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 a glance, the SC+ Project started from a 
foundation of microsensors and local knowledge, 
gradually mapping the climate of southern Taipei 

City, with universities and communities working together to 
propose suitable climate action plans, and all the while 
making progress towards a democratic climate governance 
story that can be shared with the world. Since the 
implementation of the plan, the target of the team's services 
has become clear: through continuous dialogue with 
stakeholders, we can clarify issues, identify choke points, and 
assist in solving problems. 

The theme of the April newsletter is "Community 
Communication", and we will introduce a series of stories 
from SC+ and Daxue Li. This month's results section will 
share with you how the microsensor plan was implemented 
within the Daxue Li community, and share what we learned 
about the characteristics of the spatial distribution of 
suspended particulates in within Daxue Li. The Comfort + 
Common Sense section will introduce the possible impacts of 
environmental stations in such a small-scale space. For those 
interested in these developments, please join us in opening 
this month’s newsletter!
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Inspection by Ministry of 
Education   

The Ministry of Education invited several members from 
Academia Sinica to come to our school and inspect those 
programs supported and implemented by the Research 
Center for Future Earth (RCFE). On the day, the 
committee members first visited the "Showcase Container 
House for Recycling Water Reclaimed Water System 
Assisted by Solar Photoelectricity" located at Drunken 
Moon Lake where they reviewed the implementation 
results of the project, "Possible Solutions to the Climate 
Change Crisis Faced by Island Countries." Next, 
members came to the Global Change Research Center to 
visit IPCS. In addition to inspecting the learning and 
working spaces of the program, members were also 
keenly interested in the real-time environmental 
monitoring dashboard and outdoor sensor NTU4AQ 
erected as part of this project. 

Monthly Activities Summary

04/19

"Village Carbon Reduction 
Competition" Daxue Li won the 
Silver Group Excellence Award
In the past few months, the SC+ team, together with the 
Taipei Environmental Protection Bureau and the Industry 
Foundation, have jointly assisted the Daxue Li to 
participate in the national competition for village carbon 
reduction that was held on March 12. After a month of 
waiting, we received the good news that the Daxue Li 
won the Silver Category Excellence Award. Therefore, 
the Daxue Li invited SC+ team members to the Zhang 
Rongfa Foundation to receive the award on April 20, and 
meet for a group photo in the Daxue Li office after the 
award ceremony. Once again, congratulations to NTU. 
The SC+ team is also very happy to have this opportunity 
to cooperate with the nearby community. This is just the 
beginning, and we will continue to discuss related issues 
with the Daxue Li in the future. 

04/20
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Scoping & Systematic Review 
Workshop

Belmont Team WP1 (Work Package I), held a workshop on 
Scoping & Systematic Review. Lea Lugassy, a lecturer from 
the French team, was invited as a special guest to introduce 
the concept of literature review and useful search tools. The 
methods allow scholars to find suitable literature from 
keywords more efficiently, and further organize it into 
literature review, identify defects in research, and focus on 
research innovation and development. Many students and 
young scholars benefited greatly from this workshop.

04/21

04/22 Patent Proposal Stage, 

Firm Completes Patent Search

The patent application for the "One-Stop Solar Wireless Transmission Environmental Comfort Sensor and Data System" developed by the 
NTU SC+ Team has been submitted and is under review. The main highlights of this new patent are the integration of hardware, system, and 
correction of three parts. The hardware integrates six environmental elements such as temperature, humidity, wind speed, illumination, sound, 
and PM2.5, and develops power management modules and solar panels to achieve power conservation and sustainability. The system uses the 
NBIoT module to transmit the data to the cloud host through the MQTT communication protocol, and further develops functions such as a 
real-time dashboard, an exception management system, and an installation management system. The corrections were aimed at the 
consideration of product quality management and control (QAQC), by specification of the field, fitting and numerical precision instruments, 
and verification of the sensor calibration values to enhance the accuracy of the measured values and a increase the sense of trustworthiness 
for the observations. 

 At present, the patent progress will be reviewed by expert judges in the school's research and development office, and the patent 
application materials have been sent to the patent office to assist in the retrieval of relevant materials. The conclusion of the search report 
returned by the patent office expressed the industrial utility, novelty and progress of the patent. Therefore, we are looking forward to the 
development of this product patent. 

 This patent has been experimentally used in projects in campuses, Daxue Li, and Jianguo Li. The data measured by the sensor 
includes various environmental variables in various aspects, and is displayed on the dashboard. This allows managers to view environmental 
conditions in real-time, and gives users an opportunity to adjust behavior after becoming aware of the value; and based on the value, 
environmental and climate action can take place. 
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Achievements and Announcements

Overview of hourly changes in PM concentration in November in Daxue Li 

The concentration of PM2.5 in the air is related to an increase of respiratory and cardiovascular diseases. In 2014, the 
WHO pointed out that indoor and outdoor air pollution can cause considerable harm to the respiratory tract, including 
acute respiratory infection and chronic obstructive pulmonary 
disease, and has a strong correlation with cardiovascular disease and 
cancer. In the 2019 WHO report, it was pointed out that air pollution 
is the biggest threat to human health. Therefore, in recent years, the 
public has become increasingly concerned about the air quality of 
their surrounding environment, and scientific research has also 
begun to pay attention to the air quality of cities, communities, 
streets or pedestrians among other scales. 

 This chapter understands changes in PM2.5 concentrations 
in Daxue Li by analyzing the data monitored by NTU4AQ on 
campus in November, 2021. The project team installed an NTU4AQ 
around the "Wenzhou Great Greenland" (Figure 1), and each site is 
about 100 meters apart. We hope to observe the changes in PM2.5 
concentration at each site to understand where PM2.5 more easily 
accumulates and where it more easily dissipates. 

   SC+ Work Team and IPCS  Xin Yang 

Table 1 shows the hourly changes of PM concentrations at each site in November, 2021. From this table, it can be 
observed that prior to 12:00 in the morning, except during the peak traffic period (7:00 a.m. to 8:00 a.m.), most of the 
changes are negative. Fom about 2 p.m. however, the overall concentration change becomes positive. In Figure 2 we 
also map the total change at each site over the course of the day. Through this method, we can easily visualize the 
difference in space. The redder the color, the more changes are increasing during the day at that location, while the 
green represents the opposite. We found that the changes of the stations in the lanes are all positive, while the changes 
of NTU4AQ_00001 located in Wenzhou Grand Greenland, NTU4AQ_00011 next to Bailing Palace and 
NTU4AQ_00017 located at the junction of Xinsheng South Road and Xinhai Road have seen higher increases. The 
reason for this may be due to the impact of human activities and the environment on the site. Although Wenzhou 
Greenland is a green environment, pollutants are more likely to accumulate here because of the surrounding buildings. 
The location near Bailing Palace may be due to poor ventilation due to its location in an alley, and the nearby temple 
activities (e.g. burning incense) may increase air pollution. As for Xinsheng South Road and Xinhai Road, the 
phenomenon may be caused by the idling of automobiles and scooters at the intersection. Although it is a ventilated 
environment, the pollution caused by automobiles and scooters is continuous. Also, among these sites, only 
NTU4AQ_00010 and NTU4AQ_00012 have negative variances. Compared with NTU4AQ_00017, these two points 
are less likely to have idling vehicles, so they are more likely to be affected by wind and carry pollutants away from 
the area. 

Figure (1) Site locations on campus 
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Through this variation analysis, we verified that due to different geographic locations and different human activities, 
each station will experience variable increases and decreases in their respective PM concentration. The distance between 
each sensor is about 100 meters, which is quite dense. This high spatial resolution allows us to better understand air 
quality at the neighborhood, street, and pedestrian scales. As a follow-up, further research can be carried out based on 
such results and incorporating environmental data from nearby professional air quality monitoring stations and 
meteorological stations. 

Table (1) Hourly variation of PM concentration at each site in November, 2021

Figure (2) Map of total change at each site
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Difficulties in first-time sensors entering the community, field notes  

There are extra-terrestrial instruments on the street lamp poles in many alleys and street corners in the Daxue Li. 
Residents came to ask the local officials: is that a base station? Speed camera? Or a new monitor? The unexpected 
answer is "micro environmental sensor NTU4AQ". In the first experience of setting up NTU4AQ in the community 
field, we encountered many difficulties and problems that need to be solved; stakeholders, rights and responsibilities, 
security, privacy, etc. It was only after clarifying and solving the problems that the sensor could be successfully 
implemented and installed on the alley light pole. 

Taking Daxue Li as an example, when the sensor was first introduced, residents inevitably became suspicious of the 
device. They were full of doubts about security and privacy. Most of the residents did not understand what to do with 
such a sensor. But these concerns are unavoidable with the community as a stakeholder of a new situation. In order for 
the sensor to enter the community smoothly, “to catch the thief, first catch the king”, we knew we must first find the 
most important person in the community---the "village leader". After building a good relationship with the leader, one 
can travel unimpeded, and even ask for assistance on communications with the local community. And once we 
considered the whole situation, we could install the sensor on the street light pole as we wished, or so we thought. 
However, it was only to find that the park, the street light pole, etc. are under other rights and responsibilities of the 
"Park Street Light Management Office". This office mainly manages the setting and safety of parks and street lights, 
and since NTU4AQ must be installed on the light pole, the initial contact is also restricted by many regulations. With 
the support and assistance of local elected representatives for this project, and after some efforts to evaluate the 
structure and safety of the street light pole, the NTU4AQ was successfully and safely mounted on the light pole 2.5 
meters high, and the environmental data was successfully measured. 

   SC+ Work Team Wei-Jhe Chen  

Figure (3) Stakeholders that sensors must face when entering the community
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In general, when first entering the community, numerous difficulties and problems will be encountered in the actual 
implementation management level, and there are many inevitable issues related to infrastructure, administrative 
procedures, and security. These factors will become problems and limitations of sensor installation and implementation 
layout. The deployment of micro-sensors in the community are mainly erected on street light poles, and the installation 
requires the approval of the relevant authorities and must follows strict installation specifications, such as height, etc. 
The problems encountered during the erection in the Daxue Li can be mainly divided into three aspects for discussion on 
the difficulties encountered within the executive management level, (1) official approval and official document signing 
(2) the configuration of street light poles (3) illuminance and solar cells. 

(1) Official consent and official document signing 

In Taipei City, the management of all street lights is vested in the Park Street Light Management Office. Therefore, if 
you want to attach sensors to street light poles, you need to submit an official document to the government agency and 
attach a research and monitoring plan. After dozens of phone calls and emails, the first survey will be conducted, and the 
sensor installation and deployment can be started only after the authority in charge has signed off. Such complicated 
administrative procedures are also for the safety of residents' personal property. However, under this stakeholder 
inventory, the Daxue Li lacks the supervision of local non-profit groups, and it is necessary to further invite or enlist this 
relationship to improve this network. 

(2) The position of the street light pole and effects on installation and configuration of the sensor 

The position of the street light pole cannot be changed, but the position of the street light pole will affect the 
representativeness of the location of each sensor. For example, the sensor should be installed in the middle of the square, 
but is limited by the position of the street light pole, and can only be installed on both sides of the road, which affects the 
representativeness of the installation point and causes the problem of extension. The originally designed point position is 
a symmetrical deployment, but it is changed due to the position of the light pole, for example: the change of point A 
(Figure 4) 

However, the team is still working on solving this problem, and will further use the built environment data to analyze its 
roughness using GIS, calculate the openness of the sky with a fisheye lens, and monitor the movement to solve the 
problem of insufficient representation of points. This will also be important for selecting points in the future by setting 
standards and specifications to make data more meaningful.  

3) Illumination and solar cells 

Due to the fact that the micro sensor designed by our team is powered by solar energy, it requires a certain degree of 
illumination to convert solar energy into electricity and store it in the battery. Affected by the surrounding buildings or 
plants, the sunlight may be insufficient, and not enough power can be stored, which in turn causes the entire sensor to be 
insufficient for monitoring. This of course affects the collection of environmental data, as shown in Figure (4) B point 
selection. Therefore, the influence of sunlight also needs to be considered during site selection. 
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In the end, with the support of the village leader, public representatives, authorities, and administrative units, the 
sensors were deployed throughout the community; not only monitoring environmental values to guide decisions by the 
leader, but also allowing residents to understand the environment in which they live. Residents adapt themselves to 
environmental changes through real-time numerical adjustment, and also optimize and improve the environment to 
slow down environmental degradation. Involving residents actually helps solve problems, create a sense of common 
prosperity and a healthy community environment. 

Figure (4) Limitation and selection of site location

Figure (5) Residents are curious about the sensors installed in the Daxue Li
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Science Tips
The distance between us and the "measurement" (II)  

─ a question about the location of the measurement station

Perhaps readers will recall from our August newsletter, where we introduced different levels of environmental station classifications and 
the uses of microsensors. In case you have forgotten, not to worry, let's use this table produced by the EPA in 2020 to briefly review it. 

SC+ Work Team Yi-Huan Hsieh 

Table (2)  A comparison table of differences between different levels of 
environmental monitoring stations. (Excerpt from EPA, 2020) 

Basically, the national environmental station set up by the government aims to measure the environmental variables that can represent a 
region and the average state of the environment. Therefore, the spatial representation of such stations is more than 10 kilometers, and it 
requires spending significant amounts of money each year. Funds are spent on instrument certification, instrument maintenance, data 
calibration,  etc.  to  ensure  the  quality  of  the  measured  data,  which  can  then  be  used  as  the  basis  or  corroborating  data  for  the 
implementation of relevant environmental regulations. Environmental stations or micro-sensors are not subject to these specifications. 
Therefore, when using the data measured by these sensors, attention must be paid to the data quality. (For interested readers, please refer 
to:  Air  Quality  Monitoring  Station  Setup  and  Monitoring  Guidelines,  Air  Quality  Sensing  IoT Deployment  and  Data  Application 
Guidelines, and Approval Methods for Special Observation Stations)

But is the data measured by the official station really not disturbed by the nearby environment? Or, how can we find a relatively 
undisturbed area to set up the station? And after the station is set up, because of the different time and space backgrounds, is there any 
way  to  discuss  how  much  interference  the  station  is  subjected  to?  Taking  meteorological  variables  as  an  example,  the  World 
Meteorological Organization not only publishes the standards for the erection of stations, but also proposes principles, elements and 
guidelines for recording the station environment (WMO, 2003); this record of the station environment is called metadata, and it is mainly 
used to assist analysts in quality assurance of data according to the station environment when we encounter obvious discontinuous values/
or outliers in station observations. According to the WMO guidelines, metadata must include: station name/code and geographic location 
data, local environment of the station (such as land use, instrument exposure), and basic information of the instruments in the station 
(such as  model,  data transmission)  method),  actual  observation strategy (such as:  observer/variable,  observation time and frequency, 
maintenance and debugging plan), data processing (such as: variable unit, calculation method, data quality control, data backup)... etc., 
and the metadata of the station must be updated regularly.

Figure (6) A complete metadata record. 
 (Excerpt from WMO, 2003) 
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In the past, the research team of Professor Lin Boxiong of the Department of Atmospheric Sciences of National Taiwan University also 
assisted the Central  Meteorological  Bureau of  the Ministry of  Communications with stations located in metropolitan area primary 
schools to conduct research on the influence of buildings on the stations, and proposed adjustment plans for the station (Lin Boxiong, 
2016; 2017). In their research report, they used a fisheye lens to take a picture of the surrounding scenery of the station with the rain 
gauge as the center, and then used the imaging software to obtain the boundary of the obscuring objects around the station, and then 
calculated the area of shade for the station. After calculation, using the WMO standard, the instrument exposure is divided into four 
levels of exposure: exposed, roughly exposed, roughly shaded, and shaded. At the same time, the distance and area ratio of the heat source 
(greater than 35°C) to the station are discussed to determine whether the station is disturbed by the environment. The above-mentioned 
calculation of the degree of occlusion mostly focuses on the influence of the environment on the two variables of temperature and 
rainfall. If the influence of the surrounding environment of the station on the wind speed/wind direction is to be considered, it must be 
simulated through numerical models. Figure 3 shows Prof. Lin's research. Numerical models were used to analyze whether the building 
would affect the wind speed and direction at the location of the station, and the 
degree  of  influence  (because  in  the  numerical  model,  as  long  as  the  building 
height,  ambient  wind  direction/wind  speed  are  properly  adjusted,  the  relevant 
information can be analyzed). Through the analysis of these tools, they also make 
the following arguments:

"Although the  meteorological  observation  is  erected  on  the  roof  to  achieve  a 
lower degree of shading of the environmental  landscape and features,  the heat 
absorption of the roof cement floor and the artificial heat source of the cooling 
water tower of the air conditioner all interfere with and distort the observation of 
temperature, humidity, as well as wind speed and direction."

After a recent discussion between the SC+ team and Professor Lin, we also introduced the same analysis tools and analysis process, and 
began to explore how each micro sensor is affected by the surrounding environment. For us, the miniature sensor must be installed on the 
light pole, so the environment of many sites is beyond our control, but through such a systematic analysis process, we believe that we can 
gradually address issues with miniature sensors in the future, and improve installation guidelines. 

Figure (8) Simulation example of calculating the wind field and 
shading of the building with respect to the position of the station 
by using the numerical model. (Excerpt from Lin Boxiong, 2017) 

Figure (7) The calculation flow of the ambient occlusion degree of the station. 
(Excerpt from Lin Boxiong, 2016) 
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ABOUT OUR TEAM

SC+NTU Work Team

Principal Investigator: Shiuh-Shen Chien

Executive Consultant: Ming-Kung Chung; Yi-Huan Hsieh

R&D and Calibration Consultant:  Jen-Ping Chen; Ling-Jyh Chen;  Jehn-Yih Juang; Po-Hsiung Lin 

Taipei Field Consultant: Jen-Ping Chen; Jehn-Yih Juang; Po-Hsiung Lin;

                                               Chih-Hao Hsieh;  Chin-Lin Wei

THOD Consultant:  Jen-Ping Chen; Sheng-Lin Chang; Horng-Huei Liou 

Work Team: Miao-Jung Chien; Wei-Jhe Chen; Cheng-En Lin;

                         Xin Yang; Tzu-Chun Chang; Rong-Cih, Chang; Tzu-Ya, Wang; Chieh-Hsiang, Fan

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.

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

Transit-Hospital-Oriented Development(THOD) Work Team

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

PARTNERS  ➤

https://www.facebook.com/NTUIPCS
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