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Abstract: How to balance the artistry and comfort of the light environment in an architecturalized
immersive new media public art installation (AINMPAI) to ensure the safety of the audiences’ visual
safety has become a new issue. The lack of corresponding lighting design standards makes this issue
more challenging. This paper explores the appropriate luminance range of the irregularly curved
LED screens of the AINMPAI with high-luminance natural light as the background. The influence
of the audience behavior mode on the brightness threshold of the LED screens in the AINMPAI
under the background of Internet communication is discussed. Through software simulation and
field measurement, the effectiveness of the design measures based on the local characteristics of
the work is verified. The overall average luminance, the regional luminance, the partial luminance,
and the corresponding luminance contrast of the inner screen surface were measured at every 10◦

change in the solar altitude angle during daytime. The nighttime light environment parameters and
the temperature of the device throughout the day were also measured. A total of 487 visitors were
interviewed for subjective evaluation of the comfort of the light and thermal environments. The
results show that: (1) the overall average luminance cannot wholly describe the actual luminance
of the critical parts of the special-shaped curved screen in the device and that two indicators, the
regional luminance and the partial average luminance, need to be added; (2) the maximum brightness
limit of LED screens in the daytime can be 1000 cd/m2 but at night it should be controlled within
200 cd/m2; (3) natural light is the main factor that causes the high average brightness and low
contrast of the daytime device screen; (4) the recommended indicators for such artistic installations
should balance the absolute values of average brightness, artistic effect, and transmission priority.
This study can provide foundational data and a methodological reference for establishing AINMPAI
light environment design guidelines or recommended standards based on audiences’ visual safety.

Keywords: interdisciplinary; architecturalized; new media art; photoelectric device; urban public
space; light environment; luminance limitation

1. Introduction

With the fast growth of digital communication technology and LED display technol-
ogy, as well as the significant decrease in manufacturing costs [1], outdoor LED screens
and LED full-color spotlight sources are used as a new building façade material that en-
ables information and data exchange. These new materials are widely applied on key
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building façades in urban central business districts and constitute an architectural “media
façade” [2,3]. “Media façade” refers to the installation of LED or other illumination devices
on building walls, with the use of video controls or network technology to generate huge
images on the devices [2,4]. Through the use of interactive techniques, “media façades” can
also create “virtual spaces” that perceive and respond to pedestrians, enabling two-way
information transfer and communication [5]. Such large-scale media façades are consid-
ered as a living canvas that presents new media experiences to visitors through sound
and motion pictures [6]. The emergence of media façades creates a new image in the
monotonous urban environment, serving to connect people and communicate between
them and the external environment in the digital age [7]; it even makes architecture new
nighttime landmarks that attract tourists [8].

However, the rapid expansion of urban landscape lighting has led to the spread
of extraordinarily scaled architectural media facades in major cities at an astonishing
pace [9,10]. “Mega TVs”, composed of LED lattices, can be seen everywhere on urban
streets, creating exaggerated urban illusions and making the urban landscape a spectacle at
night [11]. This new way of viewing, with its strong visual impact, has shown a powerful
influence and appeal in capturing attention [12], increasing the exposure of the city and
boosting its nighttime tourism economy.

The visualization [13] and spectacle [14,15] of urban public spaces is a prominent
feature of the age of mass media. Guy Debord stated, “In societies dominated by modern
conditions of pro-duction, life is presented as an immense accumulation of spectacles”.
In the landscape system, “. . .the present age. . .prefers the sign to the thing signified, the
copy to the original, representation to reality, appearance to essence. . .” [16]. In this context,
spectacle representation is overemphasized and the relatively microscopic perspective
in which people situate as individuals is discarded [13]. Hundreds of high-rise build-
ing façades with LED linkages construct an image spectacle that has made the urban
“light show” go viral. The huge investment has also brought popularity to the landscape
lighting industry—in 2018, the scale of China’s landscape lighting industry approached
CNY 100 billion [17,18].

However, landscape lighting also turns the street into a giant cinema where citizens
and tourists become passive audiences [19]. The generalization of light images over the
streets not only covers and eliminates the urban cultural and architectural features but also
produces massive visual information overloads, causing information anxiety to the viewers.
How to continue the urban context and dispose of the increasingly serious visual control of
“image spectacles” on individuals has become a thorny problem [20].

The flashing of large-scale and high-luminance LED screens also creates light pol-
lution, disturbing residents’ lives [21], transportation [22], and urban the ecological en-
vironment [23], causing a large number of complaints and legal disputes [21]. Kai Feng
et al. [24] measured the luminance of 10 media façade buildings in Shanghai and Ningbo,
China, using the maximum luminance, average luminance, and luminance contrast as the
evaluating factors based on the GB/T 35626—2017 Specification for limitation to obtrusive light
of outdoor lighting [25] and JGJ/T 163—2008 Code of lighting design of urban nightscape [26].
They compared the measurement result with the subjective evaluations of 365 pedestrians
on their light pollution. Although the evaluation factors met the standards, the results
showed negative responses from the pedestrians regarding light pollution, indicating an
inconsistency between the current standard of light interference limits on the media façade
and the people’s true feelings.

In addition, the high energy consumption of media façades and the limited lifetimes
and rising maintenance costs of LED screens are also problems with media façades that are
difficult to solve [27].

As we all know, public art has been used to help solve a series of urban problems and
has proved itself to be a notable resource in the business of urban regeneration and devel-
opment [28]. Aiming at the above problems, some cities have imposed strict restrictions on
the settings for architectural media facades. In China, the Chongqing government has even
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encouraged the placing of immersive new media public art installations in public spaces to
replace media facades [29].

The term new media art surfaces was coined in the mid 1990s and refers to the
convergence of mass media, the new capabilities of data processing, and their intersections
with art [30]. New media art is an artistic genre spanning several disciplines, including,
but not limited to, the visual and performing arts. In these artistic practices, art, science,
and technology are inherently intertwined. New media art uses science and technology
as a medium instead of a tool [31]. “Immersive experience” refers to the process in which
people pay high attention to their current activities, fully engage in them when they are in
a certain state of concentration, and then obtain satisfaction after completion [32,33].

Immersive new media public art installations build an open and interactive [34] virtual
and realistic space in physical spaces such as streets, squares, and parks. Compared with
media façades, their appeal is not limited to the immense sense of volume, visual tension,
or landmark commemoration [35]. Through the high degree of openness and interaction,
the public’s viewing behavior becomes a part of the artworks [36], and the public space
becomes a field for the exchange of emotions and collision of ideas [35]. The interaction
between immersive new media public art installations and the public is bidirectional and
dynamic, fundamentally breaking the static structure of traditional public art. The virtual
space dispels the sense of distance between art and the public, bringing a new emotional
experience [37].

“Publicity”, “locality”, and “intervention” are the three primary characteristics of
immersive new media public art [38]. Immersive new media public art, in the context
of contemporary art, must first be shown as the “independence of the artist”. The work
must conform to the artist’s consistent creation system to add internal logic, criticism, and
multi-dimensional cultural associations beyond its simple ornamental value. “Publicity”
is the internal “source and core” of public arts [39], which takes serving the public and
making them feel comfortable as the standard. “Locality” is subject to the requirements of
the city’s laws and spatial functions [38]. “Intervention” is a part of immersive new media
artworks through the public’s participation behavior, which derives new meanings.

Due to the complexity of its structure, form, and technology, artists alone find it diffi-
cult to complete immersive new media public art installations. It is no longer the product
of an artist’s independent creation but a work jointly completed by artists, designers, sci-
entists, and engineers through a particular cooperation mode [40,41]. Therefore, works
often inevitably bear the imprint of other disciplines besides contemporary art, which
is not only triggered a dispute over the boundaries of contemporary art, public art, and
architecture [42] but also involved the balance of the relationship between art, technology,
culture, and economy in the creation process. From repeated games to mutual compromise
and inspiration, artists and multi-disciplinary experts obtain new inspiration and finally
reach a creative consensus through consultation. This is a feature of immersive new media
public art installation creation that is different from other types of art creation.

From the technical perspective, compared with building media facades, which are
difficult for viewers to reach, immersive new media public art installations have the advan-
tages of pleasant scale, low energy consumption, and low disturbance to the environment.
As they are set in the city’s public area, the “public” and “local” attributes of the works
determine that they must comply with the principles of safety and comfort, as well as
the requirements of the relevant laws and regulations of urban planning and urban man-
agement. From the perspectives of scale and the construction method, it is closer to a
small building or structure and has architectural characteristics. This paper calls these
types of immersive public art installations architectural immersive new media public art
installations (AINMPAIs). Therefore, it is necessary to evaluate the safety and comfort of
the physical environment they construct and analysis of the impact of the light environment
on the visual safety of the audience is essential. Unfortunately, there is no precedent for
reference in the literature. In CIE, IESNA lighting design guidelines, and national lighting
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design standards, there are no relevant design guidelines or standards for the safety and
comfort of the light environment of AINMPAIs.

Because of the above reasons, this paper intends to select an AINMPAI as a sample to
measure and evaluate the light environment in the installation after completion.

In this study, we propose to measure the light environment parameters of the device
during daytime and nighttime and compare the obtained parameters with the luminance
limit indicators of outdoor LED screens in the current lighting design guidelines that are
only applicable to night remote viewing conditions. Then, through subjective evaluation
interviews with visitors on their light environment comfort, we will judge whether the
device’s day and night light environment parameters are appropriate. This information will
allow us to propose the luminance limits of LED screens in the AINMPAI during daytime
and nighttime under the conditions of close viewing.

While measuring the light environment, measurement of the thermal environment and
a subjective evaluation of the comfort level shall also be processed, ensuring the thermal
comfort is within the acceptable range to avoid an adverse thermal environment affecting
the accuracy of the visitors’ subjective evaluation of the light environment.

This study aims to collect data and propose recommendations on the daytime and
nighttime luminance limits of LED screens for immersive new media art installations. The
calculation method of average luminance and contrast of LED screens with the irregular
curved surfaces is proposed. This study provides a data reference for the future design and
creation of such art installations. The study also aims to provide a method for establishing
light environment design guidelines or recommend standards for AINMPAIs based on
audiences’ visual safety.

2. Sample Description

In 2018, Chinese contemporary artist Biao Zhong and architect/lighting designer
Yonghong Yan collaborated on a large-scale of architecturalized immersive video interactive
art installation “Through the Wormhole” [43], which attempted to reclaim the physical space
that should belong to the public in the urban public space by utilizing tangible physical
devices. It is a response to the visual violence generated by the new media images that
are currently flooding the visual field and over-encroaching on the physical space of the
city [19]. “Through the Wormhole” is an “architecturalized” new media art installation that
bears noticeable signs of architectural creation. All of its construction materials are taken
from the “media façade” of high-rise buildings: steel structure, aluminum buckle plates,
glass curtain wall, and LED lattice; however, the materials are flipped, wrapping up the
light and images so the starry sky is returned to the city. It is also an introspection into the
light pollution caused by current urban landscape lighting [11].

This installation is based on the concept of site-specific design that incorporates
daylight and digital images with various architectural techniques. The viewers can perceive
the changes in light and shadow both inside and outside the installation by interactive
methods such as viewing and gesture sensing. This is an interdisciplinary public art
experiment using outdoor LED screen panels that are usually installed on building façades
but are now used as a carrier of images in an art installation that can be viewed by visitors
interactively at close range. The work achieves an all-weather, immersive art experience
through internal ventilation, heat dissipation, and daylight control through openings on
the surface of the installation [11].

“Through the Wormhole” is a 1150 cm × 490 cm × 360 cm steel structure. The inner wall
is composed of standard outdoor LED screen panels with size 256 mm × 1024 mm, resolu-
tion 16 pix × 64 pix/unit, and pixel pitch 16 mm. The outer skin is made from perforated
aluminum plates and Low-E glass. It was created specifically for “Open Source—The First
Shenzhen Art Biennale 2018” (hereinafter referred to as the “Shenzhen Exhibition”). The
surrounding environment, the spatial relationship with other works, and the flow of the
visitors jointly determine its volume, form, and orientation.
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According to the pattern of annual solar radiation and solar altitude angle changes at
the exhibition site, the designers used the parametric modeling software Rhinoceros 3D
and the Grasshopper-platform-based plug-ins Ladybug and Honeybee, to simulate the
lighting environment of the installation by connecting with simulation engines of Radiance,
Daysim, etc.; then, they used the meteorological data plug-in WEATHER TOOL to simulate
the average solar radiation heat gain from the outer skin of the device on a typical day,
superimposed it with the heat generated by the LED screen, and deduced that the required
structural cavity size for ventilation and heat dissipation of the installation should be
30 cm and that the average opening rate of the outer skin should be about 38%. To reduce
the interference of direct natural light in the visual focus area of the image on top of the
“Through the Wormhole” installation, the opening rate of the aluminum plate was increased
from 17% on top of “Through the Wormhole” to 50% on its bottom sides. This improved
the contrast and clarity of the main viewing area while ensuring heat dissipation and
ventilation (Figure 1).
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Figure 1. “Wormhole” structure breakdown diagram [11].

The cooperation between artists, architects, lighting designers, structural designers,
building thermal experts, electrical designers, intelligent control experts, electroacoustic
experts, musicians, 3D animation designers, LED screen manufacturers, curtain wall manu-
facturers, builders, and other experts in the 12 types of work created and constructed the
“Through the Wormhole” installation. See Figure 2 for the collaboration between professions
in the “Wormhole” light environment design.

The work has been exhibited in the cities of Shenzhen, Datong, Shanghai, and
Chongqing, receiving about 1,436,000 visitors [11]. After more than a year of touring
experience, it was found that the inner space of the installation did not suffer from over-
heating problems caused by different seasons, climates, and the various orientations of the
exhibition sites. However, because the size and position of the holes on the installation
surface were designed according to the change of incidence angle of direct sunlight in
Shenzhen in summer, looking at the actual effects, the clarity of the images presented in the
daytime was better in the Shenzhen exhibition, whereas the inner lighting environment
was disturbed more by sunlight during some time segments in the Chongqing exhibition
(Figure 3a,b).
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Due to the constraints of exhibition time, venue, and visitor density, we were unable to
conduct on-site measurements during the Shenzhen and Datong exhibitions (the Shanghai
exhibition is an indoor exhibition and does not involve natural light interference, so is
excluded). We only measured the lighting and thermal environment inside the installation
during the Chongqing exhibition. As the latitude difference between Chongqing and
Shenzhen is nearly 6◦, the orientation and angle of the installation are different, and the
exhibition is also taking place in a different season, Chongqing is not the best place for
the presentation of the images in “Through the Wormhole”. However, it is still possible
to obtain a rough idea of its internal thermal and lighting environment through on-site
measured data and infer from this whether the architectural technical strategy of “Through
the Wormhole” is appropriate.

The color vocabulary of the “Through the Wormhole” video images originates from the
artist’s unique painting style. In order to reduce the difficulty of evaluation and focus on
core issues, changes in the color parameters of scene images are not within the scope of this
article. The “Through the Wormhole” art installation hereafter this text will be abbreviated as
“Wormhole”.

3. Materials and Methods
3.1. Methods

According to the as-built drawing, the “Wormhole” device was simulated and re-
constructed. First, the software simulation compared the device’s total solar irradiation
obtained on the days of the exhibition in Shenzhen and Chongqing (Figure 4a,b). We then compared
the available amount of direct sunlight entering the device in the afternoon at the two locations.
According to Equations (B1) and (B2) in Appendix 8 in the GB/T 3840-1991 technical
methods for making local emission standards of air pollutants [44], which are listed as
Equations (1) and (2) below, the solar declination angles and altitude angles in Shenzhen
on 12 May 2018 and in Chongqing on 7 April 2019 were calculated on an hour-by-hour
basis. The results show the maximum solar altitude angles (where the azimuth angle is
0◦, following the south-clockwise convention) at the two places on the days of the Shen-
zhen and Chongqing exhibitions were 85.38◦ and 66.93◦, respectively, as in Figure 4a,b.
Ecotect analysis software and Rhino Grasshhopper 7.0 Ladybug Tools 1.5.0 were used to
construct the thermal model of the scene on that day (Figure 4a,b). It was calculated that
the total solar irradiation on the day of the Chongqing exhibition was higher than that on
the day of the Shenzhen exhibition (Figure 5). Therefore, if the measured temperature in
the installation on the day of the Chongqing exhibition was within the acceptable range,
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we can generally assume that the thermal environment of the device was feasible. The
environmental temperature in the installation on the day of the Chongqing exhibition will
be measured over time in the following section.

δ = (0.006918 − 0.399912cosθ0 + 0.070257sinθ0 − 0.006758cos2θ0
+0.000907sin2θ0 − 0.002697cos3θ0
+0.001480sin3θ0)× 180/π

(1)

where:
θ0: 360 × dn/365 (in degrees);
δ: Solar declination angle (in degrees);
dn: Day of year, counting from 0.

h0 = sin−1(sinϕsinδ + cosϕcosδcosΩ) (2)

where:
h0: Solar altitude angle (in degrees);
ϕ: The latitude (in degrees);
Ω: The local hour angle (in degrees).
The calculations of solar azimuth angle from Zhang et al. [45] are shown below. The

local latitude and longitude are denoted as (ϕs, λs) and the subsolar point’s coordinates
are (ϕo, λo).

ϕs = δ, (3)

λs = −15 TGMT − 12 + Emin/60, (4)

Sx = cosϕssin(λs − λo), (5)

Sy = cosϕosinϕs − sinϕocosϕscos(λs − λo), (6)

Sz = sinϕosinϕs + cosϕocosϕscos(λs − λo) (7)

The solar azimuth angle γs following the south-clockwise convention is calculated as:

γs = atan2
(
−Sx,−Sy

)
(8)

From the shadow simulations, the installation in the Chongqing exhibition is placed at
an angle of 30◦ east of north (with the entrance orientation as the benchmark) and the solar
altitude angle is lower than that in Shenzhen. Therefore, more direct sunlight was obliquely
projected into the installation after noon, which led to overbrightness and a decrease in
the contrast of the background images on the inner screen, which is not conducive to the
presentation of the picture (Figure 4c,d).

The simulation and comparison results show that the light and thermal environments
of “Wormhole” on the day of the Chongqing exhibition were more unfavorable than those
for the Shenzhen exhibition. Therefore, the following can generally indicate whether the
“Wormhole” device that was designed for the Shenzhen exhibition is appropriate in terms of
its “local” technical strategy through the measurement and analysis of the sunlight and
thermal environment of the Chongqing exhibition.

3.2. Evaluation Indicators

The lighting environment inside the “Wormhole” installation consisted of natural light
and artificial light from LED screens. To obtain a good visual effect, in addition to the
sufficient brightness of the visual target, the luminance contrast should also be within the
appropriate range. The effect of daytime image presentation is closely related to natural
light control, whereas the effect of nighttime images depends mainly on the setting of
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white screen luminance of the LED outdoor grille screens (hereinafter referred to as “inner
screen”).
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2018 in Shenzhen and 7 April 2019 in Chongqing. (c,d) The corresponding shadow simulations.
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The post-construction evaluation of the lighting environment of the installation is
based on four elements, screen luminance, background luminance, luminance contrast, and
image clarity, as quantitative indicators. The screen glare is evaluated based on qualitative
indicators from the visitors’ intuitive feelings at the scene.

3.2.1. Recommended Standards for Inner Screen Luminance

The relevant provisions of the standards and guidelines for outdoor LED displays,
advertising, and signage lighting luminance limitations are shown in Table 1 [25,26,46–48].

Table 1. Maximum permitted values of average surface luminance [25,26,46–48].

No.
Standards and
Guidelines/
Corresponding Terms

Application
Conditions

Environmental Zones/
Sign or LED Display Screen
Luminance (cd/m2)

Note

1

CIE 234:2019
A Guide to Urban Lighting
Masterplanning [46].
6.4.5 Table 6

Sign
average
luminance

— E1 E2 E3 E4

CIE 234:2019 [46] 6.3 Table 4:
E1—Intrinsically dark; large parklands and
natural spaces
E2—Low district brightness; center of large
squares, small parks, some residential areas
E3—Medium district brightness; some
residential and small business areas
E4—High district brightness; city centers
and other busy commercial areas— 50 400 800 1000

2

GB/T 36101-2018
Evaluation requirements
for obtrusive light of LED
panels [47].
5.3 Table 2

Full-color
or
multi-color
display
screen

— E1 E2 E3 E4

E1–No lighting areas; forest parks,
observatory surroundings, nature reserves
E2—Low district brightness; residential
areas, hospitals, etc.
E3—General public areas
E4—City centers; business districts— 50 200 400 600

3

CIE 150:2017 Guide on the
Limitation of the Effects of
Obtrusive Light from
Outdoor Lighting
Installation [48].
3.6.5.5 Table 7

Sign
luminance

E0 E1 E2 E3 E4

E0—Intrinsically dark; UNESCO Starlight
Reserves, IDA Dark sky parks; major optical
observatories
E1—Dark; relatively uninhabited rural areas
E2—Low district brightness; sparsely
inhabited rural areas
E3—Medium district brightness;
well-inhabited rural and urban settlements
E4—High district brightness; town and city
centers and other commercial areas<0.1 50 400 800 1000

4

GB/T 35626-2017
Specification for limitation
to obtrusive light of
outdoor lighting [25].
5.7.2 Table 8

Full-color
LED
display or
media wall
surface

— E1 E2 E3 E4

E1—Intrinsically dark; national parks, nature
reserves
E2—Low district brightness; suburban
residential areas
E3—Medium district brightness; urban
residential areas, general public areas
E4—High district brightness; town and city
centers, business districts— — 200 400 600

5

JGJ/T 163-2008
Code for lighting design of
urban nightscape [26].
5.6 Table 5.6.2

Advertising
and Sign
lighting
areas,
S > 10 m2

— E1 E2 E3 E4

E1—Intrinsically dark; national parks, nature
reserves, observatory surroundings, etc.
E2—Low district brightness; industrial or
residential places in rural areas, etc.
E3—Medium district brightness;
well-inhabited rural and urban settlements
E4—High district brightness; town and city
centers and other commercial areas— — 150 300 400
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3.2.2. Recommended Standards for Inner Screen Luminance Contrast

The recommended value in Table 1 is the brightness limit of outdoor LED screens
under remote viewing at night. The current standard has no corresponding luminance
limit in the daytime [49]. The “Wormhole” video is broadcast from 12:00 a.m. to 10:00 p.m.
and is displayed day and night. As we all know, the background luminance of outdoor
screens during daytime and nighttime is very different. The background luminance formed
by natural light in the daytime can reach several thousand cd/m2, hundreds of times the
background luminance at night. In such a bright background, it is necessary to improve
the picture’s luminance significantly to meet the requirements of visual clarity. Therefore,
evaluating the effect of the “Wormhole” interior screens should not only consider the single
indicator of the visual luminance limit but also add the luminance contrast as an important
indicator to evaluate visual comfort. From the perspective of visual comfort, the luminance
contrast between the observed object and the background environment is not the same
for different countries and organizations. However, it is mainly concentrated in the range
between 2 and 10 [25,50–53] and recommended not to exceed 20 [25,54,55].

3.3. Formula and Assessment Methods

According to Table 1, the project only needs to measure whether the internal screen’s
overall luminance meets the maximum luminance limit requirements. However, the eval-
uation method in Table 1 only describes the average luminance of the two-dimensional
flat screens. When applied to three-dimensional and irregularly curved screens, its mea-
surement and calculation methods are too rough to accurately describe the luminance
distribution of various areas on those complexly shaped screens. Therefore, this paper di-
vides the irregularly curved screen into two parts. Based on the overall average luminance
Lo of the inner screen, two indicators, namely the regional average luminance Loi and the
local average luminance Loij, are added.

The inner screen of the installation was divided into three areas: the entrance, middle,
and exit of the “Wormhole”. Each area was subdivided into three parts: the left side,
the top, and the right side (Figure 6c). According to the principle of even distribution,
the measurement points were set by considering the visual trajectory of the visitor tour
(Figure 6d).

3.3.1. Average Luminance of Inner Screens

The average luminance of a part is measured by taking the average of various mea-
surement point values inside the part, denoted as Loij. The zonal average luminance Loi

and the entire average luminance Lo are calculated through Equations (9) and (10).

Lo =
1
3

3

∑
i=1

Loi (9)

where:
Lo: average luminance of all parts (entirety), cd/m2;
Loi: average luminance of the 3 parts (zone) in row i, cd/m2.

Loi =
1
3

3

∑
j=1

Loij (10)

where Loij is the average luminance of the inner screen on the part at row i, column j,
cd/m2.
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Figure 6. “Wormhole” measurement illustrations. (a,b) The relationship between the solar altitude
angle and time on the day of evaluation. (c,d) The division of screen areas and the distribution of
measuring points.

3.3.2. Average Background Luminance of Inner Screens

The average background luminance of a part is measured by taking the average value
of various measurement points at the gap of the inner screen parts, denoted as Lbij. The
zonal average background luminance Lbi and the entire average background luminance Lb
are calculated through Equations (11) and (12).

Lb =
1
3

3

∑
i=1

Lbi (11)

where:
Lb: average luminance of all parts (entirety), cd/m2;
Lbi: average luminance of the 3 parts (zone) in row i, cd/m2.

Lbi =
1
3

3

∑
j=1

Lbij (12)

where Lbij is the average luminance of the inner screen on the part at row i, column j,
cd/m2.
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3.3.3. Average Luminance Contrast

Partial average luminance contrast Cij, zonal average luminance contrast Ci, and entire
luminance contrast C are calculated through Equations (13)–(15):

C =
Lo − Lb

Lb
(13)

Ci =
Loi − Lbi

Lbi
(14)

Cij =
Loij − Lbij

Lbij
(15)

3.4. Measurement Method

During the Chongqing exhibition, to check whether the design of the “Wormhole” light
environment in non-extreme weather conforms to the original idea, its light environment
was measured. The measurement was conducted in the square in front of the Art Mu-
seum of Sichuan Fine Arts Institute on 7 April 2019, a sunny day with abundant direct
sunlight and intense solar radiation (Figure 7). In order to avoid the temperature in the
device being beyond the normal range influencing the visitors’ subjective evaluation of
the light environment, the measurement of the thermal environment and the subjective
evaluation of thermal comfort were carried out simultaneously. Six graduate architecture
and architectural optics students conducted random sampling interviews with the audience
in the daytime and at night. A total of 519 visitors were interviewed. The proportions of
interviewees under 18 years old, 19–59 years old, and over 60 years old were approximately
equal, and each age group consisted of a similar number of men and women. Among them,
304 visitors were selected in the daytime, where 285 valid samples were obtained, and
215 visitors were selected at night, where 202 of the samples were valid.

Buildings 2023, 13, x FOR PEER REVIEW 13 of 28 
 

Museum of Sichuan Fine Arts Institute on 7 April 2019, a sunny day with abundant direct 
sunlight and intense solar radiation (Figure 7). In order to avoid the temperature in the 
device being beyond the normal range influencing the visitors’ subjective evaluation of 
the light environment, the measurement of the thermal environment and the subjective 
evaluation of thermal comfort were carried out simultaneously. Six graduate architecture 
and architectural optics students conducted random sampling interviews with the audi-
ence in the daytime and at night. A total of 519 visitors were interviewed. The proportions 
of interviewees under 18 years old, 19–59 years old, and over 60 years old were approxi-
mately equal, and each age group consisted of a similar number of men and women. 
Among them, 304 visitors were selected in the daytime, where 285 valid samples were 
obtained, and 215 visitors were selected at night, where 202 of the samples were valid. 

 
Figure 7. “Wormhole” Location Analysis. 

The measurement equipment used was an SRC-2 handheld spectral luminance me-
ter, an Everfine BM-7 color luminance meter, an XYI-III full digital illuminance meter, and 
a HOBO U23 temperature and humidity meter. 

A 10° change in the solar altitude angle was taken as then measurement interval for 
measuring the surface brightness of the inner screen of the device. Since most of the visi-
tors came in the afternoon, the daytime test period started at 12:55 (time segment A), cor-
responding to the sun’s maximum altitude angle of 66.93° on the day, and ended at 18:38 
(time segment G). The night test period was 21:00–22:00. 

The luminance meter measures the surface brightness of the inner screen at fixed 
points. Each measuring point is continuously measured three times. 

The background luminance was measured by switching the image on the screen 
through the intelligent control system. It measured the background luminance formed at 
the gap of the inner screens when the natural light passed through the perforated alumi-
num plates with a black screen. A total of three consecutive measurements were taken at 
each measurement point. 

The air temperature inside and outside the installation was monitored simultane-
ously; the measurement height was 1.0 m (pedestrian height), and the measurements were 
stored automatically every 5 min. 

The temperature difference between the inside and the outside of the installation was 
calculated using time-by-time measurements. Subjective evaluation of the thermal com-
fort of the “Wormhole” according to the visitors was recorded through interviews. 

  

Figure 7. “Wormhole” Location Analysis.

The measurement equipment used was an SRC-2 handheld spectral luminance meter,
an Everfine BM-7 color luminance meter, an XYI-III full digital illuminance meter, and a
HOBO U23 temperature and humidity meter.

A 10◦ change in the solar altitude angle was taken as then measurement interval
for measuring the surface brightness of the inner screen of the device. Since most of the
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visitors came in the afternoon, the daytime test period started at 12:55 (time segment A),
corresponding to the sun’s maximum altitude angle of 66.93◦ on the day, and ended at
18:38 (time segment G). The night test period was 21:00–22:00.

The luminance meter measures the surface brightness of the inner screen at fixed
points. Each measuring point is continuously measured three times.

The background luminance was measured by switching the image on the screen
through the intelligent control system. It measured the background luminance formed at
the gap of the inner screens when the natural light passed through the perforated aluminum
plates with a black screen. A total of three consecutive measurements were taken at each
measurement point.

The air temperature inside and outside the installation was monitored simultaneously;
the measurement height was 1.0 m (pedestrian height), and the measurements were stored
automatically every 5 min.

The temperature difference between the inside and the outside of the installation was
calculated using time-by-time measurements. Subjective evaluation of the thermal comfort
of the “Wormhole” according to the visitors was recorded through interviews.

3.5. Light Environment Measurement Data

First, it is necessary to eliminate the impact of the thermal environment on the audi-
ence’s sense of experience. The measurement results of the thermal environment are as
follows: During the daytime, Ti < To. The temperature difference between the inside and
the outside of the installation was 3.7~4 ◦C during time segments A, B, and C, when the
outdoor temperature was the highest. As time passed, the outdoor temperature dropped
and the temperature inside and outside the installation converged gradually. The maximum
temperature inside the installation on the measurement day was 31.8 ◦C. A total of 519 visi-
tors were randomly selected for interviews on the thermal comfort inside the installation,
and 487 valid samples were obtained. A total of 94.7% of the respondents considered the
temperature inside the installation to be within an acceptable range (Figure 8). Therefore,
it can be considered that the respondents completed the subjective evaluation of the light
environment without being affected by an adverse thermal environment.
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Figure 8. Temperature graph for inside and outside of the installation.

3.5.1. Measurement Data of Luminance and Contrast

1. Daytime luminance of inner screens

The five guidelines and standards in Table 1 can be used for comparison. Their
suggestions on the maximum average brightness of outdoor LED screens are different and
are 1000 cd/m2, 600 cd/m2, 500 cd/m2, and 400 cd/m2. This paper will compare them one
by one.
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The entire average luminance Lo showed a general trend of decreasing over time,
with the maximum luminance appearing during time segment B. Lo did not exceed the
maximum limit of 1000 cd/m2 recommended by CIE 150:2017 [48], CIE234:2019 [46] in
Table 1 in all test time segments. Segments C–G meet the maximum limit of 600 cd/m2

set by GB/T 36101-2018 [47]; segments E–G meet the maximum limit of 400 cd/m2 set by
JGJ/T 163-2008 [26]. The average background luminance Lb showed a similar trend to Lo,
with the peak during the time segments A–C; the values for this period were in the range
315.86–490.38 cd/m2 (Figure 9).
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• The zonal average luminance Loi of the inner screen area did not exceed 1000 cd/m2.
The values did not exceed 600 cd/m2 in time segments D–G, whereas in the F and G
segments, the values met the most stringent requirement of 400 cd/m2 set by JGJ/T
163-2008 [26] (Figure 10);
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• Although both Lo and Loi met the requirements of CIE 150:2017 [48] and CIE234:2019 [46],
in terms of specific measurement parts, Loij at the entrance (Figure 11), middle
(Figure 12) and exit (Figure 13) varies widely.
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• Loij at the entrance’s top during segments B of “Wormhole” exceeded 1000 cd/m2

(Figure 11). Loij at the exit’s left and top of “Wormhole” also exceeded 1000 cd/m2

during segments A–C. The maximum values for Loij and Lbij appeared at the exit top
during segment B, reaching 1750 cd/m2 and 945.58 cd/m2, respectively (Figure 13),
indicating that the exit of the installation was too bright. The Loij of all parts in
“Wormhole” performed well within the limitation of 1000 cd/m2 (Figure 12).
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In this project, the background luminance of the LED screen is the direct + reflected
natural light luminance of each inner screen zone measured after turning off the artificial
light on the screen, which reflects the intensity of the natural light entering the device at
each time segment. Figure 10 shows that the background luminance formed by natural
light during the A–C segments was as high as 291.29~516.62 cd/m2.

2. Daytime Luminance Contrast of Inner Screens

According to Section 3.2.2, this paper takes 2 to 10 as the appropriate range for the
luminance contrast.

• The entire average luminance C falls between 1:2–1:10 in the time segments E–G. C is
lower during segments A–D, and within segments B and C, C < 1 (Figure 9), which is
a negative contrast, indicating the installation was more disturbed during these two
segments, resulting in less image clarity;

• The zonal average luminance Ci meets the requirements at the entrance of the “Worm-
hole” during segments F and G, at the middle of the “Wormhole” during segments E
and F, and at the exit of the “Wormhole” during segments A and G (Figure 10). Ci in
the middle of the “Wormhole” is relatively higher;

• The change in Cij by time is more dramatic, with negative contrast during certain time
segments and high contrast during segments F and G. There are four positions where
>10, three of them are in the middle of the “Wormhole”, and one is at the entrance. The
maximum value for Cij reaches 22.44 (Figure 12).

Overall, as time passes and less natural light enters the “Wormhole”, the contrast rises
and the picture becomes clearer; however, the partially excessive contrast reduces visual
comfort.

3. Nighttime Luminance of Inner Screens

The surrounding luminance at night is only 4 cd/m2, which is negligible compared
with the screen luminance. At this time, the measured luminance of the inner screen is the
average luminance corresponding to the content of the screen. Since there is no natural
light on the inner screen at night, only Lo and Loi need to be calculated.

It is calculated that Lo is 138.7 cd/m2 and the Loi value at each position is: 196.4 cd/m2

at the entrance of the “Wormhole”, 131.88 cd/m2 in the middle of the “Wormhole”, and
87.7 cd/m2 at the exit of the “Wormhole”.
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3.5.2. Subjective Evaluation of Visitors

During the thermal comfort satisfaction interview with the visitors, we also completed
the interview with question on the brightness, contrast, glare, picture definition, overall
visual comfort, and preferences when taking photos. According to the interview results,
the satisfaction of the five indicators in the daytime exceeded 80%, and 86.8% of the
visitors were satisfied with the overall visual comfort of the device. However, 11.9% of the
audience believed that the brightness of the light environment was too dark, 14.1% thought
that the contrast was too low, 14.7% thought that the clarity of the picture in some time
segments was not enough, and 18.3% thought that the glare generated had an impact on
the immersive experience.

The satisfaction of the night audience with the picture definition increased by 2.1%
compared with that in the daytime. However, the number of people who believed that
glare affects immersive experience increased by 3.9% and the number of people who felt
intense glare increased by 4.6%. However, the audience’s dissatisfaction with glare does
not affect the evaluation of the overall visual comfort. Compared with the daytime, the
satisfaction of the overall visual comfort evaluation at night increased by 2.6 percentage
points.

Regarding behavior preference, 73.1% of the audience preferred high-brightness pic-
tures when taking photos.

Figures 14 and 15 conclude the interview results.
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Although the results of the interviews showed that glare had a certain impact on the
immersive experience, it was observed that the dynamic images with high luminance and
partial glare were the most popular among the visitors. The artist designed several images
changing from low luminance to high luminance instantaneously. When gazing at the
screen, one can feel the obvious glare. However, instead of avoiding such images, the
visitors actively interacted with them, looking for the best angle for photos and short videos.
This “brightness-chasing” behavior of the visitors seems to contradict the recommendations
for screen luminance limitations and appropriate contrast ratios discussed above, as the
flickering and dramatic dynamic images with high brightness and high saturation greatly
aroused the visitors’ emotions.

4. Results
4.1. Analysis of Measured Data

• The daytime entire average luminance Lo meets the maximum luminance limitation
for outdoor screens recommended by CIE 150:2017 [48] and CIE 234:2019 [46];

• Loi and Lbi are composed of artificial light + reflected light from the floor and direct
natural light + reflected light from the floor, respectively. Lbi in each installation area
during segment G in the evening, when natural light is weak, is only 3.96~9.98%
of that during segment B in the afternoon, when light is strong. Loi of the former
is only 26.34~39.55% of the latter when the artificial light is exactly the same. This
demonstrates that the contribution of natural light to the average daytime screen
luminance is much greater than that of artificial light;

• Before segment E in the afternoon, the contrast of the inner screen was low due
to excessive natural light entering the “Wormhole” and having a negative impact
on the clarity of the screen; after segment E, the contrast increased and the image
clarity improved, whereas the contrast became too high in some parts in the evening.
Therefore, the Chongqing exhibition is not the best place for displaying the installation
in terms of the physical “site-specific” properties;

• Compared with segment B, when daytime Loi was the highest, the nighttime Loi values
at the entrance, the middle, and the exit of the “Wormhole” were 23.44%, 14.98%, and
14.15%, respectively. Nevertheless, these areas are quite popular among professional
photographers due to nighttime images’ high contrast and sound clarity;

• The higher the outdoor temperature, the greater the temperature difference between
the inside and outside of the installation. This indicates that the ventilation and heat
dissipation of the installation is good and that the perforation rate of the outer skin
meets the requirements of thermal engineering and heat dissipation.

4.2. Subjective Evaluation Results

From the perspective of visual safety, adult viewers mostly took photos and short
videos as the main interactive means of spreading the immersive art, where the image
became the background of their filming rather than the object of their gaze. As a result,
most adult viewers did not experience significant discomfort from the high-brightness,
glare-laden images, whereas children were happy to walk back and forth, play, and linger
in “Wormhole” and they stared at the images directly for a longer time. It was observed
that when high-brightness images appeared, children’s eyes would automatically avoid the
glare rather than gazing at the images for a long time due to the self-protection mechanisms
of the human eye. Nevertheless, providing goggles to shield the glare for viewers who stay
in the “Wormhole” for a long time is a safer and more reliable option.

4.3. On-Site Evaluation Results

• The natural light control design strategy of the installation is generally feasible. Be-
cause of the difference in the solar altitude angle and the orientation of the exhibition
site, too much direct sunlight entered the device during some hours of the Chongqing
exhibition, which interfered with the image and made the image presentation less clear
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than during the Shenzhen exhibition. However, combining the on-site experience,
photo comparison, and the field data of the Chongqing exhibition, we can roughly
assume that the natural light control design of “Wormhole” is basically in line with the
light control requirements of the Shenzhen exhibition;

• The settings of day and night white screen luminance in the installation are generally
reasonable. Low contrast in some daytime hours does not originate from the white
screen luminance or the screen luminance being too low but from the background
lighting consisting of natural light being too strong;

• The ventilation and heat dissipation measures of the installation are practically feasible.
A 38% surface perforation rate + 30 cm heat dissipation cavity treatment was suitable
for both the Shenzhen exhibition and the Chongqing exhibition, where the surface
heat gain was higher (extreme weather is not under consideration here).

In terms of the recommended maximum luminance limitations for the screen inside
the device during the day and at night: on bright backgrounds during the day, the max-
imum limit of the inner screen luminance can be 1000 cd/m2 without further increase,
whereas the maximum limitation at night can be significantly reduced and controlled within
200 cd/m2.

5. Discussion
5.1. The Necessity of High Contrast and Strong Luminance Gradient in the AINMPAI
Light Environment

One of the revolutions triggered by Internet technology is grassroots media em-
powerment. The subject of communication has evolved from elitism to popularization.
Specifically, in the field of image production and communication, this evolution is charac-
terized by the fact that anyone with a cell phone can produce images freely and in line with
their values that can be distributed instantaneously on a large scale through the virtual
space on the Internet [56]; accordingly, viewers can obtain a great sense of participation,
identity, and satisfaction [57]. In such a context, the pursuit for simple, direct, shocking,
and instantaneous communication effects has, to a certain extent, dissolved the need to
probe for the content, depth, and meaning of the works. Viewers are more concerned about
attractive images. Although low brightness and low contrast images are more visually
comfortable, they are not good photography subjects due to the lack of visual tension.

In terms of immersion and media communication, the results of the post-construction
evaluation and interviews further demonstrate that high tension and dramatic effects need
to be based on high contrast and strong luminance gradients. From the evaluation results,
the audience was satisfied with the design of the lighting environment of “Wormhole”.
Unlike the method of viewing works on the “long-term gaze” shelf in art galleries, the
audience’s experience of light installations is phased and transient. Therefore, considering
the self-protection mechanism of the human eye and based on the principle of artistic effect
and communication priority, it is suggested that the brightness of a few pictures in the
immersive new media device in the daytime can be allowed to reach the upper limit of the
E4 area in CIE 150: 2017 [48] and CIE234: 2019, that is 1000 cd/m2; however, the frequency
and duration need to be controlled.

5.2. The Effects of Observation Position and Background Luminance on Psychophysical Quantity
and Perception of True Brightness

As an art form that has only emerged in recent years, the research on the comfort
and safety of architecturalized immersive new media public art installation (AINMPAI)
light environments has yet to be completed. As mentioned above, the only lighting design
standards available for reference are outdoor night signs, LED advertising screens, LED
media wall luminance limit standards, etc. [25,26,46,47]. However, even in evaluating the
glare and comfort of night outdoor advertising screens or LED media walls, these standards
differ from observers’ subjective feelings [21,24]. Due to the diversity of observation points,
it is difficult to cover the glare felt by observers in multiple directions. Therefore, researchers
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have been improving and revising the evaluation and measurement methods [58]. For
example, Feng and Hao [24] believe that the average luminance and luminance contrast
do not accurately represent the real perceptions of the human eye in the actual scene.
He proposed that the evaluation method based on brightness [59] could more accurately
describe the real feelings of the human eye on the vertical scene of non-uniform luminous
media. Ma et al. [21] proposed a method to measure the average luminance value for the
dynamic pictures of LED media screens. By testing multiple pictures, the average luminance
value of the brightest area in the brightest picture is taken as the average luminance value
of the screen surface, and each test area should contain at least 16 pixels. CIE and other
international organizations also continuously optimize interference light measurement and
evaluation methods, such as outdoor LED advertising screens and LED media walls at
night [60].

Compared with the outdoor LED screen and LED video wall, the light environment
of the AINMPAI is more complex: the artificial light in the daytime superimposes the
dynamically changing natural light, the observer has a close viewing distance, the angle of
view changes considerably, the LED screen shape is more diverse and complex, and the
appropriate luminance difference between the daytime and nighttime screens is signifi-
cant. All these factors mean that the measurement and evaluation of the AINMPAI light
environment cannot simply apply the existing standards.

From the experimental results of this paper, the overall average luminance index of
the screen used in the five standards listed in Table 1 is only partially applicable to the eval-
uation of the light environment of the AINMPAI. According to the inverse distance square
law [50], when viewing the screen, the vertical eye illumination is inversely proportional
to the viewing distance. The illuminance of the eye position is also positively correlated
with the proportion of luminous objects in the observer’s field of vision [61]. Therefore,
if only the illumination of the eye position is considered, the screen luminance should be
reduced when viewing closely. However, in part of the day, strong natural light increases
the luminance of the interior screen background and dramatically reduces the picture’s
contrast. Suppose the picture’s luminance is reduced only by the illumination of the eye
position. In that case, it will reduce the clarity of the picture, weaken the visual impact,
and affect the artistic expression of the work. In addition, the same target luminance has
different psychophysical quantities under different luminance backgrounds. According to
Stevens’ law [62], the psychophysical magnitude ψ is a power function of the luminance L.

ψ = k(L − L0)
β (16)

where ψ is the psychophysical magnitude perceived by the observer from the luminance
stimulus L, provided under given viewing conditions, k and β are constants depending on
viewing conditions, and L0 is the threshold value.

When the ambient background luminance increases, the value of k decreases and
ψ increases slightly, whereas the target threshold L0 becomes very large. According to
this principle, the screen luminance limit should not be reduced in the daytime. At night,
there is no natural light interference, the background luminance is extremely low, and the
picture’s contrast is increased. At this time, the distance factor and Stevens’ law should be
fully considered and the screen luminance limit should be reduced based on the existing
standards to improve the visual comfort of visitors while ensuring the artistic effect [63].

5.3. The Effect of Positive Spatial Impressions Brought by Geometric Light Spots on Improving
Glare Tolerance

In addition, the improvement in the sense of pleasure and visual interest caused by
the presence of natural light in the AINMPAI affecting the glare tolerance of visitors may,
from another perspective, explain why the subjective satisfaction of subjects is still high
under the conditions of high luminance background and noticeable glare.

Chamiothori et al. used virtual reality technology to study the impact of building
facade geometry and daylight mode on people’s spatial impressions (sense of pleasure and
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visual interest) and physiological responses (skin conductance, heart rate, and heart rate
variability) [64]. They also studied the impact of sky type, spatial environment, and latitude
on participants’ responses [65]. The results show that the geometric solar spot generated
by irregular windows and sunshade patterns can bring users a more positive spatial
impression, enhance their sense of pleasure and visual interest [64,66], and even affect their
physiological response, such as heart rate [64]. Among them, medium-high complexity
patterns can better enhance visual interest and positively impact the subjective perception
of spatial luminance [65]. In this paper, the skin of the “Wormhole” is an irregular opening,
similar to the medium-high complexity irregular geometric pattern in the experiments of
Chamilothori and others.

Regarding the correlation between the daylight opening size and the glare evaluation
index, Boubekri et al. conducted a subjective evaluation of the glare generated by four
windows with window–wall ratios of 10%, 20%, 40%, and 60% [67]. They compared the
evaluation results with the values calculated by the glare formula. The results show that
the calculated glare value for the four windows exceeded the glare tolerance zone. With the
full exposure of the window to sunlight radiation and the very bright sky, the subjective
evaluation value of glare only exceeds the glare tolerance zone when the window–wall
ratio is between 40% and 55%. When the window–wall ratio is greater than 60%, the
subjective evaluation value of glare will decrease. In other words, the user’s subjective
evaluation value for glare is far lower than the calculated value using the glare formula.
Hopkinson [68] and Lam W M C [69] think that visual discomfort and high gloss levels in
the presence of sunlight may conflict with the cheerful and positive psychological effects
of sunlight. However, these effects could offset, to a degree, glare discomfort. Boubekri
also pointed out that the possible checking and simple effects caused by the presence of
sunlight could also have increased glare tolerance. The glare formula is more suitable for
glare calculation in an artificial light environment than in a natural light environment [67].
The “window-wall ratio” of the “Wormhole” is 38%, which explains why the audience’s
subjective evaluation of glare in the “insight” light environment is within the tolerable
range.

Through a comparison with the experimental results of the above documents, we
believe that for “architectural” AINMPAIs, such as “Wormhole”, natural light is an essential
footnote to its “localization” characteristic. Natural light penetrates the irregular openings
on the device’s surface to create the background for the immersive picture and give the
audience a richer space experience. Due to the excellent tolerance of the human eye, the
sense of pleasure brought by sunlight may significantly enhance the audience’s tolerance
to glare. Of course, there still needs to be more in-depth studies of the audience’s glare
tolerance changes after the superposition of dynamic pictures and natural light. In the
future, more rigorous and detailed research is needed to explore the mechanisms. The
research of this paper is only the beginning.

5.4. Improvement Measures

1. Improvement measures. If the installation is to be redesigned for the Chongqing
exhibition, the form should be further adjusted to block direct sunlight more effec-
tively and improve the luminance contrast. The perforation rate and the diameter
of the holes at the top can be reduced, especially at the entrance and the exit of the
“Wormhole”, to reduce the background light entering the area and enhance the clarity
of the visual gaze at the center of the picture. The perforation rate in the lower part of
the installation should be increased to some extent or the diameter of the holes should
be increased to make up for the negative impact on heat dissipation caused by the
reduced perforation rate at the top;

2. Limitations in measurement methods. Since this installation was removed after the
exhibition tour, the actual measurement and verification of the lighting, thermal, and
acoustic environments on typical weather days throughout the year at the original
site (Shenzhen) could not be carried out, which is a significant pity for this paper. In
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addition, due to the limited field test conditions, the intelligent control system failed to
select three typical brightness pictures, namely bright, medium, and dark, to measure
and calculate the internal screen light environment parameters under the static picture
or to divide the brightest area under the dynamic picture state and measure the
parameters [21]. Hence, the conclusions needed to be more rigorous. Given this,
this paper does not provide a more in-depth description of the data obtained. It
only provides a rough parameter range for designing such installations’ lighting and
thermal environment;

3. Shortcomings in evaluation methods. Due to the limitations of time and experimental
cost, this paper only completed the physical measurement, standard comparison,
and subjective evaluation of glare and comfort of the “Wormhole” light environment
and we have not carried out a quantitative analysis of the relationship between the
psychological, physical quantity of the observer and the appropriate luminance under
different background luminance and different colors of the picture or explored its
threshold range. This work needs a series of experiments and more in-depth research
to support it.

6. Conclusions

By January 2021, the number of social media users worldwide has reached 4.2 billion,
an annual increase of more than 13%. The number of social media users is equivalent
to more than 53% of the world’s total population; China currently has 931 million social
media users [70]. Social media has significantly changed the way public art is presented
and disseminated. The immersive experience provided by an AINMPAI satisfies people’s
instinctive tendency for novel and complex feelings and experiences in the form of fresh
content. It satisfies the audience’s instinctive tendency for novel and complex emotions
and experiences in the form of new content [71,72]. The audience uses social media as a
powerful tool to enhance self-esteem [73–76]; they display pictures and short videos of the
art scene to obtain self-satisfaction and praise from others [76]. The AINMPAI has also
become a mobile “temporary city icon” [77] that can be used as a tool to improve the city’s
image and make the city space attractive in the context of intensified urban competition.

The new way of viewing and communicating puts forward higher requirements for
designing an AINMPAI’s light environment. The designer should take into account the
needs of the audience for taking photographs and viewing at the same time. Providing a
high-quality background for taking photographs and good visual comfort is also essential.

Although direct sunlight is often regarded as the source of visual discomfort, more
and more evidence shows that the sunlight mode is not only accepted but also expected
by users [78,79]. The pleasure brought by sunlight and the improvement in the audience’s
overall luminance and glare tolerance in the AINMPAI’s light environment is very worthy
of study.

From the perspective of a measurement method, the measurement partition of the
immersion LED screen should be further refined. According to the specific shape of the
LED screen, the measuring area should be divided to measure and evaluate each part. This
paper provides a partition and measurement method for the AINMPAI’s specially shaped
curved screen, but the spatial combination and shape of the immersion LED screen are
vibrant. What principles should be followed to partition and measure the layout of the
points still needs more experimental data and research.

From the perspective of evaluation methods, under the immersive viewing mode,
the particularity of the audience’s visual gaze behavior, as well as the adaptability of the
human eye to brightness [80] and good tolerance [67,81] under the psychological anchoring
effect [82], means that evaluating the AINMPAI’s light environment has an additional
evaluation dimension compared with outdoor LED screens and LED media: the audience’s
behavior mode and visual psychology will directly affect the evaluation of the physical
evaluation index of the light environment [83,84]. The evaluations go beyond our previous
experience in light environment assessment has become a new challenge, and the lack of
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experimental data makes this work progress slowly. For the evaluation of an AINMPAI’s
light environment, it is not enough to only improve the physical evaluation method. It
is also necessary to explore how behavioral psychology and visual psychology affect
the physical indicators of the light environment, explore its mechanisms, and establish a
corresponding comprehensive evaluation method.

Today, when the integration of contemporary art and technology has become a trend,
art + technology should not merely remain at the level of “seeking technological novelty”
but should, as curator Zhenqing Gu said in the Future Science Exhibition, “let scientists
and artists cross the boundaries of their fields and come together on the underlying logic
of creativity and aesthetic roots. Together, they can stimulate and collaborate and create
a catalyst effect in cross-border discussions, thus giving rise to intellectual experiments
and cognitive upgrades, generating a fusion effect in the higher dimension of knowledge
production” [85].

In the context of new media art, the intricate interplay of disciplines poses constant
learning challenges to the artists, as it requires a continuous acquisition and reconfiguration
of knowledge [86]. Rapidly iterating and comprehensive social needs have made it difficult
for traditional disciplines such as art, architecture, and communication to confront the
complex cognitive and operational object of “public art in urban space” on their own. The
integration of disciplinary resources and interdisciplinary cooperation has made “archi-
tectonics” a vital part of the composition of contemporary public art [87], and various
new media installations with architectural features have gradually become a new form of
public art. The subjective and objective evaluations of such works after their completion,
in-depth exploration of the underlying logic of visual culture and consumer society, studies
about the visual physiological and psychological mechanisms of how viewers filter and
actively capture the visual information generated by these works, and exploration, as well
as utilization of the adaptation of the human eye to light intensity and self-protection
mechanisms, reflect the unique depth and breadth of architecture’s involvement in urban
public art. Only through a comprehensive and multi-dimensional exploration can the
cooperation between artists, architects, and technical experts generate outcomes that are
greater than the sum of the parts.

This paper is not a paper on architectural lighting in the traditional sense. Although
limited by conditions, this paper has only completed the partial improvement of the
measurement method of the AINMPAI light environment and the preliminary suggestions
for the screen luminance limit. However, through the work of this paper, we hope to
arouse researchers’ attention to the AINMPAI light environment and promote the reference
of multidisciplinary theories, such as visual optics, behavioral science, psychology, and
communication science, and the comprehensive application of interdisciplinary research
methods to meet the audience’s demand for the artistic appeal of the AINMPAI light
environment according to the requirements of visitor’s health, safety, communication, and
other aspects. The study provides a reference for the future development of AINMPAI
lighting environment safety standards.

7. Patents

Yan, Y. Utility model patent: A kind of immersive media player. ZL 2018 2 1206428.1.
China National Intellectual Property Administration. 25 January 2019.

Yan, Y.; Zhong, B. Design patent: Immersive media player. ZL 2018 3 0411751.1. China
National Intellectual Property Administration. 9 August 2019.
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