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This paper proposes a microsystem based on the field programmable gate
arrays (FPGA) electronic board. The preliminary objective is to manipulate a
programming language to achieve a control part capable of controlling the
speed of electric actuators, such as direct current (DC) motors. The method
proposed in this work is to control the speed of the DC motor by a purely
embedded architecture within the FPGA in order to reduce the space
occupied by the circuit to a minimum and to ensure the reliability of the
system. The implementation of this system allows the embedded MicroBlaze
processor to be installed side by side with its memory blocks provided by
Xilinx very high-speed integrated circuit (VHSIC) hardware description
language (VHDL), Embedded C. The control signal of digital pulse-width

Embedded C modulation pulses is generated by an embedded block managed by the same
Embedded system processor. This potential application is demonstrated by experimental
MicroBlaze simulation on the Vertix5 FPGA chip.
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1. INTRODUCTION

Currently, the industrial sector 4.0, contains a lot of very advanced technologies. This development
is characterized by the sharp increase in sales of electrical and electronic microsystems, to have a very high
production rate. Even also in our daily life a rapid adoption by the general public with these technologies of
home automation, as well as an autopilot for the whole house and electrical equipment [1]. Microsystems that
control the speed of motors direct current (DC) have a lot of market demand [2], [3], provided that these
systems are efficient, robust, and have a very high real-time response time. The major challenge for the
developers of this type of control microsystem is the term security [4], [5]. The integration of this
functionality is very important to keep the user safe in his environment. In modern life, we use a lot of
control tools and accessories to simplify our control [6], so we will always try to focus as much as possible
on control flexibility and control over a well-defined area of accessories. Today, electronics are increasingly
being replaced by programmed electronics. We also speak of on-board systems or on-board computing [7].

Its purpose is to simplify the electronic diagrams and consequently reduce the use of electronic
components [8], thus reducing the cost of manufacturing a product. This results in microsystems being more
complex and efficient for a reduced space. Since electronics has existed, its growth has been meteoric and
continues to this day. Electronics have become accessible to anyone who wants to: what we will learn. This
work is a mixture of electronics and programming. We are indeed going to talk about embedded electronics
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which is a sub-field of electronics that can unite the power of programming with the power of electronics.
Several works related to the use of a system or a control board (interface board) such as the Arduino [9], the
Raspberry [10]. The use of the Arduino board with microcontroller ATmega328, either by wire connection or
by Bluetooth, has been proposed for its performance how digital circuits of embedded implementation in
applications and industrial fields [11], [12]. To respond to this major development, we have proposed a
microsystem that allows controlling any device, vehicle [13]-[15], the machine through a field
programmable gate arrays (FPGA) board. This electronic card made makes the command and control easy
and flexible during piloting. MicroBlaze processor [16]-[19] is used to create many applications, precisely
adopting hardware concepts, such as clock management, state machines, pipelining, and device-specific
memory [19]. Many digital and transistor logic circuits (such as processors and microcontrollers) can develop
microsystems on a chip system on chip (SOC), but what is interesting is to design the system on a programmable
chip (SOPC) using the latest device programmable to use the functionalities of the FPGA [20]-[22].

2. RELATED WORK

Rotating machines have become one of the most requested resources in the industrial units as well
as in domestic applications [23], and for this reason, all depth studies are done to improve the quality of
response, safety, efficiency, and maximum control. The DC motor is one of these machines, its speed control
by various methods allows it to reach a high level of satisfaction for the achievement of mechanical or
electrical stains. Improved control is done by MATLAB/Simulink (system generator) [24] to determine the
initial conditions and interest in the closed-loop operation of the brushless DC (BLDC) motor [25] so that the
motor runs very close to the reference speed. Thus, the numerical control by microcontrollers such as the
Arduino, which processes numerically the data, using the proportional-integral-derivative (PID) regulation
blocks [26], [27] and other various platforms, such as conventional pulse-width modulation (PWM) to look
for a linear relationship using the right frequency of the characterized DC motor [28], a novel data-driven
sigmoid-based PI for angular velocity trajectory tracking of buck-converter powered dc motor [29], [30], is
sent to control the motor. This command has an effect on the stator voltage in the case of induction motors
[31]. The FPGA comes, in turn, to develop another digital method, by the very high-speed integrated circuit
(VHSIC) hardware description language (VHDL) hardware language and the MATLAB system generator.
This tool makes it possible to control the speed and the torque [32], [33] of the DC motor by PWM [34], [35]
pulses through power circuits [36] in order to achieve the stability mechanical case of motor or stability
electrical in case of alternator [37].

The optocoupler device is used to isolate the high current, which comes from the source to the
metal-oxide—semiconductor field-effect transistor (MOSFET), and the low current of the unit control. It is
mainly used to control the current in the DC motor. Electric motors are electromechanical energy conversion
devices. Three electrical machines (DC, induction, and synchronous) are widely used for the conversion of
electromechanical energy in Figure 1. The conversion of electromechanical energy for DC motors occurs,
when there is a change in the magnetic flux connecting a coil, associated with a mechanical movement as
shown in Figure 1.

Electromechanical Mechanical
energy conversion ‘ energy
device

Electrical
energy

Figure 1. Energy conversion diagram of a DC motor
In addition, it is known by the electromagnetism laws that the electromotive force is proportional to
the speed:
emfE=K. w, (D)
where K is constant Emf, the torque is proportional to the intensity.

torqueT = K.1 (2)
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So, the intensity | is constant:

U-rl

0=f=" ®

The rotation speed ® depends on the voltage U (controlled in voltage) and the intensity I (torque control).

3. METHOD
3.1. Description of the proposed microsystem

In this work, we will design a purely embedded control circuit for DC motor speed by the digital
PWM [38] in the virtex5 FPGA by Xilinx platform studio (XPS) shown in Figure 2, while passing through
the MicroBlaze processor and the power circuit. We will also do an in-depth study on studies the embedded
digital PWM to control the speed of the motor and the choice of the frequency. Figure 3 shows the hardware
kit of the proposed microsystem. This microsystem controls the speed of the DC motor in three parts. The
first part represents the control part including the MicroBlaze processor; the second plays the role of an
intermediary who converts power (high bridge). The last is the actuator as a motor.
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Figure 3. Functional architecture of the proposed microsystem
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3.2. Description of the proposed microsystem

The FPGA devices integrate all the cells needed to form a standalone embedded hardware platform:
logic, microprocessors (MicroBlaze), memory, speed 1/0, and intellectual property (IP). After the generation
of the bitstream, the XPS platform of Xilinx automatically generates a block diagram of all parameter
systems and a different size of memory attached to the system, as shown in Figure 4(a).

An embedded system is a programmable electronic circuit dedicated to a specific task. It is a
hardware and software package [36], which often applies the techniques of real-time. Depending on the
application, the embedded system must meet certain constraints dictated by the specifications: low-cost price,
small size, low energy consumption, satisfactory computing power, operating reliability, data security, and
open (interfaces).

Now that the hardware platform is ready, it is time to make it live with a little soft as shown in
Figure 4(b). We must export the application to a software development platform type “Eclipse Platform”
which is a free tool. This tool makes it possible to identify the IP cores by their addresses, manipulate the
byte, to exchange data with the outside world of the card (serial link and parallel port); to control each
hardware device. The function read/write in registers (R/W) is done by a program C which runs indefinitely.
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Figure 4. The hardware and software part of the proposed system (a) generate flow diagram by Xilinx and
(b) flow diagram of the proposed system

This will correspond to an infinite loop in competition possibly with an interruptions system called a
super loop. After the implementation of custom peripherals and MicroBlaze processor on the FPGA through
the software development kit (SDK), we charged a compiler C language in the memory of the FPGA to
execute it by the micro blaze processor, as shown in Figure 5(a). Using the Xilinx® microprocessor debugger
(XMD) to debug programs and verify systems using the MicroBlaze processor configuration as shown in
Figures 5(b) [38].
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Figure 5. Xilinx® microprocessor debugger (XMD) (a) downloads given ELF (with data option) on to
memory of current target and continues from current PC and (b) TCP/IP connected with local host and
targeted device

3.3. Controlling speed (PWM signal)

The control by the PWM is done with different tools (Arduino and FPGA). This project is based on
FPGA as it offers a wide range of space to create treatment blocks and a purely embedded connection with
low power consumption. PWM is used to vary the speed of motors without going through the variation of
voltage at their terminals: one always feeds the motor under its maximum voltage (voltage full), and by
varying the duty cycle. The speed varies according to the average voltage which is defined by (4).

Average Voltage = %fopu(t)dt = Voltages,; X P?W = Voltages,; X Duty Cycle (4)

3.4. The choice of the PWM frequency

The microcontroller PWM outputs use timers (or counters) with their options. For our case, the
timers are embedded with the MicroBlaze in the FPGA chip by a C code and with the same options: the
choice of the resolution, overflow value (or comparator) and prescale, as shown in Figure 6. The MicroBlaze
has been configured on the XUPV5110T FPGA card, which uses a clock frequency of 100 MHz with
120 MHz amplification for software analysis.
— The frequency with prescale: The prescale can also be the number of instructions loops in the C code. It

can have the following values:
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1,2,4,8,16,32,64, 128, 256...1024, 2048....4194304, 8388608
So, with a prescale of 8: Clock Frequency/prescale=100 Mhz /8=12.5 Mhz

— Timer: The timer resolution depends on the frequency performance of the card. Choice of resolution on
23 bits (8,388,608)
— Overflow value: Determined according to the desired duty cycle (To/T).
From the value=6291456  the duty cycle=(6291456/8388608)=0.75=>75%
— PWAM frequency: The frequency is given by (5).

Felock
2Xprescalexresolution
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Fpwu =

FPWM = 100,000,000/(2 X 8 X 8,388,608) = 0.745 Hz; T = 1.34s.
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Figure 6. The curves of the PWM and counter

4. EXPERIMENTAL RESULTS AND DISCUSSION
4.1. Experimental results

The experimental simulation of Figure 7 is based on a DC motor 6 V controlled by a digital PWM
signal. The control unit is the FPGA board Virtex5 XUPV5110T wherein it rests embedded processor
MicroBlaze. The assembly consists of the control part, the energy conversion part, and the actuator part. The
voltage U(t) of the generator relative to the PWM duty cycle of 75%.

Figure 8 shows the variation of the maximum voltage generated by the rotation of the rotor
concerning the different duty cycles of the PWM. This variation is almost proportional, and it follows (6):

Q= U/(D.k) (6)

where @ is the flux/pole in weber and k is the constant depending on coil geometry.

The experimental result was displayed in the oscilloscope. This method complies with the equations
cited before which are described by the PWM as it indicates. In the case of two lines which gives a cyclic ratio
of 75 %; the oscilloscope shows it well in Figure 8. Typical voltage ripple generated by a steady-state PWM
frequency (75% duty cycle). The graph on the left shows a low voltage ripple, its effective value is close to the
average value, which reserves a large part of the energy for the DC motor. This low ripple reflects the
maximum stability of the DC motor at the level of its operation as well as a significant generation of the
mechanical torque by the rotor part.
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Figure 7. The low power MicroBlaze PWM signal switches on and off the gate at the MOSFET through
which the high-power motor is driven
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Figure 8. Variation of PWM (0=75%) with applied voltage

As a result, we can deduce tow things. The first one is the proportional variation of the rotation
speed and the duty cycle, as shown in Figure 9(a). The second one is the proportional variation of the voltage
and the duty cycle, as shown in Figure 9(b). The proposed microsystem developed using the components
previously described in section 2 has been shown to behave according to the design criteria. The PWM signal
provided by the FPGA was found to be of good quality, thus causing the motor speed output to be linear with
the duty cycle of the PWM signal.
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Figure 9. Duty cycle variation (a) speed and (b) voltage
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4.2. Discussion of the results

Embedded digital PWM control is interesting in the fields of treatments. The motor can be
controlled by the on-board digital output of a MicroBlaze and the considerable improvement in energy
efficiency. The embedded circuit based on the MicroBlaze allows us to gain enough space in the chip and
therefore enough blocks of embedded processes to implement. This technique offers a reduction of energy
consumed per control unit [39] in Table 1. The power part attacked by the embedded digital PWM creates a
low thermal dissipation effect by the PWM. Indeed, all the energy is devoted to the motor rotation, which is
interesting for embedded systems running on batteries.

Table 1. Space occupied by the circuit elements
Device Utilization Summary (actual values)

Slice Logic Utilization Used Available Utilization
Number of Slice Registers 1799 69120 2%
Number of Slice LUTs 1776 69120 2%
Number used as Memory 130 17920 1%
Number of occupied Slices 968 17,280 5%
Number of bonded 10Bs 7 640 1%
Number of Block RAM/FIFO 1 148 1%
Number of BUFG/BUFGCTRLs 2 32 6%
Number of BSCANs 1 4 25%
Number of DSP48Es 3 64 4%
Number of PLL_ADVs 1 6 16%
Total Memory used (KB) 36 5328 1%

Table 2 shows the power balance of the PWM circuit of each board. The FPGA has enough
resources because Xilinx has offered two methods of creating an embedded system based on an FPGA board.
First, use a MicroBlaze processor programmed in C or VHDL programmed in-circuit blocks. However, in the
case of complex systems, including PWM, the FPGA must be used because it can support high-level
algorithms through its memory capacity. The power dissipated by the output pin of the FPGA is of the order
of 5,664 mW. The diversity of FPGAs and low power consumption help make PWM circuit implementation
more reliable, flexible, and good quality for controlling external circuits in real-time. The increase and
decrease of the speed of the motor are done by the push buttons of the FPGA card as much as a material part
(XPS). The software part (SDK) is done by functions in command lines of an embedded C program, such as
functions:

- «PUSHB_1 mReadSlaveRegO (XPAR PUSHB 1 0 BASEADDR, 0) »,
— «PUSHBT 2 mReadSlaveRegO (XPAR PUSHBT 2 0 BASEADDR, 0) »

— «PINOUT mWriteSlaveReg0 (XPAR PINOUT 0 BASEADDR, 0,1) »

Table 2. The power dissipated by the pin outputs

Signal Name 10 Bank Number  Drive (mA)  Voltage (mv)  Power (mW)
PIN_OUT ARDUINO [40] 1 50 3300 165
External_clock_GPIO_IO_pin 11 12 472 5,664

These functions are respectively to increase, decrease and output digital PWM signal. The
mReadSlaveReg0 function provides slave reading for a data register. The mWriteSlaveReg0 function
provides slave writing to a data register.

4.3. Comparison between Arduino (ATmega328 controller) and FPGA (MicroBlaze controller)

This technique is proposed for its ability to exploit the on-board circuits in the control of DC
motors as well as space-saving occupancy (at the chip level), also the gain in power consumption for
the embedded control unit compared to the Arduino-based control. Finally, the execution time tends towards
real-time. This system can be integrated into the most sensitive high power DC motor control units for
the industrial field, as well as for the study and development side concerning the implementation of
embedded processing and regulation blocks. The Table 3 shows a comparison of different parameters
between two DC motor speed controllers, the first one using an ATmega328 microcontroller and the second
one using a MicroBlaze controller from our system licensed by Xilinx (ATmega328 controller/MicroBlaze
controller) [41].
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Table 3. Different parameters between two types of commands DC motor’s speed

Parameter ATmega328 controller [42] MicroBlaze controller
Operating Voltage 5V 5V
Input Voltage (Recommended) 7to 12V 5t09V
DC Current Per 1/0 PIN 20 mA 12 mA
DC Current Per 3.3V PIN 50 mA 12 mA
Flash Memory (ATmega328P) 32 KB (100%) 36 KB (1%)
SRAM (ATmega328) 2KB 4 KB
EEPROM (ATmega328) 1KB 0B
Clock Speed 16 MHZ 120 MHz (converges in real time)
Cost cheaper expensive
Chip space very limited very large
Number of DC motors controlled directly by PWM pins Max 15 Greater than 15 depending on card type
Consumption power by the control unit (mW) 165 5,664

5. CONCLUSION

The implementation of circuits on reconfigurable FPGA components is a topical subject, but one of
great complexity in the field of research, because it requires not only a mastery of technologies relating to
FPGAs but also a very good knowledge of applications. MicroBlaze processors have proven their efficiency
with their power to create an embedded system, giving the best evaluation results. Very low consumption of
memory resources. using MicroBlaze imports great flexibility which allows a reduction of the time by
ensuring a parallel operation. While giving a dynamic of reconfiguration, which is advantageous compared to
the other circuits. The proposed microsystem certainly presents many interesting prospects. In the industrial
field, time is a very valuable parameter for machine control, which favors the use of reconfigurable FPGA
circuits for the design of high-performance real-time devices (real-time controllers for different actuators).
Using control circuits is a very vast field due to the variety of these circuits and their algorithms, which
makes their implementation on reconfigurable circuits a very promising research axis. We can consider the
hardware implementation of the algorithms and learn how to exploit the design of neural networks to have
robust real-time controllers.

The digital PWM embedded circuit based on the FPGA provides a wide range of space to create
purely embedded processing and recording blocks, as well as parallel data processing for large-scale
applications with low power consumption. This type of control has advantages as we found in control unit,
the integration in a digital system without using the analog (voltage control) and a low output resistance for
drives. In actuator device, we found a compact speed drive, no or very little heat dissipation in the phase
variation, motor torque higher at low rpm and a flexible control for multiple motors by a single control unit.

The prospects of this work are many and varied. The first concerns the control of power circuits for
the servo, to make them more dynamic by adding embedded IP blocks to the Xilinx XPS environment. These
IPs describe the operation of the digital PID control circuit (proportional integral derivative); to solve the
performance (damping and response time) of a modeled process.
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