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Self-adaptive method 
for mission-critical embedded systems

OlegNepomnyashchiy, Natalia Sirotinina, Anton Khantemirov

Thearticle describesapproachto designinga control module of mission-
criticalembeddedsystemson the baseof a self-adaptiveintelligentagent.

A decision-making system of the intelligent agent relies on a modified
procedural reasoningsystem,supplementedwith a procedure of building a
newscenariothrougha geneticalgorithm.

The software-hardware implementation of the genetic algorithm on the
baseof SoCmaintainsits flexibility andreducesscenariosearchtime.
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Self-adaptive intelligent agent
Embeddedsystemsare often used to control a technicalobject in changing

environment. Suchsystemsneedanadaptivecontrol methodto meet the following
requirements:

V anoptimalplanof actionsto achievea goal.

V operatingin the real-time mode;

V self-adjustingto changingenvironmentalconditions.

A promising approach to developing embedded control systems is self-
adaptiveintelligentagentbasedon ProceduralReasoningSystem(PRS)
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Procedural Reasoning System
ProceduralReasoningSystem(PRS) operates with a pre-determined set of

goalsand relevantscenariosand usesa selectionprocedureto choosean optimal
scenarioto achievea goal.

Thequalityof the chosenscenarioisestimatedby the fitnessfunction.

The conventionalPRSalgorithm is not able to create a new scenariofor an
unforeseensituation.

This is of critical importance for the objects operating in a dynamically
changingenvironment.
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Embedded system based on an intelligent agent

The proposed 
modification of PRS
provides two options for 
action: 

V to select a scenario
from a predefined list to
achieve previously known
goals;

V to form a new scenario
for solving unforeseen
problems.
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Dependence of the computational complexity of the algorithm 
parts on the task complexity

The described method has been modeled and tested on the traveling salesman problem. 
Simulation results allow us to define the most computing-intensive procedures of the 
control algorithm. 
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Software-hardware implementation of the genetic algorithm

Ψ{ȅǎǘŜƳ-on-a-/ƘƛǇΩ ǇƭŀǘŦƻǊƳ ƛǎ 
selected for implementing the 
proposed method 

V embedded CPU implements a 
software interpreter and problem-
dependent computing-intensive 
part of the algorithm

V hardware modules implement 
problem-independent parts of the 
genetic algorithm.
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The authors propose to develop self-adaptive intelligent embeddedcontrol
systemsfor mission-critical applicationsusingan intelligent agent on the baseof
modifiedproceduralreasoningsystem.

Thenovel approachis the useof a geneticalgorithm to generatean optimal
scenarioin caseof its absencein the pre-preparedscenariobase.

Thecase-studyof the modelprovesworkabilityof the method.

A SoCis selectedas a target hardwareplatform for the proposedapproach
implementation.

Conclusion
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Lidarbeam path model for measuring extremely low 
concentrations of hydrocarbons in the surface layer

OlegNepomnyashchiy, Natalia Sirotinina, Dmitry Popov, SvenlanaLeshchenko

Remote laser (LIDAR) sensing is used to study parameters and
componentsof the atmospherein variousapplications.

The article is devoted to increasingthe sensitivity of lidar sensingto
determinethe hydrocarbonconcentrationbya low power laser.

It allowsusingthe lidar sensingfor explorationof hydrocarbondeposits
(oil, naturalgas).
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Hardware-software complex 
based on the differential absorption method 

1,2 �t lasers, 3 - rotary mirrors, 4 - modulator of laser radiation, 
5 - telescope, 6 - spectrum analyzer, 7 - photocell

Differential absorption 
method based on  
comparison of backscattered 
signals of two laser pulses 
with different frequencies: 
one at the absorption 
frequency, and the other 
outside it.

It provides a high sensitivity 
in determining molecular 
components at large 
distances.
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