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the input parameters for the subsequent modules. Finally, all 
module results are used to identify a suitable maintenance 
measure in the reaction module. The results of the comparison 
and forecast module are of particular importance and are 
presented next. 

B. The Comparison and Forecast Module 

The first evaluation of the detected stress data is carried out 
in the comparison module. Inspections verify the occurrence 
of any unusual operational loads up to this time. Such 
excessive stresses might for example be due to impacts on the 
wheel carrier caused by driving over a high speed bump. The 
information gained from the gentelligent wheel carrier during 
the test run resulted in the stress profile shown in Fig. 3. The 
maximum load is 1,432 MPa which is equal to the stress level 
of the components from the knowledge basis [8]. As a whole, 
only usual operational stresses were detected. The result of 
this comparison is passed on as a binary value to the reaction 
module [9]. 

 

 

Fig. 3 Stress profile of the gentelligent wheel carrier during the drive 
on a circuit track 

 
The forecast module now determines the remaining service 

life of the current component and again uses the stress profiles 
of the components in the knowledge basis. The evaluation of 
comparative characteristics identifies components with similar 
stress profiles. Due to the similar stresses that occurred until 
the pit stop it has to be assumed that future stresses of the 
current component are of a similar nature as in the identified 
components. A statistical analysis of the time of failure of 
these components is carried out to estimate the current 
component's remaining service life [9]. The remaining service 
life is indicated on a percentage basis as a function of service 
life. The obtained characteristic value is then passed on to the 
reaction module. 

III. DETERMINATION OF A SUITABLE MAINTENANCE 

MEASURE 

The reaction module evaluates the input parameters in order 
to determine a suitable maintenance measure for the current 
component. The algorithm that the module is based on is 
modelled after the case-based reasoning method. 

A. Case-Based Reasoning Method 

In case-based reasoning (CBR), solutions are chosen from a 
set of solutions that were previously developed for problems 
similar to the current one. These are then adapted and applied 
to the problem at hand [10]. 

 

 

Fig. 4 Method of case-based reasoning, modelled after [10] 
 
The reaction module's general process is modelled after this 

method, as shown in Fig. 4. A case is created at the time of the 
pit stop which describes the current state of the wheel carrier. 
A set of characteristics were defined for this purpose. The 
results of the individual modules serve as characteristics and 
include the remaining service life and examination for unusual 
operating stresses. The current case is the problem to be 
solved. The desired solution is a suitable maintenance measure 
for the wheel carrier's current state. For the purpose, an 
algorithm is used to extract similar cases from the case basis. 
For the cases on file, component states and performed 
measures are known. The algorithm identifies all cases and 
determines the degree of conformity with the current case. If a 
case is fully conforming, the measure used for this case is also 
applied to the current case. If similar cases exist, the 
maintenance staff chooses a measure. If required, this measure 
might be adapted before it is applied to the case. The 
performed measure is then linked with the current case and 
filed in the case basis, see Fig. 4. 

B. Algorithm for Determination of Identical or Similar 
Cases in the Case Basis 

The algorithm evaluates all characteristics relevant to the 
case. These consist of the results from the comparison and 
forecast module. Component master data such as component 
type or component ID are also used. Furthermore, the 
maintenance staff needs information on the planned operating 
time (PT). This time (until the next pit stop) has to be known, 
because it is not possible to perform another evaluation or 
carry out maintenance activities during this time. All case-
relevant characteristics are listed in Table I. 

The algorithm aims to identify cases from a multitude of 
cases that are similar to the current one. For the purpose, the 
algorithm processes the characteristics from the individual 
cases in a sequential manner. The procedure is illustrated by a 
Nassi-Shneidermann diagram, see Fig. 5. This diagram type 
was chosen, because it breaks down the procedures into the 
essential basic structures in a clear manner [11]. The algorithm 
is subdivided into two sequential queries and three subsequent 
sequences. The sequences serve to identify comparative cases 
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and are initiated depending of the two query results. 
 

TABLE I 
CHARACTERISTICS FOR AN UNAMBIGUOUS DESCRIPTION OF A CASE 

Symbol Characteristic feature Unit Source 

- Component type - Master data 

ID Identification number - Master data 

OH Operating hours s Comparison module 

SC Stress comparison
a - Comparison module 

MS Maximum stress MPa Forecast module 

SL Remaining service life s Forecast module 
aThe result is a Boolean value. 
 
The first query is the stress comparison (SC). In this step, 

the value obtained from the comparison module is analyzed. If 
a "0" was transmitted for the current case (CC), this means the 
component was subjected to more than just normal operational 
stresses. Thus, the result of the first comparison is "no". 
Sequence 3 is started in order to identify comparative cases. If 
the result of the comparison is "yes", the component only 
experienced normal operational stresses. The next query that is 
performed is the comparison of remaining service life (CSL). 
In this step, the values for remaining service life are compared 
with the planned operating time. If the value for remaining 
service life is higher than the planned operating time, the 
result is "yes". Then sequence 1 is run in order to identify 
comparative components. If the result of the second query is 
"no", sequence 2 is started. 

1. Sequence 1 (Fig. 5, left column) 

Sequence 1 is started if there are normal operational stresses 
in the current case and the planned operating time is shorter 
than the remaining service life forecast. Now the sequence is 
looking for cases, the characteristics of which show the same 
profile. For this purpose, it processes each case in the case 
basis in a sequential manner. If one case shows the same 
profile during stress comparison and service life comparison, 
the case is classified as a comparative case. Then the degree of 
conformity with the current case is computed. For the 
comparative case, this is done by calculating the maximum 
conformity of operation hours (COH) by using (1), maximum 
stress level (CMS) by using (2) and remaining service life 
(CSL) by using (3). 
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SL
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An overall conformity is calculated on the basis of 

individual matches. Then the comparative cases are sorted by 
overall conformity in descending order. 

2. Sequence 2 (Fig. 5, centre column) 

Sequence 2 is started if there are normal operational stresses 
in the current case, but planned operating time exceeds the 
remaining service life forecast. Then the result of the 
remaining service life comparison is "no". Special measures 
are called for if the component is used as before and a failure 
is bound to occur before the next pit stop. First, the sequence 
computes the service life deficiency (SD) based on the 
remaining service life forecast and calculates the planned 
operating time of the current component by using (4). 

 
                                

ii PTSLD iS  (4) 

 
In the subsequent loop, the individual cases in the case basis 

are checked.  
 

 

Fig. 5 Algorithm for identification of comparative cases 
 
This step identifies those cases, which also show a service 

life deficiency. These are classified as comparative 
components.  

Using (5) the conformity of service life deficiency of these 
components is calculated based on the current case (CSD). 
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Then the comparative cases are sorted by conformity in 

descending order. 

3. Sequence 3 (Fig. 5, right column) 

Sequence 3 is started if the result of the stress comparison is 
"no". During the use of the current component there were 
more than just normal operational stresses. The sequence starts 
with a loop. As a first step, this loop identifies all cases in the 
case basis of which the stress comparison render a negative 
result. Next, the degree of conformity of these comparative 
cases is calculated for the current case by using (1). Then the 
comparative cases are sorted by degree of conformity. 

All three sequences end with issuing a sorted list of 
comparative cases. This way, the algorithm concludes the 
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search for similar cases in the case basis. The list of 
comparative cases is then provided to the maintenance crew, 
who represent the last level of decision-making. The crew 
selects a comparative case with maintenance measures. This 
selection is based on the ranking of comparative cases as 
provided by the algorithm. Based on its expert knowledge, the 
maintenance team adapts the measure to the current case and 
applies it in a final step. 

IV. CONCLUSION 

Based on stress data obtained from gentelligent 
components, the maintenance method determines suitable, 
knowledge-based maintenance measures. The reaction module 
approach for identifying suitable measures is modelled after 
the case-based reasoning method. The method has been partly 
validated. Its functionality has been proven with real data 
collected during test runs. The case basis was established with 
partly construed cases, because the number of test runs was 
not sufficient for building up an extensive case basis that can 
be evaluated statistically. In the future, the sensory properties 
of gentelligent components will enable the wide-spread 
application of sensory components and thus a rapid 
development of an extensive case basis. 
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