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Precise robotic systems often require multiple motor types, which increases
hardware complexity, cost, and synchronization effort. This study presents an

open-source multi-mode motor control platform based on four half-bridge power
stages, enabling direct current (DC), brushless direct current (BLDC), and step-
per motor control on a single hardware architecture. Unlike existing software-
based multi-mode approaches, the proposed system introduces automatic motor
type identification and safe connection verification at the hardware level, re-
quiring only a microcontroller and a integrated power stage. This represents a
key novelty of the platform. Experimental validation was performed using three
different motor types. The system achieved correct motor classification over re-
peated identification tests, with no false detections. Position control experiments
confirmed stable operation across DC, BLDC, and stepper motor. The results
demonstrate that the proposed platform significantly reduces system complex-
ity while providing reliable multi-motor operation in a compact and low-cost
structure.
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1. INTRODUCTION

Direct current (DC)-driven actuators are used extensively in robotics, electric cars, and automation.
The most commonly used actuators in these fields are DC, stepper, and brushless direct current (BLDC)/
permanent magnet synchronous motor (PMSM) motors. These motors require separate drive hardware and
software for optimal performance due to different driving principles, current control strategies, and feedback
requirements [[1]. This situation leads to the construction of complex hardware structures, especially in proto-
typing and experimental studies where different types of motors are used together.

Hardware-wise, these motors can be driven using different half-bridge power switching unit topolo-
gies, disregarding motor power. While DC motors are driven by a simple full-bridge [2], PMSM/BLDC motors
require precise current and position feedback along with three half-bridges [3]. On the other hand, stepper
motors require two full-bridges and chopper current control [4]. Therefore, although the basic hardware is a
half-bridge, each motor type requires different hardware optimization and control infrastructures. Additionally,
power differences between the same motor types also necessitate a change in the power stage.

Research on motor drive systems has generally focused on developing control methods specific to
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the motor type. Specifically, sensorless and adaptive control strategies for BLDC motors are comprehensively
addressed with the goal of achieving high efficiency and dynamic performance [5], [6]]. Sliding mode and com-
bined control approaches are recommended for stepper motors [7]. Converter-based adaptive [8] and embedded
control software is offered for DC motors [9]. These studies offer significant contributions in terms of control
algorithms. However, the studies are based on drive architectures specific to motor type.

In studies on the control of multiple motors, the general aim is to synchronize the driving of multiple
same type motors [L0]-[12] with the same type system architectures. Such as, FPGA-based multi-motor control
platforms for electric vehicles and industrial applications [13]. However, in these systems, it is also assumed
that the motor types are homogeneous. Therefore, current multi-motor control studies do not address the issue
of operating different motor types together.

A significant portion of the work on systems supporting different motor types is based on software
libraries or FPGA-based reconfigurable architectures. Libraries such as SimpleFOC [14] and STM32 motor
control SDK [15] offer common control algorithms for DC, BLDC, and stepper motors in microcontroller-
based solutions. However, the power driver stages must be designed or added separately according to the motor
type. In FPGA-based systems, hardware control cores can be implemented for different motor with selecting
the power stage according to the motor type [16]], [L7]. Although these approaches offer flexibility in control
design, critical aspects such as power level configuration, current limiting, motor type identification, and safe
connection management are left entirely to the user.

This situation poses a significant limitation, especially for robotic systems where different types of ac-
tuators are used together, experimental control studies, and R&D applications requiring rapid prototyping. The
requirement for separate drivers and different power topologies for each motor type extends system integration
time, increases costs, and makes it difficult to compare and evaluate control algorithms. The best approach
to solving this problem is multi-mode motor drive approximation on the same hardware. On the other hand,
designing multi-mode motor control on the same platform also brings with it some problems. To ensure opti-
mal control specific to the motor type, hardware deficiencies must be addressed through embedded software.
Magnetic zero and direction determination are required for BLDC motors [18]]. Current limiting capability
must be provided for stepper motors. The control algorithm and motor type must be matched. Even if this
match is determined by the user, incorrect entries should be considered. Applying the wrong control mode can
lead to serious safety risks, including high current, overheating, and uncontrolled torque generation [19]. It is
also quite difficult to support a wide range of motor power.

This study proposes a platform that utilizes an open-source multi-mode motor drive architecture built
around a microcontroller. The proposed platform aims to control DC, BLDC, and stepper motors as servos on
the same hardware. An integrated circuit is used for driving DC, BLDC, or stepper motors. The integrated cir-
cuit contains four half-bridge channels. The integrated circuit provides current feedback from each channel. In
the study, moving average filtering is applied within direct memory access (DMA) for fast and effective current
measurement. The power stage has a single current limit input for all bridges. A digital-to-analog converter
(DAC) is used for dynamic current limiting. In software optimization, special algorithms have been developed
for different motor types, considering hardware capabilities. An algorithm for determining the direction and
magnetic zero for the BLDC motor was developed using feedback from the encoder. For the stepper motor,
closed-loop control with encoder feedback was implemented to overcome the lack of a current chopper. An
additional decision algorithm has also been integrated into the system to determine the motor type and activate
the appropriate controller. Embedded software supports data collection, parameter adjustment, and real-time
simulation integration. In this respect, the proposed system offers a unified hardware-software co-design archi-
tecture that supports heterogeneous motor types on a single power stage, in contrast to the common approach
in the literature of a dedicated driver per motor type. Furthermore, it allows for the determination of motor
type and active channels, which is a weakness of software-based multi-mode motor control solutions. The pro-
posed platform provides a low-cost, fast, and reconfigurable solution for comparative testing of heterogeneous
multi-motor mechatronic systems, educational laboratory infrastructure, and control algorithms.

2. HARDWARE CONFIGURATION

The core of the system is the STM32F405RB microcontroller unit (MCU), which provides high pro-
cessing power and extensive peripheral support. The MCU is responsible for PWM generation, current and volt-
age measurement, data communication, and executing control algorithms. The system uses the DRV8962DDW
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four half-bridge motor driver integrated circuit as the motor power stage [20]. The connections between the
MCU and the power stage are arranged to include control and feedback signals. Figure[T]shows design of the
multi-mode motor control platform. Motor supply is applied directly to the power stage.
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Figure 1. Design of the multi-mode driver

The MCU, on the other hand, is powered independently from the motor driver via USB. Feedback
from the motors includes current and bus voltage, as well as position and speed information. There are two
quadratic encoder inputs. Additionally, there is an extra input for encoders that has serial peripheral interface
(SPI). Encoder data is used in the closed-loop control algorithms. The block diagram of the proposed multi-
mode motor controller is shown in Figure 2]
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Figure 2. Block diagram of multi-mode motor control

The power stage provides current feedback from the high-side of each half-bridge [20]. The current
feedback outputs are connected to the MCU’s analog-to-digital converter (ADC) unit. The MCU performs
ADC readings using DMA. Measurements are filtered with the moving average on the DMA. The current
reference for the power stage is connected to the MCU’s DAC output. The MCU can dynamically adjust the
current limit via the DAC. The external unit connection of the system is achieved using the MCU’s internal
USB interface. With the USB connection, the MCU can be connected to MATLAB or similar simulation
environments. In this study, a MATLAB user interface is used. Control parameters, target position, current
limits, and other parameters can be sent to the platform via the USB interface. Real-time data is received over
the same connection.

3. CONTROL ALGORITHMS

The algorithm initially waits for parameters and commands from the user. In this study, the MATLAB
environment was used for user input. When commands and parameters arrive from the user, the algorithm first
performs the function of determining the motor type and active channels. If there are no errors or incompatible
motors at this stage, the motor rotation direction is determined according to the motor connections. Subse-
quently, the relevant motor control layer is activated. Motor control performs two time-dependent process. The
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first process is motor control stage. It is different for each motor and repeats with a period of T at timer.. The
second function is the data transfer process. It is the same for each motor and repeats with a period of T;,, at
timer,,. The parameters T, and T,,, are user-adjustable.

3.1. Direct current motor control algorithm

Algorithm [I] shows the DC motor drive algorithm. The DC motor is driven by two pulse width mod-
ulation (PWM) outputs through the two half-bridges of the power stage. The direction of motor rotation is
determined by the polarity of the PWM signals. A linear relationship can be established between motor cur-
rent, PWM duty cycle, and torque [21]. The control algorithm is based on closed-loop position control. Speed
and position information are obtained from encoders. In each control cycle, the difference between the tar-
get position (pos,..r) and the measured position (pos) is processed by a proportional integral derivative (PID)
controller. The controller output is passed to the proportional integral (PI) current control layer as the current
reference (I,..¢). The PI controller output (ur) and the source voltage (V) determine the PWM duty cycle.
In this structure, the internal current limit (I,1) of the power stage is adjusted by the DAC. A short pulse and
encoder response are used to determine the motor direction. All PID and PI parameters are user-adjustable.

Algorithm 1. DC motor drive

1: Iy +Set current limit with DAC
2: Initialize power stage

3: Initialize parameters

4: Detect rotation direction

5: loop

6: if timer. >T. then

7 (pos,vel) < ReadENC ()

8: ( Ir[], Vous) ¢ ReadADC_FDMA ()
9: I.cy < CalcPIDPos (pos,posSrey)
10: ur 4 CalcPI (Ir[], Iref)

11: PW Mrrpre < CalcPWM (ug, Vipys)
12: end if

13: if timer,, > 1, then

14: SendUsBData (I, [], pos, vel, vbus)
15: end if

16: end loop

3.2. Stepper motor control algorithm

The stepper motor drive is shown in Algorithm 2] The hardware has the capability to drive a bipolar
stepper motor. However it does not channel-based chopper control. To overcome this deficiency, position
feedback and PID control are utilized. In stepper motor control, the four half-bridges of the power stage are
connected to the two phases of the motor. Each phase current is modulated according to a sinusoidal reference
profile. The motor windings are excited with a phase difference of 90 degrees [22]]. It is possible to create
micro-step by dividing the phase into smaller steps [23]. For this, a predefined sinusoidal microstep lookup
table (LUT) is used. LUT is scalable from 4 to 128 microsteps by the user. The motor shaft angle and speed
are measured. The motor angle (pos) and the reference position (pos,.. r) are passed through the PID controller.
The controller output provides the step speed reference (w,..r). By converting the speed reference to an angle
command (6.y,q), the LUT index (idx) is calculated [24]. The sinusoidal references (s, cq) obtained from
LUT are converted into PWM ratios. Control and LUT parameters are user-adjustable.

3.3. Brushless direct current motor control algorithm

BLDC control is the most advanced control layer of the system. The BLDC motor control is shown
in Algorithm [3] The proposed platform is designed to be suitable for three-phase motor driving. However,
the motor’s magnetic zero and direction must be determined in the multi-mode control. This can be done in
two ways. The encoder start can be mechanically aligned to magnetic zero, or a relative magnetic zero can be
determined by applying a 27r/3 radian phase difference pulse. For motor direction, a short pulse and encoder
response are used. While the three half-bridges of the power stage directly drive the three phases, field-oriented
control (FOC) with position feedback is implemented in the software [25]. FOC includes current and position
loops with a cascaded structure. By applying Clarke—Park transformations, the phase currents are transformed
to the d—q axis (¢4, iq). PI-based current controllers generate voltage references (vq, v4) in the d-q axis. These

Int J Reconfigurable & Embedded Syst, Vol. 15, No. 2, July 2026: 339-349



Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 343

references are converted to three-phase PWM values using the inverse Park (v, vg) transformation [26]. Rotor
position and speed are obtained from encoders. All control parameters are user-adjustable.

Algorithm 2. Stepper motor drive

1: Ipg +Set current limit with DAC
2: Initialize power stage

3: Initialize parameters

4: Generate LUT

5: Detect rotation direction

6: loop

7 if timer. >T. then

8: (pos,vel) < ReadENC ()

9: ( Ir[], Vpus) < ReadADC_FDMA ()
10: Wref ¢ CalcPIDPoOs (pos,poSref)
11: Ocma + CalcAngleCMD (wref) ;
12: idx < CalcLUTIndex (Oemd) ;
13: 5Q,cqQ < LUT (idx)

14: PW Mrype <—CalcPWM(sQ,cQ, gain, Viys)
15: end if

16: if timer, > T,, then

17: SendUsBData (I, [], pos, vel, Viys)
18: end if

19: end loop

Algorithm 3. BLDC drive

I, <Set current limit with DAC
Initialize power stage
Initialize parameters
Detect magnetic zero
Detect rotation direction
loop
if timer. >T. then
( [7‘[]7‘/1)11,5) < ReadADC_FDMA ()
6, < CalcMechanicalAngle ()
idmf,iqu < CalcPIDPos (0m,Orcy)
FOC.Update (id,.;%qcz)
ta,ip  I-[0], I[1]
ia,1g <—Clarke (iq,1p)
0. <+ CalcElectricalAngle ()
iq,%q <Park (ia,iﬁ,ﬁe)
vd,vqé7CalcPI(i¢wf,i%ef)
Vo, Vg +InversePark (vg, vq, fe)
PW Mripe (—CalCPWM(’Uo‘,UB,VbuS)
end FOC_Update

e
WO do G WN o 0P g W

20: end if

21: if timer,, > 1T, then

22 SendUSBData (Ir[], pos, vel, Viys)
23: end if

24: end loop

3.4. Motor type identification algorithm

For motor identification, short-duration and low-duty cycle test pulses are applied to the driver outputs.
Feedback currents are measured. The power stage provides feedback from high side of half-bridge. Thus, it
is possible to match active channels with current measurement. This current measurements are used to create
the current matrix B;;. The index i represents the channel being excited, and j represents the average current
value measured from the channel. A relative threshold value ¢ is used for analysis.

e=6-(Ip.,), 6€[05,0.9] (1)

Configurable embedded solution for multi-mode motor control (Ufuk Giiner)



344 a ISSN: 2089-4864

where, 0 is the proximity factor that is used to grantee. The binary response matrix 5;; dependent on the
threshold value is defined as (2):

17 max IT ] i) 2 €,

5, = e o
0, max(l.[j];) <e.

In this case, B;; = 1 indicates a strong current response in channel j when channel 7 is stimulated. This

reaction allows for motor identification and active channel determination with Algorithm[4] As a result of this
identification process, the system dynamically activates the relevant control layer or the safe mode.

Algorithm 4. Motor identification algorithm

I, +Set current limit with DAC
Initialize power stage
for i =1 to 4 do
PWMripn < Set all channel to zero
PWM; < Excite channel ¢
( Ir[], Vpus) ¢ ReadADC_FDMA ()
for j=1 to 4 do
if max([.[j]) > € then B;; =1 else B;; =0
end for
: end for
: if Zj:i B;; =3 then
Motor type <« BLDC, active channels i:B;; =1
: else if 3. , B;; =2 then
Motor type < DC, active channels i:B;; =1
: else if 3>, ,B;; =4 then
Motor type <« stepper, active channels ¢: B;; =1
: else if 37, , B;; =0 then
Open Mode <— Disable Driver, No connection
: end if
: if Motor type # User type then
Safe Mode < Disable Driver, Unmatched Motor
: end if

[SCJ T Y Sy P
NP O WO do s WN e o 0 X o 0s Wb

4. VALIDATION OF PLATFORM

To verify the platform, three test setups were established. In the experimental setup, a 1000 pulses
per revolution 3-phase optical disk encoder and an AS5048 magnetic encoder were located on the same shaft.
The magnetic encoder provides absolute position measurement with 14-bit resolution. The optical encoder was
connected to the quadratic encoder input of the MCU. The magnetic encoder was connected to the MCU via
the SPI bus. The angular position of the motor shaft was measured with the magnetic encoder. The angular
velocity of the motor shaft was measured with the optical encoder. A Faulhaber planetary geared motor was
used as a sample DC motor. The DC motor geared shaft is directly connected to sensor shaft. Figure 3] presents
the experimental test setups used to validate the proposed motor algorithm for different motor types. Figure
Bl(a) shows the DC motor test setup. Figure 3(b) demonstrates the stepper motor test bench. A NEMA 17 type
bipolar motor was used for the stepper motor test. The BLDC motor test setup is shown in Figure B(c). A
GMB5108-120T gimbal motor was used as the FOC algorithm validation.

In platform validation experiments, the currents of each half-bridge (on high-side), the DC bus voltage,
the optical and absolute encoder responses were measured and graphed. Figure ] presents the responses of the
control algorithms obtained during the experimental validation tests. Figure[[a) shows the DC motor algorithm
response with a reference input of 3 radian. The stepper motor was set to 128 microsteps and a 2 radian
reference input was applied. Figure d{b) shows the stepper motor algorithm response. For the BLDC motor, a
reference of 2 radians was applied with relative magnetic zero detection. Figure[dfc) shows the FOC algorithm
response. All parameters were adjusted using MATLAB interface and all response data were collected in
MATLAB. Three performance metrics were considered to demonstrate the functionality of the algorithms: rise
time, settling time, and steady-state error. The control parameters for each motor were manually adjusted
experimentally by monitoring motor responses.
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Table [T] summarizes the validation results of the proposed power stage for the sample motors. The
steady-state error remains below 0.015 radians for all tested motors. The stepper motor exhibits the highest
settling time and steady-state error, while the DC motor achieves the best dynamic performance. These results
confirm that the proposed system can successfully drive different motor types, with the final performance
depending on the selected control parameters and motor characteristics.

Figure 3. Test setup for; (a) DC, (b) stepper, and (c) BLDC motor
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Figure 4. Control responses for; (a) DC, (b) stepper, and (c) BLDC motor
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Table 1. The validation of control algorithms

Motor type Rise time (s)  Settling time (s)  Steady state error (rad)
DC motor 0.32 0.254 0.0094
Stepper motor 0.22 0.853 0.0148
BLDC motor 0.18 0.383 0.0107

Experiments were conducted with the sample motors to demonstrate the robustness of the motor type
identification algorithm. In the experiment, each half-bridge was stimulated sequentially for a duration of
37.5 ms. The channel being tested is active in the high side. Other channels are kept active on the low side.
The current limit is set as 300 mA + 12% and duty-cycle is tuned as 45% at 25 kHz. The threshold value
is defined as 150 mA for § = 0.5. Figure [5] shows the current response for motor type and active channel
experiments. The DC motor is connected to the channel one and two. Figure[5(a) shows the channel responses
for DC motor. There are two short current pulses on channel one and two. Other channels are on the floor.
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The active channel responses are approximately twice the threshold level. The stepper motor was connected on
channel one, two, three, and four. Figure[5(b) shows the current response for the stepper motor. Four channels
provide current pulses over than twice the threshold level. In the BLDC motor, three channels of driver were
connected. Figure[5{c) exhibits the current response for the BLDC motor. There are three pulses over threshold
level. Response of the BLDC motor is different from DC and stepper motor. There are sharp current drop at
the beginning of the excitation. This situation is caused by the back-EMF that initially occurs in the active
low-side connected windings of the star-wound. The identification algorithm searches the maximum response
over than the threshold. Thus, the current drop in the BLDC motor does not affect the identification process.
Repeated testing was conducted to demonstrate the robustness of the identification algorithm.

05 DC Motor Identification Test 05 Step Motor Identification Test 05 BLDC Identification Test
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0.45 CH2 0.45 CH2 0.45 CH2
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Figure 5. Motor type and active channel identification response for; (a) DC, (b) stepper, and (c) BLDC motor

Table 2] summarizes the identification performance. The identification algorithm was repeated ten
times for each motor. The success count denotes the number of correct identifications. The peak-min value
represents the average of the lowest responses above the threshold level, while the peak-max value denotes
the average of the highest responses above the threshold level. Peak-Std defines the standard deviation of the
peak responses. The root-mean-square (RMS) of the responses below the threshold level is denoted as the
noise RMS. The signal-to-noise ratio (SNR) is calculated as the logarithmic ratio between the peak-max value
and the noise RMS. The identification algorithm determines the motor type and active channels based on the
peak-max values. For all tested motors, the success count reached ten out of ten, corresponding to a 100%
identification success rate. The maximum Peak-Std value was limited to 0.0035, indicating good repeatability
of the proposed method across repeated trials. Furthermore, the minimum SNR was observed in the BLDC
motor as 25.078. All measured identification peaks are clearly distinguishable from the noise, which ensures
accurate motor type identification in the experiments.

Table 2. Performance of identification algorithm

Motor Success count  Active channels ~ Peak-min (A)  Peak-max (A) Peak-Std  Noise RMS  SNR (dB)
DC motor 10 CH1 0.3065 0.3135 0.0018 0.0060 34.278
CH2 0.3223 0.3293 0.0020 0.0051 36.121
Stepper motor 10 CH1 0.3048 0.3153 0.0031 0.0057 34.785
CH2 0.3135 0.3258 0.0035 0.0058 34.843
CH3 0.3223 0.3328 0.0028 0.0054 35.655
CH4 0.3206 0.3328 0.0035 0.0051 36.065
BLDC motor 10 CH1 0.3030 0.3048 0.0008 0.0169 25.078
CH2 0.3083 0.3118 0.0012 0.0165 25.497
CH3 0.3048 0.3135 0.0031 0.0168 25.324

5. RESULTS AND DISCUSSION

Considering Table [T] while the BLDC motor has the highest rise time, the DC motor exhibits the
lowest rise time. The main reason for this situation is that the measurement is taken from the gear output
of the DC motor. The DC motor exhibits the best settling time, while the stepper motor has the worst. The
microstep resolution of a stepper motor is set at 128. Therefore, increasing the number of control step causes
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the stepper motor to settle down more slowly. Additionally, it should be considered that the motor performance,
besides the control parameters, will depend on load, the mechanical structure, motor specifications (such as step
resolution of stepper motors and pole-pair number of BLDCs), and feedback sensors. Therefore, Table[T|should
be evaluated specifically in terms of validation. With the proposed platform, the user can customize the control
performance depending on the motor characteristics, associated mechanical system, and load.

Motor type identification and active channel detection offer a feature that distinguishes the proposed
system from software-based heterogeneous multi-mode motor control methods [[14], [[15]. This feature ensures
the correct identification of the motor type and the active half-bridge channels. According to Table |2} it is seen
that the stepper and DC motor have SNRs above 34 dB. On the other hand, it is observed that the SNR value
of the BLDC motor is around 25 dB and its noise RMS is relatively high. The main reason for this is that
the current drop in the motor response falls below the threshold value. Therefore, the RMS noise increases.
However, this does not affect the identification algorithm. Because the algorithm considers the peak-max value.

One situation to consider is connecting two DC motors simultaneously. In this case, the identification
process recognizes both DC motors as stepper motor. However, the user must also enter the motor type infor-
mation to start the identification process. The algorithm compares the motor type with the user input. In case
of a mismatch, the system enters safety mode and shuts down the power stage.

Connection issues, such as connection fault or motor winding problems, can be determined using
the identification algorithm. In addition to algorithmic check, the channel responses shown in Figure [5] are
transmitted to the user via the user interface. Therefore, the user can also identify faulty connections.

The proposed hardware can provide up to 300 watts of output power. The maximum supply voltage
is 60 V and the maximum current per channel is 5 A. This limits the motors that the system can drive. On the
other hand, many motors commonly used in robotics and precision electro-mechanical systems can be covered
[27]. Additionally, a heat-sink is required if the current per channel exceeds 1.5 A.

The proposed platform uses an MCU with a 12-bit resolution ADC and DAC. Current measurement
utilizes a high-side current sensor located within the integrated power stage. The current measurement accu-
racy for the current sensor is defined as 3% for a maximum current of 5 A [20]. The current measurement
resolution is calculated as 1.23 mA/LSB. The current limiter accuracy of the DRV8962DDW is typically within
+8% [20], it is assumed +12% for worst-case conditions.

The MCU hardware and algorithms are open to implemented within higher power motor. However,
hardware of the power stage needs to be redesign. For higher powers, it is necessary to construct 4 half-bridges
that can operate under high power with thermal management. In addition to a suitable gate driver, analog
signal conditioning circuits must be added for current limiting and current sensing. On the other hand, a pin-
compatible 600 watt version of the integrated power stage (DRV8962DDV) is available and compatible with
all algorithms in this study. However, due to the different package structure, it requires revision of the printed
circuit board.

6. CONCLUSION

This study presents a unified, multi-mode motor control platform capable of controlling DC, BLDC,
and stepper motors on the same hardware through motor type identification and optimized control algorithms.
Studies on motor control in the literature are largely focused on a single type of motor. Software libraries or
FPGA solutions are being developed in the context of multi-mode motor control systems. In the proposed
system, software and hardware are combined for a multi-mode motor driving structure with four half-bridges.
Unlike software-based solutions, algorithms were applied to detect the motor type and the motor connections.
Additionally, a method is presented that is easier to configure than FPGA-based solutions. For experimental
validation, position control of DC, BLDC, and stepper motors was performed. The validity of the motor type
and active channel identification algorithms was tested through repeated experiments. No identification errors
were observed during the experiments. The results demonstrate the potential of the proposed platform and
algorithms as a reliable and flexible solution for medium-power multi-mode motor control.
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