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The relevance of the research is due to the fact that one of the prerequisites for the
implementation of Internet of things and Wireless sensor network technologies is the
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reliable operation of the involved information and measurement systems as parts of the
automation and digitalization systems on the rights of subsystems. Thus, the main purpose
of the article is to substantiate scientific approaches to increasing the reliability of budget
serial microcontroller boards as parts of information and measurement systems by
developing methods of improving their technical and functional characteristics. Basic
research methods are: methods of critical analysis and logical generalization; methods of
computerized monitoring of electrical parameters; methods of experiment planning;
methods of computer analysis of measurement results; approaches to experimental testing
of information and measuring equipment. The main results of the article are as follows:
the current state of scientific research and practical developments on ways to improve the
technical and functional characteristics of microprocessor platforms has been analysed;
the stabilization characteristics of the output voltage of the microprocessor platform have
been investigated; the temperature dependences of the microcontroller at different
denominations and types of load have been obtained; the priority areas for further research
have been substantiated.
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1. INTRODUCTION obstacle in the implementation of appropriate technologies to
small and medium-sized enterprises. Thus, the development of

One of the prerequisites for the implementation of Internet electronic devices based on budget microcontroller boards has

of things (IoT) and Wireless sensor network (WSN)
technologies is the reliable operation of the involved
computerized information and measurement systems as parts
of the automation and digitalization systems on the rights of
subsystems [1-3]. Reliable and uninterrupted operation of
computerized components is a prerequisite for digitalization
and automation of technological processes at industrial,
agricultural and administrative enterprises. This, in turn, has a
positive effect on improving the long-term sustainability and
investment attractiveness of enterprises.

Therefore, at the stages of development and design of
computerized systems, considerable attention should be paid
to the reliability of structural components and information and
measurement systems in general. Existing modern IT solutions
from reputable manufacturers of computerized components
have satisfactory reliability indicators [4, 5], but their
significant disadvantage is high cost, which becomes an
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been gaining momentum recently. One of the most popular
and tested samples of such microcontrollers for the rapid
development of multifunctional prototypes is a
microprocessor platform — Arduino [6].

These boards are very popular because they are quite a
budget option, but this is accompanied by a number of
disadvantages during their operation with a significant number
of connected expansion cards and peripherals. Therefore,
when working with these microcontroller boards, ensuring
their reliability and smooth operation should be taken into
account and provided.

Thus, the main purpose of the article is to substantiate
scientific approaches to increasing the reliability of budget
serial microcontroller boards as parts of computerized
information and measurement systems by developing methods
of improving their technical and functional characteristics.
The object of the study is budget microprocessor platform
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Arduino under different load modes. The subject of the study
is technical and functional characteristics of the Arduino
platform, which are observed under different load modes.

This article consists of eight sections. The first section is
devoted to substantiating the relevance of the problem being
solved. The second section presents results of the analysis of
scientific research and practical developments in this subject
area. The third section is devoted to the substantiation of the
used research methods and means. The fourth section presents
main results of the authors’ theoretical and applied research
with their quantitative and qualitative interpretation. The fifth
section contains a description of further research priorities.
The sixth section presents general conclusions. The seventh
section contains a list of the used reference sources. The eighth
section is the decipherment of symbols.

2. CURRENT STATE OF THE RESEARCH SUBJECT
AREA

To date, low-cost microprocessor platforms such as
Arduino have proven to be satisfactory hardware for
aggregation and transformation of measurement information
while designing of applied computerized systems for
monitoring and controlling a wide range of processes, as
described in detail by groups of researchers in articles [7-11].

Currently, a significant amount of research papers are
known to study technical and functional characteristics of
Arduino microprocessor platforms. For example, the author of
the scientific article [12] explored basic principles of operation
and use of the Arduino board, which proved the possibility of
its use as hardware during research.

Groups of researchers from different countries in scientific
works [13-16] studied the Arduino Uno platform for its use as
a basic tool while designing computer information and
measurement systems, which allowed determining satisfactory
characteristics for accuracy and speed of aggregation of
measurement monitoring results.

The authors of the scientific work [17] experimentally
proved the effectiveness of using the Arduino as laboratory
equipment in the development of robotic systems and
automatic control systems. It should be noted that articles [7-
17] are not an exhaustive list of known research results that
prove the effectiveness of the use of budget serial
microcontroller board of the Arduino type. These works are
typical scientific works, which reveal the approach to studying
the functionality of Arduino and computerized information
and measurement systems based on them.

During the authors’ own long-term research on the
development and implementation of computerized measuring
equipment for agricultural and industrial purposes using the
Arduino microprocessor platforms [18-22], a number of
systemic weaknesses in the operation of the Arduino Mega
2560 microprocessor platform were identified. One of them is
instability of the on-board power supply line which provides
the board with a voltage of 5 V.

Therefore, in order to justify methods of improving
technical and functional characteristics of the used
microcontroller board to ensure uninterrupted and long-term
operation of computerized systems based on them, it is
necessary to establish the optimal operation mode of that
power line. In order to solve this problem, it is necessary to
substantiate recommendations for rational load distribution on
a linear voltage stabilizer.
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During the analysis of the technical documentation of the
linear voltage stabilizer AMS1117-0.5, which is a part of the
Arduino platforms, the following was determined: if the
voltage at the stabilizer input does not exceed the output
VOItage by more than 1.5 V (Uin stabilizer — Uout stabilizer =
1.5 V), the rated current at the stabilizer output can be 900 mA.
That is, at a voltage of 6.5 V (U, stabitizer = 6-5V) and a
current at the stabilizer output of 900 MA (Ioyt stabitizer =
900 mA), the stabilizer can operate smoothly and for a long-
term in its nominal mode and meet the stated characteristics
[23]. However, further research is needed to establish
technical and functional characteristics of such platforms
during loading with different peripherals, which are different
types and load ratings in relation to the microprocessor
platform Arduino Mega 2560. Such studies should take into
account known proven approaches to research of linear
voltage stabilizers, which are covered by research groups in
articles [24, 25].

Based on the analysis of the known research results, which
are presented above, the following fact has been established.
There are many factors affecting the stability of electronic
components of microprocessor platforms, such as physical and
chemical parameters of the working environment and
electrophysical circuit parameters.

The focus of this article is to reduce the influence of the load
dynamics on the functional characteristics of Arduino
microcontroller boards during operation as parts of
computerized systems in  conditions regulated by
manufacturers, since a significant number of system failures
were observed for this reason. This fact has been proved by
authors” own long-term research on the development and
implementation of computerized measuring equipment for
agricultural and industrial purposes using the Arduino
microprocessor platforms [18-22].

It should be noted that during the a priori analysis of known
research results on the problem of establishing and optimizing
the technical and functional characteristics of budget serial
microcontroller boards, which are due to the imperfection of
their on-board power lines, it was found that currently there
are no such results except for fragmentary results, which are
given in technical characteristics of the respective electronic
components [6, 23].

As a result of the identified shortcomings, taking into
account the insufficiency of the known research results for the
rational use of the board during the development and design of
appropriate hardware and software solutions for digitization
and automation of technological processes there is a need for
scientific substantiation of practical recommendations for
working with the board.

3. RESEARCH MATERIALS AND METHODS
3.1 Research hardware and software

The research plan was based on the results of the authors'
previous long-term studies [18-22]. The experimental study
was carried out in the laboratory using a modern component
base and the latest certified equipment. Investigation of
functional characteristics of a linear DC voltage stabilizer
AMSI1117-0.5 [23] was performed as an integrated component
to the Arduino Mega 2560 platform [6]. The boardview
diagram and the general appearance of such a platform are
presented in Figure 1.
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Figure 1. Boardview diagram and general appearance of the
microprocessor platform Arduino Mega

The following control and measuring devices were used to
detect the electrical parameters of the investigated part of the
circuit: for the parameters Uiy, srapitizer 04 Uyt stabitizer —
multimeter UT151C in the DC voltmeter mode; for the
parameter Iyt seapitizer — multimeter EM130 in the DC
ammeter mode; for parameters Tgqpirizer a0d Ticrocontrolier
— multimeter UT71C in the digital thermometer mode; for the
parameter Toyrrounaing — multimeter MY62 in the digital
thermometer mode. A two-channel laboratory power supply
with a current stabilization function having an output voltage
range from 0 to 30 V and an output current range from 0 to
5 A was used as a DC voltage source. The first stage of
experimental tests involved using the following equipment as
a laboratory load of the DC voltage stabilizer: sliding
resistance rheostat SRR 3-93 with a value of 7 Ohm + 20%
and a permissible current of 7 A and sliding step rheostat SSR-
0.4 with a value of 1 kOhm + 20% and a permissible current
of 0.4 A.

At the second stage of the experiment carbon tuning
potentiometers of the RM063 series with a nominal value of
200 Ohm + 10% were used as laboratory load of pins of the
respective port groups, which were included in the rheostat
circuit. MS Excel software was used for further processing and
analysis of the obtained data.

The general algorithm of the experimental research on
increase of reliability of Arduino Mega 2560 was divided into
two main stages. During the first stage, the on-board power
line was studied, which consists of a linear voltage stabilizer
with a nominal power of 5 W and the corresponding
components of electrical wiring. During the second stage, an
experimental study of the operation of digital pins of the
corresponding port groups of the microprocessor part was
carried out with the optimal operating mode of the voltage
stabilizer set at the first stage of testing.

Obtaining the stabilization
characteristics of the stabilizer
output voltage during its operation
under different modes

Obtaining a criterion for assessing
the allowable operating limit of the
voltage stabilizer

/
Obtaining a set of characteristics of ~ /
the dependence of the stabilizer /
temperature on the output current at /
different input voltages / |

/ / Determining  the temperature

dep of the mi oller
N on the load of the pins of the
| . respective port groups

Recommendations for operating
modes of the Arduino Mega 2560
microprocessor platform

Figure 2. Diagram of the main stages of experimental tests

83

"
C E IR id4ddddid,

Figure 3. Photo of laboratory installation (A — block of
control and measuring devices, B — tested microprocessor
platform, C — block of loading of port groups)

Figure 2 shows a general diagram that reveals the sequence
of experimental tests; Figure 3 shows a general view of the
laboratory installation.

3.2 General research methods

The basis for achieving the goal is a comprehensive
approach using: methods of critical analysis and logical
generalization (section 2); methods of computerized
monitoring of electrical parameters (experimental research,
section 3); probability theory and mathematical statistics
(processing and analysis of results, section 4); methods of
experiment planning (experimental research, section 3);
methods of computer analysis of measurement results
(processing and analysis of results, section 4); approaches to
experimental testing of information and measuring equipment
(experimental research, Section 3).

3.3 Description of the first stage of the research

At the first stage of the experimental tests, temperature
modes of the linear voltage stabilizer AMS1117-0.5 [23],
which is part of the circuit of the five-volt power line of the
microprocessor platform Arduino Mega 2560, were studied,
which is shown in Figure 4.

uT71C
T stabilzer

Figure 4. Schematic electrical diagram of the five-volt power
line of the investigated microcontroller board

To ensure the smooth operation of the electronic device,
developed on the basis of the microprocessor platform
Arduino Mega 2560, it is necessary to set the most efficient
and long-term operation mode of the linear stabilizer.

The purpose of the first stage was to obtain a criterion
according to which the load range should be limited. For this
purpose, a series of measurements of operational electrical
parameters of the studied circuit were performed to obtain data,
which were used to establish a set of characteristics and to
provide a quantitative assessment of each operation mode of
the stabilizer within the microprocessor platform Arduino
Mega 2560.



The primary task was to obtain values of the maximum
allowable stabilizer temperature Tg¢gpitizer max»> ON the basis of
which the load range of the power line was limited. The
characteristics of the dependence of the stabilizer temperature
Tstapitizer ON time ¢ at the recommended input voltage of the
stabilizer Uy, srapitizer = 6.5 V and the output current of the
stabilizer 1,,; stapitizer = 900 mA were also obtained.

The next task after obtaining the criterion (limiting
temperature) was to conduct a series of measurements and
obtain a set of characteristics of the dependence of the
stabilizer temperature Tgapitizer On the input voltage

Ui sabitzer and the output current of the stabilizer Iy,¢ stapitizer-
As a result, the values of the maximum allowable current at
the input voltages of the stabilizer Ujy stapitizer =
{6.5V,7V,8V,9V,10V, 11V, 12 V} were obtained provided
that the maximum allowable temperature dissipated on the
stabilizer chip Tg;apitizer max Was not exceeded.

3.4 Description of the second stage of the research

The aim of the second stage of the experiment was to study
the operating temperatures of the ATmega 2560
microcontroller during the operation of the respective port
groups in the allowable load range.

Based on the analysis of the technical documentation [26]
on the schematic implementation of the microprocessor, it was
found that the ports and their pins are divided into appropriate
groups. Each group has its own pair of power line pins. The
general block diagram of the pins, ports and groups is shown
in Figure 5.

Figure 5. Block diagram of grouping of ports and pins of the
ATmega 2560 microcontroller

One of the main tasks to achieve the goal of the second stage
of the experiment was to obtain characteristics of the
dependence of the output current of the stabilizer I, stapitizer»
the stabilizer temperature Tgqpiizer and the microcontroller
temperature Tp,icrocontroier ON the number of simultaneously
engaged pins of the corresponding ports Np,c when the
output of the corresponding voltage port of the logic unit and
the maximum allowable output current are set at one pin
lout pin max = 40mA — for groups 1-3 and Ioyt pin max =
20 mA — for group 4.

This was done to determine the maximum allowable
number of simultaneously involved pins of the respective ports
at different load modes of the circuit.

The loading of the pins of the respective port groups to the
current limit value was performed according to the scheme
shown in Figure 6.

Step 1 Step2 Step4

Figure 6. Diagram of sequence of loading of group pins
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The next task of the second stage of the study was to
determine the dependence of the voltage stabilization of the
logic level at the pin of the corresponding port on their serial
and total load.

4. RESEARCH RESULTS
4.1 Limit operating parameters of the voltage stabilizer

To obtain quantitative estimates during the experimental
tests, a series of direct measurements were performed, which
were used to characterize the dependence of the stabilizer
temperature Tgqqpirizer ON time ¢ at the regulated values of the
input voltage of the stabilizer Uy, stapitizer = 6.5V and the
output current of the stabilizer I,y stapitizer = 900 mA, as
shown in Figure 7.

During the analysis of the obtained research results, which
are shown in Figure 7, it was found that the maximum
temperature during the action of the recommended values of
input voltage and output current does not exceed temperature
85°C.

Tstabitizer» “C
93
80 » e
67 o~
54 4 /
4
28

Figure 7. Dependences of stabilizer temperature on time at
input voltage 6.5 V and output current 900 mA (S1-S4 — test
series)

4.2 Temperature dependence of the voltage stabilizer

Thus, if the limit value of the stabilizer temperature is set
and maintained at 85°C, which is the limit criterion of the
nominal operation mode of the voltage stabilizer, we can get a
set of characteristics of dependence of the stabilizer
temperature on the output current at different input voltage
values. This experiment will allow obtaining the maximum
values of the allowable load of the stabilizer when powering
electronic devices with the appropriate voltage. Then, limiting
the value of the maximum allowable stabilizer temperature
Tstabitizer max » @ set of characteristics of the temperature
Tstabitizer dependence on the output current I,,; stapitizer and
input voltage U;y seapitizer Was determined. Based on such
tests, the maximum allowable current at subsequent input
voltages of the stabilizer Uin stabitizer =
{6.5V,7V,8V,9V,10V,11V, 12 V} was obtained, as shown
in Figure 8.

Based on the analysis of the data obtained, which are shown
in Figure 8, it was found that with the input voltage increasing,
the output current decreases. Therefore, when setting the
required current at the output of the stabilizer for optimal
operation, it is necessary to set the appropriate voltage at its
input to limit the maximum heating temperature of the chip,
which in turn reduces the probability of failure of the power
line microprocessor platform Arduino Mega 2560.
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4.3 Characteristics of output voltage stabilization

During the experimental tests, it was found that in some
modes of operation the stabilizer does not meet the stated
characteristics of voltage stabilization [23], as shown in Figure
9, in the form of the absolute deviation of the stabilization
voltage from the nominal value (see Figure 9a) and the change
in the relative instability coefficient K, s;apie (See Figure 9b),
which is calculated by the formula:

5.0 _Uout stabilizer 1)) 04
5.0

K =

unstable

(1

where: Ky ,stapie 18 the relative coefficient of instability, %;
Uout stabilizer 1S the actual voltage at the stabilizer output, V.
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Figure 9. Actual output voltage stabilization and relative
instability coefficient

In the nominal operation mode at an input voltage of 6.5 V
and an output current of 900 mA, the stabilizer does not meet
the requirements for stabilization of the output voltage within
the allowable limits of £35 mV [23]. In this mode, the voltage
at the stabilizer output drops to 4.29 V. According to the
experimental tests, it can be concluded that the optimal
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operation mode is achieved at an input voltage in the range
from 7 to 7.5 V. In this mode at an output current of 900 mA
the temperature does not exceed 85°C and the stabilization
voltage corresponds to the stated characteristics and is equal
to 4.8 V, as shown in Figure 9.

Based on the analysis of the research results shown in
Figure 9, it should be recommended that during the
development of electronic devices that require a supply
voltage of 6.5 V and the stabilization parameter is not critical,
it is allowed to reduce the stabilization voltage to 4.29 V. In
this mode, it should be taken into account that the supply
voltage of the microprocessor part will be 4.29 V and the logic
levels will not correspond to most compatible devices. It
should also be considered that the reference voltage of the
analogue-to-digital converter (ADC) will also be lower and
when designing information and measurement systems using
analogue sensors it is necessary to use an external reference
voltage source or take this fact into account when processing
output data from the ADC.

4.4 Temperature dependence of the microcontroller

The next stage of the research was to conduct a series of
measurements of the microcontroller temperature and voltage
at the pins of the respective groups of ports under sequential
loading.

As a result, the characteristic of the microcontroller
temperature dependence on the number of simultaneously
engaged digital ports of the Arduino Mega 2560 board at a
fixed consumption current and the total allowable current at
the corresponding digital pins was obtained. According to the
data obtained when the output groups were loaded with a total
current of 700 mA, it was found that the maximum
temperature of the microcontroller did not exceed 80°C, which
corresponds to the normal temperature of the microcontroller
operation. The dependence of the microcontroller temperature
on the total output current at the port pins is shown in Figure
10.
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Figure 10. Dependence of microcontroller temperature on
the total current on digital ports

According to the results of a series of measurements, the
dependences of the stabilization voltage of the respective pins
under load were established, which is presented in Figure 11.
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Figure 11. Dependences of voltage of stabilization of the
corresponding pins under loading

The graphs show the dependence of the voltage stabilization
level of the logic unit of the corresponding port groups on their
load:

- Figure 11a — level of voltage stabilization of the logic unit
at the pin of group 1 with a series load of groups 1 - 4;

- Figure 115 — level of voltage stabilization of the logic unit
at the pin of group 2 with a series load of groups 1 - 4;

- Figure 11¢ — level of voltage stabilization of the logic unit
at the pin of group 3 with a series load of groups 1 - 4;

- Figure 11d — level of voltage stabilization of the logic unit
at the pin of group 4 with a series load of groups 1 - 4.

According to the obtained data, it is possible to draw a
conclusion about the possible number of simultaneously
involved pins of the corresponding group of ports at the
maximum consumption current on one pin of 40 mA [6].

If the pins are used in the limit mode of 40 mA, the value of
the total allowable current at the output of the port group is
achieved by simultaneously using five pins for groups 1 - 3
and two pins when loading groups 4 - 5 (the fifth group is
analogue pins of the microcontroller). In this case, the level of
voltage stabilization on the port group decreases from 5.07 V
to 4.8 V.

It should also be noted that such voltage decrease is
observed only on the loaded port group. The level of voltage
stabilization at the pins of other groups remains unchanged.
From this we can conclude that it is possible to simultaneously
use the appropriate group of ports for different types of devices,
namely: information interfaces, control devices or indicators.

5. DISCUSSION AND SUGGESTIONS FOR FUTURE
INVESTIGATIONS

The scientific novelty of the obtained results lies in the
determination of the criterion for assessing the performance
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characteristics of budget serial microprocessor platforms and
the development of methods to ensure their reliable operation.
It was determined that the stabilizer temperature, acts as an
integral criterion for reliable operation of the power supply
line of the microprocessor platform. The practical significance
of the research results lies in the substantiation of
recommendations for optimal load modes of budget serial
microcontroller boards of Arduino Mega 2560 type. Based on
this, the permissible range of load currents has been
established, as well as the allowable stabilizer temperature
range has been evaluated.

Promising areas of further research in the claimed subject
area are: adaptation of the obtained results to specific types of
devices with standardized interfaces, which are the load of the
microprocessor platform; scaling the obtained results to other
types of budget serial microcontroller boards; long-term tests
of budget serial microcontroller boards in real production
conditions taking into account the received recommendations
on their loading.

6. CONCLUSIONS

The article has achieved the main purpose of the research to
substantiate scientific approaches to increasing the reliability
of budget serial microcontroller boards during their operation
as part of computerized information and measurement systems.
The result obtained in the article allows to substantiate the
recommendations for the operation of the Arduino
microprocessor platform under different load modes. This fact
allows to increase the reliability of computerized information
measuring systems based on Arduino. The main scientific and
practical results are as follows:

- the current state of scientific research and practical
developments on ways to improve the technical and functional
characteristics of the serial budget microprocessor platforms
was analysed;

- it was determined that the stabilizer temperature, which
should not exceed 85°C, acts as an integral criterion for
reliable operation of the power supply line of the
microprocessor platform;

- the stabilization characteristics of the output voltage of the
microprocessor platform were obtained, which allowed
establishing the optimal supply voltage being in the range from
7Vto75V;

- the characteristics of the microcontroller temperature
dependence were obtained, which allowed substantiating a
number of recommendations for the operation of the
microprocessor platform Arduino Mega 2560 at different
denominations and types of loads;

- the priority areas for further research were substantiated,
which will allow deepening and expanding the scope of
implementation of budgetary serial microcontroller boards.
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NOMENCLATURE

|0ut pin

Iout pin max
lout port
Iout stabilizer

Kunstable
Nport

current at the pin output, mA
maximum current at the pin output, mA
current at the port output, mA

current at the stabilizer output, mA
relative instability coefficient, %
number of ports
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t
Tmicrocontroller
Tstabilizer
Tstabilizer max
Tsurrounding
Uin stabilizer
Uout pin

Uout port

Uout stabilizer

time, s

microcontroller temperature, °C
stabilizer temperature, °C
maximum stabilizer temperature, °C
ambient temperature, °C

voltage at the stabilizer input, V
voltage at the pin output, V

voltage at the port output, V
voltage at the stabilizer output, V
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Abbreviations

ADC
loT
IT
WSN

Analogue to digital converters
Internet of things

Information Technology
Wireless sensor network





