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1 Introduction

Nowadays the automotive exhaust emission regulations are intensified and the

expectations of customers concerning ride comfort, driveability, performance and 

safety increase constantly. It is more and more a challenge for the automotive 

industry and the engineers to meet these demands.

To observe current and future environmental laws, it is necessary to have modern 

engines, e.g. the valvetronic engines of BMW and the appropriate combination of all 

control units in an automotive. The number of control units sometimes goes up to 50 

different units. Due to this the complexity of the systems and the control problems 

rise rapidly. To be able to master these complex systems linked with decreasing 

development cycles, new methods in software design and application have to be 

used. However, due to cost pressure the expenses for the use of new methods must 

not increase. Because of these latest trends, simulation is more and more used 

during the development of electronic control units (ECUs).

The increasing qualitative and quantitative guidelines (e.g. IEC61505) can be

reached only with an optimal testing process in the functional development. The goal 

is to optimise the test process concerning deepness and expense of verification. This 

can be done with the automated test in the Hardware-in-the-Loop (HiL) simulation. In 

a HiL simulation an engine control unit (real hardware) is integrated in a hardware-

and simulation-environment. The ECU controls and monitors the engine, which is

simulated in the test environment through a software model.

In this thesis testing procedures for function development of ECUs, especially the 

monitoring of idle speed controller function will be described. The tests describe 

mainly functional tests. They are done for the function development department. The 

developer specifications are coded in a special software department. These software 

engineers have already done software tests to ensure the correct syntax of the coded 

software.

Next some definitions and basics about testing in general will be given. Moreover it 

will be described what to test and how to determine test cases. Finally automated HiL 

will be presented.



Software and function testing

2

2 Software and function testing

2.1 Definitions

2.1.1 Definition of testing

Important to know is what testing is. Testing is a process, to execute a program with 

the aim to find faults. A good test case is thereby characterised that so far unknown 

faults can be found with a high probability. [MYE 01]

Therefore testing is not meant to prove that the software is working like it should. A 

test tries to find so many faults and bugs as possible. A successful test found a new 

mistake. It is not correct to mark a test as successful without finding a new fault. 

Although testing is a destructive work, the test-engineer has to be very creative to 

receive good results.

2.1.2 Definition of verification and validation

The difference between verification and validation is not always clear. Very plausible 

are the following short definitions. Verification gives an answer to the question: “Do 

we create the product right?” and validation answers the question: “Do we create the 

right product?” 

Verification ensures the consistency of the results of a phase of the project with the 

preceding phase. For the verification of a product are only informations from the 

preceding project phases are necessary. The end-user / customer is not involved in 

the verification process. Basis for a sensible verification is the traceability of all 

functional and non-functional needs. [ZUS 01]

Validation tests, whether the result of the project really complies with the needs of the 

customer. It is absolute necessary to integrate the end-user or customer in the

validation process. Semi-finished goods are not considered in the validation. Typical 
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products which are validated are the system analysis, the system specification and 

the end product (the finished software). [ZUS 01]

2.1.3 When to stop testing

A difficult question in the field of software testing is the question of the end of

software tests. In the technical literature no definite answer is given.

One possible ending condition could be that the testing ends after a certain period of 

time. The test ends on a fixed date. But this condition is rather senseless due to the 

human’s purposeful behaviour. In common a tester will not do his best if he gets a 

goal like “test n-days”. Especially if the ending condition is already defined before the 

tests are started. Then the aim could be to test the program for this certain period of 

time but not to find its faults.

Another definition of an ending condition could be “find n-faults”. But this goal has 

also several disadvantages. It is really hard to determine n-faults. If “n-faults” is 

defined too low, some mistakes will not be found. If it is too high the tester is faced 

with an unsolvable problem. He will get frustrated and the quality of his tests will drop 

significantly.

Moreover, it can be assumed, especially if the program is very complex that there is 

always one more fault. A person who has to test until there are no more faults in the 

software will get frustrated again because of the unsolvable task. The tester will 

unintentionally run tests, which are probably not able to find faults.

A rule of thumb is that testing should not be stopped as long as faults are found 

rather regularly. On the other hand the company will sooner or later run out of

business if the marketing of the product is never started. In fact the ending condition 

will be always a compromise between these definitions. 




