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Dependence of the Color Rendering Index on the Luminance of Light Sources
and Munsell Samples
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Abstract: In this work, the relation between the lighting levels (luminance) and the color properties
(color rendering) for both the source and the surrounding represented by the Munsell's sample has
been obtained. From the analysis of the experimental and calculated data one can show that to obtain
good visual performance associated with good color rendering, one must choice lamps with higher
luminance value in particular in the case of fluorescent lamp.
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INTRODUCTION

The quality of any lighting scheme depends on the visual performance caused by the illumination of the
lighting scheme which satisfies the following visual task requirements.

To effectively reveal the task and the general surrounding by considering the factors represented in study
work as presented by (Pritchard. D.C, 1985) taken (CIBS 1984 lighting Code) shows how these factors can
be related. Such diagram relates visual performance to illuminance levels for three specific contrast (C) and
angular sizes (S). The visual performance scale is relative.

The prefered color appearance of both source and objects is important in connection with lighting level
in an interior.

Researches show that atmosphere created in an interior is generally influenced by both the color of the
light used and the brightness impression created by the light.

The color rendering properties of a source are particularly important in some special purposes lighting
application.

The annual total cost of the lighting scheme consists of:

The capital cost of the lighting scheme which comprises the sum of prices of all the components building
the scheme (lamps, ballasts, luminaries) additional to the running cost including electric power price, cleaning
and maintenance of the scheme per year.

MATERIALS AND METHODS

First: Lighting levels:

When planning an interior lighting installation, the lighting level should be determined. Such lighting level
can be expressed in terms of the illuminance (E) which is the luminous flux incident on unit area of a surface,
or luminance (L) of the illuminated surface area, therefore both E&L are closely interrelated. In the case of
diffusely reflecting surface, the equation connecting these two quantities is

g (1

p is the coefficient of diffused reflection of the illuminated surface.
So the quantities £ and L are referred as lighting level
Different types of interior needed different lighting levels suitable to validate visual performance or visual
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Fig. 1: The relation between visual performance and illuminance for task sizes
Prefered Illuminance Values:

The results of first investigations which have been carried out by different workers with the object of
establishing preferred horizontal illuminance levels are listed in Table. 1 (J.B.de Boer& D.Fischer, 1978)

Table 1: Horizontal illuminance levels

Auther and reference year Number of observer Range of illuminance
Balder 1975 256 280-2100
Muck and Bodman Investigation (a) 1961 152 50-10000
Muck and Bodman Investigation (b) 1961 152 50-10000
Sollner 1966 15 200-3800
Riemenschneider Investigation (a) 1967 432 500-4400
Riemenschneider Investigation (b) 1967 813 600-4300
Westhoff and Horeman 1963 6 300-5000
Boeey 1968 14 116-8393
Bodmann. Sollner and Voit 1963 50 257-6075

The Color Appearance:

The CIE technical committee on general color rendering index R, therefore developed a method that rates
lamps in terms of general color rendering index R, (CIE 1965 and 1974) (CIE, 1965,). The method is based
on the average color shift of a number of test colors samples for which the color appearance will change when
changing from test to reference illuminant. It was concluded that a series of eight test colors could be
considered sufficient for use in describing the general color rendering index of the lamps.

The eight finally selected test colors are that of the Munsell samples which has the notation as in Table.
2. (CIE, 1965,).

Table 2: The eight finally selected test colors are that of the Munsel samples

No. Munsell notation Color appearance under daylight

1 10P6/8 Light reddish purple

2 2.5P6/ 8 Light violet

3 SPB6/ 8 Light blue

4 10BG6/ 4 Light bluish green

5 2.5G6/ 6 Moderate yellowish green

6 5GY6/ 8 Strong yellow green

7 5Y6/ 4, Dark grayish yellow

8 7.5R 6/ 4 Light grayish redNote: Such colored samples could be representing the

colors of the surrounding in an interior.
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To calculate the color shift E of the Munsell samples that take place when changing from test to
reference illuminant, one should calculate tri-stimulus values and the color coordinates for both the source and
Munsell samples.

The special color rendering index R; for each Munsell sample is given by formula (2) (CIE, 1964).

R,=100-4.6AE, 2)

Where E; is the color shift of i" Munsell sample
The general color rendering index is calculated from the first eight R; values as their arithmetic mean

1 8
}?LIZZE;:E:.lzi (3)
i=1

Experimental:

The Ocean optics HR200 Spectroradiometer used for determining the spectral power distribution and color
parameters need for calculating the color rendering indices for different light sources.

The luminance of different lamps used in lighting has been measured using Minolta CS-1000A luminance
meter.
The measured lamps are that mentioned in table 3.
The accuracy of measurements used such meter is + 2 %.
The experimental values of the luminance for different lamps are illustrated in table 3. The system structure
for measuring luminance illustrated in Fig .2.

Table 3: The experimental values of the luminance for different lamps

Lamp type Luminance Color rendering
100 W incandescent lamp 134600 98
150 W incandescent lamp 168000 95
40 W daylight fluorescent lamp 3970 80
36W warm white fluorescent lamp 3646 72
20WSupper tri-phosphor Fluorescent lamp 5630 84
20 W warm white saving energy lamp 3442 65

APERTURE

LENS
: Q
TODETECTOR s ]GLES
SOURCE ___
!“ d1 c AR — d2 >

Fig. 2: The system structure for measuring luminance

Calculations:
Determination of the tri-stimulus values X, ,, Y, , Z,,; for the test color
Samples i illuminated by the light source to be tested k.

780nm
X =K J. S\ T (1) X (hdl “)
380nm
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780nm

Y, =K I S\t (1) Y (hdl (5)
380nm
780nm

z, =K f Sy () 2 (hdl (©)
380nm

Where K is the maximum spectral efficacy = 683 Im /watt (V.V. Meshkove, 1981), S,(A) is the relative
spectral power of an illuminant. t,(}) is the spectral reflectance or transmittance of the i" sample, X @,
y (1), Z (1) are the color matching function (CIE ,1931)

Note: the value of the Y, ; is expressed in percent and is the photometric transmittance or reflectance of the
sample (Casimer De Cusatis, 1997).

Hence considering certain value of illuminance (E), the value of luminance for each Munsell sample L;
can be given by the formula

L=E Y./~ (7)

In this work we consider E = 500 Lux, then using the above mentioned equation for calculating R; and
L;, the results of calculation illustrated in Table 4.

Table 4: The luminance of the Munsell samples

Source type Samplel Sample2  Sample3  Sample4  Sample5 Sample6  Sample7 Sample8
150w incandescent lamp L, 51.85 48.56 48.64 43.19 45.00 43.51 47.44 53.86
R 96.0 95.9 95.9 95.5 96.2 96.2 96.9 95.0
Daylight 40w Fluorescent lamp L; 46.19 46.56 52.50 47.97 49.25 45.41 44.34 46.05
R 73.6 83.1 89.5 81.0 78.2 76.2 79.3 62.4
Warm white Fluorescent lamp L, 52.82 50.22 50.64 41.88 43.44 40.02 44.82 49.72
R, 67.19 78.91 81.13 70.01 75.93 90.22 71.32 41.55
Supper triphosphor lamp L; 104.70 95.86 91.08 78.54 83.47 80.36 86.69 93.42
R 79.99 74.68 54.51 62.68 66.25 70.72 73.32 72.16
Energy saving Fluorescent lamp L, 47.11 45.33 48.89 47.05 49.52 48.16 46.98 49.35
R, 93.91 84.64 80.21 78.77 81.23 80.7.1 83.35 82.12
160W blended lamp L, 44.98 46.11 54.10 46.69 46.90 41.75 41.64 43.92
R, 80.3 70.5 55.0 64.3 75.0 82.8 96.6 94.0

Discussion:

More recent research (Bellchambers) has shown that the color rendering of the lamp is linked with
illuminance in determining what has been called the visual clarity of our surrounding which describes the
satisfaction of appearance; But the link between the color rendering index and the luminance is absent in
literature in spit of the fact that both R, and L depending on the spectral power distribution of the sources and
the spectral reflectance of illuminated surroundings.

An observer's field of view in an interior may include some or all of following: (faces, a task area, walls,
ceiling, sky seen through a window), luminaries. As the Munsell sample represents the surrounding of different
color, then from Table.4.and referring to (J.B.de Boer&.D.Fischer, 1978) one can conclude the following:

- The minimum values of L can be achieved for all objects under all type of lamps.

- The optimum values of L for wall and ceiling and for the task area can be achieved using  super
triphosphor lamp only in the case of E = 500 Lux.

- The optimum value for human features can be achieved if the illuminance is greater than 600 Lux using
the supper triphosphor lamp.

- When referring to the luminance of sky, the value 2000 cd/m* marks the beginning of glare from the
sky or luminaries.

- From Table.4. the luminance of the Munsell samples are relatively high in the case of supper triphosphor
lamps. This means that the number of such lamps corresponding certain illuminance level will be relatively
less.
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Conclusion:

The data illustrated in Table.3. show that the general color rendering index R, of the light source increase
with its luminance. As R, is not affected by increasing the illuminance, then to achieve good visual
performance associated with good color rendering, the increase of lighting level must be obtained by increasing
both L and E i.e. choosing the sources of relatively high L in the interior. In the case of fluorescent lamp, it

is preferred using supper triphosphor as L is relatively high.
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