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1. | NTRODUCTI ON

At the forty-third session of GRE the expert from GIB presented the
Adaptive Front-lighting Systens (AFS) project (TRANS/ Wp.29/ GRE/ 43
paras. 104-106).

At the forty-fourth session of GRE a denpbnstration was given in the
preni ses of the Pal ais des Nations of a number of configurations of AFS
installed on ten passenger cars (TRANS/ WP. 29/ GRE/ 44, paras. 67 and 68). At
that time it was noted that:

- the introduction of AFS would require action regarding the existing and new
ECE Regul ati ons;

- work was in progress to prepare draft anendnents to Regul ation No.48 and a
new draft Regul ation

-  the proposals would first be transmtted for consideration to GIB and | ater
to CRE.

In the meantine the proposals have been discussed in a series of special
GIB sessions with AFS experts; they were approved by GIB at its ninety-second
session

The proposal for a new draft Regulation is set out in docunent
TRANS/ WP. 29/ GRE/ 2002/ 18. The present docunent contains the background
i nformati on and expl anatory notes, and docunent TRANS/ WP. 29/ GRE/ 2002/ 20
contains the proposal for draft anmendnents to Regul ation No. 48, necessary for
the introduction of adaptive front-lighting systenms into the ECE type approva
system

2. BACKGROUND AND TECHNI CAL DEVELOPMENT

In the beginning of the 1990s notor vehicle |ighting experts recognized
that further progress of vehicle front lighting was possible by using recent
technical innovation design in two different areas:

New mat eri al s, advanced el ectronics, sensor and actuator technol ogi es as
well as new |ight sources and conputer-aided tools allow for the design of new
sophi sticated optical units for headl anps which can provide |ight distributions
for special ranges of applications and variable beans for notor vehicle front
i ghting;

Vehi cl es are equi pped with nmany on-board sources of continuous technica
i nformati on which can provide the inputs for the control of variable front
lighting systens, allowing themto adapt automatically to anmbient and road
condi ti ons.

In 1993 a nunmber of notor vehicle, conponent and |ight source manufacturers
initiated a research project to develop front lighting systens which can emt
automatically differentiated beans being adapted to particul ar anbi ent and road
condi tions, providing both:

enhanced driver's vision, and
i mproved visual confort and safety for other road users.
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This project was incorporated into the franework of European Conmunity
research programmes as EUREKA 1403 and today involves 9 vehicle manufacturers,
9 lighting device manufacturers and 3 |ight source manufacturers. The EUREKA
1403 Worki ng Programre defined three project phases:

1) Feasibility study

This included tests which explored the possibilities for special front
lighting as a function of outside conditions, such as vehicle speed, road type
and geonmetry, weather and anbient |ight for notorways, bending roads, wet roads
and roads in built-up areas. Driver's demands and preferences for |ighting
i mprovenents were investigated by studies in three European countries.

2) Verification by field tests and studies

This phase was dedicated to the devel opnent of photonetric specifications
and their verification in field tests and resulted in further inprovenments for
the specification of headl anp systens and control paranmeters. Scientific
research studi es were | aunched to answer questions related to particular itens,
such as appearance, tinme-dependent effects and visibility and gl are.

3) Presentation, information and drafting

For denonstration purposes, several passenger cars equi pped with adaptive
head-1ighting systens of different configuration were used. Three such
denonstrations have been arranged in order to inform governnent and
adm ni stration experts on the state of AFS devel opment and to provide themwth
an opportunity for personal driving experience:

-In May 1999 on the Bal occo proving ground where the vehicles could be driven
on various test tracks under different anbient and road conditions;

-In Septenber 1999 in Darnstadt during the PAL Synposi um

-In April 2000 during the forty-fourth session of GRE on the prem ses of the
Pal ai s des Nations at GCeneva.

Subsequent work was concentrated on the preparation of docunents, covering
the regul atory aspect and it took place in a special AFS Task G oup on
Regul ations (TG R). The text of the draft Regul ation on AFS was prepared in
this group and then discussed in three special GIB sessions with AFS experts.
The final document resulting fromthis discussion has been approved at the
ni nety-second GIB session.

3. PRI NCI PAL FEATURES OF THE DRAFT REGULATI ON

The text of draft Regulation No.112 (fornerly draft Regul ation No. "00"
TRANS/ WP. 29/ 773) served as a basis for the AFS draft Regul ation; elenments from
Regul ati ons Nos. 87, 98 and 99 have been included. The main features of the
draft, as related to these existing provisions, are discussed in nore detai
bel ow.

In view of the structure of ECE Regul ations on |lighting and |i ght -
signal ling, requirenments regarding the installation of AFS and its interaction
wi th the vehicle have been incorporated into a separate proposal for amendnents
to Regulation No. 48. Cross-references have been included where necessary.
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The principal characteristics of AFS as described in the draft Regul ation
can be summarized as foll ows.

The AFS is a front |ighting device

The AFS consists of three main elenments: the "lighting units" on the right
and | eft side of the vehicle, the "systemcontrol", and the "supply and
operating devices", if any. One or nore lighting units are contained in an

"installation unit".

The AFS can emit nore than one "npde" of a passing beam and/or a driving
beam each of them being designed for a certain range of vehicle and
anbi ent conditions; this includes "bendi ng nodes".

As concerns the passing beam four classes are identified by particular
photonmetric provisions and can be emtted alternatively:

the mandatory class C (basic) passing beam which can be generally used
with its different (optional) nopdes including bendi ng node(s),

the class V (town/| ow speed) passing beamwith its different (optional)
nodes i ncl udi ng bendi ng node(s),

the class E (notorway) passing beamw th its different (optional) npdes
i ncl udi ng bendi ng node(s),

the class W(wet road) passing beam with its different (optional) nodes
i ncl udi ng bendi ng node(s).

In addition the following front lighting functions nmay be provided by the
system a driving beam with its different (optional) nodes including bending
nmode(s), and a daytinme running |ight.

Activation of any lighting node(s) nust be fully automatic, the contro
being effected by signals fromthe vehicle which are generated by vehicle-
based paraneters. The respective criteria have —in the draft anendments to
Regul ati on No. 48- been stated in general terns in order to allow for use
of advanced neans of information as well as for signals which are sinply to
be provided such as vehicle speed, steering angle or wi ndshield w per
action.

Wthin strictly defined linmts - being part of the draft amendment to
Regul ation No. 48, the nunber, dinensions, shape, and produced |ight
intensities of the lighting units nmay be asymmetric with respect to the
| ongi tudi nal nedi an plane of the vehicle.

In order to cover those cases where a failure may result in excess glare
for oncoming traffic or insufficient road illunmination for the driver,
suitabl e safety provisions have been inserted; wherever possible, these
cases are identified by photometric (design) specifications as threshold
values for fail -safe and/or warning requirenents. Correspondi ng provisions
have al so been included in the draft anmendments to Regul ati on No. 48.

In the AFS type approval procedure certain lighting units are identified
for which levelling and cleaning requirenents according to the draft
amendments to Regul ation No. 48 apply.

4. REMARKS TO | NDI VI DUAL | TEMS / SECTI ONS

DEFI NI TIONS: Definitions for the elements and functional states of the AFS
have been introduced; those given in paragraphs 1.15. - 1.18. have been
inserted in order to provide clear instructions for the practice of type
approval
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As in other Regulations on individual lighting and |ight-signalling
devices, there is a general reference to the definitions given in Regulation
No. 48 which also include the definition of the AFS itself. For the purpose of
the present Regul ation, the "adaptive front-lighting system (AFS)" is
desi gnated as "systeni.

APPROVAL: The "concise technical description" of the system has been
consi derably extended including a nunber of new forns for the indication of al
AFS functions and nodes including their automatic control information and
adj ust ment devi ces and procedures (Annexes 1 and 11).

Approval markings have been defined allowing for identification of the
functionality of the systemto a certain degree. They shall be | ocated on each
installation unit of the systemaccording to the exanples in Annex 2.

PHOTOMETRI C REQUI REMENTS: I n order to allow for the desired spectrum of
light pattern elenments needed for the conposition of the situation adapted
front Iighting and since the total nunber of lighting units on each side of a
vehicle's front is naturally linmted, some individual specialization of the
lighting units was considered to be necessary: lighting units on the right and
left side of the vehicle may be designed to performto a certain degree
different lighting tasks and, for special situations, they nmay be activated
i ndependent|y.

For total road illumnation it is not decisive whether the light is
provided symetrically fromthe right and left side. For the visual inpression
registered by onconming traffic the distinct intensity distribution of a passing
beam below its cut-off is not considered to be a key contri butor

Photonetric requirenents are therefore specified for the conplete system
However, for onconing traffic the recognition as a 4-wheel ed vehicle nmust be
guaranteed. To this end mini mum photonmetric values are in addition required
for the respective angular el enents (points or segnents) above the cut-off of
the passing beam|light distribution, on each side

PROVI SI ONS CONCERNI NG PASSI NG BEAM The class C (basic/ general use)
passi ng beam specification conbines requirenents of Regulations No. 112 and 98
with some itens as discussed for the "harnoni zed" passi ng beam proposa
( TRANS/ WP. 29/ GRE/ 1999/ 18). The photonetric data are listed in Annex 3.

Visual aimng (and |ater adjustment on the vehicle) with the aid of the
cut-off is regulated and described in detail in Annex 9. For any other nopde(s)
the light distribution is determ ned by construction, or, in case of a separate
installation unit e.g., by additional procedures to be indicated in detai
according to the requirenents.

Measurenents are then carried out in the neutral state and in any other
node specified, e.g. bending node(s), speed dependent nobdes, or any others

Class E (expressway/ notorway) passing beam this set of requirenents
allows for a light distribution being slightly elevated and with an increased
maxi mum il lumnation allow ng for |arger visual range; the specifications in BR
and BRR guarantee that rear-view mrror glare is avoided. The conditions of
not orways as defined in the 1968 (Vienna) Convention -especially the |arger
|l ateral distance between separated traffic directions- justify the slightly
enhanced glare linitations which are necessary to achi eve the above
i mprovenents.

Class V (city/town/|l ow speed) passing beam this set of requirenents
allows for a light distribution with reduced illunmi nation and requires a
reduced asymmetric sector. Econom c and confortable lighting for typical in-
town use of vehicles at |limted speed is thus possible wi thout conpronising
Vi si on.
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Class W (wet road) passing beam these requirenents allow for a |ight
di stribution which can supply nore light for inproved vision distance
Strictly limted illum nation directly in front of the vehicle avoids the
typical glare caused by wet road surface reflections. The driver's vision
i mprovement exceeds by far the effect of the reduced foreground illum nation
which can still be strong enough. As a result this beam can offer clear
benefits to both, the driver and oncoming traffic. Separate sets of
requirenents are provided for two grades of this beam one allow ng for nodes
optimzed to lightly wet roads and the second one for npdes covering the
situation of the very wet roads.

Bendi ng nodes: The lighting for all classes of passing beans may -totally
or in part- be laterally noved or increased. Two categories are distinguished.
A category 1 bendi ng node includes a horizontal novement of the cut-off. In
this case the maximum | ateral novenent as a function of curve radius is limted
in the respective paragraph of the draft anmendnents to Regul ati on No. 48
(conpare TRANS/ WP. 29/ GRE/ 2001/ 15/ Rev. 1). As regards category 2 bendi ng node
the cut-off is not noved; the requirenents are somewhat |ess stringent in this
case concerning the fail -safe conditions and respective linmtations. For both
categories the restrictions regarding the lateral location of the maxi mumin
the beam are largely elimnated and a m ni num photonmetric requirement at 20° up
to 45° relative to the vehicle's axis applies

DRI VI NG BEAM PROVI SI ONS: The photonetric requirenents from existing
regul ati ons were conbined with the |less restrictive provisions regardi ng nunber
and symmetry of light-emtting surfaces as introduced for passing beans.
Variable light distribution is permtted for the whole beame.g. w de/ narrow
bendi ng, as a function of vehicle speed or road configuration.

DAYTI ME RUNNI NG LI GHT PROVI SIONS:  The | um nous intensity maxi num val ues
from Regul ation No. 87 and fromthe provisions concerning passing beam were
combined. This allows for use of AFS passing beam parts for daytime running
l'ight purposes if the other relevant requirenments corresponding to Regul ation
No. 87, such as geonetry and m ni nrum val ues, are observed

OTHER PROVI SI ONS: The requirenents of present headl anp Regul ati ons
regardi ng adjustable reflectors have been applied to adjustable Iighting units.
Al'l special neasurenent provisions have been consolidated in Annex 10.

| TEMS OF PARAGRAPHS 7. to 13.: Provisions regarding colour, gauging of
di sconfort, and further administrative items correspond to those in the other
headl anp Regul ati ons.

COMMUNI CATI ON (Annex 1): Specific itens have been added to this annex
information on |ight source nodul es containing |light sources not approved
according to Regulation No. 39 or 99, and, information on fail safe provisions
and conformity to the relevant (photonetric) requirements by neans of the
systemitsel f.

Thi s annex was furthernore extended by a formfor the respective
information according to the additional possibilities allowed for in the
regulation draft: the nodes and cl asses of passing beanm(s) and the lighting
functions provided.

EXAMPLES OF ARRANGEMENTS OF APPROVAL MARKS (Annex 2): In addition to
conventional itens of marking, the indications regarding the front |ighting
functions, their npdes and cl asses of passing beamare shown in severa
exanpl es.

PASSI NG BEAM PHOTOVETRI C REQUI REMENTS (Annex 3): The detailed requirements
are set out in Tables 1-4. Figure 1 is based on a road width of 7mand 11 m
respectively; the angular range of the graph is in no case to be understood as
a limtation.
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TESTS FOR STABI LI TY OF PHOTOVETRI C PERFORMANCE (Annex 4): Provisions have
been inserted fromexisting headl anp Regul ati ons and have been adapted to AFS
term nol ogy. Configurations such as different, exclusively operated passing
beam cl asses, provided fromthe lighting units contained in one installation
uni t, have been taken into account.

CONFORM TY OF PRODUCTI ON (Annex 5): This was corrected for term nol ogy.
In principle instead of a headl anp the conplete AFS system has to be regarded

LENSES OF PLASTI C MATERI AL (Annex 6): Apart fromcorrections for
term nol ogy, the requirenents regarding resistance to |light source radiation
were inserted from Regulation No. 98 in a nore general form

SAMPLI NG BY AN | NSPECTOR (Annex 7): This was corrected for termn nol ogy.

REQUI REMENTS FOR SYSTEMS | NCORPORATI NG LI GHT SOURCE MODULES W TH LI GHT
SOURCES NOT BEI NG APPROVED ACCORDI NG TO REGULATI ON No. 37 OR 99 (Annex 8)
Li ght source nodul es have been introduced using the definitions of
TRANS/ WP, 29/ GRE/ 2001/ 30. Part A refers to light source nmodul es with gas-
di scharge light sources; requirenents from Regul ati on No. 99 have been taken
for the technical specifications. Colour and |um nous flux requirements are
covered by the requirenents for the lighting device. Part B refers to |ight
source nmodul es with other |ight sources.

PASSI NG BEAM CUT- OFF AND Al M NG (Annex 9): These provisions reproduce
essentially the proposal presently being discussed for final approval in GIB
sonme sinplifications and adaptati ons have been introduced.

PHOTOVETRI C MEASUREMENTS (Annex 10): For the indication of the spatia
positions of photonetric requirenments an angular grid was chosen; it allows
good description also in case of laterally very extended or variable beans.
The respective information is always available in common goni onmeters. The use
of a goniometer or respective neans is prescribed.

As pointed out above, the photonetric requirenents apply, with a few
exenptions, for the whole head-lighting system The respective neasurenent
procedure is based on nunerical addition of the measured values of all lighting
units.

The photonetric requirenments are specified in principle on the basis of
tests with reference | um nous flux (which normally corresponds to operation at
approxi mately 12V, e.g.); however, where a lighting unit incorporates a non-
repl aceabl e |light source and/or a power controlled supply and operating device
the tests have to be carried out with full specified vehicle voltage (e.qg.
13.5 V) and the results of the photometric neasurenent are then converted to
the specified (i.e. 12 V) level by multiplying themw th the factor of 0.7.

The preference for the indication of photometric requirenments was | un nous
intensity. However, in order to provide easily conparable information, the
requi rements concerning main and passing beam have -in the first place- been
indicated as radial illumnance at 25 nmetres.

The re-aimng procedure in case of vertically adjustable optics has been
applied accordingly for lighting units provi ding a category 1 bending node of a
passi ng beam The kink of the cut-off of the beam serves as re-aining
i ndi cator (conpare TRANS/ WpP. 29/ GRE/ 2001/ 15/ Rev. 1.)
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DESCRI PTI ON FORMS (Annex 11): As part of the type approval docunentation
two forms have been devel oped for the system description as the supplenentary
specification of the lighting function(s) and their nodes, provided by the AFS.
In the first formthe vehicle's signals designed to control the head-lighting
system s automatic operation have to be listed and described with respect to
its purpose and technical nature. The second form serves for the indication of
the cut-off type(s), the adjustnent devices and how to use them



