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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO document should be noted. This document was drafted in accordance with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The market expects rapid growth of civil unmanned aircraft system (UAS) operations in the near future.
To manage growing operations, several states are making an effort to develop UAS traffic management
(UTM). However, this can cause a lack of harmonization among countries and affect safety, security, the
environment, system reliability and economic efficiency.

Some organizations have already created models and references of UTM functional structure, for
example, existing documents and ongoing discussion in other organizations such as ASTM to create the
UTM functional structure. These models are recognised to share a lot of common aspects.

To pvoid discordance, the creation of a generic UTM functional structure as a basis'|of further
developments is needed. The reference functional structure can serve as a mechanisaito evaluate and
conjpare different UTM systems and can foster adoption of better technologies and/solttions.

Thg UTM structure and core functions are to be harmonized with the following perspectives:

— |creating terms and definitions related to core functions of UTM referéncing existing infernational
standards;

— |listing existing documents and ongoing discussion related to UTM-functional structure;
— |creating a common UTM structure;

— |checking contradiction and inconsistency between terms and definition and UTM structure.

© IS0 2023 - All rights reserved v
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UAS traffic management (UTM) —

Part 5:
UTM functional structure

1 [Scope

Thif document is dedicated to establishing a common understanding of UTM cerne-funictions and
fungtional structure. It provides a detailed description of the UTM system layet~given ih the UTM
Frampework.

Thif document excludes:
— |role-sharing among entities constituting UTM, which is left to implémentations;
— |technical methodology of communication or data transaction athong core functions;

— |business model of players engaging in a function of UTM.

2 |Normative references

The following documents are referred to in the téxt'in such a way that some or all of their content
congtitutes requirements of this document. For'dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

1S0|21384-4, Unmanned aircraft systems —Part 4: Vocabulary
[SO|23629-12, UAS traffic management(UTM) — Part 12: Requirements for UTM service providers

3 |Terms and definitions

For|the purposes of thiscdpcument, the terms and definitions given in ISO 21384-4, ISO 23629-12 and
the [following apply.

[SO|and IEC maintain terminology databases for use in standardization at the following addgesses:

— |ISO Online\browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

TR daide o ) DRI N
3.1 U 1Vl CUIISUUUCIIT ITIAICTU (T IIIS

3.1.1
UTM function
function which constitutes UTM and contributes to safe UA operation

3.1.2
UTM functional structure

UTM structure in functional perspective which consists of mutual complementary and interacting UTM
functions (3.1.1)

©1S0 2023 - All rights reserved 1
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3.1.3

registration

making an official record of UA, remote pilot and UA operator by relevant authorities or delegated
entities

3.1.4

UA operation

activity of UA organized to execute a particular mission

3.1.5

flight plan

specified ipformation provided to ATS units, relative to an intended flight or portion of a flight jof a
manned aifcraft

3.1.6

operation|plan

specified information provided to UTM service providers, relative to an intended flight-or portion |of a
flight of a JA

3.1.7

supplemental data

reference information to conduct safe UA operation (3.1.4) such as geospatialinformation, meteorological
informatiopn and so on

3.2 UA gperation related terms

3.21

UTM route

reserved a|rspace where UA with a proper capability and'performance are permitted to fly within
3.2.2

UAS geogtfaphical zone

volume of|airspace defined by the competent authority in which UAS operations are prohibited,
restricted o specific conditions (UA type, specific equipment, effective period, etc.) or authorization by
a geozone manager on a regulatory perspective is required

4 General recommendations

Whilst UTM services are relevant for UTM actors, it is significant to get into the UTM system layer
and to clarjify its components for further installation efforts of UTM systems, including evaluation pnd
verificatiof. This docufnent gives definitions of UTM functions indispensable from the view point of
safety in a manner to efnable localization of UTM systems as well. Functions that are not unique to YTM
(for examplle, communication and database) are not described.

Clause 5 arfjd.6'describe the detailed recommendations.

In Clause 5, classification of UTM functionalities are identified from the perspective of ensuring safety
and to fulfil service layer requirements. Related service providers should comply with requirements
in ISO 23629-12. The high-level functionalities common to UTM systems retain flexibility in designing
system architecture and implementation in accordance with local needs.

In Clause 6, interactions between the UTM functional elements and the UTM functional structure are
provided.

© IS0 2023 - All rights reserved
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Implementation of UTM systems should consider to include, but not limited to, the UTM functions
described in Clause 5 and to implement the functional structure described in Clause 6 in the following
situations:

Global efforts to develop UTM systems should use the functional structure for reference purposes,
to resolve certain requirements into their own UTM architectural designs, and to conduct tests and

verifications.

UTM procurement agencies should use the functional structure as a reference, for procurement

criteria and UTM technology evaluation.

POSSIDIE evaluation/verification Irameworks of UTM and any organization willing to eva
should use the functional structure for reference purposes, to design conformamnce
requirements and compliance to regulations.

)luate UTM
Criteria for

5 |Classification of UTM functionalities

5.1 Functional categories

UTM functions are identified by reference to available UTM framéworks (see Annex 4). UTM is
conjposed of functional categories as follows:

a) Registration function

To ensure operation of UA with legal authority, the registration function provides a me¢hanism to
reglster and share the official record of UA, operator,and remote pilot with authorised U[TM actors,
including law enforcement agencies. Registration islone of the UTM services which a stat¢ authority
may provide directly or which could be delegated:to a service provider.

b) Flight information management function

To pnsure the safe operation of mannéd aircraft and UA in the same airspace, flight ipformation

management function exchange inforrhation such as flight information, traffic informpation and

aer

)

Op¢
tha

Thd
dur]

d)
To

bnautical information with traffietmanagement system for manned aircraft.
Operation plan management function

ration plan managementfunction supports to set route of flight, departure and arrival ti
operations can beccarried out safely and efficiently at the planning stage in advance.

function alsosupports necessary plan changes when conditions such as weather conditi
ing operatiofy

Position data management function

support safe operation, the position management function manages the position

infd

rmation provided by the UA, and shares it among UTM actors. In addition, the functio

mes, etc. so

bns change

hnd status
h confirms

that the operation is being executed correctly as planned, and issues an advisory and alert to UTM
users when a danger such as an accident is foreseen.

e)

Reporting function

For analysis when an incident or accident occurs and operational improvement to prevent recurrence of
the accident, the reporting function collects and share the incident or accident report on UA operation
from operators or third parties.

)

Supplemental data supply function

Supplemental data supply function provides UTM actors with supplemental data, such as weather
information and 3D map information to conduct safe and efficient operation.

©IS
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For all involved exchanges of digital data by utilizing the functions above, a UTM communication

service, identified in ISO 23629-12 is in addition necessary.

5.2 UTM functions

5.2.1 General

For each functional category, UTM functions are identified in the following subclauses.

5.2.2 Re
Table 1 shq

gistration function

ws the detailed description of the registration functions.

Table 1 — Registration functions

Function

Description

Rerhote pilot registra-
tioy

Register and manage information about qualification and ¢ompetency of

remote pilot. The information managed by this functign'could be provided t
appropriate UTM users, such as national authority and police. The informatipn
to be registered and managed, and the provision destination are regulated in
each country according to the specifications of various international standafds
and based on laws and regulations.

1-2

UAfegistration

Register and manage information about YA such as manufacturer, type of
aircraft, performance, specifications, aiteraft unique serial number, owner,
on-board equipment, etc. The information managed by this function could bg
provided to appropriate UTM userSs,’such as national authority and police. The
information to be registered and.managed, and the provision destination ar¢
regulated in each country acegrding to the specifications of various interna-
tional standards and based.on laws and regulations.

Op¢rator registration

Register and manage inffermation about operator who fly or intend to fly UA
Such as name of operator, authorization information, etc. The information

managed by thisfinction could be provided to appropriate UTM users, suchfas
national authotity and police. The information to be registered and manage{,

and the provision destination are regulated in each country according to th
specifications of various international standards and based on laws and reg
lations.

5.2.3 Flj
Table 2 shqg

ght information management function

ws the detailed déscription of the flight information management functions.

Table 2 — Flight information management functions

Function

Description

2-1

Aerpnantical information man-  |Exchanges information which is necessary for safe UA operation

agement for UA

such as vertiport, UTM route, alrspace and operational restriction
among UTM/ATM.

2-2

Collaborative interface with ATC |Provides UA operators and remote crew member with communica-

tion means to contact ATS services when they intend to fly or enter
into controlled airspaces.

2-3

Airspace organization and man-

agement

Design the structure of airspace and manage the usage of airspace to
achieve safe and efficient UA operation.

2-3-1 |Airspace organization |Define the geographical zones where UA activity should be prohib-

ited or restricted. It also designs and establishes the geographical
zones and UTM routes where UA can fly safely. The horizontal and
vertical dimensions of the section of the UTM route and airspace
depend on the navigation performance of the UA in terms of total
system error.

© IS0 2023 - All rights reserved
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Table 2 (continued)

Function

Description

2-3-2 Geo-awareness

information service’ listed in ISO 23629-12.

Publish airspace definition information defined by airspace organi-
zation function. Provide UA operators and UTM users with geospa-
tial information of airspaces in which UA activity is permitted. It
also provides UA operators and other UTM users with information
such as the geographical information of airspaces that require the
permission of the authorities to fly the UA and the conditions under
which the flight is permitted. This function is part of the ‘geospatial

2-3-3

Airspace access control

Control UA's access to predefined airspace. It monitors HA
permits UA to enter to or exit from controlled airspaces, aq
characteristic of mission and performance of UA. The-acce
sion is decided from a regulatory perspective netfromas

and
cording to
Ss permis-
hfety one.

2-4 |Demand and capacity manage- |Set proper capacity of each airspace, and alsguneasure trdffic
ment demand of UA. If the demand is expected to-exceed capacity, it coor-
dinates operation plan with each operatopto form safe anf efficient
traffic flow.

2-5 Traffic information exchange Provide UA information to ATM. I€a]So receives manned afircraft
information.

2-6 Flight plan exchange Exchange UA's operation plan and manned aircraft's flight plan
between UTM and ATM each other. This function contribultes to stra-
tegic conflict management.

5.2/4 Operation plan management function

Table 3 shows the detailed description of the operation plan management functions.

Table 3 — Operation plan management functions

Function

Description

3-1

Operation planning

Suppartoperators to decide safe and efficient route of flight. To dec
route of flight, the constraints on the flight path (UAS geographical
safety (interference with terrains, obstacles, severe weather condit
and the capabilities of the UA and remote pilot (UA's performance, s
are verified by the operator.

Support for adjusting and modifying routes in flight.

Support modifying route of flight when irregularities such as instru
from UTM systems, sudden changes in weather, approaching manne
crafts, detecting priority UA, and failure of UAs are detected by con
monitoring.

de the
zone, etc.),
on, etc.)
Kills, etc.)

ctions
d air-
formance

3-2

Strategic conflict man-
agement

In operation planning phase, it secures proper separation between

between UAs and manned aircraft based on the filed operation plan|.

JAs and

UA. Then,

To ensure nronor cnnar‘ahnn it annarnc the nhnrahr\n n]anc ofeac
r r r

it confirms that the time, route and helght of the operatlon plans do
fere with each other between UAs in a dynamic manner.

not inter-

3-3

Operation plan approval

Confirm completeness and acceptability of the operation plan which filed by
the operator from airspace management perspective, and return the result to
the operator. It confirms that the operation plan does not interfere with other
UAs, UAS geographical zones, terrain, obstacles, and any other restrictions.

Before start UA operation, it provides UA operator with approval to

take-off.

This function is part of the Flight Clearance Service (FCS) listed in 23629-12.

3-4

Operation plan sharing

Shares UA operation plan among UTM actors.

© IS0 2023 - All rights reserved
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5.2.5 Position data management function

Table 4 shows the detailed description of the position data management functions.

Table 4 — Position data management functions

Function Description

4-1 |UAtracking Determine the respective positions, vector and intentions of manned and

unmanned aircraft based on telemetry messages from aircraft, flight plans
and identification information and distribute this information to authorized
IUTM users including operators of aerodromes, vertiports or other facilities
supporting take-off/launch or landing/recovery of UA, or other UTM servicp
providers, for the purpose of maintaining safe mutual distances.

D

4-2 |Tactfcal conflict man- |Based on the UA tracking data, it performs calculations to ensure consistenfy
agement with the operation plan and proper separation between UAs and between UAs
and manned aircraft.

This function is used in conformance monitoring.

4-3 |Conflormance monitor- |Monitor the operation status of the UA.
ng Monitor inconsistency with operation plans (route ef flight, altitude), proxifn-
ity to non-fly zone, terrestrial structures, and other'UAs and manned aircraft,

and for abnormal status of UAs.

Also, measure the ground altitude of the UA and distance from ground obsta
cles by using terrain information and grotund obstacle information, and if the
altitude is too low, use “Conflict advisoery and alert” and send an alert.

In addition, provide altitude convérsion system such as pressure altitude ar{d
sea level altitude.

4-4 |Confllict advisory and Based on the UA Tracking data and UA operational status, provide advisory
alert and alert to ensure proper'separation between UAs and between UAs and
manned aircraft, and eonsistency with the flight plans and operations.

This function is used-in conformance monitoring, and it may support the vefti-
cal alert service\(VALS) listed in [SO 23629-12.

4-5 |UA idlentification Provide referral to UA with ID individually assigned to the UA.

=

Obtain.detailed information identifying the UA, such as model, manufacturg
perfermance, owner, and operator, based on the ID assigned to each UA indi
vidually.

4-6 |Flight data recording Record the data reported by UA Tracking/Conformance monitoring.

This function may support also digital logbook service (DLB) and legal recojrd-
ing service (LRS) listed in ISO 23629-12.

5.2.6 Reportingfunction

Table 5 shqws the detailed description of the reporting functions.

Table 5 — Reporting functions

Function Description

5-1 |Incident/Accident report- |Reporting function from operators and other UTM users when an incident
ing or accident occurs, or illegal operation is observed. Also provide relevant
information to authorized UTM users such as aviation authorities, police,
insurance and so on, for investigation and audit purpose. Relevant informa-
tion includes detailed information about the incident/accident, intention,
trajectory of the UA, and so on.

5.2.7 Supplemental data supply function

Table 6 shows the detailed description of the supplemental data supply functions.

6 © IS0 2023 - All rights reserved
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Requirements for the service providers of supplemental data are contained in ISO 23629-12.

Table 6 — Supplemental data supply functions

Function Description
6-1 |Geospatial information |Provides UTM users with geographic information, including terrain, buildings
provision and obstacles, for safe operation.
6-2 |Navigation coverage Provides UTM users with operating status and coverage area of navigation
information provision |assistance equipment.
6-3 |Population density in- |Provides UTM users with information on population density to estimate the
formation provision risk by which the operation affects to the ground.
6-4 |Weather information Provides UTM users with Meteorological information to plan and.conduct safe
provision and efficient operation.
6-5| |Communication Provides UTM users with operating status, coverage area and signal strength
coverage information of air-to-ground communication means.
provision
6-6 |Electro-magnetic inter- |Provides UTM ecosystem with information on kngwn electro-magnetic inter-
ference function ferences to radio navigation signals or other signals, during the flight planning
phase and during the flight.
6 |UTM functional structure
6.1 Functional structure and configuration
UTM framework is shown in Figure 1.
N .
User e.g. A‘\QZITM Sefrvice
o provjder e.g.
\'IV\
Citizen System la Q’S)
» Registration SP
Police @ Service layer
C)() A[IS SP
CAA C> .
\% Tragking SP
e 4@ “
))
\ Wedther SP
Dirone operator
SO
Military Mapping SP
Note Users and Service Providers in this figure are examples which would play key roles from the view
point of safety

Figure 1 — UTM Framework

Figure 2 describes the UTM functions and their interactions in the UTM system layer.
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User UTM Service
provider
Flight information Operation plan Supplemental
management function management function data supply
; function
; ; Operation Strategic
Citizen Aeronautical Airspace planning conflict
information organlz;tlon ﬁ management Registration
management an Geospatial SP
for UA management ‘Operation plan| Operation ‘ information »
Police Collaborative | Demand and approval plan sharing provision
‘lvrylte‘ri\e}‘gg | mff?gcgy‘nt ' N:\vignfinn \ AIS SP
- frs coverage
CAA Traffic . Position data . information D
. g Flight plan management function rovision /
information exchange Tracking SP
exchange g Tactical .
. : Population 1V
UA tracking conflict ensity )
ATC management information
provision Weather SP
Conflict
Drone Conformance advisory Weather
F monitoring d alert infi 7
operator Remote pilot and aler information e
registration provision Mapping SP
UA Flight data —
Military [identiﬁcation][ recording ] Communication
UA L coverage
registration << information
rovision
g N P
reOgEl)setIgEc(i)(I)‘n [ Inc1dent/a.cc1dent } Electromagnetic
reporting interference
- i N function
Registration function eportmg&:@tmn
—
Figure 2 — UTM fune¢tional structure
6.2 Reldtionships and interactions among UTM functions
Table 7 shqws the description of interactions among UTM functions.
Table 7= Interactions among UTM functions
Function A - Function B Purpose Information
Registration — |Operation plan |A third party with appropriate au- [— UA  information  (mofdel,
function management |thority for public safety purposes performance, specificatigns,
function, inquires the information of the UA serial number, owner, hnd
" model, aircraft type, manufactur- equipment etc.
Position data ( yp . quip )
er, performance), remote pilot, and
management operator etc. — Operator information
function, (overview, and certificafion
Reporting func- etc.)
tion

Remote pilot information
(credentials, and skills etc.)
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information.

Allowance to

Wit the atmrof forming asafe and
smooth traffic flow, manage the
number of UAs flying in a certain
airspace at the same time and the
route to fly.

Provides information restrict UA
operation such as airspace restric-
tion, airport operation, and route
of flight of manned aircraft.

controlled
restricted airspacs

Table 7 (continued)

Function A Function B Purpose Information
Flight informa- Operation plan |Determines and manages the Airspace structure
tion manage- management |structure and usage strategy of the '
ment function function entire airspace to realize safe and UAS geographical zone

efficient operation of the UA. )
Operators and other relevant Airspace
stakeholders receive those types of UTM route

enter into
airsgace  and

Airspacecapdcity yalue

Trafficvolume

Route  of
route of flight

flight/Alternate

Airspaces and routf of flight of
manned aircraft, ajrport, etc.

mahagement
funiction

tion manage-
ment function.

Position data

UA operation plan and operation
status for coordination, situational
dwareness, and monitoring.

UA operation status

Flight informa- Position data  |Provides UTM actors with flight Flight status of manned
tioh manage- management |status and flight plans of.manned aircraft
meht function function aircraft to avoid collisions'between ' '
UAs and between manhed aircraft Flight plan of manned aircraft
and UA. _
Flight status of UA
Flight plan of UA
Op¢ration plan Flight informa- |Provides<ATM/UTM actors with UA operation plan

management
function
Podition data Flight informa- |Provides ATM/UTM actors with UA position
mahagement tion manage- |UA position data for situational _ _
funiction mehtfunction |awareness. Flight data recordipg
Flight status of UA
Podition data Reporting func- | Provides actual trajectory of UA UA position

Position data
management
function,

Reporting func-
tion

Navigation
information

Population
information

Communication
information

mahagement tion operation to use it as evidence of
funjction operational activities in case of
incident or accident.
Sugplemental Operation plan |Provides UTM actors with supple- Geospatial informdtion
datp supply management |mental information for safe and
function function, efficient UA operations. Weather information

coverage

density

coverage

Electro-magnetic interference

information
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Annex A

(informative)

Design models comparison of UTM frameworks and approach to
determining UTM functions

A.1 Comparison of UTM framework
Table A.1 $hows a comparison of available UTM frameworks and explains how UTM functions and
functional [structure in this document are identified. This matrix is neither exhaustive nor up to date
and may b¢ removed before publication in order to avoid misleading readers with outdated informatfion.
Table A.1 — Comparison of UTM frameworks
No. Catdgory of Function Comparison document
fupction
ISO ICAO SESAR FOCA EASA FAA
IS0 23629-12 | A Common U-Space Swiss EUROPEAN | Concept of dper-
Requirements | Framework concept of. U-Space COMMISSION ations
for UTM ser- with Core operation ConOps IMPLEMENT-
vice providers | Principles ING REGU-
for Global LATION (EU)
Harmoniza- 2021/664
tion
1 Regiptration
fumhction
1-1 Remote pilot Electronic | Registration | Registration, | Registration
registration registration service Registration service
service assistance
1-2 UAregistra- Network Registration | Registration, | Registration
tion (electronic) service, Registration service
identification | Identifica- assistance
service, tion service
Electronic
registration
service
1-3 Operator Electronic | Registration - Registration Operator reggis-
registration registration service service tration
service
2 Flight
infofmation
manfigement
fupction
2-1 Aerohautical Aeronautical AIS Drone Traffic infor-
information information | restriction | aeronautical mation service
management management |management| information
for UA for UAS service, management
Activity service
reporting
service
2-2 Collaborative Collaborative
interface with interface with
ATC ATC,
Procedural
interface with
ATC
2-3 Airspace or- Restriction Constraint man-
ganization and management agement
management service
2-3-1 Airspace UTM route Restriction Geoaware- Geo-aware- | Constraint man-
organiza- | design service | management ness service | nessservice agement
tion service
10
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Table A.1 (continued)
No. Category of Function Comparison document
function
ISO ICAO SESAR FOCA EASA FAA
1S0 23629-12 | A Common U-Space Swiss EUROPEAN | Concept of oper-
Requirements | Framework concept of U-Space COMMISSION ations
for UTM ser- with Core operation ConOps IMPLEMENT-
vice providers | Principles ING REGU-
for Global LATION (EU)
Harmoniza- 2021/664
tion
2-3-2 Geo-aware-| Geo-aware- Restriction U-space Geoaware- Geo-aware- | Constraint man-
ness ness service |management| geo-aware- | nessservice | nessservice agement
service, ness service
Activity (b
reporting (l,
service QQ
2-3-3 Airspace Airspace au- Airspace au- Ge@w%e- Alrspace author-
access thorization thorization ss Service ization
control service service 1@
244 Demand and Dynamic Activity Dynamic (C)V
capacity man- (airspace) reporting capacity (‘{/b
agement capacity service management
management service O
service \%
245 Traffic Traffic infor- Traffic info S\ N Traffic infor- | HAA messaging
information mation service mazn 6 mation service
exchange PR
246 Flight plan Activity Q
exchange reporting \
service ‘\\
) Y -
3 Operation Drone oper- | Airspace au-

plan man- \QQ ation plan thorization

agement processing service,
$ service Risk assess-
. O ment service
311 Operation Operationﬂk\ Flight plan- | Drone oper- Operation Qperation plan-
planning plan p e@ra— ning service, | ational plan planning ning,
tigSL Dynamic preparation service, . .
Ri alysis reroute assistance, ) Hlight dispatch,
“\asdistance service Risk analysis | Riskassess- Dynamicreroute
'\ assistance ment service
D Dynamic
c. reroute
service
A3
312 Strategic .Q Strategic Strategic | Strategic con- | Strategic Strategic
conflict man(_) conflict deconflic- |flictresolution| deconflic- e-confliction
ageme@ B management | tionservice service tion service
CA service
3{3 fﬁ)n Flight clear- | Airspace au- UAS flight
proval ance service | thorization authorisation
service service
3{4 ?& Operation Activity
O plan sharing reporting
é service
1 %s\ltion
A
O ata man-
7} agement
TUTCTIon
4-1 UA tracking Tracking Tracking Tracking Tracking Surveillance
service and location service, service operator mes-
service Surveillance saging
data service,
Network
remote
identification
sub-service,
Position
report
submission
sub-service
4-2 Tactical Tactical con- Conflict man- Conflict adviso-
conflict man- flict manage- agement, ry and alert
agement ment service .
Tactical con- Conformance
flict resolution monitoring
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