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Original English version

VEHICLE SAFETY TESTING DIRECTIONS 2021
As of: 2021-07-20

The following text contains two different amendment markings: The red marginal line marks the amendments as per
the last official amendment instruction. Red text within such officially amended sections marks the actual
new/amended wording as identified by the ALO team.

84 Brake assist systems
Refer to: R139 00-S1
84.1 Effective date and Scope:
84.1.1 Effective date from 2018/1/1, the new vehicle type of category symbols M1
and N1, and from 2022/1/1, the all vehicle types of category symbols M1

and N1, shall comply with this r ion
84.1.1.1 Category symbols M1 a PKg@hat co ed to “42-3 Dynamic brak-
ing” of “Directions” med to this regulation.
84.1.2 This regulation does not s@@

84.1.2.1 Vehicles with a deﬁ% ceedmg 25km/hr.
84.1.3 The same applicant volume safety approval and the

amounts of vehicle e year and the category symbols M1
or N1 of same<>t tion, could exempt from regulation of
“Brake assist s

84.1.4 The same a r vehicle-by-vehicle low volume safety ap-
proval and the mou vehlcle not exceed 20 at same year and small
passe «ehicle of(s type and specification, could exempt from regu-

lation of¢ rake as@ stems”.
84.2 Definitions:

84.2.1 <>" eans the maximum mass stated by the vehicle manufac-
to be t ically perm|SS|bIe (this mass may be higher than the "per-
|SS|bIe X|mum mass" laid down by the national administration).
The qbution of mass among the axles" means the distribution of the ef-
fec graV|ty on the mass of the vehicle and/or its contents among the

eI/axIe load" means the vertical static reaction (force) of the road sur-
e in the contact area on the wheel/wheels of the axle.
. "Brake Assist System (BAS)" means a function of the braking system that
K deduces an emergency braking event from a characteristic of the driver's
brake demand and, under such conditions:
(a) Assists the driver to deliver the maximum achievable braking rate; or
(b) Is sufficient to cause full cycling of the Anti-lock Braking System.
84.2.4.1 "Category A Brake Assist System" means a system which detects an
emergency braking condition based primarily on the brake pedal
force applied by the driver;
84.2.4.2 "Category B Brake Assist System" means a system which detects an
emergency braking condition based primarily on the brake pedal
speed applied by the driver;

84.2.5 Vehicles of category M1' derived from N1' means those vehicles of M1 cate-
gory which, forward of the A pillars, have the same general structure and
shape as a pre-existing N1 category vehicle.

84.3 Brake assist systems shall according to suitable type and range of principle:

84.3.1 The same brand and vehicle type.

84.3.2 Vehicle features which significantly influence the performances of the Brake
Assist System (e.g. design of the braking system);

84.3.3 The design of the Brake Assist System.

84.3.4 If use chassis vehicle instead of completed vehicle for entire or partial test-
ing, which shall according to suitable types and range of principle are as
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below:
84.3.4.1 The same brand.
84.3.4.2 Vehicle features which significantly influence the performances of
the Brake Assist System (e.g. design of the braking system);
84.3.4.3 The design of the Brake Assist System.
84.4 General requirements
84.4.1 Applicants apply for certification test shall provide at least one representa-
tive vehicle (or the essential part of vehicle for test) and submit the docu-
ments as below:
Applicants applying for low volume safety approval which could exempt from
regulation of paragraph 84.4.1.1.2, 84.4.1.1.3 and paragraph 84.4.1.1.4.
84.4.1.1 Vehicle specification documents, drawings and / or photographs de-
scribed in paragraph 84.3.
84.4.1.1.1 The numbers and/or symbols identifying the vehicle type
and the engine type shall be specified;
84.4.1.1.2 A list of the components, duly identified, constituting the
BAS system;
84.4.1.1.3 A diagram of th sembledi’% system and an indication
t

of the position o mpon n the vehicle;
84.4.1.1.4 Detailed drawi eag onent to enable it to be eas-

84.4.1.1.5 Mass of .
84.4.1.1.51 é}(imu of vehicle
84.4.1.1.% inimu s of vehicle
84.4.1.1.6 Digtfiution o of each axle (maximum value)
84.4.1.1.7 e typ@
84.4.1. mber an ios of gears

84.4.1.1.9\Fi e atio(s)
8%&?.10 If apgli le, maximum mass of trailer which may be cou-

"o
84 .4 15401 Unbraked trailer
o 4.1.1 e dimension
&\ 4411 aximum design speed
84. 1.13 Brief description of braking equipment
@ 8@ .14 Mass of vehicle when tested:

<

\«\\@ 0 o
@ Axle No. 1

Axle No. 2

Total

84.4.1.1.15 Category of Brake Assist System A/B
84.4.1.1.15.1 For category A systems, define the force threshold
at which the ratio between pedal force and brake
pressure increases;
84.4.1.1.15.2 For category B systems, define the brake pedal
speed which must be achieved in order to activate
the Brake Assist System (e.g. pedal stroke speed
(mm/s) during a given time interval);
84.4.1.1.16 Description of Vehicle has conformed to "Anti-lock braking
system (ABS)” of “VSTD".
84.5 General
84.5.1 General performance characteristics for category "A" BAS systems
When an emergency condition has been sensed by a relative high pedal
force, the additional pedal force to cause full cycling of the ABS shall be
reduced compared to the pedal force required without the BAS system in
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operation.
Compliance with this requirement is demonstrated if the provisions of
paragraphs 84.7.1 to 84.7.3 are met.

84.5.2 General performance characteristics for category "B" BAS systems
When an emergency condition has been sensed, at least by a very fast
application of the pedal, the BAS system shall raise the pressure to de-
liver the maximum achievable braking rate or cause full cycling of the
ABS.
Compliance with this requirement is demonstrated if the provisions of
paragraphs 84.8.1 to 84.8.3 are met.

84.6 General test requirements

84.6.1 Variables
Whilst performing the tests described in part B of this annex, the follow-
ing variables shall be measured:

84.6.1.1 Brake pedal force, Fp ;

84.6.1.2 Vehicle velocity, vx ;

84.6.1.3 Vehicle deceleration, ax ;

84.6.1.4 Brake temperature, Td ;

84.6.1.5 Brake pressure, P, where able; X

84.6.1.6 Brake pedal speed, vp ured centre of the pedal plate or

at a position on th where the displacement is
t'the centre of the pedal plate al-
lowing simple catibration o easurement.

cers. Accuracy, operating ranges, filtering

84 6.2.1 The varlacbl i in @aph 84.6.1 shall be measured by means
o@@

data pr sing and other requirements are described in

ISO Sta 1 -1: 2006.
84.6.2.2 cvﬁacy of p rce and disc temperature measurements shall be
follows: @
{&Me range s\@ Typical op .emtmg @153 e of the Recommended maximum recording errors
transducers

@y\}}%me (O ) 0t02.000N +-10N
<> tﬁmke temgg@ 0-1.000 deg. C +/-5deg. C

Bmk ))\ég@ 0-20 MPa* +- 100 kPa*

Q |cable as specified in paragraph84.7.2.5

4 6.2.3 Details on analogue and digital data processing of the BAS test pro-
cedures are described in paragraph 84.10. A sampling rate for data
acquisition of at least 500 Hz is required.

84.6.2.4 Alternative measuring methods to those referred to in paragraph
84.6.2.3 may be allowed, provided they demonstrate at least an
equivalent level of precision.
84.6.3 Test conditions
84.6.3.1 Test vehicle loading condition: The vehicle shall be unladen. There
may be, in addition to the driver, a second person on the front seat
who is responsible for noting the results of the tests.
84.6.3.2 Braking tests shall be carried out on a dry surface affording good ad-
hesion.
84.6.4 Test method
84.6.4.1 The tests as described in paragraphs 84.7 and 84.8 shall be carried
out from a test speed of 100 +/- 2 km/h. The vehicle shall be driven
at the test speed in a straight line.
84.6.4.2 The average temperature of the service brakes on the hottest axle of
the vehicle, measured inside the brake linings or on the braking path
of the disc or drum, shall be between 65 and 100 deg. C prior to any
brake application.
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84.6.4.3 For the tests the reference time, ty, is defined as the moment when
the brake pedal force reaches 20 N.
Note: For vehicles equipped with a brake system assisted by an en-
ergy source, the applied pedal force necessary depends on the en-
ergy level that exists in the energy storage device. Therefore, suffi-
cient energy level shall be ensured at the beginning of the test.
84.7 Assessment of the presence of a category "A" BAS
A category "A" BAS shall meet the test requirements contained in paragraphs
84.7.1 and 84.7.2.
84.7.1 Test 1: Reference test to determine Fags and aags.
84.7.1.1 The reference values Fags and aags shall be determined in accord-
ance with the procedure described in paragraph 84.9.
84.7.2 Test 2: For activation of BAS
84.7.2.1 Once an emergency braking condition has been detected, systems
sensitive to pedal force shall show a significant increase in the ratio
of:
(a) Brake line pressure to brake pedal force, where permitted by

paragraph 84.7.2.5;
(b) Vehicle deceleratio k pedal force.
84.7.2.2 The performance requir te ory "A" BAS are met if a

specific brake appdx har ic¢’can be defined that exhibits
a decrease of bet 0 per and 80 per cent in required brake
pedal force for - F1) ed to (FaBs extrapolated = F1)-

84.7.2.3 Frand at are oId f d threshold deceleration as shown in
Figure 1a. nd ar shall be supplied to the Technical
Serwce tme@omlssmn of the type- approval application.
The aT shall between 3.5 m/s® and 5.0 m/s>.

+ 4

-1 -8(] Yo -40 Yo 0 %

= &

=

£ <O @

- K Betwedén’ 5.0m ~1-

" . ; ; -
I-:"[' F_-\]-}E';_ min FA[‘!H F-'\ BS, max F_—\I%S_ extrapolated

Brake Pedal force, F

Figure 1a: Pedal force characteristic needed in order to achieve maximum
deceleration with category “A” BAS

84.7.2.4 A straight line is drawn from the origin through the point Fr, ar (as
shown in Figure 1a). The value of brake pedal force "F", at the point
of intersection between this line and a horizontal line defined by
a=angs, is defined as Fags, extrapolated:
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. Fi' "d yps

ABS.exuapolaed —
dy

84.7.2.5 As an alternative, which can be selected by the manufacturer, in the
case of vehicles of category N1, or M1 derived from those N1 vehi-
cles, with a gross vehicle mass GVM > 2,500 kg, the pedal force fig-
ures for Fr, Fagsmin, Fass.max @nd Fag extrapolates May be derived from
the brake line pressure response characteristic instead of the vehicle
deceleration characteristic. This shall be measured as the brake pe-
dal force is increasing.

84.7.2.5.1

84.7.2.5.2

84.7.2.5.3

flge% ara@ et out in paragraph 84.7.2.5 of this sec-
%% N
@ S, extrapolated =

p.l_

The pressure, at which ABS cycling commences, shall be de-
termined by making five tests from 100 +/- 2 km/h in which
the brake pedal is applied up to the level which produces
ABS operation and the five pressures at which this occurs as

determined from wheel ssure records, shall be rec-
orded and the m value obt as Pags.

The threshold e P<5r b stated by the manufactur-
er and cor ation in the range of 2.5 -
4.5 m/s

Figure B@II be cted in the manner set out in para-
graph g line pressure measurements to de-

Y

FT F.-\HS. min F_J\b._, F\I—h max F.\BS. extrapolated

Brake Pedal force, F

Figure 1b: Pedal force characteristic needed in order to achieve maximum

deceleration with category "A" BAS

84.7.3 Data evaluation
The presence of a category "A" BAS is proven if
Fags,min < Fass < FaBs,max
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where:

F,-\BS_umx il FT = (F_-\Bs_cxirapuimcd . l:T ) 0.6

Ev\BS.min - F'I' 2 (F-\BS.cxlr;u)ol:!!cLl - l:'1' ) 02‘

84.8 Assessment of the presence of a category "B" BAS
A category "B" BAS shall meet the test requirements contained within paragraphs
84.8.1 and 84.8.2.
84.8.1 Test 1: Reference test to determine Fags and aags.
84.8.1.1 The reference values Fags and aags shall be determined in accord-
ance with the procedure described in paragraph 84.9.
84.8.2 Test 2: For activation of BAS
The vehicle shall be driven in a straight line at the test speed specified in
paragraph 84.6.4. The driver shall apply the brake pedal quickly accord-

ing to Figure 2, simulating e ency br%iﬁ;bso that BAS is activated
Il

and ABS is fully cycling.

In order to activate BAS the p@% e applied as specified by

the car manufacturer. <SI' nufa all notify the Technical Ser-

vice of the required %3% edal at the time of submission of the
c

application for type val. e demonstrated to the satisfaction
of the Technical e th BAS activates under the conditions

specified by th fact
After t = tg and e vehicle has slowed down to a speed of

15 km/h, rce shall be maintained in a corridor between
Fags, upper a FAB Where Fags, upper i8 0.7 Fags and Fags, iower IS

0.5F s
Th quweme
’. orc

also considered to be met if, aftert =ty + 0.8 s, the
elow FABS, lower provided the requirement of para-
Ifilled.

he ence of BAS 'B' is demonstrated if a mean deceleration (agas) of

%&@ at %@_35 1

@aintained from the time when t = t; + 0.8 s to the time when the vehi-
speed has been reduced to 15 km/h.

Deceleration a,
de A s masis A

Brake pedal force

1
_______________________________________ _: Aaps
= o e 1
aApas
]
el M e ¢ MI'
F-\BS.]N\'&; _________________ g 3
1
1
I
1
deceleration :
s 1
Initial pedal |
force :
I
I
1 -..

- >
ty tp + 0.8 seconds time

l«———— Phase of panic — p4qPhaseof B:\S-oraluatinn—p‘
pedal application (ending at speed of 15 km/h)

Figure 3: Example of test 2 of a category "B" BAS system
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84.9 Method for determination of Fags and aags

84.9.1 The brake pedal force Fags is the minimum pedal force that has to be ap-
plied for a given vehicle in order to achieve maximum deceleration which
indicates that ABS is fully cycling. aags is the deceleration for a given ve-
hicle during ABS deceleration as defined in paragraph 84.9.7.

84.9.2 The brake pedal shall be applied slowly (without activating the BAS in the
case of category B systems) providing a constant increase of decelera-
tion until ABS is fully cycling (Figure 3).

84.9.3 The full deceleration must be reached within the timeframe of 2.0 +/-
0.5 s. The deceleration curve, recorded against time, must be within a
corridor of +/- 0.5 s around the centre line of the deceleration curve cor-
ridor. The example in Figure 3 has its origin at the time t, crossing the
aags line 2 seconds. Once full deceleration has been achieved, the brake
pedal shall be operated so that the ABS continues fully cycling. The time
of full activation of the ABS system is defined as the time when pedal
force Fags is achieved. The measurement shall be within the corridor for
variation of increase in deceleration (see Figure 3).

@ N deceleration a
o %&&i @
0\@ &\ ABS fully cycling

& corridor
%@ S A R T e RS AaBs

Corridor for varis 'ﬁx
increase in decelep

Download: G, Prabha (2023-03-12, 09:23:00)

>

to ; i +0.5s time[s]

timeframe
Figure 3: Deceleration corridor for determination of Fags and aags

A

84.9.4 Five tests meeting the requirements of paragraph 84.9.3 shall be carried
out. For each of these valid tests the vehicle deceleration shall be plotted
as a function of the recorded brake pedal force. Only data recorded at
speeds above 15 km/h shall be taken for the calculations described in the
following paragraphs.

84.9.5 For the determination of aags and Fags, a low pass filter of 2 Hz for vehicle
deceleration as well as pedal force shall be applied.

84.9.6 The five individual "deceleration versus brake pedal force" curves are av-
eraged by calculating the mean deceleration of the five individual "decel-
eration vs. brake pedal force" curves at increments of 1 N pedal force.
The result is the mean deceleration versus brake pedal force curve,
which will be referred to as the "maF curve".

84.9.7 The maximum value for the vehicle deceleration is determined from the
"maF curve" and is named as "anay".

84.9.8 All values of the "maF curve" that are above 90 per cent of this decelera-
tion value "a,." are averaged. This value of "a" is the deceleration
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"aABS" .

84.9.9 The minimum force on the pedal (Faps) sufficient to achieve the decelera-

tion aaps is defined as the value of F corresponding to a= aags on the
maF curve.

84.10Data processing for the BAS
84.10.1 Analogue data processing

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

In order to execute the necessary filtering of signals, low-pass filters with
order 4 or higher shall be employed. The width of the pass band (from
0 Hz to frequency fo at -3 dB) shall not be less than 30 Hz. Amplitude er-
rors shall be less than +/-0.5 per cent in the relevant frequency range of
0 Hz to 30 Hz. All analogue signals shall be processed with filters having
sufficiently similar phase characteristics to ensure that time delay differ-
ences due to filtering lie within the required accuracy for time measure-
ment.

Note: During analogue filtering of signals with different frequency content

s, phase shifts can occur. Therefore, a processing method, as de-
scribed in paragraph 84.10.2 ferabl \
84.10.2 Digital data processing Q%&
84.10.2.1 General considerati \

NS

@\

ncludes consideration of filter am-
ing rate to avoid aliasing errors, and

plitude attenu and
filter phase nd ti ys. Sampling and digitising consider-
g amplification of signals to minimize dig-

ations i@c% re-s
itising % ; nun@( bits per sample; number of samples per
cycle; ple and held amplifiers; and time-wise spacing of sam-

ples. nside s for additional phaseless digital filtering include

Preparation of aﬁ e si

seféction of pass’bands and stop bands and the attenuation and al-
Nwable ri n each; and correction of filter phase lags. Each of
@i e@ shall be considered in order to achieve a relative

overalhdata acquisition accuracy of +/-0.5 per cent.

@ Aliasing errors
order to avoid uncorrectable aliasing errors, the analogue sig-

%O
=

shall be appropriately filtered before sampling and digitising.
%Fhe order of the filters used and their pass band shall be chosen

/) according to both the required flatness in the relevant frequency

p
@ range and the sampling rate.

The minimum filter characteristics and sampling rate shall be such

that:

(a) Within the relevant frequency range of 0 Hz to f,ax = 30 Hz the
attenuation is less than the resolution of the data acquisition
system; and

(b) At one-half the sampling rate (i.e. the Nyquist or "folding" fre-
quency) the magnitudes of all frequency components of signal
and noise are reduced to less than the system resolution.

For 0.05 per cent resolution the filter attenuation shall be less than

0.05 per cent in the frequency range between 0 and 30 Hz, and the

attenuation shall be greater than 99.95 per cent at all frequencies

greater than one-half the sampling frequency.

Note: For a Butterworth filter the attenuation by:

,
and A=

where:

n is the order to filter;

fmax is the relevant frequency range (30 Hz);
f, is the filter cut-off frequency;
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fn is the Nyquist or "folding" frequency.
For a fourth order filter

for A =0.9995: f,= 237 - ..,

for A

0.0005: s, = 2 - (6.69 - f,). where fs. 1s the sampling

frequency =2 - .

84.10.2. ata sa @nd digitising
S|gnal amplitude changes by up to 18 per cent per mil-
0\@ Ilse . To limit dynamic errors caused by changing analogue in-

Q%@&

X 84 .10

W Q\@
A

Excessive analogue filtering shall be avoided, and all filters shall
have sufficiently similar phase characteristics to ensure that time
delay differences are within the required accuracy for the time
measurement. Phase shifts are especially significant when meas-
ured variables are multiplied together to form new variables, be-
cause while amplitudes multiply, phase shifts and associated time
delays add. Phase shifts and time delays are reduced by increasing
fo. Whenever equations describing the pre-sampling filters are
known, it is practical to remove their phase shifts and time delays

by simple algorithms pe edin t equency domain.
Note: In the frequency in whic filter amplitude character-
istics remain flat, the ph &@&% Butterworth filter can be
approximated by<>

P =28] Q@) dum@ second order
i) %@{i- fo) d . s for fourth order

OQ‘%— 294 - (f >grees for eighth order
mm@w or all filter orders is: t = (®/360) - (1/f;)

put .1 per cent, sampling or digitising time shall be less than

microseconds. All pairs or sets of data samples to be compared
Il be taken simultaneously or over a sufficiently short time peri-
d.

System requirements

The data system shall have a resolution of 12 bits (+/-0.05 per

cent) or more and an accuracy of +/-0.1 per cent (2 Ibs). Anti-

aliasing filters shall be of order 4 or higher and the relevant data

range fnax shall be 0 Hz to 30 Hz.

For fourth order filters the pass-band frequency f, (from 0 Hz to

frequency f,) shall be greater than 2-37 * [

if phase errors are subsequently adjusted in digital data pro-

cessing, and greater than 5 - f .

otherwise. For fourth order filters the data sampling frequency f;
shall be greater than 1341,
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