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Insert new paragraphs 2.34. to 2.34t8 read:

"2.34.

2.34.1.

2.34.2.

2.34.3.

"Brake Assist System (BASineans a function of the braking system that dedwmn
emergency braking event from a characteristic efdtiver's brake demand and, under
such conditions:

(a) assists the driver to deliver the maximum exdible braking rate, or

(b) s sufficient to cause full cycling of the Adck Braking System.

"Category A Brake Assist Systemeans a system which detects an emergency braking
condition based on the brake pedal force appliethériver;

"Category B Brake Assist Systemeans a system which detects an emergency braking
condition based on the brake pedal speed appjiede driver;

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

Amend paragraphs 4.4.3 and 4.4td.read:

"4.4.3.

4.4.4.

In the case of a vehicle complying with tBkectronic Stability Control and Brake
Assist System requirements of Annex 9 to this Ratiph, the additional letters "ESC"
shall be placed immediately to the right of théeletR' mentioned in paragraph 4.4.2.

In the case of vehicles complying with theh\¢le Stability Function requirements of
Annex 21 to Regulation No. 13 and the Brake AsSigtem requirements of Annex 9
to this Regulation, the additional letters "VSFabkHbe placed immediately to the right
of the letter 'R' mentioned in paragraph 4.4.2."

Amend paragraph 5.2.240 read:

"5.2.24. Subject to the requirements of paragrd@h2. to 12.3., any vehicle fitted with an ESC

system complying with the definition of paragrapl2® shall meet the equipment,
performance and test requirements contained inAaftAnnex 9 to this Regulation.”

Amend paragraphs 12.2. to 12 #.read:

"12.2.

As from 1 November 2011, Contracting Paréipplying this Regulation may refuse to
grant national or regional type approval if the ich type does not meet the
requirements of this Regulation as amended by $omgt 9 and is not fitted with an
Electronic Stability Control System and a Brake i8isSystem, both meeting the
requirements of Annex 9 to this Regulation.
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As from 1 November 2013, Contracting Paréipplying this Regulation may refuse
first national registration of a vehicle which dosst meet the requirements of this
Regulation as amended by Supplement 9 and is ted fivith an Electronic Stability

Control System and a Brake Assist System, both ingeéte requirements of Annex 9
to this Regulation.

As from the official date of entry into foroé Supplement 9 to the original version of
this Regulation, Contracting Parties applying ®Regulation:

(a) shall not refuse to grant approval under treguRation to a vehicle complying with
the requirements as amended by Supplement 9 taritlieal version of this Regulation.

(b) shall refuse to grant approval under this Rafioh as amended by Supplement 7 to
the original version of this Regulation."

Annex 1,

Amend

item 21, amend to read:

"21.

The vehicle is equipped ....

If yes: The ESC system has been tested accordimgd fulfils
the requirements of ANNEX O.........coooiiiiiccceeer e e Yes/ No

or: The vehicle ...
....Yes / No"

Insert new items 22. to 22.1.30 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
Part B of Annex 9.

Category of Brake Assist System A/B/C 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 brakialpgpeed 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 inpuabkes affecting the decision to activate the
Brake Assist System, the relationship between thaththe pedal application required
to activate the Brake Assist System for the testcdbed in Part B of Annex 9./"2

Items 22. to 31. (formeryenumber as items 23. to 32.
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Annex 2,

Model A, amend the last sentence of the text béanbatexample of approval martk read:

"The additional marking "ESC" indicates that théiieée meets the Electronic Stability Control
and Brake Assist System requirements of AnnextBitoRegulation."

Annex 9
The Title amend to read:
"Annex 9

ELECTRONIC STABILITY CONTROL AND BRAKE ASSIST SYSTHS"

After the title, insert a new section headitmread:

"A. REQUIREMENTS FOR ELECTRONIC STABILITY CONTROL YSSTEMS,
WHERE FITTED."

Paragraph ,Jamend to read.
"1. GENERAL REQUIREMENTS
Vehicles equipped ...specified in paragraph 5. sf $lection.”

Footnote 2, amend the end of the footntieead:

".. stipulated under paragraph 5. of this section”

Paragraph 3.6.4amend to read:

"3.6.4. The requirement of paragraph 3.6.2.7. @ gection does not apply to tell-tales
shown in a common space."

Paragraph 3.6.5amend to read:

"3.6.5. The manufacturer ...would meet paragraph8.3., 3.2. and 3.3. of this section at
that level of ESC function."
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After Paragraph 5.11.9, insert a new sectiotoBead:

"B.

1.1.

1.2.

2.1

2.1.1.

2.1.2.

2.1.3.

SPECIAL REQUIREMENTS TO BE APPLIED TO BRAKE A$STI SYSTEMS,
WHERE FITTED

GENERAL

The following requirements apply to vehicles fitteith Brake Assist Systems (BAS)
as defined in paragraph 2.34. of this Regulaticoh @eclared in the Communication of
Annex 1, paragraph 22. of this Regulation.

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

In addition to the requirements of this annex,islels with BAS shall also be equipped
with ABS in accordance with Annex 6.

General performance characteristics for cajefd’' BAS systems
When an emergency condition has been sensed l®yatve high pedal force, the
additional pedal force to cause full cycling of thBS shall be reduced compared to the

pedal force required without the BAS system in afien.

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

General performance characteristics for cayeti®)' and category "C" BAS systems
When an emergency condition has been sensedstttdg a very fast application of the
pedal, the BAS system shall raise the pressurdetver the maximum achievable

braking rate or cause full cycling of the ABS.

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

GENERAL TEST REQUIREMENTS
Variables

Whilst performing the tests described in part Btlué annex, the following variables
shall be measured:

Brake pedal force, F
Vehicle velocity, ¥,

Vehicle deceleration, a
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2.1.4.
2.1.5.

2.1.6

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.3.

2.3.1.

2.3.2
2.4.

2.4.1.

Brake temperatureg T

Brake pressure, P, where applicable;

Brake pedal travel,Smeasured at the centre of the pedal plate ompatsaion 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. of gection shall be measured by means of
appropriate transducers.  Accuracy, operating mndatering 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
Brake pressure/* 0-20 MParF + 100 kPa f

*/ Applicable as specified in paragraph 3.2.5.

Details on analogue and digital data prangssf the BAS test procedures are
described in Appendix 5 to this annex. A sampliatg for data acquisition of at least
500 Hz is required.

Alternative measuring methods to those refeto in paragraph 2.2.3. may be allowed,
provided they demonstrate at least an equivaleet & precision.

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 iwmesponsible for noting the results
of the tests.

Braking tests shall be carried out on a drfese affording good adhesion.

Test method

The tests as described in paragraphs 34.aoidthis section shall be carried out from a

test speed of 100 + 2 km/h. The vehicle shall beedrat the test speed in a straight
line.
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Note
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The average temperature of the brakes Isbali accordance with paragraph 1.4.1.1. of
Annex 3.

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

For vehicles equipped with a brake system asbkistean energy source, the applied

pedal force necessary depends on the energy Ibaelekists in the energy storage device.
Therefore, sufficient energy level shall be enswaethe beginning of the test.

3.

3.1.

3.1.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

Assessment of the presence of a category "A" BAS

A category "A" BAS shall meet the test requirensenbntained in paragraphs 3.1.
and 3.2.

Test 1Reference test to determingsg and ags.

The reference valuesgg and ags shall be determined in accordance with the
procedure described in Appendix 4 to this annex.

Test 2For activation of BAS

Once an emergency braking condition has loetected, systems sensitive to pedal
force shall show a significant increase in theoraft

(@) brake line pressure to brake pedal force, wpermitted by paragraph 3.2.5., or
(b) vehicle deceleration to brake pedal force.

The performance requirements for a categdfyBAS are met if a specific brake
application characteristic can be defined thatl@ihia decrease of between 40 per cent
and 80 per cent in required brake pedal force fBksq-Fr) compared to
(FABS extrapolated™ I:I')

F and a are threshold force and threshold deceleratioshasvn in Figure 1. The
values of i and & 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 f ar (as shown in Figure 1a).
The value of brake pedal force "F", at the pointrérsection between this line and a
horizontal line defined by azgs, is defined as &gs, extrapolated

F — I:T |:aABS
ABS,extrapolatd
a'T

As an alternative, which can be selectethbymanufacturer, in the case of vehicles of
category N, or M; derived from those Nvehicles, with a gross vehicle mass
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3.2.5.1.

3.2.5.2.

3.2.5.3.

GVM > 2,500 kg, the pedal force figures fof, Fags,min, Fagsmax@nd Fg extrapolatedMay
be derived from the brake line pressure responaeacteristic instead of the vehicle
deceleration characteristic. This shall be measwas the brake pedal force is

increasing.

The pressure, at which ABS cycling commsnshall be determined by making five
tests from 100 + 2 km/h in which the brake pedahfplied up to the level which
produces ABS operation and the five pressures athwhis occurs as determined from
front wheel pressure records, shall be recordedt@dean value obtained ag&

The threshold pressure $hall be stated by the manufacturer and corresponal
deceleration in the range of 2.5 - 4.5/s

Figure 1b shall be constructed in the raaset out in paragraph 3.2.4., but using line
pressure measurements to define the parametersuseh paragraph 3.2.5. of this

section where:

F _ FT |:lpABS
ABS, extrapolated
PT
A
-100% -80% -40 % 0%
anBs
o
-
< AN 7
. " ~
& -
= Between 3.5 and 5.0 /s fusioffw -
L Ao
()] / ‘///
»r-
ar

I:T I:ABS, min Fabs FABS, max I:ABS, extrapolated

Brake Pedal force, F

Figure la: Pedal force characteristic neededderaio achieve maximum
deceleration with category "A" BAS
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Figure 1b: Pedal force characteristic neededdermto achieve maximum
deceleration with category "A" BAS

3.3. Data evaluation

The presence of a category "A" BAS is proven if

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

where:

F

ABS,max - I:T = (FA FT)[ 06

BS,extrapolaed -
and

I:ABS,min - I:T 2 (FABS,extrapoIaed - FT)[ 02

4. ASSESSMENT OF THE PRESENCE OF A CATEGORY "B" BAS

A category "B" BAS shall meet the test requirersectintained within paragraphs 4.1.
and 4.2. of this section.

4.1. Test 1Reference test to determingsgand ags.

4.1.1. The reference valuesgg and ags shall be determined in accordance with the
procedure described in Appendix 4 to this annex.

4.2. Test 2For activation of BAS
The vehicle shall be driven in a straight lineheg test speed specified in paragraph 2.4.

of this section. The driver shall apply the brale=lal quickly according to Figure 2,
simulating emergency braking so that BAS is actidaand ABS is fully cycling.
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4.3.

In order to activate BAS the brake pedal shallapplied 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 manufacture@ccordance with paragraph 22.1.2.
or 22.1.3 of Annex 1.

After t =t + 0.8 s and until the vehicle has slowed down tgpeaed of 15 km/h, the
brake pedal force shall be maintained in a corrigletween kges, upperand Fags, iower,
Where IiBS, upperiS 0-7 IiBS and I'_ABS, lower iS 0-5 I'_ABS-

The requirements are also considered to be maftdy t = § + 0.8 s, the pedal force
falls below Fgs, 1ower provided the requirement of paragraph 4.3. islhkedf.

Data evaluation

The presence of BAS 'B' is demonstrated if a meeceleration (@s) of at least
0.85- angs is maintained from the time when t&# 0.8 s to the time when the vehicle
speed has been reduced to 15 km/h.

Brak d Deceleration a
rake peda 4

forceF

>

Brake pedal force

force

I:ABS,upper .
I:ABS,Iower J.

1

1

X |

deceleration 1

1

Initial pedal :

1

1

1

1

1

»

0 to + 0.8 seconds time

< Phase of pgnic_ »l¢ Phase of BAS-evaluation
pedal application

Figure 2: Example of test 2 of a category "B" BAStem
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ASSESSMENT OF THE PRESENCE OF A CATEGORY "C" BAS

A category "C" BAS shall meet the test requieats of paragraphs 4.1. and 4.2. of this
section.

Data evaluation

A category "C" BAS shall meet the requirementparfagraph 4.3. of this section."
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Insert new Appendices 4 andtb read:

"Annex 9 - Appendix 4

METHOD FOR DETERMINATION OF kgs AND aags

1.1. The brake pedal forcends is the minimum pedal force that has to be applarda
given vehicle in order to achieve maximum decelenatvhich indicates that ABS is
fully cycling. ass is the deceleration for a given vehicle during AB&eleration as
defined in paragraph 1.7.

1.2. The brake pedal shall be applied slowly (withactivating the BAS in the case of
category B or category C systems) providing a @nisincrease of deceleration until
ABS 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 gs line at 2 seconds. Once full deceleration has been
achieved the pedal trave}, Shall not be decreased for at least 1 s. The tfrill
activation of the ABS system is defined as the twinen pedal force A&gs is achieved.
The measurement shall be within the corridor farateon of increase in deceleration
(see Figure 3).

deceleration a

A
ABS fully cycling
. corridor
sy aaBs

Corridor for variation of /" "%

increase in decelerag/."..".
i
i
i
i
i
i
i
i
i
i
i
i
i

I T »

t 2+0.5s .

’ s time[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
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1.8.

1.9.
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brake pedal force. Only data recorded at speedgeab5 km/h shall be taken for the
calculations described in the following paragraphs.

For the determination ofg and Fgs, a low pass filter of 2 Hz for vehicle deceleratio
as well as pedal force shall be applied.

The five individual "deceleration versus brgsedal force" curves are averaged by
calculating the mean deceleration of the five imdimal "deceleration vs. brake pedal
force" curves at increments of 1 N pedal force.e Tasult is the mean deceleration
versus brake pedal force curve, which will be meférto as the "maF curve" in this
appendix.

The maximum value for the vehicle decelerai®determined from the "maF curve"
and is named as &'

All values of the "maF curve" that are abo@p@r cent of this deceleration value
"amax are averaged. This value of "a" is the decelematmgs" referred to in this
annex.

The minimum force on the pedalgk) sufficient to achieve the deceleratiogsais
defined as the value of F corresponding to as an the maF curve.
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2.1

2.2.

ANS/WP.29/2009/64

Annex 9 - Appendix 5
(see paragraph 2.2.3. of section B of this annex)

DATA PROCESSING FOR THE BAS
ANALOGUE DATA PROCESSING

The bandwidth of the entire, combined transdueeqirding 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 passdbérom O Hz to frequency,f

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.

NOTE: During analogue filtering of signals with f@ifent frequency contents, phase
shifts can occur. Therefore, a data processinghadetas described 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, antkrfiphase 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 &ehgerelative overall data acquisition
accuracy of + 0.5 per cent.

Aliasing errors

In order to avoid uncorrectable aliasing errorle 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 0 HArtax = 30 Hz the attenuation is
less than the resolution of the data acquisiticstesy; and
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(b) At one-half the sampling rate (i.e. the Nyques “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 attenuatéhall be less than 0.05 per cent in the
frequency range between 0 and 30 Hz, and the atfienushall be greater than 99.95
per cent at all frequencies greater than one-halsampling frequency.

NOTE: For a Butterworth filter the attenuation isem by:

A :;Zn and AZ:;

fmax f «
() ()
where:

n is the order to filter;

fmax is the relevant frequency range (30 Hz);
fois the filter cut-off frequency;

fy is 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 = &y.

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 increasigg #Whenever 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.

NOTE: In the frequency range in which the filter@itude characteristics remain flat,
the phase shifb of a Butterworth filter can be approximated by
® = 81- (f/fp) degrees for second order
® = 150- (f/fo) degrees for fourth order
@ = 294- (f/fo) degrees for eighth 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



ECE/TRANS/WP.29/2009/64
page 16

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.

2.5. System requirements

The data system shall have a resolution of 12 (&it3.05 per cent) or more and an
accuracy of + 0.1 per cent (2 Ibs). Anti-aliasfilggrs shall be of order 4 or higher and
the relevant data rangg.f shall be 0 Hz to 30 Hz.

For fourth order filters the pass-band frequencffrbom 0 Hz to frequency,f shall be
greater than 2.37fnha if phase errors are subsequently adjusted in digitta
processing, and greater thanfqax otherwise. For fourth order filters the data skngp
frequency § shall be greater than 13.4,."
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Insert new paragraphs 2.34. to 2.34t8 read:

"2.34.

2.34.1.

2.34.2.

2.34.3.

"Brake Assist System (BASineans a function of the braking system that dedun
emergency braking event from a characteristic efdtiver's brake demand and, under
such conditions:

(a) assists the driver to deliver the maximum excdible braking rate, or

(b) s sufficient to cause full cycling of the Adck Braking System.

"Category A Brake Assist Systemeans a system which detects an emergency braking
condition based on the brake pedal force appliethéydriver;

"Category B Brake Assist Systemeans a system which detects an emergency braking
condition based on the brake pedal speed appji¢de driver;

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

Amend paragraphs 4.4.3 and 4.4td.read:

"4.4.3.

4.4.4.

In the case of a vehicle complying with tBkectronic Stability Control and Brake
Assist System requirements of Annex 9 to this Ratiph, the additional letters "ESC"
shall be placed immediately to the right of théeletR' mentioned in paragraph 4.4.2.

In the case of vehicles complying with theh\¢le Stability Function requirements of
Annex 21 to Regulation No. 13 and the Brake AsSigttem requirements of Annex 9
to this Regulation, the additional letters "VSFabHbe placed immediately to the right
of the letter 'R' mentioned in paragraph 4.4.2."

Amend paragraph 5.2.240 read:

"5.2.24. Subject to the requirements of paragrd#h2. to 12.3., any vehicle fitted with an ESC

system complying with the definition of paragrapl2® shall meet the equipment,
performance and test requirements contained inAPaftAnnex 9 to this Regulation.”

Amend paragraphs 12.2. to 12#.read:

"12.2.

As from 1 November 2011, Contracting Partipplying this Regulation may refuse to
grant national or regional type approval if the ic&h type does not meet the
requirements of this Regulation as amended by $umpgt 9 and is not fitted with an
Electronic Stability Control System and a Brake i8isSystem, both meeting the
requirements of Annex 9 to this Regulation.
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As from 1 November 2013, Contracting Paréipplying this Regulation may refuse
first national registration of a vehicle which dosst meet the requirements of this
Regulation as amended by Supplement 9 and is tted fivith an Electronic Stability

Control System and a Brake Assist System, both ingeéte requirements of Annex 9
to this Regulation.

As from the official date of entry into foroé Supplement 9 to the original version of
this Regulation, Contracting Parties applying ®Regulation:

(a) shall not refuse to grant approval under theguRation to a vehicle complying with
the requirements as amended by Supplement 9 taritieal version of this Regulation.

(b) shall refuse to grant approval under this Rawoh as amended by Supplement 7 to
the original version of this Regulation."

Annex ],

Amend

item 21, amend to read:

"21.

The vehicle is equipped ....

If yes: The ESC system has been tested accordimgd fulfils
the requirements of ANNEX O.........ccooiiiiiicceeee e e Yes/No

or: The vehicle ...
....Yes / No"

Insert new items 22. to 22.1.30 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 theuregments of
Part B of Annex 9.

Category of Brake Assist System A/B/C 2

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

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

For category C systems, define the inpuabbkes affecting the decision to activate the
Brake Assist System, the relationship between thaththe pedal application required
to activate the Brake Assist System for the testcdbed in Part B of Annex 9./"2

Items 22. to 31. (formeryenumber as items 23. to 32.
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Annex 2,

Model A, amend the last sentence of the text béanbatexample of approval martk read:

"The additional marking "ESC" indicates that théiieée meets the Electronic Stability Control
and Brake Assist System requirements of AnnextBitoRegulation."

Annex 9
The Title amend to read:
"Annex 9

ELECTRONIC STABILITY CONTROL AND BRAKE ASSIST SYSTHS"

After the title, insert a new section headitm@read:

"A. REQUIREMENTS FOR ELECTRONIC STABILITY CONTROL YSSTEMS,
WHERE FITTED."

Paragraph ,Jamend to read.
"1 GENERAL REQUIREMENTS
Vehicles equipped ...specified in paragraph 5. f $lection."”

Footnote 2, amend the end of the footntiaead:

".. stipulated under paragraph 5. of this section”

Paragraph 3.6.4amend to read:

"3.6.4. The requirement of paragraph 3.6.2.7. @ gection does not apply to tell-tales
shown in a common space."

Paragraph 3.6.5amend to read:

"3.6.5. The manufacturer ...would meet paragraph8.3., 3.2. and 3.3. of this section at
that level of ESC function."
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After Paragraph 5.11.9, insert a new sectiotoBead:

"B.

1.1.

1.2.

2.1.

2.1.1.

2.1.2.

2.1.3.

SPECIAL REQUIREMENTS TO BE APPLIED TO BRAKE A$SI SYSTEMS,
WHERE FITTED

GENERAL

The following requirements apply to vehicles fitteith Brake Assist Systems (BAS)
as defined in paragraph 2.34. of this Regulaticoh @eclared in the Communication of
Annex 1, paragraph 22. of this Regulation.

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

In addition to the requirements of this annex,islels with BAS shall also be equipped
with ABS in accordance with Annex 6.

General performance characteristics for caje’th' BAS systems
When an emergency condition has been sensed I®yatve high pedal force, the
additional pedal force to cause full cycling of #hBS shall be reduced compared to the

pedal force required without the BAS system in afien.

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

General performance characteristics for cayet®' and category "C" BAS systems
When an emergency condition has been sensedistttig a very fast application of the
pedal, the BAS system shall raise the pressurdetver the maximum achievable

braking rate or cause full cycling of the ABS.

Compliance with this requirement is demonstrafetthe provisions of paragraphs 4.1.
to 4.3. of this section are met.

GENERAL TEST REQUIREMENTS
Variables

Whilst performing the tests described in part Btlié annex, the following variables
shall be measured:

Brake pedal force, F
Vehicle velocity, ¥,

Vehicle deceleration, a
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2.1.4.
2.1.5.

2.1.6

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.3.

2.3.1.

2.3.2
2.4.

2.4.1.

Brake temperatureg T

Brake pressure, P, where applicable;

Brake pedal travel,Smeasured at the centre of the pedal plate ompaisaion 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. of #ection shall be measured by means of
appropriate transducers.  Accuracy, operating mndétering 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
Brake pressure/* 0 - 20 MParF + 100 kPa f

*/ Applicable as specified in paragraph 3.2.5.

Details on analogue and digital data prongssf the BAS test procedures are
described in Appendix 5 to this annex. A sampliatg for data acquisition of at least
500 Hz is required.

Alternative measuring methods to those refeto in paragraph 2.2.3. may be allowed,
provided they demonstrate at least an equivaleet & precision.

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.

Braking tests shall be carried out on a drjese affording good adhesion.

Test method

The tests as described in paragraphs 34.aofdthis section shall be carried out from a

test speed of 100 + 2 km/h. The vehicle shall beedrat the test speed in a straight
line.
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The average temperature of the brakes lsbafi accordance with paragraph 1.4.1.1. of
Annex 3.

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

For vehicles equipped with a brake system asbkistean energy source, the applied

pedal force necessary depends on the energy Ibaelekists in the energy storage device.
Therefore, sufficient energy level shall be enswaethe beginning of the test.

3.

3.1.

3.1.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

Assessment of the presence of a category "A" BAS

A category "A" BAS shall meet the test requirensenbntained in paragraphs 3.1.
and 3.2.

Test 1Reference test to determingsk and ags.

The reference values\gg and ags shall be determined in accordance with the
procedure described in Appendix 4 to this annex.

Test 2For activation of BAS

Once an emergency braking condition has loetected, systems sensitive to pedal
force shall show a significant increase in theoraft

(@) brake line pressure to brake pedal force, wpermitted by paragraph 3.2.5., or
(b) vehicle deceleration to brake pedal force.

The performance requirements for a categdfyBAS are met if a specific brake
application characteristic can be defined thatl@ithia decrease of between 40 per cent
and 80 per cent in required brake pedal force fBksq-Fr) compared to
(FABS extrapolated™ I:I')

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

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

A straight line is drawn from the origindhigh the point f ar (as shown in Figure 1a).
The value of brake pedal force "F", at the pointrérsection between this line and a
horizontal line defined by azgs, is defined as Ags, extrapolated

F — I:T |:aABS
ABS,extrapolatd
a'T

As an alternative, which can be selectethbymanufacturer, in the case of vehicles of
category N, or M; derived from those Nvehicles, with a gross vehicle mass
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3.2.5.1.

3.2.5.2.

3.2.5.3.

GVM > 2,500 kg, the pedal force figures fof, Fags,min, Fagsmax@nd Fg extrapolatedMay
be derived from the brake line pressure responaeacteristic instead of the vehicle
deceleration characteristic. This shall be measwae the brake pedal force is

increasing.

The pressure, at which ABS cycling commesnshall be determined by making five
tests from 100 + 2 km/h in which the brake pedahjplied up to the level which
produces ABS operation and the five pressures athwhis occurs as determined from
front wheel pressure records, shall be recordedt@dean value obtained ag&

The threshold pressure $hall be stated by the manufacturer and corresponal
deceleration in the range of 2.5 - 4.5m/s

Figure 1b shall be constructed in the raaset out in paragraph 3.2.4., but using line
pressure measurements to define the parametersuseh paragraph 3.2.5. of this

section where:

F _ FT |:lpABS
ABS, extrapolated
PT
A
-100% -80 % -40 % 0%
AaaBS
T
-~
< AN 7
\ y -~
5 -
% Between 3.5 and 5.0 /s /- o -
L Ao
o / /Al
o
ar

Fr I:ABS, min  FAbs FABS, max Fags, extrapolated

Brake Pedal force, F

Figure la: Pedal force characteristic neededderaio achieve maximum
deceleration with category "A" BAS
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5 Force change threshéld o, hy ///
— by -
D_ " LL,‘ , ///
w 4 ’/
Q v
- — -~
- ) A
Pr

I:T I:ABS, min Fabs FABS, max I:ABS, extrapolated
Brake Pedal force, F

Figure 1b: Pedal force characteristic neededdermto achieve maximum
deceleration with category "A" BAS

3.3. Data evaluation

The presence of a category "A" BAS is proven if

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

where:

F

ABS,max Fr < (FA FT) [06

BS,extrapolaéd -
and

I:ABS,min - I:T 2 (FABS,extrapoIaed - FT)[ 02

4. ASSESSMENT OF THE PRESENCE OF A CATEGORY "B" BAS

A category "B" BAS shall meet the test requirersectintained within paragraphs 4.1.
and 4.2. of this section.

4.1. Test 1Reference test to determingsgand ags.

4.1.1. The reference valuesgg and ags shall be determined in accordance with the
procedure described in Appendix 4 to this annex.

4.2. Test 2For activation of BAS
The vehicle shall be driven in a straight linehag test speed specified in paragraph 2.4.

of this section. The driver shall apply the bragle=lal quickly according to Figure 2,
simulating emergency braking so that BAS is acéidaand ABS is fully cycling.
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4.3.

In order to activate BAS the brake pedal shallapplied as specified by the car
manufacturer. The manufacturer shall notify thehiecal 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 manufacture@iccordance with paragraph 22.1.2.
or 22.1.3 of Annex 1.

After t =t + 0.8 s and until the vehicle has slowed down tgpaed of 15 km/h, the
brake pedal force shall be maintained in a corrisletween ks, upperand Fags, iower,
Where IiBS, upperiS 0-7 IiBS and I'_ABS, lower iS 0-5 I'_ABS-

The requirements are also considered to be maftdy t = § + 0.8 s, the pedal force
falls below Fgs, ower provided the requirement of paragraph 4.3. islkedf.

Data evaluation

The presence of BAS 'B' is demonstrated if a maeceleration (gs) of at least
0.85- angs is maintained from the time when t&# 0.8 s to the time when the vehicle
speed has been reduced to 15 km/h.

Brak d Deceleration a
rake peda 4

forceF

>

Brake pedal force

force

I:ABS,upper .
I:ABS,Iower J.

1

1

X |

deceleration 1

1

Initial pedal :

1

1

1

1

1

»

0 to + 0.8 seconds time

< Phase of pgnic_ »l¢ Phase of BAS-evaluation
pedal application

Figure 2: Example of test 2 of a category "B" BAStem
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ASSESSMENT OF THE PRESENCE OF A CATEGORY "C" BAS

A category "C" BAS shall meet the test requieats of paragraphs 4.1. and 4.2. of this
section.

Data evaluation

A category "C" BAS shall meet the requirementparfagraph 4.3. of this section."
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Insert new Appendices 4 andtb read:

"Annex 9 - Appendix 4

METHOD FOR DETERMINATION OF kgs AND aags

1.1. The brake pedal forcends is the minimum pedal force that has to be applada
given vehicle in order to achieve maximum deceienatvhich indicates that ABS is
fully cycling. ass is the deceleration for a given vehicle during AB&eleration as
defined in paragraph 1.7.

1.2. The brake pedal shall be applied slowly (withactivating the BAS in the case of
category B or category C systems) providing a @nisincrease of deceleration until
ABS 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 gs line at 2 seconds. Once full deceleration has been
achieved the pedal trave}, Shall not be decreased for at least 1 s. The tfnill
activation of the ABS system is defined as the twineen pedal force g&gs is achieved.
The measurement shall be within the corridor faiateon of increase in deceleration
(see Figure 3).

deceleration a

A
ABS fully cycling
. corridor
sy aaBs

Corridor for variation of /" "%

increase in decelerag/."..".
i
i
i
i
i
i
i
i
i
i
i
i
i

I T »

t 2+0.5s .

’ s time[s]

timeframe

Figure 3: Deceleration corridor for determinatidriFass and ags

1.4. Five tests meeting the requirements of papdgta3. shall be carried out. For each of
these valid tests the vehicle deceleration shallbd#ed as a function of the recorded
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1.9.
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brake pedal force. Only data recorded at speedgeab5 km/h shall be taken for the
calculations described in the following paragraphs.

For the determination ofg and Fgs, a low pass filter of 2 Hz for vehicle deceleratio
as well as pedal force shall be applied.

The five individual "deceleration versus bragkedal force" curves are averaged by
calculating the mean deceleration of the five imdiral "deceleration vs. brake pedal
force" curves at increments of 1 N pedal force.e Tasult is the mean deceleration
versus brake pedal force curve, which will be neférto as the "maF curve" in this
appendix.

The maximum value for the vehicle decelerat®determined from the "maF curve"
and is named as &'

All values of the "maF curve" that are abo@ep@r cent of this deceleration value
"amax are averaged. This value of "a" is the decelematmgs" referred to in this
annex.

The minimum force on the pedalgk) sufficient to achieve the deceleratiogsais
defined as the value of F corresponding to &= an the maF curve.
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2.1.

2.2.
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Annex 9 - Appendix 5
(see paragraph 2.2.3. of section B of this annex)

DATA PROCESSING FOR THE BAS
ANALOGUE DATA PROCESSING

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 passdbédrom O Hz to frequency,f

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.

NOTE: During analogue filtering of signals with f@ifent frequency contents, phase
shifts can occur. Therefore, a data processindgnodetas described 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, antkrfiphase lags and time delays.
Sampling and digitising considerations include gaeapling amplification of signals to
minimize digitising errors; number of bits per sdeamumber 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 &ehgerelative overall data acquisition
accuracy of + 0.5 per cent.

Aliasing errors

In order to avoid uncorrectable aliasing errorBe tanalogue signals shall be
appropriately filtered before sampling and digitgsi The order of the filters used and
their pass band shall be chosen according to ba&thequired 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 0 HArtax = 30 Hz the attenuation is
less than the resolution of the data acquisiticstesy; and
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(b) At one-half the sampling rate (i.e. the Nyques “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 attenuatshall be less than 0.05 per cent in the
frequency range between 0 and 30 Hz, and the atienushall be greater than 99.95
per cent at all frequencies greater than one-halsampling frequency.

NOTE: For a Butterworth filter the attenuation isen by:

A :;Zn and AZ:;

fmax f «
() ()
where:

n is the order to filter;

fmax is the relevant frequency range (30 Hz);
fois the filter cut-off frequency;

fy is 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 = &y.

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 increasigg #Whenever 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.

NOTE: In the frequency range in which the filter@itude characteristics remain flat,
the phase shifb of a Butterworth filter can be approximated by
® = 81- (f/fp) degrees for second order
® = 150- (f/fo) degrees for fourth order
@ = 294- (f/fo) degrees for eighth 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
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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.

2.5. System requirements

The data system shall have a resolution of 12 (&it3.05 per cent) or more and an
accuracy of + 0.1 per cent (2 Ibs). Anti-aliasfilggrs shall be of order 4 or higher and
the relevant data rangg.f shall be 0 Hz to 30 Hz.

For fourth order filters the pass-band frequencffrbom 0 Hz to frequency,f shall be
greater than 2.37fnha if phase errors are subsequently adjusted in digitta
processing, and greater thanfqax otherwise. For fourth order filters the data skngp
frequency § shall be greater than 13.4,."
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Insert new paragraphs 2.34. to 2.34t8 read:

"2.34.

2.34.1.

2.34.2.

2.34.3.

"Brake Assist System (BASineans a function of the braking system that dedun
emergency braking event from a characteristic efdtiver's brake demand and, under
such conditions:

(a) assists the driver to deliver the maximum excdible braking rate, or

(b) s sufficient to cause full cycling of the Adck Braking System.

"Category A Brake Assist Systemeans a system which detects an emergency braking
condition based on the brake pedal force appliethéydriver;

"Category B Brake Assist Systemeans a system which detects an emergency braking
condition based on the brake pedal speed appji¢de driver;

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

Amend paragraphs 4.4.3 and 4.4td.read:

"4.4.3.

4.4.4.

In the case of a vehicle complying with tBkectronic Stability Control and Brake
Assist System requirements of Annex 9 to this Ratiph, the additional letters "ESC"
shall be placed immediately to the right of théeletR' mentioned in paragraph 4.4.2.

In the case of vehicles complying with theh\¢le Stability Function requirements of
Annex 21 to Regulation No. 13 and the Brake AsSigttem requirements of Annex 9
to this Regulation, the additional letters "VSFabHbe placed immediately to the right
of the letter 'R' mentioned in paragraph 4.4.2."

Amend paragraph 5.2.240 read:

"5.2.24. Subject to the requirements of paragrd#h2. to 12.3., any vehicle fitted with an ESC

system complying with the definition of paragrapl2® shall meet the equipment,
performance and test requirements contained inAPaftAnnex 9 to this Regulation.”

Amend paragraphs 12.2. to 12#.read:

"12.2.

As from 1 November 2011, Contracting Partipplying this Regulation may refuse to
grant national or regional type approval if the ic&h type does not meet the
requirements of this Regulation as amended by $umpgt 9 and is not fitted with an
Electronic Stability Control System and a Brake i8isSystem, both meeting the
requirements of Annex 9 to this Regulation.
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As from 1 November 2013, Contracting Paréipplying this Regulation may refuse
first national registration of a vehicle which dosst meet the requirements of this
Regulation as amended by Supplement 9 and is tted fivith an Electronic Stability

Control System and a Brake Assist System, both ingeéte requirements of Annex 9
to this Regulation.

As from the official date of entry into foroé Supplement 9 to the original version of
this Regulation, Contracting Parties applying ®Regulation:

(a) shall not refuse to grant approval under theguRation to a vehicle complying with
the requirements as amended by Supplement 9 taritieal version of this Regulation.

(b) shall refuse to grant approval under this Rawoh as amended by Supplement 7 to
the original version of this Regulation."

Annex ],

Amend

item 21, amend to read:

"21.

The vehicle is equipped ....

If yes: The ESC system has been tested accordimgd fulfils
the requirements of ANNEX O.........ccooiiiiiicceeee e e Yes/No

or: The vehicle ...
....Yes / No"

Insert new items 22. to 22.1.30 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 theuregments of
Part B of Annex 9.

Category of Brake Assist System A/B/C 2

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

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

For category C systems, define the inpuabbkes affecting the decision to activate the
Brake Assist System, the relationship between thaththe pedal application required
to activate the Brake Assist System for the testcdbed in Part B of Annex 9./"2

Items 22. to 31. (formeryenumber as items 23. to 32.




ECE/TRANS/WP.29/2009/64
page 4

Annex 2,

Model A, amend the last sentence of the text béanbatexample of approval martk read:

"The additional marking "ESC" indicates that théiieée meets the Electronic Stability Control
and Brake Assist System requirements of AnnextBitoRegulation."

Annex 9
The Title amend to read:
"Annex 9

ELECTRONIC STABILITY CONTROL AND BRAKE ASSIST SYSTHS"

After the title, insert a new section headitm@read:

"A. REQUIREMENTS FOR ELECTRONIC STABILITY CONTROL YSSTEMS,
WHERE FITTED."

Paragraph ,Jamend to read.
"1 GENERAL REQUIREMENTS
Vehicles equipped ...specified in paragraph 5. f $lection."”

Footnote 2, amend the end of the footntiaead:

".. stipulated under paragraph 5. of this section”

Paragraph 3.6.4amend to read:

"3.6.4. The requirement of paragraph 3.6.2.7. @ gection does not apply to tell-tales
shown in a common space."

Paragraph 3.6.5amend to read:

"3.6.5. The manufacturer ...would meet paragraph8.3., 3.2. and 3.3. of this section at
that level of ESC function."
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After Paragraph 5.11.9, insert a new sectiotoBead:

"B.

1.1.

1.2.

2.1.

2.1.1.

2.1.2.

2.1.3.

SPECIAL REQUIREMENTS TO BE APPLIED TO BRAKE A$SI SYSTEMS,
WHERE FITTED

GENERAL

The following requirements apply to vehicles fitteith Brake Assist Systems (BAS)
as defined in paragraph 2.34. of this Regulaticoh @eclared in the Communication of
Annex 1, paragraph 22. of this Regulation.

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

In addition to the requirements of this annex,islels with BAS shall also be equipped
with ABS in accordance with Annex 6.

General performance characteristics for caje’th' BAS systems
When an emergency condition has been sensed I®yatve high pedal force, the
additional pedal force to cause full cycling of #hBS shall be reduced compared to the

pedal force required without the BAS system in afien.

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

General performance characteristics for cayet®' and category "C" BAS systems
When an emergency condition has been sensedistttig a very fast application of the
pedal, the BAS system shall raise the pressurdetver the maximum achievable

braking rate or cause full cycling of the ABS.

Compliance with this requirement is demonstrafetthe provisions of paragraphs 4.1.
to 4.3. of this section are met.

GENERAL TEST REQUIREMENTS
Variables

Whilst performing the tests described in part Btlié annex, the following variables
shall be measured:

Brake pedal force, F
Vehicle velocity, ¥,

Vehicle deceleration, a
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2.1.4.
2.1.5.

2.1.6

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.3.

2.3.1.

2.3.2
2.4.

2.4.1.

Brake temperatureg T

Brake pressure, P, where applicable;

Brake pedal travel,Smeasured at the centre of the pedal plate ompaisaion 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. of #ection shall be measured by means of
appropriate transducers.  Accuracy, operating mndétering 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
Brake pressure/* 0 - 20 MParF + 100 kPa f

*/ Applicable as specified in paragraph 3.2.5.

Details on analogue and digital data prongssf the BAS test procedures are
described in Appendix 5 to this annex. A sampliatg for data acquisition of at least
500 Hz is required.

Alternative measuring methods to those refeto in paragraph 2.2.3. may be allowed,
provided they demonstrate at least an equivaleet & precision.

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.

Braking tests shall be carried out on a drjese affording good adhesion.

Test method

The tests as described in paragraphs 34.aofdthis section shall be carried out from a

test speed of 100 + 2 km/h. The vehicle shall beedrat the test speed in a straight
line.
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The average temperature of the brakes lsbafi accordance with paragraph 1.4.1.1. of
Annex 3.

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

For vehicles equipped with a brake system asbkistean energy source, the applied

pedal force necessary depends on the energy Ibaelekists in the energy storage device.
Therefore, sufficient energy level shall be enswaethe beginning of the test.

3.

3.1.

3.1.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

Assessment of the presence of a category "A" BAS

A category "A" BAS shall meet the test requirensenbntained in paragraphs 3.1.
and 3.2.

Test 1Reference test to determingsk and ags.

The reference values\gg and ags shall be determined in accordance with the
procedure described in Appendix 4 to this annex.

Test 2For activation of BAS

Once an emergency braking condition has loetected, systems sensitive to pedal
force shall show a significant increase in theoraft

(@) brake line pressure to brake pedal force, wpermitted by paragraph 3.2.5., or
(b) vehicle deceleration to brake pedal force.

The performance requirements for a categdfyBAS are met if a specific brake
application characteristic can be defined thatl@ithia decrease of between 40 per cent
and 80 per cent in required brake pedal force fBksq-Fr) compared to
(FABS extrapolated™ I:I')

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

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

A straight line is drawn from the origindhigh the point f ar (as shown in Figure 1a).
The value of brake pedal force "F", at the pointrérsection between this line and a
horizontal line defined by azgs, is defined as Ags, extrapolated

F — I:T |:aABS
ABS,extrapolatd
a'T

As an alternative, which can be selectethbymanufacturer, in the case of vehicles of
category N, or M; derived from those Nvehicles, with a gross vehicle mass
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3.2.5.1.

3.2.5.2.

3.2.5.3.

GVM > 2,500 kg, the pedal force figures fof, Fags,min, Fagsmax@nd Fg extrapolatedMay
be derived from the brake line pressure responaeacteristic instead of the vehicle
deceleration characteristic. This shall be measwae the brake pedal force is

increasing.

The pressure, at which ABS cycling commesnshall be determined by making five
tests from 100 + 2 km/h in which the brake pedahjplied up to the level which
produces ABS operation and the five pressures athwhis occurs as determined from
front wheel pressure records, shall be recordedt@dean value obtained ag&

The threshold pressure $hall be stated by the manufacturer and corresponal
deceleration in the range of 2.5 - 4.5m/s

Figure 1b shall be constructed in the raaset out in paragraph 3.2.4., but using line
pressure measurements to define the parametersuseh paragraph 3.2.5. of this

section where:

F _ FT |:lpABS
ABS, extrapolated
PT
A
-100% -80 % -40 % 0%
AaaBS
T
-~
< AN 7
\ y -~
5 -
% Between 3.5 and 5.0 /s /- o -
L Ao
o / /Al
o
ar

Fr I:ABS, min  FAbs FABS, max Fags, extrapolated

Brake Pedal force, F

Figure la: Pedal force characteristic neededderaio achieve maximum
deceleration with category "A" BAS
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b -100% -80 % -40 % 0%
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//

o o ///
9) ST ANy 7
5 Force change threshéld o, hy ///
— by -
D_ " LL,‘ , ///
w 4 ’/
Q v
- — -~
- ) A
Pr

I:T I:ABS, min Fabs FABS, max I:ABS, extrapolated
Brake Pedal force, F

Figure 1b: Pedal force characteristic neededdermto achieve maximum
deceleration with category "A" BAS

3.3. Data evaluation

The presence of a category "A" BAS is proven if

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

where:

F

ABS,max Fr < (FA FT) [06

BS,extrapolaéd -
and

I:ABS,min - I:T 2 (FABS,extrapoIaed - FT)[ 02

4. ASSESSMENT OF THE PRESENCE OF A CATEGORY "B" BAS

A category "B" BAS shall meet the test requirersectintained within paragraphs 4.1.
and 4.2. of this section.

4.1. Test 1Reference test to determingsgand ags.

4.1.1. The reference valuesgg and ags shall be determined in accordance with the
procedure described in Appendix 4 to this annex.

4.2. Test 2For activation of BAS
The vehicle shall be driven in a straight linehag test speed specified in paragraph 2.4.

of this section. The driver shall apply the bragle=lal quickly according to Figure 2,
simulating emergency braking so that BAS is acéidaand ABS is fully cycling.
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4.3.

In order to activate BAS the brake pedal shallapplied as specified by the car
manufacturer. The manufacturer shall notify thehiecal 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 manufacture@iccordance with paragraph 22.1.2.
or 22.1.3 of Annex 1.

After t =t + 0.8 s and until the vehicle has slowed down tgpaed of 15 km/h, the
brake pedal force shall be maintained in a corrisletween ks, upperand Fags, iower,
Where IiBS, upperiS 0-7 IiBS and I'_ABS, lower iS 0-5 I'_ABS-

The requirements are also considered to be maftdy t = § + 0.8 s, the pedal force
falls below Fgs, ower provided the requirement of paragraph 4.3. islkedf.

Data evaluation

The presence of BAS 'B' is demonstrated if a maeceleration (gs) of at least
0.85- angs is maintained from the time when t&# 0.8 s to the time when the vehicle
speed has been reduced to 15 km/h.

Brak d Deceleration a
rake peda 4

forceF

>

Brake pedal force

force

I:ABS,upper .
I:ABS,Iower J.

1

1

X |

deceleration 1

1

Initial pedal :

1

1

1

1

1

»

0 to + 0.8 seconds time

< Phase of pgnic_ »l¢ Phase of BAS-evaluation
pedal application

Figure 2: Example of test 2 of a category "B" BAStem
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ASSESSMENT OF THE PRESENCE OF A CATEGORY "C" BAS

A category "C" BAS shall meet the test requieats of paragraphs 4.1. and 4.2. of this
section.

Data evaluation

A category "C" BAS shall meet the requirementparfagraph 4.3. of this section."
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Insert new Appendices 4 andtb read:

"Annex 9 - Appendix 4

METHOD FOR DETERMINATION OF kgs AND aags

1.1. The brake pedal forcends is the minimum pedal force that has to be applada
given vehicle in order to achieve maximum deceienatvhich indicates that ABS is
fully cycling. ass is the deceleration for a given vehicle during AB&eleration as
defined in paragraph 1.7.

1.2. The brake pedal shall be applied slowly (withactivating the BAS in the case of
category B or category C systems) providing a @nisincrease of deceleration until
ABS 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 gs line at 2 seconds. Once full deceleration has been
achieved the pedal trave}, Shall not be decreased for at least 1 s. The tfnill
activation of the ABS system is defined as the twineen pedal force g&gs is achieved.
The measurement shall be within the corridor faiateon of increase in deceleration
(see Figure 3).

deceleration a

A
ABS fully cycling
. corridor
sy aaBs

Corridor for variation of /" "%

increase in decelerag/."..".
i
i
i
i
i
i
i
i
i
i
i
i
i

I T »

t 2+0.5s .

’ s time[s]

timeframe

Figure 3: Deceleration corridor for determinatidriFass and ags

1.4. Five tests meeting the requirements of papdgta3. shall be carried out. For each of
these valid tests the vehicle deceleration shallbd#ed as a function of the recorded



1.5.

1.6.

1.7.

1.8.

1.9.

ECE/TRANS/WP.29/2009/64
page 13

brake pedal force. Only data recorded at speedgeab5 km/h shall be taken for the
calculations described in the following paragraphs.

For the determination ofg and Fgs, a low pass filter of 2 Hz for vehicle deceleratio
as well as pedal force shall be applied.

The five individual "deceleration versus bragkedal force" curves are averaged by
calculating the mean deceleration of the five imdiral "deceleration vs. brake pedal
force" curves at increments of 1 N pedal force.e Tasult is the mean deceleration
versus brake pedal force curve, which will be neférto as the "maF curve" in this
appendix.

The maximum value for the vehicle decelerat®determined from the "maF curve"
and is named as &'

All values of the "maF curve" that are abo@ep@r cent of this deceleration value
"amax are averaged. This value of "a" is the decelematmgs" referred to in this
annex.

The minimum force on the pedalgk) sufficient to achieve the deceleratiogsais
defined as the value of F corresponding to &= an the maF curve.
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2.1.

2.2.

ANS/WP.29/2009/64

Annex 9 - Appendix 5
(see paragraph 2.2.3. of section B of this annex)

DATA PROCESSING FOR THE BAS
ANALOGUE DATA PROCESSING

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 passdbédrom O Hz to frequency,f

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.

NOTE: During analogue filtering of signals with f@ifent frequency contents, phase
shifts can occur. Therefore, a data processindgnodetas described 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, antkrfiphase lags and time delays.
Sampling and digitising considerations include gaeapling amplification of signals to
minimize digitising errors; number of bits per sdeamumber 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 &ehgerelative overall data acquisition
accuracy of + 0.5 per cent.

Aliasing errors

In order to avoid uncorrectable aliasing errorBe tanalogue signals shall be
appropriately filtered before sampling and digitgsi The order of the filters used and
their pass band shall be chosen according to ba&thequired 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 0 HArtax = 30 Hz the attenuation is
less than the resolution of the data acquisiticstesy; and
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(b) At one-half the sampling rate (i.e. the Nyques “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 attenuatshall be less than 0.05 per cent in the
frequency range between 0 and 30 Hz, and the atienushall be greater than 99.95
per cent at all frequencies greater than one-halsampling frequency.

NOTE: For a Butterworth filter the attenuation isen by:

A :;Zn and AZ:;

fmax f «
() ()
where:

n is the order to filter;

fmax is the relevant frequency range (30 Hz);
fois the filter cut-off frequency;

fy is 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 = &y.

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 increasigg #Whenever 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.

NOTE: In the frequency range in which the filter@itude characteristics remain flat,
the phase shifb of a Butterworth filter can be approximated by
® = 81- (f/fp) degrees for second order
® = 150- (f/fo) degrees for fourth order
@ = 294- (f/fo) degrees for eighth 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
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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.

2.5. System requirements

The data system shall have a resolution of 12 (&it3.05 per cent) or more and an
accuracy of + 0.1 per cent (2 Ibs). Anti-aliasfilggrs shall be of order 4 or higher and
the relevant data rangg.f shall be 0 Hz to 30 Hz.

For fourth order filters the pass-band frequencffrbom 0 Hz to frequency,f shall be
greater than 2.37fnha if phase errors are subsequently adjusted in digitta
processing, and greater thanfqax otherwise. For fourth order filters the data skngp
frequency § shall be greater than 13.4,."



