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ServiceXpert Gesellschaft für Service-Infor-
mationssysteme mbH has built up compre-
hensive skills in electrical / electronic develop-
ment with regard to test automation over the 
past 20 years. The ServiceXpert engineers 
also provide support with independent tests 
and practical knowledge as established trust-
ed partners for test and integration tasks for 
large commercial vehicle manufacturers. In 
order to transfer the above-mentioned prac-
tices to software development in the field of 
embedded systems, some challenges have to 
be overcome by those involved in the process. 
In addition to the limitations of the chosen 
programming language or framework en-
countered in classical software development, 
there are additional limitations and special 
functions of the hardware with embedded 
platforms. While high-level functionality can 
also be checked on embedded systems with 
common module tests (unit tests), this is 
not possible with hardware-specific code for 
controlling physical interfaces. Usually, the 
systems controlled by the embedded hard-
ware consist of a large number of sensors, ac-
tuators, control signals and communication 
interfaces. Tests on the real system are there-
fore very complex and are difficult to repeat 
under the same conditions. The use of labo-
ratory or prototype vehicles for testing real, 
complex systems is very costly, time-consum-
ing and inflexible. A hardware-in-the-loop 
(HiL) simulation, which simulates real condi-
tions via suitable stimuli on the system to be 
tested, is appropriate in order to be able to 
carry out tests under controlled conditions. 
Automated tests can then be conducted with 
the aid of a suitable control software in or-
der to test hardware interfaces as well as the 
implemented functions. Hardware is usually 
expensive and such development boards are 
only available in small quantities, especially in 
the prototype phase. A test set-up with test 
automation therefore offers the possibility of 
optimum utilisation of the available hardware.

Depending on the requirements and complex-
ity of the system to be tested, a laboratory 

setup with an HiL system is also very cost-in-
tensive. ServiceXpert has therefore developed 
its own HiL solution consisting of an embed-
ded Linux platform, which together with an 
interface board currently provides digital in-
puts and outputs with variable voltage as well 
as a CAN interface. Commands can be sent to 
the HiL via a network communication, which 
allows a flexible connection to commercial 
control programs which are already estab-
lished. With a debugger compatible with the 
embedded system, the new software versions 
are transferred to the hardware to be tested. 
The incorporation into the Continuous Inte-
gration process allows the automation of the 
complete process over all levels (build, unit 
tests, flashing of the hardware) as well as the 
integration tests at hardware level.

ServiceXpert has developed a solution for 
continuous integration with test automation 
for practical purposes and simple allocation 

of resources. The engineers have succeeded 
in developing an efficient, cost-effective alter-
native to already existing HiL systems based 
on consumer components and open source 
software, which is also suitable for projects 
with a manageable scope and budget. In the 
future, the currently used commercial control 
software is to be replaced by a separate frame-
work in order to be completely license-inde-
pendent. In addition, the integration of analog 
inputs and outputs as well as other communi-
cation interfaces is planned. n

Continuous Integration  
for Embedded Systems
By Mr Sören Stein, Systems Engineer E/E Systemdesign, ServiceXpert GmbH

Agile software development with continuous integration is common practice in classical software development. The pro-
cesses provide developers with a faster and more detailed feedback cycle, thus optimising the identification and localisation 
of problems. Errors are discovered earlier and can be eliminated in a timely and budgetary manner. The risk of defects in 
the final product is minimised. In order to ensure the testability of a complex system it is advantageous, from a process 
point of view, to write test cases before the actual implementation of a new functionality. Compact, easy to test software 
modules and better test coverage are the results of this Test Driven Development. The processing of the defined test 
cases is a constantly recurring process, which can be automated and incorporated into the continuous integration process.
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