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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 17386 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. \Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 204, Intelligent trahsport systems.
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Introduction

Today's aerodynamically shaped vehicles often result in restricted rear and front visibility. Manoeuvring aids
for low speed operation enhance safety and driver convenience during parking or manoeuvring situations at
very low speed, e.g. in narrow passages. Drivers can avoid collisions with obstacles that cannot be seen but
can be detected by the system and they can make more effective use of limited parking space.

Mangeuvring Aids for Low Speed Operation (MALSO) are detection devices with non-contactsgensors which
assist the driver during low speed manoeuvring. MALSO systems indicate to the driver the-presgénce of front,
rear pr corner objects when squeezing into small parking spaces or manoeuvring through narrqw passages.
They|are regarded as an aid to drivers for use at speeds of up to 0,5 m/s, and they donot religve drivers of
their responsibility when driving the vehicle.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD

ISO 17386:2004(E)

Transport information and control systems — Manoeuvring

Aids for Low Speed Operation (MALSO) — Performance
requirements and test procedures

1 cope

This |nternational Standard for Manoeuvring Aids for Low Speed Operation addressesiight-duty
passenger cars, pick-up trucks, light vans and sport utility vehicles (motorcycles ex¢luded) equipp
MALS$O systems. It specifies minimum functionality requirements which the driver\can generally
devige; i.e., detection of and information on the presence of relevant obstacles within a de
detegtion range. It defines minimum requirements for failure indication’as well as perfg
procedures; it includes rules for the general information strategy but does-not restrict the kind of i
display system.

MAL
inforn
techr
The
comn
poss

bO systems use object-detection devices (sensors) for, ranging in order to provide thg
nation based on the distance to obstacles. The sensing technology is not addresse
ology affects the performance-test procedures set up,in this International Standard (refer
current test objects are defined based on systems-\using ultrasonic sensors, which refl
nhonly used technology at the time of editing this_International Standard. For other sensing
bly coming up in the future, these test objects. shall be checked and changed if required.

Visib
by th

lity-enhancement systems like video-caméra aids without distance ranging and warning arg
s International Standard.

Reve
Interr

rsing aids and obstacle-detection-devices on heavy commercial vehicles are not addre]
ational Standard; requirements.for those systems are defined in ISO/TR 12155.

2 ormative references

The following referenced documents are indispensable for the application of this documen
refergnces, only thevedition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 2575, Road vehicles — Symbols for controls, indicators and tell-tales

vehicles, e.g.
ed with such
expect of the
fined (short)
rmance test
hformation or

e driver with
d; however,
to Clause 7).
pct the most
technologies

not covered

ssed by this

t. For dated
b referenced

ISO 15006, Road vehicles — Ergonomic aspects of transport information and control

systems —

Specifications and compliance procedures for in-vehicle auditory presentation

ISO 15008, Road vehicles — Ergonomic aspects of transport information and control
Specifications and compliance procedures for in-vehicle visual presentation

systems —

ISO 16750 (all parts), Road vehicles — Environmental conditions and testing for electrical and electronic

equipment
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3 Terms

and definitions

For the purpose of this document, the following terms and definitions apply.

3.1

audible information and warning
acoustical signal (e.g. pulses, speech) which is used to present information about relevant obstacles to the

driver

NOTE

(refer to Figure 2 sub-functions).

Acoustical pulses can be coded mainly by carrier frequency, repetition rate and position of sound generator

3.2
evaluation f

br information and advice

information about detected obstacles which, when the system is activated, will be evaluated-to” warr

advise the dif
NOTE

3.3

manoeuvrin
system whic
obstacles in
in narrow pa

3.4
monitoring
m.r.

iver in order to help with the current low speed manceuvre

Refer to Figure 2 sub-functions.

g aid for low speed operation

h, at low speeds (< 0,5 m/s), is capable of informing the driver of the presence of stati
particular areas in close proximity to the subject vehicle, mainfyzduring parking and manoet
Esages

ange

specific threg¢-dimensional space around the vehicle which-is divided into rear and front corner m. r.,

rear-1 and re

ar-2 m. r.

and

bnary
vring

front,

fer to

NOTE Refer to Figure 1. The covered monitoring\ranges depend on the intended use of the system (rg
Clause 4).
P >
Vs ' “ \
/ lj/,/ N
I
2
[
I
B
pd k L — =
171\ i )
N N~ 7
2 3
Key
1 front
2 front corner
3 rear corner
4  rear-1
5 rear-2

Figure 1 — Monitoring ranges (plan view)
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3.5
reversing detection system

ISO 17

386:2004(E)

system which gives an indication to the driver, when the reverse gear is selected, of whether there are objects

in the monitoring range

3.6
sensor

component which detects objects in the monitoring range

NOTE There are a variety of sensor principles listed below which could be used.

¢greate a pulsed or continuously modulated field of microwaves, (
g¢nergy due to an object in the detection area is received, and the distance to the object is measurg¢d. The lateral
position of the object is estimated based on the beam or field directional characteristics, or)based|on the timing
elationships between sensors with overlapping coverage areas.

— Alternative principles include distance measurement by triangulation principle and, passive sensor

image processing.

3.7
systeém activation

nsor elements
The reflected

systems using

action of transitioning the system operation from a quiescent mode<o an active one in which the system is
moniforing the monitoring ranges, evaluating the objects detected and generating appropriate| feedback to

assist the driver

3.8
test object

objeqdt with a specific material, geometry and surface for testing the monitoring range, and which should give

comparable results for the relevant sensor types

3.9
visual information and warning

optical signal (e.g. a telltale or display)-which is used to present information about relevant obgtacles to the

drive

NOTH Visual information may be\coded, e.g. by colour, repetition rate, symbols or text. The driver may be warned by
contirjuous or pulsating signalling of possibly coloured telltales. Information may be graphical or alphanu

Figurg 2 sub-functions).

Activation signal
acquisition

Visual warning
and information

Evaluation for
warning and advice

Audible warning

and information

Meric (refer to

Detection of obstacles
in monitoring range

Other outputs

Figure 2 — Block diagram of the potential sub-functions of a manoeuvring aid for low-speed operation.
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3.10

warning levels

progressive critical levels of audible/visual/tactile/kinaesthetic information or feedback to the driver regarding
the hazard environment

4 Classification

The MALSO system classification reflects the diversity of driving behaviour and market demand in different
regions of the world. For example, in certain countries, drivers manoeuvre within a very tight area and have
come to rely on warnings given at very short range. In other regions, drivers expect warnings to be given at a
relatively longer range. A manufacturer may select the most suitable system parameters based on the dfiving
style and exgectations of the target driver population.

The manoeyvring aids for low-speed operation are classified according to their capability of:covering the
different mornjitoring ranges. Each monitoring range corresponds to a particular part of the vehicle boundary to
prevent colliging with an obstacle (refer to Figure 1). The class of the system is indicated\by an abbrevjation
corresponding to the monitoring ranges covered.

Table 1 — Classification of manoeuvring aids for low speed operation —
Abbreviations of monitoring ranges

Monitoring Range Abbreviation Z?;f:;ié): Maxin;l;r:egriving

m m/s
rear-1 R1 0,6 0,3
rear-2 R2 1,0 0,5
rear gorner driver side Rcd 0,5 0,3
rear gorner passenger side Rcp 0,5 0,3
front F 0,6 0,3
front gorner driver side Fcd 0,5 0,3
front ¢orner passenger side Fcp 0,5 0,3

Any combingtion of monitoring-randges may be used, if it is beneficial for the intended use of the system.

The corner-type systems have monitoring ranges restricted to particular corners of the vehicle and are npainly
intended to gssist the driver while driving through narrow passages.

For convenignce,and most efficient use of the manoeuvring aid, the driver shall be informed about the type of
system the vghicle is equipped with, according to the classification above.

5 Functional and performance requirements
5.1 System activation

5.1.1 Systems with manual activation
The system is turned ON and OFF by the driver with a switch or push-button. After activation, the system shall

indicate readiness for service acoustically or visually. This indication shall be clearly distinguishable from
distance information about obstacles.

4 © ISO 2004 - All rights reserved
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5.1.2 Systems with automatic activation

The system is activated/deactivated automatically according to the driving situation. The possible monitoring
ranges (refer to Clause 4) may be activated separately in order to avoid nuisance signals. After each
automatic activation, readiness for service shall be clearly indicated to the driver. There may be an ON/OFF
switch or push-button to override automatic (de)activation.

Activation criteria are [reverse gear selected] on the one hand and [speed below a specified limit v ] on
the other hand. Deactivation criteria may be [gear other than reverse is selected, speed beyond a
specified limit v 4] or [distance moved since last system activation greater than x¢]. The speed limits
von @nd v and the distance limit x ¢ may be defined appropriately to the sensor technology and the intended
use gHthe-system—hewevervsandrsrshal-be—>-0;5-mis-er>0:3-mis—depending-on-the-meRitoring range

undef consideration (refer to Table 1), since these are the maximum velocities supported by the slystem.

Tablg 2 shows how the different existing monitoring ranges should be activated.

Table 2 — System activation/deactivation criteria

monitoring range Reverse gear selected gear,other than reverse is pelected
V< Vo, V= Vg OF b > X g
fropt o?@ +b _c
fropt corners o? +b _c
regr 4+b 0@ _c
redr corners +b 0@ _c

@ | “o” indicates optional.
“+” indicates active.

¢ | “—" indicates inactive.

5.2 | Driver interface and inforimation strategy

5.2.1| General information presentation

For the driver interface,.af-least the audible information channel shall be used. Visual informationfand warning
may pe used as a supplement. A standardized information strategy will be the basis for the deyelopment of
both types of information components, as this makes the use in different vehicles easier and safler. The most
relevant information for the driver is the distance, i.e. the clearance, between the vehicle bournidary and an
obstgcle. TheMocation of the obstacle relative to the vehicle may be indicated as additional information.
Failufes shall\be indicated to the driver as well.

A general information strategy cannot be established because of the following reasons.

— There are many different ways of coding the information.

— Each car manufacturer will integrate the manoeuvring aids into its driver-information system with its
specific driver interface.

The following subclauses may be regarded as guidance in the implementation of an information strategy.

© 1SO 2004 - All rights reserved 5
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5.2.2 Audible information

The audible i

nformation shall be presented in accordance with ISO 15006.

The following basic code is recommended for the audible information channel.

a) Distance shall be coded into at least two levels. These zones may be represented by different repetition
rates, with the basic rule that a high repetition rate or a continuous sound corresponds to short distances.
If a different or an additional code is used it should not interfere with the basic rule.

b) The different areas may be represented by different carrier frequencies (e.g. high frequency for the front,

low fre
frequenc

c) Theacti
audible

5.2.3 Visual information

The visual in

If the visual
recommende

a) The info
(immine

may be
three re

additionE advisory level is used, it should not interfere with these basic code elements. The two |

Figure 3

£ N lo 1 £ Ll hiala) 1 Al 4 $lo 4 PUH A4 ry /
UTTILY TUT T UTC UaClR—UT TS VEeTTIUIT . TIT 0TS LastT, TTUT TTTOTT UTalimT twU  UmmTTTITT ai©asiy

ies should be used. Synthesized or recorded voice messages may also be used.

ation/deactivation of the system and the indication of failure/disturbance may be presented
bignal, clearly distinguishable from the other signals.

formation shall be presented in accordance with ISO 15008.

nformation channel is used as a supplement to the audible channel, the following basic cq
d.

nt collision level) and yellow or green for level 2 (attention level). If a different code

ubdivided by using more than one display elemént with the same colour, e.g. a bar-graph
and three yellow bars, allowing for six sub-levéls.

shows the warning levels for the rear monitoring range.

arrier

by an

de is

rmation shall be coded into at least two levels, represented by different colours: red for Igvel 1

Dr an
evels
with

Key

X distance to an obstacle

Figure 3 — Warning levels for rear monitoring range

1 level1

2 level 2

3 advisory level

4 rear monitoring range
6
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The display should be located so as to minimize the likelihood of inducing drivers to change their direction

of vision. For example, it is recommended to place the display for the rear monitoring range in the rear
part of the passenger compartment, because this allows drivers to watch the display while simultaneously
looking through the rear mirror or over their shoulder directly through the rear window. For the same
reason, it is recommended to locate the display for the front monitoring range in the dashboard.

c)

It is recommended to indicate the activation/deactivation and malfunction of the system by a telltale or a

symbol in all active displays of the system. These symbols shall be in accordance with ISO 2575.

5.24

Combination of visual and audible information

A cornbination of visual and audible information may be used 10 Improve the sysiem perrormancsg

the p
inforr

Leve
level

If the]

onbo
the d

5.2.5

In gg
ceas

In th¢ case of an audible warning only, the acousticak signal may be automatically switched o

after

As sq
In the

If a
temp
acou

The driver may select temporary suppression of the acoustical signal. In this case, the acoustica

rema
reins

5.3

5.3.1

ossibility of annoying the driver and passengers, taking into account the specific advant
nation channels.

1 (imminent collision level) information shall be given audibly and may additignally be g
2 (attention level) information may, however, be given by the visual or the audible channel o

intensity of the audible information presentation can be reduced by the.driver, e.g. from a

alog with the HMI system, stating that warnings may not be perceived in time if the volume i

Duration of signalling
neral, the signalling of an obstacle shall be maintained.as long as the obstacle is detect
b when the obstacle is no longer detected.

A certain time (to be defined by the manufacturer). The system, however, shall remain in the

on as the distance to the obstacle decreases, the audible signal shall be switched on autom
case of an increasing distance to thecobstacle, the audible signal may remain switched off.

isual display supplements the audible information channel, the acoustical signal may be
prarily. The visual signallings-hewever, should be maintained. This measure helps to av
stical signals to the driver,

n suppressed untifthe driver switches it on again; however, the acoustical signal shall be
ated when the system is activated the next time.

Dynamic, performance of object detection

Relative velocity of objects

or to reduce
ages of both

ven visually;
nly.

menu of the

brd human-machine interface (HMI) system, there should be a note inthe user manual or 4 message in

5 set too low.

ed and shall

f temporarily
active state.
ptically again.

switched off
pid annoying

| signal shall
putomatically

The

ystem shall be able 10 detect stationary objecCts while The venicle Itselr IS eltner stationary o

moving at a

speed up to 0,3 m/s. Systems classified R2 (refer to Clause 4) shall be able to detect stationary objects in the
rear monitoring range b while moving at a speed up to 0,5 m/s.

5.3.2

Maximum time delay for the detection of an obstacle

After the activation of the system, the time interval between the indication of “readiness for service” and the
first presentation to the driver of the correct information about a relevant obstacle already present in the
monitoring area shall be no more than 600 ms.

As long as the system is active, the time delay between appearance of a relevant obstacle and presentation of

the correct information to the driver shall not exceed 350 ms in all monitoring ranges. This capability is proved
by a suitable test procedure with an accuracy better than one-tenth of the measured time delay.

© 1SO 2004 - All rights reserved
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For reference, examples of test procedures are given in Annex A.

The delay is calculated as the arithmetic mean of at least 10 tests. The mean delay to indication within these
tests shall not exceed 350 ms and no single value shall exceed 500 ms.

5.4 Monitoring range coverage

5.4.1 Sections of the monitoring range

According to Clause 3, the total monitoring range is divided into seven monitoring ranges (refer to Figure 1).
Each monitoring range is characterised by horizontal and vertical areas of relevance.

5.4.2 HoriZontal areas of relevance

The horizonfal areas of relevance are the two-dimensional projections of the monitoring rahges ontp the
driveway. The minimum detection distances as measured from the vehicle boundary are defined in Table
The first 0,2 m starting from the vehicle boundary (refer to Figure 4) shall not be tested) because state-of-the-
art sensing t¢chnology cannot guarantee detection in this close proximity.

nned
by a
) and

In order to pg¢rform the operational test described in Clause 7, the relevant monitoring range shall be scg
horizontally With test object H, vertically with test object V. Each detected grid position is represented
covered square with edge lengths of dx and dy (dx = 0,1 m; dy = 0,1 m fotdesting the horizontal coverage
its centre at the position of the longitudinal axis of the standard obstacle.

The coveragg ratio is defined as the ratio of the covered area to th€“total area of relevance.

Atio is
ndard

EXAMPLE For a total area of relevance of 96 cells with a covered area of 88 cells, the average coverage r
91,7 %. The area of a single detection hole is defined as the\square dx? corresponding to a “not detected” sta
obstacle.

TH

NOTE

For the eval
extends fron

e small error due to the overestimation of the area by the integer number of cells can be neglected.

uation of the performance tests,. the monitoring range is divided into a near range, A1
the vehicle boundary up t0%06 m, and A2 which covers the range beyond 0,6 m. These

that
sub-

areas are nat related to the warning-levelranges (refer to Figure 3). An example is shown in Figure 4 for the

rear horizontgl area of relevance. The'eoverage ratio shall be determined separately for each of the twq sub-
areas.

5.4.3 Rearlhorizontal area

In order to simplify the-pérformance test procedure, the rear horizontal area of relevance is represented by a
rectangle that begins:0;2 m off the rear vehicle boundary and extends to the maximum detection distance,
which is 0,6 m for Rt'and 1,0 m for R2.

The width ofltherectangleis—equal-te-the—vehicle-width,measured-aleng-therear-axle—Thedimensiens shall

be rounded up to the nearest 0,1 m.

5.4.4 Front horizontal area
The front horizontal area of relevance is represented by a rectangle that begins 0,2 m off the front vehicle

boundary and extends to the maximum detection distance, which is 0,6 m. The width of the rectangle is equal
to the vehicle width, measured along the front axle. The dimensions shall be rounded up to the nearest 0,1 m.

© ISO 2004 - All rights reserved
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Key
X d

tg
d
1

A ODN -

1

>

1 A

5.4.5

For t

A, A,
0 0,2 0,6 1,0 X
stance from the vehicle boundary, in metres
st object
btected
ot detected
ear boundary of vehicle

sub-areas

Figure’4 — Example determination of the rear horizontal coverage ratio

Cornerhorizontal areas

he-definition of the corner horizontal areas of relevance, the following “brick definition” mefhod shall be

used

1) Draw a rectangular box close around the vehicle outline.

2) Draw lines from each box corner to the vehicle at an angle of 45°.

3) The intersections of these lines and the vehicle boundary are the vehicle corners.

4) The elliptical areas at each corner indicate the horizontal areas of relevance to be evaluated in the

© IS0

test procedure using 7 square grid positions with dx = dy = 0,1 m (refer to Figure 5).

2004 — Al rights reserved 9


https://standardsiso.com/api/?name=6a0cfa89eb0c509ea5e5e86fa87426cc

ISO 17386:2004(E)

30°

Dimensions in metres

A&

Figure 5 — “Brick definition” of vehicle corners and minimum-corner detection ranges

5.4.6 Minin
The minimun
— 90 % in
87 % in
The minimun

Within the w|

line, either horizontally, vertically or diagonally in the horizontal plane.

5.4.7 \Verti

In order to

rectangles tH
particular md
carried out
Refer to the

hum coverage ratios

N required coverage ratios for the front and rear horizontal areas of relevance are as follows:
A1;

he rear-2 area of A2.

N coverage ratios for corner areas of relevance shall be 100 %.

hole monitoring range, there ‘shall be no more than two contiguous detection holes in a st

cal areas of relevance

simplify the performance test procedure, the vertical areas of relevance are represents
at begin 0,2’m off the vehicle boundary and extend to the maximum detection distance

nitoring“range (refer to Clause 4). In the front and the rear monitoring range, the test sh
sing test object V placed in a vertical plane coinciding with the longitudinal axis of the ve
horizontal monitoring ranges, shown in Figure 5, for the inclination of the corner vertical are

relevance wi

h respect to the vehicle boundary.

aight

d by

n the
il be
hicle.

as of

For testing the vertical coverage, it is sufficient to use a 0,2 m grid (dx = dy = 0,2 m), since the capability of
covering the whole area without excessive holes is already proven by the test of the horizontal areas. The

height of the

rectangles is 0,6 m, corresponding to three lines of grid squares.

An example for the rear monitoring range is depicted in Figure 6.

10
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Dimensions in metres

Key

X d
1 e
2 c
3 td
a

stance from the vehicle boundary, in metres

ar vertical area of relevance
blumn
st object grid position

he centre of the lower line shall be 0,30 m above ground.

0,30

Figure 6 — Determination of the rear vertical area.coverage ratio by the test procedure

In orgler to allow for the angular detection characteristics and different installation height of cominon sensors,

at leg

st one cell in column A (nearest to the bumper):shall be covered.

The minimum coverage shall be as defined in“Table 3. Refer to Table 1 for the detection distandes within the

differ

5.5

ent monitoring ranges.

Table 3 — Vertical coverage (minimum number of covered cells)

Monitoring ranges Column
A|B|C|D
rear-2 1 2 2 1
rear-1 and front 1 21010
rear and front corner 1 1 0] 0

Self-test capabilities and failure indication

The system shall provide the Tollowing selr-test tunctions (at least after each system activation).

a) electronic circuit and wiring

b) sensor components

the system.

The self-test unit shall check the function of the electronic components of

The self-test unit shall check whether there is any damage to the sensor

elements which would lead to a malfunction of the system.

The procedures a) and b) described above shall

— be executed automatically to detect faults leading to a failure of the system function;

— generate a warning signal [refer to 5.2.2 c) and 5.2.3 c)] whenever a fault condition is detected.

© IS0
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5.6 Operation with trailers

5.6.1 Trailer-hitch handling

A trailer hitch mounted on the host vehicle may affect the proper function of the sensors on one hand and may
extend the rear boundary of the vehicle on the other hand.

Especially if a detachable trailer hitch is used, particular care shall be taken that the mounting of the hitch will
not result in poor coverage of the rear monitoring range. It shall be taken into account that the hitch will most

probably protrude beyond the bumper and will thus determine the vehicle boundary.

If proper fun
when a hitch
describe the

ctioning with the hitch mounted cannot be effected, either the system shall automatically sh
is mounted or a manual override cut-off switch shall exist. The user manual of the vehicle
appropriate operation in these cases.

5.6.2 System operation with trailers

For systems

that do not have a manual override cut-off switch, the electrical circuit-of the vehicle sh

ut off
shall

il be

designed in such a way that the reversing detection system will automatically be suspended as soon ds the
electrical connection between towing and trailing vehicle is in operation. However;if the trailer is fitted with
compatible spnsors, these should now inform the driver of obstacles whilst reversing.

6 Requitements and tests for components

The system [components shall be designed according to specifi¢’ automotive requirements. This shrIII be
proved by standardized tests defined by the automobile manufacturer. As an alternative to autonobile
manufacturef's specific test procedures, ISO 16750 (all-parts) may be the basis for componen{ test
procedures.

7 Operaf

71 Test ¢
The geomet
and good re
physical prin

Within this s
performance

Reflectivity n
proven that t

ional test of obstacle detection

pbject
bresentation of a real\obstacle. Of course, the standard obstacle should not favour one q
Ciples and should répresent the most relevant objects in real manoeuvring situations.

andardized framework, different systems will be made comparable in order to fulfil the min
requirements-expected by the driver.

neasurements for ultrasonic waves on relevant objects have been performed and it has
ne-following tubular test objects are suitable representations of real objects when testing sys

with ultrason

y, reflection and absorption’properties of the standard test obstacle should lead to easy testability

f the

mum

been
tems

C SeNSors:

NOTE

test object H for horizontal test

test object V for vertical test

plastics tube, grey, & 75 mm, length 1 000 mm;

plastics tube, grey, & 75 mm, length 1 000 mm.

Such plastics tubes are available commercially for domestic installation.

If systems are tested that use sensing technologies other than ultrasonic sensors, it should be verified that
these tubes produce equivalent echoes for the sensor technologies in question (e.g. RADAR, LIDAR,
electrostatic or video/image processing); otherwise, suitable reference objects will need to be developed. If
possible, they should have a tubular shape.
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General ambient conditions

While testing, the wind speed shall not exceed 5,4 m/s (wind force 3). Temperature shall be within (23 + 5) °C
and the relative air humidity (60 + 25) % (refer to 7.4). The test location shall be on a flat, dry, asphalt or
concrete surface. The tests shall not be affected by reflections, neither of sonic nor of electromagnetic waves
from walls in the environment, auxiliary test equipment or other objects.

7.3

7.31

Test procedure

Test setup

Perfq
seled
test,

set tq

Sens

Depe
in the

7.3.2

7.3.2

Posit
axis

depe
posit

7.3.2
Cheo

unan
cove

7.3.3

7.3.3

Secu
locat
with 4

rm the operational test on a vehicle or test structure which allows the installation cong
ted vehicle model or selected vehicle range to be reproduced. In case a vehicle is used tq
t shall have curb weight. A tolerance of + 5% may be allowed. If the ride height is adjustab
normal driving conditions for paved roads.

pr surfaces shall be visibly clean and free of contamination.

rear monitoring range, the front monitoring range and the corner monitoring ranges.
Test 1 — Coverage of horizontal areas of relevance

1 Test

on test object H perpendicularly on the ground in the monitoring range in such a way that it
s positioned rigidly in the grid positions in accerdance with 5.4.2. If the horizontal area
nds on the steering angle, the test shall beperformed with the steering in a neutral (st
on.

2  Evaluation
k the coverage ratio for each sub-area of the horizontal area of relevance. Detection sha

biguously with an uninterrupted sequence of the signal corresponding to the warning level. T
age ratio as defined in 5.4.2 shall be attained in each sub-area.

Test 2 — Coverage of vertical areas of relevance

1 Test

re the test object V in a rigid horizontal position in the monitoring range with its three-dimen
bd on_the*appropriate grid-positions (the grid has to cover the vertical area of relevance ir
b.4.7).

itions of the
perform the
le, it shall be

nding on the class of the manoeuvring aid (refer to Clause 4), the detéction performance shall be tested

5 longitudinal
of relevance
aight-ahead)

Il take place
'he minimum

sional centre
accordance

7.3.3.2 Evaluation

Refer to 7.3.2.2.

7.4

7.41

Specific ambient conditions

General

In addition to the tests under general ambient conditions described in 7.2, the system shall be tested at

speci

© IS0
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7.4.2 Tests

at extreme temperatures

Perform the test in a climate chamber. Position test object H perpendicularly on the ground in the monitoring
range at a distance to the vehicle boundary that corresponds to approximately 80 % of the specified maximum
detection distance at 25 °C. Choose the exact position so that the test object is detected faultlessly at normal
ambient temperature. The sensors may be mounted on a test fixture that reproduces the vehicle boundary.

Then heat up

the climate chamber to (60 + 2) °C and hold the maximum temperature for at least 30 min.

Cool down the chamber to (- 25 + 2) °C and hold the minimum temperature for at least 30 min. Precautions

shall be take

n against icing of sensor surfaces that may affect the object-detection performance. Ice should

not be visibly

The system
interruption.

NOTE An alternative laboratory test is acceptable if its equivalence can be demonstrated.

7.4.3 Testg at different lighting levels

If the system

present o the surface of the Sernsors:

shall operate during the whole test procedure and object detection shall be indicated” wjthout

function may depend on the lighting level, e.g. for video sensors;~the object detection shall be

tested at diff¢rent lighting levels to assure that the minimum performance requirements are fulfilled undef both

daytime and
vehicle's owr

nighttime conditions. The test should be conducted in an area.with no lighting except for thg test
lighting, for example, head, tail and reverse lights.
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