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2. DEFINITIONS

Throughout this protocol the following terms are used:

Peak Braking Coefficient (PBC) — the measure of tyre to road surface
friction based on the maximum deceleration of a rolling tyre,
measured using the American Society for Testing and Materials
(ASTM) E1136-10 (2010) standard reference test tyre, in accordance
with ASTM Method E 1337-90 (reapproved 1996), at a speed of
64.4km/h, without water delivery.

Autonomous emergency braking (AEB) — braking that is applied
automatically by the vehicle in response to the detection of a likely
collision to reduce the vehicle speed and potentially avoid the

collision.
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Forward Collision Warning (FCW) — an audiovisual warning that is
provided automatically by the vehicle in response to the detection of a

likely collision to alert the driver.

Dynamic Brake Support (DBS) — a system that further amplifies the
driver braking demand in response to the detection of a likely
collision to achieve a greater deceleration than would otherwise be

achieved for the braking demand in normal driving conditions.

Car-to-Car Rear Stationary (CCRs) — a collision in which a vehicle
travels forwards towards another stationary vehicle and the frontal

structure of the vehicle strikes the rear structure of the other.

Car-to-Car Rear Moving (CCRm) — a collision in which a vehicle
travels forwards towards another vehicle that is travelling at constant
speed and the frontal structure of the vehicle strikes the rear structure
of the other.

Car-to-Car Rear Braking (CCRb) — a collision in which a vehicle
travels forwards towards another vehicle that is travelling at constant
speed and then decelerates, and the frontal structure of the vehicle

strikes the rear structure of the other.

Vehicle under test (VUT) — means the vehicle tested according to this

protocol with a pre-crash collision mitigation or avoidance system on
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board.

Euro NCAP Vehicle Target (EVT) — means the vehicle target used in
this protocol as specified in ANNEX A.

Time To Collision (TTC) — means the remaining time before the VUT
strikes the EVT, assuming that the VUT and EVT would continue to

travel with the speed it is travelling.

Tags — means the time where the AEB system activates. Activation
time is determined by identifying the last data point where the filtered
acceleration signal is below -1 m/s*, and then going back to the point

in time where the acceleration first crossed -0.3 m/s’.

Trcw — means the time where the audible warning of the FCW starts.

The starting point is determined by audible recognition.
Vimpact — means the speed at which the VUT hits the EVT.
Vrel impact — means the relative speed at which the VUT hits the

EVT by subtracting the velocity of the EVT from Vimpact at the time
of collision.
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3 REFERENCE SYSTEM

3.1 Convention

3.1.1 For both VUT and EVT use the convention specified in ISO
8855:1991 in which the x-axis points towards the front of the vehicle,
the y-axis towards the left and the z-axis upwards (right hand system),
with the origin at the most forward point on the centreline of the VUT

for dynamic data measurements as shown in Figure 1.

3.1.2 Viewed from the origin, roll, pitch and yaw rotate clockwise
around the x, y and z axes respectively. Longitudinal refers to the
component of the measurement along the x-axis, lateral the

component along the y-axis and vertical the component along the

z-axis.

3.1.3 This reference system should be used for both left and right

hand drive vehicles tested.
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Figure 1: Coordinate system and notation

3.2 Lateral Offset

3.2.1 The lateral offset is determined as the lateral distance between
the centre of the front of the VUT and the centre of the rear of the
EVT when measured in parallel to the intended straight lined path as
shown in the figure below.

Lateral offset = Yyyr error + Ygyt error

VUT path Y gyr error

X distance

- -

Figure 2: Lateral offset
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4. MEASURING EQUIPMENT
4.1.1 Sample and record all dynamic data at a frequency of at least
100Hz. Synchronise using the DGPS time stamp the EVT data with

that of the VUT.

4.2 Measurements and Variables
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4.2.1 Time
*CCRs and CCRm: Ty equals
TTC =4s

T
To

(CCRbD: Tpwhen EVT starts decelerating)

oT Agp, time where AEB
activates

oTrcw, time where FCW
activates

e Timpact, time where VUT
impacts EVT

4.2.2 Position of the UT
during the entire test

4.2.3 Position of the EVT
during the entire test

4.2.4 Speed of the VUT during
the entire test

*Vimpact, Speed when VUT
impacts EVT

Vel impact, Telative speed when
VUT impacts EVT

4.2.5 Speed of the EVT during
the entire test

4.2.6 Yaw velocity of the VUT
during the entire test

4.2.7 Yaw velocity of the EVT

TAEB
Trcw
Timpact
XvuT,
Yvur
XEVT,
YEevr
Vvur
Vimpact
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VEvr

Yyvur

Yevr
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during the entire test
4.2.8 Acceleration of the VUT  Avyyr
during the entire test
4.2.9 Acceleration of the EVT  Agvt

during the entire test
4.3 Measuring Equipment

4.3.1 Equip the VUT and EVT with data measurement and acquisition
equipment to sample and record data with an accuracy of at least:
*VUT and EVT speed to 0.1km/h;

*VUT and EVT lateral and longitudinal position to 0.03m ;

*VUT and EVT yaw rate to 0.1°/s;

«VUT and EVT longitudinal acceleration to 0.1m/s?;
*VUT steering wheel velocity to 1.0 °/s.

4.4 Data Filtering

4.4.1 Filter the measured data as follows:

4.4.1.1 Position and speed are not filtered and are used in their raw
state.

4.4.1.2 Acceleration with a 12-pole phaseless Butterworth filter with a
cut off frequency of 10Hz.
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4.4.1.3 Yaw rate with a 12-pole phaseless Butterworth filter with a cut
off frequency of 10Hz.

4.4.1.4 Force with a 12-pole phaseless Butterworth filter with a cut
off frequency of 10 Hz.
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5.EURO NCAP VEHICLE TARGET
5.1 Specification

5.1.1 Conduct the tests in this protocol using the Euro NCAP Vehicle
Target V1 (EVT) as shown in Figure 3 below. The EVT replicates the
visual, radar, LIDAR and PMD attributes of a typical M, passenger
vehicle, and is impactable at differential speeds up to 50km/h without
causing damage to the VUT or EVT.

Figure 3: Euro NCAP Vehicle Target (EVT)
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5.1.2 To ensure repeatable results the propulsion system and EVT

must meet the requirements as detailed in ANNEX A.

5.1.3 The EVT is designed to work with the following types of
Sensors:

eRadar (24 and 77 GHz)

LIDAR

eCamera

«PMD

When a manufacturer believes that the EVT is not suitable for another
type of sensor system used by the VUT but not listed above, the

manufacturer is asked to contact the Euro NCAP Secretariat.
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6. TEST CONDITIONS
6.1 Test Track

6.1.1 Conduct tests on a dry (no visible moisture on the surface),
uniform, solid-paved surface with a consistent slope between level
and 1%. The test surface shall have a minimal peak braking
coefficient (PBC) of 0.9.

6.1.2 The surface must be paved and may not contain any
irregularities (e.g. large dips or cracks, manhole covers or reflective
studs) that may give rise to abnormal sensor measurements within a

lateral distance of 3.0m to either side of the test path and with a
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longitudinal distance of 30m ahead of the VUT when the test ends.

6.1.3 The presence of lane markings is allowed. However testing may
only be conducted in an area where typical road markings depicting a
driving lane may not be parallel to the test path within 3.0m either
side. Lines or markings may cross the test path, but may not be
present in the area where AEB activation and/or braking after FCW is

expected.

6.2 Weather Conditions

6.2.1 Conduct tests in dry conditions with ambient temperature above
5°C and below 40°C.

6.2.2 No precipitation shall be falling and horizontal visibility at
ground level shall be greater than 1km. Wind speeds shall be below
10m/s to minimise EVT and VUT disturbance.

6.2.3 Natural ambient illumination must be homogenous in the test
area and in excess of 2000 lux for daylight testing with no strong
shadows cast across the test area other than those caused by the VUT
or EVT. Ensure testing is not performed driving towards, or away

from the sun when there is direct sunlight.
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6.2.4 Measure and record the following parameters preferably at the
commencement of every single test or at least every 30 minutes:

a) Ambient temperature in °C;

b) Track Temperature in °C;

¢) Wind speed and direction in m/s;

d) Ambient illumination in Lux.

6.3 Surroundings

6.3.1 Conduct testing such that there are no other vehicles, highway
furniture, obstructions, other objects or persons protruding above the
test surface that may give rise to abnormal sensor measurements
within a lateral distance of 3.0m to either side of the test path and
within a longitudinal distance of 30m ahead of the VUT when the test
ends (Figure 4).

6.3.2 Test areas where the VUT needs to pass under overhead signs,

bridges, gantries or other significant structures are not permitted.
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Figure 4: Free surroundings

6.3.3 The general view ahead and to either side of the test area shall
comprise of a wholly plain man made or natural environment (e.g.
further test surface, plain coloured fencing or hoardings, natural
vegetation or sky etc.) and must not comprise any highly reflective
surfaces or contain any vehicle-like silhouettes that may give rise to

abnormal sensor measurements.

6.4 VUT Preparation
6.4.1 AEB and FCW System Settings

6.4.1.1 Set any driver configurable elements of the AEB and/or FCW
system (e.g. the timing of the collision warning or the braking
application if present) to the middle setting or midpoint and then next

latest setting similar to the examples shown in Figure 5.

Settng 1 Setting 2
Early Setting 1 Setting 2 Setting 3 Late

Setting 1 Sefting 2 Setting 3 Setting 4

Figure 5: AEB and/or FCW system setting for testing

6.4.2 Deployable Pedestrian/VRU Protection Systems

B4 @ Z B ehs S

3105335 B an > 215 iz A AR S H 2 L Fag

pAREB (ér- PlidBm g ¥~ 29 BN B - X Rk

REXTE )Y AERFBRF LG AT RAEIND IR R 1Y

\i_, :"\'}i/PJ

LRI

3.10.5.4% % & 5 &

3105418 A KB e ki m S mRIEE AR T
]

31054.L1% & HDWe 02 /NH 0 BATFE 2 FHT

AR RE ST (e 0 AT E PR Nﬁ'@ﬁ%’”Jﬁﬂ>

AT Y LERAGEY R ERE oy w2 EIE o IeRlS

e

HBAL RE2

+ JE L FE2 KA B,
BE ] A2 BREI AT 4
Bl S: BAELZD s LA /8w 3 mETEE LSRR T

1

3.10.5.42 7 X /33 g i * i * 72 % %. (Deployable

Pedestrian/VRU Protection Systems )

12




Euro NCAP & =~

T-NCAP#£ ~ ¥ %

When the vehicle is equipped with a deployable pedestrian/VRU
protection system, this system shall be deactivated before the testing

commences.

6.4.3 Tyres

Perform the testing with new original fitment tyres of the make,
model, size, speed and load rating as specified by the vehicle
manufacturer. It is permitted to change the tyres which are supplied
by the manufacturer or acquired at an official dealer representing the
manufacturer if those tyres are identical make, model, size, speed and
load rating to the original fitment. Inflate the tyres to the vehicle
manufacturer's recommended cold tyre inflation pressure(s). Use

inflation pressures corresponding to least loading normal condition.

Run-in tyres according to the tyre conditioning procedure specified in
7.1.3. After running-in maintain the run-in tyres in the same position

on the vehicle for the duration of the testing.

6.4.4 Wheel Alignment Measurement

The vehicle should be subject to a vehicle (in-line) geometry check to
record the wheel alignment set by the OEM. This should be done with
the vehicle in kerb weight.

6.4.5 Unladen Kerb Mass
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6.4.5.1 Fill up the tank with fuel to at least 90% of the tank’s capacity
of fuel.

6.4.5.2 Check the oil level and top up to its maximum level if
necessary. Similarly, top up the levels of all other fluids to their

maximum levels if necessary.

6.4.5.3 Ensure that the vehicle has its spare wheel on board, if fitted,
along with any tools supplied with the vehicle. Nothing else should be
in the car.

6.4.5.4 Ensure that all tyres are inflated according to the

manufacturer’s instructions for the appropriate loading condition.

6.4.5.5 Measure the front and rear axle masses and determine the total
mass of the vehicle. The total mass is the ‘unladen kerb mass’ of the

vehicle. Record this mass in the test details.
6.4.5.6 Calculate the required ballast mass, by subtracting the mass of
the test driver and test equipment from the required 200 kg interior

load.

6.4.6 Vehicle Preparation

6.4.6.1 Fit the on-board test equipment and instrumentation in the
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vehicle. Also fit any associated cables, cabling boxes and power R-EREZT R

sources.

6.4.6.2 Place weights with a mass of the ballast mass. Any items 3.10.54.6.2 % *x4p g e E 2 £ F (weights)o #7F %% AR S
added should be securely attached to the car. B EEATH P oo
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loads of the vehicle.
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needs to be within 5% of the front/rear axle load distribution of the PEESWIP cFEKIGRRE P E SR T P B
original unladen kerb mass plus full fuel load. If the vehicle differs BB Ao 87 [ £ IFL#. M2 fr o iZf* WA E R 2 PR

from the requirements given in this paragraph, items may be removed | & ¥ B E > & p o

or added to the vehicle which has no influence on its performance.
Any items added to increase the vehicle mass should be securely
attached to the car.

6.4.6.6 Repeat paragraphs 6.4.6.3 and 6.4.6.4 until the front and rear |3.10.5.4.6.6 & 4F 3.10.5.4.6.3 ¥ 3.10.5.4.6.4 # ¢ > ¥

axle loads and the total vehicle mass are within the limits set in 2 HimtE B85 3.10.54.65 2 R E o WA A
paragraph 0. Care needs to be taken when adding or removing weight | FJE$ {7 - 845 8§52 ff 14 1+ (inertial proper‘ues)
in order to approximate the original vehicle inertial properties as close| 7 iedri 2 fhd o (E5% 0F 2 Biedr X % D {52 phe o

as possible. Record the final axle loads in the test details. Record the

[
=
G

~=u>
[

S
w(ek
& a—@}’mkm
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axle weights of the VUT in the ‘as tested’ condition.

7. TEST PROCEDURE

7.1 VUT Pre-test Conditioning

7.1.1 General

7.1.1.1 A new car is used as delivered to the test laboratory.

7.1.1.2 If requested by the vehicle manufacturer, drive a maximum of
100km on a mixture of urban and rural roads with other traffic and
roadside furniture to ‘calibrate’ the sensor system. Avoid harsh

acceleration and braking.

7.1.2 Brakes

7.1.2.1 Condition the vehicle’s brakes in the following manner:
ePerform ten stops from a speed of 56km/h with an average

deceleration of approximately 0.5 to 0.6g.

eImmediately following the series of 56km/h stops, perform three
additional stops from a speed of 72km/h, each time applying
sufficient force to the pedal to operate the vehicle’s antilock braking

system (ABS) for the majority of each stop.

3.10.6 :#=& A2 R

3.10.6.1 X % & fmisk w3 &

3.10.6.1.1 — A%3d B

3.10.6.1.1.1 478 3% T Pl 4 -

3.10.6.1.1.2 # & ik f & R %D IRT (TRIT R E PRI R

ZRAARBE R F TR S 10028 > URERPE L. 7R
P o i I F] Al R S o

3.10.6.1.2 £ &

3.10.6.1.2.1 & T 5] N & F jracd .

(1) A i 56km/h 12 T3k & 4 0.5 3 0.6g 2 = 5534 {7 10 =

L o

(2) % & ¢ 56km/h - 4 F|EB (5 BEFL 2 72kmh i B

I
B3 R Egind RERT RS 5RO el 4
Zr# % 4 (antilock braking system » ABS) ¥ 3t & S L0 @ pF L

ANES I
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eImmediately following the series of 72km/h stops, drive the vehicle
at a speed of approximately 72km/h for five minutes to cool the
brakes.

e[nitiation of the first test shall begin within two hours after

completion of the brake conditioning

7.1.3 Tyres

7.1.3.1 Condition the vehicle’s tyres in the following manner to

remove the mould sheen:

eDrive around a circle of 30m in diameter at a speed sufficient to
generate a lateral acceleration of approximately 0.5 to 0.6g for three
clockwise laps followed by three anticlockwise laps.

eImmediately following the circular driving, drive four passes at
56km/h, performing ten cycles of a sinusoidal steering input in each
pass at a frequency of 1Hz and amplitude sufficient to generate a
peak lateral acceleration of approximately 0.5 to 0.6g.

eMake the steering wheel amplitude of the final cycle of the final pass

double that of the previous inputs.

7.1.3.2 In case of instability in the sinusoidal driving, reduce the
amplitude of the steering input to an appropriately safe level and

continue the four passes.

(3) Z & ik T2km/h - & FIED {5 RE T T2km/h g B £

L A B i sl

4) %-BREHRDAFELD L2 FN B F o

3.10.6.1.3 #5*°>

3.00.6.1.3.1 12T 5% 82 B gl o B a2 L)

(1) BFE2dwcE L30m2 FHES La A2 17052 0.6g Blw

beid B2 F R A UEPEE S B (T8 3 B E g pEe
S FE 3
Q) RAMF I ML I @ N2 B SRR Rl i B 0.5

3 06g 2% v B LRIGHEE - P 3% 3 S6kmh o @ P iw
4= ¥ E (s 102 8 D 5Tk o
() Btz B¥ EH2 * o B e RIS T iR 2 B o

3.10.6.1.3.2 4ot 5% 4 & 5" (sinusoidal driving ) 3k i@ & £ 72 42 % >

PUfist > o BB 2 ARIGI X DKL Fnd 4G
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7.1.4 AEB/FCW System Check

7.1.4.1 Before any testing begins, perform a maximum of ten runs at
the lowest test speed the system is supposed to work, to ensure proper

functioning of the system.

7.2 Test Scenarios

7.2.1 The performance of the VUT AEB system is assessed in the
CCRs, CCRm and CCRbD scenarios as shown in Figure 6abc.

7.2.2 For testing purposes, assume a straight line path equivalent to
the centreline of the lane in which the collision occurred, hereby
known as the test path. Control the VUT with driver inputs or using

alternative control systems that can modulate the vehicle controls as

necessary to perform the tests.

10 - 50 km/h 0 km/h
30 - 80 km/h

Figure 6a: CCRs scenario

3.10.6.1.4 ?J%‘ LD e L S R T E K SR

3.10.6.1.4.1 382 B 4o > B 7 5 4 32 S M B R T8I

5 10 =% » MRS R & ALl F iF 0F o

3.10.6.2 =% i 5t

3.10.6.2.1 £5 9 dwz BA KD et A s AT FR

1
% (CCRs)~ o & £ i3 2% (CCRm) % i & £ s 3¢

% (CCRb) £:E% > 4c[@] 6abc ¥ °

310,622 &R S RAF I EP MoV d FRE B %D

B T EAET AR T 0 S il ) S g
& o

10 - 50 km/h 0 km/h
30 - 80 km/h
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——_— - EVT - —— —

e —

30 - 80 km/h

e ——
20 km/h

Figure 6b: CCRm scenario

12mand 40 m

50 km/h

in the tables below.

50 km/h
2 and 6 m/s?

Figure 6¢: CCRb scenario

7.2.3 The CCRs and CCRm tests will be performed with Skm/h or
10km/h incremental steps (see 7.4.4) within the speed ranges shown

30 - 80 km/h

50 km/h

12mand 40 m

50 km/h
2 and 6 m/s?

3.10.623 % & #F F FHFEHET DI BB T RIFERRITT I AR

7

i# B BP0 2 Skmvh

2 10km/h z_ vE3 5}?( incremental steps )

iEF (43.10.644)-

19




Euro NCAP & = T-NCAPiE~ ¥ % o
CCRs W & # 1k 5385 (CCRs)
AEB+FCW combined AEB FCW AEB+FCW # & [Eny] "4
AEB FCW only only AEB FCW AEB FCW
AEB 10-50 - 10-50 - i’f‘ & 10-50 - 10-50 -
City km/h km/h B et km/h km/h
2.7 %
AEB - 30-80 30-80 30-80 ”]i‘ & - 30-80 30-80 30-80
Inter- km/h km/h km/h B et km/h km/h km/h
Urban ERY TS
iR
CCRm B 5 3 328 CCRm
AEB+FCW combined AEB FCW AEB+FCW % & W LAy
AEB FCW only only AEB FCW AEB FCW
AEB 30-70 50-80 30-80 50-80 i’f‘ & 30-70 50-80 30-80 50-80
Inter- km/h km/h km/h km/h e km/h km/h km/h km/h
Urban 2 it
=
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The CCRb tests will be performed at a fixed speed of 50km/h for both

3.10.6.24 w & £ 8 %Y > X5kD w2 PR ¥ 2 50km/h

VUT and EVT with all combinations of 2 and 6m/s* deceleration and
12 and 40m headway.

TR AR RER L 22 6m/s’ BEE (headway) % 12

2 40m -

W & £ d jF5 328% CCRb

CCRb
AEB+FCW combined, AEB
only&FCW only
2m/s” 6m/s’®
AEB 12m 50km/h 50km/h
Inter-Urban
40m 50km/h 50km/h

7.2.4.1 The desired deceleration of the EVT shall be reached within
1.0 seconds and shall not vary by more than + 0.25 m/s” of the desired

level at any point in time until the end of test.
7.3 Test Conduct

7.3.1 Before every test run, drive the VUT around a circle of
maximum diameter 30m at a speed less than 10km/h for one
clockwise lap followed by one anticlockwise lap, and then manoeuvre
the VUT into position on the test path. If requested by the OEM an
initialisation run may be included before every test run. Bring the
VUT to a halt and push the brake pedal through the full extent of

AEB+FCW % &
4 AEB ~ § FCW

2m/s? 6m/s>
?7%‘ Fxa g 12m 50km/h 50km/h
B4 2 it i
o 40m 50km/h 50km/h

3.10.6.24.1 P12 B 104 E PR T2 FER - 7 E%iEAR

AR By R B AP L A2+ 025 m/s’ o

3.10.6.3 ;8% *M{w ( Test Conduct )

3.10.6.3.1 & =t ¥k w > X B §m k12 M 10km/h 2 3¢ R SEF B
<P /E30m2 FIB 7% > AgpFst o (7% - B > dF

g e mm- Bl RS RL5%hD Rl DRk TG
oo FAIREHE R T NE IR L TP AR R
(initializationrun ) o FX S & §@= > B » BL0d BT A {

R o

travel and release.
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7.3.2 For vehicles with an automatic transmission select D. For
vehicles with a manual transmission select the highest gear where the
RPM will be at least 1500 at the test speed. If fitted, a speed limiting
device or cruise control may be used to maintain the VUT speed,
unless the vehicle manufacturer shows that there are interferences of
these devices with the AEB system in the VUT. Apply only minor
steering inputs as necessary to maintain the VUT tracking along the
test path.

7.3.3 Perform the first test a minimum of 90s and a maximum of 10
minutes after completing the tyre conditioning, and subsequent tests
after the same time period. If the time between consecutive tests
exceeds 10 minutes repeat the tyre conditioning procedures and

recommence testing.

Between tests, manoeuvre the VUT at a maximum speed of 50km/h
and avoid riding the brake pedal and harsh acceleration, braking or
turning unless strictly necessary to maintain a safe testing

environment.

7.4 Test Execution

7.4.1 Accelerate the VUT and EVT (if applicable) to the respective

test speeds.

310632 ¥ B dms p b itk BERVEKFFDo FAmL
PP F sk R R R T 2 1500rpm 2 $ 3
Mt F3pek T 28 UHRY S Ul A LR b
2t B FRIRE ARG IAR EFRI MO R L e
B Sk o e B R o R D g
RS B o

3.10.6.3.3 B e &1 9045 10 A48 B (7 % - K Esk o T

W ROPER RPN EFTH B R Aor R AT E 10 A 4
PIBEA G SR &AL B ek

FET - AR FRE R ER S0kmh ¥ AL REGE
¥4 BB £0 @ (riding the brake pedal ) ~ | 7] 4v i ~ £ 8 35 i &% >
MBI E > ORERIRE

3.10.6.4 #5347

3.1064.1 %o i p RS (Ff* ) BEpArid 3 FHKR T

B oo
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7.4.2 The test shall start at Ty (4s TTC) and is valid when all

boundary conditions are met between Ty and Tags/Trcw:

-Speed of VUT (GPS-speed) Test speed + 1.0 km/h

-Speed of EVT (GPS-speed) Test speed + 1.0 km/h

-Lateral deviation from test path 0 = 0.1 m

-Relative distance VUT and EVT (CCRb) 12m or 40m + 0.5m
-Yaw velocity 0 £ 1.0 °/s

-Steering wheel velocity 0 &+ 15.0 °/s

7.4.3 The end of a test is considered when one of the following
occurs:

-Vyur = Okm/h

-Vyur < Vevr

-Contact between VUT and EVT

7.4.4 A system can consist of a combined AEB and FCW function or
separate AEB or FCW functions. For combined systems, both sections
7.4.4.1 and 0 apply. Where the functions are separate, section 7.4.4.1
applies to the AEB function and 7.4.4.2 applies to the FCW.

7.4.4.1 For AEB systems tests, when there is complete avoidance, the

subsequent test speed for the next test is incremented with 10km/h.

3.10.6.4.2 ;é‘%?’%& To (4S TTC) £ ‘flp %’ T() TAEB/TFCW Z_ L f‘*

£ T3 FUHIE R o PR BRI T T T

(1) =P imi# & (GPS-i# A& ) 5% & A +1.0 km/h

2) P2k R (GPS-i# B ) 5%k R+1.0 km/h

(3) FREIERP BAHFEGRE 04+0.1m

4) x%ﬁﬁﬁpﬁé#%ﬂ&#(Cﬂ%)ummﬂwuﬂjm
(5) E#HALFR 0+1.0°s

(6) > reiidiE 0£15.0°s

310643 % 4 Tifir i H ¢ 2 - EiER TS A

(1) sk £5% P §H2 i A=0kmh
(2) BB 2% fp2 d B<FhiEMmT PRI 2ZHER
B) REdmep LI FAaR

3M644% AHPes LA S R E AT L -
BL A g&{%%frﬁ A LI = i A R S e Al 1
LA b o SEA AR 12 31064414 3106442 2 8T
Fips ko %8

3.10.6.442 2 R Z -

3uw441ﬁmﬁwﬁﬁwm<uﬁ%% ?%%4ﬂaﬂ’m

T = mpéﬁﬁ& BREH A 10km/he 528 4 fidg > Pl g 4 s
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When there is contact, first perform a test at a test speed Skm/h less
than the test speed where contact occurred. After this test continue to
perform the remainder of the tests with speed increments of Skm/h by
repeating section 7.3.1 to 7.4.3. Stop testing when the speed reduction
seen in the test is less than 5 km/h.

For manual or automatic accelerator control, it needs to be assured
that during automatic brake the accelerator pedal does not result in an

override of the system.

7.4.4.2 For FCW system tests, when there is complete avoidance, the
subsequent test speed for the next test is incremented by 10km/h.
When there is contact, first perform a test at a test speed Skm/h less
than the test speed where contact occurred. After this test continue to
perform the remainder of the tests with speed increments of Skm/h by
repeating section 7.3.1 to 7.4.3. In the AEB Inter-Urban CCRm and
CCRD scenarios, only perform tests at the test speeds where there was
no avoidance in the AEB function tests, where applicable. Stop testing
when the speed reduction seen in the test is less than 5 km/h or the

relative impact speed is more than 50 km/h.

7.4.4.3 The FCW system tests should be performed using a braking
robot reacting to the warning with a delay time of 1.2 seconds to

account for driver reaction time.

2 3ok B Sknvh i€ (738 o gt sdsk (6 0 M2 5 km/h
2 VR RGBT % 0 £4F 3.10.6.3.1 & 3.10.6.4.3 2 %
T o sEsh? B i iR RO S k/h P OB b R -

ht R EBS R pRd R o R i%ﬁiﬁpg‘nlrg
lra‘nﬂpﬁ‘* s 4o id B 2 ORE F (override) £ Bk dh o

3.10.6442 R 75 > AR IFE L NBRKF o 2 AP imﬁ__ﬁ B

= SEiksid B A e 10km/h o £ 2 gl 0 BlUUE 2 2
SRS iE B Skih i 7385 o 2 3SR 5 0 M E 12 Skm/h 2
YRR R TS a0 £4F 15~ 3.10.6.3.1 & 3.10.6.4.3 2
HH e REAKI 2 PR M2 w2 B FREBERE D
P e I T N
i B e FIES T (heif P ) o 3B B R E K Skmvh
R gk A ¥ B B 0 SOknvh » ik s -

3.10.64.43 @& * *m > g EE K NiRsk2 L0 p ErglE R

(braking robot) » B3 E T BAe 12 5 iFd o MR ERZF
TP R o
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7.4.4.4 Braking will be applied that results in a maximum brake level
of -4 m/s* - 0.25 m/s® when applied in a non threat situation. The
particular brake profile to be applied (pedal application rate applied in
200ms (max. 400mm/s) and pedal force) shall be specified by the
manufacturer. When the brake profile provided by the manufacturer
results in a higher brake level than allowed, the iteration steps as
described in ANNEX B will be applied to scale the brake level to -4
m/s” - 0.25 m/s”.

7.4.4.5 When no brake profile is provided, the default brake profile as
described in ANNEX B will be applied.

3106444 p 2B L L pF o 40P RE A B B L -4m/s’ T -425

4
/s’ - B g% ¥ R R 0D R (i R (37 200ms B
% 4 B F (B 400mms) 0 3 Ergld )0 £ D gk
2 HIHE TR RN AL KD R R
¥ 3.10.92 dp & 4 Z8( iteration steps )¥-£0 3 i i# & 2 K T -4 m/s”

3 -425m/s’ -

3.10.6.4.4.5 & A % 20 H % %

X PR " 3.10.9 2 FPRED K
Z o

8. PHOTOGRAPHIC AND VIDEO REQUIREMENTS

8.1 Vehicle Markings

8.1.1 Euro NCAP markings will be attached to the exterior of the
vehicle in the following locations; upper half of driver’s door, upper
half of front passenger’s door and on the front half of the roof of the
vehicle, left and right sides.

8.1.2 Test house logos may be added to the vehicle provided that they
do not detract attention from the Euro NCAP markings. Suitable
locations for such markings would be the lower half of the rear doors

and on the bonnet at the base of the windscreen.

3107 F et R & R

3.10.7.1 # fmihze

3.10.7.1.1 gt 5@ £ = % pE+ T-NCAP i 2e : B®gd /L

MopERABM P LIRNZ B Fon LIRS L PE Lo

3.107.1.2 7 @ b} fwipltte2 thie - {2 H 2 #:¢ & T-NCAP

Wheie 2 BB AARRE M o RPIBHEZ FET TSRS P
MAFL BB T 2w 385+ o
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| www.euroncap.com |
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TESTLAB
>

8.2 Event Recording

8.2.1 Each VUT shall be photographed in test condition prior to test:
these photographs should effectively show positioning of the test
equipment within the vehicle and good general reference photographs
of all sides of the exterior of the vehicle. Where applicable a
photographic record of the chassis plate including Vehicle

Identification Number should also be made.

8.2.2 Each test run should be filmed from an external position to
effectively record any behavioural characteristics of the vehicle for
each run. This should be filmed in a way to best allow a clear and
repeatable view of all test runs and camera location shall not alter
once testing has commenced, although camera “panning” can be used.

The camera should be positioned at normal height and not elevated.

8.2.3 On-board cameras should be used to further record vehicle

behaviour from inside the vehicle.

7\

| e
EURO NCAP /
! TESTLAB |

[\ | ‘Www.guroncap.com

3.10.7.2 335 & &+

3.10.7.2.1 sk g Rredh S S B faz AT D B Y a B IR
PP R A 2 B R AR INE R FARY R e

B RAE R CGERE ) A ke 545 (Vehicl

J 2 i

Identification Number ) °

A

3.10.7.2.2 et 3R i 8 > 3 sigedkE - X

SIRBR 2B dade A
FE -PFIPRFEFERBHR AR PV UEAFET  RHRF A
fs > 2 EBEFJPE > LV KT HBEDEIE BB REEKX
W FFR

300723 g * B pIBEEE 0 KD N & B oD et sk P2 B

fo ki o

3.10.7.1.2 AR E
7 fERFSE R T-NCAP
LOGO 1% » & {ZIE
AN
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ANNEX A EVT SPECIFICATIONS

The Euro NCAP Vehicle Target (EVT) which is used for AEB City
and Inter-Urban testing is developed to have the radar signature,
reflectivity and visual signature comparable to that of a ‘C’ segment
vehicle in order to aid radar, LIDAR, PMD and camera detection

respectively.

Known suppliers of the EVT meeting these specifications are
Messring (www.messring.de) and Moshon Data

(www.moshondata.com).

The EVT is build up out of a balloon structure that is covered by a
PVC cover on which a vehicle is printed. For both a detailed
description is provided within this ANNEX.

A.1 Balloon Vehicle Structure

The balloon structure consists of polyester, polyethylene, PA 6.6,
polychloroprene and nylon. The outer dimensions of the balloon
structure are 1600 mm wide and 1350 mm tall with a tolerance of +
10mm. More detailed dimensions can be found in the front and side

view in Figure A.1-1 and Figure A.1-2.

3.10.8 B {8 R $

%%ﬁﬁﬁyiﬁE}&MWCMW%%ﬁéﬁyi%Qﬁ@

I
% YL(AEB Inter-Urban):#5 & * 2. T-NCAP p £ 2 (EVT) > #3

A0 g 2] A pget & (C-segment vehicle) 2. & if&3s (radar
signature )~ & #4 % (reflectivity ) 22 4R % &2 (visual _signature ) >

MpREEE s ki s PMD BB e 17 R o

ML PR P D 2 ERTE 3 Messring ( www.messring.de ) £

Moshon Data ( www.moshondata.com ) °

PHRd G vt ddmegtp B e FEG P dmRIiR2 PVC #

Febl o ptrgit? JBiEDIES I 2 S mA o

3108.1 o 5% 2 fw gt

—

LF P dm2 fsd hd R fig 8 (polyester ) ~ K 2 Y

(_polyethylene ) ~ % fig " 6.6 (PA 6.6 ) ~ & & ~
(polychloroprene ) £2 & 45 (nylon) # & - L g ;v @ i

‘bR & B 1600mm ~ F 1350mm > F FEE & B 5 £ 10mm -

B 7 % &2 p et il B2 B8 %4 8 i RARLE2 ©

o+ e deT o
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A.1.1 Radar Absorption Mat

At the impact side and rear of the balloon target a layer of radar
absorbing material is applied. The exact position and dimensions of
these radar absorption mats are shown in Figure A.1.1-1 and Figure
A.1.1-2. The material properties of the radar absorption mat are
detailed in paragraph A.1.1.1

G
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i
I
I I callsion T hily
side \ | éT 1
\'\ | ([ )
\ | el
. ]I
i N radar
% absorption
[ i mat
| | [
QL,
£ \]4
i 3
ﬁ’ [
'ﬁ
. NSRS S— ) |
| I I

| |
) \ 4]‘9
J A I/ &
N |

Figure A.1.1-1:Rear and side view of balloon structure including the
rear radar absorption mat

3.10.8.1.1 & iE e fc

LR RS 0 N IER L B RN 3T

#2232 SROLRI0. FHESRTH HFHEPE S

i£< 3.10.8.1.1.1 °
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Figure A.1.1-2: Section B-B and side view of balloon structure

including the front radar absorption mat

A.1.1.1 Material Properties

The radar absorption mats are according to ASTM-D 1692-68 and are
made of Polyurethane foam EC 712 with the attenuation in dB as
shown in the table below. The absorber can be loaded with 2 mW per

mm 2.

Footprint | Thickness | <1GHz |3GHz |5GHz |10GHz |18 GHz
500x500mm | 10mm 10 25 35 40

B-B

B
> I |- T
awse | 117 i
| Nilit 4
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' | 1
i i I
/il d Wiy \ |
i " l i e gl
' 4 | I
! } | ! ’@}l
| ¢ ' L
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| 1 |
! ¢ g = A
. ¢ S S SR i
o e, B/

¢ 8

!

3.10.8.1.1.1 #4 F 44

FEscH B P E ASTM-D 1692-68 R % > * 1 & &y

(Polyurethane) # e 4 EC712 ]l »dB #pr 4 & T it &

Ho2 R o s fed FE mmPT s e 2mW o

L BRe | <IGHze| 3GHze| 5GHze| 10GHzq 18 GHzq
500x500mmd  10mme ) 10a 25¢ 350 404
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A.1.2 Bumper 3.10.8.1.2 ' $%

At the impact side, a bumper plate is attached to front of the balloon |*t f 3% @ f@g 2 fidfi R K F'ats > VHRE F 2 fph i -

structure to create a more vehicle like contour. The dimensions and itk ¢ G2 B SR IIERI 120 2 4 FFFAFR

position of the bumper element are shown in Figure A.1.2-1 and £10mm -

Figure A.1.2-2. The tolerances on the dimensions are = 10mm.

]
/ w4 e )
collision
side
M
o
o
]
o
H
o
Figure A.1.2-1: Side view of balloon structure including the bumper Bl 1L 2o f 5% 2 fR g4 RIARLB] > ¢ 45 F'g 15

element
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Figure A.1.2-2: Top, side, front and ISO view of bumper element.

A.1.3 Radar Reflector

Within the bumper element, a radar reflector is incorporated. The
reflector has an inside edge length of 55mm and imitates a surface of
2.5m? at 77GHz. The position and orientation of the radar reflector

within the bumper element is shown in Figure A.1.3-1.

1200

%

\

1500

Bl 12 : 'G5 2 FAR ~ RIAR - AL Z * BB

3.10.8.13 F if F 54 R

e KRG TEE o

3 BoFidr WHE2 N plif%E 5 55mm >
22 77GHz § 32 BRFE TR 25m’2 &5 o FEF HE

iR Y 2 R e 2R 13
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Figure A.1.3-1: Front and side view of the radar reflector within the

bumper element
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A.1.4 Reflective Film

In addition to the radar reflector, two reflective films of 1360mm wide
and 150mm high are glued onto the bumper element as shown in
Figure A.1.4-1. The films are made of polyester and are provided by
Bruin Plastic Company INC (http://www.bruinplastics. com/index
.html) under the product name of Energy Shield 200 - 10 oz. If
another reflection film is used, the reflection characteristics have to be
identical as for the Energy Shield 200.

reflection
film

600

1360

Figure A.1.4-1: Front view of the reflective film on the bumper

element

3.10.8.1.4 & &3

th B EF BB > R F g pb Y A 5 1360mm - B
J 150mm 7k 549 > 4ol 14 o F S40d Ban s a® = > d Bruin
L >3 12 @ (http://www.bruinplastics.com/index
html) # i > 2 5 24 5 Energy Shield 200 - 10 0z 4 i * #
sk B> H OF B4F 4 R 28 Energy Shield 200 48 o

o | A4 v
o
o
A _
| 8 S
|

1360

Bl 140 5G4+ £ S92 5 AL R
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A.2 EVT Outer Cover

The balloon structure is covered by a PVC cover with a picture of an
actual car is printed. The cover material is produced by Complot
Papier Union (http://www.complottpapierunion.de/) with the product
name PowerJet Poly Banner Frontlit 550 B1, which is a 550 g/m?

tarpaulin.

The generic artwork that needs to be printed onto the EVT cover can
be provided by Euro NCAP. The artwork should be printed full colour
to at least (100dpi) to give the correct contrast in colours of the

vehicle rear.

A.2.1 Retro- Reflective Film

Retro-Reflective film is attached to the cover to replicate the
reflectivity of the rear lights as shown in Figure A.2.1-1. The
retro-reflective tape for the lights is produced according to the norm
ECE 104. The top rear light retro-reflection film has to be in the upper
middle of the car. The left and right have to been stuck congruent to

the normal back lights and have to look like the original one.

3.10.82 p £ & ¢ &

L PR e B EEG P dERIk. PVCHF R o H K 44

#L % d Complot Papier Union

(http://www.complottpapierunion.de/) 4 & > & % %5
PowerJet Poly Banner Frontlit 550 B1 > & 550 g¢/m?2_[# -k # o

PIRd h R P el and ¥ BT 4 T-NCAP H 75k & - B

BRI (20 100dpi) MEF FIRD B2 FEd $ oo

3.10.8.2.1 1 §f &+ %%

b ¥ b RAERETR §F F 549 (Retro-Reflective film) » M g @ & &

2 F ko o] 15 o R EFF SPOCT ¥ & B% R R104 %)
o WO E S K8 2 UFR SRR R LS ¢ B Ao fi0H
L L R 2 AR R SRR R B A TR T R

E
ERAR

—-

35




Euro NCAP & ~ T-NCAPif <~ ¥ %

Figure A.2.1-1: Front view of the EVT with the location of the Bl 15: P2 HALE > & 340 e S

retro-reflective tape

A.2.2 Radar Absorption Mat 3.10.8.2.2 § #Fw i #

At the impact side of the EVT a layer of radar absorbing material is &> P 8 2 zidy RIAIRA 4e — & F FSjcd > R {BIGIE
applied to the bottom of the target to replicate the shadow between the| B2 AR o s jed2 ¢ F R Y 3.108.1.1 R 22 HFipk o

wheels. The material of the absorption mat is the same as specifiedin | 7 E 5 jc#i2 = H4cF 160 5 & 2 20mm o F F S jcH R »
A.1.1. The dimensions of the mat are shown in Figure A.2.2-1 with a P A E Pz = RA RS o

thickness of 20mm. The absorption mat is sewn into the EVT outer

cover and is behind three layers of leather which were stuck together.
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Figure A.2.2-1: Left, Front view of the EVT with the location of the

lower radar absorption mat. Right, different layers of absorption mat
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A.3 EVT Test Position

The ground clearance of the balloon structure for testing is set to

70mm as shown in Figure A.3-1.

Figure A.3-1: Front view of the EVT showing the ground clearance

31083 p & > %

o F B R EEEE G 2 RS 5 7T0mm 0 dof] 17

Bl 17 : p {8 w AR > {571 BB & 2 FE3E
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ANNEX B BRAKE APPLICATION PROCEDURE

The braking input characterisation test determines the brake pedal
displacement and force necessary to achieve a vehicle deceleration
typical of that produced by a typical real world driver in emergency
situations.

B.1 Definitions

Teraxe - The point in time where the brake pedal displacement exceeds

Smm.

T_6nvs- The point in time is defined as the first data point where
filtered, zeroed and corrected longitudinal acceleration data is less
than -6m/s?.

T—Zm/sza T—4m/s2 - similar to T—6m/sz~

B.2 Measurements

Measurements and filters to be applied as described in Chapter 4 of

this protocol.

B.3 Brake Characterization Procedure

3.10.9 £ B * 42 5

ﬁ
i
Cd
i

%%%ﬁﬁﬁ iﬁdﬁﬁwﬁwﬁﬁirﬁ y 1

Eoiz]
'? /‘:E’—Tﬁfﬁrd] ii‘ﬁffé"”hg7 éiﬁ/ﬁk‘_‘iﬁi

3.109.1 £ &

3.10.9.1.1 Tprake * &8 Bi{r =4 <t Smm 2 pF ¥ 2k o

3.10.9.1.2 Ty * itk > fiﬁ‘i’\ 2R 10 % - D e R By K

3 -6m/s? 2 PERY g o

3.10.9.1.3 Tomye, Tame * & ¥ i ToonyedP 12 ©

3.109.2 % ipl

TR k> E R ESAHEZ E2 31094 H i o

3.109.3 & & B E%AS
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First perform the brake and tyre conditioning tests as described in
7.1.2 and 7.1.3. The brake input characterisation tests shall be

undertaken within 10 minutes after conditioning the brakes and tyres.
B.3.1 Brake Displacement Characterisation Tests

ePush the brake pedal through the full extent of travel and release.

eAccelerate the VUT to a speed in excess of 85km/h. Vehicles with an
automatic transmission will be driven in D. For vehicles with a
manual transmission select the highest gear where the RPM will be
at least 1500 at the 85km/h.

eRelease the accelerator and allow the vehicle to coast. At a speed of
80 £ 1.0km/h initiate a ramp braking input with a pedal application
rate of 20+5mm/s and apply the brake until a longitudinal
acceleration of -7m/s?is achieved. For manual transmission vehicles,
press the clutch as soon as the RPM drops below 1500. The test ends

when a longitudinal acceleration of -7m/s*is achieved.

eMeasure the pedal displacement and applied force normal to the
direction of travel of the initial stroke of the brake pedal, or as close

as possible to normal as can be repeatedly achieved.

ZiE< 3.10.6.1.2 % 3.10.6.1.3 8 (7LD B EHIAAERE o LD H
7
PR RERTAGED ARSI 10 AP ET

3.109.3.1 &£ = F R %

(1) M2 Af 3> REAfFr I RATE -

(2) %53 dpteid T 4gi8 8Skmh o § R D g lde iedh s S
B S GRS Bk R S 8Sk/h g U LT S
1500rpm -

(3) B PEFREIfRF T oA 5 80+ 1.0kmh pF - 12
20+5mm/s sk 45 i B (pedal application rate ) i£#% £ @ (ramp
braking input) > FHE R > B T F-Tm/s’ g i B o
Jok L £ R SE B gm0 i % D 3 1500mpm BE 0 ] EE T
PELR o Go B BREF-Tm/S P Bk E] o

(4) RIEY - BT A EER o B FROES S 4 o &
kit r AT EAEE 2 R o
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ePerform three consecutive test runs. A minimum time of 90 seconds
and a maximum time of 10 minutes shall be allowed between
consecutive tests. If the maximum time of 10 minutes is exceeded,
the tyre and brake conditioning procedures shall be repeated before

restarting the brake pedal force characterisation tests.

«Using second order curve fit and the least squares method between
T-2mss2, T-6mvs2, calculate the pedal travel value corresponding to a
longitudinal acceleration of -4 m/s? (=D4, unit is m). Use data of at

least three valid test runs for the curve fitting.

This brake pedal displacement is referred to as D4 in the next

chapters.

«Using second order curve fit and the least squares method between
Toomss, Toemss, calculate the pedal force value corresponding to a
longitudinal acceleration of -4 m/s? (=F4, unit is N). Use data of at

least three valid test runs for the curve fitting.

«This brake pedal force is referred to as F4 in the next chapters.

B.3.3 Brake Force Confirmation and Iteration Procedure

(5) BHEF=-ARBHR FRTIEREL 00F L 5 10 448 -

FATE 10 248 BREHIH T LIAFRSE BT A

5k

(6) " Tome’ Teme2 B F1* = pEd 55 £ (second order curve

fit) % & L = ;% (least squares method) 3+ & %t & -4 m/s>
(=D4> 8 =3 m) 2 XA K EeiT42E -8 * 3 5= =%
3 kSR B 4 MER & (curve fitting) o

(7) »EIRFE-HBHEMLS DI

(8) " Tome’ Teme2 B > 1% = pEd 50K & (second order curve

fit) % & L = ;% (leastsquares method) * & %t & -4 m/s>
(SF4 > H =S N) 2 o+ B * 1 5= K F »ss

B3t 8 o 43 & (curve fitting) o

9) »rEIHFS BEPHEL FL-

3.10.9.3.2 & yri)4 frint €A AR A
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eAccelerate the VUT to a speed of 80+1km/h. Vehicles with an
automatic transmission will be driven in D. For vehicles with a
manual transmission select the highest gear where the RPM will be
at least 1500 at the 80km/h.

«Apply the brake force profile as specified in B.4, triggering the input
manually rather than in response to the FCW. Determine the mean
acceleration achieved during the window from TBRAKE +1s
TBRAKE +3s. If a mean acceleration outside the range of
-4-0.25m/s” results, apply the following method to ratio the pedal
force applied.

F4new = F4original * (-4/mean acceleration), i.e. if F4original

results in a mean acceleration of -5m/s*, F4new = F4original * -4 / -5

eRepeat the brake force profile with this newly calculated F4,
determine the mean acceleration achieved and repeat the method as
necessary until a mean acceleration within the range of -4-0.25m/s”
is achieved.

(1)

(2)

3)

(4)

O+lkm/h g B - p 283 8 fmhin i
MiE ¥ A B 40 i R G 80km/h P > iR

AR
P ]
W rEr
b
s
Ig;. fox
%&' o0

1547;3 10.9.4 & 2 By > 2w 2 I E L Aa ff g o

3t 5 Teraketls I Terakp t3s B 3|2 L354esd & o F3H 5
SR -Am/s" 3 -425m/s” 0 Bl T S Nk B o d gk

4 .

37 F4= R FA* (4/T354cid B ) 0] ¢ Z R F4 -8 &5 ¥
T 354 iE B L -5m/s” 0 PlET F4= B F4 * -4/-5

P E A RTF4 S 4§ ﬁ‘ﬁé%,ff' iy G e S U |

-4 m/s® % -4.25 m/s’
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eThree valid pedal force characteristic tests (with the acceleration
level being in the range as specified) are required. A minimum time
of 90 seconds and a maximum time of 10 minutes shall be allowed
between consecutive tests. If the maximum time of 10 minutes is
exceeded, the tyre and brake conditioning procedures shall be
repeated before restarting the brake pedal force characterisation

tests.This brake pedal force is referred as F4 in the next chapters.

B.4 Brake Application Profile

eDetect Trcw during the experiment in real-time.

eRelease the accelerator at Trcw + 1 s.

ePerform displacement control for the brake pedal, starting at Trcw +
1.2 s with a gradient of the lesser of 5 x D4 or 400mm/s (meaning
the gradient to reach pedal position D4 within 200ms, but capped to

a maximum application rate of 400mm/s).

eMonitor brake force during displacement control and use

second-order filtering with a cutoff frequency between 20 and 100

)

Jeit 7= f rede B 4 % (i@ BRRETIR T 1) -
PR IER T 00F) k5 1044 F42:iF 10 248 &

CAGISE A AGERE » 4B TLAD R4 Rk o pd
HiFES EEffs F4-

3.10.9.4 £t @ & * 2 %_ (Brake Application Profile )

(1)

(2)

3)

(4)

S ¢ T pE P Teew ©

Trewtls BF > 3B 4o B R o

3@‘ F’ ‘ZTEI IKJ?’]‘FL Tf_ﬁ% ﬁi#"lfﬁ ’ /?ELTFCW +1.2s F* ‘&C—v ’ Jﬁ’ﬁi
( gradient) 5 5 x D4 & 400mm/s( *r Z 3t 200ms p iF FlEF =
B D422 HaR o e FfTL 400mm/s) 0 B i E o

AR R RT a4 B > % - Pemdk (second-order
filtering ) » # Jt #7 % 20 = 100Hz
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Hz (online) as appropriate.

«Switch to force control with a desired value of F4 when

1. the value D4 as defined in B.3 is exceeded for the first time,
i1. the force F4 as defined in B.3 is exceeded for the first time,

whichever is reached first.

eThe point in time where position control is switched to force control

is noted as Tgwitch.

eMaintain the force within boundaries of F4 + 25% F4. A stable force
level should be achieved within a period of 200 ms maximum after
the start of force control. Additional disturbances of the force over +
25% F4 due to further AEB interventions are allowed, as long as

they have a duration of less than 200ms.

eThe average value of the force between Trcw + 1.4s and the end of
the test should be in the range of F4 = 10 N.

(5) »TiupFaEiE pEE L F42 4 o4

(A) 5 =48 3.10.9.3 T %2 D4 =41

&
(B) # %42i%3.1093 2 %2 F4+ £ &

b

Mk A2 iR LR .

(6) AT HIER~rd]d 2 FRES T

switch__ °

(7) BAediil?

2_t5 o J o] 3t 200ms 2. BF R i DA T2 £

£
£

dRao b BB iadEh FA425% F4 2 PLE N > R F] R A K

J
gﬁmfﬁ,ﬁﬁi > AZiE+L25%F4 > » FHEERF AT
200ms ¥ g 3 ER

(8) Trewtlds T sk d2 FL354 § %

t F4 10N §# Bl -

44




21 4 FE(AOP)=RAE 2165 £ 52 o202 3§ sim s

W/ p g 33T T-NCAPif ~ ¥ %
7.ASSESSMENT OF AEB CITY SYSTEMS 2.1.6 ¥ ,f FHB P2 F kTR
7.1 Introduction L i

For the assessment of AEB City systems, two areas of assessment are

considered; the Autonomous Emergency Braking function and the

Human Machine Interface. The AEB function is assessed in one type

of scenario. At this stage the HMI operation is assessed in a general

way as scientific evidence regarding quality of warning is lacking.

7.2 Definitions 2.16.1 B &

Throughout this protocol the following terms are used: L it e e

Autonomous emergency braking (AEB) — braking that is applied 2.16.1.1 % 5 2 &£ d §f et % % (Autonomous emergency braking,
automatically by the vehicle in response to the detection of a likely AEB): S dg i IV i A T NT p#Hd > KRR
collision to reduce the vehicle speed and potentially avoid the DR AR E RS o

collision.

Car-to-Car Rear Stationary (CCRs) — a collision in which a vehicle  |2.1.6.1.2 # & # b -5 2 % ( Car-to-Car Rear Stationary,

travels forwards towards another stationary vehicle and the frontal CCRs) : l"fa‘g S fmAT FRBETEFLST S A fm
structure of the vehicle strikes the rear structure of the other. FRIm DA E PR B o
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Vehicle under test (VUT) — means the vehicle tested according to this
protocol with a pre-crash collision mitigation or avoidance system on
board.

Euro NCAP Vehicle Target (EVT) — means the vehicle target used in
this protocol as specified in Annex A of the AEB test protocol.

Vrel test — means the relative speed between the VUT and the EVT
by subtracting the velocity of the EVT from that of the VUT at the
start of test.

Vimpact — means the speed at which the VUT hits the EVT.

Vrel _impact — means the relative speed at which the VUT hits the
EVT by subtracting the velocity of the EVT from Vimpact at the time
of collision.

7.3 Preconditions for Scoring AEB City

AEB City points are awarded only when the Whiplash score for the
front seat is at least 1.5 points or “Good” (from section 6.3.1.2).

Additionally, full avoidance needs to be achieved for test speeds up to
and including 20 km/h.

2.1.6.1.3 £ 2% & §& (Vehicle under test, VUT ) : l"f:}ﬂ fe i B &
FiLig TR LA A AL T iRJp R T R TEKZ DG o

2.1.6.1.4 T-NCAP P # & (Euro NCAP Vehicle Target, EVT) —

B L d ff etk uiREk 2% (AEB test protocol)Z. 3.10.8 ¢

1
2 piRd o

2.1.6.1.5 ¥t B (Vrel test) - X kb fmr p £ & 2

Sp i R 0 P E 2 VLR B > X %D ik B
2 pHRIER

2.1.6.1.6 Fidg 38 B (Vimpaet) ' X % 8 $mALE P 18 (EVT)pF e

@R

2.1.6.1.7 gide 4p $F:¢ & (Vrel impact) @ % % & ipgide p £ 8

PeafpfiE B P E NI ARER RS P RS gy
2R e

2.1.6.2 AEB City 17 & e 3% if i2

Fo PR s R T CEI 1S A SCE” (% 2.1.53.1.2

§)o it RA KB R A S gt s 3
]

PPk F 2R 20kmh o RETIR > F LR
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7.4 Criteria and Scoring

7.4.1Human Machine Interface (HMI)

To be eligible for scoring points for HMI, the AEB system needs to be
default ON at the start of every journey.

When the prerequisite mentioned above is met, points can be achieved

for the following:

- Deactivating AEB system 2 points
De-activation of the AEB system should not be possible with a

single push on a button.

7.4.2 Autonomous Emergency Braking (AEB)

For the AEB function tests, the assessment criteria used is the relative
impact speed Vrel impact. The available points per test speed are
awarded based on the relative speed reduction achieved at every test
speed. Where there is no full avoidance a linear interpolation is

applied to calculate the score for every single test speed.

Score test speea=((Vrel _test—Vrel impact)/Vrel test)xpointsiest

speed

2.1.6.3 ik g1 2w

2.1.6.3.1 ~ # 4 % (Human Machine Interface - HMI)
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2.1.6.3.2 ?%‘,%i &g et kit (AEB)

B4 ABB 5 i fmh o % TS EOE DR i R

(Vrel impact) - & @25 ¥ R ZLAp R T 7 4 A 1345 4p
$HE R o FEEET] R D W LA o PIE BE -
CE T e I

B o psuen= (GERAPIE R — BR4E AP 338 & )34 5% 40 ¥ 1%

) X Bsman
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The points available for the different test speeds for CCRs are detailed|#

in the table below:

Test speed Pointstest speed
10 km/h 1.000
15 km/h 2.000
20 km/h 2.000
25 km/h 2.000
30 km/h 2.000
35 km/h 2.000
40 km/h 1.000
45 km/h 1.000
50 km/h 1.000
Total 14.000

7.4.3 Total Score

The scoring is based on normalized scores of the AEB function. The
test results are used to calculate a normalised AEB score. This results
in a single percentage for AEB. The HMI score is the normalised

score of the points achieved under section 7.4.1.

The total score in points is the weighted sum of the AEB score and

HMI score as shown below.

R O
10 km/h 1.000
15 km/h 2.000
20 km/h 2.000
25 km/h 2.000
30 km/h 2.000
35 km/h 2.000
40 km/h 1.000
45 km/h 1.000
50 km/h 1.000
B 14.000

2.1.63.3 44

S ik AEBBH i cnd fi it A ke B Y 2B E R E F A

it AEB » #&-AEB 2% 5 3 &~ ‘" i - HMI & #i% 2.1.6.3.1

i 7 fi 1 A e o

VS P I STV SRS S S W T TR

1
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X

AEB City total score=(AEB score x 2.5)+(HMI score x 0.5)

Scoring Example of AEB City system:

a ) AEB test results.

Test Pointstest | Vrel Scoretest
speed speed impact | speed
10 km/h | 1.000 0 km/h 1.000

15km/h | 2.000 0 km/h 2.000

20km/h | 2.000 0 km/h 2.000

25 km/h | 2.000 0 km/h 2.000
30km/h | 2. 00 10km/h | 1.333

35km/h | 2.000 25km/h | 0.571

40 km/h | 1.000 35km/h | 0.125

45km/h | 1.000 - 0.000
50 km/h | 1.000 - 0.000
Total 14.000 9.029

Normalised score 64.5%

b) HMI score. The system is always ON and could not be switched
OFF. The HMI score = 100%.

quals: 2.5x64.5% + 0.5x100% = 2.113 points.

) 4 4 fmh s B R ks N (R 4 & S pd % 4k 4B N
i %lq’_ﬁ’l ﬁgl’iﬁ Fe ot SR A —(,‘Jf: %‘%TE' glﬁ»ﬁ"l’ S SLiw A

X25)H(A 5 4 5 17 4 x0.5)

AEB City f53#4 # b

(1) AEB 5% %%

PR R | A Hewan | AP | (T A smun
i# R

10 km/h | 1.000 0 km/h 1.000

15km/h | 2.000 0 km/h 2.000

20km/h | 2.000 0 km/h 2.000

25 km/h | 2.000 0 km/h 2.000

30km/h | 2.000 10km/h | 1.333

35km/h | 2.000 25km/h | 0.571

40 km/h | 1.000 35km/h | 0.125

45km/h | 1.000 - 0.000

50 km/h | 1.000 - 0.000
R 14.000 9.029
LR URARAS 3 64.5%

c) AEB City total score. Applying the formula above, the total score e

(2) HMI Afco jafrfafs (@ -2 aitos TH

F o HMI & #=100% -

(3) AEBCity 84 o 4% b= 428 > o 50
2.5%64.5% + 0.5x100% = 2.113 4
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5. ASSESSMENT OF AEB INTER-URBAN SYSTEMS
5.1 Introduction

AEB Inter-Urban systems are AEB systems that are designed to work
at speeds typical for driving outside of the city environment, for
example on urban roads or highways. For the assessment of AEB
Inter-Urban systems, three areas of assessment are considered: the
Autonomous Emergency Braking function, Forward Collision
Warning function and the Human Machine Interface (HMI). The AEB
function is assessed in two different types of scenarios, while the
FCW function is scored separately and assessed in three different
types of scenarios. The FCW function is only considered when the

system provides dynamic brake support.

At this stage the HMI operation is verified in a general way as
scientific evidence regarding quality of warning is lacking. The
current emphasis in the assessment of AEB Inter-Urban lies on the
AEB function. It is expected that the requirements will be updated in

the future when more real-life evidence is available.

2 Poid i B A TR

> T~F

%, 4L Jai—
zv—é’r _#»nl,,J n .L
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5.2 Definitions

Throughout this protocol the following terms are used:

Autonomous emergency braking (AEB) — braking that is applied
automatically by the vehicle in response to the detection of a likely
collision to reduce the vehicle speed and potentially avoid the

collision.

Forward Collision Warning (FCW) — an audiovisual warning that is
provided automatically by the vehicle in response the detection of a
likely collision to alert the driver.

Dynamic Brake Support (DBS) — a system that further amplifies the
driver braking demand in response to the detection of a likely
collision to achieve a greater deceleration than would otherwise be

achieved for the braking demand in normal driving conditions.

Car-to-Car Rear Stationary (CCRs) — a collision in which a vehicle
travels forwards towards another stationary vehicle and the frontal
structure of the vehicle strikes the rear structure of the other.

Car-to-Car Rear Moving (CCRm) — a collision in which a vehicle
travels forwards towards another vehicle that is travelling at constant
speed and the frontal structure of the vehicle strikes the rear structure
of the other.

243.1 L3 ¥E &

WLt 2 J 4 oy & ) T -
: :

14 =F T vr >

2.43.1.1 B-J%‘ £ 4@ #es % ¥u (Autonomous emergency braking,
AEB): 24w RV B4 BTN T p LD o Rz D

DR L Sl s s R e

24.3.1.2 % > pifg 3 & % % (Forward Collision Warning,

FCW): # i PRI 7 e F A R FERT » 5 T Er FR A

pE N2 AR EL G5 -

2.4.3.1.3 # it £t @ #f p4 % 35 (Dynamic Brake Support, DBS) :

P U EU A N Sl s % i A A A T (A s

o HFLTEER TR A R R o

243.1.4 % & # . 8 3% (Car-to-Car Rear Stationary,

CCRs): fadpts > S dmim (TR BITHE L > S dmo v
AP w2 D AR d w2 Bk o

2.43.1.5 % & # & 5 #5% (Car-to-Car Rear Moving,

CCRm): %3575~ @ dm/is AR BT 5 TR AR 2 T

2
A

G AE P R R DR R TR §H2 B

E o
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Car-to-Car Rear Braking (CCRb) — a collision in which a vehicle
travels forwards towards another vehicle that is travelling at constant
speed and then decelerates, and the frontal structure of the vehicle

strikes the rear structure of the other.

Vrel test — means the relative speed between the VUT and the EVT
by subtracting the velocity of the EVT from that of the VUT at the
start of test

Vimpact — means the speed at which the VUT hits the EVT

Vrel impact — means the relative speed at which the VUT hits the

EVT by subtracting the velocity of the EVT from Vimpact at the time

of collision

5.3 Criteria and Scoring

5.3.1 To be eligible for scoring points in AEB Inter-Urban, the AEB
and/or FCW system must operate up to speeds of at least 80 km/h.

24.3.1.6 % @ & §5 2% (Car-to-Car Rear Braking,

CCRb): fadpts> B ipis FRBITANEIERFR A
Sz w > dgm ¥ (TR 2 Dl R D e @

R o

24317 3% B (Vi test) ! X% §522 p £ 8 2 F e

PR P E N L SR R B R
’]Lr___ —»‘§]§ °

243.1.8 Eﬁ‘ﬁ;i fi (Vimnact) : é '56; iﬁ;’;py #L f 1&;“ (EVT)EE*‘:m

@R

243.19 s Ap i B (V. impact) : £ 5% & dmpde p £ 8

PoptE R RGN AaRE RS P RS B
2 ik R e

2432 R B 88 L

24321&,»%76#’947:} 1§l€ /J /L»FI‘—17 Av\’?’%%%:q'ﬁ

1
oEs “«J [eem > R FRE KA B BT U E ] 80
km/h °
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5.3.2 Human Machine Interface (HMI)

5.3.2.1 To be eligible for scoring points for HMI, the AEB and/or
FCW function needs to be default ON at the start of every journey and
the warning of the FCW system (if applicable) needs to be loud and

clear.

5.3.2.2 When these prerequisites are met, HMI points can be achieved
for the following:

eDeactivating AEB and/or FCW system 2 points
De-activation of the AEB and/or FCW system should not be possible

with a single push on a button.

eSupplementary warning for the FCW system 1 point
In addition to the required audiovisual warning, a more sophisticated
warning like head-up display, belt jerk, brake jerk or any other
haptic feedback is awarded.

NOTE: The supplementary warning point is not applicable to AEB

only systems

eReversible pre-tensioning of the belt in the pre-crash phase 1 point
When the system detects a critical situation that can possibly lead to

a crash, the belt can already be pre-tensioned to prepare for the

24322 A 14 5

243221 A 5 B2 B0 0 F ki B gepE o R A 4B
]
ﬁpl’ B[S ’“’”F“*L*F'grﬂ “°~;?T~/§ B 5 TR

243222 F £ Vil w2 A A G F A R4

(1) MBEELS ot jset/80 g ﬁﬁ%ﬂ:‘s

?X—?:‘l?'ﬁ ﬁ»pl, < A E /E\‘ avl'—5£ﬂ#i_‘3

=

“W%
<
N
g

BTRP -

(2) R IFE Lo e ER

1 &

BRI ST o F ] RARET I A A E

FrHRH HIRRAERAE LS TE R

A i

/

SR W ES @A G EG

> Y % 2,
FHA ez ko

Q) T2 X >FIFLLEE 14

}a;@mw?ﬁéﬁwaaﬁ

;PV/‘:E"—‘:.%%

m

ﬁﬁ‘f U F ;;4@4&;“%10
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oncoming impact.

5.3.2.3 The HMI score is calculated by dividing the points achieved
by 4.

5.3.3 Autonomous Emergency Braking (AEB) / Forward Collision
Warning (FCW)

5.3.3.1 For both AEB and FCW system tests, the assessment criteria
used is the relative impact speed Vrel impact. The available points
per test speed are awarded based on the relative speed reduction
achieved at every test speed. Where there is no full avoidance a lineair
interpolation is applied to calculate the score for every single test
speed. For CCRb scenarios, the relative test speed is assumed equal to

the initial test speed.

Score test speed = (Vtest — Vimpact)/Vtest) x pointStest speed

The maximum points available for the different test speeds for CCRs,
CCRm and CCRbD are detailed in the table below:

243223 A MG B A F,/TT 4 e

24323 R LA et KAR /A mRIEE kAL

1

zmmalgéﬁéﬁyﬁﬁﬁﬁ%&ﬁﬁgﬁﬁiﬁﬁﬁ

PlAAEIRHER - - FHE R 7@k HZ2F

P
AR BT AR RE LS o B WA A B
AP RIFEF T T - FHER2 FL o

Voo B AR R R B A AR R R o

E o wmen = (GRHAPSTE R —mB AR R ) / #5405

#FAE ) X A B

HAFFRER T BB R RRE D LD R
S 2 BB A Bcke T & etT
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Test B WAL | EHENE | DD LS F
CCRs CCRm CCRD
speed #E R B A% B B %
AEB FCW AEB FCW AEB FCW AEB FCW AEB FCW AEB FCW

30 km/h - 2.000 1.000 - - - 30 km/h - 2.000 1.000 - - -

35 km/h - 2.000 1.000 - - - 35 km/h - 2.000 1.000 - - -

40 km/h - 2.000 1.000 - - - 40 km/h - 2.000 1.000 - - -

45km/h - 2.000 1.000 - - - 45km/h - 2.000 1.000 - - -

50 km/h - 3.000 1.000 1.000 4x 1.000 | 4x1.000 50 km/h - 3.000 1.000 1.000 4x1.000 | 4x1.000

55 km/h - 2.000 1.000 1.000 - - 55 km/h - 2.000 1.000 1.000 - -

60 km/h - 1.000 1.000 1.000 - - 60 km/h - 1.000 1.000 1.000 - -

65 km/h - 1.000 2.000 2.000 - - 65 km/h - 1.000 2.000 2.000 - -

70 km/h - 1.000 2.000 2.000 - - 70 km/h - 1.000 2.000 2.000 - -

75 km/h - 1.000 - 2.000 - - 75 km/h - 1.000 - 2.000 - -

80 km/h 1.000 - 2.000 - - 80 km/h 1.000 - 2.000 - -

Total - 18.000 | 11.000 | 11.000 | 4.000 | 4.000 K - 18.000 | 11.000 | 11.000 | 4.000 | 4.000
5.3.3.2 The scoring is based on normalized scores of the AEB and 2432323453 N5 0k :}ﬁ;j‘f FLB e i e S mRIE
FCW functions. For combined systems, AEB only and FCW only B Aop w2 ¥t slice 2 5 FEL R~ 3 j'l%‘ £ 4ird
respectively, the score calculation is detailed in separate sections eSS R RTEE K e e

below.
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*AEB + FCW (combined) (1) BEgdpet it v > mRERE N (FE)

For each scenario (CCRs, CCRm and CCRb) normalised scores are |~ %3+ &
calculated for AEB and FCW separately where available. The total B (

e
AEB and FCW scores are calculated by averaging the scenario scores. (drig * ) B & 4

This results in two separate percentages for AEB and FCW. = &
’"E AN
*AEB only Q) B3 B&ispfes in
1

For systems that only offer the AEB function, the results of tests at all | %
Fh ) 2 Rk

speeds (covering AEB and FCW) are used to calculate separate 23 ;
normalised AEB and FCW scores for each scenario. Where AEB and Rl Al A2 RBERE R

[N
1%
_%
FCW test speeds are overlapping, the test result of AEB is duplicated | F¥ >
i
&

for FCW. The total AEB and FCW scores are calculated by averaging

the scenario scores. This results in two separate percentages for AEB

AR LT AL R AT LK R B A (f
T
AP «
el
4
no
a
=
o

and FCW.

*FCW onl 3) 3w EREREE LK

For systems that only offer the FCW (with brake support) function, | ##% f- > s & k50 (g 40 §fer) # o F - 1t
the test results are used to calculate a normalised score for each FCW | B B 2. F5% S5 50 2 w5 2 pfe 3p & L A5 38
scenario. The total FCW score is calculated by averaging the scenario | &2 % & i* & #ic o % = midg 35 & % b2 B0 A 5 2 58
scores. This results in a single percentage for FCW, where the AEB Sei@ a2 Tia. HER MEED S mBEIPE L2 7 A
score is set to 0%. s s % WL s K @AR L 0%

1
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5.3.4 Total AEB Inter-Urban Score

score and HMI score as shown below.

1.0)+(HMI score x 0.5)

Example of a combined AEB + FCW system

a) AEB function test results in CCRm scenario.

Vtest Vrel Points | Vimpa | Vrel Score
test test speed ct impact test speed
30km/h | 10km/h 1.000 Okm/h Okm/h 1.000

35km/h | 15km/h 1.000 Okm/h Okm/h 1.000

40 km/h | 20km/h 1.000 Okm/h Okm/h 1.000

45km/h 25km/h 1.000 Okm/h Okm/h 1.000

50km/h | 30km/h 1.000 30km/h 10km/h 0.667

55km/h | 35km/h 1.000 45km/h 25km/h 0.286

60 km/h | 40km/h 1.000 55km/h 35km/h 0.125

65km/h | 45km/h | 2.000 - - 0.000

70km/h | 50km/h | 2.000 - - 0.000

Total 11.000 5.078
Normalised score (AEB) 46.2%

The total score in points is the weighted sum of the AEB score, FCW

AEB Inter Urban total score=(AEB score x 1.5)+(FCW score x

2.43.2.4 ?‘;fvl‘u ,:’T_g’ ﬁ’g%i.}i_si{é’ ;,,,,? “fu“,,—\}%gl;;\
1
A ’bi‘g/? i %gl”\i%t’}'gl‘,,&‘f\? » Jr T HToR o

i Aot pRIPE AL
(1) =2 BEFRFHR 2 Bif‘ R Bl ) g

W | @k | Al | AEE | B | F AR
3 ik & it & B ik R %t
30 km/h 10km/h 1.000 Okm/h Okm/h 1.000
35km/h | 15km/h | 1.000 Okm/h Okm/h 1.000
40 km/h | 20km/h | 1.000 Okm/h Okm/h 1.000
45km/h | 25km/h | 1.000 Okm/h 0km/h 1.000
50km/h | 30km/h | 1.000 30km/h | 10km/h | 0.667
55km/h | 35km/h | 1.000 45km/h | 25km/h | 0.286
60km/h | 40km/h | 1.000 55km/h | 35km/h | 0.125
65km/h | 45km/h | 2.000 - - 0.000
70km/h | 50km/h | 2.000 - - 0.000
Total 11.000 5.078
A PRLIAE ;3 (I}T‘%ZTE #JF“E‘? Je ) 46.2%
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AEB function test results in CCRb scenario.

Points Vrel Scoretest
Test Vimpact .

test speed impact speed
50 km/h, | 1.000 0 km/h Okm/h 1.000
12m,
2m/s®
50 km/h, | 1.000 20 km/h 20km/h 0.600
12m,
6m/s>
50 km/h, | 1.000 25 km/h 25km/h 0.500
40m,
2m/s?
50 km/h, | 1.000 20 km/h 20km/h 0.600
40m,
6m/s>
Total 4.000 2.700

Normalised score (AEB) 67.5%

b)FCW function (assumed normalized scores for this example).

eNormalized score in CCRs scenario: 84.7%

eNormalized score in CCRm scenario: 76.4%
eNormalized score in CCRb scenario: 100.0%
The FCW score is 87.0% (average).

2 3TT-NCAPiE~ ¥ %

BE KRR L RAKI WS L RREY

A s J&#i#ﬁ | B A s
R R R
R # R @R
50 knvh, | 1.000 0 km/h Okm/h 1.000
12m,
2m/s*
50 knvh, | 1.000 20km/h | 20kmvh | 0.600
12m,
6m/s*
50 knvh, | 1.000 25km/h | 25kmvh | 0.500
40m,
2m/s*
50 knvh, | 1.000 20 mh | 20kmvh | 0.600
40m,
6m/s*
Total 4.000 2.700
S TRLAE < ¢ %f‘\, Eghes 67.5%

(2) B ARFE AL (RR T o5 F A %)
(A) 72§50 FB sk F LA Bk 84.7%
B) m & BFTHFEHRL T A A H:T76.4%
(C) =n 8 L& B %2 ¥ &t~ % 100.0%
ORI E XA s 87.0% (T 3)
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Example of AEB only system

eNormalized score in CCRm scenario: 46.2%
eNormalized score in CCRb scenario: 67.5%
The AEB score is 56.9% (average).

c) HMI operation. Prerequisites are not met: the system can be
switched OFF with a single button. HMI score is 0%.

d) AEB Inter-Urban total score. Applying the above formula renders:
1.5%56.9% + 1.0x87.0% + 0.5x0% = 1.724 points (out of 3 points)

Gl

=1

() 24

iTo %\f“’ gu;}‘fhp}: [ [#jﬁé éﬂ'qﬁrﬁg gg % ‘fu °

=1
e

A

T 5 0%

M)%wﬁﬁﬁyi%ﬂﬁ%ﬁ‘hm9°ﬂﬁiﬁ%ﬁﬁ

e oL 1.5x

56.9%+ 1.0x 87.0% + 0.5x

0% =1.724 » (&

L3k

a) AEB function (normalized AEB scores as in above example).

b) AEB test results for FCW function assessment in CCRs scenario.

(1) %‘u%;g_—g’ i}ﬁ’E“:ﬂé‘E <’#;:@IL %X‘ ?’Tﬁﬁ’ JL/,; ﬁ,{ﬂ—:' EN
] 1
il DL
(A) 58 #dsiesks ¥ {1 A 462%
(B) # & L3 %2 FE A8 67.5%

A B B G 56.9% (L) e

Btz B EED #e L

HIRER A ¥

RALAPHE | 4w

@R A

30 kmv/h, | 2.000

0 km/h 0 km/h 2.000

35 kmv/h, | 2.000

0 km/h 0 km/h 2.000

40 knmv/h, | 2.000

0 km/h 0 km/h 2.000

45 knmv/h, | 2.000

0 km/h 0 km/h 2.000

Test Points Vrel Scoretest
Vimpact

speed test speed impact speed
30 km/h, | 2.000 0 km/h 0 km/h 2.000
35 kmv/h, | 2.000 0 km/h 0 km/h 2.000
40 kmv/h, | 2.000 0 km/h 0 km/h 2.000
45 knmv/h, | 2.000 0 km/h 0 km/h 2.000
50 km/h, | 2.000 10 km/h 10 km/h | 2.400
55 km/h, | 2.000 25km/h | 25 km/h 1.091

50 km/h, | 2.000

10 km/h 10 km/h 2.400

55 km/h, | 2.000

25 km/h 25 km/h 1.091
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60 km/h, | 1.000 35km/h | 35km/h | 0.417

65 km/h, | 1.000 - - 0.000

70 km/h, | 1.000 - - 0.000

75 km/h, | 1.000 - - 0.000

80 km/h, | 1.000 - - 0.000

Total 18.000 - - 11.908
Normalised score 66.2%

AEB test results for FCW function assessment in CCRm scenario.

Test Points Vrel Scoreest
Vimpact
speed test speed impact speed
50 km/h, | 1.000 30 km/h 10 km/h | 0.667
55 km/h, | 1.000 45km/h | 25km/h | 0.286
60 km/h, | 1.000 55km/h | 35km/h | 0.125
65 km/h, | 2.000 - - 0.000
70 km/h, | 2.000 - - 0.000
75 km/h, | 2.000 - - 0.000
80 km/h, | 2.000 - - 0.000
Total 11.000 - - 1.078
Normalised score 9.8%

60 kmv/h, | 1.000 35km/h | 35km/h | 0.417
65 kmv/h, | 1.000 - - 0.000
70 km/h, | 1.000 - - 0.000
75 km/h, | 1.000 - - 0.000
80 km/h, | 1.000 - - 0.000
Total 18.000 - - 11.908
L URARA 3 66.2%
DREFBRRZ RELD W RS E Y M w S AL
,ﬁjﬁ B L SLr PJ’—EJE
W iR o B AR | T A e
R i B
50 km/h, | 1.000 30km/h | 10km/h | 0.667
55km/h, | 1.000 45km/h | 25km/h | 0.286
60 kmv/h, | 1.000 55km/h | 35km/h | 0.125
65 kmv/h, | 2.000 - - 0.000
70 kmv/h, | 2.000 - - 0.000
75 km/h, | 2.000 - - 0.000
80 km/h, | 2.000 - - 0.000
K 11.000 - - 1.078
EIF CRAIAS 3 9.8%

AEB test results for FCW function assessment in CCRb scenario.

"t B4 ‘\ wupé,f’;ﬁ ‘J'% LA T ETY
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Test Points Vrel Scoretest
Vimpact

speed test speed impact speed
50 km/h, | 1.000 0 km/h 0 km/h 1.000
12m,
2m/s®
50 km/h, | 1.000 20 km/h 20 km/h 0.600
12m,
2m/s®
50 km/h, | 1.000 25 km/h 25 km/h 0.500
12m,
2m/s
50 km/h, | 1.000 20 km/h 20 km/h | 0.600
12m,
2m/s
Total 4.000 2.700

Normalised score 67.5%

Combining the results of all scenarios, the FCW score is 47.8%

(average).

¢) HMI operation. Prerequisites are not met: the system can be
switched OFF with a single button. HMI score is 0%.

E A o : T A iE AR AP R

B @R i3 i R #R
50 km/h, | 1.000 0 km/h 0 km/h 1.000
12m,
2m/s*
50 km/h, | 1.000 20km/h | 20km/h | 0.600
12m,
2m/s*
50 km/h, | 1.000 25km/h | 25km/h | 0.500
12m,
2m/s*
50 km/h, | 1.000 20km/h | 20km/h | 0.600
12m,
2m/s*
B 4,000 2.700

L TRARA 3 67.5%
40 ‘3)?-}):)1-—? ,E_iﬁ;égﬁ%;% i) Eg_:}’:‘i_??%r,:“ YL A 5 47.8% ( I
).
(B) AfpRGapire AP EHPGER: Ta- @IMP L5
A A m FA S 0%
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d) AEB Inter-Urban total score. Applying the above formula renders:
1.5%56.9% + 1.0x47.8% + 0.5x0% = 1.332 points (out of 3 points).

4) XEX
1

i N
L8 1 1.5%56.9% + 1.0 x 47.8% +0.5x0% = 1.332 (44
3
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2.DEFINITIONS

Throughout this protocol the following terms are used:

Peak Braking Coefficient (PBC) — the measure of tyre to road surface
friction based on the maximum deceleration of a rolling tyre,
measured using the American Society for Testing and Materials
(ASTM) E1136-10 (2010) standard reference test tyre, in accordance
with ASTM Method E 1337-90 (reapproved 1996), at a speed of
64.4km/h, without water delivery.

Autonomous emergency braking (AEB) — braking that is applied
automatically by the vehicle in response to the detection of a likely
collision to reduce the vehicle speed and potentially avoid the

collision.

3.11.1 ke

WL p > dJd o oy & ) T
LA T T v

3.11.1.1 §x B £ # 4 #ic (Peak Braking Coefficient, PBC) : 1335 /% #*

SRRV E NGRS AR > ABEGRY 2R
§l r}-'«ﬂfﬁé%ﬁw € ( American Society for Testing and Materials,
ASTM) E1136-10 (2010) ## 25 @2 0 ¥ & & 2 B4 {ois
25 ¢ E1337-90 (1996 & & 747 )ifse > 2 » M P i 64.4km/h
RGP R Nk Th et 2 AR s T L
2= 16251 AR E2 32 -

3.11.1.2 % £ £t & #f v+ % %2 (Autonomous emergency braking,

1
AEB): B dmid p|F|F me 2 BT p d20d > R D fmp
RS S WA X S

o
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Forward Collision Warning (FCW) — an audiovisual warning that is
provided automatically by the vehicle in response to the detection of a

likely collision to alert the driver.

Vehicle width — the widest point of the vehicle ignoring the rear-view
mirrors, side marker lamps, tyre pressure indicators, direction
indicator lamps, position lamps, flexible mud-guards and the
deflected part of the tyre side-walls immediately above the point of

contact with the ground.

Car-to-VRU Farside Adult (CVFA) — a collision in which a vehicle
travels forwards towards an adult pedestrian crossing it's path running
from the farside and the frontal structure of the vehicle strikes the
pedestrian at 50% of the vehicle's width when no braking action is

applied.

Car-to-VRU Nearside Adult (CVNA-25) — a collision in which a
vehicle travels forwards towards an adult pedestrian crossing it's path
walking from the nearside and the frontal structure of the vehicle
strikes the pedestrian at 25% of the vehicles width when no braking

action is applied.

Car-to-VRU Nearside Adult (CVNA-75) — a collision in which a
vehicle travels forwards towards an adult pedestrian crossing it's path

walking from the nearside and the frontal structure of the vehicle

3.11.1.3 7 = pidg 37 & % 4 (Forward Collision Warning, FCW) |

R F A F A EREERT » ST E TR pRF D2
REELCH -

3.11.14 # §5 % & (Vehicle width) © & §@& ~ 5 & 7 & 35 {8 R4

B s A RBBIERE S e B B R S H N IER

B e G R BEL P22 @ ra kR (side-wall ) B R 2RA o

3.01.1.5 s xg = A pide (8 3#5% 50% (Car-to-VRU Farside Adult,

CVFA) éiﬁf’ryﬁﬂé}’gw’% Fg\./\fﬁ/\ﬁjvﬂlﬁaﬁgﬁ,\ﬁ ,{J_,

FALD > DRI FRERAZ S0 e mRE T AR -

3.11.1.6 i7#8 = A g dg B8 28 25% (Car-to-VRU Nearside Adult,

CVNA-25): & §m{7i8pF a0 > § & A (74 piTsh 4 B 5 ARH i

[ F KD o BgRE G KRT A2 25 A AR 4 2 o

3.01.1.7 37 x4 = A gitdg fr8t 3#5% 75% (Car-to-VRU Nearside Adult,
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strikes the pedestrian at 75% of the vehicles width when no braking

action is applied.

Car-to-VRU Nearside Child (CVNC) — a collision in which a vehicle
travels forwards towards a child pedestrian crossing it's path running
from behind and obstruction from the nearside and the frontal
structure of the vehicle strikes the pedestrian at 50% of the vehicle's

width when no braking action is applied

Vehicle under test (VUT) — means the vehicle tested according to this
protocol with a pre-crash collision mitigation or avoidance system on
board

Euro NCAP Pedestrian Target (EPTa) — means the adult pedestrian
target used in this protocol as specified in ANNEX A

Euro NCAP Child Target (EPTc) — means the child pedestrian target
used in this protocol as specified in ANNEX A

Time To Collision (TTC) — means the remaining time before the VUT
strikes the EPT, assuming that the VUT and EPT would continue to

travel with the speed it is travelling.

3.11.1.8 :7= 523 i 8 3% 50% (Car-to-VRU Nearside Child,

CVNC): B imi7i8pF > w2 3 23 7 X p 1T g2 153
ﬁaﬁg{—ﬂ&é;_’?%\!ra ) a_ﬁ:ﬁ;}’l_m%}iﬂk\ 4 50}%@%{“#&‘

11/\7‘]‘%'-)1;!?"0

3.11.1.9 % 2 # §® (Vehicle under test, VUT ) : 45 fie & % 5 £ 48 2

DAL b 5o ik R (T2 D g -

3.11.1.10 T-NCAP P &= £« 7 X (Euro NCAP Pedestrian Target,

EPTa):3.11.7 & % 2. P & L {74 o

3.11.1.11 T-NCAP P #& 23 7 4 ( Euro NCAP Child Target,

EPTc):3.11.7 i * 2 p £ 523 (74 o

3.11.1.12 s FF R ( Time To Collision, TTC) : %’é%ﬁ" we PR
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Tags — means the time where the AEB system activates. Activation
time is determined by identifying the last data point where the filtered
acceleration signal is below -1 m/s’, and then going back to the point

in time where the acceleration first crossed -0.3 m/s’

Trcw — means the time where the audible warning of the FCW starts.

The starting point is determined by audible recognition

Vimpact — means the speed at which the profiled line around the front
end of the VUT coincides with the square box around the EPTa and
EPTc as shown in the figure below.

3.11.1.13 “i‘%,iﬁrﬁ e LI PR (Taps): AF BRI R

Y L E s - B S B BB MOl m/st Sl B
2wy ddeid B g 0id $1-0.3 m/s” hlicp g 0 72 R T

R PR R o

3.01.1.14 % = R B E L NI F R (Teew): &

_ﬂ_j’i’?ﬁgl .»u
ZEFET R R ’ffiizé%é”?%?a\ﬂﬁ‘—q EnF o

31115 48 38 B (Vimpaet) © X 5 & §m2. & g7 {57 5127 T-NCAP

P2 A 74 (EPTa) 2 p #1923 74 (EPTc) % BFlehg i
) g B P g B > do T BT o

3 REFERENCE SYSTEM

3.1 Convention

3.1.1 For both VUT and EVT use the convention specified in ISO
8855:1991 in which the x-axis points towards the front of the vehicle,

the y-axis towards the left and the z-axis upwards (right hand system),

3.01.2.11 £z # gmer p (7 4 % @ * 1SO 8855:1991 2 i plit {7

B f Hedp Rl E o P RY X phdpre 2 EF - Y fhipe B iR B
Zohpldne T (1A BB SR e M A
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with the origin at the most forward point on the centreline of the VUT

for dynamic data measurements as shown in Figure 1.

3.1.2 Viewed from the origin, roll, pitch and yaw rotate clockwise
around the x, y and z axes respectively. Longitudinal refers to the
component of the measurement along the x-axis, lateral the

component along the y-axis and vertical the component along the

z-axis.

3.1.3 This reference system should be used for both left and right

hand drive vehicles tested.

Vertical (z)

Pitch 8

Longitudinal {x) Lateral (y)

Figure 1: Coordinate system and notation

3.2 Lateral Offset
3.2.1 The lateral offset is determined as the lateral distance between

the centre of the front of the VUT when measured in parallel to the

e 4o 1 R o

311212 2 RhEhi P v > g & (roll) > P & (pitch) B2 H

4 (yaw) A S| VOEPEEEE S NEX b Y $hET Z b o B G ip
FXPhARIZ P Ko 50 FY phenipld 2 30 - L F v P

o % 7 $hiip|§ 2 5t o

2 A e <
3213 - F

e G )

Bl 1: ARk segrifoe

3.11.22 Bl# ki &

3.11.2.2.1 % i #% & (lateral offset) 2 = &% 2 X B & fmwm > ¢ & >

Hepd 22 s MPAT FRERFTEIRwIERFALE > 4o

5




Euro NCAP & =

T-NCAP#£ > ¥ %

intended straight lined path as shown in the figure below.

Lateral offset = Yyyr error

Yy error pedestrian path

S S I S
VUT path

Figure 2: Lateral offset

3.3 Profiles for impact speed determination

3.3.1 A virtual profiled line is defined around the front end of the
VUT. This line is defined by straight line segments connecting seven
points that are equally distributed over the vehicle width minus 50mm
on each side. The theoretical x,y coordinates are provided by the
OEMs and verified by the test laboratory.

P e

% £

s g]b"—i—ﬁ o

=Yvuri#F£
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50 mm 50 mm
20MM . i, ALLLL

Vehicle width

— e

4
Figure 3: Virtual profiled line around vehicle front end

3.3.2 Around the EPT a virtual square box is defined which is used to
determine the impact speed. The dimensions of this virtual box are

shown in Figure 4 below.

Figure 4: Virtual box dimensions around EPTa and EPTc

50 mm 50 mm
- -

31232 PEFA BRI T RIS S350 % KPP ER o

PR > A52 % Ao Rl 4 TF o

240 mm —= . !—- 360 mm

B #Z s AT A .
B4: P AFAEPETT FAFF2Z REEE A%
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4 MEASURING EQUIPMENT

4.1.1 Sample and record all dynamic data at a frequency of at least
100Hz. Synchronise using the DGPS time stamp the EPT data with

that of the VUT.

4.2 Measurements and Variables

4.2.1 Time

eToequals TTC =4s

oTAgB, time where AEB activates
oTrcw, time where FCW activates
Timpact, time where VUT impacts EPT
4.2.2 Position of the VUT during the
entire test

4.2.3 Position of the EPT during the
entire test

4.2.4 Speed of the VUT during the entire
test

*Vimpact, Speed when VUT impacts EPT

4.2.5 Speed of the EPT during the entire
test

4.2.6 Yaw velocity of the VUT during
the entire test

4.2.7 Longitudinal acceleration of the
VUT during the entire test

T

To
TaeB
Trcw
Timpact
Xvur,

Yvur
YEepr

Vyur

Vimpact

VEpT

¥ vur

AVUT

3.113 & iplpe ik

30131 #73 & A Hedp 2 $R R 2 e 48E 7 15 M3 100HZz - & % £

A TR T s SApE R 2 (DGPS time stamp ) #-p £ 7 A #cdh

B8R R o

3.11.32 & Bl % #c

3.11.32.1FF &

(1) ToZE > aRpFF=4s

(2) BALD Bk IR PR
(3) = AT E & AR R
4) %D iwamfp A2 PR
311322 5% 6427 £ 5% D fgz =B

311323 7% PR{7 A2 =%

311324385 E42 7 X% B §m2 i# &

(1) iR %D jmpf p i 4

T

To
Taes
Trcew
Timpact
Xvur
Yvur

XEPT

Vvur

Vimnact

T2 R
3.11.3.2.5 #&EAY PiRiT A2 3R

3.11.3.2.6 F5%iEALY %5 w2 B
3.11.3.2.7 #%iERY £5% 5 K2 5
deit

XEPT

Yyvur
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4.2.8 Steering wheel velocity of the VUT  Qyyur
during the entire test

4.3 Measuring Equipment

4.3.1 Equip the VUT and EVT with data measurement and acquisition

equipment to sample and record data with an accuracy of at least:

*VUT speed to 0.1km/h;
*EPT speed to 0.01km/h;

«VUT lateral and longitudinal position to 0.03m ;

*EPT lateral position to 0.03m ;

*VUT yaw rate to 0.1°s;

«VUT longitudinal acceleration to 0.1m/s’;
*VUT steering wheel velocity to 1.0 °/s.

4.4 Data Filtering

4.4.1 Filter the measured data as follows:

4.4.1.1 Position and speed are not filtered and are used in their raw
state.

4.4.1.2 Acceleration with a 12-pole phaseless Butterworth filter with a
cut off frequency of 10Hz.

3.11.3.2.8 A2 ® X% b w2 > % Quur
P E

31133 £ plfe df M &

3.01.33.1 £ d fmer p R (7 * e & Bcip & RSB R E e - ¥ 1

2 by 0 HHFER B HE 407 ¢

(1) £5%9 fm# A :0.1km/h

(2) PH#EFA#AE ¢ 0.0lkmh

() £H%Piw2 e 2 4id =% ¢ 0.03m
4 PHEFAFHE  003m

(5) 2s%dmEEEtER T 0.1%

(6) 2D fmiie s R 0 0.1m/s’

(7) %58 4p> widg @ 1.0°s

3.11.3.4 5 itk

3.11.3.4.1 3L ™ 7| B B8 97 8 Bcdh e 7Rk ¢

3013411 =¥ B R 2 mik 0 B4 * Risdkdy o

3.11.3.4.1.2 4vig B : d 12-pole phaseless ¥ 4% 275 4 B

(Butterworth filter) 2 10Hz 2_ # it #f & 8 (7t ©
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4.4.1.3 Yaw rate with a 12-pole phaseless Butterworth filter with a cut
off frequency of 10Hz.

3.11.34.13 # 4 :% & - d 12-pole phaseless © 4% 2rm it B

(Butterworth filter) 2 10Hz 2_ # it #f & 8 (7 ©

5. EURO NCAP PEDESTRIAN TARGET
5.1 Specification

5.1.1 Conduct the tests in this protocol using the Euro NCAP
Pedestrian Target (EPTa and EPTc) dressed in a black shirt and blue
trousers, as shown in Figure 5 below. The EPT replicates the visual,
radar, LIDAR and PMD attributes of a typical pedestrian, and is
impactable at differential speeds up to 60km/h without causing
significant damage to the VUT or EPT.

"
'

Figure 5: Euro NCAP Pedestrian Targets (EPTa and EPTc)

3.11.4 T-NCAP p {& {7 4

3.11.4.1

3141187 %P FiR* %2 V2 Fd £4E2 T-NCAP

4
PHEFA (PHRFAFALIEETEFTA ) 4ol S 77 o B
FABHE - S FA2 AR ~ 5~ kd (LIDAR) & PMD #
Mo AR idE R E60kmh M TR B £ N X fEa P
7 A BEdE -

¥,

BlS:TNCAP P54 (P X{FALAEET FA)
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5.1.2 To ensure repeatable results the propulsion system and EPT

must meet the requirements as detailed in ANNEX A.

5.1.3 The EPT is designed to work with the following types of

SENSors:

eRadar (24 and 77 GHz)

«[LIDAR

eCamera

«PMD

When a manufacturer believes that the EVT is not suitable for another
type of sensor system used by the VUT but not listed above, the

manufacturer is asked to contact the Euro NCAP Secretariat.

311412 2 e ieifdsh 2% 2 LM M AMRBPEFARSE
3H7%£°
311413 3% 22 PHEF A B P T 54 B p 2 .

(1) %3t (24 ¥ 77 GHz)
(2) %
(3) #H#EH
(4) PMD
4o @ iﬁi%;?ﬁa KB R R R N2 PR ke 7

TP AR AP PP gm % ¥ Bt TNCAP (7 155 4 -

6. TEST CONDITIONS
6.1 Test Track

6.1.1 Conduct tests on a dry (no visible moisture on the surface),
uniform, solid-paved surface with a consistent slope between level
and 1%. The test surface shall have a minimal peak braking
coefficient (PBC) of 0.9.

6.1.2 The surface must be paved and may not contain any
irregularities (e.g. large dips or cracks, manhole covers or reflective
studs) that may give rise to abnormal sensor measurements within a

lateral distance of 3.0m to either side of the test path and with a

3.11.5 3¢k g it

3.11.5.1 3¢k g B

31511 3Rk B ik GRS B EMAIF L2 kA ) T A

HEGRZ G HARBART T 1% F o B%E 6 2 &3
%xﬁuﬁﬁt<PBC)z@«%?§%?09o
3.01.5.1.2 385 B Jl & 4F 3B 6 0 3RS ELITA ] 3.0m P 2 3%

BAPELEHIfm 3 30mp > 283 ERFT i R pE R

B2 TR (b A A A EAE SRS
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longitudinal distance of 30m ahead of the VUT when the test ends.

6.1.3 The presence of lane markings is allowed. However testing may
only be conducted in an area where typical road markings depicting a
driving lane may not be parallel to the test path within 3.0m either
side. Lines or markings may cross the test path, but may not be
present in the area where AEB activation and/or braking after FCW is

expected.

6.2 Weather Conditions
6.2.1 Conduct tests in dry conditions with ambient temperature above
5°C and below 40°C.

6.2.2 No precipitation shall be falling and horizontal visibility at
ground level shall be greater than 1km. Wind speeds shall be below
10m/s to minimise EVT and VUT disturbance.

6.2.3 Natural ambient illumination must be homogenous in the test
area and in excess of 2000 lux for daylight testing with no strong
shadows cast across the test area other than those caused by the VUT
or EVT. Ensure testing is not performed driving towards, or away

from the sun when there is direct sunlight.

TG I FER o RA 0 RS ] 3.0m

3.11.5.1.3 s sk 5 ]

'lﬁ\lw’ﬁlm*“&é‘ —J@kﬁiﬁa‘;ﬂr :}HT@QEW ‘sﬂ?lli
RS 2 F €
W AR TR E R S ITE 1S 2 A0 o

31152 % g ix i

311521 2% B> kB ER 5°C 3 40°C B2 Gk kBB (7T o

31522 A P2 i 738% > " # s R T a0 LR K> 1km o

bk flr} > 10mys 12 e B iR 4 8D gR R AR T b
M o

3.11.5.2.3 5% % & P ,’ MEIDI PRI 0 9 X FRIPFRE LS
*v~“20001ux’£"‘,$ AR PR A2 AR 2By H
ERHALER®RE o fg‘s %”w#&ﬁéﬁ/’rﬂi FE i B PF 2. B 4%
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6.2.4 Measure and record the following parameters preferably at the
commencement of every single test or at least every 30 minutes:

a) Ambient temperature in °C;

b) Track Temperature in °C;

¢) Wind speed and direction in m/s;

d) Ambient illumination in Lux.

6.3 Surroundings

6.3.1 Conduct testing such that there are no other vehicles, highway
furniture, obstructions, other objects or persons protruding above the test
surface that may give rise to abnormal sensor measurements within a
lateral distance of 6.0m on the driver side and 4.0m on the passenger side
of the VUT test path, 1.0m around of the EPT and within a longitudinal
distance of 30m ahead of the VUT when the test ends (Figure 6).

6.3.2 Test areas where the VUT needs to pass under overhead signs,

bridges, gantries or other significant structures are not permitted.

o~
w
-~
b .4

6m 4m

Figure 6: Free surroundings
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6.3.3 The general view ahead and to either side of the test area shall
comprise of a wholly plain man made or natural environment (e.g.
further test surface, plain coloured fencing or hoardings, natural
vegetation or sky etc.) and must not comprise any highly reflective
surfaces or contain any vehicle-like silhouettes that may give rise to

abnormal sensor measurements.

6.4 VUT Preparation
6.4.1 AEB and FCW System Settings

6.4.1.1 Set any driver configurable elements of the AEB and/or FCW
system (e.g. the timing of the collision warning or the braking
application if present) to the middle setting or midpoint and then next

latest setting similar to the examples shown in Figure 7.

Settng 1 Setting 2
Early Setting 1 Setting 2 Setting 3 Late

Setting 1 Sefting 2 Setting 3 Setting 4

Figure 7: AEB and/or FCW system setting for testing

6.4.2 Deployable Pedestrian/VRU Protection Systems

3115333 % Feddfwr > 03 iz AARIT o HHz LgEgad
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T
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315418 £ 4d gt ki m 2 i 77 & k4t
1
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B 2k %EE (4o MR TR E R AL (RS T X%
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Pedestrian/VRU Protection Systems )
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When the vehicle is equipped with a deployable pedestrian/VRU
protection system, this system shall be deactivated before the testing

commences.

6.4.3 Tyres

Perform the testing with new original fitment tyres of the make,
model, size, speed and load rating as specified by the vehicle
manufacturer. It is permitted to change the tyres which are supplied
by the manufacturer or acquired at an official dealer representing the
manufacturer if those tyres are identical make, model, size, speed and
load rating to the original fitment. Inflate the tyres to the vehicle
manufacturer's recommended cold tyre inflation pressure(s). Use

inflation pressures corresponding to least loading normal condition.

Run-in tyres according to the tyre conditioning procedure specified in
7.1.3. After running-in maintain the run-in tyres in the same position

on the vehicle for the duration of the testing.
6.4.4 Wheel Alignment Measurement
The vehicle should be subject to a vehicle (in-line) geometry check to

record the wheel alignment set by the OEM. This should be done with
the vehicle in kerb weight.

b s fEhe B B T ABRE R Y F R A R R

T
B o IR

3.11.5.4.38: %>

Fé%}%,gﬁ émi_&;}ﬂ T 2 A 5 U R A iR ANEZ gu«g—;; 4 ;}EI

Bz 2 ATRGIRTS o RSP 0 T (P IRE H N NI TR
2 fte o TR EATOEIC R E R RCREEZ A5~ R R
LA il\"iﬁiﬁ‘bJ#pﬁ/{" Brihin i g 3 B dm¥E KR AN
JRoié % 2 BPLPSR D LB~ Ak g i};}k;&g;’?‘fi(leastloadmg
normal condition) Ap e o

% 3.11.6.13 &7 a B4 (run-in) B4 2 & 2 §HPa 0 B B R

%A RAE D iRl 2 E o

3.11.5.4.4 & #5 7 i~ p| £ (Wheel Alienment Measurement )

R AR B ek H 2 K TEF D dES ik b (vehicle (in-line)

geometry check ) '1 I AR I ) S B ol
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6.4.5 Unladen Kerb Mass

6.4.5.1 Fill up the tank with fuel to at least 90% of the tank’s capacity
of fuel.

6.4.5.2 Check the oil level and top up to its maximum level if
necessary. Similarly, top up the levels of all other fluids to their

maximum levels if necessary.

6.4.5.3 Ensure that the vehicle has its spare wheel on board, if fitted,
along with any tools supplied with the vehicle. Nothing else should be

in the car.

6.4.5.4 Ensure that all tyres are inflated according to the

manufacturer’s instructions for the appropriate loading condition.

6.4.5.5 Measure the front and rear axle masses and determine the total
mass of the vehicle. The total mass is the ‘unladen kerb mass’ of the

vehicle. Record this mass in the test details.

6.4.5.6 Calculate the required ballast mass, by subtracting the mass of
the test driver and test equipment from the required 200 kg interior
load.

3.11.5.45 7z & £ ¥ (Unladen Kerb Mass )

3.11.5.4.5.1 & §m%0d 453 5 5505 90% % & cntid o

315452 % G CBEPFITEZH T Py > 8
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3.11.5454 Fgst sy hfo ik d dp K2 iR T §F 3§ f
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6.4.6 Vehicle Preparation
6.4.6.1 Fit the on-board test equipment and instrumentation in the
vehicle. Also fit any associated cables, cabling boxes and power

Sources.

6.4.6.2 Place weights with a mass of the ballast mass. Any items

added should be securely attached to the car.

6.4.6.3 With the driver in the vehicle, weigh the front and rear axle
loads of the vehicle.

6.4.6.4 Compare these loads with the “unladen kerb mass”

6.4.6.5 The total vehicle mass shall be within 1% of the sum of the
unladen kerb mass, plus 200kg. The front/rear axle load distribution
needs to be within 5% of the front/rear axle load distribution of the
original unladen kerb mass plus full fuel load. If the vehicle differs
from the requirements given in this paragraph, items may be removed
or added to the vehicle which has no influence on its performance.
Any items added to increase the vehicle mass should be securely

attached to the car.

6.4.6.6 Repeat paragraphs 6.4.6.3 and 6.4.6.4 until the front and rear
axle loads and the total vehicle mass are within the limits set in
paragraph 6.4.6.5. Care needs to be taken when adding or removing

weight in order to approximate the original vehicle inertial properties

3.11.5.4.6 % f ks &

3.11.54.6.1 #-2 FFIPpofe g L b D dpp > & KfeiT) AAM T

WoFEREE TR

3.11.54.62 % *xip g > ped 2 & § (weights)o 73 4+ 5% BAEF

G -

311.5463 K% + & 15 > AR P& dEw (s dhdE £ o

3115464 % it f f1dr3 8 & B4 o

3.11.54.6.5 & §m 8 &€ & & F200 7 > B3FFAES

z&rt 1“‘*“

ﬂ%oﬁ%&ﬂm %ém€W’w%mﬁ@ﬁ%
L B 5% o R R T R B
aﬂﬁﬁﬁuam%%i%%oéﬂ*uﬂ4iﬂ?#w%
B EEANE P oo

3.11.5.4.6.6 €4 3.11.5.4.6.3 87 3.11.5.4.64 2 % F » 3 3 # 2
T2 R E B EIE> 31154652 RT_ i B E
RAEH 7o adFd w2 M E 1 (inertial propertlesl) o
P e ¥ 2 dhE o RS IE 2 e iﬁﬁﬁi%io

ws -g:
“ﬂ- [
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as close as possible. Record the final axle loads in the test details.
Record the axle weights of the VUT in the ‘as tested’ condition.

6.4.6.7 Verify the x-y coordinates for the virtual front end vehicle
contour given by the manufacturer. When the coordinates given are
within 10mm of those measured by the test laboratory, the coordinates
as provided by the manufacturer will be used. When the coordinates
are not within 10mm, the coordinates as measured by the laboratory

will be used.

3.11.5.4.6.7 f‘%%”ﬁﬁiﬁii%i 2 B EF g #IR T R Xy AR o F

B2 AR R P ﬁﬁ‘fﬁ;, & 2 B iRE A o3 10mmo Pl E £

EREE S F 3T nﬁo*;*4%1Mm»w@@%%@wﬁ
RIE 2 Bk -

7. TEST PROCEDURE

7.1 VUT Pre-test Conditioning

7.1.1 General

7.1.1.1 A new car is used as delivered to the test laboratory.

7.1.1.2 If requested by the vehicle manufacturer, drive a maximum of
100km on a mixture of urban and rural roads with other traffic and
roadside furniture to ‘calibrate’ the sensor system. Avoid harsh

acceleration and braking.

7.1.2 Brakes

3.11.6 ;2% A2 5

3.11.6.1 X 2% & dmiisk o 24 &F

3.11.6.1.1 — 4538 B

311.6.1.1.1 1378 3% 5 kP45 4 -

3.11.6.1.1.2 & iﬁ%ﬁiﬁ Fo B BT AR R 2 R R

ZRAHBEHEI RS TES 100208 » W RERPIR Lo (7R
PF o R AR 7] ek B KB o

3.11.6.1.2 £ &
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7.1.2.1 Condition the vehicle’s brakes in the following manner:
ePerform twenty stops from a speed of 56km/h with an average

deceleration of approximately 0.5 to 0.6g.

eImmediately following the series of 56km/h stops, perform three
additional stops from a speed of 72km/h, each time applying
sufficient force to the pedal to operate the vehicle’s antilock braking

system (ABS) for the majority of each stop.

eImmediately following the series of 72km/h stops, drive the vehicle
at a speed of approximately 72km/h for five minutes to cool the

brakes.

e[nitiation of the first test shall begin within two hours after

completion of the brake conditioning

7.1.3 Tyres

7.1.3.1 Condition the vehicle’s tyres in the following manner to

remove the mould sheen:

eDrive around a circle of 30m in diameter at a speed sufficient to
generate a lateral acceleration of approximately 0.5 to 0.6g for three

clockwise laps followed by three anticlockwise laps.

3.11.6.1.2.1 (2 F 5|3 ;82 & 2 §mird

(1) p & 56km/h 2T 30 & 4 0.5 3 0.6g 2= 5544 (7 20 =

L o

(2) % & b 56km/h - & PP {5 > B KR 0 T2km/h i B
]

B3 o R Egind RERT RS 5RO fpenl 4
Zr# % 4 (antilock braking system » ABS) ¥ 3t & S L0 @ pF L

ANES I

(3) =&tk 72km/h — A F|EH {5 RET L T2km/h i B f7

L A B i sl

4) F¥-FFBRRTAFLI L2 P BAiEF o

3.11.6.1.3 #5%5

3.11.6.1.3.1 1T 32 N & 8 dmihrs > U ER 2 L

(1) BIEE2 §HI- 5 £ 30m2 FFH T i &2 4 %1705 % 0.6g fl#

SRR MR AR b 83 BT L
S (53 -
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eImmediately following the circular driving, drive four passes at
56km/h, performing ten cycles of a sinusoidal steering input in each
pass at a frequency of 1Hz and amplitude sufficient to generate a peak

lateral acceleration of approximately 0.5 to 0.6g.

eMake the steering wheel amplitude of the final cycle of the final pass

double that of the previous inputs.

7.1.3.2 In case of instability in the sinusoidal driving, reduce the
amplitude of the steering input to an appropriately safe level and

continue the four passes.

7.1.4 AEB/FCW System Check

7.1.4.1 Before any testing begins, perform a maximum of ten runs at
the lowest test speed the system is supposed to work, to ensure proper

functioning of the system.
7.2 Test Scenarios
7.2.1 The performance of the VUT AEB system is assessed in the

CVFA, CVNA-25, CVNA-75 and CVNC scenarios as shown in
Figure 8abc.

Q) RUIFF I A e N B EEE B4 B 0.5

3 0.6g 2% vk b JRIGHEE > 7 i 5 Sokm/h o @ B iw
4 o pnEie(T 1052 0 ke ik -

(3) B2 bhBEH2 > o S ARG L T R 2B -

3.11.6.1.3.2 4t 3% 4 + $5-;" (sinusoidal driving ) 3k i@ & £ 2 & 7 >

CIYCY N SRS R I o Sl e i S S

]

3.11.6.1.4.1 F&% B 4em > BT IRF 552 S MFE%E R (TR T

5 10 = » MRS R & ALl F iF 0F o

3.11.6.2 ¥ fr 5

3.01.62.1 ¥ 5% P w2 B AL D et S35 GERL 8 * F L RS
J T

BRI S A R E B R TS A mR B A% 25% 1T

Mo AR B ER 75%2 73503 mi T B A% (TR 0 4o

B] 8abc #71 °

20




Euro NCAP & =

T-NCAPif~ ¥ %

o

7.2.2 For testing purposes, assume a straight line path equivalent to
the centreline of the lane in which the collision occurred, hereby
known as the test path. Control the VUT with driver inputs or using
alternative control systems that can modulate the vehicle controls as

necessary to perform the tests.

Axes
AA - Trajectory of pedestrian dummy H-point
BB - Axis of centerline of Vehicle under Test

Distances
D - Dummy H-point, start position to 50%-impact
F - Dummy acceleration distance (running)

Points
L - Impact position for 50% scenarios
RP - Reference Point (dummy hip-point)

Figure 8a: CVFA scenario, Adult running from Farside

3.11.6.2.2 325 AL

BAE R E P S o

¥ d

o SRR FR T LY A E D deid

(w,

o

- D=6.00m _T

;

RP L
Afﬁ——————o———ip—————.&

‘

F=150m 200m -!

]

o i

AAG FAABHS Y
BE : £ imd s duiie
o

B

D A HSEE J0%E47 8 2 55 H
F: A el (85 ) ¢

o

Bse

L@ 50% s s dg g
RP: 308 (AEEEE) <

Bl8a: igsha A AR FER > = L 74P RAE
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B
o E=400m ; ?_ E=4.00m
Ha
M RP ﬁ " RP @
A - 19— el —A A—r———- o—{—0-—-—0——-—" —A
H - - -
H -t - H - -
200m - G=100m oo G=100m

Y

AN T A A HES gl

BB ¢ L% in P iy

v

- 2

E: AWHEE 0%EiR (i6m) 2 Sy
G: Amimif B8 (A3 )+

H @ 23% 73%2 5548 B i 45+

o

e

Kt T5%:E ng I 4 B 2 mE R B
M ¢ 23%:a% o R AR R R
RP: #3858 (ABERE)

Axes
AA - Trajectory of pedestrian dummy H-point
BB - Axis of centerline of Vehicle under Test

Distances

E -~ Dummy H-point, start to 50%-impact (near side)
G - Dummy acceleration distance (walking)

H - Impact point offset for 25% or 75%

Points

K - Impact position for 75% near-side scenario
M - Impact position for 25% near-side scenario
RP - Reference Point (dummy hip-point)

Figure 8b: CVNA-25 & CVNA-75 scenarios, Walking Adult from Bl 8b @ iTxh = A FLdE T3 5% 25%2 175 & A R (T H %

Ji]
Nearside 75% > = A (7 A B iTE A BT ARH BT
‘]’_. E=400m _

Axes

AA - Trajectory of pedestrian dummy H-point
BB - Axis of centerline of Vehicle under Test
€C - Axis of centerlines of obstruction vehicles

G

AA L T AABHEEEELEY

BB © Rk ik buike

Distances CC @ Frsifpn i bhike

G — Dummy acceleration distance (running) m

] Dummy H-point to front of obstruction vehicle

1 - Distance between Vehicle under Test and larger
obstruction vehicle

=
G ARG IESE (S5 ) <
10 AhHSEE Mmoo 2 i

Points Tt B b BB A P e R 2 I
L Impact position for 50% scenarios o
RP - Reference Point (dummy hip-point) T

L ¢ 50% 4 $L % 4 Be
RP: e (AmHe)

Figure 8c: CVNC scenario, Running Child from Nearside from Bl 8c : 1T 923 iR T 5t
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Obstruction vehicles (see Annex B)

7.2.3 All tests will be performed with 5 km/h incremental steps (see
7.4.4) within the speed range of 20-60 km/h.

7.2.4 For the CVNA-75 scenario the following additional tests are

performed

- Test speed of 20km/h with an EPTa speed of 3 km/h
- Test speed of 10 and 15 km/h with an EPTa speed of 5 km/h

7.3 Test Conduct

7.3.1 Before every test run, drive the VUT around a circle of
maximum diameter 30m at a speed less than 10km/h for one
clockwise lap followed by one anticlockwise lap, and then manoeuvre
the VUT into position on the test path. If requested by the OEM an
initialisation run may be included before every test run. Bring the
VUT to a halt and push the brake pedal through the full extent of

travel and release.

7.3.2 For vehicles with an automatic transmission select D. For
vehicles with a manual transmission select the highest gear where the
RPM will be at least 1500 at the test speed.

# FARH BT (4 3.11.8)

3.11.6.2.3 #73 :#5% &> 20 3 60 km/h i B =R} - 2 Skm/h 2

{£3% % Z (incremental steps) i€ {7 (4 3.11.6.4.4) -

311.62.4 i7:8 = * g fB sds 15% IR 8 71T R5% ¢

(1) #=%&# A 5 20kmh > p X iFX@E R 5 3kmh o
(2) #F%# A 5 10% 15kmh P#E=4A 7A@ K 5 Skmh

3.11.6.3 345 4
3.01.63.1 % 225+ > £ 54tk K 10 km/h 2 3¢ B SF &

< B /2 30m 2 FIBF& > LrOFE g S v (75 - B > ¥ i

e o (78— Bl RSB D mE P AR G
o FRREKE f o TR R T AR B
(initializationrun ) FX %o fmz > et > B LI BHF I AL

AT o

3Mﬁ&2%ﬁ%%éﬁ%i%’%éﬁﬁ@%&Do%ﬁﬁﬁi

PR KRR A TR RE R T i 1500mpm 2 R

P
1 ©°
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7.3.3 Perform the first test a minimum of 90s and a maximum of 10
minutes after completing the tyre conditioning, and subsequent tests
after the same time period. If the time between consecutive tests
exceeds 10 minutes perform three brake stops from 72 km/h at

approximately 0.3g.

Between tests, manoeuvre the VUT at a maximum speed of 50km/h
and avoid riding the brake pedal and harsh acceleration, braking or
turning unless strictly necessary to maintain a safe testing

environment.

7.4 Test Execution
7.4.1 Accelerate the VUT and EPT to the respective test speeds.

7.4.2 The test shall start at Ty (4s TTC) and is valid when all

boundary conditions are met between Ty and Tags/Trcw:

-Speed of VUT (GPS-speed) Test speed + 0.5km/h
-Lateral deviation from test path 0+ 0.05 m
-Yaw velocity 0+ 1.0 °/s
-Steering wheel velocity 0=+ 15.0 °/s
- Speed of EPT during steady state
-CVFA8 =£0.2 km/h
-CVNAS5 +£0.2km/h

3.11.633 B> B & 003 10 24P 87 % - Lok 0 T

e R PR RN T R e F R IR AT 10 &
4 > Pk 72k m/h i R AR 3 0 P RS 03g -

HETRHD o FHREREFEFZ>S50km/hy » 2L & w7 o

B & f BB £0 P (riding the brake pedal ) ~ jp] 7] 4cif ~ 278

RS M HIFL >R TRE o

3.11.6.4 :#5&4 (7

3.01.641 5D dm P T A L f 4uif 3 BHRATHER o

3.11.6.4.2 :F5% % Ty (4S TTC) B e 0 2 To ¥ Tape/Trew 2. B i+

£ serd L > Pl kRS

(1) £z%2imi& B (GPS-i# B ) E5 i A +0.5 km/h
(2) FHEIERw A EEAE 0+ 0.05m
(3) HEHEFER 0£1.0°s
(4) > i #EiE 0+15.0%s
(5) PHGANELREZFER
(A) BB A pdE 8 E% 8+ 0.2 kmh
(B) iTzh= % pidd {8 3E5% 5+ 0.2 kmh
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-CVNC5 +£0.2km/h
- EPT Steady state
- Nearside 3.0 m from vehicle centerline

- Farside 4.5 m from vehicle centerline

7.4.3 The end of a test is considered when one of the following

occurs:

- VVUT = Okm/h
- Contact between VUT and EPT
- EPT has left the VUT path

7.4.4 For manual or automatic accelerator control, it needs to be
assured that during automatic brake the accelerator pedal does not
result in an override of the system. The accelerator pedal needs to be
released when the initial test speed is reduced by 5 km/h. There shall
be no operation of other driving controls during the test, e.g clutch or

brake pedal.

7.4.5 The subsequent test speed for the next test is incremented with
Skm/h. Stop testing when the actual speed reduction seen in the tests
above 40 km/h is less than 20 km/h or when the manufacturer predicts

no performance.

(C) ishiag

Fidg 8 iEs% 5+ 0.2 km/h

(6) BHRFARTRE

(A) i34

BEAE D dm ¢ 4 3.0m

(B) &

JEAE D dnY M 4.5m

3.11.6.43 % 4 T it ix

BHP 2 - PRI

(1) #5%# 4w R =0kmh
Q) £mPiEopEEAEL AR
(3) PHEFTA C gl £ 5D dRis

3.11.6.44 2 s ig * p &34 %

FAAEER %KD IR RAEED

B ERHF o ek i3 € A F (override) £ F kAL o 3RS

A7 deid B R M Skmh o B Ak i o RSB 0 2 F

@ Huw FRpeda o del BL

B LD B o

3.11.6.4.5 T - K Egz

B K 4 Skmvh o f S B B 40

km/h £ > & B > bR 5] 2t 20 kmvh P S 8 4R K R R

b SRR A onh BE s P %3R5k o
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7.4.6 When the impact speed recorded in the test differs from the
manufacturer predicted performance by more than 5 km/h, the test
shall be repeated a further two times for monitoring purposes. These
results will be discussed between Euro NCAP and manufacturer to
determine which results are to be used for the assessment (most

representative) for the vehicle under test.

3.11.6.4.6 Eids% ¥ sz g g @ %i{f Pz, A A RS
3 Skm/h BF o> BRI EE L P il iE (7 = &% o T-NCAP #,

PR g ge s K e shiksk g Y o R RS Rl P

Sk (BB AL 2% )o

ANNEX A EPT SPECIFICATIONS

A.1 Pedestrian Target Dimensions

The tables and figured below specify the dimensions of the target
dummies used.

Table A.1: Euro NCAP Adult Pedestrian Target (EPTa) dimensions

3.1.7 p AR A R%

30171 p 7 4 =

T A BT P AR R o

# 1 - T-NCAP p f£= 4 {7 X & +
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Fj’}

Description Dimension
Total height in walking posture | 1800 £ 20mm 500mm _
H-point height 923 £ 20mm [
Heel to heel distance

- Longitudinal 315 +£20mm g0

- Tlateral 147 + 10mm //
Step wadih 600 = 20mm gt D, -
Shoulder width 500  20mm | 0 5
Torso depth 235 + 10mm = N =T (R
Front hand to back side 530 £ 20mm
Torso angle 85+ 1deg 3
Upper arm angle 2

- Non-struck 60+ 2 deg ik

side 110 £ 2 deg

- Struck side
Support tube in doving 5+2deg
direction
Weight Max 4 kg

Table A.2: Euro NCAP Child Pedestrian Target (EPTc) dimensions

Description Dimension
Total height in runming posture | 1154 = 20mm
H-point height 607 = 20mm Sapa
Heel to heel distance g .
- Longitudmal 494 + 20mm
- Lateral 129 + 10mm !
Step width 711+ 20mm WA
Shoulder width 208 + 20mm | H
Torso depth 139 £+ 10mm 78 1"
Front hand to back side 362 £ 20mm |E
Torso angle 78+ 1deg E
Upper arm angle
- Non-struck 50£2deg ‘
side 112+ 2 deg =
- Struck side
Support tube in driving 5+2deg
direction
Weight Max 2 kg

B AR

R e

P———
REERLBHES

1800 + 20mms+

023 = 20mme+

HE0 g 1) 26 e [

-BE i+ 315 = 20mm+

-H e 147 = 10mme+
SR RHES 600 = 20mm+
BEEERLES 500 + 20mme
BHEHES 235 = 10mm#
HEEiEFIESEe 530 £ 20mms
EEEAEY 85 =1degr
LA e e

-3k ik Jik 9+ 60 =2 deg+

- & 4§ {8+ 110 = 2 dege
i H iz i Ee 5=2dege
TES BE4 N

4 tttttttttttdtttttttttt

500 mm

923 mm

1800 mm

% 2 ' T-NCAP P £ %23 {7 4

Eo oAk Bobe
A ERr Be 1154 £ 20mme
Hg & 607 = 20mme
B % 1) 2 ke I

- e 404 = 20mme

R e 120 = 10mme
FHERE 711 = 20mms
EBEEEY 208 = 20mme
RBHRE 139 + 10mm«
AR R iR 362 = 20mme
BIEAEY 78 =1 degv
LR N

- 3 k% faf+ 50 = 2 deg+

- & 4§ 80 112 +2 dege
ERAME FER 5 +£2degs
Ry BE 2 e

I — -
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A.2 Pedestrian Target visual and infrared properties

The targets must be clothed with a long-sleeved shirt in the colour
black and long trousers in blue. Skin surface parts (face and hands)
have to be finished with a non-reflective flesh-coloured texture or

paintwork.

The infrared (IR) reflectivity (within 850-910nm wavelength) of the
clothes and “skin” shall be within 40-60%. For the hair this shall be
within 20-60%.

The colour of stiffening ropes must be light grey and low optical
reflective.

Textile specification outer cover:

- Area weight: <300 g/m?

- Water resistance (AATCC 127): > 600 mm

- strength (ASTM D5034): > 350 lbs

- light fastness (AATCC 169): > 6000 h

- wear resistance ASTM (D3884): > 500 cycles

A.3 Pedestrian Target Articulation

The legs of the dummy shall be articulated to mimic the leg
movement of a real pedestrian. Specific corridors between which the
targets needs to be within and a corresponding test method will be

introduced in a later stage when independent measurement tools are

31172 P (7 A 2 *hEvs o b ghid

PHEGFART F2E LA 20 ES L -Bhhd § (g5 )

RN ETS ER N Tk

Zeyrr TR K 2 =t @E s34 (L& A 850-910nm) & 4 *

40-60% 4= [l N 5 #F 5 R & 20-60% 4 Bl -

AFEREAANS P UE MKEF KR o

A R

(1) %L <300 g/m?

2) B -k (AATCC 127) : > 600 mm

3) 32 (ASTM D5034) : > 350 Ibs

4) ki (AATCC 169) : > 6000 h

(5) mtE4< (ASTM D3884 ) : > 500 cycles

3.11.7.3 p 57 A %230 &8

ARG B 0 IR R D (T A 2 MRS T o Al Tl

o EL o s = (= PEAD 1l (- S NP S = N
Het o B . d oo s L s nadg o ot on

o
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available.

A.4 Pedestrian Target radar properties

The radar reflective characterisitics of the pedestrian targets should be |

similar to a real pedestrian of the same size. Specific corridors
between which the targets needs to be within and a corresponding test
method will be introduced in a later stage when independent

measurement tools are available.

A.4.1 Doppler Effect of Articulation

The micro-Doppler effect shall be comparable to a real pedestrian and
a homogenous distribution of the RCS over the whole dummy height
must be ensured. Specific corridors between which the targets needs
to be within and a corresponding test method will be introduced in a

later stage when independent measurement tools are available.

3174 pEF A 2 HE

B F P *i‘“‘rf? A2 FPRARE N EHAIR 2 B 7L o SH

QF’;&—. ]—1 E‘nﬂl._lﬁt’;[:—rfl-ﬁ'_lnx i‘v'?i?ll—iﬂll»i-_;

syen s

3.11.74.1 “’K # > Jis(Doppler Effect)

ﬁii%mtﬁﬁ%»ﬁ%TAwwm’w%ﬁ' LA
P gk, g

353 A\#_,'\jf’rl[?;/\,%_g/" %-d;—ﬂﬁ El;g:.
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ANNEX B OBSTRUCTION VEHICLE DIMENSIONS 3.11.8 st d 4w =

B.1 Smaller obstruction vehicle 3.11.8.1 -] AlFwxd §m

The smaller obstruction vehicle should be of the category Small JAREI WRAA A FEET P RER] 0 ¥ R ORI A BRS A
Family Car and is positioned closest to the pedestrian path. The T2 B o AR ARB R AN TR BB REIES o

smaller obstruction vehicle should be within the following

geometrical dimensions and needs to be in a dark colour.

Vehicle | Vehicle | Vehicle | Bonnet BLE BRE A W EE s
Length | width Height | length height BimE R | (Ao F | 2iRB AR | KA (T o
(without (till A 15 ARAL) AdtL) TARA
mirrors) pillar) B | B 4100 mm | 1700 mm | 1300 mm | 1100 mm | 650 mm
Minimum | 4100 mm | 1700 mm | 1300 mm | 1100 mm | 650 mm B B 4400 mm | 1900 mm | 1500 mm | 1500 mm | 800 mm
Maximm | 4400 mm | 1900 mm | 1500 mm | 1500 mm | 800 mm

B.2 Larger obstruction vehicle 3.11.82 ~ A|fas o im
The larger obstruction vehicle should be of the category Small AR R ] A ke B AE 0 T B ) AR §RiS
Offroad 4x4 and is positioned behind the smaller obstruction vehicle. | * o * A\ d dwk# & 1™ 2 ~f > *b@pEd B35 FS o

The larger obstruction vehicle should be within the following

geometrical dimensions and needs to be in a dark colour.

Vehicle Vehicle width Vehicle o 2R AR e

Length (without mirrors) | Height iR R (7 ;;z‘ g |PIRE A
Minimum 4300 mm | 1750 mm 1500 mm I 430mm 1750 mm 1500mm
Maximum 4700 mm 1900 mm 1800 mm BB 470mm 1900 mm 1800mm
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1.ASSESSMENT OF AEB VULNERABLE ROAD USER

SYSTEMS

1.1 Introduction
AEB Vulnerable Road User (VRU) systems are AEB systems that are

2338 £ wet 2 R ¥ TR
J T

designed to brake autonomously for pedestrian and/or cyclists
crossing the path of the vehicle. For the assessment of AEB VRU
systems, two areas of assessment are considered; the Autonomous
Emergency Braking function and the Human Machine Interface. The

AEB function is assessed in three different types of scenarios.

At this stage the HMI operation is assessed in a general way as
scientific evidence regarding quality of warning is lacking. The
current emphasis in the assessment of AEB VRU lies with the AEB
function as typically there is not enough time for the driver to react to

the unavoidable collision.

1.2 Definitions

233.1 i’« PR A

WL Jp H:J;';p £ >0 LT o

Throughout this protocol the following terms are used:

LA LS AN

Autonomous emergency braking (AEB) — braking that is applied

2.3.3.1.1 B £ 48 #fp4 % %2 (Autonomous emergency braking ,

>

automatically by the vehicle in response to the detection of a likely

collision to reduce the vehicle speed and potentially avoid the

J

AEB): & &1 B3| 7

“ ;é‘l'&-ﬂ;f_a__h /E—L‘ E] ﬁ”thé' ’ i{]% é’liﬁ

BRI LR TEE L o
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collision.

Forward Collision Warning (FCW) — an audiovisual warning that is
provided automatically by the vehicle in response to the detection of a

likely collision to alert the driver.

Car-to-VRU Farside Adult (CVFA) — a collision in which a vehicle
travels forwards towards an adult pedestrian crossing it's path running
from the farside and the frontal structure of the vehicle strikes the
pedestrian at 50% of the vehicle's width when no braking action is

applied.

Car-to-VRU Nearside Adult (CVNA-25) — a collision in which a
vehicle travels forwards towards an adult pedestrian crossing it's path
walking from the nearside and the frontal structure of the vehicle
strikes the pedestrian at 25% of the vehicles width when no braking

action is applied.

Car-to-VRU Nearside Adult (CVNA-75) — a collision in which a
vehicle travels forwards towards an adult pedestrian crossing it's path
walking from the nearside and the frontal structure of the vehicle
strikes the pedestrian at 75% of the vehicles width when no braking

action is applied.

2.3.3.1.2 m > pidi 3F & & 44 (Forward Collision Warning, FCW) :
BEmU RN T A FARRENRT > ST ETER R 2
AREEL T H

2.3.3.1.3 s = A g e 8 3E5% 50% (Car-to-VRU Farside Adult,

CVFA): B fmi7ieF >3 3 § & 4 7 X pfehpah 5488 BT |

EAKS > inr 6 FRAEAZ S0AEAREFAZEE -

2.3.3.1.4 728 = 4 md B 3% 25% (Car-to-VRU Nearside Adult,

CVNA-25): & §@{7i8pF a0 > § & A (74 p iTsh 4 BT ARH B

LR AL AfEr G TAT A2 25

R FiLdE 7 A 2 B o

2.33.1.5 375 =% A gidg fr5 3#% 75% (Car-to-VRU Nearside Adult,

CYNA-75): 8 fizieps %% § & (7 4 p G d ey Andl it

E EAES 2 mie R RA A2 TS5

R FiLdE 7 A 2 B o
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Car-to-VRU Nearside Child (CVNC) —a collision in which a vehicle
travels forwards towards a child pedestrian crossing it's path running
from behind and obstruction from the nearside and the frontal

structure of the vehicle strikes the pedestrian at 50% of the vehicle's

width when no braking action is applied.

Vehicle under test (VUT) — means the vehicle tested according to this

protocol with a pre-crash collision mitigation or avoidance system on
board

Euro NCAP Pedestrian Target (EPT) — means the pedestrian target
used in this protocol as specified in Annex A of the AEB VRU test
protocol

Vimpact — means the speed at which the profiled box around the VUT
coincides with the square box around the EPT

1.3 Criteria and Scoring

To be eligible for scoring points in AEB VRU, the AEB system must
operate (i.e. warn or brake) from speeds of 10 km/h in the CVNA-75
scenario In addition, the system must be able to detect pedestrians
walking as slow as 3 km/h and reduce speed in the CVNA-75
scenario at 20 km/h. The system may also not automatically switch
off at a speed below 60 km/h.

2.3.3.1.6 i724 527 AR 8 F% 50% (Car-to-VRU Nearside Child,

wEEREF w3 4 03 FA ATt REPy s
w2 2. 50 fa € midE

2.3.3.1.7 % % & §% (Vehicle under test, VUT) * ¥4y fie & j* % A48

R R Y T ) -0k

2.3.3.1.8 T-NCAP P #& {7 £ (Euro NCAP Pedestrian Target, EPT) :

%%ﬁﬁﬁyiﬁﬁﬁﬁ%?ﬁﬁﬁﬁﬁ%ii&HJ%%%
L

23319748 B (Vimpaet) © X %2 362 & 2f 1 422 T-NCAP

PR A% Blom e > )6 Flaif pFenig & o

2332 R 8B iF L

%%ﬁﬁ@hﬁiﬁﬁh Bt * ¥ 4 Y(AEB VRU)iE %2 @A > f
CVNAJSF%*T’E$%f:ﬁ@w4méu@uJommhﬁhvﬁ (&
Yot EoR A L d Yol vh s b CVNA-7S 5T 0 3% 4 i 20 km/h
P i R T] 2 3km/h 4 #5274 X Rk 0 37 % B 60 km/h
fHimT 2 B R
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The total score is also conditional to the subsystem test score, see

section 0.

1.3.1 Human Machine Interface (HMI)

To be eligible for scoring points for HMI, the AEB and FCW function
(if applicable) needs to be default ON at the start of every journey.

When the prerequisites mentioned above are met, points can be

achieved for the following:

Deactivating AEB and FCW system (if applicable) 2 points

De-activation of the AEB and FCW (if applicable) system should not

be possible with a single push on a button.

FCW system 1 point

When at test speeds over 40 km/h detects a critical situation that can
possibly lead to a crash with a vulnerable road user, a loud and clear
audiovisual warning is issued to alert the driver of the oncoming
collision. The warning needs to be issued at least 1.2 seconds TTC
(assessed at 45 km/h in the CVNA-75 scenario), to leave sufficient

time for the driver to react to the warning.

i
&
o

Gl 25 kA2 RBRiE AR 4l > 223333 & o

23321 *# ks (HMI)

AR G Rk T A

& X frde B iﬁfﬁ,ﬁfifrﬁﬁpéﬂﬂb_gu

R FES N (FEY ) 2R RE S TR
PE T2 BT
(1) BRR&ad ffoes > g (Fgr) 24

RELI e pndw S pfy

BEAN gy ) 2 B 4

e

TR o

(2) PERTFE S 1A

EAk iR B 5 3 40km/h

A @if;*;?d"l? i S EE R R Y E A

dpRz AR Dk E L R

%mﬁﬁfﬁ

W’%%Eﬁ%%?

/
i s L@;«Tg._'ra %o i CYNA-75 8T >

B gk R 45km/h 2o R iR > H 3 0 Rt PR R
K 4

(TTC) 1.2 #y% % 4

& s RE R mER
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Not switching off at low ambient lighting conditions 1 point (B) P2 EHRETFEMEF 14

The system may not switch off at low ambient lighting conditions gL EARP A EHRET (<1000lux) B FF o

(<1000lux).

1.3.2 Autonomous Emergency Braking (AEB) 23322 % ,f L4rd wer k% (AEB)

For the AEB system tests, the assessment criteria used is the impact Bif‘ Eih e @‘56?’111; 2 GG R o M IE%E R
speed. For test speeds up to 40 km/h, the available points per test A EN40km/h E o HE L R E L2 APHBRRAE o VUM
speed are awarded based on the relative speed reduction achieved. PprIE2ZFTEE i? Fal Ii 7 18 A o

Where there is no full avoidance a linear interpolation is applied to

calculate the score for every single test speed.

Score test speed = (Vtest — Vimpact)/Vtest) x pointstest speed H 2 wman = (GRHRER —FRER) FHRER)X A Bsman

For test speeds above 40km/h points are available on a pass/fail basis. |$f** &5 & & + >t 40kmv/h § > H 13 & 17238 35/ A3 B3+ 5 7 4 -
For each of these test speeds points are awarded when a speed F - FRFER2ZEFA B FEERE R T DR # 20km/he

reduction of at least 20 km/h is achieved related to actual test speed.

The points available for the different test speeds are detailed in the |7 [F3@Be:f R 2 74 > FFRT 4 ¢
table below:
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Test CVFA | CVN | CVN | CVNC
speed A-25 | A-75

20 km/h 1.000 1.000 1.000 1.000
25 km/h 2.000 2.000 2.000 2.000
30 km/h 2.000 2.000 2.000 2.000
35 km/h 3.000 3.000 3.000 3.000
40 km/h | 3.000 | 3.000 | 3.000 | 3.000
45km/m | 3.000 | 3.000 | 3.000 | 3.000
50 km/h 2.000 2.000 2.000 2.000
55 km/h 1.000 1.000 1.000 1.000
60 km/h 1.000 1.000 1.000 1.000
Total 18.000 18.000 18.000 18.000

1.4.1AEB score

1.4 Scoring and Visualisation

The scoring is based on normalized scores of the AEB function.

For each scenario (CVFA, CVNA-25, CVNA-75 and CVNC)
normalised scores are calculated for AEB. The total AEB score is
calculated by averaging the scenario scores. This results in one
percentage for the AEB performance.

WERE R | B A | FHR A A | Taad
AAFS | ARETS | AEFS | AR
B FER25% | & T5% | P&
20 km/h 1.000 1.000 1.000 1.000
25 km/h 2.000 2.000 2.000 2.000
30 km/h 2.000 2.000 2.000 2.000
35 km/h 3.000 3.000 3.000 3.000
40 km/h 3.000 3.000 3.000 3.000
45 km/h 3.000 3.000 3.000 3.000
50 km/h 2.000 2.000 2.000 2.000
55 km/h 1.000 1.000 1.000 1.000
60 km/h 1.000 1.000 1.000 1.000
B 18.000 18.000 18.000 18.000
2333 :F 4R
R nz::}ji%:f‘ AL fes a2 B A o

(CVFA ~ CVNA-25 ~ CVNA-75

L L é”rﬁypﬂ;’é

’,
S WU ST

R

>R

A e AL REEGUE A
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1.4.2 HMI score

The HMI score is the normalised score of the points achieved under
section 1.3.1.

1.4.3 Total AEB Vulnerable Road User score

The total score in points is the weighted sum of the AEB score and

HMI score as shown below.

AEB VRU total score = (AEB score x 5) + (HMI score x 1)

AEB VRU scoring is conditional to the total points achieved in
subsystem tests, i.e. the sum of pedestrian Headform, Upper Legform
& Lower Legform scores:

If the subsystem total test score is lower than 22 points, no points are
available for AEB VRU, regardless whether the system is fitted and
would achieve a good score.

23332 A 5 A~ Kk

AR G2 KRR A EcRd sk 23321 2 Ao

23333 B-J%‘ B et BRGEELR ﬁ

,li L‘j—u 5@ Av\

L RcAe BB A o N e

B s RELDG f o LT G
1
s

RELD W2 BRI ﬂ R A

&

D HexS)+ (4 R 6 A # x1)

5
s
B

AP 2 SRR k2 F

“L7 A,\ﬁ'g:%c ‘N ) ];]J—Qr :r A EFT%TS ~ F ”33%"5_”57—1‘ W%%K&l}ﬁ'{“[&fr :

4

B3 AR AR BT 22 A TR E

et Al 2wk

 RELI P SEERRT F K

%(AEB VRU)# £ 7 i

l
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Example:

AEB function test results in CVFA scenario

% &) -

Sh B | Wi Wl

KD B R

Vtest pointstest | Vimpact | Scoretest
speed speed

20 km/h 1.000 0 km/h 1.000
25km/h | 2.000 0 km/h 2.000
30 km/h | 2.000 0 km/h 2.000
35km/h | 3.000 0 km/h 3.000
40 km/h | 3.000 20 km/h 1.500
45 km/h | 3.000 25km/h | 3.000
50 km/h | 2.000 30km/h 2.000
55 km/h 1.000 40km/h 0.000

Total 18.000 14.500

Normalised score 80.6%

AEB function (assumed normalized scores for this example)

- Normalized score in CVNA-25 scenario: 76.7%

- Normalized score in CVNA-75 scenario: 100.0%

- Normalized score in CVNC scenario: 45.3%

AEB score = 75.7%

W | A ¥ces | AR | F4 2%
R @ R B @R

20 km/h 1.000 0 km/h 1.000
25 km/h 2.000 0 km/h 2.000
30 km/h 2.000 0 km/h 2.000
35 km/h 3.000 0 km/h 3.000
40 km/h 3.000 20 km/h 1.500
45 km/h 3.000 25 km/h 3.000
50 km/h 2.000 30km/h 2.000
55 km/h 1.000 40km/h 0.000
60 km/h 1.000 A PR 0.000

@ | 18.000 14.500

¥R Ak 80.6%

B4

il
(M
2
3)

9]%‘3:

VAN

Ied gpes dsiat i (4B BER2Z W T A d)

TR A A pLAR B RS 25%2 % fk 1 A #ic t 76.7%

T A ELdE BB RS T5%2 % L i A #ic 100.0%

T OE AR R AR ¥ A 453%

LB et kA 1= T75.7%
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HMI score:
Prerequisites met.
-De-activation of the AEB and FCW (if applicable) system not be

possible with a single push on a button. 2 points
- No FCW at speeds over 40 km/h

0 points
- System switches off at low ambient lighting conditions 0 points

HMI score = 50.0%

AEB VRU total score = 5.0 x 75.7% + 1.0 x 50.0% = 4.285 points

A SR o A i

Bt 6 A A

() H&HDpfoge s sl i85 (Fhr) 2@ TR 4

THE 24
(2) ki B 4 3t 40km/h pF 0 B2 mB I E A A (FE 0 A
(3) ABNEP A GHRTHE 04

AT w4 #i=50.0%

AL fets SEFR @Y K SAEBVRUVAS =5.0x
75.7% + 1.0 x 50.0% = 4.285 4

39




b Euro NCAP Protocol BTN R ATHE IE P F 75 Euro NCAP 5= & %]
1 3128 i f s kb2 EERARE © P.1-21 Version 1.1
% * B4 ok RV AL :
2 24% 2H A SAFFRE 2448 L 2 ©) P.22-26 Version 7.0

3.128 i et G2 RERART

Euro NCAP & ~

T-NCAPi£ < ¥ %

2.DEFINITIONS

Throughout this protocol the following terms are used:

Peak Braking Coefficient (PBC) — the measure of tyre to road surface
friction based on the maximum deceleration of a rolling tyre,
measured using the American Society for Testing and Materials
(ASTM) E1136-10 (2010) standard reference test tyre, in accordance
with ASTM Method E 1337-90 (reapproved 1996), at a speed of
64.4km/h, without water delivery. Alternatively, the method as
specified in UNECE R13-H.

Lane Keeping Assist (LKA) — heading correction that is applied
automatically by the vehicle in response to the detection of the vehicle
that is about to drift beyond a delineated edge line of the current travel

lane.

Lane Departure Warning (LDW) — a warning that is provided

automatically by the vehicle in response to the vehicle that is about to

= d 4 ¥ &> )h.T -
#’-ﬁ,ﬂ. i S

3.12.1.1 & B £ @ % #ic (Peak Braking Coefficient, PBC) : 1335/ #

Rled A R R E DB E R G B4 0 AEERR Y £ R
Tt € ( American Society for Testing and Materials,
ASTM) E1136-10 (2010) &2 5% 8% > * @ & % Bk o
s € B1337-90 (1996 & & 3747 7 )¢k = 2 > 14 ph ¢ 64.4km/h
WG bk o Mk TRk 2RI AR Fx Te L2
2= 16251 #RF2E -

3.12.1.2 & ip s es & v (Lane Keeping Assist, LKA ) @ & §m

RIF| T B R B TRz B E R FRPE > Tp el 2w

,H_.’,}/J‘_L o

3.12.1.3 & 3f i 4 e» &1 % 4t (Lane Departure Warning, LDW) :
IR RIP TR G v TR I EERERE T IR

1
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drift beyond a delineated edge line of the current travel lane.

Vehicle width — the widest point of the vehicle ignoring the rear-view
mirrors, side marker lamps, tyre pressure indicators, direction
indicator lamps, position lamps, flexible mud-guards and the
deflected part of the tyre side-walls immediately above the point of
contact with the ground.

Vehicle under test (VUT) — means the vehicle tested according to this
protocol with a Lane Keep Assist and/or Lane Departure Warning

system.

Time To Line Crossing (TTLC) — means the remaining time before
the VUT crosses the line, assuming that the VUT would continue to

travel with the same lateral velocity towards the lane marking.

Distance To Line Crossing (DTLC) — means the remaining lateral
distance (perpendicular to the line) between the inner side of the lane
marking and most outer edge of the tire, before the VUT crosses the
line, assuming that the VUT would continue to travel with the same

lateral velocity towards the lane marking.

7
~

3.12.14 % §m % & (Vehicle width) : & §mk * 5 & 7 @ 3£ (S AR& -

I AR R REPIEE P e E S RE S BRSRAE

Bt op R EEE b2 2 PP R (side-wall) B R 1R o

3.12.1.5 % % 2 4% (Vehicle under test, VUT ) : f4g fie & & i M4 4

et (LKA) 2 /& 8 i thagi ot 8 7 (LDW) i % ¥ eh s 4

FBTERZ Do

3.12.1.6 A&z $4FF & (Time To Line Crossing, TTLC) : B3k £ 5%

B g AR I Bl R A B i R £ S ? fRIEAR AL
AT AR PEF R o

3.12.1.7 & s #4554 (Distance To Line Crossing, DTLC ) : i3k

55D IR E A RleE R B B RS B FERPN
B P  BREARSR T T RS (A EERLE ) o

3 REFERENCE SYSTEM

3.1 Convention

3.122 %% ki
3.12.2.1 3d B
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z-axis.

hand drive vehicles tested.

Vertical (z)

S

Longitudinal (x)

Figure 1: Coordinate system and notation

3.1.1 For the VUT use the convention specified in ISO 8855:1991 in
which the x-axis points towards the front of the vehicle, the y-axis
towards the left and the z-axis upwards (right hand system), with the
origin at the most forward point on the centreline of the VUT for

dynamic data measurements as shown in Figure 1.
3.1.2 Viewed from the origin, roll, pitch and yaw rotate clockwise
around the x, y and z axes respectively. Longitudinal refers to the

component of the measurement along the x-axis, lateral the
component along the y-axis and vertical the component along the

3.1.3 This reference system should be used for both left and right

‘ [ Pitch 8 W

Lateral (y)

3.12.2.1.1 ® 5% @ mi¢ * 1SO 8855:1991 2 if Pt {7 & i ey if

£ oY Xphdg o S Y g o S 4R pl ~ Z gbRld
RGNS SENNN P NIEEE LR LR EN &) AR )

[a—

7 o

312212 M B i P < > sl & (roll) ~ i & (pitch) 22§ 3

£ (yaw) A B[ MOBPEEES SN X fh o Y $hE Z B o Biw G
FXphip|E 2 e S F Y ghenipl 8 2 5~ E e B A
ip ¥ Z ghenipl £ 2 3¢ -

PrIas i, G

I

3
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3.2 Lateral Deviation from Path 3.12.2.2 B i LES IS

3.2.1 The lateral deviation from path is determined as the lateral 312221 Rl GBS 2 TH 2 X BRI fEm D P S HIF R R ST
distance between the centre of the front of the VUT when measured in| = 7\ ’?'J "% PR > 4T RIYTR o ABRIET I RELE B L
parallel to the intended path as shown in the figure below. This 2 E A

measure applies during both the straight line approach and the curve

that establishes the lane departure.

Lateral Deviation from Path = Yyyr error Bl W3R AT =Y s FA

3.10.7.1.2 &S FTfElE
78 ffpoE Rk T-NCAP
LOGO & > Hic&{ZIE
BT

Figure 2: Lateral Deviation from Path Bl 2 Wl i AR IS

4 MEASURING EQUIPMENT 3.123 & Rl &

4.1.1 Sample and record all dynamic data at a frequency of at least ~ |3.12.3.1 #75 & ft #chp 2 Rk 2 2o 4545 5 7 17 145 100Hz ©
100Hz.

4.2 Measurements and Variables 3.12.3.2 ¥ P27 ¥k
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4.2.1 Time T
T\, time where manoeuvre starts with 2s Ty
straight path

Ty ka, time where LKA activates (for Trka

calibration purposes only if required)

oT pw, time where LDW activates TLpw

eTcrossing, time where VUT crosses the line Terossing

4.2.2 Position of the VUT during the entire test  Xyur,
Yvur

4.2.3 Speed of the VUT during the entire test Vlongyur

eVcrossing, speed when VUT crosses the line Vlatyur

Vcrossing
4.2.4 Yaw velocity of the VUT during the Y yur
entire test
4.2.5 Steering wheel velocity of the VUT Qvur

during the entire test

4.3 Measuring Equipment

4.3.1 Equip the VUT with data measurement and acquisition

equipment to sample and record data with an accuracy of at least:

*VUT longitudinal speed to 0.1km/h;
*VUT lateral and longitudinal position to 0.03m,;

3.12.3.2.1 pFFF
(1) To> BEMEFED fy2 B4/

(2) Tika > LKA & Skzd pERF (AR Tika
BEEERE)

(3) Tipw > LDW i Sifcds pF ¥ TLpw

(4)  Terossing * % k& B FRARA PF R Terossing

3.12.3.02 @5 EAEY X% D B2 Xyur

% N Yyur
312323 #okiEfe? L% P §m2  Viongyur
&R
(1) Verossing, % 2 & §@AXSMPF2_ & Vlatyyr
312324 #okiEF2? L%D w2 YPyyr
B & 1 R
312325 @#&iEAE? L% w2 Quur
oo B E

31233 & plpe ik A

312331 $ % imhied B B B d o NP ok

P BHEREME fdoT

(1) %52 fmssd A :0.1km/h ;
Q) %% w2 w2 % =% 0.03m;

5
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*VUT heading angle to 0.1°;

*VUT yaw rate to 0.1°/s;

«VUT longitudinal acceleration to 0.1m/s*;
*VUT steering wheel velocity to 1.0%s.
4.4 Data Filtering

4.4.1 Filter the measured data as follows:

4.4.1.1 Position and speed are not filtered and are used in their raw

state.

4.4.1.2 Acceleration, yaw rate and steering wheel torque with a

12-pole phaseless Butterworth filter with a cut off frequency of 10Hz.

(3) #£=%2%§s> » 4 (headingangle): 0.1°;

4) &% mEHEEER 0.1%

(5) £skd EEDSeiE B 0.1m/s s

(6) £k im> v @ 1.0%% -

3.12.3.4 #dy ik

3.12.34.1 4T 7 R PIEE R AT Bodp il TR

323411 =% B B A Zomak 0 B A Y BB o

3023412 4 i B ~BHEFERZ S 9

454 4 4 12-pole phaseless

v % 21k B (Butterworth filter) 3 10Hz 2 #% F 47 F 8 (70

5. TEST CONDITIONS
5.1 Test Track

5.1.1 Conduct tests on a dry (no visible moisture on the surface),
uniform, solid-paved surface with a consistent slope between level
and 1%. The test surface shall have a minimal peak braking
coefficient (PBC) of 0.9.

5.1.2 The surface must be paved and may not contain any

irregularities (e.g. large dips or cracks, manhole covers or reflective

3.12.4 o ix it

3.12.4.1 3#5 3f B

312.4.11 s#if b ’X[%*”J';ﬁr (G AP AT L2 kA ) T #

FA 4R Bem BB R A RT T

1%z & Pégﬁﬁxm—»ﬁ’*rg

LB il (PBC) o< 3% 0.9 o

302412 RS B 5 4P K EE D 0 RS ELIE A ] 3.0m P B RS

BAPE LD T 30m A o 7

A
L

TRV nblgé'}:g)/ﬁj Iﬁ,?]
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studs) that may give rise to abnormal sensor measurements within a
lateral distance of 3.0m to either side of the test path and with a
longitudinal distance of 30m ahead of the VUT when the test ends.

5.1.3 Line Markings

5.1.3.1 The LDW and LKA tests described in this document require
use of two different types of lane markings conforming to one of the
lane markings as defined in UNECE Regulation 130 to mark a lane

with a width of 3.5 to 3.7m:

1. Dashed line with a width between 0.10 and 0.25m
2. Solid line with a width between 0.10 and 0.25m

The lane markings should be sufficiently long to ensure that there is at
least 20m of marking remaining ahead of the vehicle after the test is

complete.

B2 TEA (do BEAN M ATVEAF kp ).

T

3.124.1.3 & sg {41

%, g

3.12.4.1.

B L35 n 390 . B RS L A B E AL 0 B
YR HRH A E AP 3me P EERRER Y B
Mo MEEdm FiE6m > R E 10cm - o B * o 7
o MH 5 15cm o
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Figure 3: Layout of the lane markings
5.1.4 Conduct tests in dry conditions with ambient temperature above
5°C and below 40°C.

5.1.5 No precipitation shall be falling and horizontal visibility at
ground level shall be greater than 1km. Wind speeds shall be below
10m/s to minimise VUT disturbance.

5.1.6 Natural ambient illumination must be homogenous in the test
area and in excess of 2000 lux for daylight testing with no strong
shadows cast across the test area other than those caused by the VUT.
Ensure testing is not performed driving towards, or away from the sun

when there is direct sunlight.

5.1.7 Measure and record the following parameters preferably at the
commencement of every single test or at least every 30 minutes:

a) Ambient temperature in °C;

b) Track Temperature in °C;

¢) Wind speed and direction in m/s;

d) Ambient illumination in Lux.

312414 B&% B RERE 5°C 3

@3:&%%@%%@

40°C B 2 sk e BB {7 o

312415 % & pF2 B2 7385 > ¥ b m KT

e LB~ 1km o

boi# T 10m/s 0 i X %D IR AR RE T A

o

3.124.1.6 ;3¢5 %

Behp AARXMBIHEI B v %34‘5‘55?5?’%&/*%3

%+ 2000lux > ®

AR L IR NS AR AN Y
1

Pe Tt o BB R MBI 5 B RiEkPF2 B iﬁihsﬁ-‘% w2t

PR AT o BB v o

312417 & X @SB H & 5 5 F g 30 A4 0 Bl R 2 esr
LER = 23
(1) mIFHEE A ) "1%'5&?6 yray

2) BeER > MES

3) &R » 'lm/Sac&s?»

4 BB RAE - Mluxissr o
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5.2 VUT Preparation

5.2.1 LKA and LDW System Settings

5.2.1.1 Set any driver configurable elements of the LKA and/or LDW
system (e.g. the timing of the Lane Departure Warning or the Lane
Keep Assist if present) to the middle setting or midpoint and then next

latest setting similar to the examples shown in Figure .

Setting 1 Setting 2
Early Setting 1 Setting 2 Setting 3 Late

Setting 1 Sefting 2 Setting 3 Setting 4

Figure 4: LKA and/or LDW system setting for testing

5.2.2 Tyres

Perform the testing with new original fitment tyres of the make,
model, size, speed and load rating as specified by the vehicle
manufacturer. It is permitted to change the tyres which are supplied
by the manufacturer or acquired at an official dealer representing the
manufacturer if those tyres are identical make, model, size, speed and
load rating to the original fitment. Inflate the tyres to the vehicle
manufacturer's recommended cold tyre inflation pressure(s). Use

inflation pressures corresponding to least loading normal condition.

31242 %% B {RE A

3.12.4.2.1LKAE LDW & 33K 2

3.12.42.1.1 LKAZ /& LDW 4 %2 ¥ B 7 2 B2 2% 2357 ( e

LKA LDW % 5oz P » &
% e o

FRE) AT P FIE S
VBT 2 E T Ao RBl45T T o

WRL RRL

+ wA L w2 ®A3 B,

WAl RR2 REI AL4
Bl 4: LKA % /58 LDW % Jiigsh ik T

3.12.4.2.29% %%

REEE Y D E AR ALAUN o ERRRE PEL 4

Bz 2 ATRGIRTS o RSP T P IRE H N NI AT
2 i TR RATOEIC R ERRCREEZ A5~ R R
RELE P E e dpdie e Bine i g 3 B R E F k2 4 e
BRofé % 2 A PARE T D B — L i};}%m;’?‘fi(leastloadmg
normal condition) Ap e o
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Run-in tyres according to the tyre conditioning procedure specified in
6.1.3. After running-in maintain the run-in tyres in the same position

on the vehicle for the duration of the testing.
5.2.3 Wheel Alignment Measurement

The vehicle should be subject to a vehicle (in-line) geometry check to
record the wheel alignment set by the OEM. This should be done with
the vehicle in kerb weight.

5.2.4 Unladen Kerb Mass

5.2.4.1 Fill up the tank with fuel to at least 90% of the tank’s capacity
of fuel.

5.2.4.2 Check the oil level and top up to its maximum level if
necessary. Similarly, top up the levels of all other fluids to their

maximum levels if necessary.

5.2.4.3 Ensure that the vehicle has its spare wheel on board, if fitted,
along with any tools supplied with the vehicle. Nothing else should be
in the car.

5.2.4.4 Ensure that all tyres are inflated according to the

manufacturer’s instructions for the appropriate loading condition.

% 3.12.5.13 2 7@ 54 (run-in) > B L 2 £ 2 a3 B R

iR A iimpE g o

3.12.4.2.3 & # 7 i+l ¥ (Wheel Alignment Measurement )

FHImrRM AR KT T HmES P A (vehicle (in-line)

geometry check ) "W ki 4rH d e i+ X% i T2 EF o

3.124.2.4 7 & € ¥ (Unladen Kerb Mass )

3.12424.1 # g fa 3 5 K% 90% % &

IR o

3024242 A W o BT IR BN B o H

f"’/xi’gg"’"l%-g"* Vi3 H ﬁf»rgm_g';“

3124243 fEind ez H

gzgfgylgaé_gp,ul/ftuiﬂ,ﬁpx

PR B P&

3124244 Fsn i dhre ik D ipt Ko ke F g 2§

& ik (appropriate loading condition ) °
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5.2.4.5 Measure the front and rear axle masses and determine the total |3.12.4.2.45 Bl € 7o fh% (SdhE § » T2t 8 ddm2 BEF o b &
mass of the vehicle. The total mass is the ‘unladen kerb mass’ of the TL 28§ o BZldres it dh i

vehicle. Record this mass in the test details.

5.2.4.6 Calculate the required ballast mass, by subtracting the mass of [3.12.4.2.4.6 5% . € F fie & (ballast mass) 200 =7 » * » & # &
the test driver and test equipment from the required 200 kg interior ¢ R R R ﬁ th 2 £ o

load.

5.2.5 Vehicle Preparation 3.12.4.2.5 & imEH

5.2.5.1 Fit the on-board test equipment and instrumentation in the 3124251 #-2 {FHFPfe g K ud dmp o & Kty ApH T
vehicle. Also fit any associated cables, cabling boxes and power BMFREE TR

Sources.

5.2.5.2 Place weights with a mass of the ballast mass. Any items 3.124.2.52 % *zip g * e € £ & (weights)e “73 + & % BfE§ &
added should be securely attached to the car. EE&A- N

5.2.5.3 With the driver in the vehicle, weigh the front and rear axle  |3.12.4.2.53 % F & {5 > ~ W P& dma G dhd £ o

loads of the vehicle.

5.2.5.4 Compare these loads with the “unladen kerb mass” 3.1242.5.4 #-+ ik B dm § ik;[i ARz B F BT o

[

5.2.5.5 The total vehicle mass shall be within £1% of the sum of the [3.12.4255 2 dm3 € 2 28 £ &4 b 200 = 7 > % 3F3F
unladen kerb mass, plus 200kg. The front/rear axle load distribution +£1% o 0 b/ 1S %L B F B R RE (S W dh/{S
needs to be within 5% of the front/rear axle load distribution of the t Y BS%UPN  FRBIIREZ P ESLRE TP 4R

N

= (I
X e |
SN e
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original unladen kerb mass plus full fuel load. If the vehicle differs
from the requirements given in this paragraph, items may be removed
or added to the vehicle which has no influence on its performance.
Any items added to increase the vehicle mass should be securely

attached to the car.

5.2.5.6 Repeat paragraphs 5.2.5.3and 5.2.5.4 until the front and rear
axle loads and the total vehicle mass are within the limits set in
paragraph 5.2.5.5. Care needs to be taken when adding or removing
weight in order to approximate the original vehicle inertial properties
as close as possible. Record the final axle loads in the test details.
Record the axle weights of the VUT in the ‘as tested’ condition.

5.2.5.7 Vehicle dimensional measurements shall be taken. For
purposes of this test procedure, vehicle dimensions shall be
represented by a two dimensional polygon defined by the lateral and
longitudinal dimensions relative to the centroid of the vehicle using
the standard SAE coordinate system. The corners of the polygon are
defined by the lateral and longitudinal locations where the plane of
the outside edge of each tyre makes contact with the road. This plane
is defined by running a perpendicular line from the outer most edge of

the tyre to the ground at the wheelbase, as illustrated in Figure 5.

AR OB BRARAMIZ S ER Y UM ER 2 R
ij‘iakly '_"-_k.‘],"‘i—%"_gr F\ o

3.12.4.2.5.6 £ 4§ 3.12.42.5.3 ¥2 3.12.4254 2 % it 5 J|% (S phiE
B2 R E 5 AIE 30240552 RE o M ABLE Bk
JEHEEH 7 adFd dnz A (inertial properties ) © 385

P E e s M2 ghE o SRR F P s KD iR hE o

3124257 e T A 4w R R o Bt ES Y 0 B R o RHAE

®ERp# B 4ep € (SAE) AR % 5t (SAE coordinate
system ) #&5&5}_;& v & 002D A s AR D dRe L2

ﬁéfvb*’k’/ —110)71 Wu‘*llim“¥iﬁ&xmj&ﬁ§7—lm%
EES - L Fa\-oimlé:}ﬂ%p g 4 2 phE B
#Bz;;_,'m » o[l S AT e

12




Euro NCAP & =

T-NCAPif~ ¥ %

o

Longitudinal
locations

Lateral
locations

Defenition of
lateral location

Figure 5: Vehicle dimensional measurements
5.2.5.8 The vehicle’s wheelbase and the lateral and longitudinal

locations shall be measured and recorded.

B Ee
f - = _‘_, = 1
3 3¢
) A0 I ) A \\ B o B
| g A,
Defenition of ' [ EE g
B B B e : !

3.124.2.5.8 & {mhiEZ o B2 4B 8 ¥ RE PIT ek -

6. TEST PROCEDURE

6.1 VUT Pre-test Conditioning

6.1.1 General

6.1.1.1 A new car is used as delivered to the test laboratory.

6.1.1.2 If requested by the vehicle manufacturer, drive a maximum of
100km on a mixture of urban and rural roads with other traffic and
roadside furniture to ‘calibrate’ the sensor system. Avoid harsh
acceleration and braking.

6.1.2 Brakes

6.1.2.1 If not performed already for other tests, or when the vehicle

3.12.5 ¢ A2 R

3.12.5.1 R % P fmdskw 3 &

3.12.5.1.1 — 43E B

32.5.1.1.1 2378 % 3 kRIS -

3.125.1.12 # & ik f & R XD IRT (TRIT R E PRI R

JAHTBEA RS T RS 100202 > URERPIE A Ko 78

P B Gy ZlAeik 2 TR o

3.12.5.1.2 £ &

325121 oy A A s A ddmt e ko BRiRT A

1
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manufacturer requests, condition the vehicle’s brakes in the following

manner:

ePerform ten stops from a speed of 56km/h with an average

deceleration of approximately 0.5 to 0.6g.

eImmediately following the series of 56km/h stops, perform three
additional stops from a speed of 72km/h, each time applying
sufficient force to the pedal to operate the vehicle’s antilock braking

system (ABS) for the majority of each stop.
eImmediately following the series of 72km/h stops, drive the vehicle
at a speed of approximately 72km/h for five minutes to cool the

brakes.

e[nitiation of the first test shall begin within two hours after

completion of the brake conditioning

6.1.3 Tyres

6.1.3.1 Condition the vehicle’s tyres in the following manner to

remove the mould sheen:

eDrive around a circle of 30m in diameter at a speed sufficient to

q‘s

S E D R d

(1)

(2)

3)

(4)

B2 iF Sokm/h T3 iE R G 0.5 3 0.6g 2 2 3V H {7 10 =

L o

% it 56km/h - & F)ECE (5 BRFE 2 72km/h i B

1
iR 3o Fa R RS BT HD R D IR g

s

Zr# % 4 (antilock braking system » ABS) ¥ 3t & S 40 @ pF L

ANES I

o FaF 72km/h - A FECE §8 O RE TR M T2km/h fhiE R fF

L A B i sl

- BEKRS P AFELD LD R R AET o

3.12.5.1.3 #°*>

3.12.5.1.3.1 1 F 53 5N 5 B dmihis o 0 EE R s 2 L

(1)

PR D RyL E S 30m2 BT i A4 2317053 0.6g %
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generate a lateral acceleration of approximately 0.5 to 0.6g for three

clockwise laps followed by three anticlockwise laps.

eImmediately following the circular driving, drive four passes at
56km/h, performing ten cycles of a sinusoidal steering input in each
pass at a frequency of 1Hz and amplitude sufficient to generate a peak
lateral acceleration of approximately 0.5 to 0.6g.

eMake the steering wheel amplitude of the final cycle of the final pass

double that of the previous inputs.

6.1.3.2 In case of instability in the sinusoidal driving, reduce the
amplitude of the steering input to an appropriately safe level and

continue the four passes.

6.1.4 LKA/LDW System Check

6.1.4.1 Before any testing begins, perform a maximum of ten runs at
the lowest test speed the system is supposed to work, to ensure proper
functioning of the system.

6.2 Test Scenarios

6.2.1 The performance of the VUT LSS is assessed in the LDW-SL,
LDW-DL, LKA-SL scenarios as shown below.

beiE B2 E R 0 ARS8 = B i pEA
S Rz

Q) R*IFF- B e N2 B A A B i B 0.5
I 0.6g 2% ok EJRIGHEE > B3 4 S6km/h o @ P im

e S B E e E 10 52 1 e 5Tk -

(B) BMA2ZB NP2 P B biRGR: DA FRL - § o

3.12.5.1.3.2 4ot 5= 4 % 5" (sinusoidal driving ) 3k i@ & £ 72 42 % >

PIBE S 2 B r 2 JRtFE % 2k » F 2w T gkiv o

32514 B spfaF et/ ipipw e B LG4

3.12.5.1.4.1 3@ B hem > BT IR A2 A MBEHER TR

S L= R AL FAF T o

3.12.52 % T8

3.12.52.1 B ipqfes A2 Xk dmltta 0 BT BlYror 2. LDW—

FHRILDW—f 4 - LKA-F F BT o
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LDW-Solid Line

— — — _-— - — — - @ @ s —

...—,_"-.,-____,
)\

LKA-Solid Line (Full lane marking)

6.2.2 For testing purposes, assume an initial straight line path
followed by a fixed radius of 1200m followed again by a straight line,
hereby known as the test path. Control the VUT with driver inputs or
using alternative control systems that can modulate the vehicle

controls as necessary to perform the tests.

SRS L B E

T —

DR f SRR (R ERR)

312522 3#5iEARY 0 Bk RmE S - B s 3R BRI H T

]
L1200 2 AR A RFX ZERZBL VY ERE BT

PSP TR ET 5 0 TR A ED il ]

; .
TR o
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6.2.3 LDW tests will be performed with lateral velocities of 0.3m/s
and 0.5m/s for both left and right hand side departures.

6.2.4 LKA tests will be performed with 0.1 m/s incremental steps (see
6.4.5) within the lateral velocity range of 0.1 to 1.0m/s for both left
and right hand side departures. For lateral velocities of 0.6m/s and
greater, continue testing as long as the LKA system continues to

intervene.

6.2.4.1 The vehicle manufacturer shall provide information describing
the location when the closed loop path and/or speed control shall be
ended so as not to interfere with LKA intervention for each test.
Otherwise for each lateral velocity, two calibration runs shall be
performed in order to determine when the LKA activates. Compare
steering wheel torque, vehicle speed or yaw rate of both runs and
determine where there is a notable difference that identifies the

location of LKA intervention.

Run 1: Complete the required test path with LKA turned OFF and

measure the control parameter

Run 2: Complete the required test path with LKA turned ON and

measure the control parameter

312523 & g ipdrgf ot Eo7 K MR RV pleE R 5 0.3m/s &

0.5m/s » & B34 {7 = + B8 3 YRS o

312524 8 i et A MR AReE R S 013 1.0m/s #

BIPp > 00F 3 4e 0.1 m/s Bl i# B (4 3.12.54.5) &4 5] *{ﬁ‘;

4. 0B i AR c B ReEBEE AL 06ms P B ER
PR AT R * Bk

3.12.5.2.4.1 ﬁiﬁi—“z}%ﬁgl—wﬁﬁg i /& (closed loop path) %

/2% i B ] x,,%é\p.i‘f,ﬁ,ﬂh o ,11353’5.,4:( B+ LKA
SRR BRI A Rl R R 0 RS A RES
B B LKA e Pfad o VA X ER2 S e 4

HimiE R A EE R (yvawrate) R ZEEF A o o 1k
LKA i 56 /i » p s o

$oAp MBS AR AR T RS R 2 R 1

¥ ORI Sk o

S A BB g adEEes LKA T2 AR K2 BBES 0 1Y
LI o E e U
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6.2.4.2 Complete the LKA tests while ending the closed loop control
before LKA activation as defined in 6.2.4.1. In the case of calibration
runs the release of steering control should occur on the test path and
no less than 5Sm longitudinally before the location of LKA

intervention.

6.2.5 The following parameters should be used to create the test paths:

Radius N Laml:.‘l deviation Lateral distance
Lateral Yaw during curve . .
L of Cre travelled during Lateral Offset
velocity . Angle | establishing yaw . i
’ Turn . : Vlat steady state [m]
[m/s] (m] | angle [m]-
[m]

0.1 0.29 0.02 0.40

02 0.57 0.06 0.70

03 0.86 0.14 0.90

0.4 1.15 0.24 0.80

0.5 1200 | 143 0.38 0.75

d=d1

0.6 1.72 0.54 0.60

0.7 2.01 0.74 0.53

0.8 2.29 0.96 0.40

0.9 2.58 122 0.23

1.0 2.86 1.50 0.00

Where the offset from lane marking (d1):

d1 = Lateral distance travelled during Vlat steady state (m)

+ Lateral deviation during curve establishing yaw angle (m)

+ Half of the vehicle width (m)

3125242 B ip fadFdes L ifadn B P )T o 2 @
AR L SLIREE 0 40 3.12.5.2.4.1 HE o AR TR (T2
WEER > I U aiFEges K4 0 28 w2 e 5Sm
Jef % “,/TT (release)#® & 241 o

312525 i % 10T SBuE ¥ RS -

R SEm .| BIEAe |BEALSEZX |MEMARES | WHkE. |
[m/s]. [m]- [°l- Z Al R sE a2 [m]-
[m]- I EE .
[m]-
0.1 b 0.29: 0.02. 0.40 b
02: |, 0.57- 0.06 0.70- i
0.3o [ 0860 014@ 090a e
0.4 o 1.15- 0.24. 0.80 d=dle
0.5 1200- 143, 0.38 0.75-
0.6+ 1.72 0.54. 0.60-
0.7 2.01» 0.74- 0.53-
0.8 2.29 0.96. 0.40-
0.9- 2.58. 1.22 0.23-
1.0 2.86+ 1.50- 0.00-

Bk (dl):

dl =4 e RAE TR EZ Ble HAIEHE (m)

+ R A W e e HAEEERE (m)

+ ZmE R - L (m)
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6.3 Test Conduct

6.3.1 Before every test run, drive the VUT around a circle of
maximum diameter 30m at a speed less than 10km/h for one
clockwise lap followed by one anticlockwise lap, and then manoeuvre
the VUT into position on the test path. If requested by the OEM an

initialisation run may be included before every test run.

6.3.2 For vehicles with an automatic transmission select D. For
vehicles with a manual transmission select the highest gear where the
RPM will be at least 1500 at the test speed.

Between tests, manoeuvre the VUT at a maximum speed of 50km/h
and avoid riding the brake pedal and harsh acceleration, braking or
turning unless strictly necessary to maintain a safe testing

environment.

6.4 Test Execution

3.12.5.3 ;85 R4 ( Test Conduct )

3.1253.1 & sk > R %5 imK L 43T 10km/h 2 B BEF B

* B 5 30m 2 [FIB 7% > ArgpEst S g (78— B R F U

e o 78— Bl RSB D mE P RRER Y G
Wnowémiiﬁﬁ, 3 E I IRER R T AR

(initialization run ) °

&U53l¥§mggﬁ%g&,@§ﬁﬁﬁ%@ c X HgmL 2

PREFRBRER FRP > EEHEET L 1500rpm 2 5B

SIS
1~ °

T ks o FARE R (8 F % S0km/h o P 2t &R

B&EH LK L& # (riding the brake pedal ) ~ 5 7] 4eif ~ Z£ @

B L > R R TR B

31254 &% |
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6.4.1 Accelerate the VUT to 72 km/h.

6.4.2 The test shall start at Ty and is valid when all boundary

conditions are met between Toand Trxa/TLpw:

- Speed of VUT (GPS-speed) 72 + 1.0km/h
- Lateral deviation from test path 0=+ 0.05m
- Steady state lane departure lateral velocity + 0.05m/s

- Steering wheel velocity =+ 15.0°/s

6.4.2.1 Steer the vehicle as appropriate to achieve the lateral velocity

in a smooth controlled manner and with minimal overshoot

6.4.3 The end of an LDW test is considered as when the warning

commences.

6.4.4 The end of an LKA test is considered as when one of the

following occurs:

- The LKA system fails to maintain the VUT within the permitted

lane departure distance.

- The LKA system intervenes to maintain the VUT within permitted
lane departure distance, such that a maximum lateral position is

achieved that subsequently diminishes causing the VUT to turn back

3.12.5.4.1 %53 fmeid 1 72kmh -

3.12.54.2 3253 To B 45 0 ;E To &7 Tixa/Tipw 2- B [ £ T3 ’"Ll’”;s

Ui 0 RIS R ok

(1) 22 iw# & (GPS- i# & ) 72+ 1.0km/h
(2) FHREE R HAEFESRE 0+0.05m

(3) ez & marpeid & +0.05m/s
(4) D redidig £15.0%

3125421 g v adrdld dmie H T2 A g ] imdpiEit T i

B2 R E R

3.12.54.3 & i ipdpdl ps Box K SRS B A PRIS L L BT frde pE o

3.12544 3 i A et ARG AR Tk E - R4

2=

(1) B b LAy 2 ES%0 madh b virs 3 3 hise
72@ F\ o

(2) B afrpet LR > Bt gL ir2 B B
BEAERN > blhep E R A A Re =B BB I v I RIEN
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towards the lane.

The test is considered complete 2 seconds after one of the above
occurs.

6.4.5 The subsequent lateral velocity for the next test is incremented
with 0.1m/s.

SatiE- FREL AL ERAREER -

3.12.545 7 - = E% 2 BleiE R REH 4 0.1m/s o
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6. ASSESSMENT OF LANE SUPPORT SYSTEMS

6.1 Introduction

Lane support systems are becoming increasingly widespread and Euro
NCAP has acknowledged their safety potential via the Euro NCAP
Advanced award process. From 2014, these systems are included in

the Safety Assist score.

Euro NCAP has developed tests which complement any legislative

requirements, to be able to rate lane support systems in more detail.

6.2 Definitions

Lane Keeping Assist (LKA) — heading correction that is applied
automatically by the vehicle in response to the detection of the vehicle
that is about to drift beyond a delineated edge line of the current travel

lane.

Lane Departure Warning (LDW) — a warning that is provided
automatically by the vehicle in response to the vehicle that is about to

drift beyond a delineated edge line of the current travel lane.

244 B Fpfet kBT

MRNF A 2 A & A Z (3
: :

L= Er MRS e B - BRI - o =V AN

F%‘—g i " s AN

2441 2378 &

24.4.1.1 8 if adxgfes k2 (Lane Keeping Assist, LKA ) © # §51d

RIF| Tl B R B TR 2 B E R RRPE > Tp el 2w

,H_.’,}/J‘_L o

24412 2 if ipargf et ¥on k% (Lane Departure Warning,

LDW) : & §m (i R F| Tl p 5 (782 & 35 8 AR aph o or
po#s Rz BT o
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Vehicle width — the widest point of the vehicle ignoring the rear-view
mirrors, side marker lamps, tyre pressure indicators, direction
indicator lamps, position lamps, flexible mud-guards and the
deflected part of the tyre side-walls immediately above the point of

contact with the ground.

Vehicle under test (VUT) — means the vehicle tested according to this
protocol with a Lane Keep Assist and/or Lane Departure Warning

system.

Time To Line Crossing (TTLC) — means the remaining time before
the VUT crosses the line, assuming that the VUT would continue to

travel with the same lateral velocity towards the lane.

Distance To Line Crossing (DTLC) — means the remaining lateral
distance (perpendicular to the line) between the inner side of the lane
marking and most outer edge of the tire, before the VUT crosses the
line, assuming that the VUT would continue to travel with the same

lateral velocity towards the lane marking.

6.3 Criteria and Scoring

6.3.1 To be eligible for scoring points in Lane Support Systems, the
vehicle must be equipped with an ESC system that complies with

24413 2 §m% & (Vehiclewidth): & §mé ~ F R 7 & 3515 A4 ~

J *EHAJA\ES@@;PJ;H:B \—g,?,JA\P—vB-JA\ f’"\‘j’%/ﬁ‘

> B B

Bty g gk

32 ghPa s ks (side-wall) R A13R A o

24.4.14 =% 2 & (Vehicle under test, VUT) :

l“#ﬂ fir i & i L iF

s (LKA) 2 /842 if hagd 2 &5 (LDW) k%> ¥ xz:}fm

BE ek B o

2.4.4.1.5 xm 45 7 (Time To Line Crossing, TTLC ) : i3k X 2%

ﬁmﬁiuwkw@&&%ﬁvﬁﬁ%ﬁ’ﬁ

B fREEAR SR A

2.4.4.1.6 &z #1454 (Distance To Line Crossing, DTLC) « 3%

S22 ARUAR I p 8 R D R 0 B RN S

ok ik R REAR A A T 4

ARFEYE (B8 FHRRLT )o

2442 {50 2218 &

24421 &gt xR B0 a%f@;@f 5

RI3H #* R140 4= 2

LE T SO
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6.3.2 Human Machine Interface (HMI)
HMI points can be achieved for the following:

eDefault ON 0.2 points

All LKA and/or LDW systems are default ON at the start of every

journey.

eHaptic/Supplementary Warning 0.2 points

For LDW systems a more sophisticated haptic warning like a

vibrating steering wheel is awarded.

For LKA a supplementary warning which is issued simultaneously
to the intervention or when the LKA cannot keep the car in lane is
awarded. When an LKA system ensures that the vehicle will not
leave the lane in any of the Euro NCAP tests, points are awarded by
default.

«Blind Spot Monitoring 0.1 points

The vehicle is additionally equipped with a Blind Spot Monitoring

system to warn the driver of other vehicles present in the blind spot.
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6.3.3 Lane Keeping Assist (LKA) / Lane Departure Warning (LDW)

6.3.3.1 For both LKA and LDW system tests, the assessment criteria
used is the Distance to Line Crossing, DTLC. The limit value for
DTLC for LDW is set to -0.3m, meaning that the vehicle is allowed to
cross the inner edge of the lane marking by a maximum of 0.3m
before the warning occurs. The limit value for DTLC for LKA is set
to -0.4m, meaning that the LKA system must not permit the VUT to
cross the inner edge of the lane marking by a distance greater than
0.4m.

The available points per test are awarded based on a pass/fail basis.
The points available for the different systems are detailed in the table
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6.3.3.2 Points for the LKA function are awarded when the VUT
passes 3 out of 5 tests (on both left and right side), while for the LDW

function all tests need to pass to get the points.

LKA + LDW (combined)
Systems offering both LKA and LDW functions, these functions are

tested and assessed separately.

o[LKA only
A systems that only offer the LKA function will be tested and

assessed in both the LKA and LDW scenarios.

L DW only
For systems that only offer the LDW function, the function will be

tested and assessed in the LDW scenarios only.

6.3.4 Total LSS Score
The total score in points is the sum of the HMI score, LKA score and

LDW score.
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