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Abstract: Terms and definitions relating to inertial sensors are presented in this standard. Usage
as understood by the inertial sensor community is given preference over general technical usage
of the terms herein. The criterion for inclusion of a term and its definition in this standard is
usefulness as related to inertial sensor technology.

Keywords: IEEE 528™ | inertial sensor technology, inertial sensor terminology
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, 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.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own 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.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of 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 of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
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 comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant [IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document 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.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
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non-commercial use only. To arrange for payment of licensing fees, 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.

Updating of IEEE Standards documents

Users of IEEE Standards documents 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. A current 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.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, 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 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 IEEE Xplore at http://ieeexplore.iece.org/
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s
standards development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.iece.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

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 by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. 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 non-discriminatory. 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.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:31:21 UTC from IEEE Xplore. Restrictions apply.

5
Copyright © 2019 IEEE. All rights reserved.

Full document details: IEEE 528-2019


http://ieeexplore.ieee.org/
http://standards.ieee.org/
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-528-2019
http://www.avadocuments.com/doc/ieee-528-2019

Historical participants

This standard was prepared by the Gyro and Accelerometer Panel of the IEEE Aerospace Electronics
System Society. This publication represents a group effort on a large scale. The major contributors to IEEE
Std 528-2001 and to earlier versions were as follows:

David R. Anderson
Michael E. Ash
Cleon H. Barker
Steve F. Becka
Joseph S. Beri
Stephen Bongiovanni
Chell E. Bosson
Pierre Bouniol

A. M. Brady

Herbert T. Califano
Anthony (Ted) Campbell*
Amyn Champsi
Michael Cirello

J. Claassen

John F. Conroy*

J. H. Crittenden
Joseph J. D’ Angelo Jr.
Jim W. Davies*
Herb B. Diamond
George W. Erickson
Al H. Ferraris

Yuri Filatov

Scott A. Finken
Thomas A. Fuhrman
Kerry N. Green

*Past chair

Sid Bennett, [EEE Std 528-2001 Chair

H. L. Gubbins*
Yoshiaki Hirobe
Ken Homb

Michael D. Hooser
Tommy Ichinose
Bert Katz
Jean-Frangois Kieffer
Karl J. Klarman
Menno G. Koning
Kurt Lantz

Thomas C. Lear*
Greg Lepore

John Lewis

Dmitri Loukianov
Bryan Lovitt

David D. Lynch
Dave F. Macy

R. D. (Sam) Marquess
Jean Martel

Robert Moore
Harold D. Morris
Gerald E. Morrison*
Bart Morrow, Jr.
Gordon C. Murray

Jay G. Neugroschl
Charles Pearce

Rex B. Peters*

David Rozelle
Charles L. Seacord
Gerald L. Shaw
Phillip B. Simpson
Arkadii Sinelnikov
Norman F. Sinnott*
Robert B. Smith
Timothy S. Stanley
Clifford O. Swanson*
Daniel Tazartes
Mohammad Tehrani
Robert R. Thede
Leroy O. Thielman
Christopher V. Trainor
Douglas C. Troast
Ludd A. Trozpek
Angelo Truncale
Robert L. Van Alstine
Dennis Whitehead
Bud J. Wimber*
David J. Winkel
Bruce R. Youmans

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:31:21 UTC from IEEE Xplore. Restrictions apply.

6
Copyright © 2019 IEEE. All rights reserved.

Full document details: IEEE 528-2019


http://www.avadocuments.com/doc/ieee-528-2019
http://www.avadocuments.com/doc/ieee-528-2019

Participants

At the time this IEEE standard was completed, the Gyro and Accelerometer Panel Working Group had the
following membership:

Randall K. Curey, Chair
Kamal Joshi, Vice Chair

Hassan Abdar Jason K. Bingham Steve Rounds
Cleon H. Barker Rayna DeMaster-Smith Daniel Tazartes
Steve F. Becka George W. Erickson Leroy O. Thielman

Austin J. Parach

The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.

Robert Aiello George W. Erickson Jean-Francois Kieffer
Cleon H. Barker Randall Groves Robert Robinson
Jason K. Bingham Werner Hoelzl Walter Struppler
Demetrio Bucaneg, Jr. Noriyuki Ikeuchi Daniel Tazartes
Randall K. Curey Leroy O. Thielman

When the IEEE SA Standards Board approved this standard on 13 June 2019, it had the following

membership:

Gary Hoffman, Chair

Ted Burse, Vice Chair

Jean-Philippe Faure, Past Chair
Konstantinos Karachalios, Secretary

Masayuki Ariyoshi John D. Kulick Annette D. Reilly
Stephen D. Dukes David J. Law Dorothy Stanley
J. Travis Griffith Joseph Levy Sha Wei
Guido Hiertz Howard Li Phil Wennblom
Christel Hunter Xiaohui Liu Philip Winston
Thomas Koshy Kevin Lu Howard Wolfman
Joseph L. Koepfinger* Daleep Mohla Feng Wu
Thomas Koshy Andrew Myles Jingyi Zhou

*Member Emeritus

, Documents
Copyright © 2019 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:31:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 528-2019


http://www.avadocuments.com/doc/ieee-528-2019
http://www.avadocuments.com/doc/ieee-528-2019

Introduction

| This introduction is not part of IEEE Std 528-2019, IEEE Standard for Inertial Sensor Terminology.

IEEE Std 528-2019 is a minor revision of IEEE Std 528-2001. This standard is a listing of terms and
definitions relating to inertial sensors. These terms and definitions represent a consensus of manufacturers
and users in industry, government agencies, and other interested groups.

The criterion for inclusion of terms and definitions in this standard is their general usefulness as related to
inertial sensor technology. When necessary, the needs of the inertial sensor community have been given
preference over general technical usage. For example, “degree-of-freedom,” “rotor angular momentum,”
and “pendulosity” are defined in a specialized sense, as applied to inertial sensors. In general, definitions
that might be found in a standard textbook have not been included; for example, “damping ratio” and
“orthogonality.”

In this standard, the symbol g is used to denote a unit of acceleration equal in magnitude to the local value
of gravity at a test site or the standard value 9.80665 m/s*. The symbol g is thus distinguished from g which
is the standard symbol for gram.
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IEEE Standard for Inertial Sensor Terminology

1. Overview

1.1 Scope

This standard provides a source of definitions of terminology used in the development,

manufacture, and test of inertial instruments used for navigation, guidance, orientation,

stabilization, and related applications. This is a companion document to IEEE Std 1559™.

1.2 Purpose

There is no consistent definition of terms that have arisen in the evolution of inertial instruments.

This standard is intended to serve as a basic reference for producers and users of such instruments,

for preparing industry standards, and for the interpretation of published technical reports.

2. Definitions

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

Dictionary Online should be consulted for terms not defined in this clause. 1

23-acceleration-insensitive drift rate (gyro): The component of environmentally sensitive drift rate

not correlated with acceleration.

NOTE — Acceleration-insensitive drift rate includes the effects of temperature, magnetic, and other

external influences.2

YIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org

2Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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22 acceleration random walk (accelerometer): See: random walk (acceleration random walk).

2.3-acceleration-sensitive drift rate (gyro): The components of systematic drift rate correlated with

the first power of a linear acceleration component, ypieally=expressed as (rad/s)/(m/s2) in SI units. 3

e

24—acceleration-squared-sensitive drift rate (gyro): The components of systematic drift rate

correlated with either the second power of a linear acceleration component or the product of two

2

linear acceleration components, typicatly-expressed as (rad/s)/(m/s?)? in SI units.# (/hyle .

2.5-accelerometer: An inertial sensor that measures linear or angular acceleration. Except where
specifically stated, the term accelerometer refers to linear accelerometer. See: angular accelerometer;

linear accelerometer.

2.6-activation time (gyro, accelerometer): See: turn-on time.

2.7-activity dip (vibrating beam accelerometer): The phenomenon where, at certain frequencies, the
resonator vibration amplitude decreases due to parasitic resonances within itself or with the

surrounding structure.

2.8-alignment (gyro, accelerometer): See: input-axis misalignment.

2.9-Allan variance: A characterization of the noise and other processes in a time series of data as a
function of averaging time. It is one half the mean value of the square of the difference of adjacent

time averages from a time series as a function of averaging time.

216-angle random walk (gyro): See: random walk (angle random walk).

231-angular acceleration sensitivity: (A 1) (accelerometer): The change of output (divided by the
scale factor) of a linear accelerometer that is produced per unit of angular acceleration input about a
specified axis, excluding that the response which that is due to linear acceleration. (B 2) (gyro)- The

ratio of drift rate due to angular acceleration about a gyro axis to the angular acceleration causing it.

4 More typically expressed as (°/h)/522 or ("/s)/g2
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NOTE —In single-degree-of-freedom gyros, it is nominally equal to the effective moment of inertia of

the gimbal assembly divided by the angular momentum.

232-angular accelerometer: An inertial sensor that measures the rate of change of inertial angular

velocity about its input axis(es).

NOTE—An output signal is produced from the angular motion of a proof mass (rigid or fluid)
relative to a case; or by differentiating the output of a strapdown gyroscope; or by processing

differeneing the outputs from an array of linear accelerometers.

234-angular velocity sensitivity (accelerometer): The change of output (divided by the scale factor
and the square of angular rate or product of two angular rates) of a linear accelerometer that is
produced per unit of angular velocity squared, when spun about a specified axis, excluding the
response that is due to acceleration. See: effective center-of-mass for angular velocity; rate-squared

sensitivity.

2.15-angular vibration sensitivity (gyro): The ratio of the change in output due to angular vibration

about a sensor axis to the amplitude of the angular vibration causing it.

233-angular-case-motion sensitivity (dynamically tuned gyro): The drift rate resulting from an
oscillatory angular input about an axis normal to the spin axis at twice the rotor spin frequency. This
effect is due to the single-degree-of-freedom of the gimbal relative to the support shaft and is
proportional to the input amplitude and phase relative to the flexure axes. See: two-N (2N) angular

sensitivity.

2.16-anisoelasticity (mechanical gyro): The inequality of compliance of a structure in different

directions. See: acceleration-squared-sensitive drift rate; principal axis of compliance.
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217 anisoinertia: (A 1) (accelerometer): A relationship among the principal axis moments of inertia
of an accelerometer pendulum in which the moment of inertia about the output axis differs from the
difference of the moments of inertia about the other two principal axes. This inequality causes the
effective centers of mass for angular velocity and for angular acceleration to be physically separated.
In a system in which the accelerometer is modeled as though it were located at the effective center of
mass for angular acceleration, there will be an offset in accelerometer output proportional to the
product of the angular rates about the input and pendulous axes. Anisoinertia may be expressed as

the magnitude of the actual separation in units of length, or as a compensation term expressed as

@@ %H—uﬂits—ef—m«g/(rad/s)z in SI units.2 Anisoinertia, in this usage, differs from standard physical
definitions, but it describes a real effect that is closely analogous to the effect of the same name in
gyros. The effect is most easily described in a pendulous accelerometer, but it can also be seen in a
nominally translational proof mass accelerometer that has sufficient angular elastic compliance to
emulate a pendulous axis. (B 2) (mechanical gyro)- The inequality of the moments of inertia about
the gimbal principal axes. When the gyro is subjected to angular rates about the input and spin axes,
and the moments of inertia about these axes are unequal, a torque is developed about the output
axis that is proportional to the difference of the inertias about the input and spin axes multiplied by

the product of the rates about these two axes.

238-anti-lock means (laser gyro): Mitigation of lock-in effects by inducing a nonreciprocal phase (or

frequency) shift between the counter-propagating beams.

NOTE —This can be accomplished by mechanical or magneto-optical means.

219-anti-lock residual (laser gyro): Output noise remaining after compensation for anti-lock means.
2.20-ARW: See: angle random walk.

2:21-attitude storage (mechanical gyro): The transient deviation of the output of a rate-integrating
gyro from that of an ideal integrator when the gyro is subjected to an input rate. It is a function of

the gyro characteristic time (see Figure 1). See: float storage; torque-command storage.
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Figure 1—Attitude storage

2.22-autoerection (mechanical gyro): The process by which gimbal axis friction causes the spin axis
of a free gyro to tend to align with the axis about which the case is rotated. The resulting drift rate is

a function of the angular displacement between the spin axis and the rotation axis.

2.23-automatic bias nulling (gyro, accelerometer): A circuit or system technique for setting the mean

value of sensor output, averaged over a defined time period, to zero, or to some defined value.

2.24-axis-of-freedom (gyro): A rotational axis that provides a degree-of-freedom. See: degree-of-

freedom.

2.25-bias: (A 1) (accelerometer)- The average over a specified time of accelerometer output measured

at specified operating conditions that has no correlation with input acceleration or rotation. Bias is

expressed as : iafm/s2 in SI units.6—g-]—. (B 2) (gyro)- The average over a specified time of gyro output

measured at specified operating conditions that has no correlation with input rotation or

acceleration. Bias is typically expressed in degrees-perhour{°/hj.

NOTE—Control of operating conditions may address sensitivities such as temperature, magnetic

fields, and mechanical and electrical interfaces, as necessary.

6 More typically expressed as g.
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