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Justification IGCMS-II

II.		Justification

General background
The proposal of the informal group IGCMS-II is based on document ECE/TRANS/WP.29/GRSG/2011/23/Rev.1 that has been submitted to GRSG by the first informal group. That document provided for the editorial amendments (technology neutral) needed to permit the optional replacement of conventional mirrors, while for the technical provisions it proposed referring to an ISO standard to be developed. During the development of the ISO standard, of which the publication is expected for early beginning of 2015 as ISO 16505:2015, it became clear that a one to one reference to the standard in the provisions for component type approval only would not be appropriate. Reasons are: 
- a differentiation between provisions for component approval and installation approvals was needed, 
- some provisions of ISO were seen as not appropriate or not acceptable for type approval purposes and
- the ISO standard contains recommendations which could lead to different interpretations. 
Taking account of the guidance by WP.29 on the reference to standards of third parties like ISO IGCMS proposes to incorporate the relevant provisions of ISO, if needed in an amended formulation, directly into the paragraphs of Regulation 46. With regard to the symbols, definitions and test procedures IGCMS proposes a general statement containing a direct reference to the relevant parts of ISO 16505.

The informal group focussed only on the provisions for the class I to IV devices for indirect vision and did not change the existing provisions for classes V and VI camera-monitor systems. As ISO 16505 will not apply to class VII mirrors the informal group kept the provisions for the category L vehicles unamended. Therefor the proposals of IGCMS-II can be seen as a supplement to the present 04 series of amendments.

IGCMS-II emphasises that its proposals will be limited such that Regulation 46 will make the application of camera-monitor devices possible; improvements of the provisions or the application of further technical developments can be regulated separately as a second step.  
	Comment by BOULAY Francois: Perhaps could we explain at this stage the creation of #16 and annex 12
Detailed justifications
Section 2, definitions.
1.	The definitions have been reordered such that those related to mirrors are grouped as subparagraphs of paragraph 2.1.1.; those related to camera-monitor devices become subparagraphs of 2.1.2. and general definitions are numbered separately as 2.1.3. to 2.4. The renumbering of paragraphs and references to paragraphs as a consequence of this re-shuffle of definitions, as well as renumbering due to new text that has been inserted, are not individually explained in these justifications.
2.	The definition of "device for indirect vision" (para. 2.1.) has been aligned with the text of paragraph 2.1.1. and relates to the required field of vision according to paragraph 15.2.4.
3.	The definition of mirror (para. 2.1.1.) has been amended to clarify that a mirror is only a device with a reflective surface for rendering the field of vision and excludes other devices.
4.	The definitions of interior mirror and exterior mirror have been clarified so as to relate to the definition of mirror (para. 2.1.1.) and not to the general definition of "device for indirect vision" (para. 2.1.). 
5.	The names of the classes of devices have been amended as the mounting of a device for indirect vision in the case of a camera-monitor system is not by definition interior or exterior the vehicle. As a consequence the names of the classes have been amended through the whole document. 
6.	Simplification of the definition for camera-monitor device (para. 2.1.2.) as "for indirect vision" is already included in the definition of paragraph 2.1. For editorial reasons the abbreviation “CMS” has been added for use through the whole document.
7.	IGCMS-II suggests deleting the definition for “detection” (paragraph 2.1.2.3) as this term is not used in Regulation 46.
8.	The specific parameters defining a camera monitor type device (para. 2.2.) have been limited to the class as the class defines the required field of vision.
9.	For camera-monitor devices the mounting position interior or exterior of the vehicle is not relevant, which justifies amending the definitions for the mirror classes in paragraph 2.4. The new text is also made applicable to other devices than mirrors.
10.  In paragraph 2.5. and 2.6 new definitions are given for “Point light source detection factor” and "Point light source contrast factor” that are needed for the recognition of headlamps as part of the provisions on artefacts.
		Paragraphs 3.3. to 3.3.2.
In general only three samples are needed to accompany the application of an approval as the retaining of one sample by the laboratory is not needed anymore.

Paragraph 3.4
For verification of the provisions the application for approval shall also be accompanied by detailed technical specifications of the system and the operator’s manual.
		Paragraph 4.2.
IGCMS recognizes the difficulties of approval markings on small parts of a CMS and proposes a simplification of the provisions without loosing the possibility to identify the parts. Furthermore the value of 12 mm for the letter a of the approval mark given in Annex IV has been reduced from 12 to 5 mm. The present technology permits the reduction of the approval mark without any reduction of the legibility. 
		Paragraph 5.4.
This amendment is a consequences of the new wording of paragraph 4.2
		Paragraphs 5.4.3.
The provisions on the additional symbols for the approval marks need an amendment to permit the approval of a CMS for more than one class.
		Paragraph 6.1.3.
The provisions on the impact test have been moved from paragraph 6.1.3. to a new paragraph 6.3. by which the provisions become applicable to all devices for indirect vision. Moreover the set-up for the impact test for camera-monitor systems has been described. Finally, it will be necessary that, similar to mirrors, the lens of the camera will not be broken after the tests. 
Paragraph 6.2.2.
A camera-monitor system is by definition for indirect vision. Furthermore it has been clarified that the provisions and tests for the radius of curvature of the components do not apply in case a monitor fulfils the requirements according to Regulation No 21. 
Paragraph 6.2.2.1.1.
IGCMS prefers the verification of the radius of curvature of parts of the devices in a more realistic set-up instead of on a plane surface with also a distinction between parts inside and parts outside the vehicle.

Paragraph 6.2.2.2
The existing functional requirements for CMS remain unamended for the classes V and VI. The functional requirements for classes I to IV are specified in paragraph 6.2.2.3

Paragraph 6.2.2.3.
This paragraph provides the provisions for the component approval of a CMS of classes I to IV which are derived from ISO 16505:2015. To limit the volume of the text to be incorporated in Regulation No 46 IGCMS proposes to refer for the definitions, symbols and tests given in paragraph 6.2.2.3. to that ISO standard as much as possible. 

Paragraph 6.2.2.3.1.
The provisions on Luminance adjustment have been taken over from ISO 16505:2015, providing a secure visibility of the CMS, according to driver’s needs in different driving ambient light conditions.

Paragraph 6.2.2.3.3. , Operating readiness 
………………………………
Text proposal
This provision is intended to secure the field of vision when vehicle occupant opens the door and leaves the vehicle. Due to the fact that unlike the traditional optical mirror, the CMS shall be power on to provide the image on the monitor and from power management point of view, the CMS shall be switched off power supplier at some point after the vehicle occupant leaves the vehicle to avoid battery power loss if system in unlimitedly maintained operational. From technical restrictions, a CMS requires minimum time to re-configure and re-start the field of vision image delivery onto the monitor and this delay might be a problem in some use case.
Most of  vehicle occupants are  expected to leave the vehicle soon after turning off the engine ignition key. Considering the power management and in combination of safety aspect, IG CMS concludes that a delay longer than (T1=)120 seconds before turning off the image will permit a large population of vehicle occupant to leave the vehicle. And by an additional (T2=)300 seconds until an occupant could decide whether he or she wants to continue or recover the CMS operation with an image recovery time shorter than (RT=)one second, will enable the CMS to be used when an occupant leaves the vehicle with some delay after ignition key is turned off. Delay without a reconfirmation of the continuation of need may turn off, with recovery time no longer than 7 seconds, which is also defined as the maximum time allowance for the delay of CMS operation at cold start.	Comment by BOULAY Francois: We might consider the diagram Oba-san established and that summarizes well the concept
Heavy duty truck may lack the direct vision of the rearward direction other than through a device of in-direct vision due to obstruction of the body construction caracteristic. Therefore, it is important to secure the vision when leaving the vehicle. It is likely that occupant of category N3 remain in the vehicle overnight. The category N3 trucks for long-haul drive may have sleeping cabin with the purpose to host a driver when parked for a long period of time, exceeding conventional needs other than category N3. Therefore an category N3 vehicle shall have special provision to secure when leaving the vehicle.
…

Paragraph 6.2.2.3.3. Image quality
The provisions on image quality concern the monitor isotropy, luminance and contrast rendering, grey scale rendering, colour rendering, artefacts, sharpness and depth of field, geometric distortion and further image quality requirements. 
Paragraph 6.2.2.3.3.1.	 
Monitor isotropy is a provision copy taken over from ISO 16505:2015, and the provision secures enough visibility of the CMS monitor at different viewing condition of the driver.
Paragraph 6.2.2.3.3.1.1. 
Directional uniformity is a provision taken over from ISO, and the provision secures enough visibility of the CMS monitor when monitor is viewed from different orientation expected within the driver eyellipses including head-movements. It is intended to restrict the degradation of the image when the flat panel display is viewed from different orientation.

Paragraph 6.2.2.3.3.1.2. 
Lateral uniformity is a provision taken from ISO16505:2015 and secures enough visibility of the CMS monitor by limiting the maximum allowance range of the luminance variation within the monitor display. It is intended to restrict the degradation of the image in terms of luminance within the viewing area of the CMS.
Paragraph 6.2.2.3.3.2., luminance and contrast 
In order to define a provision to achieve an appropriate image quality with distinguishable objects a certain luminance and contrast capability of the CMS needs to be defined. 
The provision cares different environmental lighting condition that may affect the perceptibility to the scene. The requirements have been taken from ISO 16505; however with the following modification to ensure appropriate visibility under some severe lightning condition:
- the luminance contrast of the monitor during night conditions has been increased to 10:1 following ISO clause 6.9.2 recommendations for older driver needs.
- the value for the luminance diffuse illuminator for test under day condition with diffuse sky-light exposure test has been increased, but under certain conditions that value may be reduced. 
Paragraph 6.2.2.3.3.2.1	Day condition with diffuse sky-light exposure test
In order to define a safer provision under worst case condition where the vehicle outer sky-light specular light reflects on the monitor to the driver’s eye, the requirement from the ISO 16505 was modified and reinforced to satisfy higher value of 4200cd/m2.
An addition provision is introduced to cover for installation design where the external incident specular light is properly restricted by the layout design and in such case, the requirement is adjusted accordingly to the affected percentage of the incident specular light through the opening of the vehicle.
Paragraph 6.2.2.3.3.3., grey scale rendering 
The grey scale rendering is introduced as test to verify that enough tonal steps are secured for displaying the field of vision through the CMS. Test method is introduced in Annex 12 paragraph 1.4. 

Paragraph 6.2.2.3.3.4., Colour rendering
Colour rendering is a provision to secure that colours are properly reproduced through the CMS and daylight provision has been taken over from ISO 16505:2015; and the provision on the recognition of amber, red and blue lights have been amended to take account of the rendering of traffic critical lights, including night time.
Paragraph 6.2.2.3.3.5. Artefacts 
Artefacts are pretty much unknown from mirrors. For the CMS the key artefacts need to get described and defined. IGCMS proposes provisions with regard to smear, blooming and lens flare and point light sources.

Paragraph 6.2.2.3.3.5.1. Smear
Smear is a disturbance; it causes partial occlusion of the field of view and of the objects. The requirement value from ISO 16505:2015 was modified from the original allowance of 50% to a stricter 10% to keep in line with other provision for class V and VI.
(The definition of smear in paragraph 2.1.12. has also been corrected).

Paragraph 6.2.2.3.3.5.2.Blooming and lens flare
The blooming and lens flare provisions are a copy of the text provided by ISO 16505:2015, and this provision restrict the amount of the maximum allowance of the light expansion when a highlight illumination hits within the CMS field of vision. The provision suggested in the ISO 16505:2015 takes into account additional effect of lens flare into consideration, which is not part of the effect in the blooming provision for class V and VI devices for indirect vision. The provision had been reformulated to cover for the lens flare, making the evaluation of the system performance more accurately correlated to the visual effect, and criteria adapted to cover for the both effect of the device blooming plus the optical lens flare.

Paragraph 6.2.2.3.3.5.3.Point light sources
A driver at night driving condition observes an overtaking car from behind by observing the passing beam headlamp of those vehicle. This provision is introduced to secure the driver equipped with CMS to observe the passing beam headlamps, or point light source. A mirror renders point light sources as point light sources, whereas CMS may not do. Some driving scenario may require high reproducibility of the point light source from an overtaking vehicle passing beam light while . driving scenario in urban environment may require observation of the surrounding environment including the road, cyclist and pedestrian rather observing the point light source itself. Therefore, IGCMS came to a conclusion that the CMS shall have an operation mode enabling a distinguishable observation of the Point light Source, and also enable an operation with priority to observe the surrounding environment, rather than focusing only the point light source reproduction. The concept of permitting such operation is similar to the operation of dimming function available in some type of optical mirrors. An operation mode should be available to driver whether manually or automatically to improve visibility and perception of the point light source of the passing beam according to the driver’s needs. IGCMS considered that the provisions given in ISO 16505 are not sufficient and lack a test procedure; IGCMS has developed such a test procedure inclusive pass/fail criteria.
IGCMS has taken into consideration the distance required for the overtaking car to stop the vehicle at relative speed as high as 130 km/h, and adopted 250 m condition to be detectable by the driver of a vehicle with CMS. Overtaking car at night is expected to be equipped with passing beam according to UN Reg.112 and test procedure generated to accordingly with additional safety margin considering scenario like road inclination, curves, load unbalance vehicle tilting.
Due to the difficulties in defining a technology independent provision, two different test methods PLSDF and PLSCF were adopted and introduced to verify the distinguishability of the point light source according to the output characteristics of the CMS, whichever adequate.

Paragraph 6.2.2.3.3.6.
The provisions on “Sharpness and depth of field” has been taken over from ISO 16505:2015, and the sharpness provision aims to verify that system have enough image contrast reproducibility which is essential to a faster perceptibility of the scene; and the provision on depth of field to secure that observed scene within the target distance are well focused and not blurred and defocused.

Paragraph 6.2.2.3.3.7.	
Geometric distortion provisions are taken from ISO 16505:2015 and apply to CMS of classes I, II and III only. Class IV devices are excluded from this provision as the class IV mirror does exhibit a huge distortion and IG CMS considers that devices for indirect vision may as well exhibit a similar distortion.
The test procedure described in the ISO 16505 for distortion contain several different definition and informative. Therefore IG CMS decided to use the specific definition given under Annex G.3 of the ISO 16505:2015 for the verification of the distortion and enable a quantitative evaluation.

Paragraph 6.2.2.3.3.8.
In the absence of a test method in the ISO 16505:2015 for flicker evaluation, IG CMS developed a specific test procedure in Annex 12, paragraph 1.2.

Paragraph 6.2.2.3.4.	
The provisions on Time behaviour concern frame rate, image formation time and system latency which are copied or derived from ISO. The aim of these provisions is to ensure that system delay is restricted to minimum and secure and enable the driver to make maneuvering decision in time according to needs while driving. The motion observation through the CMS is likely not to a transversal flow and provision of frame rate requirement in the ISO 16505 is reasonable to secure a smooth flow of the image for the CMS. The overall image latency is somehow restricted to technologies but it is nevertheless kept to secure the driving decision to be taken without considerable delay.

Paragraph 6.2.2.3.5.1.	
The provisions on “Glare due to high luminance of the monitor” are copied from ISO without the maximum value of the luminance under night conditions in order to prevent discomfort glare.
Paragraph 6.3.2.2.4.	
This paragraph requires for a camera a similar pendulum test as Regulation No 46 already requires for the mirrors.

Paragraph 6.3.2.2.7.3.	
This paragraph requires for a camera a similar impact test as Regulation No 46 already requires for the mirrors.

Paragraph 6.3.3.4.	
This paragraph gives the pass criteria for the test above to be performed on a CMS.
Paragraph 12.6	
This paragraph give a definition for ocular reference point to be used in the provisions given in paragraph 16.1.5.1 on the obstruction of the view on the monitor and paragraph 16.1.5.3 on the position of the monitor.
Paragraph 13.5
For verification of the provisions the application for approval shall also be accompanied by detailed technical specifications of the system and the operator’s manual and further documentation specified in Annex 12, paragraph 2.3.
Paragraph 15.1.2.
Simplification of the text.
Paragraph 15.2. and 15.2.1.1
Amendment needed to make the provisions technology neutral.
Paragraph 15.2.1.1.1.
It is necessary to clarify that the minimum number of devices is not relevant for camera-monitor systems and that the number of monitors should not be more than the number of mirrors that would be needed for rendering the required field of vision.
Paragraph 15.2.1.1.2.
The text of the present provision has been adapted to take into account of the general possibility to replace all classes (except class VII) of mirrors by CMS and to permit split screen for rendering of more than one field of vision on the same monitor.

Paragraph 15.2.1.1.3
The provisions for category L vehicles are not changed with the exemption of the use of the standard terminology for the classes of mirrors. 
Paragraph 15.2.1.1.4.
Alignment of the text with the new definition of classes (para. 2.4.). 

Paragraph 15.2.2.4
The provision has been adjusted to become technology neutral.
Paragraphs 15.2.3.1. and 15.2.3.2.
Specification that these provisions on adjustment apply only to mirrors.
Paragraphs 15.2.4.4.2.
Figure 7 has been corrected on the passenger's side so that the indicated dimensions are in correspondence with the front of the grey area. 
Paragraph 16.2.
This section is a copy from the provisions of the former paragraph 15.3 to be part of the new paragraph 16 containing all installation provisions for a CMS.
Paragraph 16.2.5
Consequence of the renumbering of the definitions in paragraph 2.

Paragraph 16 to 22
The former paragraphs 16 to 21 have been renumbered due to the insertion of a new paragraph 16 containing the installation provisions for CMS. 

Paragraph 16
Section 16.1 contains the new provisions for classes I to IV while section 16.2 contains the existing provisions on the installation of classes V and VI. Where Regulation 46 requires for classes V and VI camera-monitor devices the visibility of a critical object ISO took the approach to use the resolutions and magnification as performance criteria. 

Paragraph 16.1
As the provisions in section 16.1 are mainly based on provisions from ISO and for keeping the number of pages with new text limited a general statement has been added that for this section the definitions, symbols and test methods from ISO 16505:2015 apply. 

Paragraph 16.1.1, intended use
This paragraph specifies when the system shall be operational and when it can be de-activated.

Paragraph 16.1.1.1, default view
The system shall have a default view rendering the required field of vision and required magnification.

Paragraph 16.1.1.3, luminance adjustment
For the driver’s comfort and adaptation to different environment light condition adaptation, the CMS shall provide ways for the monitor luminance adjustment and such should be provided. The manual adjustment of the luminance shall be explained in the user’s manual.

Paragraph 16.1.1.4, overlays
With respect to the given requirements on obstructions in ECE-R46 (paragraph 15.2.4.9.), the worst case of the obstruction from the required FoV is defined accordingly.

Paragraph 16.1.2, operating readiness
CMS being a required safety system for rear vision the availability of the system shall be obvious and clearly displayed

Paragraph 16.1.3, Magnification and resolution
These properties of the CMS define visibility and recognition of objects in the required field of vision. The basic concept used to generate the requirements under ISO 16505:2015 used the viewing magnification and resolution of the scene when a driver observes the backward scene through a type approved mirror. And the provision developed takes into account the performance of the CMS to keep at least the same spatial resolution to provide comparable scene distinguishability to the traditional mirror. As the magnification on traditional mirror is dependent on each mirror classes, the provisions for each CMS class were generated accordingly, taking into account the existing type approved vehicle by the time of the ISO 16505:2015  development.
The magnification factors in paragraph 16.1.3.1. were taken from the standard ISO 16505:2015. This ISO standard gives in paragraph [6.5.1.] the minimum requirements for the magnification factors for the different classes of devices for indirect view. Paragraph A.3.3  of Annex 3 of the ISO standard recommends the use of recommended requirements for the magnification factors. These recommended requirements were added to paragraph 16.1.3.1 of Regulation No. 46.
However there are currently limitations in the technology for CMS and the size of displays available especially for CMS of class II. This does not allow the use of the above mentioned recommended magnification factors for devices for indirect vision of class II for the driver and passenger. Instead of the recommended values 0.28 and 0.14 for the class II,  the values 0.26 (driver’s side) and 0.13 (passenger’s side) were used in Regulation No. 46. It should be reviewed at a later phase if the future development of the technology of CMS and the availability of displays of larger size for the automotive sector will allow the use of the magnification factors for devices of class II as recommended by the ISO 16505:2015.
In the traditional mirror, the magnification slightly decreases according to viewing orientation. The generated magnification under ISO 16505:2015 takes the average magnification observed near the centre of the traditional mirror which is reasonable for CMS and secondary, a minimum magnification provision adopted to restrict the minimum equivalent to those observed in traditional mirror at very peripheral part of the viewing range.
Careful work to generate ISO 16505:2015 requirements provide a provision to secure scene distinguishability performance of the CMS comparable to traditional type approved mirror.
Detail of the methodology, definition and test method are clearly and precisely provided in the ISO 16505:2015. The evaluation takes into account the entire process through the CMS and evaluates the system performance as displayed on the monitor and IGCMS decides that referencing to self-contained ISO 16505:2015 is best to way to define the provision for the CMS.

Paragraph 16.1.4, Magnification aspect ratio
This provision aims to avoid design of CMS where field of vision is displayed with horizontal and vertical aspect ratio far different from actual original scene, which may lead to a misinterpretation of the scene. The requirement given under ISO 16505:2015 takes into consideration such use case and it is appropriate as provision for CMS.

Paragraph 16.1.5., installation of monitor
These proposals are derived from ISO 16505; however no obstruction of the driver’s view on the monitor shall be permitted. Compared to the traditional classes of mirror, the location of the monitor display are no longer restricted to the optical constrain to keep the optical view path to the rear field of vision and a CMS has the possibility and capability to provide the required field of vision on a CMS monitor at different and multiple location of the vehicle. Various studies were conducted by several organizations studying the new possibilities of CMS, considering the user acceptance of the monitor orientation layout and results showed good acceptance with negligible different compared to traditional optical mirror regulated under Reg.46 series 3, for CMS layout with similar orientation layout to traditional mirrors. More precisely, a CMS with the image of the right side rendered to the right of the longitudinal plane through the drivers ocular reference point and a similar for the field of view on the left side.

Paragraph 16.1.6
Regulation 125 on the driver’s direct view might be amended to permit the same exclusion of the obstruction caused by a CMS as the present wording does for mirror. That requires an alternative provision within R46 to limit that obstruction to a minimum. 

Paragraph 16.1.7, decreasing accommodation
For obvious reasons the user’s manual shall inform the users, in particular older persons, that they might use a visual aid to have a sharp view on the monitor. , 

Paragraph 16.1.8., influence from weather
As there are no specific requirements on the protection of mirrors against influences of the environment such requirements will also not be given for CMS. Nevertheless the user’s manual shall provide cleaning instructions.

Paragraph 16.1.9., safety of electronic systems
IGCMS suggest to require a verification of the functional safety of the CMS, in particular the measures taken by the manufacturer in case of failures.  
Annex 5
The size of the approval mark may be reduced to 5 mm to permit a smaller marking as there is not always sufficient space for a marking with a value of 12 mm.
Annex 7, paragraph 1.2.2.
Consequence of the renumbering of the definitions of paragraph 2.

Annex 10 and 11
Specification that these existing annexes will only apply to CMS of classes V and VI .
		Annex 12
This annex contains test methods for CMS of classes I to IV for which ISO 16505:2015 do not provide sufficient information for such a test. It concerns the flicker test, a test on the recognition of point light sources and a grey scale test.
It also contains provisions on the verification of the functional safety aspects and aims at the evaluation of a system in case of failures.
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