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Background: The light is one of the electromagnetic waves that can be created from conversion of electrical energy into a visible energy
for human eye. The illumination intensity is measured in order to compare with the quality standards of light and for estimation of
energy waste and lighting system performance. Therefore, the systematic and scientific measurement principles in data validation are
very important.

Objectives: The purpose of this study was to measure the actual artificial lighting by various valid procedures.

Materials and Methods: The overall, artificial and natural lighting has been measured at different times and in rooms with open and
closed blinds mode and based on the various measuring stations.

Results: The results show the artificial lighting obtained by difference methods of the overall lighting from natural lighting in closed
blinds mode equal to 266 Lux and night lighting 283.5 Lux that they have no significant differences with each other (P = 0.269). As well
as the illumination intensity obtained from a standard grid method is 283.5 Lux and illumination intensity based on Luminaires layout
model is 274 Lux with no significant difference (P= 0.269)

Conclusions: The present study shows that method of difference (subtracting the overall light from natural light) can be a good option to
measure the illumination intensity of artificial lighting system in any state (open or closed curtains) and time of the day and a standard
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method for measuring the lighting per residential, administrative and training units.

1. Background

Light is one of the electromagnetic waves that can be
created from conversion of electrical energy into visible
energy, visible by the human eye. Due to the sensitivity of
the eye, providing suitable illumination intensity during
certain frequencies is essential in order to optimize the
performance (1). Since 1990, the lightening of good qual-
ity was defined as a lightening that provides a balance be-
tween the needs of humans, economic and environmental
issues and architecture design (2, 3). Hence, the lighting
should provide a good performance (4). However, accord-
ing to the electric energy consumption, the topics of eco-
nomic and energy savings are also very important and
therefore, estimates of the amount of energy waste and
the amount of performance in lighting systems, especially
the artificial lighting is the requirements of each country
(5-7). Therefore, measurement of illumination intensity in
order to assess the amount of exposure of individuals for
estimation of health risks and the calculation of artificial
lighting system performance is important and necessary.
Therefore, there is a need for a detailed evaluation of illu-
mination intensity (8-10). There are several patterns and
ways to measure the artificial illumination intensity. In

addition to this issue, time is one of the most important
discussions on the measurement of illumination inten-
sity. Measurement of the artificial illumination intensity is
proposed at night time or day when room curtains have
been drawn or the parasol has been used or in the final
hours of the day (11). Furthermore, another way is also ex-
pressed in this regard so that it measures illumination in-
tensity in two states (the artificial lighting system ON, and
artificial lighting system OFF ) at any time of day; the differ-
ence between these values shows the amount of artificial
illumination intensity (12, 13). Measuring stations are also
other important issues in measurement of the artificial il-
lumination intensity. In this case, if the lighting is uniform
and the cavities of the rooms are normal, the stations can
be selected based on the layout of the luminaires (IESNA
method) and if the lighting is not uniform and also the
cavity is not normal, it is measured in a form of grid in 2
x 2 feet and the arithmetic mean of all the points is taken
(11). Another way also is that the number of stations can be
calculated on the basis of the room index and is calculated
by dividing the total area of the room by minimum points;
and in their center, illumination intensity is measured
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and the arithmetic mean of all the points is taken (11, 13-16).
The purpose of this cross-sectional study was performed
in order to measure the illumination intensity in the of-
fices and educational buildings in a university by various
methods and patterns that are expressed in the studies
and standards. Because of impossibility of measuring the
illumination intensity at night in office and educational
buildings, this study suggests a method to solve this prob-
lem in order to measuring illuminance during working.

2. Objectives

This study is to measure the actual artificial lighting by
various procedures to provide a valid method for the fol-
lowing practical purposes: accurate representative value
for illuminance to maintain the quality standards of
lighting and to estimate the energy consumption.

3. Materials and Methods

In the present study, 50 spaces (educational and of-
fice) were selected based on the objectives of the study
and according to the orientation of the room (North or
South), windows, blinds and its parasols as well as mea-
suring time. The illumination intensity was measured
in the same rooms by two methods, grid method that is
expressed in the following and the measuring method
based on the layout of luminaires (illuminating Engi-
neering Society of North America) that was selected regu-
lar areas with symmetrically spaced luminaires in two or
more rows then according to Figure 1 determine the aver-
age illuminance in the areas by using the equation 1 (11).

Equation 1:

B — BN-DM-D)+QN-D+T(M-1)+P
ave T NM

N, Number of Luminaires Per Row; M, Number of Rows;
R, Q, T, P, Average I[lluminance in the Areas.
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Figure 1. Regular Area With Symmetrically Located Single Luminaire

Also, In order to determine the artificial illumination
intensity by grid method, at first, room index (RI) was cal-
culated based on the Equation 2 then, minimum points
of the measure in each range were determined based on
this index (Equation 2) (14).

Equation 2:

RI = (LW) / [l (L + W)]

W and L are the length and width of the room mea-
sured; the h, is also the height of the luminaires from
the work surface.

After the calculation of the room index, if the index is
less than one, the minimum number of points measured
in the room should not be less than nine points. If the
index is calculated between one and two, the minimum
number of points should not be less than 18 points. If the
index was between two and three, minimum point num-
bers should not be less than 25; if between three and four,
minimum point numbers should not be less than 36; and
if four and above, minimum point numbers should not
be less than 50. On the basis of the minimum number of
points measured, the room is divided into equal squares
and the intencity was measured by a Luxmeter (TES-1336A
Model, made in Taiwan) at a height of 100 cm from the
floor in the center of each square. lllumination intensity
in different time situations (in each method) has been
measured as below (12, 14, 17). In the beginning, at noon
(11-14), in the state that room blinds have been open and
the artificial lighting system was turned on, illumination
intensity was measured (overall lighting) and in this case,
artificial lighting system was also turned off and the il-
lumination intensity was measured (the daylight) and
artificial illumination intensity has been calculated by
the difference between these two amount (this method
in this article is called the difference method). Then the
blinds have been drawn (the closed blinds) and the same
measurements have been done in terms of artificial light-
ing system being switched ON and OFF, and artificial
lighting has been measured. Then in the evening hours
(15.00-16.40) when the blinds have been in the two states
of opened and closed and illumination intensity has been
measured only in a state that the artificial lighting system
has been ON in order to provide the same natural light.
Also the illumination intensity was measured at night
in the same rooms by two network methods that was ex-
pressed in the above and the measuring method based on
the layout of luminaires (illuminating Engineering Soci-
ety of North America) and in order to remove the external
lights, blinds were drawn up as well. In this study, as men-
tioned in the above, based on the objectives of the study,
educational and office areas randomly were selected in
a university and the research data were transferred into
SPSS version 15 to perform statistical analysis; using t-test
and analysis of variance and linear regression with 0.05
significance level. ANOVA test was used for comparison of
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different measurements; t-test was used for comparison
of the variable mentioned between the patterns of mea-
surement station (grid and based on the layout of lumi-
naires). Furthermore, a linear regression was used to ver-
ify the connection between the increase in daylight and
artificial illuminance calculated by difference method.

4. Results

Artificial illumination intensity measurement results at
different times have been shown in the Tables 1and 2. The
results of illumination intensity in the noon time mea-

sured in different situations have been shown in Table 3.
Although most of the light received are from the South
windows, the results of the illumination intensity of the
rooms that only have South windows shows artificial il-
luminance calculated by the difference method in the
two opening and closing curtains has been respectively
equal to 294.3 Lux and 250 Lux and no significant differ-
ence existed between them (P = 0.859). But the overall
illumination intensity (daylight and artificial) that has
been received in South windows in the mode of opening
and closing blinds has been equal to 723 and 377 Lux, re-
spectively that show a significant difference (P =0.013).

Table 1. Comparison Between Mean Value Artificial Illumination Intensity and the Grid Stationing in a Closed Blinds ab

Measurement Time Illumination Intensity Confidence Interval 95%
Noon (artificial lighting to difference method) 266 +158.63 312-221
Night 283.5+149 345-241
Evening 317 £164 363-270
2 Dataare presented as mean + SD.
P=0.269.
Table 2. Comparison Between Mean Value Artificial lllumination and the Grid Stationing in an Open Blinds @
Measurement Time Ilumination Intensity Confidence Interval 95% P Value
Noon (artificial lighting to 289 +22 233-245
difference method) 0.9
Night (artificial lighting) 283.5+21 325-241 0.000
Evening (overall lighting) 460 %35 419-330 -

4 Data are presented as mean = SE.

Table 3. Comparison Between Mean Value Overall Illumination Intensity and the Grid Stationing in a Closed Blinds?

Measurement Time IIlumination Intensity Confidence Interval 95% PValue
Noon (overall lighting) 3641255 415-312.7
Night (artificial lighting) 2835421 325-241 o016 0.054
Evening (overall lighting) 317+23 363-270 -
3 Data are presented as mean = SE.
Table 4. Illumination Intensity at the Noon Time in Different Circumstances
Types of Lighting Ilumination Intensity PValue
Overall 0.000
Open 625.5+45.5
Closed 364+25.4
Artificial by difference method 0.91
Open 289 +21.9
Closed 266.7+22.4
Natural 0.000
Open 336.8+38
Closed 102.5+15.8
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Table 5. Comparison Between Mean value Artificial lllumination Intensity at Night Based on the Stationing ab

Measuring method IIlumination Intensity Confidence Interval
Grid 283.5+21 749-91
Based on the layout of luminaires 280 +21.8 717-4

4 Data are presented as mean + SE.
P=0.71.

Table 6. Comparison Mean Value Overall Illumination Intensity Measurement the Blinds Closed on the Basis of the Stationing P
Measuring method The Average Illumination Intensity Confidence Interval
Grid 279+43.7 102-1153
Based on the layout of luminaires 24929 52-634

4 Data are presented as mean + SE.
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Figure 2. The Relationship Between the Daylight and Artificial Illumi-
nance (by Different Method)

5. Discussion

The most important key point that was evaluated in this
study was to compare different times artificial illumina-
tion intensity (noon - evening - night) in different ways,
in order to estimate the acceptable and actual artificial
lighting systems. Based on the results achieved (Table 1),
when the blinds are drawn (closed), daylight has reached
its lowest amount and no significant difference was seen
between the illumination intensity at different times (P =
0.269). In addition, if the blinds were open, no significant
difference was seen between the artificial illumination
intensity by the difference method and night illumina-
tion intensity (P = 0.9). However, significant difference
was seen between evening and night illumination inten-
sity (P=0.000) (Table 4). Regarding the creation of blinds
and sunshades in the evening time, the overall lighting
(natural and artificial) measurements can be regarded
as artificial lighting, however, it has a difference of 33.5
Lux with the actual lighting of the night but this differ-
ence was not statistically significant (Table 5) (11). But ac-
cording to Table 3, measurements of overall illumination

intensity in the noon time by dragging the blinds, is not
considered as real artificial lighting and it has no signifi-
cant relationship with artificial illumination (night). The
results show even when the blind is opened, artificial il-
lumination intensity of noon time (difference method)
and night time have not significant differences, and have
avery tiny compared to the differences (14). As can be ob-
served in Table 4, in a case wherein the difference method
the blinds are open or closed, there is no significant dif-
ference between the values obtained from the artificial
illumination intensity (P = 0.9). Hence the difference
method can be a better method to evaluate the intensity
of lighting in office environments and training relative
to measuring the illumination intensity compared to the
measurement of the illumination intensity in the eve-
ning with open or closed blinds. One of the issues that
may actually be questioned in this regard is whether due
to the increased daylight, artificial illumination intensity
obtained from the difference between the overall light-
ing and daylight may be increased (difference method) or
significantly changes? According to Figure 2, increasing
daylight has had no significant impact in artificial light-
ing by the difference method (P = 0.57). Also, this study
has focused on the topic of measuring methods based on
the stationing as well. As can be seen in Table 5, no signifi-
cant differences was seen between illumination intensity
based on the layout of the luminaires and the grid meth-
od (P=0.71). As seen in Table 6, when the overall lighting is
taken, the results of the illumination intensity with these
two methods in the closed blinds mode, is not significant
and can be used as a method for measuring the illumi-
nation intensity. However, this is if the layout of the lu-
minaires is uniform and lighting is properly distributed
in the room. This study merely focused on the effects of
unusual room cavity ratios or highly non-uniform illumi-
nation. In order to measure energy waste and efficiency
of lighting systems as well as determine the quality stan-
dards of lighting, the detailed and actual illumination
intensity of artificial system is very important. The study
indicated that the artificial illumination intensity can be
calculated at any time of the day by measuring the overall
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illumination intensity and daylight and their difference
(difference method) and this value can be considered as
equal to the real lighting of artificial systems in any space.
It can be obtained by both a standard grid method and by
pattern methods of layout of the luminaires.
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