 00 a4y (5,80l a5 5l laladis caigud o oolazin]
lelaia 1505 slojlose Wl o pewd Il
Syb gy gl (90 ol 51 el pl et Jloyl b oS ssis
emens Sldas Siojls Sl slajlaise oS b o taisd oo
Slr IS e a5 aiies ol Bl 6l 6506 s
omleiazio 59; 2 Gy Wz U (8B) e Do

Sas 45 loylaie 5l es,S ol slol slolaza (V)
oomeli ol Lo cul 4 widl Jlal Lo 1,38 el
arye el ol oS8k sl eiln) a5 Ssd o
@GS sler Fsur bl jen L WS el S e
sl sles (o Bras 655 Al elge Y Jos
).uia e Dlieas aignd g sloyes slaaoil s
Al ol glejlaie slass zalS o Jlgl )8

Lgb:s;‘)} L loze 5l og,5 gt sl loze (V)
Lol 3.\3)‘3‘53_ 1y g s S ‘51'“&5“:39'“[}‘ Gmlf 3G9
WS 5o gyl oo a5 Wgd o oduel 2,8 Jdo opl
Ssetr 03535by L gl @dlye ol o5l
sl e,8 slalaia aelssrga sle Lol slo losa
Bgeds  Haiid by sloyes  slaaail pas 0l
SlRl e Sl b e b g el sla o
ool (V) Jsse ol 8 e jlase slaws
Al o el aleles sl 28 5 ol sloluis
2o o lad ) (S Sl

Ny G el YT
Sibodas sl (SIS 5 osbe Sl s sleasid
Ol (33105 olejem sl slaslag, b slaailols LS,
Sly w5l sy brass cu) mle u s g
5 3dy Oluwnll wile oo laaslels jL3) Lloo
L15] ol i 5 55 Ol 3 @95 sloasis

5 &b Gl Gl bl () o 4Kl o
Awlg oo e o gl o oolaiwl wilels slaciass
Sl Slodlbl gol> ailis jo asl Talad golaai (gsl>
Bble Cunog D9 oo aslil alis ) Glge Cod oS

! Major alarms
2 Minor alarms
* Token

JARPLR S 3PS ST ST



http://dx.doi.org/10.29252/jsdp.17.2.14
http://jsdp.rcisp.ac.ir/article-1-900-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-07-01 ]

[ DOI: 10.29252/jsdp.17.2.14]

S A 3l 03Ukl Ly 13Ul Aslobw (sildas 43 53 (s )b e

1@+ 2@+ 3@+ 4@+ S@+
expTime expTime expTime expTime expTime
(10*K1) (10*K1) (10*K1) (10*K1) (10*K1)
€20 conmzEm
INT 11@+ 12@+ 13@+ 14@+
expTime expTime expTime expTime
(8*K2) (8*K2) (8*K2) (8%K2)
INTT INTT IN £ INTT

6@+
expTime
(10*K1)

7@+ 8@+ 9@+ 10@+
expTime expTime expTime expTime
(10*K1) (10*K1) (10*K1) (10%K1)

15@+ lo@+ 17@+ 18@+

expTime expTime expTime expTime
(8*K2) (8*K2) (8*K2) (8*K2)
AN INTT INTT _ Z~\INTT INTT

y
¥
y ) 4
y INTT
>E10)

G, 30 L jlaiid SOl ol | (S5 (55 Jove (Y- JSC)
(Figurc-3): A Colored petri net modcl for alarm gencration in substation
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