Submitted by the leadership of SIG UNR157 UNR157-05-06

The text reproduced below consolidates the different written proposals on raising the
specified maximum speed of ALKS up to 130 km/h into a single document. It is based on
the open points list (document UNR157-05-05, column “F”).

Modifications to the existing text of UN-Regulation No. 157 (as proposed in
ECE/TRANS/WP29/GRVA/2020/32 (DE)) are marked in black bold for new or
strikethrough for deleted characters. Further modifications (as proposed in UNR157-03-06
(EC)) are marked red bold for new or strikethrough for deleted characters.

Comments as points of discussions are highlighted in yellow.

I. Proposal

Paragraph 2.1., amend to read:

2.1. “Automated Lane Keeping System (ALKS)” fer-lew-speed—application is a
system which is activated by the driver and which keeps the vehicle within its
lane for travelling speed of 68 130 km/h or less by controlling the lateral and
longitudinal movements of the vehicle for extended periods without the need
for further driver input.

Within this Regulation, ALKS is also referred to as “the system”.
Point of discussion: SIG157-03-06 (EC) to include a string stability requirement
Insert new definitions to read:

2.21. “Stability of vehicle and driver system” is the ability of the system
composed by the vehicle and the driver, either human or non-human, to
recover the initial safe motion after a disturbance.

2.22. “String stability” is the capability of the ALKS vehicle to react to a
perturbation in the speed profile of the vehicle in front, whose speed
profile directly affects the speed profile of the ALKS vehicle, with a
perturbation in its speed profile of lower or equal absolute magnitude.

Point of discussion: SIG157-03-06 (EC) clarification
Paragraph 5.2.1., amend to read:

5.2.1. The activated system shall keep the vehicle inside its lane of travel and
ensure that the vehicle does not cross any lane marking (outer edge of the
front tyre to outer edge of the lane marking). The system shall aim to keep
the vehicle in a stable lateral pesition motion inside the lane of travel to avoid
confusing other road users.

Point of discussion: SIG157-03-06 (EC) clarification
Paragraph 5.2, amend to read
5.2. Dynamic Driving Task

The fulfilment of the provisions of this paragraph shall be demonstrated
by the manufacturer to the technical service during the inspection of the
safety approach as part of the assessment to Annex 4 (in particular for
conditions not tested under Annex 5) and according to the relevant tests
in Annex 5.

Paragraph 5.2.3.1., amend to read:
5.2.3.1. Speed



The manufacturer shall declare the specified maximum speed based on
the forward detection range of the system as described in
paragraph 7.1.1.

The maximum speed up to which the system is permitted to operate is 66
130 km/h.

Point of discussion: (delete the reference to the table as proposed in red by SIG157-03-06
(EC) or if the table is kept, parameters as proposed by Germany to be confirmed

Paragraph 5.2.3.3., amend to read:

5233

The activated system shall detect the distance to the next vehicle in front as
defined in paragraph 7.1.1. and shall adapt the vehicle speed in order to avoid
a collision.

In case this the-minimum-time-gap cannot be respected temporarily because
of other road users (e.g. vehicle is cutting in, decelerating lead vehicle, etc.),
the vehicle shall readjust the minimum following distance at the next
available opportunity without any harsh braking unless an emergency
manoeuvre would become necessary.

ofthe-ALKS-vehicle distance
(knfh) {mfs) ) )
72 2:0 10 20
10 278 3 33
20 5.56 12 6.7
30 833 13 L0
40 1111 14 156
50 13.89 15 208
60 16.67 16 26.7
70 19.44 17 331
80 22.22 18 40.0
90 25.00 1.9 475
100 27.78 2.0 55.6
110 3056 2.0 611
120 33.33 2.0 66.7
130 3611 2.0 7222




The requirements of this paragraph are without prejudice to other
requirements in this Regulation, most notably paragraphs 5.2.4. and
5.2.5. with subparagraphs.

Point of discussion: SIG157-03-06 (EC) to include the possibility to not only stop but to
avoid the obstacle

5.24.

The activated system shall be able to handle in a safe way the presence in
the same lane of -bring-the-vehicle-toa—completestop behind a stationary
vehicle, a statienary road user, a passable or unpassable obstacle [debris,
lost cargo, etc.], or a blocked lane of travel to avoid a collision. This shall be
ensured up to the maximum operational speed of the system.

Point of discussion: SIG157-03-06 (EC) to cover wrong way driver scenario

Paragraph 5.2.5. and its subparagraphs, amend to read:

5.2.5.

525.1.

The activated system shall detect the risk of collision in particular with
another road user ahead or beside the vehicle, due to a decelerating lead
vehicle, a cutting in vehicle, a vehicle proceeding in the opposite direction
or a suddenly appearing obstacle and shall automatically perform appropriate
manoeuvres to minimize risks to safety of the vehicle occupants and other
road users.

The activated system shall avoid a collision with a leading vehicle which
decelerates up to its full braking performance provided that there was no
undercut by another vehicle-ef-the-minrimum-following-distance-the-ALKS

rmanoeuvre-of-this-lead-vehicle. This shall be demonstrated in accordance
with the test specifications defined in Annex 5.

Point of discussion: SIG157-03-06 (EC) to merge the two different models in the current
ALKS text into a single one (in Appendix 3)

525.2

The activated system shall avoid a collision with a cutting in vehicle at least
for the conditions for which a competent and attentive human driver
supported by state-of-the-art driving assistance or automation systems
would also be able to avoid a collision. This shall be demonstrated in
accordance with the test specifications defined in Annex 5 of this
Regulation and with the performance model defined in Appendix 3 to
Annex 4.




Paragraph 5.2.5.3., amend to read:

5.25.3. The activated system shall avoid a collision with an unobstructed crossing
pedestrian in front of the vehicle.

In a scenario with an unobstructed pedestrian crossing with a lateral speed
component of not more than 5 km/h where the anticipated impact point is
displaced by not more than 0.2 m compared to the vehicle longitudinal center
plane, the activated ALKS shall avoid a collision up to the—maximum

operational-speed-of thesystem 60 km/h.

Paragraph 5.4.2., amend to read:

5.4.2. The initiation of the transition demand shall be such that sufficient time is
provided for a safe transition to manual driving.

Manufacturers shall declare during type approval that drivers'
adjustments in and on the vehicle when the system is active (e.g. for the
purpose of engaging in non-driving related activities) do not have
negative consequences to a take-over in the manual driving phase.”

Point of discussion: parameters to be used for forward detection range: German proposal
(5m/s® deceleration) or alternative value from SE/JP(3,7 m/S2)

Paragraph 7.1.1., amend to read:
7.1.1. Forward detection range

The manufacturer shall declare the forward detection range measured from
the forward most point of the vehicle. This declared value shall be at least
46 metres for a specified maximum speed of 60 km/h.

A specified maximum speed above 60 km/h shall only be declared by the
manufacturer, if the declared forward detection range fulfils the
corresponding minimum value according the following table:

Minimum forward detection

Specified maximum speed / range /
km/h m
0...60 46
70 5060
80 6080
90 #5100
100 90120
110 110140
120 130170
130 150200

Kommentar [LA(1]: SE(supported by
Japan)

SE comments

The defined the forward detection range
from braking performance 5m/s2 do not
fulfil expectation to detect/stop in front of
standing still humans (VRU), large animals
or objects. With more "normal braking the
distance should be closer to 200m instead
of current 150m at 130km/h (a pure
extension of what is defined 46m @
60km/h). In addition, it is obvious that
5m/s2 is not reachable at bad/slippery
road/whether conditions. The system are
not necessary limited to operate at such
conditions.

Figures should be based upon earlier
agreement, 3,7m/s2 and Tsys 0,5




For values not mentioned in the table, linear interpolation shall be
applied.

It is recognized that the minimum forward detection range cannot be
achieved under all conditions. Nevertheless, the system shall implement
appropriate strategies_(e.g. limited speed in case of bad weather
condition) in order to ensure safe operation at all times. |

The Technical Service shall verify that the distance at which the vehicle
sensing system detects a road user during the relevant test in Annex 5 is equal
or greater than the declared value.

Point of discussion: SIG157-03-06 (EC) to introduce a string stability requirement
Paragraph 5.2.7., insert to read:

5.2.7 The stability of the vehicle and driver system is a necessary condition
that must be always met, provided that effects of unplanned events
disturbing the safe motion are within reasonable limits. This shall be
demonstrated in the assessment of the tests carried out in accordance
with Annex 4 and 5 of this Regulation

Paragraph 5.2.8., insert to read:

5.2.8 While following another vehicle the ALKS vehicle shall be string stable.
This shall be demonstrated in accordance with Annex 5 of this
Regulation.

Paragraph 5.3.2., amend to read:

5.3.2 This manoeuvre shall decelerate the vehicle up to its full braking
performance if necessary and/or may perform an automatic evasive
manoeuvre, when appropriate.

If failures are affecting the braking or steering performance of the system, the
manoeuvre shall be carried out with consideration for the remaining
performance.

During the evasive manoeuvre the ALKS vehicle shall not cross the lane
marking (outer edge of the front tyre to outer edge of the lane marking).

After the evasive manoeuvre the vehicle shall aim at resuming a stable
pesition motion.

Point of discussion: SIG157-03-06 (EC) to merge the different models in the current ALKS
text.

Annex 4 Appendix 3, amend to read

1. General

1. This document clarifies derivation process to define conditions under which
Automated—Lane—Keeping—Systems—(the ALKS) vehicle shall avoid a
collision. Conditions under WhICh ALKS shall av0|d a coII|S|0n are
determined by W
driver the performance model and” related parameters in the trafflc crltlcal
disturbance scenarios.

2. Traffic critical scenarios
2.1. Traffic disturbance critical scenarios are those which have conditions under
which the ALKS vehicle may not be able to avoid a collision.

2.2. The Ffollowing three-are traffic critical scenarios is considered for the case
of the ALKS vehicle:

Kommentar [FH2]: Our expectations
are that the speed are continuously
adapted to ensure the detection range
required (according to table), due to
different conditions. Rewording required to
make it clear that the table (maximum) are
also valid for “control strategies” when
detection range are affected.




2.3.

3.1

3.2.

@) Cut-in: the ‘other vehicle’ suddenly merges in front of the “ege-ALKS
vehicle*

Each-efthese This traffic critical scenarios can be created using the
following parameters/elements:

(a) Road geometry

(b)  Other vehicles’ behavior/maneuver

Performance model of ALKS for the cut-in scenario

Traffic critical scenarios of ALKS are divided into preventable and
unpreventable scenarios. The threshold for preventable/unpreventable is
based on the simulated performance of a skilled competent and attentive
human driver supported by state-of-the-art driving assistance or
automation systems. It is expected that some of the "unpreventable"
scenarios by human standards may actually be preventable by the ALKS
system.

ing- The driver model is separated into th
following three steps segments: "Pereeption Lateral Safety Check";
"Longitudinal Safety Check DBeeisien"; and, "Reaction”. A Reaction is
implemented only if the Lateral and Longitudinal Safety Checks identify
a risk of imminent collision. The following diagram is a visual
representation of these three steps segrents:




Figure 1
Flow-chart of the ALKS Skilled-huran performance model

Mo reaction by the
ALKS vehicle

Na reaction by the
ALKS vehicle

Calculate and
implement reaction

321 The Lateral Safety Check identifies a potential risk of collision if the
following conditions hold true:

a) the rear of the ‘other vehicle’ is ahead of the front of the ALKS
vehicle along the longitudinal direction of motion;

b) the ‘other vehicle’ is moving towards the ALKS vehicle

c) the longitudinal speed of the ALKS vehicle is greater than the
longitudinal speed of the ‘other vehicle’

d) the following equation is satisfied



3.2.2

3.2.2.1

3222

distyqe <dist10n+lengthego+lengthcu¢_,-"

+ 0.1

Ucut—in,lat Uego,lon~Ucut—inlon

Where

dist;,, instantaneous lateral distance between the two
vehicles

dist;,, instantaneous longitudinal distance between the two
vehicles

length, 4, length of the ALKS vehicle

length ;_in length of the ‘other vehicle’

Uey—inlat instantaneous lateral speed of the ‘other vehicle’

Uego ton instantaneous longitudinal speed of the ALKS

vehicle

Wcyt—inlon instantaneous longitudinal speed of the ‘other’
vehicle.

The Longitudinal Safety Check requires the assessment of two Fuzzy
Surrogate Safety Metrics, the Proactive Fuzzy Surrogate Safety Metric
(PFS), and the Critical Fuzzy Surrogate Safety Metric (CFS).

The PFS is defined by the following equation:

(1) if 0 < disty,, < dynsafe
PFS(dist,,,) = distign—dsape—d; if dist;o, > dsqpe
dynsafe—dsafe if dunsafe < dlStlon < dsafe
where
d, is the safety distance when the two vehicles reach
complete stop
2 2
uego,lon ucut—in,lon
dsafe = uego,lonr + 2b - 2b + dl
ego,comf ego,max
2 2
uego,lon _ ucut—in,lon

dunsafe = U, T+
go,lon
2 bego,max 2 bcut—in,max

with

T the reaction time of the ALKS vehicle defined as the
total time from the moment in which the need for a
reaction is identified until it starts to be implemented

begocoms the comfortable deceleration of the ALKS vehicle

begomax the maximum deceleration of the ALKS vehicle

b cyt—inmax the maximum deceleration of the ‘other vehicle’

The CFS is defined by the following equation:

(1) if 0 < distyy, < dyysafe
CFS(diStlon) = distyon—dsage if diStlan > dsafe
dynsafe—Adsafe if dunsafe < diStlon < dsafe
Where

2

(uega,lan_ ucut—in,lan) s
24’ if uego,lun,NEXT < ucut—in,lon
ego

2
(uegu,lun,NEXT ~Ucut—inlon )

if uego,lun,NEXT > ucut—in,lon
Zbeyn,comf



2

(ego,lon= Ucut—in,lon) :
% if Uego,lon, NEXT < Ucut—inlon
ego

dunsafe = { (u u ) )2 )
k + ego,lon NEXT ™ Heut —in lon if Uego,lon,NEXT > Ucyt—inlon

d

new Zbega,max
in which

-
aega - max(aegol_bego,comf)

— ’
uego,lon,NEXT - uega,lon + aegar

(Uego,lontUego,lon NEXT)

dnew = (% - ucut—in,lon) T

where

Aego the instantaneous longitudinal acceleration of the
ALKS vehicle

Aego a modified instantaneous acceleration which assume
that ALKS vehicle cannot decelerate by more than
bego,comf

U go,lon, NEXT the expected longitudinal speed of the ALKS vehicle

after the reaction time assuming constant
acceleration

doew the expected longitudinal distance between the
ALKS vehicle and the ‘other vehicle’ after the
reaction time

3.223. The Longitudinal Safety Check identifies a potential risk if either PFS or
CFS are greater than 0.
3.2.3. If a risk is identified the ALKS vehicle is assumed to plan and implement
a reaction by decelerating according to the following equation:
b — CFS- (bego,max - bego,comf) + bego,comf if CFS >0
reaction PFS - bogocoms if CFS =0
3321 The deceleration is implemented after a time equal to T when it starts to
increase with a constant rate equal to the maximum jerk.
3.24. In the case the reaction is not able to prevent the vehicle to collide with
the cutting-in vehicle, the scenario is classified as unpreventable,
otherwise it is classified as preventable.
3.3. To determine conditions under which the Automated-Lane-Keeping-Systems
{ALKS} vehicle shall avoid a collision, the following performance model
factors i e ‘
with-ABAS shall be used.
Table 1
Performance model factors for vehicles
Factors
Risk perception point Lane—ehange—(eutting—in; | Deviation—of—the—eenter—of—a—vehicle—over
SSREeEE B e ]
(derived-from-researeh-by-Japan)
The time when either PFS or CFS value is
not any longer 0
Deceleratio Deleele_ ation—fatio 95 P eeeel_ll g—vehicle—and




(fromresearch by Japan)
ine-duration-from-having-finished-pereeption-until | 0-75-seconds _
9 {eommen-data-in-dapan)
Reaction time of the ALKS vehicle T = 0.75 seconds
Jerking time to full deceleration (road friction 1.0) 0.6 seconds to 0.774Gg
(from experiments by NHTSA and Japan)
) Lol e e g le B0 e
AEBS)
Safety distance when the two vehicles reach|d; =2 meters

complete stop

Comfortable deceleration of the ALKS vehicle

bogocoms =4 M/s®

Maximum deceleration of the ALKS vehicle

begomax = 6 M/S°

Maximum deceleration of the ‘other vehicle’

b =7mis?

cut—inmax

10
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4, Parameters

4.1. Parameters below are essential when describing the pattern of the traffic
critical scenarios in section 2.1.

4.2. Additional parameters could be added according to the operating
environment (e.g. friction rate of the road, road curvature, lighting
conditions).

Table 2

Additional parameters

Operating Roadway Number of lanes = The number of parallel and adjacent

conditions lanes in the same direction of travel

Lane Width = The width of each lane

Roadway grade = The grade of the roadway in the area
of test

Roadway condition = the condition of the roadway
(dry, wet, icy, snow, new, worn) including coefficient of
friction

Lane markings = the type, colour, width, visibility of
lane markings

Environmental Lighting conditions = The amount of light and
conditions direction (ie, day, night, sunny, cloudy)

Weather conditions = The amount, type and intensity
of wind, rain, snow etc.

Initial Initial velocity Vel Uy go10n = ALKS vehicle
condition

V60 Uys—in1on = eading ‘Other vehicle’ vehicle in
lane or in adjacent lane

—

Initial distance ax0 dist,,,, = Distance in Longitudinal direction
between the front end of the ego vehicle and the rear end

of the leading-vehicle ‘other vehicle’ in ego vehicle’s
lane or in adjacent lane

dy0 dist,,, = Inside Lateral distance between outside
edge line of ego vehicle in parallel to the vehicle's
median longitudinal plane within lanes and outside edge

line of leading-vehicle ‘other vehicle’ in parallel to the
vehicle's median longitudinal plane in adjacent lines.

dex length,,,_;, = Length of the leading ‘other
vehicle’




length,,, = Length of the ALKS vehicle
Vehicle Lateral motion WY Uyr—in 1ac =Hea6HRG-vehicle ‘Other vehicle’ lateral
motion velocity

- = — - - -
5*. Ia;_; faximuim-deceleration-of the-leading
— - - -
4.3. Following are is the visual representations of parameters for the three-types
of cut in scenarios

Figure 5

Visualisation of the cut-in scenario
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Point of discussion: SIG157-03-06 (EC) to propose new on road tests

Annex 5, insert to read

4.8
48.1.

4.8.2.

Detect and response to traffic rules and road furniture

These tests shall ensure that the ALKS respects traffic rules, detects and
adapts to a variation of permanent and temporary road furniture.

The test shall be executed at least with the list of scenarios below, but
based on the ODD of the given system:

(a) Different speed limit signs, so that the ALKS vehicle has to change its
speed according to the indicated values;

(b) Signal lights of an ending lane. The signal lights are set above the
belonging lanes, and the signal lights of adjacent lanes are kept in green
state, while the one of the current lane for the ALKS vehicle is kept red.;

(c) Driving through a tunnel: at least [X]m long section of the road with
no sunlight and availability of the positioning system.

(d) Toll station: a section of the motorway with toll station-, speed limit
signs and buildings (ticket machines, barriers, etc.).

25



4.8.3.

4.9.
49.1.

49.2.

(e) Temporary modifications: e.g., road maintenance operations
indicated by traffic signs, cones and other modifications.

Each test shall be executed at least:
(a) Without a lead vehicle;

(b) With a passenger car target as well as a PTW target as the lead
vehicle / other vehicle.

Avoid braking before a passable object in the lane

The test shall demonstrate that the ALKS vehicle is not braking without
a reason before a passable object in the lane (e.g., a manhole lid or a
small branch).

The test shall be executed at least:
(a) Without a lead vehicle;

(b) With a passenger car target as well as a PTW target as the lead
vehicle / other vehicle.

Point of discussion: SIG157-03-06 (EC) to propose a string stability test

4.10.
4.10.1.

4.10.2.

4.10.3.

4.10.3.1.

4.10.3.2.

4.10.3.4.

4.10.3.4.

4.10.3.5.

String stability

The tests shall demonstrate that the ALKS is able to achieve string stable
operations when following a car target proceeding with a speed lower
than the speed the ALKS would maintain in the same situation in the
absence of the same target.

The tests can be executed with one or more ALKS vehicles proceeding in
platoon formation. The maximum number of ALKS vehicles that the test
can include is [5].

The following conditions shall be ensured for the correct execution of
each test:

The initial speed of the car target shall be lower than the speed limit or
of the speed the ALKS would maintain in the same situation, whatever is
the minimum.

The car target shall keep the constant initial speed for a time sufficient to
ensure that all the ALKS vehicles are able to maintain the same constant
speed. A fluctuation of the speed of the ALKS vehicles within a range of
+ [1] m/s from the speed of the car target is allowed. When these
conditions are achieved the platoon is in steady state formation and the
test can be considered as started.

Each test shall comprise the deceleration of the car target from steady
state platoon formation to achieve a speed reduction of at least [3] m/s.
The speed of the car target at the end of the deceleration shall not be
lower than [5] m/s. The deceleration adopted by the car target shall be in
the range [1-5] m/s%

At the end of the deceleration, the car target shall maintain the new
speed for a time sufficient to bring the platoon again in steady state
formation according to the previsions of paragraph 4.10.3.2. When this is
achieved the test can be considered as concluded.

At the end of the test the following quantities have to be computed.

(a) The difference between the maximum and the minimum speed
achieved by the car target during the test (Liarger)

(b) The difference between the maximum and the minimum speed
achieved by the last ALKS vehicle in the platoon during the test (Laiks)

(c) The ratio between the two differences L = —ALKS.

target
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4.10.4. The test shall the executed for at least [5] different combinations of
initial speed, final speed and deceleration adopted by the car target.

4.10.5. The string stability requirement is considered achieved if for all the tests
the value of L is lower than 1.

411 Oncoming traffic / Wrong way driver

4.11.1. The test shall demonstrate that ALKS is capable of detecting and
reacting to oncoming traffic in an adjacent lane.

4.11.2. The test for oncoming vehicle shall be executed at least:
(a) Without a lead vehicle;
(b) With a passenger car target as well as a PTW target as the lead
vehicle / other vehicle

Justification
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