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THE INTERNATIONAL COMMISSION ON ILLUMINATION

The International Commission on lllumination (CIE) is an organisation devoted to international co-operation and exchange of information
among its member countries on all matters relating to the art and science of lighting. Its membership consists of the National Committees
in 39 countries and one geographical area and of 11 individual members.

The objectives of the CIE are :

1. To provide an international forum for the discussion of all matters relating to the science, technology and art in the fields of light and
lighting and for the interchange of information in these fields between countries.

2. To develop basic standards and procedures of metrology in the fields of light and lighting.

3. To provide guidance in the application of principles and procedures in the development of international and national standards in the
fields of light and lighting.

4.  To prepare and publish standards, reports and other publications concerned with all matters relating to the science, technology and
art in the fields of light and lighting.

5. To maintain liaison and technical interaction with other international organisations concerned with matters related to the science,
technology, standardisation and art in the fields of light and lighting.

The work of the CIE is carried on by seven Divisions each with about 20 Technical Committees. This work covers subjects ranging from

fundamental matters to all types of lighting applications. The standards and technical reports developed by these international Divisions

of the CIE are accepted throughout the world.

A plenary session is held every four years at which the work of the Divisions and Technical Committees is reviewed, reported and plans

are made for the future. The CIE is recognised as the authority on all aspects of light and lighting. As such it occupies an important

position among international organisations.

LA COMMISSION INTERNATIONALE DE L’'ECLAIRAGE

La Commission Internationale de I'Eclairage (CIE) est une organisation qui se donne pour but la coopération internationale et I'échange
d'informations entre les Pays membres sur toutes les questions relatives a l'art et a la science de I'éclairage. Elle est composée de
Comités Nationaux représentant 39 pays plus un territoire géographique, et de 11 membres individuels.

Les objectifs de la CIE sont :

1.  De constituer un centre d'étude international pour toute matiére relevant de la science, de la technologie et de I'art de la lumiére et
de I'éclairage et pour I'échange entre pays d'informations dans ces domaines.

2. D'élaborer des normes et des méthodes de base pour la métrologie dans les domaines de la lumiére et de I'éclairage.

3. De donner des directives pour I'application des principes et des méthodes d'élaboration de normes internationales et nationales
dans les domaines de la lumiére et de I'éclairage.

4.  De préparer et publier des normes, rapports et autres textes, concernant toutes matiéres relatives a la science, la technologie et I'art
dans les domaines de la lumiére et de I'éclairage.

5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées par des sujets
relatifs & la science, la technologie, la normalisation et I'art dans les domaines de la lumiére et de I'éclairage.

Les travaux de la CIE sont effectués par 7 Divisions, ayant chacune environ 20 Comités Techniques. Les sujets d'études s'étendent des

questions fondamentales, a tous les types d'applications de I'éclairage. Les normes et les rapports techniques élaborés par ces Divisions

Internationales de la CIE sont reconnus dans le monde entier.

Tous les quatre ans, une Session pléniére passe en revue le travail des Divisions et des Comités Techniques, en fait rapport et établit les

projets de travaux pour l'avenir. La CIE est reconnue comme la plus haute autorité en ce qui concerne tous les aspects de la lumiére et

de I'éclairage. Elle occupe comme telle une position importante parmi les organisations internationales.

DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION

Die Internationale Beleuchtungskommission (CIE) ist eine Organisation, die sich der internationalen Zusammenarbeit und dem Austausch
von Informationen zwischen ihren Mitgliedslandern beziglich der Kunst und Wissenschaft der Lichttechnik widmet. Die Mitgliedschaft
besteht aus den Nationalen Komitees in 39 Landern und einem geographischen Gebiet und aus 11 personlichen Mitgliedern.

Die Ziele der CIE sind :

1.  Eininternationaler Mittelpunkt fir Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der Lichttechnik
und fiir den Informationsaustausch auf diesen Gebieten zwischen den einzelnen L&ndern zu sein.

2. Grundnormen und Verfahren der Mef3technik auf dem Gebiet der Lichttechnik zu entwickeln.

3. Richtlinien fur die Anwendung von Prinzipien und Vorgéangen in der Entwicklung internationaler und nationaler Normen auf dem
Gebiet der Lichttechnik zu erstellen.

4. Normen, Berichte und andere Publikationen zu erstellen und zu veréffentlichen, die alle Fragen auf dem Gebiet der Wissenschaft,
Technik und Kunst der Lichttechnik betreffen.

5. Liaison und technische Zusammenarbeit mit anderen internationalen Organisationen zu unterhalten, die mit Fragen der
Wissenschaft, Technik, Normung und Kunst auf dem Gebiet der Lichttechnik zu tun haben.

Die Arbeit der CIE wird in 7 Divisionen, jede mit etwa 20 Technischen Komitees, geleistet. Diese Arbeit betrifft Gebiete mit

grundlegendem Inhalt bis zu allen Arten der Lichtanwendung. Die Normen und Technischen Berichte, die von diesen international

zusammengesetzten Divisionen ausgearbeitet werden, sind von der ganzen Welt anerkannt.

Tagungen werden alle vier Jahre abgehalten, in der die Arbeiten der Divisionen tberprift und berichtet und neue Plane fiir die Zukunft

ausgearbeitet werden. Die CIE wird als hochste Autoritat fur alle Aspekte des Lichtes und der Beleuchtung angesehen. Auf diese Weise

unterhélt sie eine bedeutende Stellung unter den internationalen Organisationen.

Published by the

COMMISSION INTERNATIONALE DE L'ECLAIRAGE

CIE Central Bureau
Kegelgasse 27, A-1030 Vienna, AUSTRIA
Tel: +43(01)714 31 87 0, Fax: +43(01)714 31 87 18
e-mail: ciecbh@cie.co.at
WWW: http://www.cie.co.at/
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This Technical Report has been prepared by CIE Technical Committee 3-13 of Division 3 ’Interior
Environment and Lighting Design’ and has been approved by the Board of Adminstration 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 3-13 de la Division 3 'Environment
intérieur et étude de I'éclairage’ et a été approuvé par le Bureau de la Commission Internationale de
'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 intéressés. Il faut cependant noter que ce document est indicatif
et non obligatoire. Les derniers comptes rendus de la CIE ou du CIE NEWS devront étre consultés
pour connaitre d'éventuels amendements.

Dieser Technische Bericht ist vom CIE Technischen Komitee 3-13 der Division 3 'Innenraum und
Beleuchtungsentwurf' ausgearbeitet und vom Vorstand der Commission Internationale de I'Eclairage
gebilligt worden. Das Dokument berichtet Uber den derzeitigen Stand des Wissens und Erfahrung in
dem behandelten Gebiet von Licht und Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und
durch andere Interessierte bestimmt. Es sollte jedoch beachtet werden, da3 das Dokument eine
Empfehlung und keine Vorschrift ist. Die neuesten CIE-Tagungsberichte oder das CIE NEWS sollten
im Hinblick auf mégliche spatere Anderungen zu Rate gezogen werden.

Any mention of organisations or products does not imply endorsement by the CIE. Whilst every care
has been taken in the compilation of any lists, 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 documents jusqu'a la mise sous presse, ce travail ne saurait étre
exhaustif.

Die Erwdhnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die CIE.
Obgleich groRe Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der Drucklegung
angewendet wurde, ist es mdglich, daf3 diese nicht vollstandig sind.
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Foreword

The past decade has seen many changes affecting lighting design. These changes include the
introduction of new types of lamps and luminaires, radical changes in work practices and an increasing
community awareness of the need for energy conservation and the wise management of resources.
These changes have resulted in the need to revise the CIE’'s recommendations on discomfort glare
prediction due, particularly, to changes in technology and workplace design and use.

Two significant technological changes affecting discomfort glare have been:

¢ New lamps. The now commonly used 26mm diameter tubular fluorescent lamp has a lamp
luminance of approximately 11 kcd Om™. The 55 W compact fluorescent lamp’s luminance is
around 35 ked Om™2. Both have significantly higher luminances than the lamps that they have
replaced — 38mm tubular fluorescent lamps with luminances of about 7 kcd Om™2. The new
lamps and others that are used in interiors might be considered as “retrofit” replacements but
the higher lamp luminances may require luminaire optical redesign to meet comfort criteria.

* New luminaire designs. The replacement of prismatic lens panels with "batwing” reflectors has
produced luminaires with disymmetrical intensity distributions where the Cg (crosswise)
distribution is significantly different from the Cgg (lengthwise) distribution. This can allow greater
spacings to be used in the Cy direction, resulting in the need for fewer luminaires and energy
and capital savings. However, intensity values at high y angles in the C45 can be higher than in
either the Cg or Cgg planes.

Two major workplace changes affecting discomfort glare have been:

« Office design. Large open areas with random arrangements of furniture are now common. In
the 1940s and 1950s office furniture was arranged in a regular layout with the workers facing in
the same direction: either in the Cy or Cgg directions. This meant that the "worst case”
discomfort situations were locations either in the middle of the end or side walls. In present day
offices the furniture arrangement may be irregular with many and varied viewing directions.

* Screen based tasks and workstations. The introduction of screen based tasks has led to
ergonomic change in the workplace. The change with regard to discomfort glare is that the
operator’s line of sight is much closer to the horizontal than for reading, writing or typing tasks.
This means that more of the ceiling and more luminaires will be within the peripheral field of view
— more luminaires will be in the personal "glare zone”.

This technical report presents a unified glare rating formula developed from existing glare index
systems. It also provides, in appendices, guidance on the production of the tables and curves needed
to apply the system manually. Advice is given to designers on the use of the data.

The following members of CIE Division 3, Interior Environment and Lighting Design TC 3-13,
Discomfort Glare in Interior Lighting, took part in the preparation of this technical report:

Bedocs, L. Great Britain
Einhorn, H.D. South Africa
Fischer, D. Germany

Hansen, E. H. Norway

Kanaya, S. Japan

Lofberg, H.A. Sweden

Poulton, K. Australia (Chairman)
Slater, A.l Great Britain
Sdrensen, K. Denmark

The final report was edited by WG Julian, Vice-President (Publications).
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DISCOMFORT GLARE IN INTERIOR LIGHTING
Summary

The task of the CIE Technical Committee TC 3-13 was to produce a practical discomfort glare
evaluation system.

The Unified Glare Rating (UGR) formula described in this technical report, combines features of the
Einhorn and the Hopkinson formulae and incorporates the Guth position index. It may be regarded as
being composed of the best parts of the major formulae in terms of practicability and of familiarity with
the results of glare prediction. The formula recognises the effects on the glare index of observer
position and direction of view.

The report also describes, in the appendices, a tabular method, which uses reference values and
standard conditions, allowing the production of simple tables, similar to those for utilisation factors, for
use in luminaire data sheets.

A rough estimate of discomfort glare is given by the luminance limiting curve (UGR curve) method.
The appendices also show how the curves can be constructed and used.

The report recommends a practical CIE discomfort glare evaluation system for use in the next edition
of the CIE Guide on Interior Lighting.

EBLOUISSEMENT INCONFORTABLE EN ECLAIRAGE INTERIEUR
Résumé

La tAche du comité technique TC 3-13 de la CIE était de déterminer un systéme pratique d'évaluation
de I'éblouissement inconfortable.

La formule unifiée de I'éblouissement (formule UGR) qui est décrite dans ce rapport réunit des
caractéristiques des formules d’Einhorn et de Hopkinson et inclut l'indice de position de Guth. Elle peut
étre considérée comme la synthése des meilleures parties des formules les plus importantes en ce qui
concerne la practicabilité et la familiarité avec les resultats de la prévision de I'éblouissement. La
formule tient compte des effets de la position de I'observateur et de la direction de vue sur lindice
d’éblouissement.

Le rapport décrit également, dans les appendices, une méthode tabulaire utilisant des valeurs de
référence et des conditions normalisées, et permets la production de tables simplifiées, similiaires a
celles établies pour les facteurs d'utilisation, pour 'usage dans les feuilles de données pour luminaires.

Une éstimation approximative de I'éblouissement inconfortable est donnée par la méthode de courbe
de limitation de la luminance (courbe UGR). Les appendices montrent également la maniere dont les
courbes peuvent étre construites et utilisées.

Le rapport recommande un systeme pratique d’évaluation de I'éblouissement inconfortable pour
'usage dans la prochaine édition du Guide CIE de I'éclairage intérieur.

PSYCHOLOGISCHE BLENDUNG IN DER INNENBELEUCHTUNG

Zusammenfassung

Die Aufgabe des Technischen Komitees CIE TC 3-13 bestand darin, ein praktisches System flr die
Bewertung der psychologischen Blendung zu entwickeln.

Die in diesem technischen Bericht beschriebene vereinheitlichte Blendungsbemessungsformel (UGR)
kombiniert Einhorn- und Hopkinson-Formeln und enthalt den Guth-Positionsindex. Sie kann als aus
den besten Teilen der wichtigsten Formeln bestehend angesehen werden, im Hinblick auf
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Durchfuihrbarkeit und Vertrautheit mit den Resultaten der Blendungsvoraussage. Die Formel
bertcksichtigt die Wirkung von Beobachterposition und Blickrichtung auf den Blendungsindex.

Der Bericht beschreibt im Anhang auch eine Tabellenmethode, die Bezugswerte und
Normbedingungen verwendet, und ermdglicht die Erstellung einfacher Tabellen, &hnlich jenen fir
Wirkungsgrade, zur Verwendung in Datenblattern fur Leuchten.

Die Leuchtdichte-Grenzkurven-Methode ermdglicht eine ungefdhre Schatzung der psychologischen
Blendung. Im Anhang wird auch gezeigt, wie die Kurven konstruiert und verwendet werden kdénnen.

Der Bericht empfiehlt ein praktisches CIE-System fiir die Bewertung der psychologischen Blendung zur
Verwendung in der nachsten Ausgabe der CIE Richtlinien fir Innenbeleuchtung.
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1. Introduction and scope of the report

CIE Publication No 29.2-1986 “Guide on Interior Lighting” [1] contains both a CIE Glare Index formula
and a CIE luminance limiting system, called the “CIE Safeguard System”, for the prediction of
discomfort glare in the working environment.

The formula can be applied in computer calculations to predict discomfort glare within a space for a
particular set of conditions. The luminance limiting system is used for the simple assessment of the
suitability of a luminaire for general use within a limited number of conditions.

TC 3-13 Committee was asked to produce a “practical glare evaluation system”. This report contains
the result of that task.

Three methods of glare evaluation have been developed:
» the basic Unified Glare Rating (UGR) formula

» the derived tabular method which enables the easy comparison of different lighting situations
and

« the derived luminance limiting curve method to assist in the design of luminaires and to give
designers rough guidance on the suitability of luminaire choices.

The Unified Glare Rating (UGR) formula is the method recommended for use by the CIE. Its practical
application requires the use of computer software. The two derived methods, contained in the
appendices, are provided for information with the purpose of assisting luminaire manufacturers in the
construction of design aids, published as part of luminaire data sheets. (The derived methods are also
in use in some countries’ standards.)
2. Discomfort Glare
CIE Publication 17.4-1987 “International Lighting Vocabulary” [4] defines discomfort glare as:

glare which causes discomfort without necessarily impairing the vision of objects.

3. Derivation of the formula

Following a review of discomfort glare research and practice, the following CIE Glare Index Formula,
CGil, was proposed in CIE Publication No. 55 [2] :

0 2010
Cl =glogrp e/ 300 5 LW -
P’ 0

0 E+B 3.1)

where Eq is the direct vertical illuminance at the eye due to all sources (lux),

E; is the indirect illuminance at the eye (lux),

L is the luminance of the luminous parts of each luminaire in the direction of the

observer's eye (cd Em'z),

w is the solid angle of the luminous parts of each luminaire at the observer's eye (sr),
and p is the Guth position index for each luminaire (displacement from the line of sight).
Throughout this document log is used to indicate the logarithm to the base 10.
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At the time, the formula was considered to be the best mathematical compromise between the different
national systems. Difficulties have been found in developing a practical discomfort glare evaluation
system from this formula, so simplifications have been made.

All discomfort glare formulae have the form :

Glare Rating = C1 log (C2 froom Zfiuminaire) (3.2)

where  Cj and C, are constants,
froom is a factor related to the room and the background luminance,

and fluminaire IS @ factor related to the luminaires and their positions.
The factor f,oom proposed in CIE publication 55 [2] contained terms describing the indirect and the
direct illuminance at the eye. The indirect illuminance at the eye is used as a measure of the
background luminance produced by the room surfaces, against which the glare sources are seen. The
direct illuminance at the eye allowed for adaptation and for co-variance (the change in glare sensation
with change in size or number of luminaires). For the simplified glare calculation procedures (the Glare
Rating Tables and the Glare Rating Curves) it has not been possible to find a way to include the direct
illuminance.
Therefore, the direct illuminance has been omitted from the Unified Glare Rating formula. For practical
purposes this has little effect when the formula is applied to rooms having illuminances within the usual

range recommended for working interiors [1].

The factor fiyminaire Proposed in CIE Publication 55 has been adopted unchanged in the Unified Glare
Rating formula.

The constants C; and C, have been chosen to give the best agreement with the formula originally
proposed by Hopkinson and used to form the British Glare Index scale.

4. The Unified Glare Rating (UGR) formula

4.1 The formula

The CIE Unified Glare Rating (UGR) is given by the formula (see Figure 4.1):

20
UGR =8 log 222 L—;’ (4.1)
Olo Pe 0
where Ly is the background luminance (cd Ern'z),
L is the luminance of the luminous parts of each luminaire in the direction of the
observer’s eye (cd Em'z),
W is the solid angle of the luminous parts of each luminaire at the observer’s eye (sr),
and p is the Guth position index for each luminaire (displacement from the line of sight).
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X Luminous parts

r = distance to centre of
the luminous parts

w = solid angle

Line of sight

v

Figure 4.1 The luminaire luminance, L, and solid angle, w, seen by the observer. The distance, r, is
to the centre of the luminous parts of the luminaire.

4.2  The background luminance

The background luminance, Ly, is defined as that uniform luminance of the whole surroundings which
produces the same illuminance on a vertical plane at the observer's eye as the visual field under
consideration excluding the glare sources. It may be obtained from the formula :

n (4.2)

where E;is the indirect illuminance at the eye of the observer (lux).

The background luminance, Ly, is usually calculated from E; which may be found either from computer
calculations of the light distribution in space or calculated by means of the indirect utilization factor for
walls (see TM10 of the British CIBSE [5]). Such a calculation is based on the assumption that the
average indirect illuminance on the walls more or less equals the indirect illuminance at the eye of the
observer. This assumption works well for general lighting systems, with luminaires in a uniform array.

A slightly different approach is to compute the luminances of the surfaces of the room. The indirect
illuminance at the eye of the observer is obtained by calculating the illuminance due to the walls as
illuminants. This approach is slightly better than the first but still relies on the assumption that the room
surfaces are uniformly illuminated [7].

In the most general method, the surfaces of the room are divided into subsurfaces. The luminance of
each of the subsurfaces is determined from the direct illuminance from the luminaires and from
interreflection between the subsurfaces. Finally, the illumination of the eye of the observer produced by
the subsurfaces is determined.

The UGR is relatively insensitive to errors in Ly; for example, an error of +33% in L, will result in an
error of the UGR of 1 unit.

4.3  The luminaire luminance

The luminaire luminance, L, is generally derived from the luminous intensity of the luminaire in the
direction of the observer, I, and the projected area of the luminaire, Ay,

L=— 4.3)

4.4  The solid angle at the observer’s eye

The solid angular size may be derived from the projected area of the luminous parts of the luminaire,
and the distance of the centre to the luminaire from the observer’s eye.
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The solid angle is to be determined by the following expression:

r (4.4)
where  Ap is the projected area of the luminous parts of the luminaire (m2),

and r is the distance from the observer to the centre of the luminous parts of the luminaire

(m).

4.5 The position index

The position index p is found by interpolating the data of Table 4.1. The parameters of the table are
defined in Figure 4.2. These parameters are T/R and H/R where (R, T, H) form a coordinate system
based on the observer. Assuming that the line of sight is horizontal, R is the distance as projected
onto the line of sight, T is the horizontal offset from the line of sight, and H is the height above the eye
of the observer. All coordinates are to the centre of the luminaire.

Table 4.1 Table of position indices

HR
TR 000 010 020 030 040 050 060 0,70 080 09 100 110 120 130 140 150 160 1,70 1,80 1,90
0,00 100 126 153 19 235 28 350 420 500 6,00 700 810 925 10,35 11,70 13,15 14,70 16,20 - -
0,10 105 122 146 180 220 275 340 410 480 580 6,80 800 910 10,30 11,60 13,00 14,60 16,10 - -
020 1212 130 150 180 220 266 318 388 460 550 650 7,60 875 985 11,20 12,70 14,00 1570 - -
030 122 138 160 197 225 270 325 390 460 545 645 740 840 950 1085 12,10 13,70 1500 - -
040 132 147 170 19 235 280 330 39 460 540 640 730 830 940 1060 11,90 13,20 14,60 16,00 -

050 143 160 182 210 248 291 340 398 470 550 640 730 830 940 1050 11,75 13,00 14,40 1570 -
060 155 1,72 198 230 265 310 360 410 480 550 640 735 840 940 1050 11,70 13,00 14,10 1540 -
070 1,70 188 212 248 287 330 378 430 488 560 650 740 850 950 1050 11,70 12,85 14,00 1520 -
080 182 200 232 270 308 350 392 450 510 575 660 750 860 950 1060 11,75 12,80 14,00 1510 -
09 196 220 254 290 330 370 420 475 530 6,00 6,75 7,70 870 965 10,75 11,80 12,90 14,00 15,00 16,00

1,00 211, 240 275 310 350 391 440 500 560 620 7,00 79 880 975 10,80 11,90 12,95 14,00 15,00 16,00
1,10 230 255 292 330 372 420 47 525 580 655 720 815 9,00 990 1095 12,00 13,00 14,00 15,00 16,00
1,20 240 275 312 350 390 435 48 550 605 670 750 830 920 10,00 11,02 12,10 13,10 14,00 15,00 16,00
130 255 29 330 370 420 465 520 570 630 7,00 7,70 855 935 10,20 11,20 12,25 13,20 14,00 15,00 16,00
1,40 2,70 3,10 350 39 435 48 535 58 650 725 800 870 950 1040 11,40 12,40 13,25 14,05 15,00 16,00

150 285 315 365 4,10 455 500 550 620 680 750 820 885 9,70 10,55 11,50 12,50 13,30 14,05 15,02 16,00
160 295 340 380 425 47 520 575 630 700 765 840 900 980 10,80 11,75 12,60 13,40 14,20 15,10 16,00
1,70 310 355 4,00 450 49 540 595 650 720 7,80 850 920 10,00 10,85 11,85 12,75 13,45 14,20 15,10 16,00
1,80 325 370 420 465 510 560 6,10 6,75 740 800 865 935 10,10 11,00 11,90 12,80 13,50 14,20 15,10 16,00
19 343 38 430 475 520 570 630 69 750 817 880 950 10,20 11,00 12,00 12,82 13,55 14,20 15,10 16,00

200 350 400 450 49 535 58 640 710 770 830 890 960 10,40 11,10 12,00 12,85 13,60 14,30 15,10 16,00
210 360 417 465 505 550 600 660 720 782 845 9,00 9,75 1050 11,20 12,10 12,90 13,70 14,35 15,10 16,00
220 375 425 472 520 560 610 670 735 800 855 915 985 10,60 11,30 12,10 12,90 13,70 14,40 15715 16,00
230 38 435 480, 525 570 622 680 740 810 865 930 99 10,70 11,40 12,20 12,95 13,70 14,40 15,20 16,00
240 395 440 490 535 58 630 69 750 820 880 940 10,00 10,80 11,50 12,25 13,00 13,75 14,45 15,20 16,00

250 400 450 49 540 58 640 695 755 825 885 950 10,05 10,85 11,55 12,30 13,00 13,80 14,50 15,25 16,00
2,60 4,07 455 505 547 59 646 7,00 765 835 895 955 10,10 10,90 11,60 12,32 13,00 13,80 14,50 15,25 16,00
2,70 4,10 460 510 553 6,00 650 750 770 840 9,00 960 10,16 1092 11,63 12,35 13,00 13,80 14,50 15,25 16,00
280 4,15 462 515 556 6,05 65 7,08 773 845 905 965 10,20 10,95 11,65 12,35 13,00 13,80 14,50 15,25 16,00
290 420 465 517 560 607 657 712 7,75 850 910 9,70 10,23 10,95 11,65 12,35 13,00 13,80 14,50 15,25 16,00

300 422 467 520 565 612 660 715 780 855 912 9,70 10,23 1095 11,65 12,35 13,00 13,80 1450 15,25 16,00
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H Centre of luminaire

/ A 2 (R.T,H)
Observer /
*R

Line of sight

' Horizontal plane
T

Figure 4.2 The position index coordinate system (R, T, H) based on the observer. The ratios H/R
and T/R are based on the centre of the luminaire.

The (R, T, H) coordinate system shown in Figure 4.2 is also useful for calculations of the term fiyminaire-
The coordinates of the luminaire must be derived in this coordinate system, and some supplementary
information concerning the orientation of the luminaires must be given.

For the special case of disymmetric luminaires (see Figure 4.3), mounted either crosswise or endwise
to the line of sight, the (C, y) coordinates are derived by:
C =arctan(T/R) for crosswise mounting (4.5)

C = 90°-arctan(T/R) for endwise mounting (4.6)

S eyects

=arctan
TR TR
4.7)
The square distance, rz, is obtained by:
P= R2+ T2+ H? (4.8)

Luminous parts

~
g

C=90°
C=0°

v
I
\& >/
Vertical downwards
v=0

Direction at angles
Cy

% Observer

Figure 4.3  Any direction relative to a luminaire can be specified by the angular coordinates (C, y).
The UGR calculation uses L, the luminance of the luminous parts, and Ay, the projected
luminous area. A disymmetric luminaire is symmetrical about the planes C = 0/180 and C
=90/270. The symmetry applies both for the luminous intensity distribution and for the
luminous shape.

It is noted that the position index is symmetrical in the parameter T/R, and so the table only contains
non-negative values of this parameter. Entries in the table are made with the absolute value of T/R.

It is recommended that luminaires with T/R values outside the range of the table (0 to 3) be ignored. It
is further noted that some positions in the table at large H/R values are void. These correspond to
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