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Abstract - Seat heater is an electronic circuit–based 
topology designed for optimizing vehicle heating systems and 
enhancing passenger comfort in low-temperature weather 
conditions. To can implement a design in a real word 
automotive system, the necessary standards for this section 
should be considered. This study presents a step-by-step design 
of a three-level temperature control circuit seat heater system 
for automotive industry applications. the designed schematic 
of the switching circuit is presented and detailed code 
comments and explanations are provided for the micro 
controller unit (MCU) regarding occupancy sensor analysis, 
setting heater operation based on passenger selection, and 
controlling current loops for the seat heater circuit. 
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controller, Three level temperature control, printed 
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1.INTRODUCTION  

Although the seat heater systems have been designed and 
used in automobiles since 1970, and according to 2010 U.S. 
automotive data, more than 30 percent of automobiles have 
been equipped with these systems, normally they don’t 
follow any specific individual or mandatory industrial 
standards [1-2].  

This causes some of these designs to not be used in an 
optimized way and to generate heat that is more than the 
sufferable temperature for passengers. 

Some of the designs could not introduce automatic turn-off 
systems over time, which can generate serious heat 
problems for occupants who suffer lower body sensory 
deficits caused by paralysis, diabetes, and neuropathy [1]. 

For internal combustion engine cars, normally the power for 
elements like the wipers, lighting, heating, and cooling 
systems is supplied by the alternator, which normally 
charges the battery over time [3-4]. 

With the growing demand for electric vehicles (EVs), the 
application of fully electronics-based systems is increasing.  

In these cars, the mentioned parts are supplied by the 
battery pack system [5-8].  

Therefore, an optimized application of electric energy can be 
helpful for battery health and a longer lifespan. On the other 

hand, normally different ranges of battery voltages are 
generated and used in the automotive industry. Therefore, 
designing a circuit that is capable of working in a wide range 
of input voltages and generating a fixed DC voltage is 
essential [9-10]. 

Another important parameter that can increase the longevity 
of the battery system is establishing a current with minimum 
ripple amplitude in the battery, even if there is a large 
difference between the battery pack and the target DC 
voltage for the mentioned circuits [11-13]. 

DC-DC converters have been analyzed in literature [14-19]. 
This type of converters is used in EVs for different parts like 
the lighting, cooling or heating, wiper system, sound circuits, 
etc.    

A micro controller system should manage the generated 
power and power distribution for these parts. One of the 
optional parts is seat heater system that is essential for cold 
weathers.  

In this study, a three level heating system for automotive 
industry is presented to generate 3A, 4A and 4.5A for the 
seats in a car based on the passenger request by pressing a 
button system The Attiny 1616 MCU is used in experimental 
tests, and all code comments regarding the analog-to-digital 
conversions, seat occupation check, and three-level heating 
button control to adjust the level of current in the heater 
system based on temperature and passenger comfort are 
presented. 

2. HEAT CONTROL SYSTEM DESIGN STEPS 

Figure 1 shows the circuit topology that switches the load. 
The integrated circuit shown as U2 is a coded-type power 
switch and corresponds to the BTS6143D product.  

When a signal is applied to the switch's IN pin, it transfers 
the voltage from the VBB input pin to the OUT pin. The 
output current can be controlled by a PWM signal applied to 
the IN pin.  

The switch features short-circuit protection, current limiting, 
over temperature detection, and load detection. Because the 
switch's RdsON resistance is very low, it can conduct a 
continuous current. Furthermore, the switch can supply a 
load current of up to 8 A. 
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Figure 1. Schematic design of the switching circuit. 

Figure 2 shows the schematic design of the MCU used in the 
circuit. The ATTINY1616 microcontroller from Microchip is 
used here. The MCU is powered by a 5 V regulator. 

 

Figure 2. MCU schematic design. 

This subsection presents the code comments for current 
sensor data reading and conversion from analog to digital 
format, as well as current adjustments for the heating pad 
based on the heat level selected by the passenger through a 
3-level temperature adjustment button for each pad system. 
The general flowchart of the MCU is presented in figure 3 
and shows the operational steps in detail. 

For the first stage, the MCU reads the input voltage (battery 
voltage).  

The system operates if the battery voltage is within the 
desired range (9–32 V); otherwise, it does not operate. This 
is done using the voltage information obtained from the 
voltage divider shown below.  

The related code comments have been presented in Figures 
4a and 4b under titles: adc_calculation.c/adc_calculation.h 

 

Start

Is the battery within 
the 9-32V range? 

Is there a passenger 
in the seat? 

Duty %50, Counter = 0
Start the Heater

Was the button 
pressed? 

Duty +10
Counter ++

Counter == 3

Yes

No

End

Yes

No

Yes

No

Yes

 

Figure 3. MCU operation flowchart. 
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(a) 

 

(b) 

Figure 4. (a) adc_calculation.c and (b) adc_calculation.h 
code comments 

The next stage of the process checks whether a seat is 
occupied via the presence/absence by checking the data of 
the seat occupancy sensor. If a passenger is seated, the 
system operates, providing the heating function. If no one is 
seated, the system remains inactive. The code comments fort 
his stage have been presented in Figures 5a and 5b with 
titles: ocupancy_reading.c / ocupancy_reading.h 

 

(a) 

 

(b) 

Figure 5. (a) ocupancy_reading.c and (b) 
ocupancy_reading.h code comments 

When a passenger is seated, the user can adjust the 
temperature in three stages using a button. The temperature 
is adjusted by controlling the current flow through the load. 
The first stage is controlled by the switch at a 50% duty cycle 
generating 3A current in pad system, the second at a 60% 
duty cycle with presenting 4 A, and the third at a 70% duty 
cycle by generating 4.5 A for seat pad system. The code 
comments fort his operational modes figures 6a and 6b are 
presented with general title of buton_readin.c / 
buton_reading.h: 
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(a) 

 

(b) 

Figure 6. (a) buton_readin.c and (b) buton_reading.h code 
comments 

This section of the code makes the necessary adjustments to 
generate the PWM signal used to control the current flow of 
the heating pad. The relevant code commands are shown in 
Figures 7a and 7b, as well as in the general switch_pwm.c / 
switch.pwm.h headers. 

The main.c code in Figure 8 contains the functions 
necessary for the overall operation of the system. If the 
system operates between 9–32 V and a passenger is seated, 
the system begins heating at a 50% duty cycle, 
corresponding to Stage 1. The user can adjust the setting 
using a button. After three settings, pressing the button again 
returns the system to Stage 1. If the seated passenger leaves, 
the heating process stops. 

 

(a) 

 

(b) 

Figure 7. (a) switch_pwm.c and (b) switch_pwm.h code 
comments 
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Figure 8. main.c code comments 

3. TEST RESULTS 

Figure 9a shows a three dimensions (3D) view of the seat 
control unit’s printed circuit board (PCB).  

The PCB is designed with four 1 oz copper layers, including 
the top and bottom layers serve as signal layers, layer 2 as 
ground, and layer 3 as power.  

Oz presents a unit for weight of copper per square foot of PCB 
area.  

The integration of the design with the test setup in a 
laboratory environment is shown in Figure 9b. 

The designed PCB was tested under three different input DC 
voltages that simulate the battery voltages. Since a buck–
boost type power converter is tested in the prototype circuit, 
both lower and higher voltages than the desired 24 V DC 
output are considered.  

The tested input DC voltages are 10 V DC, 16 V DC, and 
28 V DC, and the performance of the converter in stabilizing 
at 24 V DC are evaluated. 

Figure 10a presents the output voltage of the PCB under 10 V 
input. Channel 1 shows the input voltage, and Channel 2 
demonstrates the generated voltage of the proposed DC–DC 
converter.  

As can be seen, although there is a large difference between 
the input and output voltages, the proposed circuit 
successfully generates an undamped 24 V DC output voltage. 

 

 

(a) 

 

(b) 

Figure 9. (a) 3D PCB view of the seat control unit, (b) 
laboratory work-bench. 

Figures 10b and 10c show the output voltage of the DC–DC 
converter for 16 V DC and 28 V DC input battery voltages.  

As these results show, the quality of the converter output 
voltage remains unchanged, and an undamped, fixed 24 V DC 
is generated.  

These results show that the design PCB can present a fixed 
DC voltage for a wide band of input voltage ranges that can 
be evaluated as an advantages for application in different 
automobiles with different battery DC voltages like the 12V 
or 24V without any need to set any parameter in the circuit. 
The test results show the capability of the topology for 
presenting a DC voltage that supplies the seat heater system. 

Presenting a variable DC voltage for heater can cause 
serious problems like the unstable current for the heater and 

low efficiency. 
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(a) 

 

(b) 

 

(c) 

Figure 10. Generated a fixed 24 VDC output voltage for (a) 
10VDC, (b) 16VDC and (c) 28VDC as the input battery DC 

voltages. 

4. CONCLUSIONS 

A new and practical seat heater circuit is presented in this 
study. all code comments regarding input battery limitation 
band checks, voltage polarity checks, and any short circuits 
in the system, along with the occupation sensor data and 
current control for the heating pads according to passenger 
selection, are presented thoroughly and in detail. 

Laboratory test results are presented for fixing the DC 
voltage by the used converter to show how it can present a 
constant 24VDC for different input voltages form 10 to 30 
VDC. The product was developed in the R&D section of Seger 

A.Ş in Türkiye according to requests from automotive 
companies and is actively in use. 
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