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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES –  

 
Part 2-13: Digital systems – Measurement of error vector magnitude 

 
FOREWORD 

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

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

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

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

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

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

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

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

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 61280-2-13 has been prepared by subcommittee 86C: Fibre optic systems and active 
devices, of IEC technical committee 86: Fibre optics. It is an International Standard. 

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

Draft Report on voting 

86C/1900/CDV 86C/1924/RVC 

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

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

A list of all parts of the IEC 61280 series, published under the general title Fibre optic 
communication subsystem test procedures, can be found on the IEC website. 

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

• reconfirmed, 

• withdrawn, or 

• revised. 
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INTRODUCTION 

The error vector magnitude (EVM) is a single, real-valued parameter that characterizes the 
signal quality of n-state amplitude phase shift keyed (n-APSK) signals, which are also known 
as vector modulated signals. Similar to the Q-factor used for intensity-modulated 
directly-detected optical signals, it measures the average deviations of the transmitted signal 
states from their ideal values. These deviations can be caused by noise and by linear and 
nonlinear waveform distortions. The EVM is therefore a useful quantity to characterize the 
quality of transmitted source signals at the input of a transmission system or the quality of 
received signals at the output of a transmission system [1]1. 

Despite the fact that the EVM is often reported by commercial optical modulation analysers, 
there are only a few standards that define a procedure for calculating the EVM of optical signals. 

ITU-T Recommendation G.698.2 [2], for example, specifies a maximal EVM value for 
polarization-multiplexed 100 Gbit/s QPSK signals generated by an optical transmitter at the 
input of a DWDM transmission system. These recommendations provide detailed instructions 
for numerical signal processing steps that are to be performed on the received signal before 
the EVM is calculated. The steps include removal of undesired frequency and phase offsets, 
spectral filtering, DC offset removal, and even the addition of artificial noise to the signal. 

Similarly, OIF Implementation Agreement OIF-400ZR-01.0 [3] describes a set of signal 
processing steps for determining the EVM in polarization-multiplexed 400 Gbit/s 16-QAM 
signals, which include the addition of artificial noise, but does not specify a maximal EVM value 
for the transmitted signals at the input of the transmission system. 

The detailed signal processing steps defined in ITU-T G.698.2 and in OIF-400ZR-01.0 are 
specific to the particular modulation formats and to the applications considered in these 
documents. They are not applicable to arbitrary n-APSK signals or to other applications. 

This document specifies a general procedure for calculating the EVM of optical n-APSK signals 
from a set of transmitted and properly received symbols. It does not specify any signal 
processing steps necessary to extract the symbols from the raw received signals or optional 
processing steps impacting the signal quality. This document rather defines the normalization 
of the reference states used in the EVM calculations as well as a procedure for proper scaling 
of the measured signal states. It is intended to serve as a reference for instrument vendors, 
transmission equipment manufacturers, and users of such instruments and transmission 
equipment. 

The procedures described in this document apply to single-polarized optical signals as well as 
to conventional polarization-multiplexed signals with independently modulated polarization 
tributaries, which are often referred to as three-dimensionally (3-D) coded signals. In general, 
it is not advisable to apply these procedures without modifications to four-dimensionally (4-D) 
coded signals, in which optical amplitude, phase and polarization state are simultaneously 
modulated to encode the information data [4]. At the time of writing, procedures for calculating 
the EVM of 4-D coded signals were still under study. 

  

___________ 
1 Numbers in brackets refer to the Bibliography. Curre
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FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES – 
 

Part 2-13: Digital systems – Measurement of error vector magnitude 
 
 
 

1 Scope 

This part of the IEC 61280-2 series defines a procedure for calculating the root-mean-square 
error vector magnitude of optical n-APSK signals from a set of measured symbols. It specifically 
defines the normalization of the reference states and a procedure for optimal scaling of the 
measured symbol states. 

The procedure described in this document applies to single-polarized optical signals as well as 
to conventional polarization-multiplexed signals with independently modulated polarization 
tributaries. In general, it is not advisable to apply these procedures without modification to 
signals, in which optical amplitude, phase, and polarization state are simultaneously modulated 
to encode the information data. 

This document does not specify any signal processing steps for extracting the symbols from 
the received optical signals, because these steps depend on the optical receiver and can vary 
with the type of the transmitted n-APSK signal. These and optional additional signal processing 
steps are defined in application-specific documents. 

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

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

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

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

3.1  
digital modulation 
modulation of an optical sinusoidal carrier by a digital signal 

Note 1 to entry: Digital modulation is generally an amplitude shift keying, a frequency shift keying, a phase shift 
keying or their combination. 

[SOURCE: IEC 60050-713:1998, 713-07-12, modified – addition of "optical".] 

3.2  
binary (digital) signal 
digital signal in which each signal element has one of two permitted discrete values 

[SOURCE: IEC 60050-704:1993, 704-16-03] 
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