
SC+NTU   Newsletter     
February 2022 

  1

 1 Issue No.18

 February, the SC+ project team ushered in a new 
semester. Along with expansions in the scale and 
scope of the project, the team recognized the need for 

the support of teams in other research fields. Cross-domain 
cooperation has promoted the exchange of diverse ideas, 
generated sparks of knowledge, and increased overall 
progress towards project completion. Therefore, the theme of 
this month's newsletter will revolve around "cross-domain 
cooperation", especially in data analysis. In addition to the 
perspective of environmental science, a data science 
perspective has also become an indispensable part of data 
analysis in recent years. 

As part of our section on Achievements and Announcements 
in this issue, we will introduce the results of classroom air 
quality analysis conducted by SC+ and Professor Kong Ling-
jie’s team from the Department of Information Management. 
Additionally, in this issue we also cover the introduction of 
Deep Learning methods that assist the team with data 
analysis. Following this theme, the Science Tips section of 
this issue will introduce the basic concepts of Deep Learning. 
If you are curious to find out more about what Deep Learning 
is and what it can do, don’t miss this newsletter!
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Smart Street Lighting 
Project Debrief  

Members of the smart street lamp project team, 
implemented in cooperation with the team of Mr. Kong 
Ling-jie from the Department of Information Management, 
attended a meeting at the General Affairs Office today to 
report on the conclusion of the project. First, the team 
considered the illuminance standards of various 
management units for street light switches, and analyzed the 
average illuminance data collected by existing smart street 
lights to find the most suitable illuminance standards for 
switch lights within the NTU campus. Next, estimations 
were made on on the amount of electricity that can be saved 
each day if NTU's smart street lights were to follow this 
standard. Finally, according to previous discussions with the 
manufacturer, it was proposed to the General Affairs Office 
that the manufacturer should calibrate the light meter of the 
smart street light and increase the frequency of reception. 
The cooperation on this project has achieved a triple win for 
the affairs team of the General Affairs Office, Mr. Kong's 
team and the SC+ team. It is hoped that there will be many 
more future opportunities to assist in the management affairs 
of NTU! 

02/16 External Battery Installation Test
The NTU4AQ is charged by solar panels, but during the 
winter season while the angle of sunlight is slanted, the solar 
charging efficiency is reduced. This is compounded by the 
increased frequency of rainy days in Taipei during the 
winter, making the issue of power a difficult problem to 
overcome. In order to solve it, the team developed an 
external battery attached to the NTU4AQ to maintain power 
during the period of sunlight shortage in the winter. After a 
week of power testing, the sensor showed a strong 
performance, with stable power and easy manual 
replacement. It not only keeps the power supply of NTU4AQ 
stable, but also can reliably sense and transmit data, which 
solves the previous problem of sensor data instability.

02/15

Monthly Activities Summary
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Li&Der Instruments visit 
National Taiwan University

Today, General Manager Zheng Yi-bin, Deputy General 
Manager Wang Dao-yuan, and Deputy General Manager 
Zheng Jie-min of Li&Der Company visited NTU where 
they met with Dean Wu Jun-jie of the Faculty of Science, 
Director of IPCS Chien Shiuh-shen, Atmospheric 
Sciences Department Chair Yu Cheng-ku, Professor Chen 
Jen-ping, Professor Lin Po-hsiung, Professor Luo Min-
hui, Associate Professor Zhuang Zhen-yi, Assistant 
Professor Hsieh Yi-huan, and the SC+ team staff. The 
group visited the Atmospheric Lawn and the top floor of 
Building B, and discussed the future field sites where 
standard instruments will be installed under the 
cooperation of the two parties. The group them moved on 
to IPCS to visit the studio of the SC+ team and discuss 
the follow-up course lectures, station installations, and 
micro-sensor development cooperation between the two 
parties. 

02/24
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Achievements and Announcements

Changes in NTU indoor air quality and management policy suggestions 

In order to stimulate and enhance community residents' awareness of climate change and the environment, the SC+ 
team introduced IoT technology, used micro-sensors to monitor the pedestrian-scale microclimate in the community, 
and released their scientific research results to community residents.  These efforts inspired citizens to participate in 
living environment improvement planning, climate action, etc., and even lead to behavioral changes. One of the 
research objects of this project is the National Taiwan University campus. The main direction taken was to use micro-
sensors to observe changes in air quality in classrooms, such as CO2 concentration, TVOC concentration, PM2.5 
concentration and temperature changes, and detect campus spaces where air quality needs to be improved, and use 
data presentation and correlation analysis to promote policy improvement on classroom use. The main points of the 
research results are presented here: 

1. Research resources and methods: 

In the NTU campus classroom and student learning space, a total of five MAPSV6 micro-sensors were installed. 
MAPSV6 can monitor CO2 concentration, TVOC concentration, PM2.5 concentration and temperature, etc., for a 
total of 8 kinds of data, and is able to record at a frequency of about 5 data points per minute. The team used the data 
from MAPSV6, the course registration data provided by the Academic Affairs Office, and the mid-term and final 
exam check-in and check-out records obtained by Dr. Kong to analyze the correlation between classroom occupancy 
and air quality. 

Mr. Kong's team Chin Fang, Hsu

Name Code Unit

Temperature s_t0 °C

Humidity s_h0 %H

PM1 s_d2 μg/m3

PM10 s_d1 μg/m3

PM2.5 s_d0 μg/m3

Brightness s_l0 LUX

Luminance-Red

Luminance-Green

Luminance-Blue

CO2 s_g8 ppm

TVOC s_gg ppb

Table (1) MAPSV6 Data Format
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2. Research results: 

The statistical results show that there is a positive correlation between CO2 concentration and course enrollment, but 
the correlation is not significant. There is a higher positive correlation between the number of people who actually use 
the classroom and air quality, and we also observed a 25-minute delay in the corresponding CO2 concentration 
between students entering the classroom and the cumulative arrival of CO2. In addition, we observed a significant 
increase in CO2 concentration during the mid-term and final exams (reflecting the increase in the actual number of 
occupants), and among the five observation sites, Boya 101 classroom had the largest event of high CO2 
concentration (greater than 1000ppm). It is worth noting that between these incidents, the CO2 concentration in most 
classrooms was close to 1000 ppm before the start of the test, reflecting a lack of planning for proper ventilation and 
classroom spacing after use. 

Figure (1) Correlation of student enrollment in courses

3. Classroom management policy recommendations: 

Given the different sizes and ventilation characteristics of observation classrooms, the study found that the rates of 
CO2 rise and dissipation are different in each classroom. However, what they have in common is that during mid-term 
and final exams when the classrooms are intensively used and the number of occupants is high, the CO2 
concentration within the classrooms is often at a poor level (greater than 1000ppm). Therefore, according the research 
results of Dr. Kong's team and SC+ team, presented on 1/26 to the Environmental Safety and Health Committee, it is 
recommended to add detectors to each classroom in the future, and adjust the classroom use policy according to 
changes in the data, steadily moving toward healthier classroom environments for teachers and students in Taiwan. 

Figure (2) Correlation comparison of delayed/non-delayed observations
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Feasibility and Error Analysis of AI Image Recognition of Temple Occupancy 

In temples, air quality depends to a large extent on the number of worshippers, and likewise the number of people 
affected by the air quality. Time distribution data of the number of people to carry out long-term empty products and 
time distribution characteristics of personnel. In order to understand the relationship between worshipers and air 
quality within temples, it is necessary to obtain the time distribution data of temple visitors to conduct long-term air 
quality and occupancy time distribution analysis. However, after obtaining long-term video information in 
collaboration with the community, the SC+ team tried to use manual methods to identify the number of people from 
the video, which requires a significant amount of time and labor. With the evolution of image processing technology, 
the use of AI image recognition algorithms can calculate the number of people according to specific scenes, reducing 
the costs of human labor and time. Therefore, the SC+ team cooperated with Dr. Kong Lingjie's team to calculate the 
number of temple visitors by means of AI image recognition, supplemented by manual data observation as the 
benchmark. The following section will introduce the two methods of identifying the number of people, AI and 
manual, to verify and correct the data to discuss the feasibility of AI image recognition for calculating occupancy. 

With the cooperation of the team and the community, we have obtained the consent of the temple party to use the 
surveillance video footage from 2021/05/12 to 2021/05/24 in the temple, after de-identification and image-related 
optimization processing procedures. Counting the positions of believers in front of the incense burner uses AI image 
recognition technology to calculate the number of people lighting incense.  

- Temple background and counting method 

This AI recognition uses the YOLO v4 object detection model, the full name of which is You Only Look Once version 
4. It is a widely used object detection model today, and it is quite mature in character recognition. Therefore, it offers 
time-saving benefits in training a model, and was chosen to help identify worshippers in the temple. In order to obtain 
the number of visitors at the Tudi Gong Temple, it is difficult to make direct observations based on the current 
installation of surveillance video cameras. Therefore, this study uses the behavior of waiting for extended periods of 
time at the incense burner as the basis for calculating the number of worshippers. The blue box in the Figure 3 is the 
location of the incense burner. Generally speaking, when people light incense, they will stand in this area to ignite the 
incense, and the action takes about 5-10 seconds. We have therefore set scope that includes people entering and 
remaining in this area for a certain period of time which are then identified as a visitor (the number of people plus 
one); subsequent analysis will calculate the number of worshippers on an hourly basis. 

Figure(3) The location of the incense burner

   SC+ Work Team and Department of Geography Cheng-En, Lin
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In the observation time period (2021/05/12 to 2021/05/24), we chose to include special days 5/12 (the first day), 5/13 
(the second day) and ordinary days such as 5/14 and 5 /15, totaling a 4 day period. We calculated the number of 
people by manual identification as a benchmark value, while the results of AI image recognition were used for data 
verification. The comparison results are shown in Figure 4. The dotted line is the AI recognition result, the orange line 
is the manual recognition result, and the blue histogram is the difference between the AI recognition result and the 
manual recognition result. As shown in the figure, when the number of worshippers is high, such as: 5/12 (the first 
day) 15:00, 5/13 (the second day) 8:00, the AI recognition method obviously overestimates the number of people. In 
the data collected over these four days, measuring the average number of people per hour, the average number of 
people identified by artificial intelligence is 2.84, while the average number of people identified by AI is 3.01.  

The scatter plot of the estimated number of people obtained using the two methods shows that the R-square value of 
both is 0.7944. It shows that AI recognition has a good explanatory power in the estimation of the number of people, 
but there are still large numerical deviations at some moments. In order to understand the cause of the error, when the 
above error value is large (more than twice the standard deviation), the researcher is required to go back and manually 
confirm the situation using the surveillance video. The inspection results found that the number of estimation errors 
can be mainly classified between two types, one being people chatting in the identification area, and the other is a 
misjudgment caused by people burning gold paper while approaching the identification area.The misjudgment 
situation is shown in Figure 5. Taking May 13 as an example, the number of people identified by AI was 23, while the 
number of people identified manually was only 13, while the number of people identified by AI on May 12 was 15, 
and the number of people identified manually was only 6. 

Figure (4)  Time sequence diagram of the number of people identified by AI and the number of people identified by human

Figure (5) Sorting out the misjudgment situation of AI recognition --- 5/13 8:00 as an example
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The first type of situation is more likely to occur when there are more people visiting the shrine, while the second type 
of situation is more likely to occur on the first, second, fifteen, and sixteenth festivals, which are days of higher 
religious importance and require burning gold paper. 

In addition, during this period of analysis, there were also cases in which the number of people identified manually 
was larger than the number identified by AI; the reason for this should come from the behavior of helping each other 
to burn incense on their behalf, that is, when the same group of people visited the shrine together, one person might 
help to take the incense and light it and then distribute the lit incense sticks to other people in the same group. The 
behavior of incense distribution can be identified by manual recognition, but if AI recognition is used, the number of 
worshippers after incense distribution cannot be calculated. As a result, the above situation will cause the number of 
people identified by AI to be lower than those identified by humans. 

The above-mentioned inventory of errors reflects the limitations of AI recognition. It is more conducive to pay more 
attention to the above time points when using AI to identify large amounts of data in the future, supplemented by 
manual judgement to reduce the occurrence of misjudgment. 

- Research summary 

This study aims to evaluate the feasibility of AI image recognition in estimating the number of worshippers in the 
temples. Using the four-day image data from 5/12-5/15, the error comparison between the two is based on manual 
recognition. It was found that the number of people identified by AI has good explanatory power for the actual 
number of worshippers, and the R-square value is above 0.7. However, AI recognition is also prone to misjudgment 
on special days and when there are large numbers of people. The second is that people who burn gold paper close to 
the identification area also cause misjudgment, which is more common during special festivals. 

Based on the above, the comparison between AI and manual recognition will give the temple a basis for the feasibility 
of using AI image recognition to determine the number of worshippers in the future. Correcting the time point can 
achieve better results and save a lot of human labor used for manual identification. Through this identification 
technology, the data of the number of visitors can be extracted, so that the temple can find out the long-term 
distribution characteristics of the number of visitors. 

Figure (6) AI misjudgment situation
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Science Tips
Introduction and Applications of Deep Learning

When it comes to deep learning, the first thing that pops into your mind might be AlphaGo, which defeated the South Korean Go 
professional nine-dan Lee Sedol a few years ago, but in fact, you might not be able to distinguish the three words of artificial intelligence, 
machine learning and deep learning. Frankly, the difference is difficult to ascertain at first glance. Deep learning is actually a type of 
machine learning (ML), and machine learning is one of the branches of artificial intelligence (AI) (Figure 7). Simply put, AI is a computer 
imitating human thinking and then simulating human ability or behavior; machine learning uses input data, "extracts" features from the 
data,  and  then  builds  a  model  to  get  the  answer;  Deep  learning  uses  a  multi-layer  nonlinear  model  to  "automatically  learn"  the 
characteristics of the data to get the answer.

SC+ Work Team and IPCS Rong-Cih, Chang 

Figure (7) Artificial intelligence is an umbrella term that includes machine learning and deep learning 
(Image Source: https://www.prowesscorp.com/whats-the-difference-between-artificial-intelligence-ai-machine-learning-and-deep-learning/) 

The deep learning technology used by AlphaGo is a kind of neural network technology. As early as the mid-20th century, many scholars 
proposed the concept of a neural network. Since 1980, neural networks have been practically applied in solve real world problems. The 
general neural network can be divided between the input layer, output layer and the hidden layer (Figure 8). If the input layer is a picture, 
the output layer is the result of the picture type judgment, and the rest are hidden layers. Within the so-called deep learning network, the 
depth refers to the number of hidden layers; increasing the depth can make the network capable of dealing with more complex problems.

https://www.prowesscorp.com/whats-the-difference-between-artificial-intelligence-ai-machine-learning-and-deep-learning/
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The above AI image recognition of the number of people in a temple is an example. YOLOv4 (You Only Look Once version 4) uses the 
convolutional neural network in deep learning to cut the input image into an NxN grid. If the center of the detected object falls into a 
certain grid, this grid is responsible for detecting the object. After inputting the image into the CNN model, it will extract the features 
within the image and make predictions, and then filter the bounding boxes (bndBox) with low confidence level through object detection 
(NMS; Non-Maximum Suppression).  Some of these bndBoxes may be detected as the background (no objects are framed),  then the 
confidence will be 0, and it will be deleted when NMS is performed; if the bndBox has framed objects, its output x, y value is detected as 
possibly the center point of the object. "Possibly" is said here because the predicted object frame is not necessarily the actual answer. 
Since there may be many detected object frames, NMS will finally eliminate those overlapping and less confident frames, and finally get 
the output result of where the object is detected. (For details, please refer to the introduction of the research team of Academia Sinica)

With the development of high internet speeds, the digital data automatically generated by today's IoT devices is instantly available for 
deep learning; supplemented by powerful computing resources in data centers and computing accelerators such as GPU, it can effectively 
accelerate the speed of deep learning model convergence. Therefore, when computing power and data availability are no longer the 
threshold, deep learning is more quickly integrated into our lives and becomes a novel technology that can be utilized by the public.

References: 

1.  Ahrens, D. C., 2009. Meteorology Today: An Introduction to Weather, Climate, and the Environment, Ninth Edition 1. Chung, K., & Yoo, H. (2020). 
Edge computing health model using P2P-based deep neural networks. Peer-to-Peer Networking and Applications, 13(2), 694-703.https://
www.researchgate.net/publication/332592466_Edge_computing_health_model_using_P2P-based_deep_neural_networks

2.   http://www.prowesscorp.com/whats-the-difference-between-artificial-intelligence-ai-machine-learning-and-deep-learning/

3.   https://medium.com/ching-i/yolo%E6%BC%94%E9%80%B2-1-33220ebc1d09

4. https://medium.com/@chingi071/yolo%E6%BC%94%E9%80%B2-3-yolov4%E8%A9%B3%E7%B4%B0%E4%BB%8B%E7%B4%B9-5ab2490754ef

Figure (8) Deep Learning Architecture (Chung, K., & Yoo, H., 2020)

https://www.researchgate.net/publication/332592466_Edge_computing_health_model_using_P2P-based_deep_neural_networks
https://www.researchgate.net/publication/332592466_Edge_computing_health_model_using_P2P-based_deep_neural_networks
http://www.prowesscorp.com/whats-the-difference-between-artificial-intelligence-ai-machine-learning-and-deep-learning/
https://medium.com/ching-i/yolo%E6%BC%94%E9%80%B2-1-33220ebc1d09
https://medium.com/@chingi071/yolo%E6%BC%94%E9%80%B2-3-yolov4%E8%A9%B3%E7%B4%B0%E4%BB%8B%E7%B4%B9-5ab2490754ef
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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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