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Abstract:  

This review article provides a thorough examination of the function and influence of semi 

active suspension systems in improving the level of comfort experienced during rides in 

the automobile sector. The paper explores the core concepts, types, and features of semi-

active suspension technology, while also highlighting their differences and similarities 

with passive and fully active suspension systems. This study also examines the measures 

used to assess the level of comfort experienced during a ride, incorporating both objective 

and subjective factors. The research examines many components that impact ride comfort 

in semi-active suspensions, such as control algorithms, sensor technologies, and the effects 

of important vehicle and ambient variables. Moreover, it offers valuable information on 

performance assessment via both laboratory and field testing, as well as comparison 

studies with alternative systems. It also covers current improvements and the integration 

of the system with other vehicle systems. The study finishes by succinctly summarizing 

crucial ideas, emphasizing the importance of these technologies in augmenting both ride 

comfort and safety. Additionally, it solicits additional investigation and underscores the 

ramifications for the automobile sector, establishing the foundation for future progress and 

use in the realm of semi-active suspension systems.  

Keywords: Semi Active Suspension Systems, Control Algorithms, Sensor Technologies, 

Performance Assessment. 

 

1. Introduction 

1.1 Background and significance of ride comfort 

Since the advent of motor vehicles, the automobile industry has always prioritized the quest of 

ride comfort. Ride comfort pertains to the excellence of the driving encounter, with a focus on 

minimizing disruptions and vibrations experienced by passengers [1], [2]. Over time, it has 

transformed from a luxury item to a crucial element that affects vehicle design and consumer pleasure. 

The importance of ride comfort stems from its direct association with passenger welfare, mitigating 

tiredness, and ensuring a secure journey [3], [4]. Therefore, with the progress of automobile 
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technology, researchers are placing significant emphasis on enhancing ride comfort by refining 

suspension systems [5], [6]. This focus on refinement is driving innovation and developments in the 

industry.  

1.2 Purpose and scope of the review 

The main objective of the present review is to thoroughly analyze the function and efficacy of 

semi-active suspension systems in improving the comfort of rides in the automobile sector. The study 

will examine the underlying concepts and mechanics of semi-active suspensions, exploring their many 

types and technologies, as well as their relative benefits and limits in comparison to passive and fully 

active systems. This research study aims to comprehensively examine many aspects that affect ride 

comfort, including both objective and subjective criteria used to assess the effectiveness of these 

systems. In addition, the study will focus on recent progress and breakthroughs in semi-active 

suspension technology, offering an understanding of the most cutting-edge achievements and 

prospective future paths.  

1.3 Outline of the sections 

The review article is organized into important sections that are necessary for a thorough 

comprehension of semi active suspension systems and their influence on ride comfort. The overview 

comprises a comprehensive analysis of semi active suspension systems, including their classifications, 

benefits, and constraints, with a particular emphasis on their contribution to enhancing the smoothness 

of the ride experience. The next section will explore the measures used to quantify ride comfort, 

including both objective and subjective rating criteria. In addition, the article will examine the several 

aspects that affect ride comfort in semi active suspension systems, including control algorithms, sensor 

technologies, and ambient considerations. The study will also examine performance assessment 

approaches, including laboratory and field testing and comparison analyses with other suspension 

systems. Further, the study will provide an overview of the most recent progress and breakthroughs in 

the sector, providing valuable information about the cutting-edge technologies and their incorporation 

into other vehicle systems. Finally, the article will conclude by providing a concise overview of the 

main discoveries and consequences, as well as recommendations for future research avenues in the 

field of semi-active suspension systems and their impact on improving ride comfort. 

2. Semi-Active Suspension Systems 

2.1 Definition and characteristics 

Suspension systems are classified as passive and active types [7], [8]. Springs and dampers are 

fixed in passive suspension systems; however, an onboard control system is available in active 

suspension system to control vertical movement of wheels and axles relative to chassis [9], [10]. Active 

systems are further categorized into fully active and semi active systems. In fully active systems, 

combination of electric motors and electronic computation allows flat cornering and spontaneous 

response to road conditions. In case of semi active systems, only viscous damping coefficient of shock 

absorber changes with no effect on energy addition. Figure 1 depicts schematic of semi active 

suspension system.  
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Figure 1 Schematic of Semi active suspension system 

Cutting-edge car technologies called semi-active suspension systems modify damping forces 

in reaction to road conditions to improve ride comfort. Using controllable actuators, semi-active 

systems modify damping levels in contrast to passive suspensions with set damping rates or active 

suspensions requiring large energy input. Several control algorithms, such fuzzy logic systems or 

proportional-integral-derivative (PID) controllers, can be used to mathematically characterize the 

behavior of semi-active suspension systems. With the goal of maximizing ride comfort while 

preserving vehicle stability, these algorithms modify damping forces using sensor input. Following 

mathematical representation of a semi-active suspension system might involve a damping force 𝐹𝑑that 

is a function of the relative velocity between the sprung and unsprung masses(𝑉𝑟), the desired 

coefficient (𝑐𝑑𝑒𝑠𝑟𝑖𝑒𝑑) and control input (u) 

𝐹𝑑 = 𝑐𝑑𝑒𝑠𝑖𝑟𝑒𝑑 × (𝑣𝑟 − 𝑢)…1 

Next sub-section will explore types of semi-active suspension technologies, including 

magnetorheological (MR) suspensions, electrorheological (ER) suspensions, hydraulically adjustable 

suspensions, and pneumatic suspensions [11], [12]. It will provide a clear explanation of their 

mechanics and applications. Thus, a solid understanding of semi-active suspension systems is provided 

with clear definitions and descriptions.  

2.2 Types of semi-active suspension technologies 

The section focuses on examining the different types of semi-active suspension technologies 

and providing an in-depth analysis of the subtle differences and functionality of these systems. Semi-
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active suspension systems, encompass MR suspensions, ER suspensions, hydraulically adjustable 

suspensions, and pneumatic suspensions, function by adapting and dynamically modifying the 

damping properties in response to real-time inputs. MR suspensions use MR fluids that exhibit 

rheological properties that may be altered efficiently and precisely in reaction to magnetic fields, 

enabling exact alterations in damping [13], [14]. ER suspensions use fluids that exhibit changes in 

viscosity in reaction to electric fields, enabling rapid and precise adjustments to fluctuating road 

conditions [15], [16]. Hydraulically adjustable suspensions use hydraulic systems to alter damping 

characteristics, providing a wide array of customizable modifications [17], [18]. Pneumatic 

suspensions use fluctuations in air pressure to adjust to different road conditions [19], [20]. The 

advantages of these semi active systems are remarkable, as they greatly improve the comfort of the 

ride by minimizing vibrations and disruptions while simultaneously preserving the stability of the 

vehicle. These technologies provide a more seamless and regulated ride, leading to less exhaustion for 

both the driver and passengers, and an overall more enjoyable driving experience. Their capacity to 

adjust to different road conditions and driver preferences makes them a important element for 

automobiles, prioritizing safety and comfort while maintaining economy. Table-1 shows comparative 

study of Semi-Active Suspension Technologies. 

Table 1 comparative study of Semi-Active Suspension Technologies 

Feature MR Suspension ER Suspension Hydraulically 

Adjustable 

Pneumatic 

Suspension 

Damping 

Adjustment 

Mechanism 

Magnetic Field Electric Field Hydraulic 

System 

Air Pressure 

Fluid Type MR Fluid 

(Magnetorheological) 

ER Fluid 

(Electrorheological) 

Hydraulic 

Fluid 

Air 

Response Time Fastest (milliseconds) Fast (milliseconds) Moderate Slowest 

Customization Precise and Efficient Precise and Efficient Wide Range Limited 

Complexity High High Moderate Low 

Cost High High Moderate Low 

 

2.3 Advantages and limitations 

The text highlights the advantages provided by semi-active suspensions, highlighting its 

capacity to dynamically adjust to road conditions, thereby improving ride comfort while ensuring 

vehicle stability. These systems achieve a balance between the inactivity of standard suspensions and 

the intricacy of fully active systems, providing enhanced comfort without the excessive energy 

requirements of active configurations. Nevertheless, there are drawbacks of semi-active suspensions, 

including their high cost, intricate nature, and the possibility for reliability problems related to 

electronic components. Obtaining a thorough comprehension of both the benefits and constraints of 

these technologies is essential for a full assessment and will aid in directing their implementation and 

development within the automotive sector. 
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3. Ride Comfort Metrics 

3.1 Objective and subjective metrics 

The section examines objective and subjective measurements of ride comfort that will explore 

many approaches used to evaluate the quality of a vehicle's ride experience. Objective metrics refer to 

quantitative measures, including frequency response analysis, displacement, acceleration, and velocity 

assessments [21], [22]. These data provide technical insights into the physical functioning of the 

suspension system. In contrast, subjective measurements pertain to the views and preferences of 

passengers and drivers, including assessments of comfort, human perception of ride quality, and 

overall pleasure during travel [23], [24]. A balance between technical measurements with human 

experiences is required in order to gain a more complete understanding of the effectiveness of semi 

active suspension systems in delivering an optimized ride comfort. 

3.2 The role of suspension systems in addressing ride comfort 

Suspension systems are essential for controlling the contact between the vehicle and the road 

surface. These technologies have a substantial impact on ride comfort by absorbing shocks, eliminating 

vibrations, and preserving stability. The operational principles of semi active suspension systems 

address road disturbances in real-time, resulting in a more refined and regulated driving experience. 

Furthermore, role of these technologies in minimizing driver and passenger tiredness is important for 

improving the vehicle's reaction to different road conditions, thus enhancing the overall level of 

comfort in the vehicle. It is crucial to grasp the importance of suspension systems in enhancing ride 

comfort and their significant impact on the automobile industry and the possibility for enhancing the 

entire driving experience. 

4. Factors Affecting Ride Comfort in Semi-Active Suspensions 

4.1 Control algorithms and strategies 

The complex algorithms and tactics are used in the suspension systems to modify and regulate 

damping levels based on changing road conditions and driving situations. These control algorithms 

have a crucial function in maximizing the comfort of the ride while simultaneously preserving the 

stability of the vehicle. Several techniques, including skyhook, ground hook, and mixed control 

approaches are studied by the researchers. Distinct methodology and their contribution to enhancing 

the overall driving experience are also examined [25], [26]. These control algorithms and strategies 

allow semi active suspension systems to dynamically adjust to varying road conditions. By 

understanding the subtleties of these algorithms and strategies, passengers may experience a more 

pleasant and regulated ride.  

Because control algorithms determine how damping levels are changed in response to changing 

road conditions, they are essential to semi-active suspension systems. Skyhook, ground hook, and 

mixed control methods are just a few of the methods used to maximize ride comfort while preserving 

vehicle stability. Equations describing the adjustments made to damping forces in response to control 

inputs and sensor feedback can be used to mathematically represent these control algorithms. Using 

the relative velocity between the sprung and unsprung masses (𝑉𝑟), for instance, the skyhook control 
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strategy modifies damping force 𝐹𝑑 and 𝐶𝑠𝑘𝑦 represent the skyhook  damping coefficient and 𝑣𝑏𝑜𝑑𝑦 

represent the body velocity. 

𝐹𝑑 = 𝐶𝑠𝑘𝑦  × (𝑣𝑟 − 𝑣𝑏𝑜𝑑𝑦)….2 

4.2 Actuator and sensor technology 

The use of sensors in these systems is similarly vital, since they provide immediate data on 

road conditions, vehicle dynamics, and other key aspects, enabling the suspension system to swiftly 

and accurately make changes. Studying the progress in sensor technology, including accelerometers, 

ride-height sensors, and wheel velocity sensors, is crucial for comprehending how these systems 

consistently collect and analyze data to improve ride comfort [27], [28]. Integrating these technologies 

allows for quick and precise reactions to enhance the vehicle's performance and ride quality. Sensor 

technology plays a crucial role in providing real-time data on road conditions and vehicle dynamics, 

enabling the suspension system to make swift adjustments. Accelerometers, ride-height sensors, and 

wheel velocity sensors are examples of sensors used to collect this data. 

 

Mathematically, the utilization of sensors can be represented through equations that describe 

how sensor data is utilized to inform control algorithms. For instance, the accelerometer data (a) is 

used to calculate the body acceleration (𝑎𝑏𝑜𝑑𝑦) under standard gravitational acceleration (g): 

𝑎𝑏𝑜𝑑𝑦 = 𝑎 − 𝑔…3 

4.3 Key vehicle and environmental factors 

The crucial interaction between the vehicle's attributes, such as weight distribution, wheelbase, 

and tire specifications, and their impact on the functionality and adjustment of suspension systems is 

important in various driving situations. Furthermore, the environmental factors have a substantial 

impact on the performance and effectiveness of semi active suspensions. These factors include 

different road surfaces, weather conditions, and kinds of terrain. To fully grasp how vehicle-specific 

components and the external environment interact, it is essential to appreciate how these systems 

dynamically react to various scenarios. This understanding leads to an improved driving experience 

by maximizing ride comfort and vehicle stability. Mathematically, these interactions can be modeled 

through equations that describe how vehicle-specific components and environmental factors influence 

suspension system behavior. For example, the effect of tire stiffness (k) on suspension dynamics, x 

represents the displacement of the suspension is represented as: 

𝐹𝑑 = 𝑘 × 𝑥…4 

Even if semi-active suspensions greatly enhance ride comfort, a number of variables affect how well 

they work. Three important areas: control algorithms, sensor and actuator technology, and vehicle and 

environmental factors are examined in this table-2. To maximize ride comfort and handling in different 

driving circumstances, one must understand how these elements interact. 
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Table 2 Comparison of Factors Affecting Ride Comfort in Semi-Active Suspensions 

Factor Description Impact 

Control Algorithms Skyhook, Ground Hook, Mixed Fine-tune response to road conditions for 

comfort and stability 

Sensors & Actuators Accelerometers, Ride-Height, 

Wheel Velocity 

Enable fast & precise adjustments based on 

real-time data 

Vehicle & Environment Weight, Wheelbase, Tires; Road, 

Weather, Terrain 

Vehicle & external factors influence how the 

suspension reacts 

 

5. Performance Evaluation 

5.1 Laboratory and field testing 

Laboratory testing is used in case of controlled surroundings and simulated situations to enable 

accurate measurements and analysis of the system's reaction to different circumstances. Researchers 

conducted experiments in controlled environments, including oscillation tests, frequency response 

studies, and durability evaluations. These tests provide valuable information about the system's 

performance under controlled circumstances [29]. Field testing, in contrast, entails subjecting vehicles 

equipped with semi active suspensions to rigorous testing in real-world settings, including diverse road 

surfaces, variable speeds, and dynamic circumstances. Through the evaluation of performance in real-

world scenarios, several variables such as practical use, comfort, and adaptation to dynamic 

surroundings are comprehensively assessed [30]. Both laboratory and field testing are essential for 

gaining a full knowledge of the functioning of semi active suspension systems in controlled and real-

world circumstances. These tests help identify the strengths and limits of these systems in various 

contexts and scenarios. 

5.2 Comparative analysis with passive and active systems 

Passive suspensions, renowned for their simplicity and cost-effectiveness, provide a restricted 

level of flexibility to changing road conditions in comparison to the more complex active systems that 

actively regulate damping. The semi active suspension systems successfully achieve a balance between 

enhanced ride comfort and the benefits of lower complexity and energy usage. The section attempts to 

highlight the distinct advantages of semi active suspension systems in terms of their ability to provide 

a flexible and pleasant ride, while also striking a balance between performance and cost-effectiveness 

in the automotive industry. This is achieved by comprehending the strengths and limitations of each 

suspension type. 

6. Recent Advancements and Innovations 

6.1 State-of-the-art developments in semi active suspension technology 

The recent innovations in materials, including sophisticated alloys and composites, as well as 

improvements in control algorithms and software are observed for semi active suspension system. 

These developments have greatly enhanced the capacity of these systems to adapt and respond to 

different road conditions. Moreover, it explores innovative sensor technologies, such as sophisticated 

machine learning and artificial intelligence (AI)-driven control systems, which provide a more 

anticipatory and accurate fine-tuning of damping levels.  
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6.2 Integration with other vehicle systems 

This text explains the interaction and synergy between semi-active suspension systems and 

other essential vehicle systems, including steering, braking, and stability control. This integration not 

only improves the overall performance and safety of the vehicle, but also boosts the coordination 

between various systems, so optimizing the efficiency and responsiveness of the vehicle as a whole.   

Technological improvements that facilitate communication and data sharing across integrated systems, 

leading to a more comprehensive and synchronized vehicle performance is also observed. 

Comprehending this integration is crucial because it not only showcases the harmonious interplay 

between various systems, but also underscores how this combined interaction improves the entire 

driving experience, making it safer, more efficient, and more pleasant for the vehicle passengers. 

6.3 Emerging trends and future prospects 

The incorporation of cutting-edge technology like as AI, predictive analytics, and sophisticated 

sensor networks is required. These technologies have the potential to enhance the flexibility and 

responsiveness of semi active suspensions in adapting to changing road conditions. Additionally, it 

examines the possible uses of these technologies in other kinds of vehicles, such as electric and 

autonomous cars, and their impact on the future of transportation. Developing insight into these 

patterns and possibilities is essential for envisioning the progression of vehicle suspension 

technologies. This highlights their ability to further improve ride comfort, safety, and performance, 

and open the door for inventive solutions that meet the evolving needs of the automotive industry. 

7. Conclusion 

7.1 Summary of key findings and insights 

The present review highlights the semi active suspension systems' capacity to adapt to different 

road conditions, successfully reducing vibrations and disruptions, and thereby enhancing ride comfort 

without the excessive energy requirements of fully active systems. Furthermore, it discusses the 

progress made in control algorithms, sensor technologies, and the incorporation of other vehicle 

systems, emphasizing their combined impact on the overall efficiency and flexibility of these systems. 

The text highlights the possible directions for more investigation, encouraging researchers and 

engineers to extensively improve control algorithms, progress sensor technologies, and investigate 

novel materials to augment the flexibility and reactivity of these systems. Furthermore, it is important 

to examine integrating current systems with new technologies like as AI and predictive analytics, with 

the goal of anticipating and adjusting to road conditions in a more effective manner. Moreover, it 

tackles the industry ramifications by highlighting the significance of these developments in influencing 

future vehicle design and production procedures. The need for more study and the impact on the 

industry highlights the necessity of continuous innovation, emphasizing the pivotal role these 

technologies have in determining the future of automotive engineering. This will result in the 

development of safer, more pleasant, and efficient cars for future roadways. The present review also 

emphasizes the importance of these technologies in providing a well-rounded approach to ensuring a 

comfortable ride, taking into account both technical effectiveness and practical use. 
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