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ABSTRACT 

This study examines motor drive techniques, including Field-Oriented Control (FOC), sensorless FOC, and 

Direct Torque Control (DTC), to improve elevator ride quality by reducing jerk-sudden changes in 

acceleration that cause discomfort. A 200 cm tall prototype elevator system was developed, using S-curve 

velocity profiles alongside the considered control strategies. The system includes a TMS320F28379D DSP-

controlled induction motor, sensors, and an encoder to assess performance. Results show that FOC with S-

curve profiles reduces jerk by 72–73%, significantly improving comfort compared to the standard 

trapezoidal profile. Sensorless FOC reduces jerk by 68–71%, providing a cost-effective option, though it 

faces challenges during downward motion under load. DTC, reduces jerk by 65–68% and results in less 

smooth travel, especially during downward movement. In comparison, the trapezoidal velocity profile 

produced higher jerk levels and less ride comfort. This study emphasizes the critical role of control 

technique selection in enhancing elevator comfort and efficiency. 

Keywords-elevator; jerk reduction; induction motor; elevator systems; Field-Oriented Control (FOC); 

sensorless FOC; Direct Torque Control (DTC); S-curve profile; Variable-Speed Drives (VSDs); Digital Signal 

Processor (DSP) 

I. INTRODUCTION 

Elevators serve as vertical transportation systems for 
passengers and cargo in both commercial and residential 
buildings. While the fundamental design of electric elevators 
has remained consistent since their inception, significant 
advancements in control systems, safety features, and drive 
technologies have made modern elevators faster and more 
reliable and efficient [1]. Today’s elevators must offer high 
transport speeds, precise positioning, minimal jerk, and quick, 
efficient control with minimal sensor input. Electric elevators, 
the most commonly used type, are further categorized into 
traction, linear motor, and drum-driven systems. Among these, 
traction systems dominate the market due to their effectiveness 
in high-rise buildings [2]. Passenger comfort and safety are 
paramount, especially in high-speed elevators that can reach 

speeds up to 18 m/s. However, such systems often face 
challenges with vibrations and jerks, particularly during 
starting and stopping phases, which not only affect ride comfort 
but also strain mechanical and electrical components [3]. To 
address these issues, modern research has focused on refining 
motor control through Variable-Speed Drives (VSDs), aiming 
to achieve smoother acceleration, minimize jerk, and enhance 
energy efficiency [4]. 

Many studies have investigated motor control methods to 
enhance elevator performance. Initial endeavors, exemplified in 
[5], implemented electronic control systems using speed 
feedback to enhance ride comfort and floor-leveling precision. 
Authors in [6, 7] concentrated on energy-efficient controls and 
vibration mitigation systems to improve ride quality. Recent 
studies have investigated the application of artificial 
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intelligence, fuzzy logic, and sophisticated braking strategies to 
enhance system performance. 

VFDs have been widely adopted in motor performance 
optimization comparing regenerative and non-regenerative 
systems [8]. Authors in emphasized the importance of 
acceleration feedback in suppressing vibrations in induction 
motor-driven elevators. Authors in [10] further highlighted the 
need for precise control to balance energy efficiency with ride 
comfort. Recent studies have focused on reducing jerk in 
elevators by combining S-curve profiles with control strategies 
like Direct Torque Control (DTC) and Field-Oriented Control 
(FOC). Authors in [11, 12] highlight FOC's effectiveness in 
precise speed control, while authors in [13] achieved an 88% 
reduction in jerk using an S-curve in a three-story elevator 
prototype. Additional research [14] on brake control methods 
further improved deceleration and ride comfort, 
complementing authors in [15] who developed a stable, cost-
efficient control system using SPWM. The development of 
advanced motor control techniques has been critical in 
optimizing elevator systems, particularly in reducing jerk to 
enhance ride comfort.  

More studies highlight the advantages of combining 
control algorithms such as FOC and DTC to achieve superior 
performance across various torque demands. For instance, in 
[16], a combined approach of Direct Torque Stator Flux 
Control (DTSFC) and Direct Torque Rotor Flux Control 
(DTRFC), paired with FOC, demonstrated excellent torque 
management, achieving rapid response times and minimal 
chattering. This foundation supports the exploration of DTC’s 
potential in elevator applications, especially when control 
smoothness is critical for ride quality. Furthermore, techniques 
that refine DTC with Space Vector Pulse Width Modulation 
(SVPWM) and fractional-order sliding mode control have 
shown reduced torque ripple and enhanced robustness under 
load variations, providing a basis for achieving stability in 
dynamic scenarios like elevator motion [17]. These studies 
underscore the relevance of DTC in elevator systems, where 
stable, low-ripple control is essential. FOC, widely used in 
motor control applications, especially benefits from sensorless 
configurations that eliminate the need for additional position 
sensors, balancing control accuracy with cost-effectiveness 
[18]. In elevators, where cost efficiency is often a priority, 
sensorless FOC offers a practical alternative for maintaining 
smooth speed transitions without extensive sensor networks. 
The application of limited-jerk sinusoidal trajectories in FOC 
systems has shown significant promise in minimizing torque 
ripple and extending motor life, underscoring the value of 
smooth trajectory planning [19]. S-curve profiles, which also 
provide continuous acceleration, are increasingly utilized in 
elevator systems to address similar challenges, reducing the 
mechanical strain caused by abrupt motions. Extending this 
principle, integrating S-curve profiles with DTC algorithms in 
elevator systems has been shown to reduce jerk by up to 
57.2%, improving ride comfort and operational longevity [20]. 

Despite these advances, there is a need for a 
comprehensive comparison of FOC, sensorless FOC, and DTC 
under various load conditions. This study addresses this gap by 
evaluating these control methods in a prototype elevator system 

designed to minimize jerk and enhance comfort using S-curve 
velocity profiles. The system utilizes advanced vector control 
techniques implemented on Digital Signal Processors (DSPs) to 
ensure smooth transitions and reduce vibrations, optimizing 
elevator speed and movement across three floors. 

II. JERK ELEVATOR CONTROL 

Jerk, defined as the rate of change of acceleration, 
significantly influences elevator smoothness. Traditional 
trapezoidal velocity profiles, where acceleration abruptly 
changes, can cause sudden shocks that adversely affect both 
mechanical integrity and passenger comfort, reducing 
positioning accuracy while increasing overshoot and settling 
time. This leads to mechanical strain and discomfort. 
Conversely, S-curve profiles, characterized by continuous 
acceleration curves, smooth these transitions, thereby 
minimizing these negative impacts. Elevator systems often 
utilize either triangular or trapezoidal motion profiles. In 
trapezoidal profiles, the system accelerates to maximum speed, 
maintains it, then decelerates. Triangular profiles, on the other 
hand, accelerate directly to peak speed and then decelerate 
immediately, without maintaining a constant speed. Both 
profiles, however, lead to abrupt velocity changes, generating 
jerk and resulting in vibrations and passenger discomfort. 

To alleviate these issues, motion control systems 
increasingly implement S-curve profiles, which smooth 
acceleration and deceleration phases, effectively reducing jerk 
and enhancing ride comfort and system precision. Based on the 
methodology in [20], the equations for S-curve jerk control are 
directly applied as follows: 
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In this context, t3 represents the total duration of cabin 
movement, T denotes the time allocated for acceleration or 
deceleration, t2 is defined as t3 - T, marking the moment when 
the cabin initiates deceleration, and jm signifies the maximum 
amplitude of jerk. Figure 1 shows the comparison between the 
trapezoidal, triangular and S-curve velocity profiles. 
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Fig. 1.  Comparison of trapezoidal and S-curve velocity profiles. 

III. EXPERIMENTAL WORK   

This study presents a prototype elevator system designed 
to simulate a full-scale elevator, incorporating advanced 
controls for enhanced ride comfort and safety. Constructed 
from durable iron, the structure spans three levels and measures 
200 × 45 × 55 cm, offering a stable and compact framework 
suitable for experimentation. The elevator car, a key 
component in this inter-floor transportation system, is made 
from aluminum, chosen for its excellent strength-to-weight 
ratio. The car measures 19 × 30 cm and can handle a total load 
of 23.3 kg, including its own mass, mimicking real elevator 
load conditions. The system employs two 7 cm diameter 
pulleys to enable the vertical movement of the elevator car. 
These pulleys, connected by cables to the car, ensure smooth, 
balanced travel both upwards and downwards with minimal 
friction or mechanical resistance, as shown in Figure 2. A 
double pulley setup minimizes lateral sway during operation, 
contributing to the safety and comfort of the elevator's 
movement. 

 

 

Fig. 2.  The elevator pulleys. 

The system uses a 0.75 kW, 3-phase Induction Motor (IM) 
in a Y-connection, operating at 1395 rpm and 460 V / 50 Hz, 
with a power factor of 0.75. This motor, delivering 8 Nm of 
torque and drawing a line current of 2 A, efficiently raises and 
lowers the elevator car, including its load, across three floors. It 
features a braking mechanism for secure stops during loading, 
unloading, or emergencies, enhancing safety. Additionally, a 
counterweight opposite the elevator car balances the load, 
reducing motor strain and improving energy efficiency, thus 

extending component longevity and ensuring a reliable elevator 
system. The elevator is equipped with four buttons—three for 
floor selection and one for emergencies. 

A. Digital Signal Processing 

Texas Instruments' TMS320F28379x microcontrollers, a 
part of the C2000™ family, are ideal for demanding industrial 
and automotive applications. These microcontrollers are 
particularly effective in motor drive control, power conversion, 
and automation. They feature high-resolution PWM modules 
and fast ADCs for precise control and monitoring of electrical 
variables in motor drives. Development is supported by tools 
such as Code Composer Studio (CCS), C2000Ware, and 
MATLAB/Simulink, enhancing efficiency in high-performance 
motor control and power conversion applications. The 
integration of motor drives is further streamlined by the 
LAUNCHXL-F28379D Dock Station Board, which enhances 
system flexibility and performance, as illustrated in Figure 3. 

 

 
Fig. 3.  TMS320F28379x and dock station board. 

B. Current and Voltage Transducers 

Differential transducers in this system provide complete 
isolation while measuring current and voltage, ensuring the 
safe and efficient functioning of motor drives. The current 
transducer utilizes opto-isolation to accurately measure true 
RMS current across both AC and DC waveforms. It features a 
bandwidth of 200 kHz, linearity of 0.5%, and gain accuracy of 
±1%, along with 3 kV isolation to handle high-interference 
environments. Similarly, the voltage transducer delivers precise 
AC/DC voltage measurements with the same bandwidth and 
linearity, and is equipped to manage high-voltage scenarios 
with 15 kV/s transient immunity and 3 kV isolation. 

Both transducers are integrated into the system's Three 
Module Power Electronics Base Board, as depicted in Figure 4, 
which handles up to 800V/20A. Their outputs, which are 
refined and stabilized, connect to the DSP's ADC inputs for 
reliable, noise-free operation. Isolation components protect the 
DSP, while precisely calibrated DSP firmware ensures accurate 
motor control, enhancing both safety and performance critical 
for smooth elevator operations. 

C. Jerk Mesurment 

An MPU6050 accelerometer sensor was used with an 
Arduino Uno R4 WiFi to measure jerk in an elevator system. 
The Arduino Uno R4 combines the simplicity of the original 
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Arduino with wireless capabilities, facilitating real-time data 
collection and remote integration for applications like home 
automation. The MPU6050 sensor, which includes a 3-axis 
gyroscope and a 3-axis accelerometer with an integrated Digital 
Motion Processor (DMP), analyzes motion data effectively. It 
provides adjustable sensitivity ranges, from ±250 to ±2000 
degrees per second for the gyroscope, and ±2g to ±16g for the 
accelerometer. The MPU6050 accelerometer records real-time 
acceleration data along the elevator’s axis at a set sampling 
frequency. Using these acceleration values, jerk is calculated as 
the rate of change of acceleration with respect to time by taking 
finite differences between successive measurements. This 
method allows for precise jerk analysis during acceleration and 
deceleration, providing insight into motion smoothness. 
Integrated into an elevator car, the Arduino Uno R4 WiFi and a 
compact onboard power supply collect real-time acceleration 
and jerk data, crucial for assessing elevator performance. The 
use of WiFi eliminates the need for extensive wiring, 
simplifying data transmission as illustrated in Figure 5. An 
external battery enhances mobility and ensures continuous 
operation, ideal for elevator settings. 

 

 

Fig. 4.  The board with current and voltage transducers. 

 

Fig. 5.  The system of jerk sensor. 

D. Inverter 

The inverter is essential for transforming DC voltage into 
AC power to operate a three-phase induction motor. It employs 
six IGBTs (Insulated Gate Bipolar Transistors) that swiftly 
toggle the DC voltage, producing the necessary AC waveform 
for motor function. The IGBT module, with an integrated 
forward diode, is engineered for high-performance 

applications, accommodating up to 1200V and 50A. It 
encompasses features such as temperature regulation and a gate 
driver for improved efficiency, with a low saturation voltage to 
minimize switching losses. The DSP generates PWM signals to 
control the IGBTs, determining the timing for AC waveform 
generation. The inverter receives DC inputs from a rectified 
power source or battery and outputs three AC phases (U, V, W) 
to the motor. A pair of capacitors stabilizes the DC input to 
ensure consistent AC waveform generation and smooth motor 
performance, as shown in Figure 6. 

 

 

Fig. 6.  The inverter. 

The Six Modules Signal Collector Board, depicted in 
Figure 7, supports up to 800V/20A and streamlines connections 
to signal conditioning circuits. It includes a single connector for 
all PWM control signals and another for analog signals, 
significantly simplifying wiring. Additionally, test points for 
both PWM and analog signals are available, facilitating easier 
testing and troubleshooting. 

 

 

Fig. 7.  The six module signal collector board. 

Figure 8 shows the prototype elevator, consisting of a 
metal frame structure with a pulley system driven by a motor 
mounted at the top. This setup demonstrates an elevator 
mechanism for experimentation and testing purposes. 
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Fig. 8.  The prototype elevator. 

IV. RESULTS 

This section evaluates the practical performance of FOC, 
sensorless FOC, and DTC in elevator systems, providing 
insights into how each method minimizes jerk and enhances 
ride smoothness. Experimental data underline the effectiveness 
of these control strategies. The DSP produces PWM signals 
through channels 1, 2, and 3, with complementary signals A 
and B. These signals ensure that one transistor is active while 
the other is inactive, optimizing motor control and preventing 
short circuits. A chosen frequency of 10 kHz improves control 
efficiency by minimizing switching losses and noise. 

The DSP modulates the PWM signals' duty cycle to 
precisely control the motor's speed and torque. These signals 
drive the IGBTs in the inverter, converting DC power into 
three-phase AC, crucial for the motor's operation. Accurate 
generation and timing of PWM signals are vital for ensuring 
smooth motor control and efficient operation of the elevator 
system. This study used a trapezoidal velocity profile with a 
maximum speed of 0.15 m/s as the baseline for comparison 
before introducing the S-curve profile. Figure 9 displays the 
encoder measurements, while Figure 10 shows the jerk profile 
associated with the trapezoidal velocity profile. Figure 11 
shows the applied S-Curve velocity profile.   

 

Fig. 9.  Trapezoidal velocity profile. 

 

Fig. 10.  Jerk profile with trapezoidal profile. 

 

Fig. 11.  S-curve velocity profile. 

Figure 12 encapsulates the jerk profiles for DTC, FOC, 
and sensorless FOC, under loaded conditions, highlighting their 
respective challenges and performance. DTC faces difficulty 
during loaded upward movement, with jerk values reaching 
1.55 m/s³, indicating abrupt transitions that compromise ride 
comfort. Conversely, sensorless FOC shows more controlled 
behavior with jerk values of 1.38 m/s³ in both upward and 
downward movements, suggesting it manages the load 
adequately despite lacking direct sensor feedback, which 
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results in slightly rougher transitions. Additionally, standard 
FOC, while loaded, demonstrates effective jerk control with 
values of 1.28 m/s³ and -1.274 m/s³ during upward movements. 

 

 

Fig. 12.  Jerk profiles in loaded upward motion. 

The comparison of Figures 10 and 12 underscores the S-
curve's ability to reduce peak jerk values, with FOC achieving 
the smoothest profile, sensorless FOC offering a balanced, 
cost-effective alternative, and DTC exhibiting slightly higher 
jerk levels under loaded conditions. The S-curve profile 
effectively reduces both the intensity and frequency of jerk 
peaks, enhancing ride comfort and meeting industry standards. 

Figure 13 illustrates the challenges of DTC during loaded 
downward movements, where jerk peaks at 1.53 m/s³ positively 
and -1.51 m/s³ negatively, suggesting that gravitational pull and 
load exacerbate deceleration challenges and hinder smooth 
transitions. Similarly, sensorless FOC faces difficulties with a 
positive jerk of 1.43 m/s³ and a negative of 1.45 m/s³, 
struggling to achieve smooth deceleration due to the lack of 
direct feedback and compounded external forces. Standard 
FOC, however, shows a smaller increase in jerk, with 1.28 m/s³ 
positive and -1.294 m/s³ negative, managing to maintain 
smoother operations under the same conditions. This analysis 
highlights the varying performance of these control strategies 
in managing jerk, particularly during downward movements 
under load. 

Comparing the jerk time between Figures 10, 12, and 13, 
the trapezoidal velocity profile in Figure 10 exhibits higher 
peak jerk levels with more abrupt changes, leading to shorter 
but intense periods of jerk during the acceleration and 
deceleration phases. This concentrated jerk time results in 
sudden transitions that increase discomfort. Conversely, 
Figures 12 and 13 show that the S-curve profile distributes jerk 
over a longer period, especially during acceleration and 
deceleration, resulting in smoother transitions with extended, 
but lower-intensity jerk phases. By spreading the jerk time, the 
S-curve profile reduces peak jerk, improving comfort and 
reducing mechanical strain. The jerk time in S-curve profiles 
extends across both acceleration and deceleration, smoothing 
out motion changes and aligning with ISO standards for 
elevator jerk limits. 

 

Fig. 13.  Jerk profiles in loaded downward motion. 

The same process was conducted under no-load 
conditions, yielding results similar to those with load. The 
results demonstrate that FOC with S-curve profiles effectively 
reduces jerk by 72–73%, significantly enhancing comfort over 
the standard trapezoidal profile. Sensorless FOC achieves a 
jerk reduction of 68–71%, offering a cost-effective alternative, 
albeit with performance challenges during loaded downward 
motion. DTC also reduces jerk by 65–68%. 

Figure 14 demonstrates the percentage of jerk reduction 
achieved by DTC, Sensorless FOC, and FOC in various load 
scenarios using the S-curve profile compared to the trapezoidal 
profile. 

 

 

Fig. 14.  Jerk reduction percentage. 

V. CONCLUSIONS 

This study evaluated three vector control methods—FOC, 
sensorless FOC, and DTC—for minimizing jerk and improving 
ride comfort in elevator systems, specifically using S-curve 
velocity profiles. Compared to prior work such as [20], which 
evaluated only DTC with S-curve and achieved a jerk reduction 
of approximately 57.2%, this study uniquely contributes by 
analyzing the strengths and limitations of FOC, sensorless 
FOC, and DTC under varying load conditions. Results 
demonstrate that FOC with S-curve profiles achieves a jerk 
reduction of 72–73% over traditional trapezoidal profiles, 
representing a significant improvement of 15–16% in jerk 
reduction. Sensorless FOC reduces jerk by 68–71%, while 
DTC shows a reduction of 65–68%, with FOC consistently 
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providing the best performance. This insight enables 
practitioners to make informed choices in control methods 
based on specific performance requirements and cost 
considerations. 

The findings also highlight that both the direction of 
movement and load conditions significantly impact jerk 
performance. Upward movements generally show better jerk 
reduction due to more effective compensation for gravitational 
forces. According to ISO 8100-34:2021, elevator jerk should 
not exceed 1.2 m/s³. The results indicate that FOC with S-curve 
profiles meets this standard, thereby enhancing both comfort 
and compliance. 

Future research can explore further enhancements to FOC 
by integrating advanced sensor technologies to improve 
accuracy, refining sensorless FOC algorithms to bridge the gap 
with FOC, and optimizing DTC for smoother transitions and 
better jerk control. Additionally, adaptive S-curve profiles 
could be developed to dynamically adjust ride comfort in real-
time, while accounting for external factors such as temperature 
and load distribution to refine control strategies even further. 

In conclusion, FOC remains the most reliable method for 
minimizing jerk and ensuring smooth elevator operation under 
varying conditions, but continued research in these areas could 
lead to even greater improvements in system performance and 
passenger comfort. 
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