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Abstract 
 

Vehicular systems have become intensively sophisticated and their software content has increased swiftly in this era. 

While developing the vehicular software, the requirements which should be satisfied are more complex in comparison 

to other types of software. As vehicular systems interact with physical processes, the high reliability of the system is 

always demanded. This is making testing a difficult but necessary step in developing reliable systems. Due to the 

competition and customer demands companies tends to update the software systems of their products as often as 

possible. Such demands put increased pressure on making testing more efficient and cost-effective. Traditionally, 

software testing is performed manually and in an ad-hoc manner. Moreover, manual testing becomes costlier when 

software is updated often. Hence there is the need for using techniques which can complement such manual techniques. 

 

Model-based testing (MBT) is a test automation technique which promises to increase reliability, understandability, 

and maintainability of test cases by the use of test models, automatic test generation and execution. MBT is the process 

of test generation from design models of the system requirements and functionality. There are studies in the literature 

showing initial results on the advantages of using MBT with some promising results. Such promises are inspiring 

companies to take an interest in adopting the MBT approach. This thesis aims to evaluate the use of MBT in industrial 

practice and investigates the automated testing approach and its applicability in the context of Volvo CE. 

 

The results of this thesis show that structural and behavior models can be created based on functional architecture 

and requirements of a real subsystem provided by Volvo-CE. These models are generated in Conformiq Creator MBT 

tool. Test cases are generated using different model coverage criteria.  The results suggest that activity and structure 

diagrams, developed using MBT, are useful for describing the test specification of an accelerator pedal control 

function subsystem. The use of MBT results in less number of test cases compared to manual testing performed by 

industrial engineers for these subsystems. We showed that MBT can be used for system modelling and test case 

generation in the vehicular domain.  
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1 Introduction 
Software systems are becoming more complex than ever, and their use in every industrial domain is 

increasing. This results in a greater need for high-quality testing activities to validate the functionality of 

the software systems properly. Software testing is an approach which allows the validation and 

verification of the software with respect to functional and non-functional requirements. The testing 

process includes the following high-level steps: test case creation, test execution, and test evaluation. The 

main aim of testing is to check if the software performs according to its requirements. Testing also aims 

to ensure the quality, reliability, and performance of the software meets certain benchmarks.  

The difficulty of testing the software increases with the complexity of software.  Software testing can be 

very costly in some cases, and it becomes more expensive if the software is released without appropriate 

testing. This especially applies in the case of safety-critical systems, where the lack of proper testing can 

result in the loss of money and human lives. For example, the crash of an Airbus A400M occurred due to 

a software configuration error [1]. According to reports the reason for the crash was insufficient testing. 

It is believed that finding and fixing bugs in earlier stages of development is cheaper and easier than 

addressing them in later stages. If a bug is found in later stages of development, it is more expensive to 

fix it. Table 1 shows the cost of fixing the bug with respect to the stage at which it was found [2]. 

Table 1: Average cost of fixing defects based on when these are introduced and detected 

  Time Detected   

Requirement Architecture Construction System 
Test 

Post 
Release 

Requirement 1x 3x 5-10x 10x 10-100x 

Architecture - 1x 10x 15x 25-100x 

Construction - - 1x 10x  

 

A popular approach to improve software testing that has been proposed in research is called Model-Based 

Testing (MBT) [3]. MBT is the process of automated test generation from design models of the system’s 

requirements. Unlike traditional testing practices, MBT ensures to discover the faults in the system at 

earlier stages of development more efficiently. MBT also ensures to optimize the cost and effort of testing 

by providing automation of different steps during testing [4]. MBT is explained in detail in the later sections 

of this report. 

In this thesis, an experimental study is carried out at Volvo Construction Equipment (VCE), to illustrate 

how the MBT approach could improve the current testing processes as well as pave the way to enhance 

the quality of the overall development process. VCE is one of the world leading manufacturers of 

articulated halters and wheel loaders. It is also one of the World’s notable manufacturers of excavation 

equipment, road development machines, and compact construction equipment. 

1.1 Problem Formulation  
In the past years, researchers have proposed and evaluated several approaches to MBT in different 

domains [5]. MBT approaches promise to improve the manual steps in software testing by automating 

them. These steps are as follow: 
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● Modeling of test requirements. 
● Validation of models through model elicitation and engineering. 
● Designing test cases. 
● Determining the correct test results. 

 
In practice, there is scarce empirical evidence on the thorough evaluation of MBT in industry. Moreover, 

there is less evidence regarding the different trade-offs that a company must take into account in order 

to adopt MBT. According to Robinson [6] the lack of widespread use of MBT in large industries can be due 

to many reasons. One of the main reasons is that the testers lack in technical knowledge of MBT process. 

Moreover, it is difficult to select the MBT tool which full fill the needs of a specific company. There are 

studies showing initial results on the advantages of using MBT with some promising outcomes. This is 

inspiring large-scale industries to take an interest in adopting the MBT approach to test their systems. 

Therefore, it is important to further investigate the use of MBT in industrial practice. 

1.2 Scope of the Thesis 
The study is evaluating different aspects of MBT in the industrial domain. MBT approach is used to model 

a part of the vehicular system and to evaluate MBT in this realistic environment from modeling to test 

case generation. The main area of the focus of the thesis is based on the following research questions: 

RQ1: How can we model the testable behaviour of vehicular functions using Conformiq Creator? 
 
RQ2: How can automated test cases be generated from a behavior model for vehicular functions 
in Conformiq Creator? 
 
RQ3: How do manually created test cases compare with MBT generated test cases in terms of 
covered test goals and number of test cases? 

 

1.3 Outline of the Thesis  
Section 1 describes the introduction, problem formulation, and the scope of the thesis. Section 2 gives 

information regarding background which includes an overview of model-based testing and related work. 

Section 3 illustrates Conformiq Creator and its features. Section 4 explains the testing process at Volvo 

CE.  Case study and its design used to answer research questions are discussed in Section 5. Case study 

results and system under test are described in Section 6. In Section 7 research questions are answered. 

Conclusion and future work are described in Section 8 and Section 9 respectively. 
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2 Background 
In this section, an overview of software testing is given, and model-based testing is discussed in more 

details. 

2.1 Software Testing 
Software systems are becoming more complex than before, and their need in the industrial domain is 

increasing rapidly. Thus, it becomes more critical to ensure the high quality of testing activities. These 

activities help to validate the functionality of software systems. Software testing is an approach which 

allows the validation and verification of the software with respect to its functional, and non-functional 

requirements. Software testing is necessary for determining the quality of the software. Software testing 

does not promise to find all bugs in software. Instead, it helps to establish confidence that software meets 

the requirements using specific criteria. 

Eliminating the possibility of bugs in a software system enhances the reliability and quality of the software. 

The complex systems have more chances of having bugs. Bugs may also occur due to design defects of the 

software or improper implementation. It is easier to fix the implementation error rather than correcting 

the design defects. Discovering and solving design defects become an even more difficult task when it 

comes to complex systems. 

Software testing is a crucial part of software development. In the first phase of development, the 

requirements are gathered and analyzed thoroughly. Based on these requirements high-level design is 

created, and software is developed. Testing can be done in parallel with development. Initially, unit testing 

is done by testing the smallest units (functions) of the program. Then integration, system and acceptance 

testing are performed. 

2.2 Black Box Testing 
There are different types of techniques which are used to test the software such as functional, integration, 

component, robustness, white-box and black-box testing. The black-box testing is usually done for testing 

the requirements of the system when there is not much information about the internal structure of the 

SUT. The SUT is treated as a black box. Test cases are created by looking only at the overall requirements 

of the system. These requirements specify the expected behavior of the system under different 

circumstances. Some of the common black-box test design technique includes all-pair testing, equivalence 

partitioning, boundary value analysis, error guessing, and state transition testing. Black-box testing can be 

used for both functional and nonfunctional requirement of the system.   

The most important advantage of black-box testing is that it helps to identify the ambiguous requirements 

of the system. As black-box testing is implementation independent, the testers can generate test cases 

without having prior knowledge of specific programming language or implementation detail. The test 

cases are designed from a user's point of view. Moreover, test cases can be created as soon as the 

specifications are completely defined. Designing the test cases is tough if the specifications are not clear.    

2.3 Model-Based Testing 
There is an increase in the use and evaluation of black-box testing techniques during the last decade. One 

such technique is model-based testing (MBT). MBT originated in hardware testing of telephone switches, 

but it has now spread into different domains. MBT is a conventional terminology which is used to indicates 
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a testing process in which the most common testing tasks such as generation of test cases, test case 

execution, and test case analysis depends on a model of the system under test (SUT). The automated test 

cases are generated from the model of the system. From a software process point of view, MBT helps in 

supporting continuous testing activities which is an important aid for incremental development.  

According to Mark Utting and Bruno Legeard [7] there are four main approaches to MBT: 

1. Generation of test cases from the environment model. The model is used to explain the 
environment of the SUT. The model can send a series of calls to the system under test to generate 
the test cases. The environment model does not model the desired result of the SUT. It means 
that it cannot predict the output values. In short, in this approach, it is hard to discover that a 
particular test has passed or failed. 

2. Generation of test input data from a domain model. The model used in this approach gives the 
information regarding the domain of input values. While generating test cases a thoughtful 
selection of input data is made. Though this approach is of vital practical importance, yet it does 
not provide the solution to complete test design problem. The main reason is the approach’s 
inability to provide any test verdict. Which means no information is given if the test case has 
success or failure status.  

3. Generation of test cases with oracles from a behavior model. Oracle information of test case 
contains the range of input values which are connected to a specific operation and the desired 
output corresponding to those inputs. The executable test cases are generated automatically 
which includes the oracle. These test cases might have some automated checks to see if the 
desired output values are produced. This approach provides tester an aid to analyze the test case, 
but this is more challenging than the two approaches mentioned above. The test generator must 
have sufficient knowledge of the system and its expected behavior to generate test oracles. 
Therefore, the model should explain the behavior of the SUT such as indicating an exact 
relationship between inputs and outputs. This approach is holistic and addresses the test design 
problems from the stage of choosing input values and creating sequence calls to generate 
executable test cases that incorporate verdict information.  

4. Generation of test scripts from abstract tests. The test cases are generated from the high-level 
information such as a UML sequence diagram. This approach focuses on creating low-level and 
executable test scripts from the abstract test cases. The model contains appropriate information 
about the structure and API (Application Programming Interface) of the SUT. Moreover, it 
provides the details about the transformation of high-level test cases into executable test suites. 

 

2.3.1 Model-Based Testing Process  
Model-based testing generates automated test cases with detailed design. This helps to measure the 

requirements coverage of System under test (SUT) for each test case. Models are created by looking at 

the functional requirement SUT. The model should have two properties which are essential for the 

efficiency of MBT. Firstly, the model should be similar to SUT in all aspects so that it is able to behave like 

SUT and gives the same output as was expected from the SUT. Secondly, the model is always smaller than 

the SUT which makes MBT cost efficient and time efficient. Instead of writing hundreds of manual test 

cases models are created for SUT. These models are loaded in MBT tool, and test cases are generated 

from them. Different test suites can be generated from the same models by just changing the test 

selection criteria. The MBT process [7] can be divided into five major steps as shown in Figure 1. 
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1. Modeling system under test (SUT) or/and its environment. In the first step, an abstract model is 
created. This model is a simplified behavioral model of that system which is to be tested. It does 
not require a detailed model, yet it must pose the key aspects of that system under test. Further, 
it must be based on the specified requirements. After creating the model, it is usually 
recommended to check the consistency of the model and desired behavior of the model using the 
MBT tool. There are certain interactive tools which allow the user to investigate the behavior of 
the model and check if the model produces desired results. 

2. Generating abstract test cases from the model. Abstract test cases are generated from the 

models. These test cases are usually sequences of operation from the model. The test section 

criteria must be specified because there are infinite number of test cases which can be generated 

from models. As the test cases are generated from abstract test cases which do not contain 

sufficient information of SUT, these test cases cannot be executed directly on SUT. 

3. Concretize abstract test cases in order to make them executable. A requirement traceability 

Matrix links the functional requirements with the test case. Hence it is used to determine which 

requirements are fulfilled by an individual test case, and different coverage reports are the 

complementary output of these steps. The coverage reports determine how much the test case 

cover the behavior of the model, whereas the requirements traceability matrix explains the 

relationship between the generated test cases and functional requirements. MBT tools generates 

traceability Matrix and coverage reports. 

After generation of abstract test cases, they are transformed into executable concrete tests 

changes and separation is done with the help of some transformation tool or by writing adopter 

code. This transformation can implement each abstract operation to map against the lower level 

SUT surface. The purpose of this step is to bridge the gap between the concrete SUT and the 

abstract test cases. This abridgment is done through adding details, which were not added to the 

abstract model. By changing the adapter code, the test can be reused for other test execution 

surroundings. 

4. Executing tests on SUT and assigning verdicts. The concrete test cases are executed in SUT. This 

can be done using online model-based testing or online model-based testing. The test will be 

executed as they are generated, so the test execution process and recording of results artifacts 

are managed by the model-based testing tool. For offline model-based testing, a set of concrete 

scripts are generated in some existing language. This facilitates us to continue using our existing 

test execution tools and practices. 

5. Analyzing results. In the final stage, the test execution results are examined. Further it 

appropriate actions are taken to fix the bugs. The reason for the failure of a certain test is 

determined. The causes of failure can be a fault in the SUT, or an error in the test case itself. In 

case of a fault in the test case itself, the problem is in the adopter code or in the behavioral model 

of the system. In short, the last step is about feedback regarding the corrections of the model. 
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Figure 1: Model-based testing process 

2.3.2 Perceived Advantages of Model-Based Testing  
The model-based testing has various benefits. The biggest advantage of model-based testing is that it 

automatically creates test-cases from the system model. Many studies such as [4][7][8][9][10] highlights 

the MBT advantages. These advantages are discussed as follows:  

● System under test (SUT) fault detection. The basic purpose of testing is to find the faults in SUT. 
Difference case studies were conducted at IBM, BMW, Microsoft, and Smart card industry. The 
results showed that the number of faults detected by the MBT approach in IMB and BMW were 
somehow equal to the number of faults discovered by the normal testing process. However, in 
Microsoft applications, ten times more faults were found by MBT approach. The fault detection 
by MBT in the smart card industry is also higher than the manual testing. Moreover, many other 
studies have shown that the MBT process finds the faults in the earlier stage of development more 
efficiently.  The fault detection in MBT also depends upon the experience of the writer and 
coverage criteria selected for test generation.    

● Time and cost efficient. Model-based testing saves time and requires less effort for maintaining 
the model. The cost and time spent on designing, analyzing and maintaining the test cases using 
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MBT were analyzed in different studies. Results showed that overall cost and time for the MBT 
process is less than the traditional manual testing process. 

● Improved test quality. Unlike the manual testing, the model-based testing uses an automated 
test generator that utilizes algorithms and heuristics to select the test cases from the model. The 
redundancy of test cases is eliminated. Moreover, an optimal number of test cases are generated 
to cover the model coverage in a more efficient way. 

● Traceability. The facility to relate each test case to the model, test selection criteria, and even to 
the informal system requirements, is called Traceability. Traceability allows a user to see why test 
case was created and which functionality was aimed for testing. MBT improves the traceability of 
requirements in the test suite.  

● Updating the requirement. Whenever system requirement changes, it is important to update the 
manually created test suite. Often significant efforts are needed to update the suite. In the case 
of model-based testing, only models are updated. Once they are updated the test cases can be 
regenerated. Time is saved while updating the model in model-based testing in comparison to 
updating all tests manually. As the model is smaller than the test suite, model-based testing 
responds faster to the evolving requirements. 

● Requirement defect detection. MBT is the type of black box testing, and test cases are made by 
looking at the requirements of the system so that it can detect the ambiguous requirements. For 
instance, the issues in the requirements can be detected while creating the models.  

 

2.3.3 Perceived Disadvantages of Model-Based Testing  
Although Model-based testing offers many benefits, yet it has some limitations. The biggest disadvantage 

of model-based testing is that it can never guarantee to find all the differences between the model and 

the implementation.  Many studies such as [4][7][8][9][10] highlights other disadvantages of the MBT 

process. 

● Outdated requirements. Sometimes the software project becomes out of date in the evolution 
of informal requirements. If these out of date requirements are used in MBT, the chances of errors 
increase while executing the test suite. 

● Scalability of complex models. Before creating models, the infrastructure of the system is clearly 
examined. For the complex system, it takes more time to create the architecture of the models. 
Sometimes it is very difficult to select the MBT tool which handles complex models and provide 
reliable test coverage.   

● Inappropriate use of model-based testing. Sometimes it becomes quite difficult to model certain 
parts of the SUT; hence, these parts are created manually. It is not essential that all areas of 
software can be tested through model-based testing. It is necessary that the test designer pose 
some experience of MBT so that he knows which aspects of the SUT can be modeled through MBT 
and which aspects need some other technique. 

● Tester’s Skills. Skills needed for MBT are different from the traditional manual testing skills. 
Hence, the tester must be an expert in MBT processes such as designing models and executing 
test cases. In order to use MBT properly, training is required, which requires time and cost factors. 

● Insufficient detail in the model for test generation. The MBT tool can only test the SUT based on 
the information which is provided by models. Sometimes the models do not provide enough 
information which is necessary to test SUT in more detail. 
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2.4  Related Work 
A previous study [4] was performed with the intention to evaluate a model-based testing technique. The 

tool used during this assessment was Qtronic, tool developed by Conformiq. Qtronic is a tool which is 

used to generate the automated test cases from design models. Initially, the system under test (SUT) used 

was a simplified version of the automatic teller machine (ATM) server-client system. The ATM system was 

developed in the Java language. Qtronic model language (QML) was used to create the model of SUT. The 

model of the ATM was created using finite state machines (FSM) notation. The main advantage of using 

FSM notation is that the model not only generates input values which can be sent to the system under 

test (SUT) but also tells about the expected response of the SUT. The model is used by Qtronic to generate 

the test cases automatically. The requirements were added incrementally to increase the complexity of 

the test object. The primary purpose of this approach was to evaluate different testing criteria. Two 

different approaches were adopted to create the model of the SUT. Three experiments were performed 

using the first approach in which the complete logic of the SUT was described in a behavior model. One 

experiment was performed using a different approach in which the complexity of the behavior model was 

decreased by shifting some of the SUTs logic to the test harness. The results of all the experiments 

measured the time taken at different stages of MBT and the number of automatically created tests 

created. The measured time was calculated by adding the time to develop the QML model with the time 

taken for automatic test case generation by Qtronic and the time to implement and execute using the test 

harness. One of the major perceived benefits of MBT is that the flaws and ambiguous requirements can 

be detected at an early stage even if the system is not fully implemented. The above experiments 

highlighted the benefits of Qtronic in the MBT context. The most important advantage of Qtronic is that 

it only creates new test cases if the model is updated and reuses previously created valid test cases. One 

observation is that sometimes it becomes difficult to distinguish between new and old test cases. In 

addition, Qtronic offers excellent debugging features. For example, it can identify if there is a possible 

deadlock that can occur in the created model. However, the information given by Qtronic is not 

particularly useful because it only reports that some parts of the model were not covered without any 

fault localization notification. 

Another thesis [11] has focused on ways to examine the possibility to utilize MBT as part of the software 

development in a large-scale IT-business. The Base Transceiver Station (BTS) software development 

environment was examined to explore the usability of MBT in this scenario. The goal was to investigate 

how a model of the system under test (SUT) must be created using UML in order to enable the automatic 

test case generation from the SUT model. For creating behavior models of the SUT, activity diagrams were 

created. The features of BTS which were modeled during this thesis were connected to the manual 

configuration of location information in the Global Navigation Satellite System (GNSS) receiver. Class, 

components, and composite structure diagrams in UML were used to model the architectural parts of the 

system under test (SUT). In addition, activity diagrams were used for modeling the behavioral aspects. 

The model of the SUT was verified by exporting it from MagicDraw (modeling framework) tool. This model 

was loaded into Conformiq Designer for the generation of automatic test cases. It is very important to 

notice that many manual modifications were performed in the model of the SUT before using it in 

Conformiq Designer due to many parts of UML not being compatible with the automated testing tool used 

by Conformiq. The generated test cases were black and grey box tests considering BTS platform software 

as the system under test (SUT). 
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Another experimental study [12] was conducted to analyze the use of MBT in the testing of mobile 

applications. The main focus was to highlight MBT advantages at different levels such as modeling, 

concretization, generation and execution of automated test cases during testing. In order to create the 

test model, the Event Sequence Graph (ESG) was used. The test cases were created using Robotium 

framework. The study concluded that using the MBT approach for testing Android applications gives 

promising results. MBT shows many advantages over traditional testing such as automated test 

generation, improvement in the quality of the test cases, reduction in cost and time of testing and 

development of test models. Some challenges were found while developing the test models due to the 

context of the SUT. Getting familiar with the test case generation tool has been observed as a hurdle in 

using and adoption MBT. 

In another study [13] a comparison of the different aspects of MBT and traditional testing is presented. 

The primary comparison was in terms of detections of errors, coverage of the model and code coverage 

using a case study based on an automotive network system. By using requirement documents, message 

sequence charts (MCs) were used to construct an executable behavior model of the network controller. 

Some of the test suites were developed manually both with and without using a behavior model. In 

addition, some of the test suites were generated automatically with and without the behavior model on 

the basis of some functional selection criteria. It was concluded that test cases created using the model 

detected more requirements errors than the ones created manually. 

Another study [14] has focused on MBT technique that has been applied to a Brake by Wire system 

provided by Volvo GTT in Sweden. The main purpose of the research was to check the feasibility of 

automated test case generation from an EAST-ADL architectural model. The researchers showed the 

process of code validation starting from EAST-ADL artifacts. The system under test was a simplified version 

of Volvos Brake-by-Wire system prototype. The models in EAST-ADL were generated and extended with 

timed automata semantics. These models were given as an input to ViTAL (a verification tool for EAST-

ADL models) to generate abstract test cases automatically. The abstract test cases were then used in 

Farkle (a test execution environment) to create concrete test cases. The test case generation for timings 

properties of EAST-ADL models was investigated in this research. 

Testing the system which uses concurrent tasks is often difficult. Usually, test cases are very simple and 

unable to cover all aspects of a concurrent system. An MBT approach for testing concurrent system was 

introduced in [15] to overcome this problem. The system under test used was a NASA’s Core Flight 

Software (CFS) bus module API. Spec Explorer tool was used to create the models using a finite state 

machine approach. The test cases were automatically generated by traversing the states and transitions 

of the created models. An adapter was also created by these researchers in order to convert these test 

cases into the native language of the system under test (SUT), which was written in the C programming 

language. The authors investigated the type of issues in SUT which could be found using their proposed 

technique. They also explored the degree of code coverage provided by generated test cases. 

Another approach [16] to automated test case generation from behavior models was previously 

introduced. In this approach, the model was divided into reusable sub-diagrams. These behavior sub-

diagrams were created using timed automata and input/output automata. This technique increased the 

modularization of the overall model. Synchronized Depth First Search (SDFS) was presented as a search 

technique which allowed the creation of automated test cases from these sub-diagrams. This has been 

shown in this study to reduce the cost, time and manpower for modeling tasks. 
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An empirical case study was conducted in [17] with the basic purpose of assessing MBT in an industrial 

domain. The manual testing without any automation support performed by a tester at a software 

company was compared with the MBT technique performed by a tester at a research center. The system 

under test (SUT) used a web-based data collection software system. Both testers used the same SUT with 

similar testing goals. Testers were not allowed to interact with each other during the study. The 

effectiveness of both approaches was compared using different parameters. The result showed that 

although the MBT approach was more systematic in the coverage of the SUT and it detected more faults, 

it still needs more preparation time than the use of manual testing. Moreover, MBT is usually not suitable 

for all types of testing such as verification of the layout of a GUI (Graphical User Interface). The 

experiments conducted in this study helped researchers to identify different ways to improve the 

efficiency of the MBT approach.  
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3 Conformiq Creator 
Conformiq Creator is one of the model-based testing tools for the functional black-box testing of 
enterprise and Information technology applications, which includes web services, middleware, user 
interfaces, and end-to-end systems [17]. To create an automated test case suite, Conformiq Creator 
follows a three-step process: 1-model creation, 2-generate scripts, 3-test execution. As the scope of the 
thesis is creating the automated test cases and analyzing them, we will only look at the first two steps, 
model creation and scripts generation in detail. 

 

3.1 Model Creation 
Conformiq Creator contains graphical models. These models have activity diagrams and structure 

diagrams. The requirements of the system under development is usually in textual form. These functional, 

and non-functional requirements are analyzed thoroughly to create the models manually. These graphical 

models are faster and easy to create. Tester does not have to worry about programming skills. Creating 

graphical models also improves communication between design and test teams. Which results in the 

identification of specification ambiguities, gaps, and errors before implementation mistakes are made. 

Users are impelled to create good models by providing aid. For example, the error will be shown if 

something is wrong or missing in the model. There is a possibility that a user can import the graphical 

models without programming. Most commonly reusable artifacts which can be imported in Conformiq 

Creator includes Business Process Model and Notation (BPMN) in Visio, ARIS, RSA and other BPMN tools. 

Moreover, the artifacts from XML Schema Definition (XCD), Web Services Description Language (WSDL) 

structures, and Test and data objects from QuickTest Professional (QTP) and Selenium can also be used. 

Structure diagrams: The structure diagrams are the essential part in Conformiq Creator’s modeling 

language because it specifies the external interfaces available for interaction with the system. The user 

can create a graphical user interface (GUI), message-based interface or customized Interface. Customized 

interfaces allow the user to extend the actions of GUI and message-based interface using custom actions. 

All the canvas objects such as messages, screens, data table should have a unique name across all 

diagrams within the project. Structure Diagrams can also be imported from different tools as described 

before. It is recommended to create multiple structure diagrams instead of creating one large diagram. 

This will enhance the re-usability of the diagrams across different projects and platforms. 

Let us consider a Gmail login scenario. The user will receive an error message, if username and password 

are incorrect else, the user will navigate to the account page. We have multiple screens and message in 

this case. Figure 2 shows a structure diagram for a simple Gmail login. Different widgets are highlighted 

for better understanding. 
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Figure 2: Structure diagram for Gmail login 

Activity diagrams: Activity diagram indicates abstract control flow aspects by using standard activity 
diagram symbols. Flowcharts controls are used to create activity diagrams in Conformiq Creator. The 
activities in flowchart specify expected interactions to be tested. Figure 4 shows the flow chart (activity 
diagram) for Gmail login. The login screen appears at the start. The user enters username and password. 
The values of the login form are stored in a variable data object as shown in Figure 3. After clicking the 
signIn button, values are checked at decision boxes. If valid user-name and password are entered, then 
Gmail account screen is shown. Else error is shown. 

 

Figure 3: Activity diagram for Gmail login 
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3.2 Generating Test Cases 
After creating the model, we need to upload the models to the Conformiq Computation Server, and 

testing goals are specified. Testing goals refer to the coverage criteria of the models while generating test 

cases. Conformiq Creator offers five coverage criteria. They are shown in Table 2. 

To generate test cases firstly, we need to switch to design perspective of Conformiq Creator. The models 

are loaded by clicking on the load model button in the process panel. Once the models are loaded without 

errors, the test cases are generated by clicking on ‘generate test cases’ button. The Conformiq Creator 

generates a report against each test case which gives complete information about the test case. Such as 

specifying which requirements have been tested and why. It also shows the complete flow of data both 

graphically and textually by generating the sequence diagram and step-by-step explanation of each test-

case. It provides facility to graphically highlight the model coverage which minimizes the risk of missing 

test cases. Users are impelled to create good models by providing aid. Whenever there is a change in the 

model due to requirements, a new impact analysis report is generated. Only those test cases are 

generated again which have an impact on them due to updating of the model. This eliminates the creation 

of unwanted regression tests. If there are changes in models only those test cases are generated which 

has an impact on them due to change. 

Table 2: Types of coverage criteria in Conformiq Creator 

Coverage Criteria Description 

Default 

Aims to cover the most important parts of the model structure in addition 

to the requirements. (Requirements and basic structural features are set 

as a target). 

Requirements 
Aims to cover the requirements. (Only the requirements are set as a 

target). 

Exhaustive 

It aims to cover the model aspects exhaustively. (The requirements, and 

advanced structural features are taken as a target to generate the test 

cases). 

All paths 
It aims to cover all of the paths of a finite model. (Requirements, basic 

structural features and all the path of the model are set as a target). 

Boundary Values 

It aims to exhaustively cover the corner cases (boundary values) of the 

numerical data values in addition to the basic aspects of the model 

structure and requirements. (Requirements and, exhaustive 

conditional branching are set as a target). 
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4 Functional Testing at Volvo CE 
Volvo CE follows the traditional verification and validation process. This includes requirement view, test 

design, test design review execution, and test documentation. The test cases are generated by following 

conventional manual test case generation process. System requirements are gathered from different 

stakeholders. These are written systemically at different places with respect to small functional 

requirements. Thus, making documents difficult to update and maintain when small functional changes 

occur. 

SE-Tool is the Volvo adaption of commercial tool System Weaver. It is used to manage the system 

information, and it also allows the traceability of work product during the product life-cycle. The Complete 

Analysis Function (CAF) in SE-Tool covers EnE system part of an E2E function on analysis level. The CAF 

acts as a container for analysis function and function device. Analysis function defines a function as a 

black-box from input to output. Whereas functional device defines an interface to other sub-systems as 

an abstract sensor or actuator need. SE-tool also provides the graphical overview of Complete Analysis 

Function which shows inputs and outputs along its integration with other subsystems. Multiple test cases 

are generated manually against each CAF to check its functional requirements. Figure 4 shows the CAF 

and its components in SE-Tool. 

 

 

Figure 4: Overview of SE-Tool of a Complete Analysis Function (CAF) and its components 

Testers generate test cases at the functional level by analyzing the Complete Analysis Function (CAF) in 

SE-Tool. Test cases are also written in the test suite of SE-Tool, and they can be directly linked to CAF. SE-
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Tool allows the tractability of CAF from test case suite and vice versa. The quality of manually written test 

cases depends upon the testers skills and knowledge of the system. There is no hard and fast rule which 

tells how many test cases are sufficient for a particular CAF. The test cases are written in test instruction 

language version 2 (TIL-2) format to facilitate test execution and evaluation environment. 

These test cases are executed on the simulated environment in the labs. Tester enters different input 

values and sees the results in simulators. These results are then compared with the expected output of 

the test-case. A report is created while executing the test cases in the lab. All the information regarding 

passing or failing of test case is documented in that report. If there is a change in functional requirement, 

the new test cases are created against those requirements. They are then executed in the labs. 

Usually, the test-cases against a specific CAF are divided into different groups depending upon the 

functional requirements and the behavior of the function. Before writing test case tester create the initial 

state, for example, all of the input values are set to zero before executing the test cases. The test is written 

in Test Instruction Language version 2 (TIL-2). TIL-2 is a very simple writing style in which inputs and 

expected output are shown in natural language. A sample test case with arbitrary inputs and outputs is 

shown in Table 3. This is in the TIL-2 format which is used at Volvo CE. 

Table 3: Example of test case written in TIL2 format used in Volvo CE test environment 

Inputs Expected Output 

input variable =1; 
input variable 2 = false; 
input variable 3 = 0; 

output variable =1; 
output variable 2 = false; 
output variable 3 = alarm; 
output variable 4 = error; 

 

The overall view of test generation at VCE is shown in Figure 5. This figure also shows how the MBT 

approach is mapped in VCE testing context. The requirements in natural language (NL) are taken from SE-

Tool. Requirement engineers manually create models. Automated test cases are generated from these 

models using the MBT tool. In the end, the effectiveness of test cases is measured using certain criteria. 

This whole process is discussed in detail in Section 5.1. 

 

Figure 5: High-level overview of current testing practices and proposed MBT approach at VCE 
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5 Research Methodology 
The research was carried out in two phases. In the first phase, the literature review on model-based 

testing was done. The papers under consideration were mostly cased studies related to the evaluation of 

model-based testing tools and techniques in the industrial context. These papers were taken from the 

most popular databases such as IEEE, ACM and, ScienceDirect. The brief overview of the literature review 

is discussed in Section 2.3. 

In the second phase, an evaluation case study at Volvo CE was conducted. According to Simons [18] “A 

case study is an in-depth exploration from multiple perspectives of the complexity and uniqueness of a 

particular project, policy, institution, program or system in a ‘real life’”. The purpose of a case study is to 

investigate the MBT approach in the industrial context and answer research questions using quantitative 

and qualitative analysis. As the case study is carried out at Volvo CE it is very important to discuss that 

how they carry out the traditional testing process. This will help in analyzing the results and compare 

manual and automated test generation in a better way. The testing process is described in Section 4. 

5.1 Case Study Design 
To check the feasibility of MBT at Volvo CE the case study plan presented by Robson [19] was followed. 

This contains the following steps. 

• The case: what is studied? Two end-to-end functions of the WLO (Wheel Loader) functional 

architecture are analyzed. 

• Objective: what to achieve? The theory studied in this case study is model-based testing. Model-

based testing has three main steps. In the first phase, the abstract models of the system under test 

are created manually. Details in the model are added so that it becomes similar to SUT and pose 

the key aspects of SUT. In the second phase, test cases are generated from these models. As the 

number of test cases can be infinite some criteria is applied to generate the test cases. These test 

cases cannot be executed directly in the test environment. In the last phase, these test cases are 

transformed it to executable tests. This can be done using different approaches such as using some 

transformation tools. 

• Research questions: what to know? To analyze the acceptability of model-based testing in the 

vehicular domain, from system modeling to test generation, the following research questions have 

been formulated 

– RQ1: How can we model the testable behaviour of a vehicular system using Conformiq 

Creator? 

– RQ2: How can automated test cases be generated from these behavior model in Conformiq 

Creator? 

– RQ3: How do manually created test cases compare with MBT generated test cases in terms of 

covered test goals and number of test cases? 

 

• Methods and selection strategy: How to collect data and where to seek data? In order to know how 

to collect data the following steps we must focus on the steps which were taken to answer the 

research questions. The steps which are taken to answer all research questions are shown in Figure 

6. 
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Answering Research Question 1. As discussed earlier the first phase in the MBT process is creating manual 

models which pose all key aspects of SUT. The first research questions focus on how to create the 

behaviour models of the vehicular system. This is done using the following steps 

• Obtaining textual requirements from Volvo CE. VCE provided the functional requirements of two 

Complete Analysis Functions (CAFs) in plain textual form. These requirements were taken from SE-

Tool used by the company. SE-Tool systematically organizes the functional requirements of the 

system. 

• Selecting the MBT tool. Conformiq Creator is one of the Model-Based Testing tools for the 

functional black-box testing of IT applications. The company selected the tool. The overall view and 

working of the software are discussed in Section 3. 

• Creating models from functional requirements. The textual requirements are analyzed thoroughly 

to create the models. The graphical models are created manually in Conformiq Creator. The models 

consist of structure and activity diagrams. The process of model creation of SUT is described in 

Section 6.1.1 and Section 6.2.1 respectively. Creating the models is a crucial part of the MBT. If the 

requirements are not modeled properly, it will lead to faulty test cases. More-over wrong modeling 

of functional requirements can lead to questing of the benefits of MBT. The model validation has 

also been done to ensure the correctness of models. The model validation process is discussed in 

Sections 6.1.3 and Section 6.2.3. 

 

Answering Research Question 2: The second phase of the MBT process is creating test cases from the 

models. The following step has been taken to answer research question 2 

● Selecting test generation criteria. As each model can yield an infinite number of test cases, it is 

very important to define the test criteria. For example, a test criterion which aims to cover all the 

paths of a finite model can be specified for test cases generation. The test coverage criteria 

provided by Conformiq Creator has been shown in Table 2. 

● Generating test cases. Different test cases are generated automatically using the test selection 

criteria. Each test case provides requirement traceability matrix. The test case generation process 

and its results are discussed in Section 6.1.2 and Section 6.2.2. 

 

Answering Research Question 3: The automated test cases were compared with manually written test 

cases using the number of test cases and the test goal covered. The overall requirements coverage has 

been analyzed for both techniques. The comparison between manual and automated test cases with 

respect to the type of input parameter values of the function was also done for both SUTs. 
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Figure 6: Case study design to answer the research questions 
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6 Evaluation Results 
The model-based testing approach is applied to different test objects. Each Complete Analysis Function 

(CAF) is first modeled in Conformiq Creator. Automated test cases are generated based on different path 

coverage criteria. 

6.1 System Under Test 1: Accelerator Pedal CAF (Complete Analysis Function) 
The purpose of the function is to evaluate the accelerator pedal position that is requested from the 

operator. The function provides the accelerator pedal position to the E&E-system. The function detects 

the different sensors’ positions and performs certain calculations based on requirements. The output of 

the function is sent to an E2E system to translate the position into a propulsion force request which is 

passed on and actuated by driveline systems. The graphical Overview of the function presented in SE-Tool 

is shown in Figure 7. This also gives information about the interaction of the Accelerator Pedal function 

with other parts of the machine. The name of input/output signals and functions are changed due to the 

confidentiality of the data. Moreover, minimal functional requirements are disclosed to protect privacy. 

The functional requirements for Accelerator Pedal CAF are shown in Table 6. The inputs and outputs of 

the function are described in Table 4 and Table 5 respectively. 

 

Figure 7: Graphical overview of Accelerator Pedal CAF in SE-Tool 
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Table 4: Inputs for Accelerator Pedal CAF 

Input Description 
Value 
Range 

Acceleration 
Pedal Position 1 

It shows how much accelerator pedal has been pressed. It gets the 
value from sensor-1 which is attached to the accelerator pedal. 0-100 

Acceleration 
Pedal Position 2 

It also indicates how much accelerator pedal has been pressed. It 
gets the value from sensor-2 which is attached to the accelerator 
pedal. 

0-100 

Machine Speed 
Limit 

It tells the maximum value of the machine speed. The actual 
purpose of this signal is to limit any demands to the engine that 
may cause illegal high machine speed. This value is taken from the 
SpeedLimit function of the system. 

0-100 

Acceleration 
Pedal Request 

It shows how much Acceleration Pedal request is sent by an 
AccelerationPedalRequest function. 

0-100 

 

Table 5: Outputs for Accelerator Pedal CAF 

Output Description 
Value 
Range 

Defective 
Accelerator 
Pedal 

Signals status information about the accelerator pedal function. 
Malfunction corresponds to a detected error. 

Normal, 
Malfunctio
n 

Signal Diff 
Alarm 

It indicates the difference between Acceleration Pedal Position 1 
and Acceleration Pedal Position 2. If the difference is greater than a 
certain value Alarm indicator is produced as output. 

Normal, 
Alarm 

Initial 
Accelerator 
Pedal Position 

Holds the value of the currently prioritized accelerator pedal 
position sensor before applying any limitations such as speed limit. 
This is not usually used by any other external component. 

0-100 

Final 
Accelerator 
Pedal Position 

It shows which sensor values should be considered while sending 
the accelerator pedal position to rest of the system. The position 
may not reflect the physical position. 

0-100 

Acceleration 
Pedal Alarm 1 

Signals status information about Acceleration Pedal Position 1. Normal, 
Alarm 

Acceleration 
Pedal Alarm 2 

Signals status information about Acceleration Pedal Position 2. Normal, 
Alarm 
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Table 6: Functional Requirements of Accelerator Pedal CAF 

Requirement ID Description 

ACCAF-Req-1 

If the value of Acceleration Pedal Position 1 and Acceleration Pedal 
Position 2 is between 0-100 and their difference is less than 10. Then 
the value of Acceleration Pedal Position 1 is assigned to Final 
Accelerator Pedal Position. Values of Defective Accelerator Pedal, 
Acceleration Pedal Alarm 1, Acceleration Pedal Alarm 2, Defective 
Accelerator Pedal and, Signal Diff Alarm is set to normal. 

ACCAF-Req-2 

If the value of Acceleration Pedal Position 1 and Acceleration Pedal 
Position 2 is between 0-100 and their difference is greater than 10. 
Then, Initial Accelerator Pedal Position and Final Accelerator Pedal 
Position value must be set to error. Defective Accelerator Pedal 
should be set to Malfunction, and Signal Diff Alarm is set to Alarm. 
Values of Acceleration Pedal Alarm 1 and Acceleration Pedal Alarm 2 
is set to normal. 

ACCAF-Req-3 

Values of Initial Accelerator Pedal Position and Acceleration Pedal 
Request are compared. The highest value is assigned to Final 
Accelerator Pedal Position. But Accelerator Pedal Position is limited to 
not to be set greater than Machine Speed Limit. 

ACCAF-Req-4 

If the value of Acceleration Pedal position 1 and Acceleration Pedal 
position 2 is outside range of 0-100. Then, Initial Accelerator Pedal 
Position value must be set to error. Defective Accelerator Pedal 
should be set to Malfunction, and Signal Diff Alarm is set to Normal. 
Values of Acceleration Pedal Alarm 1 and Acceleration Pedal Alarm 2 
is set to Alarm. 

ACCAF-Req-5 

If the value of Acceleration Pedal Position 1 is between 0-100 and 
Acceleration Pedal Position 2 is outside range of 0-100. Then, Initial 
Accelerator Pedal Position value is set to Acceleration Pedal Position 
1. Defective Accelerator Pedal should be set to Malfunction. Signal 
Diff Alarm and Acceleration Pedal Alarm 1 is set to Normal. Value of 
Acceleration Pedal Alarm 2 is set to Alarm. 

ACCAF-Req-6 

If the value of Acceleration Pedal Position 2 is between 0-100 and 
Acceleration Pedal Position 1 is outside range of 0-100. Then, Initial 
Accelerator Pedal Position value is set to Acceleration Pedal Position 
2. Defective Accelerator Pedal should be set to Malfunction. Signal 
Diff Alarm and Acceleration Pedal Alarm 2 is set to Normal. Value of 
Acceleration Pedal Alarm 1 is set to Alarm. 

ACCAF-Req-7 
If the value of Acceleration Pedal Request is outside range of 0-100, 
then 0 should be assigned to Acceleration Pedal Request. 

ACCAF-Req-8 
If the value of Machine Speed Limit is outside range of 0-100, then 30 
should be assigned to Machine Speed Limit. 

 

6.1.1 Creation of Models 
Based on the requirements structure and activity diagrams were manually created. As structure diagrams 

specify the external interfaces available for interaction with the system, different input/output devices 

and data objects are analyzed thoroughly to create structure diagrams. For SUT-1 one structure diagram 
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is created. It has two interfaces which contain the inputs and output messages as shown in Figure 8. These 

interfaces are described in this section. 

Accelerator Pedal Input Signal 

This interface represents all of the input signals of the function. It has four message object and each 

message object corresponds to an explicit input signal. These messages are named as 

AccelerationPedalPosition1, AccelerationPedalPosition2, MachineSpeedLimit, and 

AccelerationPedalRequest. The structure data in the message object depends upon the type of the data 

which is used as an input. As described in the in the above section the value range for all inputs is between 

0-100. So, all of the message objects which are associated with the Accelerator Pedal Input Signal interface 

has numeric data. 

Accelerator Pedal Output Signal 

This interface represents all of the output signals of the function. It has six message objects and each 

message object corresponds to an explicit output signal. InitialAcceleratorPedalPosition and 

FinalAcceleratorPedalPosition have numeric data type because the value range for these outputs lies 

between 0-100. DefectiveAcceleratorPedal has enumeration data type. This enumeration is named 

MalfunBrkPdlVal, and it consists of two strings ‘Normal’, and ‘Malfunction’. AccelerationPedalAlarm1, 

AccelerationPedalAlarm2, DefectiveAcceleratorPedal and, SignalDiffAlarm contains an AlarmVal object. 

AlarmVal is of enumeration type object. It consists of two strings Normal and Alarm. The structure diagram 

for Accelerator Pedal CAF is shown in Figure 8. It shows all the interfaces and messages which are 

discussed above. 
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Figure 8: Structure diagram for Accelerator Pedal CAF 

The activity diagrams are created by looking at different states of the function and the data flow between 

those states. The main flow of activity diagram which depicts the behavior of the System Under Test (SUT) 

is shown in Figure 9. Depending on functional requirements the activity diagram has five final stages 

before the flow ends. The transaction to each state depends upon the input values of the SUT. 

First of all, the input values are taken at Detect-Input-Signal activity node. This is the initial state of the 

activity diagram. The values are then analyzed to create control flow for different function’s states. For 

the sake of simplicity and modularity, the activity diagram is divided into three parts. Figure 9 shows the 

overall flow of SUT. Figure 10 shows the activity diagram of Non-Erroneous signal Processing State 

whereas Figure 11 indicates the flow of Single-Signal error state. Non-Erroneous Signal Processing state 

means that values of AccelerationPedalPosition1 and AccelerationPedalPosition2 lie between 0-100. Non-

Erroneous Signal Processing state and Single-Signal Error state are linked to main flow through activity 

node as shown in Figure 9. Table 7 shows the state variables used in activity diagrams, their types and 

activity nodes where these variables are initialized. Values of these variables are used in different parts of 

activity diagram such as decisions nodes and activity nodes. 
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Table 7: State variables used in activity diagrams for Accelerator Pedal CAF 

State Variable Name Variable Type Initialized At 
Reference 
Figure 

MachineControlVal MachineSpeedLimit 
Receive-Signal-Values 
activity node 

Figure 9 

AccPriPos 
AccelerationPedalPosition1 Receive-Signal-Values 

activity node 
Figure 9 

AccSecPos 
AccelerationPedalPosition2 Receive-Signal-Values 

activity node 
Figure 9 

AccPedalPos 
AccelerationPedalRequest Receive-Signal-Values 

activity node 
Figure 9 

AccPdlUnlimitedVarObj Number 
Receive-Signal-Values 
activity node 

Figure 9 

SignalDifference Number 
Calculate-Signal-Difference 
activity node Figure 10 

 

After getting the inputs, the value of AccPedalPos variable is checked. If the value does not fall between 

the desired range new value is initialized for this variable. Once this is done the value of 

MachineControlVal is checked and reinitialized if required. As mentioned before the function contains five 

final states and initial flow for each state is same which is getting input values and re-initializing the 

AccPedalPos and MachineControlVal if necessary. The flow for each final state is described in the following 

paragraphs. 

Signal-1&Signal-2-Error state: After having initial flow the values of AccelerationPedalPosition1 and 

AccelerationPedalPosition2 are checked. If both the values do not fall between 0-100, then control flow 

enters Signal-1&Signal-2 Error State. This is shown in Figure 9. 
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Figure 9: Activity diagram for Accelerator Pedal CAF 

Normal-Operation state: If values of AccelerationPedalPositio1 and AccelerationPedalPosition2 are 

between 0-100 then the value of AccPedalPos is set to AccelerationPedalPosition1. The difference 

between AccelerationPedalPosition1 and AccelerationPedalPosition2 is checked and stored in 

SignalDifference object. If the difference is within a certain range which is defined in requirements then 

output values are set for Normal-Operation state. To set the Final Acceleration Pedal Position value some 

important aspects are taken into account. Firstly, the AccPedalPos and AccPdlUnlimitedVarObj are 

compared at Check-Speed-Limit-1 decision node. The largest value among them is then compared with 

MachineControlVal at Check-Speed-Limit-2 node. If the MachineControlVal is smaller than other value, 

FinalAccelerationPedalPosition is set as MachineControlVal. The basic purpose of checking speed limit is 

to control the FinalAccelerationPedalPosition value which will be sent to other parts of the machine. After 

setting FinalAccelerationPedalPosition value the flow returns to the main activity. This process is shown 

in Figure 10. 

Signal-Difference-Operation state: Once the flow enters Non-Erroneous Signal Processing state and value 

of SignalDifference is greater than a certain threshold, Signal-Difference-Operation state is triggered. The 

flow is then returned to the main activity. This is shown in Figure 10. 
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Figure 10: Activity diagram of Non-Erroneous signal processing state for Accelerator Pedal CAF 

Signal-1-Error state: If AccelerationPedalPosition1 value is between 0-100 and 

AccelerationPedalPosition2 value does not fall in this range. Then control enters Single-Error state. The 

AccPdlUnlimitedVarObj is assigned the value of AccelerationPedalPosition1 message. The output values 

are set at Signal-1-Error activity node. After that values of AccPdl UnlimitedVarObj, AccPedalPos and 

MachineControlVal are compared at Check-Speed-Limit-4 and Check-Speed-Limit-5 decision node. This 

comparison is made to assign FinalAccelerationPedalPosition signal value. The flow is then returned to the 

main activity. This is shown in Figure 11. 

Signal-2-Error state: If AccelerationPedaPosition2 value is between 0-100 and AccelerationPedalPosition1 

value does not fall in this range. Then control enters Single-Error state. The AccPdlUnlimitedVarObj is 

assigned the value of AccelerationPedalPosition2 message. The output values are set at Signal-2-Error 

activity node. After that values of AccPdlUnlimitedVarObj, AccPedalPos and MachineControlVal are 

compared at Check-Speed-Limit-4 and Check-Speed-Limit-5 decision node. This comparison is made to 

assign FinalAccelerationPedaPosition signal value. The flow is then returned to the main activity. This is 

shown in Figure 11. 
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Figure 11: Activity diagram of Single-Error state for Accelerator Pedal CAF 

6.1.2 Test Cases Generation 
The automated test cases are generated from the manually created models. These models are loaded into 

Conformiq Computation server. To generate the test cases, the testing goals are specified. As discussed 

in Section 3.2, Conformiq Creator offers five coverage criteria for testing goals. Once the models are 

loaded each coverage criterion is applied one by one to generate test cases. For instance, first the test 

cases were created using the ‘Default’ coverage criterion. The number of test cases generated against 

each coverage criterion is shown in Table 8. A total number of eight test cases are generated. It is 

important to note that different coverage criteria can produce the same test cases. ‘Default’, ‘Exhaustive’ 

and ‘Boundary Value’ criteria generated the same test cases. The test case produced by ‘Requirements’ 

criterion was also the part of other coverage criteria as shown in Table 8. 

Table 8: Number of test cases created, and the coverage criteria used for their creation for Accelerator 
Pedal CAF 

Coverage Criteria Number of Test Cases 

Default 8 

Requirements 1 

Exhaustive 8 

Boundary Values 8 

Total 8 
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Conformiq is used to analyze each test case in more detail. For instance, it is interesting to measure the 

model coverage achieved by each test case. The model coverage depends on different factors such as the 

control flow, data objects, nodes and, conditional flow. Figure 12 shows the complete information of 

model coverage corresponding to the test case with id 14. This test case covers 59 out of 188 targets of 

the model, so model coverage of test case-14 is 32%. Table 9 shows the overall model coverage of each 

test case. 

Table 9: Model coverage achieved by each generated test case for Acceleration Pedal CAF 

Test Case ID Model Coverage 

7 32 % 

14 31 % 

19 34 % 

23 28 % 

29 33 % 

35 26 % 

37 33 % 

67 39 % 

 

 

Figure 12: Information about model coverage for test cases in Acceleration Pedal CAF 
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Overview of each test case is described in Conformiq Test Review perspective. It contains many windows. 

The ‘Test Cases’ window shows the total number of test cases generated from models. By expanding each 

test case, we can see properties of test case such as the main testing targets of the model and overall 

coverage of model. This is shown in Figure 12. The ‘Model Browser’ window shows the activity diagrams 

used for deriving the test cases and highlights the path having desired behavior of a specific test case. The 

highlighted path of test case ' Signal-1&Signal-2-Error’ state of Accelerator Pedal CAF in activity diagram 

is shown in Figure 13. The detail view of ‘Node Activity’ window is shown in Figure 14. This contains the 

sequence diagram and textual information of the test case generated for the Signal-1&Signal-2-Error state 

of Accelerator Pedal-CAF. 

 

 

Figure 13: Highlighted path of test case for Signal-1&Signal-2-Error state of Accelerator Pedal CAF in an 
activity diagram 
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Figure 14: Overview of the sequence diagram of the automated test case generated for Signal-1&Signal-
2-Error state of Accelerator Pedal CAF 
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Conformiq Creator also allows exporting of the test suite in an Excel file. This file consists of three sheets. 

As shown in Figure 15, the first sheet has complete information about test suite such as number of test 

cases generated and model coverage summary. The second sheet has complete information about each 

test case such as its input values and a series of actions performed by the test case. Figure 16 shows the 

details about test case id 35.  The last sheet has a traceability matrix for the model as shown in Figure 17. 

 

Figure 15: Test suite information of Accelerator Pedal CAF (exported in Excel file) 
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Figure 16: Example of test case information generated for Signal-1&Signal-2-Error state of Accelerator 
Pedal CAF (exported in Excel file) 

 

 

Figure 17: Traceability matrix of models for Accelerator Pedal CAF (exported in Excel file) 
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6.1.3 Model Validation 
It is very important to validate the models which are created manually to ensure the effectiveness of the 

MBT approach. Firstly, the models were created after deeply analyzing the functional requirements, 

inputs/outputs, state transitions and data flow of the function. To guarantee the correctness of the 

models, different inputs from manual test cases were simulated on the models and the outputs were 

compared. We discussed these models with several engineers at Volvo CE. In addition, based on these 

discussions, the manual test cases were divided into six major categories depending on the behavior of 

the function to be tested (i.e., test goal category). These categories were defined by the testers at Volvo 

CE based on their knowledge of the system and experience. These categories are described below: 

Normal operation: Values of Acceleration Pedal Position 1, Acceleration Pedal Position 2, Machine Speed 

Limit, and Acceleration Pedal Request lies between 0-100. Moreover, the difference between Acceleration 

Pedal Position 1, and Acceleration Pedal Position 2 is within the certain limit defined in the functional 

requirements. 

Differing detectors: Values of Acceleration Pedal Position 1, Acceleration Pedal Position 2, Machine Speed 

Limit, and Acceleration Pedal Request lies between 0-100. Moreover, the difference between Acceleration 

Pedal Position 1, and Acceleration Pedal Position 2 is higher than the limit defined in the functional 

requirements. 

Pedal position output: Values of Acceleration Pedal Position 1, Acceleration Pedal Position 2, Machine 

Speed Limit, and Acceleration Pedal Request lies between 0-100. Values of Machine Speed Limit and 

Acceleration Pedal Request are changed to check the Final Accelerator Pedal Position value. 

Erroneous detectors (single and double): Values of Machine Speed Limit, and Acceleration Pedal Request 

lies between 0-100. But values of Acceleration Pedal Position 1, or Acceleration Pedal Position 2 does not 

lie in the range of 0-100. 

Erroneous autodig request and machine limitation control: Values of Acceleration Pedal Position 1, and 

Acceleration Pedal Position 2 lies between 0-100. But values of Machine Speed Limit or Acceleration Pedal 

Request are beyond the range of 0-100. 

All input erroneous combination: The input values of Acceleration Pedal Position 1, Acceleration Pedal 

Position 2, Machine Speed Limit, and Acceleration Pedal Request does not lie between 0-100. 

 

From each category some test cases were selected to validate the models. These test cases were mapped 

on the models to investigate the correctness of models. The mapping was done in the following way: The 

input of a test case was simulated on the model, and automated test cases were generated. Then the 

output of that manually created test-case was compared with the output of the automated test cases. 

The results showed that all the test cases generated the same output values as the manual ones specified. 

Table 10 shows number of manual test cases which were compared with the automated test cases 

generated using MBT. There were many test cases which were overlapping in ‘Erroneous autodig request 

and machine limitation control’ and ‘All input erroneous combination’ category  so distant test-cases were 

considered while selecting the test cases for model validation. 
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Table 10: Test cases selected from each category for evaluation of model’s correctness 

Category Manual Test Cases Manual Test Cases Used for 
Checking the Model 

Normal operation 13 5 

Differing detectors 6 4 

Pedal position output 8 4 

Erroneous detectors (single and double) 5 3 

Erroneous autodig request and machine 
limitation control 

22 5 

All input erroneous combination 23 6 

Total 77 27 

 

6.1.4 Results of MBT and Manual Testing Comparison 
The test cases generated using MBT approach can be compared with manual test cases in terms of 

efficiency and effectiveness. In this thesis, we focus on comparing test cases based on the coverage of 

functional requirements. We have categorized the manual and automated test cases into different groups 

depending on the functional requirements covered. For example, 4 out of 8 automatically generated test 

cases fulfill the requirement ACCAF-Req-1, and this means that 50% of these cases cover ACCAF-Req-1. In 

the same way the percentage of test cases which covers a specific requirement is calculated for both 

manual and automated test cases. The results of this comparison are shown in Table 11. If we analyze 

these results and compare the values of manual and automated test cases against each requirement, we 

will see that there is no significant difference between techniques. For instance, 89% of manual test cases 

and 87% of automated test-cases cover ACCAF-Req3. This result suggests that requirements are covered 

by similar percentages of manual and MBT test cases.  

Table 11: Requirement coverage of manual and automated test cases for Accelerator Pedal CAF 

Requirement Manual Test Cases Automated Test Cases (MBT Approach) 

ACCAF-Req-1 63% 50 % 

ACCAF-Req-2 8 % 12.5 % 

ACCAF-Req-3 89% 87 % 

ACCAF-Req-4 10% 12.5 % 

ACCAF-Req-5 21% 12.5 % 

ACCAF-Req-6 21% 25 % 

ACCAF-Req-7 17% 37 % 

ACCAF-Req-8 22 % 25 % 

 

Based on discussion with engineers working at Volvo CE, manual test cases are divided into six major 

categories which are discussed in Section 6.1.3. The total number of test cases manually created for SUT-

1 is 77. Table 12 shows the comparison of manual and automated test cases with respect to these 

categories. These six categories cover a set of realistic testing goals for the function under test. Our results 

suggest that tests derived using the MBT approach are similar in nature and can be used to cover all test 

goal categories at a lower cost in terms of number of test cases created per each category;  just for one 
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of these categories (i.e., Erroneous detectors (single and double)) the number of test cases between the 

two techniques is similar. Overall, the total number of test cases created using MBT (i.e., 8 test cases) is 

significantly lower than for manual testing (i.e., 77 test cases). It is important to mention here that these 

8 test cases belong to multiple categories. 

Table 12: Division of manual and automated test cases with respect to categories created by tester for 
Accelerator Pedal CAF 

Category Manual Test Cases Automated Test Cases (MBT 
Approach) 

Normal operation 13 3 

Differing detectors 6 1 

Pedal position output 8 2 

Erroneous detectors (single and double) 5 3 

Erroneous autodig request and machine 
limitation control 

22 3 

All input erroneous combination 23 4 

Total 77 8 

 

The test cases can also be divided into different groups with respect to the type of input parameter values 

of the function. ErrorVal of the specific signal means that the value falls out of the defined range, whereas 

NormalVal refers to the value which is in the normal range. 14 out of 77 manually created test cases 

contain ErrorVal for Acceleration Pedal Position 1 (i.e 21% of the manually generated test cases). This 

means 79% of the manual test cases have NormalVal for the Acceleration Pedal Position 1 input. Table 13 

shows the comparison between manual and automated test cases with respect to input values used for 

the function used. It is important to note that the percentage of manual test cases and automated test 

cases for each category is similar: 79 % of manual test cases have Normal Value for Acceleration Pedal 

Position 1 input and 75 % of the automated test case cover the same range. The maximum difference can 

be seen is in the ‘Acceleration Pedal Request’ case, in which the difference between the percentages is 20 

%. For other inputs categories, the difference between manual and MBT is less than 10 %. The results 

suggest that the 8 test cases which are generated automatically using MBT cover similar aspects as the 77 

manually generated test-cases with respect to input value ranges used for testing the function. 

Table 13: Division of test cases based on the input values of Accelerator Pedal CAF 

Input Signal Manual Test Cases Automated Test Cases 

Acceleration Pedal Position 1 (Normal Value) 79 % 75 % 

Acceleration Pedal Position 1 (Error Value) 21 % 25 % 

Acceleration Pedal Position 2 (Normal Value) 79 % 88 % 

Acceleration Pedal Position 2 (Error Value) 21 % 12 % 

Machine Speed Limit (Normal Value) 78 % 75 % 

Machine Speed Limit (Error Value) 22 % 25 % 

Acceleration Pedal Request (Normal Value) 83 % 63 % 

Acceleration Pedal Request (Error Value) 17 % 37 % 
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6.2 System Under Test 2: Brake Pedal CAF (Complete Analysis Function) 
The main purpose of the Brake Pedal CAF is to evaluate the brake pedal position that has been requested 

from the operator and provide the requested brake pedal position to End to End system. The function 

takes input from different sensors and performs operations on them.  The names of Inputs and outputs 

of functions are changed due to data confidentiality. Inputs and outputs of the function are shown in Table 

14. The graphical Overview of the function presented in SE-Tool is shown in Figure 18. This also gives 

information about the interaction of the Brake Pedal function with other parts of the machine. The 

functional requirements of Brake Pedal CAF are shown in Table 15. 

Table 14: Input and output variables of Brake Pedal CAF 

Input Variables 

Name Description 
Value 
Range 

Brake Pedal 
Position 1 

It shows how much brake pedal has been pressed. It gets the value from 
sensor-1 which is attached to the brake pedal. 

0-100 

Brake Pedal 
Position 2 

It also indicates how much brake pedal has been pressed. It gets the 
value from sensor-2 which is attached to the brake pedal.  

0-100 

Output Variables 

Name Description 
Value 
Range 

Defective Brake 
Pedal 

Signals status information about the brake pedal function. Normal, 
Error 

Signal Diff Alarm It indicates the difference between Brake Pedal Position 1 and Brake 
Pedal Position 2. If the difference is greater than a certain value 
continuously during some milliseconds, then Alarm indicator is produced 
as output 

Normal, 
Alarm 

Brake Pedal 
Position 

It shows which sensor values should be considered while sending the 
brake pedal position to rest of the system. The position may not reflect 
the physical position. 

0-100 

Brake Pedal Alarm 
1 

Signals status information about Brake Pedal Position 1. If the value of 
Brake Pedal Position 1 does not lie in a defined range, then an alarm is 
beeped. 

Normal, 
Alarm 

Brake Pedal Alarm 
2 

Signals status information about Brake Pedal Position 1. If the value of 
Brake Pedal Position 1 does not lie in a defined range, then an alarm is 
beeped. 

Normal, 
Alarm 

 



43 
 

 

Figure 18: Graphical overview of CAF for Brake Pedal in SE-Tool 

 

Table 15: Functional requirements of Brake Pedal CAF 

Requirement 
ID 

Description 

BPCAF-Req-1 If the value of Brake pedal Position 1 and Brake Pedal position 2 is between 0-100 and 
their difference is less than 2.5. Then the value of Brake Pedal Position 1 is assigned to 
Brake Pedal Position. Values of Signal Diff Alarm, Defective Brake Pedal, Brake Pedal 
Alarm 1, and Brake Pedal Alarm 2 is are set to normal. 

BPCAF-Req-2 If the value of Brake Pedal Position 1 and Brake Pedal Position 2 is between 0-100 and 
their difference is more then 2.5 continuously for 100 ms. Then the value of Brake Pedal 
Position is assigned error. Values of Signal Diff Alarm, and Defective Brake Pedal are set 
to alarm. Brake Pedal Alarm 1, and Brake Pedal Alarm 2 are set to normal.  

BPCAF-Req-3 If the value of Brake Pedal Position 1 and Brake Pedal Position 2 is outside range of 0-100. 
Then, Brake Pedal Position value must be set to error. Defective Brake Pedal is set to 
Error, and Signal Diff Alarm is set to Normal. Values of Brake Pedal Alarm 1 and Brake 
Pedal Alarm 2 are set to Alarm. 

BPCAF-Req-4 If the value of Brake Pedal Position 1 is between 0-100 and Brake Pedal Position 2 is 
outside range of 0-100. Then, Initial Brake Pedal Position value is set to Brake Pedal 
Position 1. Defective Brake Pedal should be set to Error. Signal Diff Alarm and Brake Pedal 
Alarm 1 is set to Normal. Value of Brake Pedal Alarm 2 is set to Alarm. 

BPCAF-Req-5 If the value of Brake Pedal Position 2 is between 0-100 and Brake Pedal Position 1 is 
outside range of 0-100. Then, Initial Brake Pedal Position value is set to Brake Pedal 
Position 2. Defective Brake Pedal should be set to Error. Signal Diff Alarm and Brake Pedal 
Alarm 2 is set to Normal. Value of Brake Pedal Alarm 1 is set to Alarm. 
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6.2.1 Creation of Models 
Structure and Activity diagrams are created manually by analyzing the functional requirements. Different 

inputs and outputs of the function are analyzed thoroughly to create structure diagrams. Two interfaces 

are defined. 

Brake Pedal Input Signals:  

This interface has all the inputs signals of the function. It has two message objects and each object links 

to a specific input signal. BrakePedalPosition1 corresponds to the brake pedal position taken from sensor 

1 and BrakePedalPosition2 corresponds to the brake pedal position taken from sensor 2. The structure 

data which is used inside the message object is always dependent on the type of data which is used as an 

input for that specific message. The range of all the input values is 0-100 for the system under test (SUT). 

So, all the messages which are linked with this interface have numeric data. 

Brake Pedal Output Signals: 

It defines the output signals of the function. The message objects in this interface are 

DefectiveBrakePedalPosition, SignalDiffAlarm, BrakePedalPosition, BrakePedalAlarm1 and 

BrakePedalAlarm2. The BrakePedalPosition message has a numeric data type. DefectiveBrakePedal has 

enumeration data type. This enumeration is named MalfunVal, and it consists of two strings ‘Normal’, and 

‘Error’. SignalDiffAlarm, BrakePedalAlarm1, and BrakePedalAlarm2 contain an AlarmVal object. This 

enumeration type object and consists of two string ‘Normal’, and ‘Alarm’. The structure diagram for Brake 

Pedal CAF is shown in Figure 19. It shows all the interfaces and messages which are discussed above. 

 

 

Figure 19: Structure diagram for Brake Pedal CAF 
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The activity diagrams are created by looking at different transactions of the function and flow between 

those transactions. Manual test cases do not count the timing requirement associated with this function. 

These timing requirements are implemented in an activity diagram. Main Flow of the Brake Pedal function 

is shown in Figure 20. The flowchart starts with the timer, and at different states of the function, this timer 

is incremented. Both input values are taken in Get-Input-Signal state of the diagram. Moreover, the timer 

is also initialized at this state. The activity diagram has four state variables. These variables are shown in 

Table 16. The SignalDifference variable holds the difference between two input variables whereas Timer 

contains the time value. 

Table 16: State variable used in the activity diagram for Brake Pedal CAF 

State Variable Name Variable Type Initialized At Reference Figure 

PrimaryPosition Brake Pedal Position 1 Get Input Signals activity node Figure 21 

SecondaryPosition Brake Pedal Position 2 Get Input Signals activity node Figure 21 

SignalDifference Int Get Input Signals activity node Figure 21 

Timer Int  Start Timer activity node Figure 21 

 

The activity diagram for SUT has five final states before it goes to the final node. The flow of each state is 

discussed below. 

Signal-1&Signal-2-Error state: After getting the values of both inputs the values are checked at Decision-

Node-1. If both values do not fall between 0-100, then the Signal-1&-Signal-2-Error state is triggered as 

shown in Figure 20. 

 

Figure 20: Activity diagram for Brake Pedal CAF 
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Brake-Pedal-Position-1-Error state: If one input value is between 0-100, but other is out of this range then 

flow enters Single-Error sub activity diagram of the flow. This condition is checked at Decision-Node-3 of 

main activity diagram as shown in Figure 21. If the value of BrakePedalPosition1 is out of range, then the 

flow enters Brake-Pedal-Position-1-Error node and flow is returned to the main activity diagram. 

Brake-Pedal-Position-2-Error state: Once flow enters Single-Error sub activity and the value of 

BrakePedalPosition2 is out of range then the Brake-Pedal-Position-2-error node is triggered, and flow is 

returned to the main activity diagram. This is shown in Figure 21. 

Normal-Operation state: If both input signals have values which fall between 0-100 then the timer is 

incremented and the difference between these inputs are checked at Check-Signal-Diff decision node. If 

the signal difference is below certain value than Normal Operation state is triggered, and the flow ends as 

shown in Figure 20. 

Signal-Diff-Detector state: If both input signals have values which fall between 0-100 then the timer is 

incremented and the difference between these inputs are checked at Check-Signal-Diff decision node. If 

the signal difference is above a certain value, then the value of the timer is checked at Check-Timer node. 

If this value crosses a certain threshold then flow enters Signal-Diff-Detector state. Else timer is 

incremented in Increment-Timer-1 node and flow starts from taking the input signals again as shown in 

Figure 20. 

 

 

Figure 21: Activity diagram for Signal-Error state of Brake Pedal CAF 
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6.2.2 Test Cases Generation 
The automated test cases are generated from the models which are created manually. The models are 

loaded into Conformiq Computation server. To generate the test cases, the testing goals are specified. As 

discussed in Section 3.2, Conformiq Creator offers five coverage criteria for testing goals. Once the models 

are loaded each coverage criterion is applied one by one to generate test cases. For instance, first, the 

test cases were created using the ‘Default’ coverage criterion. It is important to note that different 

coverage criteria can produce the same test cases. For example, ‘Requirement’ and ‘Exhaustive’ coverage 

criteria generates exactly the same test cases, and these test cases are also the part of ‘All path’ coverage 

criterion. The number of test cases generated by each criterion is shown in Table 17. The total number of 

test cases generated against the models is 19. 

Table 17: Number of test cases against coverage criteria for Brake Pedal CAF 

Coverage Criteria Number of Test Cases 

Default 5 

Requirements 1 

Exhaustive 7 

Boundary Values 7 

All Path 19 

Total 19 

 
Conformiq gives us the opportunity to analyze each test case in more detail. For instance, it is very 

interesting to measure the model coverage achieved by each generated test case. The model coverage 

depends on different factors such as covering control flow, data objects, nodes, and conditional flow. 

Figure 22 shows the complete information of model coverage corresponding to the test case with id 6. 

Table 18 shows the overall coverage of the model achieved by each test case. 
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Figure 22: Information about model coverage for test case id 6 in Brake Pedal CAF 

 

Table 18: Model coverage achieved by each generated test case for Brake Pedal CAF 

Test Case Id Model Coverage 

2 28 % 

3 38 % 

4 37 % 

5 37 % 

6 46 % 

9 35 % 

10 48 % 

11 51 % 

12 43 % 

13 48 % 

14 43 % 

15 48 % 

16 56 % 

17 56 % 

18 46 % 

19 48 % 

20 48 % 

21 59 % 

22 59 % 
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Conformiq Test Review perspective shows detailed information about all the test cases generated for 

Brake Pedal CAF. Conformiq also shows sequence diagram and activity diagram. The detail view of activity 

diagram highlighting the flow of the test case created for Signal-Diff-state of the model is shown is Figure 

23. Sequence diagram with detail steps and data flow is shown in Figure 24. Conformiq Creator also allows 

exporting the test suite in an Excel file. The test suite can be exported in excel file as discussed before. The 

overview of excel sheets is shown in Figure 25, Figure 26 and Figure 27. 

 

 

Figure 23: Highlighted path of test case for Signal-Diff-Detector state of Brake Pedal CAF in an activity 
diagram 



50 
 

 

Figure 24: Overview of the sequence diagram of the automated test case generated for Signal-Diff-
Detector state of Brake Pedal CAF 
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Figure 25: Test suite information for Brake Pedal CAF 

 

 

Figure 26: Example of test case information generated for Signal-Diff-Detector state of Brake Pedal CAF 
(exported in Excel file) 
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Figure 27: Traceability matrix of models for Brake Pedal CAF (exported in Excel file) 

6.2.3 Model Validation 
It is very important to validate the manually created models. The models for the SUT are created 

by analyzing and implementing the functional requirements and based on discussions with several 

engineers at Volvo CE. Different inputs from manual test cases were simulated on these models, and the 

outputs were compared with expected results. It is important to consider that the timing requirements 

were not handled in manual test cases, so extra care was taken while comparing the test output with the 

expected output of the manual test case. The 25 manually created test cases were mapped to the 

automated test cases to investigate the correctness of their results.  

6.2.4 Results 
The total number of manual test cases created for the Brake Pedal Function is 25. These test-cases do not 

contain timing requirements. The manual test cases are divided into three major categories depending on 

the behavior of the function. These categories are defined by testers at Volvo CE based on their knowledge 

of the system and experience. Table 16 shows the number of manually created test cases and automated 

test cases for each category. The following categories have been used: 

Normal Operation: Values of Brake pedal Position 1 and Brake pedal Position 2 lies between 0-100 and 

their difference is smaller than a certain value. 

Differing Detectors: Values of Brake pedal Position 1 and Brake pedal Position 2 lies between 0-100 and 

their difference is greater than a certain value for a certain amount of time. 

Erroneous Input Signals: Value of Brake pedal Position 1 or Brake pedal Position 2 or both values do not 

lie between 0-100. 
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Table 19: Number of manually created test cases and automated test cases against each category 
created by the tester for Brake Pedal CAF 

Category Manual Test Cases Automated Test Cases (MBT Approach) 

Normal Operation 13 6 

Differing Detectors 7 4 

Erroneous Input Signals 8 9 

Total 25 19 

 
The timing requirement in SUT-2 is in milliseconds, and it is not possible to validate this requirement by 

executing the test case manually. Due to this reason, none of the manual test cases cover the timing 

constraints. According to SUT-2 requirement (BPCAF-Req-2), if the time is between certain value, then all 

the input signals are considered again in the next cycle. This scenario was not present in the manually 

created test cases because it can only be tested if the test cases are executed atomically on the actual SUT 

at Volvo CE, and this was not possible during this thesis. Table 20 shows the requirement coverage of the 

automated MBT tests. 

Table 20: Requirement coverage of automated test cases for Brake Pedal CAF 

Requirement Automated Test Cases (MBT Approach) 

BACAF-Req-1 31 % 

BACAF -Req-2 21 % 

BACAF -Req-3 16 % 

BACAF -Req-4 16 % 

BACAF -Req-5 16 % 
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7 Answering Research Questions  
In this section, the overall analysis of the results from Software Under Test 1 and 2 is given which will help 

to answer the research question.  

1. How can we model the testable behaviour of a vehicular system using Conformiq Creator? The 
generation of automated test cases from the functional requirements shown in our evaluation 
experiments suggests that it is practical to use Conformiq Creator for modeling the testable 
behaviour of a vehicular subsystem. Model-based testing allows us to create test cases for 
functional and timing requirements.  

 
2. How can automated test cases be generated from a behavior model of a vehicular function in 

Conformiq Creator? Automated test cases are generated for vehicular functions by using different 
test generation criteria, and coverage criteria can be measured using Conformiq Creator. 

 
3. How do manually created test cases compare with MBT generated test cases in terms of covered 

test goals and number of test cases? We automatically create test cases covering the model and 
compare these test cases in terms of test goal coverage and number of test cases to assess the 
applicability of MBT in this context. The approach has shown encouraging results. The use of MBT 
results in less number of test cases compared to manual testing performed by industrial 
engineers. Our results suggest that tests generated using the MBT approach are similar in nature 
to their manual counterparts and can be used to cover all test goal categories at a lower cost in 
terms of number of test cases created per each category. In addition, For the SUT2, we could not 
directly compare the total number of test manual test cases with automated one because manual 
test cases do not contain the timing requirements in their specification. 

 

VCE is shifting from TIL-1 to TIL-2 to facilitate test execution and evaluation environment in a better way. 
Most of the test cases now follow TIL-2 format. The test cases which are generated by MBT can easily be 
mapped into TIL-2 format. In order to see how test cases generated by Conformiq Creator can be 
converted into TIL-2 format, we show the textual format of the automated test case and its artifacts. On 
the right-hand side in Figure 28 the steps for the execution of test case are written in a simple language. 
All the inputs are received one by one depending on the sequence of the activity diagram. The input value 
of Acceleration Pedal Position 1 is 11. Values for other inputs and outputs can also be seen if we expand 
them, for example the value of Signal Diff Alarm is Alarm. The sequence of the test flow depends on the 
path of activity diagram. A sequence diagram is created, and textual steps of the test case are exactly 
mapped into the sequence diagram by the tool. We observe that step 7 and the corresponding flow in the 
sequence diagram is automatically highlighted by the tool. This test case can be converted into the TIL-2 
format as shown in Table 17. This will facilitate the tester to run the automated test cases manually on 
the system. 
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Figure 28: Overview of test case derived for System Under Test 1 

 

Table 21: Representation of test case derived for System Under Test 1 in TIL-2 Format 

Inputs Expected Outputs 

Acceleration Pedal Position 1 = 11; 
Acceleration Pedal Position 2 = 0; 
Machine Speed Limit = 0; 
Acceleration Pedal Request = 100; 

Acceleration Pedal Alarm 1 = NORMAL; 
Acceleration Pedal Alarm 2 = NORMAL; 
Signal Diff Alarm = ALARM; 
Initial Accelerator Pedal Position = -1; 
Final Accelerator Pedal Position = [Don’t Care]; 
Defective Accelerator Pedal = ERROR; 
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8 Conclusion   
In Model-based testing, the most important part is to manually create structure and behavioral models in 

such a way that it covers all of the important aspects of the system under test (SUT). It is very crucial to 

find and model the functional requirements which are essential to test. If the models are not created 

according to the requirements the test cases will be invalid. The functions which need to be deeply tested 

must have significant detail in the model so that MBT tool have a good chance to find the optimal test-

cases. If the model is very complex and large, it might take a lot of time to generate the accurate model. 

During the study, different tests were conducted, and results were analyzed. Behavior models were 

created using flowchart elements by following a systematic approach. The structural models were also 

created which is essential for the generation of automated test cases. The validations of models provide 

an evidence that these models cover the most important functional aspects of SUT. 

We use the Conformiq Creator tool to model the behavior and structure of a function controlling the 

accelerator pedal provided by Volvo CE. We automatically create test cases covering the model and 

compare these test cases in terms of test goal coverage and number of test cases to assess the applicability 

of MBT in this context. The approach has shown encouraging results. As future work, we plan to also 

investigate the efficiency and effectiveness of MBT test-case generation. We plan to semi-automatically 

generate diagrams out of CAF specifications to reduce the effort of creating test models. In addition, we 

need to investigate the use of complex data types and timing aspects into the test model, since Conformiq 

Creator does not support decimal numbers or how to directly represent timing requirements. From our 

results, we discovered that MBT aids in the mapping of timing requirements. The primary outcomes 

provide good evidence to support the use of MBT approach and future evaluations. However, the 

software subsystems during the study can be considered not very complex. We argue that this subsystem 

is a realistic case in the vehicular domain. Generalizing the result for other complex systems should be 

considered.  

9 Limitation and Future Work 
The models which are created manually have a significant impact on the generation of test cases. Faults 

in models lead to invalid test cases. The activity diagrams which refers to behavior models are created by 

the systematic and scientific approach using flowcharts elements. But there is the chance of human error 

which might be due to the misunderstanding of requirements. To overcome this model validation has 

been done but I cannot claim that this validation completely promises the effectiveness of models. The 

creation of structural model does not involve much of the systematic process, but just like behavior model, 

it can be fault-prone. 

In the MBT approach the tool which is selected to generate the test cases from functional requirements 

plays an important role. There might be some functional requirements which cannot be implemented due 

to this reason. The Conformiq Creator does not take decimal or floating-point values as an input while 

creating models. There are numerous functional requirements for different systems in Volvo CE which 

deals with decimal numbers. In order to overcome this problem, the decimal numbers were rounded off 

to the nearest integer. The SUT’s under test were comparatively less complex and small, so modification 

of decimal numbers did not have any significant impact on the results. In future modeling of requirements 

when have decimal values could be investigated by using some other MBT tool. 
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Timing requirement is an essential part of different systems at VCE. Conformiq Creator does not support 

timing requirement directly and extra steps were taken to model them. The timing requirements for the 

System Under test are simple due to which they were handled. But taking complex requirements or 

mapping the System which handles multiple timing requirements at a time is still the point of 

investigation. 

While the initial results are “satisfactory” and generated enough interest of the concerned testing group, 

the SUTs which were used during case study can be the threat to the generalization of the results. Due to 

the time constraint of the thesis the SUTs, which were taken for investigation during the case study, were 

comparatively small and less complex. Although the claim can be made by looking at the results that MBT 

yields promising results, it cannot be generalized to the greater extent of the complex system. 

In the future, it would be good to focus on the following objectives/activities: 

• Most of the Complete Analysis Functions (CAFs) have models which are in SE-Tool. Instead of 

creating models manually from the functional requirements, it would be interesting to investigate 

that how existing models can be used for automated generation of models. These automated 

models can be replaced with the manual ones in the MBT process. Automated generation of 

“models” from CAF specifications in SE-Tool which is used at Volvo CE. 

• Select another MBT tool to evaluate the modeling of timing and decimal number requirements in 

more detail and presided manner. 

• Select a complex system for investigation to know more about the gaps which might exist between 

model’s creation, and the test case derivation. 
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Disclaimer 
The report is partly based on the study and investigations carried out at Volvo Construction Equipment 

AB (VCE). Volvo Construction Equipment is neither responsible nor liable for the accuracy or the claims 

made if any, in this report. Any use of Volvo specific information/data outside this report, without prior 

permission from VCE, is forbidden. 

 
 

 


