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Abstract 
Integration of sensor elements into the structure of created technical system makes it possible 
to collect and analyze information on the state of the controlled object from the very 
beginning of its operation. Analysis of this information may be based on the set of patterns 
which characterize unique object of control. Here we represent methodology of Artificial 
Subjective Reality which may be used for application of AGI principles in SHM/PHM. 
Example implementation of this methodology is represented in numerical model of Cognitive 
Sensor.  

 
1 INTRODUCTION 

Traditionally Structural Health Monitoring (SHM) includes a set of operations required to 
maintain the controlled technical system in working condition [1]. Monitoring may be limited 
to the observation of current system states, with maintenance and repair actions prompted by 
these observations. Alternatively, monitoring of current system states may be augmented 
with prediction of future operating states and predictive diagnosis of future failure states. In 
this case, the problem to be solved by SHM is inextricably linked with objectives of 
Predictive Health Monitoring (PHM). Currently, the area of SHM/PHM technology 
application is already quite broad: it ranges from the field of static control of structures [2, 3] 
and the development of Early Warning Systems [4] to the construction of monitoring systems 
used in aviation technology [5, 6]. Area of SHM applications continues to expand. One of 
most active areas of development of Health Monitoring Systems is associated with progress 
in the automation of analytical data processing [7, 8]. 

One of the most striking examples of the application of methods and tools for automating 
knowledge extraction in the field of SHM is to provide Integrated Vehicle Health Monitoring 
(IVHM) systems [6, 7]. Currently it can be expected that the increase in complexity of 
technical systems which must be controlled, will inevitably lead to gradual replacement of 
conventional systems of monitoring and control by above mentioned type of systems. IVHM 
systems are essential in aviation and space technology, deepwater technology, as well as for 
the control of devices running in standalone mode. 

Development of IVHM systems is a good example of the direction of development of all 
modern technologies of human society - the direction of creating Autonomous Intelligent 
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Technical Systems, AITS. Modern technology, widely represented in SHM field, makes it 
possible already now construct the technological foundation for the creation of this type of 
systems. For example, advances in wired and wireless communications provide the ability to 
create architectural solution of IVHM system that would meet the requirements of a very big 
number of development projects. Sensor Networks technology can be used to measure a set 
of parameters that are needed to determine the performance and health status of controlled 
equipment. Technology of Multi-Core- and Multi-Processor Data Processing, Parallel 
Computing, Distributed Computing, and High Performance Computing can be successfully 
used for the processing of numerous heavy data streams in real time mode. These 
technologies could be related to infrastructure - they are able to create the infrastructure 
necessary for the realization of highly intelligent systems. However, they cannot be directly 
used to create the kernel of AITS – technology of Artificial Intelligence (AI). 

Numerical methods associated with solution of various problems in the field of Data 
Mining and Artificial Intelligence, are now quite diverse. Many of these methods have found 
their application in the field of Structural Health Monitoring. In particular, such methods 
include Methods of Data Fusion [9], methods of Feature Extraction/Feature Selection [10], 
Bayesian Methods [11], Markovian Methods [12, 13], Artificial Neural Networks [20], 
Methods of Nature Inspired Computations [14], Methods of Self-Organization, Methods of 
Computational Decision Theory [15]. The need to use methods of AI in the field of SHM is 
connected with the complexity of physical nature of the phenomena which must be analyzed. 

Current paper is devoted to a number of theoretical and practical issues related to the 
implementation of ideas of Artificial General Intelligence (AGI) and their use in the field of 
Structural Health Monitoring. 

2 THEORETICAL LAYER 

2.1 Artificial General Intelligence and Cognitive Architectures 
During last years the area of research related to Artificial Intelligence, experiencing strong 

transformation. One feature of this transformation is the extraction of Artificial General 
Intelligence (see, for example, [16]) into the separate area of research. Wang and Goertzel 
[17-20] give the following commentary on the AGI: “The essence of intelligence is the 
principle of adapting to the environment while working with insufficient knowledge and 
resources. Accordingly, an intelligent system should rely on finite processing capacity, work 
in real time, open to unexpected tasks, and learn from experience”. In [18] there is shown that 
understanding of the term AGI formulated by authors is much closer to that formulated in 
pioneering papers in the field of Artificial Intelligence (AI) than to modern understanding of 
AI problems which focuses on domain-specific and problem-specific methods. 

Currently, there are several projects associated with creating Cognitive Architectures. 
Here are some of them: OpenCog [21], OpenPsi [22], Non-Axiomatic Reasoning System 
[16], Hierarchical Temporal Memory [23], Soar [24], ACT-R [25], AIXI [26], SNePS [27]. 
These projects are based on implementation of results of modern research and developments 
in various fields of science and technology. In particular they include Probability Theory, 
Theory of Soft Sets, Mathematical Logic, Theory of Machine Learning, Theory of 
Production Systems, Methods of Evolutionary Computations, Artificial Neural Networks, 
Methods of Knowledge Extraction & Knowledge Representation, Methods of Unstructured 
Data Processing, Methods of Automated Reasoning. Though each of these techniques is also 
explored in mainstream AI, its use in general-purpose intelligent systems leads to very 
different design solutions in technical details [18]. 



 
 

2.2 Model of Artificial Subjective Reality 
We believe that the main drawback of modern Cognitive Science is associated with the 

way of current use of ideas of objective reality. The process of thought cannot be separated 
from the subject of the process, because thinking is a characteristic of the person which 
cognize the world. Using the ideology of objective reality in the field of construction of 
Artificial General Intelligence leads to misconceptions at the creation of mental objects. 
Adequate model of the process of cognitive activity can only be built on the principles of 
subjective reality [28]. The main philosophical basis for the creation of models by which it 
would be possible to build AGI is the philosophical doctrine of phenomenology, founded by 
Edmund Husserl [29]. A distinctive feature of phenomenology, which is most important for 
this work, is the central role of perception in the totality of the processes that characterize 
cognitive activity. 

In this paper we restrict ourselves to the wording of several theses that describe the 
conceptual model of Artificial Subjective Reality (ASR). 

Axiom 1 (Axiom of source of knowledge)  
For artificial person cognizing the world there is nothing but his/her/its sensory experience 

and the results of the processing of this sensory experience. The results of processing the past 
and present sensory experience form the content of consciousness of AGI system. 

Axiom 2 (Axiom of initial state of consciousness)  
The process of cognition starts with the opening channels of perception of external world. 

At this moment person who starts cognize the world don’t have any knowledge about 
external world (world of implementation) 

Axiom 3 (Axiom of structure of consciousness) 
Knowledge about external world is stored in the consciousness of AGI system in the form 

of partial representations. The process of storing is defined by the degree of importance of 
results of perception. The process of creation of partial representations is accompanied by 
structural changes of the material basis of consciousness. 

Axiom 4 (Axiom of contents of consciousness)  
The set of partial representations of the world is developed by the consciousness during 

cognitive activity of AGI system. This set of partial representations depends both upon the 
characteristics of sensors and upon the characteristics of the system used for the processing of 
data streams coming from sensors. 

Axiom 5 (Axiom of consciousness justification)  
The set of partial representations of perceived world is used by AGI person for the 

optimization of activities of this person in external world. 
Here we will represent several theses together with basic concepts explaining the set of 

introduced axioms. We assume that there is some artificial system (we will call it AGI 
system) capable of cognitive activity. Generalized and highly simplified model of this system 
can be represented as a combination of the following three components:  Certain set of sensors, which are designed for the perception of the world  System which is used for the processing of data streams that are received from sensors  Certain set of means which are used by AGI system for manipulation in external world 

The above-mentioned parts are included in the composition of (so-called) body of AGI 
system. Axiom 1 posits the content of consciousness of natural or artificial system that is 
capable of cognitive activity. Axioms 1 and 2 are reformulated thesis of Tabula rasa, 
introduced by Aristotle. Consciousness of AGI system is filled by partial representations of 
observable world during experience of processing of data coming from the sensors. In this 



 
 

case it is significant to make the separation of the external world into two parts: the 
observable and unobservable world. Observable world is the part of the reality surrounding 
AGI system, which is directly perceived by a sensory system. Accordingly, the unobservable 
world is that part of reality that complements the observable world to the fullness of the real 
world. Axiom 1 posits the idea that in a model of subjective reality there is no objective 
knowledge. All knowledge is a set of models. The objective reality in this case is also one of 
the models, which is used by the consciousness of AGI system. 

Axiom 3 postulates a process of accumulation of knowledge about the outside world by 
AGI system. At the initial stage of this process consciousness contains only partial 
representations of observable world. In the later period of “life” consciousness can contain 
information about the unobservable part of reality. The process of learning of AGI system is 
inevitably accompanied by a change in the structure of the part of “body”, which is 
responsible for maintaining the experience of handling sensory data. In the model represented 
above, there is not separately specified structure responsible for saving the results of 
perceptual data processing. This is due to the fact that the system for processing and storage 
of results of the processing are the same. 

The main objective of the cognition is to create as much as possible complete system of 
partial representations of the external (and not just observed!) world. This system of 
representations would allow predicting the dynamics of observable world with accuracy 
sufficient for the solution of problems typical for this AGI-person. In general, the system of 
representations of the external world depends on the sensor characteristics, and the 
characteristics of data flow processing system. Changing the set of sensors or a significant 
change in their properties leads to a change in the set of partial representations which form 
the consciousness of AGI-system. Similarly, changes in processing of sensory data streams, 
can also lead to a change in a set of representations of the world. One of the immediate 
consequences of the axiom 4 is that in the case when two different AGI systems have 
significantly different sensory systems these two AGI persons will inevitably have different 
systems of partial representations. In particular, if they have non-overlapping spectrum of 
perception of external world, their direct interaction is impossible. This thesis will be 
particularly relevant to recall in discussing efforts to find extraterrestrial life - other 
intelligent life forms may be "close", but located outside the range of our perception. 

It is necessary to make a small summary regarding the entered model of subjective reality. 
According the definition of the Artificial General Intelligence, formulated in [17-19], 
intelligence is characterized by the ability of adapting to the surrounding reality. This 
adaptation takes place under conditions of resource limitations which definite natural or 
artificial intelligent system has. Formulated model allows us to consider the concept of 
intelligence which is not limited to Homo sapiens, or other types of biological organisms. 
This model can serve as the foundation for practical implementation of AGI systems of a 
generic type. The main feature of proposed methodology is the use of an internal psychic 
space. Only the use of a subjective system of concepts, system of partial representations tied 
to the individual mentality, makes possible to create Artificial General Intelligence. 

3 LAYER OF IMPLEMENTATION 

3.1 Main principles of implementation of Artificial Subjective Reality model 
Proposed model of subjective reality can be considered in the definite sense as the 

theoretical basis for a number of methodologies currently existing in the field of AI. For 
example, in paper [30] it was proposed to address the issue of the creation of AGI systems in 



 
 

terms of Constructivist AI approach. The basis for this approach is the idea of using self-
constructivist principles: “Methodologies employed for constructivist AI will be very 
different from today’s software development methods. Instead of relying on direct design of 
mental functions and their implementation in a cognitive architecture, they must address the 
principles – the “seeds” – from which a cognitive architecture can automatically grow”. 

The implementation of the methodology of subjective reality of AGI in practice means 
creating technical system which has a number of features that are currently unique. In Axiom 
3 there was mentioned material basis of consciousness of AGI system. We assume that in the 
architecture of AGI system, there is a set of structures that, on the one hand, are involved in 
the processing of sensory data streams, and on the other hand are capable of reconfiguration 
procedure. The process of AGI system learning can be described as a process of learning in 
data streams. Statistical analysis of sensory data streams results in consolidation of the 
experience of perception and to gradual creation of the system of partial representations of 
the outside world.  

Modern methods from the field of Data Stream Analysis, Data Stream Learning, 
Statistical Learning (see, for example, [31-33]) can serve as the basis for machine learning 
methods in the implementation of the methodology of subjective reality. However, these 
methods cannot be used directly. According Axiom 1 no knowledge can be introduced 
directly into the consciousness of AGI system: all knowledge should be the result of own 
intellectual activity associated with the processing of sensory data streams. This inevitably 
leads to the fact that only methods of self-learning in data streams may become the basis for 
the construction of machine learning methods applicable in proposed methodology. 

Axiom 4 formulates the thesis that the set of partial representations of external world that 
is developed by AGI-system in the process of cognitive activity depends essentially on the 
characteristics of sensors. Data streams coming from different sensors are transformed in the 
process of their co-processing into the set of representations. This set of representations can 
significantly accelerate the processing of data characterizing the state of the outside world. It 
allows AGI person to select information from the streaming data which is essential from the 
point of view of the current challenges experienced by AGI system. Combining different 
types of sensors in a sensor system, we can create specific observable worlds for cognitive 
and other types of activity of AGI systems. This allows us to create unique intelligent 
technology, based on a set of separated observable realities. Within each of these realities, 
artificial intelligent systems will be able to perform a variety of tasks without direct human 
intervention.  

3.2 Subjective Reality of AGI and Structural Health Monitoring 
Let us consider an example of the possible use of a model of subjective reality in the field 

of Structural Health Monitoring. In [7] there is a discussion of the prospects of creating 
Integrated Vehicle Health Monitoring systems for aerospace applications. IVHM system is an 
example of an intelligent sensing system. The purpose of such a system is to measure certain 
quantities, and use this information to make intelligent, forward-looking decisions and 
initiate actions. Authors note that one of the important practical characteristics of IVHM 
systems is that they will generally consist of thousands, and perhaps millions, of sensors of 
different types measuring different quantities. Centralized processing of this amount of data 
is an elusive task. Authors propose construct a distributed processing architecture of 
intelligent monitoring system (Multi-Agent System, MAS). According that, the entire 
controlled technical system must be divided into blocks. The problem of monitoring for each 



 
 

of these blocks must be solved separately. 
The disadvantage of this approach is as follows. From experience of monitoring of 

complex technical systems we know that the decision of Predictive Health Monitoring tasks 
is efficient in case of joint processing of data characterizing different parts of the controlled 
object. In addition, starting with a certain critical level of complexity, technical manifestation 
of degradation of the controlled object acquires an individual character. Prediction of failure 
of individual components of the system can be done on the basis of changes in the state of 
other components of this system. This approach cannot be implemented within MAS 
architecture. However, this architecture must be supplemented with the central analysis unit. 
Its functions may include the analysis of the data sent from individual monitoring agents. 
Automated analysis in this case can include the search of patterns of transitions between the 
states of the individual units of controlled system. The result of this analysis can be 
represented as automatic extraction of a set of patterns that characterize the object of 
monitoring as a whole. 

4 EXPERIMENTAL LAYER 
Let’s consider the system that we call Cognitive Sensor (CS). The architecture of this 

system includes sensory subsystem and logical subsystem. Sensory subsystem can make 
periodical measurement of scalar value x which characterizes some property of external 
world. Logical subsystem can store and process the sequence of measured values. In addition 
architecture of CS may also include subsystem which makes preprocessing of sensory input. 
Let us assume that x can take values from some bounded set of values. 

Logical subsystem realizes three main functions. First, it makes the discretization of the 
input stream of values. Second, it makes the ordering of the input values sampled in the 
stream according to their position within the stream. And third, it makes the processing of 
sampled and ordered set of values. A feature of logical subsystem is that it is capable of 
processing only a discrete set of values. Operating logic of CS is based on the ability to 
compare the values that x takes at different positions within the stream of analyzed data. 

Mathematical model of Cognitive Sensor is formulated as a non-deterministic finite state 
automaton (NDFSA). In this case we represent NDFSA model as 3-tuple of the following 
type: K = (S,I,R), where S is the finite set of states of automaton; I is the set of initial states: 

SI  ; R is the set of transitions between the states: SSR  , where SsSs  *,  so that   Rss *, . Here the term “state” has the meaning of the representation of world which was 
previously recorded during experience of perception of CS as something different from other 
representations. Perception of CS is one-dimensional in the simplest case when there is only 
one sensor in sensory subsystem. So each state of CS is characterized by some range of 
values which x can have during measurement.  Each state s and each transition between states 
(s, s*) are characterized in CS model by the statistics of data stream processing, i.e. by the 
number of times that a given state or transition was observed during experience of 
perception. 

Represented model has the following features. First, this model is a non-stationary model. 
Both the contents of the sets S, R and their statistics depend upon the time. Second, both these 
sets depend upon the type of discretization of the input data stream. 

In accordance with principles of Artificial Subjective Reality, the memory of CS doesn’t 
include any representations of perceived world at the initial state of automaton. Thus the set I 
is empty. In accordance with this, the first stage of cognitive activity of CS is associated with 
collecting information about the range of possible values of x. This is necessary for the 



 
 

discretization of values measured in the stream. Total number of measurements necessary for 
that purpose may be defined on the basis of Hoeffding inequality condition [32]. 

On the second stage of cognitive activity the logic of CS starts the construction of 
representations of the world. Processing of the discretized input signal is performed 
according the following rules. If currently perceived state s is already present in the memory 
of the system, so logical subsystem increases the counter of statistics of current state. In the 
opposite case subsystem makes initialization of a new memory element. After that in both 
cases logical subsystem makes update of statistics of the set of transitions R. 

A feature of the proposed model is the use of the method of statistical self-learning in data 
stream. This stream processing logic uses only the abilities of CS to make ordering of the 
stream of perception, to compare elements of a finite set, and to memorize them. Another 
feature of CS model is that system can make self-learning in on-the-fly mode; it can gather 
knowledge from experience. All these abilities are natural to living organisms. 

Cognitive Sensor model was implemented as software developed in RStudio environment. 
One of the purposes of numerical investigations was to study the possibility of using methods 
developed in the field of Temporal Networks [34] for representation of results of cognitive 
activity and their analysis. Unfortunately, we are very limited in space for representation of 
these results here. Therefore, we will focus only on generalization of them.  

Discretization of the range of variable x is one of the most important points at the 
application of CS model. For example, one of the simplest ways is to split the range into 
intervals of equal length:      Nxxdx minmax  , where N is total number of intervals. In 
this case too large values of dx lead to a small number of states in the set S and a small 
prediction error values even for relatively large values of prediction length. This leads to a 
very rough representation of the world. Here we can see that too large proportion of 
transitions (s, s), i.e. the transitions to the same state, characterizes excessively coarse 
partition of the total range of x. Otherwise too low values of dx can lead to a situation when a 
large number of states may not be observed in numerical experiments. The reason for this can 
be both too small observation time and a high degree of localization of x values inside a 
definite set of intervals. 

Analysis of the problem of discretization is more informative if we examine results 
depending on the values of dx/τ, where τ is time interval between two sequential 
measurements. The value of τ should be considerably less than the characteristic time of 
variation of the distribution of x. Otherwise, it becomes impossible to use Change Point 
Detection methods for the analysis of statistics of the set R. In the situation of a complete lack 
of data on observed world the set of measurements should start with the lowest possible 
values of τ. On the one hand, this leads to significant computational cost at the initial stage of 
constructing representations of the world. However, on the other hand, it allows us to solve 
the problem of choosing dx/τ values that are consistent with dynamics of observed world, 
providing a predetermined prediction error value at the maximum possible length of the 
prediction. In our experiments with synthetic data streams the value of prediction error was 
not greater than 2.5% for one-step prediction. Values of maximum prediction error increase 
with the growth of the length of prediction. For two-step prediction the value of error was not 
greater than 10.1%, and for three-step predictions – not greater than 17.5%. These results 
were obtained with the use of maximum likelihood predictor. 

The issues of discretization and selection of measurement frequency can be considered 
from the point of view of structural constraints imposed on the system when it is created. 
Memory that is available in the system must be sufficient not only to store the elements of the 
set S, and elements of the set R. Discretization of the range of x values is defined by value N. 



 
 

In contrast to this, the number of elements of R depends both on the way of solution of 
discretization problem, and on the observed dynamics of the values of x in the stream.  

The model of Cognitive Sensor includes two aspects of the perception of the world. The 
static aspect is expressed in the model as a set of states S. The construction of S can be 
carried out in different ways. But always the aim of this construction is the solution of one 
key problem in the field of AI: the problem of transformation of a continuous representation 
of the world into a discrete set of sub-representations. The dynamic aspect of the model is 
expressed by a plurality of transitions between states. Accounting the dynamics of states is 
the key to another important problem of AI, the problem of constructing a hierarchical 
system of representations. Combining these two aspects into one model makes it possible to 
build the perception of cognitive system adaptively to the set of processes, which artificial 
intelligence system is able to observe in the outside world. 

During investigations we found that NDFSA model is an efficient tool for the exploration 
of processes observed by CS in outer world. Exploration of unique sequences of change of 
states makes possible to measure the degree of stochasticity of variable x. Online analysis 
may be used for the identification of changes in dynamics of streaming values. Unique 
sequences of change of states may be used for the development of new predictors of future 
observations. This may be important for the investigation in the field of methods of 
predictive analysis. 

Proposed model of Cognitive Sensor can be used in solving the problems of Structural 
Health Monitoring. Integration of sensor elements into the structure of created technical 
system makes it possible to collect information on the state of the controlled object from the 
very beginning of its operation. Cognitive Sensor begins to collect data, and process them. 
The purpose of this activity is to build a model of the observable world; CS gradually creates 
dynamic model that describes controlled object. This model includes the set S of states and 
the set R of transitions between these states. The problem of monitoring in this case is to 
analyze the changes in the sets S and R. In particular, the change of S, consisting in the 
appearance of new, hitherto unobserved states, may indicate a change in the structure of the 
object. On the other hand, it may indicate the failure of a sensory subsystem of CS. Changes 
in the set of transitions between the states may include two types of changes in the dynamics 
of the controlled object. First, the emergence of new transitions between states, i.e. 
transitions, which were not previously observed. Second, the change of statistics of the 
transitions between the states that have been observed before. The appearance of any of these 
types of changes should be the reason for an in-depth study of the health of controlled object. 

We consider proposed model of Cognitive Sensor as the very first step towards the 
creation of self-regulated, self-managed monitoring systems. First direction of our research 
will include activities on the improvement of predictor function. CS functionality currently is 
highly limited, and the future direction of our work involves the creation of an integrated 
model of Artificial Subjective Reality based on the simultaneous use of several different 
Cognitive Sensors. This problem has two aspects. 

First, a separate CS is able to build a model of the world, which is based on the concept of 
sequence. In this type of model the subjective concept of time is introduced on the basis of 
empirical principles as a value which characterizes the dynamics of changes of system states. 
It is fundamentally impossible to introduce the subjective concept of space in this model. 
Empirically the concept of space can appear if architecture of AGI system includes multiple 
sensors designed to measure the same physical quantity.  

Second, there is the possibility of combining multiple sensors in the architecture of a 
single system so that each sensor is designed to measure a single physical quantity. 



 
 

Composition of sensors should be determined by the technical characteristics of the 
controlled system. For example, it may include temperature sensors, pressure sensors, 
accelerometers. The development of such monitoring systems provides the possibility of 
setting a new class of problems associated with the distributed self-learning. 

One of the most interesting areas for further work is to investigate the possibility of using 
in ASR model the same principles of teaching and learning that characterize wildlife. During 
our work with CS model we faced with limitations which make it hard to formulate 
numerical optimization problems associated with artificial perceptions. We hope to remove 
these limitations during the work on above mentioned direction of research. 
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