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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
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Introduction

This document can be used as a system level standard by other standards, which extend the combination
of ACC according to ISO 15622 and PADS according to ISO 21717 with additional requirements motivated
by costumer use-cases and by safety to a more detailed standard for a higher level of functionality
which will include the hands-free use case in certain conditions.

The main functionality of a "L2 hands-free system" is to control and limit the vehicle behaviour for
longltudlnal and lateral control as it is descrlbed in ISO 15622 and ISO 21717 w1th respect to the

omtorlng, Wthh is typlcally reallzed w1th a drlver monltormg camera and in addltlon a h nds-on/
f detection regarding to the steering wheel, it is possible for a system to operate while'\the driver can
tgke the hands away from the steering without losing the ability and the responsibility’to cdntrol the
DPT.

of

This document contains the basic control strategy, basic driver interface elements and a minimum set of
rgquirements for a L2 hands-free system. This document is applicable for, btrtt’not limited to, gassenger
cqrs. It is not applicable to automated driving systems of Level 3 according to ISO/SAE PAS P2736 or
higher.

While a lane change functionality is not specified in this document, itis explicitly considered.

Regional regulation, e.g. UN/ECE R79, can limit the applicability of parts of this document.

© IS0 2023 - All rights reserved v
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PUBLICLY AVAILABLE SPECIFICATION ISO/PAS 11585:2023(E)

Road vehicles — Partial driving automation — Technical
characteristics of conditional hands-free driving systems

1 Scope

This document provides technical characteristics of partial driving automation system accprding to
[SO/SAE PAS 22736 and associated control strategies enabling hands-free driving.

These technical characteristics, together with an appropriate operational design domadin enable the
proper usage of such partial driving automation systems which is supervised by drivers.

This document does not address performance limits, verification and validation-of such systerps.

2| Normative references

There are no normative references in this document.

3| Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[0 and IEC maintain terminology databases for usedh standardization at the following addrefses:

— IS0 Online browsing platform: available at:https://www.iso.org/obp

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

31
opD
operational design domain
operating conditions under which the driving automation system is specifically designed to [function,
including, but not limited 'to} environmental, geographical, and time-of-day restrictions, afjd/or the
rgquisite presence or absence of certain traffic or roadway characteristics

[JOURCE: ISO/SAE~PAS 22736:2021, 3.21, modified —The notes to entry and examples hpve been
rgmoved.]

32

EODR

eyes-on.request

rgquést'by the L2 hands-free system to the driver to monitor the traffic situation

3.3
HOW

hands-on warning

warning by the L2 hands-free system to the driver to direct control (3.12) the vehicle, at least by lateral
steering control of the vehicle

Note 1 to entry: An HOW could be represented by a yellow warning signal accompanied by an acoustic warning.

©1S0 2023 - All rights reserved 1
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HOA

hands-on alert

alert by the L2 hands-free system to the driver to direct control (3.12) the vehicle immediately, at least
by lateral steering control of the vehicle

Note 1 to entry: A HOA could be represented by a red warning signal accompanied by an acoustic warning.

3.5

DMS

driver-mpritoring System

system that detects the presence of a driver, assesses the driver's attention towards the traffic allld
assesses hands-on/off detection on steering wheel

Note 1 to gntry: One part of a driver-monitoring system is typically a driver-monitoring camera (3.6)7and/or other
suitable njeans, e.g. capacitive hands-on/off detection.

3.6

DMC
driver-mpnitoring camera
camera afs part of the driver-monitoring system (3.5) which can determine the driver’s attention towargs
the traffic

3.7
driver information and warning system
system that informs the driver about the system status and warns‘the driver when actions are requir¢d
by the drfiver

EXAMPLH Eyes-on request (3.2), hands-on warning (3.3).

3.8

overrule
action byf the driver to direct control (3.12) of ldteral and/or longitudinal motion of the vehicle whigh
deactivates the L2 hands-free system

Note 1 to pntry: Overrule is a possibility to deactivate the L2 hands-free system.

3.9

override
direct coptrol (3.12) of lateraland/or longitudinal motion of the vehicle within a defined threshold
without ¢leactivation of the £2-hands-free system

3.10
hands-fijee
system cpndition ander which the driver is permitted to remove his hands from the steering wheel

Note 1 tojentrytPart of the system condition is that the vehicle is in a specified operational design domain (3.1),
the driver] monitors the traffic situation and system behaviour while the system monitors the driver.

3.11
hands-on
condition of the driver to hold the steering wheel

Note 1 to entry: During "L2 hands-on driving mode", the driver directly controls the vehicle either with or
without support by a " L2 hands-free system " or a "L2 hands-on system".

2 © IS0 2023 - All rights reserved
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direct control
control of the vehicle by the driver by holding or moving the steering wheel or using brake or driving
pedal

Note 1 to entry: Within this document the acceleration is always positive and the negative acceleration is called
deceleration.

3.

13
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ntrol and execution of longitudinal and lateral movements of the vehicle (-{:J

14

ode ng

his document focus on requirements of thé "L2 hands-free state” with the corresponding tr
shown in Figure 1. The other states b&@ie “lateral only” are briefly described only for com

bhaviour of the driver in interaction with the system which depends on system&?@tes
N
KAMPLE In an L2 hands-on driving mode the driver’s hands are on the ste g wheel, while the system
n either be in L2 hands-on state or in L2 hands-free state with the correspon% chnical requirenients.
te 1 to entry: The mode may differ from the state (3.15) of the system. O\
15 O
ate S
fecution of implemented requirements depending on syst@ nd environmental conditions
S A\
Functionality QO
<
$
1 Overall system context N\

hnsitions
bleteness

in this clause and those are defined er{)GO 15622 and ISO 21717.
N\
L0 - manual driving mode O L1 - driving mode L2 - driving mode
_ E\s PADS_ON
i >4
Assist ON Assi() HETIT e Lateral onl
off s -by y
“OFF \% " DEACTIVATE
% _________________ Hands-on)
mod¢g
ACTIVATE
A¥
% DIRECT_OFF
L2 hands-free state activated by system and driver
L2 hands-free state active Hands-
free mode
L2 hands-free state deactivated by driver or
L2 hands-free state deactivated by system Hands-on
mode
Risk-mitigation function
Scope of this document -
Figure 1 — L2 hands-free system modes, states and transitions in interaction with ACC
(ISO 15622), PADS (ISO 21717) and lateral only
© IS0 2023 - All rights reserved
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In this document the overall functionality of an "L2 hands-free system" is represented by an overall
system-state-diagram with states and transitions. Therefore, it is possible to describe an L2 hands-
free system with function modes from a customer perspective and with states and transition from
a technical point of view. Functionality-like features or subfeatures can be distributed via several or
other states.

Transitions will describe the trigger conditions which are needed to leave or to enter a state.
State "PADS off" (ISO 21717:2018, 6.1.1):
— in the-state"PADSeff—thereisneactionperformed:

— the "ON" transition from state "PADS off" to state "PADS stand-by" can be performed by the-driv|
or aytomatically, e.g. after the ignition is switched on.

D
—

State "PADS stand-by" (1SO 21717:2018, 6.1.2):

— in the state "PADS stand-by" the system is ready to be activated while the driver is‘performing the
DDT|manually;

— the tfansition "ACTIVATE" from "PADS stand-by" to "PADS active" can be ifiitiated by the driver. The
trangition "ACTIVATE" could lead to "PADS longitudinal” or to "PADS longitudinal lateral” state as
a part of the “L2 hands-on driving mode". A possible transition to "lateral only" is not described n
any ISO standard yet;

— atrapsition to activate "L2 hands-free state" could be initiated atatomatically or by the driver wh¢n
the gonditions for the option for "L2 hands-free driving mode" are fulfilled.;

— the transition "OFF" from "PADS stand-by" to "PADSoff" can be performed by the driver pr
automatically, e.g. after the ignition is switched off of.a system failure has occurred.

State "lateral only":

— in "lateral only" the system does not perforinaccelerating or decelerating actions. This state is npt
described in any ISO standards, it is not used in context of this document;

— if the driver initiated all of the selected activation criteria for long-lateral, the system can perforjm
the transition lateral state to PADS.longitudinal-lateral state.

State "PADS active" - (L2 hands-on mode) (ISO 21717:2018, 6.1.3):

— in bath substates, "longitndinal-lateral” and "longitudinal”, of the "PADS active" state the system
provjides speed and distance control in accordance with ISO 15622. Therefore, longitudinal contrjol
is alyvays active in."PADS active" state as long as the driver does not intervene;

— in bath substates, "longitudinal-lateral” and "longitudinal”, of the "PADS active" state the system
evaliiates thesconditions for lateral control;

— depéending on the substates, "longitudinal-lateral” and "longitudinal”, the system within "PAIDS

activieevaluatesthe 3 ation criteria forlateral control orlat-long control which are tynica e

related ODD, speed, lane boundaries of the lane and/or relative distance to forward vehicles and the
drivers vehicle control;
— under certain driving conditions (ODD, driver, vehicle, monitoring systems active) it is possible to

take the hands off from steering wheel and switch to "hands-free" state which is described in more
detail in Clause 4;

— "PADS active" in both substates could be left to "PADS-off" or "PADS stand by" by "inactive" or
"direct-off" due to the driver's action, for example, brake, or automatically for instance after a
system failure has occurred.

4 © IS0 2023 - All rights reserved
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State "PADS active" with "longitudinal® state as a substate (L2-hands-on-mode)
(ISO 21717:2018, 6.1.4):

— in "longitudinal state" (ACC) the system performs longitudinal control with or without vehicle in
front from standstill to a defined vehicle maximum speed;

— if all criteria for lateral control are met the system can perform the transition "LAT_ON" to PADS
longitudinal-lateral state, driver initiated or automatically.

State "PADS active" with longitudinal-lateral state as a substate (L2 hands-on mode)

( 0217172019 ¢ 1 £,
U7 X7 a0 T0; O o)

— in PADS longitudinal-lateral state the system is performing steering actions tocinfluence the
lateral movement of the subject vehicle with the intention to keep the vehicle within the lane while
longitudinal control is already active as described before;

— in PADS longitudinal-lateral state the system evaluates the deactivation criteria for laterdl control.
If certain deactivation criteria for lateral control is fulfilled the system shall perform the transition
"LAT_OFF" to PADS "longitudinal state".

State "L2 hands-free state active":

— in"L2 hands-free state active" state the system performs as déscribed in 4.3. This includes|the basic
functionality for the control-loop, the possibility for driver-intervention and the subsygtems for

» o«

“driver monitoring”, “ODD monitoring", "driver informaftign and warning”;

— the conditions, which need to be fulfilled to reach orleave "L2 hands-free state", will be described
in the subclauses:

— 4.4.1 transition: "manual-driving mode" 6v:"L1-driving mode" or "PADS active-drivingfmode" to
"L2 hands-free state";

— 4.4.2 transition: leaving "L2 hands-free state" due to drivers' intervention;
— 4.4.3 transition: leaving "L2 hands-free state" due to system intervention;

— 4.4.4 transition: leaving."k2 hands-free state" due to risk-mitigation.

412 General requirements
The following requirements are applicable for "L2 hands-free system":

a)l to ensure thatfhe driver is supervising the vehicle and can perform the DDT, a DMS shall monitor
the driver’s presence and attentiveness;

b] the intended ODD, for example, motorway, shall be defined based on the performance of the vehicle
dynantics control and drivers' capabilities in L2 hands-free driving mode:

=" active-safety functions can support L2 hands-free driving mode, e.g. pedestrian detedtion;

— the selection of the intended ODD depends typically on street curvature, driving speed, driver’s
capabilities and the implemented system performance to control vehicle by the driver also in
case of failures or unwanted performance.

c) thedriver-monitoring system shall be active within the "L2 hands-free driving state";
d) the ODD-monitoring system shall be active within the "L2 hands-free driving state";

e) the driver information and warning system shall inform the driver about the driving mode and if
necessary, shall request eyes on road, warn or alert the driver to take direct control;

NOTE Reasons for information, warning or alerts are:

© IS0 2023 - All rights reserved 5
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— information on the current driving mode;

— information on the availability of driving modes;

— request take eyes on;

— warning or alert due to system and safety integrity, or;

— warning or alert due to driver misuse of the system.

f) the risk-mitigation function shall be operational while L2 hands-free driving mode.

4.3 Stqte: L2 hands-free

4.3.1 (ontrol loop

The contfol loop of the "L2 hands-free state" shall:

a) conttol the longitudinal and lateral motion;

b) keep| the vehicle sufficiently centred in the area of roadway that a vehicle is expected to travel
along in the absence of any obstruction without the driver’s desire t6-ghange the path of travel,
for exkample, lane change. In addition, this requirement should not prohibit exceptions in specific
situdtions, e.g. low-speed emergency corridor where crossing lane“marking could be possible|a
safetfly distance to a truck while overtaking where lane marking ¢rossing is not planned;

) adai the longitudinal control to keep the vehicle dynamics within the ODD boundaries, fpr
example, adapt speed to curvature radius;

d) limitthe longitudinal and lateral control considering‘the related ODD.

4.3.2 Rossibility for the driver to deactivate, overrule and override the L2 hands-free state

a) The (driver's wish to deactivate, overrule_and override shall be executed within the ODD. THis
includes at least all of the following:

1) the driver shall be able to deactivate the L2 hands-free state by a deliberate action, e.g. on/aff
button;
NOTE 1 This can.be-the same button which also activates or deactivates PADS.

2) fthe driver's inputto-accelerate the vehicle shall override the L2 hands-free state within the
ODD;

3) the driver'siinput to decelerate the vehicle shall override or overrule the L2 hands-free state;

4) fthe driver's input to change the lateral motion of the vehicle shall override or overrule the 1.2
hands<free state.

NOTE ase of deactivating the a cC state T ITIC g, tITe [aterd an

be still active. Drivers’ attention is typically lower when deactivating the function in the menu than in other

cases.

b) In case of overrule of longitudinal acceleration by the driver while being in L2 hands-free mode,
lateral motion control shall stay active;

c) To allow the driver to control the vehicle at any time, longitudinal and lateral control shall be
limited in accordance with drivers' capabilities.

NOTE 3  Drivers’ capabilities can be assessed by controllability studies.
6 © IS0 2023 - All rights reserved
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4.3.3 ODD monitoring

a) The ODD monitoring in combination with the driver shall ensure that L2 hands-free state is only
active within the intended ODD.

b) The ODD shall include at least the following conditions:

1) road type, for example, motorway or similar road with similar conditions;

2) road geometries by detected track width and curve radius;

NOTE 1 The selection of valid values for track width and curve radius depends on_pstimated
reaction time of the driver for direct control and the performance of the lateral and longjtudinpl control.

3) road properties, for example, absence of construction sites, split road conditions, ypcoming
traffic, toll station;

4) valid vehicle speed.

NOTE 2 A speed range can be a fixed range or a dynamically\adjusted depending on other
driving or ODD conditions.

4{3.4 Driver monitoring

a) Driver monitoring shall be active within "L2 hands-free state".

b] Driver monitoring shall evaluate the:

1) driver presence on driver's seat;

2) visual attentiveness status with respectto driver monitoring the traffic sufficiently, tolerating
other driving related tasks than monitoring the traffic for a certain time to ensurq that the
driver stays mentally active;

3) hands-on mode and hands-freé-mode of the driver;

4) longitudinal control inputs of the driver;

5) lateral control inputs$wef the driver.

4{3.5 Driver information and warning

a) If the"L2 hands-free state" is available, the driver should be informed about the option for
activation,

b] The "L2.hands-free mode" shall be perceptible for the driver.

c)] Requests shall be perceptible for the driver (EOR).

d] “Warnings shall be perceptible for the driver (HOW).

e) Alerts shall be perceptible for the driver and have characteristics to emphasize the urgency (HOA).

f) Active risk-mitigation shall be perceptible for the driver also if the driver is inattentive.

g) Thedriver information system shall instruct the driver unambiguously.

© IS0 2023 - All rights reserved
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4.4 Transitions

4.4.1 Enter "L2 hands-free state" from "manual-driving mode", "L1-driving mode" or "PADS
active-driving mode"

The "L2 hands-free driving mode" shall only be activated if "L2 hands-free state" is active.

The "L2 hands-free state" shall only be activated if the following conditions are fulfilled, independent of
if the driver has their hands on the steering wheel or not.

a) The Vehicle shall drive sufficiently in the middle of the lane.
NOTE1 Inlow-speed driving higher deviations can be tolerated.

NOTE 2  This can be managed manually by the driver or by an active lateral and/or longitudinal contiol
accoilding to

b) The PMS shall confirm that the driver is monitoring the traffic, according to 5.1

c¢) The PDD monitoring-system shall confirm a valid intended ODD, according#o 5.3.

9%

An activdtion from manual driving is permitted. After activation from mangal driving all L2 hands-fre¢e

state conditions shall be met.

The availability for activation of the L.2 hands-free mode may be visibleé to the driver via the informatign
and warning system according to 5.2 if a dedicated button is partiof the L2 hands-free system.

If there i$ no dedicated button for L2 hands-free mode withifxthe system, the availability for a possible
activatioh of that mode shall be displayed to the driverZby the information and warning system
according to 5.2.

NOTE 3 | For final activation of the "L2 hands-free driving mode" the driver takes off the hands from the
steering wheel.

4.4.2 lleaving "L2 hands-free state" due.to drivers' intervention

The driver shall be able to deactivate including by overrule the "L2 hands-free state" at any time at least
with one|of the following trigger corditions:

— operpting the brake pedal;

— operpting the steeringwheel;

— hold]ng the steeringwheel;

— operpting the’element for deactivation, for example, button, voice or gesture control if available;

— disabling the “L2 hands-free driving system” in a selection menu if available.

NOTE ﬂpnrqfing driving ppd:ﬂ canbeused asaverride but can also be used as an overrule at QDD limits

After leaving the "L2 hands-free state" the lateral control should still be active if no direct control is
detected by DMS.

Leaving the "L2 hands-free state" shall be informed by the driver information and warning system
4.3.5.

4.4.3 Leaving "L2 hands-free state" due to system intervention

The system shall leave the "L2 hands-free state" if one or more of the trigger conditions disables the "L2
hands-free state™:

a) DMS is unavailable (see 5.1);

8 © IS0 2023 - All rights reserved
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b) driver attention cannot be ensured after EOR (see 5.1);

ODD-monitoring system is unavailable;

d) ODD monitoring indicates imminent violation of ODD criteria;

safety or system integrity is considered insufficient, for example, if one or more of the underlying

systems cannot be assured (steering system, braking system, sensor-perception).

While leaving the "L2 hands-free state" the transitions shall:

f)[ be perceptible to the driver by suitable means, for example, optical, haptic acoustic measufres;

g] have a cooperative steering behaviour.

After leaving the "L2 hands-free state" the lateral control should still be activeCwithin the system
boundaries.

NOTE Depending on the trigger condition, leaving the "L2 hands-free state" canidead to any hands-¢n driving
mpde.

L¢aving the "L2 hands-free state" shall be informed by the driver.information and warning system
4.5,

4/4.4 Leaving "L2 hands-free state" due to risk-mitigatien

If
T

the driver is assessed as unavailable the risk-mitigation shall be executed automatically.

boundaries.

p3

Technical characteristics of "L2-hands-free subsystems”

1 Driver-monitoring system

ne DMS shall contain an appropriate combination of the following methods for the detection
esence on driver's seat:

DMC being able to detect driver on seat;
seatbelt status;

seat occupancy mat.

T¢ derive thetvisual attentiveness status the DMS shall contain a DMC.

T

he DME-shall include:

detection of the head posture;

he risk mitigation shall bring the vehicle to a speedJower than 10 km/h or to a stop within tHe system

of driver

— thresholds for distraction, for example, eyes gaze side window, eyes gaze to HMI;

of time.

detection of driver’s eyes closure to ensure that the driver does not close eyes for a defined period

If an L2 hands-free system allows driving at higher speeds, for example, above traffic-jam speed,
the visual attentiveness status of the DMS shall contain detection of driver’s eyes gaze, including the
corresponding time.

Additionally, in higher speed the visual attentiveness status should include drowsiness recognition.

©
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The DMS shall contain detection of hands-on mode (direct steering control) and hands-free mode of the
driver by using, for example:

— hands on steering wheel sensor, e.g. capacitive sensors on the steering wheel;

— DMC

being able to detect hands-on state on the steering wheel;

— torque on the steering wheel.

The DMS shall contain detection of longitudinal control inputs of the driver by evaluating brake pedal

and acce

erator pedal

The DMS
wheel.

5.2 Dr

A driver
dynamic
below 10

shall contain detection of lateral control inputs of the driver by evaluating torque on stéeéring

iver information and warning system

nformation and warning system is needed to inform the driver and to keép,him or her in the
driving task. Without any reaction by the driver the vehicle will come to\standstill or a spe¢d

km/h according to 5.4. The technical requirements for the driver inférmation and warni
alerts will be described in this subclause.

bystem shall be able to inform the driver about the status of the-L.2 hands-free state.

ystem shall trigger/perform an EOR depending on the visdal attentiveness status of the driv¢

Therefore, the system shall perform a perceivable request to the driver to follow the traffi

low by:

) visual information and acoustic information;-or

including
a) The
b) The
1)
f
i
c) The
expe
1y
)
d) The
impl
1)

1

i) visual information and visual request; of

ii) visual information and other adequate measures.

system should trigger an HOW,if\any limit of a condition for "L2 hands-free state active" |i

cted to be reached or the driver does not comply after an EOR.

Therefore, the system shoald perform a perceivable warning to the driver to direct control the
gteering wheel by visual warning.

NOTE 1 Acoustic and haptic warning can be additionally used.

bystem shall trigger an HOA if the driver does not comply after an HOW, or an EOR if no HOW]i

emented or_thelimits of the conditions for "L2-hands-free-state-active" are reached.

Thereforeythe system shall perform a perceivable alert to the driver to take direct control

he yehicle by visual alert and acoustic alert.

g

NOPE 2 Haptic alerts can be additionally used

An example of a possible warning and alert procedure can be found in Annex A.

5.3 ODD-monitoring system

The ODD

a) prov

-monitoring system shall:

ide the information for the "L2 hands-free system" if the vehicle is in the intended ODD;

b) contain a geo-positioning subsystem, which is continuously determining the geographic position of
the vehicle.

10
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The ODD-monitoring system should either contain a lane-level detection while the L2 hands-free state
is active or provide the information to deactivate the L2 hands-free state in a timely manner to avoid
situations where a lane-level detection is necessary to ensure following the intended lane, e.g lane splits
or lane ends.

NOTE Alane-level detection determines the actual lane the vehicle is driving in.

5.4 Risk-mitigation system

The risk-mitigation system shall ensure that, while within the system boundaries, the vehicle does not

efiter a state of unacceptable risk if the driver fails to directly control when requested by the;s

th
a)

is case the system will mitigate the risk without direct control of the driver.

ystem. In

If the driver has no direct control after a defined time since an HOA was started, the risk mitigation

system shall transfer the vehicle to a state of minimum risk, while the alert isstill active.

NOTE1  Such risk-mitigation systems are common for minimizing the risk, if incapabilities by drivers are

detected, for example, due to medical issues.
The risk-mitigation system shall perform longitudinal and lateral eontrol of the vehicle.

The risk-mitigation system shall ensure that the vehicle stays.inside a defined driving
which is not leading to an increased risk during the ongoing operation.

NOTE 2  The driving corridor is typically restricted to the‘ego lane. The vehicle can be stopped
down in the current lane of travel or in another target stoparea, e.g. emergency lane.

The risk-mitigation system shall reduce the velocity of the vehicle in a manner that decr
risk of a severe collision by applying a controllable deceleration.

NOTE 3  The deceleration is considered controllable if it does not lead to an unacceptable risk of :
up accident by following traffic participants,

The risk-mitigation system should transition the vehicle to a standstill or to speed lo
10 km/h.

If the vehicle will activate the risk mitigation system, the hazard lights shall be activated.

While the risk-mitigation system is active, the driver shall be able to overrule the risk-m
system above a defined threshold.

NOTE4  Thresholds in steering systems can be a torque value or the time holding steering wheg

The risk-mitigation system may send an emergency call to support in providing the fastes
medical @ssistance on site after the state of minimum risk is reached.

corridor,

or slowed

bases the

 running-

wer than

tigation-

L.

possible
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