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Abstract: The paper presents presumptions to an innovative way intended to bring 
down each diagnostic information, even if it has been provided with participation 
of an expert, to the form that can be expressed in a conventional manner by the 
corresponding score of points. Each change of the signal (depending on its value 
and the moment when it appears) is associated with the score that has been already 
established by experts. The proposed innovative method consists in utilization of 
the obtained signals to find out parameters of the current settings and the technical 
status (equations 3, 4) and the safety and reliability of the object (equations 5, 6) 
with application of the combined status equations [3,5]. It will enable to perform 
continuous monitoring and prediction of the reliability and safety of the facility 
during its lifetime. The described method may prove to be extremely useful as it 
exhibits the overall deterioration of the facility in an unambiguous and synthetic 
manner and makes it possible to predict future operation status of the facility and, 
in consequence, to schedule appropriate maintenance operations (adjustments, 
repairs, overhauls).  
 
Keywords: diagnostics, safety, reliability 
 
Streszczenie: W artykule przedstawiono założenia nowatorskiego sposobu 
sprowadzania każdej informacji diagnostycznej, także tej określonej z udziałem 
eksperta, do postaci, którą jest umowna ocena wyrażona odpowiednią liczbą 
punktów. Każdej zmianie sygnału (w zależności od jej wartości i chwili pojawienia) 
przypisana jest ustalona przez ekspertów ocena w postaci konkretnej liczby 
punktów. Zaproponowana nowa metoda polega na wykorzystaniu tak 
uformowanych sygnałów do wyznaczenia ze sprzężonych równań stanu [3,5] 
parametrów stanu regulacji i stanu technicznego (równania 3,4) a następnie stanu 
niezawodności i bezpieczeństwa obiektu (równania 5,6). Pozwoli to na ciągłą 
kontrolę i prognozę stanu niezawodności i bezpieczeństwa obiektu w czasie 
eksploatacji. Opisany sposób może okazać się bardzo przydatny, ponieważ 
jednoznacznie i syntetycznie przedstawia całościową degradację obiektu i pozwoli 
przewidzieć przyszłe stany eksploatacyjne obiektu i stąd planowane odpowiednie 
obsługowe działania (regulacja, naprawa, remont). 
 
Słowa kluczowe: diagnostyka, bezpieczeństwo, niezawodność 
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1. Introduction 
 

Perfection of operation systems for the public transportation means (city 
transport) is an essential problem, both in terms of the human safety as well 
as of economic effectiveness. The usage and storage process of a technical 
facility is inevitably associated with its deterioration that consist it its de-
adjustment, wear and tear and increase of the defect level. Therefore it is 
really important to cautiously and permanently monitor the facility during 
its operation with due vigilance to any disturbances in its operation and 
technical condition. It is obvious that only properly tuned, adjusted and 
technically ‘healthy’ facilities are dependable and may guarantee the 
required level of safety to all the persons who use the facility [2,6] 
The maintenance process of technologically advanced and sophisticated 
technical facilities is associated with simultaneous application of many 
operational investigation methods that take advantage of various forms of 
information, such as determined signals from automatic control devices, 
data from thermographic recorders and symptoms of wear and tear, etc., as 
well as probabilistic or descriptive and heuristic information. All these 
methods are continuously developed, in particular when full information on 
the current settings of the object or its technical or reliability status is 
unavailable. In such a frequent and specific case, the missing information 
must be replenished with expert knowledge [2, 9, 10]. 
The paper presents a concept for the new investigation method intended to 
examine whether the object is in operating condition. The methods brings 
down all the acquired signals, data, symptoms and expert assessments to the 
score of points and then use them to find out parameters of the settings and 
technical parameters on the basis of the adopted model that is presented by 
combined, interactive status equations [3]. Eventually, the status of 
reliability and safety of the facility can be determined as well. 
 
2. The cybernetic system for operation of a technical object  

 
Fig. 1 presents a cybernetic system for operation of technical facilities. The 
model shows that the information on the current settings, technical 
condition, safety and reliability status is introduced to the operation system 
and it eventually provides tangible effects as savings on energy and /or 
materials. 
High organizational level of the system, in accordance to the rules of 
cybernetics, offers high value of redundancy and economical operation 
while maintaining the required operating quality and reliability.  
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It can be spotted that besides the deterministic information (settings and 
diagnostic information) and probabilistic data (reliability) the operation 
system is additionally fed with heuristic information (expert knowledge). 
Supplying with that new information acquired from experts has never been 
described in a sufficient manner, thus that information cannot be utilized in 
appropriate manner to improve the system Quality of Service (adjustment + 
diagnostics + reliability) and its organization level [1,6].  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 The cybernetic system for operation of technical facilities  
I(R+D+N) – supplying with information that results from the rules of adjustment 

procedures, diagnostics and theory of reliability,  
I(Eks) – supplying with information that is based on expert knowledge  
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3. Structure of a technical object  
 

The design of a typical Diesel engine is show in Fig. 2.  

 
Fig. 2 Typical structure of a Diesel engine: 

1-assembly of a crankshaft, pistons and connecting rods,  
2- fuel supply system, 3- system of timing gears, 4- start-up system, 

 5- cooling system, 6- lubrication system.  
 

Any internal combustion engine (Fig. 2) is made up of components that are 
suitable to perform the required functions. The major part of the engine is its 
body that houses four cylinders along with pistons and where chemical 
energy of fuel is converted into the mechanical work. Moreover, to enable 
correct operation of the engine some supplementary systems of various 
types are indispensable and these systems are responsible for strictly defined 
tasks. The following subsystems can be distinguished:  
 the assembly of a crankshaft, pistons and connecting rods to convert to-

and-fro motions of the piston inside the cylinder into the rotation 
movements of the crankshaft,  

 the system of timing gears to control the process of filling the cylinders 
with fresh mist of air and fuel or only with air as well expelling 
combustion gases from the cylinders,  

 the fuel supply system feeds the cylinder with the mist of air and fuel or 
separately with pure air and fuel alone,  

 the lubrication system distributes oil between mating parts of the engine in 
order to reduce friction resistance, 
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 the cooling system intended to maintain the optimum working temperature 
of the engine to enable its most cost–effective operation,  

 the start-up system to set the engine in motion, usually an electric motor is 
used.  

Engines, similarly to any other technical facilities, must be properly maintained. 
The maintenance system of engines comprise the following (Fig. 1):  

- tuning and adjustment (is based on rules of automatic control),  
- diagnostics (is based on the theory of reliability),  
- system organization (is based on the Decision Support Theory)  

It has been found out that the information that results from the ‘basics of 
automatic control’ makes it possible to adjust and tune up the machine in the 
best possible way and, in turn, a properly adjusted machine deteriorates 
more slowly and is safe and reliable. The information obtained from the 
‘diagnostic rules’ enables to asses current technical condition of the 
machinery and then allows operating the machine in a reasonable manner so 
that to achieve the least further wear (limits to speed and loads). The 
information provided by the ‘theory of reliability’ permits to assess how 
dependable the machine actually is and, on the other hand, historical 
information on the machine defects enables to assess ‘risk’ associated with 
the probability of the machine breakdown. The information from the 
Decision Support Theory is useful to schedule and reorganize maintenance 
operations with the facilities (prediction of prophylactic jobs, repairs, 
overhauls, development plans for the operating conditions) in order to 
reduce expenses on the machinery operation [5,6,7].  
The specific role for the system is reserved for experts. They serve as 
special system components with the objective to provide assessments of the 
system and its environment. Supplementary knowledge that is acquired in 
this way should be then used to increase the probability that the technical 
assessment of the bus engine status is really complete and dependable, takes 
account for the engine maintenance and operation procedures as well as the 
expenses on to keep the engine good for service [2,4]. 
 
4. Acquisition of operational information  

 
The investigation process is aimed at acquisition of both diagnostics (DK) 
and operational (U) information that is then used to assess technical 
condition of the engine and its current availability for service.  
To acquire technical information the following instruments were used:  

 smokemeter – to measure smokiness of exhaust gases [1/m], 
 sound level meter – to measure noise [dB],  
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 diagnostic station (undercarriage test bench) - measurements of fuel 
consumption [L/100 km], 

 expert knowledge.  
The collected deterministic (measurable) data as  
well as probabilistic and heuristic (export-based) information was split into 
two subsets:  
 Signals DK associated with the technical condition (Table 1),  
 Signals U associated with the effect of the ambient environment (Table 2) 

 

Table 1. Results from diagnostic tests for the bus engine MAN NG272 with 
its factory number 874 in 2009 
 

Signals I II III IV V VI 

DM1 39.28 44.29 44.78 42.24 42.22 39.46 
DM2 43.32 46.54 45.47 42.24 42.22 39.46 
DM3 1.07 1.07 1.07 1.07 1.07 1.07 
DM4 0.06 0.06 0.06 0.06 0.06 0.06 
DM5 94 94 94 94 94 94 
DM6 91 91 91 91 91 91 
DE1 0 2 1 1 1 1 
DE2 0 1 0 0 0 0 
DE3 0 2 2 2 1 1 

DE4 1009210 1012810 1016538 1018880 1022193 1024999 

 
DM1 – average fuel consumption without heating [L/100km] 
DM2 – average fuel consumption with heating [L/100km] 
DM3 – smokiness of the engine during its scavenge [1/m] 
DM4 - smokiness of the engine during its operation [1/m] 
DM5 – peak value of the noise level [dB] 

Signals VII VIII IX X XI XII 

DM1 38.21 36.38 38.75 41.85 43.74 40.66 
DM2 38.21 36.38 38.75 41.85 44.36 41.85 
DM3 1.07 1.66  1.66 1.66   1.66 1.66  
DM4 0.06 0.64  0.64  0.64 0.64  0.64  
DM5 94 97.6 97.6 97.6 97.6 97.6 
DM6 91 92.4 92.4 92.4 92.4 92.4 
DE1 1 2 1 1 1 1 
DE2 0 0 0 0 0 0 
DE3 0 0 1 1 1 1 

DE4 1028472 1032138 1035581 1039621 1043037 1045129 
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DM6 – average value of the noise level [dB] 
DE1 – knocks 
DE2 – spontaneous kills (at idle run)  
DE3 – kills (during operation)  
DE4 – bus mileage [km] 

 
Table 2. Results from investigation of the environment of the bus engine 
MAN NG272 with its factory number 874 in 2009  
 

Signals I II III IV V VI VII VIII IX X XI XII 

UK1 4 24 24 10 10 16 16 16 16 4 4 4 
UK2 125 164 160 179 146 187 110 144 170 144 154 185 
UK3 5 5 5 5 5 6 6 4 4 4 7 7 
UD1 23 23 21 21 21 23 26 26 27 27 23 27 
UD2 11.08 11.08 8.874 8.874 8.874 11.08 12.252 12.252 14.885 14.885 11.08 14.885 
UD3             
UP1             
UP2             
UP3             
UP4             

 
UK1 – job seniority [years]  
UK2 – number of hours worked during a month [h] 
UK3 – smoothness of driving (accelerations, decelerations)  
UD1 – number of bus stops on the route 
UD2 – route length [km] 
UD3 – pavement and route configuration  
UP1 – ambient temperature [ºC] 
UP2 – wind [m/s] 
UP3 – atmospheric pressure [mmHg] 
UP4 – rain 
 
5. Acquisition of expert knowledge  

 
To acquire knowledge from specialists (experts) it was necessary to develop 
detailed rules for a questionnaire survey for users – bus drivers. The 
dedicated questionnaire was prepared with questions for the most important 
phenomena, processes, signals and other issues related to the object and its 
ambient conditions, from the viewpoint of both drivers (Table 3) and 
maintenance staff (Table 4).  
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Table 3. Expert assessment of the engine condition, competences of drivers 
and ambient conditions (drivers act as experts).  
 

Signals Names of signals  Importance of 
the group 

Importance 
within the 

group 

Value 

DM1 Average fuel consumption w/o heating [L/100km] 5 3 
DM2 Average fuel consumption with heating [L/100km] 2 4 
DM3 Smokiness of the engine during its scavenge [1/m] 4 3 
DM4 Smokiness of the engine during its operation [1/m] 3 3 
DM5 Peak value of the noise level [dB] 2 5 
DM6 Average value of the noise level [dB] 

1 

1 6 
 

DE1  Knocks 1 3 
DE2  Spontaneous kills (at idle run)  2 2 
DE3  Kills (during operation)  3 4 
DE1  Bus mileage 

2 

4 1 
 
UK1 Job seniority [years]  3 5 
UK2 Number of hours worked during a month [h] 2 2 
UK3 Smoothness of driving (accelerations, decelerations)  

4 
1 1 

 
UD1 Number of bus stops  1 1 
UD2 Route length [km] 2 2 
UD3 Pavement and route configuration  

3 
3 1 

     
UP1 Ambient temperature [º C] 3 1 
UP2 Wind [m/s] 3 1 
UP3 Ice 2 1 
UP4 Rain 

5 

1 1 
Importance of the group: from 5 to 1 
Importance within the group: 

 from 6 to 1 within the group M, from 4 to 1 within the group E 
 from 3 to 1 within the group K, from 3 to 1 within the group D 
 from 4 to 1 within the group P 
 where: 1 – the least important information, 6 – the most important 
information 

Value: number of the signal occurrences necessary to report the problem to the 
maintenance staff.  
 Age: ……………….. 
 Job seniority: ……… 
 Signature: ………….. 

 

The relevant information (signals) was subdivided into separate sets related 
to the object and its ambient environment. Experts (Table 3) indicated 
importance of each set of signals and then importance of the signal within 
the specific set and finally the number of the signal occurrence when, if 
exceeded, the problem is reported to the maintenance staff (servicemen). To 
answer the questions the interrogated experts put in numbers (ranged from 1 
to 6 where 1 stood for the least important information and 6 for the most 
important one) to the appropriate column of the questionnaire. The survey 
participants were selected upon the criterion of not less than 2 years of job 
seniority as drivers of public bus transport in the town of Białystok. The 
survey covered the group of 20 experts.  
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All the signals were brought down to a uniform form of scores (such a form 
of signals was used before in the USA to diagnostics of helicopters [9]).  

Table 4. Expert assessment of the engine condition, competences 
of drivers and ambient conditions (servicemen act as experts) 

 
Sygnały Ewp1 N N + 5% N + 10% N + 15% N + 20%

DM1 5 1 2 4 8 10

DM2 2 1 2 4 8 10

DM3 4 1 2 4 8 10

DM4 3 2 4 6 8 10

DM5 2 1 2 3 4 5

DM6 1 5 7 10 15 20  
 

Sygnały Ewp1 0-2 2-5 >5

DE1 2 1 5 10

DE2 4 1 5 10

DE3 6 1 5 10

Sygnały Ewp1 <1mln 1-2 mln >2

DE4 8 0,2 0,4 0,6

Sygnały Ewp1 < 5 lat 5-12 lat >12 lat

UK1 12 0,3 0,1 0,2

Sygnały Ewp1 < 140 h 140-180 h >180 h

UK2 8 0,2 0,1 0,3  
Sygnały Ewp1 <10 10-15 >15

UK3 4 1 4 20

Sygnały Ewp1 <10 10-20 >20
UD1 3 0,1 0,2 0,3

Sygnały Ewp1 <4 km 4-8 km > 8km
UD2 6 0,1 0,2 0,3

Sygnały Ewp1
UD3 9  

 
Sygnały Ewp1 < -10 C -10 -10 C 10-20 C 20-30 C >30 C

UP1 15 0,3 0,2 0,1 0,2 0,3

Sygnały Ewp1 <7,9 m/s 8-17,1 m/s >17,1 m/s
UP2 15 0,1 0,5 1

Sygnały Ewp1 <746 mmHg 746-765 mmHg >765 mmHg
UP3 10 0,1 0,5 1

Sygnały Ewp1 bez opadów bez istot. opadów niewielki deszcz deszcz
UP3 5 1 2 3 4  

 

Signals 

Signals 

Signals 

Signals 

Signals 

Signals 

Signals 

Signals 

no rain 

years years years 

drizzle rain shower 
Signals 

Signals 

Signals 

Signals 
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The most frequent values were assigned to individual columns, thus the 
overall table for the expert assessment of the motor condition, driver’s 
competences and ambient condition was obtained (Table 5).  
For instance, the signal DM1 – (the measured value for average fuel 
consumption) shall be assigned to the specific interval N, N+5%, N+10%, 
N+15%, N+20%, N+20%, where N is the rated value of the measured 
signal. After determination of the range interval, each specific already 
measured value was associated with the score defined by the expert – 
member of the maintenance staff. Then, by multiplication of that value by 
the Ewp1 coefficient (the value specified by the expert driver, i.e. the 
product of the importance within the group and the importance of the 
group), the overall score for the signal is obtained.  
Similarly to the DM1 signal, identical calculations were carried out for the 
signals of DE, UK, UD. In this way the range of the signal occurrence was 
changed as well as the assigned score.  
The scores for signals UP are determined in a similar manner, with the 
exception that the obtained values are divided by the weight coefficients 
determined by experts. These weight coefficients depend on various non-
measurable and non-observable factors. 
After conversion of all the considered signal, the general table of scores was 
obtained (Table 5). 
 
Table 5. Balance of diagnostic signals and ambient environment factors in 
the form of scored points  
 

Signals I II III IV V VI VII VIII IX X XI XII 

DM1P 5 10 10 5 5 5 5 5 5 5 10 5 

DM2P 2 4 4 2 2 2 2 2 2 2 2 2 

DM3P 4 4 4 4 4 4 4 4 4 4 4 4 

DM4P 6 6 6 6 6 6 6 6 6 6 6 6 

DM5P 2 2 2 2 2 2 2 2 2 2 2 2 

DM6P 5 5 5 5 5 5 5 5 5 5 5 5 

DE1P 2 2 2 2 2 2 2 2 2 2 2 2 

DE2P 4 4 4 4 4 4 4 4 4 4 4 4 

DE3P 6 6 6 6 6 6 6 6 6 6 6 6 

DE4P 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 
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Signals I II III IV V VI VII VIII IX X XI XII 

UK1P 3.6 2.4 2.4 1.2 1.2 2.4 2.4 2.4 2.4 3.6 3.6 3.6 

UK2P 1.6 0.8 0.8 0.8 0.8 2.4 1.6 0.8 0.8 0.8 0.8 2.4 

UK3P 4 4 4 4 4 4 4 4 4 4 4 4 

UD1P 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

UD2P 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 

UD3P                         

UP1P 3 3 3 2 2 2 2 2 2 3 3 3 

UP2P 2 2 2 2 2 2 2 2 2 2 2 2 

UP3P 7 6 6 7 6 5 5 7 8 6 6 6 

UP4P 6 6 8 6 7 7 6 6 6 8 7 6 
 
6. The operation model applicable to determination of the 

adjustment and technical potentials  
 
The object (engine) that is operated in its environment can be described by 
means of its status equations intended to define relationships between its 
technical condition and the operational status [3,5,8]: 

kRR DbUa
dt
dU

   (1) 

UbDa
dt

dD
TkT

k    (2) 

where: U – the variable for the operational status (the usability signal), Dk – 
signal of the bus technical condition, aR – parameter of the usability signal, 
bR – parameter that defines how the technical condition of the bus affects its 
adjustment status, aT – parameter of the bus technical status, , bT - 
parameters that defines how the adjustment status of the bus affects its 
technical condition. With use of the values from Table 5 as well as with 
application of the equations (1) and (2), one can calculate increments of the 
technical condition expressed by the parameter aT and increments of the 
usability (adjustment) status expressed by the parameter aR. Next, the sum 
aT is calculated, which represents the deterioration degree of the object as 
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well as the sum aR that informs about the possibility that the object may 
lose its capability to work in a correct way.  
Application of the status equations to the analysis of dynamic properties 
demonstrated by the parameter of the technical status aT as well as the 
parameter of the operation (adjustment) status aR makes it possible to find 
out the parameter ab that is conventionally referred to as the safety potential 
as well as the aN parameter, conventionally referred to as the reliability 
potential. 

T

R
B R B

da a a b a
dt

     (3) 

RNTN
T abaa

dt
da

    (4) 

where: aB – safety potential of the bus engine, bB – the intensity 
parameter that says how intense the technical condition of the bus engine 
affects its safety potential, aN – reliability potential of the engine, bN - the 
intensity parameter that says how intense the usability status of the bus 
engine affects its reliability potential.  

In this case the manager (owner) of the system for operation of bus engines 
is capable to efficiently schedule maintenance and operation of this facilities 
on the basis of the aT, aR, aB and aN parameters and therefore improve the 
organization level of the system (the system redundancy is increased). 
 
7. Conclusions  

 
The process associated with operation of technical facilities may involve 
investigation activities intended to find out the current and future 
operational status of the object, its technical condition as well as its 
reliability and safety parameters. For sophisticated and advanced technical 
facilities several research methods are used where these methods are based 
on information acquired in various forms (signals of deterministic, 
probabilistic and heuristic nature).  
 
This paper presents presumptions for the innovative method that makes it 
possible to use the diagnostic information that is represented by the 
associated score of points. Each change of the signal (depending on its value 
and the moment when it appears) is associated with the score that has been 
already established by experts. This method has already been in use, but the 
assigned scores used to be added up with subsequent determination of the 
interval where the object status fell and, consequently, its condition or 
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deterioration status [2,8]. The proposed innovative method assumes that all 
the signals are utilized as the scores to find out parameters of the current 
settings and the technical status (equations 1, 2) and then the safety and 
reliability of the object (equations 3, 4) with application of the combined 
status equations [3,5]. It will enable to perform continuous monitoring and 
prediction of the reliability and safety of the facility during its lifetime. 
 
The described approach may prove to be extremely useful as it 
unambiguously presents global status of the object operation by means of 
the status parameters aR, aT, aB, aN and therefore enables to predict how the 
facility can be utilized and when it must undergo maintenance operations 
(repairs, overhauls, etc.). 
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