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Foreword

58:2023(E)

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
ISO collaborates closely with the International Electrotechnical Commission (IEC) on a
electrotechnical standardization.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian

in the work.
1l matters of

intenance are

beded for the

differjent types of ISO documents should be noted. This document was drafted in aceordgqnce with the

Attenltion is drawn to the possibility that some of the elements of this document'may be the subject of
patenft rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any pptent rights identified during the development of the document will be'in the Introdyction and/or

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

and does not

For explanation of the voluntary nature of standards)the meaning of ISO specific terms and
expregssions related to conformity assessment, as wellvas information about ISO's gdherence to
the World Trade Organization (WTO) principles jm~the Technical Barriers to Tradg (TBT), see

wwwliso.org/iso/foreword.html.

This dlocument was prepared by Technical ISOLTC 20, Aircraft and space vehicles, Subcommittee SC 16,

Unmdnned aircraft systems.

Any fe¢edback or questions on this document should be directed to the user’s national standards body. A

compl]ete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Multi-copter unmanned aircraft system (UAS) is the most popular UAS in the market at the time of
publication of this document, but the quality of products can vary significantly. However, it is difficult
to evaluate the function and performance of these products as there is no unified standard test method
and means to evaluate and test the multi-copter UAS. Therefore, the development of test method
standards for civil multi-copter UAS is intended to provide a basis for product testing, in order to
improve the product quality of the multi-copter UAS as a whole.

vi © IS0 2023 - All rights reserved
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Test methods for civil multi-copter unmanned aircraft
system

1 Scope

This document specifies test methods for civil electric multi-copter unmanned aircraft systems (UAS).
This decumentis intended to be g gnnnr:\] standard for focfing the gverall UAS function hty with the

suppgrt of subsystems.

It is applicable to the category of civil electric multi-copter UAS with maximum take-off mass (MTOM)
level | to level V according to ISO 21895. The configuration control and subsyst€m (e.g. eergy system
and flight control system tests) test methods are out of the scope of this doéyment. In gaddition, test
methpds for operations in snow and icing conditions are not included_-either, manufafturers have
procedures identified to cope with flight in those conditions.

2 Normative references

The fpllowing documents are referred to in the text in such*a way that some or all of their content
constjtutes requirements of this document. For dated referénces, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendménts) applies.

ISO 21384-4, Unmanned aircraft systems — Part 4: Vacabulary

ISO 21895, Categorization and classification of civil unmanned aircraft systems

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 21384-4, ISO 21895 and the
following apply.

ISO apd [EC maintain termjnolegy databases for use in standardization at the following addresses:

]

$0 Online browsingplatform: available at https://www.iso.org/obp

]

EC Electropedja:/available at https://www.electropedia.org/

31
mission profile
specified{mission to be performed, including the event and the environment sequence [that the test
articlg experiences

3.2

multi-copter UAS

rotorcraft lifted by two or more power-driven rotors on a substantially vertical axis, capable of
hovering, taking off and landing vertically

4 General principles

4.1 Testpurpose
The purpose of the test is to:

a) check whether the functionality, performance of the UAS meets the design requirements;

©1S0 2023 - All rights reserved 1
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b) make recommendations on design modifications and whether to conduct supplementary tests.

4.2 Testc

onditions and requirements

4.2.1 Technical document

The followin

a)

g documents should be prepared before the test:

the design documents, figures and interface file which are relevant to the test;

b) operator’s manual;

c) testplan

4.2.2 Testlarticle

The test arti¢le shall fulfil the following requirements.

a) The testfarticle shall conform to the product manuals.

b) The nuniber of test article shall meet the test requirements.

c) The tesf article shall have quality inspection certificates suchfas ‘the enterprise qualifi
certificafe.

4.2.3 Equipment and instruments

Test instruments and equipment (including special equipment and auxiliary equipment) sh

verified and

period. All th

uncertainty

measured p3

4.2.4 Personnel requirements

Testers shall
the correspo

4.3 Teste

Unless othen
including ten

4.4 Test i11terruption and recovery

calibrated, and shall be qualified within theflight test limitations and within the v4
e test instruments used should meet the-expected use requirements; and its measurs
br maximum allowable error should be-less than the agreed allowable error range
rameter. For test process managemént, refer to ISO/IEC 17025.

be able to operate the test’article and the test equipment proficiently. Testers shal
hding competence and.qualification, if required.

nvironmental requirements

wise specifieéd, all tests shall be performed by measuring and recording test condj
hperature, relative humidity, atmosphere pressure and wind speed.

ration

hll be
lidity
bment
pf the

have

tions,

Test interruption and recovery methods are specified as follows.

a) The testis terminated on one of the following conditions.
1) Key indicator(s) of the test article is (are) unqualified.
2) The test article cannot work normally due to a malfunction and cannot be repaired.
b) When the following situations occur during the test, supplementary tests should be carried out as
appropriate.
1) Individual test article failed, the cause has been identified and corrected.
2) The original design or test article configuration was changed.
2 © IS0 2023 - All rights reserved
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3) The test article is replaced with the components or devices that affect the technical
performance.

4.5 Test outline

The test plan shall include but not limited to the following:
a) mission profile description;

b) testpurpose;

c) testtime and location;

d) the number and technical status of the test article and test auxiliary;
e) testarticle, test classification methods;

f) teéstrequirements;

g) teéstinterruption and recovery;

h) afceptance criteria;

i) testorganization;

j) testsupport;

k) testsafety;

m) appendix (e.g. template of data record, collection of formulae).

4.6 |Testreport

The t¢st report shall include but not limited to the following:
a) serial ID of the test article and.pictures of the test article overview and the key compopents;
b) test general introduction;

c) testitem, and necessatyspecification;

d) téstacceptance criteria;

LK
(=g

¢st safety (précedures and limitation, etc.);

f) te¢stresults;

g) nrain problems that have occurred in the test and the corresponding treatments;

h) conclusion;
i) issuesand suggestions;

i) appendix (e.g. test data histories).

5 Test methods

5.1 Testitem

UAS test items are shown in Table 1.

©1S0 2023 - All rights reserved 3
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Table 1 — Test item information table

No. Test items Subclause number
1 Completeness 5.2.1
2 Appearance 5.2.2
3 Basic Size 5.2.3
4 inspection Weight and centre of gravity 5.2.4
5 Moving and rotating parts check 5.2.5
6 Connectors 5.2.6
7 Identification 531
8 Route loading 5.3.2 ﬂ(b
8 Self-test 5.3.3 QQV
10 Information display 5.34 (,.95 i
11 Data record 5.3.5 N 1
12 | Functional Return to home 5.36,
inspection and - - —
13 testing Automatic obstacle avoidance X @
14 Typical failure protection . 6\5.3.8
15 Take-off/launch and landing/recovery (\Y 5.39
16 Warning \QV 5.3.10
17 Locking and starting of motor kQ\\ 5.3.11
18 Control mode switching \,\QJ R 5.3.12
19 Maximum take-off mass k\\}‘ 54.1
20 Maximum flight range - x 5.4.2
21 Maximum flight altitude_ a 5.4.3
22 Maximum horizontal ‘ﬁ.ljgﬁ/speed 5.4.4
23 Maximum steady):ﬁ_@tf‘rate 5.4.5
24 Flight performance Altitude hold pe«rfb(mance 5.4.6
25 test Speed hol(}]&&brmance 5.4.7
26 Flight er@}rjance 5.4.8
27 Fixg(@:ﬁnt hovering 5.49
28 &vaf?oning navigation 5.4.10
29 < rajectory tracking accuracy 5.4.11
30 N Q§ Capability of wind resistance 5.4.12
31 Na /igatio@&‘em Static attitude accuracy 5.5.1
32 /(t?‘ Static positioning accuracy 5.5.2
33 D tQDBk system |Remote control distance and telemetry distance 5.6.1
34 test Information transmission distance 5.6.2
35 High temperature 5.71
36 Low temperature 5.7.2
37 Environmental |Rainfall 5.7.3
38 test Humidity and heat 5.7.4
39 Vibration 5.7.5
40 Shock 5.7.6
4 © 1S0 2023 - All rights reserved
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Table 1 (continued)
No. Test items Subclause number
41 Conductive emission 5.8.2.1
42 Radiation emission 5.8.2.2
43 Radiatgd, radio-frequency, electromagnetic field 5831
Immunity
44 Electromagnetic Power frequency magnetic field immunity 5.8.3.2
45 compatibility Electrostatic discharge immunity 5.8.3.3
46 test Electrical fast transient/burst immunity 5.8.3.4
47 Surge immunity 5.8.3.5
Immunity to conducted disturbances, induced by
48 . . 5.8.346
radio-frequency fields
49 Voltage sag and short supply Interruption 58.3.7
5.2 |Basic inspection

5.2.1

Completeness

Visual inspection should be adopted for completeness checking:The test article shall be ifspected and

recor

5.2.2

Hed item by item by following product lists.

Appearance

Visu

inspection shall be applied for appearance chiecking. The inspected items generally

a) the uniformity of equipment coating, the cotrrectness and clarity of product identities
type, model, weight, etc.), and the robustuess of stickers (no curl or erase);

b) the completeness of label or markfor connectors, switches, control sticks;

c) dpamages such as cracks, scratthes, corrosions.

5.2.3

The ¢
radiu

5.2.4

The W
allow

Size

haracteristic size @f UA and its components (e.g. length, width, height, wheelbase, pr
5) shall be measuted and recorded referring to product specifications with size errox

Weightand centre of gravity

reightef the UA and its components shall be measured. The centre of gravity shall |
able'range specified by the manufacturer. Measurement methods generally include t}

include:

(brand, size,

bpeller/rotor
range.

e within the
ne following.

a) Mass measurement tools shall be employed for measuring the weight of the UA and its components
(unit: gram). The measurement should include conditions in which the UA is equipped with different
mission loads.

b) The position of centre of gravity is estimated; and it shall be checked with the designed position.

c) Tests shall be performed with the most critical centre of gravity.

5.2.5

Moving and rotating parts check

Visual inspection shall be employed for checking moving parts such as switches, buttons, foldable arms
and control surfaces; and for rotating parts of the vertical lifting elements (hub, blades, blade dumpers,
pitch control mechanism, and all other parts that rotate with the assembly). Mechanical movement

© IS0 2023 - All rights reserved
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is supposed to be smooth and reliable, without the occurrence of looseness, stagnation, shortage,
deformation, etc.

5.2.6 Connectors

Connectors of the UAS shall be inspected according to indicators; results shall be recorded accordingly.
Inspected items are specified by the manufacturer and may generally include:

a) fool-proofing and locking design, in-place indication;

b) operating friendliness, firm installation and connection robustness;

c) protectiye design for exposed connecters;
d) skewed,[retracted and damaged pins;

e) non-sparking design of power connectors.
5.3 Functjonal inspection and testing

5.3.1 Identification

While in flight, the identification function of UAS shall be inspected_ through UAS surveillance system
or a simulatgd surveillance system. The checked items include:

a) the accufacy of current flight data;
b) whether|the identification of UAS and operator meet the requirements of the authority;

c) whether|the reporting frequency meets the requirément of the authority.

5.3.2 Route loading

A route of typical flight mission shall be loaded to the UA prior to flight. In this loading process, the
status reporf shall be examined. Then, how the UA follows the route shall be investigated.

5.3.3 Self-test

Once the power of UAS is engaged, visual inspection shall be used to check the voice or light indications
of self-test rqsults.

5.3.4 Informationdisplay

When UAS iq powered on at the ground, the display of remote pilot station shall be examined through
visual inspedtion>Inspected contents should be checked according to the manufacturer's specification.

5.3.5 Datarecord

The UAS shall be flown in a typical flight mission. After the flight, the recorded data should be read and
inspected. The check items include the integrity of recorded data, the correctness of flight data and
mission data. Both onboard and remote pilot station data record shall be tested.

5.3.6 Return to home

The activation and the manual intervention for abandoning mission shall be checked to confirm that it
can be performed according to the manufacturer's intention.

6 © IS0 2023 - All rights reserved
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5.3.7 Automatic obstacle avoidance

For UA with obstacle avoidance function, within the range of automatic obstacle avoidance specified
by the manufacturer, the UA shall be manipulated to fly towards obstacles at the speed specified by
the manufacturer until the distance is less than the safety distance specified by the manufacturer.
Inspection should be made that whether the UA can avoid collision. Then, the UA shall be kept away
from obstacles and the capability of regaining aircraft control should be inspected. Obstacles can be

wall, glass, utility pole, power line, etc.

5.3.8 Typical failure protection

For differentfatturesttuations;visuat trspection shattbetmadetowardsthe protectiomractions such as
returhing to home, landing and hovering. The failure situations and corresponding testing procedures
are ag follows.

a) Sptellite navigation signal interruption: under normal flight conditions, the UA-s manipulated to fly
into the space that obstructs satellite navigation signal (such as roofed buildings) unti| the signal is
bIocked completely. A corresponding failsafe operation that manufacturet states shall[be examined
through visual inspection.

b) Ljinkinterruption: under normal flight conditions, when the remate control and remotg pilot station
afe turned off, a failsafe operation that manufacturer statesshall be investigated thirough visual
ilpspection.

c) Lpw battery: under normal flight conditions, the UA iskept flying until the energy is pxhausted to
the low power state specified by the manufacturer. Afailsafe operation stated by the manufacturer
which protects the UA from low battery failure shall be investigated through visual inspection.

5.3.9| Take-off/launch and landing/recovery

The fpllowing tests shall be performed on.ground on a flat surface and a slope of less than [10°.

a) An automatic take-off command@described in the operator’s manual shall be sent tg the UA; and
then inspection shall be made whether the UA is out of control, such as flipping or leafing.

b) An automatic landing comimand described in the operator’s manual shall be sent to [the UA; then
imspection shall be made\whether the UA is out of control, such as flipping or falling.

5.3.1) Warning

For UAS equippedWith an alarm function, once the abnormal condition specified in 5.3.8 pccurs, aural

or visjual alarm-in'the UAS shall be checked through visual inspection.

5.3.11 Loecking and starting of the motor

ASchallba smavarnyeand c o A+ o oo tho cnlf +act e adiren T thaloclrin g cbotbo g t 1 t k
L0 J1I1TAa1rT e PUVV\'I \“ACSAVISICS L IR D PLEY S § lJCIOO CITC OCITI "Lt Ool l_ll vultiluure. 111 LIIce lU\zl\llls oJLldtuy, \'On ro S IC S

The
shall be pushed and pull; and then whether motor responds should be checked; once motors are started,
it can be checked whether the motors drive propeller/rotor blades and rotate at idle speed. Then the
power throttle shall be pushed, visual inspection should be made towards the accelerating rotation of
propeller/rotor blades.

5.3.12 Control mode switching

Under normal flight conditions, the UA shall be manipulated to switch between manual control mode
and automatic control mode. Whether the UA performs smooth transition flight shall be observed.
There shall be no out-of-control, such as falling or flip-over.

©1S0 2023 - All rights reserved 7
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5.4 Flight performance test

5.4.1 Maximum take-off weight

The UAS used in the test shall function correctly; and the battery shall have sufficient energy. Instead of
actual mission payload, the corresponding dummy mission payload should be attached to the UA such
that the total mass of the UA reaches the designed nominal value of maximum take-off mass. The UA
shall be manipulated by following a prescribed typical mission profile. Then, whether the UA is capable
to accomplish the mission normally shall be examined. Information of the test site shall be recorded,

such as air temperature, atmospheric pressure, wind speed and altitude.

5.4.2 Max]

The UAS use
carry missig
has been pr
specified by
of operation
UA shall fly

typical operd
The distance
specified by
5 m from po
10 % of fully
energy is nof
energy reach
be evaluated

imum flight range

d in the test shall function correctly; and the battery shall have sufficient energy. If
n payload or the dummy mission payload specified by the manufacturep; and a

the manufacturer (if the typical operational height is not specified, a median in the
il height should be chosen); and the current position is recorded as.position A. The
traight to position B at a typical operational speed specified by‘the manufacturer

tional speed is not specified, a median in the range of operationalspeed should be ch
between position B and position A shall be equal to the miaximum flight range wH

Kition A. The battery energy of UA shall be examined;:and its value shall not be les
charged battery energy (low energy state specified\by the manufacturer). If the b3
sufficient to support UA returning to home, the position C shall be recorded where b
es the low energy state specified by the manufacturer. The maximum flight range s

according to Formula (1):

shall
route

bsent to the UA. The UA shall take off vertically and reach a typical opérational height

range
n, the
if the
bsen).
ich is

the manufacturer. Subsequently, The UA shall return te\a position within the range of

than
nttery
nttery
hould

1

R=E(L1+L2) ey
where

R is the maximum flight rangein:metres (m);

L,  isthe distance betweenpgsition B and position A, in metres (m);

L, isthe distance between position B and position C, in metres (m).
The describé¢d test procédutre should be performed 3 times; and the minimum value of R shpll be
chosen. Information of the test site shall be recorded, such as air temperature, atmospheric pregsure,

wind speed §

nd altitude.

5.4.3 Maxjmum flight altitude

The nominal value of maximum flight altitude H,, under the standard atmospheric conditions of the
test UA shall be converted into the value H ., under the current environmental conditions, according
to Formula (2). The UA shall be functioning with fully charged battery, carrying the dummy mission
payload specified by the manufacturer. The UA shall be manipulated to fly vertically and climb to the
height H .. It shall fly forward, backward, sideward, take turns, and then keep hovering for 3 min.
In this procedure, the test equipment shall measure the position data (the sampling frequency of this
equipment shall not be less than 10 Hz). The remote pilot station should assist the determination of
whether the UA responds to commands normally. Information of the test site shall be recorded, such
as air temperature, atmospheric pressure, wind speed and altitude. After the flight, the flight data
recorded by the test equipment shall be read and used to determine the validity of this test. The altitude

here means the altitude above sea level.

H H

(2)

max = Homax —
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where
H is the altitude of take-off point, in metres (m);
Hynax is the nominal value of the maximum flight altitude under standard atmospheric condition,
in metres (m);
H,.. isthe equivalent height under the current atmospheric condition, in metres (m).
5.4.4 Maximum horizontal flight speed
Arou

paylo
altitu
horiz
perfo
shall

samp
deter

After
flight
flight

4 test

value
shoul
temp

5.4.5

A roy
dumn

It acc
climb|

equipment shall measure the position data of the UA (the sampling frequency of the test
no les

After
climb|
inas

minin

recor

5.4.6

hd specified by the manufacturer. The UA shall take off vertically to reach a specifi
de. Then, it accelerates in horizontal flight until its flight speed keeps stablé at't
pntal flight speed V,,, (within an error range agreed by the requestor fox testing
Fmer) with maximum continuous power at stated altitude, weight and configuratio
be hold for 5 s. In the entire test campaign, a test equipment shall measure posit
ing frequency of the test equipment is no less than 10 Hz); and remaote pilot station ¢
ination of the flight speed the UA.

the flight, flight data recorded by the test equipment shall be analysed. An interval
speed should be sampled; and the average value of sample\is taken as the maximu
speed in a single flight. The procedures described <in ‘this subclause shall be
s in total; and these tests are in 2 pairs which are ihithe opposite flight direction
of the 4 tests shall be taken as the final result. Thechange of the altitude for ma
 be considered. Test condition information shalkbé recorded, such as weight, conf
brature, atmospheric pressure, wind speed and altitude.

Maximum steady climb rate

te shall be set to a functioning UAt-which is charged with sufficient energy ang
y mission payload specified by the'manufacturer. The UA shall be manipulated to

blerates with maximum continuous power until its climb rate stabilizes at the max
rate V,,,, (within an error range agreed by the requestor for testing and the test perfq

s than 10 Hz); and the remote pilot station should assist in inspecting the climb spee

the flight, flight data collected by the test equipment shall be analysed. An interval
rate should be sampled; and an average value of sample is considered as the maximy
ngle flight test.The procedures described in this subclause shall be repeated for 3 t
hum value ‘of'the tests is taken as the maximum climb rate. Information of the test
Hed, such.as air temperature, atmospheric pressure, wind speed and altitude.

Altitude hold performance

d operation
e maximum
and the test
n. The speed
on data (the
an assist the

of the stable
m horizontal
repeated for
. An average
kimum flight
guration, air

| carries the
ly vertically.
imum steady
rmer). A test
pquipment is
.

of the stable
m climb rate
ests; and the
site shall be

A route shall be sent to a functioning UA which is charged with sufficient energy and carries the dummy
mission payload specified by the manufacturer. The UA shall be manipulated to fly in the following
procedures.

a) Take off vertically to reach a prescribed height H;, and then fly horizontally at speed V; for 30 s.

b) C
c) C

limb to the height H, and then fly horizontally at speed V, for 30 s.

limb to the height H; and then fly horizontally at speed V; for 30 s.

In the above procedures, H; and V; shall be evenly selected within the ranges of operational altitude
and speed which are specified by the manufacturer. For instance, in the case that an operation
altitude is 30 m, values can be selected within the ranges of 0 m to 10 m (including 10 m), 10 m to 20 m
(including 20 m), 20 m to 30 m (including 30 m), respectively.
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After the flight, the flight data collected by the test equipment (the sampling frequency is no less than
10 Hz) shall be analysed. In the three procedures described in this subclause, the accuracy of altitude
hold performance should be evaluated: An interval of flight data can be sampled in which height is
within the range (0,95 H;, 1,05 H) in each procedure; and the mean H, and standard deviation o; can be

evaluated. |H;—Hi

fluctuation magnitude of altitude hold performance. Information of the test site shall be recorded, such
as air temperature, atmospheric pressure, wind speed and altitude.

is considered as the error of altitude hold performance at the height H; and o; is the

NOTE i=1,2,3.

5.4.7 Spe

A route shall[be set to a functioning UA which is charged with sufficient energy and carries the/dymmy
mission payload specified by the manufacturer. The UA shall be manipulated to fly in the follpwing
procedures.

a) Take offertically to reach a prescribed height H;, and then fly horizontally at speed V; for 3( s.
b) Climb tojaltitude H, and fly horizontally at speed V, for 30 s.
c) Climb to|altitude H; and fly horizontally at speed V; for 30 s.

In these prodedures, H; and V; shall be evenly selected within the range$s of operation altitude and speed
which are specified by the manufacturer. For instance, in the casé-that an operation altitude is 30 m,
values can b¢ selected within the ranges of 0 m to 10 m (including10 m), 10 m to 20 m (including 20 m),
20 m to 30 m (including 30 m), respectively. H; and V; can alse/€’combined to generate test grids.

After the flight, the flight data collected by the test equipment (the sampling frequency is no lesg than
10 Hz) shall |be analysed. In the three procedures described in this subclause, the accuracy of fpeed
hold performance should be evaluated: An interval’of flight data can be sampled in which height is
within the rgnge (0,95 V;,1,05 V) in each procedutie; and the mean Vi' and standard deviation o0, dan be

evaluated. |F;'—Vi| is considered as the error-of'speed hold performance at the height H; and o, fis the

fluctuation npagnitude of speed hold perfermance. Information of the test site shall be recorded, siich as
air temperatre, atmospheric pressure;wind speed and altitude.

NOTE i=[1,2,3.
5.4.8 Flight endurance

5.4.8.1 Geperal rules

The purposd of thistest is to evaluate the flight endurance under appropriate conditions. The check
list for the facters influencing the enduring includes propulsion system, aerodynamics and batter
performance. The UA shall be functional; and its battery shall be fully charged. The voltage thrgshold
of low battery warning shall be set to the value corresponding to 10 % of battery energy (the low
battery warning status should be also determined according to the manufacturer). The test shall be
performed under two conditions, namely no-load and full-load. If the payload of UA is non-removable,
it is considered that the standard configuration of UA corresponds to the full-load condition; and the
method for full-load condition shall be applied in tests.

5.4.8.2 No-load hover
Under no-load condition, the UA shall be manipulated to take off vertically and hover at the height

of 10 m (error range can be determined by agreement between the requestor for testing and the
test performer) above the ground. It shall keep hovering until low battery warning alarms and then
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performs a forced landing. A timing device should be utilized for timing during the flight. Time keeping
shall be stopped when performing the forced landing; and the run time of hovering shall be recorded.

NOTE

Landing points can be determined by agreement between the requestor for testing and the test

performer.

The procedures described in this subclause should be repeated for 3 times; and the minimum value
among that of 3 tests is regarded as the result. Information of the test site shall be recorded, such as air
temperature, atmospheric pressure, wind speed and altitude.

5.4.8.

3 No-load horizontal flight

Arouge shall be set to the UA. Under no-load condition, the UA shall be manipulated to take
and tp reach a height of 10 m (error range can be determined by agreement between t
for testing and the test performer) above the ground. The UA shall fly at a typicdl|oper3
specified by the manufacturer (if not specified, a median in the range of operatioral spe

chos

greater than 200 m. It keeps flying until the low battery warning alarms and then per

landi

NOTE
perfor

A tim
perfo
subcl
the re
wind

5.4.8

Unde
of 10
test g
perfo

) within maximum operating radius; and it shall follow an elliptical foute whose

g.

Landing points can be determined by agreement between the,requestor for testing
mer.

ing device shall be utilized for timing during the flight. Time keeping shall be st
Fming the forced landing; and run time shall be recorded. The procedures desc
huse should be repeated for 3 times; and the minimum value among that of 3 tests i
sult. Information of the test site shall be recorded;such as air temperature, atmosphg
speed and altitude.

4 Full-load hover

" full-load condition, the UA shall.he manipulated to take off vertically and hover
m (error range can be determined by agreement between the requestor for tes
erformer) above the ground. It shall keep hovering until low battery warning alar
Fms a forced landing. A timing'device should be utilized for timing during the flight.

off vertically
he requestor
tional speed
ed should be
short axis is
forms forced

and the test

opped when
ribed in this
regarded as
ric pressure,

ht the height
ting and the
ms and then
'ime keeping

shall pe stopped when performing the forced landing; and the run time of hovering shall be recorded.

NOTE Landing points_can be determined by agreement between the requestor for testing and the test
perfoymer.
The grocedures described in this subclause should be repeated for 3 times; and the mihimum value

amonjg that of 3 teSts is regarded as the result. Information of the test site shall be recorded, such as air

tempe¢rature, atmospheric pressure, wind speed and altitude.

5.4.8)5."‘Full-load horizontal flight

A route shall be loaded to the UA. Under full-load condition, the UA shall be manipulated to take off
vertically and to reach a height of 10 m (error range can be determined by agreement between the
requestor for testing and the test performer) above the ground. The UA shall fly at a typical operational
speed specified by the manufacturer (if not specified, a median in the range of operational speed should
be chosen) within maximum operating radius; and it shall follow an elliptical route whose short axis
is greater than 200 m. It keeps flying until the low battery warning alarms and then performs forced
landing.

NOTE
performer.

Landing points can be determined by agreement between the requestor for testing and the test

A timing device should be utilized for timing during the flight. Time keeping shall be stopped when
performing the forced landing and run time shall be recorded. The procedures described in this
subclause should be repeated for 3 times; and the minimum value among that of 3 tests is regarded as
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the result. Information of the test site shall be recorded, such as air temperature, atmospheric pressure,
wind speed and altitude.

5.4.9 Fixed-point hovering

The UAS shall function correctly; and the battery shall have sufficient energy. Tests shall be performed
under no-load and full-load conditions respectively. The UA shall be manipulated to take off vertically
from position O and to reach a height of 10 m above the ground, as shown in Figure 1. Hover function
shall be engaged and hold for 180 s. In this period, A measurement tool shall be utilized. The horizontal
distance L and the vertical distance H away from the position O shall be measured at a time interval of
5s. The test shall be repeated at 5 different locations, the mean and standard deviation of measurement
results shall be recorded. Information of the test site shall be recorded, such as air temperpture,
atmospheric[pressure, wind speed and altitude.

AZ
Hf-_
|
()
|
|
l Y
9 l S
| 4
| 7/
L | //
| /
| e
X ___________________ I//
Key
X local franje X axis
Y local franje Y axis
Z  local franje Z axis
O the take-qff position
L the horiz¢ntal distance
H the verticpl distance

Figure 1 — Scheme of fixed-point hover test

5.4.10 Positioning-navigation

The UAS shall'fiinction correctly; and the battery shall have sufficient energy. After the UA is poyered
on, the number of satellites required for the test shall meet the number specified by the manufacturer.
A route (straight, circular, etc.) shall be set to the UA. Under full-load condition, the UA shall be
manipulated following a prescribed mission profile. A test equipment shall record the position data of
UA throughout the entire flight (the sampling frequency of the test equipment is not less than 10 Hz).
After the flight, the position data collected by the test equipment shall be compared with that exported
from the remote pilot station or onboard data storage device, such that the accuracy of positioning and
navigation can be obtained. The purpose of this test is to check the position sensing accuracy without
the influence of automatic control.

5.4.11 Trajectory tracking accuracy

Use the test method in 5.4.10, the trajectory controller shall be activated to follow the pre-set trajectory.
After the flight, the actual flight data collected by the test equipment should be analysed. After
removing the data of transition process for turning, the position data collected by the equipment shall
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be compared with the pre-set trajectory to obtain the tracking accuracy of UA. The purpose of this test
is to check the combined accuracy of onboard positioning and control.

5.4.12 Capability of wind resistance

The UAS shall function correctly and the battery shall have sufficient energy. After the UA is powered
on, the number of satellites required for the test shall meet the number specified by the manufacturer.
Artificial methods shall be employed to simulate wind speeds which are equivalent to that of the wind
resistance capability, when there is no suitable natural wind. The UA shall be kept in the artificial wind
field and a hover test should be performed in accordance with 5.4.9. Test results shall be observed
through visual inspection. Commands of forward flight, backward flight, lateral flight and turning
shoulfbe sent to the UA through the remote pilot station, whether the UA responds normglly should be
obseryved.

5.5 [Navigation system test

5.5.1| Static attitude accuracy

The UAS shall function correctly; and the battery shall have sufficient ertergy. Use profesgional testing
devicps to fix the UA at any heading, pitch and roll attitude; and fead and record the attitude data
expoited from the remote pilot station and the attitude data satipled by the testing devjices. Control
the tgsting devices to change the attitude of the UA; and read @nd’record the data again. The number of
testirlg samples should be not less than 5; and the attitude:data are analysed and compared to obtain
the static attitude accuracy of the UA.

5.5.2] Static positioning accuracy

The UAS shall function correctly; and the battery is sufficient charged. After the UA is powered on, the
numbler of satellites required for the test shdll meet the number specified by the manufdcturer. Steps
for the test are as follows.

a) Sptareference point outdoors; and record the coordinates of the point.
b) Place the UA above the referénce point.

c) Read the position of the UA from the remote pilot station.

d) Cpmpare the measured value with the reference value; and evaluate the navigation acfuracy.

e) Conduct the testfor five times; and calculate the average value and standard deviatioy.
5.6 |[Data link system test

5.6.1| CRemote control distance and telemetry distance

Requirements for the test area are as follows.

a) The test area shall be flat and open. There shall be no big reflectors, such as buildings and walls, in
the area with a radius of 1,5 times of the longest remote control distance around the test centre O,
which can be seen in Figure 2.

b) There shall be no signal reflection materials such as snow, tall grasses, dirt, or fence around the
test area.

c) The level of electromagnetic interference shall conform to the requirement in the manufacturer's
instructions.

The UA is controlled to take off from the point O. It keeps flying in low altitude (below 120 m) along a
straight direction to the expected telecommunication range and confirm that the UAS does not hint a
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malfunction. A distance measuring tool is used to measure the horizontal distance L of the UA from the
point O and the vertical distance H, respectively. Then, the distance R is calculated. Change the target
position; repeat the test in five different positions; and take the average value. Record the temperature,
atmospheric pressure, wind speed and altitude in the test area.

When the test conditions cannot be met, experiment tests should be done to determine the remote
control distance and telemetry distance according to the methods in Annex A.

AZ
H~_
A
|
R
|
! Y
0 : —
| //
Lol
X _________________ |//
Key
X  local franje X axis
Y local franje Y axis
Z  local franje Z axis
O the take-¢ff position
L  the horiz¢ntal distance
H the verticpl distance
R remote cgntrol and telemetry distance

Figure 2 — Diagram for the testof remote control and telemetry distance

5.6.2 Information transmission distance

Devices of infformation transmission mission are carried by a UA and the UA is controlled to fly pbove
the designed value of the infobmation transmission distance. Change the flight attitude of the YA for
forward flying, backwardflying, sideward flying, turning, and climbing to conduct the test, che¢k the
information fransmission-function of the UA, observe and record the data for information transmission,
and check whether thie quality of the data meet the operating requirements.

5.7 Environmental test

5.7.1 High temperature

5.7.1.1 High temperature storage
The test procedure for high temperature storage for UAS is as follows.

a) Putthe UASinto the testchamber (room); testand record the appearance and function/performance
to ensure proper assembling.

b) Setthe UAS in non-operational status; regulate the test chamber (room) temperature to achieve the
specified high storage temperature with the temperature rate not more than 3 °C/min; hold on till
the UAS temperature is stable; then hold for 3 h.
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Recover the test chamber (room) temperature to be the same as the laboratory environmental
temperature with the temperature rate not more than 3 °C/min, until the temperature is stable.

Test and record the appearance and function/performance. The function/performance test should

be limited to take-off and landing.

5.7.1.2 High temperature operation

The test procedure for UAS high temperature operation is as follows.

a) Putthe UASinto the test chamber (room); testand record the appearance and function/performance
toensure praoper nccpmh]ing

b) Sgt the UAS into operational status; regulate the test chamber (room) temperature tp achieve the
specified high operating temperature with the temperature rate not more than 3’ °C/min; hold on
till the UAS temperature stable; then maintain at least one flight duration.

c) Testand record the function/performance.

d) Sgt the UA in the non-operational status (or stop after the temperature becomes theg same as the
gdboratory environmental temperature); recover the test chamber'(room) temperatlﬂre to be the
same as the laboratory environmental temperature with the temperature rate not mofre than 3 °C/
npin, till the temperature is stable.

e) Testand record the appearance and function/performance. The function/performande test should
b limited to take-off and landing

f) The battery security issues in a high temperature‘environment shall be considered dufing this test.

NOTE The high temperature storage and high.témperature operational tests can be metged; and the

tempgdrature stability time for high temperature opeération can be ignored when the high tempe;
and high temperature work are same.

ature storage

performance

o achieve the

lvironmental

5.7.2] Low temperature

5.7.2]1 low temperature storage

The t¢st procedure for UAS1ow temperature storage is as follows.

a) Putthe UASinto thetest chamber (room); testand record the appearance and function/|
t ensure proper assembling.

b) Sgtthe UAS.Jrnon-operational status; regulate the test chamber (room) temperature t
specifiedlow storage temperature with the temperature rate not more than 3 °C/min; hold on till
the UAStemperature is stable; then hold for 3 h.

c)
temperature with the temperature rate not more than 3 °C/m1n tlll the UAS temperature is stable.

d) Testand record the appearance and function/performance.

5.7.2.2 Low temperature operation

The test procedure for UAS low temperature operation is as follows.

a)

b)

Putthe UAS into the test chamber (room); test and record the appearance and function/performance

to ensure proper assembling.

Set the UAS into operational status; regulate the test chamber (room) temperature to achieve the
specified low operating temperature with the temperature rate not more than 3 °C/min; hold on

till the temperature is stable; then maintain at least one flight duration.

© IS0 2023 - All rights reserved
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c) Testand record the function/performance.

d) Set the UAS in non-operational status (or stop after the temperature becomes the same as the
laboratory environmental temperature); recover the test chamber (room) temperature to be the
same as the laboratory environmental temperature with the temperature rate not more than 3 °C/
min, till the temperature is stable.

e) Testand record the appearance and function/performance.

f) The test article is in low temperature after the test; then it should be dried to protect the object
from potential performance degradation from condensation.

NOTE1 ThE Tow temperature storage and low temperature operational tests can be merged; and the
temperature qtability time for low temperature operation can be ignored when the low temperature storage and
low temperatfire work are same.

NOTE 2  Thht battery can be environmentally protected (warm) while the UA is cold-soaked-according(to the
manufacturerfs specification.

5.7.3 Rainfall
The rainfall fest should be performed for the UAS as specified in IEC 60529.

5.7.4 Humidity and heat

The humiditly and heat test should be performed for the UASas specified in IEC 60068-2-78 and
IEC 60068-2{30.

5.7.5 Vibration

The vibration test should be performed for the UA as.specified in ISO 53009.

5.7.6 Shodgk
The shock tept procedure should be performed for the UA as follows.

a) Fixthe UA on the vibration/shocdk platform; attach the sensors; then test and record the appeafrance
and fundtion/performance to/énsure proper assembling.

b) Define shock pulse specifically according to the test plan and purpose, which includes half sine,
trapezoifal, terminal peak sawtooth, etc. shock impulse.

c) Start thq UA; perform the shock test along three orthogonal axial directions, three times for every
direction.

d) Testand|record function/performance.

NOTE For some shock scenarios, it is impossible to determine which shock impulse to use for testing; it can
be replaced by a test that simulates the actual scenario. For example, for a drop shock scenario, a free drop test
can be carried out.

5.8 Electromagnetic compatibility

5.8.1 General principles

The emission and immunity tests in Table 2 should be performed to ensure the electromagnetic
compatibility (EMC) in operation.

The UA should be fixed using a support system in the EMC test.
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The support system material should be insulant and does not form a conductive loop between the UA
and the ambient environment.

Table 2 — Emission and immunity test issues

Test type Test item Test article
o Conduction emission Remote pilot station
Emission test — —
Radiation emission UAS
Radio frequency electromagnetic radiation UAS
Power frequency magnetic field UAS
Electrostatic discharge UAS
Electrical transient pulse group Remote pilotstatipn
Immunity test Surge Remote pilot'statipn
Conducted disturbance immunity induced Rempté pilot statipn
by radio frequency field
Voltage sag and short supply interruption, Remote pilot statipn
voltage dips, short interruptions and voltage
variations

5.8.2| Emission test

5.8.2]1 Conductive emission

5.8.2]1.1 Test conditions

This fest is only appropriate for remote pilot station with test conditions as follows.

1; the mean
bandwidth;
according to

te using the
ted. The test
llows.

b) Power on the UAS; complete self-test and standby.

c) Setthe UA into rotor rotating state (does not necessarily take off for safety reasons); and steer the
UA to perform some functions, such as camera shooting.

d) Testthe corresponding ports of the remote pilot station.
e) Record the tested results.

According to the operator’s manual, it is not recommended to conduct experiment on the portable
remote pilot station, for example, the remote controller, when it is plugged in. However, the test should
be conducted when the remote pilot station is shut down and charging. At this point, the test is only
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performed for the AC input power port of the remote pilot station (including the device suite using the
independent AC/DC power converter).

5.8.2.1.3 Test limit

The limit value specified in IEC 61000-6-3 or IEC 61000-6-4 should be adapted according to the UAS
operational environment and application.

5.8.2.2 Radiation emission

5.8.2.2.1 Test canditions

This test is appropriate for UAS with test conditions as follows.
a) The UAS|should be in typical operation condition.

b) The quaki-peak vale measurement receiver should be according to CISPR 1641:1; the mean vale
measurgment receiver should also be according to CISPR 16-1-1 and has a 6 dB'handwidth; th¢ peak
vale medsurement receiver should also be according to CISPR 16-1-1 and has’a 6 dB bandwidth.

c) The testsite should be according to CISPR 16-1-1.

5.8.2.2.2 '1estpr0cedure

The test shofild be performed at a distance of 3 m, 10 m, or 30 m-\Wherein, the 3 m distance is orjly for
small devicep (the overall size, including cable, should be within a cylindrical test area with a {1,2 m
diameter and a 1,5 m height).

The test shoyld be performed according to the relevant.¢lause of CISPR 32 with the procedure as follows.

a) Fix the YA (including mission payload) on a table with an appropriate diameter using insufating
support;and put the remote pilot station anthe table and standby.

b) Power oh the UAS; complete self-test; and ensure the UA is on standby in the anechoic chamber.

c) Set the receiving antenna polariZation; use the remote pilot station of the same type out pf the
anechoid chamber to steer the UA to propeller/rotor spinning state without take-off and pefform
some fumctions, such as cameéra shooting.

d) Begin th test.

e) Record the tested results.

5.8.2.2.3 Test limit

The limit valueZspecified in IEC 61000-6-3 or IEC 61000-6-4 should be adapted according to the UAS
operation environment and application.

5.8.3 Immunity
5.8.3.1 Radiated, radio-frequency, electromagnetic field immunity

5.8.3.1.1 Test conditions

The test is appropriate to the UAS and should be performed in the anechoic chamber with conditions as
follows:

— frequency range: select from IEC 61000-6-1 or IEC 61000-6-2 according to the UAS operation
environment and application;
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field intensity: select the test grade from IEC 61000-6-1 or IEC 61000-6-2 according to the UAS

operation environment and application;
scanning rate: current frequency 1 %;

dwell time: not less than 1 s.

5.8.3.1.2 Test procedure

The t¢st shall be performed as follows.

a)

b)

5.8.3]2 Power frequency magnetic field immunity

5.8.3]2.1 Test conditions

The t¢st method can'be applied to the UAS. The test should meet the following conditions.

c)

Fix the UA (including mission payload) on a table with an appropriate diametet usi
ipport; align the nose direction of the UA with calibrated reference place; and put the
fation on the table and on standby.

wn n

NOTE The remote pilot station can use external power source to ensgre-it is always on s
the test. Another remote pilot station of the same type is prepared and put out of the anechg
ehsure that the test operator can operate the UA out of the anechoic chamber.

pwer on the UAS; complete self-test; and ensure the UA is-on/standby in the anechoic

bt the emission antenna polarization; use the remote pilot station of the same ty]
hechoic chamber to steer the UA into propeller/ rotor-rotating state (does not necess
r safety reason) and perform some function, su¢h'as camera shooting.

- ® L g

egin the test; observe and record the function and performance change of the test 3
the frequency sweep range.

pen the chamber; confirm that the UA flight is normal and the remote pilot station i
then exchange the emission antenna.polarization; repeat step d);

ecord test results.

Frequency: )50 Hz, 60 Hz, 16,67 Hz or others based on different operation envird
ekamplé;if the device only works with one specified frequency, them the system onl}
tested under this frequency.

g insulating
remote pilot

fandby during
ic chamber to

chamber.
be out of the
arily take off

rticle during

; on standby;

nments. For
' needs to be

Fleld intensity: according to the operation environment and mission objective of the
level should be according to [EC 61000-6-1 or IEC 61000-6-2.

Endurance: minimum 1 min.

5.8.3.2.2 Test procedure

The test should be performed as follow.

AS, the test

a) Attach the induction coil to a proper position of the UAS to guarantee that the UAS locates inside

b)

the magnetic field generated by the induction coil.

Power up the UA and complete self-test.
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Enforce proper level of power frequency with minimum 1 min and record the function and
performance change of the UA.

Rotate the induction coil by 90° and repeat procedure c) until the test is finished with three
orthogonal magnetic fields.

Take the UA out from the induction coil and put the remote pilot station inside the induction coil
and repeat procedures c) and d).

5.8.3.3 Electrostatic discharge immunity

5.8.3.3.1 Testconditions

The test method should be applied to the UAS. The test should meet the following conditions,

a)

b)

c)
d)

e)

5.8.3.3.2 '1estprocedure

The test sho

a)

b)

f)
g)

h)

20

Contact discharge voltage: according to the operation environment and mission¢ebjective pf the
UAS, the|test level should be according to IEC 61000-6-1 or [EC 61000-6-2.

Air discli)arge voltage: according to the operation environment and missipn-objective of thg UAS,
the test level should be according to IEC 61000-6-1 or [EC 61000-6-2.

Polarity] positive and negative.
Number|of tests: 10 for both positive and negative polarity.

Test intgrval = 1 s.

1d be performed as follows.

Put a wpoden testbed with a 0,8 m height ‘on the ground (the reference plane) with groupnding
system dnd attach a horizontal coupling plate’on the testbed.

Attach a[0,5 mm insulation pad on the horizontal coupling plate and put the UAS on the insujation
pad. The UAS and connecting cablesare decoupled by the horizontal coupling plate with minfmum
0,1 m to [the plate and minimum? m to the wall and other metal structures.

Put a vertical coupling plate-op‘the insulation pad with 0,1 m parallel to the front part of the JA.
Put the rlemote pilot statien on the testbed.

Connect|the dischatge circuit cable of the electrostatic discharge gun with the grounding system.
Use a specific cable with 470 k() resistance to connect the horizontal coupling plate with the
groundipg system.

Power up the UA and complete self-test.

Select a proper discharge point to conduct contact discharge for the UA and remote pilot station
sequentially. Choose the testing voltage from a lower level to the required test level with minimum
1 s and record the function and performance change of the UA.

Select a proper discharge point to conduct air discharge for the UA and remote pilot station
sequentially. Choose the testing voltage from a lower level to the required test level with minimum
1 s and record the function and performance change of the UA.

Record the test results.
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ISO 4358:2023(E)

5.8.3.4 Electrical fast transient/burst immunity

5.8.3.4.1 Test conditions

The test method should only be applied to the remote pilot station. The test should meet the following

conditions.

a) Test level: according to the operation environment and mission objective of the UAS, the test level
should be according to IEC 61000-6-1 or [EC 61000-6-2.

b) Repeat frequency: 5 kHz.

c) Testpulses: 5/50 ns.

d) Pplarity: positive and negative.

e) Number of tests: 1 for both positive and negative polarity.

f) Testinterval: = 1 min.

5.8.3[4.2 Test procedure

This fest is only designed for the power port and other signal ports. The test should be performed as

follows.

a) Afrrange the remote pilot station according to IEC 61000-4-4.

b) Ppwer up the UA and complete self-test.

c) Steer the UA into propeller/ rotor rotating:state (does not necessarily take off for safety reason)
apd perform some functions, such as camera shooting.

d) Cpnductthe experiment on the associated ports of the remote pilot station and record the function
apd performance change of the UA-

e) Record the test results.

According to the operator’s miantal, it is not recommended to conduct the experiment on
remofe pilot station, for example, remote controller, when it is used during charging. |
test should be conducted-when the remote pilot station is shut down and charging. The te
condifion is only designed for the power port. The UA should work properly when it is swit
the test.

5.8.35 Surgeimmunity

5.8.3/5:1. " Test conditions

the portable
However, the
st under this
rhed on after

The test method should only be applied to the remote pilot station. The test should meet the following

conditions.

a) Test level: according to the operation environment and mission objective of the UAS, the test level
should be according to IEC 61000-6-1 or IEC 61000-6-2.

b) Testwave: 1,2/50 (8/20) us.

c) Polarity: positive and negative.

d) Number of tests: 5 for both positive and negative polarity.

e) Testinterval: 2 1 min.
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