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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 ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO 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 sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO 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 of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Cominittee ISO/TC 22, Road vehicles, Subcomnjittee SC 35,
Lighting and visibility.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.

This|second edition cancels and.replaces the first edition (ISO 16505:2015), of which it gonstitutes a
mindr revision.

The I—uain changes compared-‘to the previous edition are as follows:

— 6.1 has been added; and all subsequent subclauses in Clause 6 have been renumbered, in order to
glign with the subclause structure in Clause 7.

Any feedbackwor'questions on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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ction

The purpose of this document 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 document 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 docu
e.g. intende

Furthermor
size and reg
those requit

The given r
world scene|
all relevant

reated as a functional system in regard to requirement definitions and performancéxt

nt outlines general requirements and test methods regarding the basic aspégts of
use, operating readiness, field of view, magnification, etc.

e, this document outlines requirements and test methods regarding thenecessary o
olution provided by the CMS. Besides the properties of the mirror system to be repl
ements are also based on physical aspects of the human operator fe.g/visual acuity).

pquirements follow the assumption, that the CMS provides amideal mapping of the
To correspond to reality, this document also provides requirements and test method
parameters that worsen the ideal mapping (e.g. isotropy_erartefacts).

Finally, this
and failure

All require
of the coverj
these are pr

This docum
relevant sy

I

document gives requirements and test methods regarding the aspects of time beha
ehaviour.

ents are established to be as generic as possible;i.e. that these are possible to apply t
ed rearview mirrors. If additional or specific information is required for certain miy
pbvided in separate annexes.

ent declares that CMS replacing legally. prescribed mirrors have to be considered as sg
tems and therefore, relevant safetystandards (e.g. [SO 26262) have to be considered.

pSts.

CMS;

bject
hced,

real-
s for

yiour
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fety-
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Road vehicles — Ergonomic and performance aspects
of Camera Monitor Systems — Requirements and test
procedures

1 Scope

This
Syst

as de
road

part

NOTE1  Mirror classes V and VI (as defined in UN Regulation No. 46) are not in scope of this do

ther

NOTE 2  The definitions and requirements in this document are formulated with regard to a syst

q

of this document.

¢quirements are already defined in UN Regulation No. 46.

document gives minimum safety, ergonomic, and performance requirements for Camjera Monitor
ms to replace mandatory inside and outside rearview mirrors for road vehicles (e.g: classes I to [V
fined in UN Regulation No. 46). It addresses Camera Monitor Systems (CMS) that wi]l be used in
vehicles to present the required outside information of a specific field of viéw inside| the vehicle.
Thesle specifications are intended to be independent of different camera and display techno
othefwise stated explicitly. Advanced driver assistance systems (ADAS), such’as parking

gies unless
hids, are not

cument since

bm structure,

wherf one camera captures one legally prescribed field of view and*one monitor displays one legallly prescribed

field

fieldd of view) are within the scope of this document. For those Systems, either the system supplier
manyfacturer has to prove that the resulting system fulfilsithe requirements given in Clause 6.

NOTH 3  Whenever the phrases “field of view” or. “field of vision” are used, then both have the s
and are to be used in parallel.

2

Therge are no normative references in this document.

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

ISO gnd [EC maintain'terminological databases for use in standardization at the following ¢

3.1

pf view. Of course, also other system structures (e.g. with)yone monitor displaying two legal

Normative references

Terms and definition's

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

y prescribed
br the vehicle

hme meaning

ddresses:

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 Regulation No. 46).

[SOURCE: ISO 13043:2011, 3.1]

© IS0 2019 - All rights reserved
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vehicle coordinate system
positive x-axis pointing into the opposite of the forward movement direction of the vehicle, the z-axis
being orthogonal to the ground plane pointing upwards and the y-axis pointing to the right seen in
forward movement direction thus forming a right-handed coordinate system

3.1.3

driver’s ocular points
points that are uniquely defined for each vehicle

Note 1 to entry: See Figure 1.

Note 2 to ent
responsible 1

EXAMPLE

of the driver’
longitudinal
longitudinal
by the vehicld

3.1.4
driver ocul
ORP
middle poin

Note 1 to ent

a2 Ocularp
b Qcular rd
EXAMPLE

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

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

ar reference point
L between the two ocular points of the driver

ry: See Figure 1.

—— a b
/ [ = X X
R
N HERHIY R
: Y I__ '
) g ¢
SHE) |
\ C“\J\ —= 1 IL |
Dints.
ference point.

Figure 1 — Driver ocular reference point

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

bf the

bint R
rtical

rtical
rified

mple

given in driv

r'socularpaoints (31 3)
13 2=y

3.2 Mirror related terms and definitions

3.2.1
mirror
device with

areflective 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 from mirror distance to driver ocular reference point (3.2.2) to mirror angular
resolution (3.2.28) assume an ideal mirror and do not deal with artefacts like low quality surface, dirt, etc.

© ISO 2019 - All rights reserved
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3.2.2
mirror distance to driver ocular reference point
distance from the driver ocular reference point to the centre of the mirror

Note 1 to entry: See Figure 2.

Note 2 to entry: It is denoted as a and is measured in metres.

mirror

Note 3 to entry: The mirror distance to driver ocular reference point influences the resolution and the
magnification requirements for a CMS replacing a mirror. The designed resolution and magnification of a CMS
should take into account that this distance is usually lower than the maximum values given in the following
subclauses.

3.2.3
maximum mirror distance to driver ocular reference point
<driyer side>maximum value for a as found in existing homologated vehicles for the given mirror
class|on the driver side

mirror

Note [l to entry: It is denoted as a and is measured in metres:

mirror/driver/max

— for UN Regulation No. 46 class I mirrors, this value is defined as ;o /arfves/max = 1,05 m;

— r UN Regulation No. 46 class Il mirrors, this value is defined as ;%) driver/max = 1,7 m;

— r UN Regulation No. 46 class Il mirrors, this value is defined-as.dp;--or/ariver/max = 1,2 m;

— r UN Regulation No. 46 class IV mirrors, this value is defined as a 1,7 m.

mirror/driver/max =

Note |2 to entry: The above values represent the maximunidistances for mass produced vehicles of MY 2013
(basgd upon 2013 survey).

Note 3 to entry: See B.6.2 for more information on the€-values for class Il and class IV mirrors.

3.24
maxjmum mirror distance to driver.ocular reference point
<pasgenger side>maximum value fof a as found in existing homologated vehicles fpr the given
mirrpr class on the passenger side

mirror

Note [l to entry: It is denoted as a and is measured in metres:

mirror/passenger/max

— for UN Regulation No. 46°class Il mirrors, this value is defined as ;o1 /passenger/max = 2,6 M;
— for UN Regulation Ng»%6 class Il mirrors, this value is defined as a,,,;,o,/passenger/max = 1,9 M;
— for UN Regulation'No. 46 class IV mirrors, this value is defined as a,ror/passenger/max = 2,6 M;

— flor mainiprors on cab-over-engine type trucks according to Article 44 of Japanese Safety Re¢gulations for
oad Vehicles, this value is defined as a =2,5m;

mirror/passenger/max

to Article 44

— for mirrors on the other vehicle category in Japan refer to Article 44 of Japanese Safety Regulations for Road
Vehicles.

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

Note 3 to entry: See B.6.3 for more information on the values for class Il and class IV mirrors.
Note 4 to entry: According to Article 44 of Japanese Safety Regulations for Road Vehicles main mirror means

“Those mirrors used mainly for observing obstacles showing up around the rear portion on the left side of the
vehicle”. See Figures B.5, B.6, and B.7.

© IS0 2019 - All rights reserved 3
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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 mirro

r

Note 1 to entry: See Figure 3.

Note 2 to entry: Itis denoted as §,,;,,,, and is measured in degrees.

3.2.6

minimum n
<driver side
class on the

Note 1 to ent
for UN R
for UN R
for UN R
for UN R

Note 2 to ent]
upon 2013 sy

3.2.7

maximum mirror viewing angle
>maximum value for f,;.,.,-as found in existinig homologated vehicles for the given mjirror

<driver sid¢g
class on the

Note 1 to ent
for UN R
for UN R
for UN R
for UN R

Note 2 to ent
upon 2013 sy

3.2.8
minimum 1
<passenger

pirror viewing angle

driver side

y: Itis denoted as Byjrror/driver/min and is measured in degrees:

egulation No. 46 class I mirrors, this value is defined as B,;yror/driver/min = 20 %
egulation No. 46 class Il mirrors, this value is defined as B0, driver/min =35 F;
egulation No. 46 class Il mirrors, this value is defined as B,,,;-or/ariver/iin = 30 %
egulation No. 46 class IV mirrors, this value is defined as B,p,;,roanifer/min = 95 *

ry: The above values represent the minimum angles for mass produced vehicles of MY 2013 (}
rvey) regarding the required field of view.

driver side

y: Itis denoted as Byjrror/driver/max @nd isimeasured in degrees:

egulation No. 46 class I mirrors, this yalue is defined as B,,,;or/driver/max = 65
egulation No. 46 class Il mirrogs, this value is defined as B, /driver/max = 75 %
egulation No. 46 class Ill mirrors, this value is defined as B0, /driver/max = 65 %
egulation No. 46 class4V'mirrors, this value is defined as B,i-ror/driver/max = 125 °-

['y: The above values represent the maximum angles for mass produced vehicles of MY 2013 (|
rvey) regarding-the required field of view.

hirrorviewing angle
sidé>minimum value for B, as found in existing homologated vehicles for the {

mirror clas

>minimum value for ;... as found in existing homologated vehicles for the given miirror

based

based

riven

or‘the passenger side

Note 1 to entry: It is denoted as B,,,;r/passenger/min aNd is measured in degrees:

for UN R
for UN R

for UN R

egulation No. 46 class Il mirrors, this value is defined as B0, passenger/min = 80 %
egulation No. 46 class Il mirrors, this value is defined as B,;rror/passenger/min = 95

egulation No. 46 class 1V, this value is defined as By ror/passenger/min = 80 %

Road Vehicles, this value is defined as B,;or/passenger/min = 94 %

of Japanese Safety Regulations for Road Vehicles, this value is defined as B,;-ror/passenger/min = 90,5 °-

for main mirrors on cab-over-engine type trucks according to Article 44 of Japanese Safety Regulations for

for main mirrors on motor vehicles with a passenger capacity of 11 persons or more according to Article 44

© ISO 2019 - All rights reserved
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for mirrors on the other vehicle category in Japan refer to Article 44 of Japanese Safety Regulations for Road

Vehicles.

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

Note 3 to entry: According to Article 44 of Japanese Safety Regulations for Road Vehicles, main mirror means
“Those mirrors used mainly for observing obstacles showing up around the rear portion on the left side of the
vehicle”. See Figures B.5, B.6, and B.7.

3.29
maximum mirror viewing angle

<pasfenger side>maximum value for j,;..,- as found In existing homologated vehicles.t
mirrpr class on the passenger side

Note [l to entry: It is denoted as B, /passenger/max aNd is measured in degrees:

Note [2 to entry: The above values represent the maximum angles for mass produced vehicles of MY
upon|2013 survey) regarding the required fieldofview.

Note |3 to entry: According to Article 44 ofJapanese Safety Regulations for Road Vehicles main 1
“Thos$e mirrors used mainly for observing obstacles showing up around the rear portion on the I¢
vehide”. See Figures B.5, B.6, and B.%

3.2.10
distdnce from mirror to,object
distgnce from the mirror.te’an object being viewed by the driver

Note|l to entry: See Figure B.14.

Note P to entry: Itis'denoted as d,,;,, and is measured in meters.

3.2.11
mirnorsadius of curvature
radiys-of the sphere that specifies the shape of a spherical mirror surface

r UN Regulation No. 46 class Il mirrors, this value is defined as B, ror passengermin= 9° %
r UN Regulation No. 46 class Il mirrors, this value is defined as f,,;.o, passenger/max = 85 %
r UN Regulation No. 46 class IV mirrors, this value is defined as B,,,;- o1 bassenger/max = 150 %

r main mirrors on cab-over-engine type trucks according to Article 44 of Japanese Safety Re
oad Vehicles, this value is defined as B,rror passenger/max = 111 %

r main mirrors on motor vehicles with a passenger capacity.of 11 persons or more according
fJapanese Safety Regulations for Road Vehicles, this value\is defined as B0, passenger/max = ©

for mirrors on the other vehicle category in Japan refer to Article 44 of Japanese Safety Regulat
Vehicles.

br the given

gulations for
to Article 44
e,

ions for Road

2013 (based

hirror means
ft side of the

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: Itis denoted as r

mirror and is measured in metres.

© IS0 2019 - All rights reserved
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1 a

mirror

mirror

3.2.12
mirror min

minimum allowed value for r

Note 1 to ent
Note 2 to ent
— forUNKR
— forUNKR
— forUNKR
— for UN R

— for main|

Road Vehicles, this value is defined as r

— for main|
of Japan(

7 |
)
e
P<

]
|
|
J
7
AT
1t
I

= 2

Figure 2 — Mirror radius of curvature

imum allowed radius of curvature

mirror S defined by the responsible national body

Fy: Itis denoted as r and is measured in metres.

mirror/min
Fy: The values given below are examiples:

egulation No. 46 class I spherical.convex mirrors, this value is defined as r' 1,2 m;

mirror/min ~

egulation No. 46 class Il spherical convex mirrors, this value is defined as ;.o /min = 1,2 m;

egulation No. 46 class llspherical convex mirrors, this value is defined as 1.y /min = 1,2 m;

egulation No. 46-class IV spherical convex mirrors, this value is defined as 1oy /min = 0,3 m;
mirrors onsedb-over-engine type trucks according to Article 44 of Japanese Safety Regulatio
mirror/min — 0,6 m;

micrars'on motor vehicles with a passenger capacity of 11 persons or more according to Arti

pse Safety Regulations for Road Vehicles, this value is defined as 1oy /min = 0,6 m;

hs for

le 44

— for mirrors on the other vehicle category in Japan refer to Article 44 of Japanese Safety Regulations for Road

Vehicles;

— FMVSS 111 only allows for plane mirrors where r,
passenger side of the vehicle, FMVSS 111 defines a spherical convex mirror with a minimum radius of r'

mirror/min

min = 0,889 m.

is infinite on the driver side; however, on the

mirror/

Note 3 to entry: According to Article 44 of Japanese Safety Regulations for Road Vehicles, main mirror means
“Those mirrors used mainly for observing obstacles showing up around the rear portion on the left side of the
vehicle”. See Figures B.5, B.6, and B.7.
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3.2.13
mirror angular size
angle under which the driver perceives the mirror

Note 1 to entry: See mirror horizontal angular size (3.2.14) and mirror vertical angular size (3.2.15) for details and

differentiation between horizontal and vertical direction.

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 |l to entry: See Figure 3.

Note P to entry: It is denoted as @', /nor and is measured in degrees.

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

mirror vertical angular size

angle between the lines from) the ORP to the top and bottom edge in (z-direction) of tk

mirrpr surface
Note |l to entry: See Figube 4.

Note P to entry: ItiS.denoted as 'y, e and is measured in degrees.

1e reflective

Key
1  mirror

Figure 4 — Mirror vertical angular size (side view)

© IS0 2019 - All rights reserved
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3.2.16

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 entpy-Itis denoted as and is measured in degrees

. z
TITIT T OT/ 1107

3.2.18
minimum horizontal field of view

minimum allowed value for « as defined by the responsible national body

mirror/hor

Note 1 to entfy: Itis denoted as « and is measured in degrees.

mirror/hor/min

Note 2 to ent}y: Information on a for different mirror classes is given in B.21.

mirror/hor/min

3.2.19
vertical field of view
angle between the topmost and the bottommost ray of the field of view projected to the x-z-plane

Note 1 to entfy: Itis denoted as « and is measured in degrees.

mirror/ver

3.2.20
minimum Vertical field of view

minimum allowed value for a as defined by the responsible national body

mirror/ver

Note 1 to entfy: It is denoted as « and is measured in degrees.

mirror/ver/min

Note 2 to entfy: Information on a for different mirror classes is given in B.2.2.

mirror/ver/min

3.2.21
mirror magnification factor
relationship between the correct size(oflan object and its perceived size when seen through the mirror

Note 1 to entfry: It is dependent on thedistance from the ORP to the mirror a,,;,,,, (see 3.2.2), the radius ¢f the
MIrTor I'yof (see 3.2.11), the distance to the object dp;,, (see 3.2.10), and the mirror viewing angle /
(see 3.2.5). It|is denoted as M

mirror.

mirror

Note 2 to enfry: For conveX spherical rearview mirrors, the magnification factor is below 1, i.e. object$ in a
rearview mirror appearsstaller than they really are. For plane mirrors with unit magnification, the magnifidation
factor is equdl to 1, i.enthere is no magnification.

Note 3 to entfy:For'a formula describing the magnification factor variation over the mirror, refer to B.3.

3.2.22
mirror average magnification factor

average value for the magnification based on a mirror with minimum radius r
distance to the ORP a

mirror/min @Nd Maximum

mirror/max

Note 1 to entry: It is denoted as M,

mirror/avg*

Note 2 to entry: It is derived as the average over the relevant range of viewing angles S, at the horizontal

centre line of the mirror and distances d, ;-

Note 3 to entry: See mirror average magnification factor (driver side) (3.2.23) and mirror average magnification
factor (passenger side) (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 M, ;... as found in existing homologated vehicles for the
given mirror class on the driver side

Note 1 to entry: It is denoted as M,

mirror/driver/avg*

— for UN Regulation No. 46 class I mirrors, this value is defined as M 0,33;

mirror/driver/avg

— for UN Regulation No. 46 class Il mirrors, this value is defined as My;-.o, griver/avg = 0,23;

— for UN Regulation No. 46 class IIl mirrors, this value is defined as M =0,31;

mirror/driver/avg ~

— r UN Regulation No. 46 class IV mirrors, this value is defined as My,,;--o,/driver/avg = 0,065;

— ran FMVSS 111 plane driver mirror, this value is M 1.

mirror/driver/avg =
Note |2 to entry: The above values were derived from mass produced vehicles of MY:2013 (basgd upon 2013
survegy).

Note B to entry: For detailed information how these values were derived, refer-to B.3.

Note {f to entry: For additional recommendations concerning commercial yvéhicles, refer to A.3.3.

3.2.24

mirrnor average magnification factor
<paspenger side>average magnification factor for M,,;..,. asfound in existing homologated| vehicles for
the given class on the passenger side

Note [l to entry: Itis denoted as My, o, /passenger/avg’

— for UN Regulation No. 46 class Il mirrors, this value is defined as M,;.o,/passenger/avg = 0:15;
— for UN Regulation No. 46 class IIl mirrors, this value is defined as My;..o,passenger/avg = 0,20
— r UN Regulation No. 46 class IV mirrors, this value is defined as My or/passengersavg = 0,036;

— ran FMVSS 111 passenger migror, this value is defined as M,y /passenger/avg = 0,175

— r main mirrors on cab-oyer-engine type trucks according to Article 44 of Japanese Safety Rggulations for
oad Vehicles, this value isM =0,088;

mirror/passenger/avg

— r main mirrors on.motor vehicles with a passenger capacity of 11 persons or more according to Article 44
fJapanese Safety®Regulations for Road Vehicles, this value is M =0,10;

mirror/passenger/avg ~
— flor mirrors oni\the other vehicle category in Japan refer to Article 44 of Japanese Safety Regulations for Road
VYehicles.

Note |2 to, entry: The above values were derived from mass produced vehicles of MY 2013 (basgd upon 2013
survey).

Note 3 to entry: For detailed information how these values were derived, refer to B.3.
Note 4 to entry: For additional recommendations concerning commercial vehicles, refer to A.3.3.

Note 5 to entry: According to Article 44 of Japanese Safety Regulations for Road Vehicles, main mirror means
“Those mirrors used mainly for observing obstacles showing up around the rear portion on the left side of the
vehicle”. See Figures B.5, B.6, and B.7.

3.2.25
mirror minimum magnification factor

minimum value for the magnification based on a mirror with minimum radius ;.o /i, and maximum
distance to the ORP @yirror/may it is derived from the maximum viewing angle B.ror/max at the
horizontal centre line of the mirror within the relevant range and the distance d,;}j,, = ©

Note 1 to entry: It is denoted as M,

mirror/min*
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Note 2 to entry: See mirror minimum magnification factor (driver side) (3.2.26) and mirror minimum magnification
factor (passenger side) (3.2.27) for details and differentiation between driver and passenger side.

3.2.26
mirror min
<driver side

imum magnification factor

>minimum magnification factor for M, ;...

the given class on the driver side

Note 1 to entry: Itis denoted as M

for UN Regulation No. 46 class I mirrors, this value is defined as My,;o,/driver/min =

mirror/driver/min:

0,31;

for UNR
for UNR
for UNR
for an F)

Note 2 to en
survey).

Note 3 to ent
Note 4 to ent

3.2.27
mirror min
<passenger
for the give

Note 1 to ent
for UN R
for UN R
for UN R
for an FN

for main|

Road Vehicles, this value i$-M

for main|
of Japan{

Note 2 to en
survey).

cgulation No. 46 Class I mirrors, this value 1s derined as M U,Z21;

mirror/driver/min =

egulation No. 46 class Il mirrors, this value is defined as My;.o, /driver/min = 0,29;

egulation No. 46 class IV mirrors, this value is defined as My,;-.o,/driver/min = 0,037;

1VSS 111 plane driver mirror, this value is M 1.

mirror/driver/min =

[ry: The above values were derived from mass produced vehicles of MY(2013 (based upon

"y: For detailed information how these values were derived, refer to B-3.

Fy: For additional recommendations concerning commercial vehicles, refer to A.3.3.2.

imum magnification factor
side>minimum magnification factor for M

mirrar-@s found in existing homologated vel
| class on the passenger side

Fy: Itis denoted as M,

mirror/passenger/min*

egulation No. 46 class Il mirrors, this value is defined as M,,;,..o./passenger/min = 0,13,
egulation No. 46 class Il mirrors, this value is defined as M,,,;,/passenger/min = 0,19;
egulation No. 46 class IV mirx@rs, this value is defined as My,;o,passenger/min = 0,014;

1VSS 111 passenger mirrocthis value is defined as Myy;r.orpassenger/min = 0,17;
mirrors on cab-ovefr-engine type trucks according to Article 44 of Japanese Safety Regulatio

0,061;

mirror/passenger/min —

mirrors on mgtor vehicles with a passenger capacity of 11 persons or more according to Arti
bse SafetyRegulations for Road Vehicles, this value is M, =0,094.

mirror/passenger/min

[ry: Therabove values were derived from mass produced vehicles of MY 2013 (based upon

as found in existing homologated vehicles for

2013

icles

hs for

le 44

2013

Note 3 to entry: For detailed information how these values were derived, refer to B.3.

Note 4 to entry: For additional recommendations concerning commercial vehicles, refer to A.3.3.2.

Note 5 to entry: According to Article 44 of Japanese Safety Regulations for Road Vehicles, main mirror means
“Those mirrors used mainly for observing obstacles showing up around the rear portion on the left side of the
vehicle”. See Figures B.5, B.6, and B.7.
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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.

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 Yisually degrades with increasing age of the person

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

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

ou

Figure 5 — Example of visual acuity of the human eye tested with Landolt C 1jing

3.2.30
minimum visual-acuity of the human eye

minimum vake of V,,

Note [ to entry: Itis denoted as V,, /in:

— for UN Regulation No. 46 class I mirrors, this value is defined as V,,, /,;, = 0,7;

— for UN Regulation No. 46 class Il mirrors, this value is defined as V, =0,8;

2ye/min

— for UN Regulation No. 46 class Il mirrors, this value is defined as V,, ¢/, = 0,7;
— for UN Regulation No. 46 class IV mirrors, this value is defined as V,,, s, = 0,8.

Note 2 to entry: FeV, the German requirements for acquiring drivers licenses for passenger vehicles,
Appendix 6 §1.1 defines a minimum visual acuity of 0,7. Japan defines 0,7, Netherlands defines 0,5, and Sweden
defines 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.
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Note 4 to entry: There may be differences depending on the market where the vehicle is to be driven.

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 lens

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 opflical axis

virtual line
composed d
coincides w

3.3.3

camera ref
orientation
x-axis of thd
plane] and t

Note 1 to enf]
vehicle coord]

3.3.4
camera dis

distance from the centre-of the entrance pupil of the camera (3.3.13) to the driver ocular reference

(3.1.4) in x-d
is the same

Note 1 to ent

that defines the path along which light propagates through the systensyfor a sy
f simple lenses, the axis passes through the centre of curvature of each surface
th the axis of rotational symmetry

brence orientation
of a camera of a CMS where the optical axis of the camera’js*pointing along the poj{
vehicle [the camera is looking backwards with the camerayimager (3.3.7) lying in the
he camera’s upper side normal is parallel to the positive zaxis of the vehicle

ry: It helps to simplify the definition of further parameters of the camera (see Figure 6). Se
nate system (3.1.2) for coordinate convention used.

z

Figure-6 — Camera reference orientation

fance to driverocular reference point in x-direction

irection‘when mounted to the vehicle; it is specific for each vehicle, even if the camera
for each.vehicle

Fy+See Figure 7.

stem
and

itive
D y_Z_

b also

point
itself

Note 2 to entry: It is denoted as X_;perq

Note 3 to entry: For camera positions forward of the ORP, x

positions rea

12

and is measured in metres.

camera

r of the ORP, x has to be a negative value.

camera

has to be a positive value while for camera
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\
N\
A\ \\\'\(Z )

—

3.3.5
cam
displl
repld
centl

denoted asy’ . mera

Note

Note
posit
negaf

Note
came|

3.3.6
cam
distd

when mounted to the vehicleyit\is specific for each vehicle, even if the camera itself is 4

each

Note

camera

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

bra distances in y-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 y,,,,..,» and displacement from the

e x-z-plane to the entrance pupil of a camera replacing the intérior centre mirror in y|

1 to entry: Distances are measured in metres (see Figure 8).
2 to entry: For camera positions located outboard of the outermost point of the vehicle, y,,,.
ve value while for camera positions located inboard.of the outermost point of the vehicle, y,.,,
ive value.

3 to entry: For camera positions located in pesitive y-direction, y'., ..., has to be a positive v3
ra positions located in negative y-directionf)’' ., ,.ro has to be a negative value.

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

vehicle

and is measured in metres.

1 to entry: It is denotedas z 014

of a camera
ongitudinal
tdirection is

. has tobea
.hastobea

lue while for

z-direction
he same for

Key

y ycamera

!

© ISO

!
y -y camera
Zy z

camera

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 pix
smallest act

1
ive 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 res
measure of {

polution
he ability of a camera system to depict picture detail

Note 1 to en
parallel to th|
composed of
specification

s are
tems
o the

try: The specification hereinafter will assume a camera orientation where the imager axq
e coordinate axes when CMS camera is fixed to the body of the"vehicle. For all other CMS sy}
h different configuration, those specifications shall meet the samé or increased perceptibility
cited herein, under above consideration.

3.3.10
camera ho
number of

izontal pixel resolution
ixels of the imager in y-direction for a camerain reference orientation (3.3.3)

Note 1 to entry: Itis denoted as N,

cameray/hors this is not necessarily the scanning direction of the imager.

3.3.11
camera ver
number of pj

tical pixel resolution
ixels of the imager in z-directionfor a camera in reference orientation (3.3.3)

Note 1 to entfy: Itis denoted as N,

camera/ver

3.3.12

camera len
optical devi
the scene ar

3
Ce of one or moré-gptical elements that collects the incident light reflected or emitted
d focuses the target scene image on to the surface of the imager

from

3.3.13
camera entrancepupil

fined

optical imag
as the vertd

e of the physical aperture stop seen through the front lens of the system; it is also de
xCof the camera’s field of view; it is influenced by the lens and is also sometimes d

alled

the “project

OT CENIe OI CENntre of projection ; for Simpiicity, it 1S approximated by the centre

outermost lens surface

Note 1 to entry: It is denoted as EP

3.3.14
camera fiel

-amera AN is a coordinate triplet given in metres.

d of view

f the

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 6.8.6.
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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: It is denoted as « and measured in degrees. It is sometimes also called the horizontal

. camera/hor
opening angle of a camera.

Note 2 to entry: See Figure 9.

3.3.16

camera vertical field of view
angl¢ between the topmost and the bottommost ray of the field of view projected to thex-k-plane for a
camdra in reference orientation (3.3.3)

Note |1 to entry: It is denoted as «, and measured in degrees. It is sometimes @lso called the vertical

camera/ver
opening angle of a camera.

Note 2 to entry: See Figure 9.

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 \,aytul ius, the-smaterthe ausu}al resolttionofacamet &; the-smaterthe-detas 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 that is 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 (a,,onicor @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: ISO 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 viewing direction
direction frpm which the monitor is(viewed; it is a line from the mid-eye point of the viewer tp the
centre of th¢ monitor coordinate systém

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 entryzlt is denoted as a and is measured in metres.

monitor

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 6 and is measured in degrees.

monitor

Note 2 to entry: See Figure 10.

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

e =arctan \/tan 2 0 +tan 2 7]

monitor monitor [ hor monitor [ver (1)
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3.4.6

mon

itor viewing azimuthal angle

azimuthal angle of the monitor viewing direction in monitor coordinates; it is measured

coun

terclockwise and starting at 3 o’clock

Note 1 to entry: 3 o’clock is the right edge and 12 o’clock is the upper edge of the monitor as seen from the driver.

Note

Note

2 to entry: It is denoted as @ and is measured in degrees.

monitor

3 to entry: See Figure 10.

Note 4 to entry: From the monitor horizontal viewing angle (3.4.7) and the monitor vertical viewing angle (3.4.8),

this alue can be derived as:
tan@,  .;
Qbmom'mr — arctan monitor /ver (2)
tan emom’tor/hor

3.4.7
monjtor horizontal viewing angle
monjtor viewing inclination angle projected onto the plane defined by.the monitor surface{normal and
the 12 o’clock direction
Note [l to entry: It is denoted as 6,,,pjzor/nor and is measured in degrees:

6 monitor [ hor =arctan [tan (@monitor ) -cos ((Dmonitor )] (3)
Note |2 to entry: See Figure 10 and Figure 12.
3.4.9
monjitor vertical viewing angle
monfitor viewing inclination angle projected-onto the plane defined by the monitor surface{normal and
the 3 o'clock direction
Note [ to entry: Itis denoted as 6,,,p;07/,er and is measured in degrees:

6 monitor [ver =arctan [tan (@monitor ) -sin (d)monitor ):I (4')
Note P to entry: See Figure”20 and Figure 12.
3.49
monjtor design.viewing direction
speclfic monifor viewing direction allocated to the ORP and the specific vehicle design [i.e. monitor
placdment and rotation) indicated by the index “D”
3.4.10
monitordesignviewing distance
distance of the ORP to the centre of the monitor coordinate system
Note 1 to entry: Itis denoted as a@y,,pjzo,/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: Itis denoted as 6,,,p;,,/p and is measured in degrees.
© IS0 2019 - All rights reserved 17
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monitor design viewing azimuthal angle
monitor viewing azimuthal angle derived from the monitor design viewing direction

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

3.4.13

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 6,,,¢or/nor/p and is measured in degrees.

Note 2 to ent

3.4.14
monitor de
monitor ver

Note 1 to ent
Note 2 to ent

3.4.15

monitor piy
smallest dis
three primal

3.4.16
monitor de

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

Note 1 to ent

Note 2 to ent

Note 3 to enffry: See monitor defined horizontal Size (3.4.17) and monitor defined vertical size (3.4.18) for d

and different

3.4.17

monitor de
portion of th
from 9 o’clo

Note 1 to ent

3.4.18
monitor de
portion of tl

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

(y: See Figure 10 and Figure 12.

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

y: Itis denoted as 6,,,,itorver/p and is measured in degrees.

(y: See Figure 10 and Figure 12.

cel
tinct able area on the monitor displaying a specific colodr'usually by additive mixing ¢

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 manufacturer.
jation between horizontal and vertical size.

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

ry: Itis denotedas W,, and is measured in metres.

onitor/hor

fined vertical size
ne-monitor active area displaying at least the required vertical field of view along thd

f the

£a.

ptails

axis

axis

bl ¥n 19 o] 1z

from 6 o’clo

Note 1 to entry: Itis denoted as H,

18

P rediv ot D o 11
CIV LU 1T 4 UCIUUIN AdluLUl \.uus LU 1 15u1\, Pup g

monitor/ver a1d is measured in metres.
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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 thevmonitor defined size for O
a =a

- [e]
monitofpr — 0° and

monitor monitor/D

Note |l to entry: See monitor horizontal angular size\(3.4.20) and monitor vertical angular size (3.4.41) for details
and differentiation between horizontal and vertical angular size.

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

—_ o _
for Omonitor =0°and Amonitor = amonitor/D
! =2 Wmonitor/hor 5
“mom’tor/hor =Zarctan 2— ( )
amonitor/D

3.4.21
monjtor vertical-angular size
angle between/the lines from the ORP to the top and bottom edge of the monitor defined yertical size

for Qmonitor =0 and Amonitor = amonitor/D
’ - Hmonitor/ver 3
X monitor Jver = 2arctan Lza— J 6)
monitor /D
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 6 o P @ and
a

monitor ~ Y monitor/D’ * monitor ~ * monitor/D’

monitor = amonitor/D)

Note 1 to entry: See monitor design horizontal angular size (3.4.23) and monitor design vertical angular size (3.4.24)
for details and differentiation between horizontal and vertical angular size.
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1
2

0
0

monitor/

monitor/

3.4.23
monitor de

design meaq

’

A monitor]

+arctan

Note 1 to en
!
hor/D) * @ monit

Note 2 to ent

5ign horizontal angular size
actual angullar size of the monitor defined size as perceived from the driver in the specific ve

Figure 12 — Perspective view of horizontal and vertical viewing angle

ured in the direction of the horizontal extent of the monitor

1
E ’ Wmonitor/hor "€0s (emonitor/hor/D )
hor/D =arctan 1
monitor /D +|:E ’ Wmonitor/hor -sif (gmonitor/hor/D ):|
1
E ’ Wmonitor/hor -€os (emonitor/hor/D )
1 ,
Amonitor /D _|:E ’ Wmonitor/hor 'Sm(emonitor/hor/D ):|

. ; £ ’ -
try: For Woonicor/hor << Amenitoryp» Formula (7) can be simplified to &'y,onit0r/nor/p = €0S(6),
pr/hor

"y: See Figure 13.

hicle

(7)

onitor/

20
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3.4.2

monjtor design vertical angular size

actug
desig

o

Note

|
tw

m—— N
i SO
| 4 U e U
| 5 ] 4 \\\\\
AN |
1 <—L> | ///////
LN ===
| o
L
W monitor/hor OTiZONtal size of the monitor, tilted at centre
monitor/D
!
monitor/hor/D

'monitor/hor NOTIZONtal angular size of the monitor as seen from 6,,,,iv0r/nor =0

monitor/hor/D

% on
, ' monitor [ hor Sln(emonitar/hor/D)

Figure 13 — Monitor design horizontal angular size

4

] angular size of the monitor defined size as perceived from the driver in the spe
n measured in direction of the vertical'extent of the monitor

1
E ’ Hmonitor/ver -cos (emonitor/ver/D )

1

K
A pionitor /D + |:E ’ Hmonitor/ver -sin (emonitor/ver/D ):|

’
monitor [ver /D = arctan

1
E ’ Hmonitor/ver -€os (emonitor/ver/D )

-arctan 1
Unonitor /D _|:E'Hmonitor/ver 'Sm(emonitor/ver/D ):|
. 1 1Fi ! —
1 £Q_€ntry: For Hyponitorver << @monitoryp» Formula (8) can be simplified to a'ypitorver/p 3

T

ver/ D)

cific vehicle

(8)

cos(6

monitor/

monitor/ver

Note 2 to entry: See Figure 14.
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5 B N
[ i
| (4 U e s
| ° 3 4=
N g
1 =\ A==
N e
| g
L
Key
1 Hponitorfer» Vertical size of the monitor, tilted at centre
2 amonitor/[
!
3 @ monitor ver/D
4 & onitorAer vertical angular size of the monitor as seen from 0, fver = 0
5 emonitor/\ er/D
6 1 *gi
2 Hmonit r/ver Sm(emonitor/ver/D)
Figure 14 — Monitor design vertical‘angular size

3.4.25

monitor dif

played field of view

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

3.4.26

monitor ho|

percentage

horizontal s

Note 1 to ent

3.4.27
monitor ve
percentage

Note 1 to ent

3.4.28

field of viey

portion of t

(04

3.4.29

monitor /hor =

rizontal percentage of displayed.camera field of view
of the camera’s horizontal field-of view that is actually visible on the monitor de
ize

y: Itis denoted as pogmerqfingr and is given in percent.

Ftical percentage,of displayed camera field of view

y: Itis dengted as pogmerq ver and is given in percent.

v dis

played in the monitor defined horizontal size

%
acamera/hor pcamera/hor

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

22

monitor [ver =

*
X camera /ver Pcamera /ver

fined

f the camera’swertical field of view that is actually visible on the monitor defined verticall size

(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
and 1
(3.4.]

Note
equa

3.4.3
mon

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
(3.4.1

3.5.2
CMS
schel

Note

itor standard isotropy range

fic vertical range of 6 ° up and 6 ° down from the monitor design vertical viewingcaj
bpecific horizontal range of 7 ° right and 7 ° left from the monitor design horizontal v
3)

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

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 af a tamera (3.3.1) that is usually installed at the bodywork of a vehicle

) that is usually placedinside the vehicle.

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

1 toeentry: See Figure 15.

gle (3.4.14),
ewing angle

with Amonitor

view to the
capture and

ind a monitor
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rféﬁk@l —L Camera Monitor System (CMS) =—

Vehicle Environment

(Rear V

:2019(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 d

cument

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

(priver / Fassen

| optical signal from the vehicle’s surfounding 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 jmage zoom factor, viewing area, contrast, brightness, etc.;

y, image data.output for other ADAS, which are not the scope of this document;
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.);

— optionally, 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 the 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,
eithef as a separate-device, or integrated directly into the camera or in the display unit. Besides, the image
procgssing part.computes necessary controls of the camera (e.g. zoom) or display unit and also processes user
inputs, if available, and optionally interface data from/to external ADAS.

Note b te‘entry: The image displaying represents the actual computed image in the vehicle on a scrgen or display
at anfappropriate 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.
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& system/hor = Xmonitor /hor (11)

3.5.6

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: Itis equal with the field of view displayed in the monitor vertical size.

& system/ver = Cmonitor /ver (12)

3.5.7
CMS magnification factor
defines the pelationship between the angular size of an object as seen by the camera and'thé angular
size as it is Jerceived by the driver on the monitor of the CMS

Note 1 to entfy: Itis denoted as My, op,.

3.5.8
CMS average magnification factor
average valpie for the magnification of the CMS based on the relationship between «a,,,,i;,» i.4. the

displayed figld of view, and @'y, pi¢or/p, 1-€. the monitor design angular size

Note 1 to entfy: Itis denoted as Mo g

3.5.9
CMS horizontal average magnification factor
horizontal average magnification of the scene observed through the CMS is given by:

W, i
monitor /hor
2arctan —_monitor /hor.
a'monitor/hor/D amonitor/D
— ~ *
Msystem hor favg — = COS(emonitor/hor/D ) * (13)
amonitor/hor acamera/hor pcamera/hor

where
O monitorfnor/p 1S the monjtors design horizontal viewing angle (3.4.13);
AmonitorAp is the distance of the ORP to the centre of the monitor coordinate system (see 3.4.10);
W onitoknor  15:the monitor defined horizontal size (3.4.17);

Aeamera/hor” . 1S the camera’s horizontal field of view (3.3.15);
Pcamerasnor 1S the percentage ol the camera’s tield of view as displayed on the monitor
(see 3.4.26).
3.5.10

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

H ,
monitor /ver
2arctan| —monitor/ver
M _ 4 monitor /ver /D 9 % 2amonitor/D 14
system/ver favg — = COS( monitor/ver/D) * (14)
amonitor/ver acamera/ver Pcameraver
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3.5.1
CMS
mini

Note

3.5.1
CMS

com

(3.4.]
is de

Note

ISO 16505:2019(E)

re
O monitoryversp 1S the monitor’s design vertical viewing angle (3.4.14);
Amonitor/D is the design distance of the monitor to the ORP (see 3.4.10);
Hyponitoryver 1S the monitor defined vertical size (3.4.18);

a is the camera’s vertical field of view (3.3.16);

camera/ver

p camera/ver

percentage of the camera’s field of view as displayed on the monitor (see 3.4.27).

1
minimum magnification factor
mum value for the magnification the CMS shows in the required field of view as define

for horizontal direction and M for vertica

1 to entry: Itis denoted as Myciop /nor/min sys

tem/ver/min

2
angular resolution

ination of the camera angular resolution (3.3.17) and the monitor displayed anguld
B0); it describes the ability of the CMS as a whole to resolve smalbdetails in the displayy
fined as the maximum of both values

|

1 to entry: If the camera is not capturing a certain detail (i.e;it does not have a sufficient angulg

the monitor will not be able to display it, so the camera limits the angular resolution of the CMS. On tH
in cage the monitor is displaying the camera image (i.e. the captured field of view) with less pixel r¢
the monitor that limits the angular resolution of the CMS,:as-details that are present in the camera

be displayed and, thus, are not observable by the user. Itthas to be the maximum of both values, as s
for the angular resolution indicate a higher quality fothe displayed scene.

3.5.13

CMS|overlay

any driving-related visual information‘added to the original image (such as icons, labels, col
etc.) that modifies it in a way that part of the original information is hidden; overlays can
trangparent or totally opaque and:can be displayed temporary or permanently

3.6

signal to noise ratio

d in 6.5

direction.

r resolution
bd scene and

rresolution),
e other hand,
solution, it is
mage cannot
maller values

bured areas,
be partially

n 300 cd/m?

ratio|of the usable wanted optical signal to unwanted noise

3.7

point light source

light[source of v€ry small angular extend of about 2 arcmin and has a luminance of more tha
EXANPLE Low beam headlights with a dimension of about 20 cm width in 350 m distance.
3.8

glare

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

39

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

mon

itor 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
itis importa
colliding or

3.12
modulation
MTF
quantitative
at which thd

captured and transferred as output signal and reproduced-on a display

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

Note 2 to ent
also known 4

Object Luminance
Clear sky 8000 cd/m?2
Night sky at full moon 0,1 cd/m?
60 W light bulb 120 x 103 cd/m?
TFT white 500 cd/m?
TFT black 0,8 cd/m?
White LED 50 x 106 cd/m?
Sumfetearday-atnoon) 6t et m2

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

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

transfer function
means to measure the spatial frequency capabjlity 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 shown in ISO 12233:2017, Figure [.2.

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

correction and/or image edge enhancement\and/or image smoothing process. As this might not apply to
CMS, this method should only be used as @ practical method for depth of field measurement.

3.13

MTF10
spatial freqfiency of the modulation transfer function (3.12), where an average modulation value is ¢
to 10 % of the modulatienef its black and white reference level, given in [LW/PH] or line width
picture hei

Note 1 to entfy: TheSmodulation is the difference between the black and white signal level divided by the s
these levels. [Thedresult shows the limit visual resolution, to perceive fine details of the observed scene thi

rhere
hout

tude
h are

nents

Ction,
mma
most

bqual

5 per

im of
ough

the CMS. For fHe-purpose of fast recognition of the scene, a signal drop limit of 10 % is used, instead of com
used 5 % whictr i Tt TOTT 1 : i
higher is the capability of the CMS system to reproduce fine details of the scene.

3.14

MTF10(4.1)/hor _

is the horizontal spatial frequency of the CMS as measured and converted to an assumed mo
ve.rtical size H,monitor ver — "V monitor, hor
using the test procedure given in 7.5.3

Note 1 to entry: See Figure 17.

28

nonly
y, the

nitor

resulting in a horizontal versus vertical output aspect ratio of 1:1
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a) Landscape monitor b) Portrait monitor

Key
A I

monitor/hor

monitor/ver
!
monitor/ver

O w
==

Figure 17 — Illustration of the assumed me@nitor dimensions of MTF10, . |

3.15
MTF10(1.1)/ver _ _
vertical spatial frequency of the CMS as nieasured and converted to an assumed monitofr horizontal
size W'y onitor/hor = Hmonitor/ver T€SUting H1%a horizontal versus vertical output aspect ratio|of 1:1 using
the tpst procedure given in 7.5.3

Note|l to entry: See Figure 18.

a) Landscape monitor b) Portrait monitor
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onitor/hor
monitor/ver

monitor/hor

gure 18 — Illustration of the assumed monitor dimensions of MTF10y.q) /yer

MTF10pyn(1:1)/hor

definition o

Note 1 to ent
an assumed 1
ratio of 1:1;

Hl

monitor/ver ~

MTF10,

Note 2 to ent]

field of view

w

factor

mo

defined size
min), COMpen

In a distortio
approximatid

measurable

MTF10,,

Note 3 to en
given for a s¢
account the {
view. For det

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

y: Itis denoted as MTF10y;y(1.1)/nor @and it is measured in line widths per picture height{LW/}

honitor defined size H’ resulting in a horizontal versus vertical output a

monitor/ver — 'Y monitor/hor

w,

i and it is calculated as:

onitor/hor

Wm
w,

m

onitor / hor arcmin

*M *V

eye/min

a *60

— *
N(1:1)/hor — mirror /avg mirror /hor /min °

onitor /hor /min

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

arcmin
* V -

we/min *60

of a traditional mirror which is given by: M a

*
mirror /avg thirror /hor /min /min °

itor / h ) . / . . .
onitor /hor__ in Formula (15) reflects the size correction, as the ratio of the monitor horiZ

hitor /hor /min

Winonitor/hor) VETsus the monitor horizontal size'displaying the required field of view (W,
ating for the different size in the monitor defined size measurement.

onit

n free CMS with a constant magnificatioh throughout the entire monitor defined size, the folld
w

m (04

onitor /hor monitor /hor

n applies . For such a system, the calculation formula

o

monitor /hor /min mirror /hor /min

alue MTF10yn(1.1y/mor Call be'simplified as:

arcmin
* V -

eye

*60

= *
N(1:1)/hor — Mmirrar/avg amonitor/hor /min °

ry: For thetadaptation of resolution measurement according to ISO 12233, the measurable
juared aspect ratio 1:1 with length equal to monitor defined size, has to be corrected to tak
ictual Mmeasuring monitor size, according to different aspect ratio or to wider measuring fi
ails(offmeasurement using the monitor defined size, see D.4, or see D.5 for measurement us

H] of
spect

he requirement is given as observable number of lines along this assumed monitop defined size

(15)

uired

The

ontal

br/hor/
wing

bf the

value
b into
bld of
ing a

partially cro;l)ped square image.

Note 4 to en

try: Concerning the resolution MTF requirements, My,;..o./qvg

interior mirror and 0,31 for the driver side exterior mirror.

3.17

MTF10yn(1:1)/ver
definition of vertical spatial frequency requirement of resolution (MTF)

has to be 0,33 for the FMVSS 111

Note 1 to entry: It is denoted as MTF10yy(1.1)/ver @nd it is measured in line widths per picture height [LW/PH] of
an gssumed monitor d_efined size V_V’monitor/hor = Hyponitorver resultipg ina horizoptal versus vertic.al output aspect
ratio of 1:1; the requirement is given as observable number of lines along this assumed monitor defined size

7 _ oy .
monitor/hor ~ “*monitor/ver and itis calculated as:
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Hmonitor/ver .y o *y . %60 arcmin
eye/min

*
mirror /avg mirror /ver /min °

monitor /ver /min

(16)

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

field

factor

of view of a traditional mirror which is given by M ;... 1qv5 * %mirror jver ymin ™ Veye /min * 60

Hmonitor/ver

monitor /ver /min

arcmin

. The

]

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

size
comp
const

)

(Honitorsver) Versus the monitor vertical size displaying the required field of view (H,
ensating for the different size in the monitor defined size measurement. In a distortion™re

ant magnification throughout the entire monitor defined size, the following approxim

04

monitor /ver monitor /ver

H

m

MTF}

3.18
MTF
spati
to 5(
view|

Note
meas
convg
in loy
perfo

3.19

. For such a system, the calculation formulajof’the meas

o

bnitor /ver /min mirror /ver /min

*y 60

o eye

0MIN(1:1)/ver can be Slmpllfled as MTFlOMIN[ll)/V&‘r = M

*
mirror /avg monitor./ver /min

B0y N(1:1)

al frequency of the modulation transfer function (3.12), Whére an average modulation
% of the modulation of its black and white reference\level, where the monitor displ
is shown in the monitor defined size, with horizontalversus vertical output aspect rat

1 to entry: Adaptation of measurable value to specific CMS with different aspect ratio o
ured field of view has to be done accordingly as*it is done for MTF10yy(y.1y. For more d
rsion and measurement, see information given-in D.3, D.4 or D.5. Lower frequency of this
ver contrast of the scene observed through-the CMS and the value is used to characterize t
rmance of the CMS.

luminance white level

lumi
spec

Note
Note

3.20

fic viewing direction (6,.9@)
1 to entry: It is denoted as'L,opitor/white (6, ) and measured in cd/m?.

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

luminance of région white at contrast chart

lumi
the |
poin{

hance of°a’high reflective part of a contrast chart reproducing a contrast ratio CR of g
hminance value is measured with an area luminance photometer in cd/m2 from the C
ofyiew

onitor/hor/.min)'

e CMS with a
htion applies

urable value

cmin

o

value equal
hyed field of
ioof 1:1

r to different
ptails of unit
value results
he sharpness

hance of the monitor when.driven with an artificial 70 % grey-scale image meas{ired from a

t least 20:1;
IMS cameras

Note

3.21
lumi

1 to entry: Itis denoted as Lpqr¢ phite-

nance of region black at contrast chart

luminance of a low reflective part of a contrast chart reproducing a contrast ratio CR of at least 20:1;
the luminance value is measured with an area luminance photometer in cd/m?2 from the CMS cameras
point of view

Note 1 to entry: It is denoted as L g /piqck-
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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?
from the design viewing direction

Note 1 to entry: It is denoted as L

3.23

monitor/chart/white*

luminance of region black at contrast chart reproduced from the monitor

luminance of the low reflectiv
the luminanee-2

direction
Note 1 to ent

3.24
luminance
luminance d

Fy: Itis denoted as Lmonitor/chart/black'

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

the luminapce value is measured at test conditions with ambient light with an area lumin

photometer
Note 1 to ent

3.25
luminance
luminance d

in cd/m? from the design viewing direction

ry: Itis denoted as L

monitor/chart/white/ambient*

pf region black at contrast chart reproduced from-the monitor under ambient lig

the luminance value is measured at test conditions withambient light with an area lumin

photometer
Note 1 to ent

3.26

reflected Iy
luminance d
a contrast cl

Note 1 to ent]
luminance pH

Lr/white

3.27
reflected Iy
luminance d
contrast chg

::L

in cd/m? from the design viewing direction

y: Itis denoted as Ly, picor/chart/black fambient-

Iminance from ambient light atmonitor displaying a bright scene
f the reflected ambient light measured at an area of the monitor displaying a bright p4
hart (min CR = 20:1)

ry: The luminance value i§ denoted as L, and is calculated from measured values with ar
otometer in cd/m? frofthe design viewing direction using the following formula:

ambient light on) -L ambient light oﬁ)

monitor /chart /white ( monitor /chart /white (

minance'from ambient light at monitor displaying a dark scene
f the veflected ambient light measured at an area of the monitor displaying a dark parj
rEfnmin CR = 20:1)

e part of a contrast chart (min CR = 20:1) displayed on the CMS monitor;

wing

tht

f the high reflective part of a contrast chart (min CR = 20:1) displayed,on the CMS monitor;

ance

ht

f the low reflective part of a contrast chart (min GR = 20:1) displayed on the CMS monitor;

ance

rt of

area

(17)

t of a

Note 1 to ent

ry: The luminance value is denoted as L,

luminance photometer in cd/m? from the design viewing direction using the following formula:

Lr/black = Lmonitor/chart/black (ambient Iight On) - Lmonitor/chart/black (ambient Iight Oﬁ)

3.28

background luminance
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

32

« and is calculated from measured values with an area

(18)
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4 Symbols and abbreviated terms

amirror/hor

amirror/ver

amirror/hor/min

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)

Umirror/fver/min minimum vertical field of view of a mirror (see 3.2.20)
Acamera/hor horizontal field of view of a camera (see 3.3.15)
a vertical field of view of a camera (see 3.3.16)

camgra/ver

monltor/hor

monltor/ver

asyste m/hor

asyste m/ver

!

A mir or/hor

mirfor/ver
moritor/hor
moritor/ver

A mo itor/hor/D

X mo itor/ver/D

ﬁ mirrpr

ﬁmirr br/driver/min
ﬁ mirrgr/driver/max

ﬁmirr br/passenger/min

ﬁmirr br/passenger/max

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

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

horizontal field of view of the CMS (see 3.5.5)

vertical field of view of the CMS (see 3:5:6)
horizontal angular size of a mirroi(see 3.2.14)
vertical angular size of a mirror (see 3.2.15)
horizontal angular size of-the monitor (see 3.4.20)
vertical angular size of the monitor (see 3.4.21)

horizontal angular size of the monitor defined horizontal size der
the monitordesign viewing direction (see 3.4.23)

ral size

ived from

vertical angular size of the monitor defined vertical size derived from the

monitor design viewing direction (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)

minimum mirror viewing angle on the passenger side (see 3.2.8)

maximum mirror viewing angle on the passenger side (see 3.2.9)

0

monitor/hor

0

monitor/ver

emonitor/hor/D

0

monitor/ver/D

)

monitor

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 moni
viewing direction (see 3.4.13)

tor design

vertical viewing angle onto the monitor derived from the monitor design

viewing direction (see 3.4.14)

inclination viewing angle onto the monitor in spherical coordinates

(see 3.4.5)
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monitor

@monitor/D

P

monitor/D

Airror

:2019(E)

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)

distance from the ocular reference point to the centre of the mirror
(see 3.2.2)

amirror/driver

amirror/passen

Amonitor

amonitor/D

d

object

EP

camera

Hmonitor/ver

monitor/ver/rhi

Lchart/white

Lchart/black

L

monitor/chart,

L

monitor/chart,

L

monitor/chart,

L

monitor/chart,

max

per/max

‘white

black

‘white/ambjient

blackyambient

TTax T d13Tance from the ocutar Teference point to the Centre of the
ror on the driver side (see 3.2.3)

maximum distance from the ocular reference point to the centre ofthe mir-
ror on the passenger side (see 3.2.4)

distance of the mid-eye point of the viewer to the centre of\the monitor cpor-
dinate system (see 3.4.4)

distance of the ORP to the centre of the monitor coérdinate system
(see 3.4.10)

distance from the mirror to an object beingwiewed by the driver (see 3.2.10)
entrance pupil of a camera (see 3.3.13)

monitor defined vertical size (see 3:4.18)

vertical height of the minimum-(required) vertical field of view (see 3.2.19
and Figure D.7) as displayed on the monitor

luminance of region.white at contrast chart (see 3.20)
luminance of region black at contrast chart (see 3.21)

luminance of vegion white at contrast chart reproduced from the monito
(see 3.22)

—

luminance of region black at contrast chart reproduced from the monitoj
(see3.23)

luminance of region white at contrast chart reproduced from the monitof
under ambient light (see 3.24)

luminance of region black at contrast chart reproduced from the monitoy
under ambient light (see 3.25)

Lmonitor/white
Lr/white

Ly /biack

M

mirror

M

mirror/avg

34

©, ?)

luminance of the monitor when driven with an artificial 70 % grayscale
image, measured from a specific viewing direction (0,®) (see 3.19)

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

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

magnification factor of a mirror (see 3.2.21)

average magnification factor of a mirror (see 3.2.22)
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mirror/driver/min
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average magnification factor of a mirror on the driver side (see 3.2.23)

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

minimum magnification factor of a mirror (see 3.2.25)

minimum magnification factor of a mirror on the driver side (see

3.2.26)

M pirror/passenger/avg minimum magnification factor of a mirror on the passenger side (see 3.2.27)

M irrorso ideal magnification when viewing an object at a large distance straight from
fl Ullt, i.C. Clt ViCVV ills aus}c ’.rl)ml'rror - G aud dObjeCt dppl uat,hius illfill ty

Mgysibm magnification factor of the CMS (see 3.5.7)

Mqystbm favg average magnification factor of the CMS (see 3.5.8)

Msystom/horsavg horizontal average magnification factor of the CMS.[see 3.5.9)

Msystbom versavg vertical average magnification factor of the CMS+(see 3.5.10)

Mystbm/hor/min horizontal minimum magnification factor ©f the CMS (see 3.5.11)

Mystbm ver/min vertical minimum magnification factorof the CMS (see 3.5.11)

MTEF[LO spatial frequency of the MTF, where the modulation has dropped fo 10 % of
the modulation of its reference black and white signal level (see 3[13)

MTFLO 1.1y /hor spatial frequency of the GMS as measured and converted to an asyumed mon-
itor aspect ratio of (1:1)Jaising the test procedure given in 7.5.3 (sqe 3.14)

MTFLO (1.1 ver spatial frequency‘efthe CMS as measured and converted to an asjumed mon-
itor aspect ratie of (1:1) using the test procedure given in 7.5.3 (sqe 3.15)

MTFRLOwN(1:1)/hor MTF10 displaying the minimum horizontal field of view assuming a monitor
with 1;1\aspect ratio (see 3.16)

MTFLOwMN(1:1) ver MTF10 displaying the minimum vertical field of view assuming a monitor
Wwith 1:1 aspect ratio (see 3.17)

MTFpO;.q spatial frequency of the MTF, where the modulation has dropped fo 50 % of
the modulation of its reference black and white signal level (see 3[18)

Neambra/mor horizontal resolution of a camera (see 3.3.10)

Ncambraper vertical resolution of a camera (see 3.3.11)

pcamera/hor percentage of camerahorizontatfieldof-view dioy}a_y edomrthe-monitor de-
fined horizontal size (see 3.4.26)

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

T'mirror radius of curvature of a mirror (see 3.2.11)

T mirror/min minimum allowed radius of curvature (see 3.2.12)

Veye visual acuity of the human eye (see 3.2.29)

Veye/min minimum allowed visual acuity (see 3.2.30)
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w
w

X

m

m

onitor/hor

onitor/hor/min

camera

ycamera

!
y camera

z

ADAS
CMS
GVW
MTF
ORP
SFR

5

The main (
ISO 9241-30)
e.g. faces, p4

The percept]

The use cas

camera

monitor defined horizontal size (see 3.4.17)

horizontal width of the minimum (required) horizontal field of view
(see 3.2.18 and Figure D.7) 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 en-
trance 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

Gener

view of
observg
observg
percept

percept]

camera replacing tne interior centre mirror 1n y-direction (see 5.5.5)

distance from the road surface to the centre of the entrance pupil of the ¢gam-
era (see 3.3.6)

Advanced Driver Assistance System
Camera Monitor System (see 3.5.1)
Gross Vehicle Weight

Modulation Transfer Function (see 3.12)
Driver Ocular Reference Point (see 3.1.4)

Spatial Frequency Response (see 3.12)

hl information and use case definitions

ontent of the displayed image on the’ monitor is “reality information” (according to
7) that is the imaging of objects and Scenes that do have existing originals in our worlld —
ople, landscapes, etc. — in colour presentation.

ion is summarized as follows:

the field of vision of the(intended mirror class;

tion of traffic situations;

tion of the neaf and far environment around the vehicle;

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

ion oflocation, distance and velocity of objects.

b$-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.
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Table 2 — List of possible use cases applicable for CMS
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vant critical objects

Title Task description | Critical situation Critical metric Justification
Roundabout Monitoring traffic Night time Frame rate and con- |Night time is critical
when whole image trolling the driver  |because of higher
content rapidly side field of view exposure time for the
changes (e.g. round- camera
about with multiple
lanes)
Merge lane Vehicle is entering a |Inability to merge |Limited field of view |Inability to expand the
freeway into freeway traffic field of view similar to
Tread mmovement using
conventiopal mirror
Lang change (1) Object are next to Object in blind spot |Limited field of view |Ageording to UN Reg-
vehicle when a lane ulation Ng. 46,
change is intended conventiopal mirrors
can have gspheric
extension|for covering
the blind $pot
Lang change (2) Objects approaching |Day time and night |Distance and speed |Different ¢ues for es-
from behind at a time estimation timating distance and
high relative speed speed durfing day and
night timg
Tunnjel Drive into/out of Significant and fasty |Gamera and monitor |Change infoverall
tunnel at high speed |ambient light change'|parameters lighting oh bright days
require a fast adjust-
ment of cdmera and
monitor pprameters
Direft light in the Ambient light re- Directstinlight Legibility of infor-  |Ambient ljght could
display flection on display mation affect confrast ratio
surface
Direftlight in the High dynamic ambiz, {Reflections, low sun, |Legibility of infor- | Ambient ljght could
cameéra ent light headlamps, etc. mation affect confrast ratio
Cold|start Start driving imme- |Cold temperature Start-up, boot time |System refquires ini-
diately afteracold tialization]
start
Reverse driving (1) |Dete¢tyelevant ob- |N/A Field of view Fixed vergus dynamic
jectswhile backing field of vigw
up
Reverse driving (2)) ‘(Estimate distance  |N/A Distance estimation |Lack of st¢reoscopic
to relevant objects vision whjle using
while backing up two-dimepsional
monitor aphd camera
Vehigleingarage Detect relevant ob- |Daylight versus dark |Legibility Camera and monitor
situdtion jects while backing |environment in different modes
up (day versus night)
Engine stop Detect relevant N/A Availability of the Observation of traffic
objects when engine system is necessary even
is stopped engine is stopped
City drive Concentrate on rele- |Day and night time |Distance estimation |Distraction, depth of

and spatial relation

field is usually static
with CMS while a
driver can adjust the
focal plane using a
conventional mirror
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Table 2 (continued)

jects while turning

bicycles, etc.

Title Task description | Critical situation Critical metric Justification
Long-time drive (1) |Monotonous drive |Day time Ergonomic factors |Possible fatigue of
of longer distanc- the driver due to
es most likely on frequent changes of
freeways accommodation
Long-time drive (2) |Monotonous drive |Night time Ergonomic factors |Possible annoyance
of longer distanc- due to nonblack dis-
es most likely on play
freeways
Elderly driver Presbyope wear N/A Position of the dis- |Focus on near objgects
special eye glasses play limited to angulaj
(bifocal or progres- sizes beneathithe
sive lens) Frankfort plane
Turning Percept critical ob- |Persons, children, Field of view Inability to expanf the

fieldyof view similjr to
head movement uping
¢onventional mirror

ment of the field of
view

Signal lampg Percept an emer- Night time Colour rendering Recognize colour pf
gency vehicle in index; frame rate signal lamps
action, percept turn
signals, etc.

Static evalugtion Precise measure- N/A Field of view Check accordancefwith

legal requirementp

Display arrahge-
ments for naftural
driving behgviour

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

Complex traffic
situations or trigky
manoeuvring where
adjacent or@p-
proaching objects
are to.be'detected

Safety and driver
acceptance

Arrangements of
displays and how ffield
of views are pres¢nt-
ed in relation to ofher
vision means could be
dangerous and cafise
incidents or even
accidents

Round-abouf with

trailer

Monitoring vehicle;
trailer and rear end
of trailer, butalso
road side, lines; and
other roadwusers

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

Field of view (in-
crease from head
movements not
available as with a
conventional mirror
system)

Without considering
the increased fieldl
of view from head
movements, a CM}p
will provide too little
and become unsafe/

hard to implemenft

Monitor reflg¢ctions
into window{surfaces

Vigwing objects
through lower
side-windows or
windscreen either
with direct vision or

Night time

Geometrical rela-
tions between mon-
itor and windows
as well as monitor
luminance level

Reflections that pjre-
vent direct or ind
vision of objects

around the vehiclg
form a safety risk

via external indirect
vision devices gets
disturbed by moni-
tor reflections onto
the window surfaces
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Title

Task description

Critical situation

Critical metric

Justification

Light and shadow in
the same view

Viewing and un-
derstanding the
near surroundings

Objects in direct
sun light versus
complete shadow

Legibility (bright-
ness and contrast
control by camera

Camera and monitor
need to process areas
with different light

around the vehicle |canbe missed if and display) conditions different-
gets difficult when |notdisplayedina ly to secure that the
different parts of discernible way driver can see critical
the surroundings objects properly
have very different
light conditions (e.g
direct sunlight and
complete shadow)
Light and shadow in |Viewing what Camera views Legibility (bright- Camera views need to
different views happens around the |with better light ness and contrast) ~he procesged so they

awkward relation
between eye)loca-
tions and the monitor

vehicle when each conditions get more can be pr¢sented for
camera view covers |attention than cam- the driver|in a bal-
surroundings with |era views with poor anced way securing
very different light |conditions where that criticpl objects
conditions something critical are brought to the
actually takes place driver’s aftention

Revdrsing with Monitoring vehicle, [Day time and night |Field.of view (in- Without cpnsidering

trailer trailer and rear end |time when reversing {crease from head the increased field of
of trailer. It is also movements not view from head move-
important to see the available as with a ments, a MS will
object that you are conventional mirror |provide tqo little and
reversing towards system) become upsafe/hard
and any obstacles to implement.
along the way.

Extrpme driver sizes | An extreme driver Display gets hard to |Ergonomic factors |Potential fafety risks
size (e.g. very short, |view due to distance, compared to a con-
very tall or with unu- (viewing angle and/ ventional pdjustable
sual anthropometfic:or large required mirror depigned to
proportions) gets ah |head rotation take most]driver sizes

into accoy

nt

arrargement.

Turrfing with trailer |Menitoring vehicle |Day time and night |Field of view (in- Without cpnsidering
and trailer as well as |time when turning |crease from head the incredsed field
more of the road to |left or right movements not of view from head
understand how the available as with a movements, a CMS
vehicle combination conventional mirror |will provife too little
is located in relation system) and becorpe unsafe/
to surroundings hard to inmpplement

Exiting.after tempo- |Indirect vision is Another vehicle is CMS availability; Dangeroup situations

rary standstill

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

coming close to the
vehicle when the
driver and/or pas-

thanks to the wise
use of conditions
for keeping the sys-

need to be avoided
compared to the
functionality that

the vehicle

driver and/or pas-
sengers intend to exit

ger system initiation

sengers intend to exit|tem active conventional mirrors
provide
Exiting after longer |Indirect vision is Another vehicle is CMS availability Dangerous situations
period of restingin |needed in orderto |comingclosetothe |despite fewer condi- |need to be avoided
the vehicle see if it is safe to exit |vehicle when the tions that could trig- |compared to the

conventio
provide

functionality that

nal mirrors
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Table 2 (continued)

Title

Task description

Critical situation

Critical metric

Justification

Normal entrance and
take-off procedure

Viewing what is

behind before taking
off as with a conven-
tional mirror system

Another vehicle is
coming from behind
and shall be shown
in time for the driv-

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

Dangerous situations
need to be avoided
compared to the
functionality that

period of resting in

behind before taking

coming from behind

despite fewer condi-

er before entering  |initiation conventional mirrors
the traffic provide
Take-off after longer |Viewing what is Another vehicleis  |CMS availability Dangerous situations

need to be avoided

the vehicle

£L il
Ull d5 WILII da CUIIVTIIT

tional mirror system

| 1 111 1
dllU SIIdIl DT SIITUWII
in time for the driv-
er before entering

s deloade 1l e
LIUIIS UIIdtl CUUIU UL 15

ger system initiation

LUlll}Jdl Cd tU t}lC
functionality thaf
conventionahmirttors

ent superstricture
or trailer wiglths

view based on the
current width of the
vehicle

cles and/or objects
are not shown as

the field of view is
adapted to a narrew-
er vehicle condition.

aptation to actual
véhicle width

the traffic provide
Driving in LHSand |Monitoring sur- Surrounding vehi-  |Field of view adjust- |To secuxe’safe driy-
RHS market$ with  |roundings as appro- |cles and/or objects |ability ing;itis necessari',to
the same veljicle priate to driving on |are hard to see due provide some adjysta-
the “right”, as well as |to the provided field bility of provided [field
on the “wrong” side |of view(s) of views in order {o
of the road adapt the vehicle to
the different driving
conditions in LHS|and
RHS markets
Driving with differ- |Monitoring field of |Surroundingvehi- |Field.efview ad- To secure safe driyving

and to remain leggl, it
is necessary to adppt
the field of view t¢ the
current width of fle-
placeable superstfuc-
tures or trailers

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 poinft
light sources (e.g.[low
beam headlights)|can
lead to blooming, that
means that e.g. the
two low beam hegdd-
lights of a vehicle pre
not separated and are
rendered as a motife or
less large “light clpud”
on the monitor. This
“light cloud” incrdases
as more vehicles dqrive
in behind at small
distances. In such|a
situation, it is notfpos-

Sibieto decideom the
number of vehicles in
behind and on their
location.

6 Requirements

6.1 System documentation

For testing and evaluation of the CMS according to ISO 16505, the following documents shall be provided

by the applicant:

— technical specification;

40
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— operator's manual.

6.2 Intended use

The intended use shall be mentioned within the operator's manual.

6.2.1 Default view

The default view shall enable the driver to observe the surroundings in most driving situations. The
CMS shall support a default view at least for homologatlon In default Vlew the CMS shall show the field
of vie ification, and

t10n as defmed in 65

6.2.1 Adjusted default view

The CMS may allow the user to change the field of view to his required setup iniiormal driving situations
as it s possible today with conventional mirror systems. In the adjusted default view, the fequirement
of 6.4 might not be fulfilled; however, all other requirements still apply. Tthis user adjusted fdefault view
may pe restored for the next trip.

6.2.3 Temporary modified view

The CMS may allow a temporary modification of the defaultviéw or the adjusted default view regarding
the flield of view and/or magnification and shall enable the driver to observe the surrpundings in
speclal driving situations such as merging, parking manoeuvre, etc. The temporary modiffcation shall
be indicated to the driver. The operator's manual shall inform the driver as well.

NOTE 1 The temporary modification can be activated automatically or manually.

NOTE 2  For requirements and recommendations regarding the modified view in commercial vyehicles, refer
toA.3.1.1

NOTE3  See6.2.3.1 and 6.2.3.2 for examples of temporary modified views.

6.2.3.1 Example of temporary changed field of view

The CMS may allow the userto 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), o be able to
obsefve the relevant@raffic in special situations as shown for example in Figure 19, where the driver
needs to pull out ina)shallow angle (higher than 0 ° but still not enough to observe the relevant traffic
by tyrning the head).

© IS0 2019 - All rights reserved 41


https://standardsiso.com/api/?name=fd48a66cb70e07b6a1503e9c0a436f59

ISO 16505:2019(E)

s

o 5
-

5

" o

= -~“"‘:a =
| - - T

A ERE

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

6.2.3.2 Example of temporary changed magnification factor \§\<2
The CMS mypy allow the user to select or automatically activate a temporary changed magnificption

factor so that the requirements in 6.5.1 and 6.5.3 may not &\qulfilled to be able to better observg the
relevant traffic in special situations for example parkin%$
N

6.2.4 Luminance and contrast adjustment xO

It shall be ppssible to adjust the average lumi%\u%e of the monitor either manually or automatically to
the ambient|conditions. Changing the CMS c@ ast should be allowed either manually or automatifally.
If manual ddjustment is provided, the operator's manual shall give advice on how to changg¢ the
luminance/¢ontrast. O

O

6.2.5 Ovefrlays O .

Overlays, according to 3.5.1®e generally allowed. Within the required field of vision only tempgrary
transparentoverlays ar wed.

6.3 Operating %@YI;IESS (system availability)

The CMS sh )%&operational as soon as the driver is ready to drive. If the system is not operational,
the driver ghall 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 ¢,y is specified to be tyy < 7 s.

NOTE The switch-on-time for a cold start of the CMS tyy corresponds to the time-behaviour of folding
mirrors.

In the interest of reducing power consumption, the CMS may suspend operation when the vehicle
is temporarily stopped (e.g. at red traffic light, traffic jam, etc.), but shall be fully reactivated in
trestart < 1 s so that the driver can scan the surrounding.
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6.4 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.

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

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

Examples for different mirror classes are given in B.2.
6.5 | Magnification and resolution

6.5.1 Average magnification factor

The average magnification factor of the CMS following 3.5.8 in both herizontal and vertiqal direction
shall{ not be lower than the average allowed magnification factor of amirror following dgfinitions in
3.2.23 (driver side) and 3.2.24 (passenger side).

6.5.1.1 Average magnification factor (driver side)

The following requirement applies:

I/Isystem/hor/avg 2 Mmirror/driver/avg (19)
Msystem/ver/avg 2 Mmirror/driver/avg (20)
The yalues of Myjrror/driversavg for different mirror classes are given in 3.2.23.
6.5.1.2 Average magnificationfactor (passenger side)
The following requirement applies:
I /Isystem /hor [avg 2 M niirror / passenger [avg (21)
ldsystem/ver/avg 2 Mmirror/passenger/avg [22)

The Values/of M

mirror/passenger/avg 0T different mirror classes are given in 3.2.24.

6.5. 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).

6.5.2.1 Minimum magnification factor (driver side)

The following requirement applies:

Msystem/hor/min 2 Mmirror/driver/min (23)
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system/ver /min =M mirror /driver /min

mirror/driver/min fOT different mirror classes are given in 3.2.26.

6.5.2.2 Minimum magnification factor (passenger side)

The following requirement applies:

M

system/hor /min 2 Mmirror/passenger/min

(24)

(25)

M

system
The values (

6.5.3 Res

The resolut
represented
assuming ay

NOTE1l R{

Resolution N

MTF10

MTF10

Resolution N
requiremen

MTF10

MTF10

NOTE 2
performance

The corner measurement points as illustrated in Figure 20 are representative points to evalua

=M

ver /mi mirror [ passenger /min

fM

mirror/passenger/min fOT different mirror classes are given in 3.2.27.

plution (MTF)

on (MTF) defines the minimum distinguishable details observablé in an image and
by the MTF10 as described in 3.13. For reasons of simplicitythe requirement is de
| aspect ratio of 1:1. The correction factor for other aspect ratios can be found in Anne

fer to Annex D for more information on the assumed aspect ratio of 1:1.

ITF10, at the centre of the monitor defined size shall\fulfil the following requirements

1:1)/hor >MTF10 MIN(1:1)/hor - in horizontal direction;

1:1)/ver 2MTF10MiN(1:1) ver » In vertical direction.

ITF10, at the corner measurement peints as illustrated in Figure 20 shall fulfil the follo
[s:

11)/hor = EMTFlOMIN(l:l)/hor ;in horizontal direction;
11)/ver = > MTF10yed:1)ver » in vertical direction.

of the CMS inthevhole relevant displayed range.

(26)

it is
fined
kK D.

wing

e the
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Figure 20 — Illustration of the corner measurement-points for measuring the MTF10

6.6 | Magnification aspect ratio

In the required field of view, the difference between the average magnification factor for horizontal
and yertical direction of a CMS shall satisfy the following formulae depending on the individual mirror
classes. For more information, see B.3.4. The-preferable average magnification should be the same for
horizontal and vertical direction.

For UN Regulation No. 46 class I CMS;the acceptable range shall be:

M
0,34 <1 —Ystem/hor/avg 25 o5 (27)

system/ver /avg

For UN Regulation No. 46+class Il CMS, the acceptable range shall be:

M
0,42<1— Systém/hor [avg <0,3 (28)

system/ver /avg

For UN Regulation No. 46 class III CMS, the acceptable range shall be:

-0,34<1- Mosgstemtror vy <0,25 (29)

system/ver [avg

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

6.7 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 (national regulation provides the view on the appropriate mirror class).
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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
to be located, the monitor position is in accordance with 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

windo

The arr]
This me
arrange
monito]
the moi
separat

d)

Obstrud
monitof
installa

f)

require

6.8 Imag

The followir

qulbO-

hngement of the monitor inside the vehicle shall be in such a way as expected by.a-d
ans that the image of the right side field of view is displayed on the right side of'the mo|
ment, the image of the centre field of view is displayed in the intermediate’region g

arrangement, and the image of the left side field of view is displayed dmthe left si
litor arrangement. If the CMS has only one display, non-continuous images shall be cl
bd from each other. For additional commercial vehicle requirements(see A.3.2.

river.
nitor
f the
de of
parly

tion of the driver’s direct view caused by the installation of the CMS (especially of the

) shall be restricted to a minimum. National regulations could include provisions o
Fion of the CMS (e.g. UN Regulation No. 125).

The mgnitor may be adjustable by the driver in order to achieve the minimum image qu

by 6.8. In that case, the adjustment shall be possiblewithout any tool.

P quality

1g requirements refer to the monitor defined size, if not stated otherwise.

6.8.1 Monitor isotropy

The monitoj

shall conform to optical requirements over a relevant range of viewing directions.

h the

ality

6.8.1.1 Directional uniformity
When driven by an artificial 70. %) grey-scale image, the deviation of the monitor luminance from the
luminance yhite level as defined 3.19 with specific viewing direction (6, @) = (0,,onitor/n> Prmonitor/n)

shall be suc]
L

monitor/D’

isotropy ramge as

monitor ext

For the stan|

1 that the ratigrelative to the luminance white level for the same specific viewing dire

p) does not exceed 35 % of the luminance white level for the monitor stan
efined in 3.4.31 and shall not exceed 50 % of the luminance white level fo
bnded jsotropy range as defined in 3.4.32.

(‘Dmonitor

dard.isotropy range:

ction
dard
r the

max{ Li- L(@monitor/D 'd)monitor/D )‘}
<35 %, (30)
L(@mom’tor/D '(pmonitor/D )
for pointsi=1,2,3,4,6,7 8,9 as defined in Table 3.
For the extended isotropy range:
max{ Ly - L(@monitor/D '@monitor/D )‘}
<50 %, (31)

L (@monitor/D 'cpmonitor/D )

for points i’

46

=1,2,3,4,6,7 8,9 as defined in Table 4.
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long as there is no sudden loss of the image.

6.8.1.2 Lateral uniformity

The luminance white lateral dependency shall satisfy:

for p

6.8.2
Forl

maX{[Lj/white (9»¢)]}_min{[l‘j/whit€ (@‘D)]}

<35 %,
max{[L /white (@,cb)]} ’

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

(32)

|

|

q

q

pintsj =1, 2,3,4,5,6,7 8,9 as defined in Table 5, where (0, ®) = (0, 0).

Luminance and contrast rendering

iminance and contrast rendering the following requirements apply.

The minimum luminance contrast at the monitor reproducing a high eentrast pattern

for direct sunlight condition: 2:1;

for day condition with diffuse ambient light: 3:1;

for sunset condition: 2:1;

for night condition: 5:1.

NOTE1 The definition of the “luminance contrast” is given in ISO 9241-302. The lumin
is measured by “contrast ratio”. According toISO 9241-302, as well as ISO 15008, the “c
is defined as the ratio between the higherlirminance Ly (Lyg,) and the lower luminance

remaining definitions follow ISO 15008

NOTE 2  To take into account the needs of older drivers, the minimum luminance cont
condition is 10:1.

Night condition for the caméras field of view is replicated in a dark environment sy
maximum illuminance on the objects to be measured shall not exceed 2,0 Ix.

[he background luminance of the monitor should be limited under night condition
n the installation (f)the monitor inside the vehicle, this will reduce annoying reflec
vindscreen or othér window panes as well. The maximum background luminance
ondition shouldbe less than 2,0 cd/m?2.

The operator’s manual shall contain a note that sunlight or light from other intense 1
wpon thesthonitor reduces the luminance contrast which may require the driver to b
dlert and attentive.

hall be:

hnce contrast
ntrast ratio”
Ly (Lyow)- All

rast for night

ich that the

Depending
tions on the
under night

ght sources
e especially

6.8.3

Colour rendering

For colour rendering, the hue angle of reproduced colour of the chart patches on the monitor shall
satisfy the following requirements. The colour coordinates are described based in the CIE 1976 uniform
colour space:

red colour 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 °];
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— 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.

Figur

For colour 1
lamps as bly

6.8.4 Artq

96.6°  Yellow angle tolerance 44.8°
06 1526-536-545 = \ ’/
51 l SL&W Zgo
< % —— S0 | 620 4y

179.9° ( N

040 (19

Q.) R
209.9° Q)@Q
V' 03 N
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O
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q
&
470 -
\ <Q& ¢ RED Patch
0.1 - © GREEN Patch
460 \\ R \\ @ BLUE Patch
450 ~ © YELLOW Patch
440
" | e\ < WHITE Patch
0 005 01 015 02 025 03 035 04 (045 05 055 06 065
'
u .\@ 02.2°  cEtgr6uCcs

e 21 — Tolerance of colour devia@ on the CIE 1976 UCS chromaticity diagram

<)
endering of vehicle signal lamps, the amber lamps should be recognizable as amber,

e, red lamps as red. O

O
O.

pfacts

The operatar's manual sha @ér to possible artefacts and their result of partial occlusion of the fig

view and of

6.8.4.1 Sy

Smear causegs

the objects
S

%51 occlusion of the field of view and of the objects. Smear shall not be more than

may require the driver to be especially alert and attentive.

near

blue

bld of

50 %

of the maxir

hum luminance value of the image.

6.84.2 Bl

ooming and lens flare

Blooming and lens flare cause partial occlusion of the field of view and of the objects. Blooming and lens
flare artefacts shall not cover more than 25 % of the displayed image (see test 4.1 in 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.

6.8.4.3 Point light sources

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

sources and

48

be distinguishable.
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6.8.4.4 Colour noise

Annoying colour noise should be avoided under night condition.

6.8.4.5 Chromatic aberration

Annoying chromatic aberration should be minimized.

6.8.5 Sharpness and depth of field

6.8.51

1 Sharnness
| o

Shar
by th

— horizontal and vertical MTF50(, 4 at centre

— horizontal and vertical MTF50(y.4y at corners (70 % of image height)

with
aspe

6.8.3

The
the 1
diffe

per images enable faster perception of the content shown in an image. The sharpnessis
e MTF50(y.1) as described in 3.18 and it shall satisfy

ITF50 1.1 Z%MTFloMIN(m) [LW/PH]

1(1
ITF50 1.1 ZE(EMTFloMIN(m) J[LW/PH]

MTF10yn(1.1) as defined in 3.16 and 3.17 and MT¥50yy(y.1) as defined in 3.18, both
Ct ratio of 1:1.

.2 Depth of field
CMS shall enable the driver to observe the object space and perceive the content sH

ange of interest with enough regolution to discern the details. The MTF10(;.4), when
Fent distances to the object, shall satisfy at least the minimum resolution for the follow

esolution at point 1 (10 mi as representative point for infinity) and point 2 (middle dist

ATF10(14y20,9*MTEXOyy(1:1) [LW/PH]
esolution at point 3 (close distance at 4 m)

ITF103) %MTMOMIN(M) [LW/PH]

RAT]

represented

(33)

(34)

Issuming an

own within
measured at
ring points:

ance at 6 m)

(35)

(36)

ONALE: The main focus of the depth of field evaluation is to measure the CMS (

apability to

recognize objects at any distance within the required field of view. As objects at nearer distances are

displ

ayed larger, the requirement at those distances can be reduced.

6.8.6 Geometric distortion

The distortion of the image relative to the rectilinear projection on the monitor should be minimized.
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6.8.7 Further image quality requirements

6.8.7.1 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 operator's manual should advise the driver to repair
or replace the system.

6.8.7.2 Flicker

The entire

im

age area of the monitor should be free of flicker for at least 90 % of the user populati

6.8.7.3 Visual artefacts

The entire 1
perform the

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

6.8.7.4 Gloss of the monitor housing

The monitoj
in the monif
measured i1

6.9 Time

6.9.1 Frai

Movements
frame rate

conditions @
of the imaggq
atleast 15 H

6.9.2

The image f

6.9.3 Syst

A CMS shall
latency shal

6.10 Failu

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

behaviour

mne rate

of objects in front of the camera shall be\rendered smooth and not jerky. The mini
bf the system (update rate of the imageinformation) shall be at least 30 Hz. At low
r while manoeuvring at low speed, the minimum frame rate of the system (i.e. update
information) can drop (e.g. due telenger exposure times or image processing) but sh
Z.

Image formation time

brmation time of the fonitor should be less than 55 ms at room temperature 22 °C + 5

em latency

| be lowér than 200 ms at room temperature 22 °C £ 5 °C.

re-behaviour

have a suffietent short latency in order to render the scenery nearly at the same time}

er to

light
when

mum
light
rate
1l be

The

In case of a CMS failure, it shall be recognizable to the driver until the CMS performs a successful self-
test. The operator's manual shall inform how a failure is indicated and should provide instructions for
the provisional remedies if available for the indicated failure, as well as necessary instructions until the
system is repaired.

For any additional functional safety requirements refer to Clause 8.

6.11 Quality and further ergonomic requirements

For quality and further ergonomic requirements refer to the national body (e.g. UN Regulation No. 46,

chapters 15.

50

1.2 and 15.1.3).
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6.11.1 Needs of older persons

6.11.1.1 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 a suitable distance.

The pastallation-ofthe monitor inside the vehicle should follow the needs of the intended user group.
The pperator's manual shall give advice about the decreasing accommodation capacity-of the human
being and shall recommend suitable aids according to the user needs.

6.11|1.2 Glare due to high luminance of the monitor

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

6.12 Influences from weather and environment

The following weather and environment influences should be considered.
— Rain, snow, sun, fog, etc.

— The soiling conditions at the position for the cameéra onto the vehicle should be taken ifto account.

— The air flow at the housing and corners. of the CMS should be analysed in order fo minimize
gedimentation onto e.g. the lens of the(oamera. The housing and corners of the CMS should be
designed accordingly.

— In order to maintain a clear view,. the CMS and in particular the camera in the outer area as well as
the monitor in the interior area of the vehicle should be cleaned regularly if necessary. The operator's
manual shall give cleaning-structions and relevant safety instructions.

7 Test methods

7.1 | System documentation

Verifly that the necessary technical specification and operator's manual for the required tegts exists.

7.2 | Intended use

Verify that the intended use is defined in the operator's manual.

7.2.1 Default view

Verify that the CMS has a default view. If not stated otherwise all test procedures in Clause 7 refer to the
default view. Verify that the minimum requirements as defined in Clause 6, in particular, the minimum
required field of view (see 6.4), the average and minimum magnification factor (see 6.5.1 and 6.5.2),
and the resolution (see 6.5.3) are fulfilled in the default view.

7.2.2 Adjusted default view

Verification is not required.
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7.2.3 Temporary modified view

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 operator's manual gives advice
on the temporal 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 give

s advice on how the luminance and contrast settings are changed.

7.2.5 Ove

Verify by v
defined in 6

7.3 Oper

Verify that t
system is pq
operational
CMS looking
seconds wit]
The test is {
reference si
the CMS out
taken from {

rlays

sual inspection that overlays which are displayed within the required fiéld-of vie
4 are temporal and transparent (not opaque).

hting readiness (system availability)

he CMS is fully operational within a maximum start up time t,§as defined in 6.3 aftg
wered on for a standard laboratory environment at 22 °C +,5 °€. The start point of th
state is defined as the time point where the variations of @ monitor reference signal ¢
at a still scene (e.g. chessboard chart) remain within a €50 % range for at least 10 fu
h a clear visible image (see Figure 23). The test setup-for the CMS is shown in Figun
erformed with a scene illumination of 10 000 Ix (bright scene) and 2 1x (dark scene)
bnal may be generated by measuring the time resolved luminance value Y or equivalg
put image on the monitor using a reference caniera, optical transient recorder or m
he system (e. g. auto exposure state, mean.grey value of the monitor image, etc.).

W as

r the
e full
f the
rther
e 22.

The
nt of
y be
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\ N
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8 9
Key
1 fteestchart (e.g. chessboard chart), aligned perpendicular £ optical axis
2 i]lumination for test chart
3  damera
4 onitor
5 Iﬂference 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 damera-side
9  1nonitor-side

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

\\,\Q
7.4 Field|of view \$

Verify that the technical specification for the CMS con‘t&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/@ﬁ&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 CAD) 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 @mcal specification contains the monitor design viewing angle_ (qun tor/D>
P onitor/p O] Hmonitor D Omonitor/ver/p» S€€ 3.4.11, 3.4.12, 3.4.13, and 3.4.14), the monitor design viewing
distance (a,o,itor/pr5€€ 3.4.10), the size of the monitor’s defined size (W, o,itor/nor Hmonitor/ver S€€ 3417
and 3.4.18), thgﬂ era’s field of view (a, a

amera/hor Xcamerayver S€€ 3.3.15 and 3.3.16) and the canjera’s
percent field 65/ ew 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.

54 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=fd48a66cb70e07b6a1503e9c0a436f59

ISO 16505:2019(E)

7.5.2 Minimum magnification factor

The following measurement procedure applies:

a)

b)

d)

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
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 26).

amonitor/D

agnification M,

ystem/hor/min @S minimum of the function within the limits of the monitor

Repeat steps b) to d) for the image centre column to obtain My,em ver/min:

NOTH For an ideal rectilinear projection the minimum magnification factor equals
magtlification factor.

Itis

with

dimgnsional magnification verification givenin this subclause.

Key
1

20 square box

chessboard

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 ‘to the chart. Obtain the minimum

defined size.

the average

recommended to use the angular magnification as described in C.3 at least for wide-angle mirrors
radius of curvature r,,;,,,- < 400 mm (e.g* UN Regulation No. 46 class IV mirrors) infstead of the

Figure 24 — Example of a chessboard chart for magnification measurement
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point 1
point 2
point 3
left oute

right outermost displayed edge
centre line

'most displayed edge

Figure 25 +— Example of measuring points in horizontal direction on an image with pincushion
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Key
1 easured distance of the individual square edge
2 I’olynomial curve fit

Ipcal magnification

X1 (griginal chart distance from relevance point‘{mm)

Y1
Y2

X2 rumber of chart square edge
:J[osition of the monitor output image.(inm)

Wmonitor/A Wchart

D

Figure.26'— Example of a magnification measurement plot

7.5.2.1 Minimum magnification factor (driver side)

Verifly by using(a chessboard chart that the minimum magnification factor of the CM§ inside the
requjred field of view (see 6.4) is not lower than the required minimum magnification fagtor and the
formpula in6:5.2.1 is fulfilled for both horizontal and vertical direction.

7.5.272 Minimum magnifcation 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 6.5.2.2 is fulfilled for both horizontal and vertical direction.

7.5.3 Resolution (MTF)

7.5.3.1 Horizontal resolution
1) Calculate MTF10yy(1:1)/nor Pased on Formula (15).

2) 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 or Figure 27). Target the CMS camera
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3)

4)

5)

7.5.3.2 Ve@rtical resolution

1y
2)

3)

4)

58

to display the chart in the middle of the monitor defined horizontal 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 hyperbolic resolution chart shall be such that the lines appear as vertical lines on
the monitor. Ensure that there is no over- or underexposure to the image of the chart.

Measure the width of the nine lines at chart position 1 on the monitor w'e .. /1o, [s€€ example shown
in Figure D.1,key (h)] and determine the spatial frequency corresponding to chart position 1:

Winonitor /h
Khor __ moni or /hor 9 (37)

W' chart /hor

This cofresponds to the number of lines visible that fits within the monitor defined horizonta] size
W honitod/nor if the line pattern at chart position 1 would be repeated for the whole moniter'defined
horizonfal size.

Calculate the frequency multiplication factor to find the required chart position, Pj’to be chqcked
for the MTF requirement.

=

ITF10\MiN(1:1)/hor
Khor

Ppor = (38)

This colﬁresponds to the chart position where exactly MTF10n1.1)/nor is reproduced wjithin
the monitor defined horizontal size W, pisor/nor The frequency muitip(ication factor is indi¢ated
adjacent to the hyperbolic chart (see example in Figure D.1 with explanation for the number given
at key (3). Some commercially available charts can containthe frequency values directly print¢d on
the chart instead of this multiplication factor).

Verify that all lines can be observed and distinguished at the chart position P;,. This ensureq that
the MTF10(y.q) 1,0, is at least equal or greater thamthe MTF10y;y(1.1y/hor In case the test fail, the
countericheck defined in D.3 shall be used.

Calculate MTF10yy(1.1)/ver Pased onFormula (16).

Positior] the camera of the CMS(such that its optical axis is aligned to the perpendicular orientption
of a hypgerbolic resolution chant (e.g. as shown in Figure 22). Target the CMS camera to displaly the
chart irf] the middle of the“monitor defined vertical size. The distance from the camera entfance
pupil to| the chart d shall’be 6 m or less if the focal distance is lower than 6 m. The rotation qf the
hyperbolic resolution chart shall be such that the lines appear as horizontal lines on the monitor.
Ensure fhat there is#i0 over- or underexposure to the image of the chart.

!

Measurg the height of the nine lines at chart position 1 on the monitor 1’4, 1., [se€ example shown
in Figurle D41,'%key (h)] and determine the spatial frequency corresponding to chart position 1:

Hmonitor/ver

Ko = — -9 (39)
chart /ver

This corresponds to the number of lines visible within the monitor defined vertical size Hy.,picor/ver

if the line pattern at chart position 1 would be repeated for the whole monitor defined vertical size.

Calculate the frequency multiplication factor to find the required chart position, P, to be checked
for the MTF requirement.

MTF10 .
Pver _ Il;’[IN(l.l)/ver (40)

ver

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=fd48a66cb70e07b6a1503e9c0a436f59

ISO 16505:2019(E)

This corresponds to the chart position where exactly MTF10yy(1.1)/ver is reproduced within the

monitor defined vertical size Hy,opitor ver

5) Verify that all lines can be observed and distinguished at the chart position P, ,,. This ensures that
the MTF10(4.q) e, is at least equal or greater than the MTF10y;y(1.1)ver- [0 case the test fails, the
countercheck defined in D.3 shall be used.

EXAMPLE Assuming a UN Regulation class III CMS for driver side with X610 = 0,5 M, Yegmerq = 0,15 m,

and Z;gnerq = 1,24 mresulting in @, /hor/min = 12,2 °.

o .
% % % arcmin

TITITTOT /o7 /T eye;/ T )

MTFE10 —M * monitor [ hor

MITIN( IT)7 707 TIITTOT fUTiver favy

(41)

k amirror/hor/min }

By inserting, the number of required observable lines within the monitor displayedhotjizontal field
fview (assuming a,, ,,itor/nor = 20 °) is calculated:

20° 1 i
MTF10MN(1:1)/hor =0;31*( 12020 ]*12.2°*0,7 *60 arczmn =260,4

arcmin

)

Assuming a monitor defined horizontal size of Wy, ,i0,/nor = 0,2 and a width of the pine lines at

¢hart position 1 on the monitor of w'¢;4,¢ /por = 0,031 m

w

K monitor [ hor
( =——F———

! *9 (42)
Wchart/hor

By inserting:

k=_%2" «9_sg 07
0,031m

b MTF10yiN(1:1)/hor
K

(43)

By inserting:

_260,4
58,07
Thus, verificatioris needed that all lines can be observed and distinguished at the chart/position 4,5.

D

4,5

7.5.3.3 Reseolution at corners

t70:% of the monitor defined horizontal and vertical size (see Figure 20).

1) }(epeat the measurements for horizontal and vertical resolution at the corner measurgment points

2) Verify that the corresponding requirement is fulfilled (half of the MTF10y;y(.;) resolution is
required in the corners).
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55 4,25

Mm @ @ @ 55 4.25

(2) 3 &

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

7.6 Magnification aspect ratio

The differerjce between the average magnification factor for horizontaland vertical direction of a
shall be caldqulated as:

1— system/hor /avg

system/ver /avg

CMS

(44)

Alternativelly, it is measured using a chessboard chart¢The corner points of the chessboard sqyares

should be g¢ometrically measured over the monitor sereen and the ratio of the horizontal pitch t
vertical of the chessboard individual square corners pitch gives the local magnification aspect
The average ratio shall satisfy the criteria given-in6.6.

For the magpification aspect ratio measurement, the chessboard chart measurement may be evaly
by observatjon in the perpendicular oriéntation to the monitor. The measured horizontal and vel
magnificati¢n factor from the monitorperpendicular direction shall be multiplied by cos(6,,¢or/
c0S(Opmonitorpersn), r€spectively, as thie corrective factor when monitor is actually viewed from the d
viewing dirgction 6,,,,itor/nor/p 20D O o nitor ver/p (S€€ 3.4.13 and 3.4.14).

7.7 Monitor integration-inside the vehicle

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

p the
ratio.

lated
rtical

or/D)'
bsign

a) Verify that the ebstruction of the view onto the mandatory field of vision on the monitor is kepft to a

minimujm.

b) Verification is not required.

c) Verification is not required.

d)

60

Verify by visual examination that the image of the right side field of view is displayed on the right
side of the monitor arrangement, the image of the centre field of view is displayed in the intermediate
region of the monitor arrangement and the image of the left side field of view 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 Annex A.

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. See applicable
national regulation (e.g. UN Regulation No. 125).
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f) If the monitor is adjustable in order to achieve a perpendicular viewing direction, verify that the
adjustment is possible without any tool.

7.8 Image quality
7.8.1 Monitor isotropy

7.8.1.1 Directional uniformity

Measurements are made by using a goniometer or a conoscopic measurement system or equivalent. The
meagUTement shall ensure that the luminance variation does not exceed the 1imits detingd in 6.8.1.1.
The monitor luminance dependency is measured for different measurement directionsas’flescribed in
Tabl¢ 3 and Table 4. The measurement shall at least cover measurement directions,from [the monitor
extended isotropy range.

The left part of Figure 28 describes the measuring range for the directional giiformity mgasurement,
with|measuring point located at the centre of the monitor, indicated as point}.= 5. The colotir plot given
in the right part of Figure 28 is an example of a measurement result ofa liquid crystal display (LCD)
mon{tor using a conoscope, in polar coordinates. The luminance leyvel<s plot depending jon different
orierjtation and angular range. The luminance level is colour codedsWwhereas colour red indicates high
lumihance levels and colour blue indicates low luminance levéls. The small windows represent an
exanpple of the monitor standard isotropy range and monitor-extended isotropy range for|an assumed
monjtor design viewing direction of @, ,,itor/p = 25 °, Ponisarp= 38 °-

[
\\

1\\\

70

N

6° \ 4

50 i=7 i=9

Key

monitor

nominal line of monitor surface

monitor design viewing direction (6, onitor/p» Pmonitor/n)
monitor standard isotropy range

Ul s W N

monitor extended isotropy range

Figure 28 — Example of directional uniformity measurement
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Table 3 — Measurement directions for standard isotropy range

7.8.1.2 L4

Table 5 and ]
the lateral 4
orientation

Direction i dl‘:g::é e d‘e]g{: 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’ dl(:;;)::{: o dzgé o

1 -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

teral uniformity

Figure 29 describe the measuring pointsj=1,2, 3,4, 5,6, 7,8,9 and measuring orientatig
niformity measurement-The luminance of the monitor is measured for the perpendi
fo the monitor, thatis,for orientation where (0,,,hitor Pmonitor) = (0 %0 °).

Tablée.5 — Measurement points for the lateral uniformity

n for
rular

62

Percentage of Percentage of
Point] | pontiiche | tromien fef
corner corner
t 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
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Figure 29 — Points for non-uniformity measurements on the monitor

7.8.1 Luminance and contrast rendering

[heck if the CMS hag-the possibility for manual or automatic adjustment of the luminanc
the result value.

Check if the gperator's manual contains the required information on the influence o
light from._other intense light sources upon the monitor concerning reduction of th
¢ontrastwhich may require the driver to be especially alert and attentive.

This|proeedure consists of five tests in different ambient illumination conditions:

a)

b)

)
d)

e)

e and report

sunlight or
b lJuminance

direct sunlight exposure (contrast perceptibility at the monitor with 45 00U IX 1llum
spot light source to the monitor);

ination by a

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/m? luminous density);

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

sunset condition, camera artefacts (image area that is affected by artefacts produced by a high-

intensity glare light source shining on the camera lens);

sunset condition, camera contrast (contrast rendering with a high-intensity glare light source

within the cameras field of view).

© IS0 2019 - All rights reserved
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NOTE Using a reflective chart with a diffuse reflectance (p), the luminance (L) of the reflective chart can be
estimated from the illuminance (E) onto the reflective chart by using Formula (45):

(45)

A general overview of the test elements is shown in Figure 30. Note that not all equipment is needed for
each test at the same time.

6 9

a
T

I _O " L

1—

Y
12
Key
1  testcharf (contrast chart, black chart)
2 illumination for test chart
3 mirror
4 high-intdnsity glare light for camera evaluation (with oriented light beam)
5 camera ynder test
6  illumination formienitor under test
7  monitor undér\test
8 reference camera, digital photometer (e.g. area luminance photometer)
9 diffuse illuminator

[uny
o

optical or spatial isolation between camera and monitor lightning environment

—_
—_

optical isolation barrier to avoid direct light into camera lens

—_
N

camera-side

Uy
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
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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/m?2 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 or
the illumination shall be similar to the CIE D55 standard illuminant and have a correlated colour
temperature of T =5 500 K with a tolerance of £1 500 K. For night condition an illumination similar to
the qTE A standard 1lluminant with a correlated colour temperature of I, = Z 848 K with aJtolerance of
+1 000 K may be used.

Test|1: Direct sunlight exposure onto the monitor

Setu
unde

b: contrast chart (1), illumination for test chart (2), camera under test (5), ilimination for monitor

r test (6), monitor under test (7), and reference camera (8).

This test simulates direct sunlight shining through the windshield of a y€hicle on the monitof. Therefore,
the iJlumination for the monitor under test (6) shall be point like afd produce a parallel and uniform
incident light for the measuring point.
The

luminance contrast ratio, CR, of the monitor shall be¢measured at the centre of the monitor

defin
The

incli
lies i
(see

subs
the @
calcy

For fi
and 1

ed size using a contrast chart. Brightness setting of the monitor shall be adjusted t
nclination angle of the reference camera on the monitor shall equal the monitor des
ation angle 0,,,,,;¢,/p- The inclination angle of the'incident light source is 0 = 0,,,;¢,r,

the measuring plane that is spanned by the monitor normal and the design viewi
Figure 31). The contrast ratio is obtained bysmeasuring the luminance of a white and|
equently allocated to the measurement location (e.g. by inverting the patches only in
hart or moving the camera to point to.a different patch) or equivalent. The final conf

lated using Formula (46):

L
L

monitor /chart /white /ambient

'R —

monitor /chart /black [ambient

lexibility, the luminance-contrast may be calculated out of separate measurement of
eflected luminance: The luminance contrast is then calculated using Formula (47):

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

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

L

mon

bor/chditpwhite A09 Lionitor/chart/black are the emitted luminance values measured undg

condlitions at the monitor. Depending on the displayed image, the reflected luminance mig

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.

due todifferent state of the liquid crystals of an I.CND). The reflected lnminance from high-intensity
glare light is determined for each state (white, black patch of the chart displayed on the monitor) by the
following procedure and Formulae (48) and (49):

Lr/white = Lmonitor/chart/white (glare Iightswitchedon) [4—8)
_Lmonitor/chart/white (glare Iightswitchedoﬁ)
Lr/black = Lmonitor/chart/black (glare light switched 0")_ 49)

NOTE

ISO9

© ISO

Lmonitor/chart/black (glare IightSWitChedoﬁ)

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

N U1 AW N

measuring plane
monitor junder test
monitor pormal

design vlewing direction
high-intgnsity glare light

reference camera

Figure 31 — Setup for direct sunlight exposure

NOTE1  Fdraantinclination angle of 6,,,,s,,p = 30 ° and azimuth angle ®,,,,;,,p = 0 °, this test is simifar to

SAE J1757:2007-procedure 2B, 4.1.2.4

In the case where 0,,,0,/p = 0 °, 6 shall be measured in a plane, where @,,,,,./p = 0 © and 180 °. The
reading with the lowest contrast shall be used.

The

66

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 L chare/white cd/m? | 400 to 800 |Luminance white at
parameters contrast chart
“Direct sun- Contrast ratio chart 220 Lcharepwhite/
light exposure” chart/black
Monitor side Ambient illumination range Ix 40k to 50k
measured at monitor position
Inclination angle reference cam-| degree | Op,niror/p
Qra () to oot o ool
era{8)-to-meniternermat
Inclination angle, 6, light degree | 0,,,micor/D
source (6) to monitor normal +15
Results tobe  |Monitor side Measure the luminance contrast Measur¢ the lumi-
reporrted ratio of the test chart image on nance white and lu-
the monitor minanc¢ black at the
monitor| and obtain
the confrast ratio
Verifly that the measured contrast ratio meets the requirement for difect sunlight condition.

Test

Setu
unde

This
unde
the n

The

like light source. This may be reproduced,by placing a transparent diffusor between point

and
from
mea
lumi]

The
displ

Brightness settingsof-the monitor shall be adjusted to maximum. The measured cont

obta

o

2: Day condition with diffuse sky-light exposure

b: 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).

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

est setup and procedure are identical with Test 1 using the diffuse illumination instead

monitor. The field of measuremeént shall be completely covered by the reflection of
the reference cameras point of view and the diffusor shall at least cover a diameter of]
ured from the measuring point of view (extended source according to ISO 9241-305). 1
hous density is measured‘at the diffusor/diffuse illuminator surface at an angle of 15 °

luminance contrast 'ratio, CR, of the monitor shall be measured at a contrast ste
ayed image of thé\contrast chart. Measuring location shall be the near the centre off

ned using Férmiula (50):

L
L

rignitor /chart /white /ambient

'R —

monitor /chart /black /[ambient

for monitor

the monitor
urement on

of the point
light source
the diffusor
atleast15°
he required

within the
the display.
rast ratio is

(50)

For

lexibility, the luminance contrast may be calculated out of separate measurement of

and reflected luminance. The luminance contrast is then calculated using Formula (51):

CR

Lmonitor/chart/white (@monitor/D 'q)monitor/D )+ Lr/white (@monitor/D ﬂjmonitor/D )

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

the emitted

(51)

Linonitor/chart/white 304 Lyonicor/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)

~Luonitor jchart jwhite (diffuseillumination switched off )

Ly sblack = Lmonitor /chart /biack (diffuseilluminationswitched on)

~Lunonitor /chart /black (diffuseillumination switched off )

(52)

(53)

NOTE The prnr‘pdnrp follows the basic prinr‘ip]p for determination of the reflected ]ighf as introduced in
[SO 9241-305:2008, 6.1.2.
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 L chare/white cd/m?2 400to 800 |Luminance white at
parameters contrast chart
“Day conditipn Contrast ratio chart =20 L chare/white!
with diffuse L chart/plack
SRY'I"ight €XPO- | Monitor side  |Luminance diffuse illumi- cd/m2 1300to 1500 |Luminance atthe
sure nator surface of the dif-
fuse light sourde
Inclination angle refer- degree O monitor/D
ence camera (8) to moni-
tor normal
Inclination angle, 6, degree | @popitorsp + 15°
light source (6) to.morri-
tor normal
Results to bg |Monitor side |Measure the luminance Measure luminpnce
reported contrast ratio-of the white and lumi
test chartimage on the nance black at the
monitor monitor and obtain
the contrast ratio
NOTE Fqr an inclination angle“of 0,,,,t,,/p = 30 ° and azimuth angle @, ,o,/p = 0 °, this test is simifar to
SAE J1757:20[07, procedure 2B;4<1.2.5.
Verify that|the measiired contrast ratio meets the requirement for day condition with diffuse
ambient light.
Test 3: Night condition
Setup: contrastchart (1), ittumination for test chart (2), camera under test (5 ), monitor under test (7),

and reference camera (8).

This test simulates a camera scene at night condition where an illumination of 2 Ix produces typical
luminance values of 0,5 cd/m?2 to 0,7 cd/mZ. 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 L chare/white cd/m? 0,5to0 0,7 |Luminance white at
parameters contrast chart
“Night Contrast ratio chart 220 L charewhite!
condition” chart/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-moniter ranee-black at the
monitoy and obtain
the.confrast ratio
Measure the background cd/m? Meéasure luminance
luminance black at{the monitor
Verifly that the measured contrast ratio meets the requirement for night condition.

Test

Setu
mon

This
horiZ
maxi

The
shall

Test
The

4: Sunset condition, camera artefacts

b: black test chart (1), mirror (3), high-intensity glare light Source (4), camera un
tor under test (7), and reference camera (8).

test simulates a camera scene where a high-intensity glare light source as e.g. thg
on produces artefacts in the camera image. Luminance'setting of the monitor shall bg
mum.

hrea affected by camera artefacts (blooming,«flares, etc.) induced the high-intensity
be determined.

4.1: Blooming and smear

amera under test is directed at the-high-intensity glare light source (4). Alternatively, 4

an adljustable aperture can be used in/order to fulfil the required extension of the glare s

field

of view. The background around the light source is dark (black test chart). The angle

nornpal of the sensor plane of thejcamera and the line connecting the midpoint of the sensor

sour
valug
camg
artef
dark
the 4|

Test

The {

Ce shall be 10 °. The luminance values of the monitor shall be measured relative to th
 in the centrepoint of the glare source displayed on the monitor. Viewing direction for t
ra (8) shall be the-design viewing direction on the monitor. Monitor regions displaj
acts as blooming; smear and flares will have higher luminance values than areas wh
backgroundris\displayed. The area of the monitor where the ratio of the maximum I
ctual moniter value falls below 2:1 is determined.

4.2: Léns flares

eStshall be repeated for different incident angles of the light source to the sensor nor

ler test (5),

b sun at the
adjusted to

blare source

h mirror and
purce in the
between the
hnd the light
e maximum
he reference
ying camera
ere only the
iminance to

mal in order

to idemtify @ WOTSt-Case SCEario Witere a IMaxiTuIT amournt of camera artefactsappear. 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 cd/m? <2
parameters (background)
Camera Glare source cd/m? (5 to 10) Mio |Glare source can be the
artefacts luminance (4) sun near the horizon
Glare source angular arcmin 30to 34 |Glare source can be the
size at the camera’s sun near the horizon
point of view
Monitor side Ambient illumination Ix 0to 10 Dark room conditions,
range no direct reflections
on the monitor
Results to beg Monitor side Measure the affected Percentage Measure the signdl
reported area by camera arte- of display outpublevel on the
facts area monitor, and find
(segment) the area
on the monitor impge
covered with image
where signal outpput
level is greater thgn
the half of the glatje in-
duced level (maxiﬂnum
level) and calculatle
the percentage of the
affected area on tlpe
whole monitor arga
Smear intensity Pércentage Measure the lumi-
of max. nance of the visible
luminance 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
within the f
can be used

burce.

monitor. Th

et condition, camera contrast

by camera artefacts as determined in Test 4.1.

The test parameters for the camera and the monitor are summarized in Table 10.

70

the measured artefacts area and;the smear luminance intensity meet the requirements

ast chart (1), mirror((3); illumination for test chart (2), high-intensity glare light source (4),
br test (5), monitorunder test (7), and reference camera (8).

hce contrast of the monitor shall be measured of a scene that is showing a high-intepsity

under testis directed at the contrast chart. The high-intensity glare light source (4) is placed
eld.ofview of the camera under test (5) as described in Test 4.1. Alternatively, a mirrar (3)

Viewing direction for the reference camera (8) shall be the design viewing direction opn the
e ” ] : . A FF!clted
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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 Cameraside  |L.pare/white cd/m?2 200 to 400
parameters Contrast ratio chart 220 L chare/white/
Contrast with chart/black
glare source Glare source luminance (4) cd/m2 (5to 10) Mio |Glare source can
be the sun near
the horizon
Glare-sotree ausu}al sizeat arenT 30-to34 Glare-spurce can
the camera point of view be théfun near
the hotizon
Monitor side  |Ambient illumination range Ix 0to 10 Dark rqom con-
ditions| no direct
reflections on the
monitof
Resylts to be Monitor side  |Measure the luminance con- Measute luminance
repofrted trast ratio of the test chart white and lumi-
image on the monitor nance hlack at the
monitof and obtain
the conftrast ratio
Verifly that the measured contrast ratio meets the requirement for sunset condition.
7.8.3 Colour rendering
Verifly that the CMS is capable to reproduce colours as specified in 6.8.3.
The [olours of chart reproduced on the GMS monitor, as well as the target chart patches, shall be
meagured and converted to colour coordinates based on CIE 1976 uniform colour spage. The test

arral

1

q

gnd reproduced colours on-the monitor.

The spot size of the spectroradiometer or colourimeter should be small enough to me

ngement for the colour rendering-measurement is described in Figure 32.

\ spectroradiometer or coloutimeter is used to measure the colour coordinates of the c

oordinates of eachrsingle patch or a two-dimensional spectroradiometer or colourim
o analyse each single patch colour precisely.

hart patches

isure colour
eter capable
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Figure 33 sH

72

test charft [eight colours (R, G, B, Ye, Cy, Mg, black, and white)]
illumination for test chart (D65), >500 Ix
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';vatues)

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

Y

120

257
|

o
=

40 O

\
364 &
< |
Figure 33 — Test chart for col endering
3>

A teqt chart according to Figure 33 should be used. Fo %Iemblhty of the measurement, the size of the
coloyr patches and their location on the test chart t be different to take into account a uniform

illunjination of the test chart and the individual ca&xera field of view of the CMS under test.

Use gight colours (R, G, B, Ye, Cy, Mg, black, and V\N\nte) based on x-rite “ColorChecker” chart or equivalent.
(The|“ColorChecker” chart is the chart knov@as the former Macbeth ColourChecker, whicH was widely

used|in the photographic industry for cp&b—r managing application).

The colour patches shall be arrgu(géd to keep an even distance from the image centre.

m

[he arrangement order s@ve the complementary colour on the opposite side.

The background o tches should be covered with a neutral grey colour havihg a diffuse
reflectance p of ab  %.

The positioni he illumination 2 and the relative distance of CMS camera to the ¢hart should
be ad]usted at there are no direct reflective or direct incident lights from the illunmpination 2 to
¢amera o

If nei dayllght nor sunlight is used, the illumination shall be similar to the CIE Dp5 standard
fllufhinant and 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 orlglnal colour patch and the colour temperature of the 1llum1natlon under
which the ghar ot 2 astred—themeas : e 5 not
directly used for any of the further calculatlon but a record of data is advised as a way for conflrmlng
that the chaft used and illumination are appropriate. Note that charts exposed to UV ray or aged cplour
charts suffgr colour degradation and the chart measurement record helps to self-check/the ¢hart
deterioratiopn status.

Measure the¢ reproduced colour patch portion for i = R, G, B, Ye, and white on the CMS output monitpr, as
@, v) =@’} v and ', v') = (U, v') for the reference white respectively. Theu, talculate the relative
chromatic hjue angle of each colour patches, in reference to the referential white patch on the mopnitor
and verify that hue angle satisfy the requirement described in 6.8.3 (an illustration of the requirement
is shown in Figure 21). The chromatic hue angle of the reproduced patch/onthe output monitor is given
by Formulae (54) to (57):

Bicolor :arctan[%} for 1st quadrant where (u';; —u!, }=0 and (v';;—v',)=0 (54)
Oicolor =(180°+arctan % , for 2nd quadrantwhere (u';;—u',)<0 and (v';;=v'.)=0 [(55)
Oicolor =(180°+arctan Z'Z;‘:l': , for 3rd'quadrant where (u';;—u',)<0 and (v';;—v',.)<0 [(56)
Oicolor =[360°+arctan % Jfor 4th quadrant where (u';; —u',.)=0 and (v';,—v',.)<0 (57)

«“: n

where u';, apd v';, are the measured colour coordinates values of the target “i” colour patches (for | = R,
G, B, Ye) of the chart on thé monitor and (u’, v',) is the colour coordinates value of the reference “wfhite”
patch (or i =|white) reproduced on the monitor.

NOTE Sdveral engirieering software provide a single trigonometric function to calculate all angular [value
for the four quadrants as a single function, given within the range from -180 ° to 180 °, making the defifition
expressed in fa simple single formula, [e.g. atan2(u;, - u’,, v';, = V']

Verify that the reproduced colour patch on the monitor for i = R, G, B, Ye are distinguishable from the
neutral white patch. To verify, measure the Euclidean distance for each of measured colour patch “i”
from white patch (i = white) as:

' v \2 ' V2
Rl-:\/(u w—u'y) +(vie-v'y) (58)
The R, shall be larger than the value defined in 6.8.3.

7.8.4 Artefacts

Check if the operator's manual refers to possible artefacts and their result of partial occlusion of the
field of view and 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
are fulfilled.

7.8.4
Verif]

7.8.4
Verif]

7.8.4
Verif]

7.8.3

7.8.5

The
spati
hype
The

char
than

The
difful

A typical

show

.3 Point light sources
N

ication is not required. (19

4 Colour noise %@Q

ication is not required. O

.5 Chromatic aberration X

ication is not required. QQ<<
Sharpness, resolution, and depth of field s\\§\

.1 Sharpness ®

bharpness is expressed as the MTFSO(M),%@Aefined in 3.18. It may be measured by o
al frequency response (SFR) function of a slanted edge chart, as defined by ISO 12233
rbolic resolution chart as presented i 'Q_S

6 m.

used chart, including @ grey background/foreground, should be illuminated uni
sed light source, typé D65.

O
N

o)

© ISO

Figure 34 — Slanted edges composed by black squares

2019 - All rights reserved

btaining the
br by using a

fypical sharpness shall be mea N&at the focal distance of the camera. The distance of the test
[ from the camera entrance&qp to the chart d shall be 6 m or less if the focal distajnce is lower

formly by a

chart com @d with five black squares to form the slanted edges for the SFR medsurement is

n in Figur Nn case chart size is not sufficient to cover the complete field of view of the camera at
the npeasuring distance please follow the instructions given in Annex F using a foreground mgsking chart.
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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
edges 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 distortion and
achieve an image output with edges of roughly 5 degrees rotation.

The SFR is jcalculated 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(; ;) values should be reported in the following table.

Table 11 — Example for the sharpness report

Left Left Right Right

Position Centre top bottont top bottom

Hor. $harp. [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 th¢ test
pattern|surrounded only by the 18 % grey field.

2) Capturg the output image on the CMS menitor using a reference camera.

3) Perform the SFR measurement on the above capture image with an appropriate softwareg tool
(see IS 12233) and obtain the spatial frequency value where the SFR curve response drops to
50 %. When the SFR measurément is not available, the hyperbolic resolution chart is us¢d to
directly verify the MTF50(,.{) Spatial frequency point.

4) Perforn) the test on all required point and fill this value in the according Table 11.

For converslon of units, réfer to D.3, D.4, or D.5

7.8.5.2 Depth offield

The depth of field measurement is required to ensure the capability of the CMS to observe and recognize
details within the range of interest benind the venicle. T hus, the resoiution (MI1F) of the CMS shall
achieve necessary criteria to recognize objects at different distances.

The term “depth of field” used in this document 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 test is 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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CMS replacing wide-angle mirrors with radius of curvature r,;. ., <

UN Regulation No. 46 class IV mirrors), the measurement at 10 m may be omitted.

7.8.6 Geometric distortion

Verif

ication is not required.

7.8.7 Further Image quality requirements

7.8.7.1 Pixel faults

Verif]

7.8.7%
Verif]

7.8.7%
Verif]

7.8.7%
Verif]

7.9

7.9.1

It ne
the s

7.9.2
Verif]

7.9.3

The 4
a ligl
show
impl
temp

ication is not required.

.2 Flicker

ication is not required.

.3 Visual artefacts

ication is not required.

4 Gloss of the monitor housing

ication is not required.
Time behaviour

Frame rate

pds to be ensured that the manufacturer of the CMS provides information on the fj
ystem.

Image formation time

ication is not required.

System latency

ystem latenc€y-describes the latency of the complete CMS. The system latency tg; is the ti

erature 22 °C +5 °C.

© ISO
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400 mm (e.g.

ame rate of

e between

it flashes-on™in front of the camera until it is visible in the display (e.g tg; < 200 mg). Figure 35
s a setup-for the measurement of the complete system latency independent of the technologically
pmentation of the CMS. The test area is a darkroom and the environmental temperature is room
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ECU
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Key

1 lightsou
2 camera
3 monitor
4 lightintd
5 lightintq

The light sq
devices are

For testing,
use a senso
oscilloscopg
suitable.

The light in
order to con
arranged in
to a standaj

Hiooms A Onl S 512mv

Fce

nsity measurement device 1 at the monitor
nsity measurement device 2 near the camera position

Figure 35 — Setup for the measurement of the complete system latency

urce generates light within th€ visible spectrum and the light intensity measure
sensitive within the visible spectrum.

a white LED can be used as a light source. The light intensity measurement device
" that is approximately ‘adapted to the human eye sensitivity V(A). All (modern) 2-chg
s with an analogues_bandwidth of >100 MHz (digitizing rate > 0,5 GSamples/sec

ensity measurement at the camera captures the start of the light flash and is requir
(pensate the-rise time of the light source. The light intensity measurement at the disp
the centre of the display. Both light intensity measurement devices 1 and 2 are conng

difference 0|

'd 2-ehannel digital sampling oscilloscope with Delta-Time-Measurement-Modus. The
these signals is the system latency, tg;. Figure 35 shows an example screenshot of s

ment

shall
innel
are

ed in
ay is
pcted
time
ich a

measurement.

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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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

Veriff

7.12
Verif
in or
8 1}

Cam
beca

a)

y that the CMS is dimmable under night condition either manually or automatically.

Influences from weather and environment
y that the operator's manual gives suitable cleaning instructions and relevant safety
der to maintain a clear view.
‘unctional safety

era Monitor Systems covered by this document have to b€ ¢onsidered as safety-relev
1se:

nstructions

ant systems

heir correct function is a necessary aid to the driver’in various traffic situations, aind failure to

b)

Ther]
be cd

erform this function can therefore lead to accidents, and

isbehaviour of those systems can lead to jrritation or distraction of the driver, in ¢
ading him to cause an accident.

efore, application of the safety standards relevant to the application domain (e.g. ISO
nsidered.

onsequence

6262) shall
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dard application on UN Regulation No. 46 class Il and IV
mirrors in commercial vehicles

ral

provides specific requirements for commercial vehicles when implementidg, 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 not as dynamic as passenger cars regarding what speeds and accelerations are achiey
prientation 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 déeument. In actual usage, mirrors with smaller radii are rather us
bjects than to géta‘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 infrastructuy

that
K are

1se provides rationales why commercial vehicles sometimes @eed specific requirements

hisis
tions

y are
able.
cfore

irect

view
ed to

rkets
htion

re of

|

the

termin
necessa

1 and-dals T idad 1 1d +lb ol L alkls d 1
S anaaever y 1U\,auuua T1IC }u ovtaeaistor-shothatheretore-peestabisneanaseao

ry driving behaviour to handle these specific use cases.

A.3 Requirements

A.3.1 Fiel

d of view

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
ilegulated field of classVI close-up front mirror or camera
¢abin

trailer

O© 0 N O U1 o W N =
—

trailer 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 rear-view mirrors.

With a CMS, the changed fields of view should be achieved in other ways. 6.2.2 and 6.2.3 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 fieldsofjview
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<hall be proyided
so that ¢ontinuous 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/beneficial, the benefit of provjding
it this wiay shall come from a thorough analysis of the specific driving situation when it is to bejused
(see B.2.4.3.4).

— 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 ofview
shall be shown simultaneously.

As a development it can also\be envisaged that one monitor is able to cover a combined view [from
more than gne field of view, Still the minimum requirements outlined in this document shall be|met.
Redundant nformation 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

repl

acement 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 a

mirror

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 calculates to:

And

A.3.3.1.2 Average magnification factor for side-mounted mirrors (passenger side)

For UN Regulation No. 46 class Il mirrors on the passenger'side, the value calculates to:

Similarly, for UN Regulation No. 46 class IV mirrofs on the passenger side, the value calcula

A.3.3.2 Magnification factor variation

The

Mariversavgsige = 0,31 for side-mounted mirrors

n the same way, for UN Regulation No. 46 class IV mirrors on the driveprside, the value ¢

—_—

Mariver/avgside = 0,091 for side-mounted mirrors

—_—

7

passenger/avg/side = 0,16 for side-mounted mirrors

—

%

passenger/avg/side = 0,046 for side-mounted mirrors

magnification factor is allowed to vary under the following conditions:

The average value of thevarying magnification shall stay above the average required m|
3s given in 6.5.1 and A=3.3'1.1 and A.3.3.1.2.

The minimum valuie-of the varying magnification factor of the system shall stay aboy
yalues for eachimirror replacement.

[Lontinuous'linies shall be displayed as continuous.

The variation should have an appearance of continuity to the driver, or otherwise be cl
e.g’by a dotted line).

alculates to:

tes to:

agnification

e the below

early shown

The behaviour of the varying magnification within the required field of view should a
constant or go from higher to lower values with increasing total viewing angles £.

so be either

For CMS replacing side-mounted mirrors, the definition for the mirror minimum magnification factor

give

Clas

Clas

nin 3.2.26 and 3.2.27 shall be replaced by the following values:

s II:
M iriver/minsige = 0,28 for side-mounted mirrors
Mpassenger/min/side

sIV:

= 0,14 for side-mounted mirrors

M river/minssige = 0,054 for side-mounted mirrors
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M, qssenger/minyside = 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

B.1 General
Thisjannex summons the formulae as well as explanations and guidelines to be used whef' pstablishing
requjrements for each of the UN Regulation No. 46 mirror classes covered by this,docunent or any
othef national regulation with similar mirror installations.
NOTH The software to calculate the magnification factor requirements is available at ISO website (http:
//stahdards.iso.org/iso/16505/).
B.2 | Field of view (design guidelines)
This|subclause is based on the field of view definitions found in/3.3.14, 3.3.15, and 3.3.16.
B.2.1 Minimum horizontal field of view
The jsubclause describes the minimum allowed value“for dgs.p,/nor as defined by the|responsible
natiqnal body. This is denoted as @, ror/nor/min for the mirror to be replaced, and is measuregl in degrees.
B.2.1.1 Minimum horizontal field of view for UN Regulation No. 46 class I mirrors
For UN Regulation No. 46 class | mirror replacements, this means:
20 .
7 M=V camera
“system/hor 2 amirror/hor/min Zarctan 5 5
(Xcamera + 60m) + anmera
(B.1)
20 .
7 M+ camera
Farctan
2,2
(Xcamera +60m) +anmera

& system /hor = Xmonitor /hor = % camera/hor * Pcamera/hor (B'Z)
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Dimensions in metres

1

20

Key
1 ground lgvel
2 drivers dcular point

Figure B.1 — Area on ground to be covered by class I mirrors

RATIONALHK: The precise wording accompanying Figure B.1 in UN Regulatien'No. 46 states:

The field of|vision shall be such that the driver can see at least a 20,m‘wide, flat, horizontal poftion
of the road fentred on the vertical longitudinal median plane of th€ vehicle and extending from p0 m
behind the driver’s ocular points to the horizon.

B.2.1.2 Mijinimum horizontal field of view for UN Regulation No. 46 class II mirrors

For UN Regulation No. 46 class Il mirror replacements.on;commercial vehicles, this means:

asystem/ hor 2 amirror/hor/min =

1m-
arctan Y camera +arctan Y camera
2 9 2 2
\/(Xcamera +4m) +Z camera \/(xcamera +4m) *Zcamera (B.3)
=max
Sm— Ycdmera y
drctan 7 +arctan camera
2
\/(Xcamera + 30m) T Zcamera (Xcamera + 30m) + Z?amera

a (B.4)

asystem/ hor :amonitor/hor =& camera/hor *pcamera/hor
RATIONALK: “The minimum field of vision that shall be covered by class II mirrors accordipg to
UN Regulatjon/No. 46 is illustrated and described below. Which part of the two formulae 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.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.

86 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=fd48a66cb70e07b6a1503e9c0a436f59

ISO 16505:2019(E)

The corresponding text is valid on the passenger side.

Dimensions in metres

1

Key
1 ground level
2 (driver's ocular point

Fi B.2 —A dt d by class II mi
igure rea on ground to s&&overe y class Il mirrors

he horizon, i.e. also vertical vision has to| be provided

r reference point.

NOTH The field of vision extends rearwards
rearwards at a level similar to the height of the 081

B.2.1.3 Minimum horizontal field Q@W for UN Regulation No. 46 class III mirrors

For YN Regulation No. 46 class I&nu‘ror replacements, this means:

system/hor —amzrror/hor m

% 1m-
arctan (‘\ Y camera +arctan Y camera
+4m)° + 22 +4m)? +22
X camera m ) Zcamera (X camera m) Zcamera (B.5)
+ max
4M=Y camera y
/Q ?:J'rctan 7 +arctan camera
2
% \/(Xcamera +20m) *Z camera \/(Xcamera +20m) +Zgamera
= - *
& system/hor = amonitor/hor - acamera/hor P camera/hor (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.

© IS0 2019 - All rights reserved 87


https://standardsiso.com/api/?name=fd48a66cb70e07b6a1503e9c0a436f59

ISO 16505

The corresp

:2019(E)

onding text is valid on the passenger side.

Dimensions in metres

1

XZ Xmirror o\\Q
ZZ Zmirror ‘\

ground level (minimum horizontal field of view) \sg\g

minimurp vertical field of view @

R\
Figure B.3 — Field of view for Ul\l,%}gulation No. 46 class IIl mirrors
O
N

B.2.1.4 Minimum horizontal field of vie r UN Regulation No. 46 class IV mirrors
For UN Regylation No. 46 class [V mir@eplacemems, this means:

asystem/ hor 2 amirror/hor/min O ‘

_ \Q) ;
drctan ’l& —Ycamera +arctan Y camera
~ 2 2 2,2
mera +1’5m) +anmera \/(Xcamera +1’5m) +anmera (B7)
=max
& 15m- Y camera y
arctan I ——— +arctan| — camera
I k\/(xcamem +10m)" +Z camera J \/(Xcamera +10m)4 +Z§amera J |

& system/hor = Xmonitor /hor = %camera/hor * P camera/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 formulae 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 at least 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
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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.

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

A

e

Key

1 groumdtevet

2 driver's 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 ay,q., . as defined by the responsible
national body. This is denoted as @.;or ver/min fOr the mirror to be replaced and is measured in degrees.
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B.2.2.1 Minimum vertical field of view for UN Regulation No. 46 class I mirrors

For UN Regulation No. 46 class | mirror replacements, this means:

Z

_ camera

asystem /ver R asystem /ver /min — arctan (B -9)
Xcamera + 60m

NOTE See rationale in B.2.1.1.

B.2.2.2 Minimum vertical field of view for UN Regulation No. 46 class Il mirrors

For UN Regulation No. 46 class Il mirror replacements, this means:

Z
— camera
asystem/ er 2 asystem/ver/min =arctan [ ] ( B.lO)

Xcamera +4m

NOTE Sde rationale in B.2.1.2.

B.2.2.3 Minimum vertical field of view for UN Regulation No. 46 class IlI n1irrors

For UN Regylation No. 46 class Il mirror replacements, this means:

asystem /yer 2 asystem /ver /min

z
=arctan| —<4mera__ (B.11)
Xcamera + 4m

NOTE Sqe rationale in B.2.1.3.

B.2.2.4 Minimum vertical field of view for UN Regulation No. 46 class IV mirrors

For UN Regulation No. 46 class [V mirror replacéments, this means:
O gystem/ber = Osystem ver /min = arctan - Zeamera | ,yctan| — Zcamera (B.12)
Xcamera +1’5m Xcamera +25m

NOTE Ag¢cording to Figure B.4, the-vertical field of vision is only limited by the area specified on grpund.
See rationale|in B.2.1.4.

B.2.3 Minimum field efyview for vehicle types in Japan

To fulfil the|corresponding Japanese regulation, the following area on the ground and in height gbove
that area shpuld be-covered by a combination of the main mirror on the passenger side, the front dlose-
up mirror ({frontmirror”), the side close-up mirror (“side under mirror”), and direct vision thrppugh
the windows.

NOTE1  For the Japanese regulation regarding vision, there are also requirements for the vertical field of view.
However, as the area on ground can be covered by a combination of mirrors and direct vision, it is not possible to
include a formula or state a general requirement. Figures B.5, B.6, B.7, and Table B.1 show the areas to be covered
for the different vehicle types.

NOTE 2  Article 44 of Japanese Safety Regulations for Road Vehicles main mirror means “Those mirrors used
mainly for observing obstacles showing up around the rear portion on the left side of the vehicle”. See Figures B.5,
B.6, B.7, and Table B.1.

NOTE 3  Article 44 of Japanese Safety Regulations for Road Vehicles front mirror means “Those mirrors used
mainly for observing obstacles in front of the vehicle”. See Figures B.5, B.6, B.7, and Table B.1.

NOTE 4  Article 44 of Japanese Safety Regulations for Road Vehicles side under mirror means “Those mirrors

used mainly for observing obstacles showing up around the front portion on the left side of the vehicle”.
See Figures B.5, B.6, B.7, and Table B.1.
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Dimensions in metres

< . \
10 —
1 L T S 4 L. ¥
\ Al J
Y Y
8 9
Key
1  gcular reference point
2 ield of vision for passenger side
3 ont under mirror field of view (1, 2:0,15 m) passenger
4 assenger side main mirror field of view:(r,,;, 2 0,6 m)
5  (driver side main mirror field of view (7,2 0,6 m)
6  qQutmost point of driver side
7  qutmost point of passengef side
8  (driver side
9 assenger side

10 ain mirror
11 ont under mirror

Fighire B.,5— Area on ground to be covered for cab-over type trucks according to Article 44 of
Japanese Safety Regulations for Road Vehicles (GVW < 8 ton)
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Dimensions in metres

11—
hd A\ Y
9 10
Key
1  ocular rgference point
2 field of vjsion for passenger side
3 front undler mirror field of view (jpror2 2 m) passenger side
4 passenggr side main mirror field ofv@z ("mirror 2 0,6 m)
5  driver sifle main mirror field of (Sg—{rmirmr 20,6 m)
6  outmostfpoint of driver side %
7  outmostfpoint of passen @de
8 side undpr mirror fiel@ew (R=20,3m)
9  driver sigle Q?‘
10 passenggr side %
11 main mifro ?\
12 front unule%iirror
13 side under mirror

Figure B.6 — Area on ground to be covered for cab-over type trucks according to Article 44 of

92

Japanese Safety Regulations for Road Vehicles (GVW = 8 ton)
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Dimensions in metres

3
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Key
1  gcular reference point
2 ield of vision for passenger side
3 ont under mirror field of view (¥,,;--,- = 0,15 m) passenger side
4 assenger side main mirror field of view (r,,;,,,,- = 0,6 m)
5 river side main mirror fieldof view (0, 2 0,6 m)
6 utmost point of drivér-side
7 utmost point of passenger side
8 river side
9 assengerside

[UnN

0 ain mitror

Uy
=

ontwnder mirror

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 regulation
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Table B.1 — Dimensional requirements for different vehicle types within the Japanese
regulation

Vehicle

Requirements (field of vision)

Rear traffic condition

Dimensions in metres

Dimensions in metres

category 0 m to 50 m behind the - ~
vehicle (driver and
passenger side)

0,3

'—D — 3
Cab-over tyyje truck X N/A X
(GVW = 8 ton)
Cab-over type truck X X N/A
(GVW < 8 tonp)
Motor vehicle with a pas- X X N/A
senger capadity of 11 per-
sons or mor¢ (all)
Passenger cqr X X N/A

NOTE X:vali

 requirement.

B.2.4 Con

B.2.4.1 B4

Special driv
to the surr
Figures B.8
needed in re
and indirect

siderations regarding changed fields of view

ckground for sizes of changed fields of view (example for class Il and 1V)

ng situations require changed fields of.view to keep track of where the vehicle is in relption
bundings. This is as mentioned in\A.1 specifically important for commercial vehjcles.
gives two illustrated typical examples of situations in which changed fields of view are
lation to what is offered by different means of vision like direct vision via window openings
vision from regulated mirrors 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!(Zl.
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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
Driving |Forwards| Rear- Left | Right | Average/ Benefit Mirrors used
situation wards Max (5-degree
scale, 1
equals poor
and 5 equals
excellent)
Round- 83 % 17 % 50 % 50 % 17/30 cm 4 83 % class Il driver side
aboyT 67 % class\ll passenger
side
Reveérsing 100 % 0% 71 % 71 % 33/50 cm 4,8 100" % clasd II passen-
gériside
57 % class Il driver side
Turiing 75 % 0% 50% | 50% 17/20 cm 4,5 75 % class ]l passenger
side
50 % class |V passen-
ger side

As c
movy
movy

The

mirr
to ke
supp|

Base
mirr
then
migh
is pr

hn be seen in the right-most column of Table B.2, the{changed field of view achiey
bments is mainly used for the class Il main mirrors when comparing with to what
ements are used together with the class IV wide-angle'mirrors.

amount of head movement will depend on vehicle/vehicle combination as well as
driving conditions the vehicle is used. In case of a.yehicle equipped with a CMS that replace
prs, these head movements correspond to-Tequirements for changed fields of viey

orted either by adjusted default views ot temporary modified views.

d on studies like this, it is possible to get a picture of the additional fields of view {
brs provide in special driving ‘situations thanks to head movements. These addition

pvided below in Figure B:9.

ep track of where the vehicle is in relation to the surroundings. Changed fields of v

be compared with what isthe minimum regulated field of view and what a vehicle m|
t provide as extra indirectvision going beyond the regulation requirement. An illustn

red by head
extent head

under what
5 traditional
vV necessary
iew may be

hat existing
h] 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 II 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.

It is also impportant to #£emember that the different mirror classes provide different magnificption
factors and resolutions\due to the different allowed minimum radii. Due to this, it becomes natural that
drivers rather use the class Il main mirrors if they can as they provide more detail and less distoftion
than class [V andisimilar mirrors with smaller allowed glass radii. This is also identified in the results
from researfh-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

In spe t be shown
compl ulfil certain
requjrements linked to how it is provided. Two typical requirements that still weuld|need to be
consjdered are that:

— ¢ontinuous lines should be displayed as continuous, and

— the variation should have an appearance of continuity to the driver, or otherwise be clparly shown
e.g. by a dotted line).

Figufe B.10 shows an example of what it can look like when the field of view is expanded|by changed
maghification. See more about the behaviour of the varying magnification factor in mirfor systems
in B.B.1.

J

Key
1 dquéezed area

Figure B.10 — Example showing an expanded field of view where the outer part has 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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With a CMS
least one of

a)

b)

Panned to the right

if the fi

ifitis cl
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
the following provisions is fulfilled:

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.

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
11 happen);

£o)

i b t Tz A o o o ala i Ao o sk oty o d A
1S bent overa—€crtatit arrgrc Ot a CertarSpteta;CtCTT

if at

bld of view changes instantly as fast as the driver can.move the head with the traditjional
mirrors}

parly shown that drivers will not have any use ofnot shown fields of view in special drjving

ew

kions

ds of view (expanded or parined) normally will need to return to the original field of[view

ields

activation by the dtiver with a switch only and directly used for the function of the changed

dary
ance

birtrigged automatically by a vehicle or environment condition (e.g. the vehicle combination

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 should be established from thorough analysis of the valid driving situations applicable to the
changed field of views

The QEM has to take care that automatic activation will not cause annoyance for the driverg.

At atestart, the automatically changed field of view shall return to the original field\of view|that is most
usefyl in ordinary driving.

See glso the valid requirements in 6.2.

B.2.4.4 Categories of vehicles for changed field of view analyses

As meentioned in A.3.1.1, the requirements for the changed field-of view shall come from an analysis of
the special driving situations with a certain vehicle combinatiohised for a certain transpojrt purpose.

In onder to facilitate the establishment of these requiremerts, it is possible to group the yehicles and
vehig¢le combinations into different categories. The vehicles within one such category will then have to
fulfill the same level of requirements. The creation of:these categories makes it easier to establish valid
requjrements without having to analyse each and.every single vehicle variant and combination.

In Figure B.12 typical vehicle combinations aréshown.

pult D. 14

c¢) Truek tractor with semi-trailer d) Rigid truck with trailer

Figure B.12 — Typical vehicle combinations involving heavy trucks

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.

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.
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T

oy — 0O

a) Van body b) Dump body

g) Hooklift h) Tanker

Figure B.13 — Examples ofrigid truck usages

The second|category to consider corresponds te a different level of requirements and is formdd 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 for why thisis‘sufficient can be seen in Figure B.8. When comparing a fruck
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-heed for the largest changed field of view. Hence the truck tractor
with a semi{trailer will need the highest level of requirements.

B.3 Magnification factor (explanations)

B.3.1 Magnification factor variation

The magnification factor in rearview mirrors vary depending on different aspects:

— distance, a,,;,,,» from eye-point to mirror;
— radius, ry..,» of the mirror;
— distance, d ..., from the mirror to the object;

— viewing angle, §, (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 r

Airror

mirror 1S @ constant and
is also treated as a constant because the effect due to variation on viewing points are almost
negligible in this case. However, the magnification is largely affected by d, .. 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.
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1
2
i
Key
1  ({-variation (increasing)
2 f-variation (increasing)
NOTH The figure shows the different distances, d,;,.s-and viewing angles,

Figire B.14 — Top view of the class IV field of view on the passenger side for a truckland semi-
trailer combination

Figure B.15 and Figure B.16 show the.effects of varying d,,;,. and ff respectively:
Mta

object:O
M=1

M=M,

mirror’o d =infinity d

object object

Figure B.15 — Magnification factor variation, M, depending on distance to object, d
(with = 0)

object
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M

M=M, mirror/0

MEO | | | | | | | |
0 20 40 60 80 100 120 140 {60 180 S mird

Figure B.16 — Magnification factor variation depending on total viewing angle,
(with d = 00)

object —

In case of trfaditional mirror systems, only a limited angular range-is used. This is the shown relgvant
B-range, which leads to a relevant magnification-range. Only, that area has to be considered yhen
defining a required magnification-value (see Figure B.17). The relevant f-range comes from a study of
the required field of view in a variety of mass production vehicles in today’s market.
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NOTH

Fig

Figu
obje(

The
and

Figu

[ object-variation (increasing)

elevant M-range
elevant f-range (restricted to the required field of view)

The example comes from the class IV mirroron the passenger side.

ure B.17 — Magnification factor variation depending on both distance to object,
total viewing angle, 8

'e B.17 gives an example of Simulation result of magnification affected by the viewin]

relevant f-range for the different mirror types has been established by measuring t}

t distance. The magnificatipn with objects in the infinity converges to the lower curve.

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 pS

l

object’ and

g angle and

le minimum

maximum viewing-angles to cover the required field of view. This procedure is illustrated in

e B.18 for the cdse of a class [V mirror replacement.
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e i

/

Key
1 required

T
|
!

field of view according to UN Regulation No. 46

2 driver oqular reference point

3 ﬂmirror/dr
required

NOTE This example shows the case of a class [V mirror replacement on the driver side.

ver/min
field of view

on the inner side of the required field of view and B,§ 57 iriver/max O the outer side ¢f the

Figure B.1 — Relevant S-range resulting from the minimum viewing angle, 8,..;..., /river/min|@and
the maximum viewing angle, B, iiriver/imaw

to cover the required field of view

The study t¢ establish the §-values on today’s.pvoducts is done in a 2D top view by letting a line [start
from the Ocpular Reference Point, continue via the centre point of the mirror glass, and then pass gither
side of 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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Figure B.19 — Magnificatiox\&c’tor variation exemplified with a class IV mirror field of view

B.3.2 Magnification é@m formulae

Magnification facto @mulae are needed to facilitate that requirements can be establislhed to make
surelthat the CanQ_QM onitor System behaves at least as good as the traditional mirror system.

The formula Wo that corresponds to dobject
mirrpr) is n below:

A
MGB=0,d s, =)

My (a

— oo and f§ = 0 (i.e. when standing straight in front of the

mirror 2a 3
1+ mirror

Tmirror

The formulae used for establishing the estimated magnification factor are provided below.

mirror ’
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Formula (B.14) gives the variation in magnification that comes from varying the total viewing angle, 3,

while the distance to object, d

object 1S kept as infinity.

My (ﬁ'dobject :°°)

. Aa : Ao
M= lim ——= lim ——
Ao—0 AB—Aa  AB—0 AB— A«
arcsin L*sinﬁ—2 —arcsin L*sinﬁ (B.14)
) a+r 2 a+r 2
—->M= lim
- . . . r .
& B, —B1 —arcsin T #sinP2 |1 arcsin| -~ *sin 2L
a+r 2 a+r 2
ﬂZ > ﬁl A= mirror ;7 = Tmirror
Formula (B.[L5) gives the variation in magnification that comes from varying the distance to the object,
d,pjecr Whild keeping the total viewing angle, f, at 0.
M(ﬂ zofdobject )
M= L (B.15)
14 2amirror dobject
(mirror (amirror + dobject )
Formula (B}16) provides the approximation of the real magnification factor taking into acgount
variations df both total viewing angle, §, and distance toxobject, d... It utilizes Formulae (B.13),
(B.14), and (|B.15).
M (dobje " ,ﬂ)approximation
- — B.16
M(ﬂ_o'dobject)*M(ﬁ’dobject _°°) ( )
M(ﬁ'dobject)z M
0
With the Fofmula (B.16), all relevant(dsvalues and f- values are brought together into one graph| The
resulting M{factors are shown in Figure B.20. The constant value, M., /qq representing the average
of all the relevant M-values within)the f-range, has to be defined for all mirror classes. In Figure [B.20,
the M,irr0,/4yg 1S sShown as anexample for the mirror class IV on the passenger side. The graph shows
also the differences betweeirthe value of M, (for the irrelevant case = 0) and the defined M,,,;,o, fg-
NOTE1 Due to the varying density of the curves representing the variation from different distances to opject,
M pirror/avg dOfs not ne€essarily appear at the mid-point of the relevant M-range.
NOTE 2 Far the ‘exact data that results in the given M for the different mirror classes, see the|Excel

mirror/avg

sheet “magnif

ication with radius and distance calculator” provided at http://standards.iso.org/iso/16505/.
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1 1elevant f-range

B.3.3 Average and minimum magnification factor recommendations

The javerage magnification in the mirror is defined and used as the requirement for
maghification factor, M., 1,,g- Whew' doing this, it becomes important that the biggest
viewfing angles, S, found in existinig vehicles are considered.

If only the average magnification is used as a requirement, magnification values within

total
reas
can k

For rearview mirror systems, the magnification factor actually varies depending on from wk
the mirror is being viewed. More details of what this variation depends on are found in B.3

Figure B.2I-below shows the resulting magnification range for the relevant f-angle rang
abov;

Figure B.20 — Principle of magnification factor(variation over the full field of the 1

mirror/avg

0 10 20 30 40 50 60 70 80 90 100 110 120 130-140 150 160 170 18(C

mirror (introducing M, and M,;,..,.1,,,)

viewing angles could deviate quite a lot from the behaviour of a traditional rearview
nable to allow a vaniation of the magnification inside the field of view, where the m|

e lower than M, {50, /g

in the outer parts (increasing ) of the displayed fields of view.

rearview

the average
nd smallest

the range of
mirror. It is
agnification

1at direction

e described

© ISO

2019 - All rights reserved

107


https://standardsiso.com/api/?name=fd48a66cb70e07b6a1503e9c0a436f59

ISO 16505

:2019(E)

=

M

mirror/avg

M,

. e
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1
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Key
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Figure B.

In order to
values that §
viewing ang
Mmirror/min' 1
should also

angles, S.

In addition
including as
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3-range

rearview mirror

cecure the appropriate performance of(tthe CMS, it gets important to avoid magnific
ro below the ones of the corresponding traditional mirror system for the same range of
les. This means that an additional:\fequirement for the minimum allowed magnific3
s necessary. The behaviour of the/varying magnification within the required field of
be the same as for the corresponding traditional mirror system with respect to vie

o this, Figure B.22 shews different alternatives for how the magnification factor can
pects of being contin{rous or not for varying viewing angles, S.

21 — Resulting magnification factor value based on the variation of the traditional

htion
total
tion,
view
wing

vary
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Figure B.22 — Examples of possibl@%gnification factor variations

N

Fe B.23 shows what it would look like in re ty for the example where the magnificat
constant for a limited number of ﬁ—rang'ey.

0 10 20 30 40 50 60 70 80 90 100 110 12%(1@140 150 160 170 180 S

ion factor is

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 aspect ratio 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:

M(ﬁ'd=W)<Mhor< MO

MO Mver _M(ﬁ,d=°°)

(B.17)

of the differffent mirror classes. Still the requirements for the magnification factors in hori and

To simplify the process of defining the magnification aspect ratio, the values are defined for boé sides
vertical dirgction have to be fulfilled. ('1/

For replacirlg close-up mirrors (with r < 400 mm like the wide-angle class IV mirr%%l commercial
vehicles), nqd magnification aspect ratio restriction is required. '\(b

RATIONALH: Mirrors with a radius smaller than 400 mm are mainly use @ notice surrounding
objects rather than observing them precisely. The magnification in horizqrsl‘l and vertical direftion
is not impaijred by that and has to be fulfilled. That is, higher magnificatign aspect ratios mean| that

objects in tHe display are getting bigger than they are with a magnific aspect ratio = 1.
Figures B.24 and B.25 show examples of what different magnificat'&ﬁa‘atios will look like for the class 11
and class [V|mirrors respectively. s\&
Z
&

s

o@eft to right: magnification within the actual mirror, M =1, M =0,7, and M = 1,42.

NOTE F

Figure B.24 — Example for class Il mirrors on the passenger side
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B.4 | System resolution (guidelines) ‘\

To have a
proppsal i
resolution

in 3.16 and 3.17 can be used as a guideline pe for signal degradation by the CMS and ay
A person who is “skilled in the art” would know that using a factor of at least 1,5 is re
reproducing the random content of a {t&lge.

Nevedrtheless, the MTF resolutio&e’quirement defined in 6.5.3 shall be fulfilled with the fir

B.5 | Use case descri 1g‘hs (guidelines)

From the
movemeﬁ
a) ]

B.5.1 Use cases re@%d to driving situations

B.5.1.1 Drivil@?tuations where changed fields of view are important

ISO 16505:2019(E)

From left to right: magnification within the actual mirror, M =1, l‘\/lé)and M =0,33.

Figure B.25 — Example for class IV mirrors oQti‘Pe passenger side

L

high probability to fulfill the MTF res g}g requirement defined in 6.5.3, a sy
s to make sure that the optics itself i
of both, the camera and monitor byQ actor of 1,5 compared to the MTF10;y ;.

O

of use cases in Clause 6, the main identified special driving situations
are essential while using conventional mirrors are

stem design

filling the MTF requirement. Increasing the pixel

) as defined
oid aliasing.
hsonable for

al system.

where head

b) driving through a round-about with trailer connected (see Figure B.27),

c¢) manoeuvring towards an exact location for leaving or picking up people and/or goods
(see Figure B.28), and

d) turning left or right around corners with connected trailer (see Figure B.29).

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.

©1S0 2019
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g

Figure B.26 — Pulling out into a main road from an attaching road-at an angle

iy

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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Figlire B.28 — Manoeuvring towards an exact locationforleaving or picking up pe¢ople and/
or goods

Figure B.29 — Turning left or right around corners with a connected trailer
Figure B.28 and Figure B.29 show 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 that are 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.5.2.1 Ndrmal entrance and start-up procedure
1) Unlock Initiation

2) Opening door from outside

3) Gettinglseated and applying seat belt

4) Ignition switch activation

5) Parkingbrake released

B.5.2.2 Ngrmal close-down and exit procedure
1) Vehicle ptationary

2) Parking brake engaged

3) Ignition|switch turned off

4) Removdl of seat belt and leaving seat

5) Opening door

6) Closing|door

7) Locking vehicle from outside

B.5.2.3 Raesting exit procedure
1) Driver gnd/or passengeb in vehicle
2) Manuallor automatic activation (compare foldable mirrors)

3) Opening doorfrom inside

4) Closing|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
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3) Leaving seat
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 flistance from the driver ocular reference point to each respective mirror onah exigting vehicle
forms an important input for establishing the magnification requirements. Eigure B.30 shows these
distgnces in the example of class Il and IV mirrors on a heavy left-hand drive commercial vehicle.

1
A

d mirror/driver

3
L
Key
1  driver side mirrors
2 passenger side mirrofs
3  dlassll
4  dlass1V
5 driver oculasreference point

Figuré B:30 — Distances between driver ocular reference point and class Il and IV mirrors 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 tvpe: brand and Distance from Distance from Distance from Distance from
}rlrllJO(.iel 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
(mm) (mm) (mm) (mm)

Heavy buses

Mercedes Travego (1471) (2422) (1403) (2363)

Setra TC 400 (1362) (2357) (1296) (2 310)

Setra S 515 (1564) (2467) (1576) (2480)

Volvo 9700 (T624) [Z505) (T 59T) (Z475]

Heavy trucks

DAF XF (2,6 m variant) 881 2195 1002 21258

HINO 700 (2{5 m cab)

Lowest groujnd height 831 2104 915 2142

ISUZU GIGA [2,5 m cab) 893 2146 826 2182

ISUZU GIGA [2,5 m cab) (1117) (2421) — (2490)

Mack Pinnadle 930 1885 950 1920

MAN TGS (23 m cab) 878 2016 947 2054

MAN TGX (2{5 m cab) 797 2114 872 2150

Mercedes Adtros 904 2080 987 2115

(2,3 mcab)

Mercedes Adtros 806 2144 894 2177

(2,5 m cab)

UD Quon LHP 816 2123 954 2202

UD Quon RH (988) (2 370) — (2409)

Volvo FH (2,b m cab) 890 2150 1020 2220

Volvo FM 890 2160 1010 2230

Volvo VN 992 2006 1032 2019

Medium-heavy trucks

DAF CF 903 2198 1034 2 246

(2,55/2,6 m pariant)

HINO 500

(2,2 m narrgw cab) 1012 2012 1070 2046

Lowest groujnd height

HINO 500

(2,4 m wide fab) 833 2017 914 2055

Lowest ground height

ISUZU FORWARD

(2,2 m cab) 289 1873 959 1923

Short mirror arm

ISUZU FORWARD

(2,2 m cab) 1021 2018 1087 2064

Long mirror arm

ISUZU FORWARD

(2,2 m cab) (1102) (2 147) — (2200)

ISUZU FORWARD

(2,4 m cab) 889 2063 959 2109

Short mirror arm

ISUZU FORWARD

(2,4 m cab) 952 2122 1018 2166

Middle mirror arm
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Vehicle type: brand and

Distance from

Distance from

Distance from

Distance from

model 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) (1102) (2 315) — (2363)
Mercedes Atego 946 2069 1022 2103
(2,3/2,45 m cab)
Renault Midlum 808 1996 744 1982
(minfmirror offset 0 mm,
2,3 m cab)
Rengult Midlum 942 2173 884 2 096
(may mirror offset
200 mm, 2,3 m cab)
Rengult Premium (mirror 942 2154 884 2 096
offsgt 100 mm, 2,3 m cab)
UD (ondor LHD 837 1839 765 1813
(2,1 m cab)
UD (Jondor RHD (1002) (2 098) — 2 151)
(2,1 m cab)
UD (Jondor RHD (1002) (2 251) — (2 299)
(2,3 m cab)
Volvp FL 978 2.008 1040 2 073
Lighft trucks
ISUZU ELF (1,7 m cab) . .
Short mirror arm (1143) (1805)
ISUZU ELF (1,8 m cab) L .
Middle mirror arm 906 1759
ISUZU ELF (1,8 m cab) (1 167 (1 955) L .
Long mirror arm
ISUZU ELF (2,0 m cab) 1029 1933 L .
Long mirror arm
ISUZU ELF (2,0 m cab) (1177) (2115) . .
Long mirror arm
Mergedes Sprinter/ VW 962 1726
Crafter — —
(shoft mirror arny)
Mergedes Sprinter/VW 922 1828
Crafter — —
(mediwm™'mirror arm)
Mercedes Spl iutcl/"v"v"v' 596 877
Crafter (long mirror arm)
Average dimensions 917 (1 283) 2029 (2 261) 952 (1466) 2098 (2 354)
Max dimensions 1029 2198 1087 2258
(1624) (2505) (1591) (2 490)
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Figure B.31 — Difference between side-mounted (left) and front-mounted (rigl%g%lrro

concepts Q
&P

Figure B.32|illustrates the necessary relation between mirror positions and tk@t'c}al superstru¢ture
width for sigle-mounted and front-mounted mirrors. \GJ
S

Key

cabin

rear body

front mounted mirrors
side mounted mirrors
narrow cabin

wide cabin

N O U W

coach bus

Figure B.32 — Relation between mirror concepts and typical commercial cabin widths
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