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 Electric elevators often experience significant jerks that can shorten their 

lifespan and cause passenger discomfort, especially during acceleration and 

deceleration. To address this issue, this study presents the development and 

implementation of S-curve motion profiles for a prototype three-floor rope 

elevator system. The elevator cabin is driven by a three-phase induction 

motor using sensorless vector control technology, with a variable frequency 

drive (VFD) managing the cabin's velocity. The findings indicate that 

employing S-curve motion profiles reduces jerk by approximately 29.43% 

when the elevator is ascending without a load and by 48.15% when 

descending without a load. In the loaded scenario, the elevator experiences a 

significant reduction in jerk, decreasing by 48.78% during ascent and 

52.08% during descent. By smoothing out abrupt acceleration changes, the 

reduction in jerk leads to a more seamless motion of the elevator car, 

significantly enhancing passenger comfort. Consequently, this approach 

improves the efficiency and reliability of elevator operations, providing a 

versatile platform for future vertical transportation advancements. 
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1. INTRODUCTION 

Advancements in electromechanical technologies, especially lifts, have greatly accelerated the speed 

of urban construction. With the increasing vertical expansion of cities, the demand for effective vertical 

transit systems has become crucial in multi-story buildings. Elevators not only meet this requirement but also 

cater to the needs of contemporary industrial expansion. 

Any multi-story commercial building must have elevators to ensure the smooth movement of people 

and products. It is interesting to comprehend the diverse kinds of elevator systems and their distinct features. 

The most common types of elevator systems are traction elevators [1]-[3], hydraulic elevators [4]-[6], 

machine room-less (MRL) elevators [7]-[9], pneumatic elevators [10]-[12], and freight elevators [13]-[15]. 

On the other hand, the elevator can be classified according to the driving method into AC drive 

elevator [16], [17], DC drive elevator [18], [19], hydraulic elevator [4], rack and pinion elevator [20], [21], 

screw elevator [22], [23], and linear motor-driven elevator [24], [25]. The most prevalent kind of elevator 

technology is the traction elevator. The elevator cabin is raised and lowered using a counterweight, a system 

of belts, and cables (wire rope). Although they are very dependable and provide a smooth ride, traction 

elevators need a separate machine room, which can take up valuable space in the building structure. 

https://creativecommons.org/licenses/by-sa/4.0/
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Passenger well-being, especially in high-speed elevators in skyscrapers, is a crucial  

consideration [26], [27]. These elevators usually suffer from complications such as ripple forces (or jerks) 

during their operation and movement within building structures. The exertion of these forces can generate 

powerful jolts that not only cause discomfort to passengers but also have the potential to damage the 

mechanical and electrical components of the elevator, thereby diminishing the overall lifespan of the lifting 

system. Managing these sudden movements is crucial for minimizing their impact and enhancing passenger 

comfort. High-performance control methods, such as variable frequency drives (VFDs), are among the most 

effective solutions. The VFD controls the velocity and rotational force of AC motors by adjusting the input 

voltage and frequency. The main goal of elevators is to maintain a constant ratio of voltage to frequency 

(V/f) [16]. This feature is essential for minimizing mechanical stress, increasing system durability, and 

guaranteeing a smooth start and stop of elevator operation. 

Numerous methods have been proposed to address the problem of sudden movements during 

elevator floor transitions, which have been extensively examined. An inventive drive method was proposed 

by Das et al. [19] for mid-rise and mid-speed elevators. A permanent magnet DC motor with PID control 

powered the cabin. There were several benefits to using this motor, including as improved riding comfort, 

less jerk, and enhanced efficiency. 

Shreelakshmi and Agarwal [28] proposed combining rectangular and sinusoidal jerk patterns to 

create a smooth speed profile that enhances comfort while maintaining travel time. Crăciun et al. [29] 

conducted a comparative study on changes in the elevator's kinematic parameters using electronic velocity 

modeling in MATLAB. The study focused on achieving smooth deceleration by applying S-curves. Masoudi 

[30] suggested employing a linear switching reluctance motor (LSRM) in an elevator system with an 

appropriate speed pattern for optimal and smooth travel with minimal jerk. DTC in induction motor drivers 

was extensively studied by Arafa et al. [31] utilizing the space vector modulated-direct torque control (SVM-

DTC) approach. Speed profiling could increase elevator comfort. 

Shreelakshmi and Agarwal [32] developed a loss minimization method for induction motor-driven 

elevators. This is needed to find an energy-optimal velocity pattern. The goal function is a differential 

equation that ties motor power losses to rotor speed. Speed and acceleration are limited by passenger 

comfort. Pontryagin's minimum principle finds the best trajectory by choosing a Hamiltonian function. 

The permanent magnet synchronous motor (PMSM) responds quickly to changes, but the elevator 

speed controller's limited bandwidth can cause issues. When rotor flux linkage or static friction deviates from 

set values, traditional jerk control methods may lead to higher starting energy. To mitigate these problems, 

Rangarajan et al. [33] proposed a novel disturbance observer that temporarily modifies the stator flux linkage 

speed rather than the torque/current during starting.  

Qiu et al. [27] proposed a strategy to improve vibration-related high-speed elevator design. They 

also demonstrated how the key parameters affected the high-speed elevator horizontal vibration system and 

chose the optimum way to improve these elevators' horizontal vibration performance, operational stability, 

and ride comfort. Onat et al. [25] used a permanent magnetic synchronous linear motor fed from a VFD and 

programmed in the best V/f pattern for the best speed curve profile to control the elevator cab's speed so it 

started and stopped smoothly and traveled consistently across the elevator floors with minimal jerk. This 

driver cut jerk values by 88% compared to the standard scenario. 

There are several limitations to the current research on elevator systems, even if there have been great 

advances. Power logic controllers (PLCs) are the backbone of many older control systems, but they might not 

have the processing power to support more complex control algorithms. Furthermore, conventional systems 

frequently make use of uncomplicated switching or transistor modules based on relays, which do not have 

integrated protection or accurate feedback mechanisms. The necessity for thorough real-time monitoring and 

modifications has not been sufficiently addressed in the research that has investigated PID-controlled DC 

motors or sinusoidal jerk patterns. In addition, many studies underutilize S-curve profiles, often resulting in 

insufficient jerk reduction and suboptimal ride comfort. To enhance elevator performance and passenger 

comfort, more advanced and integrated control methods are necessary, as these limits have shown. 

This research proposes a sensorless vector control (SVC)-based three-floor roping elevator 

prototype with an optimized S-curve speed profile operated by a three-phase induction motor. VFD regulates 

motor speed. The VFD is fully integrated with an STM32 microcontroller's exact control. This research uses 

the INVT GD20 VFD to improve motor performance and speed regulation. Complex control systems 

including infrared sensors and limit switches have been built into the elevator. The optimal S-curve velocity 

profile design and implementation will be the focus of this study. The S-curve approach reduces mechanical 

jerks by eliminating sudden acceleration and deceleration changes, unlike linear profiles. The sinusoidal 

limited-jerk trajectory approach described by Mutlu [34], initially applied to PMSM, is well-suited for 

elevator systems. In this study, the approach is adapted for use with an induction motor (IM), demonstrating 

its effectiveness in achieving time optimization and smooth jerk transition in the IM-driven elevator system. 

The suggested elevator technology, which mimics three-story elevators, requires this. 
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The study has some objectives: i) Enhancing passenger comfort through minimized mechanical 

jerks under unloaded and loaded conditions; ii) Improving the efficiency and reliability of the elevator system 

by taking advantage of advanced motor speed control and microcontroller integration; and iii) Building an 

efficient elevator model that mimics a real-world elevator and is scalable for future elevator systems, 

providing a framework for implementing similar technologies in commercial vertical transportation solutions. 
 

 

2. THEORETICAL BASIS AND PROPOSED METHOD 

2.1.   Induction motor (IM) 

In a reference frame that rotates in synchronization, Figure 1 depicts the d-q equivalent circuit of a 

three-phase induction motor [35], [36]. Figure 1 displays the d-q circuit that fulfills conditions (1) to (5). 

These equations [35], [36] provide the standard dynamic model of an induction motor, without considering 

magnetic material saturation, rotor resistance changes due to skin effect, and stator resistance fluctuations due 

to temperature variations. 
 

 vqr = 𝑅𝑟𝑖𝑞𝑟+
d

dt
Ψqr+(ωe-ωr)𝛹𝑞𝑟  (1) 

 

vdr= 𝑅𝑟𝑖𝑑𝑟+
d

dt
Ψdr+(ωe-ωr)𝛹𝑑𝑟  (2) 

 

𝛹𝑞𝑟= 𝐿𝑙𝑟𝑖𝑞𝑟 + 𝐿𝑚 + (𝑖𝑞𝑠 + 𝑖𝑞𝑟) (3) 
 

𝛹𝑑𝑟 = 𝐿𝑙𝑟𝑖𝑑𝑟 + 𝐿𝑚 + (𝑖𝑑𝑠 + 𝑖𝑞𝑟) (4) 
 

𝑇𝑒 = 
3 𝑃 𝐿𝑚

2×2 𝐿𝑟
(𝜙𝑑𝑟𝑖𝑞𝑠 − 𝜙𝑞𝑟𝑖𝑑𝑠) (5) 

 

Where the variables vqr and vdr denote the rotor voltages in d-q coordinates, whereas, iqr, idr, Ψqr, and Ψdr 

indicate the currents and fluxes in d-q coordinates, ωe is the revolving magnetic field angular speed, ωr 

symbolizes the slip angular speed, while Te represents the electromagnetic torque. The parameters of the 

motor are specified as follows: P denotes the poles' number, Rr represents the rotor resistance, Lm represents 

the motor mutual inductance, and Lr represents the rotor inductance. In the induction motor model, Rr affects 

the heat losses and torque production in the motor. A higher Rr can lead to increased losses and reduced 

efficiency. The mutual inductance, Lm characterizes the coupling between the stator and rotor magnetic 

fields, influencing the motor's ability to produce torque. 
 
 

 
 

Figure 1. d-q equivalent circuit of induction motor 
 

 

The motor's electromagnetic torque Te is generated due to the interaction between the stator's 

magnetic field and the rotor currents. Variations in the slip angular speed ωr directly affect the torque 

production, which is crucial for controlling the elevator's movement. Controlling the torque and slip of the 

induction motor plays a crucial role in reducing jerk during elevator motion. Sensorless vector control is a 

technique used to manage the motor's torque and speed precisely without relying on physical sensors. This 
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approach simplifies the system while still providing accurate control, enabling smoother acceleration and 

deceleration, which helps to minimize abrupt changes in motion (jerk). 
 

2.2.  Variable frequency drive (VFD) 

VFD operates by adjusting input voltage and frequency, adjusting the torque and speed of AC 

motors and is widely used for industrial applications. In recent years, the trend of utilizing VFD technology 

and speed control in the current motors has gained traction. Recent innovations in magnetic materials and 

power electronics have played a large role in the mass adoption of VFDs. VFDs must fulfil certain 

requirements in elevator systems, such as smooth starts and stops, comfortable rides, accurate floor leveling, 

and effective braking [16], [37]. 

The speed of the AC motor (n) is determined by the number of its poles (p) and the input frequency 

(f) according to (6). 

 

𝑛𝑟 =
(1−𝑠)120𝑓

𝑝
 (6) 

 

Where s is the motor slip. Modifying the frequency applied to a motor can be a simple and effective way to 

regulate its speed. 

The VFD controls the induction motor's speed by varying the input frequency, which, along with the 

number of poles 𝑝 determines the motor's synchronous speed. The slip, defined as the difference between 

synchronous speed and rotor speed, influences the torque generated. Proper control of slip allows for smooth 

acceleration and deceleration, minimizing jerk during elevator operation. Additionally, implementing an S-

curve profile further enhances this process by flattening acceleration transitions, reducing abrupt changes in 

speed, and improving overall ride comfort. 

 

2.3.  Sensorless vector control (SVC) 

This is an advanced method of controlling the torque and speed of AC motors, normally referred to 

as field-oriented control (FOC), which is typically used for traction applications for elevators. For example, 

elevators utilize precise control systems for their motors. Motors can feed back their rotor position and speed 

to determine the active control performance, but FOC performs much better without resorting to these 

physical sensors. This approach applies mathematical models and estimates derived from the electrical 

readings of the engine, like voltage and current. 

This method simplified the system and minimized maintenance requirements while ensuring 

accurate, quick control by dividing the motor current into two parts: one producing flux and the other 

producing torque. This decoupling allows for independent control of motor torque and flux, similar to 

controlling a DC motor, but applied to AC motors [37]. Figure 2 illustrates the block diagram of the 

sensorless vector control system for an induction motor (IM). In this setup, the rotor speed and flux are 

estimated without using physical sensors, allowing the system to accurately control motor speed and torque. 

The control strategy involves converting the motor's three-phase currents and voltages into a rotating 

reference frame (dq frame) for easier control. 
 

 

 
 

Figure 2. Sensorless vector-controlled induction motor drive 

 

 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 2, June 2025: 780-793 

784 

2.4.  Jerk reduction in elevators 

The most common elevator motion profiles are triangular and trapezoidal. In Figure 3(a), the system 

speed increases from zero to its maximum value, sustains it for a predetermined duration (or distance), and 

then decelerates to zero in a trapezoidal motion profile. However, the triangle motion profile accelerates to its 

maximum speed, then decelerates instantly to zero, maintaining a constant velocity. Unfortunately, none of 

these move profiles are appropriate for motion systems, especially elevators that must travel smoothly, 

position properly, and remain stable after the move. Acceleration or deceleration causes jerks. 

Similar to velocity, jerk is acceleration's rate of change. Jerk's acceleration rate is its increase or 

decrease. Jerk gives fast, jerky action, making it uncomfortable. An abrupt acceleration change, or jerk, 

shakes industrial systems. Higher jerks cause more vibrations. Vibrations slow the settling but diminish 

positioning accuracy. 

Avoiding jerks is best done by slowing down. The "jerky" trapezoidal motion profile can be 

replaced by an S-curve motion profile in motion control systems [25], [38], [39]. An infinite jerk and rapid 

acceleration characterize a trapezoidal motion profile. To reduce jerk, acceleration and deceleration 

transitions are flattened into an "S" form. 

Figure 3(b) shows a trapezoidal and triangular motion's acceleration profile as a step function, with 

acceleration rapidly growing to its maximum and deceleration instantaneously reducing to zero. A major jolt 

will harm passengers and the elevator's mechanical system. When a motion follows an S-curve, the 

acceleration profile is trapezoidal, and acceleration and slowing are moderate. 
 
 

  
(a) (b) 

 

Figure 3. Comparison of triangular, trapezoidal, and s-curve profiles: (a) velocity and (b) acceleration 
 
 

For the elevator system to provide a smooth electro-mechanical torque that lowers vibration and 

lengthens lifespan, the acceleration must have a continual and smooth waveform. Choosing the best form for 

the jerk change is necessary to produce smooth acceleration. This study improves the sinusoidal limited-jerk 

trajectory method to better suit elevator operation, providing a solution that optimizes both time efficiency 

and smooth motion. A limited jerk for the intended motion is guaranteed when a sinusoidal jerk waveform is 

used, as specified by (7). 

 

𝑗 = {

𝑗𝑚 𝑠𝑖𝑛
2𝜋

𝑇
𝑡  ,                𝑡 ∈ [0, 𝑇]

0,                                    𝑡 ∈ [𝑇, 𝑡2]

−𝑗𝑚 𝑠𝑖𝑛
2𝜋

𝑇
(𝑡 − 𝑡2),    𝑡 ∈ [𝑡2, 𝑡3]

 (7) 

 

Where t3 is the overall period of cabin movement, the time T is taken for acceleration or deceleration, t2 is 

equal to t3 - T, which is the instant when the cabin begins deceleration, and jm is the maximum jerk 

amplitude. 

The following relationships, based on (7), express the acceleration a, velocity v, and displacement d 

in specified intervals, as in (8)-(10). 
 

𝑎 = ∫ 𝑗 𝑑𝑡 + 𝐶𝑎 (8) 
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𝑣 = ∫𝑎 𝑑𝑡 + 𝐶𝑣 (9) 

 

𝑑 = ∫𝑣 𝑑𝑡 + 𝐶𝑑 (10) 

 

Constants Ca, Cv, and Cd are determined from initial conditions. Acceleration is calculated from the 

expression for jerk, as in (11). 
 

𝑎 = cos (
2𝜋

𝑇
𝑡) + 𝐶𝑎 (11) 

 

Ca is calculated based on the premise that the acceleration is zero at t = 0, given in (12). 
 

𝐶𝑎 =  
𝑗𝑚𝑇

2𝜋
 (12) 

 

During the interval t [0,T], the acceleration expression is as in (13). 
 

𝑎 =
𝑗𝑚𝑇

2𝜋
(1 − cos (

2𝜋

𝑇
𝑡))  (13) 

 

Constants for all other values are derived similarly, resulting in equations for acceleration, velocity, and 

displacement (Figure 4). 
 

𝑎 =

{
 
 

 
 
𝑗𝑚𝑇(1−𝑐𝑜𝑠(

2𝜋

𝑇
𝑡))

2𝜋
,               

𝑎𝑚,                                   

−
𝑗𝑚𝑇(1+𝑐𝑜𝑠(

2𝜋

𝑇
(𝑡2−𝑡))

2𝜋
   

 (14) 

 

The acceleration equation describes the rate of change of velocity with respect to time. By controlling 

the acceleration using the S-curve profile, the transition between different velocity levels is made smoother, 

thereby reducing abrupt changes in acceleration (jerk). This contributes to a more comfortable ride. 

 

𝑣 =

{
  
 

  
 

𝑗𝑚𝑇(2𝜋𝑡−𝑇 𝑠𝑖𝑛(
2𝜋

𝑇
𝑡))

4𝜋2
 ,                        

𝑗𝑚𝑇
2

2𝜋
 ,                                                  

𝑗𝑚𝑇

2𝜋
(𝑇 −

 (𝑇 𝑠𝑖𝑛(
2𝜋

𝑇
(𝑡2−𝑡)+2𝜋(𝑡−𝑡2)

2𝜋
)   

  

 (15) 

 

𝑑 =  

{
  
 

  
 𝑗𝑚𝑇

4𝜋
(𝑡2 −

𝑇 2(1−𝑐𝑜𝑠(
2𝜋

𝑇
𝑡))

2𝜋2
) ,                                                  𝑡 ∈ [0, 𝑇]

𝑗𝑚𝑇
2

4𝜋
(2𝑡 − 𝑇),                                                                          𝑡 ∈ [𝑇, 𝑡2]

𝑗𝑚𝑇
2

4𝜋
[(2𝑡 − 𝑇) −

(𝑡−𝑡2)
2

𝑇
+

𝑇

2𝜋2
[1 − 𝑐𝑜𝑠

2𝜋

𝑇
(𝑡 − 𝑡2)]]     𝑡 ∈ [𝑡2, 𝑡3]

 (16) 

 

The maximum value of displacement can be calculated from (16) at time t = t3 as (17). 

 

𝑑𝑚 = 𝑗𝑚
𝑇2

2𝜋
𝑡2 (17) 

 

By following the given technique, v can be obtained in the steady state, which is referred to as the 

maximum value of speed, denoted as vm. By using the expression for velocity magnitude, the interval T can 

be determined as (18). 

 

𝑇 = √
2𝜋 𝑣𝑚

𝑗𝑚
 (18) 

 

For a given dm, the time t2 can be determined from (17). A list of symbols for all equations has been included 

in Table 1. 
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The use of the S-curve profile allows for gradual changes in acceleration, which prevents sudden 

spikes in jerk, as depicted in the Figure 4, illustrates how the S-curve provides a smooth progression for 

displacement, velocity, acceleration, and jerk over time. This smooth transition minimizes the impact on 

passengers, enhancing ride comfort. The S-curve's ability to gradually increase and decrease acceleration not 

only improves comfort but also reduces mechanical stress on the elevator components, leading to lower 

maintenance needs and extending the lifespan of the system. This makes the S-curve profile especially 

suitable for passenger elevators where comfort and durability are priorities. 

The implementation of the S-curve profile and sensorless vector control involves several key steps. 

It starts with system initialization, followed by estimating the rotor speed and position using sensorless vector 

control. The S-curve profile is used to produce reference acceleration commands that facilitate smooth 

transitions. The commands are parameters to the control system that change the motor torque and speed; 

being an adaptive system, the computer continues to monitor feedback so that the control system always 

applies precise commands to the elevator. This is followed by a smooth deceleration at the end that stops the 

elevator softly for a better ride comfort. 
 
 

Table 1. A list of symbols for all equations 
Symbols Description Units Symbols Description Units 

jm Maximum jerk m/s3 dm Maximum displacement m 
vm Maximum velocity m/s t2 Deceleration moment Sec 

Ca Acceleration constants m/s2 t3 Total duration of movement Sec 

Cv Velocity constants m/s T Acceleration/deceleration time Sec 
Cd Displacement constants m    

 

 

 
 

Figure 4. S-curve profiles 
 
 

3. METHOD 

3.1   System construction 

The structure of the elevator system prototype is built of iron and consists of three floors, 200 cm 

high, 45 cm wide, and 55 cm deep. The elevator cab, made of aluminum, has dimensions of 19×30 cm and 

operates using two pulleys, each with a diameter of 7 cm, which ensures balanced and smooth vertical 

movement. The cabin is designed to handle a total capacity of approximately 23.3 kg, including its weight. 

A 0.75 kW, 1395 rpm, 50 Hz, delta-connected three-phase induction motor located at the top of the 

structure is chosen to drive the cabin. The motor's torque is effectively transmitted through the pulleys, 

providing the necessary lifting force to transport the cabin and load efficiently across the floors. The motor 

provides a rated torque of 8 N.m and operates at a power factor (cos φ) of 0.75 and line current of 2 A. The 

motor is also equipped with a brake mechanism to ensure quick and safe stopping. 
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The motor is controlled by an INVT GD20 VFD. The VFD is a series of variable frequency drives 

manufactured by INVT, a well-known company that specializes in industrial automation technology, which 

employs sensorless vector control and an S-curve profile for smooth motion. The VFD is interfaced with the 

STM32F407VET6 microcontroller, which is a powerful solution for industrial, consumer, and IoT applications. 

Three transistor circuits that handle the forward, reverse, and stop signals, which are used to control 

the motor. Both forward and reverse signals are normally open (NO) contacts, while the stop signal is a 

normally closed (NC) contact, which becomes open to stop the motor when needed. The elevator has two 

limit switches (LXW5-11G1) at the top and bottom to stop the cabin over-travel and ensure safe operation, 

while the elevator cab can be stopped on each floor using infrared sensors, as these sensors generate digital 

signals when they detect the elevator cabin within their detection range. These signals are processed by an 

STM32F407VET6 microcontroller, which precisely regulates the elevator's progress to guarantee that it stops 

at the intended floor. 

Figure 5 depicts the experimental setup of the elevator system prototype, highlighting the integration 

of key components. The flowchart as shown in Figure 6, illustrates the sequence of operations for the 

elevator system, from floor call handling to motion execution. The process starts with reading the current 

floor, followed by a check to see if the requested floor is different. If needed, the control system signals the 

VFD to move the elevator up or down using an S-curve profile for smooth acceleration and deceleration. 

During motion, the MPU6050 sensor monitors the elevator's dynamics, sending data for analysis. As the 

elevator approaches the target floor, sensors detect its position, and the VFD is signaled to stop. The flowchart 

also accounts for emergency stop handling, ensuring safety by immediately halting the elevator if needed. 
 

 

 

 
 

Figure 5. Experimental setup of elevator 

system prototype 

 

Figure 6. Elevator control process 

 

 

3.2.  Scalability and real-world applications 

While the current experimental setup is based on a small-scale prototype, the principles and control 

strategies developed can be directly applied to full-scale elevator systems in larger buildings. The following 

factors demonstrate the scalability of the results. 
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i) Control strategy adaptation 

˗ The S-curve motion profile and jerk minimization techniques used in the prototype can be scaled for 

larger elevators by adjusting parameters such as acceleration, deceleration, and velocity limits to 

match the requirements of full-size systems. These adjustments ensure the comfort benefits observed 

in the prototype are maintained. 

ii) Sensor integration and data handling 

˗ Full-scale implementations can use more advanced sensors for precise motion control and data 

acquisition. The scalability of sensor technology, such as accelerometers and encoders, allows for 

similar data collection methods to be used with larger elevators, ensuring accurate control. 

iii) Variable frequency drive (VFD) scaling 

˗ The VFD used in the prototype can be scaled to handle the power and torque requirements of larger 

elevator motors. The control algorithms remain the same, but power ratings and hardware 

configurations would be adapted for the larger system. 

iv) Challenges and adaptations 

˗ Structural considerations: Full-scale elevators in taller buildings may require additional structural 

support to minimize vibrations and resonances. The control algorithm may also need to account for 

variations in load distribution and cable dynamics. 

˗ Safety standards and regulations: Larger elevators must meet stringent safety standards, which may 

necessitate additional safety features like emergency braking systems and redundant control 

mechanisms. The S-curve profile can be integrated into these systems for smoother emergency stops. 

˗ Power requirements: Scaling up may involve higher power requirements and more complex electrical 

systems. Efficient power management and control tuning will be essential for maintaining ride quality. 

The scalability considerations suggest that the proposed methods can enhance ride comfort and system 

efficiency in real-life elevator applications, especially in high-rise buildings where jerk reduction is crucial 

for passenger comfort. 
 
 

4. RESULTS AND DISCUSSION 

The jerk data analysis for the elevator prototype showed a noticeable difference in the no-load and the 

loaded condition between the case without and with the S-curve motion profile. It is important to analyze the 

jerk profile with no load (empty car). Used for comparison, baseline, control system validation and areas of 

improvement. This allows us to lower the high jerk values using the S-curve profiles, so that the drive becomes 

smoother and ride more comfortable. This foundational analysis sets the stage for further testing with loads, 

ultimately leading to a comprehensive understanding of the elevator’s performance under all load conditions. 
 

4.1.  Methodology for calculating jerk 

Accurate jerk computation is essential to identify sudden changes in elevator movement that may 

compromise passenger comfort and safety. The steps for calculating the jerk are as follows: 

˗ The practical procedures include, i) measuring the initial and final accelerations (𝑎1, 𝑎2) at the 

corresponding times t1 and t2 and ii) calculating the change in acceleration: Δ𝑎 = 𝑎2−𝑎1 and the 

corresponding change in time Δ𝑡 = 𝑡2−𝑡1. Where ∆𝑎 is the change in acceleration and ∆𝑡 is the change in 

time. The acceleration value (a) has been measured using an MPU6050 accelerometer sensor. 

˗ The jerk (j) is calculated from (19). 
 

𝑗 =
∆𝑎

∆𝑡
 (19) 

 

Integration of the MPU6050 sensor with the aid of the Arduino Uno R4 Wi-Fi microcontroller 

makes it easy to analyze the elevator movement. The Uno R4 is an adaptable board that incorporates new 

enhancements and wireless capabilities with the ease of use of the classic Arduino. It is therefore the ideal 

option for applications involving distant sensing. The motion-tracking gadget, the MPU6050, combines a 

three-axis accelerometer and a three-axis gyroscope. For the gyroscope, the sensitivity ranges are ±250 to 

±2000 dps, and for the accelerometer, they are ±2 to ±16 g. The system setup allows for real-time monitoring 

and analysis of the elevator's motion, with data being sent wirelessly via Wi-Fi network to a remote system 

for further processing or display, and ensures that the system remains powered independently of the 

elevator's main power supply, making it highly practical for use in dynamic environments. 

 

4.2.  Jerk analysis without S-curve 

In the first case (without S-curve, no-load) shown in Figures 7 and 8, the jerk data exhibited significant 

variability, with sharp peaks and troughs during both upward and downward movement. The maximum positive 
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jerk value reached approximately 3.33 m/s³ when going up and 3.24 m/s³ when going down, while the minimum 

(most negative) jerk values were around -3.66 m/s³ and -4.36 m/s³, respectively. Such abrupt acceleration 

changes can cause passenger discomfort and increase mechanical stress on elevator components. 

In the second case (without S-curve, with load) shown in Figures 9 and 10, the jerk values remained 

high, indicating noticeable peaks and troughs similar to the no-load condition. Above, the maximum positive 

jerk was about 2.87 m/s³ and the minimum jerk was -3.56 m/s³. When downward, the maximum positive jerk 

was 3.07 m/s³, and the minimum jerk was -3.16 m/s³. Adding a load slightly altered the jerk patterns but did 

not significantly reduce the abrupt changes, still posing risks of discomfort and mechanical stress. 
 

 

  
 

Figure 7. Jerk in 1st case 

(without s-curve, no-load, upward) 

 

Figure 8. Jerk in 1st case 

(without s-curve, no-load, downward) 
 

 

  
 

Figure 9. Jerk in the 2nd case 

(without s-curve, loaded, upward) 

 

Figure 10. Jerk in the 2nd case 

(without s-curve, loaded, downward) 
 

 

4.3.  Jerk analysis with S-curve 

In the third case (with S-curve, no load) illustrated in Figures 11 and 12, the transitions were much 

smoother with fewer abrupt changes. When upward, the maximum positive jerk reduced to approximately 

2.35 m/s³ and the minimum jerk to -2.57 m/s³. When downward, the maximum positive jerk is further 

reduced to about 1.68 m/s³, and the minimum jerk to -2.87 m/s³. 

In the fourth case (with S-curve, with load) shown in Figures 13 and 14, the S-curve profile further 

smoothed the transitions, providing the most significant improvements. When upward, the maximum positive 

jerk was about 1.47 m/s³ and the minimum jerk was -1.37 m/s³. Similarly, when downward, the maximum 

positive jerk remained at 1.47 m/s³ and the minimum jerk at -1.37 m/s³. The S-curve effectively mitigated the 

impact of the added load, ensuring smoother transitions and enhancing passenger comfort. 

Experimental tests under partial load conditions showed that increased load significantly reduced 

jerk. This is due to the added inertia from greater mass, which dampens abrupt acceleration, creating 

smoother transitions. While these findings support the S-curve's effectiveness under varied loads, they were 

excluded from the main analysis for conciseness. Future research could perform a broader analysis across 

different loads for deeper insights. 

 

4.4.  Comparison of control methods 

To clarify the differences between various elevator motion control methods, Table 2 compares the 

S-curve motion profile with alternative approaches such as trapezoidal, triangular profiles, and PID control. 
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The table highlights key features, including jerk minimization, ride comfort, acceleration smoothness, ease of 

implementation, and control complexity. The comparison demonstrates that the S-curve profile provides 

superior jerk minimization and ride comfort due to its smooth acceleration and deceleration transitions. 

Although it requires more complex calculations, it is ideal for passenger elevators where comfort is a priority. 

In contrast, trapezoidal and triangular profiles are simpler to implement but lead to more abrupt motion 

changes, which may reduce ride quality. 
 

 

  

 

Figure 11. Jerk in the 3rd case 

(with s-curve, no load, upward) 

 

Figure 12. Jerk in the 3rd case 

(with s-curve, no load, downward) 
 

 

  
 

Figure 13. Jerk in the 4th case 

(with s-curve, loaded, upward) 

 

Figure 14. Jerk in the 4th case 

(with s-curve, loaded, downward) 
 

 

Table 2. Comparison of control methods for elevator motion profiles 
Feature S-curve Trapezoidal Triangular PID control 

Jerk minimization Excellent (smooth 

transitions) 

Moderate (abrupt 

changes) 

Low (sharp acceleration/ 

deceleration) 

Varies (depends on 

tuning) 

Ride comfort High (smoother acceleration) Moderate Low Moderate 

Acceleration/deceleration 
smoothness 

Very smooth Less smooth (step 
changes) 

Abrupt Dependent on tuning 

Ease of implementation Moderate (requires precise 

calculation) 

Easy (simple shape) Easy (linear shape) Moderate to 

complex 

Control complexity Higher (more parameters to 

tune) 

Lower Lower Moderate to high 

Application in elevators Ideal for passenger comfort Suitable for simple 
applications 

Rarely used due to abrupt 
motion 

Commonly used 
with varying results 

 

 

4.5.  Interpreting the practical implications of jerk reduction 

According to ISO 8100-34:2021, the maximum allowable jerk for elevators is 1.2 m/s³. In this study, 

the max jerk values ranged between 1.37 and 1.4 m/s³ under loaded conditions when using the S-curve profile, 

which, while slightly above the standard, marks a significant improvement over the conventional profile. The 

S-curves smoother acceleration offers a more stable ride, enhancing passenger comfort. With further 
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optimization and adjustments to the system, compliance with the ISO 8100-34:2021 limit could be achieved. 

This approach shows strong potential for improving elevator performance and reducing mechanical stress. 
 

 

5. CONCLUSION 

The implementation of the S-curve motion profile for the VFD using sensorless field-oriented 

control significantly reduces elevator jerk. The results indicate a jerk reduction of 29.43% to 48.78% under 

no-load conditions, and 48.15% to 52.08% under load conditions, with and without the S-curve, respectively. 

The difference in jerk profiles between loaded and unloaded conditions can be attributed to the impact of 

mass on the system's inertia. The increased mass in loaded conditions dampens abrupt acceleration changes, 

leading to smoother jerk transitions, while in no-load conditions, the system is more sensitive to acceleration 

changes. These findings underscore the effectiveness of the S-curve profile in minimizing jerk and ensuring 

smoother, safer elevator operation. The greatest improvements observed in loaded conditions highlight the S-

curve's capability to enhance ride quality and reduce mechanical wear. Consequently, these results contribute 

to improved elevator efficiency, increased ride comfort, and reduced mechanical stress. 

The findings highlight notable improvements but also reveal limitations and avenues for future 

research. Hardware constraints, such as the accelerometer's resolution, introduced noise into jerk 

measurements. The small-scale prototype lacked full-sized elevator dynamics like cable sway and building 

vibrations. Sensorless vector control also faced accuracy challenges under varying loads. 

Future work could optimize S-curve parameters based on real-time loads for smoother performance. 

Exploring advanced methods like model predictive control (MPC) or AI-based algorithms could enable 

adaptive motion profile optimization. Full-scale tests on actual elevators would validate scalability and 

effectiveness. Integrating advanced sensors, such as load cells or high-resolution accelerometers, could 

improve real-time feedback and enable dynamic motion adjustments. Enhancing energy efficiency through 

optimized control algorithms, minimizing power use during acceleration and deceleration, and incorporating 

regenerative braking systems could further improve system performance. 
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