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ABSTRACT

This master thesis examines the requirement for the implementation of an operational
development platform for in-car electrical energy management. It has its starting point in the
growing demands on the automotive battery, and the desire of the Department of Power Supply
System at Volvo Cars for a test and evaluation platform for energy management algorithms
and ideas. Focus is on battery status detection methods, conditions for integrating the platform
with the present power supply system in a typical Volvo car, and on platform hardware and
software possibilities and restrictions. Further, a user guide for such a platform is developed
and evaluated.

A battery state of charge calculation model is created in Simulink. The model is designed for
implementation in a test car and configured for execution on the development platform. The
process of generating executable code from the model is described and documented for easy
use. In order to establish the accuracy of the model it is tested and evaluated compared to a
reference model using battery data recorded in real car tests. Compared to the reference model,
test results show that the Simulink model is acceptable for determining battery state of charge.
However, no data is available for the true battery state of charge value from the real car test.
Therefore a true comparison can not be done.

A requirement for a fully operational development platform is the implementation of a
communication interface between the platform and the Simulink model, handling the input
and output signals. Proposed solutions for this problem is either the implementation of an
underlying operating system on the platform, or the development of signal handling blocks
directly in Simulink.
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PREFACE

The Volvo Car Corporation, from now on referred to as Volvo Cars, was founded in 1927 in
Goteborg, Sweden, as a spin off from ball bearing manufacturer SKF. Over the years Volvo
Cars made a reputation for building practical cars for the whole family with an extra focus on
safety. In 1998 the plans to divide Volvo Cars from the rest of the Volvo Group was announced
and in March 1999 Volvo Cars became a subsidiary of the Ford Motor Company. Volvo is
today marketed as a premium car and placed in Ford’s Premier Automotive Group with the
vision to be the worlds most desired and successful premium car brand [1].

The Volvo trademark is closely linked to the core values; Safety, Quality and Environmental
Care [1]. Developing and ensuring these unique properties is an important task for the product
developing departments. The introduction of new features for fuel economy, performance,
safety and comfort in future automobiles will bring up many new, power-hungry electrical
systems [2]. The development of these new systems constitutes a challenge for the Department
of Power Supply Systems.
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INTRODUCTION

In this chapter the reader is introduced to the thesis. The background for the task is explained
and the purpose and limitations of the thesis are stated. Further, methodology and the outline
of this report are presented.

1.1 Background

A consequence of more power-hungry electrical systems is that the demands on the automotive
battery will grow substantially, e.g. regarding reliability, energy throughput and charge
acceptance [3]. Upcoming features like regeneration of electrical energy for fuel economy,
e.g. electrical brake energy recovery, requires knowledge about the capability of the battery to
accept charge [4]. Hence the battery as energy storage and its inspection via battery diagnostics
becomes more and more important. Therefore, to ensure a fully operational battery, Volvo Cars
aims to introduce electrical energy management to optimize the way the battery is operated and
managed. The energy management balances the electric energy requested by the consumers
with the energy supplied by the alternator and the battery. Thus the energy management
provides a balance between consumed, produced and stored energy [5]. Potential benefits
include extended battery life time, early warnings of deterioration and an improved match to
the vehicle’s requirements [6].

1.2 The idea

In order to test and evaluate in-car energy management algorithms and ideas, the Department
of Power Supply Systems at Volvo Cars is in need of a platform, i.e. somewhere to implement
their models. Today there is no fast and easily accessible way to do this. All power supply
functions are integrated in complex systems managed by other departments. The idea is to
develop an easy to use development platform, designed for exactly the purpose of electrical
energy management testing and evaluation [7].

Benefits with the introduction of a development platform for electrical energy management is

visualisedin Figures 1.1 and 1.2, whichrepresents the schematic work process for the Department
of Power Supply System, with and without the development platform respectively.
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INTRODUCTION

Computer model

Text specification
to supplier

Implementation

In-car evaluation

I No

In-car evaluation Yes

Computer model
to supplier

No I

Implementation
Yes

Figure 1.1 The present work process for Figure 1.2 The potential work process for
the Department of Power Supply Systems the Department of Power Supply Systems
at Volvo Cars. with the introduction of a development

platform for electrical energy management.

The present work process, represented in Figure 1.1, shows that today the department
is specifying desired functionality in text and flow charts. The text documentation is then
provided to suppliers that have to interpret and translate the text into code and implement it
in the car. The department then has to evaluate the functionality by conducting in-car testing
and verification. In case of a functionality failure the entire process has to start over again,
involving the suppliers once more, until desired functionality is achieved [7].

With the introduction of a development platform for electrical energy management in the
work process, as presented in Figure 1.2, there are several potential improvements. With
a development platform the Department of Power Supply Systems do not need to specify
desired functionality in text, but instead realise functionality in computer models [7]. With
this comes the ability to direct evaluation, without having to involve suppliers. This results in
savings in both time and money. And when the department is satisfied with the outcome, the
suppliers are provided with the computer models for in-car implementation, leaving less room
for misinterpretation and no need for translation compared to text specifications.
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INTRODUCTION

1.3 Purpose and limitations
The purpose of this master thesis is to:

° Examine the conditions for implementing a development platform for electrical
energy management to be used in a test car.

° Create and test a first draft for a battery state of charge calculation model to
be used with the development platform

° Document the platform for easy use, and in such a way that it can be an
alternative for other applications at Volvo Cars.

Thisis aninitial study that will present the requirements for an operational development platform,
configured for the present power supply system. Focus is on battery status detection methods,
implementation conditions and on hardware and software possibilities and restrictions.

The platform hardware and software are predetermined by the Department of Power Supply
Systems. They are selected on the basis of availability and functionality. No alternatives to the
specified hardware or software will be taken into consideration or examined.

1.4 Method

In the beginning of this thesis work relevant information about the subject was collected
and examined. This was to narrow the subject down to the parts that had to be carried out
in order to fulfil the purpose. Information about electrical energy management was studied.
Also studies about the power supply system and the development platforms hardware and
software possibilities and restrictions were made. A consequence of the literature studies was
the realisation that the communication interface between the development platform and the
modelling software was not as developed as assumed.

Information is collected in mainly three different ways; through literature study, informal
interviews and testing. Literature includes, in the case of electrical energy management
studies, mainly articles and books. In the case of hardware and software studies the literature
consists mainly of user guides and fact sheets. The Internet is also used widely in both cases.
The informal interviews consists of personal conversation, spontaneous or planned, with
persons connected to the subject. These persons has mainly been from the Department of
Power Supply Systems and have given a lot of information and new input on primarily power
supply functions and requirements. In the case of coding and computer modelling information
is collected through both literature studies and personal conversation but also through testing
and verification.
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INTRODUCTION

1.5 Outline

This report presents the outcome of this master thesis work. The aim with the report is to make
the content understandable for any prospective reader who will find it useful. However, the
technical level in this report is set on the level of a Master of Science student. The report is
thought to address mainly the automotive industry, especially Volvo Cars or other members of
the Ford Motor Company, but also others who may find its area of expertise interesting.

The first chapter gives an introduction to the thesis and the problem. Purpose, limitations
and methodology is presented. In chapter two the power supply system in today’s Volvo cars
is described, particularly the alternator, the battery and the in-car communication networks
is explained. In chapter three the theory of electrical energy management is introduced
and explained. The reason for monitoring the battery and how to use the data acquired for
calculating battery status is described. Chapter four presents the hardware of the development
platform. The configuration of a future integration of the hardware with the present power
supply system is also presented. In chapter five the software implementation is described.
Software features is presented and the process of implementing the software to the hardware is
examined and explained. A software model is created for battery state of charge calculation and
input and output parameters is described. The sixth chapter presents the results of simulations
made from the software model. The test conditions are stated and the results are evaluated.
Chapter seven describes the developing process of the platform documentation. The process
is described from draft one, through user study and test evaluation, to a final draft. In chapter
eight the results and outcome of the thesis is discussed. Also, recommendations for future
work are made.
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POWER SUPPLY

In this chapter the alternator, the battery and the in-car communication networks is presented.
Further, the system design of the power supply system in a typical Volvo car is described

2.1 Alternator

The alternator produces the electrical energy needed to charge the battery and to supply
electrical equipment when the engine is running. It is converting mechanical power from the
engine into electrical power and thereby generating current for the car. The alternator is located
on the engine and driven by the crankshaft either via the front-end accessory belt or directly
via a gear. The two main parts of the alternator are the rotor and the stator. The rotor winding
is fed with a current to create a magnetic field. When the magnetic field rotates inside the stator
windings a current is induced in the stator. The output voltage from the alternator is controlled
by controlling the rotor current. It is done by the controller which samples the output voltage
and changes the intensity of the rotating magnetic field by adjusting the current fed to the rotor.
The stator windings are positioned with even intervals at a phase angle of 120°. This produces
three-phase alternating current. In order to get direct current to the battery a diode bridge
rectifier that converts alternating current to direct current is used [4][8].

2.2 Battery

The battery is used for energy storing, for starting the engine, for loads when the engine is
not running and to sustain the alternator when the output is insufficient. The two dominant
substances in a standard car battery are lead and sulphuric acid. There are six cellsina 12 V
battery each consisting of a positive electrode made of lead-dioxide and a negative electrode
composed of finely distributed sponge lead. Between the two electrodes is the sulphuric acid
which forms an electrolyte that ensures the flow of ionic current between the poles. Maximum
conductivity of the electrolyte is obtained at a density of 1.28 kg/dm3. Each cell has a rest
potential of 2.13 V and six of these series-connected electrode stacks form a 12 V battery.
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POWER SUPPLY

The alternator begins the battery charging process as soon as the engine starts running, if
possible. Normal charge voltage in a 12-volt system should be 14.2-14.4 V at +25° C measured
over the battery poles. Too high charge voltage will electrolyze the water, thus lowering
the electrolyte level over time. If the charging voltage is set too low the battery will not be
charged properly. The charge voltage should be increased with 0.3 V for every ten degrees
the temperature decreases and be lowered 0.3 V for every ten degrees the temperature rises
[9][10].

2.3 In-car communication networks

The usage of computer networks in vehicles is becoming more and more common. However,
when adding so many computers to the car several different types of communication networks
arerequired to reach cost effective solutions. This section presents the two serial communication
networks used by the power supply system.

2.3.1 Controller area network

Controller Area Network (CAN) is a serial data communications bus with a high level of data
integrity for real-time applications. It is a serial bus system with multi-master capabilities,
that is, all CAN nodes are able to transmit data and several CAN nodes can request the
bus simultaneously. In CAN networks there is no addressing of subscribers or nodes in the
conventional sense, but instead, prioritized messages are transmitted. A transmitter sends a
message to all CAN nodes (broadcasting). Each node decides on the basis of the identifier
received whether it should process the message or not. The identifier also determines the priority
that the message enjoys in competition for bus access. This method allows for uninterrupted
transmission when a collision is detected [11].

The CAN protocol was developed by Robert Bosch GmbH in the early 1980°s for automotive
applications needing high levels of data integrity and data rates of up to 1 Mbps [12]. It is
documented in ISO 11898 for applications up to 1 Mbps, and ISO 11519 for applications up
to 125 kbps. The maximum transmission rate of 1 Mbps applies to networks up to 40 m. For
longer distances the data rate must be reduced. A typical Volvo car contains of two CAN-
networks; a High Speed CAN-network (HS-CAN) that operates at 500 kbps and a Low Speed
CAN-network (LS-CAN) that operates at 125 kbps.

Each CAN message can transmit from 0 to 8 bytes of user information. Of course longer data
information can be transmitted by using segmentation. One of the outstanding features of
the CAN protocol is its high transmission reliability. The CAN controller registers a node’s
error and evaluates it statistically in order to take appropriate measures. These may extend to
disconnecting the CAN node producing the errors. This makes CAN suitable for safety critical
applications. The physical medium is a twisted-pair wire that protects from electromagnetic
interference.

6 JONSSON | SUNDSTROM



POWER SUPPLY

To monitor the CAN bus traffic a tool called CANalyzer can be used. It has the features of
network monitoring, analysis and verification. It is also possible to simulate CAN nodes in
CANalyzer [11].

2.3.2 Local interconnect network

Local interconnect Network (LIN) is a serial bus system especially suited for networking
intelligent sensors and actuators within a sub-system. It is a time triggered master slave
network, having one master and one or more slaves, where the master has a schedule that
defines when each frame is to be sent. All frames include a header, which is sent by the master.
The header includes information on which node that should send the data frame. If a slave
node recognises its identification it either sends or receives the data of the frame specified in
the header. The LIN bus does not need to resolve bus collisions because only one message is
allowed on the bus at a time.

The LIN Protocol is based on the SCI/UART serial data link format, which is supported by a
wide range of products. The LIN standard is specified by the LIN consortium, a workgroup
started in the late 1990’s by Volvo and other car manufacturers. The LIN standard includes
the specification of the transmission protocol, the transmission medium, the interface
between development tools, and the interfaces for software programming. LIN guarantees
the interoperability of network nodes from the viewpoint of hardware and software, and a
predictable EMC behaviour.

The maximum communication speed on a LIN bus is 19.2 kbps over a maximum cable length
of 40 meters. LIN nodes can send/receive a full 8§ byte command every 10 ms, or shorter
commands every 5 ms. The LIN bus may be used as a sub-bus for a CAN bus interface.
The purpose of LIN is to be a low cost complement for connecting simple functions. LIN is
used for functions that have low bandwidth requirements and where the nodes are of quite
simple architecture e.g. doors, seats and internal lights. The physical medium is a single-wire
implementation.

A tool for monitoring the LIN bus is LINspector, featuring network monitoring, analysis and
verification [13].

2.4 Power supply system

The power supply system’s main responsibility is to supply and manage the use of electric
power in the car. This includes generation of electric power, storage of electric energy and
consumption control. The generation of electrical power is made by the alternator. The
generated power shall supply all electric loads in the vehicle and in addition handle the
recharging of the battery. Storage of electrical energy is made by the 12 V lead-acid battery.
Consumption control consists of sub-functions such as; load shut-off at engine-off to ensure

JONSSON | SUNDSTROM 7
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restart capability and power restrictions for comfort loads during driving to avoid excessive
battery cycling. These features are implemented in computer modules managing the power
supply system (see figure 2.1).

Central Electronic Module

Battery

Engine Control Module

|
|

Alternator

== CAN Communication == | IN Communication

Figure 2.1 The components of the power supply system in a typical Volvo car. Including
two of the main computer modules and the CAN and LIN networks connecting them.

The Central Electronic Module (CEM) is the master computer in the car. The CEM
communicates with other control modules via LIN and CAN communication. In addition, the
CEM manages a number of the directly connected components and functions. The vehicle
configuration file is stored in CEM. In the power supply system the CEM is managing the
charge voltage control, load control and fault handling. It receives information from the
Engine Control Module regarding the alternator. From this information it calculates maximum
allowable current consumption of climatic loads. If any faults are detected, the CEM sends
warning messages to the appropriate control module, alerting the driver. During engine-off,
CEM monitors the battery status by voltage measurements. For the power supply system CEM
is always in use, except when the car is parked [14].

The Engine Control Module (ECM) is controlling the alternator via LIN communication and
sends appropriate values on charge voltage, ramps, times etc. It also receives information
about alternator faults and excitation current. The ECM estimates the alternator shaft torque
and sends information to CEM about alternator output current. For the power supply system
ECM is used only when the engine is running [14].
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ELECTRICAL ENERGY
MANAGEMENT

In this chapter the conditions for electrical energy management is presented. The importance
of battery monitoring is stated and different methods on how to determine the battery state of
charge is described.

The aim of electrical energy management is to guarantee the electrical power supply of vital
devices in every situation, or in special cases. Electrical power supply is usually provided
by the alternator when the engine is running. The energy balance can be improved if the
available energy is too low by a decrease of energy consumption or by an increase of the
energy generation. Lowering the energy consumption is helpful in order to improve the short-
term energy situation. It can be done by reducing non-essential loads, which can be done in a
stepwise manner. Increasing the energy generated is a solution that enables all applications to
function as desired. The disadvantage of increasing the generated energy is that it is done by
raising the engine rpm, which can only be done when the engine is running in idle [2].

3.1 Battery monitoring

In vehicles the battery is a completely passive energy storage device. It is discharged if more
energy is consumed than generated, and energy for recharge is supplied to the battery if more
energy is available than is actually needed. Today no supervision is done, such as checking if
the battery actually is able to give requested energy or assimilate offered energy [2]. Hence a
key component for electrical energy management is monitoring of the battery status.

To analyse the battery status both voltage and current are measured. Temperature is also
measured to compensate for its influence on battery properties. Battery monitoring includes
processing and evaluating the data received. The accuracy that can be achieved depends on the
precision of the sensor, the reproducibility of battery performance and tests, and the algorithms.
Battery monitoring also permits for best use of the capability of a battery of a given size and
to guarantee power supply for vital devices [2][4].
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ELECTRICAL ENERGY MANAGEMENT

3.2 Battery state detection

To determine the battery status, one of the essential measures is its state of charge (SOC). The
SOC of a battery is its available capacity expressed as a percentage of its rated capacity (see
3.1).

Available capacity
SOC = * 100 % (3.1)

Rated capacity

Knowing the amount of energy left in a battery compared with the energy it has when it
is fully charged gives an indication of how much longer a battery will continue to perform
before it needs recharging. The SOC reference is normally the rated capacity of a new battery.
Therefore SOC can exceed 100% as individual capacity of a new battery may fluctuate due to
variations of manufacturing parameters.

The battery capacity gradually reduces as it ages and is also affected by temperature and
discharge rate. Towards the end of the battery’s life its actual capacity will be significantly
lower than its rated capacity. Consequently its SOC would not be 100% even if the battery was
fully charged. To define SOC reference as the currently fully charged capacity of the battery,
adjustment factors have to be applied to the rated capacity to determine the new reference
capacity. In this case a fully charged battery would have a SOC of 100% but it would have a
significantly lower capacity then of a new battery. Therefore state of health (SOH) is used to
describe the degree of degradation of the battery. The SOH of a battery is its present maximum
capacity expressed as a percentage of its rated capacity (see 3.2).

Present maximum capacity
SOH = * 100 % (3.2)

Rated capacity

Several methods of estimating the SOC of a battery can be used. Most methods depend on
measuring one or more parameters which varies with the state of charge [4][15].

3.2.1 State of charge based on specific gravity measurements

Specific gravity measurement is the customary way of determining the charge condition of
lead acid batteries. It depends on measuring changes in the weight of the active chemicals.
As the battery discharges, the sulphuric acid in the electrolyte reacts with the electrodes and
its concentration is reduced. This in turn reduces the specific gravity of the solution in direct
proportion to the state of charge. The actual specific gravity of the electrolyte can therefore
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ELECTRICAL ENERGY MANAGEMENT

be used as an indication of the state of charge of the battery. Specific gravity is measured by
using, for example, a suction type hydrometer to take a sample of the battery’s electrolyte. The
accuracy of the method increases with time as the sulphuric concentration is evenly distributed
in the electrolyte. Although the method can be very accurate it is not practical to use in an
operating vehicle [15].

3.2.2 State of charge based on porosity

Porosity based calculations depends on measuring changes in the porosity of the electrodes.
In order to minimize the energy loss at the electrode surface and to increase the electrode
efficiency, it is preferred to have a large electrode surface area. This is accomplished with
the use of a porous electrode design. A porous electrode can provide an area per unit volume
several decades higher than that of a solid electrode.

Both the positive and negative electrode has a porous structure, thereby increasing the surface
area of the electrode to the bulk electrolyte. Due to the reaction that occurs during charge/
discharge, the porosity of both electrodes will change. The maximum porosity of the electrode,
i.e. the maximum amount of open space in the electrode, will be reached when the electrode
is fully charged. This dependency between electrode porosity and charged/discharged energy
makes it possible to estimate SOC. The method is not applicable in a vehicle but can be
modelled in a computer simulation to give a very precise calculation of SOC [10][16].

3.2.3 State of charge based on voltage

This method uses the voltage of the battery cell as the basis for calculating SOC or the remaining
capacity. The relation between voltage and SOC is that a high voltage indicates a high SOC.
Results can vary widely depending on actual voltage level, temperature, discharge rate and
the age of the cell. Compensation for these factors must be provided to achieve a reasonable
accuracy. The method is most accurate when open circuit voltage (OCV) is measured and the
battery has not been used for several hours. Hence the method is not useful during continuous
battery load [15].

3.2.4 State of charge based on current

This method measures the current entering and leaving the battery as a basis for remaining
capacity calculation. The simplest method of determining the current is by measuring the
voltage drop across a low ohmic resistor. The charge transferred in or out of the battery is
obtained by integrating the current over time [15]. To calculate SOC, the integrated current is
divided by the battery’s rated capacity and added to the previous SOC value (see 3.3).
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[1dt
SOC, = SOC,, + - 100 % (3.3)

Rated capacity

This method provides a high accuracy during continuous battery load but the accuracy decreases
as the battery approaches maximum SOC level. Due to chemical limitations the current that
is actually ’accepted’ by the battery, and could be retrieved by subsequent discharging, is
reduced with increased SOC level. The charge acceptance is not a constant parameter since it
depends largely on the SOC level [17]. Therefore all current added to the battery can not be
assimilated to the SOC value as the battery reaches its maximum charging capacity. Another
source of error is that the initial SOC value can be incorrect due to self discharge if the battery
has not been used for several hours. If there is no correction of these possible miscalculations
the method can generate accumulated errors.

3.2.5 State of charge based on a combination of voltage and current

An initial value of SOC can be determined by using the voltage method when the battery has
not been used for several hours. With the initial value of SOC established the current method is
used to continue to calculate the present SOC level. This prevents accumulated errors that may
be generated from the current method. Both methods are relatively easy to apply in a vehicle
and both have different advantages. Therefore implementing a combination of the voltage
method and the current method appears to be an acceptable and practically viable method to
determine SOC in an operating vehicle [15].

12 JONSSON | SUNDSTROM



4

DEVELOPMENT PLATFORM
HARDWARE

In this chapter the development platform hardware is presented. The hardware possibilities and
restrictions are stated. Furthermore, the configuration of a future integration of the hardware
with the present power supply system is presented.

At present, the supervision of the battery done in a Volvo car is made by voltage measurements
only. This is, as stated in chapter three, not sufficient enough for total battery status monitoring.
So in order to monitor the battery status a battery sensor is implemented, supervising battery
voltage, current and temperature. The battery data collection and processing is implemented
in a development board. On the board all functions for battery state of charge calculation is
executed. The development board also manage the work of the battery sensor. Both the battery
sensor and the development board are predetermined by the Department of Power Supply
Systems at Volvo Cars based on their availability and functionality.

4.1 Battery sensor

The battery sensor synchronously records measured values of voltage, current and temperature.
Recorded data is transmitted via the LIN bus to the development board. LIN communication is
implemented in accordance with LIN Specification 1.3. The sensor can operate at 16 different
frequencies, divided into three different modes: high rate, low rate and stand-by mode. In high
rate mode the battery sensor operates at 200 Hz and in low rate mode at 1 Hz. The frequency
at stand-by mode can be set to 14 different values in accordance to 4.1 [18].

1

Stand-by frequency = Hz , kinteger 1< k <14 4.1

2k

The mechanical structure of the battery sensor consists of the negative battery terminal,
the ground cable including the cable lug and the encapsulated electronics module with the
embedded shunt (see figure 4.1).
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To Ground

Negative Pole

To Positive Pole
~

LIN ==
Battery Sensor

Figure 4.1 The battery sensor mounted on the battery.

The battery voltage is measured within the battery sensor in relation to the positive supply
applied. Measurement of the battery current is conducted in relation to the ground path. Due
to low nominal resistance of 120 pQ in the manganin shunt, the sensor is capable of handling
start-up currents of 1000A. Although the temperature is measured within the electronic module,
the selection of high heat-conductive materials in the sensor reflects the battery temperature
very well. The battery sensor operating data and measurement data are presented in table 4.1
and table 4.2 [18].

Table 4.1 Operating data for the battery sensor

Parameter Min  Type Max Unit  Comments
Operating voltage 6 14 18 Vv

Overvoltage 18 27 32 v Max for 400 ms
Reverse polarity voltage- 4 -14 -16 Vv

Operating current 0 +/- 150 A

Overcurrent 0 +/- 1000 A Max for 5 s
Operating temperature -40 25 85 °C

Table 4.2 Measurement data for the battery sensor

Measured value Rate  Range Rel. error Abs. error Resolution
(Hz) (deviation) (offset)
Battery voltage 1 6—18V <0.2% +/- 3mV SmV
200 6-18V <02 % +/- 30mV SmV
Battery current 1 0— +/-30A <0.5% +/- SmA ImA
200 0—+/-1000A <0.5% +/- 100 mA 50mA
Battery temperature 1 -40 - 85°C +/- 3K 1K
200 -40-85°C +/- 3K 1K
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4.2 Development board

The development board is intended for research and development efforts within the automotive
electronics. It was developed in a project called GAST whose participants are a number of
actors in the automotive industry as well as Swedish universities. Within the GAST project the
development board was labelled G/ [19].

Power supply ranging from 12-48 V can be used to supply the board. It is protected from
currents above 2.0 A through a fuse mounted on the board. The development board uses a
Freescale MC9S12DG256B micro controller unit of the HCS12 family, and versatile 10-
signals with signal levels as specified for automotive electronics. The 16-bit HCS12 central
processing unit has a programmable memory of 256 kB and a clock frequency of 8 MHz.
There are two CAN-drivers on the board that both can be used as either HS-CAN or LS-CAN.
It can be configured to use dual LIN, dual RS232 or one of each driver. This is determined
through jumper settings. When the LIN driver is used, the board can function as either LIN
master or LIN slave.

To program the development board a debug adapter is used. It is a hardware interface between
the background debug mode protocol and the standard serial communication line (RS232).
The debug adapter is connected to the board through a 6 pole flat cable, which also supplies it
with power (see figure 4.2) [19].

LIN
CAN

RS232 == Development Board
/ HCS12 Processor
Debug Adapter /

—-—

~
- To PC

Figure 4.2 The development board and the debug adapter with present configuration
of the CAN, LIN and RS232 connections.
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4.3 Hardware system design

The hardware system design consists of integrating the battery sensor and the development
board with the existing power supply system. The hardware configuration in a vehicle is shown
in figure 4.3.

Central Electronic Module

Development Board

Battery Sensor

Battery

Engine Control Module

Alternator

== CAN Communication == | IN Communication

Figure 4.3 The power supply system with the battery sensor and the development
board mounted.

The battery sensor is mounted to the battery’s negative pole and is then grounded in the
vehicle. The development board can be placed inside the vehicle compartment, provided that
the connecting cables are long enough. To ensure power supply for the development board at
all times, two power cables are required directly from the battery to the board. A single-wire
cable for the LIN communication between the battery sensor and the development board is
also needed. The development board is connected via a twisted-pair cable to the CAN bus
socket inside the vehicle compartment.

With this configuration the development board is connected to the battery sensor via LIN and
it can broadcast signals on the CAN bus. The broadcasted output signals from the development
board can be requested by both the CEM and the ECM in the vehicle. A computer can be
connected to the serial connection (RS232) on the development board in order to monitor the
signals processed on the board.
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5

SOFTWARE IMPLEMENTATION

In this chapter the software and its implementation with the hardware is presented. It is explained
why the specific software is selected and its functionalities and advantages are described. The
process of implementing the software to the hardware, i.e. how to generate executable code
and how to compile and load that code on to the development board, is explained. A software
model for SOC calculation is created and its input and output parameters are described.
The model is designed for implementation in a test car and configured for execution on the
development board.

5.1 Software

To support the hardware, a chain of software is used to model, compile and load desired
functionality on to the development board. MATLAB with software packages Simulink and
Real-Time Workshop are used for software modelling and code generation. The MATLAB
product family is selected because it is an easy to use standard modelling software, already
available within Volvo Cars. XCC and Background Debug Mode are used for compiling and
loading the code on to the hardware. These software’s were used in the GAST project and
are suited for the development board. XCC and Background Debug Mode are also already
available within Volvo Cars.

5.1.1 MATLAB / Simulink / Real-Time Workshop

MATLAB, short for Matrix Laboratory, is a highly configurable software environment used
for technical computation such as math computation, algorithm development, modelling,
simulation and prototyping. It is highly acclaimed in both the academic and industrial
environment. One reason for the strong position in the industrial environment is the many
different software packages that exist for MATLAB. These software packages provide an
environment for a specific technical computation. An example of this is Simulink which is an
environment for modelling and simulation [20]. In MATLAB a .mat file is created for setup
parameters (see figure 5.1).
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MATLAB

.mat

Figure 5.1 The .mat file is created in MATLAB for setup parameters.

Simulink is a software package added to MATLAB for modelling, simulating and analysing
dynamical systems. It is commonly used in university and industrial environments. Simulink
provides a graphical model programming language that enables MATLAB to build graphical
block diagrams using drag-and-drop operations. A model is created by simply connecting
different blocks to each other. The package includes a comprehensive library of sinks,
sources, linear and nonlinear components and connectors. In addition to its extensive set of
built-in blocks, Simulink offers features for creating customized blocks and block libraries.
Model library support makes it easy to build and maintain libraries of customized blocks.
A block with defined properties can be created in the model library. Changes made to the
library version of the block then propagate through any model using that block. Models are
hierarchical and can be built using both top-down and bottom-up approaches. A system can
be viewed at top level containing individual blocks that each can be opened for increased
level of details. The Simulink model is saved in a model.mdl file. After a model has been
defined, it can be simulated, using a wide range of integration methods, selected either from
the Simulink menus or by entering commands in the MATLAB command window. Using
scopes and other display blocks, simulation results can be visualised while the simulation is
still running. In addition parameters can be changed during runtime with effects immediately
visible. The simulation results can be put in the MATLAB workspace for post processing and
visualisation [20]. Simulink uses the setup parameters in the .mat file from MATLAB in the
.mdl file (see figure 5.2).

Simulink

—N
£V>

.mdl

Figure 5.2 Simulink uses the .mat file for setup parameters to its .mdl file.
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Real-Time Workshop (RTW) is another software package for MATLAB. It is used in Simulink
to generate C code for specific targets from the Simulink model. A target is the environment
the generated code is intended to run on. The HCS12 processor on the development board is
such a target. When generating code for a specific target, RTW first creates an intermediate
description file model.rtw from the Simulink model. mdl file. The model.rtw file is an ASCII
file which describes the model, i.e. which blocks it contains and how they are connected. The
next step in order to generate code is for the Target Language Compiler (TLC) to read the
model.rtw file and produce code for the different blocks accordingly. The TLC compiler does
this by using certain mark-up language files with the file extension .t/c. These files contain
a description of what the generated code should look like for a specific block (for a certain
target). You can write your own .#/c files in order to produce your own code for blocks. This
makes RTW a highly configurable system. The TLC compiler outputs target specific code for
the model and also a make file to be used for compiling the code. This make file is based on
a template file .tmw which also can be configured. RTW creates the make file by expanding
model specific tokens in the .tmw file [20]. The C code intended for the development board is
generated in C (.c) and header (.4) files (see figure 5.3).

MATLAB Simulink Real-Time
Workshop

.mdll/ > ;

.mk
.tlc
.mat .mdl tmw

Figure 5.3 From the .mdl file RTW generates C code and additional files.

5.1.2 XCC / Background Debug Mode

XCC, short for Cross C Compiler, is used to compile the C (.c) and header (.%) files generated
by RTW into a load file for the development board. The fundamental use of a cross compiler is
to separate the build environment from the target environment. A cross compiler is a compiler
capable of creating executable code for a platform other than the one on which the cross
compiler is running. Such a tool is handy when you want to compile code for a platform that
you do not have access to, or because it is inconvenient or impossible to compile on that
platform (as is the case with embedded systems, on which various kinds of microcontrollers
run with a minimal amount of memory for their own purpose). In addition to the .c and . files
XCC uses a HCS12 specific start-up file .s/2 for the compilation (see figure 5.4). The result is
executable code in a .s79 file [19][21].
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XCC
— N
.c .h >
1 w2
.012
.mi12
519

Figure 5.4 XCC compiles the .c and .h files generated from RTW and a .s72
start-up file specific for the HCS12 processor.

The Background Debug Mode (BDM) is a background debug interface which supports in-
circuit programming of on-chip non-volatile memory and debug capabilities. The system does
not interfere with normal application resources. It does not use any user memory or locations
in the memory map and does not share any on-chip peripherals. The BDM is used to program
flash and EEPROM memory in the application system after final assembly. It can also be used
to perform diagnostics and code upgrades in the field. The .s/9 executable file generated by
XCC is viathe BDM and the debug adapter loaded to the HCS12 processor on the development
board (see figure 5.5) [19][21].

BDM

Z

519 >

Figure 5.5 The compilation in XCC results in an executable .s719 file that via BDM
is loaded on to the processor.
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5.2 Software model

As a part of the software implementation, a model for SOC calculation is created in Simulink.
The model is designed for implementation in a test car and configured for execution on the
development board. The purpose of the model is to collect and process battery data, execute
SOC calculation algorithms and manage the status of the battery sensor. For this reason
the model can be divided into two blocks. One block calculates SOC and the second block
determines operating conditions for the battery sensor. Both these blocks are merged in a
main model (see appendix A.1). The input signals to the model are selected based on the data
required to fulfil the model purpose. The output signals are selected based on the out data
desired for evaluating the model.

5.2.1 Input signals

The model is dependent on a number of input signals that are used by either one or both blocks.
The output signal from the battery sensor mode computation block also serves as an input
to the SOC calculation block. All signals are imported simultaneously to the model and are
evaluated in the same execution. The input signals used by the computer model are displayed
in table 5.1.

Table 5.1 Input signals to the computer model.

Signal Bus Source Descripion Unit
L, LIN Battery sensor Battery current A
U, LIN Battery sensor Battery voltage A"
T,.. LIN Battery sensor Battery temperature °C
Clock CAN From CEM Time value ]
PM CAN From CEM Power mode

The battery current /, , the battery voltage U, , and the battery temperature 7,  is collected
via the battery sensor. This indata is required to monitor the battery status and to perform SOC
calculation. The Clock signal is generated from the internal clock in CEM. It gives a time
value that is used in the model to calculate the time difference between two specific events.
The PM signal carries the power mode parameter that describes the ignition-key position. It
is of importance since it is the parameter indicating present work condition for the vehicle,
and thereby is a main influence on the desired working condition for the battery sensor. Power
mode is available on the CAN bus and used by several control modules in the vehicle. It can
hold one of eleven values, not only describing the present key position, but also previous
position, i.e. from what position the key is turned and to what position it is going. The eleven
power mode values with corresponding interpretation is presented in table 5.2.
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Table 5.2 Power mode values.

Value Interpretation Value Interpretation
0 Key out 6 Ignition on
1 Key recently out 7 Running
2 Key approved 8 Not used
3 Post accessory 9 Crank
4 Accessory 10 Not used
5 Post ignition

5.2.2 Battery sensor mode computation

A battery sensor mode computation block (see appendix A.2) is needed to establish the desired
frequency for which the battery sensor should operate. The sensor mode also determines the
execution frequency for the entire model. This way the SOC calculation is performed every
time new data is collected from the battery sensor. There are three different sensor modes used
in the model. These modes are based on how the battery sensor can measure current and also
aims to maintain a low current consumption during engine off. The conditions for altering
sensor mode are presented in figure 5.6.

Stand-by mode
(1/4096 Hz)

No
Ibat =70 mA Time <1800 s
Yes Yes

Engine-off mode
(1 Hz)

No

Engine-on mode
(200 Hz)

Figure 5.6 The battery sensor mode computation flowchart.
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Battery sensor mode 1, Stand-by mode, denotes that the battery sensor operates at 1/4096
Hz and has a measuring range of +/- 30 A with a resolution of 1 mA. The chosen stand-
by frequency is the closest possible to obtain an hourly measurement of the battery voltage,
current and temperature. The mode can only be set when the PM value is O or 1, and the current
transferred to/from the battery is less than 70 mA. Small currents indicate that the vehicle is
not in use and a low current consumption is desirable. When the engine is turned off, an engine
cooling fan may run for up to 30 minutes. The duration depends on engine temperature and
makes it possible for the fan to switch on and off as the temperature fluctuates. The signal that
regulates the cooling fan is sent directly from the ECM to the fan and is therefore not available
as a parameter in the model. Hence the stand-by mode can not be set until 30 minutes after the
engine has been turned off.

Battery sensor mode 2, Engine-off mode, denotes that the battery sensor operates at 1 Hz and
has a measuring range of +/- 30 A with a resolution of 1 mA. This mode can be set if PM
ranges between 0 and 5. The mode is used when the current flow is higher then 70 mA and
the engine is off. The threshold of 70 mA is set to ensure that larger currents will be measured
with higher frequency.

Battery sensor mode 3, Engine-on mode, denotes that the battery sensor operates at 200 Hz and
has a measuring range of +/- 1000 A with a resolution of 50 mA. This mode is always set when
the PM value is 6 or higher. These values for PM are used when the ignition is on, the engine
is running or the starter is cranking the engine. Short pulses during crank can make the current
from the battery peak up to 900 A. The reason for setting the battery sensor to operate at 200
Hz when ignition is on, although engine is still off, is to ensure that the high peaks of currents
during crank will be measured.

5.2.3 State of charge calculation

The SOC calculation block (see appendix A.3) is based on a combination of the voltage method
and the current method.

The voltage method is used if the vehicle has been in stand-by mode for at least 8 hours.
Voltage and temperature are measured hourly in stand-by mode since the behaviour of lead-acid
batteries is strongly influenced by temperature. The relation between voltage and temperature
gives that an increased battery temperature, with constant SOC, results in decreased battery
voltage. After 8 hours, every measurement is compared in a look-up table to determine a new
SOC value. The look-up table is associated with the specific battery type in the vehicle and has
been developed by the battery manufacturer. The currents consumed by the vehicle in stand-by
mode are small and therefore the battery voltage is considered to be OCV. This method sets
an initial value for SOC and corrects errors that may have originated from the current method.
The initial SOC value is then multiplied by the rated capacity for the battery in order to obtain
the available capacity expressed in ampere hours (Ah). This value serves as an initial value for
the current method.
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The current method implies that the current from the battery is integrated over time. This
is done by dividing the current with the battery sensor operating frequency. The integrated
current is also divided by 3600 in order to express the current in Ah. This value is then added
to the previous Ah value, or the initial value calculated with the voltage method (see figure
5.7). The new Ah value is finally divided by the battery’s rated capacity and multiplied by 100
in order to obtain the available capacity expressed as SOC.

Previous Ah from
current method

Ah initiation from Integrated Ah
voltage method from battery

7\

Stand-by mode No

No

Time =28 h

Figure 5.7 The SOC calculation flowchart.

To make the model dynamic, there are two setup parameters that are defined in MATLAB.
One parameter represents the sample time and obtains the inverted operating frequency value.
The sample time parameter is used to integrate the current over time when the current method
is applied. The other parameter represents the battery’s rated capacity and is set to the value
nominated by the manufacturer for the specific battery.
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5.2.4 Output signals

The two main output signals from the software model are the results of the battery sensor mode
computation block and the SOC calculation block respectively. Except for the SOC value the
SOC calculation block also calculates some additional output signals related to SOC. The
output signals from the software model are displayed in table 5.3.

Table 5.3 Output signals from the software model.

Signal Bus  Destination Description Unit

Mode LIN  Battery sensor Battery sensor mode

SOC CAN CEM Calculated SOC %

Pos CAN CEM Sum of positive currents Ah

Neg CAN CEM Sum of negative currents Ah

Sum Pos/Neg CAN CEM Sum of all currents Ah

Neg accessory mode CAN CEM Sum of negative currents Ah
during accessory mode

Pos accessory mode  CAN CEM Sum of positive currents Ah

during accessory mode

The Mode signal is the output from the battery sensor mode computation block and regulates
in which mode the battery sensor should operate. The signal also determines the execution
frequency for the SOC calculation block. Allowed signal values are 1, 2 or 3 where 1 represent
stand-by mode, 2 represent engine-off mode and 3 represent engine-on mode.

The SOC signal is the output from the SOC calculation block. It is the available capacity
expressed as a percentage of its rated capacity and the main output signal.

The Pos signal is the summation of all integrated currents into the battery, i.e. charging current,
independent of PM. The Neg signal is the summation of all integrated currents from the battery,
i.e. discharging current, independent of PM. The Sum Pos/Neg signal is the charge balance and
consists of the summation of all integrated charging/discharging currents to the battery.

The Neg accessory mode signal is the summation of all currents from the battery while PM is
in accessory mode. Accessory mode indicates that the vehicles convenience equipment may
be in use, with the battery as sole power source since the engine is off. The Pos accessory
mode signal is the summation of all currents into the battery while PM is in accessory mode.
Currents into the battery can only occur if it is charged with an external charger, since the
engine is turned off in accessory mode.
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6

RESULTS

In this chapter the results from tests and evaluations of the software models are presented.
The results of battery sensor mode computation and state of charge calculation are displayed
graphically. The battery sensor mode is evaluated in relation to the power mode parameter and
the accuracy of the state of charge calculation is compared to a reference model.

6.1 Battery sensor mode evaluation

To evaluate the functionality of the battery sensor mode computation block, the output signal
Mode is plotted in relation to the power mode parameter PM. The result is visualised in figure
6.1.

10

= Power mode

= Battery sensor mode

Value
(6]
‘

0 T T T T T T T T T T T T
0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200 7800

Time (s)

Figure 6.1 The battery sensor mode in relation to power mode.
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Initially, during key out and PM equals 0, Mode accurately holds the value 1 representing the
stand-by mode. After 60 seconds, the key is inserted, approved and directly turned to accessory
mode. PM takes the value 4 and Mode correctly takes the value 2, representing engine-off
mode and an operation frequency of 1 Hz. The key is kept in accessory mode for 60 seconds.

As the key is turned into next position, ignition on, PM takes the value 6 and Mode takes
the value 3, representing an operation frequency of 200 Hz. At this state the battery sensor
is prepared for the high peaks of current during crank. The ignition-on mode is kept for 60
seconds before the engine is actually cranked. PM takes the value 9 during the short period of
crank. Over the following hour, while the engine is running, PM takes and holds the value 7
and Mode accurately remains holding the value 3.

When the engine is turned off, PM takes the value 5 and Mode correctly takes the value 2,
representing the slower operating frequency of 1 Hz. Simultaneously the present Clock value
is saved from CEM in order to keep track of when the engine was turned off. PM is then kept
in accessory mode, value 4, for 60 seconds before the key is taken out, which in turn results in
a value of 1 and finally 0. At the same time Mode correctly remains in value 2 for 30 minutes
to cover the eventual load of the engine cooling fan. After 30 minutes Mode takes and holds
the value 1, representing stand-by mode. This assumes that the condition Ibat < 70 mA is
fulfilled, otherwise Mode would continue to hold the value 2, operating at 1 Hz and measuring
the current.

6.2 State of charge accuracy

The calculated SOC from the development platform is compared with a reference simulation
model, which is based on the porosity method. The reference model consists of a lead-acid
battery simulation software named ISET-LAB [16]. ISET-LAB truthfully simulates the
dynamic behaviour of lead-acid batteries by modelling all relevant physical and electrochemical
processes inside the electrodes of a single battery cell [22].

All input data to the calculated SOC and the simulated reference model are recorded data
from real car tests, though with different purposes. The tests where conducted during extreme
environmental conditions. The warm condition test had an ambient temperature of 40 °C and
the cold condition test had an ambient temperature of -15 °C. Regardless of environmental
conditions the car battery was fully charged and then discharged under controlled conditions to
obtain an initial SOC value of 75 % before the test. The data recorded from the tests does not
include stand-by-mode data prior to the test. Therefore an accurate stand-by voltage can not
be retrieved, to calculate an initial SOC value from the recorded test data. Instead the known
initial SOC value of 75 % is used as a start value, when calculating SOC and for the reference
simulation. The true SOC value of the battery at the end of each cycle was not measured in
the tests. Thus an evaluation of the calculated SOC compared to the true battery SOC can
not be done. A comparison of the calculated SOC value and the simulated reference model is
presented in figure 6.2 and figure 6.3.
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The cold condition test cycle was conducted for one hour, with the engine running the whole
cycle.
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Figure 6.2 The SOC calculation compared to a reference model in cold conditions
(ambient temperature approximately -15 °C).

The previously stated initial SOC value of 75 % is verified for both curves in the graph.
The final SOC value for the calculated SOC is 76.01 % and the corresponding value for the
simulated porosity model is 75.96 %. This result in an accuracy within 0.05 percentage units
for the SOC calculating model compared to the simulated reference model.

The warm condition test cycle was conducted for two hours. During the first hour the car was
driven a designed course and then it was left with the engine off for one hour.
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Figure 6.3 The SOC calculation compared to a reference model in warm conditions
(ambient temperature approximately 40 °C).

The initial SOC value for the calculated SOC is 74.77 % and the initial value for the simulated
porosity model is 74.83 %. During the first hour, when the engine is running, both curves are
almost identical with an increasing SOC value. The peak SOC value, just prior to engine off, for
the calculated SOC value is 88.56 % and for the simulated porosity model it is 88.63 %. Both
the initial value as well as the peak value for the two methods is within 0.07 percentage units.
At the end of the cycle the calculated SOC value is 87.65 %, which is within 0.4 percentage
units of the simulated porosity SOC value of 87.97 %.

Figure 6.2 and figure 6.3 shows that the SOC calculating model is very accurate during engine
on, compared to the simulated value. The main error in the warm condition test appears
after the engine is turned off, and increases with time. This accentuates the importance of a
correct initial SOC value after the vehicle has been in stand-by mode. The initial SOC value is
calculated by using the voltage method, which is dependant of both voltage and temperature.
The offset error due to inaccuracy of measurement in the battery sensor is shown in figure 6.4
and figure 6.5. Maximum offset error is +/- 3.5 percentage units.
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Figure 6.4 The SOC offset error range in cold conditions.
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Figure 6.5 The SOC offset error range in warm conditions.
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DOCUMENTATION

In this chapter the development platform documentation process is described. An introduction
to why to document a product or procedure is made. Further the purpose and limitations for the
platform documentation are stated and the process methodology is presented. The process is
described from feasibility study, through draft one, user studies and revision, to a final draft.

7.1 Introduction

The aim during any technical development has to be to design products and systems in accordance
with the user’s conditions. But at the same time, the user may need support to understand, for
example, the mechanism of a complex technical system. If this support is not available it can
result in products being installed and used ineffective or incorrectly. This, in its turn, can bring
about loss in functionality; unnecessary product wear; an increased number of incidents and in
worst cases cause accidents damaging the product or its operator. A technical product therefore
not only consists of the product itself. It also includes information and documentation about its
management, e.g. assembly, installation, functions, use and maintenance.

To work properly though, the technical documentation has to be designed with focus on the
group of users it is targeting. The information must be based on its users, taking both substance
and shape into consideration. The documentation shall provide the user with the information
needed depending on the situation, and in a shape that makes the information accessible and
comprehensible. The information has to be designed to attract the user to adapt it, and it also
has to provide the settings and support required for learning and managing the product.

To fulfil this objective a great insight in the problem and an understanding for the user’s
situation, limitations and conditions is necessary. Especially knowledge in how users perceive,
comprehend and assimilate information is of importance [23].

7.1.1 Purpose and limitations

The purpose is, as stated in chapter one, to document the development platform for easy use,
and in such a way that it can be an alternative for other applications at Volvo Cars. More
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specific the purpose will be to create a manual describing the procedure on how to generate C
code from Simulink using Real-time workshop, and how to compile and load that C code, via
XCC and BDM, on to the development board.

The documentation will be based on usability, i.e. how the target group of users shall utilize
the platform. How the system works is less important than how to work the system to the
advantage of the user [24], i.e. there will be no information about the underlying technology
(though most parts of that technology are already explained in this report).

The manual will not describe how to create models in Simulink. The reason is that there already
exists a vast amount of documentation on this extensive subject, both in paper form and on
the Internet. However there may be references to these sources in the manual. Neither will the
manual describe other possibilities and alternatives the software (Simulink, RTW, XCC and
BDM) may possess, but will focus exclusively on the stated procedure to get the functionality
of a completed model in Simulink correctly loaded on to the development board.

7.2 Method

The documentation process start with a feasibility study which mainly sum up the knowledge
obtained by the authors’ of this report during the work with the hardware and the software tools.
The target group is defined in an audience analysis. The first version of the manual is largely
based on the authors’ observations and learning’s taking into consideration the preferences of
the target group. The first version is evaluated in the first user study and the analysis of the
result constitutes the base for the revision and the second version of the manual. This in its
turn is evaluated in the second user study and the result is compared with the first user study
to determine the effectiveness of the manual.

7.2.1 Feasibility study

The purpose with the feasibility study is to organize the information and to sum up the
knowledge’s in generating, compiling and loading code obtained by the authors during the
work with the hardware, the software and the different tools involved in the process.

The communication medium selected for the manual is printed documentation. The advantages
with print are that it is relatively inexpensive; easy to duplicate; portable and compact. It is
also practical and easy to handle during vehicle field tests. Alternative mediums like online
documentation or video do not fulfil these demands. The instructions are written in English
since Volvo Cars is an international corporation within the Ford group and employing many
different nationalities. The format of the manual is set to G5, because it is a practical and easy
to handle size, appropriate for e.g. a glove compartment or computer case.
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When performing an audience analysis to determine the target group of users the manual will
be facing, it results in the following profile: users are of both genders, but an overwhelming
majority are men, and approximately between 25 to 65 years old with an average around 35.
They are high educated, working mainly as engineers and they already possess good computer
skills. The authors’ knowledge’s with the intended users in mind makes the foundation for the
first version of the manual.

7.2.2 User studies

The purpose with the user studies is to determine advantages and disadvantages of the manual
based on four subjective and four objective measures. The subjective measures are designed
to answer questions targeting problems in the instruction, this as a direct help when revising
the manual. The objective measures are designed to be immediately measurable for easy
comparison between the user studies and the effectiveness of the different versions of the
manual respectively.

Subjective measures:

° If text and picture portray what to be done, both on their own and together.

) If the layout, i.e. typeface, size and style of text and pictures etc. are to satisfaction.
° If the language, i.e. choice of words, terminology etc. is understandable.

° The overall impression of the manuals ability to help perform the instruction.

Objective measures:

° Total time for the test person to performing the instruction from start to end without
pauses.

° The number of times the test person have to stop and go back in the instruction.

° The number of times the test person performs a wrong instruction.

° The number of times the test person asks for help.

Two empirical studies are performed, user study 1 and user study 2. The first study is to evaluate
the first draft of the manual, serving as a foundation for the revised version. The second study
is to evaluate the revised manual, comparing the effectiveness of the two versions. Both user
studies are implemented in exactly the same way to guarantee a correct comparison between
the effectiveness of the different versions of the manual.

The studies are performed at Volvo Cars in a separate room with one test subject at the time.
A test leader is present during the entire study, observing the test subject. There are three test
subjects per study. The reason for this small quantity is the relatively limited target group and
the narrow group of people at the Department of Power Supply Systems that will be using
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the development platform initially. It shall be pointed out that this means that the results can
not be regarded as statistically reliable, thought it will give an indication about the trend. The
test subjects are timed during their performance and asked to think out loud and continuously
state which part of the instruction they are currently performing. When the test subjects
consider themselves ready with the instruction, they are interviewed and have to answer a
short questionnaire. The reason is to determine the subjective measures and the test subjects’
opinion of the instruction.

The interview consists of twelve questions (see appendix B.1) constructed to bring forward
what the test subjects consider as positive and negative with the instruction. The interview is
the main instrument to establish the subjective measures. In some cases there may be reason to
ask resulting questions to secure what the test subject actually means.

The questionnaire (see appendix B.2) is designed as seven statements which the test persons
have to grade on a scale of five. The scale span from one (1) which represent “do not concur at
all”, to five (5) which represent “concur entirely”. All statements are formulated in a positive
tone towards the instruction. Low grades thereby indicate that the test subject considers the
instruction as poor, and a high grades that the test subject considers the instruction as good.
The statements are constructed based on the observations made in the feasibility study and
intended to provide easily comparable grades on specific parts on the instruction.

7.3 Result of user study 1

The first user study consists of three test subjects, all matching the audience analyse profile.
The subjects are all men, and all of them are working as engineers at the Department of Power
Supply Systems at Volvo Cars. The age of the subjects span from 28 to 34 years old, see table
7.1.

Table 7.1 Gender and age distribution and occupation of the test subject of user study 1.

Subject Gender Age Occupation
Test subject 1 Male 29 Engineer
Test subject 2 Male 28 Engineer
Test subject 3 Male 34 Engineer

The test subjects are asked to follow the instructions of the first version of the manual. The result
of the user study is based on analysis of the questionnaire, the interview and the observations
made of the test subjects during performance.
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In an analysis of the results of the questionnaire the test subjects’ main criticism of the manual
is the quality of the pictures. They are not clear and understandable enough. Also the part
of the manual that instructs on how to generate C code from Simulink receives poor grades.
The result of the answers of the questionnaire, which also reflects the subjective measures, is
presented in figure 7.1.
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Figure 7.1 The result of the seven statements of the questionnaire
(se appendix B.2) in user study 1. The grade 1 represents “Do not
concur at all” and the grade 5 represents “concur entirely”.

The result of the interviews confirms the result of the questionnaire. The main objection to the
manual is the size of the pictures. All test subjects consider the pictures to be to small and hard
to understand. Some pictures are also regarded as unnecessary. The solutions proposed are
simply less but larger pictures and maybe to connect the text instructions to the corresponding
pictures with lines. Except for the pictures the manual receives fairly good opinions. The text
is easy to understand and the amount of information per point is regarded as sufficient. The
overall impression of the manuals ability to help perform the procedure seems to be good.
Some opinions are raised about more information about the purpose of the manual.

Observations of the test subjects during the user study results in more information about the
manuals effectiveness. The observations reveal that all the test subject have problems locating
the C files after the generation. Apparently the manual does not point out clearly where the
files end up after the procedure. The result is that the test subjects have to ask for help. Another
mistake in the manual is that the instruction on how to start the software is missing. To the
authors’ this procedure is obvious because it has been done so many times, but for the test
subjects this causes problems and raises questions. A final observation from user study 1 is that
the test subjects on two occasions in the manual automatically (and correctly) select Save or
Yes without waiting for these instructions, which make the instructions unnecessary.
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The objective measures are observed and recorded during the user study. The measures are;
total time of performance, number of times the subjects stops, number of times the subject do
wrong, and number of times the subjects asks for help. The results are collected in table 7.2.

Table 7.2 Observations of the objective measures in user study 1.

Subject Total time Nr of stop Nrof wrong  Nr of help
Test subject 1 15:42 min 1 - 4

Test subject 2 19:59 min - 1 3

Test subject 3 18:29 min 1 1 3
Average 18:03 min 0.66 0.66 3.33

The help required were almost exclusively related to the problems already stated. Overall the
result of user study 1 is that the pictures are too small and unclear. The location of generated
files is not sufficiently explained. Some of the instructions are unnecessary, while others instead
are totally missing. Also the purpose of the manual should be stated more clearly.

7.4 Revision of manual

With the results, observations and opinions received from user study 1 as a starting point the
manual is revised. Focus is on the instructions and parts that were criticised. Format and outline
are not altered. The main revision is made on the pictures. They are scaled up for a more details
and a clearer view. Some unnecessary pictures, viewing the same information as others, are
deleted. Lines connecting the text instructions with the corresponding action in the pictures are
introduced, and implemented in the manual in accordance to [25]. This is to make both the text
instructions and particularly their connection to the pictures easier to comprehend.

The instructions concerning file locations and settings for working directories are revised. This
to help the users find specified files easier. Individual instructions of the type Save or Yes are
deleted. These were instructions that the experienced computer users in user study 1 considered
unnecessary and performed without help from the manual. The missing instructions on how to
start the software are implemented instead. As a result of the users’ opinions, the purpose with
the manual is described in a short introduction. Also the limitations and the intended outcome
of the manual are presented. Further the software and hardware requirements are stated in the
introduction.

The result of the revision is a final draft of the manual (see appendix B.3).
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7.5 Result of user study 2

As the first study, the second user study consists of three test subjects, all matching the
audience analyse profile. Two men and one woman are participating, all of them are working
as engineers at the Department of Power Supply Systems. The age of the subjects span from
35 to 38 years old, see table 7.3.

Table 7.3 Gender and age distribution and occupation of the test subject of user study 2.

Subject number Gender Age Occupation
Test subject 4 Male 38 Engineer
Test subject 5 Male 38 Engineer
Test subject 6 Female 35 Engineer

The test subjects are asked to follow the instructions of the revised version of the manual. As
with the first user study, the result of user study 2 is based on analysis of the questionnaire, the
interview and the observations made of the test subjects during performance. However, this
time the result is not primarily intended for revision of the manual. Instead the result is used
for comparison with the result of user study 1 in order to find out if the effectiveness of the
manual has increased as intended.

The questionnaire answers reflect an improved satisfaction with the final version of the manual.
The grades are high on all statements, also on those who received less good grades in user
study 1. The result of the answers of the questionnaire is presented in figure 7.2.
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Figure 7.2 The result of the seven statements of the questionnaire
(see appendix B.2) in user study 2.
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The interview answers and the user observations also verify a higher degree of user
satisfaction. Both the interview and the observations reveal basically the same information.
There still exists some uncertainty about file and folder locations, but not enough to affect
the general ability to perform the instructions. It causes one of the test subjects to stop and
go back in the instruction once for confirmation. Except for this the manual obtains only
positive reviews in the interviews. The overall opinion is that it is an easy to follow manual,
which accurately helps perform the procedure it is describing. It is also stated that users who
want to know more about background or technology have to find this information elsewhere.
This information is intentionally left out of the manual, focusing entirely on the procedure
for correct implementation. And the observations of the objective measures in user study 2
(see figure 7.4) reveals that the number of incorrect actions has decreased compared with user
study 1.

Table 7.4 Observations of the objective measures in user study 2.

Subject number Total time Nr of stop Nrof wrong  Nr of help
Test subject 4 20:15 min - - -
Test subject 5 12:51 min - - -
Test subject 6 16:30 min 1 - -
Average 16:32 min 0.33 - -

7.6 Evaluation

When comparing the results of the questionnaire answers, which reflect the subjective
measures, the final draft receives higher grades. The final version receives an average grade of
4.7 in user study 2, to be compared with an average grade of 3.7 for the first draft of the manual
evaluated in user study 1. As the questionnaire is designed, a higher grade indicates that the
user considers the manual as more effective. Hence, the trend, when comparing the final draft
of the manual with the first, is a higher user satisfaction with the final version.

When comparing the results of the objective measures, the trend from the subjective measures
is verified. The average time for performance is slightly faster, about 1.5 minutes, when using
the final version of the manual compared with the first draft. But, much more important, there
are no wrong actions performed and there is no need for outside help. When using the first
draft of the manual the test subjects needed outside help more than three times in average. The
corrections of these problems in the final version have significantly increased the effectiveness
and usability of the manual.
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In this chapter the outcome of this master thesis work is discussed. Conclusions drawn from
evaluation and test results are presented. Further recommendations for future work are made.

8.1 Conclusions

The conclusions are presented with this master thesis’ purpose in mind, as it is stated in the
introduction. The conditions for implementing the development platform, the reliability of the
SOC calculation model and the usability of the platform documentation are discussed.

8.1.1 Development platform

The battery sensors operating data and measuring data show that it is well suited as a data
provider for the SOC calculation model. The development boards CAN and LIN interface
makes it very well adapted for integration with the power supply system in a car. With a power
supply range of 12-48 V the board is powered directly from the vehicle. The development
board’s processor is relatively powerful with a programmable memory of 256 kB and a clock
frequency of 8 MHz. As shown in chapter five the development board can be programmed
with a Simulink model. However, the downloaded software can not function on the board as
it is, since there is no interface between the Simulink model and the development board. The
XCC software used, for compiling C code to executable code, is a beta version and has some
minor faults regarding reliability and functionality. The BDM software, used to download the
executable code on to the debug adapter, work without problem.

8.1.2 SOC calculation model

The results from chapter six show that the created SOC calculating model is acceptable
for determining battery SOC. The data used for the SOC calculation and for the simulated
reference SOC where from authentic tests, recorded from test vehicles. However, none of
the tests were conducted with the purpose of recording data for the Simulink model. This
resulted in insufficient data for a total evaluation of the model. Desirable tests would include;
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stand-by voltage to determine an initial value for SOC, test cycles where the SOC level raises
towards 100 % and a longer stand-by cycle to examine the functionality of the different modes
for the battery sensor. After completed test the battery needs to be disconnected from the
vehicle so that the true battery SOC value can be determined, e.g. by using the specific gravity
measurements method, and compared to the calculated SOC.

8.1.3 Documentation

The result from the documentation chapter indicates that the development platform is
documented effectively and with high usability. The manual contains no technical information
or background, but it fulfils the purpose for which it has been developed. It describes how the
target group of users shall utilize the platform. This information is not department specific, and
therefore, from the documentation point of view, the development platform can be an alternative
for other departments at Volvo Cars. But this depends much more on the development of a
fully operational version of the platform.

8.2 Future work

To implement the development platform in practice future work has to be done. The software
model also needs revision to cover all possible situations.

8.2.1 Development platform

A requirement for a fully operational development platform is the implementation of a
communication interface between the platform and the Simulink model, handling the input and
output signal. Proposed solutions for this problem is either the implementation of an underlying
operating system on the platform, or the development of signal handling blocks directly in
Simulink. Using an OS on the development board allows for uncomplicated Simulink models
but restrain the flexibility of the model. Implementing CAN/LIN drives in Simulink allows for
flexibility and autonomy but entails complex modelling.

8.2.2 SOC calculation model

The SOC model is just a first draft and need more adjustments and further functions to manage
all possible situations. No consideration to ageing factors, such as SOH, has been taken to in
the model. All tests where conducted on new cars with new and healthy batteries, thus SOH
was no factor when calculating SOC. In order to determine SOC, as the battery ages and its
capacity degenerates, an implementation of SOH into the SOC calculating model is needed.
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APPENDIX A.1 — SIMULINK MAIN MODEL
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Appendix A.1 The Simulink main model with input and output signals.
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APPENDIX A.2 - SENSOR MODE COMPUTATION BLOCK
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Appendix A.2 The battery sensor mode computation block.
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APPENDIX A.3 — SOC CALCULATION BLOCK
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Appendix A.3 The SOC calculation block.
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APPENDIX B.1 — INTERVIEW QUESTIONS

1. Did the text convey what to be done?

2. Did it feel easy to perform the instruction?

3. Were there any words or terms that were hard to understand?

4. Was there anything in the pictures that were indistinctive or confusing?
5. Did text and picture cooperate and convey the same message?

6. Were there at any point any conflict between text and picture?

7. Did you at any point feel that there was information missing from
either text or picture?

8. Should more pictures make the instruction easier to execute?
9. Were the instruction divided into points in a natural way?

10. Did the points come in a natural order?

11. Did any point in the instruction feel too long?

12. Is there anything you feel could be improved in the instruction?

Appendix B.1 The interview questions.
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1. The amount of information per individual point is good!

O O O O O
1 2 3 4 5

2. The language is easy to understand!

O O O O O
1 2 3 4 5

3. The text size is good!

O O O O O
1 2 3 4 5

4. The pictures are clear and easy to understand!

O O O O O
1 2 3 4 5

5. It is easily understandable from the instruction how to
generate C code from Simulink!

O O O O O
1 2 3 4 5

6. It is easily understandable from the instruction how to
compile the code in XCC!

O O O O O
1 2 3 4 5

7. It is easily understandable from the instruction how to load
the code, via BDM, on to the development board!

O O O O O
1 2 3 4 5

Appendix B.2 The questionnaire. The scale span from one (1)
which represent “do not concur at all”, to five (5) which represent
“concur entirely”.
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Development Platform

User’s Guide

> How to generate C code, from a Simulink model,
targeting the Development Board HCS12

> How to compile the C code, in XCC, to a executable
file intended for the Development Board HCS12

> How to load the executable file, via BDM,
on to the Development Board HCS12

Final Version
2006




APPENDIX B.3 - MANUAL

This guide describes the procedure on how to get the functionality of a
Simulink model correctly implemented on the HCS12 processor on the
development board. The result of the procedure will be a programmed and
ready to use development board.

The procedure can schematically be described as:
Simulink model = Conversion to C code = Compilation of the C code to
an executable file 2 Loading of executable file on to the board.

The guide will only describe the stated procedure. Focus will be on
usability, detailed information about the software or hardware will not
be included. Users are referred to Mathworks, www.mathworks.com, for
more information about the MATLAB product family, or to the GAST
project, www.chl.chalmers.se/gast, for more information about the rest of
the software and the hardware.

Sofiware requirements:

MATLAB with software packages Simulink and Real-Time Workshop,
for modelling and C code generation.

XCC, for C compilation.
BDM, user interface to the Debug Adapter for code downloading.

Hardware requirement:
The Development Board HCS12.
The Debug Adapter.

A 12 V power source.
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How to generate C code, from a Simulink model,
targeting the Development Board HCS12

» NOTE A condition for this guide is the MATLAB software with
packages Simulink and Real-Time Workshop,

» NOTE Make sure to set desired working directory in MATLAB,
this is where the result of the code generation will end up.

1 Open the Simulink model.

2 Select Simulation = Configuration Parameters
to open the Configuration Parameter dialog box.
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In the Configuration Parameter dialog box:
3 Select the Solver pane.

4 Set Type to Fixed-step.

5 Set solver to Discrete (no continuous states).

Simulation ki

Start time: 0.0 Stap time: 7320

- Optimization
[3- Diagnostics

Salver optiorfs

- Sample Time Type: | Fixed-step Solver | discrete [no cuntinuuw 5
D ala Integrity

ardware Implementation
odel Referencing
eal-Time Workshop

- Comments

- Symbals

- Custom Code

. Debug

- Interface

- Templates

- Data Placement

[~ Higher priority walue indicates higher kask priority

nE T

[ Automatically handle data transfers between tasks

Canversion Periodic sample time constraint | Unconstiained B
Eonnec.tn.f!ty Fixed-step size [fundamental sample time): |autn
- Compatibility

Model Referencing Tasking mode for periodic sample times: |Autn o

g

ok Cancel Help |

Apply

6 Select the Real-Time Workshop pane.

7 Click Browse to open the System target file browser.




APPENDIX B.3 - MANUAL

El Configura ion Parameters: m5_3/Configuration

Select Target selection
P R system target file: ‘Ell tic Browse.
D ata ImportfE xport
. Optimization Description: RTw Embedded Coder [auto configures for optimized floating-point code)
3 Diegnastics i Dacumentation
- SamplefTime
~Diata Infearity I Generate HTML repart
Converdion I Include hyperlinks to model
Connecfivity O lawnshmesfieha sotoamzrion sk
Compatjbility

- Model Heferencing
- Hardware Iiplementation
EEEER]

Build process

TLE options: [

ke command: |makeﬁrtw optimized_floating_point=1

Template makefile: |e|t7delau\t7tmf

- Symbols
Custam Code
Custom storage class
Debug
Interface I~ Ignore custom storage classes
Templales

- Data Flacement W Generate code only Gererate code

ak Cancel Help LSpply

In the System target file browser:

8 Select the system target file: ert.tlc.
Make sure its description is RTW Embedded Coder
(auto configures for optimized floating-point code).

& System target file browser: m5_3

System targer fila: Description:

ASAM-ASAPZ Data|Definition Target

RTW Embedded Coder (no auto configquration)

TT0 Embedded Coder (auto configures for opGimized ET
DT Eub d r ind floating-po
Wisual C/C++ Project Makefile only for the BTV Embedded Cod

.tlc Generic Real-Time Target

grt.tle Visual C/C++ Project Makefile only for the "grt" target

grt_malloc.tle Gemeric Beal-Time Target with dynemic memory allocaticn

grt_malloc.tle Visual C/C++ Project Makefile only for the "grt malloc" target

rsim.tle Rapid Simulation Target |
Full name: CAMATLABTOT \rtwhcherthert to

Template make file: ert_default_tmf
take command:  make_rtw optimized_floating_paint=1

oK LCancel | Help | Applp | >

9 Click Apply and then OK.
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Back in the Configuration Parameter dialog box:

10 Select the Hardware Implementation pane.

11 Select Device type to Motorola HC(S)12.

L Configuraiion Parameters: m5_3/Configuration

Select | Embedded hardware [simulation dnd code generation]
- Solver Device type:C_ | Motarola HC[S112 El
IE;E;‘;".?;; et Nurnber of bits: Thar shott e ink: fe
- Diagnostics lana: ’3’2— hative word size: ,‘IE—
[S)Z:apl‘i :;:; Bite ordering: [ Big Endian =l
Convergon Signed integer division rounds ta: | Undefined ﬂ
- Connec)vily ¥ Shift right on a signed integer as arthmetic shift
- Compatipility
= —ttetfiete Emulation hardware (code generation only]
(.\ g I~ None

= ea\—TimeWolksop Deviceltype: w‘a HC(S]12 |
Comments Nurnbe} o bits: o e 6 i

16
Symbols
Custom Code Ifra: az native word size: 16
- Debug Biyte orfiering | Eig Endian j
- Interface l o 5
. Templates Signedfinteger division rounds ta: | Undefined ﬂ

-Data Placement I Shift right on a signed prteger as arithmetic shift

oK | Cancel Help Apply

12 Make sure the None box is unchecked.

13 Select Device type to Motorola HC(S)12.
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il Configuration Parameters: mb_3/Conf guration

14 Select the Real-Time Workshop pane.

15 Make sure the Generate code only box is checked.

e Symib
- Custom Code

- Debu

Data

- Interface
Templates

Selact | 1~ Target seledtion
Sobver RTW systefn target file: [erttic Browse...
Data Impdrt/E xport o 3 e 3
Dptimizatipn Descriptio RTW Embedded Coder [autn configures for optimized floating-point code)
- Diagnastigs Dacumentafon
- Samde Time
.. D ata |tegrity [ Generg= HTML report
- Conwrsion ™ Includehyperlinks to model
 Connpetivity ™ LauncHreport after code generation completes
- Compfatibility
Modd Referencing Build proce:
Hardware}l mplementation 3
i TLC optiorg: ‘
~

Make comand: ‘make_ltw optimized_flosting_point=1

B Template nfakfile: ‘srt_dsfaull_lml

Custom storpae class

q
[ lgnore pustom storage classes

¥ Generate code only

Placement

oK |

LCancel ‘

( Generate code )

%%

‘ apply

» NOTE

» NOTE

16 Click Apply.

17 Click Generate code to start generate code.

® ®

On successful completion of the C code generation process

a confirmation message will be displayed in the MATLAB
command window. If generation failure occurs an error message
will be displayed. In this case, correct the reported problems,

and repeat the steps 2-17.

The generated C and header files is saved in the MATLAB

working directory in a ModelName_ert_rtw folder.
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How to compile the C code, in XCC, to a executable
file intended for the Development Board HCS12

» NOTE A condition for this guide is the XCC compilation software and
a successful completion of the C code generation process from
Simulink.

1 Open the XCC software.

2 Select File = New Workspace to create a new workspace.

iews  Project Build wWindows Help

Mews R e R s
en
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In the Create Workspace dialog box:

3 Select your working directory as the Save in directory
for the workspace.

4 Set a File name.

5 Click Save.

Create Workspace

Save_i@dal ) ~| &« ®B ek E-

My Recent
Documerts

@

Desktap

My Documents

by Computer

by Metwark File name: @ple ) j (' Save
Places

Save a3 pe: |mm 2 - workspace [*w12) LI Cancel

|

&

Back in XCC:

6 Select Project = Insert New Project into Workspace
to insert a new project.

6

File Edit View Buld Windows Help

ER-SE =
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In the Create Project dialog box:

7 Set a File name.

8 Click Save to create a new project.

Create Project

Save in | 19 Model

H

® of &~

My Recent
Documents

=

Desktop

Iy O

7
ocuments

by Computer

&Ll

My Network File name:
Places
Save as lype:

( |Exemp|e|)

|xcc1 2 - project [*.m12)

Save

Cancel

In the New Project Definition dialog box:

9 Make sure project type is Executable.

10 Click Done.

New Projei:t Definition

Executable
Linked Object

Library

% setup for ah executable filg

(" setup for & merged object file

Select a Prgiect type by checking the appropriate button. These settings can not be
modified in the future. Click ‘Done’ to continue.

£ amemory image packaged as Matorola S-records

" setup for & new librarg. & library is & collection of useful subroutines that can be used in future
‘executsble’ applications.
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In the Project settings dialog box:

11 Select Project Configuration as Final.

12 Make sure the Use standard startup box is checked.

13 Click OK.

Target dirsctony Ifinal

Exemple_Final
I Use standard startup Intermediate files directory Ifinal

- Aszembler - Linker
I_E— Options Drefault | 1 Default
Optionz
I DERES +i Idzcripk. tat
i~ C Carnpiler
Default |
> Library search paths ¥ Use default libraries
I'W Options
| DEFINES
| UNDEFINES | | Libraries
"libe.e12", Vibe.e12", Mlibitk.g12"
Include Paths ¥ Use standard include path

Cancel | Ok I

Back in XCC:

14 Select Build = Build Configuration = Final.

14

=
=1+ Source Files {as [ERTE)
© [1] Source Files {C
- (1] Header Files
(] Others

Debugger Option:
Stark Debug

Program Target

m|
File Edit Wiew Project Windows Help
SEHGE Yy e
Build
Build all
Workspace Exemple' 1 oo
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15

Yol - GMV XCC12 -
Elle Edit V¥iew Proj

Make sure the standard startup file _startup.s12 is
included in the project.

for MC68HCS12 (MC12)
ot Build  windows Help

2wHE =

[F workspace 'Exemp)

G BR[| o

' 1 projectis)

B Exemple
£ [ Soupce i

(L] Others

16

el - GMV XCC12 - for MC6BHCS12 (MC12)

File Edit Wiew

Workspace 'E

Set Active Project

_startup,s12

(23 Header Files

Select Project = Insert Files into Project
to add the generated C code to the project.

=] Exemple  Settings

=1+{2] Sour

~(Z] Header Files
[ others

5 Insert Mew Project into Workspace
D S Insert Project into Waorkspace
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In the Add Files to Project dialog box:

17 Select the generated C (.c) and header (.%) files from the
ModelName_ert_rtw folder in your working directory.

18 Click Open to add the files.

Add File(s) to Project

Look in: I&) adel j - =k BB

Iy Fec Ert_main.c

ile.c

My Documents

y Compter
K ™~
My Metwork  File name: I"elt_main.c" "Exemple.c’" "Exemple.h" "Exempj | Open >
Places
Files of type: I Froject File [.c..h,.asm..s12] j Cancel
|
Back in XCC:

19 Select Build = Build All to start the compilation.

el - GMV XCC12 - for MC6BHCS’ 2 (MC12)
File Edit Wiew Project BENEM windgws Help

a Build Configuration  »

Debugger Options
Start Debug 3

Program Target
“[B) Exemple_dbre
=[] Header Files
i Exemple.h
Exemple_private.h
Exemple_types.h
B rtwtypes.h
(] Others
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20 The result of the compilation is stored in the working
directory in the \ProjectName\final folder.

21 The executable file intended for HCS12 is the
ProjectName_final.s19 file.

& 7:150C\060913 Kodgenereringktest_motlel_ert_riwitest\final |Z||E||Z\
File Edit iew Favortes Tools Help -al

@Eack - -\_’\J l@ psaarch If‘ Folders v

Address |3) 2:4S0CY060913 Kodgenereringltest_model_ert_rtwitestifinal v B
5] _startupo1z
File and Folder Tasks & B erk_mairfol2

2 Make a new folder QB eemple_Final.sto
B Publish this Folder to the
eb

Other Places

) test

My Documents

i§ My Computer

&3 My Network Places

Details

4 objects 35,3 KB 'ﬂ Local intranet

» NOTE If compilation failure occurs an error message will be displayed
in the XCC window. In this case, correct the reported problems,
and repeat the steps 11-17.
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How to load the executable file, via BDM, on to the
Development Board HCS12

» NOTE A condition for this guide is the BDM software and the
Development Board HCS12, the Debug Adapter, and a 12
V power source. In addition the executable .s79 file must be
available.

o r Development Board
Debug Adapter N\==&

1 Connect the Debug Adapter to the COM port on the PC
by a standard RS232 serial cable.
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2 Power up the Development Board by connecting the Power
Supply Wires to a 12 V power source.

Power Supply Wires
to12V

S

BT f Development Board
NN
Debug Adapter N2

3 Make sure the power is on by controlling that the light-emitting
diode labelled L1 on the Debug Adapter is on.

Development Board

Debug Adapter
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4 Open the BDM software
5 Select COM port.

6 Select Target Osc to 8 MHz.

N

| Exit |
TargefReqisters COM phrt Misc

[ e (Jcom ~ | |
[ sP Target Memory
W [ et |

v target memory ..and bump address
— Deby

> 1M | | | |
I ceca

Target FLASH memory maintenence

Update target

@

7 Click Connect to connect the Debug Adapter.

8 Make sure BDM displays Connected to POD at COM.

BDM12 - MC12/MC12S BDM Interface Yersion 1.1

Di : | Meszage
| Sanes NOT COMMECTED

Fiezet POD ‘ it Connected to POD at: COM1

Target Registers COM port Target Osc Mizc

4440 PC | J | J Feset Tanget | Fefrezh Al

ey
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9 Click Reset Target.

BDM12 - MC12/MC12S BDM Interface Version 1.1

Message

| Dievgmimiet | Fesetted Target
- lssuing Mazs-Eraze Command
Reset POD | Exit |
e " FLASH Mass-Erased
Target Registers |~ COM port Target Osc
4440 PC | J | J Reset Target Refresh Al |
0ooo SP T arget kMemory
Address Diata
oo K + - r|[ooon [0 Update Update+
oooo ¥ target memory ..and bump address
Debi
oo g =
Step | Fun | | LoadRwM |
o2 cch

Update target Target FLASH memary maintenence
Update Erase @ m

O

(12)

@)

10 Click Erase, to clear the FLASH memory.

Answer Yes in the popup window.

11 Click Unsecure to clear the security bits.

Answer Yes in the popup window.

12 Click Program to program the Development Board HCS12.

In the Load File to FLASH dialog box:

13 Select the ProjectName_final.s19 file to be loaded

from the \ProjectName\final folder

14 Click Open.
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Load File to FLASH

Lockin: |15 figal

5 [[Exemple.s19

iy Flecent
Documents

x| & @®ef B

tdy Computer

- ~
' Fil 2 E le.s19 - 0

.g ile: mame: | wemmple.s J (| Open | )

My Metwork  Files of type: |M0t0|0\a S-format [£19) ﬂ Cancel
Flaces
™ Open as read-only
Back in BDM:

15 Make sure BDM displays FLASH programmed and verified.

BDM12 - MC12/MC12S BDM Interface Version 1.1

| Dizcannect | FERRERE ;
Programming .|.
Fieset POD | Exit | D

Flash programmed and verified

Target Registers COM port et Misc

444D B | J | J

B s

Fieset Target | Frefresh All

16 The HCS12 development board is now programmed.

17 Click Disconnect to disconnect the Debug Adapter.
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