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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

With rapid technological advancements, unmanned aerial systems (UAS) technology is continuing to
become more autonomous in operation and accessible to consumers. Today, the use of UAS technology is
not only prevalent for entertainment purposes but also extending into more various industrial applications
such as logistics, disaster relief, powerline inspection. There is an increasing number of UAS operations
in low altitude airspace where the safety considerations can be quite complex, especially in the context of
urban areas. All types of UAS operating in such areas must be able to avoid ground obstacles like high-rise
buildings, cranes, public utilities such as power grid and mobile network antennas, along with airspace
users that share the same airspace such as low-flying helicopters, UASs and kites. Micro-weather patterns
also pose a challenge by bringing about uncertainty, invisibility, and unpredictability.

A detect
By sensi
obstacle
system t|
The fung

jon and avoidance (DAA) system is one of the key onboard systems to address these)eh
hg the surrounding situations, the DAA system can examine the size and distance-of)a p
apply trajectory planning, and then calculate the possibility of collision. It orders\the fligh
p make UAS slow down, fully stop or completely offset the obstacle in a fully alitohomous
tion and performance of the DAA system is closely related to its safety speedywhich has

impact 0£1 the scope of UAS. Failure detection also causes instability and unexpected braking.

A relate
the stan
interfacq
methodd

requirements, specifically for on-board/off-board DAA systems.

To achiey
example
latest, dd

document about the DAA system, ISO 15964, is currently under development and will
lardization of hardware and software of each component of DAA/suich as sensors, compu
s. There is an expectation that there will be further work to standardize the test and ey
logies of DAA capability to ensure that operators’ safetyDand quality meet the n

e a safe and secure operating environment, it is significantto develop a technical report that
5 for test results for the safety and quality of DAA systems. This document will offer refe

tailed real-world applications of modelling and simulation, equipment tests, and flight tests.
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Experiment results on test methods for detection and
avoidance (DAA) systems for unmanned aircraft systems

et Tat—were—perferted—to—easure—the—satery—and quality”
requirenments of detection and avoidance (DAA) systems used between UASs and other objectsncluding
aircraft.|This document describes test methods and the results of related experiments, whichysticcessfully
meet the requirements of a DAA system architecture with radar and optical sensors.

2 Normative references

There arf no normative references in this document.

3 Terms and definitions
No term$ and definitions are listed in this document.
ISO and |EC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electrepedia.org/

4 Test subject

DAAtargets break down into cooperative,non-cooperative, and other hazards as defined in ISO 21384-3:2023,
Table 1 dnd Table 2. The test subject covered in this document is the applications of non-cooperative DAA
systems fthat are installed onboard the UAS for the operational procedure defined in ISO 21384-3.

5 Evajuation and test method

5.1 Gdneral

This dodqument is_éxpected to serve as a useful reference for the standardization work on the [test and
evaluatiIn methods of DAA capability to ensure that operators’ safety and quality meet the minimum
requirenmpentss

5 2 T‘ naofdaotoaction and asvaidanca
. yprToraocttTauirammta oy oTaatrcT

This document’s applications of DAA systems are limited to test evaluations of avoidance of aircraft
approaching in flight, including helicopters flying at high speed to the proximity of UAS in flight.

Flight tests to evaluate the avoidance action are consistent with the 6-step operational procedure defined
in ISO 21384-3. The applicable relative speed varies across different applications of DAA systems, while this
document is limited to the test method of manned aircraft and UAS flying at the relative speed of up to
200 km/h and of UAS and UAS flying at the relative speed of up to 100 km/h.

© IS0 2024 - All rights reserved
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6 Testitem

6.1 General

There are three applications for the test item: modelling and simulation, equipment test and flight test.
6.2 Modelling and simulation

6.2.1 General

The purpose of modelling is to set the parameters used in the simulation process to enable the simulation-
based evialuation of collision avoidance performance. For the detail of the experiment result, see Annex A.

6.2.2 odelling

6.2.2.1 | General

Examplels of modelling subjects are avoidance mobility performance and visibiljtj-6.2.2.2 and 6.2.P.3 show
possible evaluations of each modelling subject.

6.2.2.2 | Mobility performance

The mohjlity performance of UAS when performing detection and aveidance is evaluated. In the evluation,
the UAS makes several manoeuvres such as lateral movements, yawing, ascending, descending, accgleration
and slowing down, while the ground equipment that consists-of a high-speed camera, position mgasuring
device, and anemometer measures and records the avoidancémiobility performance.

6.2.2.3 | Visibility

The visibility of UAS from the perspective of manned aircraft as well as the visibility of manned aircraft
via optidal sensors onboard the UAS are evaluated. In the evaluation, a safety margin distance ig secured
between| the UAS and the manned aircraft,-and the UAS moves away from the manned aircraft until the
visibility reaches its limit, while the ground equipment that consists of a visibility meter meadures the
visibility}

6.2.3 Simulation

In the simulation stage, the(avoidance performance is evaluated with several parameters using sensor
models. Examples of paratheters that compose different simulation patterns are shown in Table|1.[3] The
evaluati¢n is undertaken-based on the following four items: radar detection, image recognition, ayoidance,
and recopery.

Table 1 — Examples of parameters setting in simulation

Parameters Values
Ar g]n of Intersection 360 Hngrnnc at 15 dngrnnc interval (')A pnffnrnc)
Route offset from -600 m to 600 m at 100 m interval (13 patterns)
Altitude gap -60 m, 0 m, 60 m (3 patterns)
Detection targets 2 aircrafts (2 patterns)

6.3 Equipment test

The equipment test is undertaken for the purpose of evaluating the equipment performance of detection of
manned aircraft and UAS. In the evaluation, the performance is evaluated based on whether the equipment
performs appropriately to obtain information required for avoidance. In each test, the UAS performs

© IS0 2024 - All rights reserved
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simulated avoidance manoeuvres to enable the evaluation of the detection performance of the manned
aircraft or the UAS in flight. For the detail of the experiment result, see Annex B.

6.4 Flight test

6.4.1 General

The flight test for ensuring the performance of detection of manned aircraft and UAS is undertaken in a
consistent manner with the 6-step operational procedure defined in ISO 21384-3. A DAA path is generated
to perform the detection and avoidance. The path can be consistent with the steps that are defined in
accordance with ISO 21384 3, although the fhght test shown in Annex C was carried out in 5 steps where the

6th step

6.4.2

il
SLEP Ul I'eLul lllllg LO Lllt! (028 lgllldl Ioutce.

ardware and software used for each operational step

Table 2 dhows the hardware and software used for each operational step. Depending pncthe relative speed

require

ents of targets approaching the own ship, Annex C/D or E can be used. @s'a referenc

hardwarje and software subsystems to realize the operational steps outlined in, IS® 21384-3. T
values are derived from conditions set for the flight tests.

Table 2 — Hardware & software used for each operational step

e for the
he speed

b The de

A C/D
DAJA operational proce- DA::e)fc 2 It Annex E
dure DAA system ) O resu DAA testreqult
(IS0 21384-3:2023, (e.. 1SO 15964) 0 O(Eelag"e zpzegglff . (Relative sped of
Clause 11) m/h and 200 km/ 100 km/h for PAS)
formanned aircraft)
Operational steps Hardware and software Hardware and software Hardware and s¢ftware
1 Detection of object Radar Radar Optical sengor
(camera)
) Recognize target Optical sensof Optical sensor Optical sengor
(camera) (camera) (camera)
Manoeuvres Processing unit Processing unit Processing ynit
3 (autonomous management | (autonomous management
system) system)
4 Check manoeuvres result Optical sensor Optical sensor Optical sengor
(camera) (camera)? (camera)j
5 Refurn to original routé Optical sensor Optical sensor Optical sengor
(camera) (camera) (camera)
6 Fly on originald@oute Processing unit Processing unit P Processing upitP
a  In ISQ 21384-3,the¢ detection and avoidance are realized using optical sensors (cameras). However, step 4 is dmitted in

experimeftal resultsvmentioned in the Annexes. Nonetheless, the functionality of each sensor in the steps leading
avoidancgd manaeuvre is the same as specified in ISO 21384-3, providing evidence that it can demonstrate the avoi
manned ajircraft flying at a relative speed of 200 km/h and a UAS flying at a relative speed of 100 km/h.

in ISO 21384- 3. However the operatlon mdlcated in the 6th step in the 1n1t1a1 fhght route represents a fllght action and there is no
technical difference between the two types of detection and avoidance manoeuvres.

up to the
lance of a

| specified

Figure 1 shows the horizontal view of DAA operational steps between UAS and manned aircraft. Numbers
1 to 6 in the figure correspond to the 6-step operational procedure defined in ISO 21384-3 and the arrows

indicate direction of travel.

© IS0 2024 - All rights reserved
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Figure 1 — Horizontal view of DAA operational steps between UAS and manfed aircraft

6.4.3 Range

Table 3 shows the detection and recognition ranges for three DAA tests with'\relative speed of 200 km/h for
manned pircraft and 100 km/h for UAS. For the detail of the experiment result, see Annex D and E.

Table 3 — The detection and recognition ranges for each DAA test

Annex D Annex E
DAA operational procedure DAA test result DAA test result
(ISO 21384-3:2023, Clause 11) | (Relative speed 0200 km/h | (Relative speed of 100 km/h
for manned.aircraft) for UAS)
Detection of object 2 kni;radar(Z] -
Recognize target 750 m;'optical sensorl?] 250 m, optical sensorl?l

© IS0 2024 - All rights reserved
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Annex A
(informative)

Modelling and simulation

A.1 Overview

This anr
referenc

NEDO (N
out a vis
Field Dej
cooperat
were cof
between|

Collabor
— SUB

— enRgute Co., Ltd.

— Prod

A.2 Details

—  Muly
— The

b js December 15th, 2017[31.

ion of the Fukushima Prefectural Government and the Minamisoma City Government. ']

the manned helicopter and UAS to clearly define the safe margin distance between them.

htors:

ARU CORPORATION

rone Co., Ltd

iple UASs were used along with manned helicopters to confirm the mutual visibility.

visibility of UAS was enhanced by.use'of lights and colours.

— Man

sky and ground.

ed helicopters and UAS were flown together to confirm their visibility against backgroun

ex contains publicly available information on modelling and simulation. The release date for the

ew Energy and Industrial Technology Development Organization) and other collaboratorf carried
bility test of manned helicopters and UAS flying in the same airspace at the Fukuishima Rpbot Test
Felopment Site in the Futaba Industrial Park in Minamisoma City, FukushinfayPrefecture, [with the
'he tests
iducted sequentially from December 11th of 2017 and included the mut@al visibility confirmation

ds of the

— In adldition, the Japan Metedrological Association provided comprehensive meteorological information

for U
UAS
asp

JAS, including wind.g6bservations using Doppler LIDAR at the heliports of manned helicoy]
and provided theobservation data and weather forecasts near the test area to the operato
irt of the UAS metéorological information provision function.

ters and
s of UAS
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Annex B
(informative)

Equipment test

B.1 Overview

This anrfex contains publicly available information on equipment test. The release date for the nef]

Decembe

NEDO (N

out an equipment test of DAA system installed in a medium-sized UAS at the Fukushima®obot Tes

r 14th, 20184131,

ew Energy and Industrial Technology Development Organization) and other collaborator

brence is

5 carried
t Field in

the Futapa Industrial Park, Minamisoma City, Fukushima Prefecture, from December10th to 14th of 2018,
with the|cooperation of Fukushima Prefecture and Minamisoma City.
Collaborhptors:
— SUBARU CORPORATION
— Japah Radio Co., Ltd.
— Nipgon Avionics Co., Ltd.
— Mitsjubishi Electric Corporation
— ACSL Ltd.
Table B.1 shows medium-sized and small-sized UASs’used in the experiment. During the test, a sjmulated
detection and avoidance was performed where-the medium-sized UAS followed a pre-designed path to
avoid a manned helicopter hovering in the air, The UAS was equipped with various sensors and a Michibiki-
compatible receiver. The test confirmed that the DAA system equipped in the medium-sized UAS joperates
appropriately allowing the UAS to detect(the target object (manned helicopter in this case) during flight.
In additipn, since small-sized UAS cannot be equipped with as many sensors as medium-sized UASY, it is not
possible|to conduct the same detéction and avoidance tests. Therefore, a simulated flight test usipg ultra-
compact|sensors and a Michibiki-eompatible receiver was conducted.
Table B.1—Medium-sized and small-sized UASs used in the experiment
UAS Manufacturer Size Weight Names used in this dopument
Fdzer G2 Yamaha MotorCo, |} ength: 3,7 m 110kg  |Medium-sized UAS
A(SLPF1 ACSL Ltd. Height: 50 cm 7 kg Small-sized UAS
B.2 Details

B.2.1 General

These th

ree tests were conducted:

— Testing and evaluation of DAA system operation and performance

— High-precision positioning evaluation using a Michibiki-system compatible receiver

— Performance evaluation of detection avoidance system in simulated flight tests

© IS0 2024 - All rights reserved
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B.2.2 Testing and evaluation of DAA system operation and performance

B.2.2.1

Purpose

— To perform in-flight operational checks and performance evaluations of various sensors that constitute
the detection avoidance system.

— To confirm that each sensor functions correctly and can detect objects of various sizes.

B.2.2.2

— How
— App

B.2.2.3

Test condition

r the medium-sized UAS equipped with various sensors in mid-air.

roach it with a manned helicopter or a small UAS at various distances, directions, and. spee

Result

— All detection and avoidance sensors functioned as designed for objects of various sizes at
distances, directions, and speeds.

— Asa

appijoaching manned helicopters or other UAS using the detection and-avoidance system cong

thes

b sensors in the future.

B.2.3 High-precision positioning evaluation using a Michibiki-system compatible rec

B.2.3.1

To confi

Purpose

'm the accuracy of positioning with a precision{of approximately 10 cm in the 3D spacg

Michibikfi-compatible receiver is mounted on a drone, which was previously only able to identify its
with an gccuracy of several meters.

B.2.3.2

Dronese

B.2.3.3
— The

Test condition

Huipped with QZSS compatible receivers were flown to evaluate their positioning accuracy dur

Result

positioning accuracy,ef amedium-sized UAS during flight was confirmed to be approximatg

in 3D space.

— Simi
10 c

— Wit}

llarly, the positioning accuracy of a small-sized UAS during flight was confirmed to be appro
m in 3D space:

after taking evasive action.

different

result, there is a prospect of automatically determining performing-detection and avoidajnce with

isting of

eiver

» when a
location

ng flight.

ly 10 cm

ximately

this high-precision positioning technology, accurate detection and avoidance routes can lpe set for

ht paths

autO{lomous flying drones, and they can be expected to return precisely to their original flig

B.2.4 Performance evaluation of detection avoidance system in simulated flight tests

B.2.4.1

Purpose

To evaluate whether the detection avoidance system functions as designed when medium-sized and small-
sized UASs fly along a detection and avoidance path around a manned helicopter.

B.2.4.2

Test condition: Medium-sized UAS

— Hover the manned helicopter in mid-air.

© IS0 2024 - All rights reserved
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— Establish a minimum safe horizontal distance margin from the manned helicopter (150 m), and set the
flight path for the medium-sized UAS to perform detection and avoidance.

— Fly the medium-sized UAS equipped with the detection avoidance system along the flight path
autonomously at a speed of approximately 40 km/h. Check the operation of various sensors, Michibiki
system compatible receiver, and detection avoidance system during the flight.

B.2.4.3

Test condition: Small-sized UAS

— Hover the manned helicopter in mid-air.

— Establish a minimum safe vertical distance from the manned helicopter (30 m), and set the flight path for

the imall UAS that can perform detection and avoldance with l1ttle impact irom downwash and
falling.

— Fly the small UAS equipped with a miniaturized light wave sensor and Michibiki-compatible
autonomously along the flight path at a speed of approximately 40 km/h. Check the ‘operati
minjaturized light wave sensor and Michibiki-compatible receiver during flight.

B.2.4.4

— Basdd ontheresults confirmedin B.2.1, the equipment such as detectiorrand avoidance sensors

corr]
duri

— Basdd on the results confirmed in B.2.2, the detection and avoidance path were flown based on|
from) the Michibiki-system compatible receiver.

B.3 Omboard equipment

Table B.p and B.3 show the onboard equipment (©f medium-sized and small-sized UASs use

experim

Result

pctly, and medium-sized and small-sized UASs detected the¢manned helicopter appr
hg flight.

ent, respectively.

Table B.2 — Medium-sized UAS onboard equipment

without

receiver
bn of the

bperated
bpriately

the data

d in the

Eqliipment Manufacturer Size Weight Function
ADS-B
(automatic dependent | SUBARU GORPORA- Length: 7,5 cm 5 Position acquisition of the
surveillance - broad- TION Width: 2,2 cm § manned aircraft
ast)

Michibili-compatible | #Mitsubishi Electric

Length: 139 cm
Width: 9,4 cm 650g 3D position measureme]

nt

receiver AQLOC-VCXII Corporation )
Height: 3,9 cm
Opti¢al sensok Nippon Avionics Co., Height: 20 cm 5 kg TargeF d_etectlon and refogni-
Ltd. tion via image
Omnidirectional detect{on of
Radio Wwawve sensor ]qpqn Radio Co_1.td Hpighf- 27 cm g l(g far-distance targets sudh as

manned helicopters

Autonomous control | SUBARU CORPORA- Length: 12,2 cm
system TION Width: 9,3 cm

500g

Autonomous decision-making
on the detection and avoidance

© IS0 2024 - All rights reserved
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Table B.3 — Small-sized UAS onboard equipment

Equipment Manufacturer Size Weight Function
Ultra-compact optical . .
wave sensor and pro- ACSL Ltd. Height: 4 cm 120 g ?f;ﬁ?;?;laogégag}f;ﬂég t{leergront
cessing unit p
Michibiki bl Mitsubishi El ) Length: 13,9 cm
1chibiki-compatible Itsubishi Electric Width: 9,4 cm 650 g 3D position measurement

receiver AQLOC-VCXII

Corporation

Height: 3,9 cm

© IS0 2024 - All rights reserved
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Annex C
(informative)

Flight test between UAS and manned aircraft, relative speed of

100 km/h

C-l OrLCl V;CW

relative

5 carried
relative
de flight

voidance

/h.

This annlex contains publicly available information on flight test between UAS and manned aifcraft
speed of|100 km/h. The release date for the reference is July 25th, 2019[6l,

NEDO (New Energy and Industrial Technology Development Organization) and other.collaborator
out the yorld's first autonomous detection and avoidance test for medium-sized JAS flying at 3
speed ofl 100 km/h. The tests were conducted sequentially from July 24th to 25%.of 2019 in a w
airspace| located in Minamisoma City, Fukushima Prefecture. with the cogperation of the Fulkushima
Innovatipn Coast Framework Promotion Organization, to test the detection_and detection and a
between|the UAS flying at a speed of 40 km/h and the manned helicopter flying at a speed of 60 km
Collaborhtors:

— SUBARU CORPORATION

— Japah Radio Co., Ltd.

— Nipgon Avionics Co., Ltd.

— Mitsjubishi Electric Corporation

— ACSL Ltd.

C.2 Details

C.2.1 PRurpose

To confi
helicoptd

C2.1.1

— The
spee
60 k

'm the performance(of the detection and avoidance system installed on the UA when a
r approaches.

Test condition

mediumssized unmanned aircraft and manned helicopter are brought into proximity with 3
d of 400 km/h (unmanned aircraft: approximately 40 km/h, manned helicopter: appro
m./h).

manned

) relative
ximately

— Based on the detection and identification data from various sensors installed on the medium-sized
unmanned aircraft, a detection and avoidance path is generated. It is confirmed that the unmanned
aircraft flies along this avoidance path to successfully perform detection and avoidance.

— Once the avoidance of the manned helicopter is completed, it is confirmed that the unmanned aircraft
returns to its original flight path.

C.2.2 Result

— Confirmed that the detection and avoidance sensors appropriately detected and identified the manned
helicopter.

© IS0 2024 - All rights reserved
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Based on the detected and identified data, automatic detection and avoidance was performed, and a
detection and avoidance path was generated, which was confirmed.

Confirmed that the unmanned aircraft flew along the generated detection and avoidance path and
autonomously perform detection and avoidance.

After the detection and avoidance, it was confirmed that the unmanned aircraft successfully returned to
the pre-set flight path.
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