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1. SCOPE OF APPLICATION 
The present information document describes general tasks related to remote calibrations of 

measurement standards, and ways to address those tasks.  
 
 

2. MAIN PROVISIONS 
2.1. Remote calibration is a metrological work performed in two ways (options):  
1) The standard used for calibration is located at a distance from the instrument to be calibrated;  
2) The calibration operator is at a distance from the instrument to be calibrated, while the validly 

calibrated standard is located either in close proximity to or built into the instrument to be calibrated. 
2.2. Calibration Option 1 is applicable when the reference value is directly reproduced by the 

(working) standard, and its hardware and software allow comparing the value reproduced by the 
standard with the "reference" value provided by a higher level standard (national, international 
standard). Comparisons of time and frequency standards are a model example of such a remote 
calibration option. Such calibration allows estimating both the uncertainty in the realization of time and 
frequency unit values, and the systematic error in reproducing those values. The practice of 
metrological work shows the possibility of realization of this type of calibrations only in relation to 
electronic measuring instruments, which allow comparing values presented in electronic form. 
Therefore, the design of the measuring instrument, including the standard, should have an ADC 
meeting the requirements of accuracy in converting the analog signal that represents a reproducible 
value. Measuring instruments, to allow their remote calibration, should be designed according to this 
principle (see the scheme of the device below). 
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A reference signal, which represents a digital reference value generated by the calibration 

laboratory, is fed through the digital interface of the device to its digital-analog converter. The DAC 
conversion accuracy should be sufficient to reproduce the analogue signal as accurately as possible 
(to decrypt the digital information). When the digital signal with a reference value is received, there are 
no distortions of the measuring information, which is provided by the algorithms of its transfer 
protocols (i.e. by the software). After the conversion, the simulated measurement signal gets to the 
working measurement channel, while the calibrated device is in the calibration mode, i.e. the signal to 
the measuring channel comes only from the DAC. Also in the device calibration mode, the digital 
reference value gets into the measurement result processing program. The measurement result is 
presented by a digital signal after the simulated analog signal has passed through the working analog-
to-digital converter of the device. Thus, the result of calibration is represented by the difference of the 
quantity reference value received in digital form from the calibration laboratory standard and the 
simulated digital value of the same quantity, transformed through the DAC and passed through the 
measuring channel of the device, as in usual measurements. When in the calibration mode, the 
instrument must be able to remotely control the calibration process, e.g. via the Internet. It is assumed 
that the calibration laboratory standard has in its composition an ADC, which allows representing the 
reproduced reference value in the digital form. 

This calibration option does not take into account possible distortions of the measuring signal 
when connecting wires, probes, additional electrical loads, etc. to the measuring interface of the 
device. It is assumed that those instruments and their connection points are maintained by the user in 
the due condition.  

In this calibration option, the participation of the operator (owner) of the device consists only in 
its switching on and, possibly, in carrying out preparatory activities (creation of the required 
environmental conditions, switching the device to the calibration mode via password, etc.). 

2.3. Remote calibration Option 2. This Option assumes the presence of the instrument software 
making it possible, as in Option 1, to control measurements using the instrument remotely (via the 
Internet), along with a corresponding built-in reference standard. An example of such calibration is a 
static weighing balance with built-in reference weights. Rated values of built-in reference weights 
correspond to the beginning, middle and end of the measurement range. Applicability of this version of 
calibration depends on if there is a difference between the calibration intervals of reference weights 
and those of the balances. Thus, if the balances are used on a regular basis, the built-in reference 
weights can be used only occasionally to calibrate the balances, which significantly increases the 
metrological reliability of the latter, and, consequently, the intercalibration interval. This approach is 
viable also due to the fact that there is a closed (and/or sealed) calibration zone protected from 
external influences. 

In this case, as an initial condition, we have a balance with the intercalibration interval of 1 year 
(for state-regulated applications) and built-in reference weights with an intercalibration interval of 3 - 5 
years. Correspondingly, if it is possible to initialize and carry out the calibration from the calibration 
laboratory, the remote calibration is possible without the presence of the verifier (calibrator) at the 
place of calibration. After the calibration period of the built-in reference weights has expired, they 
should be calibrated again with a correction of the calibration interval, if necessary. 

However, a remote calibration of such "would-be balances with built-in reference weights" has a 
number of limitations due to the following facts. 

The calibration procedure for balances includes measurements to determine the eccentricity 
error (load location on the balance platform), which it is not possible to realize with built-in weights. 
Thus, the method of calibration (verification) of balances by external and built-in weights will be 
different, and it will entail the fact that some metrological characteristics during the verification 
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(calibration) will not be determined, such as, for example, the device zero setting error and the error 
due to location, and some of them can be determined incorrectly. 

Balances with built-in reference weights having nominal masses corresponding to the 
beginning, middle and end of the range, are difficult to be designed, and in most cases this is not a 
realizable task: 

a) The mechanism itself, which moves one weight, is a precise mechanism, with well-fitting 
parts to avoid damaging the sensor, to firmly fix the reference weight in the idle condition and to 
evenly move it to the fixed spot during the weighing. It occupies a considerable amount of space in the 
body of the balance. 

In the case of three weights, especially when two of them have masses 0.5Max and Max (where 
Max is the maximum mass the balance is able to weigh), the body of the balance will have to be 
significantly larger and the balance itself much heavier. And it is not still clear how to build the 
mechanism to handle masses of 0,5Max and Max. Even with a weight of 0.5 kg, 1 kg already causes 
problems. Also there should be three mutually not interfering weights.  

b) The built-in reference weights, or rather "loads", have a specific shape with special fixation 
devices, so they are not adjusted to the nominal masses and accuracy classes, which are clearly 
defined in OIML R111-1. Also the surface cleanliness of such weights is not maintained because of 
their specific shape. To such loads it will not be possible to apply the requirements of OIML R111-1, 
as their values will differ from the discrete nominal values set in OIML R111-1, which will lead to 
difficulties in calibration of these loads and to the need to establish tolerances with their corresponding 
uncertainties in a separate document. 

As the reference weights are built into the body and into the weighing mechanism of the 
balance, to take out these weights for calibration, you will have to break all the seals, disassemble the 
balance, take out the weights and then assemble everything back. Obviously, this process is a labor-
intensive, time-consuming, and will most likely require a call for help to the specialists of the 
authorized service center of the manufacturer.  

Thus, the time for verification (calibration) of the balance in the year when it coincides with the 
calibration of internal reference weights, will be increased by the time required for calibration of 
reference weights. The calibration of the weights, unlike that of the balances, whose calibration 
(verification) is usually performed on site, is always performed in a calibration laboratory. In other 
words, the calibration of built-in weights disproportionately prolongs the period of time when the 
balance is taken out of service for its metrological maintenance. 

Additional software will be required. 
The cost of such balances and their maintenance will be dozens of times higher than the cost of 

their calibration. 
Other influencing factors that are usually not taken into account are due to the following 

circumstance: for example, during the calibration procedure the weights are installed on the 
weighbridge platform, while the built-in weights are installed inside the balance, but the defects of the 
platform are ignored.  

In other words, remote calibration of balances for static weighing is not necessary, and, 
moreover, it is impossible, because: 
- it is not expedient to make balances with built-in reference weights with nominal masses 

corresponding to the beginning, middle and end of weighing range; 
- it is impossible to manufacture these very built-in reference weights; 
- it is impossible to carry out all items of calibration procedure and to take into account all influencing 

factors. 
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In both calibration options, if the results are positive, the seals on the device are not opened, 
and the calibration results are sent to the customer electronically. In addition, the calibration process 
can be monitored using an IP camera or other video surveillance equipment. 

Conclusion: Remote calibration is IMPOSSIBLE without measuring instruments specially 
designed for such calibration, including measurement standards and software. 

There are also misconceptions in the vision of the remote calibration concept, which should be 
mentioned. First of all, in Industry 4.0 the remote calibration of all kinds of sensors is not exactly a 
calibration, because only one nominal value of the controlled parameter is checked — the value that 
characterizes its performance. For example, resistance thermometers can be checked by their rated 
resistance in the "cold" state (when they are included in the current loop, etc.). However, such a check 
does not give an answer regarding the preservation of the linearity of the measuring characteristic of 
the device or its accuracy. It is clear, that the calibration when a specialist comes to the place of 
calibration with the standard, is not a remote one. Nor can be called "remote" a calibration implying 
just the transfer of calibration documents by electronic means of communication. 
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