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Abstract: In the paper the methods for the determination of the calibration intervals of measurement equipment, 
with an emphasis on the application at inspection bodies according to ISO 17020, are analyzed. An overview of 
the already established classical methods according to ILAC and other internationally published guidelines for the 
determination of calibration intervals is presented. As a result of the analysis, a new modified method (algorithm) to 
determine optimal intervals depending on the analysis of the history of the calibration results and mutual checks with 
measuring instruments with the same or higher accuracy class is proposed. The conditions, usage habits, behavior 
history of the measurement instruments as well as other factors that may affect the stability and the accuracy are 
embedded in the analysis and the regression modeling. The proposed methodology is experimentally verified through 
experimental data of real measuring equipment used for control purposes in inspection bodies.
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1. Introduction
Determining recalibration intervals is a problem 

of bodies using calibrated instruments in their ac-
tivities. Inspection bodies, especially in countries 
with poor tradition in this area have a particular 
problem in determination of the proper interval. 
Most of the measuring or test equipment (MTE) 
in today’s inventories are multiparameter items 
or consist of individual single-parameter items, 
such as gage blocks, treated in the aggregate as a 
«set.» Ordinarily, an item is pronounced out-of-
tolerance if a single instrument parameter or item 
in a set is found out of specifications. This practice 
is costly and seriously compromises risk manage-
ment [1]. However, there is a surprising lack of 
well established and recommended methods in the 
international standards. The methods surveyed are 
mostly of statistical nature and can be correctly 
applied to large inventories of instruments, only 
[2]. Most of the recommended calibration inter-
vals are around one year. However, because of the 
variability in the performance of individual instru-
ments and the stress to which they are subjected, 
individual product reliability is very difficult to 
predict [3]. Longer calibration intervals have a 
higher consequence cost associated with a given 
standard because more calibrations have been 
performed before it is re-calibrated and found to 
be in-tolerance or out-of-tolerance. Consequence 

costs may include a reverse traceability analysis to 
identify the items that have been calibrated by the 
standard, an investigation of the impact on their 
performance given the magnitude of the standard’s 
out-of-tolerance, customer notification, suspension 
of accreditation, product recall and intangible fac-
tors such as the lab’s reputation [3]. In this paper an 
emphasis will be on determining the recalibration 
period of measuring instruments used in inspection 
bodies. Also the methodology for determining the 
recalibration interval will be validated in a case 
study on experimental calibration and check data 
of an electrical measuring instrument.

2. Survey of standards 
recommendations 
According to ISO 17025 “a calibration certifi-

cate (or calibration label) shall not contain any 
recommendation on the calibration interval except 
where this has been agreed with the customer. This 
requirement may be superseded by legal regula-
tions...” [4],

ANSI/NCSL Z540, [5] specifies: “measure-
ment and testing equipment requiring calibration 
shall be calibrated or verified at periodic intervals 
established and maintained to assure acceptable 
reliability, where reliability is defined as the prob-
ability that MTE will remain in tolerance through-
out the interval.”
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According to, ISO-9001, [6], “where necessary 
to ensure valid results, measuring equipment shall 
be calibrated or verified at specified intervals, or 
prior to use…”

In MIL-STD-45662A, [7], it is stated that: 
“Measurement and testing equipment and meas-
urement standards shall be calibrated at periodic 
intervals established and maintained to assure ac-
ceptable accuracy and reliability, where reliability 
is defined as the probability that the MTE and 
measurement standard will remain in-tolerance 
throughout the established interval. Intervals shall 
be shortened or may be lengthened, by the con-
tractor, when the results of previous calibrations 
indicate that such action is appropriate to maintain 
acceptable reliability. The contractor shall establish 
a recall system for the mandatory recall of MTE 
and measurement standards to assure timely recali-
brations, thereby precluding use of an instrument 
beyond its calibration due date...»

Application of ISO/IEC 17020:2012, [8] for the 
Accreditation of Inspection Bodies in the section 
for resource requirements – facilities and equip-
ment recommends that “continued suitability may 
be established by visual inspection, functional 
checks and/or re-calibration. This requirement is 
particularly relevant for equipment that has left the 
direct control of the inspection body”, [8]. This 
standard requires further: “…the inspection body 
shall have available, suitable and adequate facilities 
and equipment to permit all activities associated 
with the inspection activities to be carried out in 
a competent and safe manner.… the responsibil-
ity for the suitability and the calibration status of 
the equipment used in inspection, whether owned 
by the inspection body or not, lies solely with the 
inspection body.”

One of the most significant decisions regarding 
the calibration is “When to do it?” and “How often 
to do it?”. A large number of factors influence the 
time interval that should be allowed between cali-
brations and should be taken into account by the 
laboratory. The most important factors are:

- uncertainty of measurement required or de-
clared by the laboratory;

- risk of a measuring instrument exceeding the 
limits of the maximum permissible error when in 
use;

- cost of necessary correction measures when 
it is found that the instrument was not appropriate 
over a long period of time;

- type of instrument;

- tendency to wear and drift;
- manufacturer’s recommendation;
- extent and severity of use;
- environmental conditions (climatic condi-

tions, vibration, ionizing radiation, etc.);
- trend data obtained from previous calibration 

records;
- recorded history of maintenance and servic-

ing;
- frequency of cross-checking against other 

reference standards or measuring devices;
- frequency and quality of intermediate checks 

in the meantime;
- transportation arrangements and risk; and
- degree to which the serving personnel are 

trained [9].
Guidelines for the determination of calibration 

intervals of measuring instruments ILAC-G24 
specifies the following methods, [9]:

- Method 1: Automatic adjustment or “stair-
case” (calendar-time); 

- Method 2: Control chart (calendar-time);
- Method 3: “In-use” time; 
- Method 4: In service checking, or “black-box” 

testing; 
- Method 5: Other statistical approaches.
Automatic adjustment or “staircase” (calendar-

time) method provides calibration of instruments 
associated with fixed terms, the subsequent interval 
is extended if it is found to be within certain per-
centage of the maximum permissible error that is 
required for measurement, or reduced if it is found 
to be outside this maximum permissible error. 

Control chart (calendar-time) is most effective 
for stable instruments and is often based on the 
calculation of the stability of the measured values 
and predict the trend, for complex instruments that 
are difficult to calculate.

«In-use» time method is optimal for work in-
struments that are used in severe operating condi-
tions. It is based on the interval that determines the 
exact hours of use.

In service checking, or “black-box” testing is a 
variation of the methods 1 and 2 and is particularly 
suitable for complex instruments or test consoles. 
Critical parameters are checked frequently (once 
a day or even more often) by portable calibration 
gear, or preferably, by a “black box” made up 
specifically to check the selected parameters. The 
major advantage of this method is that it provides 
maximum availability for the user of the instru-
ment. 
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Other methods based on statistical analysis of 
an individual instrument or instrument type can 
also be a possible approach. These methods are 
gaining more and more interest, especially when 
used in combination with adequate software tools.

The Australian National Association of Test-
ing Authorities, gives a guidance in the document 
“The recommended calibration and checking 
intervals”, [10] on establishing an equipment as-
surance program, as in the informative annex of 
Policy Circular 12, [10]. The guidance specifies 
calibration intervals (years) and checking intervals 
(months) for each item of equipment for example 
for digital multimeters (DMM), and other types of 
meters which measure electrical parameters such 
as voltage, resistance, current, capacitance, power, 
etc… The recommended interval of calibration is 1 
year (over all ranges and parameters of use includ-
ing calibration across frequency (Hz) of use) and 
checking with comparison with meters of similar 
resolution is 6 months [10].

3. Recommendations of manufacturers-
Review

Fluke® consider the following calibration fre-
quencies, [11]:

- Manufacturer-recommended calibration in-
terval. 

Manufacturers’ specifications will indicate how 
often to calibrate their tools, but critical measure-
ments may require different intervals.

- Before a major critical measuring project. 
- Monthly, quarterly, or semiannually.
In case of mostly critical measurements, the 

calibrations are performed often. A shorter time 
span between calibrations means less chance of 
questionable test results.

- Annually. 
In case of a mix of critical and non-critical 

measurements, annual calibration tends to strike 
the right balance between prudence and cost. 

- Biannually. 
When critical measurements are conducted 

seldomly and there is no exposion of the meter to 
an event, calibration at long frequencies can be 
cost-effective.

- After a major critical measuring project.
If calibrated test instruments are reserved for a 

particular testing operation, that same equipment 
is sent for calibration after the testing. When the 
calibration results come back, it can be considered 

that testing is complete and reliable.
- After an event. 
If the instrument took a hit — something 

knocked out the internal overload or the unit ab-
sorbed a particularly sharp impact - it should be 
sent out for calibration and have the safety integrity 
checked, as well.

- Per requirements.
Some measurement jobs require calibrated, cer-

tified test equipment - regardless of the project size. 
Calibration allows usage of the instrument with 

confidence [11].
According to Agilent Technologies®, prior to 

the introduction of a new product, [12] the respon-
sible R&D and quality engineers set the initial 
recommended calibration interval. They do this by 
looking at reliability data from at least three areas:

- Data from similar products;
- Data for the individual components used in 

the instrument;
- Data about any subassemblies leveraged from 

existing mature products.
They also consider the typical operating condi-

tions and the results of the environmental testing 
performed on product prototypes [12].

According to Metrel®, [13] regular 6-months 
or 1-year calibration of all measurement functions 
of the instrument is still recommended.

4. Practiced methods-State of the art

Numerous proposed methods for determining 
the calibration intervals are published, [1, 2, 14, 
15, 16]. Bobbiot et al. in their paper, [2] discuss a 
class of stochastic models for evaluating the opti-
mal calibration interval in measuring instruments 
devoted to assess the quality levels of industrial 
processes. The model is based on the assumption 
that the calibration condition of the instrument can 
be traced by monitoring the drift of an observable 
parameter. In [1] managing calibration intervals are 
presented according to analysis by parameter vari-
ables data, analysis by parameter attributes data, 
analysis by instrument attributes data and analysis 
by class instrument attributes data. Other method 
such as an extension by providing a maximum 
likelihood estimation technique for the analysis of 
data characterized by unknown failure times are 
presented in [14], where the estimation method is 
illustrated using the exponential reliability func-
tion. Its extension to other distributions is fairly 
straightforward. A method of review of an instru-
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ment’s calibration history are presented in [15], 
calibration record indicates a history of remaining 
in tolerance, as it might be expected that the instru-
ment might have a higher likelihood of remaining 
in tolerance, as a result an algorithm that has been 
developed calculates calibration intervals based on 
the condition received at calibration along with a 
historical weighting. The most recent calibration 
has the highest weighting and the previous two 
calibrations each have lower weightings. This 
method is upgraded. Another important factor in 
the calibration is cost, in [16] a review of cost effec-
tive calibration intervals using Weibull analysis are 
presented. Modification of the proposed framework 
of the cost are used in the method.

A method from variables data are presented for 
determining calibration intervals for parameters 
whose value demonstrate time-drift with constant 
statistical variance. The method utilizes variables 
data in the analysis of the time-dependence of 
deviations between as-left and as-found values 
taken during calibration. The deviations consisted 
of the difference between a parameter’s as-found 
value at a given calibration and its as-left value at 
a prior calibration [1]. 

5. A model for determination of a re-
calibration interval
Based on the previous discussions and survey, 

the following innovative model for determination 
of the re-calibration period is proposed:

 
W]   MS+V  OFH + U  CO + Z CFU 

+ Y IC + X  C + X  C +X  C +X  [C  ECI = NI 4321

⋅⋅⋅⋅+
⋅⋅⋅⋅⋅⋅

   (1)

where:
NI - New Interval 
ECI - Established Calibration Interval 
C1 - Most recent calibration (0.2, modification 

of the simplified method)
C2 - Most Previous Calibration (0.1, modifica-

tion of the simplified method)
C3 - Previous Calibration (0.08, modification 

of the simplified method)
C4 - Predicted Value of Next Calibration (0.06, 

newly introduced parameter)
IC - In-service check between calibrations (0.1, 

newly introduced parameter)
CFU - Condition and Frequency of Use (0.2, 

newly introduced parameter)
CO - Costs (0.1, newly introduced parameter)
OFH - Operator factor and habit (0.08, newly 

introduced parameter)
MS - Maintain and service (0.08, newly intro-

duced parameter)

Table 1Values of parameters as multipliers
Parameter  Value  

X “In Tolerance”  1 
“Out of Tolerance”  
< 1x the tolerance band  

0.8 

“Out of Tolerance”  
> 1x the tolerance band  
but < 2x the tolerance band 

0.6 

“Out of Tolerance”  
> 2x the tolerance band  
but < 4x the tolerance band  

0.4 

“Out of Tolerance”  
> 4x the tolerance band  
but < 4x the tolerance band  

0.3 

Y=ΣYi Y1 number of in-service 
checks between calibrations  

 

1 time 0.1 
< 5 times 0.3 
< 10 times 0.4 
> 10 times 0.5 
Y2 measured value   
no difference (<3%) 0.5 
difference < 20% 0.4 
difference > 20% 0.1 

Z=ΣZi Z1 Frequency of usage  
dayly 0.1 
montly 0.5 
yearly 0.7 
Z2 Habit of usage  
used with caution in 
laboratory conditions  

0.3 

used with caution in 
tendency to wear and drift 

0.2 

use without special attention 
in terms of events 

0.1 

U=ΣUi U1 Cost of calibration   
Small 0 
Medium 0.3 
Large 0.5 
U2 Cost of necessary 
correction measurement 

 

< 0.5 x cost of calibration 0.5 
< 1 x cost of calibration 0.1 
> 1 x cost of calibration 0 
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ECI can be specified depending on the expe-
rience with the stability of similar instruments, 
experience and recommendations as in [15]. This 
will be the longest possible re-calibration period, 
which leads to a conclusion that this method is 
more rigorous in comparison to the “simplified 
method”. The parameters as multipliers are given 
in Table 1.

6. Method validation-case study
All conformity assessment bodies, like inspec-

tion bodies according to standards ISO 17020, 
[17], should use calibrated measuring devices. 
For proper application of the proposed model for 
determination of the next re-calibration period, a 
data base containing the historical data of previ-
ous calibrations must be created. This algorithm 
is recommended to be applied after at least two 
performed calibrations. As case study for valida-
tion of the proposed method, a real data base with 
the calibration history of a digital multimeter used 
during process of inspections in a control body is 
adopted. The fluctuation of the calibration values 
should be observed in as many as possible measure-
ment points, especially in the points where changes 
are detected. Reasonable value for X is the smallest 
value that is obtained from all points.

The expected value of the next calibration can 
be derived with a sophisticated algorithm, [1, 2, 
14, 15, 16, 18, 19], but some inspection bodies 
do not have specialists in metrology to carry out 
the complicated methodology. So the proposed 
algorithm in this paper, by using the least squares 
method, is a readily available and simplified 
tool. The in-service checks with other instrument 
must be performed in points where uncertainty of 
calibration is available for the both instruments. 
Quality management should determine the extent 
of factors and habits of the staff, while the opera-
tor of the instrument specifies the frequency and 
conditions of use. As in [16], the costs required 
to make financial analysis is adapted to this al-
gorithm, In case of small businesses small costs 
are assumed to be 5000 Euro, medium costs up to 
20000 Euro and large cost up to 50000 Euro, for 
medium businesses 20000, 50000, 150000 Euro 
and for large businesses 50000, 125000, 400000 
Euro, respectively.

Depending on the available history data and 
tracking behavior of the instrument, the coeffi-
cients proposed in the algorithm can be modified 
and customized for each instrument or group of 

instruments.
As a case study implementing the proposed 

algorithm, the calibration periods of a METREL 
Eutotest XE MI 3102 tester will be calculated. In 
Tables 2 and 3 the calibration history for the instru-
ment in a single point of the current and voltage 
measurement ranges are given, respectively. The 
measurement uncertainty and the limits of errors 
are displayed. Reference calibration value for the 
current is 10 A, while the voltage is 400 V. The 
measurement uncertainty is divided by a factor of 
coverage because the calibration is performed in 
different laboratories at factor of coverage k = 1.65 
(for rectangular distribution at probability of 95%) 
and k = 2 (for normal distribution at probability of 
95%). The trend line for both areas is calculated 
without the inclusion of the last calibration value, 
which is used for verification of the model and it is:
 

 1=R² 
399 +t 0.1448 t0.0024- = U 2 ⋅+⋅  (2)

 

 1 = R²
9.98 +t 0.0013 + t05-1E + t07-7E- = I 23 ⋅⋅⋅    (3)

Table 2 . The calibration history in a single point 
of current measurement range of  

METREL Eutotest XE MI 3102 
Time 

moment 
t 

[month] I [A] Uncertainy 
[mA] 

04.3.2010  0.00 9.98 0.020 
28.5.2011  15.00 10.00 4.121 
12.3.2013  36.80 10.01 14.545 
01.7.2014  52.60 9.98 14.545 
03.3.2016  72.90 10.00 0.015 

 
In Figures 1. and 2. the values of the function 

modeled including the last calibration, are shown. 
So the expected values are 9.85 A for current 
measuring range and 399.32 V for the voltage 
measurement range, and are in tolerance.

In the Table 4 the experimental results of in-
service check measurements with two instruments, 
are displayed. The results are in limits of errors.
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Fig. 1. The calibration history and expected value in 
a single point of current measurement range 

Table 3 .: The calibration history in a single 
point of voltage measurement range of METREL 

Eutotest XE MI 3102

Time 
moment 

t 
[month] 

U  
[V] 

Uncertainy 
[V] 

28.05.2011 0.00 399.00 0.42 
12.03.2013 21.80 401.00 0.36 
05.07.2014 37.66 401.00 0.36 
03.03.2016 58.02 400.00 0.50 

 

 
Fig, 2. The calibration history and expected value in 

a single point of voltage measurement range 

Table 4 .: Experimental values of the last in-
service check with other instrument 

Instument I [A] U [V] 
Metrel MI 

3102 3.70 224.00 

Metrel MI 833 3.70 223.00 
 

Other values for the parameters in the algorithm 
are as follows: 
ECI = 24 months 
 

17.76 =  0.74  24  1]  0.08 + 1  0.08
 + 0  0.1 + 0.3  0.2 + 0.8  0.1+ 1  0.06 
+ 1  0.08 + 1  0.1 + 1  [0.2  24   W] MS +

 V OFH +  U CO +  ZCFU +  Y IC
 + X  C + X  C + X C + X [C  ECI = NI 4321

⋅=⋅⋅+
⋅⋅⋅⋅+
⋅⋅⋅⋅=⋅
+⋅⋅⋅⋅+
⋅⋅⋅⋅⋅

 (4)

The last calibration is not used in the prediction 
of the next value and is used as a validation point of 
the algorithm. The real calibration period (between 
the last two calibrations) is 20 months, while the 
predicted re-calibration period by the proposed algo-
rithm is 18 months. The values obtained with the last 
calibration validate the method, and shorter value 
of the re-calibration interval is obtained which is on 
the safe side, which can be accepted as applicable.

Table 5.: Multipliers used in the case study 
Parameter  Value  

X “In Tolerance”  1 
Y=ΣYi Y1 number of check between 

calibration 
 

< 5 times 0.3 
Y2 measured valu   
no difference (3%) 0.5 

Z=ΣZi Z1 Frequency of usage  
dayly 0.1 
Z2 Habit of usage  
Used with caution in 
tendency to wear and drift 

0.2 

U=ΣUi U1 Coft of calibration   
Small 0 
U2 Cost of necessary 
correction measurement 

 

> 1 x cost of calibration 0 
V The operator is trained to 

handle the instrument and 
knows the measured items 

1 

W No service performed 
between previous and last 
calibration 

1 
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8. Conclusion
The algorithm for predicting the period of 

re-calibration presented in this paper is simple, 
containing a lot of data on factors influencing the 
stability of the instrument. It is easily applicable 
in every day routine of inspection bodies. This 
algorithm can reduce the management risk of the 
occurrence of errors. 

The experimental values applied in the case 
study validate and confirm the effectiveness of 
the proposed algorithm. Another advantage of this 
universal model is that it allows the variation of the 
coefficients and enables specialization for a group 
of instruments.
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Резюме: В доклада се анализират методите за определяне на интервалите за калибриране на 
измервателни уреди с акцент приложението от органи за контрол съгласно ISO 17020. Представен е преглед 
на вече установените класически методи съгласно ILAC и други публикувани международни ръководства 
за определяне на интервалите за калибриране. В резултат на анализа е предложен модифициран метод 
(алгоритъм) за определяне на оптималните интервали в зависимост от анализа на историята на резултатите от 
калибриране и взаимните проверки с измервателни уреди от същия или по-висок клас на точност. Условията, 
начин на използване, експлоатационната история на измервателните уреди, както и други фактори, които 
могат да окажат въздействие върху стабилността и точността, са заложени в анализа и регресионното 
моделиране. Предложената методология е експериментално верифицирана чрез експериментални данни от 
реален измервателен уред, използван за целите на контрол от органите за контрол.

Ключови думи: интервал на калибриране, граници на изменение, предсказващ алгоритъм, ILAC, 
измервателен уред, неопределеност при калибрационна, ISO/IEC 17020.
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Резюме: В докладе анализируются методы определения интервалов калибрования измерительных приборов 
с акцентом на использование инспектирующими органами согласно ISO 17020. Представлен обзор уже 
установленных классических методов согласно ILAC и другие международные руководства по определению 
интервалов калибрования. В результате анализа предложен модифицированный метод (алгоритм) определения 
оптимальных интервалов в зависимости от анализа истории результатов калибрования и взаимных поверок 
измерительными приборами того же и более высокого класса точности. Условия, способ использования, 
эксплуатационная история измерительных приборов, как и другие факторы, которые могут оказать воздействие 
на стабильность и точность, заложены в анализ и регрессионное моделирование. Предложенная методика 
экспериментально верифицирована посредством экспериментальных данных реального измерительного 
прибора, использованного в целях контроля органами контроля.

Ключевые слова: интервал калибрования, границы измерения, предсказывающий алгоритм, ILAC, 
измерительный прибор, неопределенность калибрования, ISO/IEC 17020.


