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CONDUCTING A SYNTHESIS OF A DIGITAL AUTOMATON
FOR AN AUTOMATED FIREFIGHTING SYSTEM
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Every year the industry in the world is gaining momentum: the number of industrial enterprises
is growing, and with it the number of accidents at them. Oil today is the most common product for
the synthesis and production of products. Increasing the level of fire protection systems at oil refine-
ries remains one of the most important components of protecting people from technogenic hazards.
The speed of innovation allows the application of artificial intelligence in the creation of automated
fire protection systems. Research objective. This study is aimed at building a model of an auto-
mated integrated fire protection system (AISPPO).Through the synthesis of digital automata and
minimizing the control functions of the digital model is created a system of automated integrated
fire protection system. Materials and methods. To solve the problems of research used methods
of constructing graphical algorithms of automated integrated fire protection system. This system is
a new approach to solving the issue of safety of industrial facilities in the oil refining industry.
Results. The proposed new model of the software implementation of a digital automaton in an auto-
mated integrated system of fire detection and monitoring of an oil refinery has made it possible
to create a bank of calculated and analytical data on all potential types of failures in the structure of
the enterprise in order to train personnel and make changes to existing methodological documents
and instructions for personnel actions in a particular situation. Conclusion. The developed technolo-
gy allows you to process the incoming signal contained in cyclograms into an intermediate form for
the synthesis of digital automata using innovative tools.

Keywords: Mili automaton, digital automaton, graph, graph vertex, minimization of logic
function.

Introduction

The model of a digital automaton (CA) of an automated firefighting system with input and output
signals induces a one-to-one mapping of the set of commands in the input signals (the input command
mapping) into the set of commands in the output signals. In this article we consider the stages of solving
the problem of synthesizing automata by the mappings induced by them.

According to the developed algorithm (Fig. 1), when selecting the states, one should take into ac-
count such recommendations as:

— the correspondence of the set and the initial set;

— the choice of the next state is made according to the ascending order after each PROCESS block;

— before each DECISION block, after each line adjacency point, which indicates the transition di-
rection [1] .

Refinery accident and fire analysis
According to the developed functioning algorithm decided that the scheme of the CA model of

the automated fire suppression system (AFS) will include 14 a, a;, a,, ..., a3 states, where a, — the ini-

tial state [2].

All 14 states of digital automaton will be encoded by four-bit binary numbers (Tables 1-3).
The memory block, in this case, will be a four-bit parallel register on D-triggers, because storage of each
bit of the binary code will use one trigger [3, 14].

Based on the developed algorithm of functioning of the digital automaton ASFT we build
a graph [4]. The state of the device in the graph will depend proportionally on the values of the ver-
tices (vertices of the graph). The vertices of the graph of the ASPT CA model are connected by
arcs, which show the direction of transition. At the top of the arcs we write transition conditions and
output signals [5, 11, 12].
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Fig. 1. Algorithm of automatic fire extinguishing system operation at an industrial facility

Table 1
Assignment of values to the states of the digital automata model of the automatic fire-fighting system
State of the machine Status deciphering
a Fire detectors are in standby mode.
0 APT system in standby mode
1 fire detector is in Fire mode.
@
The sounders are on
The fire detectors are in standby mode.
a, The sounders are switched off.
The ASFT system is in ERROR mode
a CA corrects an error with the system
The sounders are switched on.
a, Supply and exhaust ventilation is switched on.
The ASPT system is in Fire mode
as The fire is extinguished
ag After fire suppression, the CA resets the alarms and restarts the ASFT
ay CA launches ASE and ASPT
ag CA corrects system error
ay 1 fire detector was triggered
a Button for manual start of fire extinguishing is pressed
a One of the loops is broken
ap, The 2nd fire detector is triggered
ap There is a fire in the premises
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Table 2
Coding of the states of the digital automata model
of the automatic firefighting system

State Binary code
of the machine
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Table 3
Table of D-trigger transitions of the digital automatic
firefighting system model

Go to D
0—->0 0
0—>1 1
1-0 0
1>1 1

Read the graph as follows: the automaton is in the initial state a,, then under the signal from
the fire detector it changes its state to a;, with this transition the output signals must be formed
V1> Vs,V - This is followed by a transition a, to the state with the formation of output signals y,, y5, Ve -
From the state a, to a;, then to a,. From the state a, the transition to the state a5, or ag [5] is possible.

The as automaton enters the state if the external condition (fire is detected) x; is 1 (x;) with issuing

of y,,»3,y, control signals , and the automaton g enters the state if the same signal is 0 (Z ), etc.

After constructing the graph, fill in the table of functions of the vertices of the graph. Using this ta-
ble you can write functions for any number of variables (Fig. 2). After that it is necessary to analyze it
carefully in order to simplify (minimize) it, because the tabular method does not give an opportunity to
obtain in perfect disjunctive normal form (DNF) for outputs the minimal disjunctive normal form
(MDNF) or the minimal conjunctive normal form (MCNF) [6]. In this case it will be enough to apply
the gluing law to some expressions [7, §].

On the transition column of the digital automaton of the automated integrated firefighting system
let's fill in the table 4. Example for the first line: The initial state, which is coded as “0000”, changes to
the state with the code “0001”. This transition is unconditional. We see that 0, =0, O;=0, O, =0,

0, =0, and in the new state O, =0, 0; =0, 0, =0, O, =1 [6]. According to the table of D-trigger tran-
sitions 0, =0,0; =0, 0, =0, O, =1, to get D,, it is necessary to supply 1 to the input in the column
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D,,D;,D, “Trigger Control Signals”, and to supply O to the others, at this transition the signals are
formed y;, s,y . All the following lines are completed in the same way.

—=V1.V5: Vg

—N2:Vg: V7

—M:V5. V7

X4 V1. V4.¥5

3: |

Fig. 2. Transition graph of the digital automaton of the automated integrated firefighting system

According to the table of functioning of the digital automata graph of AISPT we make analytical
expressions in the SDNF for output signals y;,»,,»;, and also signals of control of triggers
D,,Ds,D,, D, . The perfect disjunctive normal form of the function is a disjunction of elementary con-
junctions [7, 15].

The output signal y, will be generated if the automaton is in state a,, or in g, or in as, or in as,
orin a;, orin a5, and the sign a, x;=1, or in state ag and the sign x,= 0. Similarly the functions for
other output signals and trigger control signals are written [10, 13].

Table 4
Functioning of the graph of the digital automaton ASPT
VI=GAyN a NV ay NV azxy NV as NV a; NV agX, v a; (D)
y2:a2 Va6Va8X4\/a]0x2 Vall\/a]3 (2)
V3=ayV Ay V ayXyVagxy v ay Vv a; (3)
y4 = a4X3 \Y a4X3 \Y a8X4 \Y Cng4 Vv a10x2 = a4 Vv aS Vv aloxz (4)
Vs =0y NV Ay VA3V AyX3 NV A5V AgXy V ay) (5)
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y6=a0valva6va7valog (6)
Y7 =45 VdgVdy @)
Dy =ayva,vauxyvagVagx, v alogv ay V apXs V aps (8)
D2=a1vazvasva6va7va82va9x_lva9xlvalogvawz 9

=a1va2va5va6va7vaggva9valogval3 ©)
Dy=asvaux;vasvagv agx_lv alogv A%y V Ay Xs = 0
=a3va4x3va5va6va9;1va10va12x5 (10
Dy =ayx; v agx, v agx, Vv agXx vamgv 10Xy V Ay X5 = an
= a4x_3v ag V agX; V ajy V Ay Xs

Formulas (4), (9), (10), and (11) have been simplified using the gluing law. Using the laws of dou-
ble negation and de Morgan formulas, the initial expressions from the basis of AND, OR, NOT are con-

verted to the basis of AND, NOT.

VI =0y A NGy AGyX3 AGs NGy AGgXy A3

(12)

Vo =Qy NG AAgXy N GjgXy NGy A a3

(13)

Convert all other formulas by analogy. With the help of the Logic Converter from the MultiSIM
simulator program we will minimize the logic functions, which determine each of the control signals of
the KS 1 triggers according to Table 4. The results of the minimization of the logic functions are shown

in the figures (Figs. 3—15) [9].
J1=0,0,0;;
Kl= Q_2Q3Q4 + Qz@Q_b
J2=0,05 + 0,00y
K2=00;+0,0,0;:

J3=0,+0,;
K3=0,+0y;
J4=00,0;0y;
K4=00,0;.
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Fig. 3. Minimization of the logic function Fig. 4. Minimization of the logic function
to control trigger signals K1 to control the trigger signals J1
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Fig. 9. Minimization of the logic function
to control the trigger signals J4

Fig. 10. Minimization of the logical function
for the control with the K4 trigger signals

Now let's minimize the logical functions of KS 2, using also Logic Converter from the MultiSIM
simulator. The result of minimization of logical functions (Figs. 11-15).

Y1=0,0,0,0, +0,0,0,0;:

Y2=0,0,0,0, +0,0,0, + 0,050y

Y3 :QQzQ_4+ QlQ_3Q_4§

Y4=0,0,0,0, + 00,0, +0,0,0,0, + 0,0; Oy
Y5 :QQQ4 + 00,0304 + 0 Q_2Q3Q_4+ Q1Q2Q_3Q_4-
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Fig. 13. Minimization of the logic function
for the Y3 trigger signal control

Conclusion

= L 4 Nornuecknii npeo6pasoBartens-XLC1
Bonoa
O O OO0 0 oo
A B C D E F & H —
EE? B B B ? g pecbpasosaHie
o2l o o 1 0 0 = el
po3l o o0 1 1 0
o4l o 1 0 0 i Tolt -  AE
po5] o 1 0 1 i
0ol 0 1 1 0 1 Teli SL'F B
po7l o0 1 1 1 0
o8l 1 0 0 0 1 ME  — 1ol
pos] 1 0 o0 1 0
010 1 0 10 1 A -+ T
i3l 17 00 §
013 1 1 01 0 A et NAND
014l 1 1 10 i
015 1 1 1 1 0
A'BCD'+ABD'+ACD'
Fig. 12. Minimization of the logic function
for the Y2 trigger signal control
2 L 4 Jlornuecknit npecbpasoeatens-XLC1
Boixoa
O O 00 O0O0C D0
A B C D E F G H P—
EE? E E B ? 01 pecfpazosaHve
po2l o o0 10 0 =2 = dup
o3l o o0 1 1 0
o4l o 1 0 0O 1 Tl - AB
pos] o 1 0 1 0
ool o0 1 10 1 Telr SLF e
o7l 0 1 11 i
pogl 1 0 0 0O 0 4B 18lt
pos] 1 o0 0 1 0
010 1 0 10 1 A -+  F>
IR g
013 1 q ] a A —  MAND
014l 1 1 10 0
015 1 1 1 1 0

ABCD+ABD' +AB'CD'+BCT

Fig. 14. Minimization of the logic function
to control the signals of trigger Y4
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Fig. 15. Minimization of the logic function

to control

the trigger signals Y5

P

Minimized logic functions for KS 1 and KS 2 will be used in the construction of the model of digi-
tal automata of automated integrated fire protection system.
To simplify the CA scheme the minimized logic functions for KS 1 and KS 2 are analyzed and the
same logic functions are defined. On the basis of the functional diagram of CA its circuit diagram on the
selected series of digital integrated circuits is built.
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NMPOBEOEHUE CUHTE3A LIN®POBOIO ABTOMATA
anda ABTOMATU3MPOBAHHOU CUCTEMbI MOXAPOTYLUEHUA

K.M. Bonkoea
Akalemus N'ocydapcmeeHHoU npomuesorioxapHol criyxbbl MHYC Poccuu, 2. Mockea, Poccusi

IToBbIIeHNE YPOBHS CUCTEM MPOTUBOTIONKApHOH 3amuThl HII3 ocTaercs ogHON U3 Bax)HEHIINX
COCTaBHBIX YaCTel 0OCCIICUCHHUS 3aIIUTHl HACEIICHUS OT YyIpo3 TEXHOTEHHOTO xapakrepa. CKOpOCTh
Pa3BUTHsI HHHOBALMI TMO3BOJISIET NPUMEHUTh UCKYCCTBEHHBIH MHTEJUIEKT MPU CO3/JAaHUU aBTOMAaTH-
3UpPOBAaHHBIX CHUCTEM IOkapHOil 6e3omacHocTh. Llenps uccaenopanus. J[aHHOE HCClieOBaHHE Ha-
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MPAaBJIEHO HAa MOCTPOEHHE MOJEITH aBTOMATH3MPOBAHHONW WHTETPUPOBAHHOW CHUCTEMBI YIPABICHUS
npoTtuBonoxapHoi 3ammuroil (ACVYII3). MaTtepuajbl 1 MeTOAbI. [ pemeHus 3a1ad UCcieno-
BaHMs MCIIOJIb30BaHbI METO/IbI OCTPOeHUs rpadoB, 3a1anue rpadoB aIropuTMOM paboThl aBTOMa-
TU3UPOBAHHOI MHTETPUPOBAHHON CHCTEMBbI TIPOTHBOTIOKAPHOW 3alIKUThI. JlJaHHAS CUCTEMa SIBIISIETCS
HOBBIM IOJIXOJIOM K PEIICHHI0 BOIMpoca 6€30MacHOCTH MPOMBIIUICHHBIX 00BEKTOB HedTenepepada-
ThIBaroIeil orpaciu. Pesyabrarel. [IpeanoxkeHHas HOBas MOJENb IPOrPAMMHOMN peanu3arus nud-
POBOrO aBTOMATa B aBTOMATU3UPOBAHHON UHTETPUPOBAHHON CHCTEME OOHAPYXKEHUS] U MOHUTOPHH-
ra noxkapa He(renepepadaThIBAOLIECTO MPEIIPHUSITHS Jajla BO3MOKHOCTh CO3/1aTh OAHK pacyeTHBIX U
aHAJMTUYECKHUX JTAHHBIX 110 BCEM MOTEHIMAIbHO BO3MOXKHBIM BHJAM pa3pyIICHHsS KOHCTPYKINHU yC-
TAQHOBKH C IIEJIbI0 MOATOTOBKU MEPCOHATA U BHECEHHS M3MEHEHHU B JCUCTBYIOINIME PYKOBOISIINE
JIOKYMEHTBI U MHCTPYKIIMH IO JCHCTBUSM IEPCOHANA B KOHKPETHO# curyanuu. 3akiiouenue. Pa3-
paboTaHHasi TEXHOJIOTHSI AaeT BO3MOXKHOCTh 00pabOTKM MOCTYIAIOIIEr0 CHI'HANa, COAEPIKALIETOCs
HA [UKJIOTPaMMaXx, B MPOMEXYTOUHYIO (OpMY JUIS CHHTE3a HU(PPOBBIX ABTOMATOB IPHU MTOMOIIX HH-
HOBAI[MOHHBIX HHCTPYMEHTAIBHBIX CPEJICTB.

Knouesvie cnosa: agmomam Munu, yugposoii aemomam, epag, eepuuna epaga, MUHUMUIAYUL
JI02UHeCKOU (PYHKYUU.
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