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A.

PROPOSAL

Paragraphs 2.19. to 2.2Penumber as 2.20. to 2.23.

Insert new paragraphs 2.33. to 2.33t8 read:

"2.33.

2.33.1.

2.33.2.

2.33.3.

"Brake Assist System (BASheans a system which supports the driver in imgldip
vehicle deceleration when the brake pedal is opdraith an emergency characteristic.
There are three categories of Brake Assist System:

"Category A Brake Assist Systermeans a system which detects an emergency
braking condition based on the brake pedal forqdiegh by the driver;

"Category B Brake Assist Systemmeans a system which detects an emergency
braking condition based on the brake pedal spggulied by the driver;

"Category C Brake Assist Systemeans a system which detects an emergency
braking condition based on multiple criteria, ofi@vbich must be the rate at which the
brake pedal is applied.”

Annex 1

Insert new items 22. to 22.1.%0 read:

"22.

22.1.

22.1.1.

22.1.2.

22.1.3.

The vehicle is / is not/ 2itted with a Brake Assist System meeting theursgments of
Annex 10.

Category of Brake Assist System A/B/LC 2

For category A systems, define the forcestiold at which the ratio between pedal
force and brake pressure increase’s; 2

For category B systems, define the braklalpgpeed which must be achieved in order
to activate the Brake Assist System (e.g. pedaketspeed (mm/s) during a given time
interval); 4

For category C systems, define the inputlbes affecting the decision to activate the
Brake Assist System, the relationship between thaththe pedal application required
to activate the Brake Assist System for the testedbed in Annex 10./2

Items 22. to 31. (formeryenumber as items 23. to 32.
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Insert a new Annex 1@o read (including its Appendices 1 and 2):

1.1.

1.2.

2.1.

2.1.1.

2.1.2.

"Annex 10

SPECIAL REQUIREMENTS TO BE APPLIED TO BRAKE ASSISHYSTEMS,

WHERE FITTED
GENERAL

This annex specifies test requirements for Brakesifa Systems, as defined in
paragraph 2.23. of this Regulation where fitted toehicle within the scope of this
Regulation].

In addition to the requirements of this annex,KBrassist Systems shall also be subject
to any relevant requirements contained elsewhet@miinis Regulation.

GENERAL PERFORMANCE CHARACTERISTICS FOR CATER® ‘A" BAS
SYSTEMS

When an emergency condition has been sensededliged braking force to achieve a
specific vehicle deceleration shall be reduced étwben 40 per cent and 80 per cent
compared to the braking force required withoutBie system in operation.

Compliance with this requirement is demonstrafettié provisions of paragraphs 3.1.
to 3.3. of this annex are met.

GENERAL PERFORMANCE CHARACTERISTICS FOR CATEB® 'B' AND
CATEGORY 'C ' BAS SYSTEMS

When an emergency condition has been sensedhidevdeceleration of at least 85 per
cent of the maximum ABS braking deceleration shallmaintained under constant
pedal force during the period from 0.8 seconds dlfie initial application of the pedal
force until the vehicle speed reduces to 10 km/h.

Compliance with this requirement is demonstrafettié provisions of paragraphs 4.1.
to 4.3. of this annex are met.

GENERAL TEST REQUIREMENTS
VARIABLES

Whilst performing the tests described in this anrtbe following variables shall be
measured:

Brake pedal force, F

vehicle velocity, v,
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2.1.3.
2.1.4.

2.1.5

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.3.

2.3.1.

2.4,

24.1.

2.4.2.

2.4.3.

Note

vehicle acceleration, ;a

Brake temperatureg T

Brake pedal travel, fISmeasured at the centre of the pedal plate arpatsition on the
pedal mechanism where the displacement is propaitito the displacement at the
centre of the pedal plate allowing simple calitmatof the measurement.

MEASURING EQUIPMENT

The variables listed in paragraph 2.1 o$ #nnex shall be measured by means of
appropriate transducers. Accuracy, operating randétering techniques, data

processing and other requirements are describ&OrStandard 15037-1: 2006

Accuracy of pedal force and disc temperatugasurements shall be as follows:

: Typical operating range Recommended maximum|
Variable range system .
of the transducers recording errors
Pedal force 0to 2,000 N +10N
Brake temperature 0-1,000 °C +5°C

A sampling rate for data acquisition ofeatdt 500 Hz is required.

Further details on analogue and digital gatecessing of the BAS test procedures are
described in Appendix 2 to this annex.

TEST CONDITIONS

Test vehicle loading condition: The vehsiall be unladen. There may be, in addition
to the driver, a second person on the front seat iwlmesponsible for noting the results
of the tests.

TEST METHOD

The tests as described in paragraphs 34abélow shall be carried out from a test
speed of 100 + 2 km/h. The vehicle shall be driakthe test speed in a straight line.

The average temperature of the brakes Isbafi accordance with paragraph 1.4.1.1. of
Annex 3.

For the tests the reference tirpeistdefined as the moment when the brake pedeé for
reaches 20 N.

For vehicles equipped with a vacuum booster ph@ied brake pedal force necessary
depends on the vacuum level that exists in the wacbrake booster. Therefore, a
sufficient vacuum shall be ensured at the beginoirg braking test.



3.1.

3.1.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.3.
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ASSESSMENT OF THE PRESENCE OF A CATEGORY 'A' BAS

A category 'A' BAS shall meet the test requirermeocbntained in paragraphs 3.1.
and 3.2.

Test 1Reference test to determingsg and ags.

The reference valuessgg and ags shall be determined in accordance with the
procedure described in Appendix 1 to this annex.

Test 2For activation of BAS

Systems sensitive to pedal force shall samignificant increase in the ratio of brake
pedal force to vehicle deceleration once an emesgdmaking condition has been
detected.

The performance requirements for a categl@ryBAS are met if a specific brake
application characteristic can be defined thatl@thia decrease of between 40 per cent
and [80 per cent] in required brake pedal force (FMgs extrapolate- Fr) compared to
(Fags - Fr).

F and a are threshold force and threshold deceleratioshasvn in Figure 1. The
values of Fr and a shall be supplied to the Technical Service attithe of submission

of the type-approval application. The value of shall be between 3.5 m/s?
and 5.0 m/s2

A straight line is drawn from the origindhigh the point  ar (as shown in Figure 1).

The value of brake pedal force 'F', at the poinintérsection between this line and a
horizontal line defined by azgs, is defined as Ags, extrapolated

F — I:T X aABS
ABS,extrapolagd ~—
ar

Data evaluation

The presence of a category ‘A’ BAS is proven if

I:ABS,min < I:ABS < I:ABS,max

where:
I:ABS,max - FT < (FABS,extrapoIaed - FT )X 06

and

I:ABS,min - I:T 2 (FABS,extrapoIaed - I:T )X [02]
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4.1.

4.1.1.

4.2.

A
aABS T T i ~
© 7
g : -
(] -
% Between 3,5 and 5.0 /s /s ;,] o -
% o, -
o S
o) /-
ar
I:T I:ABS, FABS, max I:ABS, extrapolated
Brake Pedal force, F
Figure 1: Pedal force characteristic needed in rortle achieve maximum

deceleration with category 'A' BAS
ASSESSMENT OF THE PRESENCE OF A CATEGORY 'B' BAS

A category 'B' BAS shall meet the test requiremmeargntained within paragraphs 4.1.
and 4.2. of this annex.

Test 1Reference test to determingsgand ags,

The reference valuessgE and ags shall be determined in accordance with the
procedure described in Appendix 1 to this annex.

Test 2For activation of BAS

The vehicle shall be driven in a straight linglet test speed specified in paragraph 2.4.
above. The driver shall apply the brake pedalldyiaccording to Figure 2, simulating
emergency braking so that BAS is activated and AB8Ily cycling.

In order to activate BAS the brake pedal shalldpplied as specified by the car
manufacturer. The manufacturer shall notify thehfecal Service of the required
brake pedal input at the time of submission ofapplication for type-approval. It shall
be demonstrated to the satisfaction of the TechrSeavice that the BAS activates
under the conditions specified by the manufacturer accordance with

paragraphs 22.1.2. or 22.1.3.

After t=1% + 0.8 s and until the vehicle has slowed down tgpaed of 10 km/h the
brake pedal force shall be maintained in a corrisletween Fgs upperand Fes, lower-
Where Fgs, upperiS 0.7 Fes and Fgs, lower IS 0.5 Fgs.

The requirements are also considered to be maftdr t = § + 0.8 s, the pedal force
falls below Fgs 1ower provided the requirement of paragraph 4.3. iglikedf.
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4.3. Data evaluation
The presence of BAS 'B' is proven if a mean deaBtn of at least 0.8baass IS
maintained from the time when t&# 0.8 s to the time when the vehicle speed has
been reduced to 10 km/h.
Deceleration a
Brake pedals Brake pedal force A
forceF !
_______________________________________________ : aABS
.................... :aBAS
I:ABS,upper _______________________ : ".
I:ABS,Iower » < .
1
% :
deceleration i
Initial pedal !
force ] 1
:
1
to to + 0.8 seconds time
< Phase of panic »l¢ Phase of BAS-eval uation;,‘
pedal application (ending at speed of 10 km/h)
Figure 2: Test 2 of a category 'B' BAS system
5. ASSESSMENT OF THE PRESENCE OF A CATEGORY 'C' BAS
5.1. A category 'C' BAS shall meet the test reaqnésts of paragraphs 4.1. and 4.2. of this
annex.
5.2. Data evaluation

A category 'C' BAS shall meet the requirementgashgraph 4.3. of this annex.
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Annex 10, Appendix 1

METHOD FOR DETERMINATION OF kgs and ags

1.1. The brake pedal forcexds is the minimum pedal force that has to be applada
given vehicle in order to achieve maximum deceilenatvhich indicates that ABS is
fully cycling. ags is the deceleration for a given vehicle during A@&eleration as
defined in paragraph 1.7.

1.2. The brake pedal shall be applied slowly (withactivating the Brake Assist System)
providing a constant increase of deceleration W8S is fully cycling (Figure 3).

1.3. The full deceleration must be reached withie timeframe of 2.0+0.5s. The
deceleration curve, recorded against time, muswiti@n a corridor of + 0.5 s around
the centre line of the deceleration curve corridbine example in Figure 3 has its origin
at the time ¢ crossing the as line at 2 seconds. Once full deceleration has been
achieved the pedal travel JSshall not be decreased for at least 1 s. The tmnfull
activation of the ABS system is defined as the twmhen pedal force g&gs is achieved.
The measurement shall be within the corridor fatarece of deceleration increase (see
Figure 3).

deceleration a
y N

ABS fully cycling
corridor

"""""""""" aaBs

Corridor for variance of /- .. .
deceleration increas¢/" ..

v

2+0.5s tlme[S]

timeframe

Figure 3: Deceleration corridor for determinatidrFgss and ags

1.4. Five tests meeting the requirements of paphgia3. shall be carried out. For each of
these valid tests the vehicle deceleration shaplbd#ed as a function of the recorded
brake pedal force. Only data recorded at speedgeabd km/h shall be taken for the
calculations described in the following paragraphs.



1.5.

1.6.

1.7

1.8.

1.9.

1.10.
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For the determination ofags and ks a low pass filter of 2 Hz for vehicle
deceleration as well as pedal force shall be agpplie

The maximum individual value for the vehiclkecdleration is determined from each of
the five individual curves. The mean value ofsthdive maximum values which is
named as & represents the upper limit of the deceleratidneced.

All measurement values of all five stops that@ove 90 per cent of this deceleration
value "a.ax' are averaged. This value of "a" is the decelemadigs referred to in this
regulation.

The five individual 'deceleration versus brgkedal force' curves are averaged by
calculating the mean deceleration of the five vidlial ‘deceleration vs. brake pedal
force" curves at increments of 1 N pedal force.e Tasult is the mean deceleration
versus brake pedal force curve (Figure 4), whichlvé referred to as the "maF curve"
in this appendix.

The minimum force on the pedaln(f} sufficient to achieve the deceleratiogs&
calculated in paragraph 1.7. is defined as theevafu- corresponding to azg on the
maF curve.

Using linear regression, a straight lineraah through all maF curve values below the
pedal force K, and above the line representing 70 per cent of ARSeleration
(0.7 * ags). The value of the brake pedal force 'F' at thimtpof intersection between
this line and the horizontal line where ass«is defined as gs.

L=

=
o)

deceleration a [g]

=2 =]

1} 100 sl 00 400 a0 B0 T 200
brake pedal force F [N]

Figure 4: Determination of the value ofgs
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Annex 10, Appendix 2
DATA PROCESSING FOR THE BAS
1. ANALOGUE DATA PROCESSING

NOTE:

2.1.

2.2.

The bandwidth of the entire, combined transdueedirding system shall be no less
than 30 Hz.

In order to execute the necessary filtering ohalg, low-pass filters with order 4 or
higher shall be employed. The width of the passdbdrom O Hz to frequencyof

at -3 dB) shall not be less than 30 Hz. Amplited®rs shall be less than + 0,5 per cent
in the relevant frequency range of 0 Hz to 30 Hall analogue signals shall be
processed with filters having sufficiently similphase characteristics to ensure that
time delay differences due to filtering lie withithe required accuracy for time
measurement.

During analogue filtering of signals with féifent frequency contents, phase shifts can
occur. Therefore, a data processing method, asrided in paragraph 2. of this
appendix, is preferable.

DIGITAL DATA PROCESSING
General consideration

Preparation of analogue signals includes condideraf filter amplitude attenuation
and sampling rate to avoid aliasing errors, antérfiphase lags and time delays.
Sampling and digitising considerations include gaeapling amplification of signals to
minimize digitising errors; number of bits per sdeymumber of samples per cycle;
sample and hold amplifiers; and time-wise spacihgamples. Considerations for
additional phaseless digital filtering include s¢ilen of pass bands and stop bands and
the attenuation and allowable ripple in each; asrdection of filter phase lags. Each of
these factors shall be considered in order to a&ehgerelative overall data acquisition
accuracy of + 0.5 per cent.

Aliasing errors

In order to avoid uncorrectable aliasing errorge tanalogue signals shall be
appropriately filtered before sampling and digiigsi The order of the filters used and
their pass band shall be chosen according to bethequired flatness in the relevant
frequency range and the sampling rate.

The minimum filter characteristics and samplingg rshall be such that:
(&) Within the relevant frequency range of O Histex= 30 Hz the attenuation is less
than the resolution of the data acquisition systzmal



NOTE:

2.3.

NOTE:

2.4.
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(b) At one-half the sampling rate (i.e. the Nyquat "folding" frequency) the
magnitudes of all frequency components of signal aoise are reduced to less
than the system resolution.

For 0.05 per cent resolution the filter attenuatishall be less than 0.05 per cent
to 30 Hz, and the attenuation shall be greater 8885 per cent at all frequencies
greater than one-half the sampling frequency.

For a Butterworth filter the attenuation isen by:

2 1 2 1
A = f 2n andA = f 2n
S ()
where:

n is the order to filter;

fmaxis the relevant frequency range (30 Hz);

fois the filter cut-off frequency;

fnis the Nyquist or "folding” frequency.

For a fourth order filter

for A =0.9995: §= 2.37* fmax

for A =0.0005: §, = 2* (6.69* fo), where §, is the sampling frequency =2N.

Filter phase shifts and time delays for aliéising filtering

Excessive analogue filtering shall be avoided, atidfilters shall have sufficiently
similar phase characteristics to ensure that tiel@yddifferences are within the required
accuracy for the time measurement. Phase shiiseapecially significant when
measured variables are multiplied together to farew variables, because while
amplitudes multiply, phase shifts and associatee tilelays add. Phase shifts and time
delays are reduced by increasing fWhenever equations describing the pre-sampling
filters are known, it is practical to remove thpirase shifts and time delays by simple
algorithms performed in the frequency domain.

In the frequency range in which the filter @itude characteristics remain flat, the
phase shift @ of a Butterworth filter can be apprated by
® = 81~ (f/fg) degrees for second order
® = 150~ (f/fo) degrees for second order
® = 294~ (f/fy) degrees for second order
The time delay for all filter orders is: t ©(360)* (1/fo)

Data sampling and digitising

At 30 Hz the signal amplitude changes by up t@é8cent per millisecond. To limit
dynamic errors caused by changing analogue input3.1tper cent, sampling or
digitising time shall be less than 88. All pairs or sets of data samples to be contpare
shall be taken simultaneously or over a sufficieatiort time period.
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2.5. System requirements

The data system shall have a resolution of 12 (&it3.05 per cent) or more and an
accuracy of 2 LSB (+ 0.1 per cent). Anti-aliasifilters shall be of order 4 or higher
and the relevant data range«$hall be 0 Hz to 30 Hz.

For fourth order filters the pass-band frequenrdjrém 0 Hz to frequencyof shall be
greater than 2.3% fma if phase errors are subsequently adjusted in digitda
processing, and greater than faaxotherwise. For fourth order filters the data santpl
frequency §shall be greater than 13:4.."

B. JUSTIFICATION

This document introduces provisions for Brake-AsSisstems (BAS) to enable manufacturers to
declare, and for Contracting Parties to confirme, presence of a brake assist system on a vehicle
covered by this Regulation. It is not intendedtthi@s Regulation should mandate the
installation of brake assist systems. Howevds @nvisaged that Contracting Parties wishing to
encourage or mandate the use of such systems whibinterritories (for example, as part of a
package of measures to improve the protection déegteians) could specify that vehicles are
fitted with systems meeting the technical spediftees proposed in this document.

The specifications contained within this documeilect systems that are currently available on
the market. However, the tests and specificatocamot discriminate between a category B and
a category C system. The tests also rely on aagsimn from the manufacturer on how the
pedal should be pressed to activate their partidBhsS. It has, therefore, been requested that
information regarding the brake pedal applicatiequired to activate BAS (all categories) and
all of the input variables to category C systemd teir relationships and threshold values be
supplied to the Technical Service to monitor the wawhich BAS is implemented and to help
determine whether further requirements are necg$ésathese types of system. It is envisaged
that in the future the requirements could be furtideveloped to enhance the current
performance requirements and allow alternative odshof identifying emergency situations
(for example, by using radar technology).



