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Abstract:The article defines criteria, conditions and

requirements for the development and existence of an

embedded system. A concept of an algorithm for intelligent

behavior of an embedded system, which will be able to

recompile software modules and components by itself and

by the software core, is presented. The aim is to achieve

sustainability, expand the functions of embedded systems

and adapting the system to work in different environments.
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I. INTRODUCTION

Embedded structures are a considerable era in recent times.
Most of the manufacturing systems, verbal exchange
structures, net of factors (IoT), mechatronic systems and
robots are built on the idea of embedded structures.
Therefore, the process of research and development of
embedded structures ought to be persisted.

In latest years, there was a fashion closer to the
transition from massive and stationary desktop machines
to small, cellular and desk bound devices, which might be
basically embedded systems with a diffusion of
applications [1]. While in phrases of electronics,
miniaturization of components and devices happens in
everyday rate it in terms of software, matters are quite
underdeveloped.

This is due to the fact there's constant hardware
updating, and for you to program an embedded system or
device, the developer must have additional understanding
in the discipline of electronics, physical interfaces for
virtual-to-analog conversion, digital sign processing and
others.

Similarly, performance and communique
requirements are converting and the wide variety of
services that structures want to offer is growing. It follows
that the necessities for software structures that run on cell,
embedded gadgets are increasing [2]. The homes that
software structures need to have are:

● Near-optimal performance
● Robustness
● Distribution
● Dynamism
● Mobility

Embedded structures have to offer multifunctionality and
steady updating of their software packages because of the
development of ICT. With the improvement and creation of
robots, smart and IoT gadgets, self sustaining automobiles
and UAVs, embedded systems have to now be capable of

system huge streams of enter facts in real time, send output to
centralized systems and explicit (generate) behavior this is
tailor-made to the unique state of affairs and their
environment [3].

As an example, within the design of modular provider
robots [4], a method of building via modules is carried out. In
a carrier robotic we can distinguish modules including mobile
platform, manipulator, sensor gadget, vision system and
others. Every of these modules is controlled by way of an
embedded gadget represented by a microcontroller and the
corresponding firmware in it.

Due to the fact carrier robots are expected with a view
to carry out specific responsibilities, every of the modules
should have the options to amplify its capabilities and
ensure its successful operation. One of the methods to
solve the sort of trouble is by means of putting algorithms
for self-getting to know and self-protection of embedded
structures [5].

This can permit them to be without problems
reconfigured and ensure a hit operation and reliability
when combining special modules.

As a part of artificial intelligence (AI), the conduct
extensively expands the capabilities of embedded gadgets,
but on the equal time increases the requirements for
hardware performance and complicates the software
program architectures [6]. The intention of this studies is
to determine what a system needs in time period to
become self-sufficient or self-helping.

If we examine given embedded device with living
creature there are some key functions/point which range
them the maximum, leaving apart reality that one is made
via silicon and the opposite from dwelling cells:

● Embedded system - if there is not some kind of AI
software, it does not have any kind of consciousness.
If there is some kind of AI based software there might
or might not have the ability to learn.

● Living creatures - by “design” of nature every
living creature has the ability to learn, evolve,
adapt to the surrounding environment to survive.

AI. EMBEDDED SYSTEMS - DEFINITION
AND PROBLEMS

There are a variety of definitions about embedded
systems, however in our paper, we're going to use the
following:

An embedded system is a sort of specialized pc
system this is commonly integrated as a part of a larger
gadget.

The embedded device includes a aggregate of
hardware and software components, in an effort to
form a computational engine that plays a particular
project. Not like computer structures, that are used to
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carry out fundamental capabilities, embedded systems are
confined to appearing their features in keeping with their
utility.

Embedded structures are commonly created
exceptionally specialized, with hardware appropriate for
the unique challenge [7].

Fig. 1. Embedded system architecture.

In figure 1 is represented a typical structure of an
embedded system. The main components that are built in
the proposed structure are:

● Processor (CPU): the heart of the embedded machine.
May be used a fundamental 8-bit microcontroller or
a extra complicated 32/64-bit microprocessor, or
build a multi-processor structure. The selection of
microcontroller and microprocessor is determined by
means of the specified computing strength according
to the requirements of the application, and the safety
requirements;

● RAM: the area where the executable code works.
This memory is commonly selected to be sufficient
as a quantity for the regular functioning of the
machine, however it need to also not be too much,
i.E. Plenty of it to stay unused continuously
because it consumes power, and consequently the
system isn't premiere;

● ROM: An crucial a part of the embedded machine in
which software cores, packages, libraries, and extra
are stored;

● Analog and virtual I / O: used to receive records
from sensors and to send facts to different devices;

● Sensors and actuators: sensors extract information
from the environment. Actuators are used to engage
with the environment;

● person interface: software or device for interplay
with the embedded gadget. As an instance, easy
through LEDs, speakers and alphanumeric displays
or complicated through a connection through a
mobile application;

● precise outputs: hardware acceleration like ASIC or
FPGA is used for accelerating unique functions
within the software that have excessive overall
performance necessities;

● software: substantial a part of the embedded device
development. Embedded software program is usually
optimized in some way (overall performance,
memory, strength). More and more embedded
software is written in a excessive-degree language
like C++ with a number of the more overall
performance-pieces of code nonetheless written in C
and meeting language. Desired language for
embedded gadgets in term of low-degree manipulate
and communications are C and assembly language,
in rare instances while this form of communications
is out of Linux kernel there might be C++
implementation even Java or python;

● Diagnostics: diagnostic ports including JTAG (Joint
test motion institution) are used to debug embedded
structures. On-chip emulation is used to offer
visibility for the behavior of the software. These
emulation modules offer sophisticated visibility for
the runtime conduct and performance, in effect
replacing external good judgment analyzer
characteristic with on board diagnostics functionality.

Normally, embedded systems perform duties which are
actual-time processed and without delay have an effect on
other processes, devices, and individuals in a huge device
[8]. Consequently, the following foremost troubles of
embedded systems are fashioned: balance, non-stop
operation, reaction time and restoration after failure. To
solve those problems, the structures themselves need to be
able to hold themselves.

The programming of embedded structures isn't
always a lot exclusive from general programming. The
primary distinction is that every selected platform isn't like
the others. As a consequence, the program code, build and
compilation have to be regular with the selected hardware.

The method of making software for embedded
structures takes region in several degrees: machine
requirements, structure, layout, implementation, checking
out. This is applicable to all areas of application of
embedded systems.

BI. EMBEDDED SYSTEMS APPLICATIONS

Embedded structures are extensively used inside the
following areas:

Smart telephones, enterprise four.0, IoT and clever
technology,Robotics, vehicle, Aerospace and
medication and so forth. [9] [10].In these kind of areas,
artificial intelligence is beginning to be used as a main
generation, as systems growth their performance,
capability and flexibility.

In enterprise 4.Zero, the primary idea is to construct a
commonplace community between gadgets in a factory so
that every one gadgets can talk with each different or with
an operator [11]. In essence, the manipulate of each
character tool is realized via a integrated gadget.
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The functions of the tool are decided in step with the set
programs in the embedded machine. To make sure
continuous operation, all the issues of the embedded
systems referred to in the previous bankruptcy ought to be
solved.

Clever technologies allow embedded systems to
carry out synthetic intelligence algorithms and device
learning inside themselves. IoT are gadgets that are
embedded structures that carry out various features based
totally on clever technologies and may be accessed via the
internet.

Smart technologies are one of the subject where this
type of self-sufficient AI can discover subject to expose
what's able to. Potential to conform on his personal is key
feature for each AI and purpose to name it that manner. At
this factor maximum (even all) of available AI systems do
not have potential to change on their own, storing
ridiculous amount of records is not counseled of any type
in present day databases which might be faster and more
optimized. Understanding base is saved in some type of
database and if this database is wiped out it disappears.
Expertise base and facts base are little jumbled in AI.

If we split them in two categories:

● Knowledge base - knowing how to make
something, for example subtract. For this basic
information there is no need to store outside of
main logic core of the AI;

● Database - having a lot of information for
surrounding environment which can be used for
deciding how and where to move.

Embedded structures are the main place wherein AI is
placed/deployed on the sector, in a actual environment.
Form of hardware that has the capacity to help any kind of
AI has advanced plenty within the last few years. There's a
huge amount of ARM based totally SoC’s that are
effective sufficient to be used even for development
paintings stations.

One of the important boundaries which AI hit on the
sphere is confined computing strength and resources in
phrases of computation abilities on subject (out of doors of
the lab) in actual environment. Having powerful enough
hardware that's broadly available makes it viable.

IV. PREREQUISITES, METHODS,
ALGORITHMS,TECHNOLOGIES FOR
SELF-OPERATION

Embedded systems are the main region wherein AI is
located/deployed on the world, in a real environment.
Form of hardware that has the potential to assist any form
of AI has advanced masses within the last few years.
There's a large quantity of ARM based totally completely
SoC’s that are effective sufficient for use even for
development artwork stations.

One of the essential obstacles which AI hit on the

sphere is restrained computing strength and sources in
terms of computation talents on challenge (out of doors of
the lab) in real surroundings. Having effective sufficient
hardware this is broadly to be had makes it feasible.

The minimum required packages based on Raspberry Pi
Linux OS are:

- Kernel header for Linux kernel version which is running;
- GCC compiler;
- Flex and Bison packages;
- Make.

To put in the necessary programs, we should execute the
following instructions:

Sudo apt installation linux-headers-$(uname -r) deploy
libncurses-dev flex bison openssl libssl-dev dkms libelf-
dev libudev-dev libpci-dev libiberty-dev autoconf make git

The picture in determine 2 suggests simple example
structure for self-sufficient center named AI middle with
modules, which surround the middle and allow it to exist
in that way. Different fields which are out of AI center
organization are components that are a part of the host
system: Linux Kernel, machine source code and libraries,
GCC compiles and so forth.

The AI middle is aspect with a purpose to command
different modules what to do and a way to behave.
Modules loading Interface which allow AI middle to load
functionality.

In this example loadable modules are named from M1
to M6. Anyone of them can be recompiled at any time the
usage of their source Code base.

Fig. 2. Basic example architecture for self-sufficient core

The representation of the working algorithm is the
following:

• Change is required in module M2
• Found source code for module M2
• Make changes in Source core of M2 module using

Code Generator module, but not wipe out old
version of M2.

• Run basic syntax check of the code.
• Trigger self-compiling logic.
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• If all requirement of new logic, like libraries are
satisfied and there are no warning or errors of any
kind during build process, compilation is successful.

• Basic tests are made on compiled to be sure it is
working as expected.

• AI core is notified for M2 module new version
• AI code trigger module change.
• Module Loading Interface unload old version of

M2 and load newer version of M2

Generation for self-operation - capability to update and
change fragments of its very own code will deliver the
ability of the system to become impartial. One of the
options is much like the shared item model but without
want of restarting the utility. Giving simple functional
capacity to reload part of functionality without shutting
down. Make code hot swappable.

Self-maintaining algorithms must be tailor-made to
the particular machine. Their role is to mechanically
generate code. In this way, the systems will be capable of
recompile and execute the applications and libraries
embedded in them.

V. CODE SAMPLES AND EXPLORATION /
EXPERIMENTS AND RESULTS

On this phase are offered easy codes for supplying a few
basic features inside the embedded structures.

The primary code pattern is for loading shared item
with usual library for Linux primarily based systems – dlfcn.
In this example function that's linked is known as void
foo(void) and it print out in the console where the primary
center is running “hiya, i am a shared library” after which
gracefully go out.

$cat foo.c
#include <stdio.h>
void foo(void)
{
puts("Hello, I'm a shared library");

}

The second code sample represents more complicated
functions for loading object libraries, sharing objects and
function operations. The exploration of the separate
functions is described above:

• load_dl is most important here; it allow us to load
shared object library (.so) while the main core of
the program is running. This will give us
functionality on the fly to change functionality
without need of restarting the main core of the
program. In these days this kind of software
architectures are widely used but very rare in that
low level.

• Dlopen - will open share object and will return
handler which will allow us to load fractions from
its shared object. This code fractions are functions
which on the next step will be linked by name to
function pointer _f which will execute the function.

Before execute function we should check in dlsym() for
some reason does not return error, this is just good
practice and not very important part. But if you try to
execute invalid code fraction this almost certainly will
cause whole program to crash including the core.

void load_dl(char libname[] )
{
void *handle;
void (*_f)(void);
char *error;

handle = dlopen(libname,
RTLD_LAZY); if (!handle) {

fprintf(stderr, "%s\n",
dlerror());
exit(EXIT_FAILURE);

}
dlerror();

_f = dlsym(handle, "foo");

if ((error = dlerror()) != NULL)
{ fprintf(stderr, "%s\n",
error); exit(EXIT_FAILURE);

}

(*_f)();
dlclose(handle);

}

VI. CONCLUSION

The proposed stipulations and architecture for self-
sufficient systems will provide smart behavior of the
embedded structures. As destiny paintings we plan to
investigate and develop all modules which on first steps
will clear up basic obligations and will offer infrastructure.
When the concept of working gadget is finished, the
technique could be incorporated with complicated self-
gaining knowledge of AI middle a good way to learn the
way to use all functions, and gain from them.
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