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Summary 
As the number of sophisticated technical complexes with automatic control systems grows, the 

number of embedded sensors increases. The specific scientific problems that emerge while 
developing the sensors characterized by fault tolerance and long-term lifetime without 
metrological maintenance are considered. The possible ways of solution of these problems are 
outlined. The features of metrological diagnostics are demonstrated. 
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AUTOMATYCZNA DIAGNOSTYKA METROLOGICZNA CZUJNIKÓW 

Streszczenie
W miar  wzrostu liczby skomplikowanych technicznych kompleksów z automatycznymi 

systemami sterowania zwi ksza si  liczba wbudowanych czujników. Rozpatrywane s  problemy 
naukowo-techniczne zwi zane z konstrukcj  czujników charakteryzuj cych si  d ugim czasem 
pracy bez obs ugi metrologicznej i odporno ci  na uszkodzenia. Zosta y zarysowane drogi 
rozwi zania tych problemów i mozliwosci diagnostyki metrologicznej. 

S owa kluczowe: automatyczna diagnostyka metrologiczna, czujnik, odporno  na b dy. 

1. INTRODUCTION 

Development of industrial equipment and 
increasing number of sophisticated technical 
complexes goes with complication of automatic 
control systems (ACS) and with increase in the 
number of in-built sensors. At the same time: 

participation of personnel in the equipment 
control decreases; 
expenditures on metrological assurance of 
ACS grows; 
intervals between scheduled outages become 
longer; 
probability that invalid information can pass  to 
ACS increases;
risk of accident or failure grows. 

More and more, trouble-free operation and 
production quality depend on sensor condition.

In many cases in order to carry out metrological 
assurance procedures such as calibration or 
verification (hereinafter referred to as calibration), it 
is necessary to interfere in a technological process. 
Meanwhile, the experience shows that calibration 
does not ensure the sufficient credibility of 
measurements over calibration period.  

In current situation, modern technological 
processes require industrial sensors which are 
expected to provide many years of operation without 
metrological maintenance while ensuring a high 
level of confidence in their measurement data [1].  

First of all, such sensors are necessary for 
technical systems with long-term technological 
cycle. However, in the near future, the other high 
duty objects including transport equipment, power 
units, etc., will need the sensors with enhanced 
metrological reliability. Moreover, the development 
of diagnostic systems depends, to a great extent, on 
the possibilities of their application. 

The distinctive features of such sensors are: 
specified lifetime of many years without 
metrological maintenance (the lifetime should be 
proved experimentally); 
ability to self-diagnosing and revealing the 
growing uncertainty; 
the ability of a sensor to keep the measurement 
uncertainty for the most of single sensor defects 
within an enlarged, but permissible, range as 
defined by the user (fault tolerance), as well as to 
correct the uncertainty automatically (in  
a number of cases).  
The set of these features affords ground for 

considering the corresponding sensors as 
“intelligent” [2]. 

2. ABOUT ASSESSMENT OF QUALITY OF 

SENSORS INTENDED FOR LONG-TERM 

OPERATION

The first problem the solution of which 
predetermines the possibility of intelligent sensors 
development is elaboration of the methods for 
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sensors quality control with respect to their design 

and technology, taking into account the long-term 

lifetime. There is no point in complicating sensors 

by introduction of the diagnostic features if the 

sensors fail in a short period. Customers need to 

know the estimate of the sensor lifetime  during 

which the sensor uncertainty is kept within the 

specified limits. This value is equal to the sensor 

calibration interval. We could not find any special 

requirements for quality check of the sensors with  

a specified long-term lifetime neither in current 

standards, nor in any guides, including ISO 

documents.  

Fridman in [3] proved that it is inexpedient to 

apply fundamental assumptions of the classical 

reliability theory (independence of failure rates and 

failure rate stability) to measuring instruments. 

Therefore, the lifetime estimation should be based 

on certification tests. 

Taking economical reasons into account, sensor 

lifetime tests should be chosen at least 50 – 150 

times shorter than the planned sensor lifetime 

without maintenance, while the number of tested 

sensors should be minimal. Test influencing factor 

values are limited: they are to be within the limits 

which provide that the sensor degradation 

mechanisms under test conditions and during actual 

operation are adequate. The plan of the certification 

tests should take the sensor design, technology and 

operation conditions into consideration. 

Taking into account [4], in order to evaluate , it 

is possible to recommend a technique which 

includes: determination of influencing factors that 

characterize sensor operating conditions; study of 

degradation processes; detection of probable reasons 

for the uncertainty increase; ranging of the 

uncertainty components according to their 

contribution; after that, certification tests 

themselves.

For the certification tests plan, one should 

choose only those influencing factors that give rise 

to the most “dangerous” (significant) uncertainty 

components of the sensor, i.e. predominant 

components or those tending to rise quickly.  

Estimate of  can be obtained by processing the 

results of complex tests consisted of a simulation 

test and accelerated test. 

In simulation test, harsh operation conditions 

that may take place during operation are simulated. 

At the stage of the accelerated test, it is expedient to 

expose the sensors to influencing factors by equal 

cycles. One cycle may include exposure to one or 

several factors, e.g. vibration and temperature of  

a maximum permissible level [5].  

Stability of sensor manufacturing technology 

should be proved by periodic and extraordinary (in 

case of modification of the sensor design or 

technology) tests. For these tests, the cycles like 

those that were chosen for the accelerated test can be 

applied [6].

At present, approaches for the plan of the tests to 

evaluate  are different in different companies. 

Therefore, the results of  evaluation can be 

different. In order to obtain comparable results, it is 

necessary to work out international guides that will 

include corresponding test procedures. Before the 

necessary documents become operational, it is 

expedient to specify the test procedure on the basis 

of which the lifetime of sensors would be assigned. 

3. METHODS OF AUTOMATIC 

DIAGNOSTICS OF SENSORS 

In general, there are the following differences 

between metrological diagnostics and conventional 

procedures of metrological assurance of sensors: 

the value estimated in diagnostic procedure is the 

parameter defined by a set of uncertainty 

components (not the overall instrumental 

uncertainty); 

diagnostics conditions are identical with the 

technological process conditions (not the 

reference conditions); 

the sensor diagnosed remains in-situ (not in  

a calibration laboratory); 

metrological diagnostics envisage on-line 

method which does not require interruption of 

technological parameter measurements, while the 

conventional procedures are out-of-process 

methods. 

The first way of organizing the metrological 

diagnostics is integration of sensors in a system with 

common diagnostic means. This system can be 

organized by several methods. 

The most wide-spread method is application of  

a number of identical sensors and comparison of 

their output signals [7]. 

However, for mass-produced sensors of the same 

type, a drift of metrological parameters in the same 

direction and with a close speed is the most probable 

[2, 8]. If integration of such sensors is used, this 

drift cannot be revealed. The drawback is also in the 

necessity to place several (e.g., three) sensors in the 

equipment, which, in many cases, is impermissible 

by an argument of engineering limitations.  

The second method implies integration of 

sensors that measure various quantities 

characterizing physical field parameters that 

correlate between each other. 

The drawbacks of this method are: 

presence of the uncertainty components due to 

the diagnostic method, which depends on the 

accuracy of relationship between the 

measurements, 

necessity to apply more accurate sensors. 

The third method involves application of a more 

accurate sensor in addition to other sensors.

However, in order to organize the effective 

diagnostics using this method, it is necessary to set  

a stationary state of technological equipment, on one 
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hand, and on the other hand, to keep  

a comparatively short calibration interval for the 

most accurate sensor of the system. 

Nevertheless, in a number of cases, metrological 

diagnostics of mass-produced sensors by their 

integration in a system ensures a higher confidence 

in measurements. 

The other way is development of sensors with 

the in- built capability of self-checking [2]. 

There are two different ways of realization of 

this function. The first consists in embedding  

a reference standard (a reference measure or 

additional sensor, which is more accurate than the 

sensor under check) in the equipment and 

comparing output signals of the reference standard 

and checked sensor. The second way is associated 

with sensor intellectualization. It consists in 

comparison of several signals or parameters, which 

are close in accuracy, i.e. metrologically equivalent. 

We call the latter method metrological diagnostic 

check (MDC) [1, 2, 5].  

If the metrological self-check is accompanied by 

a quantitative evaluation of measurement quality, it 

is usually called self-validation [9]. 

Development of the intelligent sensor requires  

a deep metrological investigation to be carried out. 

This investigation should result in determination of 

the limited number of the most dangerous 

uncertainty components and formation of the 

required dependence of diagnostic parameters on 

influencing factors. The distinguishing features of 

sensors capable of performing the metrological 

diagnostic checking are presence of:  

structural and/or information redundancy which 

afford ground for obtaining an additional signal 

regarding ambient conditions and/or sensor 

“health”,

microprocessor that provides processing of 

measurement and diagnostic data. 

Metrological diagnostics allows to determine 

whether the sensor uncertainty is being kept within 

the specified limits. If the uncertainty exceeds the 

specified limits, it is possible to diagnose the 

uncertainty variation specifics and to localize  

a defect. 

As a rule, on the basis of metrological self-

diagnostics, the specified calibration interval can be 

considerably increased in comparison with its value 

which can be set on the basis of conventional 

method of metrological assurance. 

The method requires the sensor sensitivity to be 

higher than it is required for usual measurements in 

the technological process. However, fulfilling this 

requirement, as a rule, does not cause serious 

difficulties. 

The efficiency of the method is proved by the 

measuring and diagnostic system with an eddy 

current sensor of the DPL-KV type (MS). The MS 

was developed at the VNIIM [10] in order to apply 

it in the linear stepping drive that move a control rod 

in the WWER-1000 nuclear reactor. The sensor of 

the MS realizes a combinatory code chain. Besides 

measuring the control rod position, the MS performs 

metrological and technical diagnostics of the sensor 

and microprocessor unit. The MDC generally 

consists in comparison between: 

the code combinations identified and the code 

combinations specified; 

the code combinations related to consequent 

control rod positions and the specified code 

combinations; 

the control rod position and the number of steps 

made by the rod. 

In various countries, new self-diagnosing, self-

checking, or self-validating devices have been 

developed, for example [11-20]. Since recently, 

along with conventional devices, a number of 

companies have started mass-production of 

measuring instruments which can perform 

metrological self-diagnostics. Such instruments are 

double thermocouples or resistance thermometers in 

the same housing, a temperature transmitter which 

can accept 2 independent temperature sensor inputs 

(either Pt100 or thermocouples), as well as self-

diagnosing electromagnetic and ultrasonic flow 

meters. 

Some metrological self-check modes (under 

various names) have been used in industry for many 

years. The first national regulations [21, 22] were 

published in Russia (1989) and the UK (2001). 

Their main statements were developed in new 

documents [23-25]. Attempts to systematize such 

methods were made, for instance, in [9, 26-28].  

4. SELF-CORRECTION AND FAULT 

TOLERANCE

The capability of self-diagnostics which is the 

inherent feature of the intelligent sensor allows to 

increase metrological reliability significantly by the 

application of measures of active character. These 

measures are aimed at self-correction of the external 

influences and ageing of components as well as at 

the support of fault tolerance. 

Structural and Information redundancy of sensor 

as well as computer technology afford ground for 

these measures. 

The simplest example for self-correction in the 

presence of transient errors is frequency filtration or 

time filtration. In order to apply such a correction, it 

is sufficient to use a priori information on the 

parameters of a signal coming from the sensor and 

on the specified limits of the signal.

If a fault occurs, the intelligent sensor shell: 

register the fact of fault,

inform the human operator that the measurement 

reliability decreased, 

correct the measurement result and continue 

operating.  
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An example of how the sensor fault tolerance is 

assured is the MS [10] mentioned above. The sensor 

of the MS contains a set of inductance coils. If  

a fault occurs, e.g. any signal wire breaks or any coil 

fails, the sensor is keeping operation.  

In the most part of the position range, due to 

incorporating a redundant number of coils into the 

sensor (in comparison with minimally needed), the 

code combination is distorted, but it keeps 

information regarding the control rod position. In 

addition, the position of the rod can be corrected on 

the basis of the known number of steps made by the 

rod from the nearest position that was reliably 

measured.  

In many cases, it is not possible to obtain  

a quantitative estimation of the uncertainty. For  

a considerable part of applications, it is expedient to 

estimate the quality of measurement results using 

measurement value status (MVS) [9]. In [9] the 

following status values were recommended: secure, 

clear, blurred, dazzled, and blind. 

In the joint paper of Oxford and St.Petersburg 

scientists [29] a comprehensive justification of the 

necessity to introduce the measurement value status 

was given and some details were proposed. It was 

noted that the number of status states should depend 

on the number of human operator’s actions required 

in response to information about the measurement 

value status. The number of MVS states is 

comparatively small: 

A) Firm confidence, that a measurement value is 

reliable, corroborated by an additional 

information source, i.e. it is based on redundant 

information. The sensors are fault-free. 

B) Assumption that a measurement value is reliable, 

but there is no corroboration from any additional 

information sources. 

C) Understanding that measurement confidence has 

been decreased due to some fault. Measurement 

value was corrected for this fault condition, but 

the uncertainty is not too great. The 

measurement confidence is sufficient to get 

operator's bearings in the technological process 

and technological equipment condition.  

D) Conception that measurements are not reliable 

for a short period of time. This relates to carrying 

out a special test, technological operation, or 

data filtration. In such a situation the 

measurement values are projected from the past 

history. 

E) Confidence that measurement values are not 

reliable. This situation obliges, if necessary, to 

stop the technological process. If the substituted 

data concerning the measurements are available, 

step must be taken to move the process away 

from any critical technological constraints.

5. CONCLUSION 

In order to provide reliable functioning of 

sophisticated technical complexes with automatic 

control systems, besides technical diagnostics of the 

equipment, it is necessary to apply high-reliability 

sensors. They must provide long-term operation and 

realization of automatic metrological diagnostics. 

Development of such sensors should go with 

development of specific methods for assessment of 

quality of sensors in respect of their design and 

technology. Automatic diagnostics should be 

provided on the basis of structural and/or 

information redundancy and computer technologies. 

Success in developing such sensors depends, to  

a great extent, on elaboration of international 

regulatory documents which can establish the 

requirements for sensors characterized by long- term 

lifetime. 
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