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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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of
ISO document should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent rights
in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) patent(s)
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
wwwise-erg/patentsswww.iso.org/patents. ISO shall not be held responsible for identifying any or all such
patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization =~ (WTO)  principles in the Technical Barriers to Trade (TBT), see
wwwiise.erg/ise/forewerdhtmlwww.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 35, Lighting
and visibility.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at wwwise.erg/membershtmlwww.iso.org/members.html.
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Introduction

With-the-development-ofVehicles with automated driving systems (ADS) ;—vehieles-need more and-mex
sensors:, such as radars, lidars; and cameras;ete-As-they. These components are located outside the vehiclg

which means they are exposed to weather conditions that eeuldlead-to-aceumulation-of impuritiescan caus|
contamination on the-sensitive surface-Alteration-of surfaces. This can affect visibility-eould-thenresultin

lack-of appropriate-information-te-enable, which can impair safe driving.

For Level 1 and Level 2 AD-systems-ADS (defined in ISO/SAE PAS 22736;), any failure ofin sensor detection i

overcome by immediaterecovery-the driver immediately recovering control of the vehicle-control-by—th
driver.. From Level 3 and-higheronwards, the driver enlyalone cannot guarantee vehicle safety, and a scenario-

based safety evaluation must be performed (see ISO 34502).

Sensor technologies-aretechnology is evolving rapidly impreving their robustness-Giventhesecircumstanees;

itis-and becoming more robust. It is therefore difficult to determine single set of uniform criteria on how clea

n
is—eﬂeﬂgh—te—aeh-}eve—the—seﬂsm:sensors have to be for automated dI‘lVlI‘lE svstems to Derform as expected
i 1}

ie. This can als

D

u|(u~

™

depend on the role ofthe given sensor.

Regardless of which sensor:

is used to determine thea vehicle's environment, the senserfron

In-this-context regardless-of the sensor is |
surface of a sensor is kept clean by a eleaning-system that allews-te-maintaina-geedmaintains visibilit]

performance. Eor-this-purpesethe-evaluation-efEvaluating the cleanliness of a-senserthe front surface of |
sensor after a cleaning operation allews-alse-te-charaeterizedetermines the efficiency of the cleaning systemg.

IW‘<4('P
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Road Vehieles-vehicles — Sensors for automated driving unde
adverse weather conditions — Assessment of the cleaning syste

efficiency
1 Scope

This document proposes a standard test procedure;-in-erder to assess the efficiency of cleaning systemb
for sensors. It addresses the following conditions:

— ——dust//mud;
— ——frost-+/snows;
— —mist//rain:

TFhereisne-Thisdocument does not propose a preferred cleaning system-deseribed-as-this. This document
isintended to be technologically neutral and performance--orientedfer. Its focus is on the cleaning system
and, not fer-theon sensor detection. Fer—thisreason,—the-The assessment method isspecified in this
document is therefore fully independent from the-sensor technology and from the data generated by the

sensor itself-during-when in use.

The-seepe-This document is entirely focussed on the cleanliness of the senserfront surface of the sensof.

This document does not address continuous contamination, such as continuous rain;as. This is becausg
in these circumstances, the efficiency of the cleaning system can only be assessed from the-interiof
ofinside the sensor-in-thesesituations.

For-a non-continuous contamination, this document includes intermittent cleaning, which is considered
as-a succession of periodicallylaunched-cleaning cycles that are launched periodically, as defined in
3:2:3.2.

This-decument The test does not include specific day time/night time conditions-during-the-test-as-they.
This is because these conditions have no impact on the results and the mean-of€leaning-average clean
remains similar. However, a-bettermore efficient cleaning efficieney-can be seughtfor-the-done at night

This document does not ineludecover contamination with insects due to the diffieulty-te-getachallenges
of ensuring homogeneous application.

This document does not provide any-directindicatorceo-related-te-the-indicators for sensor performance;
it. This document is- limited to the evaluation in-terms-of apparentvisual-the removal of the-contaminant

interms-of superficial coverage.contamination from surfaces.

This document does not include evaluation on the-preventive eeuntermeasuremeasures taken frem-itsin
the installation design-peint-ef-view.. The aerodynamic design affects how mud sprayed eut-from a
runningmoving vehicle or rain droplets can reach and build-up enteon the sensor's frontal protection
layer. Countermeasure design is ext-efbeyond the scope of this document.

© IS0 2023 - All rights reserved 1
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2 Normative references
The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO-.19403-2, Paints and varnishes — Determination of the surface free energy of solid surfaces by
measuring the contact angle

1S6.2808,Pai — 5 i ation of flm thick

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ——ISO Online browsing platform: available at https://wwwise-.erg/ebphttps: //www.iso.org/obp

— ——IEC Electropedia: available at https-//www.eleetrepediaorg/https: //www.electropedia.org/

3.1

cleaning system

system able to remove contamination laid-dewn-enfrom the sensor surface by using an extrinsic washing
procedure, by intrinsically adopting contaminant repelling treatment, or asa combination of both

Note- 1- to- entry:- Intrinsic cleaning refers to treatment that reduces the ability of contaminants to adhere enteto
the surface of the sensor.

3.2
cleaning cycle
set of successive operations of the cleaning system {3-13;(3.1), launched by enean impulsion initiated

either manually or automatically initiated-impulsion

3.3

relative wind

wind resulting from the ego motion of the vehicle in motion atin a windless envirenmental
stateenvironment

Note-_1- to- entry:- For practical reasons, the test may be performed within a wind tunnel with the equipment kept
steady.

4 Principle of the cleaning efficiency assessment

The assessmenttest described in this document evaluates the-efficieney-ofhow efficiently the system in
removing-theremoves contamination from the frontal surface of the senser-outermost window area;of
the sensor. This is done by comparing the-visually-ebserved-contaminants observed visually using
phetegraphically-eaptured-pieturephotographic images (EigureH-see Figure 1).

2 © IS0 2023 - All rights reserved
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Figure 1 — Cleaning efficiency assessment principle

The surface is evaluated in three stages:

a) a)-the initial clean stage;

b) bj-the contaminated stage;

c) €)—the eleanedclean stage after the cleaning cycle.

Eigure 2Figure 2 illustrates a simplified stage of the physical test and the use of photographic imagp
eaptaringimages that capture the following:

— the sensor surface before the application of the contaminant (picture 1),

— ——after the application of the contaminant and the defined cure process when applicable (dry/wet])
(picture 2),-and

— ——after the cleaning cycle (picture 3).

© IS0 2023 - All rights reserved 3
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Contaminant Cleaning
Application Cycle

Initial :> Contaminated :> Cleaned stage after
Clean Stage Stage cleaning cycle

Picture 1 Picture 2 Picture 3

Contaminant Cleaning
Application Cycle

Initial |:> Contaminated |:> Cleaned stage after
Clean Stage Stage cleaning cycle

Picture 1 Picture 2 Picture 3

Figure 2 — Test principle

The—quantitativeQuantitative evaluation is performed by means—eof—analysing the residual
eontaminantcontamination left on the frentalfront surface of thea sensor, e.g. its opening window area
specified-as-aregion-, which is of interest in-terms-of the-spatial-area-given its size. The contaminant is
captured by photographic means—and-—subjeet. The image is then assessed to spatial-percentage
evaluationgauge the proportion of the eaptured-phetegraphicimagescontaminant.

This document does not take into account the velametrievolume of contaminants removed-butrathera
spatialareavisualremeoval. Instead, it considers the physical area of the front surface of the eentaminants
from—the—sensor frental-surface—from which contamination has been removed (see 6:4}6.4). The
eva-l—ua&eﬂ—test procedure takesdetermines the contaminated area by taking advantage of thelight

how small particles laid on a flat surface to-determine-the-contaminated-area:
TFheresidualdiffuse light. Residual contaminant particles on the frentalfront surface of the sensor diffuse
the incoming reference light. Remeval-eftheseRemoving these contaminants will result in regligibleless
diffusion of therefereneethis light-thus-enabling-a-visual differentiation. This leaves a visible difference

where contamination was successfully removed by the cleaning operation.

The-quantitativeQuantitative cleaning efficiency is based on comparing the eemparison-of the- measured
areas of the cleaned and contaminated surfaces between pictures 1, 2 and 3 (Eigure-3)-see Figure 3).

The relative efficiency of the cleaning system is eharaeterizeddetermined by the pertiensize of the clean
surface by—ecomparing-theameount-of contaminated-after cleaning. The surface area of the applied

contamination is compared with the application-of contamination-te-the-amountefcontaminated surface
after the-active-cleaningeperation:

4 © IS0 2023 - All rights reserved
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