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Abstract – The main object of the current research will be the 
optimization of the system development process for electronic 
devices in the automotive industry. The material is based on 
the main mechanisms for electronic development from the 
international SPICE standard. We will take a look over three 
main problems in the automotive industry today and we will 
try to provide good solution to all of them. First topic is more 
or less overview of the current situation with the 
documentation in the automotive - what are the specifics of 
designing electronic devices for the automotive industry? 
Also, we will provide solution for monitoring of the results 
related to specific system requirements. At the end, we will try 
to define optimization strategy for the development process – 
without losing traceability and without losing project quality.  

Keywords – Automotive; development; process; project; 
SPICE; system. 

 
I. INTRODUCTION 

 
The automotive industry is one of the fastest growing in 

the world. In recent years, the exceptional dynamics of the 
markets have led to the rapid development of all systems in 
cars. Customer requirements are becoming higher and more 
detailed. Road safety requirements increase with the advent 
of so-called "self drive" cars. The requirements for 
electromagnetic compatibility are growing enormously due 
to the entry of devices using new frequency bands. 
Functional requirements are also increasing. 

All this, in combination with international standards and 
standards adopted by automotive giants, require a serious 
approach to processing system requirements. It turns out 
that in order to meet all the requirements of the automotive 
industry in terms of development process, a large resource 
is invested in documentation. 

The process is extremely voluminous, at times 
cumbersome, but ultimately allows full traceability of 
system requirements, design and testing. Also, the whole 
development process is covered by requirements for 
planning documentation, status meetings. In general, the 
status documentation reflecting the work, quality control 
and various tests is extremely important and is subject to 
audit by external companies. The future relations between 
the small subcontractors and the large automobile 
corporations depend on these documents and on the quality 
of the projects themselves at the level of development. 

In summary, it can be said that the process of developing 
any modern electronic system must be well planned, well 
calculated and well controlled. This, in combination with 

the problems listed at the beginning, led to the need for 
deeper analysis and systematization of the processes in the 
development of an electronic system. There are a number 
of international standards for the development of this type 
of product. 

Each of them has certain specifics, but to date, the most 
common is ISO / IEC 15504 also known as SPICE 
(Software Process Improvement and Capability 
Determination).[1] It itself is borrowed from parts of the 
standard ISO-IEC 33020: 2015 - Information technology - 
Process assessment - Process measurement framework for 
assessment of process capability. Of course, if necessary, 
and if a specific project requires it, ISO-IEC 12207 - 
System and software engineering - Software life cycle 
processes or ISO / IEC 15288 - Systems and Software 
engineering - System life cycle processes can also be used. 
SPICE is also compatible with ISO / IEC 33004 - 
Information technology - Process assessment - 
Requirements for process reference, process assessment 
and maturity level [7]. In the following lines, we will look 
in detail at the main structure, the main challenges and the 
main specifics of the process. 
 

II. PROBLEM FORMULATION 
 
At this point, we will systematically consider the main 

problems on which we will seek a solution. First of all, the 
main processes and requirements imposed by international 
standards should be considered, and last but not least – the 
specific requirements of certain automotive giants. 

One of the main problems is related to the specifics of 
designing electronic devices for the automotive industry. 
Naturally, the first question comes - what are the specifics 
of designing electronic devices for the automotive 
industry? 

Some of the basic principles used in software products 
for system organization and traceability of requirements 
should also be studied. Practically, these are all utilities, 
server systems and products, ensuring full traceability of 
the activities according to the requirements texts, design 
and tests. Even on test results. This, quite naturally, will 
lead to an answer to the question - how can the test results 
of the respective system requirements be monitored? 

 On the agenda is the issue of efficiency and cost of this 
whole development process. In practice, this issue mainly 
concerns the owners of project budgets (project managers, 
project coordinators, etc.). The essence of this problem is in 
the answer to the following question - what can be the 
optimizations of the process without losing traceability and 



without losing project quality? The answers to these 
questions can be found in the next chapter of the study. 

 
III. Description OF THE SOLUTION 

 
All manufacturers of modern electronic systems for the 

automotive industry, in one way or another must comply 
with generally accepted rules imposed by international 
standards for the development process. In the European 
automotive industry, the use of the so-called SPICE model 
prevails. It largely incorporates good practices for project 
evaluation and analysis. During the development process, 
each car manufacturer requires from its supplier the results 
of an external audit of the development processes. The 
evaluation of development activities as a quality largely 
depends on the results of the external audit. 

Process assessment is a disciplined evaluation of an 
organizational unit’s processes against a process 
assessment model. The Automotive SPICE process 
assessment model (PAM) is intended for use when 
performing conformant assessments of the process 
capability on the development of embedded automotive 
systems [1]. It was developed in accordance with the 
requirements of ISO/IEC 33004 [7]. 

We will briefly look at the basic principles of 
compliance with SPICE and the V-model during 
development. 

 
 

Fig. 1. “Das V-Model” block diagram 
 
Left side information flow of the “V” letter represent 

that there is a joint understanding between affected 
parties of what is meant by the content of the work 
product. The right side information flow of the “V” letter 
is verification of the Left side stored requirements.  

First step of the process is so called “System 
Requirement Analyses”. On this point, all of the customer 
requirements should be analyzed and separated by domains 
(Software, Hardware, Design, System etc.). Also, the 
requirements should be analyzed from functional point of 
view. At the end, the System Architect should decide, can 
the development team fulfill these requirements? If the 
answer is yes, then the process continue If no – then the 
team go back to the customer and discuss the problematic 
points. 

Like next step is the “System Architectural Design”. In 
this point, the Architect should draw the skeleton of the 
required system. All domains should receive the proper 
requirements for the further development. 

When all domains receive the requirements (SW, HW, 
Design etc.), the analyses on the domain level should be 
performed (For example Software Requirements Analyses). 
On this point, the domain team should clear all 
requirements with the upper level. The requirements should 
be structured in Technical Categories and to be checked in 
the same way – Can the team realize these requirements. 

When all of the requirements are approved and 
reviewed, the next step is Domain Architecture (For 
example Software Architectural Design. Here, based on the 
SW requirements, the SW Architect can build the skeleton 
of the SW domain. The interfaces between the different 
Technical categories should be defined (If we have 
Software domain for example, the interface functions and 
the general requirements should be defined). 

Last step of the Left side information flow is the 
“Software Detailed Design and Unit Construction”. The 
design part contains very good description of the Unit. 
Based on the requirements from the Architecture and on 
the defined interfaces, the Detailed design and all 
algorithms of the Unit can be defined before creating of the 
Unit. When the design is created and all reviews are 
performed, the process can continue with the real creation 
of the Unit based on the Detailed design. When the Unit is 
created (C code written code, or Mat Lab generated Unit), 
the review of the implementation should be performed 
before the next steps. 

When all of these steps are fulfilled, we can go to the 
next development steps – Verification (Right side of the 
“V”). We also, should mentioned here, the high importance 
of the FMEA (Failure Mode and Effects Analyses) [11] on 
every level – starting from the low system domains. Every 
system component should be analyzed for the possible 
damage, failure and preventive measures that can be taken.  

First step from bottom up is the Software Unit 
Verification. On this step, based on the requirements in the 
Detailed Design, Test cases are created. The Unit result can 
be tested and verified. If there have problems, the Unit bug, 
should be fixed. 

Next step is Software Integration and Integration Test. 
On this level, the Software Integrator, based on the 
designed Architecture should integrate the base SW Units 
of the system. Again, the main requirements are defined on 
the Left side, on the same logical level. When the 
Integration is performed (We combine the functional Units 
in one SW system), then Integration Testing should be 
performed. The Test cases should be written based on the 
requirements from the Left side. When the Testing is 
finished and all tests and reviews are passed, the process 
can continue to the next step. 

Next step is “Software Qualification Test”. This testing 
is functional testing of the Integrated Software. The 
difference with the Integration Testing is, that Integration 
Testing should verify the interfaces relations between the 
base Units. And the Qualification Test should test the SW 
like one Unit on functional level. 

When all test on Domain Level are passed, the process 
go to the “System Integration and Integration Test” step. O 
this level, the different Domain results, should be combined 
in one system based on the requirements on the Left side. 
For example, the SW generation should be combined with 
the HW (The code to be flashed on the developed 



Hardware platform, or PCB to be mounted on the 
Mechanical housing). When these steps are done, the 
System should be tested due to the requirements. When all 
test and reviews are passed, the process goes to the top 
level of the right side – “System Qualification Test”. 
Again, the Integration test will test the integration details 
(interfaces) between the different domains deliveries 
(Hardware, Software, Mechanical) and the System testing 
will test finally developed device on functional level. 

This is the development process with a few words. We 
can see, that there have a lot of Testing, a lot of reviews, a 
lot of interactions between the different levels and 
domains. 

It is all these interrelations and complex correlations 
between the different levels of development that create 
several extremely interesting directions for analysis from 
the point of view of optimization. This brings us to the 
second problem, which we will try to give suggestions for 
solving - How can the test results of the relevant 
requirements be tracked? In other words, how to connect 
the left with the right half of the letter "V"? Over the years, 
experience has shown that it is best to use a logical 
connection of the individual requirements with their 
respective tests. For this purpose, special software products 
have been developed, such as IBM Engineering 
Requirements Management DOORS [4]. 

Through this type of tool, a database is created, which is 
figuratively divided into different levels. Each level, in one 
way or another, represents a certain step of the process 
described in the previous paragraph. The original 
requirements of the client are taken as a primary starting 
point. In order to be able to trace the architecture, design, 
implementation, test sequences and test results, the so-
called links between the different levels are used. 

What added value does this connection bring - there is 
traceability. If we assume that the connection can carry 
certain information, such as the status of the test for a 
certain requirement, then if we have a system similar to 
Fig. 2., we can get information about the status of the 
project with fast synchronization - which requirements 
have been implemented, which have been tested, which test 
results are positive and which are not. This can also be 
realized by connecting with references between the 
different levels (which in its essence is the same thing 
logically, but without graphically depicting the links). 

In the last few years, graphical tools have also been used, 
which allow quick definition of interfaces between 
individual domains at the architectural level and quite 
flexible reconfiguration in case of need. This definitely 
simplifies the development process when changes are 
required at the request of the client or changes caused by 
certain architectural errors. 

 
Fig. 2. Link chain between the different levels 

When auditing a particular SPICE project, there are 
several possible assessments (levels). On Fig. 3 are listed 
the levels defined in the SPICE standard. In order for a 
project to reach a stable state, it must be well executed, 
have good management and have established stable results. 
If it does not comply with these rules, then the project 
needs improvements. 

 
Fig. 3. SPICE Levels from 0 to 5 

 
A number of methodologies are used to determine the 

extent to which the individual processes defined by the 
standard are satisfied. One of them is that each process, 
based on established rules, be checked monthly. After 
checking the status, the verifier evaluates the process with a 
certain rating, for example from 0 to 10. After evaluating 
all the processes, a spider graph is obtained (see Fig. 4), 
which compares the status of the project in details in the 
current and previous month. Purely theoretically, at the end 
of the development of a particular project, all points should 
be evaluated at the maximum score. Of course, there are 
always exceptions. 

 
Fig. 4. Status spider for all processes 

 
Having considered the possible methods for tracking test 

results, tracking the status of implementation, now is the 
time to ask the question - How can we optimize this large 
system of requirements, results and statuses? We need to 
make one big clarification that whatever optimizations we 
offer, they must be SPICE compliant. What are the key 
points that need to be optimized? First of all, customer 
requirements are subject to optimization - it is very 
possible, in certain requirements, to have repetition of 
certain texts. They can be easily optimized in the process of 
analysis. 

The second key point for optimization are requirements 
that are repetitive over time. In other words, if basic 
functionalities are repeated, they can be combined into 



universal functional modules and reused in different 
projects. 

The following can be given as an example - overvoltage 
or short circuit protection functionality. These features 
exist on all High Side, Low Side and Bridge Drivers 
controls. In each of these algorithms, the essence of 
protection is the same, the detection methodology is the 
same. Any changes may be in a certain configuration of 
some of the operating parameters of the algorithm. 

In other words, if a universal algorithm with 
configuration parameters is made, then its architecture, 
design and even implementation will largely overlap. If this 
is done at an internal level and re-used in different projects, 
a high degree of re-use, reduced development time and 
much more compact testing can be achieved. 

For example, if we work on five projects, and for each of 
them we implement this basic functionality with its 
adjacent architecture, it will take five times more time and 
resources than if we use a universal system with a flexible 
algorithm. Of course, this method of work has its 
drawbacks - when reusing certain universal modules and 
architectural concepts, defects are inherited, which can be 
found at a later stage of development. 

 

 
 

Fig. 5. Example for Universal Basic Functional Modules 
 

In the current market, there have a few solutions that can 
help to the idea behind – AUTOSAR and Matlab Simulink 
[2, 10, 13]. Both products have similar structure and they 
can be use like base for speed-up the development process. 
Standard modules should be created. They should be easy 
for configuration and re-use. On Fig. 5 example for such a 
system is provided. Universal Block A is HW standard 
block. It can be HS driver or some other standardized 
module, can be re-used many times in different projects. 
The Universal Block B is SW universal module. All of the 
requirements should be universal. For example: “The 
temperature threshold should be configurable trough the 
EEPROM”. When we have this possibility, we can re-
configure the standard module very fast and to save a lot of 
time from testing on low level and also design description, 
reviews etc. We should keep in mind, that the time in the 
modern world many times is equal to money. So, with this 
solution, the projects in one big organization with common 
resources can save big amount of money. 
 

III. CONCLUSION 
 

 As a conclusion, we can say that in the material we take 
short overview of the main specifics of the SPICE process.  
We take a look over three main problems in the automotive 

industry today and we try to provide good solution to all of 
them. First topic is more or less overview of the current 
situation with the documentation in the automotive – we 
research what are the specifics of the electronic devices 
design for the automotive industry. Also, we provide 
solution for monitoring of the results related to specific 
system requirements. At the end, we try to define 
optimization strategy for the development process – 
without losing traceability and without losing project 
quality. Like conclusion, we can say that in the dynamic 
modern world, the speed of development is too high and 
we need optimized process in any possible point. 
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