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INTERNATIONAL ELECTROTECHNICAL COMMISSION 84 

____________ 85 

 86 

FIBRE OPTIC SENSORS – 87 

 88 

Part 7-3: Voltage measurement – Polarimetric method  89 

 90 

FOREWORD 91 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all 92 
national electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-93 
operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition 94 
to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly 95 
Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is 96 
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may participate 97 
in this preparatory work. International, governmental and non-governmental organizations liaising with the IEC also 98 
participate in this preparation. IEC collaborates closely with the International Organization for Standardization (ISO) 99 
in accordance with conditions determined by agreement between the two organizations. 100 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 101 
consensus of opinion on the relevant subjects since each technical committee has representation from all interested 102 
IEC National Committees.  103 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 104 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 105 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 106 
misinterpretation by any end user. 107 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 108 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 109 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 110 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 111 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services 112 
carried out by independent certification bodies. 113 

6) All users should ensure that they have the latest edition of this publication. 114 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 115 
members of its technical committees and IEC National Committees for any personal injury, property damage or other 116 
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising 117 
out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  118 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 119 
indispensable for the correct application of this publication. 120 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 121 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 122 

IEC 661757-7-3 has been prepared by subcommittee SC 86C: Fibre optic systems and active 123 
devices, of IEC technical committee TC86: Fibre optics. It is an International Standard.  124 

The text of this International Standard is based on the following documents: 125 

Draft Report on voting 

86C/XX/FDIS 86C/XX/RVD 

 126 
Full information on the voting for its approval can be found in the report on voting indicated in the 127 
above table. 128 

The language used for the development of this International Standard is English. 129 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 130 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available at 131 
www.iec.ch/members_experts/refdocs. The main document types developed by IEC are described 132 
in greater detail at www.iec.ch/publications. 133 

A list of all parts in the IEC 61757 series, published under the general title Fibre optic sensors, 134 
can be found on the IEC website. 135 

The committee has decided that the contents of this document will remain unchanged until the 136 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the specific 137 
document. At this date, the document will be  138 

• reconfirmed, 139 

• withdrawn, 140 

• replaced by a revised edition, or 141 

• amended.  142 

 143 
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INTRODUCTION 144 

This document is part of the IEC 61757 series, which is dedicated to fibre optic sensors. Generic 145 
specifications for fibre optic sensors are defined in IEC 61757.  146 

The individual parts of the IEC 61757 series are numbered as IEC 61757-M-T, where M denotes 147 
the measure and T the technology of the fibre optic sensor. The IEC 61757-7-T series is concerned 148 
with voltage measurements. 149 

Voltage measuring techniques are essential for controlling and diagnosing apparatus that support 150 
industry and society. Optical voltage sensors based on electro-optic effects have been developed 151 
to serve as voltage measuring devices. These sensors enable advanced voltage measurements 152 
without encountering the issues related to conventional electrical voltage sensors. Hence, they 153 
have been applied in various fields including power systems.  154 

Given the expected potential of this new fibre optic voltage sensing technology, several kinds of 155 
optical voltage sensors covering a wide range of applications have been developed by various 156 
manufacturers. The design of these voltage sensors depends on the specific application, which 157 
determines the target voltage to be measured, the configuration of the sensor, the signal 158 
processing method, and the installation method. When developing a new optical voltage sensor, 159 
the sensor performance and characteristics have to be specified and evaluated.  160 

To facilitate the use of fibre optic voltage sensors, it is important to define terms that characterize 161 
the performance and functionality of these sensors. It is also important to clearly specify how these 162 
specifications can be evaluated. Clearly defined terms and evaluation procedures help to develop 163 
more efficient sensors and to smoothly transfer this new sensor technology from the suppliers to 164 
the users. This document defines a set of methods for evaluating the performance and 165 
characteristics of fibre optic voltage sensors. However, this document does not quantify any 166 
performance targets, because these depend on the specific application of the sensor. It is 167 
nevertheless expected that this document helps to define specific quantitative targets for the 168 
sensor performance when a fibre optic voltage sensor is developed for a given practical application. 169 

This document is based on the standard OITDA FS 02 [1]1 published by the Optoelectronic Industry 170 
and Technology Development Association (OITDA). All the figures and tables in this document are 171 
identical to those in OITDA FS 02 except for the translation from Japanese to English. 172 

  173 

 
1 The numbers in brackets refer to the bibliography 
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FIBRE OPTIC SENSORS – 174 

 175 

Part 7-3: Voltage measurement – Polarimetric method  176 

 177 

1 Scope 178 

This part of IEC 61757 defines the terminology, structure, and performance characteristics of fibre 179 
optic voltage sensors using a polarimetric measurement method. The document specifies test 180 
methods and procedures for measuring the most important performance parameters of these 181 
sensors. It addresses only the voltage sensing element and not the additional devices that are 182 
unique to each application.  183 

The document does not specify the required performance values of optical polarimetric fibre optic 184 
voltage sensors, because these specifications depend on the designated application of the sensor 185 
and are typically defined by the user of the sensor. The required performance values are usually 186 
defined when designing a sensor for a specific application. 187 

2 Normative references 188 

The following documents are referred to in the text in such a way that some or all of their content 189 
constitutes requirements of this document. For dated references, only the edition cited applies. 190 
For undated references, the latest edition of the referenced document (including any amendments) 191 
applies. 192 

IEC 61757:2018, Fibre optic sensors – Generic specification 193 

3 Terms and definitions 194 

For the purposes of this document, the terms and definitions given in IEC 61757:2018 and the 195 
following apply. 196 

ISO and IEC maintain terminology databases for use in standardization at the following addresses:  197 

• IEC Electropedia: available at https://www.electropedia.org/ 198 

• ISO Online browsing platform: available at https://www.iso.org/obp 199 

3.1  200 
electro-optic effect 201 
change in the optical characteristics of a material under the influence of an electric field 202 

Note 1 to entry:  Pockels and Kerr effects are examples of electro-optic effects. 203 

Note 2 to entry:  Electro-optic is often erroneously used as a synonym for opto-electronic. 204 

Note 3 to entry:  The most common effect results in a change in refractive index. 205 

[SOURCE: IEV, 731-01-42] 206 

3.2  207 
intensity modulation method 208 
in an optical voltage sensor, method of converting birefringence information into light intensity by 209 
passing light through a wave plate, a Pockels cell, and a polarization separation element in this 210 
order, and creating an optical signal corresponding to the measured voltage 211 

3.3  212 
interferometric method 213 
in an optical voltage sensor, method in which two orthogonal linearly polarized light components 214 
are passed through a Pockels cell and then converted into the same polarization state, so that 215 
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they interfere with each other and are converted into light intensity to create an optical signal 216 
corresponding to the measured voltage 217 

3.4  218 
maximum measurable frequency 219 
highest frequency of voltage variations that can be measured by an optical voltage sensor 220 

3.5  221 
maximum measurable voltage 222 
largest voltage that can be measured by an optical voltage sensor 223 

3.6  224 
minimum measurable frequency 225 
lowest frequency of voltage variations that can be measured by an optical voltage sensor 226 

3.7  227 
operating temperature range 228 
range of temperature within which an optical voltage sensor shall satisfy the defined performance 229 

3.8  230 
optical activity 231 
property of rotating the plane of polarization 232 

3.9  233 
optical part 234 
part consisting of lens, prism, mirror, and optical element, like a phase modulator, in an optical 235 
voltage sensor 236 

Note 1 to entry:  While the term "sensor part" focuses on the component position (see Clause 4), the term "optical part" 237 
focuses on the component materials. 238 

3.10  239 
optical voltage sensor 240 
component, module, subassembly, assembly, or device that can detect voltage using the Pockels 241 
effect 242 

Note 1 to entry:  The optical voltage sensor consists of a sensor unit, an optical transmission unit, and a signal 243 
processing unit (see Clause 4). 244 

3.11  245 
photo-conductivity 246 
photo-electric effect characterized by a variation of electrical conductivity 247 

[SOURCE: IEV, 731-01-62] 248 

3.12  249 
piezoelectric effect 250 
generation of an electric field in response to an applied mechanical stress or generation of a stress 251 
in response to an applied electric field 252 

Note 1 to entry: A more complete definition is given by IEV, 121-12-86. 253 

3.13  254 
Pockels coefficient 255 
coefficient that indicates the difference in the refractive indexes of the birefringence that occurs in 256 
response to the electric field applied to the substance 257 

Note 1 to entry:  See Annex A for details. 258 
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3.14  259 
Pockels effect 260 
electro-optic effect in which an applied electric field makes an optically isotropic substance 261 
birefringent, the difference of refractive indexes being proportional to the magnitude of the electric 262 
field strength 263 

[SOURCE: IEV, 731-01-42] 264 

3.15  265 
rated voltage 266 
rated value of the voltage assigned by the manufacturer to a component, device, or equipment and 267 
to which operation and performance characteristics are referred 268 

3.16  269 
required specifications 270 
list of specifications an optical voltage sensor shall satisfy 271 

3.17  272 
transient characteristics 273 
phenomena of changing the voltage value that is output from an optical voltage sensor when the 274 
voltage to be measured deviates from the defined voltage value over a short period of time 275 

3.18  276 
voltage divider 277 
device comprising resistors, inductors, capacitors, or a combination of these components such 278 
that, between two points of the device, a desired fraction of the voltage applied to the device can 279 
be obtained 280 

Note 1 to entry:  A voltage divider acquires part of the voltage applied to the entire device between two points of the 281 
device. 282 

[SOURCE: IEV, 311-02-32 – Modified: Removed "transformer(s)" from definition] 283 

3.19  284 
warm-up time 285 
duration between the instant after which the power supply is energized and the instant when the 286 
measuring instrument may be used, as specified by the manufacturer  287 

[SOURCE: IEV, 311-03-18] 288 

4 Components of optical voltage sensor using polarimetric method 289 

4.1 General description 290 

Figure 1 shows a schematic diagram of the various elements of which an optical voltage sensor is 291 
composed. In this document, the optical voltage sensor is divided into three parts: a sensor part, 292 
an optical transmission part, and a signal processing part. Each of these parts can be exposed to 293 
different physical environments. 294 

The sensor part of the optical voltage sensor contains a Pockels cell that is connected to two 295 
electric conductors whose voltage difference is to be measured. It is connected via two optical 296 
fibres to the signal processing part, which calculates the voltage measured by the sensor part. 297 
While the sensor part is placed adjacent to the electric conductors, the signal processing part is 298 
generally placed in a remote location and thus exposed to a different environment than the sensor 299 
part. 300 
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 301 

Source:  OITDA FS 02 [1], reproduced with the permission of the Optoelectronic Industry and Technology Development 302 
Association (OITDA). 303 

Figure 1 – Measurement system using optical voltage sensor 304 

The optical fibres that connect the sensor part to the signal processing part is called the optical 305 
transmission part. 306 

The light source for generating the optical signal transmitted to the sensor part via optical fibre is 307 
typically included in the signal processing part. Likewise, the light detector for receiving the optical 308 
signal transmitted from the sensor part via optical fibre is included in the signal processing part, 309 
which also contains the power supplies.   310 

More details on the specific functions of each part can be found in Annex A. 311 

NOTE The sensor part can include elements for controlling polarization and phase of the optical signal and a voltage 312 
divider for adjusting the voltage applied to the Pockels cell. The signal processing part can have elements for controlling 313 
polarization and phase of the optical signal in addition to the light source, power supply, and light detector. 314 

A component, module, subassembly, assembly, or device that comprises a sensor part with a 315 
Pockels cell, an optical transmission part, and a signal processing part is called an optical voltage 316 
sensor. 317 

See Annex B for more details on the specific features of polarimetric fibre optic voltage sensors 318 
and Annex C for design considerations and performance specifications. 319 

4.2 Classification of Pockels cells 320 

Pockels cells can be divided into two classes. Some Pockels cells have longitudinal modulation 321 
elements in which the light transmission direction and the voltage application direction are parallel, 322 
whereas other Pockels cells have transverse modulation elements in which the light transmission 323 
direction and the voltage application direction are orthogonal to each other.  324 

More details on the operation of Pockels cells can be found in Annex A. 325 

5 Characteristic tests 326 

5.1 General information 327 

Clause 5 specifies a characteristic test method for the optical voltage sensor. The input-to-output 328 
(I/O) characteristics are described in 5.2 and are the basis of the test. Subclause 5.3 describes 329 
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the warm-up time, which is not considered in conventional voltage sensors. Subclause  5.5 defines 330 
the input parameter dependency for each test method and 5.6 the external environment 331 
dependency.  332 

Subclause 5.4 describes the voltage conditions for obtaining characteristic parameters. The 333 
parameters to be acquired are listed in Table 1, which specifies for each parameter whether tests 334 
are required or just optional. The measurement results are summarized in an inspection report 335 
(see Annex D) and shown to the user. 336 

Table 1 – List of parameters to be obtained  337 

No. Parameters Required or optional  

1 I/O characteristics Required 

2 Warm-up time Required 

3 Parameter dependency Input parameter 
dependency 

Frequency characteristic Required for type test 

Transient characteristic Required for type test 

External environment 
dependency 

Steady state temperature 
characteristic 

Required for type test 
Optional for routine test for 
outdoor use sensors 

Transient temperature 
characteristic 

Required for type test 
Optional for routine test for 
outdoor use sensor 

Shock and Vibration Optional 

 338 

5.2 Input-to-output characteristics 339 

5.2.1 General 340 

The input-to-output (I/O) characteristics are the most basic performance parameters of optical 341 
voltage sensors. Figure 2 shows the I/O characteristics of a typical fibre optic voltage sensor. 342 
Ideally, the voltage to be measured is the same as the output voltage reported by the sensor. In 343 
practice, the output voltage can deviate from the voltage to be measured, thus resulting in a 344 
measurement error. These errors are caused by the following three factors: 345 

a) noise; 346 

b) sensitivity change; 347 

c) non-linearity. 348 

There are two types of noise. In some cases, the noise is correlated with the voltage to be 349 
measured, and in other cases it is not. Therefore, these two types of noise shall be characterized 350 
separately. DC offsets in the output voltage should be distinguished from noise. 351 

Sensitivity change is a variation in the proportionality between reported output voltage and the 352 
voltage to be measured.  353 

Non-linearity is the phenomenon that the sensitivity of the voltage sensor changes as a function 354 
of voltage to be measured, so that the relationship between the reported output voltage and the 355 
voltage to be measured deviates from a straight line. 356 

Figure 2 illustrates the effects of noise, sensitivity change, and non-linearity on the reported output 357 
voltage. 358 

 359 
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