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Pavement surface characterisation for smart and efficient road lighting
Overview
The knowledge of the so called luminance coefficient q (ratio between the luminance of the road surface and
the illuminance on it for given directions of illumination and observation) is an unavoidable requirement for
designing road lighting installations able to ensure that road luminance is adequate for visual conditions,
energy consumption and traffic safety according to standard requirements. SURFACE will provide the
necessary metrological support to the European standardisation process with validated, optimised and
reliable geometrical conditions for the measurement of q as well as reference data representative of current
road pavements, useful for smart and efficient road lighting system design.
Need
Presently in Europe about 40% of the 5.5 million kilometres of roads has lighting. Current EU standards on
road lighting (i.e. EN 13201 series 2-5) seek to establish road luminance values able to satisfy quantitative
and qualitative performances in terms of safety, visual appearance and energy consumption. Thus the
weighting and spacing of a road lighting system (i.e. flux installed per kilometre) is calculated accordingly
and ensures compliance with the suggested luminance values of the assigned road class. Usually the
design of those lighting systems (e.g. the definition of installation layout, luminous intensity, distribution of
luminaires, and luminous flux installed per kilometre or power density indicator) considers reference
weighted q data (r-tables) of road surface.
In the EN 13201 Road lighting Standard series, r-tables provide values only for the necessary incident and
view directions and the q data for those directions are missing. A lighting engineer adopts as de facto
standard values, the q values published in CIE documents. However these data are based on
measurements performed on concrete samples more than 40 years ago without traceability and uncertainty
evaluation. Recent studies have shown that using CIE data as reference leads to large errors (on average
over 30 %, but up to 50 % in worst case) on expected road luminance. Moreover, the photometric properties
of road materials have evolved over time as well as the road lighting systems (i.e. LED sources, adaptive
systems and smart lighting systems). Such an evolving situation requires the definition of new values of q
and an upgrade of the reference directions for its measurement. To ensure EU targets on Energy Saving and
Road Safety are met it is time now to improve q reference data and reference geometries through a large
metrological research review of basic concepts and a measurement campaign.
Objectives
The goal of this project is to address the current deficiencies in European Standards regarding (i) the
definition and characterisation of the road surface photometry, (ii) traceable measurement and
characterisation methods for road surface characteristics and (iii) traceable reference data for photometric
tables useful in the design process of road lighting installations. The results will be used by CEN
TC169/WG12 in the next revision of EN 13201 series, and by CIE TC4-50 in the revision of pertinent CIE
publications.
The specific objectives are:
1.

To develop optimised measurement geometries for the characterisation of photometric quantities
for road surface materials to support EN 13201 ‘Road Lighting’ and its future revisions.

2.

To produce technical and metrological specifications for instruments used to measure luminance
and reduced luminance coefficients of road surfaces in laboratories or on-site, including
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methodologies for calibration, establishing traceability and evaluating the measurement
uncertainty.
3.

To develop pre-normative guidelines for measurement methods and procedures, for the future
evolution of European standards to include aspects such as mesopic visual conditions
(CIE191:2010), reduced obtrusive light and reduced light pollution of road lighting installations.

4.

To develop pre-normative guidelines for photometric characterisation of road and pavement
surfaces, including factors such as aging of road surfaces, wet conditions, spectral properties,
diffusion of adaptive lighting systems (smart lighting), luminaire luminous intensity distribution and
effects of measurement uncertainty in tolerance calculations.

5.

To contribute to the standards development works of the technical committees CEN TC169/WG12
and CIE TC4-50 through the provision of data, methods, guidelines and recommendations. In
particular to provide traceable data related to new geometries and materials for inclusion in
updated photometric tables of pavements in the international CIE database. To ensure that the
outputs of the project are aligned with their needs, results will be communicated quickly to those
developing the standards and to those who will use them (e.g. lighting engineers, road designers),
and in a form that can be incorporated into the standards at the earliest opportunity.

Progress beyond the state of the art
Although the luminance coefficient, q, is a quantity for characterising the spatial reflectance behaviour of a
material, the measurement of q of road surface for all possible directions of illumination and view is not
necessary for a Road Lighting Standard, but a sub-set of useful directions for current and future smart
lighting systems shall be clearly established. Actually the available reference directions were established at
the time of measurement of the reference data, based on the luminaire, traffic conditions and design
approaches of that age. Therefore this project tackles the need for the new directions of illumination and
view that are most significant and useful in the design of road lighting systems with Solid State Lighting
(SSL), in adaptive lighting, for improved glare evaluation, as well as considering new vision models, the
complexity of traffic conditions and obtrusive lighting.
Available commercial measurement devices for measuring luminance lack a clear assessment of
photometric and geometrical performance. In addition measurement guidelines are not available; the
reliability of measurements is unknown and the uncertainty difficult to evaluate. The development of
reference materials will establish traceability and provide an opportunity to verify measurement procedures
and uncertainty calculations. These reference materials will allow the performance of the first comparison on
measurement of luminance coefficient in the last 20 years and to ensure the traceability of the road
characterisation metrology infrastructure in the EU.
New revisions and future editions of the EN road lighting standard series need to enlarge the scenario of
aspects to be included in road lighting in order to achieve higher Energy Saving and Road Safety and to
reduce the Environmental Impact of road lighting systems. The project will provide research results and
guidelines about the influence of road surface ageing (installation overdimension), spectral properties
(mesopic vision), and wet/dry conditions (adaptive systems). The CIE Expert Symposium on Road Surface
Photometry and CIE TC4-50 stated that no guidelines on measurement methods and sample management
and alignment are currently available. Without standard measurement guidelines the reliability of
measurements is unknown and their measurement uncertainty difficult to evaluate. SURFACE guidelines will
also describe measurement methods and handling as well as specifications for new vision models, tolerance
analysis and quality parameters.
Results
The joint research project SURFACE will develop the necessary metrological research and infrastructure, i.e.
measurement methodologies, reference data, new geometries and reference materials for instrument
calibration to enable European Standardisation organisations to achieve more efficient, more sustainable
and safer road lighting design by the new edition or revision of EN standards that will be used by EU nighttime road users.
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This project will select a new set of geometries able to represent the directions of illumination and view that
are most useful and significant for Solid State Lighting (SSL) and adaptive lighting design, in glare evaluation
and for new vision models.
It will provide specific guidelines on: metrological requirements for instruments, measurement procedures
(including sampling and handling), calibration and uncertainty evaluation, methods for evaluating the
influence of ageing, of spectral properties and of wet conditions.
It will ensure the necessary traceability and uncertainty of the European Metrology Infrastructure and
Instrument manufacturers, through a measurement comparison based on new Reference Materials that will
be developed ad hoc as well as one dedicated CC open source software for uncertainty calculations.
SURFACE will provide to Standardisation Organisation and to CIE, new reference data for q of actual road
surface, with an uncertainty statement, for current EN 13201 q reference geometries and for future reference
geometries.
At the end of the project the EU market will have the benefit of Certified Reference Material for calibrating
road surface measuring instruments and of a prototype of a portable measuring instrument for the new
geometries.
Impact
The project supports EN 13201 ‘Road Lighting’ and its future revisions, and contributes to the standards
development works of the technical committees CEN TC169/WG12 and CIE TC4-50.
The SURFACE reference data of actual (and upcoming) road materials will allow lighting designers to meet
the normative energy savings and quality parameters as per the EU’s commitment to cut energy
consumption by 20 % by 2020. It will also strengthen the turnover of old lighting luminaires into new SSL
luminaires and the introduction of adaptive and smart lighting systems allowing energy savings up to 70 %.
The q reference data of actual road surface are an unavoidable need for the design of safer roads and the
implementation of EU Road Safety Action trough the improvement of EU road Infrastructures.
The initial version of a portable instrument, the development of Certified Reference Material as well as
software for uncertainty evaluation will push forward the market for developing new and adequate laboratory
and portable measuring instruments for the characterisation of road surface as requested in EN 13201
standard series and never implemented due to an actual lack in metrological infrastructure.
The file format of luminance coefficient data as well as the data itself will be assimilated by the lighting
engineering community and designers by using Creative Commons (CC) policy for the dissemination of
relevant material and results.
The guidelines on measurement uncertainty and measurement methodologies, and the planned comparison
will improve the measuring capabilities of NMI goniophotometers for road surfaces.
The scientific community will receive new contributions via CIE TC4-50 and TC4-51. Two
symposia/workshop on road surface characterisation are planned: one at the start of the project to endorse
the project and stakeholder committee and one at the end of the project to disseminate the results under the
aegis of CIE. Several papers on the results of the project will also be published in target end user journals
and presented at scientific conferences.
The results will be used:
•

by CEN TC169/WG12 in the next revision of EN 13201 series (mainly part 3) or as an addendum;

•

by CIE TC4-50 and TC4-51, for improving reference tables and guidelines;

•

by National Standards Organisations, like the Italian UNI GL5 for standard UNI 11248, AFNOR for
France, EVS for Estonia, SIS for Sweden and SNV for Switzerland.
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1 July 2017, 36 Months
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Tel:+39 011 3919 228

E-mail: p.iacomussi@inrim.it

Project website address: www.surface-nrm02.eu
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