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science, technology, standardisation and art in the fields of light and lighting.
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This Technical Report has been prepared by CIE Technical Committee 2-36 of Division 2
“Physical Measurement of Light and Radiation” and has been approved by the Board of
Administration of the Commission Internationale de I'Eclairage for study and application. The
document reports on current knowledge and experience within the specific field of light and
lighting described, and is intended to be used by the CIE membership and other interested
parties. It should be noted, however, that the status of this document is advisory and not
mandatory. The latest CIE proceedings or CIE NEWS should be consulted regarding possible
subsequent amendments.

Ce rapport technique a été préparé par le Comité Technique CIE 2-36 de la Division 2
“Mesures physiques de la lumiére et des radiations” et a été approuvé par le Bureau de la
Commission Internationale de I'Eclairage pour étude et application. Le document traite des
connaissances courantes et de I'expérience dans le domaine spécifique décrit de la lumiére
et de I'éclairage; il est destiné a étre utilisé par les membres de la CIE et tous les intéres.4s.
Il faut cependant noter que ce document est indicatif et non obligatoire. Les derniers comntec
rendus de la CIE ou du CIE NEWS devront étre consultés pour connaitre d'éventucls
amendements.

Dieser Technische Bericht ist vom CIE Technischen Komitee 2-36 dei Division 2
“Physikalische Messungen von Licht und Strahlung” ausgearbeitet und von.-\/orstand der
Commission Internationale de I'Eclairage gebilligt worden. Das Dokument berichte ' Giber den
derzeitigen Stand des Wissens und Erfahrung in dem behandelten. Ge.iet von Licht und
Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und du:ch <ndere Interessierte
bestimmt. Es sollte jedoch beachtet werden, dal® das Dokument eine Zinpfehlung und keine
Vorschrift ist. Die neuesten CIE-Tagungsberichte oder das C'E JEWS sollten im Hinblick auf
mégliche spatere Anderungen zu Rate gezogen werden.

Any mention of organisations or products does nct in.nly 2ndorsement by the CIE. Whilst
every care has been taken in the compilation of any ‘ists, up to the time of going to press,
these may not be comprehensive.

Toute mention d'organisme ou de produit n'implique pas une préférence de la CIE. Malgré le
soin apporté a la compilation de tous les ducuri.ents jusqu'a la mise sous presse, ce travail
ne saurait étre exhaustif.

Die Erwdhnung von Organisatione > od 2r Erzeugnissen bedeutet keine Billigung durch die

CIE. Obgleich groRe Sorgfalt he, der crstellung von Verzeichnissen bis zum Zeitpunkt der
Drucklegung angewendet wiirde . ist es moglich, dald diese nicht vollstandig sind.
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RETROREFLECTION: DEFINITION AND MEASUREMENT

SUMMARY

The report is divided into nine main sections with the following considered in detail:

Recommended terminology, including general definitions and units based on spectral
quantities which are needed for characterizing the performance of retroreflectors of all
types.

Additional geometric definitions and systems beside the CIE angular reference system
defined in the original Publication CIE 54 - 1982. These new systems are needed largely
because of new microprismatic retroreflecting materials developed since 1982 and the
emphasis on the driver's requirements at night. The road marking geometry is also
included for the first time. Complete transfer equations are provided in the appendix tc
allow ease in converting angles between the respective systems.

The measurement of the photometric quantities section covers all techniques currently in
use together with the necessary equations, reference standards and s. ircex of
uncertainty. The tolerances and effects of aperture errors are considered in detail.

A section is included which relates the angular characteristics of retroreflectors in vector
notation with major emphasis on the geometry of the driving scenario. Exai. nles of the
angular relationships as a function of distance in the various georefric 2l sy stems are
given for different traffic control devices, vehicles and road geome*.i~s.

The colorimetry of retroreflectors includes recent measuremer.” t:chniques used for
establishing the spectral quantities of retroreflection «togsther with a recommended
geometry of measurement for colorimetry under daylight ai .2 ..ighttime conditions.

A section is devoted to the use of portable® ani'! mbbile instrumentation for the
measurement of retroreflectors in the field togeti =r v.ith iccommended information on the
instruments to be included in their data description.

A section dealing with recommended forme*s for the computer data interchange of
retroreflective measurements.

RETROREFLEXION: DEFINITION ET n:SSURE

RESUME

Le rapport est divisé en neuf nai agraphes principaux avec les détails suivants:

La terminologie reco nriandée, comprenant les définitions générales et les unités basées
sur les grandeut's spoctrales nécessaires pour caractériser les performances des
rétroréflecteurs.de (nus types.

Des définitior s r,éométriques et des nouveaux systemes en plus du systéme de
référence anguicire défini dans la publication CIE 54 - 1982 d'origine. Ces nouveaux
systémes sont nécessaires a cause du développement depuis 1982 de nouveaux
matariacx rétroréfléchissants microprismatiques et de l'augmentation des besoins des
condu teurs pendant la nuit. La géométrie des marquages routiers est également prise
~n compte pour la premiére fois. Des formules sont données en annexe pour faciliter la
~onversion des angles entre les différents systémes.

Le paragraphe sur la mesure des grandeurs photométriques inclut toutes les techniques
actuellement utilisées ainsi que les formules nécessaires, les étalons de référence et les
sources d'erreur. Les tolérances et I'influence des erreurs sur les angles d'ouverture sont
éxaminées en détail.

Un paragraphe décrit les caractéristiques angulaires des rétroréflecteurs en notation
vectorielle en s'appuyant sur les conditions géométriques de conduite. Des examples de
relations angulaires en fonction de la distance dans les différents systéemes de référence
angulaires sont donnés pour différents systéemes de signalisation, différents véhicules et
géométries routiéres.

VI
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Le paragraphe sur la colorimétrie des rétroréflecteurs inclut les récentes techniques de
mesures pour déterminer les grandeurs spectrales de rétroréflexion ainsi qu'une
géométrie de mesure recommandée pour la colorimétrie dans les conditions diurnes et
nocturnes.

Un paragraphe est consacré a l'utilisation d'appareils portables et mobiles pour la mesure
des rétroréflecteurs sur site ainsi que des recommandations sur les informations que
devraient comporter les notices des instruments.

Un paragraphe traite des formats recommandés pour I'échange informatique des
données de mesures de rétroréflexion.

RETROREFLEXION: DEFINITION UND MESSUNG

ZUSAMMENFASSUNG

Der Bericht ist in neun Hauptabschnitte eingeteilt, in denen folgende Themen ausfiibrlici
behandelt werden:

Vi

Vorgeschlagene Terminologie, diese beinhaltet die fir die Kennzeichnung der . <istung
von Retroreflektoren aller Typen bendtigten allgemeinen Definitionen und Finheiten, die
auf spektralen Groflen aufbauen.

Zusatzliche geometrische Definitionen und Systeme neben dem 1> dei Original-
Publikation CIE 54 — 1982 empfohlenen CIE-Winkel-Bezugsystem Die~e heuen Systeme
werden wegen der seit 1982 neuentwickelten mikroprismatis:-hen retroreflektierenden
Materialien und wegen der Berlicksichtigung der Anforderungen a.> 2cn Fahrer bei Nacht
bendtigt. Zum ersten Mal ist auch die Geomefrie. der Strallenmarkierungen
eingeschlossen. Komplette Umrechnungsgleichungen si.c > Anhang aufgefihrt und
erlauben eine einfache Umrechnung zwischen den Wirikeln u2r einzelnen Systeme.

Der Abschnitt Uber die Messung photomevisciar SroRen schliefit die derzeitig
gebrauchlichen Techniken zusammen mit den .otwendigen Gleichungen, Referenz-
Standards und Quellen der MeRunsicherheit (2in. Toieranzen und Fehler durch Einflisse
der Aperturen sind im Einzelnen berlcksichtigt.

Ein Abschnitt ist eingeflgt, der sich aui die Winkeleigenschaften in Vektordarstellung mit
Hauptaugenmerk auf die Geomuuie der Fahrsituation bezieht. Beispiele der
Winkelbeziehungen als Funktior,.. der Entfernung sind in den verschiedenen
geometrischen Systemen _fir ‘'ve:schiedene Verkehrskontrolleinrichtungen, Fahrzeuge
und StralBengeometrien gegcbhe:

Die Farbmetrik von Retrore flekioren beinhaltet neue MeRtechniken zur Aufstellung der
spektralen GroRen dzi-Reuureflexion zusammen mit einer empfohlenen MeRgeometrie
fur die Farbmessung ite - Tages- und Nachtbedingungen.

Ein Abschnitt ist acr Benutzung tragbarer Instrumente und mobiler MefReinrichtungen fiir
Feldmessungzen (er Retroreflexion gewidmet. Es wird empfohlen, den Datenblattern eine
Information Gbor-uie Instrumente beizufligen.

Ein Ahschinitt ist den empfohlenen Formaten fiir den elektronischen Datenaustausch bei
Retare'exionsmessungen gewidmet.


https://www.stdhive.com/standards/cie-0542-2001-pdf/

CIE 54.2-2001

FOREWORD

The first CIE document addressing the phenomena of retroreflection was published in 1982.
The Publication CIE 54 — 1982 defined a system for describing retroreflection and important
terms were defined with some examples of test methods and measurement parameters.
Concentration on the report was limited primarily to retroreflective sheeting materials used for
traffic signs and delineators of the macroprismatic type. Since 1982 a great deal of progress
has taken place with regard to new materials and emphasis on the needs of the driver. This
revision of publication 54 significantly expands the context of the 1982 document by including
all types of retroreflectors finding application in transportation, introduces new definitions, new
geometric systems and extensive instrumentation capabilities. This report does not
recommend luminance values of retroreflectors needed by the driver, but presents all the
necessary tools to enable the transportation engineer to define the geometry required to
insure the driver's safety at night. Minimum values of luminance needed by the driver must
consider the vehicle, the illumination parameters and the human visual system before
recommended values can be established. This is beyond the terms of reference of this
committee and must be addressed by other technical committees. It is hoped that this report
will be a valuable assistance to the transportation engineer and will enable the engineer to
establish performance goals for the large variety of traffic control situations which exist.

1. OVERVIEW

This report is divided into nine main sections. These begin with chapter 2 which is concerned
with general definitions of retroreflection, while chapter 3 defines geometrical terms.
Chapter 4 combines their collection into four geometric systems applicable for different
elements of the retroreflection phenomena. Chapter 5 defines the photometric terminology as
did the original publication 54, but defines the photometric terms with reference to
spectroradiometric concepts as is the current international standards procedure. The
corresponding laboratory calibration and measurement techniques are described in the next
section, chapter 6, together with basic instrument requirements and traceability to national
metrology laboratories. To relate the driver's geometry to the four systems, vector notation
and a series of typical examples are given in chapter 7. This approach will aid the
transportation community in accessing the necessary discrete angles to assure procurement
compliance and the field service life of retroreflective devices and materials. An important
section in the original publication 54, dealing with the colorimetry of retroreflectors, is
expanded in chapter 8 to include new instrumentation presently available and to recommend
standard test geometries for both daytime and nighttime measurements. A new section,
chapter 9, describes general field instruments available for in-situ measurements of
retroreflectors. Included in this section is a guide for manufacturers to use in their
specifications, listing important parameters of the instruments which can be a part of the data
sheet. Lastly, chapter 10 addresses the computer format for retroreflectance data in order to
allow measurement results to be exchanged world-wide. References of the important CIE
publications referred to in the report are included together with a bibliography of the most
important additional information. Four appendices complete the report with all the
transformation equations between the four systems with examples, a list of keywords, data
format examples and a treatise on aperture synthesis.

It is hoped that this report will be a valuable assistance to the transportation engineer
and will enable that engineer to establish performance goals for the large variety of traffic
control situations which exist.

2. GENERAL DEFINITIONS

2.1 Retroreflection

Reflection in which the reflected rays are preferentially returned in directions close to the
opposite of the direction of the incident rays, this property being maintained over wide
variations in the direction of the incident rays.

2.2 Retroreflectance

The ratio of the reflected radiant or luminous flux to the incident flux within the narrow
confines of incident and reflected geometrical conditions.





