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Abstract: A structure of low-altitude airspace for efficient unmanned aerial vehicle (UAV) traffic
management is defined in this standard. The standard elaborates the structural low altitude based
on UAV low-altitude public air routes from five parts: grid technology, remote sensing data,
communication and networking, route planning, operation, and management.
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network, meteorological service, operation and management, path planning, remote sensing, risk
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, 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 makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that
the use of the material contained in its standards is free from patent infringement. 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: THE
NEED TO PROCURE 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.

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 is the approved IEEE
standard.
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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, nor 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 the presenter’s views should be considered the personal views of that individual rather than
the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
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 evaluating comments or in revisions to an IEEE standard is welcome to join
the relevant IEEE working group. You can indicate interest in a working group using the Interests tab in the
Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is needed to access
the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and data
ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US 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.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
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;
https://www.copyright.com/. 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. 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.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 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 or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the [IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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 https://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.
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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. 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.

‘ Documents
Copyright © 2021 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:27:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1939.1-2021


http://www.avadocuments.com/doc/ieee-1939-1-2021
http://www.avadocuments.com/doc/ieee-1939-1-2021

Participants

At the time this standard was submitted to the IEEE SA Standards Board for approval, the Low-Altitude
Airspace for UAV Operations (COM/AccessCore-SC/LAAUAV) Working Group had the following
membership:

Xiaohan Liao, Chair
Wei Hong, Vice Chair
Ziyang Liu, Secretary
Chenchen Xu, Editor
Xiandong Dong, Co-Editor
Fuhu Ren, Yu Su, Haiying Lu, Jianping Zhang, Sub-group Chairs

Organization Represented Name of Representative

OXSENSES COTPOTALION -...euteeiatenieuietieteeteetete et et eteeteetestesseneeseeseeseebe s s e seneeseeseeseebe st enseneeneeseeseabeasenseneeneeneesessensenes Yu Yuan
Beijing Green Valley Technology Co., Ltd.......cccoiiiiiiieiiirieieieee ettt Qinghua Guo
Beijing TT Aviation Technology Co., LEd. ....cc.ooiiiiiiiiiieeeee ettt s eaeas Yi Yang
Chengdu Aeronautic Polytechnic (CAP)......cc.oieiiiiiieieee ettt Xianding He
Chengdu UAV INAUSLTY ASSOCIATION. .....c.eeutiuiruiriinteieiteiieitete ettt ettt sttt et ete st sttt estebeebesresaenseneeneeteenen Bin Ren
China Electronics Standardiztion Institute (CESI) ......c.coeiiiiiiiiiieee e Haiying Lu
China Mobile Chengdu Institute of Research and Development...........c.ccevveriieierienienieeieiesieeeeee e Yu Su
China Southern PoOwer Grid Co., LEd. ....coouiiiiiiiiiiiieeeeee ettt st Chigang Peng
China TopRS Technology Co., Ltd.....coeieiiiiiiiiee ettt Yanli Xue
CTRS Airspace Technology Jiangsu Co., Ltd.........coeoieiieiiiiiiieeeee ettt Ying Su
Hebei Tianhai Surveying and Mapping Service Co., Ltd......ccoocvevieririienieieieieseeee e Chunhai Hao
Huawei Technolo@ies Co., L. .....cc.oiiiiiiiiiiieieeeeete ettt ettt et sb et e b eiaenbeenean Gang Li

Institute of Geographic Sciences and Natural Resources Research, CAS (IGSNRR).........cccoviveieiininennne Xiaohan Liao
KEEWEIT ALttt ettt ettt ettt et et e et e bt e et e beenta bt entesseente st ensensesseensesseensenseans Hongliang Ding
North China Power Engineering Co., Ltd. of China Power Engineering Consulting Group ......c...cccceceevuennee. Yang Zhang
Peking University Collaborative Innovation Center for Geospatial Big Data..........cccccoeevevierienenceenienienieeeens Fuhu Ren
Skysys Intelligent Technology (Suzhou) Co., Ltd......cccueriirieiierieienieieeeet ettt Haibin Wang
State Grid Economic and Technological Research Institute Co., Ltd.........coceeirinineieiniiirceececeeee Wenjun Han
The Second Research Institute of Civil Aviation Administration of China............ccccceeevevieiienercieneerennne Jianping Zhang
Tianjin WOMOW S&T €., LE...eiiuiiiieiiieeeeee ettt ettt st et st nbeeaean Shuangli Han
Xiaomi Communications Co., Ltd. .......ooiiiiiiiiiiiiee e Xiandong Dong

The Working Group gratefully acknowledges the contributions of the following participants. Without their
assistance and dedication, this standard would not have been completed.

Shengwei Chen Jianli Liu Wenjing Wang
Yiyou Chen Pingyuan Liu Xiaohang Wen
Chengqi Cheng Ying Mai Guangcai Xu
Hongliang Ding Chigang Peng Yanli Xue
Pengxin Ding Bin Ren Yi Yang
Qinghua Guo Yafeng Ren Huping Ye
Xinlei Guo Jingguo Rong Zidong Yin
Shuangli Han Huanlin She Shulin Yu
Wenjun Han Zhen Song Yu Yuan
Chunhai Hao Ying Su Weixin Zhai
Xianding He Qing Sun Yang Zhang
Fan Li Xiang Tan Liang Zhao
Gang Li Bin Tang Ruomei Zhong
Xiaobing Li Haibin Wang Jian Zhou
Yikang Li Nianxiao Wang XiaoXia Zhou
Yingcheng Li Qingfa Wang Xiang Zou

Documents

Document Sharing Hub

7
Copyright © 2021 IEEE. All rights reserved.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:27:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1939.1-2021


http://www.avadocuments.com/doc/ieee-1939-1-2021
http://www.avadocuments.com/doc/ieee-1939-1-2021

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

0xSenses Corporation National Institute of Information and Communications
Beijing TT Aviation Technology Co., Ltd. Technology (NICT)
Chengdu Aeronautic Polytechnic (CAP) North China Power Engineering Co., Ltd. of China

Power Engineering Consulting Group

Peking University Collaborative Innovation Center for
Geospatial Big Data

Skysys Intelligent Technology (Suzhou) Co., Ltd.

Chengdu UAYV Industry Association

China Electronics Standardization Institute (CESI)

China Mobile Chengdu Institute of Research and
Development

China Southern Power Grid Co., Ltd. State Grid Corporation of China (SGCC)

The Second Research Institute of Civil Aviation

TRS Ai Technol i ., Ltd.
CTRS Airspace Technology Jiangsu Co., Ltd Administration of China

Institute of Geographical Sciences and Natural

Resources Research, CAS (IGSNRR) Tianjin WOMOW S&T Co., Ltd.
Xiaomi Communications Co., Ltd.

When the IEEE SA Standards Board approved this standard on 23 September 2021, it had the following

membership:
Gary Hoffman, Chair
Jon Walter Rosdahl, Vice Chair
John D. Kulick, Past Chair
Konstantinos Karachalios, Secretary
Edward A. Addy Howard Li Mehmet Ulema
Doug Edwards Daozhuang Lin Lei Wang
Ramy Ahmed Fathy Kevin Lu F. Keith Waters
J. Travis Griffith Daleep C. Mohla Karl Weber
Thomas Koshy Chenhui Niu Sha Wei
Joseph L. Koepfinger* Damir Novosel Howard Wolfman
David J. Law Annette Reilly Daidi Zhong

Dorothy Stanley
*Member Emeritus

) Documents
Copyright © 2021 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:27:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1939.1-2021


http://www.avadocuments.com/doc/ieee-1939-1-2021
http://www.avadocuments.com/doc/ieee-1939-1-2021

Introduction

This introduction is not part of IEEE Std 1939.1-2021, IEEE Standard for a Framework for Structuring Low-Altitude
Airspace for Unmanned Aerial Vehicle (UAV) Operations.

With the increasingly prominent contradiction between the development demand of Unmanned Aerial
Vehicle (UAV) flights and the use of limited low-altitude resources, safe and efficient management of low-
altitude operations of UAVs is urgent. Structuring low altitudes is an efficient solution to solve this problem,
such as the Metropolis project in Europe, in which four type of airspace structures (full mix, layers, zones,
and tubes) were proposed. However, there is no clear consensus yet on how to construct this and which
factor(s) is necessary.

This standard defines a low-altitude structure in the form of an air route network for efficient UAV traffic
management. It contains five parts: grid technology, remote sensing data, communication and networking,
route planning, and operation and management. A summary is as follows:

— Gridding and coding are the basic techniques for constructing structured low altitude.

— Remote sensing and surface object extraction technology are important sources of surface geographic
information for low-altitude structural construction (which can meet the demand of high dynamic
updating of information).

— Communication and networking technology provides high-quality, reliable communication and data
links for low-altitude UAV operations.

—  The low-altitude air route is a kind of fine low-altitude airspace structure.

—  Operation and management techniques provide macro-policy support for the docking between the
route and UAS traffic management (UTM).

The IEEE Std 1939.1 working group consists of teams with backgrounds in the fields of geographic information,
remote sensing surveying and mapping, communication, standards produce, air traffic control, etc. The team
has a solid research foundation, rich practical experience, and an in-depth understanding of the policies and user
needs of UAVs. In addition, it includes UAV applications and load manufacturers and other units.
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IEEE Standard for a Framework for
Structuring Low-Altitude Airspace for
Unmanned Aerial Vehicle (UAV)

Operations

1. Overview

1.1 Scope

This standard defines a structure for low-altitude airspace for efficient unmanned aerial vehicle (UAV) traffic
management.

It defines UAV capabilities and related infrastructure for UAVs to operate in low-altitude air space.

1.2 Purpose

This standard recognizes, but does not intend to restate or replace, applicable laws and regulations related to
low-altitude airspace, UAV operations, and air traffic management. Users of this standard are responsible
for referring to and observing all such laws and regulations. Compliance with the provisions of this
standard does not imply compliance with any such legal or regulatory requirements.

The standard aims to form a low-altitude airspace structure in the form of low-altitude public air routes
of UAVs, and elaborates on gridding technology, remote sensing, communication and networking
technology, air route planning, operation, and management.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the
standard and from which no deviation is permitted (shall equals is required to)."?

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not
necessarily required (should equals is recommended that).

! The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.
2 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

ISO 21895:2020, Classification of Civil Unmanned Aircraft Systems.>
3. Definitions, acronyms, and abbreviations

3.1 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.*

aerial photography vulnerabilities: In aerial photography, these occur when the overlap of photographs or
images is too small or there is no overlap.

airborne LiDAR: An integrated system consisting of a LIDAR system, a Position and Orientation System
(POS), a digital camera and a control system on an aeronautical platform. See also: LiDAR.

Beyond VLOS (BVLOS): A unmanned aerial vehicle (UAV) operating outside the visual line of sight and
an operating radio link to the control station.

C2: A command and control data link between the unmanned aerial vehicle (UAV) and the control station
for flight management purposes.

canopy height model: A model used to reflect vegetation canopy height, which is the interpolation of a
digital surface model (DSM) and a digital elevation model (DEM) in an area with vegetation coverage.

contour plane: The closed surface formed by points of equal geodetic height.

drone-port: The unmanned aerial vehicle (UAV) airport and necessary service facilities associated with
legal airspace. Hardware facilities include runways, hangars, assembly and debugging areas, navigation, and
communication facilities for UAVs, etc. Software facilities include a flight supervision system, an air traffic
control coordination system, etc. The drone-port is a hub for connecting low-altitude airways with ground
facilities to contribute to UAV landings and transitions.

Dynamic Cloud Provided Number (D-CPN): The dynamic information interaction service number
assigned by the unmanned aerial vehicle (UAV) cloud platform, used for information interaction between
the UAV cloud and the UAV system during flight.

3 ISO publications are available from the International Organization for Standardization (http://www.iso.org/) and the American
National Standards Institute (http://www.ansi.org/).

“IEEE Standards Dictionary Online is available at: http:/dictionary.ieee.org. An IEEE Account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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enhanced mobile broadband (eMBB): This refers to the enhancement of the user’s experience and other
performance factors based on the existing mobile broadband service scenarios.

Flight Control Identity (FCID): The unmanned aerial vehicle (UAV) flight control system identification
code, which is customized and managed by each manufacturer, and is generally stored in the flight control
system as a string.

geodetic height: The distance from the normal direction of the ellipsoid to the point of interest.

global subdivision: The process of dividing the Earth’s space into approximate, continuous, and seamless
sets of multi-level spatial elements.

grid code: The unique identifier code corresponding to a grid cell according to certain rules.
ground point: A point in a point cloud that reflects the real surface morphology.

ground resolution: The limit of detail clarity in an image of the Earth’s surface collected by a remote sensing
device, usually measured in meters (m).

horizontal granularity: The length of the equator corresponding to the span of the longitude and latitude.

hyperspectral remote sensing: The spectral resolution is above 10-2 A or more, and remote sensing
technology can obtain continuous and complete spectral data concerning ground objects.

identification code: The code to identify spatial objects based on two-dimensional or three-dimensional
spatial information, according to certain rules. In most cases, the grid code is embedded in the identification
code for high-efficiency identification. The identification codes are different according to the application
scenarios.

instantaneous field of view (IFOV): The solid angle through which a detector is sensitive to radiation.
laser effective distance: The distance that a laser scanner can detect.

laser scanner: The laser ranging system is used to measure the distance between the transmitting point and
the reflecting point on the target, by recording the time delay of the laser pulse between the transmitting
object and the receiving unit.

layer: The grid count from the Earth’s surface in the direction of the geodetic height.

level: The number of geographically located grids recursively dissecting the Earth’s surface and the geodetic
height.

LiDAR: A system that emits a laser beam and receives an echo, to obtain three-dimensional information
concerning a target.

LiDAR point cloud: A point cloud obtained by LiDAR scanning.

low altitude: An altitude ground level height that is low enough to be affected by a ground facility and the
natural geomorphology; low enough to be covered by ground mobile communication signals; and, low
enough to be away from traditional general aviation and civil aviation activities. The actual altitudes
qualifying as ‘low-altitude’ vary from place to place and from time to time and oscillate from around 200 m
to 500 m above ground level.

maximum height: The vertical gap between the average altitude within the route and the maximum altitude
of the highest point of the surface object.
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mobile communication identity (MCID): The unique identifier for a mobile communication terminal,
applicable to all mobile communication devices including communication terminals such as satellites,
cellular phones, Wi-Fi, etc.

mobile device identity (MDID): Refers to the physical identity of all mobile internet devices that are
accessed through wireless communication.

non-ground point: A point in a point cloud that does not represent a ground point.

payload pod service data: Includes image data, live video, sensor data, and other business data collection.
point cloud: A set of points that are distributed in three-dimensional space in a discrete and irregular manner.
point cloud density: The average number of points per unit area, such as points per square meter.
positioning and attitude determination system: The system used to determine the spatial position and
attitude of sensors; it is integrated by a Global Navigation Satellite System (GNSS) receiver and an Inertial
Measurement Unit (IMU).

public attribution: The commonality of the route is reflected in the fact that it can accommodate multiple
fixed-wing and rotary UAVs operating over the same area at the same time. Route turning must therefore be
sufficiently smooth. Commonality is also reflected in the existence of multi-channel and emergency channels

to allow UAVs to overtake, to be stopped for emergency purposes, and to leave the route.

quality of service (QoS): The ability of a network to make use of various basic technologies to provide better
service capability for the designated network communication.

reflectance: The ratio of the radiation energy reflected by an object to the total radiation energy projected
onto the object.

remote control station: A control station that provides the facilities for pilot control or automatic UAS flight.

route curvature: The maximum deviation from the main point of each photograph to the main point of the
first and last two photographs on a photographic route.

side overlap: This corresponds to images of the same area on adjacent photographs along adjacent routes,
usually expressed as a percentage.

spectrum band width: The difference between the upper and lower frequencies in a continuous band of
frequencies, measured typically in Hertz.

subdivision grid: A discrete spatial region element composed of geospatial fractals.

tilt angle of a photograph: The angle between the main optical axis of the aerial camera and the plumb line
in aerial photography, or the angle between the main optical axis of the aerial camera and the horizontal plane
in ground photography.

traffic management data link: A data link for UAV traffic management between unmanned aircraft systems
and transportation service systems.

UAS management system: A system responsible for UAS registration, flight permits, application data
reception, and management.

UAS Operator Identity (UOID): A UAV operator identification, which identifies the operator that is
currently operating the UAV system.

» Documents
Copyright © 2021 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:27:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1939.1-2021


http://www.avadocuments.com/doc/ieee-1939-1-2021
http://www.avadocuments.com/doc/ieee-1939-1-2021

IEEE Std 1939.1-2021
IEEE Standard for a Framework for Structuring Low-Altitude Airspace for Unmanned Aerial Vehicle (UAV) Operations

UAY flight information: Includes the flight position, altitude, speed, direction, mission, and other relevant
information concerning UAVs.

UAY hyperspectral remote sensing: Remote sensing technology for the data acquisition, processing, and
application of hyperspectral images based on aircraft.

UAY low-altitude public air route (LAPAR): This refers to a pre-planned air passage with a certain width,
designed for all types of UAVs, the maximum altitude ground level height of which is lower than the flying
AGL height of manned aircraft.

unmanned aircraft system (UAS): An aircraft and its associated elements that are operated with no pilot
on board.

vertical overlap: The part of an image that shows the same area on adjacent photographs along a route,
usually expressed as a percentage.

visual line-of-sight operation (VLOS): An operation mode in which the UAV pilot or the UAV pilot

maintains direct visual contact with the UAV. The aircraft is within a range of 500 m in the visual line of
sight of the driver or observer, and the relative height is less than 120 m.

3.2 Acronyms and abbreviations

3G/AG/5G 3rd/4th/5th generation
3GPP 3rd Generation Partnership Project
AKA authentication and key agreement
APDU application protocol data unit
BVLOS Beyond VLOS
BWP bandwidth part
CA certification authority
DAA detect and avoid
DEM digital elevation model
DH Diffie-Hellman
DIN UAV Identity Number
E2E end to end
ECC elliptic curve cryptography
ECDH elliptic curve Diffie-Hellman
ECDSA elliptic curve digital signature algorithm
eMBB enhanced mobile broadband
eUICC embedded Universal Integrated Circuit Card
FCID Flight Control Identity
GNSS Global Navigation Satellite System
IDPS Intrusion Detection and Protect System
IFOV instantaneous field of view
LAPAR low-altitude public air route
LBS location-based service
LTE long term evolution
MAC message authentication code
MCID mobile communication identity
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MDID mobile device identity

MEC Mobile-Edge Computing

mMTC Massive Machine Type Communication
MTBF Mean Time Between Failure

NB-IoT Narrow Band Internet of Things

OTT over the top

QoS quality of service

RSA Rivest-Shamir-Adleman

RSN remote serial number

RTK Real-Time Kinematic

SN serial number

UAS unmanned aircraft system

UAV unmanned aerial vehicle

UOID UAS Operator Identity

URLLC Ultra Reliable & Low Latency Communication
USP UAS traffic management service provider
UTC Coordinated Universal Time

UTM UAS traffic management

UTMS UAS traffic management system

VLOS visual line-of-sight operation

4. Contents

The standard defines a low-altitude airspace structure in the form of low-altitude public air routes for efficient
UAV traffic management, which is elaborated in five parts, including grid technology, remote sensing data,
communication and networking, air route planning, operation, and management. (See Figure 1.)

Firstly, the relationship among low altitudes, low-altitude airspace structure, and low-altitude air routes
should be clarified. Low altitude refers to the space up to several hundred meters on the ground, which is
closely related to human activities and has a great impact on UAV activities. Low-altitude airspace structure
refers to the classification of various airspace types, the relative space positions of each airspace type, and
the provision of necessary conditions and services for aircraft flight in each airspace type. Low-altitude air
route is a kind of isolated airspace type exclusive to UAVs. It is also the carrier and expression form of low-
altitude airspace structure.

Secondly, the role of each part in the low-altitude airspace structure and its relationship with air routes shall
be clarified. The gridding and coding technology are basic techniques for constructing structured low altitude.
Grid-based airspace and remote sensing image of UAV can express, organize, and store low-altitude
information efficiently and uniformly, while the coding technology enables the low-altitude information to
be flexibly invoked and indexed to realize the efficient planning and expression of low-altitude air routes.
Remote sensing and feature extraction technology are important sources of surface geographic information
for low-altitude structural construction and is a solution to the high-dynamic information updating problem.
It involves the low-altitude data acquisition, extraction, and production process, which is the main database
of air route planning and construction. Communication and networking technology provide high-quality and
reliable communication and data link for low-altitude UAV operations by standardizing communication link,
communication networking, airborne communication terminal, and network security requirements. It can
guide low-altitude structure and air route construction through communication coverage test of target airspace.
The low-altitude air route is a kind of fine airspace structure; operation and management technologies provide
macro policy support for air route docking with UAS traffic management (UTM) and standardize route
planning and construction according to current UAV and airspace policies.
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Figure 1 —Structure of the standard

4.1 Gridding

The subdivision grid system is based on longitude, latitude, and geodetic height. The grid system exists in
the Earth reference spheroid, forms the Earth’s surface subdivision, and is coupled with the geodetic height
to form a three-dimensional subdivision. In order to apply to the UAV field, new coding rules have been
formulated that were based on the subdivision grid system.

UAV path planning is divided into the following two stages:

a)  Environment modeling

b)  Track searching

For the first stage, the key is to use the above grid coding to divide and encode the mission airspace of the
UAYV, and build a three-dimensional grid map of the airspace, which is convenient for the next stage of UAV
track search. During the execution of UAV path planning, a large amount of spatio-temporal data are required,
such as terrain data, aircraft data, building data, flight trajectory data, restricted area data, etc. Using grid
code to associate the previous data with the airspace is conducive to unified organization and management.
Use grid coding as an index to associate environmental data with UAV track data. It realizes the unified
organization and management of a variety of data, which is convenient for query and use in the next stage.

In the track search stage, a three-dimensional grid map of the airspace constructed by environmental
modeling is used to reasonably model the constraints and cost functions. Finally, a flight path planning
algorithm is used to plan a feasible flight path, which can satisfy the constraint conditions and can minimize
the predetermined cost function.
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4.1.1 Grid model

The subdivision grid system is based on longitude, latitude, and geodetic height. The grid system exists in
the Earth’s reference spheroid, forms the Earth’s surface subdivision, and is coupled with the geodetic height
to form a three-dimensional subdivision.

4.1.1.1 Surface coordination system

The coordinate origin of the subdivision grid system is the intersection of the equator and the primary
meridian on the Earth’s surface. The global surface space is extended to form a virtual space with the latitude
and longitude composed of degrees, minutes, and seconds, each expressed as an integer of the nth power of
2. For example, the degrees are expanded from 180° and 360° to 512° and 512°, then 60’ of each 1° are
expanded to 64', and 60" of each 1’ are expanded to 64". By such virtual extension, the coordinate degrees,
minutes, and seconds can be divided by 2 to give an integer of the nth power of 2, until 1°, 1’, and 1" are
reached. This makes it possible to directly convert the divided coordinates into integral codes.

4.1.1.2 Horizontal subdivision
The global surface is divided recursively by 4 into the following 32-level quad tree:

a)  The degree-level grids include 10 levels of grids from level 0 (Figure 2) to level 9.
b)  The minute-level grids include 6 levels of grids from level 10 to level 15.

¢) The second-level grids include 6 levels of grids from level 16 to level 21.

d) The grids below the second-level include 11 levels of grids from level 22 to level 32.

—256° 256°
256° 256°

—256° —256°
—256° 256°

Figure 2 —Level 0 grid example

Each grid with a longitude and latitude of 1°x1° (60'x60’, 9-level grid) is expanded to 64'x64’. The direction
of grid expansion is determined by the location of the grid, and is shown in Figure 3 through Figure 6 for the
situations where the grid is located in the northeast, northwest, southeast, and southwest hemispheres.

8 Documents
Copyright © 2021 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:27:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1939.1-2021


http://www.avadocuments.com/doc/ieee-1939-1-2021
http://www.avadocuments.com/doc/ieee-1939-1-2021

IEEE Std 1939.1-2021
IEEE Standard for a Framework for Structuring Low-Altitude Airspace for Unmanned Aerial Vehicle (UAV) Operations

P9

~—— (,09) .1 ]

! 0°
~——1°(60) —

64'

Figure 3 —Direction of northeast hemisphere expansion
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Figure 6 —Direction of southeast hemisphere expansion
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Table 1—GeoSOT gridding system

Level Space extension Types of subdivided grids
G 512° 180°x360°
1 256° 90°x180°
2 128° 90°x128°, 90°x52°
3 64° 64°x64°, 26°%64°, 64°x52°, 26°x52°
4 32° 32°x32°, 26°%32°, 32°x20°, 26°x20°
5 16° 16°x16°, 10°x16°, 16°%x4°, 10°x4°
6 8° 8°x8°, 8°x4°
7 4° 4°x4°
8 2° 2°x2°
9 1° 1°x1°
10 32 32'x32',28'x32', 32'x28', 28'x28’
11 16’ 16'x16', 12'x16', 16'x12', 12'x12’
12 8’ 8'x8’, 8'x4', 4'x8', 4'x4'
13 4 4'x4'
14 2 2'x2’
15 1 1'x1’
16 32" 32""x32", 28"x32", 32""x28", 28''x28"
17 16" 16"x16", 12"x16", 16"x12", 12"'x12"
18 8" 8"'x8", 4"x8", 8'"x4"", 4''x4"
19 4" 4"x4"
20 2" 2"x2"
21 1" 1"x1"
22 1/2" 1/2"x1/2"
23 1/4" 1/4"x1/4"
24 1/8" 1/8"x1/8"
25 1/16" 1/16"x1/16"
26 1/32" 1/32"x1/32"
27 1/64" 1/64"x1/64"
28 1/128" 1/128"x1/128"
29 1/256" 1/256"x1/256"
30 1/512" 1/512"x1/512"
31 1/1024" 1/1024""x1/1024"
32 1/2048" 1/2048'"x1/2048"

4.1.1.3 Subdivision for polar areas

Between 88° to 90° in Antarctica and 88° to 90° in the Arctic, grid levels 8 and below need to be merged.
The merging rules are as follows:

a)  8-level grids: 180 2°x2° grids in the 88° to 90° latitude range in the South (North) are merged into
one grid. An example is shown in Figure 6.

b)  9-level grids: 360 1°x1°grids in the 89° to 90° latitude range in the South (North) are merged into
one grid; 360 1°x1°grids in the 88° to 8§9° latitude range in the South (North) are merged into three
grids. An example is shown in Figure 7.

¢) 10-level grids: The grids in the 89°32' to 90° latitude range in the North and South are merged into
one grid, and the grids in the 89° to 89°32' latitude range are merged into three grids. The grid within
the 88° to 89° latitude range is divided into quad trees based on the merging of nine-layer grids. An
example is shown in Figure 8. The longitude and latitude of the merged grids are as follows:
1)  The meshes of PO are: PO0(360°%28"), P01(128°x32"), P02(104°x32"), P03(128°%32").
2)  The meshes of P1 are: P10(64°x32"), P11(64°%32"), P12(64°x28"), P13(64°%28").
3)  The meshes of P2 are: P20(52°%32"), P21(52°x32"), P22(52°%28"), P23(52°%28").
4)  The meshes of P3 are: P30(64°x32"), P31(64°%32"), P32(64°x28"), P33(64°%28").
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d) The grid below level 10: The expansion rule is consistent with the low latitude region, and the
merging rule is consistent with the merging rule of level 9. It is formed by successive quad tree
subdivision in the South (North).

Figure 7 —8-level grid in the Antarctic and Arctic regions

Figure 8 —9-level grid in the Antarctic and Arctic regions

eastern longitude
0° longitude

western longitude

Figure 9 —10-level grid in the Antarctic and Arctic regions

4.1.1.4 Vertical subdivision

The series of height domain subdivisions is consistent with the series of Earth reference ellipsoid subdivisions.
For an arbitrary subdivision number m, the height domain is divided into 2m layers, and the ground is the
2m—1 layer. The height of each grid at the same level shall be equal and shall be consistent with the latitude
of the equator on the corresponding level.

According to the motion range of UAVs, the coding height range is limited to =500 m to 2000 m, which is a
simple mark beyond the range.
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Figure 10—Schematic diagram of the global subdivision area

The relationship between the grid height at the same level and the length of the grid latitude at the equator of
the corresponding contour plane is shown in Figure 11.

Figure 11— Relationship between the height of the equatorial grid of the same level and
the length of the equatorial grid of the corresponding contour

The equations for calculating the grid parameters of a layer N above the Earth’s surface are as follows:
a)  Calculation of the grid geodetic height H,:
]
o
Hy = (1+ 69" %'y — 7 )

where 6, is the longitude (latitude) span corresponding to the basic grid defined by the initial partition
range, pi/180 rad. In order to remain consistent with the grid expansion mode of longitude and latitude
on the Earth’s surface,

when 6 > 1°, 0, = 1° (%rad)

when 1°>0 > 1", 6, = 64' (12 xirad)

1 180

" 2
and when 0 < 1’, 6, = 64?2 (% X %rad)
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where 6 is the longitude (latitude) span corresponding to the grid (unit: rad) and # is the n-layer solid
grid from the ground to the top (or down). # is an integer as follows: when above the ground n > 0,
when below the ground n < 0. 1y is the average radius of the Earth (6,371,008.77138 m).

b) Calculation of the grid height (longitudinal granularity) /,,:

hn=u+e)mn%r[ﬂ+ew%‘4 @

where 6, is the longitude (latitude) span corresponding to the basic grid defined by the initial partition
range, pi/180 rad. In order to remain consistent with the grid expansion mode of longitude and latitude
on the Earth’s surface,

when 6 > 1°, 6, = 1° (-=-rad)

when 1°>6 > 1/, 90=64’( xErad)

' 2! - i
and when 0 < 1’, 6, = 64 (152 x —rad)

where 6 is the longitude (latitude) span corresponding to the grid (unit: rad) and # is the n-layer solid
grid from the ground to the top (or down). n is an integer as follows: when above the ground n > 0,
when below the ground n < 0. 1y is the average radius of the Earth (6,371,008.77138 m).

¢) Calculation of the length (transverse granularity) of the grid on the contour plane L,,:
0
w=(1+80)" Wryx 0 ()

where 6, is the longitude (latitude) span corresponding to the basic grid defined by the initial
partition range, pi/180 rad. In order to remain consistent with the grid expansion mode of longitude
and latitude on the Earth’s surface,

when 6 > 1°, 6, = 1° (—rad)

180

when 1°>0 > 1°, 6, = 64’ (12 x ——rad);

180

and when 0 < 1°, 6, = 642" (— x —rad);

152 180

where 6 is the longitude (latitude) span corresponding to the grid (unit: rad) and 7 is the n-layer solid
grid from the ground to the top (or down). 7 is an integer when above the ground » > 0 and when
below the ground n < 0. 1y is the average radius of the Earth (6,371,008.77138 m).

4.1.1.5 Grid location and boundary surface attribution
4.1.1.5.1 Grid location

The geographical position grid is formed by geospatial partition, and the locating point is at the corner. The
locating points of each grid shall be located at the position closest to the origin (the starting position O) of all
corners of the grid. Let the intersection points of the contour, equatorial and primary meridian planes of
different levels be O,. The locating corner points of the grid on the contour plane are the grid corners that are
horizontally close to O, and vertically close to the surface. The specific locations are as follows:
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a)  The locating points of the underground series of grids in the northeastern hemisphere shall be located
at the southwest corner near the surface grids of the Earth, and those corresponding to the series of
grids above the Earth’s surface in the northeastern hemisphere shall be located at the southwest corner.

b)  The locating points of the underground series of grids in the southeastern hemisphere shall be located
at the northwest corner near the surface grids of the Earth, and those corresponding to the series of
grids above the Earth’s surface in the southeastern hemisphere shall be located at the northwest corner.

¢) The locating points of the underground series of grids in the northwestern hemisphere shall be located
at the southeast corner near the surface grids of the Earth, and those corresponding to the series of
grids above the Earth’s surface in the northwestern hemisphere shall be located at the southeast corner.

d) The locating points of the underground series of grids in the southwestern hemisphere shall be located
at the northeast corner near the surface grids of the Earth, and those corresponding to the series of
grids above the Earth’s surface in the southwestern hemisphere shall be located at the northeast corner.

The geographical position grid showing locating point positions is illustrated in Figure 12.

B
G,
D, B
2
D,
B,

D,

Figure 12—Geographical position grid showing the locating point locations

4.1.1.6 Merged grid positioning in the Antarctic and Arctic regions

The location rules of the combined grid in the Antarctic and Arctic regions in the 88°-90° latitude range in
the South and North are as follows:

— 8-layer grid positioning: The South (North) polar region grid takes as the positioning point the
intersection point of the meridian and the latitude of £88 degrees, and the direction of the geodetic
height remains unchanged. For example, the positioning points of the 8-level grid of the Earth's
reference ellipsoid in the Antarctic region are (0°, -88°, 0), and those of the 8-level grid of the Earth's
reference ellipsoid in the Arctic region are (0°, 88°, 0).

—  9-layer grid positioning: The positioning points of PO, P1, P2 and P3 in the Arctic region are (0°, 89°,
0), (0°, 88°, 0), (128°, 88°, 0), (0°, 88°, 0), and the positioning points of PO, P1, P2, and P3 in the
Antarctic region are (0°, —89°, 0), (0°, —88°, 0), (128°, —88°, 0), (0°, —88°,0).
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4.1.1.6.1 Boundary surface attribution of grid

The three boundary surfaces of the geographical location grid include the locating points belonging to
the local grid but exclude the locating points that do not belong to the local grid (Figure 13).

Figure 13—Boundary surface attribution of the geographical location grid

4.1.2 Grid identification

The mesh size of the first-level mesh generation is 6°%4°. The first-level trellis coding rule specifies to take
N (northern hemisphere) and S (southern hemisphere) as the identification codes. The longitude direction is
coded as 1-60, and the latitude direction is coded as A—V in the northern and southern hemispheres. The

coding direction is shown in Figure 14.

N32G
< N
160
z S

Figure 14—First-level meshing and coding method

4.1.2.1 First-level meshing and coding rules

The first-level trellis code is four units in length and consists of the northern or southern hemisphere
identification code, the first-level longitude identification code, and the first-level latitude identification code.
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4.1.2.2 Second-level meshing and coding rules

The first 6x4 grid specified in 4.1.2.1 is divided into 12x8 second-level grids, corresponding to a 30x30 grid,
which is equivalent to a 55.66 km X 55.66 km grid at the equator of the Earth.

! !

7 7
- B 0 0 Br—
a) Northwest hemisphere b) Northeast hemisphere
-— B 0 0 B |—
7 7
c) Southwest hemisphere d) Southeast hemisphere

Figure 15—Second-level meshing and coding method

The second-level trellis code is six units in length and consists of the first-level trellis code, and the second-
level longitude and the latitude identification code. The encoding structure is shown in Figure 14. The first-
level trellis code is described in 4.1.2.1. The second-level longitude trellis code is represented by 0—B and
the second-level latitude trellis code is represented by 0—7. The direction of encoding is related to the
hemisphere where the trellis is located (see Figure 15).

4.1.2.3 Third-level mesh generation and coding rules

The second-level grid specified in 4.1.2.2 is divided into 2x3 third-level grids, corresponding to 1510’ grids
of 1:50 000 maps, equivalent to 27.83 km x 18.55 km grids at the equator of the Earth.

The third-level trellis coding is seven units in length and consists of the second-level trellis code and the
third-level identification code. The encoding structure is shown in Figure 16. The second-level of trellis
coding is described in 4.1.2.2. The third-level of trellis coding is 0—5 in Z order. The direction of Z sequence
coding is related to the hemisphere where the trellis is located.
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Figure 16—Third-level meshing and coding method

The third-level grid described in 4.1.2.3 is divided into 15%10 fourth-level grids, corresponding to a fifteenth
level 1'x1' grid, equivalent to a 1.85 km x 1.85 km grid at the equator of the Earth.

The encoding structure is shown in Figure 17. See 4.1.2.3 for the third-level trellis code, 0—E for the fourth-
level longitude trellis code and 09 for the fourth-level latitude trellis code. The encoding direction is related

to the hemisphere where the trellis is located.
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Figure 17—Fourth-level meshing and coding method
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The three-dimensional coding uses the same partition as the equator’s 1’ length, and the coding mark is 02,

with each partition representing around 2 km.

The fourth-level trellis code is ten units in length, which includes the third-level trellis code.

4.1.2.5 Fifth-level meshing and coding rules

The fourth-level grid is divided into 8x8 fifth-level grids (see Figure 18), which correspond to the eighteenth
level 8”x8" grids in the global three-dimensional subdivision, equivalent to 231 m % 231 m grids at the

equator of the Earth.

The fourth-level trellis code is described in 4.1.2.4. The fifth-level longitude trellis code is represented by
0-7, and the fifth-level latitude trellis code is also represented by 0—7. The direction of encoding is related

to the hemisphere where the trellis is located.

The three-dimensional coding uses the same partition as the length of equator 8 and the coding mark is 0—7,
with each partition representing around 256 m. The fifth-level trellis code is thirteen units in length, which

includes the fourth-level trellis code.
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Figure 18—Fifth-level meshing and coding method

4.1.2.6 Sixth-level meshing and coding rules

The fifth-level grid is divided into 8x8 fourth-level grids (see Figure 19), which correspond to the eighteenth
level 1”"x1" grids in the global three-dimensional subdivision, equivalent to 28.9 m x 28.9 m grids at the

equator of the Earth.

The fifth-level trellis code is described in 4.1.2.5. The sixth-level longitude trellis code is represented by 0—7,
and the sixth-level latitude trellis code is also represented by 0—7. The direction of encoding is related to the

hemisphere where the trellis is located.
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