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 we reach the end of the year, SC+ can now reflect on 
several projects carried out this year. Through joint 

efforts with various partners, the team continues to explore 
more possibilities in terms of community, campus and 
teaching; hoping to promote education and community 
communication, enhance residents' environmental 
awareness, and promote local climate action. The research 
summary section of this newsletter will introduce the 
improvements of the NTU4AQ hardware mechanism, 
including the signal transmission method, internal design 
and the external quick release frame that was improved in 
cooperation with the Department of Mechanical Department. 
These improvements will allow us to prepare for further 
environmental sensing in the future, while also increasing the 

convenience of maintenance and the stability of signal and 
power transmission. In the knowledge sharing section, we 
return to the core values of SC+, and discuss several key 
elements that must be considered when establishing an 
environment sensing infrastructure.
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International scholars visit SC   

In order to reduce maintenance costs, enhance the 
Assistant Professor Max D. Woodworth of Ohio State 
University recently visited the SC+ laboratory. Profressor 
Jian introduced the achievements of SC+ on campus, 
within the community, and in advancing environmental 
sensing. Professor Jian and the research assistants had the 
opportunity to have an exchange with Professor 
Woodworth about the actual problems and challenges 
encountered in community participation, as well as 
discuss the possibility of developing further cooperation 
in the future.  

Monthly Activities Summary

12/13

12/22 Daxue Village Chief awarded “Best 
Partner of SC+NTU”
At the end of the year, we would like to thank Daxue 
Village for their strong collaborative efforts. In 
recognition of all the hard work Daxue Village did 
alongside us, we have awarded them as the "Best Partner 
of SC+NTU, and discussed which community 
environmental issues SC+ and the university will 
continue to tackle in depth in the coming new year. 

12/22Smart Meter Installation   

With the assistance of the cooperative manufacturer, we 
completed the installation of smart meters and the 
connection of data in the IPCS G201 classroom electrical 
box. We use 4 CT meters to connect the front and rear air 
conditioners of the classroom and the main power supply 
of the two electrical boxes respectively, and publish the 
current flow information using the MQTT method 
through the router at a frequency of one transaction per 
minute, then subscribe and transfer it to the database, 
completing the monitoring of classroom consumption. 
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12/27SC+ Final Publication
At the end of the semester, SC+ published the 
results of the student projects that took place 
during the semester. Students from the 
Department of Atmospheric Sciences introduced 
the new sensor mechanism they developed; along 
with the students from the Department of 
Mechanical Engineering and their newly designed 
NTU4AQ sensor support frame and panel clip. 
There was also an analysis of campus power 
usage data by students from the Department of 
Asset Management, and finally there was the 
result and analysis of the marathon action sensing 
by students from the Department of Geography. 
With these diverse, yet interrelated topics, we look 
forward to the development of related topics in the 
future.  

12/28 USR Expert Meeting

The USR program is now in the third phase of 
application. In view of the previous experience in the 
implementation of the second phase of USR, this time 
we will conduct in-depth planning for different parts in 
a more comprehensive manner. Basically, the plan will 
be carried out along five main axes: 1. R&D and 
calibration of environmental comfort health check 
modules; 2. Community scientific communication: 
establishment and analysis; 3. Community climate 
action for environmental comfort mitigation and 
adjustment; 4. Establishment of a "village 
Environmental comfort health check" learning center; 
5. Course teaching. It is expected to promote 
communication between schools and communities, 
enhance residents' environmental awareness, and 
promote local climate action. 
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Achievements and Announcements

Hardware - proof of concept and testing - common interface 

The previously designed standard jumpers using Ethernet routers are used to transmit signals, and through this 
method, hardware and software can be rapidly expanded. At present, after strengthening the welding, it can be used 
as a relatively stable power supply and signal transmission line.  

In addition to the design of the external quick-release rack, and in order to match the two latches developed in 
cooperation with the mechanical engineering department, it also does verification design and development board 
design and wiring for the internal main control board. Three verifications will be completed by the end of December 
2022, all of them using mega2560 pro as the main control version, and all with SD card storage function and screen 
display. However, due to the different communication levels, the sim7000G was not successfully installed and 
communicated. This is an important breakthrough point, further reinforced since it is the communication system 
with the CO2 sensor. As a data source, eCO2 has low data availability, so it is planned to use a higher-end sensor in 
the future, but at the same time, the life of the sensor may be reduced due to the increase in power consumption, 
which also needs to be considered. 

At present, the stability of the Ethernet interface is very high and it can be interconnected without thinking, so the 
effect is good. The main disadvantage is that the process of manufacturing the Ethernet line is cumbersome and 
complicated, requiring more patience to press the line, and mass production may be possible. It is necessary to 
purchase other ready-made wires, and it is recommended to use cat5 or lower wires, because there will be plastic 
keels in the middle of cat 6, which are difficult to bend, and may cause excessive force on the connection of parallel 
layout control boards in the future. 

 SC+ Work Team and Department of Atmospheric Sciences Chieh-Hsiang, Fan  

Figure 1: Preliminary prototype test of experimental device 
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Originally, the NTU4AQ was fixed on the utility pole using U-shaped rings and a few pieces of sheet metal. It was 
impossible to firmly fix the NTU4AQ on the utility pole, and therefore it was prone to shaking, as well there was a 
risk of the device tilting or even falling. In addition, when the NTU4AQ device or sensor fails or needs to be 
replaced, it is not easy to disassemble the machine. It is necessary to climb a high ladder to remove the screws one by 
one and remove the entire device weighing about 2 to 3 kg; in sum creating a very unfriendly situation to the 
maintenance and inspection staff. Thirdly, when the internal sensor fails and needs to be replaced, because the 
original design puts all the sensors in the same place, the entire mechanism needs to be disassembled for 
maintenance, greatly increasing the complexity of maintenance. This process may also affect other good sensors 
during maintenance, resulting in additional unnecessary problems.  

Through this project, we hoped to address the above problems. First of all, we redesigned the clamp so that NTU4AQ 
can be firmly fixed on the utility pole, and hope that the clamp can be used for different sizes of utility poles and on 
different thicknesses of utility poles while remaining firmly fixed in place. Second, because the NTU4AQ has to be 
placed on a 2-meter-high utility pole, requiring a high climb when disassembling, we designed a quick release to 
allow maintenance personnel to quickly disassemble and complete the repair. Finally, to repair the inside of the 
NTU4AQ, the entire NTU4AQ needs to be disassembled. We use the concept of memory slots to design a mechanism 
enables the repair of damaged parts, and fixes to the circuit boards can be done using modular slots that can be 
interlocked. In this way, when a sensor is damaged, only the damaged part needs to be replaced without dismantling 
the entire machine. 

Fixed Seat: 

The improved version is divided into two parts: the fixed seat and the quick release bracket (Figure 1.1.1). The fixing 
seat needs to be fastened to the light pole with locking screws, and can be locked to utility poles with a diameter 
range of 15-23cm. The quick release bracket is locked together with the device, but the installation with the fixed seat 
can be quickly completed by hand.  

The fixing seat is composed of three pieces of sheet metal (Figure 1.1.2). The two pieces that touch the light pole are 
almost symmetrical in shape as shown in the figure below, which is similar to an octagonal shape, and which can 
ensure that the light pole within the diameter range can be in contact with one of the sheet metal pieces. Four faces 
are in contact (Fig. 1.1.3). Meanwhile, the height of the sheet metal also increases the contact area with the light pole, 
which is less prone to shake than the U-shaped ring. Another piece of sheet metal is used to dock with the quick 
release bracket. 

Figure 1.1.1: The blue is the fixed seat, and the red is the quick release 

Improvement of NTU4AQ mechanism:  
strengthening installation and simplifying maintenance 

 Professor Kuei-Yuan Chan's team  Yu-An Chen , Peng-Chen Chen 
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Figure 1.2.1 Quick release installation

Figure 1.1.2: The fixing seat is divided into three pieces of sheet metal

Quick release bracket: 

The quick release bracket is improved from the original 
sheet metal, and a rectangular sheet metal piece is added 
on the rear side of the original sheet metal (near the light 
pole side). As shown in Figure 1.2.1, when installing, 
first rotate the device 90 degrees, let the rectangle pass 
through the reserved opening of the fixing seat, and then 
turn it straight to fix it. The gap between the two sheets 
of metal of the fixing seat is the thickness of the 
rectangle, and the limit of the spring plunger pin can 
ensure that the device will not rotate. To disassemble, 
simply depress the spring plunger pin and rotate the unit 
90 degrees to remove the unit. 

Upper left: First turn the quick release 90 degrees to 
align the opening of the fixing seat; Upper right: Insert 
the rectangular part of the quick release into the two-
layer metal plate of the fixing seat; The fixation is 
completed by popping out of the two openings; bottom 
right: the side view after the fixation is completed 

Figure 1.1.3: Cylinders within the diameter range will be clamped by four faces of the holder
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Board slot:  

Inspired by the memory slots of a computer mainframe (as shown in Figure 2.1), where the memory can be separated 
one by one and installed in the mainframe by category. 

We plan to use a similar design to insert the circuit boards of different sensors into different slots. When the original 
sensor is broken, we need to remove the entire NTU4AQ, and the whole set of mechanisms can only be repaired by 
turning the screws. The method is inconvenient and time-consuming. Through the new slot design, the circuits of 
different components can be fixed in different slots. In this way, when a certain part of the sensor is damaged, we only 
need to replace that piece of circuit board. This eliminates the need to disassemble the whole mechanism, and instead 
we only need to prepare replacement components and replace the bad ones. In addition, the slots are modularized and 
additional fasteners are designed on the slots to facilitate mutual cooperation between the slots. Finally, the exterior was 
changed into a square shutter box, and the interlocked slots and placed circuit boards were installed, thus completing 
the task of NTU4AQ maintenance simplification. (See Figure 2.2, Figure 2.3) 

Figure 2.3 Schematic diagram

Figure 2.1 Memory slot Figure 2.2 Modular slot
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Science Tips
Core Value of SC+ — 

"All-In-One Solar Powered Wireless Environmental Comfort Sensor and Data System"

We now return to the original intention of the Smart Campus plus (SC+) project, which is based on the concept of a 
living laboratory, and works with community partners to build a microclimate sensing network and analyze the data 
in order to jointly build localized climate actions. However, many problems and dilemmas were encountered on the 
way to achieving this goal. After clarification and repeated discussions again and again, the core value of SC+ was 
gradually constructed – “All-In-One Solar Powered Wireless Environmental Comfort Sensor and Data System”  

In order to expose local environmental data and promote local climate action, we need to establish a good 
environmental sensing infrastructure, and there are several elements that need to be considered and achieved in the 
establishment of infrastructure: 1. Hardware: suitable low-cost micro-sensing 2. System: data collection and 
application interface, 3. Calibration: data quality assurance and data control. The difficulties that may be 
encountered in these three parts and the corresponding solutions will be discussed in more detail below.  

1. Hardware 

NTU4AQ is an environmental sensing device jointly developed by our team. In terms of design concept, NTU4AQ 
uses appropriate technology in the IOT field to integrate and design a miniature sensing device that combines 
multiple parameters that are currently scarce in the market, and can quantify wind, light, temperature, humidity, 
sound and PM2.5. In terms of appearance and power supply, in order to reduce landscape conflicts during 
equipment installation, NTU4AQ integrates solar panels on the top to make the appearance more integrated, and 
uses the exclusive power management module to effectively use limited power. 

2. System 

The information communication system of this project is structured with the Google Cloud Platform (GCP) service. 
The PaaS (Platform as a Service) of cloud services means that the "platform as a service" feature makes the system 
highly flexible, and can quickly deploy various types of services that comprise the life cycle of software 
development, from construction, testing, deployment to update. There are very complete platform management tools 
available, and a stable and convenient maintenance mechanism can also greatly reduce the burden on program 
developers. Among them, MQTT is used to receive the sensing data transmitted by NBIoT, and this technology is 
used to develop a data value anomaly reporting system, which effectively reduces the manpower requirements for 
data collection and machine maintenance for operation. The system also integrates various sources of data from 
different institutes of National Taiwan University (e.g. meteorological data from the Atmospheric Observation 
Platform of the Atmospheric Sciences Department, water temperature data of Drunken Moon Lake from the Institute 
of Oceanography, etc.), making it more convenient and comprehensive for users to apply data. 

 SC+ Work Team  Wei-Jhe Chen
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3. Calibration

In order to understand the data accuracy of the miniature NTU4AQ sensor, this project compares the data of 
NTU4AQ with precision weather stations and high-end precision instruments. In addition, we have also 
developed a systematic calibration method. Based on the comparison with the base station, the calibration 
results are fed back to the system side, allowing the externally connected sensing data to undergo the latest 
calibration model. In addition, all-in-one sensors need to be considered holistically. Our team is developing 
and using methods such as multivariate analysis to holistically conduct quality assurance, quality management, 
and optimize the calibration model to stabilize the reliability of the data. 

Consolidating these three cores, SC+ supports the application of this technology in campuses, communities, 
course implementation, and beyond. It is hoped that based on this foundation, environmental values can be 
disclosed, students and residents’ awareness of the environment can be promoted, and corresponding climate 
actions and solutions can be undertaken to improve the comfort and quality of our living environment.
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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     
December 2022 

 11 Issue No.28

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

	NEWSLETTER        Dec. 2022
	SC+NTU
	Monthly Activities Summary
	International scholars visit SC
	Daxue Village Chief awarded “Best Partner of SC+NTU”
	Smart Meter Installation
	SC+ Final Publication
	USR Expert Meeting
	Hardware - proof of concept and testing - common interface
	Science Tips
	SC+NTU Work Team
	International Degree Program in Climate Change  and Sustainable Development (IPCS)
	ABOUT OUR TEAM
	Location Aware Sensing System (LASS)
	ABOUT OUR TEAM


