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anuary is the beginning of a new year, and it is also the 
month when our first batch of, NTU4AQ outdoor sensors 
turned one year old. Therefore, the theme we will be 

sharing with you this month is "outdoors". Compared with the 
indoor environment, the outdoors is an open and complex 
system. The impact of various environmental factors on 
comfort has always been an area of constant exploration by 
the SC+NTU team. There have been many discussions around 
thermal comfort and breathing comfort, but there is not much 
focus on visual comfort (light), until the research team of 
Professor Kong Lingjie from the Department of Asset 
Management was recently invited to join in cooperation with 
the General Affairs Office of NTU. After collaborating on the 
smart street light project, we now have the momentum to 
discuss the issue of visual comfort. During this period, the 

SC+ team, Mr. Kong's team, and the General Affairs Office's 
maintenance team have jointly launched many discussions, 
large and small. Therefore, in the Achievements and 
Announcements section of this newsletter, the background 
motivations, limitations and feasibility of the smart street light 
project will be introduced. On this topic, we hope to find a way 
to turn on or off the light according to current environmental 
conditions. Lastly, in the Science Tips section of this issue, we 
will continue the discussion on boundary layer structure 
change that was first introduced in the November newsletter; 
and further introduce the different diffusion characteristics of 
pollutants under various boundary layer structures.
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National Taiwan University MOU 
on decision to pass the profit 

Through the international degree program on climate change 
and sustainable development, this project signed a 
memorandum of academic exchange and industry-university 
cooperation with Lide Instruments Co., Ltd. With the 
approval of Vice President Chen Mingxian, he decided to 
pass this memorandum of academic exchange and industry-
university cooperation, expecting that the cooperation 
between the two parties can bring new, mutually beneficial 
sparks of progress and creativity. 

01/05 Discuss ion  wi th  L ianyang 
Electronics about the control system 
for smart street lights on campus
The research team led by Mr. Kong Lingjie from the 
Department of Information Management has conducted data 
analysis on the illuminance detected by smart street lights in 
the school and the switching time of street lights in the past 
few months, hoping to discover an energy-saving street light 
switch optimization time. On this day, we held an online 
meeting with Lianyang Electronics, which is responsible for 
the smart street lights in the school. In addition to explaining 
the stage results of the team, the manufacturer also provided 
a lot of relevant information and practical suggestions, 
bringing this project closer to a practical decision support 
system.

01/03

Monthly Activities Summary
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 Completion of the first version of 
the NTU4AQ external battery

The question of whether or not the solar panel can 
provide a stable power supply has always been an 
important factor for the operation of the micro sensor. The 
team's NTU4AQ has been installed outside for a year. The 
stability of solar power supply will be affected by the 
shadows created by surrounding trees and buildings, and 
the number of charge and discharge cycles also gradually 
reduces the efficiency of lithium batteries. To address 
these issues, the team developed an external battery 
module, which can connect up to eight 18650 lithium 
batteries. At the same time, the convenience of 
installation, safety and aesthetics are taken into 
consideration throughout development. It is expected that 
the completion of this proposal will increase the stability 
of the NTU4AQ unit, and also offers time-saving benefits 
from a management perspective. 

01/06

Taiwan Mobile NBioT Trial
Since there is no telecommunications base station on the 
NTU campus, the NBIoT of Chunghwa Telecom was 
previously used, and along with frequent blind spots, the 
signal on the campus was generally weak. Therefore, the 
team contacted Taiwan Mobile and applied for an NBIoT 
card for trial use. By comparing the NBIoT strength of 
different telecom operators on campus, the team hopes to 
solve the problem of sensor communication quality on 
campus.

01/13

01/26Taiwan Mobile NBIoT 
Campus Map

In order to explore the NBIoT communication quality on 
the NTU, the team used the Sim7000E module and the 
Taiwan Big Mobile NBIoT card to design the most 
effective measurement route, and measured all the 
intersections and corners of the campus, and then drew a 
signal strength map to provide a comparison with the 
NBIoT signal strength of Chunghwa Telecom. It is hoped 
that the intensity distribution of different brands in the 
campus can be shown, and the use of NBIoT can be 
further planned. With the NBIoT cards of the two brands 
complimenting each other, the sensor communication 
within the campus can be stabilized and the data 
transmission and reception rate can be improved. 
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 Patent submitted for
 internal examination

After a year of hard work, the team has drawn up the 
patent application for NTU4AQ's hardware, system, and 
calibration with the concept of 3-in-1. At present, it has 
been sent to the Office of Research and Development of 
NTU for preliminary document review. It is hoped that 
the patent application will be successful, and then the 
development of higher-value micro-sensors and climate 
services will be carried out. 

Air box health inspection report 
from the Environmental Safety 
and Health Committee
Since there is no telecommunicationsFrom the end of 2019, 
the SC+ program has launched an indoor air quality 
monitoring program in large classrooms such as Boya 101, 
Gongtong 101, General 102, and Xinsheng 102. After a year, 
we once again went to the Environmental Protection & 
Occupational Safety & Health Center (EHS) to conduct the 
second annual air quality health inspection report. Among 
them, compared with other large classrooms, the CO2 
accumulation problem in Boya 101 classroom has been 
significantly improved due to the efforts of the Academic 
Affairs Office. In addition, we also shared the research 
conducted by Mr. Kong Lingjie’s team to analyze the 
relationship between CO2 concentration and the number of 
people in the classroom, confirming that the correlation 
between the number of classrooms and carbon dioxide 
concentration has a time delay of approximately 25 minutes. 
Finally, we shared the simulation analysis results of the 
ventilation strategy conducted by the team members. It is 
recommended to open the exhaust fans and air windows for 
20-40 minutes after the class ends, which can reduce the 
accumulated carbon dioxide concentration in the room to the 
background value, so as to prevent the retained carbon 
dioxide from affecting the users in the next period. (For a 
detailed report, please refer to the newsletter issued last 
August and next month)

01/27

01/26
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Achievements and Announcements

Background Motivation, Limitation and Feasibility of Smart Street Lighting Project 

At present, there are three types of street lamps in NTU. The first type is mechanical street lamp, which requires 
regular dispatch of manpower to adjust the switching time of each street lamp one by one; the second type is 
astronomical street lamp, which will switch on and off according to the daily sunrise and sunset times; The third type 
is smart street lights. The street lights themselves have sensors that can collect data and send the data back to the 
remote system at a frequency of every 20 minutes through NBIoT. The remote system can also send packets to the 
street lights at any time to command the street lights to switch on and off. In other words, smart street lights have the 
ability to dynamically switch lights on and off according to collected data. In view of the greater flexibility offered by 
smart street lights for adjusting and switching lights, the General Affairs Office has been committed to popularizing 
smart street lights on campuses in recent years. The current distribution of smart street lights is shown in Figure 1. 

Figure (1) Distribution of Smart Street Lights

Mr. Kong's team Xin Yu, Liu and Zhong Jia, Guo
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At present however, the General Affairs Office still switches on and off the smart street lights in the same way as the 
astronomical street lights; switching the lights on and off 20 minutes before and after sunset and sunrise. Even under 
these conditions, the General Affairs Office will still receive calls from the public, complaining that the sky is too 
dark and that the lack of street lighting is negatively affecting the line of sight; or conversely, that the sky is too bright 
and the street lights have not been turned off, resulting in an apparent waste of electricity, etc. As far as we know and 
from the data, weather is another reason that causes different illuminance at the same times of day. Therefore, in the 
smart street light project, we hope to propose a dynamic switching solution by analyzing the historical illuminance 
data. 

In addition to data analysis, we communicate with relevant units to understand the current data and hardware 
limitations in order to ensure that the results can truly solve the problem, and combine professional knowledge 
through data analysis to propose scientifically reasonable and practically feasible solutions. This project involved the 
communication of four parties, including the maintenance team of the General Affairs Office, the research team of Mr. 
Kong Lingjie from the Asset Management Department, the SC+NTU team, as well as the smart street light outsource 
partner, Lianyang Electronics. The maintenance team of the General Affairs Office is the end client, hoping to obtain 
a solution that considers safety, electricity consumption, and ecology; as a member of Mr. Kong's team, we are 
responsible for the data analysis work, hoping to unify the ideas of the three parties and what the data shows, in order 
to come up with practical solutions. However, with regard to the data analysis role, the biggest problem often 
encountered is the difficulty in explaining intuitively unreasonable results that are found in the data. SC+NTU 
partners undoubtedly provide professional knowledge support; and Lianyang electronic manufacturers provide the 
illuminance, power consumption and judgment data of the smart street lights, and also provide detailed information 
on the current operation mode of the system, etc. 

By focusing on the needs of the maintenance team of the General Affairs Office and continuing discussions with 
SC+NTU partners and Lianyang Electronics, we have summarized the limitations and feasibility of dynamic 
switching lights: 

Limitations: The biggest limitation at present is the network limitation of NBIoT. It takes up to 40 minutes from 
receiving the data transmitted by the smart street light, determining that the light needs to be turned on and off, and 
receiving the instruction for the smart street light, which is too long of a duration for the street light switch. In 
addition, the illuminance of the street light itself is different from the real value, which needs to be corrected for 
standard comparison. 

Feasibility: Lianyang Electronics has the relevant experience of dynamic switching lights. We believe that it is based 
on the legal standard (15 lux) for the beginning of street lights. Considering safety, the switch lights are given a more 
flexible illuminance standard range (300-30 lux), meaning early switching is still possible. 
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Analysis of Illumination Data of Smart Street Lights 

The switching method of street lights on the NTU campus is "to turn on or off all street lights on campus at a specific 
time every day". Since the General Affairs Office will receive comments such as "it's dark but the lights haven't been 
turned on" and "I hope to turn on the lights earlier when it's cloudy or rainy", it shows that there may be room for 
improvement of the current plan. By analyzing the data provided by smart street lights and NTU4AQ, we hope to find 
a way to turn on or off lights according to current environmental conditions. 

According to the information provided by the General Affairs Office of a smart street light on Zhoushan Road (from 
2020/05/01 to 2021/05/20), after removing extreme values, there are a total of 10,340 records, with an average of 27 
records per day. The fields are shown in Table 1. 

   Mr. Kong's team Xin Yu, Liu and Zhong Jia, Guo

Column Names instructions

EquipmentId Id (str)

EquipmentRunStatus Operational or not (bool)

msgTimestamp Record time (ts)

A Electric current (A)

Dim Light on or not (int)

Freq Frequence (Hz)

Kwh Electricity consumption (Kwh)

Lux Illuminance (Lux)

Pf Power factor (frac)

V Voltage (V)

W Power (W)

In this project, the primary data fields analyzed are: time, illuminance, and the current status of the light on and off; 
Table 2 and Table 3 show the data on the abnormal status of the light on and off under different illuminance standards. 
The analysis results show that if 30 Lux is used as the standard for switching lights, about 6% of the data belong to 
lights that should be turned on, but not turned on, so we believe that switching lights based on illuminance is a 
feasible solution. 

Table(1) Smart Street Light Sensor Data Fields

Illuminance (Lux) 0 ≦ 5 ≦10 ≦15 ≦20 ≦25 ≦30

Number of data records 62 175 220 270 532 573 621

Proportion 0.600% 1.692% 2.128% 2.611% 5.145% 5.542% 6.006%

Table(2) The number of data records when the environment is too dark and the lights are not turned on

Illuminance (Lux) ≧80 ≧85 ≧90 ≧95 ≧100 ≧105 ≧110

Number of data records 98 91 86 78 73 70 67

Proportion 0.948% 0.880% 0.832% 0.754% 0.706% 0.677% 0.648%

Table(3) The number of data records when the environment is too bright and the lights are not turned off
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Since the data resolution of smart street lights is low (about an hour), we also analyzed the data of NTU4AQ. We 
compare the NTU4AQ_11 (Lumingtang), NTU4AQ_16 (Keelung Road), and NTU4AQ_10 (Men’s Dormitory 5) 
machines with relatively fixed locations and more reception times. The results are shown in Figure 2. It is found that 
the illuminance measured between the machines at the same time period shows a difference. These differences may 
come from the environment, or the bias of the sensor itself. After discussing with the team, it was thought that 
depending on the purpose and location on campus, different light switch standards could be adopted. 

Figure (2) Differences in illuminance measured by different NTU4AQ machines at different times of the day

In addition, we also compare whether the values measured by NTU4AQ and smart street lights are consistent. We 
compare the overlapping data of Lumingtang’s NTU4AQ and smart street lights, and the results show that smart street 
lights always measure less illuminance. The distribution of the difference between the illuminance measured by 
NTU4AQ minus the illuminance measured by smart street lights is shown in Figure 3. After discussing with the team, 
it was found that the sensor of the smart street light absorbs light, so it always measures a smaller value. Therefore, 
the standard for sensing light intensity should be unified before the project is implemented. 

Figure (3) Differences in average illuminance measured by smart street lights and NTU4AQ at different times of the day
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Figure (4) Average illuminance at different times before sunset

Determining a suitable illuminance as a standard has always been a difficult problem. After learning that the current 
method of switching lights on campus is "unified switching lights 20 minutes before sunset", we analyzed the average 
illuminance at different times before sunset based on the data of NTU4AQ_11, and the results are shown in Figure 4. 
It was found that, on average, with "20 minutes before sunset" as the standard for turning on and off the lights, the 
illuminance exceeded 300 Lux, which was much higher than we expected, indicating that on average, this standard 
should not have the problem of turning on the lights too late. However, according to Table 2, there are still some 
(about 6%) of the data that the lights should be turned on but are not, so we believe that switching lights according to 
illuminance is still a feasible strategy. 

According to the above results, we draw the conclusion that the current method of switching lights can achieve an 
average ambient illuminance greater than 300 Lux when the lights are turned on. This is a no-nonsense rule. the light 
switching strategy can be adjusted according to different illuminances, so as to give full play to the function of smart 
street lights and save some power usage. However, whether the brightness is sufficient is a matter of subjective 
perception, and it is difficult to obtain a standard that everyone is satisfied with. Before implementation in the future, 
it is necessary to calibrate the photosensitive standard of the device and evaluate the impact of switching rules of 
different standards on campus lighting and energy efficiency in different locations. 
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Science Tips
Within the atmospheric (planetary) boundary layer,  

how should we look at the diffusion of pollutants?

In the November Research Newsletter, we quickly introduced what the atmospheric (planetary)  boundary layer is, as defined by the 
classic textbook by Stull (1988). Continuing the theme from November, this time we will introduce the common factors affecting the 
diffusion of pollutants in boundary layer meteorology. Continuing the previous introduction to the day-night structure change of the 
boundary layer, we refer to the Mixed Layer that is easy to be mixed during the day, or ML for short. At night, a Stable Boundary Layer 
(SBL for short) that is not easily mixed is formed on the ground; the Residual Layer (RL) above the SBL is also formed. This time, the 
different diffusion characteristics of pollutants under different boundary layer structures will be introduced. As shown in Figure 5, after 
sunset, the pollutants emitted from the RL can usually only diffuse within the RL; although they are within range of the SBL, because the 
vertical stability is strong and the air is not easily exchanged vertically, the pollutants cannot enter the SBL; the above phenomenon is 
called Lofting. When the ML begins to form and thicken after sunrise, the contaminants that were previously at higher levels begin to 
mix downwards, a phenomenon known as Fumigation (Figure 5). 

The impact of these different boundary layer structures on pollutants, to put it simply, can be considered in terms of the vertical stability 
of the atmosphere; when the vertical stability is greater, the air exchange in the vertical direction is more difficult. In practice, the vertical 
stability is usually analyzed by the change of temperature with the vertical direction. The dotted line in Figure 6 represents the theoretical 
temperature change when the surface air moves in the vertical direction (please check: dry Adiabatic lapse rate), if the actual atmospheric 
temperature at this height is higher (the red line is measured to the right of the dotted line), it means that the vertical stability is higher, 
so the air on the ground does not easily mix with the air above; otherwise, if the red line overlaps the dotted line (neutral), or if the red 
line is to the left of the green dotted line (unstable), the ground air is easily exchanged with the air above. Note that the dotted lines in 
Figure 6 only represent the temperature change of the "surface" air when it moves in the vertical direction. If you want to see the 
temperature change of the air at different heights in the vertical direction, you need to use another parallel line as auxiliary, as seen in 
Figure 6e, where the ground to the top of the SBL is stable, but neutral above the SBL.

SC+ Work Team Yi-Huan Hsieh

References: 

1.  Ahrens, D. C., 2009. Meteorology Today: An Introduction to Weather, Climate, and the Environment, Ninth Edition 

2. Stull, R. B., 1988. An Introduction to Boundary Layer Meteorology

Figure (5) The influence on the diffusion of pollutants under the common 
day and night structure changes of the boundary layer. (Stull, 1988)

Figure (6) The diffusion of pollutants under different boundary 
layer stability structures. (Ahern, 2009)
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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: Fu-Hsiang Ching; Miao-Jung Chien; Wei-Jhe Chen;

                        Hao-Wei Liao; Cheng-En Lin; Xin Yang; Tzu-Chun Chang

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     
January 2022 

 12 Issue No.17

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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