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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The main purpose of this document is to provide repeatable and discriminatory test results.

The dynamic behaviour of a road vehicle is a very important aspect of active vehicle safety. Any given
vehicle, together with its driver and the prevailing environment, constitutes a closed-loop system that
is unique. The task of evaluating the dynamic behaviour is, therefore, very difficult since the significant
interaction of these driver-vehicle-environment elements are each complex in themselves. A complete
and accurate description of the behaviour of the road vehicle requires information obtained from a
number of different tests.
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this test method quantifies only one small part of the complete vehicle handling eha
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Heavy commercial vehicles and buses — Emergency
braking on a defined path — Test method for trajectory
measurement

1 Scope
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requirements for the AEBS, which is done in the respective standards created by ISO/TC 204.

2 Normative references
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document describes test methods for determining the deviation of the path travelléd|by a vehicle
duripg a braking manoeuvre induced by an emergency braking system from a pre-defined desired path.
purpose of this document is the evaluation of the vehicle path during and following the system
vention. The corrective steering actions for keeping the vehicle on the desired path can be applied
r by the driver or by a steering machine or by a driver assistance system. Byymaking thiis document
for either open-loop or closed-loop testing, it is possible to apply the itest method for evaluating
well the vehicle can be kept within user-defined lane markings after the system iptervention,
11so for evaluating the precision of the interaction between the emergency braking system and an

e lane keeping system.

document applies to heavy vehicles equipped with anadvanced emergency braking system

S), including commercial vehicles, commercial vehicle combinations, buses and artic
fined in ISO 3833 (trucks and trailers with maximum weight above 3,5 tonnes an
ulated buses with maximum weight above 5 tonnes, according to ECE and EC vehicle cl
fories M3, N2, N3, 03 and 04).

The test method is intended to evaluate-the entire vehicle behaviour, not for def

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this.document. For dated references, only the edition cited
ted references, the latest 'edition of the referenced document (including any amendme

855:2011, Road vehitles'— Vehicle dynamics and road-holding ability — Vocabulary

5037-2:2002, Road vehicles — Vehicle dynamics test methods — Part 2: General conditid
les and buses

6552:2045,' Heavy commercial vehicles and buses — Stopping distance at straight-line |
— Open=toop and closed-loop test methods
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For the purposes of this document, the terms and definitions given in ISO 8855 and ISO 15037-2 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
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vehicle reference point

point fixed i

n the vehicle

Note 1 to entry: For use with this document, the vehicle reference point of the first vehicle unit shall be set to the

following:

Xv=0at

Yy=0at

the wheel centre of the first axle;

the centre of the connection line between the tyre contact centres of the first axle;

Zy =0 on ground level.

3.2
activation {
to

pointin tim

3.3

vehicle refd
Xo, Yo
lateral and 1

3.4
path deviat
Dpp
shortest dis
unit, n, at a (

4 Princi

This docum
driving situ

ime

e of intervention of the AEBS, given by a trigger signal

rence position

bngitudinal position of the reference point of the first vehicle unitat the activation time

ion

tance between the desired vehicle path and the position of the reference point of vd
ertain pointin time, t

ple

ent specifies a method to determine the deviation of the vehicle from a defined path
ition represents an intervention of dn‘advanced emergency braking system during str4

(3.2)

hicle

The
ight-

ahead driving or in a curve on an even road surface with a uniform coefficient of friction as specified in

ISO 15037-2
for triggerin
standstill. T
the steering
robot) or a I

Ifthe testis
the driver a
the driver i
robot which

NOTE By

[tis necessary that the emergency braking system of the test vehicle allows an external
g the system intervention-After the triggering, the AEBS shall remain active until ve
he test may be conducted as open-loop or as a closed-loop test. In case of an open-loop
wheel angle is kept to.its initial value. In case of a closed-loop test, the driver (or a ste
ine keeping assistafieg’system or both attempt to keep the vehicle on the desired path.

ctivities. This(should be considered when comparing closed-loop test results. For excly
hfluence duting a closed-loop test, it is recommended to conduct the test with a ste
has the-edpability to be programmed for a desired path via GPS feedback.

r leaving the test method open for interventions of driver assistance systems other tha

emergency b

nput
hicle
test,
Pring

ronducted with gorrective steering actions by the driver, the results will strongly depeipd on

1ding
Pring

h the

qking system, the interactions of the svstems can he invpcfignfpd’ eg the steering interven

tions

of an active lane keeping assistance system acting during the emergency braking can be compared with the
steering actions of a steering robot or a driver.

5 Variables

The variables of motion used to describe the behaviour of the vehicle shall be related to the reference
axis system (X, Y, Z) of the first vehicle unit (see ISO 8855) with the reference point as described in 3.1.
The variables that shall be determined for compliance with this document are the following:

— longitudinal velocity, vy;

— steering-wheel angle, éy;

© ISO 2017 - All rights reserved
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— activation time (to);
— longitudinal and lateral distance travelled by the vehicle reference point of the first unit (Xy1, Yv1);
— longitudinal and lateral distance travelled by the centre of the last axle i of the first unit (Xv1ai, Yviai);

— longitudinal and lateral distance travelled by the centre of the last axle (i = imax) of the vehicle
combination (Xypai, Yvnai);

— longitudinal and lateral acceleration at the vehicle reference point, ax and ay,.

It is recommended that the following variables are also determined:

— yaw velocity of the first vehicle unit, ¥ ;

— yaw angle of the first vehicle unit, y ;

— Jrticulation angles between the vehicle units, ¥, .,
— gideslip angle of the first vehicle unit, B,;

— heel brake pressures.

6 Measuring equipment

The measuring equipment, transducer installation and¢data processing shall be in accordance with
ISO 15037-2. Typical operating ranges of the variables te be determined for this document gre shown in
Tabl¢ 1 and in ISO 15037-2.

It is fecommended to use a position measuremengsystem (e.g. a differential GPS device) to measure the
path|travelled by the vehicle before and after-the activation time. Only the relative positijon between
the desired path and the path travelled by the’vehicle shall be determined, see Table 1 for the accuracy.
Furthermore, it is recommended to use a-photoelectric barrier for triggering the system intervention at
the spme place on the test track for each'measurement.

Table 1 — Variables, typical operating ranges and recommended maximum errors of variables
not listed in ISO 15037-2

Recommended maximum
Variable Typical operating range errors of the combined
p P g g transducer and jecorder
system
Lon_g ¥tud1nal anddateral distance (for 0m to 200 m £0,05 m
position meastiwvement systems)
Yaw pngle +360° +1°

7 Test conditions

7.1 General

The test conditions described in ISO 15037-2 shall apply to this document. General data of the test
vehicle shall be recorded as specified in ISO 15037-2. See Annex A.

© IS0 2017 - All rights reserved 3
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7.2 Testtrack and ambient conditions

All tests shall be carried out on an even road surface with a uniform coefficient of friction. An estimation
of the friction level shall be reported.

NOTE

friction conditions.

7.3 Test vehicle

7.3.1 Gen

eral vehicle condition

The test method can be used for investigation of the differences in vehicle behaviour on different road

The referen
specificatio}
(e.g. differer
condition sh

The brake s
burnished i
additional d
performanc

7.3.2 Loa

The loading
the test rest

7.3.3 Nun

One test seq
conditions s

8 Testm

ce condition of the test vehicle shall be in accordance with the vehicle manufacty
1s, particularly with respect to the brake system, the suspension, power train configur
itials and locks) and shall be in accordance with ISO 15037-2. Deviations fronr'this refef
all be reported in the test results.

ystem shall be in a well-maintained condition. Any newly installed wheel brakes sh
n accordance with vehicle manufacturer specifications. If the vehicle is equipped
rive train braking devices (e.g. retarder) or functions other thancABS that influence br4
b (e.g. cross-axle braking difference compensation), the actual ¢ondition shall be repor

ding condition

condition of the vehicle shall be in accordance withJSO 15037-2 and shall be report
Its.

nber of test runs

pecified.

ethods

8.1 Test method for braking straight ahead

8.1.1 Init|
The initial
standard n
may be used

jal driving condition

riving condifiei for the test shall be driving straight ahead as specified in ISO 15037-2
minal initial vehicle velocity at the beginning of braking is 80 km/h. Other initial velo
, especially for tests conducted on road surfaces with a low coefficient of friction.

8.1.2 Def

rer’s
htion
ence

111 be
with
king
ted.

ed in

uence consists of at least three valid tesbruns, i.e. test runs performed while observing all

. The
rities

nition of the desired path and track

The desired path for braking straight ahead is a straight line in the lane centre with a length of at least
50 m before the trigger point and at least 100 m after this point. The track shall be marked with pylons
as shown in Figure 1. An entrance lane with a recommended width of 3,0 m and a recommended length
of 25 m is set up to help ensure precise straight-ahead driving before the intervention of the emergency
braking system. The following lane width may also be marked by pylons for an indication if the vehicle
is leaving a desired lane width during the system intervention. For this purpose, a standard lane width
of 4,0 m and a longitudinal distance of 10 m between the pylons are recommended. Alternatively,
especially when the vehicle is equipped with an active lane keeping system, existing lane markings may
be used.

© ISO 2017 - All rights reserved
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Figure 1 — Test track for braking straight ahead

8.1.3 System intervention

Aftel
brak
activ
shall

reaching the initial driving conditions in the entrance lane,‘an intervention by thg emergency
fng system is initiated by the photoelectric barrier at the<end of the entrance lane. After the
ation time, given by the point in time marked by the trigger’signal, the emergency braking system
be active until vehicle standstill.
at its initial

In case of performing the test as an open-loop test, the/steering wheel angle shall be kept

valug
or a
steel
stee

 at the activation time until standstill. In case of performing the test as a closed-loop tej
steering machine shall try to keep the vehigcle on the desired straight-ahead path b
ing actions. In both cases, no additional\eontrol shall be applied by the driver. W
ing robot or (in case of simulation) a driver model to perform the corrective steering

t, the driver
y corrective
hen using a
actions as a

driver surrogate, the steering wheel velocity shall be limited to 360°/s.

For 1 r automatic

tran;

hanual transmissions, it is recommended to disengage the clutch before standstill. Fq
missions, the transmission should remain in drive condition.

8.2 | Test method for braking in a constant radius curve

8.2.1 Initial driving-condition

For performing the\test on a constant radius track, the initial driving condition for the fest shall be
steady-state cotnering as specified in ISO 15037-2. The recommended values for the inpitial lateral
acceleration~and the initial vehicle velocity at the activation time, to, are 2 m/s2 and 72 km/h,
respectively» Other values may be used, especially for tests conducted on road surfaceq with a low

coeffliciént'of friction.

8.2.2 Definition of the desired path and track

Based on the recommendation for the initial driving conditions, the desired path for this test method
is a curve segment with a constant radius of 200 m, a length of at least 25 m before the intervention
point and at least 50 m after this point. The desired path is the lane centre of this track. The radius of
the track may vary according to the chosen initial values of lateral acceleration and vehicle velocity. The
track shall be marked with pylons as shown in Figure 2. An entrance lane with a recommended width of
3,0 m and a recommended length of 20 m is set up to help ensure precise steady-state circular driving
before intervention of the emergency braking system. The following lane width may also be marked by
pylons for an indication if the vehicle is leaving a desired lane width during the system intervention.
For this purpose, a standard lane width of 4,0 m is recommended, using at least 5 pylons for marking
the inside and outside lane. Alternatively, especially when the vehicle is equipped with an active lane
keeping system, existing lane markings may be used.

© IS0 2017 - All rights reserved
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8.2.3 System intervention

After reaching the initial driving conditions in the entrance lane, an intervention by the emergency
braking system is initiated, e.g. by the photoelectric barrier at the end of the entrance lane. After the
activation time, given by the point in time marked by the trigger signal, the emergency braking system
shall be active until vehicle standstill.

In case of performing the test as an open-loop test, the steering wheel angle shall be kept at its initial
value at the activation time until standstill. In case of performing the test as a closed-loop test, the
driver or a steering machine shall try to keep the vehicle on the desired constant radius path by
corrective steering actions. In both cases, no additional control shall be applied by the driver. When
using a stegrimgrobotor{imrcaseof simutatiom—=—driver modettoperfornrtirecorrectivestegring
actions as a|driver surrogate, the steering wheel velocity shall be limited to 360°/s.

For manual [transmissions, it is recommended to disengage the clutch before standstill. For,automnatic
transmissiops, the transmission should remain in drive condition.

P L
/.,/’ e /'/.—/
. o
/LS ./'/
ol
1— 7 '
J/ &

Key
1  photoelectric trigger

Figure 2(— Test track for braking in a constant radius curve

9 Data evaluation and presentation of results

9.1 General

In the test report, test conditions shall be presented as shown in ISO 15037-2. Each change in vehicle
equipment (e.g. different loading conditions) shall be documented. Annex A shall be consulted for an
example of result reporting.

For every test run, time histories of the variables listed in Clause 5 and the following characteristic
values shall be presented. Apart from their evaluation purposes, the time histories serve to monitor
correct test performance and functioning of the transducers.

6 © IS0 2017 - All rights reserved
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9.2 Characteristic values

9.2.1 Maximum path deviation, Dpax

A graph of the vehicle path (lateral position of the vehicle reference point of the first vehicle unit
versus the longitudinal position of the vehicle reference point of the first vehicle unit) shall be plotted,
the vehicle reference position serving as zero position for the coordinate system. The graph shall also
contain the predefined path (see Figure 3).

The path deviation, Dp, at a certain point in time after the activation time is derived from the shortest
distance between the present position of the vehicle reference point to the predefined path (see
Figure 3). A time history of Dp and its maximum value, Dpmax, shall be presented in the tes§ report.

For vlehicle combinations, it is recommended to plot additionally a corresponding graph of the trajectory
of the trailer.

Y

Key

Dy path deviation at time, ¢

1 osition of vehicle reference point at time, t
2 ath of vehicle reference point

3 redefined path

Figure 3 — Predefined path, path travelled by the vehicle reference point and path deviation, Dp

9.2.2 “Maximum rear axle pnfh deviation Dpy

TIGe

For gaining information of the yaw stability of the first vehicle unit during braking, a graph of the
lateral position of the centre of the last axle of the first vehicle unit versus its longitudinal position shall
be plotted.

The rear axle path deviation, Dpg, at a certain point in time after the activation time is derived from the
shortest distance between the present position of this point to the predefined path, with the same method
as for the path deviation, Dp. A time history of Dpr and its maximum value, DpRr max, With comparison to
the respective values of the first vehicle unit, Dp and Dpmax shall be presented in the test report.

© IS0 2017 - All rights reserved 7
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9.2.3 Maximum trailer path deviation, Dprax

For vehicle combinations, a graph of the vehicle path of the trailer (lateral position of the centre of the

last axle of t

he vehicle combination versus its longitudinal position) shall be plotted.

The trailer path deviation, Dpr, at a certain point in time after the activation time is derived from the
shortest distance between the present position of this point to the predefined path, with the same method
as for the path deviation, Dp. A time history of Dpt and its maximum value, DpT max, With comparison to
the respective values of the first vehicle unit, Dp and Dpmax shall be presented in the test report.

9.2.4 Dec

For indicati
system, a tiy
to ISO 1655]

9.2.5 May

For vehicle
vehicle stan|

9.2.6 Cor

When using
within the t
necessary c

6H,C =

g

For teng, the
1 m/s) shall

Alternativel
with respec

Ornts =

\

9.2.7 Ind

If pylons arg
an indicatio
shall then b

eleration at full braking

n of the deceleration reached by the vehicle after the intervention of the emergency.bxz
he history and the value of the deceleration at full braking of the first vehicle unit.accot
P shall be reported.

fimum articulation angle(s) (optional)

fombinations, the maximum value of the articulation angle(s) between activation tim{
(still may be reported.

rective steering action, 6y ¢ (for closed-loop test)

one of the closed-loop test methods, a mean integral . value of the steering wheel ;
me interval between the activation time and the standstill may serve as a measure fg
prrective steering action. The value of 6y ¢ is derived from:

1,

end

J. ‘61-1 (l ) - 6H,ref

0 4

1

Ind

dt

time of vehicle standstill (e.g. point if-time when the vehicle velocity has reached less

[y or additionally, the root mean square of the deviation of the steering wheel angle v
L to the reference steering-wheel angle may be derived from:

1<
- z (5H,i - 6H,ref )2
n g

cation of leaving the desired track (optional)

b used fox'marking the lane width after the vehicle reference position, they may be us
h ofthe-vehicle leaving a user-defined lane. The position of the first pylon hit by the vd
p reported.

king
rding

b and

ingle
r the

M

than

be used. For 8y ref, the initial steering wheel angle at ¢t shall be used as a constant valye.

hlues

(2)

bd as
hicle
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Annex A
(normative)

Test report — General data and test conditions

A.1 General data

The test report for general data shall be as given in ISO 15037-2:2002, Annex A.

A.2 | Test conditions

The test report for test conditions shall be as given in ISO 15037-2:2002, Annex B.

© IS0 2017 - All rights reserved 9
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Annex B

(informative)

Example of test reports

Table B.1 — Example for reporting the characteristic values (Simulation results, 40 t

O CtoT Ot It o I C T COMMo IO IO Tairy rauacinor

Vo, S/ = straight | Maximum | Maximum | Maximum | Deceleration | Maximum Mean Pylon
[km/h] |C} = curve pathdev | pathdev | pathdev | duringfull | articul. | steering hit
0 /D = open- Dpmax rear axle trailer braking angle correction | affer x
(m;/sz) l(_‘Op DpR,max DpTmax 5H,C megtres
/C = closed-
Iqop (m) (m) (m) (m/s2) ) )
70 km/h, Cc/0 2,905 2,98 2,85 6,67 a — A
2 m/s2
70 km/h, c/C 1,377 1,46 1,32 6,67 a 11,8 a
2 m/s2
a  Notrecorded.

10
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