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Abstract. Creation of the mobile autonomous control system 
has specifics. The decision-making and assessment of the 
large scale situation are based on the global situation model 
presented in the form of a multilevel structure at different 
abstraction levels. Three types of abstraction are considered: 
quantitative, deterministic, and generalized abstraction. The 
report examines the algorithm for processing data from 
sensors at the first two levels. Algorithm is programmed in 
Python and implemented on ESP 8266 microcontroller. 
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I. INTRODUCTION AND PROBLEM STATEMENT 

Large scale situation assessment systems, organized on a 
distributed monitoring basis, include local components that 
move across the monitoring object space and are implemented 
as mobile autonomous systems (MAS). The decision-making 
and assessment of the situation in these systems are based on 
the global situation model (GSM) [1], which is based on data 
obtained from MAS. In work [2], GSM is proposed in the form 
of a multilevel structure at different levels, the situation of 
which is represented by concepts of different levels of 
abstraction. Model [3] formalized three types of data 
abstraction: quantitative, deterministic, and generalized 
abstraction. Quantitative and determinative abstraction 
(Q&DA) acts as a bridge between natural language description 
and numerical sensor data. The report examines the first two 
levels of abstraction of Q&DA for the representation of GSM 
in MAS. 

At the department of Information Technologies of USURT, 
the applications creation technologies, including MAS, are 
tested on the basis of a training and research polygon of the 
Internet of Things and Intelligent Machines [1]. In the report, a 
wheeled robot performing the function of monitoring the 
occurrence of a fire situation is views as a MAC. The robot is 
implemented on a four-wheeled chassis with gear motors, 
equipped with a single-board Raspberri Pi 3B computer, 
Arduino Motor Shield controller and ESP 8266 
microcontroller. Data acquisition from DHT11 temperature and 
humidity sensors, BH1750 smoke, MQ - 2 flame and 
illumination and Q&DA is implemented on ESP 8266 
microcontroller. The report examines the algorithm for 
processing data from sensors at the first two levels of Q&DA. 
Algorithm is programmed in Python and implemented on ESP 
8266 microcontroller. 

II. PROBLEM SOLUTION AND RESULTS 

The algorithm uses knowledge of granulation of a control 
variable: how many granules are by the range of possible 
variable values) and fuzzy restrictions for these granules. The 
fuzzy characteristic of the pellets is the fuzzy confidence factor 
[2, 3]. Therefore, the fuzzy constraints of the granules are set as 
a function of the fuzzy confidence factor given in the variable 
definition area, as shown in Fig. 1. 

Q&DA is a procedure of granulating data from each source 
and determining granules fuzzy characteristics (GFC) [3]. For 
this, set of possible sensor values covered by several 
information pellets. The size and number of granules depends 
on the task. Each of these granules refers to the zero level of 
GSM. The fuzzy characteristic of the pellets is a fuzzy L-R 
number with a Gaussian function with three param - 
confidence; TL and TR are the time intervals since the last 
sensor data was received and the data changed, respectively. 
On the basis of GFC there is an integral characteristic of 
confidence - a confidence factor CF [3]. 

The universal model for presenting knowledge about 
granulating data from a single sensor is as follows: 

 

<n, (a1, b1, c1, d1, e1, f1 ai, bi, ci, d1, ei, fi  
(an, bn, cn, dn, en, fn)>,                      (1) 

 

where n  is the number of granules into which the area of 
possible data from sensor is broken; 

ai, bi, ci, d1, ei, fi  are parameters of a piecewise linear 
function representing the d
range of possible data from sensor. 

The meaning of the parameters ai, bi, ci, d1, ei, fi explains 
Fig. 1b. Consider an example where the data from the 
temperature sensor is represented by 3 granules. Formula (1) 
for this case will be: 

 

<3, (a1 = 20, b1 = 20, c1 = 20, d1 = 24, e1 = 28, f1 = 38),  
(a2 = 20, b2 = 24, c2 = 28, d2 = 32, e2 = 36, f2 = 38), 

 (a3 = 20, b3 = 32, c3 = 36, d3 = 38, e3 = 38, f3 = 38)>    (2) 
 

The numerical definition of the three granules in (2) is shown 
graphically in Fig. 1 and corresponds: the first granule is shown in 
Fig. 1a, the second is shown in Fig. 1b, and the third is shown in Fig. 
1.c.  
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a)          b)                           c) 
 

Figure 1. Graphical view of the numerical definition 
 

In accordance with the abstraction model [2,3], an 
algorithm for granulating the input numerical values and 
extracting GFC in real time was developed. The granulation 
algorithm for a single data processing step on the example of a 
single temperature sensor is shown below. 

1. Obtaining data from the temperature sensor T. 
2. Validation of data max[ , ]minT T T . 
3  
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4. Calculation of confidence parameters tL and tR 
 

 tL=0, (4) 
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III. CONCLUSION 

The following example demonstrates the efficiency of a 
program. The results of a survey of the temperature sensor at 

step were the values of GFC1 = ( 1= 1.0, tL1 = 0, tR1 = 10), 
GFC2  = ( 2 = 1.0, tL2 = 0, tR2 = 10), GFC3 = ( 3 = 0.75, tL3 
= 0, tR3 = 10) 0.75. Calculations according to the 
above algorithm based on knowledge (2) gave the following 
values of the parameters of GFC for these granules: GFC1= 

1=  0,5, tL1 = 0, tR1 = 11), GFC2 2 = 0.5, tL2 = 0, tR2 = 
11), GFC3 3 = 1, tL3 = 0, tR3 = 0). 
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