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Abstract: A method to validate computational electromagnetics computer modeling and
simulation techniques, codes, and models is defined in this standard. It is applicable to a wide
variety of electromagnetic applications including, but not limited to, the fields of electromagnetic
compatibility, radar cross section, signal integrity, and antennas. Validation of a particular solution
data set can be achieved by comparison to the data set obtained by measurements, alternate
codes, canonical, or analytic methods.

Keywords: antennas, computational electromagnetics, convergence, electromagnetic compatibility,
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation. When a document is more than five years old and has not been
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present
state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a given IEEE standard.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Comments on standards and requests for interpretations should be submitted to the
following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 1597.1-2008, IEEE Standard for Validation of Computational Electromagnetics
Computer Modeling and Simulations.

Since the mid-1960s, a number of computational electromagnetics (CEM) techniques have been developed
and numerical codes have been generated to analyze various electromagnetic compatibility (EMC) and
related electromagnetics problems. Whereas each is based on classical electromagnetic theory and
implements Maxwell’s equations in one form or another, these techniques and the manner in which they are
used to analyze a given problem, can produce quite different results. Lacking is the availability of a well-
defined, mature, and robust methodology for validating computational electromagnetic techniques within a
consistent level of accuracy. Indeed, this has eluded the EMC community for many years and methods have
been sought to address this deficiency. Concerns persist regarding the validity, accuracy, and applicability
of existing numerical techniques to the general class of EMC problems of interest. Relevant problems
include, but are not limited to, the following: printed circuit board radiated and conducted
emissions/immunity, system-level EMC, radar cross section of complex structures, antenna radiation, large
platform electromagnetic environment effects, and human body specific absorption rate.

Although these techniques and codes have been applied to a myriad of electromagnetic problems,
uncertainty still exists and current validation practices have not always proven reliable. Computer
predictions have been compared to measurements to provide a first-order validation, but there is also much
interest in how the techniques, when applied to a given problem or a class of problems, compare to each
other and the fundamental theory upon which they are based. Hence, additional efforts are needed to
establish a standardized method for validating these techniques and to instill confidence in them.

Therefore, the purpose of this first-of-its-kind standard is to define the specific process and steps that shall
be used to validate CEM techniques and to significantly reduce uncertainty as it pertains to their
implementation and application to practical EMC problem-solving tasks. The standardized process, based
on the Feature Selective Validation (FSV) method, is used to validate various techniques against each other
as well as against measurement baselines, in order to determine the degree of agreement or convergence
and to identify the potential error sources that would lead to divergent trends.

This standard is the first of a two-part family of standards on this subject. A companion, IEEE P1597.2™,
Draft Recommended Practice for Validation of Computational Electromagnetics Computer Modeling and
Simulation [B40],* has been developed that provides examples and problem sets to be used in the validation
of CEM computer modeling and simulation techniques, codes, and models. It is applicable to a wide variety
of electromagnetic applications. The recommended practice, in conjunction with this standard, shows how
to validate a particular solution data set by comparing it to the data set obtained by measurements, alternate
codes, canonical, or analytic methods. The key areas addressed include model accuracy, convergence, and
techniques or code validity for a given set of canonical, benchmark, and standard validation models.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

# The numbers in brackets correspond to those of the bibliography in Annex A.
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Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official [IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieecexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable
or nondiscriminatory. Users of this standard are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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IEEE Standard for Validation of
Computational Electromagnetics
Computer Modeling and Simulations

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection in all circumstances. Implementers of the standard are responsible for
determining appropriate safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This standard defines a method to validate computational electromagnetics (CEM) computer modeling and
simulation (M&S) techniques, codes, and models. It is applicable to a wide variety of electromagnetic (EM)
applications including but not limited to the fields of electromagnetic compatibility (EMC), radar cross section
(RCY), signal integrity (SI), and antennas. Validation of a particular solution data set can be achieved by
comparison to the data set obtained by measurements, alternate codes, canonical, or analytic methods.

1.2 Purpose

This standard provides a formal mechanism for comparing the results of various CEM techniques, codes,
and models in a repeatable way against a set of “golden” benchmarks, including standard validation and
canonical problem sets. These data are based on theoretical formulations, or obtained as a result of
performing high-quality measurements and, in certain cases, based on accurate analyses that have
undergone and withstood peer validation.

1.3 Background

In general, CEM techniques and codes, and the manner in which they are used to analyze a given problem,
can produce quite different results. These results are affected by the way in which the underlying physics
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formalisms have been implemented within the codes including the mathematical basis functions, numerical
solution methods, numerical precision, and the use of building blocks (primitives) to generate
computational models.

Despite all CEM codes having their basis in Maxwell’s equations of one form or another, their accuracy
and convergence rate depends on how the physics equations are cast (e.g., integral or differential form,
frequency or time domain), what numerical solver approach is used (full or partial wave, banded or
partitioned matrix, nonmatrix), inherent modeling limitations, approximations, and so forth. The physics
formalism, available modeling primitives (canonical surface or volumetric objects, wires, patches, facets),
analysis frequency, and time or mesh discretization further conspire to affect accuracy, solution
convergence, and overall validity of the computer model.

The critical areas that must be addressed include model accuracy, convergence, and techniques or code
validity for a given set of canonical, standard validation, and benchmark models. For instance, uncertainties
may arise when the predicted results using one type of CEM technique do not agree favorably or
consistently with the results of other techniques or codes of comparable type or even against measured data
on benchmark models. Furthermore, it can be difficult to compare the results between certain techniques or
codes despite their common basis in Maxwell’s equations. Exceptions can be cited, in particular, when
comparing the results of “similar” codes grouped according to their physics, solution methods, and
modeling element domains. Nevertheless, disparities even among codes in a certain “class” have been
observed. Many examples can be cited where fairly significant deviations have been observed between
analytical or computational techniques and empirical based methods. Differences are not unexpected, but
the degree of disparity in certain cases cannot be readily explained nor easily discounted, which has led to
the often asked-question, “Which result is accurate?” Annex B provides guidelines on how to apply the
right CEM technique or code to the CEM M&S problem at hand.

2. Acronyms

For the purposes of this standard, the following terms and definitions apply. Annex C, The Authoritative
Dictionary of IEEE Standards Terms [B38], and ANSI C63.14-1998 [B1] should be referenced for terms
not defined in this clause.

ADM Amplitude Difference Measure (depending on context)
CEM computational electromagnetics
EM electromagnetic
EMC electromagnetic compatibility
EMI electromagnetic interference
EMI/C electromagnetic interference/compatibility
FDM Feature Difference Measure
FDTD Finite-Difference Time Domain
FEM Finite Element Method
FSV Feature Selective Validation
GDM Global Difference Measure
Mil-Std military standard
M&S modeling and simulation
MoM Method of Moments
OATS open-area test site
PCB printed circuit board
PEC perfectly electrically conducting
PEEC Partial Element Equivalent Circuit
RAM random-access memory (depending on context)
RLC resistance, inductance, and capacitance
RCS radar cross section
TLM Transmission Line Method
VRS Validation Rating Scale
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3. Computational electromagnetics modeling and simulation validation
process

3.1 General

The validation process for M&S results is dependent on exactly what is being validated and what data is
available to support the validation. The preferred process is to validate the unknown case against a known
reference. To this end, standard problems and other means of obtaining a reference are described in this
standard together with a procedure to compare the resulting data sets. Where no suitable reference case can
be obtained, validation is possible by using self-referencing schemes. While less encompassing, these
schemes still permit a high level of confidence to be achieved. The flowchart shown in Figure 1 provides
the route that is taken.

NOTE—The terms ‘modeling’ and ‘simulation’ can, in most places, be used interchangeably.'

Levels of model validation
1. Computational technique
2. Specific code implementation
3. Individual model

Engineering judgment

!

External or

Self External
reference?
4
Self Select external reference
1. Standard problem
Self referencing methods 2. Closed form equation
1. Convergence effects 3. Measurement
2. Geometry effects 4. Alternate modeling technique
A \ 4
FSV Evaluation and

Validation Rating Scale

Figure 1—Validation flowchart

! Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.

; Documents
Copyright © 2009 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:58:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1597.1-2008


http://www.avadocuments.com/doc/ieee-1597-1-2008
http://www.avadocuments.com/doc/ieee-1597-1-2008

