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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 preecedures—tsed—to—developth CHERE—S ptended—for-tts—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria Yiepded for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be(in the Introductign and/or on
the IFO list of patent declarations received (see www.iso.org/patents):

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of ISO specific termis and expressions related to| conformity
assegsment, as well as information about ISO’s adherence to-the WTO principles in the Technjcal Barriers
to Trpde (TBT), see the following URL: Foreword — Supplementary information.

The ¢ommittee responsible for this document is ISQ/TC 22, Road vehicles, Subcommittee SC 35, Lighting
and Visibility.
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ction

The purpose of this International Standard is to give minimum safety, ergonomic, and performance
requirements and test methods for Camera Monitor Systems (CMS) to replace mandatory inside and
outside rearview mirrors for road vehicles (e.g. classes I to IV as defined in UN REGULATION NO. 46).
This International Standard can follow updates of referred national regulations that influence the
included contents.

Where possible, the requirements established for a CMS providing a specific legally prescribed field of
view are based on the properties of conventional state of the art mirror systems providing that field of

view.
The CMS is {

This Interng
of CMS; e.g.

Furthermorj
necessary o
to be replac
acuity).

The given T
world scene|
methods for

Finally, this
behaviour a

reated as a functional system in regards to requirement definitions and performance {

tional Standard outlines general requirements and test methods regarding théhbasic asj
ntended use, operating readiness, field of view, magnification, etc.

e, this International Standard outlines requirements and test methods regarding
bject size and resolution provided by the CMS. Besides the properties-of the mirror sy
bd, those requirements are also based on physical aspects of the huitian operator (e.g. v

equirements follow the assumption, that the CMS provides an ideal mapping of the
To correspond to reality, this International Standard.also provides requirements anc
all relevant parameters that worsen the ideal mapping (e.g. isotropy or artefacts).

International Standard gives requirements and.test methods regarding the aspects of
hd failure behaviour.

Allrequirements are established to be as generic as possible, i.e. that these are possible to apply to a

the covered
are provide

This Intern|
considered {
be considerd

rearview mirrors. If additional or specifié¢ information is required for certain mirrors, {
| in separate annexes.

ational Standard declares that-CMS replacing legally prescribed mirrors have
1s safety-relevant systems and therefore, relevant safety standards (e.g. [SO 26262) ha
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Road vehicles — Ergonomic and performance aspects
of Camera Monitor Systems — Requirements and test
procedures

1 Scope
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Normative references

International Standard gives minimum safety, ergonomic, and performance requj
bra Monitor Systems to replace mandatory inside and outside rearview mirrors-for r
Classes [ to [V as defined in UN REGULATION NO. 46). It addresses Camera Monitor Sy
will be used in road vehicles to present the required outside information of-a‘specific
e the vehicle. These specifications are intended to be independent of different camera
ologies unless otherwise stated explicitly. ADAS Systems (such as parking aid) are no
national Standard.

1  Mirror classes V and VI (as defined in UN REGULATION NO. 46).are not in scope of this
ard since the requirements are already defined in UN REGULATIQN NDO. 46.

2
Im structure, where one camera captures one legally prescribed field of view and one monitor
y prescribed field of view. Of course, also other system sthuctures (e. g. with one monitor di
y prescribed fields of view) are within the scope of this Intérnational Standard. For those syste
Im supplier or the vehicle manufacturer has to provethatthe resulting system fulfils the requir
use 6.

3 Whenever the phrases “field of view” or\'field of vision” are used, then both have the s

following documents, in whele or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest editjen of the referenced document (including any amendments) appl

813, Paints and ydrnishes — Determination of gloss value at 20 degrees, 60 degrees and §

241-302:2008,.Ergonomics of human-system interaction — Part 302: Terminology for eleg
1y's

241-305:2008, Ergonomics of human-system interaction — Part 305: Optical laboratory
ecttonic visual displays

rements for
bad vehicles
ttems (CMS)
field of view
and display
C part of this

International

The definitions and requirements in this Internationat)Standard are formulated with regard to a

displays one
splaying two
s, either the
ements given

hme meaning

ent and are
For undated
es.

b5 degrees

tronic visual

test methods

ISO 9241-307:2008, Ergonomics of human-system interaction — Part 307: Analysis and compliance test

meth

ods for electronic visual displays

ISO 12233:2014, Photography — Electronic still picture imaging — Resolution and spatial frequency
responses

UN REGULATION NO. 46, Uniform provisions concerning the approval of devices for indirect vision and of
motor vehicles with regards to the installation of these devices (ECE homologation)

3 Terms and definitions

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

© ISO

2015 - All rights reserved
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3.1 Vehicle related terms and definitions

3.1.1
vehicle

vehicle with a combustion engine and/or electric driving motor, intended for use on the road, with or
without external body components added, having a permissible maximum mass of at least 400 kg and a
maximum design speed equal to or exceeding 50 km/h

Note 1 to entry: Vehicles of categories M1, M2, M3, N1, N2 and N3 (see UN-ECE REGULATION NO. 46).

[SOURCE: IS

0 13043, definition 3.1]

3.1.2

vehicle coo
positive x-aj
being ortho
forward mo

3.1.3

rdinate system

kis pointing into the opposite of the forward movement direction of the vehicle} the 7
ponal to the ground plane pointing upwards and the y-axis pointing to the/pight se
vement direction thus forming a right handed coordinate system

driver’s ocular points

points that
Note 1 to ent

Note 2 to ent
responsible 1

EXAMPLE

of the driver’
longitudinal
longitudinal
by the vehicld

3.14

ire uniquely defined for each vehicle

ry: See Figure 1.

ry: These points are related to data given by the vehicle mantfacturer following definitions
ational body.

“The driver’s ocular points” means two points 65 mimr‘apart and 635 mm vertically above p
5 seat as defined in Annex 8. The straight line joining these points runs perpendicular to the ve
median plane of the vehicle. The centre of the segment joining the two ocular points is in a ve
blane which has to pass through the centre of the driver’s designated seating position, as spe
b manufacturer.”

driver’s ocular reference point

middle poin
Note 1 to ent

Note 2 to ent

L between the two ocular points, of the driver

Fy: See Figure 1.

"y: The abbreviation ORP)¢an be used for this point.

-axis
bn in

bf the

bint R
rtical

rtical
rified

Key
a

b

EXAMPLE

givenin 3.1.3

_/2
[ X @ X b
—— |'/ o1 T it
P U
| S f— I S
I —;——-\W\ :—- T %
\ E:lal - < 2! i i!l}
A= A
I Nl
~/
X

ocular points

ocular reference point

Figure 1 — Driver’s ocular reference point

The two ocular points of the driver uses 635 mm vertically above point R as shown in the example

© ISO 2015 - All rights reserved
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Mirror related terms and definitions

3.2.1
mirror

devi

ce with a reflective surface mounted to the bodywork of a vehicle

Note 1 to entry: It is used to see the required outside information of a specific field of view by indirect vision.

Note 2 to entry: The definitions in the subclauses from 3.2.2 to 3.2.28 assume an ideal mirror and do not deal with
artefacts like low quality surface, dirt, etc.

3.2.2

miryor distance to driver ocular reference point
distance from the driver’s ocular reference point to the centre of the mirror

Note

Note

Note
requ

accoynt that this distance is usually lower than the maximum values given in the following subclau

3.2.3
maximum mirror distance to driver ocular reference poiat (driver side)

max

drivgr side

Note

Note

upon|2013 survey).

Note

3.24
maxjmum mirrof distance to driver ocular reference point (passenger side)

max

passenger side

Note

1 to entry: See Figure 2.

D to entry: It is denoted as amjrror and is measured in metres.

frements for a CMS replacing a mirror. The designed resolution and magnification of a CMS sh

imum value for amjrror as found in existing homologated. vehicles for the given mirror

1 to entry: It is denoted as amirror/driver/max and is méasured in metres:

r class IUN REGULATION NO. 46 mirrors, thiszalue is defined as amirror/driver/max = 1,05 m;
r class I UN REGULATION NO. 46 mirrors}this value is defined as amirror/driver/max = 1,7 m;

r class [II UN REGULATION NO. 46 mikrors, this value is defined as amirror/driver/max = 1,2 m;
r class IV UN REGULATION NQ. 46 mirrors, this value is defined as amirror/driver/max = 1,7 m.

P to entry: The above valueg represent the maximum distances for MY 2013 mass produced ve

B to entry: See B.6.2 for more information on the values for class Il and class [V mirrors.

imum valte'for amirror as found in existing homologated vehicles for the given mirror

1 to,entry: It is denoted as amirror/passenger/max and is measured in metres:

B to entry: The mirrordistancetodriverocularreference pointinfluencesthéresolutionand the jpagnification

uld take into
bes.

class on the

hicles (based

class on the

for class Il UN REGULATION NO. 46 mirrors, this value is defined as amirror/passenger/max = 2,6 m;

for class I[I UN REGULATION NO. 46 mirrors, this value is defined as amirror/passenger/max = 1,9 m;

for class IV UN REGULATION NO. 46 mirrors, this value is defined as amirror/passenger/max = 2,6 m;

for main mirrors on cab-over-engine type trucks according to Japanese REGULATION NO. 44, this value is

defined as Amirror/passenger/max = 2,5m;

for main mirrors on motor vehicles with a passenger capacity of 11 persons or more according to the Japanese

REGULATION NO. 44, this value is defined as amirror/passenger/max = 2,5 m.

for vehicle category of Japanese REGULATION refer to Japanese REGULATION NO. 44.

© ISO 2015 - All rights reserved
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Note 2 to entry: The above values represent the maximum distances for MY 2013 mass produced vehicles (based
upon 2013 survey).

Note 3 to entry: See B.6.3 for more information on the values for class Il and class [V mirrors.

Note 4 to entry: Japanese REGULATION main mirror means “Those mirrors used mainly for observing obstacles
showing up around the rear portion on the left side of the vehicle”.

3.2.5
mirror viewing angle

total angle between the ray leaving the eye-point and reaching an object after being reflected from the
mirror surface, i.e. two times the angle between the driver’s line of sight and the surface normal of the
mirror

Note 1 to ently: See Figure 3.
Note 2 to ent}y: It is denoted as Smirror and is measured in degrees.

3.2.6
minimum mirror viewing angle (driver side)
minimum value for Spmirror as found in existing homologated vehicles for the.given mirror class oh the
driver side

Note 1 to entfy: It is denoted as Bmirror/driver/min and is measured in degrees:

— for class|l UN REGULATION NO. 46 mirrors, this value is defined as Bjrror/driver/min = 20 °;
— for class|ll UN REGULATION NO. 46 mirrors, this value is defined as Bmirror/driver/min = 55 °;
— for class|IIl UN REGULATION NO. 46 mirrors, this value is defined as Bmirror/driver/min = 30 %
— for class|IV UN REGULATION NO. 46 mirrors, this value\is'defined as Smirror/driver/min = 55 °.

Note 2 to enfry: The above values represent the minjmum angles for MY 2013 mass produced vehicles (based
upon 2013 syrvey) regarding the required field of view.

3.2.7
maximum mirror viewing angle (driver side)
maximum vplue for Smirror as found it existing homologated vehicles for the given mirror class on the
driver side

Note 1 to entry: It is denoted as Byirtor/driver/max and is measured in degrees:

— for class|l UN REGULATION NO. 46 mirrors, this value is defined as Bmirror/driver/max = 65 °;
— for class|ll UN REGUIKATION NO. 46 mirrors, this value is defined as Smirror/driver/max = 75 °;
— for class|[Il UN-REGULATION NO. 46 mirrors, this value is defined as Bmirror/driver/max = 65 °;

— for class|IVVUN REGULATION NO. 46 mirrors, this value is defined as Bmirror/driver/max = 125 °.

Note 2 to entry: The above values represent the maximum angles for today’s vehicles in the market based on the
required field of view.

3.2.8

minimum mirror viewing angle (passenger side)

minimum value for Smirror as found in existing homologated vehicles for the given mirror class on the
passenger side

Note 1 to entry: It is denoted as Bmirror/passenger/min and is measured in degrees:
— for class [ UN REGULATION NO. 46 mirrors, this value is defined as Smirror/passenger/min = 80 °;

— for class [l UN REGULATION NO. 46 mirrors, this value is defined as Bmirror/passenger/min = 55 °;

4 © IS0 2015 - All rights reserved
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— for class IVUN REGULATION NO. 46 mirrors, this value is defined as Smirror/passenger/min = 80 °;

— for main mirrors on cab-over-engine type trucks according to Japanese REGULATION NO. 44, this value is
defined as ﬂmirror/passenger/min =545

— for main mirrors on motor vehicles with a passenger capacity of 11 persons or more according to Japanese
REGULATION NO. 4’4’, thlS Value is deflned as ﬁm[rror/passenger/min = 50,5 °.

— for vehicle category of Japanese REGULATION refer to Japanese REGULATION NO. 44.

Note 2 to entry: The above values represent the minimum angles for MY 2013 mass produced vehicles (based
upon 2013 survey) regarding the required field of view.

Note [3 to entry: Japanese REGULATION main mirror means “Those mirrors used mainly for obs€ryjing obstacles
showjing up around the rear portion on the left side of the vehicle”.

3.2.9
maxjmum mirror viewing angle (passenger side)
maximum value for Smjrror as found in existing homologated vehicles for the'given mirror|class on the
passenger side

Note |l to entry: It is denoted as Bmirror/passenger/max and is measured in degrees:

— r class [ UN REGULATION NO. 46 mirrors, this value is defined a$,fmirror/passenger/max = 95 °;
— r class [II UN REGULATION NO. 46 mirrors, this value is defifieéd"as Bmirror/passenger/max = 85 °
— r class IV UN REGULATION NO. 46 mirrors, this value isidefined as Smirror/passenger/max = 150 [;

— r main mirrors on cab-over-engine type trucks according to Japanese REGULATION NO. 44 this value is
efined as ﬂmirror/passenger/max =111%

— r main mirrors on motor vehicles with a passenger capacity of 11 persons or more according to Japanese
EGULATION NO. 4’4, thlS Value is deflned as ﬁmjrror/passenger/max =64°.

— r vehicle category of Japanese REGULATION refer to Japanese REGULATION NO. 44.

Note 2 to entry: The above values represent the maximum angles for MY 2013 mass produced vehicles (based
upon(2013 survey) regarding the required field of view.

Note [3 to entry: Japanese REGULATION main mirror means “Those mirrors used mainly for observiing obstacles
showjing up around the reanportion on the left side of the vehicle”.

3.2.10
distance from mirror to object
distgnce from thedmirror to an object being viewed by the driver

Note [L to entry:'See Figure B.14.

Note 2 k0 entry: It is denoted as dopject and is measured in meters.

3.2.11
mirror radius of curvature
radius of the sphere that specifies the shape of a spherical mirror surface

Note 1 to entry: See Figure 2.
Note 2 to entry: For convex spherical mirrors with the reflective layer on the convex surface, this value is positive.

Note 3 to entry: It is denoted as rpyjrror and is measured in metres.

© IS0 2015 - All rights reserved 5
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==
<

A
I

Key
1 Amirror

2 I'mirror

Figure 2 — Mirror radius of curvature

3.2.12
mirror minimum allowed radius of curvature
minimum allowed value for rpyjrror as defined by the responsible national body

Note 1 to entfy: It is denoted as rmirror/min and is measured in metres.
Note 2 to entfy: The values given below are exaniples:
— for class|l UN REGULATION NO. 46 sphetical convex mirrors, this value is defined as rmirror/min = 1,2 m

— for class|ll UN REGULATION NO. 46 spherical convex mirrors, this value is defined as rmjrror/min = 1,2 m);

— for class|lII UN REGULATION,NO.46 spherical convex mirrors, this value is defined as rmjrror/min = 1,2 n;
— for class|IlV UN REGULATION NO. 46 spherical convex mirrors, this value is defined as rmirror/min = 0,3 1n;

— for main| mirrors ongcab-over-engine type trucks according to Japanese REGULATION NO. 44, this vaflue is
defined as rmirror/min = 0,6 m;

— for main mirrers on motor vehicles with a passenger capacity of 11 persons or more according to Japanese
REGULATFON'NO. 44, this value is defined as rmjrror/min = 0,6 m;

— for vehicle category of Japanese REGULATION refer to Japanese REGULATION NO. 44;

— FMVSS 111 only allows for plane mirrors where rmijrror/min is infinite on the driver side; however, on the
passenger side of the vehicle, FMVSS 111 defines a spherical convex mirror with a minimum radius of
I'mirror/min = 0,889 m.

Note 3 to entry: Japanese REGULATION main mirror means “Those mirrors used mainly for observing obstacles
showing up around the rear portion on the left side of the vehicle”.

3.2.13
mirror angular size
angle under which the driver perceives the mirror

Note 1 to entry: See 3.2.14 and 3.2.15 for details and differentiation between horizontal and vertical direction.

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505:2015(E)

3.2.14
mirror horizontal angular size
angle between the lines from the ORP to the left and right edge (in y-direction) of the reflective mirror

surface
Note 1 to entry: See Figure 3.

Note 2 to entry: It is denoted as d’mirror/hor and is measured in degrees.

X
Key
1  1pirror
Figure 3 — Mirror horizontal angular size (bird’s eye view)
3.2.15

miryor vertical angular size
angl¢ between the lines from the ORP to the top and bottom edge in (z-direction) of the reflective mirror

surfdce
Note [l to entry: See Figure 4.

Note P to entry: It is denoted as @'miror/ver and is measured in degrees.

Key
1  mirror

Figure 4 — Mirror vertical angular size (side view)

© IS0 2015 - All rights reserved 7
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field of view
space defined by all rays of light (lines from object points to the reflective mirror surface) that are still
reflected into the driver’s imaginary monocular eye point at the ORP

Note 1 to entry: This space can be approximated by a pyramid with its base lying in the y-z-plane.

3.2.17

horizontal field of view
angle between the leftmost and the rightmost ray of the field of view projected to the x-y-plane

Note 1 to ent

ry- It is denoted as dpiergrshorand is measured in degrees

3.2.18
minimum H

orizontal field of view

minimum allowed value for amirror/nor as defined by the responsible national body

Note 1 to ent
Note 2 to ent

3.2.19
vertical fie
angle betwe

Note 1 to ent

3.2.20
minimum V

Fy: Itis denoted as amirror/hor/min and is measured in degrees.

[y: Information on @mirror/hor/min for different mirror classes is given in B.2.1)

d of view

en the topmost and the bottommost ray of the field of view projected to the x-z-plane

[y: Itis denoted as amirror/ver and is measured in degrees.

ertical field of view

minimum allowed value for amirror/ver as defined by the gesponsible national body

Note 1 to ent
Note 2 to ent

3.2.21
mirror mag
relationship

Note 1 to ent
mirror mirro

3.2.5). Itis dg

Note 2 to entif
mirror appea
equal to 1, i.¢]

Note 3 to ent

Fy: Itis denoted as @mirror/ver/min and is measured in degrees.

Fy: Information on @mirror/ver/min for différent mirror classes is given in B.2.2.

Fnification factor

ry: It is dependent on the distance from the ORP to the mirror amjrror (see 3.2.2), the radius
(see 3.2.11), the distance to the object dopject (see 3.2.10), and the mirror viewing angle Smirro
noted as Mpirror.

y: For convex'spherical rearview mirrors, the magnification factorisbelow 1,i.e.objectsinarea
r smaller,than they really are. For plane mirrors with unit magnification, the magnification faq
there is'ne'magnification.

Fy-For'a formula describing the magnification factor variation over the mirror, refer to B.3.

between the correct size(ofian object and its perceived size when seen through the mirror

bf the
- (see

r'view
toris

3.2.22

mirror average magnification factor
average value for the magnification based on a mirror with minimum radius rmirror/min and maximum
dlStal’lCe to the ORP amirror/max

Note 1 to entry: It is denoted as Mmirror/avg-

Note 2 to entry: It is derived as the average over the relevant range of viewing angles Smirror at the horizontal
centre line of the mirror and distances dopject-

Note 3 to entry: See 3.2.23 and 3.2.24 for details and differentiation between driver and passenger side.
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3.2.23

mirror average magnification factor (driver side)

average magnification factor for Myrror as found in existing homologated vehicles for the given mirror
class on the driver side

Note 1 to entry: It is denoted as Mpmjrror/driver/avg:
— for class [UN REGULATION NO. 46 mirrors, this value is defined as Mpjrror/driver/avg = 0,33;
— for class I UN REGULATION NO. 46 mirrors, this value is defined as Mmjrror/driver/avg = 0,23;

— for class [l UN REGULATION NO. 46 mirrors, this value is defined as Mpmjrror/driver/avg = 0,31;

— r class IVUN REGULATION NO. 46 mirrors, this value is defined as Mmirror/driver/avg = 0,065;
— ran FMVSS 111 plane driver mirror, this value is Mmirror/driver/avg = 1.

Note P to entry: The above values were derived from MY 2013 mass produced vehicles{based upon £013 survey).
Note 3 to entry: For detailed information how these values were derived, refer to B.3:

Note § to entry: For additional recommendations concerning commercial vehicles, refer to A.3.3.

3.2.24

mirror average magnification factor (passenger side)
average magnification factor for My as found in existing hemologated vehicles for the given class on
the gassenger side

Note |l to entry: It is denoted as Mpmjrror/passenger/avg:

— r class [ UN REGULATION NO. 46 mirrors, this value is defined as Mmirror/passenger/avg = 0,15;
— r class [II UN REGULATION NO. 46 mirrors, this value is defined as Mmjrror/passenger/avg = 0,20f

— r class IVUN REGULATION NO. 46 mirrbrs, this value is defined as Mmjrror/passenger/avg = 0,03

&

— ran FMVSS 111 passenger mirror, this value is defined as Mmirror/passenger/avg = 0,17;

— r main mirrors on cab-over<engine type trucks according to Japanese REGULATION NO. 44 this value is
mirror/passenger/avg = 0,088;

— r main mirrors on metor vehicles with a passenger capacity of 11 persons or more accordinig to Japanese
EGULATION NO. 44{-this value is Mmjrror/passenger/avg = 0,10;

— r vehicle category of Japanese REGULATION refer to Japanese REGULATION NO. 44.
Note R to entry:The above values were derived from MY 2013 mass produced vehicles (based upon 2013 survey).
Note B to enthy: For detailed information how these values were derived, refer to B.3.

Note #'t@entry: For additional recommendations concerning commercial vehicles, refer to A.3.3.

Note 5 to entry: Japanese REGULATION main mirror means “Those mirrors used mainly for observing obstacles
showing up around the rear portion on the left side of the vehicle”.

3.2.25

mirror minimum magnification factor

minimum value for the magnification based on a mirror with minimum radius rmjrror/min and maximum
distance to the ORP amijrror/max; it is derived from the maximum viewing angle Bmirror/max at the
horizontal centre line of the mirror within the relevant range and the distance dopject =

Note 1 to entry: It is denoted as Mmirror/min-

Note 2 to entry: See 3.2.26 and 3.2.27 for details and differentiation between driver and passenger side.
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3.2.26

mirror minimum magnification factor (driver side)

minimum magnification factor for Myrror as found in existing homologated vehicles for the given class
on the driver side

Note 1 to entry: It is denoted as Mmirror/driver/min:
— for class [UN REGULATION NO. 46 mirrors, this value is defined as Mpmjrror/driver/min = 0,31;
— for class I UN REGULATION NO. 46 mirrors, this value is defined as Mmijrror/driver/min = 0,21;

— for class Il UN REGULATION NO. 46 mirrors, this value is defined as Mmjrror/driver/min = 0,29;

— for class|IV UN REGULATION NO. 46 mirrors, this value is defined as Mmirror/driver/min = 0,037;
— for an FMVSS 111 plane driver mirror, this value is Mmirror/driver/min = 1.

Note 2 to entry: The above values were derived from MY 2013 mass produced vehicles (based upenh 2013 sufvey).
Note 3 to entfy: For detailed information how these values were derived, refer to B.3.

Note 4 to entfy: For additional recommendations concerning commercial vehicles, refepto A.3.3.2.

3.2.27
mirror minimum magnification factor (passenger side)
minimum magnification factor for Mp;ror as found in existing homologated vehicles for the given|class
on the pass¢nger side

Note 1 to entfy: It is denoted as Mmjrror/passenger/min:

— for class|ll UN REGULATION NO. 46 mirrors, this value is defined as Mmjrror/passenger/min = 0,13,
— for class|IIl UN REGULATION NO. 46 mirrors, this value'is defined as Mmirror/passenger/min = 0,19;
— for class|IV UN REGULATION NO. 46 mirrors, thisvalue is defined as Mmjrror/passenger/min = 0,014;
— for an FNIVSS 111 passenger mirror, this value is defined as Mmjrror/passenger/min = 0,17;

— for mainf mirrors on cab-over-engine type trucks according to Japanese REGULATION NO. 44, this vaflue is
Mmirror/p assenger/min = 0,061;

— for main| mirrors on motor vehicles with a passenger capacity of 11 persons or more according to Japanese
REGULATION NO. 44, this value is Mmirror/passenger/min = 0,094.

Note 2 to entry: The above values were derived from MY 2013 mass produced vehicles (based upon 2013 sufvey).
Note 3 to entfy: For detailed information how these values were derived, refer to B.3.
Note 4 to ent}y: Forsadditional recommendations concerning commercial vehicles, refer to A.3.3.2.

Note 5 to entfy<Japanese REGULATION main mirror means “Those mirrors used mainly for observing obstacles
showing up around the rear portion on the left side of the vehicle”.

3.2.28
mirror angular resolution
parameter that describes the ability of a mirror to resolve small details in a reflected scene

Note 1 to entry: In principle, a mirror can resolve an unlimited amount of detail. Nevertheless, in combination
with the human eye, the angular resolution of a driver seeing through the rear view mirror of a vehicle is limited
by the angular resolution of the human eye. The smaller the angular resolution of the human eye, the smaller the
details can be that are still resolved by the driver, i.e. in contrast to the pixel resolution of cameras smaller values
for the angular resolution indicate a higher quality vision.
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3.2.29

visual acuity of the human eye

ability of the human eye and human visual system to resolve small details; it is different for each person
and usually degrades with increasing age of the person

Note 1 to entry: It is measured using a Landolt C test (see ISO 8596:2009) at an optician, denoted as Veye and
measured in [1/arcmin].

Note 2 to entry: Usually, national bodies define a minimum visual acuity for acquiring a driver’s license. A visual
acuity of 1 is reached if a test person has correctly identified the direction of 60 % of the Landolt C openings,
assuming that the Landolt C openings are of a size such that the openings are visible (from the test person’s eye
position) under an angle of 1 arcmin (see Figure 5).

ou

Figure 5 — Visual acuity of the hunian eye, e.g. tested with Landolt C ring

3.2.30
minimum visual acuity of the humaneye
minimum value of Vgye

Note |l to entry: It is denoted as Vg /min:

— r UN REGULATION NO..46lass I mirrors, this value is defined as Veye/min = 0,7;

— r UN REGULATIQON\NO. 46 class Il mirrors, this value is defined as Veye/min = 0,8;
— r UN REGULATION NO. 46 class IIl mirrors, this value is defined as Veye/min = 0,7;
— r UN REGULATION NO. 46 class IV mirrors, this value is defined as Veye/min = 0,8.

Note P to enitry: FeV, the Germanrequirements for acquiring drivers licenses for passenger vehicles, Appendix 6 §1.1
definps-a minimum visual acuity of 0,7. Japan defines 0,7, Netherlands defines 0,5, and Sweden defirles 0,5.

Note 3 to entry: In Sweden, Germany, Japan, and Netherlands, driving licenses for C/CE (heavy truck/heavy
truck with trailer), D/DE (heavy bus/heavy bus with trailer) type of vehicles, as well as for taxis; minimum 0,8 in
binocular acuity is required. Glasses or contact lenses may be used to achieve this acuity.

Note 4 to entry: There may be differences depending on the market where the vehicle is to be driven.

© IS0 2015 - All rights reserved 11


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505

:2015(E)

3.3 Camera related terms and definitions

3.3.1
camera

device used to capture colour images of a specific field of view; it mainly consists of two relevant items:

imager and |

ens

Note 1 to entry: The following definitions assume an ideal camera and do not deal with artefacts like image blur,
wrong focus, lens distortion, etc. The tests defined in 7.8 make sure that these artefacts are reduced to a minimum.

3.3.2

camera oprirnl axis

virtualline
of simple le]
axis of rotat]

3.3.3

camera ref
the orientat
x-axis of the|

hat defines the path along which light propagates through the system; for a system comy
1ses, the axis passes through the centre of curvature of each surface, and coincides wit
ional symmetry

brence orientation
jon of a camera of a CMS where the optical axis of the camera is pointing along the poj
vehicle [the camera is looking backwards with the imager (see 3.3/ lying in the y-z-p

and the camera’s upper side normal is parallel to the positive z-axis of the véhicle

Note 1 to enty
for coordinat

3.3.4
camera dis
distance fro
(3.1.4) in x-d
is the same

Note 1 to ent
Note 2 to ent

Note 3 to en
positions rea

12

y: It helps to simplify the definition of further parameters of the eafnera (see Figure 6). See also
e convention used.

z

Figure 6 — Camera reference orientation

tance to driver ocular reference point in x-direction

Im the centre of thelentrance pupil of the camera (3.3.13) to the driver’s ocular reference
irection when nmiewnted to the vehicle; it is specific for each vehicle, even if the camera
for each vehiele

ry: See Figure 7.

Fy: It i’denoted as Xcgmerq and is measured in metres.

osed
h the

itive
lane]

3.1.2

point
itself

ry+/For camera positions forward of the ORP, X¢qmerq has to be a positive value while for ¢

mera

r of the ORP, Xcqmerq has to be a negative value.
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A\ \\\'\(Z )
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X1 X

3.3.5

camera distances in y-direction

displ
repld
centl

denofted as y'camera

Note [l to entry: Distances are measured in metres (see Figure 8).

Note
posit
a neg|

Note
came|

3.3.6
cam
distd

when mounted to the vehicle; itis specific for each vehicle, even if the camera itself is the sg

vehid

Note

camera

Figure 7 — Distance to driver ocular reference point in x-direction

acement from the outermost point of the same side of the vehicle to-the entrance pupil
cing side mirrors in y-direction is denoted as ycgmerq, and displacement from the
e x-z-plane to the entrance pupil of a camera replacing the intérior centre mirror in y|

2 to entry: For camera positions located outboard of the outermost point of the vehicle, ycamd
ve value while for camera positions located inboard efthe outermost point of the vehicle, y.,
ptive value.

3 to entry: For camera positions located in positive y-direction, y'-qmerq has to be a positive v3
ra positions located in negative y-directionf{)/camerq has to be a negative value.

era height above road surface
nce from the road surface to.the centre of the entrance pupil of the camera (3.3.13) i

le

1 to entry: It is denoted-ds zcgmerq and is measured in metres.

of a camera
ongitudinal
Ldirection is

I« has to be a
hera has to be

hlue while for

z-direction
yme for each

Key

Y Ycamera
7’ 7
Y Y camera

Z1  Zcamera

© ISO

Figure 8 — Height above road surface
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Note 2 to entry: For some vehicles (e.g. heavy trucks), different chassis variants and/or wheel dimensions are
common depending on what type of transport the vehicle is intended for. It is important to be aware of this as the
actual height above road surface will influence the requirement fulfilment by the CMS. Often, there will be worst
case variants to consider.

3.3.7

camera imager

rectangular device that transforms electromagnetic radiation (irradiance) mostly of visible wavelength
into electric currents; it is subdivided into a matrix of smaller (usually squared) active areas

3.3.8

camera pixel

smallest actjive area in a matrix of several active areas forming an imager

Note 1 to entfy: It is an abbreviated term for picture element.

EXAMPLE For a Bayer pattern imager, it is either the green, blue, or red filtered pixel.

3.39

camera resplution

measure of the ability of a camera system to depict picture detail

Note 1 to entry: The specification hereinafter will assume a camera orientation where the imager axes are pdrallel
to the coordinate axes when CMS camera is fixed to the body of the vehicle. For-all other CMS systems composed of
a different configuration, those specifications shall meet the same or incredased perceptibility to the specifidation
cited herein, hnder above consideration.

3.3.10

camera horizontal pixel resolution

number of piixels of the imager in y-direction for a cameragin reference orientation (3.3.3)

Note 1 to entfy: It is denoted as Ncamera/hor; this is not necessarily the scanning direction of the imager.

3.3.11

camera verftical pixel resolution

number of piixels of the imager in z-directionfor a camera in reference orientation (3.3.3)

Note 1 to entfy: It is denoted as Ncagmeraéer-

3.3.12

camera lenk

optical devige of one or moré-gptical elements that collects the incident light reflected or emitted ffrom
the scene and focuses the target scene image on to the surface of the imager

3.3.13

camera entrancepupil

optical image of the physical aperture stop seen through the front lens of the system; it is also defined
as the vertgxCof the camera’s field of view; it is influenced by the lens and is also sometimes dalled
the “projection centre —or ‘Centre of projection ; tor Simpticity, it s approximated by the centre of the

outermost lens surface

Note 1 to entry: Itis denoted as EPcgmerq and is a coordinate triplet given in metres.

3.3.14
camera fiel

d of view

space defined by all rays of light (lines from the centre of the entrance pupil of a camera to object points)
that are projected onto the imager; for a camera fulfilling the recommendation of minimum geometric
distortion, this space can be approximated by a pyramid with its apex lying in the centre of the entrance
pupil and its base lying in the y-z-plane for a camera in reference orientation (3.3.3)

Note 1 to entry: See 6.9.6.

14 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505:2015(E)

3.3.15

camera horizontal field of view

angle between the leftmost and the rightmost ray of the field of view projected to the x-y-plane for a
camera in reference orientation (3.3.3)

Note 1 to entry: See Figure 9.

Note 2 to entry: It is denoted as dcamera/hor and measured in degrees. It is sometimes also called the horizontal
opening angle of a camera.

3.3.16

camera vertical field of view
angl¢ between the topmost and the bottommost ray of the field of view projected to thed:%-plane for a
camgpra in reference orientation (3.3.3)

Note|l to entry: See Figure 9.

Note (2 to entry: It is denoted as acagmera/ver and measured in degrees. It is sometimes also called the vertical
opening angle of a camera.

E P camera

Figure 9 — Horizontal and vertical camera field of view

3.3.17
camera angular resolution
parametetdescribing the ability of a camera to resolve small details in a captured scenej it does not
only ftake'into account the mere resolution of the imager but also relating it to the field of vliew that the
camerats \,qptul ius, the-smater-the ausu}al resolttionofacamet a; the-smater-the-detaits that can be
resolved by the camera, i.e. in contrast to the pixel resolution, smaller values for the angular resolution
indicate a more detailed camera image

3.4 Monitor related terms and definitions

3.4.1

monitor

device for displaying images; it either consists of a matrix of active areas that radiate light of different
wavelengths or is a (usually diffuse) reflector thatis illuminated in different wavelengths and in a matrix
of specific points by a projector

Note 1 to entry: The following definitions assume an ideal monitor and do not deal with artefacts like pixel defects
etc. The tests defined in Clause 7 ensure that these artefacts are kept to a minimum.
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3.4.2

monitor coordinate system

spherical coordinate system (amonitor @monitor» Pmonitor) of the monitor; it is mainly used for evaluation
of the viewing angle dependent visual performance of the monitor; the origin of the spherical coordinate
system is placed in the centre of the active area of the monitor

[SOURCE: IS0 9241-302:2008, 3.3.19, modified]

: > A

Note 1 to entry: See Figure 10.

N
™ T
-~
r' a monitor _ - \\
/// \
- \\
\\\\ < O nonitor \\f monitor/hor
9.00am, ¢=180° |\ N \
AN \ 12.00am;~¢ =90°
\ N
\ \
W\ Mnjto,
P \ \\9 monitor/ver,
\ Id
\
\
\

6.00am, ¢=270°
3.00am, ¢=0°

Figure 10 — Monitor spherical coordinate system

3.4.3
monitor viegwing direction
direction fr¢m which the monitor is viewed; it is a line from the mid-eye point of the viewer to the c¢ntre
of the monitjor coordinate system

Note 1 to ent]y: The mid-eye pointis the actual middle point between the driver’s eyes. This point varies with the
driver’s head/movement.

3.4.4
monitor vigwing distance
distance of the mid=eye point of the viewer to the centre of the monitor coordinate system

Note 1 to enttyzdt is denoted as amonitor and is measured in metres.

3.4.5
monitor viewing inclination angle
inclination angle of the monitor viewing direction in monitor coordinates

Note 1 to entry: It is denoted as Omonitor and is measured in degrees.
Note 2 to entry: See Figure 10.

Note 3 to entry: From the monitor horizontal viewing angle (see 3.4.7) and the monitor vertical viewing angle (see
3.4.8), this value can be derived as:

® +tan? 0

_ 2
monitor = arctan \/tan 0

monitor /hor monitor /ver (1)
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3.4.6
monitor viewing azimuthal angle

azimuthal angle ofthe monitorviewingdirectionin monitor coordinates; itis measured counterclockwise
and starting at 3 o’clock. 3 o’clock is the right edge and 12 o’clock is the upper edge of the monitor as seen

from the driver
Note 1 to entry: It is denoted as @ponjtor and is measured in degrees.

Note 2 to entry: See Figure 10.

Note 3 to entry: From the monitor horizontal viewing angle (see 3.4.7) and the monitor vertical viewing angle (see

3.4.8), this value can be derived as:

tan emonitor/ver

e}

monitor = arctan

tan 9m0nit0r/h0r

3.4.7
monjtor horizontal viewing angle

monftor viewing inclination angle projected onto the plane defined by the monitor surface
the 12 o’clock direction

Note [l to entry: It is denoted as Omonitor/hor and is measured in degrees;

D

monitor [hor = arctan (tan (@monitor ) -€os ((Dmonitor ))

Note P to entry: See Figure 10.

3.4.8
monjitor vertical viewing angle

monf{tor viewing inclination angle projected orto the plane defined by the monitor surface
the 3 o’clock direction

Note [l to entry: It is denoted as Omonitor/ver-anid is measured in degrees:

D

monitor [ver — arctan (tan (@monitor ) ’ Sm(d)monitor ))

Note P to entry: See Figure 10,

3.49
monjtor design viewing direction

speclfic monitor<itewing direction allocated to the ORP and the specific vehicle design
placgment androtation) indicated by the index “D”

3.4.10
monjiter'design viewing distance

(2)

normal and

(3)

normal and

(4)

i.e. monitor

distdnce of the QRP to the centre of the monitor coordinate system

Note 1 to entry: It is denoted as amonitor/p and is measured in metres.

3.4.11
monitor design viewing inclination angle
monitor viewing inclination angle derived from the monitor design viewing direction

Note 1 to entry: It is denoted as @monitor/p and is measured in degrees.

3.4.12
monitor design viewing azimuthal angle
monitor viewing azimuthal angle derived from the monitor design viewing direction

Note 1 to entry: It is denoted as @monitory/p and is measured in degrees.

© ISO 2015 - All rights reserved

17


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505

3.4.13

:2015(E)

monitor design horizontal viewing angle

monitor hor

izontal viewing angle derived from the monitor design viewing direction

Note 1 to entry: It is denoted as Omonitor/hor/p and is measured in degrees.

3.4.14

monitor design vertical viewing angle
monitor vertical viewing angle derived from the monitor design viewing direction

Note 1 to entry: It is denoted as Omonitor/ver/p and is measured in degrees.

3.4.15

monitor pixel
smallest disftinct able area on the monitor displaying a specific colour usually by additive miXing g

three prima

3.4.16
monitor de

portion of the monitor active area displaying at least the required field of view

Note 1 to ent
Note 2 to ent
Note 3 to ent

3.4.17

monitor de
portion of th
from 9 o’clo

Note 1 to ent

3.4.18

monitor de
portion of t]
from 6 o’clo

Note 1 to ent

y colours (red, green, and blue) in different intensities

fined size

Fy: The monitor active area, as well as the displayed camera image, may extend beyond this ar
y: The monitor defined size is defined by the system manufactarer.

Fy: See 3.4.17 and 3.4.18 for details and differentiation between horizontal and vertical size.

fined horizontal size
le monitor active area displaying at least the required horizontal field of view along thg
Ck to 3 o’clock according to Figure 11

[y: Itis denoted as Wmonitor/hor and is measured in metres.

fined vertical size
e monitor active area displaying at least the required vertical field of view along thd
Ck to 12 o’clock according'to'Figure 11

Fy: It is denoted as Hponitor/ver and is measured in metres.

f the

axis

axis

18
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~

Monitor defined size \

Displayed minimum
required field of view

Hmonifor/ver

Mofitor active area

-

Wmonifor/hor

Figure 11 — Example of monitor défined size

3.4.19
monjitor angular size
angl¢ under which the driver would perceive thexmonitor defined size for Oumpnitgr = 0° and

Amonjtor = Amonitor/D

Note |l to entry: See 3.4.20 and 3.4.21 for details and\differentiation between horizontal and vertical angular size.

3.4.30
monjtor horizontal angular size
angl¢ between the lines from the ORP.to the left and right edge of the monitor defined horizgntal size for

Omonjitor = 0° and amonitor = Amonitor/D

=2arctan

Q

Wmonitor/hor (5)

!
monitor [hor
/ 2a

monitor /D
3.4.21
monjtor verticalangular size
angl¢ between the'lines from the ORP to the top and bottom edge of the monitor defined verttical size for
Omonjtor = 0 add amonitor = Amonitor/D

! Hmonitor/ver
monitor /ver — 2arctan —
\ “Ymonitor/D )

Q

(6)

3.4.22

monitor design angular size

actual angular size of the monitor defined size as perceived from the driver in the specific vehicle design
(i.e. seen from the monitor design viewing direction @monitor = @monitor/Ds Pmonitor = Pmonitor/D, and
Amonitor = amonitor/D)

Note 1 to entry: See 3.4.23 and 3.4.24 for details and differentiation between horizontal and vertical angular size.

© IS0 2015 - All rights reserved 19


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505

Key

:2015(E)

1
2

Qmonitor/

Qmonitor/

3.4.23

monitor de
actual angu
measured ir

!
A monitor]

+arctan

Note 1 to ent

Note 2 {

’
& monitor [ hor

[lor

Figure 12 — Perspective view of horizontal and vertical viewing angle

Kign horizontal angular size
ar size of the monitor defined size as perceived from the driver ifithe specific vehicle d
the direction of the horizontal extent of the monitor

W,

monitor [ hor

1

monitor /D + (2 ’ Wmonitor/hor

1
E 'Cos(gmonitor/hor/D)

hor/D =arctan
'Sin(emom’tor/hor/D )j

w

monitor [hor

1

amonitor/D _[2

ry: See Figure 13.

1
E. ’COS(Omonitor/hOF/D)

‘W,

moniter jhor

-sin (Omonitor/hor/D )J

o entry:  For-D Wyonitor /hor <<@monitor/p» Formula  (7) can be simplified

!/
p =COs (Qmonitor/hor/D ) @ monitor [hor*

bsign

(7)

to

20
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monjtor design vertical angular size
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(Vmonitor/hor» horizontal size of the monitor, tilted at centre

monitor/D
‘monitor/hor/D
monitor/hor» horizontal angular size of the monitor as seen from Omonitor/hor €9

’monitor/hor/D

L .
EWmonitor/hor *sin (emonitor/hor/D )

Figure 13 — Monitor design horizontal angular size

4

1l angular size of the monitor defined size as perceived from the driver in the specific v
ured in direction of the vertical extent'of the monitor

’ Hmonitor/ver -Cos (emonitor/ver/D )

1 .
T monitor /D + (2 ’ Hmonitor/ver “Sin (Qmonitor/ver/D )j

N[ =

4 —
C monitor Jver /D = arctan

1
E : Hmonitor/ver -cos (Gmonitor/ver/D )

1 .
A momitor /D ~ (2 ’ Hmonitor/ver “Sin (Qmonitor/ver/D )j

-arctan

1 _So° entry: For H <<a

monitor [ver

j— ’
itoryver /D — cos (emonitor/ver/D ) 'amom’tor/hor

© ISO

2015 - All rights reserved
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monitor /D Formula (8) «can be simplified to
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N |
1 PN | /////////
N e
| g
L
Key
1 HmonitorAver, vertical size of the monitor, tilted at centre
2 Amonitor/p
3 @monitor, ver/D
4 &monitorfver, vertical angular size of the monitor as seen from Omonitor/ver = 0
5 emonitor/ er/D
6 1
E Hmonit)r/ver *sin (emonitor/ver/D)
Figure 14 — Monitor design vertical'angular size

3.4.25

monitor digplayed field of view
portion of the camera’s field of view that is actually displayed on the monitor defined size

3.4.26
monitor horizontal percentage of displayed.€amera field of view
percentage |of the camera’s horizontal field-of view that is actually visible on the monitor defined
horizontal sjze

Note 1 to entfy: It is denoted as Pcamerdy/hbr and is given in percent.

3.4.27
monitor vertical percentage)of displayed camera field of view
percentage pf the camera’s.yertical field of view that is actually visible on the monitor defined vertical
size

Note 1 to entfy: It issdenioted as pcamera/ver and is given in percent.

3.4.28
field of view-displayed-in-the- monitor-defined-horizontal size
portion of the camera’s field of view that is actually displayed on the monitor defined horizontal size

= *
& monitor /hor = %camera/hor pcamera/hor (9)

3.4.29
field of view displayed in the monitor defined vertical size
portion of the camera’s field of view that is actually displayed on the monitor defined vertical size

(04 o

= *
monitor /ver — % camera/ver pcamera/ver (10)
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3.4.30

mon

itor displayed angular resolution

parameter that describes the ability of the monitor to resolve small details in the displayed scene

Note 1 to entry: It considers the mere resolution of the monitor and its relation to the field of view, the monitor is
displaying.

Note 2 to entry: The smaller the angular resolution of a monitor, the smaller the details can be that are still
resolved by the monitor.

3.4.31

mon
spec
3.4.1]
angle

Note
equa

3.4.3
mon

itor standard isotropy range

fic vertical range of 6 ° up and 6 ° down from the monitor design vertical viewing angle
1, and specific horizontal range of 7 ° right and 7 ° left from the monitor design herizo
 as defined in 3.4.13

1 to entry: The value is derived from the eye ellipse definition given in ISO 4513:2010, Table 2
s 60 cm.

2
itor extended isotropy range

additional 5 ° from the standard isotropy range in the vertical and herizontal directions

Note |l to entry: This additional range covers head movements.

3.4.33
image formation time
sumination of the rise time and the fall time as defined.in ISO 9241-302:2008, 3.4.14

3.5

3.5.1
Cam
CMS
entit
drivd
displ

Note
body

3.5.2
CMS
schel

Note

Camera Monitor System based terms@nd definitions

era Monitor System

v used in vehicles that presents the required outside information of a specific field of
r of the vehicle, replacing eonventional mirror system by means of electronic image
ay devices

1 to entry: It consists of a camera following the definition given in 3.3.1 that is usually in

ivork of a vehicle and'a@monitor following the definition given in 3.4.1 that is usually placed insig

system overview
ne that gomprises the black box of a functional system and its interfaces

1 toeentry: See Figure 15.

hs defined in
htal viewing

with amonitor

view to the
capture and

ttalled at the
e the vehicle.
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rféﬁk@l —L Camera-Monitor System (CMS) =—

Vehicle Environment

(Rear V

:2015(E)

chicle

Item's scope

Opti- Opti-
cal

Inter- Inter-
face face

— i

Human User

Barrierd

Note 2 to ent
— capture

— opticali

etc.)

A

' /

Power Control Image Status/  Overlay/
Supply Commands Data out Diagnostic Driver

<optional> for other  output ;Assistance
Systems <optional>" Display
<optional> Data

<optional>

Figure 15 — System block diagram

y: The external interfaces of the CMS are the following:

— power siipply;

— control ¢
optional

— optional
— optional

— optional

of this In

ternational Standard

mnage shown to the driver orzapassenger (technical realization: e.g. display);

(priver / Fassen

| optical signal from the vehicle’s surrfounding environment (technical realization: e.g. camera

ommands, e.g. on/off-eommand (unless technically linked to the toggling of the power supply
y choice of the jimage zoom factor, viewing area, contrast, brightness, etc.;

y, image data.output for other ADAS, which are not the scope of this International Standard;
y, status/diagnostic output signal (e.g. to activate warning lamp in the instrument cluster);

yroverlay information or driver assistance display data from other ADAS, which are not in the

er)

,and

scope

Note 3 to entry: The following entities are usually interacting with the CMS:

— vehicle on-board network (e.g. CAN, FlexRay, LIN, etc.);

— optional

ly, control elements (e.g. switches, buttons, joystick, menu entries, etc.);

— optionally, ADAS, which provide additional information on the display graphically or use images captured by
the camera for their purposes.

3.5.3

CMS functional structure

system that

is functionally divided in its essential parts

Note 1 to entry: See Figure 16.

24
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Item's scope

Camera-Monitor System (CMS)

Opti- Opti-
cal cal
Inter- Status Data Status Data Inter-
face Image Image Data Signal Image Data Image face
—+—[—{ Captu- 9 Pro- 9 Dis- —H}—+——+
ring Control Data | cessing | Control Data | playing

R —

‘ | } { |

Power Control Image Status/ Overlay/
Supply Commands Data out Diagnostic Driver
<optional> for other output Assistance
Systems <pptional> Display
<optional> Data
<optional>

Figure 16 — CMS(as white box

Note P to entry: A CMS is functionally divided in three essential parts:

— ijmage capturing;
— ijmage processing;
— image displaying, independent of.different display technologies (e.g. flat screen, projection).

Note B to entry: The main task ¢f thee image capturing is to capture the visual surrounding field of thie vehicle. It is
realized by a camera, withoptregard to its implementation technologies.

Note [4 to entry: The image processing processes the image captured to realize display characteristics on the
display unit, e.g. brightness or contrast adaptation, filtering, etc. It can be realized in hardware or software, either
as a geparate devi€ej-of integrated directly into the camera or in the display unit. Besides, the image processing
part fomputes necessary controls of the camera (e.g. zoom) or display unit and also processes Uyser inputs, if
available, andoptionally interface data from/to external ADAS.

Note [ te‘entry: The image displaying represents the actual computed image in the vehicle on a scrgen or display
at anjappropriate viewing position for the driver. It can be realized for example by flat screen, projeftion, etc.

3.54

CMS field of view

field of view that a driver using the CMS is really able to observe; it is equal with the displayed field of
view; for CMS with one camera and one monitor, this value is always less or equal to the camera field of
view

3.5.5

CMS horizontal field of view

field of view that a driver using the CMS is really able to observe along the monitor defined horizontal
size

Note 1 to entry: It is equal with the field of view displayed in the monitor horizontal size.

© IS0 2015 - All rights reserved 25


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505

& system/hor =

3.5.6

:2015(E)

& monitor /hor

CMS vertical field of view
field of view that a driver using the CMS is really able to observe along the monitor defined vertical size

Note 1 to entry: It is equal with the field of view displayed in the monitor vertical size.

& system fver = X monitor [ver
3.5.7
CMS magnification factor

defines the 1
as it is perce

Note 1 to ent

3.5.8
CMS averag
average val
displayed fi

Note 1 to ent

3.5.9

horizontal 9

M system

where
emom’tor
Amonitor,
Wmonito

Acamera

elationship between the angular size of an object as seen by the camera and the angula
ived by the driver on the monitor of the CMS

Fy: Itis denoted as Mgygeem.

e magnification factor

(11)

(12)

rsize

ie for the magnification of the CMS based on the relationship.between amonitor, i.§4. the
ld of view, and a’monitory/p, i.€. the monitor design angular size
ﬂy: Itis denoted as Msystem/avg.
CMS horizontal average magnification factor
verage magnification of the scene observed through the CMS is given by:
w. .
' 2arctan . monitor / hor
& monitor /hor /D Amonitor /D

hor favg = ~Cos (emonitor/hor/D ) * ¥ (13)

& monitor / hor & camera/hor ~ Pcamera/hor
hor/D is the monitor’s design horizontal viewing angle (3.4.13);
D is thedistance of the ORP to the centre of the monitor coordinate system (see 3.4.10);
/hor issthe monitor defined horizontal size (3.4.17);
hor is the camera’s horizontal field of view (3.3.15);
her is the percentage of the camera’s field of view as displayed on the monitoy (see

Pcamera

3.5.10

34 .26)

CMS vertical average magnification factor
vertical average magnification of the scene observed through the CMS is given by:

H .

monitor /ver

' Z2arctan " monitor /ver
& monitor /ver /D % 2amonilfor/D
M =———"—=cos|0,,,,i
system/ver [avg monitor /ver /D *
& monitor fver & camera/ver pcamera/ver
where

26
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(3.4.27).

Omonitor/ver/D is the monitor’s design vertical viewing angle (3.4.14);
Amonitor/D is the design distance of the monitor to the ORP (3.4.10);
Hmonitor/ver is the monitor defined vertical size (3.4.18);
(camera/ver is the camera’s vertical field of view (3.3.16);
Pcamera/ver percentage of the camera’s field of view as displayed on the monitor
3.5.11
CMS minimum mngnifirnrinn factor

mini
Note

3.5.1
CMS
coml

on th
in th

Note

mum value for the magnification the CMS shows in the required field of view as defifie

1 to entry: It is denoted as Msystem/hor/min for horizontal direction and Mgystem ver/min fo1] vertig

2
angular resolution

ination of the camera’s angular resolution according to 3.3.17 and the-displayed angulz
e monitor according to 3.4.30; it describes the ability of the CMS asa:whole to resolve s
e displayed scene and is defined as the maximum of both values

1 to entry: If the camera is not capturing a certain detail (i.e. it do€s/not have a sufficient angulg

the njonitor will not be able to display it, so the camera limits the-angular resolution of the CMS.

hand
itis t
cann
valud

3.5.1
CMS
any (
etc.)
trang

3.6

sign
SNR
ratio

3.7

in case the monitor is displaying the camera image (i.e. the captured field of view) with less pi

he monitor that limits the angular resolution of the CMS, as'details that are present in the g
t be displayed and, thus, are not observable by the user.,Jt'has to be the maximum of both valy|
s for the angular resolution indicate a higher qualityforthe displayed scene.

3
overlay

riving-related visual information added to the original image (such as icons, labels, col
that modifies it in a way that part of/the original information is hidden; overlays can
parent or totally opaque and can-he-displayed temporary or permanently

h] to noise ratio

of the usable wantedoptical signal to unwanted noise

point light source

light
EXAN

3.8

source of very small angular extend of about 2 arcmin and has a luminance of more tha

(IPLE Low beam headlights with a dimension of about 20 cm width in 350 m distance.

h

glar¢

d in 6.5

al direction.

r resolution
mall details

r resolution),
On the other
el resolution,
amera image
es, as smaller

bured areas,
be partially

h 300 cd/m?2

condition of vision in which there is discomfort or a reduction in the ability to see details or objects,
caused by an unsuitable distribution or range of luminance or by extreme contrasts

3.9

glare source

very

bright light source like the sun or the headlights of a vehicle

Note 1 to entry: Table 1 below shows some typical luminance values that are relevant for the case of a camera-
monitor-system observing a road scene.
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Table 1 — Typical luminance values relevant for camera monitor systems in road vehicles

3.10
glare scena
situation wh

3.11

parking sit
driving situ
it is importa3
colliding or

3.12
modulation
MTF
quantitative
at which thd

captured anld transferred as output signal and reproduced on a display

Note 1 to ent
J1-]2, K1-K2,

Note 2 to ent
also known

correction and/or image edge enhancenfent and/or image smoothing process. As this might not apply to

CMS, this me

3.13

MTF10
spatial freqy
value is equ

widths per picture hé€ight

Note 1 to ent
these levels.

Object Luminance
Clear sky 8 000 cd/m?
Night sky at full moon 0,1 cd/m?2
60 W light bulb 120 x 103 ¢cd/m?2
TFT white 500 cd/m?2
TFT black 0,8 cd/m?2
White LED 50 x 106 cd/m?2
Sun (clear day at noon) 1,6 x 109 cd/m?2

rio
lere a glare source is shining directly into the imaging system

nation
htion that includes all low speed manoeuvring with a vehicle orwehicle combination w
nt to precisely manoeuvre to the right spot ending at a certainvehicle orientation wif
nterfering with surrounding objects

transfer function

means to measure the spatial frequency capability as a modulus of the signal ampl
individual black and white lines (or also described as line and space) of a test patter

ry: An MTF plot is obtained as signal amplitude response to the spatial frequency of the eler
S1-]S2, and KS1-KS2 of the chart showmin'ISO 12233:2014, Figure 1.2.

ry: An MTF plot can also be obtained by the discrete Fourier transform of the line-spread fun
hs SFR (spatial frequency response), if the camera signal is not submitted to nonlinear g4

hod should only be used &s apractical method for depth of field measurement.

lency of the nfedulation transfer function as defined in 3.12, where an average modul
hl to 10 % ef'the modulation of its black and white reference level, given in [LW/PH] o

y: The'modulation is the difference between the black and white signal level divided by the s
['lieresult shows the limit visual resolution, to perceive fine details of the observed scene thi

the CMS. For kh

here
hout

tude
h are

nents

Ction,
mma
most

htion
- line

im of
ough

nnnnnnnn offact vracoagnition Aftlbhn conma o cignal dean i AF1N0 0L 3cend tnctnad Af oo
tt T €O

only

A
T poT PO St o T ot T CCoO g T O Ot et et T ST o O O pPTttT O o TS o CC T

used 5 % which is described as an example of limiting resolution in ISO 12233. The higher the frequency, the
higher is the capability of the CMS system to reproduce fine details of the scene.

3.14

MTF10(1:1)/hor
is the horizontal spatial frequency of the CMS as measured and converted to an assumed monitor vertical

size H'

monitor /ver = Y monitor /hor
the test procedure given in 7.5.3

Note 1 to entry: See Figure 15.

28
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A I'Vmom'tor/hor

B monitor/ver
C "moni
monitor/ver

3.15
MTF{10(1:1)/ver

verticcal spatial frequency of the CMS asineasured and converted to an assumed monitor ho
resulting-in a horizontal versus vertical output aspect ratio of ]

Wl

mpnitor /hor =

Hmonitor/ver

a) Landscape monitor

test procedure given in 7.5.3

Note|l to entry: See Figure 16.

c

b) ‘Portrait monitor

Figure 17 — Illustration of the assumed monitor dimensions of MTF10(1:1)/Ror

rizontal size
1:1 using the

a) Landscape monitor

© ISO 2015 - All rights reserved

b) Portrait monitor
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A Wmonitor/hor

B Hmonitor/ver

C

W'monitor/hor

Figure 18 — Illustration of the assumed monitor dimensions of MTF10(1:1)/ver

3.16

MTF10miN(1:1)/hor

definition o

Note 1 to ent
of an assumg
aspect ratio

size H'monitor,

MTF10

Note 2 to ent}

field of view

74

1 1 - 1L - L 1 - LA ATD T
HOTTZ0IILAl Spduldl' ITCYUCTIC Y TTYUIT CIICIIU O TESOIULION (IMI'T'T )

ry: It is denoted as MTF10miN(1:1)/hor and it is measured in line widths per picture height [LW
d monitor defined size H'monitor/ver = Winonitor/hor» T€sulting in a horizontal versus yertical o
f 1:1; the requirement is given as observable number of lines along this assumed-ionitor dd
ver = Wmonitor/hor and it is calculated as:

w

m
WIN(1:1)/hor =
Wmonitor/hor/min

onitor /hor arcmin

o

*M %

i *60

a

* *
mirror /avg mirror /hor /min ¢/min

y: The spatial frequency requirement is derived from the number¢f observable lines in the req
v arcmin

a ey

f a traditional mirror which is given by: Mmirror/avg * mirrofhor /min * e/min

monitor /hor

factor
mag

defined size
(Wmonitor/hc
In a distortio

approximatid

the measuralple value MTF10MIN(1:1)/hor-€ant be simplified as:

MTF10,

Note 3 to en
given for a s¢
account the a
For details of
cropped squd

in Formula (15) reflects the size correction, as the ratio of the monitor horiZ
nitor /hor /min

(w,

monitor/hor) versus the monitor horizontal size displaying the required field of
r/min

) , compensating for the different size-in the monitor defined size measurement.

n free CMS with a constant magnificationthroughout the entire monitor defined size, the follg
w a

monitor [hor monitor [ hor

n applies . For such a system, the calculation form

a

monitor /hor /min mirror /hor /min

arcmin

o

4

oye/min *60

=M, . *A oni * ;
MIN(1:1)/hor mirrorjavg monitor [ hor e/min

ry: For the adaptation of resolution measurement according to ISO 12233, the measurable
juared aspectratio 1:1 with length equal to monitor defined size, has to be corrected to tak
ctual measuring monitor size, according to different aspect ratio or to wider measuring field off
measurement using the monitor defined size, see D.3, or see D.4 for measurement using a paj
re image.

*60——|

//PH]
utput
fined

(15)

uired

The

ontal

view

wing

ula of

value
E into
view.
tially

Note 4 to entr
mirror and 0,

3.17

y: Concerning the resotution MTF requirements, Mmirror/avg Nas to be U,33 for the FMVSS TTT1in
31 for the driver side exterior mirror.

MTF10mIN(1:1)/ver
definition of vertical spatial frequency requirement of resolution (MTF)

terior

Note 1 to entry: It is denoted as MTF10miN(1:1)/ver and it is measured in line widths per picture height [LW/PH]
of an assumed monitor defined size Wmonitor/hor = Hmonitor/ver, T€sulting in a horizontal versus vertical output
aspect ratio of 1:1; the requirement is given as observable number of lines along this assumed monitor defined
size Wmonitor/hor = Hmonitor/ver and it is calculated as:

H

monitor [ver arcmin

o

MTFlOMIN(l:l)/ver = H * Mmirror/avg *amirror/ver/min >kVeye/min *60 (16)

monitor /ver /min
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Note 2 to entry: The spatial frequency requirement is derived from the number of observable lines in the required

v xgodremin . o

field of view of a traditional mirror which is given by M eye/min 5

a

* *
mirror /avg mirror /ver /min

H

monitor /ver
factor

in Formula (16) reflects the size correction, as the ratio of the monitor vertical defined
monitor /ver /min

size (Hmonitor/ver) versus the monitor vertical size displaying the required field of view (Hmonitor/ver/min ),

compensating for the different size in the monitor defined size measurement. In a distortion free CMS with a
constant magnification throughout the entire monitor defined size, the following approximation applies

H

monitor /ver \ ( amonitor/ver \

H

3

MTF}

3.18
MTF
spati
valug
field
1:1

Note
field
meas
the s

3.19

—Forsuchasystem; the calcutatior formutaof themea
onitor /ver /min X mirror fver /min

*V

a eye’/min

OMIN(1:1)/ver can be simplified as MTFlOMIN(l:l)/ver = Mmirror/avg * monitor [ver

50MIN(1:1)

al frequency of the modulation transfer function as defined in 3.12, where an average
 equal to 50 % of the modulation of its black and white reference level, where the monit
of view is shown in the monitor defined size, with horizontal vefsus vertical output as

| to entry: Adaptation of measurable value to specific CMS with{different aspectratio or to differ
bf view has to be done accordingly as it is done for MTF10p(1:1). For more details of unit cg
urement, see information given in D.3, D.4 or D.5. Lower ffequency of this value results in low
ene observed through the CMS and the value is used to@haracterize the sharpness performan

luminance white level

lumi
view

Note
Note

3.20

hance of the monitor when driven with an artificial 70 % grey-scale image measured fr
ing direction (6,9)

1 to entry: It is denoted as Lmonitor/white(0,P) and measured in cd/m?2.

P to entry: This luminance is representing the white level output of the camera.

luminance of region white at contrast chart

lumi
the 1
poin{

Note

hance of a high reflegtive part of a contrast chart reproducing a contrast ratio CR of g
iminance value isyneasured with an area luminance photometer in cd/m2 from the C
of view

1 to entry-ifiis denoted as Lcpart/white-

inanc

curable value

arcmin

[e]

60

modulation
pr displayed
pect ratio of

bnt measured
nversion and
br contrast of
re of the CMS.

m a specific

t least 20:1;
IMS cameras

e of region black at contrast chart

of view

Note

3.22

1 to entry: It is denoted as Lchart/black-

e CMS ca

ast 20:1; the
meras point

luminance of region white at contrast chart reproduced from the monitor

luminance of the high reflective part of a contrast chart (min CR = 20:1) displayed on the CMS monitor;
the luminance value is measured at darkroom conditions with an area luminance photometer in cd/m?2
from the design viewing direction

Note 1 to entry: It is denoted as Lmonitor/chart/white-
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luminance of region black at contrast chart reproduced from the monitor
luminance of the low reflective part of a contrast chart (min CR = 20:1) displayed on the CMS monitor;
the luminance value is measured with an area luminance photometer in cd/m?2 from the design viewing

direction

Note 1 to entry: It is denoted as Lmonitor/chart/black-

3.24

luminance of region white at contrast chart reproduced from the monitor under ambient light
luminance of the high reflective part ofa contrast chart (min CR=20:1) displayed on the CMS monitor; the

luminance
in cd/m?2 frd

Note 1 to ent

3.25
luminance

luminance of the low reflective part of a contrast chart (min CR = 20:1) displayed onthe CMS monito

luminance V
in cd/m?2 frg

Note 1 to ent

3.26

reflected Iy
luminance @
a contrast c}

Note 1 to ent
luminance pH

Lr/white

3.27
reflected Iy
luminance @
contrast cha

Note 1 to ent
luminance pH

L r/black

3.28
backgroun

| 3 d ot 4 2 FVE s+l L £ ol i+l 3 Lot
araC TSI asSuT CU at tCS T COTTUTCTUTTS TV TCIT a tITOTCTIC TSI C vV TCIT ot at Ca TorirairC e prrotoT

m the design viewing direction

[y: Itis denoted as Lmonitor/chart/white/ambient-

pf region black at contrast chart reproduced from the monitor underambient lig

alue is measured at test conditions with ambient light with an areauminance photon
m the design viewing direction

[y: Itis denoted as Lmonitor/chart/black /ambient-
Iminance from ambient light at monitor displayinga bright scene

f the reflected ambient light measured at an area gf,the monitor displaying a bright p3
nart (min CR = 20:1)

ry: The luminance value is denoted as L;/white afid 1s calculated from measured values with an
otometer in cd/m2 from the design viewing direction using the following formula:

= Lmonitor/chart/white (ambient Iight On)_ Lmonitor/chart/white (ambient Iight Oﬂ)

minance from ambient light at monitor displaying a dark scene
f the reflected ambientlight measured at an area of the monitor displaying a dark parj
rt (min CR = 20:1)

ry: The luminance-value is denoted as Ly/piack and is calculated from measured values with an
otometer in cd/MmZfrom the design viewing direction using the following formula:

B Lmonitor/chart/black (ambient Ii-ght On) - Lmonitor/chart/black (ambient Iight Off)

H faminance

eter

ht
r: the
heter

irt of

area

(17)

t of a

area

(18)

luminance of the monitor displaying the image of a completely dark scene (e. g. the camera covered with
opaque tissue), measured in a dark environment

4 Symbols and abbreviated terms

®mirror/hor

Amirror/ver

Amirror/hor/min

Amirror/ver/m

32

horizontal field of view of a mirror (see 3.2.17)
vertical field of view of a mirror (see 3.2.19)
minimum horizontal field of view of a mirror (see 3.2.18)

in minimum vertical field of view of a mirror (see 3.2.20)
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Acamera/hor
Acamera/ver

®monitor/hor

®monitor/ver

Asystem/hor

ISO 16505:2015(E)

horizontal field of view of a camera (see 3.3.15)
vertical field of view of a camera (see 3.3.16)

horizontal displayed field of view on the monitor defined horizontal size
(see 3.4.28)

vertical displayed field of view on the monitor defined vertical size
(see 3.4.29)

horizontal field of view of the CMS (see 3.5.5)

Asystem/ver
’

A mirfor/hor
’

A mirfor/ver

7

A moritor/hor

7

A molitor/ver

7

A moitor/hor/D

7

A moritor/ver/D

ﬁmirror
ﬁmirror/driver/min
ﬁmirror/driver/max
ﬁmirror/passenger/min
ﬁmirror/passenger/max
Omon tor/hor

Omon tor/ver

Omon tor/hor/D

Omon tor/ver/D

vertical field of view of the CMS (see 3.5.6)
horizontal angular size of a mirror (see 3.2.14)
vertical angular size of a mirror (see 3.2.15)
horizontal angular size of the monitor (see 34:20)
vertical angular size of the monitor (see 3.4.21)

horizontal angular size of the monjtot defined horizontal size glerived
from the monitor design viewingdirection (see 3.4.23)

vertical angular size of the monitor defined vertical size derivdd from the
monitor design viewing diréction (see 3.4.24)

mirror viewing angle.(see 3.2.5)
minimum mirror.viewing angle on the driver side (see 3.2.6)
maximum mirror viewing angle on the driver side (see 3.2.7)

minimumr-mirror viewing angle on the passenger side (see 3.2.

0
—

maximum mirror viewing angle on the passenger side (see 3.29)
horizontal viewing angle onto the monitor (see 3.4.7)
vertical viewing angle onto the monitor (see 3.4.8)

horizontal viewing angle onto the monitor derived from the monitor
design viewing direction (see 3.4.13)

vertical viewing angle onto the monitor derived from the monitor design
viewing direction (see 3.4.14)

Qmonitor

(pmonitor

@monitor/D

(Dmonitor/D

© ISO 2015 - All rights reserved

inclination viewing angle onto the monitor in spherical coordinates
(see 3.4.5)

azimuthal viewing angle onto the monitor in spherical coordinates
(see 3.4.6)

inclination viewing angle onto the monitor derived from the monitor
design viewing direction (see 3.4.11)

azimuthal viewing angle onto the monitor derived from the monitor
design viewing direction (see 3.4.12)
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Amirror distance from the ocular reference point to the centre of the mirror
(see 3.2.2)
Amirror/driver/max maximum distance from the ocular reference point to the centre of the

mirror on the driver side (see 3.2.3)

Umirror/passenger/max maximum distance from the ocular reference point to the centre of the
mirror on the passenger side (see 3.2.4)

Amonitor distance of the mid-eye point of the viewer to the centre of the monitor
coordinate system (see 3.4.4)

Amonitor/D distance of the ORP to the centre of the monitor coordinate system
(see 3.4.10)

dobject distance from the mirror to an object being viewed by the,diiver
(see 3.2.10)

EPcamera entrance pupil of a camera (see 3.3.13)

Hmonitor/ver monitor defined vertical size (see 3.4.18)

Hmonitor/ver/pin vertical height of the minimum (required)vertical field of view (see 3{2.19
and Figure D.7) as displayed on the mortitor

Lchart/white luminance of region white at contrast-chart (see 3.20)

Lchart/black luminance of region black at contrast chart (see 3.21)

Lmonitor/chart/white luminance of region white\at’contrast chart reproduced from the monjitor
(see 3.22)

Lmonitor/char{/black ILuminance of regién'black at contrast chart reproduced from the monitor
(see 3.23)

Lmonitor/charl/white/ambient ~ luminance®firegion white at contrast chart reproduced from the monjtor
under amtbient light (see 3.24)

Lmonitor/char{/black/ambient ~ luminance of region black at contrast chart reproduced from the monjtor
uhder ambient light (see 3.25)

Lmonitor/whitp(6, P) luminance of the monitor when driven with an artificial 70 % grayscalle
image, measured from a specific viewing direction (0,P) (see 3.19)

Ly/white reflected luminance from ambient light at monitor displaying a bright
scene (see 3.26)

Lr/black reflected luminance from ambient light at monitor displaying a dark scene
(see 3.27)

Mmirror magnification factor of a mirror (see 3.2.21)

Mnmirror/avg average magnification factor of a mirror (see 3.2.22)

Mnmirror/driver/avg average magnification factor of a mirror on the driver side (see 3.2.23)

Mnmirror/passenger/avg average magnification factor of a mirror on the passenger side (see 3.2.24)

Mmirror/min minimum magnification factor of a mirror (see 3.2.25)
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M, mirror/driver/min

M, mirror/passenger/avg
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minimum magnification factor of a mirror on the driver side (s

ee 3.2.26)

minimum magnification factor of a mirror on the passenger side

straight

ed to 10 %
see 3.13)

assumed

/.5.3

assumed
7.5.3

ing a moni-

r 2 monitor

d to 50 %
see 3.18)

monitor

(see 3.2.27)

Mhmirror/o ideal magnification when viewing an object at a large distance
from front, i.e. at viewing angle Bmirror = 0 and dopject approaching infinity

Msystem magnification factor of the CMS (see 3.5.7)

Msystem/avg average magnification factor of the CMS (see 3.5.8)

Msystem/hor/avg horizontal average magnification factor of a CMS (see 3.5.9)

Msystem/avg/ver/avg vertical average magnification factor of a CMS (see 3.5.10)

Msystem/hor/min horizontal minimum magnification factor of a CMS/(see 3.5.11)

Msystem,ver/min vertical minimum magnification factor of a GMS (see 3.5.11)

MTEF[LO spatial frequency of the MTF, where the modulation has dropp
of the modulation of its reference black‘and white signal level

MTF[L0(1:1)/hor spatial frequency of the CMS as mieasured and converted to an
monitor aspect ratio of (1:1) using the test procedure given in ]
(see 3.14)

MTF[LO0(1:1)/ver spatial frequency of the €MS as measured and converted to an
monitor aspect ratio 0f{1:1) using the test procedure given in ]
(see 3.15)

MTF{LOMIN(1:1)/hor MTF10 displaying the minimum horizontal field of view assum
tor with 1:1@spect ratio (see 3.16)

MTF{LOMIN(1:1)/ver MTF10-displaying the minimum vertical field of view assuming
with:1'1 aspect ratio (see 3.17)

MTFpO0(1:1) spatial frequency of the MTF, where the modulation has dropp
of the modulation of its reference black and white signal level

Ncampra/hor horizontal resolution of a camera (see 3.3.10)

Ncampra/ver vertical resolution of a camera (see 3.3.11)

Pcaméra/hor percentage of camera horizontal field of view displayed on the
defined horizontal size (see 3.4.26)

Pcamera/ver percentage of camera vertical field of view displayed on the monitor
defined vertical size (see 3.4.27)

I'mirror radius of curvature of a mirror (see 3.2.11)

Imirror/min
Veye
Veye/min

Wmonitor/hor

© ISO 2015 - All rights reserved

minimum allowed radius of curvature (see 3.2.12)
visual acuity of the human eye (see 3.2.29)
minimum allowed visual acuity (see 3.2.30)

monitor defined horizontal size (see 3.4.17)
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Wmonitor/hor/min

Xcamera

Ycamera

J
Y camera

horizontal width of the minimum (required) horizontal field of view
(see 3.2.18 and Figure D.7 in D.5) as displayed on the monitor

distance of the camera to the ocular reference point in x-direction
(see 3.3.4)

distance from the outermost point of the same side of the vehicle to the
entrance pupil of a camera replacing side mirrors in y-direction (see 3.3.5)

distance from the longitudinal centre x-z-plane to the entrance pupil of a
camera replacing the interior centre mirror in y-direction (see 3.3.5)

Zcamera

ADAS
CMS
FOV
GVW
HMI
LCD
MTF
ORP
SFR
SNR

5 General information and use'case definitions

distance from the road surface to the centre of the entrance pupil oftlLe
camera (see 3.3.6)

advanced driver assistance systems
Camera Monitor System (s)

field of view

gross vehicle weight

human machine interface

liquid crystal display

modulation transfer function (see 3.12)
driver’s ocular reference paint (see 3.1.4)
spatial frequency response (see 3.12)

signal to noise ratio (see 3.6)

The main ¢ontent of the displayed image on the monitor is “reality information” (according to
IS0 9241-307) that is the imaging of objects and scenes that do have existing originals in our world —

e.g. faces, pgople, landscape$;etc. — in colour presentation.
The perceptiion is summatrized as follows:
— view of fthe fieldof vision of the intended mirror class;

— observdtien‘of traffic situations;

— observation of the near and far environment around the vehicle;

— perception of objects (e.g. vehicles, cyclists, pedestrian, traffic signs, signal lights, etc.);

— perception of location, distance and velocity of objects.

The use cases serve as an orientation for the derivation of system requirements. In addition, they may
be used for practical evaluation of a CMS during road tests.

A use case identifies a single traffic situation in which a CMS is used together with its specific task to be
performed by the driver as well as its associated potential critical situations and metrics.

Table 2 is the list of possible use cases applicable for CMS.

36
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Table 2 — List of possible use cases applicable for CMS

Title Task description Critical situation Critical metric Justification
Roundabout Monitoring traffic Night time Frame rate and con- Night time is critical
when whole image con- trolling the driver side |because of higher
tent rapidly changes field of view exposure time for the
(e.g. roundabout with camera
multiple lanes)
Merge lane Vehicle is entering a Inability to merge into |Limited field of view Inability to expand the
freeway freeway traffic field of view similar to
head movement using
conventional mirror
Lanefchange (1) Object are next to vehi- | Object in blind spot Limited field of view According to UN
cle when a lane change REGULATIION NO. 46,
is intended conventignal mirrors
can have aspheric
extension for covering
the blind ppot
Lanelchange (2) Objects approaching Day time and night Distance and,speed Different cues for esti-
from behind ata high |time estimation mating distance and
relative speed speed duting day and
night timeg
Tunngl Drive into/out of tun- | Significant and fast Camera and monitor Change inj overall
nel at high speed ambient light change  |parameters lighting op bright days
require alfast adjust-
ment of camera and
monitor garameters
Diredt light in the Ambient light reflec- Direct sunlight Legibility of informa- |Ambient light could
display tion on display surface tion affect corftrast ratio
Diredt light in the High dynamic ambient |Reflectiéns, low sun, Legibility of informa- |Ambient llight could
camejra light headlamps, etc. tion affect contrast ratio
Cold ptart Start driving immedi- |Coldtemperature Start-up, boot time System rqquires initial-
ately after a cold start ization
Revefse driving (1) Detect relevant objects | N/A Field of view Fixed verfus dynamic
while backing up field of view
Revefse driving (2) Estimate distance to N/A Distance estimation Lack of stpreoscopic
relevant pbjects while vision whiile using two
backing up dimensiopal monitor
and camefa
Vehidle in garage situ- |Deétectrelevant objects | Daylight versus dark Legibility Camera aphd monitor in
ation| while backing up environment different modes (day
versus night)
Enginje stop Detect relevant objects | N/A Availability of the Observatjon of traffic
when engine is stopped system is necessgry even
engine is ptopped
City drive Concentrate on rele- Day and night time Distance estimation Distractign, depth of
vant critical objects and spatial relation field is ushally static
with CMS while a
driver can adjust the
focal plane using a
conventional mirror
Long-time drive (1) Monotonous drive of  |Day time Ergonomic factors Possible fatigue of the
longer distances most driver due to frequent
likely on freeways changes of accommo-
dation
Long-time drive (2) Monotonous drive of Night time Ergonomic factors Possible annoyance
longer distances most due to nonblack display
likely on freeways
© IS0 2015 - All rights reserved 37
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Table 2 (continued)

while turning

cles, etc.

Title Task description Critical situation Critical metric Justification
Elderly driver Presbyope wear special |[N/A Position of the display |Focus on near objects
eye glasses (bifocal or limited to angular sizes
progressive lens) beneath the Frankfort
plane
Turning Percept critical objects |Persons, children, bicy- | Field of view Inability to expand the

field of view similar to
head movement using
conventional mirror

Signal lamps

Pereeptanemergeney
vehicle in action, per-
cept turn signals, etc.

Nacglat s
TNTSTIC CIHe

Lal 2| H
COTOUT TCOCTITS

index; frame rate

R H 1 f
TTCCOgTTZC—CoTotT

signal lamps

Static evaluat

Precise measurement
of the field of view

N/A

Field of view

Check accordance jwith
legal requirementp

Display arrangements
for natural drjving
behaviour

Monitoring a complex
situation where the
display position
should come natural in
relation to other vision
means

Complex traffic situa-
tions or tricky manoeu-
vring where adjacent
or approaching objects
are to be detected

Safety and driver
acceptance

Arrangements of
displays and how field
of views are presepted
in relation to other
vision means couldl be
dangerous and cayse

incidents or even 4cci-
dents

Round-about With

trailer

Monitoring vehicle,
trailer and rear end of
trailer, but also road
side, lines, and other
road users

Day time and night
time when passing
through a round-about

Field:of view (increase
frenihead movements
notavailable as with
a-conventional mirror
system)

Without consideripg
the increased field
of view from head
movements, a CM{ will
provide too little gnd

become unsafe/hqrd to
implement

Monitor refle¢tions
into window durfaces

Viewing objects
through lower
side-windows or
windscreen either with
direct vision or via
external indirect vision
devices gets disturbed
by monitor reflections
onto the window

Night time

Geometrical relations
between monitor and
windows as well as
monitor luminance
level

Reflections that pre-

vent direct or indifect
vision of objects
around the vehicld
form a safety risk

when each camera
view covers surround-
ings with very different
light conditions

get more attention
than camera views
with poor conditions
where something criti-
cal actually takes place

surfaces
Light and shadlow in Viewingand tnder- Objects in direct sun Legibility (brightness |Cameraand monijor
the same view| standing,the near sur- |light versus complete |and contrast control by |needs to process dreas
rouddings around the [shadow can be missed |camera and display) with different lighjt
vehicle gets difficult if not displayed in a conditions differeptly
when different parts of |discernible way to secure that the
the surroundings have driver can see critjcal
very different light objects properly
conditions (e.g. direct
sunlight and complete
shadow)
Light and shadow in Viewing what happens |Camera views with Legibility (brightness |Camera views need to
different views around the vehicle better light conditions |and contrast) be processed so they

can be presented for
the driver in a balanced
way securing that
critical objects are
brought to the driver’s
attention
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Title

Task description

Critical situation

Critical metric

Justification

Reversing with trailer

Monitoring vehicle,
trailer and rear end of
trailer. It is also impor-
tant to see the object
that you are reversing
towards and any obsta-
cles along the way.

Day time and night
time when reversing

Field of view (increase
from head movements
not available as with

a conventional mirror
system)

Without considering
the increased field

of view from head
movements, a CMS will
provide too little and
become unsafe/hard to
implement.

Extreme driver sizes

An extreme driver size
(e.g. very short, very

Display gets hard to
view due to distance,

Ergonomic factors

Potential safety risks
compared to a con-

tall or with unusual
anthropometric pro-
portions) gets an awk-
ward relation between
eye locations and the
monitor arrangement.

viewing angle and/or
large required head
rotation

ventionalladjustable
mirrer‘dgsigned to
taKe'most driver sizes
into accoynt

Turning with trailer

Monitoring vehicle
and trailer as well as
more of the road to
understand how the
vehicle combination is
located in relation to
surroundings

Day time and night
time when turning left
or right

Field of view (inéredse
from head mgvements
not available.as with

a conventienal mirror
system)

Without donsidering
the incregsed field

of view frpm head
movemenits, a CMS will
provide t¢o little and
become upsafe/hard to
implemer]t

Exiting after tempo-

Indirect vision is

Another vehicle is com-

CMS availability;

Dangerous situations

period of resting in the
vehide

needed in order to see
if it is safe to exit the
vehicle

ingclose to the vehicle
when the driver and/
or passengers intend
to exit

despite fewer condi-
tions that could trigger
system initiation

rary $tandstill needed in order to see |ing close to the vehicle."|thanks to the wise use |need to b¢ avoided
ifitis safe to exit the when the driver and/ |of conditions for keep- |compared to the
vehicle or passengers intend |ing the system active |functionallity that
to exit conventignal mirrors
provide
Exitipg after longer Indirect vision is Anothérwehicle is com- | CMS availability Dangerous situations

need to b¢ avoided
compared to the
functionallity that
conventidnal mirrors
provide

Nornjal entrance and
take-pff procedure

Viewing whatis behind
before takihg)off as
with a canventional
mirrorsystem

Another vehicle is com-
ing from behind and
shall be shown in time
for the driver before
entering the traffic

CMS availability;
thanks to the wise use
of conditions to trigger
system initiation

Dangerous situations
need to b¢ avoided
compared to the
functionallity that
conventignal mirrors
provide

Takejoff after longer,
period of resting in the
vehidle

Viewing what is behind
before taking off as
with a conventional
mirror system

Another vehicle is com-
ing from behind and
shall be shown in time
for the driver before
entering the traffic

CMS availability
despite fewer condi-
tions that could trigger
system initiation

Dangerous situations
need to b¢ avoided
compared to the
functionallity that
conventignal mirrors
provide

Drivipngin LHS and RHS

Monitoring surround-

Surrounding vehicles

Field of view adjusta-

markets with the same
vehicle

ings as appropriate
to driving on the

and/or objects are hard
to see due to the pro-

bility

To securelsafe driving,
itis necessary to pro-
vide some adjustabil-

vehicle

of view is adapted to
a narrower vehicle
condition.

“right”, as well as on vided field of view(s) ity of provided field
the “wrong” side of the of views in order to
road adapt the vehicle to
the different driving
conditions in LHS and
RHS markets
Driving with different |Monitoring field of Surrounding vehicles |Field of view adapta- | To secure safe driving
superstructure or view based on the and/or objects are tion to actual vehicle |and to remain legal, it
trailer widths current width of the not shown as the field |width is necessary to adapt

the field of view to
the current width of
replaceable super-
structures or trailers

© ISO 2015 - All rights reserved
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Table 2 (continued)

Title

Task description

Critical situation

Critical metric

Justification

Motorway

Observation of the
traffic behind. Make a
decision on how many
vehicles are in behind
and on which lane does
they drive.

Night time

Rendering of point light
sources (e.g. low beam
headlights)

Rendering of point
light sources (e.g. low
beam headlights) can
lead to blooming, that
means that e.g. the two
low beam headlights
of a vehicle are not
separated and are
rendered as a more or

less ]argn ]|g|'ﬂ' cloud

“light cloud’.increpses

on the monitors: Tiﬁs
as more vehicles dfrive

in behind at’small
distafices. In such

possible to decide
the number of veh
in behind and on t
location.

a sittation, it is noft

on
cles
heir

6 Requi]

6.1

The intende

6.1.1 Def;

The default
CMS shall sy
least as defi

"ements

Intended use

d use shall be mentioned within the operator’s manual.

hult view

view shall enable the driver to observe the surroundings in most driving situations
pport a default view at least for honiologation. In default view the CMS shall show the F
ned in 6.4, with at least the minimum magnification, average magnification, and resol

as defined i 6.5.

6.1.2 Adj

The CMS m4
as it is possi
of 6.4 might
may be rest

isted default view

y allow the user to thange the field of view to his required setup in normal driving situa
ble today with cenventional mirror systems. In the adjusted default view, the require
not be fulfilled; however, all other requirements still apply. This user adjusted default
bred for thedext trip.

6.1.3 Temporary modified view

The CMS m4

The
DV at
ition

kions
ment
view

y-allow a temporary modification of the default view or the adjusted default view regarding

the field of view and/or magnification and shall enable the driver to observe the surroundings in special
driving situations such as merging, parking manoeuvre, etc. The temporary modification shall be

indicated to
NOTE 1

NOTE 2
A31.1

NOTE 3

40

the driver. The operator’s manual shall inform the driver as well.

The temporary modification can be activated automatically or manually.

See 6.2.3.1 and 6.2.3.2 for examples of temporary modified views.

For requirements and recommendations regarding the modified view in commercial vehicles, refer to
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6.1.3.1 Example of temporary changed field of view

The CMS may allow the user to select or automatically activate a temporary changed field of view so that
the requirement of 6.4 may not be fulfilled (e.g. driver turning head while merging), to be able to observe
the relevant traffic in special situations as shown for example in Figure 19, where the driver needs to
pull out in a shallow angle (higher than 0 ° but still not enough to observe the relevant traffic by turning
the head.

QO

Figure 19 — Special situation where field of view is usually changed by the driver moving its
head to achieve a different incident angle to the mirror

6.1.3.2 Example of temporary changed-magnification factor

The CMS may allow the user to seleet or automatically activate a temporary changed miagnification
factdr so that the requirements_ ift6:5.1 and 6.5.3 may not be fulfilled to be able to betterfobserve the
relevant traffic in special situations for example parking.

6.1.4 Luminance and-contrast adjustment

It shall be possible tgadjust the average luminance of the monitor either manually or autgmatically to
the ambient conditions. Changing the CMS contrast should be allowed either manually or aytomatically.
If manual adjuStment is provided, the operator’s manual shall give advice on how to|change the
lumihance/centrast.

6.1.§ ~Overlays

Overlays, according to 3.5.13, are generally allowed. Within the required field of vision only temporary
transparent overlays are allowed.

6.2 Operating readiness (system availability)

The CMS should be operational as soon as the driver is ready to drive. If the system is not operational, the
driver shall be informed (i.e. warning indication, display information, etc.), see also 6.10. The operator’s
manual shall explain the information to be indicated to the driver.

In order to enable the availability in a reasonable timeframe the switch-on-time for a cold start of the
CMS toy is specified to be toy < 7 s.

NOTE The switch-on-time for a cold start of the CMS tgy corresponds to the time-behaviour of folding
mirrors.
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In the interest of reducing power consumption, the CMS may suspend operation when the vehicle is
temporarily stopped (e.g. at red trafficlight, trafficjam, etc.), but shall be fully reactivated in tpgsTarT<1s
so that the driver can scan the surrounding.

6.3 Field of view

The system field of view of the CMS following 3.5.4 shall cover the field of view at least that is required by
the national body for conventional mirrors of the same class, both in horizontal and vertical direction.
The CMS camera orientation shall be such that the CMS required field of view is properly secured when
integrated into the vehicle.

RATIONALH: Following this definition, the minimum required field of view for a CMS is identical tjo the
minimum figld of view of a conventional mirror (see 3.2.18 and 3.2.20).

NOTE lee field of view is dependent of the superstructure (e.g. trailer, load, etc.) that is carried.

Examples fofr different mirror classes are given in B.2.

6.4 Magrnification and resolution

6.4.1 Average magnification factor

The averagd magnification factor of the CMS following 3.5.8 in bothherizontal and vertical direftion
shall not be|lower than the average allowed magnification factoref a mirror following definitiops in
3.2.23 (driver side) and 3.2.24 (passenger side).

6.4.1.1 Average magnification factor (driver side)

The following requirement applies:

Msystem hor [avg 2 Mmirror/driver/avg (19)
Msystem ver /avg 2 Mmirror/driver/avg (20)
The values Qf Mmirror/driver/avg for different mirror classes are given in 3.2.23.
6.4.1.2 Average magnification factor (passenger side)
The following requirementapplies:
Msystem hor [avg & Mmirror/passenger/avg (2 1)
M system jvérfavg =M mirror [ passenger /avg (22)

The values of Mpjrror/passenger/avg for different mirror classes are given in 3.2.24.

6.4.2 Minimum magnification factor

The minimum magnification factor of the CMS following 3.5.11 in both horizontal and vertical direction
shall not be lower than the minimum allowed magnification factor of a mirror following definitions in
3.2.26 (driver side) and 3.2.27 (passenger side).

6.4.2.1 Minimum magnification factor (driver side)
The following requirement applies:

M (23)

system/hor /min Z Mmirror/driver/min
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system/ver /min e Mmirror/driver/min

The values of Mpjrror/driver/min for different mirror classes are given in 3.2.26.

6.4.2.2 Minimum magnification factor (passenger side)

The following requirement applies:

M

system/hor /min e Mmirror/passenger/min

(24)

(25)

—

The ¥

6.4.3

The
repré
assu

NOTH

Reso|

Reso|
requ

NOTH
perfo

Y

system/ver /min =M mirror / passenger /min
ralues of Mmirror/passenger/min for different mirror classes are given in 3.2.27.

Resolution (MTF)

Fesolution (MTF) defines the minimum distinguishable details observable in an im4

ming an aspect ratio of 1:1. The correction factor for other aspect'ratios can be found i
1  Refer to Annex D for more information on the assumed aspect ratio of 1:1.

lution MTF10, at the centre of the monitor defined sizeshall fulfil the following requir
MTF10(1.1)/hor = MTF10 pyn(1:1)/hor » In horizontal-direction;

MTF10(1.1)/ver = MTF10 ppy(1:1))ver - In Verticaldirection.

lution MTF10, at the corner measurement points as illustrated in Figure 20 shall fulfil t
rements:

MTF10(1.1)/hor = %MTFlO MIN(1:1)7hor » i horizontal direction;

MTF10(1.1)/ver = %MTFlOMIN(l:l)/ver , in vertical direction.

2 The corner measunement points as illustrated in Figure 20 are representative points tg
rmance of the CMS ifrthe whole relevant displayed range.

(26)

ige and it is

esented by the MTF10 as described in 3.13. For reasons of simplicity the requirement is defined

n Annex D.

bments:

he following

evaluate the
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Figurg 20 — Illustration of the corner measurement points-for measuring the MTF10

6.5 Magrification aspect ratio

In the required field of view, the difference between thevaverage magnification factor for horizpntal
and verticalldirection of a CMS shall satisfy the following’formulae depending on the individual mifirror
classes. Formore information, see B.3.4. The preferable average magnification should be the sanje for
horizontal and vertical direction.

For UN REGULATION NO. 46 class I CMS, theacceptable range shall be:
M

~0,34<[l - Msy“e’”/ hor/avg < 25 (27)

system/ver [avg

For UN REGULATION NO. 46 classIl CMS, the acceptable range shall be:

M
_0,42<[l— system/horj avg <03 (28)

M

systemyver /avg

For UN REGULATION'NO. 46 class III CMS, the acceptable range shall be:

M
0,34 <[ - ystem/hor/avg g 75 (29)

M

system/ver [avg

For UN REGULATION NO. 46 class IV CMS, no restriction in magnification ratio is required (see B.3.4).

6.6 Monitor integration inside the vehicle

The following requirements and recommendations should refer to the portion of the monitor which
shows the intended field of view.

a) The obstruction of the view onto the mandatory field of vision on the monitor shall be restricted to
a minimum according to national regulation for the view on the appropriate mirror class.

b) It should be possible to view the monitor with a gaze angle not more than 30 ° down from the
eye point according to Reference [3] Regarding the maximum angle where the monitor is allowed
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e)

f)

6.7

The {

6.7.

The monitor shall conform to optical requiréments over a relevant range of viewing directi

6.7.

Whe
lumi
shall
L(®Opn
isotr
exteded isotropy range as defined in 3.4.32.

For

For

RATIONALE:

ISO 16505:2015(E)

to be located, the monitor position shall fulfill any individual mirror regulations of the national
body. The monitor should be protected from ambient light or mounted accordingly. The monitor
should be oriented in a way that ambient light does not illuminate the monitor from a central critical
specular light direction (see also ISO 15008). The installation of the monitor should be optimized

for a perpendicular viewing direction.
NOTE The gaze angle for commercial vehicles can be larger than 30 ° due to the driver seating height.

The installation of the monitor should not lead to annoying reflections on the windscreen or other

window panes.

d d A geine C1 - e 0 J d
means, that the image of the right side FOV is displayed on the right side of the monitof-a
the image of the centre FOV is displayed in the intermediate region of the monitorcarraf
tthe image of the left side FOV is displayed on the left side of the monitor arrangement. If]
only one display, non-continuous images shall be clearly separated from eaeh‘other. Fq
¢ommercial vehicle requirements, see A.3.2.

Dbstruction of the driver’sdirect view caused by the installation ofthe EMS (especially of
hall be restricted to a minimum according to national regulation (e-g-"UN Regulation }

The monitor may be adjustable by the driver in order to achieve the minimum image qua
by 6.8. In that case, the adjustment shall be possible withoutany tool.

Image quality

ollowing requirements refer to the monitor defined’size, if not stated otherwise.

1 Monitor isotropy

1.1 Directional uniformity

h driven by an artificial 70.%-grey-scale image, the deviation of the monitor luminary
hance white level as defified 3.19 with specific viewing direction (0,®) = (@monitor/n)
be such that the ratio reldtive to the luminance white level for the same specific viewi
onitor/D» Pmonitor/p)-does not exceed 35 % of the luminance white level for the monit
ppy range as definedin 3.4.31 and shall not exceed 50 % of the luminance white level for

the standar@isotropy range:

nax{ Li =L (@monitor/D '(Dmonitor/D )‘}

<35%, for points1=1, 2, 3,4, 6,78,9 as defined 1

 driver. This
Frangement,
lgement and
the CMS has
r additional

the monitor)
[0. 125).

ity required

ons.

ce from the

(pmonitor/D)
ng direction
or standard
the monitor

n Table 3

...........

(30)

the extended isotropy range:

max{

Ly — L(@monitor/D '@monitOF/D )‘}

L (@monitor/D '(Dmonitor/D )

<50%, for pointsi’' =1, 2,3, 4, 6,7, 8,9 as defined

(31

In the extended isotropy range a higher amount of quality deterioration is

long as there is no sudden loss of the image.
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6.7.1.2 Lateral uniformity

The luminance white lateral dependency shall satisfy:

max{(Lj/Wh,-te (@,(D))} - min{(Lj/white (6.0 ))}

in Table

6.7.2 Lu

<35%, for pointsj=1,2,3,4,5,6,7 8,9 as de
max{(L]-/Wh,-te (@,(D))}
5 where (@,(D):(0,0)

fined

(32)

For luminan
— The mij
— for
— for
— for
— for
NOTE 1
measurqg
as the r
definitiof

NOTE 2
conditio

— Night c
maximy

— The bag

windsci
conditid

— The opg

alert an|

6.7.3 Colgur rendering

inance and conlrastrendering
ce and contrast rendering the following requirements apply:
imum luminance contrast at the monitor reproducing a high contrast patterfishall be
direct sunlight condition: 2:1;
Hay condition with diffuse ambient light: 3:1;
sunset condition: 2:1;

hight condition: 5:1.

ns follow ISO 15008.

To take into account the needs of older drivers, the minimum luminance contrast for
h should be 10:1.

m illuminance on the objects to beimeasured shall not exceed 2,0 1x.

een or other window panes as well. The maximum background luminance under
n should be less than3,0 cd/m?2.

attentive,

For colour r{

eridering, the hue angle of reproduced colour of the chart patches on the monitor shall sg

The definition of the “luminance contrast” is given in IS@, 9241-302. The luminance contrpst is
d by “contrast ratio”. According to ISO 9241-302, as well 4s\l§0O 15008, the “contrast ratio” is ddfined
htio between the higher luminance Ly (Lyign) and thélower luminance L; (Liow). All remgining

night

bndition for the cameras field of view is replicated in a dark environment such thaft the

kground luminance of the monitor should be limited under night condition. Depenpding
on the installation of the monitor-inside the vehicle, this will reduce annoying reflections o

h the
hight

rator’s manual shall contain a note that sunlight or light from other intense light soyirces
upon tl't‘e monitor reduces the luminance contrast which may require the driver to be espe

rially

tisfy

the following requirements. The colour coordinates are described based in the CIE 1976 uniform colour

Space:

— red colo

ur coordinates shall not exceed the range of [0 °, 44,8 °] or [332,2 °, 360 °];

— green colour coordinates shall not exceed the range of [96,6 °, 179,9 °];

— blue colour coordinates shall not exceed the range of [209,9 °, 302,2 °];

— yellow colour coordinates shall not exceed the range of [44,8 °, 96,6 °];

— to keep distinguishability from white, define distance from white as R; = 0,02, where R; is the
chromatic distance of each colour patch (i = red, green, blue, yellow), relative to white (i = white).

Figure 21 shows an illustrative tolerance range described on CIE 1976 uniform colour space.
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96.6°  Yellow angle tolerance = 44.8°

For ¢
lamp

6.7.4

The
view

6.7.4

Smed
of th

6.7.4
Bloo

2

ning

Figure 21 — Tolerance of colour deviation &che CIE 1976 UCS chromaticity did

)
\
olour rendering of vehicle signal lampb e amber lamps should be recognizable as
s as blue, red lamps as red. \Jt\
‘\\C)
Artefacts O

perator’s manual shall re&% possible artefacts and their result of partial occlusion d
and of the objects whicb y require the driver to be especially alert and attentive.

.1 Smear

r causes palﬁ;?%clusion of the field of view and of the objects. Smear shall not be mot

g maximuw\
@Qming and lens flare
A

INERPe

# BLUE Patch

: _ \f_/ + GREEN Patch
—l Tk Al AN— é\ - © YELLOW Patch
g | 240 | | & < WHITE Patch

005 01 015 02 025 03 035 04 04505 055 06 065
[
u \?g.z’ CIE1976 UCS

‘\
Q

N

.

O.
N\

inance value of the image.

lgram

amber, blue

f the field of

e than 50 %

and lens flare cause partial occlusion of the field of view and of the objects. Bloom

ing and lens

flare artefacts shall not cover more than 25 % of the displayed image (see test method 4.1 1n 7.8.2).

RATIONALE: UN REGULATION NO. 46 currently defines 15 % for mirrors of class V and VI. However,
the test method only covers blooming artefacts and is not clearly defined.

6.7.4.3 Pointlight sources

For safety reasons point light sources (e.g. low beam headlights) should be rendered as point light
sources and be distinguishable.

6.7.4.4 Colour noise

Annoying colour noise should be avoided under night condition.

© ISO 2015 - All rights reserved
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6.7.4.5 Chromatic aberration

Annoying chromatic aberration should be minimized.

6.7.5 Sharpness and depth of field

6.7.5.1 Sharpness

Sharper images enable faster perception of the content shown in an image. The sharpness is represented
by the MTF50(1:1) as described in 3.18 and it shall satisfy

— horizontal and vertical MTF50(1.1) at centre

MTFSO(

MTF50

with MTF1(
aspectratio

6.7.5.2 Dq
The CMS sh|

the range of
different dif

MTF10

MTF10(

RATIONALH:

recognize o
displayed la

1
1) 2 5 MTF10y(1.0) [LW/PH]

horizontal and vertical MTF50(1.1) at corners (70 % of image height)

1
1:1) = >

1
= MTF10 pyyn (1)

3

j [LW/PH]

(33)

(34)

MIN(1:1) as defined in 3.16 and 3.17 and MTF50Min(1:1) as definhed in 3.18, both assumipg an

of 1:1.

epth of field

all enable the driver to observe the object space and perceive the content shown w
interest with enough resolution to discern the details. The MTF10(1:1), when measur
tances to the object, shall satisfy at least the minimum resolution for the following poi

resolutipn at point 1 (10 m as representative point for infinity) and point 2 (middle distance at

1:1) 20,9 MTF10 yyyy(1:1) [LW/PH]

resolutipn at point 3 (close distanceat 4 m)

1
1) 25 MTFL0 pyy ) {LW/PH]

The maipsfecus of the depth of field evaluation is to measure the CMS capabili
bjects at any-distance within the required field of view. As objects at nearer distance

Irger, the‘tequirement at those distances can be reduced.

ithin
ed at
nts:

6 m)

(35)

(36)

ky to

S are

6.7.6 Geolmetric distortion

The distortion of the image relative to the rectilinear projection on the monitor should be minimized.

6.7.7 Further image quality requirements

6.7.7.1 Pixel faults

The monitor should be in the fault class, ClassPixel 0. In case of an occurrence of pixel or sub pixel faults
that can severely affect the usage of the CMS, the operators manual should advise the driver to repair or
replace the system.

6.7.7.2 Flicker

The entire image area of the monitor should be free of flicker for at least 90 % of the user population.
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6.7.7.3 Visual artefacts

The entire image area of the monitor should be free of other visual artefacts to enable the user to perform
the task in an effective and efficient way (see ISO 9241-307:2008, 5.3, Table 64).

6.7.7.4 Gloss of the monitor housing

The monitor housing should have a surface that avoids glare and distraction due to reflection of sunlight
in the monitor housing. The gloss value of the monitor housing should not exceed 10 gloss units, when
measured in a 60 ° measurement geometry according to ISO 2813.

6.8 | Time behaviour

6.8.1 Frame rate

Movements of objects in front of the camera shall be rendered smooth and not jerky. The minfmum frame
rate pf the system (update rate of the image information) shall be at least 30°Hz. At low light conditions
or while manoeuvring at low speed, the minimum frame rate of the system (i.e. update rate pf the image
inforjmation) can drop (e.g. due to longer exposure times or image processing) but shall be atleast 15 Hz.

6.8.1] Image formation time

The jmage formation time of the monitor should be less than 55 ms at room temperature 22 °C £ 5 °C.

6.8.3 System latency

A CMS shall have a sufficient short latency in orderto render the scenery nearly at the same time. The
latenlcy shall be lower than 200 ms at room tempé€rature 22 °C + 5 °C.

6.9 | Failure behaviour

In cajse of a CMS failure, it shall be récognizable to the driver until the CMS performs a sugcessful self-
test.[The operator’s manual shalldnform how a failure is indicated and should provide insfructions for
the pgrovisional remedies if available for the indicated failure, as well as necessary instructipns until the
system is repaired.

For any additional functional safety requirements refer to Clause 8.

6.1( Quality and further ergonomic requirements

For quality andfurther ergonomic requirements refer to the national body (e.g. UN REGULATION NO. 46,
chapters 1512 and 15.1.3).

6.10{1”Needs of older persons

6.10.1.1 Decreasing accommodation

In order to fulfil the visual task in an effective and efficient way the displayed scene on the monitor
should be observable as sharp. Depending on the age of the driver, this can require

— the use of bifocal or multifocal (i.e. progressive) lenses or contact lenses, or
— installation of the monitor at an suitable distance.

The installation of the monitor inside the vehicle should follow the needs of the intended user group. The
operator’s manual shall give advice about the decreasing accommodation capacity of the human being
and shall recommend suitable aids according to the user needs.
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6.10.1.2 Glare due to high luminance of the monitor

In order to avoid glare due to high luminance of the monitor the luminance shall be dimmable under
night condition either manually or automatically. The maximum luminance under night condition should
not exceed 20 cd/m?2.

6.11 Influences from weather and environment

The following weather and environment influences should be considered:

Rain, sn

ow, sun, fog, etc.

The soi]l
The air

sedimentation onto e.g. the lens of the camera. The housing and corners of the €MS shou

designe

In orde]
the mon
manual

7 Testm

7.1 Syste
Verify that t

7.2
Verify that t

7.2.1 Def

Verify that t
default view
required fie
the resoluti

7.2.2  Adj

Verification

Intended use

ing conditions at the position for the camera onto the vehicle should be taken into aece

flow at the housing and corners of the CMS should be analysed in order to mini

d accordingly.

to maintain a clear view, the CMS and in particular the camera in theouter area as w
itor in the interior area of the vehicle should be cleaned regularly ifieceéssary. The oper
shall give cleaning instructions and relevant safety instructions:

ethods

Im documentation

he necessary technical specification and operators manual for the required tests exist]

he intended use is defined in the operator’s manual.

hult view

he CMS has a default viewiIf not stated otherwise all test procedures in Clause 7 refer ]
. Verify that the minimum requirements as defined in Clause 6, in particular, the mini
d of view (see 6.4),theaverage and minimum magnification factor (see 6.5.1 and 6.5.2])
n (see 6.5.3) arefulfilled in the default view.

1sted default view

is not required.

7.2.3 Temporary modified view

unt.

mize
d be

el as
htors

o the
mum
,and

In case a temporary modification of the intended field of view and/or magnification factor is admissible
in certain driving situations (e.g. driving backward in a parking lot), verify that the temporary
modification is indicated in an ergonomically appropriate way and the operators manual gives advice

on the temp

oral modifications.

7.2.4 Luminance and contrast adjustment

Verify that changing the CMS luminance is possible manually or automatically. Verify that the operator’s
manual gives advice on how the luminance and contrast settings are changed.

50

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505:2015(E)

7.2.5 Overlays

Verify by visual inspection that overlays which are displayed within the required field of view as defined
in 6.4 are temporal and transparent (not opaque).

7.3 Operating readiness (system availability)

Verify that the CMS is fully operational within a maximum start up time tgy as defined in 6.3 after the
system is powered on for a standard laboratory environment at 22 °C £ 5 °C. The start point of the full
operational state is defined as the time point where the variations of a monitor reference signal of the
CMS looking at a still scene (e.g. chessboard chart) remain within a +50 % range for at least 10 further
seconds with a clear visible image (see Figure 23). The test setup for the CMS is shown_ih Figure 22.
The test is performed with a scene illumination of 10 000 lux (bright scene) and 2 lux (darl{ scene). The
referfence signal may be generated by measuring the time resolved luminance value)Y-or gquivalent of
the ¢MS output image on the monitor using a reference camera, optical transientrecorddr or may be
taken from the system (e. g. auto exposure state, mean grey value of the moniteriimage, etc).

-0 ;
] ]

|
1 |
—Q |
|
2 :
|
+/6 1 s
N A
Y h'd
8 9
Key
1  test chart(e/g. chessboard chart), aligned perpendicular to optical axis
2 illumination for test chart
3 damera
4 monitor
5 reference camera, digital photometer, or optical transient recorder
6  optical or spatial isolation between camera and monitor lightning environment
7  optical isolation barrier to avoid direct light into lens
8 camera-side
9  monitor-side

Figure 22 — Measuring setup for system availability
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Figure 23 — Definition of the start@ime ton

<
D\
7.4 Field|of view \$

Verify that the technical specification for the CMS com&ins the camera field of view and the percentage
of the camera field of view displayed on the monito@see 3.4.26 and 3.4.27).

Verify that the system field of view of the Cl\f/g\}&fowing the definition in 3.5.4 covers the field of vigw at
least that is|required by the national body for'conventional mirrors of the same class. Verification (e.g.
by using CAP) should include the openi@sh()rizontal and vertical angles and camera orientation.

®)

7.5 Magnification and resoggdn

7.5.1 Avefrage magnifica@: factor

Verify that [the CMS t @mcal specification contains the monitor design viewing angle (@monftor/Ds
Pmonitor/D At Omonit %;/D, Omonitor/ver/D, see 3.4.11, 3.4.12, 3.4.13, and 3.4.14), the monitor design
viewing distance (@nionitor/D, see 3.4.10), the size of the monitor’s defined size (Wmonitor/hors Hmonitor/ver
see 3.4.17 and 3. ), the camera’s field of view (acamera/hor Qcamerayver, s€€ 3.3.15 and 3.3.16) anf the
camera’s pe raent field of view as displayed on the monitor (3.4.26 and 3.4.27).

7.5.1.1 Average magnification factor (driver side)

Verify that the average magnification factor of the CMS calculated according to Formulae (13) and
(14) given in 3.5.9 and 3.5.10 in both horizontal and vertical direction, is not lower than the average
magnification factor of a mirror on driver side given in 3.2.23.

7.5.1.2 Average magnification factor (passenger side)

Verify that the average magnification factor of the CMS calculated according to Formulae (13) and
(14) given in 3.5.9 and 3.5.10 in both horizontal and vertical direction, is not lower than the average
magnification factor of a mirror on passenger side given in 3.2.24.
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7.5.2 Minimum magnification factor

The following measurement procedure applies:

a)

b)

d)

NOTH
factor.

Itis

with

Position the camera of the CMS such that its optical axis is aligned to the perpendicular orientation

of a chessboard chart (e.g. as shown in Figure 24). Target the CMS camera to captu

re the chart

within the monitor defined size with at least 20 visible squares in horizontal or vertical direction.
The rotation of the chessboard chart shall be such that the horizontal lines of the chessboard appear

as horizontal lines on the monitor.

given in Figure 25).

Plot the measured distance on the monitor versus the real distance on the chart.|Then
¢r 5th order polynomial curve fit of the plotted points. Then calculate the 1stdifferen
f the obtained polynomial curve fit (see example given in Figure 29).

U monitor /D

size.

Repeat steps b) to d) for the image centre column to ebtain Mgystem ver/min-

dimgnsional magnification verification given'in this subclause.

Key
1

20 square box

Measure the distance of the individual square edges of the chessboard chart from one outermost

See example

obtain a 3rd
fial function

The derived function multiplied by 4 gives the local magnification across tHe measured

Ilne, where d is the distance from the camera entrance pupil t¢- the chart. Obtain the minimum
agnification Msystem/hor/min @s minimum of the function within the limits of the monjitor defined

For anideal rectilinear projection the minimummagnification factor equals the average magnification

recommended to use the angular magnification as described in C.3 at least for wide-ajgle mirrors
radius of curvature rpjrror < 400 mm (e UN REGULATION NO. 46 class IV mirrors) ijstead of the

Figure 24 — Example of a chessboard chart for magnification measurement
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Key
1 pointl
2 point2
3 point3
4  left outefmost displayed edge
5 right outermost displayed edge
6  centre lipe
Figure 25 — Example of measuring points in horizontal direction on an image with pincushion
distortion
Y14 Y2
0 5 10 15 20 X2
200 TR el )
180 | -
—-0,18
160 -
1 |
AP A
120 g
J0,14
P
100 A
1 0,12
80 1 /
60 /1 = 0,1
4o ) 5
A N
i — 0,08
bo 4
2
0 0,06 —
0 500 1000 1500 X1
Key
1 measurefd distance of the individual square edge

X1
X2
Y1
Y2

54

polynomial-curve fit
local magnification

original chart distance from relevance point (mm)
number of chart square edge

position of the monitor output image (mm)
AWmonitor/AWchart

Figure 26 — Example of a magnification measurement plot
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2.1 Minimum magnification factor (driver side)

Verify by using a chessboard chart that the minimum magnification factor of the CMS inside the required
field of view (see 6.4) is not lower than the required minimum magnification factor and the formula in

6.5.

7.5.

2.1 is fulfilled for both horizontal and vertical direction.

2.2 Minimum magnification factor (passenger side)

Verify by using a chessboard chart that the minimum magnification factor of the CMS inside the required
field of view (see 6.4) is not lower than the required minimum magnification factor and the formula in

6.5.

7.5.

7.5.

1y
2)

3)

4)

5)

7.5.

iy
2)

© ISO 2015 - All rights reserved

2.2 is fulfilled for both horizontal and vertical direction.

3 Resolution (MTF)

3.1 Horizontal resolution
[alculate MTF10MIN(1:1)/hor based on Formula (15).

Position the camera of the CMS such that its optical axis is aligned to-the perpendiculat
$fa hyperbolic resolution chart (e.g. as shown in Figure 22 or Figure 27). Target the CM

¢ntrance pupil to the chart d shall be 6 m or less if the focaldistance is lower than 6 m.
fthe hyperbolic resolution chart shall be such that the lines‘appear as vertical lines on

Ensure that there is no over- or underexposure to the image of the chart.

Measure the width of the nine lines at chart positioni’l on the monitor w'cpart/nor [S€€ €xa
in Figure D.1,key (h)] and determine the spatial frequency corresponding to chart posi
w

monitor /hor

9

hor 1
W chart /hor

This corresponds to the number oflides visible that fits within the monitor defined ho
Winonitor/hor if the line pattern at'\chart position 1 would be repeated for the whole mor
lhorizontal size.

[alculate the frequency mittiplication factor to find the required chart position, Ppgr, t
fior the MTF requirement.

_ MTF10 y;ng11y/ hor
hor —
K hor

This corresponds to the chart position where exactly MTF10MN(1:1)/hor i reprod
the monitor defined horizontal size Winonitor/nor- The frequency multiplication factor

orientation
S camera to

isplay the chart in the middle of the monitor defined horizontalsize. The distance fronj the camera

['he rotation
the monitor.

mple shown
rion 1:

(37)

rizontal size
itor defined

be checked

(38)

iced within
is indicated

ddjacent to the hyperbolic chart (see example in Figure D.1 with explanation for the nt

q

imber given

atkey (a). Some commercially available charts can contain the frequency values directly printed on

the chartinstead of this multiplication factor).

Verify that all lines can be observed and distinguished at the chart position Ppr. This ensures that

the MTF10(1:1)/hor is at least equal or greater than the MTF10miN(1:1)/hor- In case the t
countercheck defined in D.3 shall be used.

3.2 Vertical resolution

Calculate MTF10MiN(1:1)/ver based on Formula (16).

est fails, the

Position the camera of the CMS such that its optical axis is aligned to the perpendicular orientation
of a hyperbolic resolution chart (e.g. as shown in Figure 22). Target the CMS camera to display the
chart in the middle of the monitor defined vertical size. The distance from the camera entrance
pupil to the chart d shall be 6 m or less if the focal distance is lower than 6 m. The rotation of the
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hyperbolic resolution chart shall be such that the lines appear as horizontal lines on the monitor.
Ensure that there is no over- or underexposure to the image of the chart.

3) Measure the height of the nine lines at chart position 1 on the monitor h'chart/ver [See example shown
in Figure D.1, key (h)] and determine the spatial frequency corresponding to chart position 1:

H .
K = monitor /ver 9 (39)

ver hv
chart [ver

This corresponds to the number of lines visible within the monitor defined vertical size Hmonitor/ver
if the line pattern at chart position 1 would be repeated for the whole monitor defined vertical size.

4) Calculate the frequency multiplication factor to find the required chart position, Py, to be.chgcked
for the MTF requirement.

MTF10 .
P - ‘ MIN(1:1)/ver (40)

ver
KV@F

This corresponds to the chart position where exactly MTF10miN(1:1)/ver is ¥eproduced withip the
monitor defined vertical size Hpmonitorver-

5) Verify that all lines can be observed and distinguished at the chart position Py, This ensureq that
the MTF10(1:1)/ver is at least equal or greater than the MTF10MmN1:1)/ver- In case the test fail$, the
countercheck defined in D.3 shall be used.

EXAMPIHE Assuming an UN ECE class III CMS for driver side with xcqmerq = 0,5 m, ycamera = 0,15 nf, and

Zcamera 9§ 1.24 mresulting in & irror /hor /min = 12,2°

a

monitor / hap arcmin]

J*amirmr/hor/min >kVeye/min 60 °

MTFlOI/IIN(l:l)/hor = Mmirror/driver/avg * [ o

mirror {hor /min

(41)

By inserting, the number of requirediobservable lines within the monitor displayed horizontallfield

of view (@ssuming & popitor /nor =20;+) is calculated:

MTFlOMIN(l:l)/hor :0’31*(122020)*12’20*0’7 1 *60 al'CZl’lln —260,4

, arcmin
Assumihg a monitor-defined horizontal size of Wionitor/hor = 0,2 m and a width of the nine lirjes at
chart pgsition 1 onthe monitor of wehart/hor = 0,031 m

Wn'mnitor/hor *9 (42)

w

K =

chart,/hor

By inserting:

K=-22M _x9_5807
0,031m
MTF10 .

p= MIN(1:1)/hor (43)

K
By inserting:
_ 260,4 _45

58,07
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Thus, verification is needed that all lines can be observed and distinguished at the chart position
3.5.

7.5.3

.3 Resolution at corners

1) Repeat the measurements for horizontal and vertical resolution at the corner measurement points
at 70 % of the monitor defined horizontal and vertical size (see Figure 20).

2) Verify that the corresponding requirement is fulfilled (half of the MTF10mN(1:1) resolution is
required in the corners).

7.6

The
shall

—

Alter]
shou

55 4,25

@ & @ 5.5 4.7

(1) (2) 3 ¢

Figure 27 — Example of an original (left)'and captured resolution chart (rig

Magnification aspect ratio

lifference between the average magnification factor for horizontal and vertical direct
be calculated as:

M
M

system/hor /avg

system/ver [avg

natively, it is measured using a chessboard chart. The corner points of the chessbo
|d be geometrieally measured over the monitor screen and the ratio of the horizontal

verti

average ratio shall satisfy the criteria given in 6.6.

al of the cheSsboard individual square corners pitch gives the local magnification aspe

ht)

jon of a CMS

(44)

ard squares
pitch to the
ctratio. The

For the magnification aspect ratio measurement, the chessboard chart measurement may be evaluated

by olpsefvation in the perpendicular orientation to the monitor. The measured horizontal
magiification factor from the monitor perpendicular direction shall be multiplied by cos(6,,

and vertical

nitor /hor /D )

» €0S(Omonitor jver/p) Tespectively, as the corrective factor when monitor is actually viewed from the

7.7

Monitor integration inside the vehicle

The following verifications according to the list in 6.7 shall be considered:

a) Verify that the obstruction of the view onto the mandatory field of vision on the monitor is kept to a
minimum.

b) Verification is not required.

c) Verification is not required.

© ISO 2015 - All rights reserved

57


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505:2015(E)

d)

Verify by visual examination that the image of the right side FOV is displayed on the right side of
the monitor arrangement, the image of the centre FOV is displayed in the intermediate region of the
monitor arrangement and the image of the left side FOV is displayed on the left side of the monitor
arrangement. If the CMS has only one display, verify by visual examination that non-continuous
images are clearly separated from each other. For additional commercial vehicle verifications, see
AnnexA.

e) Verify (e.g. by using the vehicle construction data from a CAD tool) that the obstruction of the
driver’s direct view caused by the installation of the CMS is restricted to a minimum according to
national regulation (e.g. UN Regulation No. 125).

f) If the UllitUl iD adjuotab}c ill Ul dCl tU ClbhiCVC d lJCl }qudi\,u}al ViCVVills dil CLtiUll, \A2Y if_y th t the
adjustment is possible without any tool.

7.8 Image quality

7.8.1 Monitor isotropy

7.8.1.1 Di

Measureme
measureme
The monito}
Table 3 and
extended is

The left par
with measu

in the right part of Figure 28 is an example of a measurenient result of an LCD monitor using a conos

in polar coo
The lumina
blue indicat
isotropy rar
of Omonitor/I}

rectional uniformity

ts are made by using a goniometer or a conoscopic measurement system or equivalent
ht shall ensure that the luminance variation does not exceed the limits defined in 6.
' luminance dependency is measured for different measutement directions as describ
Table 4. The measurement shall at least cover measurement directions from the mo
tropy range.

Fing point located at the centre of the moniter,indicated as pointj = 5. The colour plot §

rdinates. The luminance level is plot depending on different orientation and angular r
nce level is colour coded, whereas colour red indicates high luminance levels and c
es Jow luminance levels. The small'windows represents an example of the monitor stan
ge and monitor extended isotropy range for an assumed monitor design viewing dire
=25°, (Dmonitor/D =38°.

T

. The
B.1.1.
ed in
nitor

L of Figure 28 describes the measuring range for-the directional uniformity measurement,

riven
Cope,
hnge.
blour
dard
ction

\
N
7 J=3
e —A— 1 |
P /
-
2 > /
e ’
)/' /
P s v/
3
60 1 = 1—i#/l7=r3
60 B i=5 4
50 i=7 1= 9
5
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Key

1  monitor

2 nominal line of monitor surface

3 monitor design viewing direction (@monitor/p, Pmonitor/D)
4  monitor standard isotropy range

5 monitor extended isotropy range

Figure 28 — Example of directional uniformity measurement

Table 3 — Measurement directions for standard isotropy range

Direction i dl;;:é e dZ;{: e

1 -7 +6
2 0 +6
3 +7 +6
4 -7 0

5 N/A N/A
6 +7 0

7 -7 -6
8 0 -6
9 +7 -6

Table 4 — Measurement directions for the extended isotropy range

Direction i d:;:é e dZ;Z: e

4 -12 +11
2 0 +11
3 +12 +11
4 -12 0

5 N/A N/A
6 +12 0

7 -12 -11
8 0 -11
9 +12 -11

ISO 16505:2015(E)

7.8.1.2 Lateral uniformity

Table 5 and Figure 29 describe the measuring pointsj=1, 2, 3,4, 5, 6, 7, 8, 9 and measuring orientation
for the lateral uniformity measurement. The luminance of the monitor is measured for the perpendicular
orientation to the monitor, that is, for orientation where (Omonitor, Pmonitor) = (0 °,0 °).
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Table 5 — Measurement points for the lateral uniformity

Percentage of Percentage of
P Wmonitor/hor Hmonitor/ver
Point] from top left from top left
corner corner
1 20 20
2 50 20
3 80 20
4 20 50
5 50 50
6 80 50
7 20 80
8 50 80
9 80 80
2W 0,3wW 0,3wW 0,2wW
I I I E_ W,
1 S S B2 AN T
|J= |J=2 |J= T 7%2\“*71’\{\\
m | —
| | | L Ay | o >
x| —1--0O-———-O-———-O-—— A2 5 O
ek TS TR | 2 - e s
| I | o
l_/:-f 1:8 |‘/: E.
| ' | o
| ' |
| W |
e
Key
normal lin'e’dof monitor surface

monitor design viewing direction (@monitor/p, Pmonitor/D)

Hmom’tor/ver

sz N =

Wmonitor/hor

Figure 29 — Points for non-uniformity measurements on the monitor

7.8.2 Luminance and contrast rendering

Check ifthe CMS has the possibility for manual or automatic adjustment of the luminance and report
the result value.
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— Checkif the operators manual contain the required information on the influence of sunlight or light
from other intense light sources upon the monitor concerning reduction of the luminance contrast
which may require the driver to be especially alert and attentive.

This procedure consists of five tests in different ambient illumination conditions.

a) direct sunlight exposure (contrast perceptibility at the monitor with 45 klx illumination by a spot
light source to the monitor);

b) day condition with diffuse sky-light exposure (contrast perceptibility at the monitor within the
reflection of an extended diffuse light source of 1 500 cd/m2 luminous density);

c) night condition (contrast rendering of a dark scene at max 2 Ix illumination to the sceng);

d) sunset condition, camera artefacts (image area that is affected by artefacts producefd by a high-
intensity glare light source shining on the camera lens);

e) gunset condition, camera contrast (contrast rendering with a high-intensity glare |ight source
yvithin the cameras field of view).

NOTH Using a reflective chart with a diffuse reflectance (p), the luminance’(L) of the reflectiveg chart can be
estinjated from the illuminance (E) onto the reflective chart by using Formiila'(45):

_pxE

(45)
T

A gemeral overview of the test elements is shown in Figure30. Note that not all equipment is needed for
eachftest at the same time.
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1—

~
12

Key

1 testcharf (contrast chart, black chart)

2 illumination for test chart

3 mirror

4  high-intgnsity glare light for camera evaluation (with oriented light beam)

5 camera ynder test

6  illumination for monitor under test

7  monitor under test

8 reference camera, digital photometer'(e.g. area luminance photometer)

9 diffuse iljuminator

[EEN
o

optical of spatial isolation between camera and monitor lightning environment

-
[EN

optical igolation barriento/avoid direct light into camera lens

=
[\

camera-gide

[N
w

monitor{side

Figure 30 — Test arrangement for luminance and contrast rendering

Parameters to specify the entire scene in the camera’s field of view: A contrast chart with a balanced
distribution of white and black parts (e.g. chessboard pattern with at least five alternating black and
white squares in each direction) providing a luminance contrast CR = 20 at the point of measurement
shall be used. Both reflective and transmissive charts (1) with a Lambertian characteristic can be
used. If using reflective charts, the adjustment of the light source (2) can be arranged by measuring the
illumination in lux at the chart or measuring the required luminance values in cd/m2 with a reference
camera or other luminance meter [same as (8) used for the monitor tests] at the position and orientation
of the camera under test (5). Using a spherical transparency illuminator, the adjustment is arranged by
measuring luminance values at the position and orientation of the camera under test (5).

If neither daylight nor sunlight are used, the illumination shall be similar to the CIE D65 standard
illuminant and have a correlated colour temperature of T¢ = 6 500 K with a tolerance of +1 500 K
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or the illumination shall be similar to the CIE D55 standard illuminant and have a correlated colour
temperature of T¢c =5 500 K with a tolerance of #1 500 K. For night condition an illumination similar to
the CIE A standard illuminant with a correlated colour temperature of T¢ = 2 848 K with a tolerance of
+1 000 K may be used.

Test

1: Direct sunlight exposure onto the monitor

Setup: contrast chart (1), illumination for test chart (2), camera under test (5), illumination for monitor
under test (6), monitor under test (7), and reference camera (8).

This test simulates direct sunlight shining through the windshield of a vehicle on the monitor. Therefore,

the
inci

The

defin

The
incli

lies i

(see
subs

the d
calcy

For f
and 1

D

Lmon
cond

due
glare
folloy

—

e

NOTE

ISO9

© ISO

luminance contrast ratio, CR, of the monitor shall be measured at the cenfre’of
ed size using a contrast chart. Brightness setting of the monitor shall be adjusted t

the measuring plane that is spanned by the monitor normal andsthe design viewi

lated using Formula (46):

L
L

monitor /chart /white /[ambient

'R —

monitor /chart /black Jambient
lexibility, the luminance contrast may be calculated out of separate measurement of
eflected luminance. The luminance contrastis then calculated using Formula (47):

R Lmonitor/chart/white (@monitor/D '@monitor/D ) + Lr/white (@monitor/D '(Dmonitor/D )

Lmonitor/chart/black (@monitor/D 'd)monitor/D ) + Lr/black (@mom‘tor/D '(Dmonitor/D )

tor/chart/white and Lmonitor/chart/black are the emitted luminance values measured undg
fitions at the monitor. Depefiding on the displayed image, the reflected luminance mig
o different state of the-liquid crystals of an LCD). The reflected luminance from hi
light is determined for each state (white, black patch of the chart displayed on the mo
ving procedure and-Formulae (48) and (49):

r/white = Lmonitor/chart/white (glare light switched On) - Lmonitor/chart/white (glare light swi

18)

r/black = Lmonitor/chart/black (glare light switched On) - Lmonitor/chart/black (glare light swi
1)

nclination angle of the reference camera on the monitor shall equal the menitor des
ation angle @monitor/p- The inclination angle of the incident light source.i8'05 = Omonit|

Figure 31). The contrast ratio is obtained by measuring the luminance of a white and|
equently allocated to the measurement location (e.g. by invertirg the patches only in {
hart or moving the camera to point to a different patch) or,equivalent. The final cont

W@M&W@u&&p&ﬂ&md uniform
ent light for the measuring point.

the monitor

maximum.
ign viewing
-/p+15 ° and
hg direction
black patch
he centre of
rast ratio is

(46)

the emitted

(47)

r darkroom
ht vary (e.g.
h-intensity
hitor) by the

tched off )

tched off )

The procedure follows the basic principle for determination of the reflected light as i
241-305:2008, 6.1.2.

2015 - All rights reserved

ntroduced in
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Key

AN U1 AW N

measuring plane
monitor under test
monitor pormal

design vlewing direction
high-intgnsity glare light
referenc¢ camera

Figure 31 — Setup for direct sunlight exposure

NOTE1 Fgrantinclination angle of @monitor/p = 30 ° and azimuth angle @monitor/p = 0 °, this test is similar to

ISO 15008-1ASA¥E, J1757 procedure 2B, section 4.1.2.4

In the case where Omonitor/p = 0 °, 05 shall be measured in a plane, where @monjtor/p = 0 © and 180 °. The
reading with the lowest contrast shall be used.

The

64

test parameters for the camera and the monitor are summarized in Table 6.
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Table 6 — Test parameters for the camera and the monitor for direct sunlight exposure

Test Orientation Property Unit Value Comment
Test Camera side Lchart/white cd/m2  |400to 800 |Luminance white at
parameters contrast chart
“Direct sun- Contrast ratio chart >20 Lchart/white/
light exposure” Lchart/black
Monitor side Ambient illumination range Ix 40k to 50k
measured at monitor position
Inclination angle reference cam- |degree |Omonitor/D
era (8) to monitor normal
Inclination angle, 0, light degree |@monitor/D +
source (6) to monitor normal 15°
Results to be Monitor side Measure the luminance contrast Measurg the lumi-
repofted ratio of the test chart image on nance white and
the monitor luminarce black
at the njonitor and
obtain the contrast
ratio

Verifly that the measured contrast ratio meets the requirementfef. direct sunlight condition.

Test(2: Day condition with diffuse sky-light exposure

Setu for monitor

unde

p: contrast chart (1), illumination for test chart (2)camera under test (5), illumination|
r test (6), monitor under test (7), reference camera (8), and diffuse light source (9).

the monitor
urement on

This
unde
the ny

test simulates diffuse skylight reflected on-tlte ' monitor. Therefore, the illumination for
r test (9) shall be extended and produce a“uniform reflection within the field of meas
nonitor surface.

Test
light

cetup and procedure is identical with Test 1 using the diffuse illumination instead of t
source. This may be reproduced-by placing a transparent diffusor between point ligh

he point like
[ source and

mon
refer
from
dens

Thel
imag
setti
Forn{

tor. The field of measurementshall be completely covered by the reflection of the diffu
ence cameras point of view'and the diffusor shall at least cover a diameter of at least 1
the measuring point oflview (extended source according to ISO 9241-305). The requir
ity is measured at thé diffusor/diffuse illuminator surface at an angle of 15°.

uminance contrastratio, CR, of the monitor shall be measured ata contrast step withint
e of the contrast chart. Measuring location shall be the near the centre of the display
hg of the meonitor shall be adjusted to maximum. The measured contrast ratio is obf
ula (50)¢

L

monitor /chart /white /ambient

'RL

sor from the
b° measured
cd luminous

he displayed
. Brightness
ained using

(50)

it Lol YSANI Je [ L 'S
ToTHToT ¢ T OTa ey aittoteiT

For flexibility, the luminance contrast may be calculated out of separate measurement of the emitted
and reflected luminance. The luminance contrast is then calculated using Formula (51):

CR=

Lmonitor/chart/white (@monitor/D '(Dmonitor/D ) + Lr/white (@monitor/D 'd)monitor/D )

Lmonitor/chart/black (Qmonitor/D '@monitor/D ) + Lr/black (@monitor/D '(Dmonitor/D )

(51)

Lmonitor/chartwhite and Lmonitor/chart/black are the emitted luminance values measured under darkroom
conditions at the monitor. Depending on the displayed image, the reflected luminance might vary
due to different state of the liquid crystals. The reflected luminance from high-intensity glare light is
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determined for each state (white, black patch of the chart displayed on the monitor) by the following
procedure and Formulae (52) and (53):

Ly jwhite = Lmonitor jchart jwhite (diffuseilluminationswitchedon) =Ly, onitor jchart jwhite (diffuse illumination switched off )

(52)

Ly sblack = Lmonitor jchart biack (diffuseilluminationswitched on) = Liopitor /chart sblack (diffuseillumination switched off )
(53)

NOTE
[SO 9241-305:2008, 6.1.2.

Theprocedurefollows—the basicprinciplefor-determination-of-thereflectedHaht-as—intredused in
Fe-proceatre—+oroWs—ie-—BasSic-pHhacipre—Tror—aeseriatioh—o—+e-ferrecrea—rigeasitroat

The test parameters for the camera and the monitor are summarized in Table 7.

Table 7 + Test parameters for the camera and the monitor with diffuse sky-light exposure

Test Orientation Property Unit Value Comment
Test Camera side Lchart/white cd/m2 (400 t0"800 |Luminance whife at
parameters contrast chart
“Day conditipn Contrast ratio chart 220 Lehart/white/
with diffuse Lchart/black
Sky'l,,lght €XHO" | Monitor side Luminance diffuse illuminator |cd/m? 1300 to Luminance at the
sure 1 500 cd/mZ |surface of the djf-
fuse light sourcp
Inclination angle reference cam-|degree |@monitor/D
era (8) to monitor normal
Inclination angle, 0, light degree |@monitor/D +
source (6) to monitoruormal 15°
Results to bd Monitor side Measure the lumiinance contrast Measure lumingnce
reported ratio of the test chart image on white and lumi-
the moniter nance black at the
monitor and obtain
the contrast ratfio
NOTE Fdr an inclination angle '0f/@monitor/p = 30 ° and azimuth angle @monitor/p = 0 °, this test is similar to

ISO 15008-1/SAE, J1757 procedure-2B, section 4.1.2.5.

Verify that the measuredicontrast ratio meets the requirement for day condition with diffuse ampient
light.

Test 3: Night condition

Setup: contraStchart (1), illumination for test chart (2), camera under test (5), monitor under tesf (7),
and referencetamrera{8):

This test simulates a camera scene at night condition where an illumination of 2 Ix produces typical
luminance values of 0.5 cd/m2 to 0.7 cd/mZ2. If available, the monitor automatic luminance adjustment
should be enabled. Alternatively, if available, the standard setting for low light condition of the monitor
manual luminance adjustment should be used.

The luminance contrast ratio, CR, of the monitor shall be measured. Viewing direction for the reference
camera (8) shall be the design viewing direction on the monitor.

The test parameters for the camera and the monitor are summarized in Table 8.
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Table 8 — Test parameters for the camera and the monitor for night condition

Test Orientation Property Unit Value Comment
Test Camera side Lehart/white cd/m?2 0,5t00,7 Luminance white at
parameters contrast chart
“Night Contrast ratio chart >20 Lehart/white/
condition” Lchart/black
Monitor side Ambient illumination range  |Ix 0to 10
Results to be  |Monitor side Measure the luminance con- Measure luminance
reported trast ratio of the test chart white and lumi-
image on the monitor nance bjack at the
monitelf and obtain
thecontrast ratio
Measure the background cd/m?2 Measurg luminance
luminance black atjthe monitor

Verifly that the measured contrast ratio meets the requirement for night condition.

Test

Setu

undgr test (7), and reference camera (8).

This
prod

The
shall

Test

The

an adljustable aperture can be used ifi prder to fulfill the required extension of the glare s

field

nornpal of the sensor plane of thescamera and the line connecting the midpoint of the sensor

sour

valug in the centrepoint of the-glare source displayed on the monitor. Viewing direction for t
camgra (8) shall be the-~design viewing direction on the monitor. Monitor regions displa
arteffacts as blooming; smear and flares will have higher luminance values than areas wh
background is{displayed. The area of the monitor where the ratio of the maximum luminance to the

dark
actu

Test

The test'shall be repeated for different incident angles of the light source to the sensor nor

toid

4: Sunset condition, camera artefacts

h: black test chart (1), mirror (3), high-intensity glare light soutrce(4), camera under test

test simulates a camera scene where a high-intensity glare light source as e.g. the sun af
uces artefacts in the camera image. Luminance settingof the monitor shall be adjusted t

hrea affected by camera artefacts (blooming, flares, etc.) induced the high-intensity
be determined.

4.1: Blooming and smear

famera under test is directed at the high-intensity glare light source (4). Alternatively 4
of view. The background around the light source is dark (black test chart). The angle

Ce shall be 10 °. The luminance values of the monitor shall be measured relative to th

h] monitor yalue falls below 2:1 is determined.

4.2: Lensflares

(5), monitor

the horizon
b maximum.

blare source

mirror and
ource in the
between the
hnd the light
e maximum
he reference
ing camera
ere only the

mal in order

pntify a worst case scenario where a maximum amount of camera artefacts appear. The

light source

shall always be visible on the monitor in order to ensure stable conditions for camera exposure and gain
settings. After the worst case scenario is determined, measure the signal output level on the monitor,
and find (and segment) the area on the monitor image covered with the image where signal output level
(luminance) with the flare is greater than the half of the glare induced maximum level. Calculate the
percentage of the above affected area against the area of the whole CMS image on the monitor.

The test parameters for the camera and the monitor are summarized in Table 9.
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Table 9 — Test parameters for the camera and the monitor for sunset condition, camera

artefacts
Test Orientation Property Unit Value Comment
Test Camera side Luminance black (back- |cd/m? <2
parameters ground)
Camera Glare source luminance |cd/m? (5to 10) Mio |Glare source can
artefacts 4) be the sun near the
horizon
Glare source angular arcmin 30 to 34 Glare source can
DiLC Clt tllC Callicl a'o 1L}C tllC oUIl 11T adl t}l
point of view horizon
Monitor side Ambient illumination |Ix 0to 10 Dark roomrcenditions,
range no directteflections
on the{monitor
Results to be monitor side Measure the affected Percentage Medsure the signdl
reported area by camera arte- of display output level on thg
facts area monitor, and find
(segment) the area
on the monitor impge
covered with image
where signal output
level is greater thgn
the half of the glaie
induced level (maxi-
mum level) and call-
culate the percentppge
of the affected ar¢a
on the whole mon{tor
area
Smear intensity Percentage Measure the lumi-
of max. lumi- nance of the visible
nance smear

Verify that
defined in 7

8.4.1 and 7.8.4.2.

Test 5: Sun

Setup: Conti
camera und

The lumina
glare light s

The camera

Durce.

et condition, camera contrast

urider testis directed at the contrast chart. The high-intensity glare light source (4) is p

the measured artefacts area'and the smear luminance intensity meet the requirenpents

ast chart (1), niirror (3), illumination for test chart (2), high-intensity glare light source (4),
br test (5), monitor under test (7), and reference camera (8).

hce contrast of the monitor shall be measured of a scene that is showing a high-intepsity

aced

within the field of view of the camera under test (5) as described in Test 4.1. Alternatively a mirror (3)
can be used. Viewing direction for the reference camera (8) shall be the design viewing direction on the
monitor. The luminance contrast of the contrast chart is measured in an area that is visibly unaffected
by camera artefacts as determined in Test 4.1.

The test parameters for the camera and the monitor are summarized in Table 10.
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Table 10 — Test parameters for the camera and the monitor for sunset condition, camera

contrast
Test Orientation Property Unit Value Comment
Test Camera side Lchart/white cd/m?2 200 to 400
parameters Contrast ratio chart >20 Lechart/white/
Contrast with Lchart/black
glare source Glare source luminance (4) |cd/m? (5 to 10) Mio |Glare source can
be the sun near the
horizon
Glare source angular size at |arcmin 30 to 34 Glare spurce can
the camera point of view be the’$un near the
herizon
Monitor side Ambient illumination range |Ix 0to 10 Dark rqgom con-
ditions} no direct
reflections on the
monitojr
Resullts to be Monitor side Measure the luminance con- Measute luminance
repofted trast ratio of the test chart white gqnd lumi-
image on the monitor nance black at the
monitor and obtain
the conftrast ratio
Verifly that the measured contrast ratio meets the requirément for sunset condition.
7.8.3 Colour rendering
Verifly that the CMS is capable to reproduce coloirs as specified in 6.8.3.

The
and
the ¢

— 4
q

|

onverted to colour coordinates baséd on CIE 1976 uniform colour space. The test arr
plour rendering measurement is described in Figure 32.

\ spectroradiometer or colourimeter is used to measure the colour coordinates of the c
ind reproduced colours en the monitor.

he spot size of the spectroradiometer or colourimeter should be small enough to me
oordinates of each’single patch or a two dimensional spectroradiometer or colourim
o analyse eachrsingle patch colour precisely.

olours of chartreproduced on the CMS monitor, as well as the target chart patches, shall;Le measured

gement for

hart patches

hsure colour
eter capable

© ISO
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Figure 33 sH

70

test charft [eight colours (R, G, B, Ye, Cy, Mg, black, and white)]
illumination for test chart (D65), >500 lux
camera ynder test

monitor
spectror
optical o

optical igolation barrier to avoid direct light into lens
camera-gide
monitor{side

under test
hdiometer or colourimeter (measure u, v'values)
I spatial isolation between camera and\monitor lightning environment

Figure32 — Test arrangement of colour rendering

ows the colodr chart used to measure the colour rendering.
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Dimensions in millimetres
7 =

120

257

o
<
1 !
40 O
N
" 364 & o
< |
Figure 33 — Test chart for col endering
3>

A tedt chart according to Figure 27 should be used. Fo sﬁ\-}XIbl]lty of the measurement, the size of the
coloyr patches and their location on the test chart t be different to take into accounpt a uniform

illuntination of the test chart and the individual c:@era field of view of the CMS under test.

Use dight colours (R, G, B, Ye, Cy, Mg, black, and V\N\ute) based on x-rite “ColorChecker” chart ot equivalent.
(The|“ColorChecker” chart is the chart knov@as the former Macbeth ColourChecker, which was widely

used|in the photographic industry for co&b—r managing application).

The colour patches shall be arrax@bd to keep an even distance from the image centre.

m

[he arrangement order s}e@ave the complementary colour on the opposite side.

The background o géitches should be covered with a neutral grey colour having a diffuse
feflectance p of ab %.

The positionin&he illumination 2 and the relative distance of CMS camera to the ¢hart should
e ad]usted at there are no direct reflective or direct incident light from the illunjination 2 to
¢amera o

If ne1?§ aylight nor sunlight are used, the illumination shall be similar to the CIE Dp5 standard
ifll ffu tand have a correlated colour temperature of T¢ = 6 500 K with a tolerance of +1 500 K.

These colour patches are known to be time deteriorating. It shall be properly renewed and avoid
using an aged product or chart product that have been over exposed to sunlight or to UV light source
as well.

The whole camera image area should be covered by the chart image and avoid disturbance of
adjustment due to unknown background image and/or illumination (e.g. measure under a stable
automatic white balance adjustment).

The measurement should be started once the camera finalizes the auto white balancing operation.
If there remains any deviation of the neutral grey colour after the standard automatic white
balance convergence operation, the deviation value should be reported aside the colour patches
measurement, and any instability in the convergence point, if any, shall be reported alike. In general,
due to the automatic white balancing characteristics of a camera system, CMS can exhibit some
amount of deviation from the ideal white balance.
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If manual white balancing is applicable to the measurement, the camera should be pre-adjusted
with a white neutral chart, prior to the colour rendering chart measurement.

The test arrangement should be tested prior to the measurement and adjusted to keep an even
illumination of the overall area of the chart under standard CIE D65 illuminant and any chromatic
disturbance due to illumination effect should be eliminated from the measurement arrangement
(e.g.unbalanced illumination, exterior incident light, reflected light from non-neutral surroundings).

Measure the colour coordinates of the patches of the target chart for i = R, G, B, Ye, and white using
spectroradiometer or colourimeter, based on CIE 1976 uniform colour space, as coordinates (u’, v').
Measure and report the original colour patch and the colour temperature of the illumination under which

the chartco
for any of th
used and illy
colour degr4

Measure thd
as (u,v') =

chromatic hjue angle of each colour patches, in reference to the referential whité patch on the mo|

and verify t
is shown in |
by Formulag

0

icolor =

icolor =

0

icolor =

0

icolor =

where u’j and v’ are the measured colour coordinates values of the target

G, B, Ye) of t
patch (ori=

NOTE S¢
for the four ¢
expressed in

Verify that t
neutral whi

Uuul lJCltLhCD al T Iiicdadsul Cd. ThC IIICadosul Cd dqta Uf \,U}Uul PGtLhCD ;ll itDC}fiD llUt dil Cbtl)’
e further calculation, but a record of data is advised as a way for confirming that the

imination are appropriate. Note that charts exposed to UV ray or aged colour chaxts
idation and the chart measurement record helps to self-check the chart deteripration st

reproduced colour patch portion for i = R, G, B, Ye, and white on the CMS output mo
i, V'it) and (W, v') = (u’, v’y) for the reference white respectively. Then, dalculate the rel

hat hue angle satisfy the requirement described in 6.8.3 (an illustration of the require

Figure 21). The chromatic hue angle of the reproduced patch on-the output monitor is
(54) to (57):

Vie—

U'j—

V'rJ,for 1st quadrant where (u';;—u',)>0. "and (v';;—v',)>0

arctan
u r

180° +arctan w , for 2nd quadrant where (u';;—u',.)<0 and (v';;—v'.)=0
Uije—Uy

T 1
ViemVr

180° +arctan , for 3rd quadrant where (u';;—u',)<0 and (v';;—v',.)<0

Ujp—u,

T 1
ViemVr

360°+arctan , far'4th quadrant where (u';;—u'.)=0 and (v';;—v',.)<0

T
r

1
u'y—u

w=n
1

colour patches (for
he chart on the monitot and (u’, v’ is the colour coordinates value of the reference “w
white) reproduced-on the monitor.

veral engineéring software provide a single trigonometric function to calculate all angular
b simple'single formula, [e.g. atan2(u’ — u’y, Vit = v’)].

he‘reproduced colour patch on the monitor for i = R, G, B, Ye are distinguishable fror

Le patch. To verify, measure the Euclidean distance for each of measured colour patgq

used
thart
uffer
atus.

hitor,
ative
nitor
ment
riven

(54)

(55)

(56)

(57)

| =R,
hite”

value

juadrants.as¢a single function, given within the range from -180 ° to 180 °, making the definition

n the
h

“w=n

1

from white patch (i = white) as:

R; :\/(u

The R; shall

'it—“'r)z +(V'it“"r)2

be larger than the value defined in 6.8.3.

7.8.4 Artefacts

(58)

Check if the operators manual refers to possible artefacts and their result of partial occlusion of the field

of view and

72

of the objects which may require the driver to be especially alert and attentive.
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7.8.4.1 Smear

Use the Test 4.1 defined in 7.8.2 and first check if there is any occurrence of smear effects. If any smear
is observed, check that the luminance level caused by the smear is less than 50 % of the maximum
luminance value of the displayed glare source luminance level, which is causing the smear effect.

7.8.4.2 Blooming and lens flare

Use the test methods 4.1 and 4.2 as defined in 7.8.2 to check if the blooming and lens flare requirements

ptaining the
e of the test
s lower than

formly by a

Lo cover the

are fulfilled.
7.8.4.3 Point light sources

2
Verifiication is not required. (19
7.8.4.4 Colour noise (r_)Q

NO
Verifiication is not required. O
7.8.4.5 Chromatic aberration c‘)\\
Veriffication is not required. QQ<<
7.8.3 Sharpness, resolution, and depth of field s\\§\
Z

7.8.3.1 Sharpness ®
The $harpness is expressed as the MTF50(1;1),]§gdefined in 3.18. It may be measured by o
spatial frequency response function SFR of nted edge chart, as defined by ISO 12233 gr by using a
hyperbolic resolution chart as presented\ig 3.
The typical sharpness shall be mea -ed at the focal distance of the camera. The distanc
charf from the camera entrance pupil to the chart d shall be 6 m or less if the focal distance i
6 m.
The used chart, including @ grey background/foreground, should be illuminated uni
diffuised light source, typé D65.
A typical chart co xd with five black squares to form the slanted edges for the spatial frequency
resppnse (SFR) rement is shown in Figure 34. In case chart size is not sufficient

complete field

Annd

iew of the camera at the measuring distance please follow the instructi
oreground masking chart.

© ISO

Figure 34 — Slanted edges composed by black squares
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The instructions for the location of the measuring image height described below apply to the sharpness
measurement and the depth of field measurement, whenever applicable. The centre black square and
corner black square are representative points for the measurement of sharpness at centre and 70 % of
image height. (Note that 100 % “image height” refer to maximum size of the image toward the diagonal
size from the image centre). The 18 % grey level background is intended to keep the CMS auto exposure
system adjusted to an appropriate level, avoiding underexpose or overexposure during the evaluation.
The chart maximum luminance contrast shall not be more than 80:1. For the slanted edges analysis, a
60 % luminance modulation of the edge is recommended.

Most of the engineering software for SFR measurements consider that the output edge of these slanted
edge are formed by a roughly 5 degrees rotated edge. If lens distortion causes the black square to be
inappropriafely rotated, the chart should be rotated accordingly to compensate the lens distorton and
achieve an image output with edges of roughly 5 degrees rotation.

The SFR is calculated on an image that is taken by a reference camera on the moniter of the|CMS
displaying the test chart. The reference camera should take a partial close up image withat least four
times pixels|of the cropped image.

The measurpd MTF50(1.1) values should be reported in the following table.

Table 11 — Example for the sharpness report

Left Left Right Right

Rosition Centre top bottom top bottom

Hor. Sharp. [LW/PH]
Ver. Sharp. [LW/PH]

Step-by-step instruction:

1) Arrange the chart in the desired distance and verify that the monitor of the CMS displays theg test
pattern|surrounded only by the 18 % grey field:

2) Capturg the output image on the CMS monitor using a reference camera.

3) Perform the SFR measurement on the.above capture image with an appropriate software tool (see
ISO 12233), and obtain the spatial frequency value where the SFR curve response drops to 30 %.
When the SFR measurement is.fiot available, the hyperbolic resolution chart is used to directly
verify the MTF50(1.1) spatial\frequency point.

4) Perform the test on allrequired point and fill this value in the according Table 11.

For conversjon of units;refer to D.3, D.4, or D.5

7.8.5.2 Depth effield

The depth of field measurement is required to ensure the capability of the CMS to observe and recognize
details within the range of interest behind the vehicle. Thus, the resolution (MTF) of the CMS shall
achieve necessary criteria to recognize objects at different distances.

The term “depth of field” used in this International Standard refers specifically to the range that the
CMS can properly reproduce the image on the monitor according to the need of the CMS, and it does not
coincide with the common term “depth of field” used in photographic industry.

The intention of this testis to detect changes within the range of the depth of field. Hence only differences
in resolution are relevant to observe. For simplification the depth of field, it is assumed to be solely
affected by the lens and sensor characteristics.

For verification of the requirements given in 6.8.5.2 follow the MTF test procedure given in 7.5.3 for the
centre point with chart distance d equals 4 m, 6 m, and 10 m.
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For CMS replacing wide-angle mirrors with radius of curvature rpyjrror < 400 mm (e.g. UN REGULATION
NO. 46 class IV mirrors), the measurement at 10 m may be omitted.

7.8.6 Geometric distortion

Verification is not required.
7.8.7 Further Image quality requirements

7.8.7.1 Pixel faults

Veriffication is not required.

7.8.7.2 Flicker

Veriffication is not required.

7.8.1.3 Visual artefacts

Verifiication is not required.

7.8.1.4 Gloss of the monitor housing

Veriffication is not required.
7.9 | Time behaviour

7.9.1 Frame rate

It negds to be ensured that the manufacturer of the CMS provides information on the framle rate of the
system.

7.9.2 Image formation time

Veriffication is not required.

7.9.3 System latency

The 4ystem latency-describes the latency of the complete CMS. The system latency tgsy, is the tiime between
a light flashes-on-in front of the camera until it is visible in the display (e.g ts; < 200 my). Figure 35
shows a setup‘for the measurement of the complete system latency independent of the technologically
implementation of the CMS. The test area is a darkroom and the environmental temperafure is room
temperature 22 °C + 5 °C.

© IS0 2015 - All rights reserved 75


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505:2015(E)

Key

1 lightsou
2 camera
3 monitor
4

5

ECU

1

Fce

light intgnsity measurement device 1 at the monitor

light intdnsity measurement device 2 near the camera position

H Inoms A Cnl J

Figure 35 — Setup for the measurement of the complete system latency

W

The light soyirce generates light within the visible spectrum and the light intensity measurement dejices

are sensitiv

For testing,
use a senso

oscilloscopg

The light in

order to con

arranged in

to a standal

difference o
measureme

e within the visible spectrum.

nt.

a white LED can be used as a light source. The light intensity measurement device |shall
" that is approximately ‘adapted to the human eye sensitivity V(A). All (modern) 2-channel
s with an analoguesbandwidth of >100 MHz (digitizing rate > 0,5 GSamples/sec) are suitable.

fensity measurenient at the camera captures the start of the light flash and is requirgd in
hpensate themise time of the light source. The light intensity measurement at the display is
the centrefpf'the display. Both light intensity measurement devices 1 and 2 are conngcted
'd 2-chahnel digital sampling oscilloscope with Delta-Time-Measurement-Modus. The|time
ff thesesignals is the system latency, ts;,. Figure 35 shows an example screenshot of sfich a

7.10 Failure behaviour

Verify whether examples of possible failures exist in the operator’s manual. Verify that in case of failure
of the CMS, the driver can recognize the system failure according to the examples in the operator’s

manual.
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7.11 Quality and further ergonomic requirements
7.11.1 Needs of older persons

7.11.1.1 Decreasing accommodation

Verify that the operator’s manual gives advice about the decreasing accommodation capacity of the
human being and recommends suitable aids according to the user needs.

7.11.1.2 Glare due to high luminance of the monitor

Verifly that the CMS is dimmable under night condition either manually or automatically.

7.12 Influences from weather and environment

Verifly that the operator’s manual gives suitable cleaning instructions and releyant safety jnstructions
in orfler to maintain a clear view.

8 Functional safety

Camera Monitoring Systems covered by this International Standard have to be considergd as safety-
relevant systems because

a) their correct function is a necessary aid to the driver’in various traffic situations, and failure to
erform this function can therefore lead to accidents, and

b) isbehaviour of those systems can lead to jrritation or distraction of the driver, in ¢onsequence
ading him to cause an accident.

Thergfore, application of the safety standards relevant to the application domain (e.g. ISO 26262) shall
be cdnsidered.
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Annex A
(normative)

Standard application on class Il and IV mirrors in commercial

A.1 Gendral

This Annex
replace UN |
also providsg

A.2 Spec

This subcla
compared t

The main re

— Indirect
aconse
of wind

— Comme
often al
Spatial
of addit

— It is coj
viewing

— Class IV
mirrors
rather y

— The dis
and for

concept

— The usH

vehicles

provides specific requirements for commercial vehicles when implementiig,CMS
REGULATION NO. 46 class Il and IV mirrors. Rationales for these specific requirement]
d.

ific vision considerations for commercial vehicles

what can be valid for passenger cars.
asons behind the need for specific requirements are:

vision is much more important in commercial vehigles in relation to the direct vision. T
quence from significantly larger blind spots thatiesult from a combination of lower por
bw surfaces and higher driver locations over the road surface.

Fcial vehicles are usually more complex, heavier, and bigger than passenger cars. The
50 notas dynamic as passenger cars regarding what speeds and accelerations are achiey
rientation in relation to the surroundings (infrastructure and other road users) is ther
onal importance.

mmon that drivers switch between different vehicles with different direct and ind
conditions.

and main mirrors for, the Japanese market have smaller radius than the other rear
covered by this Ifiternational Standard. In actual usage, mirrors with smaller radi
sed to notice objects than to get a detailed representation of surrounding objects.

finction between front-mounted and side-mounted mirrors is common in certain ma
certain vehicle types that predominantly are equipped with one or the other install
The different installation concepts provide different performance levels.

cases for plckmg up people and/or goods often depend on the ex1st1ng infrastructu

that
s are

1se provides rationales why commercial vehicles sometimes @eed specific requirements

hisis
tions

y are
able.
cfore

irect

view
i are

rkets
htion

re of

|

termin
necessa

1 and-dals T idad 1L 1d +lb ool L Lliclodl,
Santaenver y 1U\,auuuo 1 IC lJl oviaea vistof- siotratnererotre e CoLauuoucu Oasta U

ry driving behaviour to handle these specific use cases.

A.3 Requirements

A.3.1 Fiel

d of view

the

The complexity of vision in a truck and semitrailer combination is shown in Figure A.1. The ground
level is covered by different means of vision, direct vision via window openings as well as indirect
vision provided by different classes of mirrors. The direct vision to the rear is often blocked by the
superstructure. In this case indirect vision is the only solution to provide the required fields of view.
The fields of view for class Il and class IV mirrors have an intersection set that is covered by both mirror
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classes. While driving a commercial vehicle, different folding angles between truck and trailer lead to
panned areas of interest regarding indirect vision.

VK

Key
gxamples of areas of direct vision

gxamples of areas of blind spots

legulated field of class I main mirrors

1legulated field of class IV wide-angle mirrors

egulated field of class Vclose-up kerb-view mirror or camera
1legulated field of classVI close-up front mirror or camera
¢abin

trailer

O© 0 N O U1 o W N =
—

ffrailer positions in special driving situations

Figure A.1 — Area on ground covered by different means of vision

A.3.1.1 Changed field of view for special driving situations

With traditional mirrors, these special driving situations are normally handled by additional head
movements resulting in the panning of what can be seen via the rearview mirrors.

With a CMS, the changed fields of view should be achieved in other ways. 6.2.3 and 6.2.2 provide basic
requirements for this. However, for commercial vehicles there are more use cases that need more
detailed consideration regarding changed fields of view (see more information in Clause 5 and B.5).
Based on the needs for specific vision considerations for commercial vehicles (according to A.2), it gets
very important to provide these changed fields of view.

It is not possible to establish precise requirements that can be valid for all vehicle variants and
combinations. The OEM has, therefore, to derive the minimum requirements from a thorough analysis
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of the intended vehicle variants or combinations. These requirements are there to secure that the CMS
is performing at least as good as the traditional mirror system that it replaces. Grouping into categories
of vehicle variants and combinations is allowed, where each category corresponds to a different level
of requirements according to the bullet list below. Examples of such categories are provided in B.2.4.4.

Requirements describing the changed fields of view shall be established with consideration to the
following aspects:

— The displayed fields of view should correspond to the result of an analysis of what is needed in the
special driving situations for the vehicle combination and transport purpose that the changed fields
of view are intended for (see B.2.4.2 and B.4.).

— Thedisplayed fields of view sizes shall result from a thorough analysis of what changed fieldsleflview
are gainjed by head movements in corresponding vehicles with traditional mirrors. (See example in
B.2.4.1 3s well as specific input regarding panned fields of view in B.2.4.3.2.).

— Incase ¢fexpanded fields of view by changed magnification: Changed fields of view¢shall be proyided
so that fontinuous lines remain continuous (see B.2.4.3.1.).

— The changed fields of view shall be temporary and shown for the adequate time-period according to
the analysis of the special driving situation (see B.2.4.3.3.).

— Ifautonjatically activated, the changed field of view shall appear gradually in order not to distra¢t the
driver. If a non-gradual changed field of view is still proposed as/benkeficial, the benefit of provjding
it this Way shall come from a thorough analysis of the specific driving situation when itis to befused
(see B.214.3.4.).

— The functionality of the changed fields of view that{the CMS provides shall be clearly| and
comprehensibly described within the operator’s manual.

See B.2.4 that summons more details of the procedure to use when establishing these bulleted
requirements, including an example for one category’of vehicle combination.

A.3.1.2 Showing different fields of view in the same monitor

When implgmenting CMS replacements-for more than one mirror class, it gets natural to show more
than one fie|d of view in the same display. However, in that case all images of the different fields of|view
shall be shoyn simultaneously.

As a development it can also beehvisaged that one monitor is able to cover a combined view from more
than one field of view. Stillthie’ minimum requirements outlined in this International Standard shall be
met though {Redundant ififormation can be avoided for the driver.

A.3.2 Monitor integration inside vehicle

In addition [to the requirements provided in 6.7, the following requirements apply for commgrecial
vehicles.

The image of the right side field of view shall be presented to the right of the longitudinal vertical plane
through the ocular reference point. The image of the left side field of view shall be presented to the left
of the longitudinal vertical plane through the ocular reference point.

RATIONALE: See A.2 specific vision considerations for commercial vehicles.
NOTE1 A deviation from this arrangement can be allowed for specific vehicles used in typical driving
conditions. This is, however, only allowed in case studies show significant advantages for these specific vehicle

classes in the typical driving conditions.

NOTE 2  The fulfilment of the requirement will in unclear cases be based on a judgement where fulfilment is
secured if the main portion of the monitor is fulfilling the requirement.
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A.3.3 Magnification and resolution

A.3.3.1 Average magnification factor

The minimum requirements are given in 6.5.1 of the main standard text. These correspond to the
replacement of front-mounted mirrors.

However, when replacing side-mounted mirrors, it is recommended that the corresponding average
magnification factor is used. This is derived from applying the maximum an;--or values found in the table
provided in B.6.1. This subclause provides these magnification factor values. The calculation formulae
are found in B.3.

A.3.3.1.1 Average magnification factor for side-mounted mirrors (driver side)

For UN REGULATION NO. 46 class Il mirrors on the driver side, the value calculatés+to:

=

driver/avg/side = 0,31 for side-mounted mirrors

And In the same way, for UN REGULATION NO. 46 class [V mirrors on thé-driver side, the valye calculates
to:

=

driver/avg/side = 0,091 for side-mounted mirrors

A.3.3.1.2 Average magnification factor for side-mounted mirrors (passenger side)

For YN REGULATION NO. 46 class Il mirrors on the passenger side, the value calculates to:

=

passenger/avg/side = 0,16 fOI' Slde'mounted mirrors

Similarly, for UN REGULATION NO. 46 class' IV mirrors on the passenger side, the value caldqulates to:

=

passenger/avg/side = 0,046 for sidesmounted mirrors

A.3.3.2 Magnification factor variation
The magnification factgris allowed to vary under the following conditions:

— The average value of the varying magnification shall stay above the average required mfagnification
3s given in 6.5,1 and A.3.3.1.1 and A.3.3.1.2.

— The minimum value of the varying magnification factor of the system shall stay aboye the below
yaluesfor each mirror replacement.

— (Continuouslines shall be Hicp]aypﬂ as continuous

— The variation should have an appearance of continuity to the driver, or otherwise be clearly shown
(e.g. by a dotted line).

— The behaviour of the varying magnification within the required field of view should also be either
constant or go from higher to lower values with increasing total viewing angles £.

For CMS replacing side-mounted mirrors, the definition for the mirror minimum magnification factor
given in 3.2.26 and 3.2.27 shall be replaced by the following values:

Class II:

Mariver/min/side = 0,28 for side-mounted mirrors
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Mpassenger/min/side = 0,14 for side-mounted mirrors

Class IV:

MGriver/min/side = 0,054 for side-mounted mirrors
Mpassenger/min/side = 0,016 for side-mounted mirrors

See B.6 for more information about varying and minimum magnification factors.
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Annex B
(informative)

Formula applications, explanations, and guidelines

General

This
requ
Stan

NOTH
stand

Annex summons the formulas as well as explanations and guidelines to be used when
rements for each of the UN REGULATION NO. 46 mirror classes covered by~this I
lard or any other national regulation with similar mirror installations.

The software to calculate the magnification factor requirements is available at ISO we
ards.iso.org/iso/16505/).

B.2
This
B.2.

The
natid

B.2.]

For @

o

Field of view (design guidelines)

subclause is based on the field of view definitions found in/3.3.14, 3.3.15, and 3.3.16.

| Minimum horizontal field of view

subclause describes the minimum allowed value“for asystem/nor as defined by the
nal body. This is denoted as @mirror/hor/min for thesmirror to be replaced, and is measurg

.1 Minimum horizontal field of view for UN REGULATION NO. 46 class I mirrors

lass | UN REGULATION NO. 46 mirrgr-replacements, this means:

20 ,
7 m=Y camera

=arctan +arctan

establishing
hternational

bsite (http://

responsible
bd in degree.

T
myy camera

system/hor 2 & mirror /hor /mid 2 2
(Xcamera + 60m) *Z camera \/(Xcamera +6

B.1)

(0 a

- — *
 system/hor =% monitor /hor = % camera/hor pcamera/hor

[=]

2 2
m) *+Zcamera

(B.2)
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Key
1 groundl
2 driversg

RATIONALHK:

The field of ¥
road centre
the driver’s

B.2.1.2 Mij

For class II |

X system/H

(B.3)

& system/

RATIONALH:

UN REGULA

Dimensions in metres

1

20

hor

provide the

bvel

The precise wording accompanying Figure B.1 in UN REGULATION NO. 46 states:

or = @ mirror /hor /min

=

monitor phot =

cular point

Figure B.1 — Area on ground to be covered by class I mirrors

=max

a

arctan

arctan

Tm-— Y camera

\/(xcamem +4m)2 +z

5m-— Y camera

2

camera

\/(xmmem + 3Om)2 +z

*
camera/hor = Pcamera/hor

2

camera

+arctan

+arctan

nimum horizontal field of view for UN REGULATION NO. 46 class Il mirrors

N REGULATION NO. 46 mirror replacements,;on commercial vehicles, this means:

ycamera

Fision shall be such that the driver can see at least a 20 m widé, flat, horizontal portion ¢f the
l on the vertical longitudinal median plane of the vehicl¢’and extending from 60 m bghind
pcular points to the horizon.

( + 4m)2 +
Xcamera Ztamera

Y camera

2 12
\/(xcamera + 30m) + 4 camera

(B.4)

The-minimum field of vision that shall be covered by class Il mirrors according to

TIONUNO. 46 is illustrated and described below. Which part of the two formulas tha
highest value depends on how much the mirrors protrude outside the maximum width of

will

the vehicle.

The precise wording accompanying Figure B.2 in UN REGULATION NO. 46 states:

The field of vision shall be such that the driver can see at least a 5 m wide, flat, horizontal portion of
the road, which is bounded by a plane which is parallel to the median longitudinal vertical plane and
passing through the outermost point of the vehicle on the driver’s side of the vehicle and extends from
30 m behind the driver’s ocular points to the horizon.

In addition, the road shall be visible to the driver over a width of 1 m, which is bounded by a plane
parallel to the median longitudinal vertical plane and passing through the outermost point of the vehicle
starting from a point 4 m behind the vertical plane passing through the driver’s ocular points.

The corresponding text is valid on the passenger side.
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Dimensi
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k
1

Key
1 g

NOTH
reary

B.2.]

For a

o

BO-

30 N

round level 6\

[river’s ocular point Q<<

Figure B.2 — Area on ground to be Q@red by class Il mirrors

The field of vision extends rearwards to t orizon, i.e. also vertical vision has to
vards at a level similar to the height of the ocular erence point.

ons in metres

be provided

imera

2,2
m) *+Zcamera

mera

.3 Minimum horizontal field of v1e@or UN REGULATION NO. 46 class III mirror]
lass 111 UN REGULATION NO. 46 n@r replacements, this means:
O® arctan lm— y“’”;em - +arctan Ve
\/(Xcamera + 4m) +Z camera \/(Xcamera +
system/hor e % mirror /horymin — Max A
m-y
%\% arctan < 2 +arctan Yed
\/( Xcamera T 20m) Z camera \/(Xcamera +2

- *
sy /hor = Xmonitor fhor = % camera/hor ~ Pcamera/hor

2 2
Om) *+Z camera

(B.6)

RATIONALE: The precise wording accompanying Figure B.3 in UN REGULATION NO. 46 states:

The field of vision shall be such that the driver can see at least a 4 m wide, flat, horizontal portion of the
road, which is bounded by a plane parallel to the median longitudinal vertical plane and passing through
the outermost point of the vehicle on the driver’s side of the vehicle and extends from 20 m behind the
driver’s ocular points to the horizon. In addition, the road shall be visible to the driver over a width of
1 m, which is bounded by a plane parallel to the median longitudinal vertical plane and passing through
the outermost point of the vehicle starting from a point 4 m behind the vertical plane passing through
the driver’s ocular points.

The corresponding text is valid on the passenger side.
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Dimensions in metres

1

X2 Xmirror
27 Zmirror
ground |
minimur
Figu
B.2.1.4 Mi

For class IV

& system/H

(B.7)

bvel (minimum horizontal field of view) G\\}\*\
h vertical field of view (%)
N\
re B.3 — Field of view for class III mirro.t@?defined in UN REGULATION NO. 46
3

xO
nimum horizontal field of view fo&HN REGULATION NO. 46 class IV mirrors

UN REGULATION NO. 46 mlrrorgéplacements this means:

S

O 4,5m—
Gpctan y can;era +arctan Y camera2
. 2 12
S O \/(Xcamera + 1'5m) *+Z camera \/(Xcamem + 1,5m) + 2 camera
br <= X mirror /hor /min \_@X

% 15m_ycamera Y camera

Q arctan \/ 2 2 +arctan 5
Q‘ (Xcamera +10m) *+Zcamera \/(xcamera+10m) +zgamem

& system/,

— *
hor % monitor /hor = % camera/hor = Pcamera/hor

(B.8)

RATIONALE: The minimum field of vision that shall be covered by class IV mirrors according to
UN REGULATION NO. 46 is illustrated below. Which part of the two formulas that will provide the
highest value depends on how much the mirrors protrude outside the maximum width of the vehicle.

The precise

wording accompanying Figure B.4 in UN REGULATION NO. 46 states:

The field of vision shall be such that the driver can see atleast a 15 m wide, flat, horizontal portion of the
road, which is bounded by a plane parallel to the median longitudinal vertical plane of the vehicle and
passing through the outermost point of the vehicle on the driver’s side and which extends from at least
10 m to 25 m behind the driver’s ocular points.
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In addition, the road shall be visible to the driver over a width of 4,5 m, which is bounded by a plane
parallel to the median longitudinal vertical plane and passing through the outermost point of the vehicle
starting from a point 1,5 m behind the vertical plane passing through the driver’s ocular points.

The corresponding text is valid on the passenger side.

Dimensions in metres

25

L5

)

i

Key v
1 groun }&9

2 clrgg' ocular point

Figure B.4 — Area on ground to be covered by class IV mirrors

B.2.2 Minimum vertical field of view

The subclause describes the minimum allowed value for @system/ver as defined by the responsible national
body. This is denoted as @mirror/ver/min for the mirror to be replaced, and is measured in degree.

B.2.2.1 Minimum vertical field of view for UN REGULATION NO. 46 class I mirrors
For class | UN REGULATION NO. 46 mirror replacements, this means:

z
— camera
& system/ver za system/ver /min — arctan ( j (B9)

Xcamera + 60m
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erationale in B.2.1.1.

nimum vertical field of view for UN REGULATION NO. 46 class II mirrors

For class I UN REGULATION NO. 46 mirror replacements, this means:

& system/ver za system/ver /min

NOTE Se

anmera

X +4m

camera

= arctan(

|

e rationale in B.2.1.2.

B.2.2.3 Mij

For class 111

& system/

NOTE S¢

B.2.2.4 Mi

For class IV

& system/,

NOTE A
rationale in H
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To fulfil the
that area sh
up mirror (‘
windows.

NOTE1 Fd
as the area o
a formula or
different veh

NOTE2 Ja

showing up afroundthe rear portion on the left side of the vehicle”.

nimum vertical field of view for UN REGULATION NO. 4.6 class III mirrors

UN REGULATION NO. 46 mirror replacements, this means:
nimum vertical field of view for UN REGULATION NO. 46 class IV mirrors
UN Regulation No. 46 mirror replacements, this means;

.

cording to Figure B.4, the vertical field of visionds only limited by the area specified on groun
2.1.4.

anmera

er 2 system/ver /min = arctan [ am

Xcamera

e rationale in B.2.1.3.

anmera
+25m

anmera
+1,5m

er 20

system/ver /min — arctan [

X

camera camera

imum field of view for vehicle types in Japan

corresponding Japanese regulation, the following area on the ground and in height 3
buld be covered by a combination of the main mirror on the passenger side, the front g
front mirror”), the side clese-up mirror (“side under mirror”), and direct vision throug

r the Japanese visionrzegulation, there are also requirements for the vertical field of view. How
h ground can be-cavered by a combination of mirrors and direct vision, it is not possible to in
State a generahrequirement. Figure B.5, B.6, B.7, and Table B.1 show the areas to be covered f
cle types.

panesesREGULATION main mirror means “Those mirrors used mainly for observing obs

(B.10)

B.11)

B.12)

1. See

bove
lose-
h the

ever,
clude
r the

acles

acles in

NOTE3 Ja

aese

front of the vehicle”.

NOTE 4
showing up a

88

round the front portion on the left side of the vehicle.”

Japanese REGULATION side under mirror means “Those mirrors used mainly for observing obstacles
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Dimensions in metres
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1  qgcular reference point A‘\Q
2 ield of vision for passenger side (e
3 ont under mirror field of view (r'mirror E\Q,}S m) passenger
4 assenger side main mirror field of '%\C(rm,-m)r 20,6 m)
5 river side main mirror field of view (rmirror 2 0,6 m)
6 utmost point of driver side é
7 utmost point of passenge(s_%
8  (river side O
9 assenger side N

[EEGY
_ o

ain mirror Q
ont under @Br
Figlire %— Area on ground to be covered for cab-over type trucks according to the Japanese
G) vision REGULATION NO. 44 (GVW < 8 ton)
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Dimensions in metres
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9

1  ocular rgference point . c\)j\‘

2 field of vjsion for passenger side Q\

3 frontunder mirror field of view (rmirror- :2 m) passenger side
4  passenggr side main mirror field of v@/ (rmirror 2 0,6 m)

5  driver sifle main mirror field of 6s;{rmim)r 20,6 m)

6  outmostfpoint of driver side GJ

7

8

9

outmost([point of passen % e
side undpr mirror fiel@ew (R=20,3m)
driver sifle ?‘

10 passengér side %Q

11 main migfro

12 front unaie%nirror
13 side under mirror

Figure B.6 — Area on ground to be covered for cab-over type trucks according to the Japanese
vision REGULATION NO. 44 (GVW 2= 8 ton)
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Dimensions in metres
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Figure B.7 — Area on ground to be covered for motor vehicles with a passenger capacity of
11 persons or more according to the Japanese vision regulation
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Table B.1 — Dimensional requirements for different vehicle types within the Japanese vision

regulation

Vehicle category

Requirements (field of vision)

Rear traffic condition °

0 m to 50 m behind the
vehicle (driver and pas-
senger side)

0,3

Dimensions in millimetres | Dimensions in millimetres

~N
3
X

0,3
Cab-over tyge truck X N/A
(GVW = 8 ton)
Cab-over type truck X X N/A
(GVW < 8 ton)
Motor vehicle with a X X N/A
passenger cdpacity of
11 persons or more (all)
Passenger cqr X X N/A

NOTE X:vallid requirement.

B.2.4 Considerations regarding changed fields of view

B.2.4.1 Bdckground for sizes of changed fields of view (example for class II and 1V)

Special drivlng situations require changed fields of'view to keep track of where the vehicle is in rel
to the surrpundings. This is as mentioned .im;A.1 specifically important for commercial veh

htion
licles.

Figures B.8|gives two illustrated typical examples of situations in which changed fields of viey are
needed in rglation to what is offered by different means of vision like direct vision via window openings

and indirect vision from regulated mirrers or cameras (see also Figure A.1).

Figure B.8 — Typical driving situations where truck combinations get folded:
Rigid truck with trailer (left) and truck tractor with semi-trailer (right)

Studies have been made of the head movements that drivers of heavy commercial vehicles make in order
to keep track of the surroundings in special driving situations. Table B.2 gives the results for the example
of a truck tractor connected to a semi-trailer (as illustrated in right part of Figure B.8). The table gives
the head movements in different directions for three typical driving situations together with the rated
benefits and what mirrors were used.[Z]
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Table B.2 — Examples of head movements in special driving situations for a truck tractor

connected to a semi-trailer

Head movement
Benefit
Drivin (5-degree scale,
. ng Forwards | Rearwards Left Right Average/Max 1 equals poor Mirrors used
situation
and 5 equals
excellent)
Round-about |83 % 17 % 50 % 50 % 17/30 cm 4 83 % class Il driver side
67 % class Il passenger side
Reversimg TOU™70 U706 770 770 337/50Tm +,0 10096 chasstinassenger side
57 % classdldifiver side
Turning 75 % 0% 50 % 50 % 17/20 cm 4,5 75 %(class 11 pdssenger side
50%)class IV ppssenger side
As can be seen in the right-most column of Table B.2, the changed field,of>view achieyed by head

movg
movg

The 4

bments is mainly used for the class Il main mirrors when comparing with to what
bments are used together with the class IV wide-angle mirrors.

imount of head movement will depend on vehicle/vehicle combination as well as under

thes
of w
by ad

Base
mirr
then
migh
is pr

cond{tions the vehicle is used. In case of a vehicle equipped with.a'CMS that replaces traditidg

head movements correspond to requirements for changed/fields of view necessary t
ere the vehicle is in relation to the surroundings. Changed fields of view may be supp|
justed default views or temporary modified views.

d on studies like this, it is possible to get a pieture of the additional fields of view {
brs provide in special driving situations thanks to head movements. These addition
be compared with what is the minimum regulated field of view and what a vehicle m
t provide as extra indirect vision going beyond the regulation requirement. An illustr
pvided below in Figure B.9.

extent head

vhat driving
nal mirrors,
b keep track
orted either

hat existing
hl fields can
anufacturer
ation of this
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Key
regulatidn: legally required ground level area for class Il mirrors according to ECE 46-02
ordinary|driving: additional area covered in the driver side class Il mirror

special driving situations: additional area covered ifnthe driver side class Il mirror when head movements are
utilized

Figure B.9 — Illustrationof the relations between mirror class Il areas

The important thing to recognize is/that the additional fields of view provided by head movenpents
with traditipnal mirrors is quite big compared to the minimum area required by regulation and what a
vehicle manjfacturer can previde in addition to that.

Itis also impjortant to renieiber that the different mirror classes provide different magnification faptors
and resolutipns due to the different allowed minimum radii. Due to this, it becomes natural that drjivers
rather use the class.il/main mirrors if they can as they provide more detail and less distortion|than
class IV and|similatsmirrors with smaller allowed glass radii. This is also identified in the results [from
research as [visible in Table B.2.

B.2.4.2 Recommendations for quantifying the changed fields of view

The size of the changed field of view to be used in special driving situations should come from studies
of how much is gained from the head movements for each mirror class in vehicle combinations and
driving situations that the vehicle will be used in. An example of such studies is given in Table B.2 and
in Reference [7].

There are always worst case vehicle combinations and driving situations that correspond to maximum
required sizes of the changed fields of view. These maximum required sizes are, however, not useful in
every special driving situation. This indicates that the system needs to provide the maximum required
size for the worst case vehicle combination and driving situation, but how much of that should be used is
either set by the driver or automatically set from triggering on vehicle or driving condition parameters.
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Even though it is not legally required, OEMs (Original Equipment Manufacturers) normally provide an
additional field of view except from what is required by regulation. The changed field of view should
therefore be established with reference to the actual field of view that the OEM provides, and not only
to the regulatory field of view.

B.2.4.3 Recommended provisions for providing changed fields of view

B.2.4.3.1 Recommended provisions regarding expanded fields of view by changed
magnification

Insp cial r‘]riving situations itisallowedto nvp:\nd thefield of view in caseitcannotbe shown comp]etely

with|the original magnification. The change in magnification should however fulfil certajnrg¢quirements
linkdd to how it is provided. Two typical requirements that still would need to be considergd are that

— ¢ontinuous lines should be displayed as continuous, and

— the variation should have an appearance of continuity to the driver, or otherwise be clearly shown
e.g. by a dotted line).

'e B.10 shows an example of what it can look like when the field‘ef'view is expanded|by changed
magnification. See more about the behaviour of the varying magnifigation factor in mirrof systems in
B.3.1]

&
c

—_—

)

Key
1 d4queezed.area

n 40

Figure B-1t0—FExampleshowingamexpandedfieldof viewwhere theouter parthas-a different
magnification factor

B.2.4.3.2 Recommended provisions regarding panned fields of view

When the driver changes the field of view by moving his/her head, what actually takes place is panning.
This means that the shown field of view is transferred to show another area of the surroundings. An
example of what this panning can look like is shown below in Figure B.11.
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Panned to the right

With a CMS,
one of the fg

a) if the fi

mirrors;

b) ifitiscl
situatio

Figure B.11 — Illustration of panned fields of view

panning can be one way of providing the changed field of view. Panning is allowed if at
llowing provisions is fulfilled:

bld of view changes instantly as fast as the driver can.move the head with the tradit]

parly shown that drivers will not have any use of nét shown fields of view in special dr
hs and that this does not cause any safety risks,

B.2.4.3.3

The changedl fields of view shall be provided fora‘period of time linked to the special driving situa|

when they

Changed fie
that is most
of view can

— manual
field of

— manual
activati
what w

— activati

ecommended provisions regarding time-periods for showing changed fields of v

re needed.

ds of view (expanded or parined) normally will need to return to the original field of
useful in ordinary driving.The temporary transitions between original and changed f
fake place in different ways:

riew;

indirect activation by the driver in combination with a vehicle condition (e.g. secon
bn by the indicator when the vehicle is already in a turn; i.e. the driver knows in ady
1l happen);

least

ional

iving

ew

kions

view
ields

activation by the dtiver with a switch only and directly used for the function of the changed

dary
ance

htion

birtrigged automatically by a vehicle or environment condition (e.g. the vehicle combin

d o+

i Tz A o rhginm o ala i Ao o sk oty c
1S bent OvVera€certatit angrec ottt a tertarSptea; e

If the change is temporary, the changed field of view can be available for a time period, and then it
returns to the original field of view.

If the changed field of view means the regulated area is no longer covered or that it is not shown by
fulfilling general requirements on magnification, etc.; then the changed field of view shall return to the
original after a certain time period. The time period has to be established from thorough analysis of the
valid use cases applicable to the changed field of view.
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B.2.4.3.4 Recommended provisions regarding user interactions for providing changed fields of
view

For manual activation it is allowed to show the changed field of view at once or that it gradually shows
up to the maximum extent.

Automatic activation shall come gradually until the changed field of view is shown to its maximum
extent.

When gradually changing the field of view, the time period until the maximum extent of the field of view
is shown should be defined. This is valid for both for manual and automatic activation. The time period

shou,
field

The

Atai

d.be established from fhnrnngh ana]ycic of the valid Hriving situations app]irah]n to

of view.
DEM has to take care that automatic activation will not cause annoyance for the driver

estart, the automatically changed field of view shall return to the originalfield of view]

usefil in ordinary driving.

See 4

B.2.4

As m

the s

In or
vehig
fulfil

requ

In Fij

Iso the valid requirements in 6.2.

4 Categories of vehicles for changed field of view analyses

entioned in A.3.1.1, the requirements for the changed fieldvof view shall come from at

he changed

S.

that is most

1 analysis of

pecial driving situations with a certain vehicle combination used for a certain transpojrt purpose.

der to facilitate the establishment of these requirements, it is possible to group the
le combinations into different categories. The vehicles within one such category will
the same level of requirements. The creationof these categories makes it easier to es

yehicles and
'hen have to
tablish valid

rements without having to analyse each aind-every single vehicle variant and combinaltion.

bure B.12 typical vehicle combinations*are shown.

pul T D.14

When looking into requirements to handle changed fields of view, it is normally sufficient to consider
some of the categories within Figure B.12, i.e. the rigid truck and the truck tractor with a semi-trailer.
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The rigid truck category will then represent all different usages that rigid trucks can have. It will also be
representative for the case of a truck tractor without any semi-trailer connected to it. Figure B.13 below
shows examples of different usages for rigid trucks.

=
© ®
a) Van body b) Dump body
Tmm 1A J
@
d) Tipper

o—@o—- |

f) Swap body carrier

g) Hooklift h) Tanker

Figure B.13 — Examples of rigid truck usages

The second|category to consider corresponds to a different level of requirements and is formgd by
the truck trpctor with semi-trailer. By focusing on this, it will at the same time be possible to usg the

corresponding requirements for the.other vehicle combinations, see Figure B.13.

RATIONALH: The reason forwhy this is sufficient can be seen in Figure B.8. When comparing a {ruck
tractor with a semi-trailer-and a rigid truck with a trailer, the rear end of the semi-trailer sweeps the
largest area| This corresponds to the need for the largest changed field of view. Hence the truck tractor

with a semi{trailer willneed the highest level of requirements.

B.3 MagTification factor (explanations)

B.3.1 Magnification factor variation

The magnification factor in rearview mirrors vary depending on different aspects:

distance, amjrror, from eye-point to mirror;
radius, rmirror, of the mirror;
distance, dopject, from the mirror to the object;

viewing angle, 3, (total angle between the ray leaving the object and reaching the eye-point after
bouncing into the mirror surface).

Considering the magnification factor of an image seen through a mirror, the rpyjrror is a constant and
amirror 1S also treated as a constant because the effect due to variation on viewing points are almost
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negligible in this case. However, the magnification is largely affected by dopjecc and B. Therefore a detailed
evaluation is done to determine a relevant magnification value representative for the traditional mirror
to be replaced by a CMS. These dependencies are illustrated in Figure B.14.

Key
1  d-variation (increasing)
2 [-variation (increasing)

NOTH The figure shows the different distanees, dopject, and viewing angles, 8

Figtire B.14 — Top view of the class’IV field of view on the passenger side for a truck|and semi-
trailer combination

Figure B.15 and Figure B.16 Show the effects of varying dopjece and f respectively:
M a
object_o
M=1

M=M,

mirror/0

d__ =infinity d

object™ object

Figure B.15 — Magnification factor variation, M, depending on distance to object, dypject
(with g =0)
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M
M=M,

mirror/0

MEO '
0 20

40

60

80 100 120 140 160

180 ﬂ mirrd

Figure B.16 — Magnification factor variation depending on total viewing angle,

(With dobject = OO)

In case of trfaditional mirror systems, only a limited angular range-is used. This is the shown relq
B-range, which leads to a relevant magnification-range. Only, that area has to be considered
defining a required magnification-value (see Figure B.17). The relevant f-range comes from a stu|
the required field of view in a variety of mass production vehicles in today’s market.

M

S~
=

W/

/4
/

3

/|

vant
when
dy of

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Key
1 dopject-variation (increasing)
2 relevant M-range

3 relevant f-range (restricted to the required field of view)

NOTE The example comes from the class IV mirror on the passenger side.

B

Figure B.17 — Magnification factor variation depending on both distance to object, dopject, and
total viewing angle,
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Figure B.17 gives an example of simulation result of magnification affected by the viewing angle and
object distance. The magnification with objects in the infinity converges to the lower curve.

The relevant f-range for the different mirror types has been established by measuring the minimum and
maximum viewing angles to cover the required field of view. This procedure is illustrated in Figure B.18
for the case of a class IV mirror replacement.

X

f |

ol !

T

S —
s
'
'
;

Key
1lequired field of view according to UN REGULATION NQ: 46
2 (driver ocular reference point

3 Pmirror/driver/min ON the inner side of the required field of view and Bmirror/driver/max On the outer side of the
lequired field of view

NOTH This example shows the case ofaielass [V mirror replacement on the driver side.

Figure B.18 — Relevant B-rangeresulting from the minimum viewing angle, Bnirror/adiver/min, and
the maximum viewing angle, Bmirror/driver/max to cover the required field of view

The $tudy to establish.the f-values on today’s products is done in a 2D top view by letting a line start
from| the Ocular Referénce Point, continue via the centre point of the mirror glass, and then pass either
side pf the required-field of view.

The following photograph in Figure B.19 illustrates what these dependencies can look like in reality.
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O
Figure B.[19 — Magnification factor variatiqtéxemplified with a class IV mirror field of view
QY
N
B.3.2 Magnification factor formulas'.

Magnificatign factor formulas are @ed to facilitate that requirements can be established to jnake
sure that the Camera Monitor Sy ehaves at least as good as the traditional mirror system.

.

The formuld for Mg that corrés@nds to dopject = o and f = 0 (i.e. when standing straight in front gf the
mirror) is shown below:

M, (ﬁ =0'dobject _§~
D

\~ 1
mi 'rémirror ) = T 2a.. (B.13)
T

Mo(a

Tmirror

The formulae used for establishing the estimated magnification factor are provided below.

Formula (B.14) gives the variation in magnification that comes from varying the total viewing angle, £,
while the distance to object, dopject, is kept as infinity.

M (ﬂ'dobject = oo)

. a . Aa
M= lim ———= lim —————
Aa—0 AP —Aa  AB—0 AP —Aa
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. r . . r .
arcsin —*sm& —arcsin —*smﬁ
. a+r 2 a+r 2
— M= lim 5 5
N . r . . .
Pi=be B, — By —arcsin| ——*sin"2 |+arcsin| —— *sin "1
a+r 2 a+r 2
B >ﬂ1;a=amirr0r;r:rmirror

Formula (B.15) gives the variation in magnification that comes from varying the distance t
dobject, while keeping the total viewing angle, f, at 0.

L AN

(B.14)

o the object,

/I(ﬁ :O'dobject)

M= !

*
2amirror dobject

1+

I'm

ula (B.16) provides the approximation of the real magnification factor taking i
tions of both total viewing angle, §, and distance to object, dopject. i Ttilizes Formulae (1
B.15).

irror (amirror + dobject )
Fornj
varid
and

—

U (dobject , ﬁ)approximation

M(ﬂ =0,dobject)*M(,B'dobjeCt :OO)

d(ﬂ'dobject )=~ M
0

With| the Formula (B.16), all relevant d-values atid - values are brought together into ong
resulting M-factors are shown in Figure B.20~The constant value, Mprror/avg, representing
of al] the relevant M-values within the f-range, has to be defined for all mirror classes. In
the Mmirror/avg is shown as an example for the mirror class IV on the passenger side. The §

also the differences between the value of Mg (for the irrelevant case = 0) and the defined |

1  Due to the varying density of the curves representing the variation from different distarj
irfor/avg does not necessarily appear at the mid-point of the relevant M-range.

NOTH
sheet|

2 For the exact datathat results in the given Mmjrror/avg for the different mirror classes,
“magnification with.rddius and distance calculator” provided at http://standards.iso.org/iso/16

(B.15)

hto account
8.13), (B.14),

(B.16)

e graph. The
the average

Figure B.20,
rraph shows

Mmirro r/avg-

ces to object,

see the Excel
505/.
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LIt is
h can
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M
—
\\\\\
o
\
= \
——t——t+t— T ——+— M,
W mirrdr/a
N
1
/
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 S

Key
1 relevant|f-range

Figure B{20 — Principle of magnification factor variation over the full field of the rearvie

mirror (introducing Mo and Mmirror/avg)

B.3.3 Average and minimum magnificationfactor recommendations
The averag¢ magnification in the mirror is\defined and used as the requirement for the avg
magnification factor, Mmirror/avg- When doing-this, it becomes important that the biggest and sm{
viewing angles, B, found in existing vehicles‘are considered.
If only the gverage magnification i§ used as a requirement, magnification values within the range of
total viewing angles could deviate\quite a lot from the behaviour of a traditional rearview mirroj
reasonable fo allow a variationfithe magnification inside the field of view, where the magnificatio
be lower thgn Mmirror/avg intheouter parts (increasing ) of the displayed fields of view.
For rearviey mirror systéms, the magnification factor actually varies depending on from what dire
the mirror i being viewed. More details of what this variation depends on are found in B.3.
Figure B.21|below~shows the resulting magnification range for the relevant f-angle range desc
above.
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=

Mmirror/avg

M,

. . e
mirror/min

/

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 pS

Key
1 1elevant f-range

Figure B.21 — Resulting magnification factor value based on the variation of the trjaditional

rearview mirror

ot

In orlder to secure the appropriate performance of the CMS, it gets important to avoid miagnification
valugs that go below the ones of the corresponding traditional mirror system for the same range of total
viewfing angles. This means that an additional requirement for the minimum allowed magnification,
Mnmirtor/min, is necessary. The behaviour of the varying magnification within the required field of view
should also be the same as for the corresponding traditional mirror system with respecf to viewing

angles, .

In addition to this, Figure-B.22 shows different alternatives for how the magnification factor can vary
including aspects of beifig continuous or not for varying viewing angles, S.
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//

i
i
v

== Mmirror/avg

s

Al/[mirror/min 7 éjg
N

1
/

2
0O MO 20 30 40 50 60 70 80 90 100 110 120 130 %OQ})O 160 170 180 S
Key QQ

1 relevant|B-range N\
v K&

Figure B.22 — Examples of possible magn{(&ltion factor variations

N

Figure B.23|shows what it would look like in reality ﬁﬁ@he example where the magnification factor is
kept constapt for a limited number of f-ranges. \O

Figure B.23 — Example of a possible magnification factor variation with an appearance of
continuity
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B.3.4 Magnification aspect ratio

The magnification aspectratio in mirrors depends on mainly the same values as the magnification factor.
The magnification aspect ratio is defined as the ratio between horizontal and vertical magnification
factor in a mirror.

To get the values for the allowed magnification aspect ratio, Formula (B.17) is used:

(B.17)

M, My, M(B,d=x)
To si D ToTI I ICation aspect ratio; the vatues are define r both sides
of the different mirror classes. Still the requirements for the magnification factors in\horizontal and

vertical direction have to be fulfilled. (19

For feplacing close-up mirrors (with r < 400mm like the wide-angle class IV ngi?l:or on|commercial
vehigles), no magnification aspect ratio restriction is required. Qg)

RATIONALE: Mirrors with a radius smaller than 400 mm are mainlOsed to notice gurrounding
objeq¢ts rather than observing them precisely. The magnification in tggzontal and vertidal direction
is not impaired by that, and has to be fulfilled. That is, higher maﬁgi cation aspect ratios mean that
obje¢ts in the display are getting bigger than they are with a ma@i ation aspectratio =1

Figures B.24 and B.25 show examples of what different magn@gfcion ratios will look like for the class Il

and ¢lass IV mirrors respectively. \Q\
%

NOTH

Figure B.24 — Example for class Il mirrors on the passenger side
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B.5 Use ¢

B.5.1 Use|

B.5.1.1 Driving situ@ﬁs where changed fields of view are important

ff both, the camera and monitor by a facto

2015(E)

om left to right: magnification within the actual mirror, M =1, M = 3, 3@0’33.

X

Figure B.25 — Example for class IV mirrors on the gssoenger side
L

s\\\}

m resolution (guidelines)

to make sure that the optics itself is fulfil the MTF requirement. Increasing the

1,5 compared to the MTF10Mmn(1:1) as de

f%mgnal degradation by the CMS and avoid alig
a

gh probability to fulfill the MTF resolutu:;gﬁement defined in 6.5.3, a system d
1

8.17 can be used as a guideline to cope
ho is “skilled in the art” would kn
the random content of an image \\

s, the MTF resolution I‘GQUISIGIH defined in 6.5.3 shall be fulfilled with the final syst

®)

ase descriptions idelines)

cases related @@riving situations

St of @ cases in Clause 6, the main identified special driving situations where
¥Ent1al while using conventional mirrors are

Psign
pixel
fined
sing.

t using a factor of at least 1,5 is reasonable for

head

through a round-about with trailer connected (see Figure B.27),

Figure B.28), and

From the li
movementsfa
a) pulling
b) driving
c)

d) turning

left or right around corners with connected trailer (see Figure B.29).

manoeuvring towards an exact location for leaving or picking up people and/or goods (see

Situations b), ¢), and d) come from research made with truck drivers. Similar investigations could be done
with heavy buses, passenger cars with different trailers or other big or more complex vehicles/vehicle
combinations where visibility problems are expected.
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g

Figure B.26 — Pulling out into a main road from an attaching road at an angle

e

Figure B.27 — Driving in a round-about with a trailer connected

Figure B.27 shows the condition with a tractor truck and a semi-trailer, but it is equal with e.g. a
passenger car and a caravan. By moving the head it will be possible for the driver to see the semi-trailer
rear end in the mirror.
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Figure B.28 — Manoeuvring towards an exact location for leaving-or picking up people and/or
goods

Figure B.29 — Turning left or right around corners with a connected trailer

Figure B.28 and Figure B.29 shows a tractor truck with a semi-trailer, but the vehicle combination could
also be, for example, a passenger car with a caravan.

These driving situations are used as typical examples. However, depending on vehicle type and transport
task, there are probably additional driving situations that will also need to be taken into account.
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B.5.2 Use cases related to non-driving situations (heavy truck examples)

Except from indirect vision while driving, indirect vision is also required in cases where the driver or
any passenger intend to leave the vehicle. In order to set the exact requirements for this, each specific
use case should normally be analysed.

Here are the stages of some use cases thatare typical when using heavy trucks. As reference, the ordinary
entrance and start-up procedure is also included. Not all of the listed stages are directly influencing the
activation of a CMS. However, several of them might either be used for activation or be influencing how
the system needs to be controlled.

B.5.7.1 Normal entrance and start-up procedure
1) Unlock initiation
2) OQpening door from outside

3) (Getting seated and applying seat belt

4) lgnition switch activation

5) Parking brake released

B.5.2.2 Normal close-down and exit procedure
1) Vehicle stationary

2) Parking brake engaged

3) lgnition switch turned off

4) Removal of seat belt and leaving seat

5) Opening door

6) (losing door

7) lLocking vehicle from ougtside

B.5.2.3 Resting exit procedure
1) Driver and/or passenger in vehicle
2) Manual or-automatic activation (compare foldable mirrors)

3) OQpening-door from inside

4) (losing door (for deactivation)

B.5.2.4 Resting start-up procedure
1) Driver and/or passenger in vehicle
2) Getting seated

3) Ignition switch activation

B.5.2.5 Working exit procedure (e.g. at a construction site)
1) Engine onidle

2) Power take-offs engaged

© IS0 2015 - All rights reserved 111


https://standardsiso.com/api/?name=d911954feba44fd696eb2d2afe3dbd23

ISO 16505:2015(E)

3) Leavingseat
4) Opening door from inside
5) Closing door from outside

6) Possible need to lock door from outside while engine is still running

B.6 Mirror positions on commercial vehicles

This subclause outlines additional considerations in regard to mirrors.

B.6.1 Distance to driver ocular reference point in existing vehicles

The distance from the driver ocular reference point to each respective mirror on an existing vehicle
forms an inpportant input for establishing the magnification requirements. Figure B.30 shows these
distances in[the example of class Il and IV mirrors on a heavy left hand drive commefgcial vehicle.

1
A

d mirror/driver

3
L
Key
1  driver sifle mirrors
2 passenggr side mirrors
3 classll
4 classIV
5  driver odular referénce point

Figure B.30.—~Distances between driver ocular reference point and class Il and IV mirrorg on
driver and passenger side for a left hand drive vehicle

Table B.3 lists distance values from ocular reference point to each mirror glass for different existing
vehicles.

The distance values within bracket are valid for front-mounted or “hanging” mirrors as opposite to
distance values for side-mounted mirrors provided without bracket. When the mirrors are of the front-
mounted concepts, values naturally become bigger. An illustration of these two different types of mirror
concepts is given in Figure B.31.
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Table B.3 — Typical values for some different commercial vehicles

Vehicle type: brand and

Distance from

Distance from

Distance from

Distance from

Short mirror arm

model ORP to DS class II | ORP to PS classII | ORP to DS class IV | ORP to PS class IV
(model year 2012) mirror mirror mirror mirror
Y (mm) (mm) (mm) (mm)

Heavy buses
Mercedes Travego (1471) (2422) (1403) (2363)
Setra TC 400 (1362) (2357) (1 296) (2 310)
Setra S 515 (1564) (2467) (1576) (2 480)
Volvp 9700 (1624) (2505) (1591 2 475)
Heayy trucks
DAF KF (2,6 m variant) 881 2 195 1002 2 258
HINO 700(2,5 m cab)
Lowgst ground height 831 2104 913 2 142
ISUZU GIGA (2,5 m cab) 893 2 146 826 2 182
ISUZU GIGA (2,5 m cab) (1117) (2421) — 2 490)
Mack Pinnacle 930 1885 950 1920
MAN TGS (2,3 m cab) 878 2016 947 2 054
MAN TGX (2,5 m cab) 797 2114 872 2 150
Merdedes Actros (2,3 m 904 2080 987 2115
cab)
Merdedes Actros (2,5 m 806 2144 894 2177
cab)
UD Quon LHD 816 2123 954 2 202
UD Quon RHD (988) (2370) — 2 409)
Volvp FH (2,5 m cab) 890 2150 1020 2 220
Volvp FM 890 2160 1010 2 230
Volvp VN 992 2006 1032 2019
Medjum-heavy trucks
DAFCF (2,55/2,6 m 903 2198 1034 2 246
varignt)
HIN(Q 500 (2,2 m narrow
cab) 1012 2012 1070 2 046
Lowest ground\ieight
HIN(Q 500 (2,4 m wide cab)
Lowestground height 833 2017 914 2 055
ISUZU FORWARD (2,2 m
cab) 889 1873 959 1923
Short mirror arm
ISUZU FORWARD (2,2 m
cab) 1021 2018 1087 2064
Long mirror arm
ISUZU FORWARD (2,2 m (1102) (2 147) . (2 200)
cab)
ISUZU FORWARD (2,4 m
cab) 889 2063 959 2109
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Table B.3 (continued)

Vehicle tvpe: brand and Distance from Distance from Distance from Distance from
}goc.lel ORP to DS class II | ORP to PS class II | ORP to DS class IV | ORP to PS class IV
(model year 2012) mirror mirror mirror mirror
y (mm) (mm) (mm) (mm)
ISUZU FORWARD (2,4 m
cab) 952 2122 1018 2166
Middle mirror arm
ISUZU FORWARD (2,4 m (1102) (2 315) o (2363)
cab)
Mercedes Atggo (2,3/2,45m 946 2069 1022 2103
cab)
Renault Midlum (min 808 1996 744 11982
mirror offsef 0 mm,
2,3 m cab)
Renault Midlum (max 942 2173 884 2096
mirror offsef 200 mm,
2,3 m cab)
Renault Prethium (mirror 942 2154 884 2096
offset 100 mjm, 2,3 m cab)
UD Condor LiHD (2,1 m cab) 837 1839 765 1813
UD Condor RHD (2,1 m cab) (1002) (2098) — (2151)
UD Condor RHD (2,3 m cab) (1002) (2 251) — (2299)
Volvo FL 978 2008 1040 2073
Light truckg
ISUZU ELF (1,7 m cab)
Short mirror arm (1143) (1805) o o
ISUZU ELF (1,8 m cab)
Middle mirrgr arm 906 1759 o o
ISUZU ELF (1,8 m cab) (1167 (1 955) . .
Long mirrorjarm
ISUZU ELF (2,0 m cab)
Long mirrorfarm D029 1933 o o
ISUZU ELF (2,0 m cab) (1177) (2 115) o .
Long mirrorfarm
Mercedes Spfinter/VW- 962 1726 . .
Crafter (shofft mirrorarm)
Mercedes Sprinter/VW 922 1828
Crafter (medidm mirror — —
arm)
Mercedes Sprinter/VW 990 1877
Crafter (long mirror arm)
Average dimensions 917 (1 283) 2029 (2 261) 952 (1 466) 2098 (2 354)
Max dimensions 1029 2198 1087 2 258
(1 624) (2505) (1591) (2490)
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Figure B.31 — Difference between side-mounted (left) and front-mounted: (right) mirror
concepts

Figure B.32 illustrates the necessary relation between mirror positions-and the total superstructure
width for side-mounted and front-mounted mirrors.

Key

cabin

rear body

front mounted mirrors
side mounted mirrors
narrow cabin

wide cabin

N O U1 W

coach bus

Figure B.32 — Relation between mirror concepts and typical commercial cabin widths
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The main standard text provides the minimum requirements for class Il and IV mirror replacements
based on the larger maximum distances coming from the front-mounted mirrors. However, it is also
recommended that the actual maximum distances for side-mounted mirrors are used when replacing
them by a CMS. From this, the images provided by the CMS get as similar as possible to those provided
by the corresponding traditional mirror system. See A.1 for more input on specific vision considerations
for commercial vehicles.

Below these

complementary values are given for the two classes of side-mounted mirrors.

B.6.2 Maximum distance to driver ocular reference point (driver side)

This subcla
vehicles for

For class 11 §

Amirror/d

The same v4

RATIONALH:

B.6.3 May

This subclayse describes the maximum value for amirror/passenger-that is found in existing homolog

vehicles for

For class II 4

Amirror/p

The same v4

RATIONALH:

B.7 Maximum mirror distance for a new vehicle with a different layout than

existing vi

In the case
layouts of e
different ge
position or
to do this, if
between dr

TSE desTribes the MaximumT vatue foT Omirror/driver AT 1S foUmd 1T exX{Stimg omoiog
the given mirror class. It is denoted as amirror/driver/max and is measured in metres.

nd IV UN REGULATION NO. 46 mirrors, this value is defined as:

Fiver/max/side = 1,1 m for side-mounted mirrors

lue can also be used for vehicles meeting a different national regulation.

See Table B.2 above for further explanations.

rimum distance to driver ocular reference point (passenger side)

the given mirror class. It is denoted as amirror/passetiger/max and is measured in metres.
nd IV ECE-R 46 mirrors this value is defined as:

issenger/max/side = 2,3 m for side-mounted niirrors

lue can also be used for vehicles meeting a different national regulation.

See Table B.2 above for further explanations.

ehicle types

bf a completely~tiew vehicle with a layout that to a great extent differs from the conj
kisting vehielesvvithin the markets, the performance of the CMS should be adapted t
bmetrical.properties of the new layouts. Examples can be vehicles with a central dr
rehicless\wihere the driver is positioned particularly high or low above the ground. In

should*be beneficial to study the different coordinate components of the distance a
ver ‘ocular reference point and mirror centre. These component values in the x, y,

coordinate

yated

rated

mon
b the
iving
rder

mirror
ind z

irections canthen be studied and r‘nmpnrpd ngnincf fypir‘:ﬂ values for vehicles that ald

eady

exist within
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the market(s) that the vehicle is intended for.
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Calculation of the dimensional magnification and of a correction

factor to obtain the angular magnification

C1

This
a ned

C.2

The ¢alculation is given for an ideal case with the chart aligned perpendicular to the optic:
CMS camera and displayed on the CMS monitor and viewed from a perpendicular observatig
the chart centre displayed on the monitor.

Figure C.1 describes a test arrangement for measuring theimagnification by using a chess
The CMS camera entrance pupil to chart distance is d, theYORP to CMS monitor distance

and image radial height 1/2*Awcpgrt and 1/2*Awppnitor- Xefers to the distance from the optic
e chart to the chart specific measuring point (edge of a square) and the corresponding distance of
xis, which is
nd Aa’/2 are

on tH

the image displayed on the monitor measured frontthe image point displaying the optical a
the cross point of the perpendicular line passing‘the optical centre. The angular size 4a/2 a

givel

General

Calculation of the dimensional magnification

I by the following formulae.

Annex provides detailed information on the calculation of the dimensional mfagnificption and of
essary correction factor to obtain the angular magnification in an opticallysymmetri¢al design.
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