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uring the summer vacation, as the SC+ project gradually 
entered the stage of data analysis and application, the project 
team also began to examine the conditions and limitations of 

sensor data from the concept of data quality control and 
classification. We continued to develop calibration models between 
micro-sensors and professional instruments, so as to consider how 
the sensor data of different calibration levels can be linked to 
environmental issues of public concern. In addition, the urban climate 
is considered to be an important factor affecting the health, comfort, 
economy and social behavior of the residents. "Entering the 
community and promoting action" has always been the core goal of 
the SC+ project; After many collaborative experiences with the 
university village office, the project team also expects to gradually 
extend the micro-sensing network on campus to include the 
surrounding communities. In addition to helping residents grasp the 
characteristics and trends of their environment, it is also hoped that 

through the collaboration of the academic and research team, the 
climate resilience of the community will be improved. 

The SC+ project team, along with the concerted efforts of multiple 
parties, is efficiently progressing towards the set goals. However, as 
the deployment of the sensing network has reached completion, the 
focus of the team’s work will gradually shift from hardware 
development to system construction and service development, 
hoping to establish a dialogue link between sensing data and 
stakeholders, and thereby facilitate an expansion in climate action. 
The project team also held a consensus meeting for this purpose, 
using a brainstorming format to allow team members to put forth their 
needs and visions for the future system, think about the display, 
management and application aspects of sensing data, and conserving 
enough energy for dialogue with stakeholders in society. 
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Comparative Experiments 
between NTU4AQ, MAPS6 

and Davis
As the project progresses, more and more sensors are scattered 
throughout the campus. If you want to integrate a wide range of 
topics (such as: What is the temperature difference between 
indoors and outdoors? What is the temperature difference 
between universities and NTU?), it is necessary to compare 
measured values obtained across different machines, in addition 
to comparing values from those that are the same. Therefore, 
taking advantage of the summer break, we set up three different 
machines (NTU4AQ, MAPS6 and Davis) in the same 
environment (because of waterproofing challenges, an indoor 
environment was used), and we compared the differences 
across their measured values. Using the DAVIS measuring 
station with high time resolution as the true value, the data of 
NTU4AQ and MAPS6 were comparatively analyzed and 
calibration techniques with Davis were considered. 

08/11 Adjustments to the Position of 
the Sensor in University village
Since the previous cooperative effort on the proposal for a low-
carbon community, the superintendent of University village 
now has a better understanding of the goals and direction of the 
SC+ project overall. This time, just as the sensor was being 
rolled out, the project team suggested to the chief to change the 
position of the sensor in order to prevent the air conditioning 
exhaust from escaping and affecting the temperature data. The 
superintendent also paid great attention to the quality of the 
data, so she contributed the main landscape wall and created a 
project slogan: “create a breathing community.” The 
Superintendent has extensive policy experience and is familiar 
with how to create community, and from her perspective, it is 
vital that we consider the value of comfort issues that affect a 
community. Moving forward, we will continue to follow up and 
believe that the University village will continue to present us 
with valuable learning opportunities.

08/05
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Sky Exposure Analysis
NTU4AQ is scattered throughout the campus. However, the 
spatial planning of the campus is highly varied. In order to 
further understand the environmental factors that may impact 
the sensors, the team took fisheye photos of each station, 
which allow clear observation of the ways the structural 
configuration of the instrument may be affected by the 
environment and calculate the sky exposure of each site. 
According to the results of the photo analysis, it was found 
that the atmospheric sciences lawn, sports field, and parking 
lot of the management courtyard have the best exposure to the 
sky, which is greater than 0.8, while the vicinity of female 
dormitory 9, Drunken Moon Lake (slightly full), and 
Zhengjiang Tower have lower exposure characteristics, 
measure to be less than 0.45. From this, we can further 
consider the power generation efficiency of solar energy, the 
influence of regional wind speed, and even the spatial 
planning of the sensors, so that the NTU4AQ monitoring 
network can have a more complete upgrade and optimal 
configuration. 

08/13

 Software System 
Brainstorming Conference
With the improvement of the project capacity and the expansion 
of the experimental field, the work in the second half of the 
year will gradually shift the previous focus on hardware 
development to software system development. There are 
numerous software related issues that will be the subject of this 
shift in focus. For example, as the types and numbers of sensors 
increase, how can IoT systems improve their scalability and 
fault tolerance, while considering the needs of hardware 
management personnel, and supporting academic research, and 
presenting and sharing the results in an appropriate manner? In 
August, as the epidemic situation became tentatively stable, the 
team held a long-awaited physical meeting to allow team 
members to put forward their needs and vision for the future 
system in the form of a brainstorming session, so as to facilitate 
the working arrangement of the follow-up system project.

08/17
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 Completion of KeithShadis 
Calibration Model API

Along with receiving the initial results of the sensor 
calibration, the system also developed the KeithShadis 
calibration model API. We use the Cloud function of GCP, and 
deploy the API of the calibration model with a serverless 
architecture. This API will be directly used by team members, 
and it will also be connected to the sensor data HistoriaReiss 
API program enabling users of HistoriaReiss API to obtain 
corrected data. We have standardized the input / output rules 
of the KeithShadis API so that when the calibration model 
receives a version update, it will not affect the code of the user 
or other programs. 

08/20

Little Soldiers, 
Big Contributions

In order to further understand the detailed temperature 
distributions within the campus and wider community, we used 
the materials of the air box teaching workshop from the end of 
last year to re-awaken this batch of miniature sensor, “Minions 
little soldiers”, and contribute them to the community. The 
director assisted in communicating our project goals to 
community residents and gained the cooperation of local 
residents to install sensors on the eaves at specific points. These 
efforts will help us more fully outline the temporal and spatial 
distribution of the heat islands in the community, so as to 
facilitate subsequent community planning and development.

08/27
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What is going on behind-the-scene

Air Quality Analysis of Four Teaching Buildings 
(Boya, Freshmen, General, and Comprehensive) 

Whether large-scale teaching classrooms can allow students to study in a comfortable environment has 
always been a matter of great concern to NTU management. Since last year, our team has continued to 
focus on Boya 101, Common 101, General 102 and Freshman 102. The four large-scale rooms can 
accommodate 100 people and air quality monitoring is conducted that includes measurement of carbon 
dioxide, PM2.5 and TVOC. With regard to carbon dioxide monitoring, we found that the higher the 
number of students in the classroom corresponded with higher values of carbon dioxide, which is often 
greater than 1000 ppm, levels that will make students feel sleepy and potentially lead to poor learning 
comprehension. From the time series analysis, it is obvious that after the end of class, it takes some time 
for the carbon dioxide to return to the lower background value. In this situation, if there is no chance for 
carbon dioxide to evaporate during the break, its value will remain at a prolonged peak, further 
jeopardizing the health of students. For this reason, we have conducted an in-depth investigation of the 
restoration of the background value in each classroom. After the course with more than 100 people is 
over, we can see that it takes about 2 hours for Common 101 to return to the background value. Boya 101 
takes about 4 hours and has the characteristics of being slower than Common. To solve this problem, we 
can use a lesson scheduling strategy to lengthen the time in the classroom between classes, or to 
strengthen the ventilation system to help bring the environment back to the background value more 
rapidly. With regard to PM2.5, the values in the four large classrooms were all shown to be at healthy 
levels (<35ug/m3), which is worthy of praise. However, with respect to TVOC, we found that the average 
value of Boya 101 is about 100ppb higher than other large classrooms, but its value is still lower than the 
EPA standard (an average of 560ppb per hour). The preliminary inference is that the volatiles of the new 
building materials have not yet dispersed, or it is 
possible that there are other sources of pollutants. 
The situation needs to be tracked continuously to 
ensure that users of the classroom are able to 
learn in a healthy environment. 

SC+ Work Team Wei-Jhe, Chen 
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Ventilation improvement in large classrooms:  
Comparing the results of  computer simulation with field measurements

The results of the indoor group taken from the 2021 spring semester class: "Climate Change and Human 
Settlement Practice" to focus on analyzing the carbon dioxide concentration of Boya 101, a large 
classroom at National Taiwan University. Using the MAPS6 sensor data from the front of the classroom, 
the team analyzed the concentration status and ventilation of Boya 101 and proposed a possible 
improvement strategy. Surveying the sensor data in March and April 2021, it was found that the 
classroom usage period of 3/6~3/19 exceeded 1000ppm and lasted for more than 2.5 hours 15 times, and 
the number of participants was about 300. The classroom concentration even exceeded 3000ppm, which 
underscores the lack of ventilation in the classroom. How can we improve ventilation? And when will 
ventilation be better? In order to explore this problem, the student team further simulated the ideal 
situation (the best ventilation) and the current situation (the current ventilation situation in class), and 
calculated the ventilation rate of the two classroom situations. The ventilation rate can be used to simulate 
concentrations based on the different number of people in the space, the initial concentration, and the 
length of time. After obtaining the ventilation rate, the student team selected "Modern China and the 
World" with 130 students in the classroom, comparing the curves of the carbon dioxide concentration 
distribution in different situations with the actual values. The results show that the ideal situation is to 
effectively reduce the concentration of carbon dioxide in class to below 1000 ppm.  

However, although the concentration of carbon dioxide can be effectively reduced in an ideal situation, 
the student team investigated the situation of teachers and students in class and found that because of the 
noise on the north side of the classroom, the teacher tends to close the windows to class, and it is difficult 
to achieve the ideal situation of good ventilation and causing the ventilation fan originally installed in the 
window to lose its effectiveness. In addition, it was also discovered that the high concentration of carbon 
dioxide accumulated during class will affect the air quality of the next class if there is not enough time for 
it to dissipate, and can even remain until the following day. Therefore, the student team gives possible 
solutions based on the results of the above simulation and the problems encountered in the actual 
situation. In terms of engineering, it is recommended to refit the ventilation fan on the north side of the 
classroom to the south side window, because the south side window faces the inside of the liberal arts 
teaching hall, which is quieter and more effectively achieves the purpose of ventilation. According to the 
simulation results of the student team, if the concentration is 3000ppm at the end of the course, it will 
take about 50 minutes to restore the concentration to the background value in an ideal situation. 
Therefore, it is recommended that courses with large numbers of students be scheduled in a way that 
allow time for the classroom to be empty; and that during this time, the doors and windows are open with 

ventilation fans turned on. In addition, the doors and 
windows must be opened after the last class of the 
day, and can be closed after about 50 minutes to 
prevent carbon dioxide from accumulating until the 
next morning. Adjusting the number of students in 
the classroom is also a potential mitigation method. 
The simulation results show that when the number of 
people is less than 190 and ventilation is high, 
concentrations can also be maintained below 1000 
ppm at the end of the first class. 

SC+ Work Team and Department of Geography Cheng-En, Lin
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When it comes to environmental measurement stations, what is the first picture that comes to mind? Is it that image which is 
included in nature textbooks of a standard weather station with familiar measuring instruments like rain gauges and surrounded by 
a white fence? Or is it an EPA air monitoring station loaded in a white container near the main traffic roads? Or is there an "air 
box" that you can purchase on the Internet? According to the specifications of the Central Meteorological Administration, the 
location of the standard meteorological station must be representative and homogeneous, must collect specific environmental 
variables and must be as far away as possible from interference (WMO, 2018); with the same logic also appearing in the air quality 
monitoring station, which is subject to the relevant regulations of the Environmental Protection Agency. This illustrates the fact 
that in the construction design of these two national-level measuring stations, the representativeness, accuracy and stability of the 
data are the primary concerns. In other words, the data measured by these national-level stations can be representative of the area 
on a certain spatial scale (more than 10 kilometers), and the Meteorological Bureau and the Environmental Protection Agency 
invest heavily in site selection and equipment. In terms of precision, further resources are allocated toward regular maintenance 
plans and data verification and analysis, in order to ensure that the accuracy and stability of the station equipment meet high 
standards. On the other hand, with the development of science and technology, there are an increasing variety of measurement 
components that can measure environmental variables, and they are shrinking in terms of size and cost. Coupled with the concept 
of Internet of Things (IoT), low-cost, network-ready micro-sensors are experiencing a boom in the market (Penza 2020). These 
sensors are acceptable to the general public because of their construction cost, and only need basic electricity and an internet 
connection to set up/operate. Therefore, the general public only needs to purchase the equipment and choose an appropriate 
location  to  install  it.  Geo-environmental  observations  serve  the  purpose  of  research  and  development  to  assist  people  in 
understanding the living environmental data around them (Chen et al., 2017).

Overall, the design concepts and measurement specifications of these two types of stations are completely different. The former is 
mainly  meant  to  measure  environmental  data  that  can  represent  a  region,  while  the  latter  serves  to  obtain  surrounding 
environmental information in a fast and convenient way. Early on, the comparison between national-level measuring stations and 
micro-sensors has always been the focus of controversy. However, after many years of operation, integrating these two types of 
measuring stations as complimentary tools to conduct seamless environmental observations, as well as the limits and possibilities in 
the explanatory power of each is the forefront of research (Lewis et al., 2018; Ho et al, 2020; Lung et al., 2020); goals which are 
shared by the project team. So, the next time you see SC+'s micro-sensor on the NTU campus, don't forget:  it takes hard work to 
achieve integration of environmental observation.
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Science Tips

SC+ Work Team and IPCS  Yi-Huan, Hsieh
The distance between us and "measured"
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ABOUT OUR TEAM

SC+NTU Work Team

Principal Investigator: Shiuh-Shen, Chien.

Consultant: Jen-Ping, Chen. Ling-Jyh, Chen. Jehn-Yih, Juang.

Executive Consultant: Ming-Kung, Chung. Yi-Huan, Hsieh. Po-Hsiung, Lin.

Work Team: Shao-Yuan, Liu. Fu-Hsiang, Ching. Miao-Jung, Chien. Wei-Jhe, Chen.

                        Cheng-En, Lin. Xin, Yan. Tzu-Chun,Chang.

International Degree Program in Climate Change  
and Sustainable Development (IPCS)

The International Degree Program in Climate Change and Sustainable Development, as its 

name suggests, is an interdisciplinary degree program that encompasses a global perspective. 

Established by the College of Science, the program is a joint effort among NTU faculty 

members from both scientific research and humanities backgrounds. In dealing with climate 

change and sustainable development, we instrument in-depth teaching in a wide range of topics. 

Students are required to bring their knowledge and skills to the table and approach 

environmental issues from a multi-angled perspective. They are encouraged to break free from 

traditional views on sustainability and think outside the box. Students are expected to be 

motivated learners, thinkers, analysts, and most important of all, practitioners. Our ultimate 

goal is to cultivate students' ability in interdisciplinary problem-solving in dealing with the 

complexity of climate change issues.
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ABOUT OUR TEAM
Location Aware Sensing System (LASS)

The Location Aware Sensing System (LASS) is an important maker community in Taiwan, 

and it is also the creator of air boxes, water boxes, and other micro-sensing devices. LASS 

focuses on the integration of citizen technology and spatial information, aiming to design 

and implement an environmental sensing system with local characteristics through the 

integration of hardware and software. The community strives to promote open source and 

public welfare as the main axis, and to create customers instilled with a ‘self-creator’ spirit, 

develop low-cost environmental monitoring equipment with an open software and 

hardware architecture so that the public may build a set of sensing systems that meet their 

specific needs through a self-made process. At the same time, LASS also adopts and open 

attitude towards sensing data and allows volunteers to use environmental monitoring data 

uploaded to the cloud system by other partners in the community in order to build a real-

time monitoring network.

CONTACT US ➤ 

Wenshan Community College.  Daxue Village, Taipei City.  

Jianguo Village, Yingge Distrint New Taipei City.  Taiwan Mobile Co., Ltd

h"ps://www.facebook.com/NTUIPCS

PARTNERS  ➤

https://www.facebook.com/NTUIPCS
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