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ABSTRACT

With the development of architectural technology, the wide use of floor-to-ceiling windows
emerged. The ensuing problem is that more and more students and office workers are
suffering from direct sunlight while working at specific areas. Based on the pain points of
the working process, this study designs a portable product for improving light and heat
comfort through field research and environment simulation. It provides a new personalized
design for blocking direct sunlight from working area by using the form of a portable and
liftable sunshade curtain, which allows the users to control the height and angle of sunshade
curtain through mobile phone application. It can also adjust itself according to environment
parameters collected by sensors to block sunlight for certain areas. The study aims to provide
solutions to indoor thermal comfort and suggestions for future indoor householding design.

Keywords: Thermal comfort, product design, interaction design, user research, living
environment improvement
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INTRODUCTION

It is a well-known fact that thermal comfort is a subjective evaluation of satisfaction with the
surrounding environment. According to ASHRAE-55, thermal comfort has been defined as
the condition of mind which illustrates satisfaction with the thermal environment, and
thermal sensation is related to heat balance between the human body and its ambient thermal
condition. Nowadays, people are increasingly moving to pursuing satisfaction, especially
satisfaction with the environment. Therefore, it is of practical significance to improve the
ambient thermal and light condition (Alwetaishi et al., 2021).At present, a lot of traditional
urban buildings such as libraries are using full-transparent floor-to-ceiling windows which
allow people observing from both inside and outside. While ensuring the beauty of the
building, the indoor environment is relatively less considered of light and heat comfort.
Individuals are more likely to suffer from extra heat and glare (Liu et al., 2020).

The mostly used existing solutions to light and heat improvement are curtains and louvers.
These two designs are providing reliable performance in shading external sunlight (Palmero-
Marrero and Oliveira, 2010). Still, two shortcomings of these two kinds of fixed shading
devices can be found (Lee et al., 2016). One is that both the louver and the traditional curtains
can hardly meet the aesthetic needs of external observation of the building. These two kinds
of device are hanged to the wall. They cause the look from outside of the building to be a
mess. The other shortcoming is that most of these fixed sunshade curtains are impossible to
move (Koc¢ and Macka Kalfa, 2021). These two kinds of fixed curtains make it difficult to
adjust for specific areas after the installation is completed (Xue et al., 2020).

RESEARCH PROCEDURE

We specifically choose the library in Shanghai Jiao Tong University as the research scene,
as it’s the mostly used area in the university. The library contains many floor-to-ceiling
windows and lack efficient shading devices. A questionnaire focused on occupants’ personal
attitudes towards thermal comfort was distributed in the library to collect subjective data.
The questionnaire used in the investigation is shown in Figure 1. A total of 239 samples were
obtained in the field survey.
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Library Indoor Thermal Comfort Questionnaire 7. (Only for students near the window) The main reasans why you choose a window seat are:
whether by the window: yes/no A Good natural light conditions
whether direct sunlight : yesino B. Beautiful scenery
gender: Male/Female C. There is a power outlet
D. No other seats.
S. Please sort the reasons for your seat selection EOther________

A Power B, Lighting C. Landscape D. Quiet . Others

Please use alphabetical order: Envirenmental perception
1. The light and shade of the desktop lighting you are currently reading is:

6. When the seat you want to choose s directly exposed to the sun, what choice will you make? [Verydank(3) [ dan(-3) | dim(-1) | nevtrallC) | brighti+1) | dazsling(+2) | Very damling+3) |

(Multiple choice) 2. Your current hot and cold feeling:

A Find another location coid(:3) [ cooll-2) | siightly cool(-1) | neutrai(0) | siightly warm(+1) [ warm(+2) | hotf+3)

8. Stay i this position because the sun will not affect me 3. How satisfied are you with the light enviranment of your current location

. Stay i this position because | have sunshade means {such as playing an umbrella, etc.) [verydissatisfied T dissatisfied neutral [ satisfied Very satisfied

0. Stay in that location because only these locations have sockets 4. How satisfied are you with the thermal environment of your current location:

E. Stay in that position because you want to be close to the window Very dissatisfied dissatisfied neutral [ satisfied Very satisfied

F. Other, 5. Taken together, your overall comfort is:
[[Very uncomfortable | uncomfortable | neutral [comfortable | Very comfortable

Figure 1. Thermal and light comfort questionnaire sued in the study

Analysis of the research data

Because the major objective of this research is to assess the influence of direct sunlight and
the interviewees’ opinions on both light and heat environment of the library, we summarized
their locations in the library. By analyzing whether their locations are near the windows or
exist direct sunlight, we may reach more precise conclusions in subsequent analyses (Fig. 2).
It shows that the number of interviewees choosing to stay by the window (111) is slightly
lower than the number of interviewees choosing not to stay by the window (128). Figure
shows that the number of interviewees choosing to stay somewhere without direct sunlight
is nearly twice as much as the number of interviewees choosing to stay somewhere with
direct sunlight.
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Figure 2. An overview of the basic information: (a) whether by window (b) whether with direct
sunlight
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As is shown in figure 3(a), the data of interviewees’ feelings on the thermal comfort and their
feelings on the thermal environmental satisfaction is collected. According to the data
collected, interviewees' feelings about the library's environment are mainly warm, and more
than two thirds of them are satisfied with the present environment. Still, dissatisfied cases
exist, considering the environment being too hot or cold.

In figure 3(b), the data of light and dark feel of the interviewees and the light environmental
satisfaction is listed. Generally, interviewees feel bright about the library's light environment,
more than half of the interviewees think that the library light environment is satisfying, but
there are still some interviewees thinking that the library light environment is too dark or
harsh, and they are not satisfied with the current light environment. In addition to different
individual feelings of differences, the main reason is speculated that the main impact is the
different seats of the light environment is inconsistent.

hot and cold feel Thermal environmental satisfaction
Frequenc | Effective | Cumulative Effective | Cumulat
Cold 1 0.4 04 04 Very | T T
Cool | 4 | 17 I 17 21 dissatisfie 2 0.8 0.8 0.8
. . : . d
Slightly cool 18 75 75 96 .
| 1 | dissatisfie
Neuwal | 115 48.1 481 57.7 d 5 4 21 29
" I ! ! ! ! | ]
@ S‘::g:ln'y 69 289 289 866 all Neutral 66 276 276 305
wam | 26 | 08 | 103 975 Saisfied | 143 | 598 | 598 904
Hot | 6 | 25 | 25 100 Very
ot cativhed 23 96 96 100
all 239 100 100 t t 1
| 1 1 all 239 100 100
(a)
_ Lignt and dark fee) ) | Light environmental satisfaction
Effective | Cumulative :
fmquency pememage‘ percentage | percentage | Effective | Cumulative
dak 1 o4 | 04 . 04 frequency |percentage || te | entage
Dim 7 29 29 34 | | !
Neural | 79 | 331 332 w6 | dissatisfied| 14 59 59 59
. Bright 121 50.6 508 874 1 T
effective Neutral 62 259 259 318
Dazing | 27 13 13 987 | e | |
Very | [ I | ive | Salisfied 137 57.3 57.3 89.1
daziing 3 13 13 100 efiective
A 238 9.6 100 e |2 109 109 100
Loss -1 1 04 t +
] 5% 1T 100 T all 239 100 100

Figure 3. An overview of the basic information: (a) hot and cold feel (b) thermal environmental
satisfaction

For library readers, the current light and thermal environment of the library is generally
warm and bright, and the overall satisfaction of the reader experience is relatively high.
However, the data reflects that some readers still have poor experience under the current
situation of the library.

The problem of direct sunlight has caused a serious negative impact on the reader’s
experience, which is mainly reflected in the light and heat environment. Direct sunlight can
cause glare, reflections on the computer screen, high ambient temperature, and many other
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light and thermal uncomfortable conditions. These are the current library main problems in
the photothermal environment. In addition to the objective conditions such as direct
sunlight and regional environmental differences, the individual conditions of different
readers, such as studying habits, personal wear, and subjective feelings also affect the
overall comfort of the final photothermal environment.

DESIGN DEVELOPMENT

Based on the pain points concluded from the research, this study proposed a smart design of
a portable sunshade for improving light and heat comfort, thus constructing a sun responsive
shading system. The final design includes two parts: the portable sunshade and the APP to
provide corresponding services.

Design of product

The product uses a customized shell as main part. The photosensitive sensor, temperature
and humidity sensor, and total solar radiation intensity sensor are integrated in the 3D printed
shell of the lifting part, and they are connected to the single-chip microcomputer. The
sunshade curtain is rolled up and hidden inside the main part while not activated, thus making
the product a portable size. The sunshade curtain can be controlled to lift. The user uses the
corresponding APP to control the height of the curtain. The design can automatically change
the lifted height of the sunshade curtain according to environment parameters collected by
sensors built inside the device to keep a specific area covered from direct sunlight. In case
the users have personal needs, this auto mode can be switched on or off on the mobile phone
application. The product and the mobile phone application work together to implement
information collection and display. When a relatively large number of this product are used
in a specific area, like a library, sensors in them can collect the data of environmental
parameters such as temperature and humidity and publish them on the application, allowing
users to be informed of the latest information of the building environment.

Figure 4. Product usage scenario
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Design of APP

The APP is designed to control the product and inform users of environment information.

Based on the expectations of the design, we proposed a smart design of portable sunshade.
First, users can register an account in the initial page. We provide two methods for registering.
Users can use their school accounts or telephone numbers to register. After registering, the
location of user will be shown on the map of the area where the SUNSHADE is available.
Sliding the bottom from below, the detail information of the environmental parameters and
users’ distribution are shown, including the current humidity, temperature, carbon dioxide
concentration and particulate matter 2.5 concentration.
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Figure 5. Using interface

If the user has decided to use one of the SUNSHADE devices, he or she can choose either to
scan the QR code on the device or to enter the number of the device on the application to
unlock the SUNSHADE device. After successfully unlocking one of these devices, the
controlling interface shows the device information, which includes the number and location.
Considering the light and heat environment in different areas has significant variation and
different individual has various personal feelings upon the environment, a specific function
is designed. The users can choose from auto adjustments and manual adjustments. When
choosing the auto follow mode, the SUNSHADE will adjust the height of sunshade curtain
itself, keeping its user shaded. If the user has other personal needs, he or she can turn on the
manual adjustment mode, which allows them to choose from the range of completely closed
to completely open by sliding a slide block. If the users find any problem of the device, such
as mechanical malfunctions, they can use the report button at the top right corner to report
their feedback. There will be staff working on the feedback.
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Figure 6. Controlling interface

CONCLUSIONS

Based on the existing thermal and light environment, this study conducts research on the
library users and analyzed the data. Through the pain points concluded from the data, this
study proposes a portable design of a product for improving light and heat comfort and a
corresponding mobile phone application. The study aims to provide solutions to indoor
thermal comfort and suggestions for future indoor householding design. In the future, it is
hoped that the concept of portable intelligent sunshade device can serve a larger user group
and help everyone improve thermal and light feeling.
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