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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comniittee ISO/TC 204, Intelligent transport systiems.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

The move towards automated driving systems is leading to a shift in the way people, goods and
services are transported. One such new mode of transport is low-speed automated driving (LSAD)
systems, which operate on predefined routes. LSAD systems will be used for applications like last-mile
transportation, transport in commercial areas, business or university campus areas and other low-
speed environments.

A vehicle that is driven by the LSAD system (which can include interaction with infrastructure) can
potentially have many beneflts llke prov1d1ng safe, Convenlent and affordable moblllty and reducing
urban congg r—Heanalso-provideinereasedinob i 5E61 H Wever,
with differgnt apphcatlons of LSAD systems in the 1ndustry worldw1de there is a need to provide
guidance fof manufacturers, operators, end users and regulators to ensure their safe deployment.

The LSAD system requirements and procedures specified herein are intended to assist-manufactiyirers
of the LSAD systems in incorporating minimum safety requirements into their designs and to allow
end users, ojperators and regulators to reference a minimum set of performance régquirements in their
procuremerjts.

vi © IS0 2021 - All rights reserved
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Intelligent transport systems — Low-speed automated

driving (LSAD) systems for predefined routes —

Performance requirements, system requirements and

performance test procedures

1 $cope
This|document specifies:
— Tequirements for the operational design domain,

— gystem requirements,

— Ilinimum performance requirements, and

erformance test procedures

for the safe operation of low-speed automated driving (LSAD)/systems for operation on predefined

rout¢s. LSAD systems are designed to operate at Level 4 automation (see ISO/SAE PAS 22
specific operational design domains (ODD).

This|document applies to automated driving systeth-dedicated vehicles (ADS-DVs) and
utilized by dual-mode vehicles (see ISO/SAE PAS\22736). This document does not sp
techmnology present in vehicles driven by LSAD systems.

2 ormative references

The 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 €dition of the referenced document (including any amendme

[SO 19206-2, Road vehicles >~ Test devices for target vehicles, vulnerable road users and othe
assegsment of active saféty functions — Part 2: Requirements for pedestrian targets

ISO 19206-3, Road vehicles — Test devices for target vehicles, vulnerable road users and othe
assegysment of active safety functions — Part 3: Requirements for passenger vehicle 3D targets

ISO 19206-4,"Road vehicles — Test devices for target vehicles, vulnerable road users and othe
asseysment’of active safety functions — Part 4: Requirements for bicyclist targets

736), within

can also be
ecify sensor

heir content
applies. For
hts) applies.

I objects, for

" objects, for

I objects, for

ISO 46262 (q]] parfc), Road vehicles — Functional cnfpf‘y

I1SO 21448:—1, Road vehicles — Safety of the intended functionality

ISO/SAE PAS 22736:—2), Taxonomy and definitions for terms related to driving automation systems for

on-road motor vehicles

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/SAE PAS 22736 and the

following apply.

1) Under preparation. Stage at the time of publication: ISO/DIS 21448:2021.
2) Under preparation. Stage at the time of publication: ISO/SAE PRF PAS 22736:2021.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

3.1
hazardous

situation

condition whereby the position, orientation and motion of an obstacle (e.g. pedal cyclists, pedestrians,
vehicles, etc.) relative to the position, orientation and motion of the vehicle driven by the LSAD system,
can result in an imminent collision

3.2

predefined
trajectory d
a point of or

Note 1 to ent]
route has a le

3.3
minimal ri{
MRM
tactical or o
condition

3.4
trip segme}
travel from

Note 1 to ent

3.5
drivable ar]

route
pfined before start of a trip to be traversed by the vehicle driven by the LSAD system,
igin to one (or many) destination(s)

ry: A single trip of a vehicle driven by the LSAD system may have many destinations. A preds
ngth and curvature but not width.

tk manoeuvre

perational manoeuvre triggered and executed by the LSAD, system to achieve minima

nt
point of origin to destination or from one destihation to another destination in a trip

Fy: A trip may comprise multiple trip segments

ea

manoeuvralple area around the predefined route (3.2) where the LSAD system is capable of operati

Note 1 to ent

3.6
pedal cyclis
human-vehi
mechanism,
require a lig

3.7
day-time
condition w

3.8
night-time

condition wh

3.9
standstill

"y: The width of the drivable-area may vary along the predefined route.

5t

cle combination censisting of a human riding on top of a wheel frame with a ste
brakes, two pedals for propulsion (optionally with motor assist pedalling) that doe
ence for use‘en-public roads

herethe ambient illuminance is greater than 2 000 1x

from

fined

risk

bring
5 not

ere the ambient illuminance is less than 1 Ix

vehicle state when vehicle speed is at 0 m/s

3.10

low-speed automated driving systems

LSAD

automated driving system that has a maximum speed of 8,89 m/s

© ISO 2021 - All rights reserved
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3.11
low ambient lighting condition
ambient light between day-time (3.7) and night-time (3.8)

4 Symbols and abbreviated terms

6 angle between pedestrian trajectory and vehicle trajectory while in straight section of the
evaluation path

ADS-DV automated driving system-dedicated vehicle

DDT dynamic driving task

e-stgp emergency stop

LSAJ low-speed automated driving

Maa mobility as a service

MRC minimal risk condition

0oDD operational design domain

R radius of curvature of trajectory in drivable area

RTI request to intervene

Slat1 width of drivable area

Slat2 lateral distance between SV and pedestrian starting point

S)at3 lateral distance between SV-and target vehicles (TV; and TV,)
Slata width of reduced drivable area

Stong longitudinal distance of drivable area

Siongh longitudinaldistance of evaluation path from situation C

Stong longitudinal distance between point 1 and point 4

Siongh longitudinal distance between point 1 and point 4 where MRM is triggered
Stong$ longitudinal distance between point 4 and end of evaluation path
SV subject vehicle

Thed to_prz  time taken by pedestrian to reach point 2

Thc to_pt2 time taken by pedal cyclist to reach point 2
TV (1,2 target vehicle (1, 2)

V2X vehicle to - X

Visap velocity for the LSAD system

Visap max ~ Maximum velocity for the LSAD system

% velocity of pedal cyclist

pc

© IS0 2021 - All rights reserved 3
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%4

pc_max

Vped

%4

ped_max

V.

sv_max

VRU

DDT

:2021(E)

maximum velocity of pedal cyclist
velocity of pedestrian

maximum velocity of pedestrian
maximum velocity of subject vehicle
vulnerable road users

dynamic driving task

5 Examy

Vehicles dri
example sy
to the LSAD

As per the ¢

)e use case for an LSAD system deployment

yen by LSAD systems may be used as a part of a larger (MaaS) system. Figuie 1 depicts an
tem architecture of such a MaaS system. However, the scope of this document is restrjicted
system installed in a vehicle in Figure 1.

xample in Figure 1, the LSAD system receives a trip destinationcfrom the dispatchqr via

wireless communication, which in turn receives a destination request from ‘the user (through al web

portal or a
provides a {
system to pi
(see ISO/SA

As there ma|
may be:

1) provide

2) selected
vehicle;

3) selected

The LSAD s
dispatcher/

mobile app. The dispatcher or the control centre processes the destination request and
rip/trip segment confirmation to the user and commands-the vehicle driven by the LSAD
oceed. The term "dispatcher” in this document refers to the'driverless operation dispafcher
E PAS 22736).

y be more than one predefined route to reach the destination, the selected predefined foute

d by the dispatcher/control centre;

by the user via a user-interface on a*mobile app or on-board the LSAD system equipped

by the LSAD system itself.

ystem periodically providesiits status (e.g. system health, trip status) to the user angl the
ontrol server.
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Infrastructure

Driverless
operation
dispatcher LSAD
Control server request D
o (origin and Q
destination) Q
55 o
. \’ !’ 089
| &7 G\)Q;

Trip / trip segment
approval and

- /

LSAD status or
RTI

s
v

i

LSAD status

Driverless
operation
dispatcher

confirmation

LSAD
equipped vehicle

Figure 1 — Example system architecture — LSAD in a MaaS system

ghlights the
cument.

6

LSAD system architecture
‘e 2 represents the system architecfure of an individual LSAD system. Figure 2 also h
components from the LSAD system atchitecture that are covered within the scope of this d

Figu
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A A AR
Infrastructure [Dispatch and/or remote assistance

 Btrategic route N
“-planning: )

SIS nn R [
:Communication to::| ||
"| extornal actors | |

monitoring:

funftional requirements defined in this document

optjonal features not defined in this document

funftional requirements not defined in,this document

Figure 2 — Exaniple system architecture — Individual LSAD system

7 Basic requiremeénts

7.1 Genefal

The LSAD system shall perform the dynamic driving task (see ISO/SAE PAS 22736). The implementption
of the strategic driving tasks (see ISO/SAE PAS 22736) is Ieft to the manufacturer’s discretion. However,
the LSAD system shall operate in predefined routes only. The maximum operational speed of an
LSAD system engaged vehicle shall be equal to or less than 8,89 m/s or 32 km/h. However, this may
be significantly reduced based on special conditions (selected as per the discretion of the driverless
operation dispatcher [ISO/SAE PAS 22736]) mentioned in this document, for example time of day,
visibility, day of week, rainfall, snow, fog, ice on roads etc.).

The LSAD system shall use sensors in order to enable part of the dynamic driving task. This includes
detecting objects, vehicles, pedestrians, buildings, pathways, etc. Appropriate hazard analysis and
risk assessment shall be performed for the sensor performance and failures, and other safety critical
system elements. The LSAD system development shall be developed according to the ISO 26262 series
and ISO 21448.

6 © IS0 2021 - All rights reserved
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Minimum operating capabilities

Subject vehicles driven by the LSAD system shall be capable of performing the following functions:

a)
b)
‘)
d)
e)
f)

7.3

Everly LSAD system shall have its ODD defined by the manufacturer. The ODD limitations
systdm shall specify at least the following attributes:

a)
b)

d)
€)
f)
g)
h)
i)

Eithgr the\LSAD systems or the dispatcher should select operating values (for a vehicle d
LSAID) system) within the boundaries of the predefined values of the ODD attributes for t

1' b o 1 | e ONN Ph L £ 41 PR P, R
app CAllUIl DdsTU Ul LUrIciit vuD CUILIUITIUILS (C.5. TUggY WTALUITT  CUITUILIULLS,  HTIZgIIT

follow a predefined route to the destination (8.3),

detect a hazardous situation (8.1),

initiate braking and/or steering, to mitigate and/or avoid collision with obstacles (9.1, 9.2),

perform minimal risk manoeuvre (8.2),

provide warnings to road users in case of a hazardous situation.

Operational design domains (ODDs)

Low speed: the speed of an LSAD system shall be equal to or lessithan 8,89 m/s or 32 k

Areas of application: for example, either restricted aceess' or dedicated roadway
rivate), or pedestrian/bicycle pathways, or areas froni«which all or some specific d
otor vehicles are restricted. Restricted access roadways can be specified by lane
peed restriction or physical demarcation. (See Annex D for examples).

redefined routes: routes defined within the LSAD system before operation of the L

for an LSAD

m/h.

6 (public or
ategories of
markings or

bAD system.

n LSAD system shall only operate on the ptredefined routes. Predefined routes shall be defined

y relevant stakeholders in conjunction with each other (e.g. local authorities, servig
anufacturers, etc.). Any deviation fromipredefined routes shall be confirmed by the d
ot result in a hazardous situation.

ighting conditions in the area of.application.
eather conditions.
oad conditions.
Presence or abseneeZof VRUs.
Potential presence of static obstacles in the drivable area.

Lonnectivity requirements.

e providers,
ispatcher to

riven by the
he specified

conditions).

EXAMPLE A dispatcher or an LSAD system can decide to restrict the maximum allowable spe
day to a lower speed as compared to a clear, sunny day.

7.4

LSAD state transition diagram

me lighting

ed on a rainy

The LSAD system shall function according to the state transition diagram of Figure 3. Specific
implementation, beyond the description in Figure 3 shall be the responsibility of the manufacturer.

© IS0 2021 - All rights reserved
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Key
Al
B1
B2

C1
C2
C3

C4
C5
Ceé

7.4.

7.4.

-~ ~
7 AN
// LSAD active \
[ (subclause 7.4.1.3) \l
| |
| |
| |
| LSAD DDT |
| (default state in LSAD active) |
| |
| |
| |
| |
| |
} |
4 I I |
| |
\ B2 | N |
Al | |
LSAD OFF »|  LSAD standby I \ / I
V. =0km/h
(subclause e c1 I N~ I
7.4.1.1) (subclause I |
< 7.4.1.2) I (o) a3 I
), B1 | L |
| |
: LSAD perform LSAD perform I
;_/ cé e-stop. MRM |
yy | |
| |
| |
| ca |
: — |1
|
c5 | ( LSAD Minimal risk condition (MRC) |
\\ L V. =0 km/h //
\\\ ________________ ’//
power on and self-test passed
system failure or power-off dispatcher command or power turned off
ODD conditions are met and dispatchertha$ sent engage ADS command and ADS equipped vehicle hag data
recording capability and has engaged it
dispatchpr disengage command
passenggr or dispatcher initiates-emergency stop
detectiom of hazardous sitGation which the LSAD system is unable to handle or DDT performance relevant
system failure or loss ofésafety critical V2X communications or imminent violation of ODD or safe to prpceed

confirmgtion authorization not received from dispatcher

vehicle i§ in standstill} i.e. 0 m/s

confirmgtion te.proceed to standby state by dispatcher

vehicle i§ in standstill, i.e. 0 m/s, and confirmation to proceed to standby state by dispatcher

Figure 3 — LSAD state transition diagram

1 LSAD state functional descriptions

1.1 LSAD off

The LSAD system shall not perform any aspect of the dynamic driving task in the LSAD off state.

© ISO 2021 - All rights reserved
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7.4.1.2 LSAD standby

In LS

AD standby state, the LSAD system shall:

a) Verify that ODD conditions are satisfied to enable a transition to LSAD active state.

b) Perform communications with dispatcher.

c¢) Remain in standstill.

LSAD standby state may receive an external operating command from the dispatcher selecting the
operating values (e.g. nominal or degraded) for the LSAD system when in DDT state.

Note| that nominal mode suggests the ideal performance of the vehicle driven by the L§AD system.
Degriaded mode suggests reduced performance on pre-defined vehicle parameters-due’tg external or
the SAD system’s internal conditions.

7.4.1.3 LSAD active

In LYAD active state, the LSAD shall perform the DDT. The LSAD system’ssmaximum operating speed is

determined by the dispatcher or by the system itself.

LSAI) active state has four sub-states:

1) LSAD DDT sub-state: This shall be the default sub-state in the LSAD active state] Within the
LSAD DDT sub-state, based on the discretion of the LSAD system service providers, JSAD system

perating parameters may be dynamically varied. An LSAD system has two basic functions in LSAD
DDT sub-state:
+ perform DDT, which includes safely followjing a predefined route while avoiding a cpllision with
obstacles, and
1+ detect the imminent violation ofthe ODD conditions.

2) LSAD perform e-stop sub-state; If'the passenger or the dispatcher requests an e-stop,|in this state
the LSAD system shall perform.emergency deceleration to bring the vehicle driven by the LSAD
gystem to a standstill and-provide state information to the dispatcher and convey the emergency
gituation externally (e.gsvia’hazard lights, auditory alert).

3) LSAD perform MRM-sub-state: If any of the triggers for transition C3 are fulfilled, the LSAD
gystem shall perfoerum the minimal risk manoeuvre (MRM) (subclause 8.2).

4) LSAD MRC sub=state: In LSAD MRC state, LSAD shall:
1+ bein'spandstill,
1+ provide state information to the dispatcher.

In ali ESAD—active sub=states, the LSAD systenT shrattcomtimuousty performrsystenm performance

monitoring.

7.4.2 LSAD state transition description:

74.2.1 A1l

Tran

sition from LSAD off state to LSAD standby state.

Trigger(s):

a) Power on dispatcher command, and

b) Power on sequence has been completed and the system has no failures (self-test passed).

© ISO

2021 - All rights reserved
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74.2.2 Bl

Transition from LSAD standby state to LSAD off state.

Trigger(s):

a) Detection of a DDT performance-relevant system failure, or

b) Power-off dispatcher command or power has been turned off.

74.2.3 B2

Transition f
Trigger(s):

a) LSAD sy
b) Dispatc

c) Datare

7424 (1
Transition f
Trigger(s):
a) Dispatc
7.4.2.5 C}
Transition f
Trigger(s):
a) Passeng
7.4.2.6 C3

Transition f

Trigger(s):

rom LSAD standby state to LSAD active state’s default state (LSAD DDT).

'stem meets its ODD conditions, and
her has sent command to transition to LSAD active state (dispatcher engage command}

rorder (see 10.1) has sufficient capacity to store at least an additional safety critical ev

fom LSAD active state’s default state (LSAD DDT) to LSAB standby state.

her has commanded to disengage LSAD active state (dispatcher disengage command).

rfom LSAD DDT state (LSAD active state’s default state) to LSAD perform e-stop state.

er or dispatcher initiates afi:e-stop command.

rfom LSAD DDT staté to LSAD Perform MRM state.

a) Detecti

n of a hazardous situation which the LSAD system is unable to resolve, or

b) Detectipn 6f DDT performance relevant system failure, or

c) Loss of safety critical VZX communications, or

d) Detection of imminent violation of the ODD conditions by the LSAD system, or

e) Safe to proceed confirmation authorization not received from the dispatcher (see 7.4.3.1).

74.2.7 C4

Transition from LSAD perform MRM state to LSAD MRC state.

Trigger(s):

a) LSAD vehicle comes to a standstill (i.e. 0 m/s)

10
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7.4.2.8 C5

Transition from LSAD MRC state to LSAD standby state.
Trigger(s):

a) Dispatcher sends confirmation to proceed to standby state.
7429 Cé6

Transition from LSAD perform e-stop state to LSAD standby state.

Trigger(s):
a) LSAD vehicle speed is 0 m/s (i.e. LSAD vehicle comes to a standstill), and

b) Dispatcher sends confirmation to proceed to standby state.
7.4.3 Possible extension of the LSAD state diagram to accommodate-dispatcher inputs

7.4.3.1 Safe to proceed confirmation request

This|is a request from LSAD DDT state to dispatcher (externalentity) to authorize the vehicle driven
by tHe LSAD system to proceed temporarily outside its drivable’area while the LSAD is in [LSAD active
mode.

Itis hased on:
a) Upcoming out of ODD situation (for driveable drea) being detected by the LSAD system|} or

b) Blocking of drivable area.

7.4.3.2 Safe to proceed confirmation.authorization

This|is dispatcher input to the LSAD system while in LSAD active state to confirm that|it is safe to
procged.

Itis pased on:

a) Whether or not safefo proceed confirmation has been requested by LSAD DDT state.

7.4.3.3 Operating’'mode command

Thislis dispateher input to the LSAD system while in LSAD standby state to select the opefating mode
(e.g. hominaltor degraded) in LSAD DDT state.

£~ 3 43 3 'y
7-5 GUIHIIITUIIICAtivil 1 cquu CIIITIIWS

Depending on the LSAD system implementation, safety critical event data shall be communicated
between the vehicle driven by the LSAD system and the dispatcher or control centre. The selection
of safety critical data shall be agreed upon by relevant stakeholders (e.g. local authorities, service
providers, manufacturers etc.), as per 7.3. An example set of communication messages is described in
Annex B.
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8 Functional requirements

8.1 Determination of hazardous situation

8.1.1 General

In LSAD active state, the LSAD system shall monitor the surrounding environment of the vehicle
driven by the LSAD system and shall determine if a hazardous situation exists. A hazardous situation
can involve a pedal cyclist, pedestrian (child and adult) or a vehicle and/or stationary and dynamic
obstacles. A hazardous situation can be occluded due to other static/dynamic objects. Once the LSAD

system has getermmimedthe trazardoussituation; the systemrshattact toavoid cottisiomrwithrthe obytacle
warnings to external road users.

and provide

8.1.2 Non

-occluded view

As a minimpm, the LSAD system shall respond to the hazardous situation involving'a pedestrian as

shown in Fig

ure 4, where the SV is the vehicle driven by the LSAD system. Typical hazardous situations

involving a pedal cyclist are shown in Figure 5, where the SV is the vehicle driven’by the LSAD system.

Figure 4 anfl Figure 5 show hazardous situations in which the oncoming object (pedestrian or pedal

SV

cyclist) is nqt occluded.
TVped
I
I
I
|
VLSAD
7
SV
N
Key
SV subject vehiéle
Vpea Velocity Ofpedestrian

SV

SV

Visap Vvelocity of LSAD

12

Figure 4 — LSAD pedestrian hazardous situation
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8.1.3

A typical hazardous situation involving a'pedestrian in an occluded situation is shown in

whe
cycli
systd
by tH
view|
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| | | A “

| l \ |

! | N |

A VLSAD A N A
SV SV SV SV

— — — VA S,

subject vehicle
velocity of pedal cyclist
velocity of LSAD

Figure 5 — LSAD pedal cyclist hazardous situation

Occluded view

which may lead to early-or late detection of the hazardous situation.

Figure 6 a),

e the SV is the vehicle driven by/the LSAD system. A typical hazardous situation involying a pedal
5t in an occluded situation is shown in Figure 6 b), where the SV is the vehicle driven
m. In addition, in both the figures two examples of possible detection zones for the vghicle driven
e LSAD system are depicted. The difference between the two detection zones lies in

by the LSAD

their field of
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N N

—/ —/

a) Occludgdd hazardous situation — pedestrian b) Occluded hazard@%situation — pedpl

<< éyclist
Key QQ
1 occlyding object NS
2 pedefptrian G\\)
3 pedal cyclist ®®
Visap velodity of LSAD $
R\

Figure 6 — Occluded hazardous situ@ons — pedestrian and pedal cyclist

W
<)
8.2 Minimal risk manoeuvre (MRM)

An MRM inifiated by the LSAD syste ﬁll bring the vehicle to a standstill and may perform stedring.
When an MRM is initiated by the L system, it shall also provide notification to the occupant(s) and
other road ysers. O

A minimal risk manoeuvre @}?) shall be triggered at least due to the following:

a) adetection ofa ha@ous situation which the LSAD system is unable to resolve, or
b) aDDT perforr@e relevant system failure, or

c) asafety c@cZIVZX communications loss, or

d) imminent violation of the ODD conditions by the LSAD system, or
e) safe to proceed confirmation authorization not received from the dispatcher.

An MRM is initiated by the system, whereas an emergency stop (8.4) is initiated by the passenger or the
dispatcher.

In cases where the LSAD system has performed an MRM stop, the system shall communicate the
information about its MRC to the dispatcher. The dispatcher shall confirm the safety of the LSAD system
to invoke the transition from MRC to LSAD standby state.

NOTE An MRM is different from the degraded mode of the LSAD DDT sub-state by virtue of the fact that at

the end of an MRM the vehicle will be at standstill, whereas in the LSAD DDT sub-state the vehicle continues to
drive.

14 © IS0 2021 - All rights reserved
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8.3 Driving in the drivable area

A vehicle driven by the LSAD system shall always remain within the driveable area defined as part of
the predefined route for the system. The drivable area shall always include the route along with the
width of the path (for the route), i.e. for defining the drivable area both Sy, and Sy, (in Figure 7)
shall be specified throughout the predefined route by the relevant stakeholder. S},;; may vary along the
predefined route. For curved routes, radius of curvature, R, shall also be defined. Parameters S,.; and R
may vary along the length of the route.

?
——— b ————— —
|
I
|
I
|
I
|
I
: |
U’E Slatl |
I
I
I
I
VLSAD|
1
| |
| |
| |
vl le | _
I
| |
| I
I
I
I
TN
Key
Visapl velocity of LSAD system equipped vehicle (m/s)  S,.; width of drivable area (m)
Siong | longitudinal distance-ofdrivable area (m) R radius of curvature of drivable area (m)]
Figure 7 — Drivable area
Depgndingupon the ODD definition by the manufacturer, maximum allowable V| ¢, may[be different
for straight roads and curved roads.

8.4 Emergency stop (e-stop)

An e-stop is the emergency stop function that is activated by a vehicle driven by the LSAD system
passengers or dispatcher when they detect an emergency situation such as a fire or if the vehicle is not
driving safely.

A passenger-initiated emergency stop shall be appropriately triggered if the passenger presses the
emergency stop (e-stop) button present in the vehicle driven by the LSAD system. A passenger may
press the e-stop due to occupant illness, undesired behaviour of the LSAD system-equipped vehicle,
LSAD system-equipped vehicle becoming incapacitated, etc. The e-stop interface shall be visible, easy
to understand and accessible to passengers.

A dispatcher-initiated emergency stop shall be triggered if the dispatcher commands the emergency
stop. A dispatcher may command the e-stop due to vehicle driven by the LSAD system becoming
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incapacitated, a change in ODD conditions, the detection of a hazardous situation that the LSAD system
has not recognized, etc.

In order for the LSAD system to re-engage to active state, a confirmation from the dispatcher shall be
required to ensure the system integrity of the LSAD system and the equipped vehicle.

9 Performance requirements for the LSAD system

9.1 Maximum subject vehicle speed (Vgy y,,4)

All vehicles
velocity (V;,

9.2 Obstz:

9.2.1 May

The maximt
detect is 2,4
travelling at

Relevant st
accordance

9.2.2 Max

The maxim
to detect is
travelling at

Relevant st
accordance

9.2.3 LSA
Vehicles dri

If an e-stop
deceleratior]

If the vehig
capability tdg

driven by the LSAD system snall have an upper 1imit of 8,89 my/s (32 Km/ ) for maxi
AD = VSV_maX)'

Icle detection requirements

(imum pedestrian speed (Vjeq max)

hm pedestrian speed which the vehicle driven by the LSAD system shall be requir
2 m/s or 8 km/h. Vehicles driven by an LSAD system may be®*able to detect pedest
higher speeds.

um

bd to
rians

hkeholders may decide to add additional requirements(e.g. higher target speeds in

with the ODD definition).

(imum pedal cyclist speed (V¢ 2x)

m pedal cyclist speed which the vehicle dtiven by the LSAD system shall be reqj
6,94 m/s (25 km/h). Vehicles driven by LSAD system can be able to detect pedal cy
higher speeds.

hired
Clists

akeholders may decide to add.-additional requirements (e.g. higher target speeds in

with the ODD definition).

D system deceleration
fen by the LSAD systém shall have a maximum deceleration of 4,9 m/s2 for MRM.

(passenger- or dispatcher-initiated) or an MRM is triggered, the LSAD system shall ap
up to a maxithum deceleration of 4,9 m/sZ, until the vehicle comes to a standstill.

le drivemby the LSAD system can accommodate standing occupants, it shall hav
detectstanding occupants and reduce the deceleration if standing occupants are dete

ply a

b the
cted.

nts

10 Systen

1 reguireme

TICO

10.1 Recording data about a safety-critical event

LSAD systems shall maintain the capability to record vehicle status and parameters throughout its
operation for enabling post-hoc analysis. The data recorder shall store data when the following events

occur:

MRM

e-stop

16

collision
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— other events as required by the relevant stakeholders (e.g. local authorities, service providers,
manufacturers, etc.)

There may be more than one data recorder. The LSAD system shall provide the ability to recover data
for at least 30 seconds prior to the safety-critical event and at least until the vehicle is at a standstill or
30 seconds after, whichever is earlier.

If the data recorder does not have capacity to store further events, the vehicle driven by the LSAD
system shall remain in LSAD standby state until the data have been preserved according to the
requirements of the relevant stakeholders and memory has been freed. An example set of data to be
recorded is described in Annex C.

11 ]

11.1

Test

They
prov
proc

Performance test procedures

General

procedures defined in this clause are not intended to be used as exhaustive confor
are basic validation tests for use by the LSAD system stakeholders\(e.g. local author
jders, manufacturers, etc.). If there are any changes in system funetionality after th

changges to the system functionality. More extensive tests may be performed, at the disc}

mani
in adg
requ
met.

ifacturer and in consultation with relevant stakeholders-(for example using higher tg
cordance with the ODD definition), to ensure the LSAD%system’s conformance to th
rements of this document. A test run shall be invalidiifthe test parameters and tolera

Manfifacturers shall perform the test procedures relevant to the defined ODD of the LSAD

exan
requ
resp

T4

iple, if the ODD of a particular LSAD systefiv precludes night-time operation, then it
red to perform the night-time test procedures. Table 1 provides an example test matri
bct to ODD parameters defined by the manhufacturer.

ble 1 — Example of test matrix guide for test procedure selection depending on
system ODD parameters

ies, service
b initial test

gnance tests.
t

edure validation, the test procedures shall be re-performed depending upon the criticality of the

etion of the
rget speeds
e functional
nces are not

system. For
may not be
K guide with

the LSAD

LSA]
ters

D system ODD parame-

specification

Relevant test procedure

VRU

(pedestrian) present

Hazardous situation test (pedestrian).

VRU

(pedal cyclist) présent

Hazardous situation test (pedal cyclist).

Nigh

t-time operation

Night-time test conditions (for all test procedures in 11.3, 11.4 and|

11.5).

Day-

fime operation

Day-time test conditions (for all test procedures in 11.3,11.4 and 1

1.5).

Oper

ationalin rain

Environmental conditions shall include rain (for all test procedure
11.4 and 11.5).

sin 11.3,

See

11.2 Environmental parameters

Environmental conditions shall be selected based on the specific ODD for the application. It is
recommended to select the ODD attributes (e.g. rainfall, lighting conditions etc.) at their boundary
values.
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11.3 Hazardous situation
11.3.1 Pedestrian as an obstacle

11.3.1.1 Test setup

Figure 8 depicts the test setup for pedestrian hazardous situation tests. Figure 8 a) depicts a non-

occluded pedestrian hazardous situation. Figure 8 b) depicts a pedestrian target occluded by two

stationary vehicles. Figure 8 c) depicts a non-occluded pedestrian target moving in the same direction

as the SV. Pedestrian test targets used in the test procedures shall be in accordance with ISO 19206-2.
L

B th d lt naadZ zaqe aldchild tarvgatc chall ba sicnd 10 +bhn oot ot
oth adult apd7reareld-chtid-targetsshall beusedinthe testsetup:

The stationdry vehicle target in Figure 8 b) shall be in accordance with ISO 19206-3.
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a)Non-occluded pedestrian  b) Occluded pedestrian target c) Non-occluded p¢destrian

perpendicular motion target detection test'setup same direction motlion target
detection test setup detection test setup
Key
Vi sap| max max. velocity of LSAD system-equipped vehicle (m/s)
Slong longitudinal distance of the evaluation path (m) for situation A and situation B
Slong? longitudinal distance of evaluation path (m) for situation C
Vied velocity of pedestrian {m/s)
Siae2 lateral distance between SV and pedestrian starting point (m)
Siat3 lateral distance between SV and target vehicles (TV; and TV,) (m)
Siong3 distance between Pt. 1 and Pt. 4 (m)
Pt.1 beginning.of evaluation path
Pt.2 end of‘evaluation path
Pt.3 pointby which V.4 = specified target speed for situation A and situation B
Pt.4 peint at which V.4 = specified target speed for situation C
SV subject vehicle
TV, target vehicle (x =1, 2)

1 approach path
evaluation path

Figure 8 — Pedestrian target (occluded and non-occluded) detection test setup

11.3.1.2 Vehicle parameters

Vehicle speed (Vi gap max) at point 1 shall be “test speed” + 0,07 m/s at point 1. “Test speed” shall be the
maximum operating speed of the vehicle driven by the LSAD system defined by the manufacturer or
other relevant stakeholders.
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11.3.1.3 Pedestrian target parameters - Situation A

The speed of the pedestrian target (V,.4) shall be 2,2 + 0,07 m/s by the time it reaches point 3. The

lateral dista

nce of the pedestrian (at point 3) from the vehicle centreline shall be 4 + 0,1 m (S},5)-

11.3.1.4 Pedestrian and vehicle target parameters - Situation B

The speed of the pedestrian target (V,,.q) shall be 1,39 + 0,07 m/s by the time it reaches point 3. The

lateral dista

nce of the pedestrian (at point 3) from the vehicle centreline shall be 4 + 0,1 m (S,,).

Pedestrian targets to be used shall include adult and child targets as per ISO 19206-2, for both situation

A and situatforr Btestprocedures:
Lateral distance between target vehicles [TV, and TV,] centreline and SV centreline shall be 34 (,1 m
(S1at3)- The front edge of TV, shall be set 1m before the lateral line on point 2, and the distance between
the rear edge of TV, and the front edge of TV, shall be 1 m.
11.3.1.5 Pe¢destrian target parameters - Situation C
The speed qf the pedestrian target (V,,.4) shall be 2,2 + 0,07 m/s by the timg-it reaches point 4| The
longitudinal distance of the pedestrian (at point 4) from point 1 shall be~25 + 1 m (S;pg3)- If Visap_
ax < Vpea» then V4 shall be lowered to be less than Vi gz m,y for the sitGation C test.
11.3.1.6 Ldngitudinal start distance
The longitufinal start distance (S),,,) for the evaluation of the test (in situation A and B) shdll be
dependent gn the top speed of the LSAD system (Vi sap magJoAccording to the top speed of the vghicle
driven by the LSAD system, Sy, shall be calculated as pertFormula (1) and Formula (2):
Slat2
Tped_to_r. t2 — VL (1)
ped

Slong = VLSAD_maX ><Tped_to_ptZ +1m (2)
The longituglinal start distance for the ‘gvaluation of the test (in situation C) shall be at least 75 # 1 m
(SlongZ)'
11.3.1.7 Environmental parameters
Ambient temmperature shalt'be between 5 °C and 40 °C. Depending on the ODD definition, thq test
shall be dorfe both in-daylight (in excess of 2 000 lux) and in low ambient lighting conditions. Lighting
measuremehts shall'be made at the point of collision. Additional environmental conditions may be
selected in donsultation with relevant stakeholders.

11.3.1.8 Pdss—criteria

The test procedure shall be repeated 5 times for a 7-year old child target. The test shall be considered
as a pass if the vehicle driven by the LSAD system (SV) completely avoids colliding with each of the
pedestrian targets and has provided external warning for 5 consecutive runs. For situation C, the
test shall be considered as a pass if the vehicle maintains a distance of at least 1 + 0,1 m behind the
pedestrian for 5 consecutive runs.

11.3.2 Pedal cyclist as an obstacle

11.3.2.1 Test setup

Figure 9 depicts the test setup for pedal cyclist target hazardous situation test. Figure 9 a) depicts a
non-occluded pedal cyclist target. Figure 9 b) depicts a pedal cyclist target occluded by two stationary
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vehicles. Figure 9 c) depicts a non-occluded pedal cyclist travelling in the direction of the subject
vehicle. Pedal cyclist test targets used for the test procedure shall be in accordance with ISO 19206-4.
For the purposes of the test procedures defined in this section, the wheels on the pedal cyclist target
shall rotate, pedalling is optional for the test procedures.

The stationary vehicle target shall be in accordance with ISO 19206-3.

I I 1 1
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| | | | AG— T ——————
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VLSAD_max VLSAD_maX VLSAD,max
| osv ! sV ! sV
~— — L/ —

a) Non-occluded pedal cyclist b) Occluded pedal cyclist target c) Non-occluded pefal cyclist

perpendicular motion target detection test setup same direction motflion target
detection test setup detection test setup
Key
Visap| max max velocity pf\LSAD system equipped vehicle (m/s)
Slong longitudinaldistance of the evaluation path (m) for situation A and situation B
Siong? longitudinal distance of the evaluation path (m) for situation C
Ve veloeity of pedal cyclist (m/s)
Slat3 lateral distance between SV and target vehicles (TV; and TV,) (m)
Sv subject vehicle
Siong3 distance between point 1 and point 4 (m)
Pt.1 begimningofevatuationpath
Pt.2 end of evaluation path
Pt.3 point by which V. = specified target speed (situation A & situation B)
Pt.4 point by which V. = specified target speed (situation C)
Slat2 lateral distance between SV and pedal cyclist starting point (m)
TV, target vehicle (x =1, 2)
approach path

evaluation path

Figure 9 — Pedal cyclist target (occluded and non-occluded) detection test setup
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11.3.2.2 Vehicle parameters

Vehicle speed (Vi sap may) shall be “test speed” + 0,07 m/s at point 1. “Test speed” shall be the maximum
operating speed of vehicle driven by the LSAD system defined by the manufacturer or other relevant
stakeholders.

11.3.2.3 Pedal cyclist target parameters - Situation A
The speed of pedal cyclist target (V) shall be 4,16 + 0,07 m/s by the time it reaches point 3.

The lateral distance of the pedal cyclist (at point 3) from the vehicle centreline shall be 4 + 0,1 m (S},,).

11.3.2.4 Pe¢dal cyclist and Vehicle Target Parameters - Situation B
The speed of pedal cyclist target (V) shall be 2,77 + 0,07 m/s by the time it reaches point 3.
The lateral dlistance of the pedal cyclist (at point 3) from the vehicle centreline shall be'4 + 0,1 m (§},2)-

The lateral |[distance between target vehicles (TV; and TV,) centreline and SV centreline shall be
3 +0,1 m (S5)},3)- The front edge of TV, shall be set 1 m before the lateral line on‘point 2, and the disfance
between redr edge of TV, and front edge of TV, shall be 1 m.

11.3.2.5 Pedal cyclist target parameters - Situation C

The speed o¢f pedal cyclist target (V,.) shall be 4,16 £ 0,07 m/s\by the time it reaches point 4| The
longitudinal distance of the pedal cyclfist (at point 4) from point I'shall be 15 + 1 m (S},,43)-

If Visap max[< Vpe then Vi shall be lowered to be less than Visap max for situation C test.

11.3.2.6 Lgngitudinal start distance, Sy,

The longituglinal start distance (Sy,,,) for the evalnation of the test (in situation A and situation B)|shall
be dependent on the top speed of the LSAD system (V| sap max)- According to the top speed of the vehicle
driven by the LSAD system, S, shall be calculated as per Formula (3) and Formula (4):

Slat2
Tpc_to_ptZ = VL (3)
pc
S long = ¥LsAD_max ><Tpc_to_ptZ +1m (4)

The longitudlinal startdiStance for the evaluation of the test (in situation C) shall be at least 75 # 1 m
(SlongZ)'

11.3.2.7 Errvironmental parameters

Ambient temperature shall be between 5 °C and 40 °C. Depending on the ODD definition, the test shall
be performed both in daylight (in excess of 2 000 lux) and in low ambient lighting conditions. Additional
environmental conditions may be selected in consultation with relevant stakeholders.

11.3.2.8 Pass criteria

The test procedure shall be repeated 5 times. The test shall be considered as a pass if the vehicle driven
by the LSAD system (SV) completely avoids colliding with the pedal cyclist target and shall provide
warning for external road users for 5 consecutive runs. For situation C, the test shall be considered as
a pass if the vehicle maintains a distance of at least 1 + 0,1 m behind the pedal cyclist for 5 consecutive
runs.
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Figure 10 depicts the test setup for a hazardous situation test for a turning around a corner. Pedestrian

test targets used in the test procedure shall be in accordance with ISO 19206-2.

long

v |
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2 |Pt.1
e
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Key
Visaplmax ~ max. velocity of LSAD systemegquipped vehicle (m/s)

Slong longitudinal distance of the évaluation path (m)

Vied velocity of pedestrian {m/s)

Sv subject vehicle

R radius of curvatuye of the bend

Pt.1 beginning of.évaluation path

Pt.2 point by‘which V.4 = specified target speed

Slat1 width'ef drivable area (m)

Slae2 lateral distance between SV and pedestrian starting point (m)

6 angle between pedestrian trajectory and vehicle trajectory while in straight section of the evaluation
path

2 evaluation path

Figure 10 — Hazardous situation test — Turning around a corner

11.3.3.2 Vehicle parameters

Vehicle speed (Vi sap max) at point 1 shall be “test speed” + 0,07 m/s.

11.3.3.3 Pedestrian target parameters

The speed of pedestrian target (V,,o4) shall be 2,2 + 0,07 m/s by the time it has reached point 2.
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Lateral distance of the pedestrian (at point 2) from the vehicle centreline shall be 4 + 0,1 m (S},,) and
shall be between 45° and 75°. R shall be between 3,05 + 0,1 m and 4,57 + 0,1 m.

11.3.3.4 Longitudinal start distance (S),,5)

The longitudinal start distance (5),,,) for the evaluation of the test shall be dependent on the top speed
of the LSAD system (V}sop max)- According to the top speed of the vehicle driven by the LSAD system,
Siong Shall be calculated as per Formula (5) and Formula (6):

R
T = (5)
ped_to_pt2 me]

S long = VLSAD_maX ><Tped_to_ptZ +1m (6)
11.3.3.5 L3teral detection evaluation zone (S;,.;)
The width of the evaluation zone (S},{) shall be 4,5 + 0,1 m.
11.3.3.6 Environmental parameters
Ambient temperature shall be between 5 °C and 40 °C. Depending on the ODD definition, the test[shall
be performdd both in daylight (in excess of 2 000 lux) and in low ambjent lighting conditions.
Additional gnvironmental conditions may be selected in consultation with relevant stakeholders.
11.3.3.7 Pass criteria
The test procedure shall be repeated 5 times. The test shall be considered as a pass if the vehicle dfiven
by the LSAL] system (SV) completely avoids colliding,with the pedestrian target and provides extgrnal
warning for|5 consecutive runs. External warning may be visual or audible or both.
11.3.4 Falde positive tests
11.3.4.1 Tegst setup
Figure 11 dppicts the test setup for false positive test for hazardous situations. Figure 11 a) depicts
a static pedpstrian target. Figiire 11 b) depicts a moving (in direction of vehicle driven by the L.SAD
system) pedestrian target~Pedestrian test targets used in the test procedure shall be in accordance

with ISO 19]

P06-2.
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a) False positive test setup (static pedestrian:~ b) False positive test setup (moving pedestrian

target) target)
Key
Visap| max max. velocity of the LSAD systern equipped vehicle (m/s)
Slong longitudinal distance of the-evaluation path (m)
Vied velocity of pedestrian-(in/s)
N subject vehicle
Siong2 longitudinal distance between SV at point 1 and pedestrian starting point (test B) (m)
Pt.1 beginning-ofévaluation path
Pt.2 end of/evaluation path
Sar1 width of drivable area (m)
Sla2 lateral distance between SV and pedestrian (m)

Figure 11 — Test setup for false positive test for hazardous situations

11.3.4.2 Vehicle parameters

The vehicle speed (Vi sap may) at point 1 shall be “test speed” £ 0,07 m/s. “Test speed” shall be the
maximum operating speed of vehicle driven by the LSAD system defined by the manufacturer or other
relevant stakeholders

11.3.4.3 Pedestrian target parameters - Situation A, Figure 12 a)

The pedestrian target shall be static at 3 + 0,1 m from vehicle centreline (S),,).
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11.3.4.4 Pedestrian target parameters - Situation B, Figure 12 b)

The speed of pedestrian target (V,,.4) shall be 2,2 + 0,07 m/s parallel to the SV direction of travel.

The starting position of the pedestrian target shall be 3 + 01 m from vehicle centreline (S,,), and
5+ 0,1 m from Pt. 1 in the longitudinal direction (Sy,g7)-

11.3.4.5 Longitudinal distance (S,,s)

The longitudinal distance (S),,,) shall be 30 1 m.

11.3.4.6 Environmental parameters

Ambient ten
be performe

Additional €

11.3.4.7 Pg

The test pro
by the LSAI
pedestrian Y

11.4 Driva

11.4.1 Tes{

This test is
driveable ar
for the driv3g
drivable are

The stationd

hperature shall be between 5 °C and 40 °C. Depending on the ODD definition, the té€st
d both in daylight (in excess of 2 000 lux) and in low ambient lighting conditigns:

nvironmental conditions may be selected in consultation with relevant stakeholders.

Ss criteria

cedure shall be repeated 5 times. The test shall be considered as,a pass if the vehicle d
D system (SV) completely continues driving from point 1<nd point 2 and it passe
vithout coming to a standstill for 5 consecutive runs.

ble area test

[ setup

defined to test that the vehicle driven by‘the LSAD system always remains withii
ea defined as part of the predefined refite for the system. Figure 12 depicts the test 5
ble area test. Figure 12 a) depicts an‘inblocked drivable area. Figure 12 b) depicts a blg
a. Figure 12 c) depicts a drivable-atea becoming narrow.

iry vehicle target shall be in accordance with ISO 19206-3.

long
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riven
5 the

h the

etup
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a) Drivable area (unblocked)
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max. velocity of the LSAD system equipped vehicle (m/s)
subject vehicle
longitudinal distance of the evaluation path (m)

longitudinal distance point 1 and rear-end of obstacle (test B) / beginning of reduced
section (test C) (m)

beginning of evaluation path
end of evaluation path
width of drivable area (m)

drivable area

Slat4
1

2

In bd
(equ
shall
maxi
atth

In th
orga

11.4
Vehi

oper
stakg

11.4

WIdth of reduced drivable area (1m)
approach path
evaluation path

Figure 12 — Test setup for the driveable area test

th blocked and unblocked test setups, the vehicle shall be tested.atiits maximum allo
il to or less than 8,89 m/s or 32 km/h) as decided by the relevant stakeholders.
start in an approach path in such a way that at Pt. 1 in the Figure 12 the vehicle has
mum allowable speed. Point 1 is depicted by the start of theyevaluation path and is nof
b lateral mid-point of the evaluation path.

e blocked drivable area test, stationary vehicles will be placed (as determined by
hizations or local government agencies) in the evaluation path.

2 Vehicle parameters

tle speed (Vi sap may) at point 1 shall betest speed” £ 0,07 m/s. “Test speed” shall be th
hting speed of vehicle driven by the’\LSAD system defined by the manufacturer or ot
tholders.

3 Evaluation path parameters

The Jength of the evaluation'path (5),,,) shall be 100 + 1 m.

The
large

The
cons
maxi

11.4

width of the evaliyavion path (S,,.;) shall be three times the width of SV or 6,5 (y
r) £ 0,1 m. Sy, 4¢-shall be more than 50 + 1 m.

width of thé{narrowed evaluation path or blocked evaluation path (S),,,) shall bg
iltation with the LSAD system stakeholders for the specified predefined route and shg
mum 6f twice the width of the LSAD equipped vehicle.

wable speed
The vehicle
achieved its
necessarily

the testing

e maximum
her relevant

vhichever is

decided in
111 be up to a

4 _Environmental parameters

The ambient temperature shall be between 5 °C and 40 °C. Depending on the ODD definition, the test
shall be performed both in daylight (in excess of 2 000 lux) and in low ambient lighting conditions.

Additional environmental conditions may be selected in consultation with relevant stakeholders.

11.4.5 Pass criteria for unblocked drivable area

The test procedure shall be repeated 5 times. The test shall be considered as a pass if the vehicle driven
by the LSAD system (SV) always crosses the evaluation path while remaining within the lateral bounds
of the evaluation path for all 5 runs.

© ISO
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11.4.6 Pass criteria for blocked drivable area

The test procedure shall be repeated 5 times. The test shall be considered as a pass if the vehicle driven
by the LSAD system (SV) always crosses the evaluation path while remaining within the lateral bounds
of the evaluation path for all 5 consecutive runs.

If the unblocked drivable area between the stationary cars (S),.4) is less than the safe width for SV
operation for manoeuvring around the stationary cars, the SV shall come to a stop within the evaluation

path.

11.5 Minimal risk manoeuvre (MRM) test

11.5.1 Test

This test is
vehicle driv
at its maxin
stakeholder
vehicle has
path and is 1

At point 4, |
a maximum)|
system shal

[ setup

defined to test the activation and the performance of the minimal risk maneeuvre d
en by the LSAD system. Figure 13 depicts the MRM test setup. The vehiele shall be t¢
um allowable speed (equal to or less than 8,89 m/s or 32 km/h) as decided by the relg
The vehicle shall start in an approach path in such a way that at peint’l in Figure 1
hchieved its maximum allowable speed. Point 1 is depicted by the-start of the evalu
not necessarily at the lateral mid-point of the evaluation path.

IRM trigger condition shall be generated. The LSAD systeni<shall apply deceleration
value of 4,905 m/s? from point 2 onwards and bring thewehicle to standstill. The |
also inform the dispatcher that an MRM has been initiatéd and MRC has been attaine

f the
psted
vant
B the
htion

hp to
LSAD
.
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Pt. 4 Pt. 4 = MRM trigger
-y _‘__%!__

long
(%)
<

Key
Visaplmax ~ max. velocity of the LSAD system equipped vehicle (m/s)
Sv subject vehicle

Slong longitudinal distance of the evaluation path (m)

Siong4| longitudinal distance between Pt. 1 and Pt.4 where MRM is triggered (m)
Siongs longitudinal distance between Pt.{4 and end of evaluation path (m)

Pt.1 beginning of evaluation path

Pt.4 point where MRM is triggered along the evaluation path

Pt.5 end of evaluation path

Siat1 width of drivable area (m)

1 approach path

2 evaluationpath

Figure 13 — Minimal risk manoeuvre test setup

11.5{2_‘Vehicle parameters

The vehicle speed (Vi sap may) shall be “test speed” + 0,07 m/s at point 1. "Test speed” shall be the
maximum operating speed of vehicle driven by the LSAD system defined by the manufacturer or other
relevant stakeholders.

11.5.3 Evaluation path parameters

The length of the evaluation path (S),4;) shall be 100 m. The distance between point 1 and point 4, i.e.
Sionga» shall be a maximum of 75 + 2 m.

11.5.4 Environmental parameters
The ambient temperature shall be between 5 °C and 40 °C.

Additional environmental conditions may be selected in consultation with relevant stakeholders.
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11.5.5 MRM trigger

In order to trigger MRM, out of ODD condition (e.g. geo fence, weather changes) or a deliberate sensor
failure situation (via fault injection) may be created. In either of the cases, the manufacturer shall define
the mechanism to trigger MRM.

11.5.6 Pass criteria

The test procedure shall be repeated 5 times. The test shall be considered as a pass if (for all 5
consecutive runs) the SV starts decelerating at point 4 and comes to standstill at or before point 5. The
SV may also perform evasive steering manoeuvre(s). Additionally, for all 5 consecutive test runs, the SV
shall also inform the dispatcher that MRM has been initiated and MRC has been achieved, and shal] also
provide notification to occupants(s) and other road users (for example using the hazard lights).

Additional donditions may be selected in consultation with local government and testing.arganizations.
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Annex A
(informative)

Test speeds for hazardous situation tests

Table A.1 and Table A.2 provide details of the §),,, distance for various speeds of the LSAD system.
Table A.1 refers to pedestrian obstacles.

Table A.1 — S),,,; values for pedestrian occluded hazardous situatig@'s\t
VLsAD_max VLsAD_max Siong (Situation A) .;g}‘g (gituation B)
km/h m/s m (\/\ m
32 8,89 17 LV 26,6
31 8,61 16,5 R 25,8
30 8,33 16 <« 25
29 8,05 155 & 24,2
28 7,78 15 0V 23,4
27 7,5 145, 22,6
26 7,22 a4 21,8
25 6,94 20135 21
24 6,67 8 13 20,2
23 6,39 R\ 12,5 19,4
22 6,11 O 12 18,6
21 58 .. 11,5 17,8
20 555 (U 11 17
19 528, ° 10,5 16,2
18 (5 10 15,4
17 ~ 4,72 9,5 14,6
16 57 444 9 13,8
15 ~o 4,17 8,5 13
14 Q- 3,89 8 12,2
13 3,61 7,5 11,4
12 3,33 7 10,6
N1 3,05 6,5 9,8
——46 278 6 9
9 2,5 5,5 8,2
8 2,22 5 74
7 194 4,5 6,6
6 1,67 4 5,8
5 1,39 3,5 5
4 111 3 4,2
3 0,83 2,5 3,4
2 0,56 2 2,6
1 0,28 15 18
0 0 1 1
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Table A.2 refers to pedal cyclist obstacles.

Table A.2 — S;,,, Values for pedestrian occluded hazardous situation test

VLsAD max V1 sAD_max Slong (Situation A) Slong (Situation B)
km/h m/s m m
32 8,89 9,53 13,8
31 8,61 9,27 134
30 8,33 9,00 13
29 805 873 126
28 7,78 8,47 122 AN
27 7,5 8,20 11,8
26 7,22 793 A -
25 6,94 7,67 At
24 6,67 7,40 _ 106
23 6,39 7,13 o 102
22 6,11 6,87 é\\ 9,8
21 5,83 6,60 < 9,4
20 5,55 6,33 oV 9
19 5,28 607 N\ 8,6
18 5 580 8,2
17 4,72 5, 78
16 4,44 527 7,4
15 4,17 V5,00 7
14 3,89 <P 473 6,6
13 3,61 O 4,47 6,2
12 3,33 o 4,20 5,8
11 305 A\ 3,93 5,4
10 2,78 O 3,67 5
9 255, 3,40 4,6
8 27 3,13 4,2
7 0194 2,87 3,8
6 =7 167 2,60 3,4
5 DY 139 2,33 3
NS 1,11 2,07 2,6
3 c;.\‘ 0,83 1,80 2,2
2 8,56 +53 +8
1 0,28 1,27 14
0 0 1,00 1
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Table B.1 shows an example of V2I data communication messages (message set).

Table B.1 — Example for LSAD communication messages

Transmit (T)/ Receive (R)

Dat4 Description Vehicle driven . Minimufn Frequen-
by the LSAD Dispatcher cy
system

Vehible ID Vehiclg unjqug identifier (at T R 1 Hz

any point in time).
LSAD system LSAD off/standby/active T R 1 Hy
state (DDT, MRC, e-stop, MRM).

. . At start pf trip/trip
Dispptcher au- T.r1p/ trip segment .approval by segmentjor when the
o dispatcher to confirm status R T A

thenfication LSAD syptem has

of the LSAD system. applied ¢-stop

Selection of top speed ODD

parameter based on the . .
LSAD system dispatcher’s or system’s eval- Atstart pf trip/trip

. ) segmentior when the

max{mum operat- [uation of the LSAD system’s R T LSAD svktem has
ing speed ODD and other external fac- a liedy:-sto

tors (e.g. weather, scheduled pp p-

construction etc.).
LSAD system T R 1Hz
speed
Vehitle driven by
the SAD system T R 1 Hz
heading
LSAD system T R 1 Hz
position

© IS0 2021 - All rights reserved
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Annex C
(informative)

Example LSAD system data recorder

Table C.1 provides suggestions on some of the LSAD system parameters that may be recorded by the
LSAD system data recorder, along with suggestions on the sampling rate.

Table C.1 — LSAD system data recorder details

Data variabjle Minimum sampling rate
Vehicle speef 10 Hz

Wheel speed 10 Hz

Steering anglle 10 Hz

Brake statud/brake torque 10 Hz

Component ¢rror states 10 Hz

LSAD systenp health status data to supervisor 10 Hz

Vehicle yaw fate 10 Hz

Vehicle acceleration (longitudinal and lateral) 10°\Hz

Heading angle from north 10 Hz

Vehicle posiflion any collisions or incidents 10 Hz

Any intervention by the supervisor 10 Hz

Allowable top speed 1 Hz
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