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Abstract: The present level of the organization of industrial progrcimplies an integrated approach to process control with f
coverage of all the elements of a unified automated systenptirhal control. Such a control system has to create by coimdpin
existing local management systems, which leads to a proldenause it is a very laborious tasif.[A similar problem also occurs
when you include in the functioning of the process new tetdgioal devices and systems that have built-in autonomaungral
systems that is becoming common practice for manufactafepsocess equipment. Solution to this problem could be teatmon

of decentralized control systems with a hierarchical $tmat organization g], in terms of effective processes class of complex
technological systems (CTS). Multi-element technologjmacesses with complex structurg] include in CTS, typical for large
industrial facilities, completed production or manufaitg units.
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1 Introduction coordination of local problems solution is being solved on
the upper level.

Facilities of management of CTS class are quite

widespread, especially in the chemical, petrochemical and Simultaneous solution of these problems lies in the

allied industries. These industries are characterizethdy t fact that the local control problems accounted for given

production of multi-element and multi-step process invalues of coordinating parameters chosen in the process

which a large number of processing raw materials areof solving the problem of coordination.

implemented into multiple end products with multiple

and complex manufacturing operations. The solution of the problem of coordination are those
Such objects are often found in other industries,values of its variables, in which the solutions to the local

which makes the relevance of the development ofproblems are responsible for the solution of the original

common management principles of CTS. Scientific andproblem of CTS management in general.

methodological basis of decentralized optimal control of

CTS constitute decomposition methods of control If necessary, local control tasks can also be applied

problems £,5,6,16]. decomposition procedure. In this case, the number of
They assume the original task of management to thdevels of hierarchy of control problems encountered will

equivalent aggregate of more than simple control tasks tdncrease, causing the multilevel control structure of CTS.

be solved together. Typically, such decision is realized

within a two-level hierarchical procedure of iterative Decomposition methods are developed primarily for

interchange by values of considered data. static control problems7[8,15] whereas for dynamic
Objectives of the lower level represent a local problems, they are practically unknown. The universal

management tasks for individual structural elementsmethod applicable for both dynamic and static control

(subsystems) as part of the CTS. Global challenges oproblems of CTS.
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2 The main part problem can be achieved, by minimizing the number of
variables and the corresponding conversion function and
The optimal control problem of CTS in general can be the target carried conditions. In this modified problem can

formulated as follows: maintain equivalence of the original problem. Modified in
F(x,uy,t) — max such way the problem can be made available for effective
u(t)eu solutions using traditional methods of nonlinear

programming 9] without imposing specific requirements
for the performance of computing devices used.

In this case, the managerial decisions made on the
basis of solving the problem of manageme) Ef

U={u:gxuyt)=0;h(x,uyt) >0}, (1)

wherex - vector of disturbancesy - the control vector;

- the vector of outputst - the physical timeF - the ; ) S
)cgbjective functiong arFI)thF set of \F/)egtor-valuedjf:unctions variable structure. In this case, we can talk about its kind
of decomposition, since the original control problem is

in the mathematical model of CTS and constraints of the A .
reduced to a set of simplified private problems solved

problem. . X
Mathematical models and restrictions recorded in theseparately, and their coordination corresponds to the

problem (), are of the nature of integro-differential choice ofaparticula( problem at the time of the adoptipn
equations and inequalities. For industrial facilities afsC Ofofjr;ﬁcai?onr:rglf tshoel-u(t)lﬁni.n;tl scr)]r?tt:cl)c: brgb:?r;[%? a;h(?tit;h's
class, their number is usually large, and their constituen ransformation into agsim ler arFt)icuIar roblem. of
vector variables have a greater dimension. All this results P P P ’

in extremely high complexity of the problems of CTS course, means its coarsening. In the general case, we can
control for which reason their solution in the automatic not guarantee complete agreement between solutions of

control system operating in compliance with the the original and the modified problems. It is only possible

requirements imposed as a rule, is substantially hindere@' ItSivzlgr?cr:Eucr)} t?]%(;uera%.blz rlfsreiftosrﬁ'ojl%esglggrr?:ﬁqung
or even impossible. a p :

To resolve these difficulties for reducing the original that it refers to a certain extent and can be evaluated

dynamic problem to a sequence of static problems isaccorqlmg_to various indicators of.compllance.
This circumstance, however, is not an obstacle to the

proposed, which reflect the current situation in the facilit Ipractical use of the proposed method. In the numerical

management at the time of the adoption of the contro solution of similar problems in control systems is usuall
solution. As a result, the problem under consideration is P y y

decomposed by situations. At the same time, a simplifiedgetergmxi';igionn?; th(lefil:ridof gﬁtgpsji?ér bl:)Ent Iitnsa Si?/g]ne
sometimes significantly, static control problems may PP ' yp 9

neightornond, Le, e souton s abieys sought wth
We show the legitimacy and validity of such y ’

approach. Let us accept the assumption that the l‘unctioflir.'g'.naI and thehqu:jﬂed problems %rehqwte a.?.cedplt?‘b'e-
disturbancex(t) has the nature of a piecewise constant . 'S Important that it does not exceed the specified limit
functions. This assumption is quite justified, because thén. ﬁdﬂ!t'zn' in the real world obgalgmg ﬁont[)ol problen;]s.
main perturbations in the management objects of the clasgllIt b ng .aCC'F']raCy 'ﬁ. not needed either hecause their
CTS usually occur due to changes in indicators ofqualityp ayback in the facility management with automatic
of the feedstock, when there is a transition from one partyCQ?]trOI systems aanpecthcal actua';\_tors ﬁlways carried Ol'“'t
to the other raw materials or changing loads on theWr'gblznm:rror’ significantly exceeding the error contro

technological units. And in both cases, the disturbance’ When modifying the control problem2) it is

;?nr:aaglriﬁ trheéar:gxtp;'];\égges unchanged for quite a Iongproposed to take into account situations developing in the
: CTS at the time of the adoption of the control solution

Based on this assumption, during the steady-stattilo]_ Under the situation, in the broadest sense, a

valuesx(t), it is possible to mix the dynamic control : >
problem ) to sequentially solved static problems of the genera[lzed description of the current state of the control
form object is understood. !t can be determmgc_i the set Qf
values of state coordinates, the composition of their
elements, having got the increment, the magnitude and
g(x,uy) =0 sign of the increment, the extent to which the estimated
Uu=1{u: ) values of the parameters of the actual state of the object,
h(x,u,y) >0 the degree of compliance with applicable restrictions and
others.
for different valuesx = congt. Problem management Various ways assessing the situation are possible in
(2), at the time of the adoption of managerial decisions,specific management problems. In the simplest cases,
may be modified in composition variables, objective when managerial decisions associated only with the
function, the mathematical model and the constraints byemergence of disturbances on the object, as an estimate of
taking into account the situation in the CTS. As a result ofthe situation, the current value of the input variable x can
such a modification a substantial simplification of the be used. Based on an analysis of the current situation, for

F(x,u,y)—>[];atjx
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the modified problem2) the composition of effective respectivelyR operator of display vecto(&, 8,?/) into a

variables corresponding to the structure of the objectivepairi,M,

function, a mathematical model of CTS and conditionsin ~ The meaning of the problen8) is that the current

constraints can be determined. As a result, all irrelevant/alues of the variables u,y at the time of the adoption of

variables are discarded, the objective function, modelghe control solutions are displayed by the oper&adn i

and constraints are simplified, which leads to-number situation and marly, variables of the problem

simplification of the control task. (2), effective in this situation. The values of the functions
An important advantage of this method is that it doesf,g and h, are not taken into account, as uniquely

not impose any special requirements for the structure ofletermined by the values of its argumexts, y.

the control problem, its objective function and Private or local problem is formulated as:

considering conditions, in contrast to the known F(x,uj,y) — max

decomposition methods, which require mandatory Uil cU

compliance with the conditions of problem8][ gi(x,,u,yi) =0

separability. The main requirement is reduced only to the Uy @)
possibility of separating and recognizing situations i@ th ' ' h (%, Ui, yi) = 0

facility management. In connection with this method can

be used virtually in any optimal control problem. Ui =U
Principle  of governance called situational j—1 o N

decomposition method can be considered as an analogue ,H,er’ei number of current situationy the number of

of adaptive control 11,12,13] in which there is also a potential situationsy;,u;,y; - modified vectors of inputs

modification of the control problem. However, with and outputs, object controlsiy modified objective
adaptive control modification is carried out only in part of ({)

the accounted mathematical model of control object, an unction,U; modified many of acceptable solutions to the
is performed in case of violation of the adequacy of the roblem caused by the modified vgctor—valued fur?cyons
model. The structure of the models and problems ingi’hi’lU many of acceptable solutions to the original
management as a whole remain unchanged. Only thgrOb em. .

model of parameters in the form of the coefficients of the Problgms 3'4) suggest a two-tier scheme  of
variables are changed. Situational decomposition metho@ana}gerlal solutions. The cqrrespondlng control system
differs in that instead of identifying the mathematical dcquires the str.ucture shown in Flgure.l-. N
model of control object, allows identification of the HereCTS, 1 = 1’_2”N CTS, modified taking into
situation at the site, followed by the replacement of the@ccOunt i- situation; CB ~ coordinating body, CS
original problem of management modified the problemcontm”'ng system, solving modified problem of control.

corresponding to considered situations. In this modified” the given management s.yst.er@B' .eva.luates the
structure of control problems may be different in all current situation in the CTS by its identification on the set

components. As a result, the control system, provides gcccc;:cj_nged sgluatlons art\ﬁ fgrm; t?e sgluctusge Sf the
solution to this problem, becomes a variable structure. moditied probiem .4) on the basis ol problem X by
Let's consider the content side of the proposede“m'natmg the variables in its small significance.

method of situational decomposition. Since the original Explodeq composition vectors of variabbest;, y; in .
control problem 2) is reduced to a set of private sub (4) can be different and represent a subset of the set Mi of

problems, there is the additional problem of recognitiont€ who!e M _vanat:]Ies. Thusﬁselgctgd %qmpone'nts of the
of the current situation in the facility management. This vectors, i, y; are the most eflective In this situation.

problem manages the appeal to private sub problem inthe 1h€ considered control system is a system with
development of the current control solutions. The variable structure. It is the centralized and decentrdlize

problem of recognition of situations is treated as aSimultaneously, combining the principle of centralized

problem of coordination, whereas private sub problem isTanagement within  the current —situation ~ with
considered as an analogue of a local prob|emdecomposmon of the control object on situations and

management in a decentralized management system. ~ causes decentralization of management as a whole.
The problem of recognition of the current situation is "€ problem 4) will obviously be less complex than

formulated as follows: the problem 8). However, some of them can be quite
complex and their use in control systems will be difficult
000 R. in terms of time solutions that fit into the spaces between
(X,u,y) :—=i,M, 3)

the emerging situations. In such cases, it is possible that
000 the problem is solved in advance, and the result is stored
where(X,u,y) - specific values of the input variables  in computer memory. If necessary, it is played without
controlsu and outputy of the control object, respectively, direct solution of control problems. Similarly, we can deal

i -number situationM, — many variables of control with recurring situations. Due to this, control system
problem @), taken into account in the i- situation, becomes self property, i.e. it becomes an element of
M, C M =XUUUY,X,UY- many variablesx,u,y intelligence.
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When development of control solutions is associated
with the occurrence of disturbances, the evaluation of

i types that are much smaller. Emerging current situations
| Uy relate to typical and, under certain conditions, equal ¢o th
Xy ¥u ! e . .
. specific types of situations.

A typical situation is characterized by the fact that it is

effective only certain components of the control vector u,

] i.e. only these components have an impact on the control

object and included as variables, whereas the rest are

given constants. For typical situations, the probleth (

Fig. 1: The structure of the control system that operates under®" be simplified, sometimes significantly, by reducing

the scheme of situational decomposition the numbgr of va_lr_lablles taken into account, the
corresponding simplification of the objective function, a
mathematical model and constraints. As a result, the
solution of this problem is simplified and the management
of the facility as a whole.

The main problem with the implementation of this .In lte'rms. of ‘i‘Ct“a' FI)IrOdUCt'pr syséemgtlzal'[lond of
approach is to construct the operator R mapping totyplca situations is usually possible and it is related to
identify the current situation. Its task is in analyticalifg managerial .solut!ons'for a p"."rt'CUIar object. In addition,

for each typical situation modified control problem can be

in particular, as a function dR(x,u,y) as a rule, it is not formalized which takes int at onlv th
possible, because it is difficult to identify patterns that '0'malized ), which takes into account only the
1effectlve variables and conditions in the restrictions.

connect continuously changing values of the variables o Simult V. th ¢ b tructed si
the problem with the discrete values of the number of the | . imuitaneously, the Systeém can beé constructed signs,
hich identifies specific types of situations. In this case, a

situation. For this reason, the main way to specify the usé’ tial ¢ feat f tvoical situafi
of R becomes numerical procedures of selective feature orcquéntal scan system features ot typical situations,
selection situations. Since, in general, the number oduarantees the identification of the current standard
possible situations is extremely high, despite the fadt thaS'tugt'o?' | . woical situati i ol o th
the complete specification of each situation requires ~ONTol usSIing typical situations 1S close 1o ihe

consideration of a large number of features, this leads tdnanagement principles of industrial and technological
complex computational schemes or the need to builgPOCESSES implemented by man. Using t.he whole contro!
expert systems parameters are observed more in exceptional cases than in

normal practice. At the same time, making a decision, the
Another problem is the allocation of the aggregateperson is guided by the lessons learned and is
significant variables to be taken into account in the systematized by the typical situation, which relates the
modified problem4) for each number of situation i. This current situation arising.
separation is to measure the sensitivity of the output The normal course of processes is evaluated as a set
variablesy; on permissible in the- situation of change of full-time, i.e. typical situations for which an efficient
control variablesy; at a given value xi, any additional algorithm response and decision-making are known and
tasks of identifying model of control object with the worked out. Emergency situations shall be considered as
determination of its optimal structure. exceptional, requiring an appropriate algorithm for

e CE + situations can be according to the values of the varigble
_ In such method of evaluating situations, their possible
l I numberN in the general case is sufficiently large, as it is
o5 determined by the number of possible combinations of
components of the vecto and the number of possible
l u values of the discrete components for eaciThus, if the
iy dimension of the vector x, is n, and the number of
i CTs . . . .
[ ' possible discrete values for each component is equal to m,
! Ly i K . .
LM l TR the number of situations to be counted, will be
| | determined by the ratio
> TS, [ Y
: : n. n!
: ! N - I - M—+ 5
! l u; ' Z\ i'(n—i)! ()
i : =
. ¥ .
— cTS, ™ Identification of the number of possible situations turns
S ! . : v into intractable problem complicating the practical
B ] * application of the method. To solve this problem, we
i : propose to consider not all possible situations, but only
:
i
i
i
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finding response and produce the control solutions. Such Under these circumstances the problem of
algorithms are typically based on a combination coordinating the most general case can be formulated as
accounting standard situations. If the constructed swiuti the problem of determining the distinctive features of the
algorithm is effective, it is stored and the correspondingcurrent situation, belonging to different types of
situation translates into the category of staff. Thus, oversituations, and then combining intersecting situations.
time, the number of possible contingencies is reducedThis problem can be formulated as follows:

and management approaches action under only nominal d=0;4,=0,j=12..,L;

situations. The latter may be attributed to the absolute Jk=12,..LpseFs=12.,S=
advantage of situational management principle, and to

characterize it as the management of the accumulation of =d=1bs=1a=1 (7

information about the behavior of the control object.
Management system that implements this principle, DD =12 L 8
intellectual property becomes a self-learning system. =Wl =52 8)
Quality of control can be enhanced by the whered,bysanda;- auxiliary variables used as indicators;
simultaneous consideration of two or more types ofps — s feature of the situationf - the set of the
situations when the current situation cannot behallmarks of the k typical situatio the set of variables
unambiguously assigned to typical situations. This cas&aken into account in the modified control problenij--
should be a mechanism to identify common variables forintersecting sets of typical situations fayr+ 0.
intersecting situations, which make up the structure ofthe In the absence of intersecting signs, the problem
variables of modified management problems, with thereduces to a sequential scan system of typical situations
addition of private variables of accounted situations. features B, with the objective of finding the system,
Formalize now considered principle of control. We identical to the signs of the current situation. This
denote byD - many situations considered in the problem problem can be formulated as:
(5), each of which corresponds to a part of the effective

variables. Suppose that the §etan be partitioned intb S =
subsetsDy , k = 1,2,,L, corresponding to typical d=1= % bs— max,k=1,2,.,L,D=D¢ (9)
situations. All of the current situation are estimated to s=1

belong to a certain sddy, k= 1,2,,L, and the problem
(5) is replaced by the equivalent problem for the typical

situation Dk . maximum. Accordingly, the set of variables accounted for

Partitioning ofD into subsetDy, k=1,2,,L, can be e modified problem management -Dg Local task of
carried out based on the formation of the hallmarks ofthe second level in this case can be written as:

typical situations. As such signs, except the values of the Fi (X, Uk, Vi) — max

The solution to this problem ik = k* for which the
sum of the significant features of typical situatipg._ ; bys

components of X, number of the component can also be Uk
used by incremented part, the magnitude and sign of this Ok(Xi, U, Yi) =0
increment, other quantitative assessment. In the simplest U, = { ux:
case allocated typical situations will not have he(Xi, U, Yi) = 0
intersections, i.e. UUy=U
kaDj:ﬂakzlvzv7L!J:17277L!k7éj (6) |:1,2,,,N (10)

This means that only certain typical situations in pure  Wherei- number of the current situatiok,- number
form will take place in the control process. However, this Of typical situationsi c 1,2,..N.k € 1,2,...L The
distinction is the exception rather than the rule. In theProposed method of solving the problem of optimal
more general case, the conditioB) s not satisfied, i.e. control CTS 8) can be described as a decomposition
typical situations may overlap on certain grounds. Thenmethod for typical situations. Accordingly, a control
the problem should be taken into account all the typicalSystem that implements this method is a decentralized
situations in which there is a crossing. system of situational management. The method can also

The assignment of the current situation to the standard?® S€en as a way of projection of the original problem in
is based on the calculation of all the hallmarks of the the subspace of equivalent subtasks for specific situgtions
current situation, and then comparing them with system<" prOJecthn of the set of feasible solutions of the oridjina
of signs for particular types of situations. It will meet ProblemuU into subset&),k=1,2,,L.
such a typical situation for which there is a match on all
grounds. The absence of such a typical situation would
mean the current situation belongs to the intersecting3 Conclusion
typical situations, i.e. presence of distinguishing feasu
of the current situation, which simultaneously belong to The proposed method of situational decomposition can be
different typical situations. considered new, as previously unknown approach to
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solving decentralized problem of optimal control CT3 ( [9] Himmelblau D. Applied Nonlinear Programming, 534
is used. The method is very promising, as applicable to (1975).
the management problems of both dynamic and stati¢10] Khu Ven-Tsen., Mamykov D.W. Optimization of complex
nature. At the same time it incorporates the principle of ~ HTS considering typical. technological situations, Alsts
making operating decisions, close to the principles of of the V All-Union Conference Mathematical modeling
natural management of human use. The latter of complex chemical processes /SKHTS-K/, Kazan, 96-97
circumstance  contributes  intellectualization ~ of  (1988). o o
management systems, giving them greater flexibility ano{11] Khu Ven-Tsen, _T.Zhukabayeva. Situational D_ecompmxslt
increase the number of degrees of freedom in decision Method, International Journal of Computer Science Issue 9,
making 487-490 (2012).

An important advantage of the method is that it doegl12l Findeisen W., Szymanowski and others. Two  Level

. . . Optimization of the Ammonirem Alum Processes in the
not impose any special requirements for the structure of

; Aluminum Oxide Production. //Proc. IFAC 5-thWorld Congr.
the control problem, in contrast to the known methods of -Paris, 1972. -Part 1. -. 4.1/1 4.1/2

decomposition. In this regard, its application field can be[13] Stephanopoulos  G., Westerberg AW. Overcoming

considerably wider. o Deficiencies of Two level Method for Systems Optimization.
The main difference  between  situational ;A |.ch.E.Journal. -1973. V.19, 6. -P. 1269-1271.

decomposition method from classical decomposition[14] Tokhtabaev M., Shukaev D.N. Optimizing a multi- level
methods is that it assumes that only one local control  controlled process //Sumposium optimization methods:
tasks, which can change its structure. This does not applied aspects. - Pergamon Press, 1989. P. 239-242.
exclude the possibility of using the principles of [15] Soong, T. T. and Spencer Jr., B. F., Active, Semi-Actine
decentralized management with respect to the modified Hybrid Control of Structures, Proceedings of the 12th World
object. In this case, there is a combined control system, Conference on Earthquake Engineering, New Zealand, 2000
which implements the spatial-temporal decomposition of[16] K. Huang, S. Srivastava and D. Cartes, Decentralized

CTS management tasks. Reconfiguration for Power Systems using Multi Agent
System, 1st Annual IEEE Systems Conference, pp 1 6, April
2007
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