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ABSTRACT 

Commercial vehicle manufacturers face unique 
challenges for the development of vehicle electronics 
systems.  For one, customers typically have unique 
requirements coupled with an expectation of high 
reliability.  Vehicle electronics is often the enabler for 
customized features. Ensuring that the vehicle will 
perform as demanded and promised adds a degree of 
burden on the vehicle manufacturers. Furthermore, the 
verification and testing of a large number of unique 
electronic system configurations is very expensive and 
time-consuming.  This paper will explore how Model-
Based Design can be used to meet these challenges 
and provide a high degree of confidence for both the 
manufacturer and the customer that requirements have 
been met.  It will discuss factors to consider to support 
configurability, approaches for defining a system 
architecture that facilitates reuse, and capabilities for 
modeling state-based systems. 

VEHICLE ELECTRONICS ENGINEERING 

CHALLENGES 

While the powertrain provides the propulsion necessary 
to perform the required work, vehicle electronics, which 
include such functions as lighting, operator comfort and 
assistance, display, power management, and security 
and safety systems, provide important differentiation in 
terms of operator comfort, convenience and productivity. 
As a result, the embedded electronic content in 
commercial vehicles continues to grow, which leads to 
the complexity that comes with managing multiple 
electronic control modules (ECUs).  Additionally, many 
commercial vehicles are developed for a wide range of 
applications requiring significant customization. It is not 
atypical for every vehicle that rolls off the assembly line 
to be unique.  Developing, testing and maintaining a 
large number of custom vehicle configurations pose a 
significant challenge in terms of both cost and time-to-
market. The challenge manifests itself in the need to 
leverage the benefits of vehicle electronics while 
effectively managing the increased system complexity 
and customizations required to service the diverse 
needs of the customers. 

WHAT IS MODEL-BASED DESIGN 

The traditional development process for vehicle 
electronics is characterized by  

  Use of paper specification generated from 
requirements gathered from various sources 

  Building physical prototypes for design. 
  Writing code manually to implement control 

algorithms and complex logic. 
  Dependence on test vehicles for verification and 

validation. 
   

 

Figure 1: Traditional Vehicle Electronics Development 
Process, where design, implementation, and test are 
done by individual team each suffering from barrier of 
communication to its supplier and customer. 

A significant problem with this process is that errors in 
specification are often not discovered until final 
validation, which leads to specification change, re-
design, re-implementation, and re-validation.  
Consequently, cost of fixing errors is high [1].  Because 
of the many vehicle electronics configurations in 
commercial vehicles, complete test coverage of the 
design is practically impossible using test vehicles.  As a 
result, errors may be “leaked” into products, leading to 
field repairs.  

Model-Based Design emerged from the need to reduce 
development cost and improve product quality at the 
same time, while the complexity of vehicle electronics 
multiples.  In Model-Based Design, a model of the 
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system being developed serves as the common thread 
throughout the development process, from requirements 
capture to final validation. As an executable 
specification, this system model is refined throughout the 
development process.  Simulation is used at each 
process step to verify whether the design meets the 
requirements. Code generation is used for implementing 
control algorithm and complex logic, thus eliminating 
errors introduced by writing source code by hand.

Figure 2: Development Process with Model-Based 
Design

Since its introduction, Model-Based Design has become 
widely adopted in the development of electronic control 
systems, powertrain and vehicle alike for commercial 
vehicle applications.  Examples of applying Model-
Based Design to commercial vehicles have been 
extensively highlighted in past SAE technical papers or 
presented at conferences in the automotive industry [2] 
[3] [4]. 

The remaining sections of this paper will provide a set of 
guidelines for applying Model-Based Design to vehicle 
electronics applications, with emphasis on system 
architecture and modeling state-based systems.   
Typical scenarios for implementation and verification are 
also described to provide a complete description of 
Model-Based Design.

SYSTEM ARCHITECTURE

MOTIVATION

The system model is key to Model-Based Design.  Given 
the requirement for customization in commercial vehicle 
electronics applications, it is critical to establish the 
system architecture in the modeling environment such 
that it provides a flexible framework to facilitate re-
configuration and reuse.  As a result, the system level 
models can be quickly customized to support a range of 
applications.

The design requirements for a system model include 

1. A clear representation of control flow between 
components

2. A clear representation of signal (information) flow 
between components 

3. A clear system hierarchy 
4. Uniform  / locked down interface between 

components
5. A simple infrastructure for component integration 

Using an architecture with Model Based Design that 
satisfies these design requirements facilitates the 
integration of components (requirements 4 and 5 
above), the debugging of the system (requirements 1 
and 2), the readability and understandability of the 
system (requirements 1, 2, and 3), as well as the 
modularity of the system (requirements 2, 4, and 5). 

An example of top level architecture is represented in 
Figure 3.  It is composed of hardware input and output 
components (A/B), the scheduler (C), fault detection (D) 
and the algorithmic (E) component.  Additionally in this 
case a closed loop test component (F) is included in the 
system architecture; the test system is not required and 
is fully decoupled. 

 Figure 3: Top level system architecture 

Additionally, system designs should take into 
consideration product line architecture considerations to 
improve the reusability of the component.  In this case a 
“base” interface is established for all versions of the 
control algorithm.  More advanced versions of the 
algorithm may use additional interface components, 
however they should be able to function using the basic 
interface information. 

ARCHITECTURE FRAMEWORK 

With Model-Based Design, as in standard architectural 
design environments, the system designer performs the 
task of partitioning complex systems into usable 
components.  The partitioning task defines the 
components data interface (e.g. function prototype, local 
/ global data), the function interface (e.g. the call 
method, call rate, scope / access to the functions) and 
the scheduling interface (e.g. execution order and 
interrupt information)
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