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Abstract—This paper proposes an intelligent control and
monitoring module for industrial uninterruptible power supply
systems. The structure scheme of the module based on the
parallel connected of two microcontrollers with ARM
architecture is designed. The software for the module is
developed and implemented.

Keywords—control system, monitoring, microcontroller,

uninterruptible power supply.

I. INTRODUCTION

Industrial uninterruptible power supply (UPS) systems
are widely used in order to ensure high quality power supply
and protection of electronic equipment from failure. One of
the most important components of modern UPS is a
computer information and measurement system [1].

In most UPS, the core of such system is a microprocessor
or microcontroller that performs all of the monitoring and
control functions. Quite often, UPS is used to provide
guaranteed power to remote objects to which the operator
does not have constant access, so there is a requirement for
remote monitoring of the device and its electrical parameters.

In the software and hardware complex, which was
developed by the author [2, 3], the process of data transfer to
a PC for remote monitoring is implemented using the
Ethernet protocol, which requires significant hardware and
software resources of the microcontroller. On the other hand,
the process of battery charge management also requires
significant computing power, as it requires operations of
analog-to-digital conversion of electrical signals, and rapid
response to changes in measured data depending on the
control mode.

The combination of these tasks creates a significant load
on the computing power of the microcontroller, which in turn
reduces the response rate to changes in the electrical
parameters of the battery, which is critical during transients
during battery charging. To solve this problem, this paper
proposes design and implementation of a two-core
information and measurement control system for an
uninterruptible power supply system, which implements the
principle of parallelization of tasks.

The purpose of the work is to increase the reliability and
efficiency of the industrial UPS control module by using
parallel operation of two 32-bit microcontrollers.

Il. THE STRUCTURE OF THE MODULE

The UPS control module implements functions of electric
parameters measurement and battery charge management
process, check a condition of alarm signals, provides an
opportunity of archiving of the measured data, carries out
transfer of the received information to the personal computer.

The schematic block diagram of the control and
monitoring module for uninterruptible power supply system
is shown in Fig. 1. The structure of the module contains:

e two microcontrollers (STM32F103 and

AT91SAMT7X512);

e conversion and amplification circuit for receiving
input analog signals;

e circuit that is responsible for receiving digital input
signals;

e non-volatile memory chip for storing received data;
e USB and Ethernet controllers for PC connection;

e keyboard and LCD for user interaction.
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Fig. 1. Block diagram of the control and monitoring module for
uninterruptible power supply system.
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Two 32-bit microcontrollers based on the ARM
architecture provide basic control and monitoring functions
of the UPS. The STM32F103 microcontroller contains built-
in 16-channel 12-bit analog-to-digital converter (ADC) and
two-channel digital-to-analog converter (DAC). It is
responsible for performing tasks that require frequent
checking of the system status and measuring its electrical
parameters by using ADC. This microcontroller provides fast
response to their change by generating an analog control
signal for UPS rectifier modules using DAC. In addition, this
microcontroller performs the function of controlling the
operating modes of the USP such as battery charge process,
residual capacity testing, etc.

The AT91SAMT7X512 microcontroller with integrated
Ethernet, CAN and USB interfaces is responsible to perform
tasks that are not time-critical. For example, displaying of the
measured data on the LCD display, reading the keyboard,
transferring the information to the server for its storage in
database and further processing. Serial peripheral interface
(SPI) is used to provide fast and reliable data exchange
process between these microcontrollers.

After the conversion and amplification, voltage, currents,
and temperature signals are measured by using inner analog-
to-digital converter of the STM32F103 microcontroller. All
deviations of the measured data from the normal values,
alarms as well as time of an event are stored in a non-volatile
memory.

The received data are visualized on the LCD on the front
of the module. Electrical parameters of the system can be set
or changed using the keyboard with four buttons. Digital
signals of the UPS status are being read periodically by using
the input output ports of the microcontroller. Real time clock
is used to keep track of the current time.

A prototype of the designed control and monitoring
module is illustrated in Fig. 2.

Fig. 2. A prototype of the control and monitoring module for an
uninterruptible power supply.

I1l. THE SOFTWARE OF THE MODULE

The software of the control and monitoring system
comprises of two parts. The first one is firmware for the
microcontrollers. It is written by using C programming
language. The second part of the software is a computer
monitoring application — graphical user interface (Fig. 3).
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Fig. 3. Graphical user interface of UPS monitoring system for PC.

The main program of the microcontrollers includes the
following subroutines: system initialization; data collection
and processing; monitoring and display unit; control unit;
data transfer unit.

The function of data collection and processing unit is to
provide digitizing of the measured data and their previous
processing. Information required to be collected includes:
output voltage; battery current; load current; battery
temperature. These data are used for management purposes
of the control system.

The monitoring and display unit is designed to visualize
the measured information on the LCD in a real-time and to
provide access to archived data. Furthermore, it allows one to
set and to modify parameters of the system.

Data transfer unit is responsible for transmitting the
information to the computer through the Ethernet or USB
interface. The amount of data to be transferred includes: the
measured information, electrical parameters of the system,
and the archived data from the memory of the module.

IV. CONCLUSIONS

In this paper an intelligent control and monitoring
module for UPS system was designed and implemented. The
results of experimental tests of the developed module shows
that the technology of parallelization of tasks by using two
microcontroller allows to increase the reliability and
efficiency of the control system for an uninterruptible power

supply.
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