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Abstract: The efficiency, performance, and driving comfort of modern vehicles are significantly influenced by the 

effectiveness of automatic gear shifting systems. Conventional transmission systems such as Automatic Transmission (AT), 

Automated Manual Transmission (AMT), Dual Clutch Transmission (DCT), and Continuously Variable Transmission 

(CVT) suffer from limitations including shift delay, energy losses, jerks, and lack of adaptability to varying driving conditions. 

This review paper presents a comprehensive analysis of existing automatic gear shifting technologies and explores advanced 

improvement strategies using intelligent control systems, sensor integration, and predictive algorithms. The study focuses 

on key enhancement areas such as adaptive gear shifting using machine learning, optimization of clutch engagement in AMT, 

thermal management in DCT, and predictive shifting using GPS and IoT technologies. Furthermore, the paper evaluates 

modern control techniques including PID, fuzzy logic, and model predictive control (MPC) for improving shift quality and 

efficiency. The integration of these technologies leads to reduced fuel consumption, improved driver comfort, and enhanced 

system reliability. This research contributes to the development of next-generation intelligent transmission systems for 

automotive applications. 
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I. INTRODUCTION 

Automatic gear shifting systems are an important part of 

modern vehicles, designed to make driving easier, 

smoother, and more comfortable. Unlike manual 

transmission, where the driver has to change gears 

manually, automatic systems select the appropriate gear 

automatically based on driving conditions such as vehicle 

speed, engine load, and throttle position. These systems 

help reduce driver fatigue, especially in heavy traffic, and 

improve overall driving experience. Common types of 

automatic transmissions include Automatic Transmission 

(AT), Automated Manual Transmission (AMT), Dual 

Clutch Transmission (DCT), and Continuously Variable 

Transmission (CVT), each having its own advantages and 

limitations. 

However, despite technological advancements, current 

automatic gear shifting systems still face several issues 

such as shift delay, jerky gear changes, reduced fuel 

efficiency, and lack of adaptability to different driving 

conditions. These limitations affect vehicle performance 

and user comfort. Therefore, there is a growing need to 

improve these systems using advanced technologies. 

Modern approaches focus on using sensors, intelligent 

control systems, and machine learning techniques to make 

gear shifting smarter and more efficient. By improving gear 

shifting mechanisms, it is possible to achieve better fuel 

economy, smoother operation, and enhanced vehicle 

performance, which is essential for the development of 

next-generation automotive systems. 

 

II. LITERATURE REVIEW 

 

Various researchers have contributed to improving automatic 

gear shifting systems using different approaches: 

• Studies on Automated Manual Transmission (AMT) 

show that improper clutch control leads to jerks during 

shifting. 

• Research on Dual Clutch Transmission (DCT) highlights 

fast shifting but increased thermal issues. 

• Investigations into CVT systems indicate smooth 

operation but limited torque capacity. 

Recent advancements include: 

• Use of fuzzy logic controllers for smoother gear 

transitions 

• Application of machine learning algorithms for adaptive 

gear shifting 

• Integration of sensor-based systems for real-time 

decision-making 

Many researchers emphasize that traditional fixed gear shift 

maps are inefficient under varying driving conditions. 

Therefore, adaptive and intelligent systems are required. 
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[1] 

Kulkarni et al. (2021) conducted a study on the 

performance improvement of Automated Manual 

Transmission (AMT) systems by optimizing clutch 

engagement and shift timing. The research focused on 

reducing shift shock and improving driving comfort by 

controlling clutch actuation using electronic control units 

(ECU). Experimental results showed that optimized clutch 

control significantly reduced jerks during gear shifting and 

improved overall transmission efficiency. The study 

concluded that proper calibration of clutch engagement 

profiles plays a crucial role in enhancing AMT 

performance. 
 

[2] 

Sharma and Kulkarni (2020) investigated the application of 

fuzzy logic control in automatic gear shifting systems. The 

study developed a fuzzy logic-based controller that 

considers parameters such as vehicle speed, throttle 

position, and engine load to determine optimal gear 

selection. The results demonstrated smoother gear 

transitions and better adaptability to varying driving 

conditions compared to conventional shift maps. The 

research highlighted that fuzzy logic controllers can 

effectively handle uncertainties and nonlinearities in 

transmission systems. 
 

[3] 

Zhang et al. (2019) explored the use of machine learning 

techniques for adaptive gear shifting in modern vehicles. 

The study utilized neural networks to predict optimal gear 

positions based on driver behavior and road conditions. The 

proposed system was capable of learning and adapting over 

time, resulting in improved fuel efficiency and reduced 

shift delays. The findings emphasized the importance of 

intelligent algorithms in developing next-generation smart 

transmission systems. 
 

[4] 

Rao and Deshmukh (2018) analyzed the performance of 

Dual Clutch Transmission (DCT) systems with a focus on 

thermal management and shift response. The study 

identified that excessive heat generation during continuous 

operation affects transmission efficiency and durability. A 

thermal control model was developed to optimize clutch 

temperature and improve system reliability. The results 

indicated that effective thermal management enhances gear 

shifting performance and extends transmission life. 
 

 

[5] 

Singh et al. (2022) proposed a predictive gear shifting 

system using GPS and real-time traffic data. The system 

adjusts gear selection based on upcoming road conditions 

such as slopes, turns, and traffic congestion. Simulation 

results showed significant improvement in fuel efficiency 

and reduction in unnecessary gear shifts. The study 

concluded that integrating IoT and predictive analytics 

into transmission systems can greatly enhance 

performance and driving comfort. 

 

III. RESEARCH GAP 

 

Even though many improvements have been made in 

automatic gear shifting systems, there are still several 

gaps that need attention. Most existing systems use fixed 

gear shifting maps, which do not adapt to changing 

driving conditions like traffic, road slope, or driver 

behavior. This results in poor fuel efficiency and 

uncomfortable gear shifts. In systems like AMT, jerky 

shifting is still a major problem due to improper clutch 

control. Advanced systems like DCT and CVT improve 

performance but are costly and complex, making them 

less suitable for all types of vehicles. Moreover, the use 

of intelligent technologies such as machine learning and 

real-time sensor integration is still limited in practical 

applications. Current systems also lack predictive 

capabilities, meaning they cannot anticipate future 

driving conditions. Therefore, there is a strong need to 

develop smart, adaptive, and cost-effective gear shifting 

systems that can improve performance, comfort, and 

efficiency in real-world driving conditions. 

 

IV. METHODOLOGY 

 

A. DataCollection 

1. DatasetUsed: 

For this study, the data related to automatic gear 

shifting system performance was obtained through 

a combination of simulation models and 

experimental vehicle data. The dataset includes 

various parameters affecting gear shifting such as 

vehicle speed, engine RPM, throttle position, load 

conditions, and road gradient. Data was collected 

under different driving conditions including city 

traffic, highway driving, and uphill/downhill 

motion. 

The dataset consists of both conventional gear 

shifting data and optimized intelligent gear 

shifting data, which helps in comparing system 

performance. This dataset is suitable for analyzing 

gear shift quality, fuel efficiency, and system 

response under different operating conditions. 

 

 

2. ExperimentalSetup: 

 

a) System Configuration: 

The system configuration includes all hardware and 

control components required for automatic gear 

shifting analysis. The engine provides input power, 

which is transmitted through the gearbox. Various 

sensors are integrated into the system to 

continuously monitor operating conditions. These 

sensors send real-time data to the ECU, which acts 

as the decision-making unit. The ECU uses 

programmed algorithms to control the gear shifting 

actuator. 

The configuration ensures proper interaction 

between mechanical and electronic components, 

enabling efficient and smooth gear shifting. 
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Table I – Input Parameters for Gear Shifting Analysis 

 

Parameter Range 
 

Vehicle Speed 0–120 km/h 
 

Engine RPM 800–5000 RPM 
 

Throttle Position 0–100% 
 

Load Condition 0–100% 
 

Road Gradient -10° to +10° 
 

 

 

Table II – System Components Used in Experimental 

Setup 

 

 

 

b) Design and Development of System: 

The system is designed to implement an intelligent gear shifting 

mechanism using advanced control strategies. The development process 

involves integrating sensors, control algorithms, and actuators into a 

unified system. The ECU is programmed with control techniques such 

as PID and fuzzy logic to determine optimal gear shifting conditions. 

The system development includes: 

• Selection of appropriate sensors for accurate data 

measurement 

• Development of control algorithms for decision-making 

• Integration of ECU with transmission system 

• Calibration of system for different driving conditions 

The test setup is mounted on a rigid frame and properly aligned to 

avoid vibrations and misalignment errors. Proper insulation and 

shielding are provided to reduce noise interference in sensor signals. 

c) Experimentation: 

The experiments are conducted to evaluate the performance of both 

conventional and improved gear shifting systems under different 

operating conditions. The system is tested for various speeds, loads, and 

road conditions to analyze its behavior. 

The procedure includes: 

• Running the system under steady conditions 

• Recording sensor data using DAQ system 

• Observing gear shift timing and smoothness 

• Comparing performance with improved control strategy 

The data is collected for a fixed duration after achieving stable 

conditions. Multiple trials are conducted to ensure accuracy and 

consistency of results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Data Preprocessing: 

 

Data preprocessing plays a crucial role in improving the 

accuracy and performance of the automatic gear shifting 

system. The raw data collected from various sensors such 

as speed sensor, throttle position sensor, and engine RPM 

sensor often contains noise, fluctuations, and unwanted 

variations due to environmental disturbances and system 

limitations. Therefore, it is necessary to process this data 

before using it for analysis and control. The preprocessing 

stage ensures that the data is clean, consistent, and suitable 

for further processing in control algorithms or intelligent 

models. It includes steps such as filtering, noise removal, 

and feature extraction, which help in enhancing the quality 

of the data and improving decision-making in gear 

shifting. 

Component Function 

Engine Provides input power 

Transmission(AMT/DCT) Gear Shifting Mechanism 

Sensors Measure Speed Load,RPM 

ECU Decision Making unit 

Actuators Executes gear shifting 

DAQ System Data Collection & 

Monitoring 

 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                                       5  

1. Filtering & Noise Removal: 
 

The sensor data collected during experimentation may contain 

unwanted noise and irregular signals, which can affect the 

accuracy of gear shifting decisions. To overcome this, different 

filtering techniques are applied. Low-pass filters are used to 

remove high-frequency noise, while moving average filters help 

in smoothing sudden fluctuations in sensor readings. In some 

cases, band-pass filters are also used to retain only the relevant 

range of signals associated with gear shifting parameters. These 

filtering techniques improve the signal-to-noise ratio and ensure 

that only meaningful data is considered for further analysis. As a 

result, the system becomes more stable and reliable in real-time 

operation. 

2. Feature Extraction: 

 

Feature extraction is an important step in data preprocessing, 

where useful information is extracted from the processed sensor 

data. Instead of using raw data directly, key features such as gear 

shift time, engine load variation, vehicle speed variation, and 

throttle response are identified and used for analysis. These 

features represent the behavior of the gear shifting system and help 

in understanding its performance under different conditions. By 

selecting relevant features, the complexity of the system is 

reduced, and the efficiency of control algorithms is improved. 

Feature extraction also plays a significant role in intelligent 

systems, where machine learning models use these features to 

predict optimal gear shifting conditions and enhance overall 

system performance. 

 

 

C. Control System Models: 

 

Control systems play a vital role in improving the performance of 

automatic gear shifting systems by ensuring smooth, efficient, and 

adaptive gear transitions. In this study, different control techniques 

are implemented to optimize gear shifting based on real-time input 

parameters such as vehicle speed, engine RPM, throttle position, 

and load conditions. The objective of these control models is to 

minimize shift delay, reduce jerks, and improve fuel efficiency. 

Traditional control methods are enhanced using intelligent 

approaches to handle nonlinearities and uncertainties in driving 

conditions. The major control techniques used in this study include 

PID controller, fuzzy logic controller, and machine learning-based 

models. 

 

 

1. PID Controller: 

The Proportional-Integral-Derivative (PID) controller is one of the 

most widely used control techniques in automotive systems due to 

its simplicity and effectiveness. It continuously calculates the error 

between the desired gear shifting condition and the actual system 

response, and accordingly adjusts the control input to minimize 

this error. 

• Proportional (P): Responds to present error 

• Integral (I): Eliminates accumulated error 

• Derivative (D): Predicts future error 

 
 

2. Fuzzy Logic Controller: 

Fuzzy logic controller is an advanced control technique 

that mimics human decision-making by handling 

uncertain and imprecise data. Unlike PID, it does not 

require an exact mathematical model and works based on 

linguistic rules such as “IF-THEN” conditions. 

For example: 

• IF speed is high AND load is low → shift to higher 

gear 

• IF speed is low AND load is high → shift to lower 

gear 

 

3. Machine Learning Model 

 

Machine learning-based control systems represent the 

most advanced approach for improving automatic gear 

shifting systems. These models use historical and real- 

time data to learn patterns and predict optimal gear 

positions. 

Common algorithms used: 

• Artificial Neural Networks (ANN) 

• Decision Trees 

• Reinforcement Learning 

Table III – Comparison of Control System Models 

 

Parameter 

 

PID 

Controller 

 

Fuzzy 

Logic 
Controller 

 

Machine 

Learning 
Model 

 

Complexity 

 

Low 

 

Medium 

 

High 

 

Adaptability 

 

Low 

 

High 

 

Very High 

 

Accuracy 

 

Moderate 

 

High 

 

Very High 

 

Real-time 

Performance 

 

Good 

 

Very Good 

 

Excellent 

 

Handling 

Nonlinearity 

 

Poor 

 

Good 

 

Excellent 
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D. Model Training & Evaluation: 

 

Model training and evaluation are essential steps in assessing 

the effectiveness of the proposed automatic gear shifting 

improvement system. In this study, the collected and 

preprocessed data is used to train control models and 

evaluate their performance under different driving 

conditions. The goal is to ensure that the system can 

accurately predict optimal gear positions, minimize shift 

delay, and improve overall driving comfort and efficiency. 

A structured approach is followed, including data splitting, 

performance parameter analysis, and evaluation using 

appropriate metrics. 

 

 
1. Data Splitting Methodology: 

 

The dataset used for gear shifting analysis consists of multiple 

samples collected under different operating conditions such as 

varying speeds, loads, and throttle inputs. To ensure proper 

training and unbiased evaluation, the dataset is divided into two 

parts: 

• Training Dataset (80%) – Used to train the control or 

machine learning model 

• Testing Dataset (20%) – Used to evaluate model 

performance 

Stratified sampling is applied to maintain a balanced distribution 

of different driving conditions in both datasets. This approach 

helps in improving model generalization and avoiding overfitting. 

This methodology ensures that the model is trained effectively and 

tested on unseen data, providing reliable performance evaluation. 

2. Performance Parameters: 

The performance of the automatic gear shifting system is 

evaluated based on key parameters that directly affect 

vehicle operation and driver comfort. These include: 

• Gear Shift Time: Time taken to shift from one gear 

to another 
• Fuel Efficiency: Improvement in fuel consumption 

• Shift Smoothness: Reduction in jerks and vibrations 

• System Response Time: Speed of system reaction to 

input changes 

These parameters are measured and compared between 

conventional and improved systems to determine the 

effectiveness of the proposed model. 

Table IV – Performance Comparison Parameters 

 

 

Parameter 
Conventional 

System 

Improved 

System 

 

Gear Shift Time 
High Reduced 

 

Fuel Efficiency 

 

Moderate 

 

High 

 

Smoothness 

 

Low 

 

High 

 

Response Time 

 

Slow 

 

Fast 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Performance Parameters: 

 

The performance of the automatic gear shifting system is evaluated 

based on key parameters that directly affect vehicle operation and 

driver comfort. These include: 

• Gear Shift Time: Time taken to shift from one gear to 

another 

• Fuel Efficiency: Improvement in fuel consumption 

• Shift Smoothness: Reduction in jerks and vibrations 

• System Response Time: Speed of system reaction to input 

changes 

These parameters are measured and compared between 

conventional and improved systems to determine the effectiveness 

of the proposed model. 

3. Evaluation Metrics: 

 

To quantitatively evaluate system performance, different 

evaluation metrics are used. These metrics help in measuring 

the accuracy and efficiency of the gear shifting system. 

• Efficiency Improvement (%): 

Measures improvement in system performance 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 
𝑂𝑢𝑡𝑝𝑢𝑡 

× 100 
𝐼𝑛𝑝𝑢𝑡 

• Shift Delay Reduction (%): 

Indicates reduction in gear shifting time. 

• Fuel Economy Improvement (%): 

Represents increase in fuel efficiency. 

• Error Analysis: 

Difference between predicted and actual gear selection. 

 

F. Mathematical Modeling: 

Gear Ratio Relation: 
𝑂𝑢𝑡𝑝𝑢𝑡 𝑆𝑝𝑒𝑒𝑑 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 = 
𝐼𝑛𝑝𝑢𝑡 𝑆𝑝𝑒𝑒𝑑 

Torque Relation: 

𝑇 = 𝐹 × 𝑟 

Efficiency: 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 
𝑂𝑢𝑡𝑝𝑢𝑡 

× 100 
𝐼𝑛𝑝𝑢𝑡 
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V. IMPROVEMENT AREAS 
 

 

The performance of automatic gear shifting systems can be 

significantly enhanced by incorporating advanced control 

strategies, intelligent algorithms, and optimized mechanical 

design. This section presents key improvement areas focusing on 

adaptive control, system optimization, and advanced transmission 

technologies to overcome the limitations of conventional systems 

such as shift delay, jerks, and energy losses. 

 

 

A. Adaptive Gear Shifting using AI: 

 

Adaptive gear shifting using Artificial Intelligence (AI) is 

an advanced approach that enables the transmission system 

to automatically adjust gear shifting patterns based on real- 

time driving conditions and driver behavior. Unlike 

conventional systems that rely on fixed shift maps, AI- 

based systems continuously learn and optimize gear 

selection. 

• Learns Driver Behavior: 

The system analyzes driving patterns such as 

acceleration, braking habits, and throttle usage to create 

a personalized gear shifting strategy. 

• Adjusts Shifting Pattern: 

Based on collected data, the system dynamically 

modifies gear shift points to suit traffic conditions, road 

gradient, and load variations. 

• Improves Fuel Efficiency: 

Optimized gear selection reduces unnecessary gear 

changes and engine load, leading to better fuel economy. 

 

 

 

B. AMT Optimization: 

 

Automated Manual Transmission (AMT) systems are widely used 

due to their low cost and simplicity; however, they suffer from 

jerky gear shifting due to improper clutch control and torque 

interruption. Optimization of AMT systems focuses on improving 

shift smoothness and system response. 

 

Problem: 

• Jerky gear shifting 

• Torque interruption during gear change 

• Driver discomfort 

 

Solution: 

• Optimized Clutch Control: 

Precise control of clutch engagement and disengagement 

reduces sudden torque changes. 

• Torque Interruption Reduction: 

Advanced control algorithms ensure continuous power 

flow during gear shifting. 

C. DCT Improvement: 

 

Dual Clutch Transmission (DCT) systems offer fast and efficient 

gear shifting but face challenges such as heat generation, 

complexity, and cost. Improvements in DCT focus on enhancing 

performance and durability. 

 

• Thermal Management Systems: 

Efficient cooling systems are used to control heat 

generated during continuous operation, preventing 

performance degradation. 

• Lightweight Materials: 

Use of advanced materials reduces system weight, 

improving efficiency and reducing energy losses. 

• Faster Actuators: 

High-speed electro-hydraulic actuators enable quicker 

gear engagement, reducing shift time. 

 

 

Table V – Comparison of Improvement Areas 

 

Improvement 

Areas 
Key Points Benefits 

AI-based 

Adaptive 

Shifting 

Intelligent 

control 

Improved 

efficiency, 

adaptability 

AMT 

Optimization 

Clutch & 

torque control 

Reduced jerks, 

better comfort 

DCT 

Improvement 

Thermal & 

mechanical 

design 

Faster shifting, 

higher 

durability 

 

 

VI .RESULT & DISCUSSIONS 
 

 

A. System Performance Comparison: 

 

The performance of the automatic gear shifting system 

was evaluated by comparing the conventional system 

with the improved intelligent control-based system 

under various operating conditions such as speed, load, 

and throttle variations. The results were analyzed based 

on key performance parameters including gear shift 

time, fuel efficiency, smoothness, and system response 

time. 

 

Table VI – Performance Comparison of Gear 

Shifting System 

 

Sr.no Parameter Conventional 

System 

Improved 

System 

1 Gear Shift 

Time (sec) 
1.5 – 2.0 0.8 – 1.2 

2 Fuel 

Efficiency 

(%) 

65 – 70 75-85 

3 Shift 

Smoothness 
Moderate High 

4 Response 

Time (sec) 
1.2 0.6 
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B. Interpretation of Results: 

The comparison results clearly indicate that the improved 

automatic gear shifting system outperforms the conventional 

system across all evaluated parameters. The reduction in gear 

shift time from approximately 1.5–2.0 seconds to 0.8–1.2 

seconds demonstrates the effectiveness of intelligent control 

strategies in minimizing delay. Similarly, fuel efficiency 

shows a significant improvement due to optimized gear 

selection and reduced energy losses. 

The smoothness of gear shifting is greatly enhanced in the 

improved system, as the integration of advanced control 

techniques such as fuzzy logic and machine learning reduces 

jerks and ensures gradual torque transmission. The system 

response time is also reduced by nearly 50%, enabling faster 

adaptation to changing driving conditions. These 

improvements collectively contribute to better driving 

comfort, increased system reliability, and enhanced overall 

vehicle performance. 

 

1. Sensitivity Analysis 

a) Impact of Control Strategies on System Performance: 

The performance of the gear shifting system is highly 

influenced by the type of control strategy implemented. The 

conventional system, which relies on fixed gear shift maps, 

shows limited adaptability and slower response. In contrast, 

the improved system using intelligent control techniques 

demonstrates superior performance due to its ability to adjust 

gear shifting dynamically based on real-time inputs. 

• PID Controller: Provides stable and smooth control but is 

less effective in handling nonlinear conditions. 

• Fuzzy Logic Controller: Enhances adaptability and 

improves shift smoothness under varying conditions. 

• Machine Learning Model: Offers the highest level of 

performance by predicting optimal gear positions based 

on data patterns. 

 

b) Effect of System Optimization: 

System optimization plays a crucial role in improving 

transmission performance: 

• AI-based Adaptive Shifting: 

Enables real-time decision-making, leading to improved 

fuel efficiency and reduced shift delay. 

• AMT Optimization: 

Reduces jerks through better clutch control and 

minimizes torque interruption. 

• DCT Improvement: 

Enhances shifting speed and reliability through improved 

thermal management and actuator performance. 

The combined effect of these optimizations results in a 

highly efficient and responsive gear shifting system suitable 

for modern automotive applications. 

VII .CONCLUSION & FUTURE WORK 
 

 

A. Conclusion: 

This study concludes that automatic gear shifting systems 

can be greatly improved by using intelligent control 

methods, better sensor integration, and advanced prediction 

techniques. Traditional systems mainly depend on fixed 

gear shift patterns, which are not suitable for changing 

driving conditions such as traffic, road slope, and driver 

behavior. Because of this, problems like jerky shifting, 

delay in gear change, and poor fuel efficiency are observed. 

By applying control systems like PID, fuzzy logic, and 

machine learning, the gear shifting process becomes 

smoother, faster, and more accurate. The use of sensors 

helps in collecting real-time data, allowing the system to 

make better decisions. As a result, the improved system 

shows reduced shift time, increased fuel efficiency, and 

better driving comfort. Overall, intelligent gear shifting 

systems play an important role in enhancing vehicle 

performance and are a key step toward modern and smart 

automotive technology. 

 

 

B. Future Work: 

In the future, automatic gear shifting systems can be further 

improved by integrating them with electric vehicles, where 

efficient power management is very important. The use of 

real-time AI-based control systems can make gear shifting 

even smarter by continuously learning from driving 

conditions and user behavior. These systems can also be 

applied in autonomous vehicles, where automatic decision- 

making is essential for safe and efficient driving. 

Additionally, the development of hybrid transmission 

systems that combine the advantages of different 

transmission types can further enhance performance and 

efficiency. Future research can also focus on reducing 

system cost and complexity so that advanced gear shifting 

technologies can be used in all types of vehicles. Overall, 

the future of automatic gear shifting systems lies in making 

them more intelligent, adaptive, and suitable for next- 

generation automotive applications. 
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