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Abstract 

 

This paper describes the control system of car seat with variable stiffness. The pressure in pneumatic element inside the 

seat is controlled.  It improves the comfort of sitting person and it has an influence against the fatigue. The control system 

is based on microprocessor using the Arduino board. There are several control strategies using two-state and proportional 

pneumatic valves. Central system with air reservoir or own compressor is used. 

 

Keywords: Vibroisolation; Car Seat; Arduino; Pneumatic System; Active Damping. 

 

 

1. Introduction 

 

At our Technical University in Liberec, we have been dealing with vibration isolation systems for many years [2], [7]. 

This issue is very current [3], [4], [5], [7] We are now developing seats with variable seat stiffness, Fig.1. One or more 

pneumatic elements are inserted into the seat cushion. 

 

 
 

Fig. 1. The seat with variable stiffness 
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The control of the pressure in the pneumatic element affects the stiffness of the seat. At zero pressure, the support is 

provided by a foam filling [1], [6]. The seat with variable stiffness brings several benefits. Adjusting a softer or harder 

seat improves the driver's driving comfort. Dynamic changes in stiffness contribute to reducing the feeling of fatigue. 

 

The use of seats with variable stiffness is expected in the areas of cars and trucks, work machines and means of 

transport, both at the driver's seat and for passengers. Evaluating of comfort is difficult. Parameters such as pressure or 

temperature measured in the contact zone between the seat and the body can be used to objectively assess the 

improvement, fig.2. 

 

 
 

Fig. 2. Pressure measurement in contact zone between the seat and body. 

 

As part of the solution of this project, a requirement arose to create a control unit for this seat with adjustable stiffness. 

In previous years, the seat was controlled using a measuring card and a control computer with Labview. This variant is 

only suitable for development purposes. The project has now moved towards commercial use and it was necessary to 

replace this solution with a separate microprocessor-based control unit. Similar control units have been developed in the 

past [8], [9]. This task was further divided into two variants. 

 

The first version of the control unit is used for laboratory use. It enables the operation of the seat in all control modes 

using various types of sensors, valves, etc. It has the possibility of setting a large number of parameters and it is possible 

to perform laboratory measurements on it, export the measured data for further processing. The second version consists 

of only the most necessary components and switches only between the two driving modes. It is optimized in terms of size, 

price, reliability, heat dissipation and electromagnetic compatibility. 

 

2. Variants of the source of compressed air 

 

The pneumatic circuit consists of a compressor C, pneumatic valves Vin, Vout, pressure sensors PS, PR and a 

pneumatic element of the seat S. Depending on the source of compressed air used, the solution can be divided into three 

variants. The simplest version is shown in Fig. 3. The source of compressed air here is only a controlled compressor. The 

compressor can be controlled either two-state, on-off, or continuously using pulse width modulation. 

 

For this connection, it is necessary to use a compressor that seals and maintains pressure when switched off. Or it is 

possible to connect a non-return valve behind it. Schematically, the control circuit is indicated in blue with the control 

unit R. In this case, the compressor C and the outlet valve Vout are controlled on the basis of the pressure measured by 

the sensor PS. 
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Fig. 3. Pneumatic circuit with own local compressor only 

 

The second variant is shown in Fig.4, where an inlet valve is connected in series to the compressor. The control of 

this valve is synchronized with the control of the compressor. 

 

 
 

Fig. 4. Pneumatic circuit with own compressor and input valve 

 

The last configuration is shown in Fig. 5. A central compressor C is used as a source of compressed air together with 

an air reservoir AR. The pressure in this air tank is measured by a PR sensor and is independently controlled by an 

auxiliary control system R1. The main control circuit then controls the inlet valve Vin if necessary to increase the pressure 

in the seat element or the valve Vout if necessary to decrease the pressure in the seat. 
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Fig. 5. Pneumatic circuit with independent compressor, air reservoir and auxiliary control circuit 

 

 

3. Pneumatic valve configuration variants 

 

Figure 6 shows the overall pneumatic circuit with all components used for the laboratory version of the seat. 

Compressor C is connected to the analog output of the control unit and can be used either as a two-state element, ie with 

states off - on, or its rotation speed can be continuously controlled by PWM. There is a non-return valve at its outlet. A 

two-state valve Vin and a proportional valve Vain are connected in parallel at the air supply to the pneumatic element S. 

A pair of two-state and proportional valves Vout and Vaout are similarly connected in parallel in the discharge pipe. 

Manually adjustable throttle valves are added in both of these paths. The pressure in element S is measured by a pressure 

sensor PS. Exhaust air from the pneumatic element can alternatively be realized via the discharge valve Vout1. 

 

 
 

Fig. 6. Pneumatic circuit with all the components 
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The controls in this pneumatic circuit can all be used simultaneously, reducing the time required to inflate and deflate 

the element by opening parallel paths. Or part of the members can be discarded and the pneumatic circuit is simplified. 

Different circuit variants are suitable for different control methods. On the standard seat, it is necessary to take into 

account the complexity and cost of the overall solution. Of the sixteen variants tested, the most important ones are selected 

in Fig.7. In variant A) two two-state valves are used and it is one of the simplest variants. For measurement purposes, 

throttle valves with the possibility of manual flow adjustment are located on version B). These two options are suitable 

for three-position seat pressure control. In variant C) a pair of analog valves is used. This variant allows continuous 

adjustment of the valve flow and is thus suitable for finer control using a PI controller. Variant D) is then the most 

economical variant suitable for three-position control or purely manual control. The inlet valve is removed and is only 

replaced by switching the compressor with a non-return valve. Analog proportional valves are the most expensive 

components used. Therefore, variants E) and F) have been proposed, where it is also a proportional control, but using 

only one analog valve. 

In variant E), PWM compressor speed control is used as a continuous action variable on the supply line. In variant F) 

one of the analog valves is replaced by a cheaper discrete valve. To switch on the air supply to the seat, it is necessary to 

switch on the compressor C, open the control valve Va and close the outlet valve Vout1. To release the air to the 

atmosphere, switch off compressor C and open control valve Va and outlet valve Vout1. 

 

 
 

Fig. 7. Pneumatic circuits with reduced components 
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4. Control unit for the seat 

 

The control unit for laboratory use was designed with an Arduino microprocessor development board, Fig. 8. 

 

 
 

Fig. 8. Control Unit for the seat 

 

The control unit is designed to be able to control all the components described above in chapters 2 and 3, ie three 

digital valves, two analog valves, a compressor and two pressure sensors can be connected to it. Optical separation and 

amplifiers are designed for both discrete and analog actuators. 

 

The control unit also contains controls for setting control modes and parameters such as pressure desired value. These 

elements are the buttons and the potentiometer. The individual modes and the required parameters are shown on the 

OLED display. Measured data can be sent online via a serial line for further processing on a PC. The block diagram of 

the control unit is shown in Fig.9. 

 

There are several regimes to test various functions and control algorithms on the board. Regimes of the control unit 

are: 

• Hand control of all actuators (valves and compressor) and reading of all sensors (pressure sensors, buttons, 

potentiometer) 

• Hand control of pressure inside the pneumatic element 

• Automatic control of pressure using three-state control algorithm, Fig.10 

• Automatic control of pressure using PI control algorithm, Fig.11 

 

 

- 0063 -



32ND DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

 
 

Fig. 9. Scheme of control unit 
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Fig. 10. Three state control 

 

 
 

Fig. 11. PI control algorithm 

 

There are examples of control algorithms in Fig. 10 and Fig 11. The desired value is displayed in orange and is entered 

using a potentiometer. The pressure course in the seat is shown in blue. 

 

5. Conclusion 

 

This article describes the development and variants of the pneumatic circuit and its control unit for a seat with 

adjustable seat pressure. The control unit has been designed for laboratory purposes to be able to operate in many test 

modes and in many pneumatic circuit configurations. The unit was implemented in a test seat and has been used for 

laboratory measurements. Next step in development of control unit will be transfer of presented solution from laboratory 

scale to industrial standard in cooperation with producer of electronic devices. Also final solution of pneumatic circuit 

will be selected considering the simplicity of constructional arrangement. Implemented working modes of the seat with 

variable stiffness must be designed with regard to estimated consumption of compressed air and capability of compressor. 
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