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eginning from the concept of a living laboratory, the 
SC+ team is actively constructing a microclimate 
sensing network within National Taiwan University as 

the primary field site, and is committed to finding solutions to 
issues across spatial scales or fields that are found within and 
beyond the campus. When issues of different fields or scales 
meet, there will inevitably be collisions. The project team 
transforms the momentum generated by the collision into 
research energy through open communication, allowing 
everyone to discover different aspects of the same issue. 
Therefore, the theme of the March newsletter will revolve 
around "Communication with Environmental Science,” 
inviting everyone to think through some important questions. 

Can interesting scientific issues emerge in the process of 
project implementation in addition to the immediate 
applications? What are the missing topics between different 
research fields? This month's Research Results and Comfort 
+ Common Sense sections will share the results of the 
Tianshui project located at the interaction of land and water, 
as well as sensor calibration issues that persists in different 
fields. We invite you to embrace your curiosity while exploring 
this newsletter!
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Indoor Comfort Study in IPCS 
G202 Classrooms   

In the beginning of March, we installed 4 MAPS6.0 units 
on both sides of the classroom in G202, and started a 
study on the indoor comfort of G202 classroom. We hope 
to collect environmental data on the factors affecting 
classroom comfort and use questionnaires to collect data 
on the indoor comfort of students in G202 classes, and 
follow-up with guidance on improvement measures. 

03/03  Belmont Work Conference
The team discussed follow-up guidance and how to proceed 
with the plan. They also discussed ways to actively 
cooperate with each other, set up workshops, share cases, 
and compare the management, decision-making, and actions 
of the three sample sites (Turkey, Vietnam, and Taiwan) after 
IoT has been introduced in society.

Monthly Activities Summary

03/01



SC+NTU   Newsletter     
March 2022 

 

 3 Issue No.19

Carbon Reduction Competition

 in University

The team cooperation unit, Daan District Da Xue Li, was 
selected as the silver-level representative of carbon reduction 
action in the villages of Taipei City. Therefore, the head of 
the university, the section chief of the Taipei Environmental 
Protection Bureau, the Industry Foundation and the team 
members participated together in the 3/12 national 
competition; despite carbon reduction efforts, universities 
located in metropolitan areas currently do not have high 
marks. However, through chiefs of village's active efforts, 
including education promotion, cross-unit cooperation, and 
various creative management strategies, the University has 
found its bright spot in carbon reduction action, which was 
also a earned the admiration of the judges in the competition. 
We hope that continued cooperation with the SC+ team will 
lead to many more fruitful opportunities to collaborate in the 
future.

Launch of Smart Sensor 
Management Project

After the conclusion of the smart street light project last 
semester, we hope to continue to deepen the cooperation 
with Dr. Kong Lingjie’s team from the Department of 
Information Management. Therefore, a new "smart sensor 
management project" has been launched, which will 
address issues such as the interruption of the data return 
of the NTU4AQ sensor deployed by the team outdoors, 
and the timing of worker dispatch. We expect to use 
NTU4AQ sensor data collected prior to conduct data 
mining to clarify the possible causes of machine 
disconnection, and then establish a disconnection 
notification and even disconnection early warning system. 
The team is looking forward to the results of this project, 
which are expected to be a great help to developing 
effective sensor management.  

03/03

03/12



SC+NTU   Newsletter     
March 2022 

 

 4 Issue No.19

National Taiwan University 
Marathon

The annual event "National Taiwan University Campus 
Marathon" officially started on 3/26. Under the premise 
that the more you run, the healthier you are, we are 
curious about the air quality and comfort of the runners 
during the large marathon event held on campus. 
Therefore, two members of the team monitored 
temperature, humidity, PM2.5, and other relevant data 
points along the route of the marathon by actually 
participating in the event and carrying the MAPS6.0 
sensor. Our follow-up analysis results provided a 
preliminary understanding of the state of the outdoor 
sports environment of National Taiwan University. With 
additional data in the future, we also look forward to 
providing the information to event organizers as a 
reference for subsequent competitions. 

03/26
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Achievements and Announcements

Data Analysis of Tianshui Project in March 

The team set up NTU4AQ with NTU4AQ_00027 
(Huxin Pavilion) as the center and analyzed the data 
within a radius of 30 meters to observe the impact of 
the Drunken Moon Lake water body on the surrounding 
environment. This time, two stations, NTU4AQ_00005 
(hereinafter referred to as “Near-IPCS”) and 
NTU4AQ_00007 (hereinafter referred to as “Near-
Tian”) were selected, and the data for the entire month 
of March was subtracted from the Huxin Pavilion to 
obtain the temperature difference chart shown below. 
As a result of a transmission failure by the machine in 
sending back data for some days in March, there are 
some missing values at these times, with resultant 
blanks in the figure below. 

   SC+ Work Team and IPCS Rong-Cih, Chang 

Firstly, with regard to temperature, the figure below shows the daily temperatures observed from atmospheric data. 
The dates of 3/6 to 3/8 were affected by a cold front resulting in lower temperatures, and the periods of 3/22~3/24 and 
3/26~3/29 were affected by rainfall which also resulted in lower temperatures; whereas the rest of the days ranged 
roughly between 20°C -30°C. from the temperature data, it is understood that the temperature difference between 
Near-IPCS and Near-Tian, and the temperature measured by Huxin Pavilion has a range of -3~3°C. Among them, the 
time with the largest temperature difference occurred at 7:45 am on March 9, the temperatures measured at Huxinting 
is 18.23°C, Near-IPCS and Near-Tian were 15.82°C and 15.31°C respectively, and the observation value of 
atmospheric lawn was 16.88°C, with a temperature difference for the NTU4AQ of 2.92°C. At 12:45pm on March 19, 
the temperature measured at Huxin Pavilion was 26.56°C, while Near-IPCS and Near-Tian recorded 26.72°C and 
28.7°C, respectively, the atmospheric lawn observation value was 26.94°C, with an NTU4AQ temperature difference 
of -2.14 °C.  

Figure (1) Diagram of Sensor Installation Locations 

Figure (2) Atmospheric Lawn Observation 
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With regard to humidity, the difference between the humidity measured by Near-IPCS, Near-Tian and the Huxin 
Pavilion is between -6~13%. When the humidity difference is the largest, it can be cross-referenced with the temperature 
in the figure above. It was found that at 7:45 a.m. on March 9th, the humidity measured at Huxin Pavilion was 67.58%, 
and Near-IPCS and Near-Tian measured 77.2% and 79.86% respectively, and the atmospheric lawn observation value 
was 66.87%, meaning the humidity difference of the NTU4AQ measured value was as high as 12.28%. At 3:00 a.md. on 
March 10, the humidity measured at Huxin Pavilion was 70.36%, Near-IPCS and Near-Tian were 65.18% and 65.49%, 
respectively, and the atmospheric lawn observation value was 61.6%, with an NTU4AQ humidity difference of -5.18%. 
Comparing the time with the largest humidity difference, it can be observed that the time of occurrence is from early 
morning to morning, but the temperature difference between Huxin Pavilion and Near-IPCS at 7:45 a.m. on March 9 is 
2.92°C, meaning higher water temperature results in lower observed humidity than on land. However, the temperature 
difference between Near-IPCS, Near-Tian and Huxin Pavilion at 3:00 am on 3/10 is within a mere 0.5℃, and the 
humidity difference is -5.18%. In summary, when the heat preservation effect of the water body is greater than that of 
the land area from the early morning to morning, the humidity difference is larger; whereas when the temperature 
difference is smaller, the humidity of the water body will be higher than that measured on land. 

Figure (3) NTU4AQ temperature difference (compared to Huxin Pavilion) 

Figure (4) Atmospheric Lawn Observed Humidity

Figure (5) NTU4AQ Humidity Difference (compared to Huxin Pavilion)
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NTU4AQ Calibration  

The accuracy of microsensor values is always challenged by the academic community. From the error of the 
component itself to the interaction between the components after the sensor is assembled, the trust in the sensing 
value can be greatly diminished. For the problem of error value, in principle, the sensor is uniformly calibrated before 
leaving the factory, and the numerical calibration of each parameter is carried out with a high-precision instrument of 
the standard station before deployment, so that the value approximates the observed value of the high-precision 
instrument. The internal mechanism of the all-in-one sensor can be easily affected by the operation of various 
components including motherboards, batteries and other parts. This problem is related to the configuration design of 
the internal mechanism, the operation of components, and the measurement methods of variables. In sum, it needs to 
be corrected after the mechanism is assembled in order to reflect the mutual influence between the components. The 
team will perform a calibration procedure on the new batch of NTU4AQ sensors before leaving the factory, and use 
the values of the high-precision instruments to regress. The sensors are placed indoors and compared with the air 
quality instrument (Le&Der Blettile IAQ) to calibrate pm2.5; and in the outdoor and weather monitoring station 
(Davis Vantage Pro2) to compare and correct temperature, humidity, wind speed, and illuminance (HOBO 1-800-
LOGGERS).  

   SC+ Work Team Wei-Jhe Chen  

We calibrated the results of the five NTU4AQ observation posts and found that the average coefficient of 
determination (R-squared) obtained by regressing the instantaneous values of temperature and humidity with the 
reference instrument values was 0.91, while the illuminance was 0.6, and the wind speed was about 0.14. The 
determination coefficient of wind speed is low, but after the data is processed into an hourly average value, the 
determination coefficient of wind speed increased to 0.6. In addition, in the correction of PM2.5, the value can reach 
the determination coefficient of 0.9. As a result, we can integrate the values of the low-cost micro-sensor with the 
high-precision instrument values, so that the values measured by the NTU4AQ are closer to the true value so as to 
facilitate the reliability and authenticity of subsequent research and analysis. 

Figure(6) The location of the incense burner
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Science Tips
Research sharing on performance evaluation of Low-cost indoor monitors (LCM)

In recent years, due in part to extensive media reports and the revision of relevant laws and regulations, air quality-related issues have 
attracted an increasing amount of public attention. Likewise, there has been a corresponding increase in the number of policies and laws 
to mitigate air quality and emission issues. In the past, the monitoring of air quality was performed by professionals using specialized, 
large-scale professional equipment. This equipment was not only expensive but also small in size. However, the air is ubiquitous and 
continuous, and the pollutants in the air are usually unevenly distributed, especially in indoor spaces with no circulation. So, if you want 
to use specific large-scale professional equipment for air quality monitoring, it is cost prohibitive to accurately measure all parts of the 
building space; while some remote areas preclude such instruments, creating a lack of relevant information. Low-cost sensors can make up 
for the lack of space accessibility of large professional instruments, and with the advancement of technology and the measurement of 
gases or particles such as CO₂, the possibility of widespread distribution of low-cost sensors to form an air quality monitoring network 
also increases. It can be widely installed in all corners of the room or in remote areas where stations could not be set up in the past to 
obtain real-time temperature, relative humidity and air quality related indicators such as PM2.5, PM10, CO₂, TVOC, etc. with higher 
spatial resolution. 

Low-cost sensor platforms can increase the density of deployment, play an important role in air quality monitoring, and can even be 
installed in communities or homes to provide reference for people's health. However, low-cost sensors also face many problems and 
challenges  at  the  same  time.  For  example,  in  a  2017  study  published  by  Nuria  Castell  et  al.  in  the  International  Journal  of  the 
Environment, some of these challenges were discussed: discrepancies between laboratory and field measurements, long-term stability 
concerns,  possible  inconsistencies  in  response  to  different  weather  conditions,  and  differences  in  measurements  of  distances  from 
subordinate locations to pollution sources. The research results show that the measured values of suspended particulates in places with 
low traffic flow will have higher consistency than those in places with high traffic flow; that is, the results are more reliable and less error-
prone. Although, this study also mentioned that a sensor that has been calibrated in the laboratory does not mean that it can have the 
same good performance under actual real-world conditions, and the authors recommend that each sensor be calibrated on an individual 
site. In addition, with the aid of machine learning technology, uncertainty in field correction applications can be further reduced.

In addition, the accuracy of the low-cost sensor is frequently questioned. In addition to the need to calibrate the instrument before the 
actual deployment and data collection, there are also many studies on common pollution sources. The performance evaluation of the 
sensor is used to understand whether it will affect the response of its results in different common situations, resulting in errors in the 
judgment of the results.

The research conducted by Ingrid Demanega and Igor Mujan in 2021 is mainly to test the performance of low-cost sensors in different 
seasons and under dry and wet conditions. They first chose a room that can control indoor temperature, ventilation rate and airflow 
distribution that is consistent with the size of a typical classroom. The indoor space, where the indoor air is filtered, can eliminate almost 
all  aerosols entering from the outside, and the air enters through six diffusers on the installation floor, and then passes through six 
diffusers on the ceiling. A diffuser was exhausted, while a fan was installed and pointed at the wall to ensure maximum uniformity of air 
pollutant distribution. The overall laboratory configuration is shown in Figure 7. 

SC+ Work Team and Department of Geography  Tzu-Ya, Wang

Figure (7) Schematic diagram of the experimental space design for sensor performance evaluation (blue area: reference object—professional 
instrument; green area: object to be tested—low-cost sensor; red area: pollutant generating source)(Excerpts from Ingrid Demanega, Igor Mujan, 2021) 
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Next, in addition to placing the object to be tested (low-cost sensor) into the laboratory, it is also necessary to place relevant professional 
grades according to the environmental variables to be measured (indoor temperature, relative humidity, suspended particulates, CO₂, 
TVOC, etc.). Among them, the results measured by professional-grade instruments are used as reference values to compare and evaluate 
with the object we want to test (low-cost sensors).

Finally, the pollution sources are selected according to the design of the experiment. This study is to conduct experiments on eight 
common indoor air pollution sources (TVOC, CO₂, burning candles and mosquito coils, room deodorants, vacuuming, popcorn, frying 
and other cooking activities...). The results show that the low-cost sensor uses optical light scattering technology to measure suspended 
particles. However, common indoor air pollution originally contains suspended particles of various particle sizes, so it is impossible to 
measure all particle sizes. Most of the suspended particles between 0.3 μm and 2.5 μm can be recorded.

In 2020, Zhiqiang Wang et al. also conducted related research on the response of low-cost sensors to the particle size of suspended 
particulates, showing that although low-cost sensors generally have a certain response to most common indoor pollution sources, for 
particles smaller than 0.25μm (that is, smaller than the fine aerosol PM2.5) low-cost sensors will hardly respond. This includes activities 
such as the burning process of scented candles, cooking without oil fume, where suspended particles will still be generated. However, 
because they are too small, low-cost sensors cannot display their concentration. Even when all the aerosols generated by the pollution 
source are less than 0.25μm, the sensor will weigh these weak signals, make guesses on its own, and then assign values, clarifying the 
limitations of current low-cost sensors in measuring aerosols (PM).

In fact, the current low-cost sensors for the measurement of suspended particles can only show the trend changes and rough estimates of 
pollutants, and cannot represent the concentration of pollutants in the actual indoor environment. The research results also show that the 
data  of  suspended particulates  (PM10)  measured by  low-cost  sensors  are  not  as  consistent  and reliable  as  those  of  fine suspended 
particulates  (PM2.5).  This  means  that  if  your  home air  purifier  or  air  quality  sensor  will  tell  you  the  concentration  of  suspended 
particulates in the indoor space, you can easily refer to it, and there is no need to overemphasize the values shown above. However, the 
above research also mentioned that when the application of low-cost sensors is primarily to attract community residents to participate by 
improving residents' awareness of air quality and to understand related health issues, it is not necessary to cooperate with scientific 
monitoring. With the same accuracy as other instruments, current low-cost sensors are adequate for raising knowledge and awareness of 
air quality or health issues among the general public.
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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)



SC+NTU  Newsletter     
March 2022 

 11 Issue No.19

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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