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Abstract- This paper describes the automotive open system architecture (AUTOSAR) compliant model-based design of the 
software component (SW-C) architecture for a motor-driven power steering (MDPS) system. The MDPS system is a new 
power steering technology that replaces the hydraulic actuator system with the electric actuator system. AUTOSAR is a 
common platform for the implementation of automotive embedded software. Model-based design leads to considerable 
productivity increases, improvements in quality and traceability within your development process. We design the SW-C 
architecture for an MDPS system using an AUTOSAR authoring tool. In addition, we implement the MDPS models based on 
the designed SW-C architecture using model-based design work flow process.  Finally, we suggest method to validate for the 
MDPS model using MATLAB/Simulink. 
 
Index Terms- AUTOSAR, Motor Driven Power Steering System, Model-based Design, Software Architecture 
 
I. INTRODUCTION 
 
In recent years, the use of electronic control unit 
(ECU) has grown considerably to improve safety, fuel 
efficiency, and driver’s comfort in vehicles. 
According to increase use of ECU, The complexity of 
automotive software systems is growing rapidly. It 
causes problems such as increase of software 
development cost and time, and decrease of product 
quality. In order to solve such problems, car 
manufacturers are required to development of 
standardized platform based application programs.  
 
The automotive open system architecture 
(AUTOSAR) is the partnership of automotive 
manufacturers and suppliers that cooperate in order to 
develop and establish an open and standardized 
platform for automotive software architectures[1]. By 
standardizing the automotive software architecture, it 
promotes exchange and reuse of ECU software 
components (SW-Cs) between vehicle manufacturers 
and suppliers as well as their use within different 
vehicle platforms and variants. 
Model-based design is widely adopted in the 
automotive industry to address the development 
challenges presented by the ever increasing content 
and complexity of in-vehicle control systems[2]. 
Model-based design is not only that it is easy to 
understand by graphical diagram, but that there are 
many useful tools to accelerate software 
development[3]. 
 
The motor-driven power steering (MDPS) system 
requires an electric drive that consists of a motor and 
control unit. It can reduce steering torque and provide 
various steering feels. The steering torque is defined 
as that which a driver applies on the steering column 
while turning the steering wheel. When an 

appropriate assistant torque from an MDPS system is 
applied in the same direction as the driver’s steering 
direction, the steering torque required from a driver 
for steering can be significantly reduced[4]. 
In this paper, we suggest model-based design 
methodology for design of SW-C architecture for an 
MDPS system. In these processes, we use AUTOSAR- 
compliant development tools to comply with the 
AUTOSAR standard and implement MDPS models 
using Model-based design process. Finally, we 
construct model-in-the-loop simulation (MILS) 
environment to validate designed SW-C architecture 
based on implemented MDPS models. 
 
II. MOTOR-DRIVEN POWER STEERING 
SYSTEM 
 
The power steering system for vehicles is becoming 
essential for supporting the driver's steering efforts of 
the steering wheel. Although hydraulic power steering 
has been widely used for years, it is not efficient 
enough. The problems associated with a hydraulic 
power steering system can be solved by using an 
MDPS system[5]. 
 
MDPS system is a control system that applies motor 
power directly to the steering so as to reduce steering 
torque. And compared to a conventional hydraulic 
system, it eliminates the need for a power steering 
pump, hoses, hydraulic fluids, and a drive belt and 
pulley on the engine. As a result, MDPS is always 
driven by the environment by improving fuel 
economy, reducing emissions and eliminating waste 
fuel. Furthermore, it contributes to the creation of new 
added value as a system that uses applied technology 
to actively enhance safety and comfort[6]. 
An MDPS system consists of a steering wheel, power 
steering electric motor, power steering control 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-9, Sep.-2016 

Autosar-Compliant Design Methodology For an MDPS Control System 
 

89 

module, torque sensor, reduction gear, and steering 
rack-pinion, as shown in Fig. 1. When a driver steers, 
the steering torque is measured by the torque sensor 
placed between the steering wheel and motor. The 
reference current is determined by the boost-curve 
using the steering torque and vehicle speed, and it is 
used as reference for the current controller. The 
current controller output generates motor torque 
through the electric motor. The controlled motor 
torque is multiplied by the gear arrangement, and such 
a torque is combined with the driver’s steering torque 
to provide the total steering torque.  
 

 
Fig. 1 Control Module for an MDPS system 

 
III. AUTOSAR OVERVIEW 
 
A. AUTOSAR Concept 
AUTOSAR is a worldwide development partnership 
between vehicle manufacturing companies, suppliers, 
and other companies from the electronics, 
semiconductor, and software industry. Such 
companies cooperated to create and establish open 
standardized software architecture. By improving 
exchangeability and simplifying upgrade/update 
options for software and hardware with the 
AUTOSAR approach, developers reliably control the 
complexity of the automotive embedded software. 
AUTOSAR also improves cost efficiency without 
reducing performance because the software consists of 
“plug-and-play” software components.      
 
The AUTOSAR software architecture consists of four 
basic layers: application software (ASW), runtime 
environment (RTE), basic software (BSW), and 
ECU-hardware, as shown in Fig. 2. ASW includes a 

functional application, and RTE implements all 
communication mechanisms and essential interfaces 
to the basic software based on a Virtual Function Bus 
(VFB). BSW consists of these functional elements: 
system, memory, diagnostic, and communication 
services. 

 
Fig. 2 AUTOSAR software architecture 

 
By specifying interfaces and their communication 
mechanisms, the applications are separated with an 
underlying hardware and BSW.[7] 
 
B. Model-based Design Workflow of SW-C 
In an AUTOSAR-compliant SW-C development 
process, it is essential that the development tools work 
well together and provide seamless round-trip 
engineering. This compatibility enables engineers in 
the automotive industry to follow iterative 
development processes 
 
An overview of round-trip workflows is shown in Fig. 
3. One entry point of AUTOSAR-compliant SW-C 
architecture design is the creation of software 
components and optionally their internal behavior 
using an AUTOSAR authoring tool. Then, the 
AUTOSAR SW-C description files are exported 
through AUTOSAR standardized format (ARXML). 
These description files are imported into a behavior 
modeling tool such as MATLAB/Simulink from 
MathWorks.  
In MATLAB/Simulink, functional behavior is 
modeled by each model block of the library. And it 
tested – by simulation, verification, and validation 
until the model is ready for production code 
generation using Embedded Coder. When generating 
production code, updated software component 
description files are also created simultaneously. This 
helps to ensure consistency between in the resulting 
artifacts (C-code and SWC description files). The 
authoring tool imports and processes these files for 
integration and download to the target[8]. 
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Fig. 3 AUTOSAR-compliant round-trip workflows 

 
IV. SW-C ARCHITECTURE DESIGN FOR 
MDPS SYSTEM 
 
A. Construction of MDPS system 
The block diagram of an MDPS system is shown in 
Fig. 4. The MDPS system consists of the upper 
controller and lower controller. The upper controller 
receives the vehicle speed and steering torque of the 
driver as controller inputs and calculates a current 
reference value by the boost curve map. The calculated 
current reference value is used as input of the lower 
controller. Then, the lower controller performs a 
current control using the error by the difference 
between the current sensing values of MDPS motor 
and current reference value calculated by upper 
controller. Through the controller output adjusts to 
duty ratio of pulse width modulation (PWM), assist 
torque is generated by actuating MDPS motor. 
 

 
Fig. 4 Block diagram of MDPS system 

 
B. MDPS SW-C Architecture design 
We designed the SW-C architecture for an MDPS 
system as shown in Fig. 5. We defined the main timing 
constraint to be an end-to-end timing constraint with 
physical sensor and actuator[9]. Then, we describe 
SW-Cs in detail and interconnect each SW-C via the 
VFB using AUTOSAR authoring tool as shown in Fig. 
6. 
 
Each sensor measures vehicle speed, driver torque, 
and motor current in the sensor SW-Cs. The sensing 

data are converted to valid data in scale SW-Cs. The 
reference current value is calculated by the boost curve 
in the upper-control SW-C. The current controller 
calculates error by the difference between the 
reference current value and current sensing value, and 
performs current control in the lower-control SW-C. 
Finally, the calculated controller output is converted to 
duty ratio of PWM in actuator SW-C; the physical 
actuator is operated by duty ratio for PWM. 
 

 
Fig. 5 SW-C Architecture design for MDPS system 

 

 
Fig. 6 SW-C Architecture design for MDPS system using 

AUTOASR authoring tool 
 
C. Model-based design of MDPS SW-Cs 
We design model-based SW-Cs consist of MDPS 
system using top-down workflow where an 
AUTOSAR authoring tool. An example of a SW-C 
design using top-down workflow, we describe the 
procedure for designing the lower-control SW-C as 
shown in Fig. 7. ARXML format describing 
lower-control SW-C is exported from the authoring 
tool and imported into a behavior modeling 
environment from MATLAB/Simulink. It shows the 
result of the import: the creation of a skeleton model of 
the lower-control SW-C description file. This skeleton 
model is represented as a Simulink subsystem (top 
left) that consists of the interfaces, internal behavior 
(runnables represented as function-call subsystems). 
In this subsystem, we use model-based design to 
develop the algorithmic behavior of a runnable for 
lower control SW-C using Simulink block 
libraries[10]. Through this process, we design all of 
the SW-Cs of MDPS system. 
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Fig. 7 Model-based Design of lower-control SW-C 

 
V. CONSTRUCTION OF MILS 
ENVIRONMENT 
 
We construct MILS environment of MDPS system as 
shown in Fig. 8. It consists of MDPS SW-C models 
and a scheduling scheme for executing connected 
runnables. Each of the SW-C are organically 
connected in accordance with the control flow of the 
MDPS system and are connected the function-callers 
of each control period.  
In order to validate the performance of the MDPS 
lower controller, we implement the actuator 
subsystem implemented the motor equation. Actuator 
subsystem output is connected to sensing current input 
of lower control subsystem. 
The scheduling scheme is implemented by Simulink/ 
Stateflow, which can develop a scheduling algorithm 
based on an event-trigger. The MDPS SW-C models 
consist of MILS are performed by the scheduling 
scheme, and it is implemented as shown in Fig. 9. The 
scheduling scheme is composed of two tasks: upper 
control task, lower control task. Each tasks map 
function-call events: RTE_2ms and RTE_100us. Each 
function-call event has a different sample time and 
trigger mapped to an SW-C runnable. 
 

 
Fig. 8 MILS environment for MDPS system 

 
Fig. 9 Scheduling scheme for MDPS model 

 
CONCLUSION 
 
In this paper, we designed the SW-C architecture for 
an MDPS system according to model-based design 
methodology. Using AUTOSAR compliant tool 
ensures compliance with the AUTOSAR standard in 
the process of designing SW-C architecture. In 
addition, we implemented the MDPS model for MILS. 
The MDPS models were implemented by using 
top-down workflows process and MATLAB/Simulink 
tool. It provided some of the advantages: graphical 
modeling capability, possibility to test at very early 
design stages. We constructed MILS environment 
based on the implemented MDPS models. 
Constructing MILS environment and performing 
MILS can save time to improve the quality of the 
developed model to reach finally an even higher 
quality level. 
Further work is to perform auto code generation using 
embedded coder and importing created C code for 
integration to the target using AUTOSAR authoring 
tool. 
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