




Figure 30: Example test case. The test case specifies provided inputs and expected outputs
for ten consecutive steps.
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Figure 31: Applied usage profile for test case generation.
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Figure 32 shows the user interface of the developed test driver.

Figure 32: The user interface of the implemented test driver.

5.3.4 Executing test cases

All two sets of test cases were executed on the implementation. In total we generated and applied
approx. 200 test cases to the implementation. Most test cases helped to set up the test execution
environment and eliminate different requirements interpretation by the test model designer than
the system model designer (that was mainly due to the fact that for modeling the case study none
of the model designers were domain experts).

In the end we analyzed a set of 20 test cases which were generated according the usage profile
showed in figure 31.
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Table 18 summarizes the results of the test execution. In average a test case comprised approx. 20
execution steps. The resulting observations were the following:

Table 18: Results of test execution of sample test case set.

Test case Length Result Issue

1 24 failed v > 110
2 16 success
3 15 failed v > 110
4 23 failed activateIgnored
5 16 failed outputAcc
6 15 failed v > 110
7 25 failed accState = 0
8 20 failed activateIgnored
9 24 failed v > 110
10 21 failed v > 110
11 24 failed v > 110
12 18 failed v > 110
13 19 failed activateIgnored
14 22 failed outputAcc
15 21 success
16 22 failed v > 110
17 22 failed outputAcc
18 25 success
19 17 failed activateIgnored
20 22 success

4 test cases succeeded in all execution steps.

In average approx. 80% of the executed steps where correct.

7 test cases failed in at least one step due to the v > 110 issue: That was a fault in the system
model where the ACC was not correctly deactivated if speed is exceeds 110 km/h.

1 test case failed in one step due the the accState = 0 issue: That was a fault in the system
model where an illegal value for accState (0) was observed.

3 test cases failed in at least on step due to the outputAcc issue: That was because different
requirements for the control algorithm were assumed by the test and system modeller.

5 test cases failed due to the activateIgnored issue: That was due to the unsolved abstraction
of event and data sementics in the test driver. That issue could have been avoided by more
precise interface specification.

It must be noted that three faults only where uncovered, in large parts the system behavior was
indeed correct. The reason for 16 failing test cases is mainly due to the fact that nearly all test
cases reach one of this three fault situation at some time.

Of course, in reality that faults should be fixed in the system. For demonstration issues of the test
generation capabilities we omit that subsequent step.
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5.4 Summary of the model-based testing activities

In this section, we described the methodology used for model-based testing in the ACC case study.
We build up a test model, generated tests from the test model and executed this test cases on
platform level of the implementation. We also used tests from the system model. For test case
generation we used equal distribution for random tests and usage profiles as test case specification.

We could detect differences between test and implementation model which could be identified as
actual faults or issues which need further requirements clarification. The independent development
of test and system model here showed different views on requirements, in that way these redundant
design proved to be very useful in showing requirements which are not precise enough. Out new
enhancement for AutoFOCUS test case generator, the test case specification by usage profiles com-
bined with random input generation turned out to be very useful: It provided suitable adjustment
of test cases to realistic usage scenarios but still offered also a wide variation of test cases. In
addition this method is very scalable, even for large models, or complex control functions. Test
cases from the system model were useful for setting up the test execution environment and we could
detect a fault in the code generator which lead to a faulty implementation first.

It was encountered that the interface definition must be more precise before splitting up in imple-
mentation and testing activities semantics of in and outputs especially for interfaces the question of
event or data semantics must be defined. Important would be also a definition of the timing, e. g.
how many cycles are allowed until the response to an input is expected (that problem did not arise
within the ACCPCS case study). We also identified that the abstraction of the test model should
have been clearly defined in the beginning, ideally one should be able to build the test driver before
the test model and implementation, it is important to have a clear understanding which parts of
the system logic should be in the test model and which parts will be bridged by the test driver.
Fur further studies it is to consider of only one test model for the whole functionality should be
used or several test models which describe partial behaviors of the system should better be used.

6 Deployment

6.1 Operating system and bus configuration

The ACC system was deployed onto one MPC5554 boards with 2 MB RAM. A simple OSEK
operating system was used that contained only one task which is executed every 100 Milliseconds.
The input parameters are encoded in a single CAN message and are sent every 100 milliseconds as
well. The calculated output values are also encoded into a CAN message and sent at the end of
every invocation of the task.

Many of the input signals have an event-like nature. The environment of the ACC should not
have to be aware of the state the ACC system is in. So the user inputs that allow to switch
the ACC on and off as well as the modification of the distance mode is encoded into a single bit
which is always zero but becomes one when the button is pressed. Every reaction on this events
occurs due to an edge in the signal gradient. Increasing and decreasing the target speed is done
using the ChangeSpeedconstsignal. This signal has a ternary encoding using two bits: 00 means ‘no
modification’, 11 means ‘increase speed’, 10 indicates ‘decrease speed’, 01 is not used. All the other
event signals are simply encoded binary as a boolean value. The current speed of the car and the
distance to the car driving in front is encoded as a 16-bit integer. Also the output message uses
such a ternary encoding for the distance mode.
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Figure 33: The panel used for manually testing the ACC system

6.2 Simulation of the environment

A simulation environment has been implemented to be able to monitor the system and test it
manually. This has been achieved using the tool CANoe from Vector. Figure 33 shows this panel.

7 Conclusions

In this report we have presented the methodology for the model-based development of automotive
systems. The starting point of the approach are the requirements engineering activities. The
informally given requirements are analyzed, categorized, formulated, and structured according to
the methodology presented in [Fle08]. After that the requirements will now be formalized step by
step according the methodology presented in [Rit08]. The result of the requirements engineering
phase is a formal model of the usage functionality.

Based on this results a logical model of the system that can be simulated in AutoFocus to do a
first step in quality assurance is developed. This model is the central artifact for the subsequent
development. It is also the basis for generating executable code (C code). After that we have used
model checking to verify the AutoFocus model formally.

We also have described the methodology for model-based testing and its evaluation on the ACC
case study. We build up a test model, generated tests from the test model and executed this test
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cases on platform level of the implementation. We also used tests from the system model. For
test case generation we used equal distribution for random tests and usage profiles as test case
specification.

Combining all these steps together we get the process to achieve system development in a top-down
manner.

The feasibility of the proposed approach was evaluated by developing an Adaptive Cruise Con-
trol (ACC) system with Pre-Crash Safety (PCS) functionality.
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