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Abstract. The paper considers the generalized structure of maintenance 
system, including, in the general case, the protection subsystem, the 
functional diagnostics subsystem, the test diagnostics subsystem, the 
maintenance and repair subsystem. The technical implementation of the 
listed subsystems is possible in the form of tools built into the object and in 
the form of tools external to the object. For the generalized structure of the 
transport and technological machines maintenance system, the possible 
ratios of the volumetric characteristics of built-in and external subsystems 
are analyzed (using the simplest analytical expression). The possibility of 
formalizing the control process of a generalized system of technical 
maintenance of autonomous objects within the framework of a finite-
automaton model is discussed. In accordance with this model, it is proposed, 
first, to consider the on-board maintenance system as an operational 
automaton; second, each of its subsystems should be considered as a 
separate internal automaton that implements its own technological 
algorithm; third, the interaction of the four automata should be organized 
within the control automaton for the above-mentioned operating automaton. 
The algorithm for the functioning of this control automaton has been 
synthesized. 

1 Introduction  

The complex property "reliability" is one of the most important of the infinite set of properties 
for transport and technological machines. Complexity, first of all, is characterized by the fact 
that this property is essential for each stage of the life cycle. Such a cycle is implemented in 
a certain system, which is usually called a reliability assurance system and distinguishes a 
reliability design system in it, a production and technological system and a maintenance sys-
tem (MS). 

The process of managing the reliability of a technical object (ТО), used for its intended 
purpose, can be implemented in MS with different structure. A generalized version of the MS 
structure is a four-circuit control system shown in Figure 1 [1]. 
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Fig. 1. Generalized MS structure. 
MS traditionally includes four subsystems. Subsystem С4 has the ability to assess the im-

pact of the operating environment V, operational load of the facility F and functional inputs 
X. When leaving V, F, X out of range C4 generates protective control action U4, neutralizing 
effect of the latter. Such systems exist mainly as a part of an object and are called protection 
systems. 

Subsystem С3 based on the information analysis about the inputs X and outputss Y the 
object assesses the current technical condition (ТС) and when it goes beyond the permissible 
limits, forms a control action U3 (activates backup capabilities) and / or transmits information 
about ТС deviation from the norm to subsystems С1 or С2. Such systems are called control 
systems or functional diagnostics systems and they, as a rule, are partially built into the ob-
ject. 

Subsystem С2 has the ability to actively influence Т to an object through functional or 
other input channels, to perceive its reaction RT on this effect from the output functional 
channels or from special control points and from the analysis Т and RT assess the technical 
condition in the form of a diagnosis D. It is called a test diagnostics system and, in most 
cases, it exists separately from the object. 

Subsystem С1 based on D and management objectives GC forms a control technical im-
pact U1 restorative nature. It is almost always external to the object, and it is customary to 
call it a maintenance and repair subsystem. 

2 Problem review and problem statement 

The generalized structure shown in Figure 1 MS typical for such transport and technological 
machines, within which a certain functional process of the "input-output" type (flow objects) 
is implemented. Objects of the opposite type (bridges, power transmission towers, buildings, 
etc.) have MS significant structural features. 

Technical implementation of systems С1-С4 is possible in the form of technical means 
built into the object and in the form of technical means external to the object. The existing 
practice shows that in most cases a complex option is used [2] - part of the tools is built into 
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the object, and the second part is used independently of it. This raises the problem of deter-
mining the values of volumetric indicators of the above-mentioned two MS parts (external 
and built-in), as well as the distribution of these values by the subsystems С1-С4. 

The problem of the relationship between external and built-in infrastructure is typical for 
every sufficiently complex technical facility and its operating conditions. This problem is of 
particular relevance in relation to autonomous or partially autonomous objects, and it is 
widely discussed in the scientific and technical community. In confirmation of this fact, we 
give a brief overview for the relatively characteristic subject areas. 

The work [3] considers the foundations of creating a new generation of technologies and 
systems for managing the life cycle of products for rocket-space and aviation technology 
based on the proactive control methodology. The conceptual basis of such control is to carry 
out proactive multivariate control of the technical state of an object based on information 
coming from built-in intelligent information sensors and devices. 

The article [4] illustrates the results of a new approach development to the management 
of maintenance and repair processes for aerospace products. In this approach, each functional 
part of the object is associated with an agent, which is an autonomous program capable of 
responding to events, making decisions and interacting with other agents or a supersystem, 
without requiring external instructions, but implementing an internal built-in cycle for man-
aging a technical state. 

The authors of the publication [5] substantiate the need to create a multifunctional unin-
habited underwater object with kinematic and cybernetic redundancy and propose to synthe-
size the control of this object, taking into account technological reliability and safety. 

To solve a number of complex problems associated with the need to maintain, for exam-
ple, the constant relative position of underwater vehicles in space in [6], it is recommended 
to use the method of "group management" control of several vehicles as a single control 
object. At the same time, the management system for such an object becomes significantly 
more complicated, and it is based on the principles of decentralized management. 

The article [7] considers a new method of monitoring underground gas pipelines to pre-
vent possible accidents on them due to gas leaks. It is proposed to use an autonomous gas 
analyzing station. 

The work [8] summarizes the achievements of the known maintenance systems, analyzed 
a possible version of monitoring the life cycle of transport and technological mechatronic 
systems, based on the proposed algorithm for technical condition autonomous control. 

The analyzed problem of a possible MS structure is also relevant for other classes of tech-
nical objects [9]. 

The main tasks of this work are, first, the analysis of possible ratios of volumetric char-
acteristics of MS subsystems for standard and autonomous objects; second, the formalization 
of the control process of the generalized system of maintenance of autonomous objects within 
the finite-automaton model framework. 

3 Volumetric characteristics of MS subsystems  

For a formal analysis of the MS various subsystems volumetric characteristics ratio, it is de-
sirable to use some mathematical construction. In the simplest version, it might be possible 
to offer the function Wi, depending on the ratio of the conditional volumes of built-in and 
external means in the subsystem Сi, of the following simplest form 

𝑊𝑊𝑖𝑖 = 𝑉𝑉𝑜𝑜𝑖𝑖
(𝑉𝑉𝑐𝑐𝑖𝑖 + 1),⁄  
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where Voi is the conditional amount of built-in funds, Vci is the conditional amount of external 
funds. Wherein Voi + Vci =1. Obviously, the values of this function belong to the segment 
within the boundaries 0 and 1. 

It is clear that for most of the typical transport and technological machines classes, the 
subsystems С1 have the value W1 in the surrounding area 0, the subsystems С4 have the value 
W4 in the surrounding area 1, and the subsystems С2 and С3 are located in the middle of the 
segment. 

For special classes of objects (these include autonomous objects or objects with difficult 
operating conditions), the picture changes. 

Let us consider a situation in which W4 is less than one for typical objects as an example. 
Let the operating mode of the object include periodically storage sub-modes, then for such a 
case it makes sense to have external protection systems in relation to the object, neutralizing 
the negative influence of the environment. This decreases the value W4. 

An example of a symmetrical situation for С1 a typical object is that W1 has a value greater 
than zero. Let the object be a recoverable object, then its internal structure can include the 
elements increasing the maintainability level, which can be logically attributed to the built-
in part of the subsystem С1. For the subsystem С2 a typical built-in part is the means to ensure 
the control points organization. 

In the considered ratio of internal and external means, autonomous objects have signifi-
cant distinctive features in terms of automating the subsystems С1-С4 functions. 

In the subsystems С2, С3 and С4 the automation of all the necessary functions is funda-
mentally straightforward, i.e., there is a real opportunity to provide the technical and techno-
logical values of the elements {W2, W3, W4} close to one. 

In relation to the subsystem С1 the task is more complicated, but it is currently quite suc-
cessfully solved by using, first of all, various types of redundancy (reservation of resource-
limiting blocks) and special compensation devices [10]. 

Thus, for autonomous technical objects, in which the values of the elements of the set 
{W1, W2, W3, W4} provided close enough to one, there is a problem of formalizing the rela-
tionship between subsystems С1-С4. In other words, it is necessary to organize formal effec-
tive management of the built-in maintenance system (to ensure the automatic interaction of 
all MS subsystems). A possible option for such control is proposed in the next section.  

Lots of {W1, W2, W3, W4} actually characterizes the distribution of the reliability load 
between the reliability design system and the production and technological system, on the 
one hand, and MS, from the other hand. It is appropriate here to formulate the following non-
trivial question. On what basis are the decisions on such distribution made? In the monograph 
[1], a list of the main indicators of the technical task is formed, which makes it possible to 
make a decision on dividing the reliability of an object into two types "hereditary reliability" 
and "external additional reliability". 

4 Formalization of the maintenance system management process 

Maintenance systems for autonomous objects are almost completely built into these objects. 
It is obvious that the control of the subsystems С1-С4 interaction should be implemented 
automatically. The implementation of automatic control systems is most often based on the 
theory of finite automata [11]. 

Among the varieties of finite-automata models for practical implementations of control 
systems, a two-element model is most often chosen, including a control automaton and an 
operational automaton. 

In accordance with the two-element model, it is proposed, first, an onboard MS considered 
as an operational automaton; second, each of the subsystems С1-С4 should be considered as 
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a separate automaton that implements its own technological algorithm; third, the interaction 
of internal automata С1-С4 is organized within the control machine for the above-mentioned 
operating machine. 

Thus, the automaton model is used in two versions, namely: external and universal - in 
general MS is considered as an operational automaton and requires a control automaton as 
well as an internal one, specialized for each of the subsystems С1-С4, which specialization is 
determined by the particular autonomous object characteristics. 

Graphical illustration of the proposed in this work finite-automaton approach for MS au-
tonomous objects control is shown in Figure 2. 

 

Fig. 2. MS automatic onboard model. 
Control machine (Figure 2 CS - control system) provides interaction of subsystems С1-С4 by 
the vector 𝑦𝑦 , moreover, the components of the vector 𝑦𝑦 are generated taking into account the 
state vector 𝑥𝑥 , which consists of four independent zones Vi – one for each subsystem С1-С4. 
The system operates in discrete time, the cycle time of which is determined as follows. 
Positive result of polling the state of the subsystem С4 (the control or protection subsystem 
has been triggered) starts a cycle for handling an abnormal situation. The result of the cycle 
is the transition of the technical state of the object from ТС(t) to ТС(t+1). The average cycle 
time limits the clock parameters. The cycle time must exceed the sync pulse duration by at 
least 4 times. 
The following is an algorithm for handling an abnormal situation. The algorithm includes the 
possibility of accessing the supersystem (data request V0) in the event of a dead-end. 

Step 1. Transfer control to the subsystem С4.  
Step 2. State vector analysis V4 of the subsystem С4. If the conjunction of the elements V4 
is equal to True, then to Step 2, otherwise to Step 3 (Unnominal situation). 
Step 3. Transfer control to the subsystem С3. If the conjunction of the elements V3 is equal 
to True, then to Step 4, otherwise to Step 5. 
Step 4. Data request V0 from the supersystem. If V0 is equal to True, then the scope of 
operation ability monitoring should be expanded to Step 3, otherwise to Step 10. 
Step 5. Transfer control to the subsystem С2. If the conjunction of the elements V2 is equal 
to True, then to Step 6, otherwise to Step 7. 
Step 6. Data request V0 from the supersystem. If V0 is equal to True, then the set of pos-
sible defects should be expanded to Step 5 otherwise to Step 10. 
Step 7. Transfer control to the subsystem С1. If for all V2 zero elements there are spare 
replacement elements, then to Step 9, otherwise to Step 8. 
Step 8. Data request V0 from the supersystem. If V0 is equal to True, then to Step 9, oth-
erwise, block sync pulses and to Step 10. 
Step 9. Turn on spare replacement elements and to Step 10. 
Step 10. Unnominal situation has been handled. Change-over to Step 1. 
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According to the algorithm proposed above, in accordance with the technology of syn-
thesis of control automata, a graph-scheme was constructed, the labeling of which determined 
six internal states of the Mealy machine. Then, in accordance with the technology of the 
canonical method of structural synthesis, an automaton table and a logical diagram of the MS 
control system have been built. 

5 Conclusion 

MS building technology control system satisfies the system-wide principle of downstream 
design, namely: the external level of the system uses universal technology, and the internal 
level uses specialized automata. The proposed system can be extended to automated and 
manual construction options. In the subsystem С2 it is recommended to use the algorithms 
for finding the defects from [12-13]. 
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