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Abstract: This article compares the brightness and uniformity perception of virtual corridor displayed
on computer screens and under different surrounding conditions, between two groups of respondents.
The computer simulations of 10 lighting scenarios in the empty corridor, diverse in terms of luminance
distribution and lighting power density, were developed. The visual assessment of the lighting effects
was carried out on the basis of surveys. The respondents assessed the brightness and uniformity of
each plane and entire corridor for each scenario, using semantic differential scaling. Each person
from the first group individually made their evaluations on the same computer screen placed in the
experimental box. Each person from the second group made the assessments on different computer
screens, and all respondents from this group made the evaluations in the computer room at the
same time. A high convergence of the results between the groups was found in the assessments of
brightness and uniformity perception for consecutive lighting situations. In 93.75% of cases, the same
perception in brightness and uniformity between the group means was achieved. A high convergence
of the results between the groups in the assessment of brightness and uniformity perception for the
same lighting situations was also demonstrated.

Keywords: lighting technology; interior lighting; simulation; survey; perception

1. Introduction

A selection of any interior lighting solution is based on a number of lighting and
non-lighting criteria, both objective and subjective. The objective assessment of the interior
lighting is usually based on checking if it meets the requirements for photometric parame-
ters, e.g., [1,2] The objective assessment of non-lighting parameters may concern: Energy
efficiency, e.g., [3,4], environmental impact, e.g., [5,6], or lighting cost, e.g., [7,8]. The basic
subjective assessment of lighting is a visual evaluation and directly applies to the lighting
effects connected to the brightness distribution in the interior, e.g., [9,10]. The psychological
impact of the interior luminous environment can also be assessed, e.g., [11,12], including
some aesthetic aspects, e.g., [13,14].

The appraisal of lighting effects is carried out in the illuminated space, in real rooms,
e.g., [15,16], arranged rooms [17] or stands [18], as well as in lightboxes, e.g., [19,20].
The assessment of lighting effects is carried out on the basis of images of the illuminated
interiors: photos of real interiors [21] or visualizations of virtual interiors [22]. Images of
the illuminated interiors can be presented on projection screens [23] or display screens [24].

Undoubtedly, the presentation of virtual images of the illuminated interior on the
computer screen is still the most commonly used form of showing lighting effects for
visual evaluation in practice. This arises from the fact of using this method in the design
process. Most often such an appraisal is made at the lighting design stages. The computer
visualizations of room illumination developed by the design team are used to discuss and
verify the lighting concept, and to present the final lighting solutions. The lighting effects
in the rooms are presented on computer screens of the people from the project team and
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the customers, i.e., the people making decisions on choosing the final solution, including
the investors and the future users. In practice, therefore, lighting effects are assessed on
different and usually uncalibrated computer screens. The use of such an evaluation has
many limitations and should only be used as a supplementary criterion. However, as a
result of the widespread use of computers and their continuous development, we should
strive for a better use of this method when making decisions on the choice of lighting
solution. The question also arises if different people similarly assess the lighting effects in
the virtual rooms presented on different computer screens and under different surrounding
conditions.

A significant part of the research on assessing the opportunity to use the computer
lighting images in virtual rooms focuses on examining whether and to what extent there is
a convergence of subjective evaluation of lighting in a real and virtual room. One of the
first studies in this area was carried out by A. Mahdavi and H. Eissa [25]. In their research,
two groups of participants evaluated five lighting situations in office-type rooms. The first
group assessed the illumination in the real rooms from the specific observation directions.
The second group assessed the illumination of the same lighting situations on the basis of
the virtual visualizations generated in the Lightscape software and presented on a 19-inch
computer monitor. Ten impressions between these groups were compared with the use of
seven-point semantic scales, following the methodology used in [26]. The results suggested
that “such images could reliably represent certain aspects of the lighting conditions in real
spaces. The overall correlation between the image-based and spacebased evaluations was
found to be significant” [25].

In the research done by G. Newsham et al. [27] the group of respondents evaluated six
lighting situations in the rooms of various purposes. These situations were assessed in the
real rooms and based on the room images presented on a 17-inch computer monitor in both
conventional and HDR mode. All images were taken with a Canon EOS Digital Rebel XT
camera. Impressions on brightness, uniformity, pleasantness, and glare were compared in
the group with the use of continuous semantic scales, following the methodology applied
in [28]. The results suggested that “for evaluations of visual appearance of interior scenes
featuring large areas of high luminance, the HDR method may be used as a surrogate for
experiencing a real space both for lighting quality research, and in the design process” [27].

In the research by C. Villa and R. Labayrade [29], a web application was developed to
investigate online-based psycho-visual experiments. The visual assessment of the lighting
effects was based on 26 images of virtual lighting situations in the office room. First,
the lighting effects were evaluated by a control group of 30 people, initially under laboratory
conditions (on the stereoscopic display device with dimensions of 1.69 m x 1.26 m and
resolution of 1024 x 768 pixels) and then online on their own computers. The results
revealed no statistically significant differences between data collected in the laboratory and
online. Then, an online-based experiment involving 1114 observers was conducted to study
the uncontrolled experimental conditions that may impact results. The results suggested
that 100 observers were enough to remove bias, related mainly to the perceived contrast
and brightness of the display and the brightness of the surrounding area. The images of
virtual lighting situations were prepared on Autodesk 3ds MAX software. In these images,
the lighting for task area—computer desk—was mainly exposed. Participants focused
on a paper-based desk job evaluated each lighting scene on a scale from 0 (not at all) to
10 (extremely), answering the question about luminous environment suitability for office
work.

In our research, we focused on a comparison between groups of general perception
of lighting in a virtual room whose images were presented on the screens of commonly
available computers. The main objective of the research was to determine the differences be-
tween two groups of respondents in the evaluation of brightness and uniformity perception
of the virtual lit corridor presented on the computer screens. Additionally, we demon-
strated the performed calculation-based assessment of the levels and the uniformity of
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illuminance in the corridor as well as the impact of the ceiling and wall lighting in the
corridor on the lighting power density in the investigated cases.
The scope of research covered as follows:

e Developing the computer simulations of lighting in the virtual corridor, diverse in
terms of the luminance distribution on the room planes.

e Analyzing and evaluating the lighting solutions in the corridor based on the calcula-
tion results of photometric parameters.

e Carrying out the qualitative analysis and assessment of the lighting solutions in the
corridor presented on the computer screen based on the results of the survey.

2. Methods

The research concerned appraising the brightness and uniformity perception of a
virtual lit interior model. The computer 3D corridor model was the object of the research.
The choice of the corridor resulted from the common use of communication zones and
the simplicity of this type of rooms. The accomplishment of the work goal was based on
simulations and surveys. The research was done in two stages as follows:

e Developing the computer simulations of lighting solutions and carrying out the
quantitative evaluation of illuminance distribution and lighting power density in the
corridor.

e  Conducting the surveys and assessing the brightness distribution perception based on
the images of lighting solutions in the corridor presented on the computer screens.

At the first stage of research, the simulation tests were carried out. The computer
model of the corridor was developed, and the simulations were performed for various
lighting situations. The corridor was cuboidal and empty, 24 m long, 3 m wide, and 3 m
high. The ceiling and walls were white, with reflectance of 0.7, and the floor was grey,
with reflectance of 0.3. It was assumed that the reflection of the luminous flux inside had
Lambertian characteristics and the impact of the spectral distribution of radiation was not
considered.

The computer model of the corridor was created in Autodesk 3ds Max and DIALux.
The illuminance and luminance distribution calculations were performed on each of the
corridor planes in each program. The quantitative evaluation of lighting was made on
the base of DIALux results. The corridor lighting visualizations were created in 3ds MAX.
The images generated by 3ds Max were controlled in terms of the luminance distribution.
The brightness and uniformity assessments were made on the base of these images that
were presented on computer screens.

In order to develop different luminance distributions in the corridor, six types of
luminaires with different luminous intensity distributions were selected: Three direct
lighting luminaires (A, B, and C), two direct-indirect lighting luminaires (D and E)., and one
indirect lighting luminaire (F). The luminous intensity polar curves of the luminaires are
shown in Figure 1.
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Figure 1. Luminous intensity distribution curves of selected luminaires.
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The general lighting in the corridor was considered. In each case, the level of the
average maintained illuminance of 100 Ix and lighting uniformity not lower than 0.4 were
generated on the work plane. The necessity of meeting these requirements determined
a number of the luminaires and their luminous flux as well as their layout. The symmet-
rical lighting of the corridor was taken into account in each case, i.e., the illumination of
mutually parallel walls was identical. The calculations of the illuminance distribution for
the work plane were made at the floor height, with the assumption of maintenance factor
of 0.8. As for the calculation of the utilization factor and the installed power density of
the solutions, it was assumed that the light output ratio of luminaires was 0.8, and the
luminous efficacy of light sources was 150 Im-W~! (the luminous efficacy of the luminaires
was 120 Im-W ). These values are fairly typical of LED technology and currently used
luminaires. Ultimately, 10 computer lighting solutions were created for the corridor.

The following parameters were calculated in DIALux for each solution:

Eg—the mean illuminance of the floor.
Lg—the mean luminance of the floor.

Upmin—the uniformity of illuminance/luminance of the floor.
Ew—the mean illuminance of the walls.

Lyw—the mean luminance of the walls.

Uwmin—the uniformity of illuminance/luminance of the walls.
Ec—the mean illuminance of the ceiling.
Lc—the mean luminance of the ceiling.

Ucmmn—the uniformity of illuminance/luminance of the ceiling.
Lr—the average luminance of the interior (the weighted average relative to the surface

areas of the interior planes).



Energies 2021, 14, 412

50f 32

o  UF—the utilization factor.
PD—the installed power density of lighting in the interior.

The quantitative evaluation of lighting consisted in checking the fulfillment of the
requirements and recommendations regarding the average maintained illuminance and
uniformity of lighting for the floor (work plane), ceiling, and walls [30]. They are shown in
Table 1. The appraisal also involved a comparison between the solutions of the utilization
factor and the installed power density. The impact of ceiling and wall lighting on these
parameters was also demonstrated.

Table 1. Requirements and recommendations for lighting of the corridor planes.

Par. Requirement Recommendation
Ef [Ix] 100 _
Upvin [—] 0.4 B}
Ew [Ix] 50 75
Uwwvin [—] 0.1 .
Ec [Ix] 30 50
Ucvin [-] 0.1 .

At the second stage of research, the survey was conducted. Based on the developed
questionnaire, the qualitative assessment of ceiling, wall, floor, and whole corridor illumi-
nation was performed for each solution. The respondents evaluated the brightness and
uniformity of the individual lit planes and entire interior. The assessment was carried
out on the basis of images of lighting visualization presented on the computer screens.
The corridor lighting visualizations were created in Autodesk 3ds MAX.

The questionnaire used in the research included the respondents’ personal data and
the appraisal of the selected corridor lighting features. In terms of personal data, the survey
covered as follows: The respondents’ gender, age, education, and occupation as well as
information about the state of their sight and well-being. Seven-point semantic differential
scales were used to assess the selected lighting features. This methodology has been
used many times in research on the perception of interior lighting [31]. The questionnaire
included the evaluation of brightness and uniformity of the ceiling, wall, floor, and entire
interior illumination. The part of the survey concerning the brightness and uniformity
assessment of the floor illumination is presented in Figure 2. The same evaluation way
concerned the brightness and uniformity perception assessment of the lit walls, floor,
and entire corridor.

Assess floor brightness and uniformity in the corridor
Extremely Very Rather Moderate Rather Very Extremely
bright bright bright dim dim dim
Extremely Very Rather Moderate Rather Very Extremely
uniform uniform uniform non-uniform | non-uniform | non-uniform

Figure 2. Part of questionnaire concerning the assessment of floor brightness and uniformity illumination in the corridor.

The survey was conducted according to the following procedure:

e Discussing the objective of the research, the questionnaire content, and completion

order.

Starting the survey.

Taking a place in front of the computer screen by the respondent.
Handing over the first part of the personal data survey.

Receiving the consent from the respondents to take part in the survey.
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Completing the first part of the questionnaire by the respondents.

Collecting the first part of the survey.

Displaying the lighting visualization, variant 1 on the computer screens.

Handing over the second part of the questionnaire concerning the assessment of
lighting features in variant 1.

Completing the second part of the questionnaire by the respondents.

Collecting the second part of the survey.

Repeating the procedure for the second part of the survey, for variants from 2 to 10.
Ending the survey and thanking the participants for taking part in the research.

Two groups of students from the Electrical Power Engineering Institute, Lighting
Technology Division, Warsaw University of Technology, participated in the research. The re-
spondents had basic knowledge of lighting technology and had not participated in similar
studies yet.

Every surveyed group consisted of 10 people (5 women and 5 men in each group).
All respondents were in the age group of 19-25 years. All respondents took part in the
entire survey and completed all parts of the questionnaire.

The first group (Group B—from “Box”) participated in the research that was carried
out in a box adapted for this purpose at the Lighting Technology Division, Warsaw Univer-
sity of Technology. There was a computer station in the box. The recessed ceiling luminaires
were used for the electric lighting in the box. The luminous fluxes of the light sources were
adjusted to produce the level of average luminance on the wall behind the screen (in the
respondents’ field of view) of approximately 10 cd-m~2. The luminance distributions of
computer screens for the individual variants were also measured. Therefore, the lighting
conditions were alike to all respondents and were controlled. Each of the respondents from
this group took part in the survey individually.

The second group (Group C—from “Classroom”) participated in the research that
was carried out in the computer room of the Lighting Technology Division, Warsaw
University of Technology. The available daylight, which came through the windows
located on the northern wall of the room, was used to illuminate the interior. The windows
were covered with louvers to reduce the luminance of the windows and to eliminate the
view-out. The incoming daylight was sufficient to read the information and fill in the
questionnaires. The lighting conditions in the room were quite similar for all respondents
but were not controlled. All respondents in Group C used the same types of computer
screens (different from the one applied by the respondents in Group B) that were not
calibrated. All participants from this group took part in the survey at the same time.
Figure 3 shows the venues where the research was done.

(a)

(b)

Figure 3. Experimental conditions for group: B (Box) (a) and C (Classroom) (b).
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The survey results considering brightness and uniformity perception were processed
into numerical values. Value 1 was assigned to extremely dim/extremely non-uniform
answers. Value 7 was assigned to extremely bright/extremely uniform answers. Values
from 2 to 6 were assigned to intermediate answers, relatively to the impression intensity.
For every lighting situation and for each group separately, the mean values of perceived
brightness and uniformity were calculated for every plane and the entire corridor.

The qualitative evaluation of lighting was comparative and applied to:

e  The convergence in assessment of changes in the brightness and uniformity perception
for successive lighting situations between the groups.

e  The convergence of brightness and uniformity perception for a given lighting situation
between the groups.

3. Results and Discussion
3.1. The Computer Simulation and Quantitative Assessment of Lighting

As a result of the first stage of the research, the computer simulations of lighting were
developed. Each of 10 solutions elaborated was briefly presented in the following way:
The used means and obtained effects.

Lighting variant 1 (Figure 4) was performed with the use of eight A-type luminaires
located directly on the ceiling, in one row along the corridor. The lighting installation was
characterized by the lowest mean illuminances of the ceiling and walls among all variants.

Figure 4. Computer simulation of corridor lighting for variant 1.

Lighting variant 2 (Figure 5) was implemented using 16 A-type luminaires (with a
lower luminous flux than in variant 1) located directly on the ceiling, in two rows along
the corridor. Placing the luminaires near the walls caused a significant increase in mean
illuminance and a reduction in uniformity of the walls compared to variant 1.
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Figure 5. Computer simulation of corridor lighting for variant 2.

Lighting variant 3 (Figure 6) was performed with the use of 22 B-type luminaires

located directly on the ceiling, in one continuous line along the corridor. The effect of
uniform illumination of the walls was achieved. The mean illuminance on the walls was
similar to that of variant 2.

Figure 6. Computer simulation of corridor lighting for variant 3.
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Lighting variant 4 (Figure 7) was implemented with the use of 6 B-type luminaires
(with a higher luminous flux than in variant 3) located directly on the ceiling, in one non-
continuous line along the corridor. The use of the non-continuous light line reduced the wall
illumination uniformity compared to variant 3 while maintaining the mean illuminance
value.

Figure 7. Computer simulation of corridor lighting for variant 4.

Lighting variant 5 (Figure 8) was performed using 44 C-type luminaires located
directly on the ceiling, in two continuous lines along the corridor. The asymmetric light
distribution of the luminaires and the proximity of the walls caused a significant rise in
mean illuminance of the wall. At the same time, the longitudinal uniformity of the walls
was high.

Lighting variant 6 (Figure 9) was performed with the use of 12 C-type luminaires
(with a higher luminous flux than in variant 5) located directly on the ceiling, in two
non-continuous lines along the corridor. The use of the non-continuous light lines lowered
the wall illumination uniformity compared to variant 5 while maintaining the average
illuminance value

Lighting variant 7 (Figure 10) was implemented using 18 D-type luminaires suspended
from the ceiling, in one continuous line along the corridor. The luminous flux sent into
the upper hemisphere caused a significant increase in the mean ceiling illuminance. The
longitudinal ceiling illumination uniformity was high and the transverse one was low. The
average illuminance and uniformity on the wall were comparable to variant 3.

Lighting variant 8 (Figure 11) was performed with the use 6 D-type luminaires (with a
higher luminous flux than in variant 7) suspended from the ceiling, in one non-continuous
light line along the corridor. The use of the non-continuous light line lowered the ceiling
and wall illumination uniformity compared to variant 7 while maintaining the mean
illuminance value.

Lighting variant 9 (Figure 12) was implemented with the use of 20 E-type luminaires
located on the walls, in two rows along the corridor. This variant was characterized by
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relatively high levels of mean ceiling and wall illuminance, and at the same time relatively
low uniformities on these planes.

Figure 8. Computer simulation of corridor lighting for variant 5.

Figure 9. Computer simulation of corridor lighting for variant 6.
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Figure 10. Computer simulation of corridor lighting for variant 7.

Figure 11. Computer simulation of corridor lighting for variant 8.
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Figure 12. Computer simulation of corridor lighting for variant 9.

Lighting variant 10 (Figure 13) was performed using 40 F-type luminaires located on
the walls, in two rows along the corridor.

Figure 13. Computer simulation of corridor lighting for variant 10.



Energies 2021, 14, 412

13 of 32

The asymmetric upward light distribution of the luminaires caused a significant
increase in average ceiling illuminance with high uniformity. The levels of wall illuminance
and uniformity were also high.

The quantitative assessment of the corridor lighting was based on the results of
illuminance and luminance calculations from the DIALux software, which are summarized
in Table 2.

Table 2. Calculation results of photometric parameters in the corridor.

Solution
Parameter
1 2 3 4 5 6 7 8 9 10
Egp
[1x] 100
Lg [cd/m?] 9.5
UrmiN [—] 0.60 0.57 0.85 0.83 0.87 0.90 0.86 0.78 0.87 0.90
Ew 21 58 51 52 100 97 55 55 76 89

Lw [[le/mz] 46 129 114 115 224 216 122 122 17 198
Upwm [=1] 073 038 068 058 055 052 077 069 063 0.66

[Fl‘)f] 20 28 32 33 52 53 112 104 94 242
Lc [cd/m?] 44 62 70 73 115 117 249 231 209 539
Ucm [-] 092 090 089 091 089 078 038 034 054 0.89

Lg [ed/m?] 5.8 10.4 9.9 10.0 16.5 16.1 147 143 16.1 25.1

Orange-marked cells indicate the cases where the requirement was not met. Yellow-marked cells indicate the
cases where the recommendation was not met.

The use of direct lighting luminaires with a narrow light distribution (type A) made
it impossible to obtain the required mean illuminance on the ceiling in variants 1 and 2,
and the required mean illuminance on the walls in variant 1. The application of direct
lighting luminaires with a wider light distribution (type B) also limits achieving the rec-
ommended illumination on the ceiling and walls in variants 3 and 4. In these situations,
the recommended levels of mean illuminance on the ceiling and walls were not obtained.
The use of direct-indirect lighting luminaires with limited light distribution in the lateral di-
rection (type D), in variants 7 and 8, reduces achieving the recommended wall illumination.
In these cases, the recommended levels of mean wall illuminance were not obtained. In all
cases, the requirements for uniformity on the work plane (>0.40), and on the ceiling and
walls (>0.10) were met. The achieved uniformities significantly exceeded the requirements.

Solution 5 was characterized by the lowest installed power density among the variants
meeting all lighting requirements whereas the lowest installed power density among the
variants meeting all lighting recommendations was characteristic of solution 3. To sum
up, from the point of view of the quantitative lighting assessment made on the basis of
illuminance distributions, solutions 5 and 3 should be preferred.

It is worth paying attention to the relationships between the obtained effects (relative
average ceiling Ec /Er and wall Ey / Er illuminances) and the efficiency of lighting solutions
(utilization factor (UF) and installed power density (PD)). Figure 14 illustrates this relation.



Energies 2021, 14, 412

14 of 32

2.2 ; . . . . :
#10 ® E/Er: (0:0.2], Ew/Eg: (0.2:0.3]
Eo/Es: (0.2:0.4], Ew/Eg: (0.5:0.6]
201 ® EJEr (04;06], EWER 091 7
* E/Eg: (0.8:1], Ew/Er: (0.7:0.8]
'8 * Eo/E: (1:1.2], Ew/Er: (0.5;0.6]
adl o Eo/Eg: (2.4:2.6], Ew/Er: (0.8:0.9] |
T #9e_ e |
S
§ #80.#5
O 14t #7 -
o L ]
#4
12} 3 -
#2
1.0} -
#1
[ |
0.8 - - - - - -
0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
UF [

Figure 14. Relationship between power density (PD) and utilization factor (UF), categorized by Ec/Er and Eyy /Eg, for the

analyzed lighting cases in the corridor.

The analyzed cases were ordered from the most efficient (the highest utilization factor
and the lowest power density) solution 1 (in the bottom right corner of the graph) to the
least efficient (the lowest utilization factor and the highest power density) solution 10 (in
the top left corner of the graph).

It should be noted that solutions 3, 5, and 7 (where the continuous lines were applied)
are more efficient than solutions 4, 6, and 8 (with the same types of luminaires, but with the
non-continuous lines and much higher luminous fluxes of the luminaires). It arises from
the luminaire layout, which resulted in a higher utilization factor of solutions 3, 5, and 7.

It is also worth noting that solution 7 is more efficient than solution 5, and solution 8
is more efficient than solution 6. It arises from more efficient use of the luminous flux of the
luminaires to illuminate the work plane (floor). In solutions 7 and 8, a higher amount of
the luminous flux of the luminaires is emitted directly towards the floor than in solutions 5
and 6.

The wall mounted solutions are the least efficient, especially solution 10 where the
work plane illumination results only from the luminous flux reflected from the ceiling and
walls.

3.2. The Survey and Qualitative Assessment of Lighting

In the second stage of the research, the survey in two groups were conducted: For the
first group B in the box and for the second group C in the computer room. Table 3 presents
the results of measurements of the mean luminance of the corridor image presented to the
respondents from group B on the computer screen located in the box.
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Table 3. The measured values of the mean luminance [cd-m~2] of the corridor image presented on
the computer screen in the box for group B.

Solution
1 2 3 4 5 6 7 8 9 10
Lpm [ed/m?] 1507 1286 1358 1347 1349 1365 1398 1401 1337 15.29
Lwm [ed/m2] 406 11.00 1896 20.01 41.07 33.63 21.72 2384 2959 42586
Lem [ed/m?] 437 790 1020 1039 2216 2198 4145 29.20 4422 8797
Lgm [cd/m?] 589 10.87 16.68 17.65 3343 2899 2324 2315 2935 45.19

Parameter

The following parameters were given for each lighting situation:

Lpy—the mean luminance of part of the floor in the corridor displayed on the screen.
Lwm—the mean luminance of part of the walls in the corridor displayed on the screen.
Lcpm—the mean luminance of part of the ceiling in the corridor displayed on the screen.
Lryv—the mean luminance of part of the entire corridor displayed on the screen.

The mean luminance level on the wall behind the screen (in the field of view of
the respondents from group B) was about 10 cd-m~2. The luminance distribution in the
computer room and on the computer screens in group C was not controlled.

On the basis of all completed questionnaires, for the brightness and uniformity for
the individual lit planes and corridor, the mean values (Mean), medians (Median), min-
imum (Min.), maximum (Max.), and standard deviations (SD) of the mean values were
calculated for each group and each lighting situation. The symbols used indicate: Lighting
situation (from 1 to 10), analyzed feature (B—brightness, U—uniformity), illuminated
planes (F—floor, W—walls, C—ceiling, R—the entire corridor), and group ((B)—group B,
(C)—group Q).

3.3. Brightness and Uniformity Perception of Consecutive Computer Images of Corridor

On the basis of the obtained results, the changes in the brightness and uniformity
perception on a given plane and the corridor in the consecutive situations were analyzed
for each group.

Figures 15-18 show the floor brightness and uniformity perception for groups B and C.

In every group, it was estimated that the highest mean floor brightness occurred in
variant 1 (Bgg) = 5.4, Bgc) = 5.7). The perception of a higher floor brightness in variant 1
was associated with a much lower ceiling and wall brightness than in the other variants.
For the remaining variants, the average floor brightness perception in group B ranged
between 3.8 and 4.3, and in group C it ranged between 4.4 and 5.1. The floor brightness for
variants 2 to 10 was therefore assessed very similarly in each group. However, for each
situation, group C estimated that the floor brightness levels were higher compared to the
ones evaluated by group B.

In every group, it was assessed that the lowest mean floor uniformity occurred in
variant 1 (Ug(p) = 1.6, Ug(c) = 2.0), and then in variant 2. In each group it was estimated that
in variants 3, 5 and 7 (continuous light lines) the floor illumination uniformity was higher
than in variants 4, 6 and 8 (non-continuous light lines). The floor illumination uniformity
in variant 10 was also rated very high.

Figures 19-22 show the wall brightness and uniformity perception for groups B and C.
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1B 2B 3B 4B 5B 6B 7B 8B 9B 0B
— Mean [ ]Mean+SD | Min-Max ¢ Median

Figure 15. Floor brightness perception for group B.
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Figure 16. Floor brightness perception for group C.
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Figure 17. Floor uniformity perception for group B.
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Figure 18. Floor uniformity perception for group C.
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Figure 19. Wall brightness perception for group B.
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Figure 20. Wall brightness perception for group C.
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Figure 21. Wall uniformity perception for group B.
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Figure 22. Wall uniformity perception for group C.
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When analyzing the results, it can be concluded that in each group, it was assessed
that the lowest mean wall brightness occurred in variant 1 (B, = 3.5, Byy(c) = 4.3) whereas
the highest mean wall brightness occurred in variant 5 (Byg) = 6.0, Byy(c) = 6.3). In each
group, almost identical nature of changes in the wall brightness assessment for consecutive
variants can also be observed. It was assessed that in variants 7 and 8, despite the high
mean luminance, the wall brightness was low (only higher than the brightness in variant 1).
It was estimated that in variant 3 the wall brightness perception was lower than in option
2, despite a higher mean luminance in option 3. This could be connected with the sequence
of presented variants to the respondents.

In each group, the respondents estimated that the lowest mean wall uniformity
occurred in variant 9 (Uw ) = 2.0, Uwc) = 2.0), and then in variant 2. The perceived wall
brightness contrasts were definitely the highest in these variants. In each group, the low
wall uniformity was also observed in variants 1, 6, and 8. Like in the case of the floor, also,
when assessing the wall uniformity, the high uniformity was noticed in variants 3, 5, 7 and
10. In group B, the wall uniformity in variants 5 and 10 were rated slightly lower.

Figures 23-26 show the ceiling brightness and uniformity perception for groups B
and C.

1_B¢

2 B¢ 3_B¢ 4 B: 5 Be¢ 6_Bg; 7 B¢ 8 B¢ 9 B¢ 10_B¢
— Mean [ ] Mean+SD ] Min-Max ¢ Median

Figure 23. Ceiling brightness perception for group B.



Energies 2021, 14, 412 21 of 32
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Figure 24. Ceiling brightness perception for group C.
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Figure 25. Ceiling uniformity perception for group B.
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Figure 26. Ceiling uniformity perception for group C.

In each group, it was estimated that the lowest mean ceiling brightness occurred in
variant 1 (B¢ = 3.0, Bc(c) = 3.2), and then in variant 2. Very similar assessments were
recorded for variants 3, 4, 5, and 6, and then higher for variants 7, 8 and 9. The ceiling
brightness was rated the highest in variant 10 (Bcg) = 6.9, Bc(c) = 6.6). It should be noted
that in variant 5 group C assessed the ceiling brightness significantly higher than group
B. In each group, the identical nature of changes in the ceiling brightness assessment
for consecutive variants can be observed. It was estimated that in variant 9 the ceiling
brightness perception was lower than in variant 8, despite a higher mean luminance in
variant 9. This could be connected with a significantly higher wall brightness perception in
variant 9 compared to variant 8.

In each group, the ceiling uniformity was rated very low in variants 8, 9, 7, and 6, too.
In none of these cases was the mean ceiling uniformity value higher than 4.00, and in the
variant where the uniformity was rated the lowest (situation 8), the mean values for the
groups were: Uc) = 1.7, Uc(c) = 2.1. As for the direct lighting situations 1-5 (the exception
was variant 6—asymmetric lighting with the non-continuous lines) and for the indirect
lighting—variant 10, the ceiling uniformity was rated relatively high.

Figures 27-30 show the entire corridor brightness and uniformity perception for
groups B and C.
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Figure 27. Corridor brightness perception for group B.
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Figure 28. Corridor brightness perception for group C.
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Figure 29. Corridor uniformity perception for group B.
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Figure 30. Corridor uniformity perception for group C.
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In each group, the respondents estimated that the lowest mean corridor brightness
occurred in variant 1 (Br) = 4.2, Br(c) = 4.4). It was also assessed that the highest mean
corridor brightness occurred in variant 10 for group B (Bg(s) = 6.2) and in variant 5 for
group C (Br(c) = 5.9). The high mean corridor brightness was also observed in variant
9. The relatively high assessment of the corridor brightness in variant 2 and relatively
low assessment of the corridor brightness in variant 6 should be noted, too. This can be
connected to the mean brightness of the variants directly presented earlier—low in variant
1 and high in variant 5. In each group, a similar nature of the changes in the corridor
brightness assessment can be observed for the consecutive variants.

In each group, it was estimated that the mean corridor uniformity was very low in
situations 1, 2, 8, and 9. In none of these situations the mean corridor uniformity was higher
than 3.00. The lowest assessments were assigned to the corridor uniformity, for group B
in variant 2 (Ug(g) = 2.3), and for group C in variant 9 (Ug(c) = 2.6). In each group, it was
estimated that the corridor uniformity was higher in variant 3 than 4, in variant 5 than 6
and in variant 7 than 8 (continuous light lines versus non-continuous light lines). In each
group, the corridor uniformity was rated the highest in variant 3: Ugg) = 6.0, Ug(c) = 6.2.

Finally, using the non-parametric Wald-Wolfowitz test, it was assessed in Statistica ver.
13.3 for how many and which cases the difference between the brightness and uniformity
perception of the individual planes and the corridor between the groups was statisti-
cally significant. Table 4 presents the mean and SD values for brightness and uniformity
perception, and the tests results.

Table 4. The Wald-Wolfowitz runs test results (Valid N(c) = 10, Valid N(g) = 10).

Variable Meany SD() Meanpg) SD) z p-Value  Z Adjstd  p-Value No.of Runs No. of Ties
1_Bc 3.2 0.9189 3.0 0.4714 0.9189 0.3581 0.6892 0.4907 13 10
1_Uc 4.8 0.9189 5.7 0.9487  —0.4595 0.6459 0.2297 0.8183 10 9
1_Bw 4.3 0.4830 3.5 0.8498  —0.4595 0.6459 0.2297 0.8183 10 7
1_Uw 2.8 0.4216 3.1 1.1005  —2.7568 0.0058 2.5271 0.0115 5 4
1_Bg 57 0.6749 5.4 1.0750 0.9189 0.3581 0.6892 0.4907 13 12
1_Ur 2.0 0.6667 1.6 0.6992  —1.3784 0.1681 1.1487 0.2507 8 6
1_Br 44 0.8433 42 1.1353 0.0000 1.0000 —0.2297 0.8183 11 8
1_Ug 29 0.8756 26 0.6992  —0.9189 0.3581 0.6892 0.4907
2 Bc 37 1.0593 3.9 0.5676 ~ —0.9189 0.3581 0.6892 0.4907 9 7
2_Uc 4.8 0.7888 4.6 1.0750 1.3784 0.1681 1.1487 0.2507 14 11
2 By 5.6 0.6992 5.5 0.9718 0.4595 0.6459 0.2297 0.8183 12 10
2_Uw 2.7 1.0593 2.3 0.8233  —1.3784 0.1681 1.1487 0.2507 8 7
2_Bg 5.1 0.5676 3.9 0.9944  —1.3784 0.1681 1.1487 0.2507 8 6
2_Ug 3.2 0.7888 2.5 0.7071 —1.3784 0.1681 1.1487 0.2507 8 6
2_Br 5.2 0.6325 4.8 0.6325  —0.9189 0.3581 0.6892 0.4907 9 8
2_Ugr 3.0 0.9428 2.3 0.8233  —0.4595 0.6459 0.2297 0.8183 10 7
3_Bc 45 0.5270 43 0.4830 0.4595 0.6459 0.2297 0.8183 12 10
3_Uc 5.7 0.8233 5.6 1.0750 0.0000 1.0000 —0.2297 0.8183 1 9
3_Bw 5.0 1.0541 49 0.8756 1.3784 0.1681 1.1487 0.2507 14 12
3_Uw 6.0 0.9428 59 0.8756 0.9189 0.3581 0.6892 0.4907 13 10
3_Bp 5.0 0.8165 43 0.8233 1.3784 0.1681 1.1487 0.2507 14 11
3_Ug 6.4 0.9661 6.3 0.9487 0.0000 1.0000 —0.2297 0.8183 11 10
3_Br 5.1 0.8756 4.8 0.9189  —0.9189 0.3581 0.6892 0.4907 9 7
3_Ur 6.2 0.9189 6.0 0.6667  —0.9189 0.3581 0.6892 0.4907 9 6
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Variable Meany SD() Meanpg) SD) z p-Value  Z Adjstd  p-Value No.of Runs No. of Ties
4_Bc 4.2 0.4216 41 03162  —2.2973 0.0216 2.0676 0.0387 6 5
4 _Uc 5.5 0.5270 5.0 1.4142 0.4595 0.6459 0.2297 0.8183 12 10
4_Bw 4.8 0.6325 4.8 0.4216 0.0000 1.0000 —0.2297 0.8183 11 8
4_Uyw 43 0.8233 3.6 1.0750 0.0000 1.0000 —0.2297 0.8183 11 8
4_Bg 4.6 0.5164 4.3 04830  —0.4595 0.6459 0.2297 0.8183 10
4_Ug 5.0 0.8165 4.1 0.8756  —2.7568 0.0058 2.5271 0.0115 5 3
4_Br 4.7 0.6749 43 0.4830 0.4595 0.6459 0.2297 0.8183 12 11
4_UR 4.7 0.6749 39 0.8756  —1.8379 0.0661 1.6081 0.1078 7 4
5_Bc 5.2 0.9189 4.4 0.6992  —1.3784 0.1681 1.1487 0.2507
5_Uc 5.4 1.1738 5.5 0.9718 1.8379 0.0661 1.6081 0.1078 15 11
5_Bw 6.3 1.0593 6.0 0.6667 0.9189 0.3581 0.6892 0.4907 13 10
5_Uw 5.8 1.0328 4.2 1.0328  —1.3784 0.1681 1.1487 0.2507 8 6
5_Br 5.2 1.2293 4.0 0.6667  —1.3784 0.1681 1.1487 0.2507 8 6
5_Ur 6.5 0.9718 6.2 0.4216 0.0000 1.0000 —0.2297 0.8183 11 8
5_BRr 5.9 0.9944 5.3 0.8233  —0.9189 0.3581 0.6892 0.4907 9 7
5_Ur 5.6 1.1738 43 1.0593  —0.4595 0.6459 0.2297 0.8183 10 6
6_Bc 4.6 0.5164 4.3 0.4830 0.4595 0.6459 0.2297 0.8183 12 11
6_Uc 39 0.9944 3.4 0.9661  —0.4595 0.6459 0.2297 0.8183 10 6
6_Byy 5.3 0.6749 5.4 0.6992  —0.9189 0.3581 0.6892 0.4907 9 8
6_Uyw 3.5 1.2693 2.6 05164  —0.9189 0.3581 0.6892 0.4907 9 6
6_Br 4.5 0.7071 4.0 04714  —0.4595 0.6459 0.2297 0.8183 10 9
6_Ur 5.1 1.1005 3.8 09189  —0.4595 0.6459 0.2297 0.8183 10 8
6_BRr 4.8 0.4216 5.0 04714  —0.9189 0.3581 0.6892 0.4907 9 7
6_Ugr 3.8 0.7888 3.3 0.9487 1.3784 0.1681 1.1487 0.2507 14 11
7_Bc 5.7 1.0593 5.9 0.5676 0.9189 0.3581 0.6892 0.4907 13 10
7_Uc 3.4 1.5776 24 0.6992 0.4595 0.6459 0.2297 0.8183 12 8
7_Bw 4.6 1.0750 4.1 05676 ~ —1.3784 0.1681 1.1487 0.2507 8
7_Uw 5.6 1.4298 6.3 0.6749 0.0000 1.0000 —0.2297 0.8183 11 9
7_Br 4.6 1.1738 4.0 0.6667 0.9189 0.3581 0.6892 0.4907 13 10
7_Ug 6.1 1.1005 5.7 1.0593  —0.4595 0.6459 0.2297 0.8183 10 5
7_Br 4.6 1.0750 4.9 0.9944  —0.4595 0.6459 0.2297 0.8183 10 7
7_Ur 5.0 1.0541 4.3 15670  —0.4595 0.6459 0.2297 0.8183 10 7
8_Bc 5.6 0.8433 5.8 0.7888  —0.9189 0.3581 0.6892 0.4907 9 8
8_Uc 2.1 0.5676 17 0.4830  —0.4595 0.6459 0.2297 0.8183 10 7
8_Bw 4.4 0.6992 4.3 0.4830  —0.9189 0.3581 0.6892 0.4907 9 8
8_Uw 3.5 0.8498 3.0 0.6667  —1.3784 0.1681 1.1487 0.2507 7
8_Br 4.5 0.5270 4.2 0.4216 0.4595 0.6459 0.2297 0.8183 12 10
8_Ur 3.7 0.9487 32 04216  —1.8379 0.0661 1.6081 0.1078 7 6
8_BRr 4.6 0.6992 49 0.7379  —0.4595 0.6459 0.2297 0.8183 10 8
8_Ur 2.8 0.7888 2.8 0.7888 0.4595 0.6459 0.2297 0.8183 12 8
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Table 4. Cont.

Variable Meany SD() Meanpg) SD) z p-Value  Z Adjstd  p-Value No.of Runs No. of Ties
9_Bc 5.2 0.7888 5.5 0.5270 0.0000 1.0000 —0.2297 0.8183 11 9
9_Uc 22 0.6325 22 0.6325 0.9189 0.3581 0.6892 0.4907 13 10
9_Bw 5.3 0.8233 5.8 0.7888 0.4595 0.6459 0.2297 0.8183 12 9
9_Uw 2.0 0.9428 2.0 04714  —0.9189 0.3581 0.6892 0.4907 9 7
9_Br 4.4 0.9661 4.0 04714  —0.9189 0.3581 0.6892 0.4907 9 7
9_Ur 4.9 1.1972 41 0.8756 0.4595 0.6459 0.2297 0.8183 12 10
9_Br 5.4 0.8433 5.6 0.8433  —1.3784 0.1681 1.1487 0.2507 8 7
9_Ur 2.6 1.0750 25 1.4337  —0.4595 0.6459 0.2297 0.8183 10 8
10_Bc 6.6 0.5164 6.9 03162  —0.4595 0.6459 0.2297 0.8183 10 9
10_Uc 5.1 1.2867 5.6 0.5164 0.0000 1.0000 —0.2297 0.8183 11 9
10_Bw 5.4 0.8433 5.3 0.6749  —1.8379 0.0661 1.6081 0.1078 7 6

10_Uw 6.2 1.0328 4.8 11353  —2.2973 0.0216 2.0676 0.0387 6 4
10_Bg 4.8 1.1353 3.8 04216  —0.4595 0.6459 0.2297 0.8183 10 7
10_Ur 6.4 0.6992 6.5 0.5270 0.9189 0.3581 0.6892 0.4907 13 11
10_Bgr 5.6 0.6992 6.2 0.7888  —0.9189 0.3581 0.6892 0.4907 9 7
10_Ug 5.7 0.6749 4.2 13166 ~ —2.2973 0.0216 2.0676 0.0387 6 2

Marked tests are significant at p < 0.05.

According to the results only for 5 in 80 analyzed lighting features, the difference
between the group means was statistically significant at the level of 0.05. In 93.75% of cases,
differences in brightness and uniformity perception between the group means were not
significant.

3.4. Comparison of Brightness Perception of Computer Image of llluminated Corridor for Each
Solution Separately, between Groups

The convergence in evaluation of brightness perception between the groups was also
assessed, for each solution separately. For this purpose, individually for every solution
from 1 to 10, the mean plane and corridor brightness perception levels resulting from
the questionnaires in groups B and C were ranked in descending order. The ranks, from
1—the highest brightness level to 4—the lowest brightness level, were assigned to the mean
brightness levels for each solution. The survey results of the mean brightness perception
levels and the assigned ranks are shown in Table 5 for group B and in Table 6 for group C.

Table 5. Survey results and ranking of mean brightness perception levels of computer image of
corridor for each solution, in group B.

Solution
Parameter
1 2 3 4 5 6 7 8 9 10
Br(p) 540
RBgg) 1 34 34 2-3 4 4 4 4 4 4
Bw) 3.50 5.50 4.90 4.80 6.00 5.40 4.10 4.30 5.80 5.30
RBw (g 3 1 1 1 1 1 3 3 1 3
~ Bep  ISOMSSUNIEEONON 10 150 (5905807 550 169
RBcg) 4 34 34 4 3 3 1 1 3 1
Bg) 4.20 4.80 4.80 4.30 5.30 5.00 4.90 4.90 5.60 6.20
RBgp) 2 2 2 2-3 2 2 2 2 2 2

Orange-marked cells indicate the cases of the highest mean brightness perception for a given solution, in group B.
Blue-marked cells indicate the cases of the lowest mean brightness perception for a given solution, in group B.
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Table 6. Survey results and ranking of mean brightness perception levels of computer image of
corridor for each solution, in group C.

Solution
Parameter
2 3 4 5 6 7 8 9 10
Br() 570 510 500 4.60
RBg(c) 1 3 2-3 3 34 4 2-4 3 4 4

Bw(c) 430 @ 560 500 @ 480 630 530 _ 530 540

RBw(c 3 1 2-3 1 1 1 2-4 4 2 3
oo, ISR S ERNSE L0 (5700 560 520 660

RBc(o) 4 4 4 4 34 3 1 1 3 1
Boo) 440 520 510 470 590 480 |60 460 540 5.0
RBG(c) 2 2 1 2 2 2 24 2 1 2

Orange-marked cells indicate the cases of the highest mean brightness perception for a given solution, in group C.
Blue-marked cells indicate the cases of the lowest mean brightness perception for a given solution, in group C.
Green marked cells indicate discrepancy in sequence of brightness impressions in relation to group B.

In Table 5, the presented symbols are as follows: The mean brightness perception
for: Floor Bge), walls By ), ceiling B¢, and corridor Bgp), and the assigned ranks in
B group for: Floor RBgg), walls RByg), ceiling RBc(g), and corridor RBgg). In Table 6,
the symbols are as follows: The mean brightness perception for: Floor Bg), walls By(c),
ceiling Bc(c), and corridor Bgc), and the assigned ranks in C group for: Floor RBg(c), walls
RBw(c), ceiling RB¢(c), and corridor RBgc).

For seven situations, there is the convergence of sequence of brightness perception
assessment in groups B and C. The discrepancies concern situations 3, 8, and 9.

In situation 3, in group C it was assessed that the entire corridor was characterized by
the highest brightness (5.10), while in group B the highest brightness was assigned to the
walls (4.90). It should be noted that for this situation the differences between the brightness
perception between the planes and the corridor were low and amounted to a maximum of
0.6 in every group.

In situation 8, in group C it was assessed that the walls were characterized by the
lowest brightness (4.40), and in group B it was estimated that the floor was characterized
by the lowest brightness (4.20). However, it should be noted that the difference between
the perception of the brightness of the walls and the floor was only 0.1 in each group.

In situation 9, in group C it was assessed that the entire corridor was characterized by
the highest brightness (5.40) while in group B the highest brightness (5.80) was assigned
to the walls. Again, it should be noted that for this situation the differences between the
brightness perception for the walls, ceiling and the entire corridor were low and amounted
to 0.3 in group B and 0.2 in group C maximum.

3.5. Comparison of Uniformity Perception of Computer Image of Illuminated Corridor for Each
Solution Separately, between Groups

The convergence of the uniformity perception between the groups was also assessed.
For this purpose, individually for each solution from 1 to 10, the mean plane and corridor
uniformity perception levels resulting from the surveys in groups B and C were ranked
in descending order. The ranks, from 1—the highest uniformity level to 4—the lowest
uniformity level, were assigned to the mean uniformity levels for each solution. The survey
results of the mean uniformity perception levels and the assigned ranks are shown in
Table 7 for group B and in Table 8 for group C. In Table 7, the symbols are as follows:
The mean uniformity perception for: Floor Ugg), walls Uy g, ceiling Ucg), and corridor
Ug), and the assigned ranks in group B for: Floor RUgg), walls RUywg), ceiling RUc(p),
and corridor RUgp). In Table 8, the symbols are as follows: The mean uniformity perception
for: Floor Ug(c), walls Uy c), ceiling Uc(c), and corridor Ugc), and the assigned ranks C
group for: Floor RUf(c), walls RUyy(c), ceiling RU¢(c), and corridor RUgc)-
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Table 7. Survey results and ranking of mean uniformity levels of computer image of corridor for
each solution, in group B.

Solution
Parameter
1 2 3 4 5 6 7 8 9 10

Uk P60 250 | 630 410 | 620 380 570 320 410 650
RUg) 4 2 1 2 1 1 2 1 1 1
Uw) 3.10 630 3.00 JR200N 4.80
RUw ) 2 34 3 4 4 4 1 2 4 3
Uc 570 460 [I5600 500 550 340 [N2MONNZON 220 5.60
RUc) 1 1 4 1 2 2 4 4 3

Ugm) 260 [I280N 600 390 430 330 430 280 250 [NA20N
RUG ) 3 34 2 3 3 3 3 3 2 4

Orange-marked cells indicate the cases of the highest mean uniformity perception for a given solution. Blue-
marked cells indicate the cases of the lowest mean uniformity perception for a given solution.

Table 8. Survey results and ranking of mean uniformity levels of computer image of corridor for
each solution, in group C.

Solution
Parameter
1 2 3 4 5 6 7 8 9 10
UFici - 3.20 6.40 5.00 6. 50 5. 10 6. 10 3.70 4.90 6.40
RUE(c 1 1 1
v — — sso - 560 350 00 620
Uc() 4.80 480 - 550
RUc¢(q) 1 4 2 4 4 3 4
Uc(o) 2.90 3.00 6.20 4.70 5.60 3.80 5.00 2.80 2.60 5.70
RUg( 2 3 2 3 3 3 3 3 2 3

Orange-marked cells indicate the cases of the highest mean uniformity perception for a given solution. Blue-
marked cells indicate the cases of the lowest mean uniformity perception for a given solution. Green marked cells
indicate discrepancy in sequence of uniformity perception impressions in relation to group B.

For six situations, there is the convergence of sequence of the uniformity perception
assessment in groups B and C. The discrepancies concern situations 1, 5, 7, and 10.

In situation 1, in group C the entire corridor uniformity was rated higher (2.90), and in
group B the wall uniformity was rated higher (3.10). It should be noted that the differences
between the impressions on uniformity of the walls and entire corridor were low and
amounted to 0.5 in group B and 0.1 in group C.

In situation 5, in group C the lowest perceived uniformity (5.40) was assigned to the
ceiling while in group B the lowest perceived uniformity (4.20) was assigned to the walls.
In group B it was assessed that the perceived ceiling uniformity was high (in relation to
the floor and the entire interior). The differences in these impressions can be seen in the
interpretation of the ceiling uniformity by the respondents. The assessment made by group
B that the ceiling uniformity is high (higher of 1.30 than the wall uniformity) can suggest
that the ceiling illumination itself was assessed without clearly bright luminaires. However,
in group C, the ceiling and wall uniformity was assessed in a similar way, which may
suggest that while evaluating the ceiling uniformity, the bright contrasting luminaires were
taken into account.

In situation 7, in group C the highest perceived uniformity (6.10) was assigned to
the floor while in group B the highest perceived uniformity (6.30) was assigned to the
walls. It is difficult to unequivocally settle the discrepancy of these assessments. However,
it should be noted that in each group the perceived uniformity of the illuminated floor and
walls was rated high. Additionally, the differences between the impressions on the floor
and wall uniformity were not high and amounted to 0.6 for group B and 0.5 for group C.

In situation 10, in group C the lowest perceived uniformity (5.10) was assigned to the
ceiling while in group B the lowest perceived uniformity (4.20) was assigned to the entire
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corridor, but the low one (4.80) was also assigned to the walls. In this situation, it is difficult
to unequivocally settle the discrepancy of these assessments.

4. Conclusions

The use of various luminous intensity distributions and layouts of luminaires is an
effective way of creating the luminance distribution in interior lighting. This applies to
the levels and uniformity of illuminance and luminance on the individual planes of the
interior as well as the relative illuminance and luminance in the interior. Higher levels
of mean illuminances on the ceiling and walls led to a reduction in utilization factor and,
consequently, to an increase in lighting power density in the analyzed corridor.

Individual differences in the assessment of brightness and uniformity perception of
the lit corridor images presented on the computer screens under various surrounding
conditions are significant. However, the high convergence of brightness and uniformity
perception of the lit corridor image for the consecutive lighting situations was demonstrated
between the mean evaluations for the groups. The result of the non-parametric Wald-
Wolfowitz test showed that in 93.75% cases differences in brightness and uniformity
perception between the groups were not significant. When using the ranking, the high
convergence of brightness and uniformity perception of the corridor image for the same
lighting solutions was also demonstrated between the mean assessments for the groups.

The case study presented in this article was based on the analysis of ten lighting
solutions in a simple corridor. Undoubtedly, this interesting problem requires further
research to generalize the results.
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Abbreviations

Required or Calculated Quantities

Er the mean illuminance of the floor

Lg the mean luminance of the floor

Upvmin  the uniformity of illuminance/luminance of the floor
Ew the mean illuminance of the walls

Lw the mean luminance of the walls

Uwmin  the uniformity of illuminance/luminance of the walls
Ec the mean illuminance of the ceiling

Lc the mean luminance of the ceiling
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Ucmmv  the uniformity of illuminance /luminance of the ceiling

the mean luminance of the corridor (the weighted average relative to the surface areas
of the interior planes)

Ec/Er  ceiling illuminance ratio

Ew/Er wallilluminance ratio

Lr

UF the utilization factor
PD the installed power density of lighting in the interior
Measured Quantities, Perception Parameters and Ranks
Lem the mean luminance of part of the floor in the corridor displayed on the screen
Lwm the mean luminance of part of the walls in the corridor displayed on the screen
Lem the mean luminance of part of the ceiling in the corridor displayed on the screen
LrMm the mean luminance of part of the entire corridor displayed on the screen
Br(s) the mean brightness perception in B group for floor
Bw) the mean brightness perception in B group for walls
Bc) the mean brightness perception in B group for ceiling
Bgm) the mean brightness perception in B group for corridor
Br(c) the mean brightness perception in C group for floor
Bw(c) the mean brightness perception in C group for walls
Bc(q the mean brightness perception in C group for ceiling
Bgo) the mean brightness perception in C group for corridor

RBgp)  the assigned ranks for the mean brightness perception in B group for floor
RBwp) the assigned ranks for the mean brightness perception in B group for walls
RBc@p)  the assigned ranks for the mean brightness perception in B group for ceiling
RBg@E)  the assigned ranks for the mean brightness perception in B group for corridor
RBgc)  the assigned ranks for the mean brightness perception in C group for floor
RBw(c) the assigned ranks for the mean brightness perception in C group for walls
RBc(c) the assigned ranks for the mean brightness perception in C group for ceiling
RBg(c) the assigned ranks for the mean brightness perception in C group for corridor
Uk the mean uniformity perception in B group for floor

Uw) the mean uniformity perception in B group for walls

Uc) the mean uniformity perception in B group for ceiling

Ug) the mean uniformity perception in B group for corridor

Urc) the mean uniformity perception in C group for floor

Uw the mean uniformity perception in C group for walls

Uco the mean uniformity perception in C group for ceiling

Uco) the mean uniformity perception in C group for corridor
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