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Summary 
The goal of this project was to build a model and a controller for the seat heater and 
steering wheel heater on the SAAB cars. SAAB manufactures two different car models 
9-3 and 9-5. The goal is to control the seat heater in both car models without any 
temperature sensor in the seat, this due to cost reduction. Several tests have been carried 
out booth in climate chambers and during road tests. These tests have in the end lead to 
a mathematical model for the temperature dependence and this model has been used to 
design an open loop controller for the seat heater. 
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Introduction 
The SAAB Automobile company produces two different car models today, 9-5 and 9-3. 
The 9-5 model is available in two main versions, estate and sedan, and the 9-3 model is 
available in three versions, estate, sedan and as a soft top convertible version. For more 
information about the SAAB automobile cars please visit http://www.saab.com/. 

1 The assignment 
The seat heater on all SAAB vehicles is today controlled by a feedback control system. 
As a cost reduction proposal they have come up with the idea of an open loop controller 
algorithm instead. This means that the sensor that is placed in the seat can be expelled, 
which means that they will save the cost of the sensor, 4 wires and that a smaller socket 
can be used for connecting the chair to the car electrical net. No additional cost will be 
generated than the space for the software in the ECU. SAAB also wants to use a similar 
concept for the steering wheel heater. This is a new feature of the SAAB cars and is not 
yet available in series produced cars. However it will be a part of the future options on 
the SAAB vehicles and preferable controlled by an open loop controller. This is due to 
the cost and also the limited space of the clock spring.  

1.1 Theoretical introduction 
This is a small introduction to model building, simulation and control theory. One part 
of this chapter will also be about Kalman filtering, which often is used for estimating 
signals that cannot be directly measured. 

1.1.1 Systems and models 

A model is a way of describing a real system. A system is in this definition an object or 
a collection of objects which we want to study the essential characteristics of. With this 
definition most of our surroundings can be considered as a system[1]. Examples of 
systems with this definition can be: the solar system, the human body insulin production 
or the population of a certain predator. One can say that if it is possible to create a 
model of a system then you can tell how the real system outputs will react upon changes 
of the input signals. 

1.1.2 How to build a model 

There are two main ways to describe a system; one is the knowledge of experts and 
literature within the area of the system. Within this way of model building there is all 
the nature laws like Ohm’s law and so on that scientists have created under hundreds of 
years. The other principal way of modelling is identification of a system based on 
observation to adapt the characteristics of the model to the system. This principal is 

1 
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often used as a complement to the first method. The nature laws are themselves 
mathematical models based on observations of the system [1]. 

1.1.3 Control theory 

Control theory is, as the name suggests, a theory for controlling something[2]. In this 
example consider a system containing a water tank with flows in and out (Figure1). The 
task for the controller is to maintain a constant water level in the tank. This can be made 
in several different ways but one can say that there are two main ways to control a plant, 
just with an open loop controller or with a feedback controller [2]. The open loop 
controller does not get any measurement response back to the controller so here the 
controller must guess what is happening with the output of the system. As one can 
imagine this must be hard for the controller if it does not know what happens with the 
output. But what if the controller gets information from a model of the tank system, then 
if the model is good the controller can make a good guess of what that will happen in 
the tank system.  

The other way is to control something with a feedback controller. If one looks on the 
water tank problem again and if the tank has a water level indicator, for example a sonic 
sensor, then this sensor feeds the controller with vital information of the level in the 
tank. Say that the controller controls an input valve and is open for 50% and the level 
sensor says that the level is still decreasing, and then the controller knows that it must 
increase the input flow and opens the valve further.  

Controller

L

 

Figure 1 Water tank with level controller (feedback control). Without the sensor this would be an 
open loop controller 

1.1.4 Kalman filter 

The Kalmanfilter was developed in the early 1960s by professor R.E.Kalman. The 
whole idea with this so called Kalman filter is that one can estimate states that cannot be 
measured and according to this also filter out noise on an optimal way, see Figure2 for 
the idea. A Kalman filter is optimal on linear systems because it gives the least variance 
on the estimation error in theory [3]. Below is presented some facts from this reference. 
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Figure 2 The Kalman filter estimates the states of the system  and based on the measured 
outputs y 

x̂ ŷ

Most real systems have some disturbance as a input signal, this because of dynamic 
behaviour of for example the output flow of the water tank (Figure1) or high frequency 
disturbance transmitted into the system from sensors and so on. The Kalman filter has 
the ability to predict earlier, present and future states of the system even with very noisy 
measurement signals. The Kalman filter model (Figure2) has two different noise signals 
as input, one to the system named w and one to the Kalmanfilter named v. The w(k) 
noise term comes from the state and the v(k) noise term comes from the noise on the 
measurement. These two noise signals are assumed to be independent of each other, 
white and with normal probability distributions. 
w and v have their covariance matrices Rw and Rv respectively. The system can be given 
in discrete time by the linear model: 
( ) ( ) ( ) ( )
( ) ( ) ( )kvkCxky
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Equation 1 Discrete model of the system 

The equation 1 is given by a state pace model and the terms A, B, G and C are system 
matrixes. Kalman filtering is a recursive method, the recursive equations for the 
Kalmanfilter is given in equation 2. 
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With the following definitions: 
kK = the gain of the filter 

kkx
∧

=the estimate of the state vector at time k, not knowing anything from before. 

kkP =the estimation error covariance matrix at time k, not knowing anything from 
before. 

kkx 1+

∧

=the prediction of the state vector at time k+1 based on former information at time 
k  

kkP 1+ =the prediction error of the covariance matrix at time k+1 based on former 
information at time k  
As can be seen in Equation 1 there is need to know the matrices A, B, C and G to be 
able to calculate a Kalman filter. The way to achieve these is the modelling. Also note 
that Equation 1 is a linear system model. For nonlinear systems it is important to obtain 
linear models at different operating points[3]. The gain of the Kalman filter can be 
calculated either in each sample or once off line. If the process and the noise is time 
invariant the gain can be calculated off line. An illustration of the recursive solution is 
illustrated in Figure3. 
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Figure 3 The estimation cycle [4] 
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The reason for presenting the Kalman filter here is that it could be used for estimating 
the seat temperature based on measuring some other signals, however the project shows 
that it was not needed. It might be useful for the steering wheel application or others.  

1.2 Aim  
The aim of this work is to create a model of the seat heater and to design an open loop 
algorithm that controls the temperature in the seat. Another aim is to design an open 
loop controller for the steering wheel heater. 

1.3 Goal 
The goal of this degree project is to come up with a proposal for a control algorithm 
booth for the steering wheel and seat heater. 

1.4 Program versions 
The following programs have been used during the project: 

• MATLAB 7 Version 7.0.0.19920 (R14) for numerical calculations and as 
framework for the toolboxes Real time windows target, and simulink   

o Real Time Windows Target toolbox version 2.5 (R14). For Real time 
signal handling with the DAQ-card 

o Simulink Version 6.0 (R14) for building a graphic model of the 
controller. 

• Microsoft Excel 2000 and 2003 for transforming results from CANoe to 
MATLAB format 

• Microsoft Word 2000 for writing different reports 

• CANoe v.5.0.44(SP3) for gathering signals from the CAN bus in the car. 

1.5 Hardware equipment 
The following hardware equipment where used during the work: 

• CANcardX from VECTOR 

• CANcardXL from VECTOR 

• CAN card form KVASER 

• NI DAQcard-6024E with NI BNC-2110 

• Thermo couples type K 

• Interface between seat and DAQ-Card (home made, described in 3.1)  

• Oscilloscope FLUKE 196 SCOPEMETER  

5 
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• FLUKE  52 K/J digital thermometer for thermo couples 

• SAAB 9-3 2.0t 

• SAAB 9-3 1.8 

• Seat from SAAB 9-5 

• Seat from SAAB 9-3 convertible 

1.6 Software description  
The software that is not the standard Windows or Microsoft office software used in this 
project work is CANoe and MATLAB. Both  are extremely powerful for these purposes 
and a short introduction to these are given in chapter 2.6.1 and 2.6.2 

1.6.1 CANoe introduction 

CANoe is a very powerful tool for recording and sending information on the CAN bus. 
The SAAB cars are as most cars today equipped with CAN buses for sending 
information between the sensors and ECU´s (Electronic control units) in the car. The 
CAN protocol is an ISO standard (ISO11898) for serial data communication. The 
protocol was designed for automotive application when it was released in 1996 but 
today it is widely spread in all sorts of controlling applications for example in different 
industrial applications, mobile machines and in automotive applications [5]. SAAB has 
one bus for low speed communication used by everything except engine control and 
safety systems, the speed of this low speed bus is 33 kbs. They also have a high speed 
bus for engine control and safety systems, such as ABS and airbags. The speed of the 
high speed bus is 500 kbs. This project only uses information from the slow speed bus. 
With the CANoe program you can develop an algorithm and run it in a series produced 
car via your laptop computer. To be able to use CANoe in a car you must have the 
database for the car model. This database contains information of the car CAN bus 
system and which signals that are present in the different computers in the car. The 
program has the availability to both simulate a bus and to run it on a real bus. If you 
want to run CANoe on a real bus you must equip your computer with a CAN card. 
During the tests in this project CAN-cards from booth VECTOR and KVASER have 
been used. 

1.6.1.1 Measurement setup 

CANoe has the possibility to record values and states from different sensors and 
calculated values in the car. This is done by writing a log file onto a computer. This log-
file contains a large amount of data. To be able to sort out the interesting part and to 
decrease the load of the CAN bus a software implemented filter is inserted between the 
CAN bus and the log-file. This is done in the measurement setup window (Figure 4) in 
the program. This allows you to tell CANoe which signals to be recorded into a log file 
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and which signals you want to display in the graphic window. In figure 4 the PF stands 
for pass filter and the SF for stop filter. By setting these filters one can control which 
signals that should be logged. CANoe has a default value of the message buffer that 
seems to be suited for computers with little storage memory and to avoid problem with 
memory overflow double-click on the Logging window and select message buffer to 
4000000 messages. Otherwise CANoe only record the messages up to the default 
message buffer size and then it starts writing over the log-file from the beginning with 
data loss as result and probably the whole measurement has to be done again. 

 

Figure 4 Measurement setup window in the program 

1.6.1.2 Simulation setup 

The simulation setup window, see Figure5, allows you to control which ECU that shall 
be used in reality and which shall be simulated in the PC. This is done by right clicking 
on the ECU block and then choose block active if you want to run the block from the 
PC. In this simulation setup window there has been created two new blocks, one called 
generator and another one called PWM. These both blocks are created to ask questions. 
The reason for having two blocks that ask questions is that they do this with different 
frequencies. To insert a new generator block just right click on the bus and select Insert 
generator block. These are the main preparations one must do to connect to the real bus. 
The only thing remaining is to compile the program and press the start button. Of course 
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one must have a CAN card installed in the computer to record bus messages and I/O 
cables to connect to the diagnosis socket in the car. In the SAAB cars this socket is 
located on the right side under the steering wheel. 

 

Figure 5 CANoe Simulation Setup window 

1.6.2 MATLAB and Simulink introduction  

MATLAB is a powerful high-level technical computing language and interactive 
environment for algorithm development, data visualization, data analysis, and numeric 
computation [6]. The thing that makes MATLAB so powerful is that it contains several 
toolboxes for different types of computing. Simulink is a graphical programming 
environment with several toolboxes and with this one can simulate almost every system. 
This is a really simple way to program since the language is completely graphical, but 
some skill is necessary because there are extremely many components to choose from, 
and in the beginning before one has learned which function the component has this way 
of programming can be hard, but the advantages come with time. When one starts to get 
some basic skill in the Simulink programming language the programming speed 
increases fast. 
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1.6.3 Real Time Windows Target (RTWT) 

Real time windows target is a real time kernel within the MATLAB program that can 
run a Simulink model in real time mode and collect signals from a measurement board. 
It can also control a process if the measurement card that is used has this feature. This 
toolbox has drivers for the most common DAQ (Data Acquisition) cards which makes 
this toolbox even more powerful because there is no need to buy external hardware 
drivers to create an RTWT application.  

1.7 Hardware description  
The systems of today differ to some extent from the two car models. The SAAB 9-5 has 
a system (Figure 6) that via a level selector and a NTC element (thermo coupler) 
controls a relay that controls the heating elements. The level selector let the user choose 
which temperature the seat will have. There is three different temperature levels that 
could be selected. If a higher level is selected this will effect the PWM duty cycle. This 
is a feedback system that is relatively slow and the temperatures are allowed to have a 
variation of . The pulse that drives the relay has a period time of approximately 
10 minutes and this makes the temperature vary a lot. This system is hardware 
controlled and no additional software is involved. During tests the results have shown 
the following results: 

C°± 5,1

Seat power approximately 84 [w] divided in approximately 40[w] in the cushion and 
approximately 44[w] in the back. 

 

Figure 6 Seat heater SAAB 9-5 
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The SAAB 9-3 has a more modern system with shorter period time, approximately 1 
minute and the temperature is more stable than in the SAAB 9-5. The system is a 
software controlled feedback system that is controlled from the climate control unit. 
This is the system that SAAB wants to reproduce without the sensor in the seat. 
 

1.8 Hardware interface to the seat 
The seat is in this project controlled from a laptop computer via a hardware interface 
that has been built within the project. The hardware interface is necessary to control the 
12 [V] relay that is used to control the seat heater element in the seat. The DAQ card 
leaves a 10 [V] signal and a maximum current of 5 [mA][7]. The control relay operates 
at 12 [V] and it needs more current than 5 [mA] to operate. Therefore a ULN2003 
circuit is applied between the DAQ signal and the relay, see Figure 7.  The ULN2003 is 
a high voltage high current Darlington driver that has a maximum output of 50 [V] and 
a current of 500 [mA][8]. This is an easy way to control the relay from the DAQ card at 
a reasonably cost.  

 
Figure 7Hardware interface PC to seat heater 

1.9 Measurement preparation  
Before any measurements can take place, some preparations must be made. For example 
one must decide what to measure and which methods that shall be used. SAAB has no 
method for how to perform measurements on a seat without temperature sensors in the 
seat. There is a method for measuring on a seat with temperature sensors (Figure 8, 
Figure 9), but this method is mostly used to assure that the whole seat has the same 
temperature. The measurement method used in this project is that a thermocouple was 
placed directly above the temperature sensor in the seat. This means that the only 
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temperature measured is the same one that the sensor in the seat is measuring. This is 
the same signal as the feedback signal in today’s controller. Later on in the project this 
method was used just to examine the accuracy of the seat sensors that could be read 
from the CAN bus. But when the controller was designed this method was used again 
mostly because there where no CAN bus connected to the seat.  

Today’s controller only uses the feedback signal from the seat heater sensor, which is 
enough to know to control the temperature of the seat. But if the sensor is excluded, are  
there any other temperature signals in the car that can be used to control the seat heater? 
This was questions that needed answers and therefore all the temperature signals in the 
climate control ECU was logged.  

Other things that needed to be decided were where tests should be preformed. SAAB 
has three own climate chambers at the factory area in Trollhättan. These climate 
chambers have the ability to simulate an artic climate, which suites this project well 
because seat heaters are mainly used at temperatures below 10°[C]. The only problem is 
that these climate chambers are very occupied and during this ten weeks project, only 
two tests could be performed in the climate chambers. The weather was fair during 
mornings with temperatures around 0°[C], this was fortunate for the project and 
measurement methods could be evaluated during this time.  

When the project began some measurements were already done during the winter tests.  
In these tests the test personal had recorded a large amount of signals form the CAN 
bus. These recordings were the first to be analyzed. Before any analyzing can be done 
the recorded signals must be identified. This is done by reading the diagnose 
specification for the ECU, in this case the climate control ECU. The signals that might 
be interesting in this project are temperatures in seats and in the car and coolant system. 
All data from the recordings made by CANoe are saved in an .ASV file that can be 
imported into Excel. When the import of the data is done in Excel, the auto filter option 
is used to filter out the signals that are of interest. Then with help from the diagnose 
specification it is time to interpret the signals. 
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Figure 8 Placement of thermocouples in seat cushion  
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Figure 9 Placement of thermocouples in seat back 

1.9.1 Preparations for climate chamber tests 

Before a test is carried out one must place the car in the chamber at least 15 hours 
before the test shall take place. This is because the car must be acclimatised when the 
test begins. This process can be shortened by keeping the doors open during the 
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acclimatisation period. The test reports from the climate chamber tests can be found in 
appendix A under the header Seat heater test SAAB 9-3 2005-04-19 and Seat heater test 
SAAB 9-3 2005-05-13. 

1.10 Measured signals 
Before this project started some preparations had already been made. The decision to 
use signals form the climate control ECU had been made because that is where the seat 
heating algorithm lies today and also because the coupé temperature sensors are 
connected here. There is a little bit over 500 signals in the climate control ECU, which 
means that to be able to decide which signals that could be read from the ECU one must 
read the diagnose specification and try to choose a few signals that one think can be of 
use. The signals that were chosen for this project were different temperature signals, 
seat heating signals and battery voltage. A thermocouple was mounted under the 
upholstery on top of the seat heater sensor on each seat in the test car. The thermocouple 
where connected to a measurement transducer that was connected to an oscilloscope. 
One channel was used for each thermocouple. This was done to measure the accurate 
temperatures and compare these temperatures with those from the sensors in the seat, to 
detect variation in the sensors.  

Mainly two methods have been used when measuring signals, logging CAN bus signals 
and oscilloscope readings. The last method has its disadvantages because the 
oscilloscope that was available only has two channels, which in this case meant that 
only temperatures from the seat heaters can be logged. This method is easy to use 
because one need not understand how the messages on the CAN bus works and what 
they mean, but yet they give you a good picture of how the temperatures vary with time. 
The disadvantage of this method is that one does not get measurement signals from 
other temperature sensors in the car or from the PWM signal to the seat heater. The 
memory capacity in the oscilloscope is also a problem because to be able to log 
adequate long time the sampling interval needs to be pretty long. Therefore the tests 
with an oscilloscope were carried out mainly in the beginning of this project, to get a 
picture of how the seat heater was working today. The other method where one asks the 
ECU´s for information over the bus is more complex to use but one has the opportunity 
to choose sampling interval and which signals to be logged. To do this one must use a 
software; in this case CANoe [9] from VECTOR and a CAN card installed on the 
computer 
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2 The tests 
Several tests have been performed during this project, some just to get to know how the 
system works and others for making the model and validate it.  

2.1 Measurement methods  
The first test was carried out mainly to get some understanding of how the system 
works today and which measurement methods that were appropriate to use. Tests were 
preformed both on a seat from a SAAB 9-5 and in a car SAAB 9-3, with the controller 
that is used today. The results from these tests are not especially interesting other than to 
draw conclusions about measurement methods and other errors that were done in the 
beginning of this project. In the beginning an oscilloscope was used to make 
measurements and the readings from these (Figure 10). The main experience from those 
readings is the heater temperature on different selected temperature levels and the self 
absorption of energy into the seat from the surroundings. For this measurement a 
thermocouple has been mounted right above the sensor in the seat under the upholstery. 
After a couple of tests with this method it was clear that some alternative method must 
be used to get more information how to build a reliable model. To be able to do this the 
CANoe software[8] was used together with a CAN card. This configuration makes it 
possible to ask questions over the CAN bus. 
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Figure 10 Oscilloscope readings from test drive SAAB 9-3  

Unfortunately some of the early measurements were lost because of message overflow 
in the CANoe Software. As written earlier in this report CANoe writes over the log-file 
if message buffer is set to low. This made some of the test useless and this cost a lot of 
time, but once the lesson was learned this was the first thing to control before a new 
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measurement was performed. This initial tests have been performed in a car on public 
roads 

2.2 Climate chamber tests 
On the SAAB car factory in Trollhättan there are three climate chambers. Here the cars 
are tested both in cold and warm climate. The tests with the seat heaters were made in 
two different temperatures, –20 and –10°C. Because of the amount of tests done in these 
chambers there is little chance to get time to make a test. From the beginning the only 
time available for tests during this project was Friday in week 19. This gave a one shot 
opportunity to make everything perfect without any mistake. Another problem with this 
is that one test hardly says everything about how the heater works in every different car. 
An opportunity came up that gave two extra days in the climate chamber, which 
resulted in three tests with different cars. In these three tests data for model verification 
was collected. This test method was used to collect measurement values from different 
ambient temperatures. When a model for the seat was designed these values could be 
used to validate the model. For example if a seat heater model is designed that works 
well in say 20° [C] it is not shore that it works in -20° [C]. In Figure 11 and Figure 12 
the difference between different ambient temperatures is shown. The warm up phase is 
roughly twice as long in Figure 11 than in figure 12. In Figure 11 an interesting 
phenomenon can be studied: in the right seat no heater has been on and therefore the 
increase of temperature is depending on self absorption of energy from the 
surroundings. For more information on this tests see appendix A:2, A:3 and A:8. 

 

Figure 11Temperatures during warm up phase -20 degrees Celsius 
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Figure 12Temperatures during warm up phase -10 degrees Celsius 
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2.3 Climate test of seat 
The seat was separately tested in a smaller climate chamber. The goal of this test was to 
examine how much energy that leaks out of the seat at different ambient temperatures. 
The report from this test can be found in appendix A under the header Test report 
climate room 2005-05-03. When this test was carried out, a RTWT application was used 
(Figure 13) and with a step time that was calculated with equation 3. The step time is 
the initial time where the heater does not perform any PWM cycles. This is the time that 
the heater needs to warm up the seat to the desired temperature.  
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Equation 3 Equation for step time 

The PWM duty cycle was just guessed according to table1 in appendix A under the 
header Test report climate room 2005-05-03. 
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Figure 13 Simulink model for testing energy loss in the actual seat 

Figure 13 shows the Simulink model for energy loss. The function of this model is to 
measure temperature on the seat, via a DAQ card and log this signal to a workspace 
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variable and to give an output a step for a calculated step time according to equation 3. 
This signal is connected to the analog output signal which is connected via the DAQ 
card and the earlier described hardware interface that controls the relay for the seat 
heater. After this time a PWM pulse with a guessed duty cycle is switched over to the 
output signal. Both the PWM duty cycle and seat temperature are logged to the 
workspace and plotted on a virtual oscilloscope.  

3 Results 
The conclusions from the earlier mentioned tests led to a model and a realization of an 
open loop controller that uses the model to predict the temperature on the seat heater. 

3.1 The model 

The model is a relatively simple physical model. It consists of one part for the heating 
and another part for the energy loss. The heating part of the model looks like equation 4,  
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Equation 4 Heating part of the model  

where TSEAT is the seat heater temperature and TAMBIENT is the ambient temperature, in 
this case the thermocouple temperature.  Because the power to the heater is either on or 
off one can say that the power is approximately 84 [W] in the seat and back support as a 
total and in the back support there is approximately 44[W]. This gives the seat a power 
of 40[W]. Q is the energy that is needed to increase the seat heater temperature from 
ambient temperature to the preferred seat heater temperature. The mCp value is a 
constant that differs from different materials on the upholstery. As an example a seat 
with leather upholstery takes approximately the double amount of time to heat to 
comfort temperature on level 3, than the corresponding seat with fabric clothing. No 
tests have been performed on any other temperature levels. This part of the model is 
pretty good tested since it has been used in the tests for calculating the energy loss. The 
mCp values were brought out experimentally during tests on the model and are different 
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for all different seat models and different upholstery materials. The other part of the 
model calculates the energy loss (Equation5)  
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Equation 5 equation for calculating energy loss 

The α term is different for the different upholstery materials and it also differs between 
the different temperature levels. Another thing that makes a great difference on this 
constant is if anyone is sitting in the seat or if it is empty. The energy loss is increasing 
very much if the seat is not occupied. When combining these two physical formulas one 
will get the total model for the seat heater (Equation 6) 

 Q ( ) ( AMBIENTSEATAMBIENTSEATp TTATTmC )−−−= α  

Equation 6 Model for seat heater 

 
Figure 14 Test of seat heater model 

In figure 14 a test of the model is performed . The result from this test is that the 
temperature that the model calculates fits the measured temperature quite well. It is just 
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in the beginning that the model differs a bit and this is due to a static model and a 
dynamic system. 
 

3.2 The controller 
The controller is realized by prediction of the seat heater temperature. This is done by 
use of the model (Equation6). The controller (Figure15) consists of several submodels 
to make the controller more clear. The parts are described below. 
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Figure 15 The seat heater controller 

3.2.1 AnalogIn submodel 

The task of the AnalogIn submodel (Figure16) is to get signals from the DAQ card into 
the controller. 
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Figure 16 AnalogIn submodel 
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3.2.2 The Regulator submodel 

The regulator submodel (Figure 17) realizes the physical model (Equation 6) and by this 
realization the regulator submodel calculates the seat temperature. 
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Figure 17 Regulator submodel 

3.2.3 How the controller works 

The AnalogIn submodel (Figure 16) gets the ambient temperature value. This value 
along with the preferred seat temperature is sent to the Regulator Submodel (Figure 17). 
The regulator sends back a calculated temperature value to the relay that has a hysteresis 
width on ±1 °[C]. This relay decides by the hysteresis if the seat heater shall be on or 
off.  

3.3 Model validation 
Some introductory validation work has been done, but there is more to be done to know 
for sure that this model is as good as it seems. As a proposal some climate chamber tests 
with different ambient temperatures could be performed with the new open loop 
controller.  

4 Recommendation for further work  
It is recommended to make this model safe to use in series produced cars. This can be 
done by making the PWM duty after some time be limited to a value, which makes the 
seat not overheated with possible danger for both person and property. Another thing 
that has to be done is to run some additional tests to measure the confidence level of the 
controller. The explanation that this is not done within this project is not only time 
limitation but also the fact that under the climate chamber tests the only temperature that 
has been logged is the temperature of the seat sensor and this is not the same as the seat 
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temperature. To make this, a proposition is to place several thermocouples on the seat 
surface and make an arithmetical mean value of this, and then compare the difference 
between the feedback regulator and the controller without feedback. One must carry out 
tests with every seat type. It is the different upholstery material that makes the mC and p

α differ from different seat types. One thought is also to make the time that it takes to 
heat a seat more or less the same and not like today depending on which material one 
chooses as upholstery. This may be done by having heater elements with different 
power for the different upholstery materials that are used.  

5 Conclusions 
Within this project work a well working model and a controller have been designed. 
The Kalman filter algorithms were never used because the models were in no need of 
this kind of prediction. The same model and controller can without any major problems 
be used for the steering wheel heater. The only difference is that new constants for the 
Cp and α  values must be calculated. The steering wheel heater is likely easier to 
implement because of lesser problems with different materials, heater temperatures and 
different cases that must be cowered in the controller to reduce the risk of injury of 
person or property.  
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A Test reports 
Seat heater test SAAB 9-3 2005-04-19 
 
Introduction 
The aim of this test was to measure temperature on the seat heater element in SAAB 9-
3.  
The goal is to build a model of the seat heater to create a controller without feedback. 
Test 
 
Test object: Seat heater in SAAB 9-3 front seat. The test was carried out by 

TLDFA Olov Olsson and TLDBX Johan Jannesson. 
 
Test place: Test in climate chamber, Trollhättan 
Test date: 2005-04-19 
Test condition: Test car SAAB 9-3, air temp −20° C at test start in climate cell.  
 
Test set up for   
measurement:  The car was placed in a climate cell that held -20oC.   

 When the car was cold, the engine and test equipment were started 
and the test engineers, Johan placed himself in the driver seat and the 
driver seat heater were engaged on level 3 (maximum level). Olov 
placed himself in the backseat and the passenger seat where empty 
with no heater on. The reason for leaving the passenger seat empty 
and with no heater on was to measure how the seat soaks up energy 
from the coupe. The cars air conditions were set on 20 oC.  

 
Test equipment: Measurement computer and CANcardX   
 
Results/Conclusions 
The results from the tests are presented in the following four graphs, two for a SAAB 9-
3 equipped with leather seats and 2.0t engine and two for a SAAB 9-3 1.8 with fabric 
seat clothing. 
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Figure 18 Temperatures during warm up phase SAAB 9-3 2.0t 

 

Figure 19 Temperatures during cool down phase SAAB 9-3 2.0t 
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Figure 20 Temperatures during warm up phase SAAB 9-3 1.8 

 

Figure 21 Temperatures during cool down phase SAAB 9-3 1.8 
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Conclusions 
One of the conclusions one can make from this measurements are that the time that it 
takes for the seat to reach the desired temperature is very different depending on the 
clothing of the seat. Another thing that we discovered was that after approximately 6000 
seconds the seat had the same temperature as the Floor Right Temperature sensor, this 
even if the seat heater where not on during the test,  after this time the seat temperatures 
will follow the temperature of the sensor mentioned earlier.  
 

Test report climate room 2005-05-03 
 
Test object: seat heater SAAB 9-5 seat. 
Test place: SAAB Automobile, Trollhättan. The test took place in a climate cell. 
The test where carried out by Olov Olsson and Johan Jannesson 
 
The aim and goal of the test 
The aim of the test was to measure the power that is needed to maintain a stable comfort 
temperature in a seat during different ambient temperatures. The goal of the test was to 
create a function for how the power consumption differ with different ambient 
temperatures. 
 
Preparations  
This test is carried out on a single chair in a climate cell, it is done to simulate different 
compartment temperatures. The seat is inserted into the climate cell and two 
thermocouples were placed on the surface of the seat. Then the desired temperature 
were set to –16 °C and the test starts with a cool down period, the clock was about 
09:30. 
 
The test 
During the test we use a simulink model (Figure1) that first heats up the seat and then 
uses a pulse generator to create a PWM signal. MATLAB uses RTWT to output this 
signal to a DAQ card (NI 6024E). Due to the long cool down period for a seat the test 
didn’t started until the next day, when we started the test the next morning we 
discovered that the desired value of -16°C never was reached due to energy loss. The 
temperature in the climate camber was typically 5 degrees higher than the desired value. 
This made us do test in –10,-5 and 0 °C.  
 
Results 
The test shows that the PWM duty cycle must be held at 40% at -10°C, 33% at -5°C and 
28% at 0°C. Due to earlier measurements we know that the seat totally have a power of 
84 [w] and approx. 40 [w] is in the seating part of the seat and this is where the 
measurements are done and therefore the only power that is important for this test. The 
energy loss in the chair is the duty cycle multiplied by the total available amount of  
energy during the period[table1]. In figure 13-15 is the plots from the different tests.  
Temperature PWM duty cycle Energy loss  
-10°C 40% 960 [J] 
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-5°C 33% 792 [J] 
0 28% 672 [J] 

table 1 Energy loss table 
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Figure 22 model for PWM pulsing 
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Figure 23 plot from test with ambient temperature -10 degrees Celsius 

Appendix A:5 



 Seat heating smart algorithm 
 

0 500 1000 1500 2000 2500 3000 3500 4000
-10

0

10

20

30

40

50
Temperatures and PWM pulses vs. time

Time[s]

D
eg

re
es

 [C
] a

nd
 P

W
M

 p
ul

se
s

 
Figure 24 plot from test with ambient temperature -5 degrees Celsius 
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Figure 25 plot from test with ambient temperature 0 degrees Celsius 
Another result from this test is that all guessed duty cycles is to high, in figure 13 one 
can believe that the duty cycle is good but unfortunately the test was aborted after 1000 
s and this isn’t a sufficient time because the energy absorption in the seat is not at its 
minimum yet. Unfortunately the limited time in the climate room didn’t give time for 
more tests but this give an approximately energy loss.    
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Seat heater test SAAB 9-3 2005-05-13 
 
Introduction 
The aim of this test was to measure temperature on the seat heater element in SAAB 9-3 
06 with 1.8l engine.  
The goal is to build a model of the seat heater to create a controller without feedback. 
Test 
 
Test object:  Seat heater in SAAB 9-3 front seat. The test was carried out by 

Magnus Ström and TLDBX Johan Jannesson. 
 
Test place: Test in climate chamber, Trollhättan 
Test date: 2005-04-19 
Test condition: Test car SAAB 9-3, air temp −10° C at test start in climate cell.  
 
Test set up for   
measurement:  The car was placed in a climate cell that held -10oC.   

 When the car was cold, the engine and test equipment were started 
and one of the test engineers, placed himself in the seat that were to be 
tested and the seat heaters were engaged on level 1 and 2. Level 2 in 
the driver seat that was occupied and level 1 in the passenger seat that 
was vacant. The cars air conditions were set on 20 oC.  

 
Test equipment: Measurement computer and CANcardX   
 
Results/Conclusions 
The first conclusion that was drawn from this test was that the occupation compartment 
temperature was stabilized at 13,5°C , in other tests with other test cars the temperature 
have been stabilized at 15 °C. This might be a problem for the future model because this 
was the sensor that the model preferably will use. Perhaps this will not create a problem 
but future tests will show if this is the case. 

 

The graph(Figure1) shows the temperature change during time. This test is done with a 
car with leather seat clothing witch make the heating time approx. two times the time 
for heating a seat with fabric clothing. The test also shows with temperatures that the 
heater shall have at different temperature levels. 

 

The proposed model for deciding witch heating time that shall be chosen is 
( )

IU
TTmC

t comparmentdesierdp

⋅

−⋅
=  . From earlier tests the results are drawn that this is a 

model that is good enough but in this test the heat up time is shorter than the one the 
model predict. This can depend on several things, different value of C or higher power p
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of the heating element. There is also a small possibility that this model isn’t good 
enough. 

 

Figure 26Heat up graph from climate chamber test 

Seat heater test SAAB 9-5 
 
Introduction 
The aim of this test was to measure temperature on the seat of a SAAB 9-5 seat with 
fabric clothing.  
The goal is to control the seat temperature without sensor in the seat. 
Test 
 
Test object: Seat SAAB 9-5 front seat. The test was carried  out by TLDBX Johan 

Jannesson. 
 
Test place: Test in office(TLD), Trollhättan 
Test date: 2005-05-20 
Test condition: Test seat SAAB 9-5, air temp 22° C at test start in office.  
 
Test set up for   
measurement:  The seat was placed in a office TLD the ambient temperature was 

22oC.   
 When the seat was acclimated the test was started by the test engineer 

and he sat in the seat under the tests, except during the cool down 
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period of the test. The regulator that was tested is a SIMULINK model 
that controls the seat heater by RTWT. The relay was set to a 
tolerance of ± . C°5.0

 
Test equipment: Measurement computer with MATLAB and earlier mentioned 
toolboxes.    
 
Results/Conclusions 
The results from the tests are presented in the following four graphs. The model for the 
seat temperature is ( )ecoupAmbientp TTAmC 'Q −−= α . The first graph(Figure1) shows a 
test where the and the constant 240= 0pmC 6.=Aα . The measurement file is called 

slask1.mat. 
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Figure 27Heating until 2000 sec then cool down 

Model parameters for test 2 280=pmC and 5.0=Aα  for the first 1000s then reduced to 
0.3. The measurement file is called slask2.mat. 
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Figure 28 Heat up until 2000s then cool down 

The parameters for test 3 was set to 3.0=pmC  and 300=Aα . The measurement file is 
called slask3.mat. under the test the seat is first heated until the time 1500s then cool 
down until 2000s after that the heating starts again. 
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Figure 29 Heat from acclimated temperature and calculated temperature 

The fourth test was pretty much like the third except the 350=pmC . The measurement 
file is called slask4.mat. 
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Figure 30 Heat from acclimated temperature and calculated temperature 

In test 5 I have let the constants be: 300=pmC  and 4.0=Aα  

Conclusions 
The conclusions drawn from this series of tests were that the control algorithm  must 
change a little bit so that the first heat up time is a little bit longer and the loss function 
during cool down must increase a little bit. A part from that the controller works really 
fine in this climate, but simulations must be done with the earlier measurement values 
that have been logged from earlier cold tests. Maybe that is so that the power of 40 [w] 
that I’ve think that the cushion have is wrong and is less than 40 [w]. 
 
Seat heater test SAAB 9-5 
 
Introduction 
The aim of this test was to measure temperature on the seat of a SAAB 9-5 seat with 
fabric clothing.  
The goal is to control the seat temperature without sensor in the seat. 
Test 
 
Test object: Seat SAAB 9-5 front seat. The test was carried out by TLDBX Johan 

Jannesson. 
 
Test place: Test in office(TLD), Trollhättan 
Test date: 2005-05-20 
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Test condition: Test seat SAAB 9-5, air temp 22° C at test start in office.  
 
Test set up for   
measurement:  The seat was placed in a office TLD the ambient temperature was 

22oC.   
 When the seat was acclimated the test was started by the test engineer 

and he sat in the seat under the tests, except during the cool down 
period of the test. The regulator that was tested is a SIMULINK model 
that controls the seat heater by RTWT. The relay was set to a 
tolerance of ± . C°5.0

 
Test equipment: Measurement computer with MATLAB and earlier mentioned 
toolboxes.    
 
Results/Conclusions 
The results from the tests are presented in the following four graphs. The model for the 
seat temperature is ( )ecoupAmbientp TTAmC 'Q −−= α . The first graph(Figure1) shows a 
test where the and the constant 240= 0pmC 6.=Aα . The measurement file is called 

slask1.mat. 
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Figure 31Heating until 2000 sec then cool down 

Model parameters for test 2 280=pmC and 5.0=Aα  for the first 1000s then reduced to 
0.3. The measurement file is called slask2.mat. 
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Figure 32 Heat up until 2000s then cool down 

The parameters for test 3 was set to 3.0=pmC  and 300=Aα . The measurement file is 
called slask3.mat. during the test the seat is first heated until the time 1500s then cool 
down until 2000s after that the heating starts again. 
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Figure 33 Heat from acclimated temperature and calculated temperature 

The fourth test was pretty much like the third except the 350=pmC . The measurement 
file is called slask4.mat. 
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Figure 34 Heat from acclimated temperature and calculated temperature 

In test 5 I have let the constants be: 300=pmC  and 4.0=Aα  

Conclusions 
The conclusions drawn from this series of tests were that the control algorithm  must 
change a little bit so that the first heat up time is a little bit longer and the loss function 
during cool down must increase a little bit. A part from that the controller works really 
fine in this climate, but simulations must be done with the earlier measurement values 
that have been logged from earlier cold tests. Maybe that is so that the power of 40 [w] 
that I’ve think that the cushion have is wrong and is less than 40 [w]. 
 
 
Seat heater test SAAB 9-5 2005-05-25 
 
Introduction 
The aim of this test was to measure temperature on the seat of a SAAB 9-5 seat with 
fabric clothing.  
The goal is to control the seat temperature without sensor in the seat. 
Test 
 
Test object: Seat SAAB 9-5 front seat. The test was carried out by TLDBX Johan 

Jannesson. 
 
Test place: Test in office(TLD), Trollhättan 
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Test date: 2005-05-20 
Test condition: Test seat SAAB 9-5, air temp 22° C at test start in office.  
 
Test set up for   
measurement:  The seat was placed in a office TLD the ambient temperature was 

22oC.   
 When the seat was acclimated the test was started by the test engineer 

and he sat in the seat under the tests, except during the cool down 
period of the test. The regulator that was tested is a SIMULINK model 
that controls the seat heater by RTWT. The relay was set to a 
tolerance of C°−+ .  A thermocouple where mounted on the 
surface of the heater under the upholstery.  

5.0,1

 
Test equipment: Measurement computer with MATLAB and earlier mentioned 
toolboxes.    
 
Results/Conclusions 
The results from test 1 shows that the measured values from earlier cold chamber tests 
where the CAN bus was logged are not the same as the ones measured under this test. 
Therefore there is impossible to make some relevant conclusions about the accuracy of 
the controller. Maybe it is so that the micro climate surrounding the heater element is 
hard to measure and that there are great differences in temperatures between the heater 
and upholstery. Another discovery is that its really difficult to measure a accurate seat 
temperature since the temperature is different on different locations on the seat but if the 
temperature is too low one can easily change the loss function coefficients. That shall be 
greater than before to increase the seat temperature. If seat heater level is on 1, there are 
problems to maintain the temperature and it will rise to nearby the level 2 
value(Figure1). 
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Figure 35 Results from heater test level 1,3 
 
Seat heater test SAAB 9-5 2005-05-26 
 
Introduction 
The aim of this test was to measure temperature on the seat of a SAAB 9-5 seat with 
fabric clothing.  
The goal is to control the seat temperature without sensor in the seat. 
Test 
 
Test object: Seat SAAB 9-5 front seat. The test was carried out by TLDBX Johan 

Jannesson. 
 
Test place: Test in office(TLD), Trollhättan 
Test date: 2005-05-20 
Test condition: Test seat SAAB 9-5, air temp 22° C at test start in office.  
 
Test set up for   
measurement:  The seat was placed in a office TLD the ambient temperature was 

22oC.   
 When the seat was acclimated the test was started by the test engineer 

and he sat in the seat during the tests, except during the cool down 
period of the test. The regulator that was tested is a SIMULINK model 
that controls the seat heater by RTWT. The relay was set to a 
tolerance of C°−+ 5.0,1 .  A thermocouple where mounted on the 
surface of the heater under the upholstery. Todays test was to be 
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carried out mainly to show that the controller can run over a long time 
without making anything wrong. 

 
Test equipment: Measurement computer with MATLAB and DAQ card.    
 
Results/Conclusions 
Conclusions that can be drawn from this test are that the loss functions maybe to high 
but further climate cell tests must be done to test this. The results from the 
test(Figure1)shows that the controller can hold a stable temperature and change between 
level 1,2 and 3 without making any exceptional errors. The only thing that is a little bit 
wrong is that level 1 is to high probably because the loss function is to large. 
Unfortunately the logging buffer where set to maximum 5000 readings so that caused 
the beginning of the test to get erased. Figure 1 shows the result from the test. 
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Figure 36 Result from long test run 
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B Test matrix 
The test matrix is a matrix of the tests carried out during the project. The meaning of it 
is to easily find measurement files and to be able to tell what type of test one have not 
done. 
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Talbe  1 Test matrix 

 

Date and 
time 
(start-
parkingtime) 

Comparment 
temperature 

Outside air 
temperature

Heat 
level 
(1,2,3) 

soak with 
passenger

soak 
without 
passenger

Heating 
with 
passenger 

Heating 
without 
passenger

passenger 
self 
heating 
No seat 
heater on 

comment filename 

2005-04-11 
08.17-09.10 

20 8°C 1,2,3 No No Yes No Yes 
driver 

oscilloscope 
reading 

hela serien.xls 

2005-04-12 
10.30-11.11 

20 10°C 3 No No Yes No Yes 
driver 

To small 
msg buffer, 
overflow 

Data2.ASC 

2005-04-13 
08.25-09.06 

20 6°C 3 No Yes Yes No Yes To small 
msg buffer, 
overflow 

data10_04-13.A

2005-04-13 20 17°C 3 No Yes Yes Yes No Sun, 
oscilloscope 
reading 

Still in scope 

2005-04-14 
07.50-08.26 

20 3-4°C 3 No Yes Yes No Yes  To small 
msg buffer, 
overflow 

 

2005-04-14 
12.48-15.00 

20 6°C 3 No Yes Yes(driver) Yes(pass) No Run out of 
batteries  

data0414_12-15

2005-04-15 20 4-6,5°C 2,3 No No Yes No No Fog and 
rain 

Data13&14.xls

2005-04-18 20 4,5-5,5°C 1 No No Yes(driver) Yes(pass) No Sun  Data15.ASC 
2005-04-20 20 -20°C 3,0 No Yes Yes(driver) No No Climate 

chamber 
test 

Data1.ASC & 
data2.ASC 

2005-04-21 20 -20°C 3,0 No Yes Yes(driver) No No Climate 
chamber 
test 

Data4t.ASC & 
data5.ASC 

2005-05-03 20 -10,-5,0°C 3 
model 

     Climate 
chamber 
test 

PWM_test_-
10.mat,PWM_te
5.mat,PWM_tes

2005-05-13 20 -10°C 1,2 No No Yes(driver)
Level 2 

Yes(pass)
Level 1 

No Climate 
chamber 
test 

Data6.ASC 

2005-05-20  22 3      Office test  
2005-05-23  22 3,2      Office test  
2005-05-25  22 3,2      Office test  
2005-05-26  22 3,2,1      Office test Longtest.mat 
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