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Design of automobile engine control system based on FlexRay bus
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Abstract: FlexRay bus has become the standard of similar products and it will lead the direction of the development of auto-
motive electronics control system for a long time. This paper proposes a design of automobile engine control system based on
FlexRay bus. In order to improve the network rate, reliability and flexibility, it adopts high-performance MC9S12XF512
microcontroller of Freescale and FlexRay bus driver TJA1080 of NXP company, and it gives the overall circuit design and
software design process of automobile engine control system. The design has the characteristics of simple hardware circuit,
high reliability and good real-time performance. It offers a certain reference value for the development of FlexRay bus node

of engine control system.
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0 Introduction

With the rapid development of modern automo-
bile electronic technology, the function of automo-
bile has been increased continuously. More and
more electronic systems are applied to the car, espe-
cially x-by-wire system, which promotes the devel-
opment of vehicle bus and network technology. Tra-
ditional in-vehicle network systems such as local in-
terconnection network (LIN) and controller area
network (CAN) have been replaced by FlexRay bus
owing to its advantages of time-triggered communi-
cation method, fault tolerance and high data rates.
It can also integrate and co-exist with current net-
work systems, including CAN, LIN, J1850 proto-
col, etc. FlexRay bus has become a new standard
for vehicle bus communication among electronic de-
vices. Nowadays, almost all the leading automotive,
semiconductor and electronic systems manufacturers
have become the members of the FlexRay Consor-
tium, who provide their product solutions and appli-
cations for FlexRay to further quicken develop-
ment .

As the heart of the car, engine has complex struc-
ture and parts, as well as poor working conditions.
Thus it becomes easy that the engine malfunctions
or the car’s performance becomes poor. Automo-
biles can drive faster and faster, but it may cause
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some social problems, such as environmental prob-
lems, traffic jam and traffic accidents. Automotive
electronic technologies have been developed in order
to solve these social problems™ . As the next gener-
ation automotive control and communication proto-
col, FlexRay has the characteristics of reliability,
determinacy, fault tolerance and high data rate'* .

This paper describes the hardware and software
designs of automotive engine control system based
on high performance MC9S12XF512 microcontroller
of Freescale and TIA1080 bus driver of NXP compa-
ny. It simplifies the design of hardware circuit and
increases the reliability of the automotive engine
control system.

1 Automobile engine control system

The engine of electronic-controlled fuel injection
vehicles is controlled by an electronic engine control
system, whose main function is to control the air-fu-
el ratio, ignition and injection timing according to
the collected engine signals to maintain the best
working conditions. The core of engine of the elec-
tronic-controlled fuel injection vehicles is electronic
control unit (ECU). According to the obtained sig-
nals from sensors, the ECU makes the decision after
calculating and processing, then it outputs control
signals to the actuators to accurately control the en-
gine fuel injection volume, ignition timing and idle
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speed, which makes it possible for the generators to
operate in optimum conditions.

For any kind of electronic control system, signal
input divices, ECU and actuators are major parts,
as shown in Fig. 1.
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Fig.1 Components of engine electronic control system

1.1 Signal input devices

Signal input devices for engine electronic control
system are a variety of sensors, which are installed
in various parts of the engine. By detecting parame-
ters of engine running condition, it collects the sig-
nals of control system, converts them into electrical
signals and transports them into ECU.

The sensors used in engine electronic control sys-
tem are the core of automobile sensors that have a
wide range, including speed sensor, temperature
sensor, pressure sensor, flow sensor, knock sensor,
throttle position sensor, gas concentration sensor,
etc. The sensors provide the signals of engine oper-
ating condition to ECU which controls the engine’s
operating condition to increase engine power, lower
fuel consumption, reduce emissions and detect
fault, etc.

1.2 Electronic control unit (ECU)

ECU is an integrated electronic control device,
which is also an indispensable automobile microcon-
troller in pratice. Its function is to receive informa-
tion from the sensors and the inputs of control
switches. According to the stored programs and da-
ta, it outputs control parameters after fast and accu-
rate processing, computing and judgment, then it
performs various predefined motions to control ac-
tuators. To make real-time control for fuel injection
quantity, injection timing and ignition point, it
keeps the engine in top working condition.

ECU is the control center of engine electronic
control system that processes analog and digital sig-
nals transmitted by multiple sensors when the engine
is in operation, then it determines the current oper-
ating state of the engine based on these signals and
outputs corresponding control signals after CPU cal-
culation to control the engine operation.

1.3 Actuator

Actuator is the executing agency of control sys-
tem, and its function is to receive ECU control in-
structions, to complete specific control action, and
then to make the engine in optimum working condi-
tion. The actuators of electronic control system of

engine have electric fuel pump, fuel injectors, igni-
tion coils, idle speed control valve, canister solenoid
valve, etc.

In the control process, the control signals trans-
mitted by ECU are converted into some sorts of me-
chanical or electrical movements by the actuator
which leads to the change of the engine operation
parameters to complete control function.

2 System hardware design

The hardware part is designed to achieve efficient
and reliable automobile engine control system. The
system mainly consists of communication control
module and bus driver module. The communication
control module is mainly responsible for collecting
data signal, encoding the signal, and then sending
the data to the FlexRay bus for each sub-node to
recognize and receive it. Based on user-defined
identifier, the bus driver module receives data that
is transmitted on the FlexRay bus, decomposes
them, and then sends control signals to the driving
device to control the engine.

2.1 General design of control system

In early days, each electronic control system was
designed independently. Today * s automobile has
various functions which could be completed by mul-
tiple electric systems. Therefore, the fundamental
architecture of the integrated electronic systems of
an automobile is important that is be designed in or-
der to optimize the total function, cost and produc-
tivity > .

There are mainly two ways of FlexRay node ar-
chitecture: micro control unit (MCU) + communi-
cation control (CC) + bus driver (BD) and MCU +
BD''. In this paper, MC9SI2XF512 microcon-
troller is adopted and FlexRay bus driver TJA1080 is
the core of design control circuits. The overall sys-
tem block diagram is shown in Fig.2.
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Fig.2 Block diagram of overall system

The core controller adopts the Freescale 16-bit
microcontroller MC9S12XF512, which provides em-
bedded FlexRay controller, which makes the system
design greatly simplified and also improves the effi-
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ciency and reliability of the system. MC9S12XF512
is mainly responsible for the acquisition of automo-
bile engine signal while processing and then sends
data to the FlexRay bus via the FlexRay bus driver.
In this system, FlexRay bus driver TIA1080 is a
high-speed FlexRay transceiver. It is primarily in-
tended for communication systems from 1 Mbit/s to
10 Mbit/s, and provides an advanced interface be-
tween the protocol controller and the physical bus in
a FlexRay network. The TJA1080 provides differ-
ential transmitting capability to the network and
differential receiving capability to the FlexRay
controller” .

2.2 Design of air-fuel ratio control system

The air-fuel ratio control of engine ECU is com-
pleted by controling fuel injection quantity. The fu-
el injection quantity of engine electronic control sys-
tem is controlled by feedforward control and closed-
loop control methods. Engine electronic control sys-
tem uses the combination of both methods to achie-
ve constant air-fuel ratio control of engine under
steady-state operation. Feedforward control method
determines the fuel injection quantity based on the
information about the current condition and other
factors of the engine. Feedback control method
compensates for the basic injection quantity accord-
ing to the oxygen sensor signals. Thus ECU achieves
optimal control of air-fuel ratio through precise con-
trol of injection volume. The block diagram of air-
fuel ratio control algorithm is shown in Fig. 3.

The feedforward control module controls the sole-
noid fill valve according to signals of rotating speed
lland cooling water temperature to make the engine
have a fast response , which is mainly used under the

idling condition, starting condition, acceleration
and deceleration conditions of the engine. The
fuzzy control module is used under steady state con-
dition to achieve closed-loop control of the air-fuel
ratio. And the intelligent harmony module is used to
determine the control mode according to the sensor
parameters of system feedback.

Output
Feedforward Engine
control
Fuzzy control «—
Intelligent
harmony
Fig.3 Block diagram of air-fuel ratio control algo-

rithm

2.3 Hardware design of ECU

The ECU hardware design follows the principle of
modular design so as to ensure the design, debugging
and modification of the ECU are clearer and
simpler™. The ECU of engine electronic control
system mainly includes sensors, ECU control modu-
le and actuators, and the structure is shown in
Fig.4. The input signals collected by sensors mainly
include rotating speed signal, vehicle speed signal,
temperature signal, oxygen sensor signal, etc. The
actuator mainly consists of fuel pump, fuel injector,
ignition coil, idle speed control valve, and so on,
which realizes the control of fuel injection quantity,
ignition timing and idling speed of engine.
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Fig.4 Hardware design of ECU

ECU is a node controller, whose major function is
to receive the engine condition signals collected by

sensors of the engine to convert the engine operat-
ing condition parameters required by the control al-
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gorithm to digital quantity which can be processed
by CPU, then it judges the engine’s working condi-
tions according to the input quantity and finally con-
verts the control output quantity processed by CPU
to the driving volume of actuator according to the
corresponding control commands sent by intrinsic
control algorithm.

3 System software design

Software design is the key of the system. In order
to improve reliability and comprehensibility, the
software part of the system is modular in design.
Each module is connected to form a complete soft-
ware system” . The automobile engine control sys-
tem includes FlexRay initialization, sending and re-
ceiving messages, data processing and other modu-
les.

The detailed FlexRay data communication process
is shown in Fig.5. Initialization is the process of es-
tablishing single chip operating ambient. The main
program module is the main past of the system soft-
ware, whose main task includes system initializa-
tion, signal acquisition and processing, data com-
munication and transmission.
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Fig.5 Flow chart of data communication

The software design of ECU is to calculate control
quantity based on the acquired condition parameters
of engine, to choose reasonable injection quantity
and fuel injection time according to the current con-
dition information, and to realize the best overall
properties of engine under various conditions and
running status.

The flow chart of ignition and fuel injection pro-
gram is shown in Fig. 6.
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Fig.6 Flow chart of ignition and fuel injection pro-
garm

4 Conclusion

The hardware and software designs of automobile
engine control system are discussed in detail and the
hardware and software of the FlexRay ECU are de-
veloped, respectively. Hardware design is given
based on the mainstream of FlexRay communication
unit MC9S12XF512 single-chip. The structure of en-
gine control system and its peripheral circuits are
designed. Software is designed based on modular
ideology, which improves the reliability and main-
tainability of the system. The paper concludes that
automobile engine reliability will be improved by us-
ing FlexRay bus. The circuit can also be used in oth-
er corresponding power and electronic control sys-
tems, and has a certain practical value.
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