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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.
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Flight control system for civil small and light multicopter
unmanned aircraft system (UAS) — General requirements

1

Scope

This document specifies the composition, functional and performance requirements of flight controls
for civt : . . .

equ

ali to 25 kg corresponding to unmanned aircraft systems (UAS) at levels I, II, I[Il and [V

[SO 41895 which does not include fully autonomous flights.

The
and
and

2
The

management unit, flight planning, flight recorder, etc. This document is.applicable t
manufacture of other UA flight control systems or subsystems.

Normative references

following documents are referred to in the text in such a“way that some or all of t

consfitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO 41384-4, Unmanned aircraft systems — Part 4: Vocabulary

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 21384-4 and t

apply.

ISO gnd IEC maintain terminology databases for use in standardization at the following adc

3.1

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

[EC Electropedia: available at https://www.electropedia.org/

attitude control mode
flight control systém mode that controls the attitude of the aircraft, but not the position of

3.2

hover state
function or mode of keeping the position and height of an aircraft relatively unchanged in pd

th 3 Irir-gamiraszt oy ol mdaeal e ot o oo
Wl OUtTTCCCTVTIITg ally CATCTITAaT COTITT UT ISt GCTIOTTES

less than or
hs graded in

flight control system in this document consists of flight control unit, navigation-unit, faglt diagnosis

b the design

heir content
applies. For
hts) applies.

he following

Iresses:

the aircraft

sition mode

4 Abbreviated terms

AGL above ground level

C2 command and control

FCS flight control system

GNSS global navigation satellite system

ICAO International Civil Aviation Organisation
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IMU inertial measurement unit
MTOM maximum take-off mass

RNP required navigation performance
RTK real time kinematic

RPS remote pilot station

UA unmanned aircraft

UAS unmanned aircraft system

5 Systems and functions

5.1

System composition

The FCS of multicopter UAS usually includes aircraft motion control unit, navigation unit, fault diaghosis

and

FCS is descrjbed in Figure 1.

management unit, power management unit and flight recorder. The typical information flow af the

l Onboard sensor daga
Autonomous ﬂlght
™ processing

Position setpoint

4 \
Flightjmode —
. .g . Position controller *.}: IMU data
switching mechanism
. J
1 Attitude setpoint Position and attitude
( ¢ estimator
Attitude'and rate
controller

5.2

External position frdm

1 Actuator control R
GNSS /vision sensorj etc.

4 )\

Output driver

Figure 1 — Typical information flow of the FCS

Flight control unit

5.2.1 Angular velocity control

The
a)

b)
c)

FCS shall have the following angular velocity control functions:

respond to angular velocity commands in pitch, roll and yaw directions based on navigation
information;

control the UA angular velocity to reach the target angular velocity within the allowable time;

when the angular velocity control command is zero, the system should maintain current attitude
angle unchanged.
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https://standardsiso.com/api/?name=1a7076cac9fd289c24bdafba2906e347

ISO 24355:2023(E)

NOTE Angular velocity control is also called rate control in many cases.

5.2.2 Attitude control

The FCS shall have the following attitude control functions:

a) adjust the aircraft attitude to the target value in a certain time according to the attitude angle
command;

b) withstand the unexpected change of aircraft attitude angle caused by external forces during the
flight.

5.2.3

Whe
folloy

a) 4
b) ¥
5.2.4

Whe
have

a)

b) 1
5.3

5.3.1
This

5.3.2
The 1

a)
4

b)

Velocity control

h equipped with navigation sensors for velocity measurements/estimation, the FCS sk
ving velocity control functions:

idjust the aircraft velocity to the target value in a certain time according to the velocit

vithstand the unexpected change of aircraft speed caused by extefnal forces during th

Position control

h equipped with navigation sensors for position measuréments/estimation, position co|
the following functions:

ontrol the aircraft to the target position;

Navigation unit

General

subclause applies to the FCS.with navigation capability.

General requirements
1avigation unit shall-have the following functions:

alculate allc®orvsome of other values such as the longitude and latitude, altitude, {
sround speed; vertical speed, heading, pitch, roll and other navigation information of

ensor_calibration;

c) (Iliagnose sensor faults;

all have the

y command;

e flight.

ntrol should

xeep the position of the aircraft when the pogition control command remains unchanged.

\cceleration,
A;

d) provide angular rate, orientation and acceleration information, such as IMU information;

e) provide continuous altitude information, such as barometric altitude information;

f) provide positioning information, such as GNSS information.

5.3.3 Optional function

The navigation unit should have the following functions:

a) provide AGL information, such as ultrasonic AGL information;

b) provide relative positioning information;

©ISO
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c) interfac

d)

e)

f)

g) manage

h)

i) flight-pg
mode;

j) receive

NOTE [

5.3.4 Flight management

5.3.4.1 Gé¢neral requirements

ing with geo-fencing information;

monitor environmental information such as temperature, air pressure and magnetic field;

estimate the accuracy of navigation information (e.g. in the form of covariance);

alignment or calibration function to improve the performance of the sensor;

critical sensor redundancy;

receive position of other aircraft;

the flight restriction-area before take-off, and send warnings and prevent the take-off;

Flight mana
a) manual
b) identify]
c) provide
d) faultde
e) protect
f) provide
53.4.2 T3
UAS take-of
a) detect
b) the takd

the posi
d) monitoy

lkey information during the departure phase from the vertiport infrastructure.

formation exchanges between the UA and the vertiport are standardised in ISO 5491.

cement shall have the following functions:

control mode, semi-automatic and automatic control switching;

whether the UAS is on the ground or in the air;

the remaining endurance time or distance in-real-time;

fection of components;

ve measures such as flight envelope-limits and flying altitude limitations;

effective control and maintain smooth flight process.

ke-off management
f phase management'should have the following functions:

he status of safety-related modules such as sensors, energy sources and power unit

-off point position, home point position and altitude information should be recorded
tion information is known;

and

when

geomag

5.3.4.3 Navigation management

UA navigation management should have the following functions:

a)

b)

when automatically planning a flight mission, the constraints of energy, flight environment, flight

capabili

ty and other factors should be considered.

for systems with a UTM interface, support the UAS remote pilot to plan the flight as a sequence of
way points defined in 2, 3 or 4 dimensions, considering the intended mission as well as constraints
of energy, ground and airspace environment, flight capability and other factors;

© IS0 2023 - All rights reserved
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NOTE1 The fleet manager of the UAS remote pilot can use the operational plan preparation (OPP) service
in ISO 23629-12.

c) provide effective control and guide the unmanned aircraft through subsequent waypoints along
the pre-planned flight path.

NOTE 2  Waypoints can be defined in two (i.e. latitude and longitude), three (plus geodetic or barometric
altitude) or four (plus desired time to reach the waypoint) dimensions.

NOTE3  The RNP in the horizontal and vertical plane is not standardised in this document.

5.3.4.4 Landing management

The following are the required and recommended functions for UAS landing phase management:

a) hen the remaining energy level is enough only for safety landing, the lahdihg m¢de shall be
mediately switched on;

b) vhen altitude level is less than critical value, the descent speed shall be reduced to prgvent hitting
the ground;

c) during landing, the position of UA should have the function to e manually adjusted fo select the
dppropriate landing point;

d) gafelanding speed should be configurable to prevent landing damage;

e) hen the vertiportis include in the landing process, the FCS can receive key informatiopn during the
grrival phase from the vertiport infrastructure;

INOTE Information exchanges between the UA%and the vertiport are standardised in ISO 5491.

f) hen the UA has limited landing space, landing accuracy shall be met for safety landin

Al

g) the landing operation shall have the €apability to be stopped manually.

5.4 | Flight recorder

The FCS shall be able to record.the following information at the specific frequency determiined by the
mantyifacturer:

a) mavigation data;
b) flight controlmede;
c) femote control information;

d) {light status information;

e vetam fault infarmatinn.
Sy ot aa e I oot

f) system warning information;

g) other required information.

5.5 Safety and emergency management

This subclause is applicable to FCS with navigation capability. When the UA encounters an emergency,
to increase safety and reduce damage, the FCS should support the following functions:

a) lost link protection: when the C2 link is lost and the UA is unreachable by any communication
method, the FCS should take the specified action under this situation; it should, for example,
continue the mission, stop the mission, land, return to home; these actions should be software
configurable;

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=1a7076cac9fd289c24bdafba2906e347

ISO 24355:2023(E)

b)

<)

d)

e)
light an

f) theFCS
UA;

g) the tun
and dyn

h) the com
prevent

i) theFCS

j) in the d
tempery
perforn]

k) the FCS

1) theFCS
to the r¢

m) the FCS
height, {

n) the FCS
or failuj

5.6 Inter

The FCS ma

a) typean

b) equipm

<)

d)

e)

emergency flight termination and/or emergency recovery: FCS shall support flight termination or
recovery procedure in an emergency;

low battery protection: when the remaining battery is lower than the specified minimum value, the
FCS should take action specified by the user or manufacturer; for example, send a warning to the
remote pilot, return home or land;

the FCS should support the motor arm and disarm function; when the motors are in the disarmed
state, they are prevented from starting by the FCS;

when the UA encounters GNSS failure, the FCS shall reduce the automatic control level and switch

to attitude_control mode or manual control mode and send warning to remote pilnf with sound,

and majintain the attitude and height if possible; when the lift is not sufficient to maintail

1 RPS warning message, etc.;

shall have a maximum attitude angle limitation function to ensure the safe opefation d

amic model changes due to condition variation;

munication protocol of the FCS shall have methods such as package sequence numb
out of order and duplicate reception of commands into the commtunication interface;

shall have the function to track and display communicatign errors;

ase of temperature controlled IMU, if the temperature control is unable to contro
iture, the FCS shall send information to the remote pilot to indicate a reduced navig
jance;

shall be designed to prevent uncommanded notor start on the ground;

shall be designed to prevent uncommanded full throttle during the flight and send wat
bmote pilot when that happens during the flight;

should detect the propulsion system failure and send warning information to take a

he FCS shall maintain the dattitude when reducing the height to minimize the loss;

shall have the function to'manage failures or malfunctions, and generate warnings, al
e messages.

face
hufacturer,shall provide the following information in the user manual:

1 quantity of interfaces;

fthe

ng of the control parameters should consider enough gain margin to hahdle uncertainties

er, to

| the

htion

ning

ction
n the

AIrms

pritsupported by the interface;

relevant electrical characteristics, mechanical characteristics, interface identification and interface
communication;

function and performance description;

connectors and wires.

5.7 Communication with RPS

When equipped with a ground control station, the FCS shall support the following functions:

a)

change the flight state;

© IS0 2023 - All rights reserved
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b) display the flight information;
c) upload and download waypoint;

d) display fault and warning information.

6 Performance requirements

6.1 Performance requirements for FCS manufacturer

6.1. System accuracy requirements

The FCS manufacturer should provide the following control performance specification under the hover
state, take-off and landing state, and the stable auto flight state:

a) Jposition control accuracies;
b) velocity control accuracies;
c) 4ttitude control accuracies.

NOTH Flight conditions are specified with a specific test platforny, altitude and wind conditi¢n defined by
the nfanufacturer. The error refers to flight technical error (FTE) défined in the ICAO Document 961 3.

6.1.] Flight quality requirements

a) Transient response in all axes during transition between different flight conditionjs and flight
modes shall be smooth and convergent.

b) C(ontrollability and manoeuvrability in all, control modes shall be guaranteed.

6.2 | Performance requirements.of-the navigation system

The preparation time of a GNSS receiver includes power on and initial positioning time of NSS. Unless
otherwise specified, the preparation time of a GNSS receiver should be no more than one|minute and
that pfan RTK receiver should,;be no more than two minutes.

The manufacturer shalldist'the performance specification for the following items:

a) (GNSSreceiver readiness time;

b) mavigation system readiness time;

c) positien.error of the system;

d) veélacity error;

e) attitude error.

7 Requirements and recommendations of support and maintenance

7.1 Firmware upgrade and version management
When the FCS has firmware upgrade functions, it should meet the following recommendations:
a) each individual firmware package should have a unique version number;

b) when a firmware/firmware package is upgraded or changed, the version number should also be
changed accordingly;

©1S0 2023 - All rights reserved 7
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c¢) manufacturers of flight control systems should establish relatively complete firmware validation,
verification and release procedures to ensure that pre-release firmware has been fully validated in
order to reduce issues affecting the flight safety.

7.2 User configuration and tuning support

In order to meet the system debugging and installation requirements of different user groups and
situations, flight control system should support at least the following parameters or functions:

a) sensitivity of pitch, roll, yaw and power/thrust setting;

b) emerge

Ty PTOTECTION actions SUCHT a5 K 1055 Protections aid 10w Dattery protection;

c) return ome function (return to home point);

d) limitati

7.3 User

Manufactur
the design r

bn of flight altitude, speed and distance.

manual

ers of FCS shall provide users with a series of paper or electronicliser manuals and
pquirements and user requirements.

The user's manual should include at least the following information:

a) invento

Fy list;

b) disclainper;

c) system
d) system
e) flight c(

composition;
function and performance;

ntrol and operational guidelines.

f) flight li]nitations;
e

g) suppor
h) pre-flig
i) require

j)  flight cd

8 Identi

d external equipment withsinstructions;
ht inspection list;
ments for productsterage, transportation and maintenance;

nditions and-environmental requirements.

fication, packaging, transportation and storage

8.1 Gene

al

meet

If the FCS product is shipped separately, the requirements in this clause apply; otherwise, the
requirements in this clause do not apply.

8.2 Identification

The product should be marked with at least the following information:

a) product name and model number;

b) power supply voltage rating;

c) productserial number;
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