
SC+NTU   Newsletter     
November 2022 

  1

 1 Issue No.27

 the project progresses, the team will not only 
continue to improve and renovate the existing 

projects, but also meet the goals of sustainability and carbon 
reduction. Through the installation of smart meters, we hope 
to have a better understanding of indoor energy use, so as to 
facilitate further analysis and cooperation in the future. 
discuss. This month's small release will introduce the 
calculation of sky openness and sensor disconnection 
prediction. It is intended to simulate the actual tree canopy 
width through orthophoto images to improve the correlation 
between the model grid and the actual value of sky 
openness. In the disconnection prediction of the sensor, it is 
hoped that the disconnection warning can be provided 
through data analysis to achieve the two goals of reducing 

manpower consumption and data loss. The last little common 
sense of comfort will introduce the difference in the spatial 
scale of the sensor.
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Water pipe sensor renovation plan   

In order to reduce maintenance costs, enhance the 
modularization capability of sensors, and reduce their 
erection and installation costs, the shell of the water pipe and 
the form of forced ventilation are used to avoid the 
accumulation of waste heat, and different sensors are 
installed in different locations. The mutual interference of 
waste heat is avoided through the air flow, and the accuracy, 
versatility, installation versatility, durability and 
maintainability of the sensor are enhanced through this 
design, which is convenient for maintenance and operation. 
Use the existing PVC pipe as the basic backbone structure, 
and actually demo a concept through the 3D diagram, and 
carry out concept verification and code design, through the 
hardware backbone to let the software be realized. At this 
stage, the generalization of the hardware backbone will be 
done first. Mod design. 
The semi-transparent and silver-gray parts are water pipes, 
and the gray parts are mainly used as ports and water pipe 
connection components. The forced exhaust fan is also 
shown with a silver-gray coating. The blue parts are for 
various electronic devices, but it should be available at this 
stage. Adopting other configurations, that is, adopting an 
integrated block instead of a single component and a single 
block, to facilitate erection, because under most conditions, 
there will be multiple different parameters that need to be 
measured at the same time, so it will be necessary The 
parameters measured together are realized in the form of the 
same module. 

Monthly Activities Summary

11/01

11/09

Smart meter manufacturer site 
survey IPCS 

In line with the goals of sustainability and carbon 
reduction, National Taiwan University is working hard to 
reorganize the electricity usage in the campus in order to 
formulate future improvement strategies. The use of 
indoor electricity/energy is also one of the directions that 
the team is very interested in and is expected to continue 
to develop in the future 1. Therefore, we tried to take the 
G201 classroom of IPCS as the first research field, and 
installed smart meters in the distribution box for the 
electrical equipment we want to know, so that we can 
continuously collect their current values and cooperate 
with the records of classroom electricity usage behavior, 
that is It allows us to re-understand the power 
consumption of various electrical appliances through the 
current value. On this day, we invited the manufacturer to 
inspect the distribution box of IPCS to confirm the 
possibility of erecting smart meters. 
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11/17Moving Forward Uganda: 
MAPS Power Retrofit   

Uganda's local power infrastructure is insufficient, 
which makes it a problem for monitoring instruments to 
supply power to households. In response to this 
problem, we have proposed a short-term solution for 
home use after charging the battery and a long-term 
solution for using a solar panel system. At present, the 
relevant test of the battery charging scheme has been 
released. We use a lead-acid battery with an output of 12 
volts and 45ah to test the power supply of the MAPS6 
sensor. Local sensing is carried out at a complete cycle 
of one week, and it does not consume too much 
manpower for maintenance and battery replacement. In 
the next step, we will continue to test the power supply 
scheme using solar panels. 

10/18 Install Smart Meter for Full 
Transformer G202

Smart power measurement is composed of a current 
transformer (CT meter for short), a communication 
interface and a router. Simply hook the CT meter directly 
to the wire, and the wire can be detected through the 
electromagnetic principle. The real-time current passing 
through, the communication interface sends the data to 
the router through the Modbus TCP transmission method, 
and the router can publish (publish) the current value 
information to the MQTT Broker at a specified time 
frequency through a method such as MQTT, and then 
transfer it through the program stored in the database. We 
are currently recording electricity consumption 
information such as air conditioners, lights, and sockets 
in IPCS G202 classrooms at a rate of one transaction per 
minute. After collecting data for a period of time, we can 
start preliminary analysis! 
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Achievements and Announcements

QGIS simulation analysis of the openness of the sky at NTU 2 

In the previous study, the sky openness was simulated by the UMEP package of QGIS using the SVFC simulation 
results. After using the tree data provided by the Department of Civil Engineering and assuming that the crown 
width of the trees in the school is all 3 meters, the openness grid and each point of NTU4AQ Overlay the image, and 
conduct statistical analysis on the correlation between the grid and the data measured by the fisheye camera. The 
correlation coefficient is 0.71 , which is highly correlated, indicating that the grid simulation results and the sky 
openness after the actual fisheye camera shooting There is a certain correlation. 

Due to the great diversity of tree types in the school, this time, we intend to simulate the actual tree crown width 
through the orthophoto image provided by the Department of Geography, so as to improve the correlation between 
the model grid and the actual value. In terms of vegetation analysis, the NDVI vegetation index is often used to 
distinguish vegetation from non-vegetation. The vegetation index is calculated through satellite telemetry data. 
Using the reflection of red light and near-infrared light, it can show plant growth, ecosystem vitality and 
productivity, etc. Information, the formula is that the larger the value, the more plant growth, NIR is near-infrared 
light, RED is red light, and the NDVI value is between -1 and 1 . This time , the 3 - meter resolution satellite images 
of PlanetScope satellites were used for NDVI calculation, and the results are shown in Figure 1 below. From Figure 
1 below, it can be seen that the redder area is the vegetation growth area, and the greener area represents the non-
vegetated area. Taking the playground as an example, we can see that NDVI can indeed distinguish the difference 
between the grassland and the runway, but it can be seen around Zuiyue Lake The road is classified into the red 
vegetation range, and it is difficult to show the actual distribution of the tree crown in detail. Therefore, the 
orthophoto image is used for classification. This time, the unsupervised learning clustering method Iso Cluster built 
in ArcGIS is used. Unsupervised Classification , unsupervised learning clustering is to separate data according to 
distance or ( color ) similarity, common algorithms include K-means , HAC (Hierarchical Agglomerative 
Clustering) hierarchical clustering method and IEC (Immune Evasion Clustering) stepped clustering law etc. 

 SC+ Work Team and IPCS Rong-Cih, Chang  

Figure 1: NDVI distribution map of National Taiwan University campus 
Base map source: PlanetScope satellite ( resolution: 3m) 
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In the results of unsupervised learning grouping, we tried 5 , 7 , and 10 kinds of grouping results. The results show 
that the best classification results can be obtained when the number of groups is equal to 7. The following is an 
example of different districts in the campus. It can be seen from Table 1 that when the number of clusters is 5 , the 
number of categories is too small to effectively classify roads and vegetation. After comparing with the 
orthographic images, it can be found that when the number of clusters is 5 , the front of the school gate is deeper 
The darker asphalt road can be classified into the same category as the darker green leaves on the side of the tree 
crown; and when the classification number is 7 , it can be clearly seen that the darker asphalt road can be separated 
from the side vegetation, and according to the light green and darker green leaves of the tree crown green, but the 
problem encountered is that the grass is also light-colored, and it will be classified into the same category as some 
light green trees, so we try to increase the number of categories to 10 , but the result is that the more the number of 
categories If there are too many, it is still impossible to effectively distinguish the grassland, and when the number 
of classifications increases, it will be difficult for the human eye to identify the classification results. Therefore, 
when the number of classifications is 5 and 7 , the differences and problems in each area of the school will be 
compared later. 

Table 1: Comparison of classification results at school gates

Table 2: Comparison of classification results of agricultural test sites

Number of clusters =5

Note: The dots are the tree positions

Table 2 We selected the agricultural test field as the performance of judging the classification of grassland and trees. Since the 
agricultural test field is a relatively low crop or grassland, it can be clearly distinguished from trees. When the classification 
number is 5 , a large area can be seen The range of agricultural land will still be classified in the same layer as trees; when the 
number of classifications is 7 , it can be compared with the orthophoto image. When the number of classifications increases, the 
difference between agricultural land, grassland and trees can be more effectively distinguished, but the darker Colored grassland 
or agricultural land will also be classified into the same category. This is the limitation of unsupervised learning grouping, so the 
algorithm is characterized by classification based on distance and hue similarity.

Note: The dots are the tree positions

Number of clusters =5

Number of clusters =7 Orthophoto

Number of clusters =7 Orthophoto
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Figure 2: Schematic diagram of Xusheng polygon

Finally, we chose the top floor of the Academy of Social Sciences as the discussion on the classification of artificial 
vegetation and natural vegetation. On the superimposed map, the original orthographic image has a large 
deformation at the edge, so it will be offset from the building and road layer. In the table The results of the three 
classifications show that when the number of clusters is 5 , the grass on the ground and the artificial green paint on 
the roof cannot be classified; while the number of clusters is 7 , the light-colored grass on the ground and the light 
green paint on the top floor of the front building of the Academy of Social Sciences can be filtered out , but the 
dark green irregular paint on the back building of the Academy of Social Sciences is still recognized as a tree.

Table 3: Comparison of Classification Results of Academy of Social Sciences

Number of clusters =5 Number of clusters =7 Orthophoto

In summary, the current classification results using orthophoto images are limited by the misjudgment of reflection 
colors mixed with trees and grassland images, and it is difficult to distinguish the crown width of each tree. 
Therefore, we will use the Dickson polygon hypothetical crown in the future. Thiessen 's Polygon Method is to 
connect N adjacent points two by two with a straight line to form multiple triangles, and then obtain the 
Circumcnter of the triangle from the vertical line of the three lines. Connecting the excenters of all the triangles 
adjacent to the station constitutes the rising polygon method ( Figure 2 below ) . After obtaining the ascending 
polygon, the tree DSM will be established, and the SVFC package in QGIS will be used to calculate the sky 
openness, and the comparison and statistical analysis will be carried out with the previous results.
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NTU4AQ outdoor sensors have been installed at NTU since February 2021. About 40 sensors have been deployed so 
far. By collecting weather data sent back every 15 seconds, we hope to help everyone understand the environment of 
NTU through data analysis. . When more and more sensors are deployed, how to manage them becomes a problem. In 
the past, it was manually observed and sent back data regularly, and workers' wisdom was used to judge the health 
status of sensors and decide whether to repair them. It is conceivable that the disadvantage of this method is that 
problems cannot be found immediately, and manual judgment may not be accurate. In addition, descriptive statistics 
based on the 2021/2-2020/2 data can also be found that the average receiving efficiency is 0.65, and the average time 
difference between sensor disconnection and maintenance is 2.17 days; from this we can know that with the current 
manual Managing sensor disconnection is not only time-consuming and laborious, but also inefficient and results in 
large data loss. Therefore, this project hopes to achieve the two goals of reducing manpower consumption and data loss 
through automatic error detection and error reporting, combined with data analysis for early warning of disconnection. 

According to the rule of thumb in the past, the reason for NTU4AQ disconnection is mainly due to poor signal, 
insufficient battery or machine damage; the reason for the disconnection of 3 hours is mostly temporary signal 
problems that cause the return packet to fail to be sent; the reason for disconnection of 12 hours may be It is the 
telecommunications company's scheduling of the signal, which causes the signal to be unstable; the possible cause of 
the 24-hour disconnection is insufficient sunlight, resulting in insufficient power; the disconnection of more than 72 
hours may be caused by sensor damage. Therefore, under the current hardware constraints, we believe that the 
disconnection within 12 hours is related to the network signal and can be handled by non-manual maintenance. 
Therefore, in the part of data analysis, we focus on predicting long-term disconnection and giving early warning . 

In practice, we use a classification model to predict whether the disconnection is longer than 12 hours. It is known that 
the disconnection caused by insufficient power is mostly reflected in the data of voltage and current. In addition, 
through the visualization of disconnection data, the voltage has a clear downward trend 12 hours before the 
disconnection, as shown in Figure 1. Therefore, we take the voltage and current from the latest return time to the 
previous 12 hours as the characteristic value, and use the frequency of returning one piece of data in 15 minutes. When 
the receiving efficiency is 100%, each voltage and current needs to have 48 pieces of data. If 12 hours If there is a 
disconnection, we fill in the missing value of the voltage and current through the method of compensation. In the 
voltage compensation part, the normal and reasonable range of the voltage is above 3.2V. The smaller the voltage, the 
more likely it is to cause disconnection due to insufficient power. It represents charging and discharging. We cannot 
know whether the current state is charging or discharging when the line is disconnected. Therefore, we adopt a general 
interpolation method for current compensation; thus, we obtain 48 pieces of data for each voltage and current as 
eigenvalues for model training. 

Figure 1. Voltage drop trend 12 hours before disconnection

How to help sensor management through data analysis?  
– Prediction of sensor disconnection using classification model 

  Department of Information Management Xin Yu Liu 
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Figure 2. Data analysis flow chart

Figure 3. System flow chart

In order to make the model achieve better results, we compared different models, such as random forest and 
XGBoost; different data sets, including only taking voltage, taking voltage and current, taking voltage and 
current and voltage difference for comparison; also compared The data length varies from 2 to 48 pens. The final 
result is to use random forest as the training model. The data set is voltage and current, and the length is 48 
records. After 10 times of cross-validation, the average weighted recall of the final model is 0.964, which means 
that the average misjudgment rate is 0.036. In addition to the 12-hour disconnection classifier, we also trained a 
classifier that judges whether the disconnection exceeds 3 hours. The average weighted recall is 0.841, which 
means the average false positive rate is 0.159. The detailed data analysis process is integrated in Figure 2.

Combining the 3-hour and 12-hour disconnection classifiers, we propose a two-stage disconnection early warning 
system. The overall system flow is shown in Figure 3. If the sensor is working normally, it will return data every 15 
minutes, so we check the status of the sensor every 15 minutes. If the latest data return from the sensor takes more 
than 22.5 minutes, we will proceed to the first stage of classification , to predict whether the disconnection is more 
than three hours, if the prediction result is not more than 22.5 minutes, the system will not push the message of 
disconnection for 22.5 minutes; Checking the maintenance can reduce the data loss of 2.625 hours. Considering the 
misjudgment rate of 0.159 by the 3-hour classifier, the data receiving efficiency can still be increased to 0.82. And if 
the management staff does not carry out maintenance and the disconnection lasts for more than 3 hours, we will 
carry out the second stage of classification, predicting whether the disconnection will exceed 12 hours, and we will 
send a message regardless of whether the prediction result exceeds 12 hours; the prediction result is not If it 
exceeds 12 hours, it is recommended to manually judge whether to repair; if the prediction result exceeds 12 hours, 
it is recommended that the management personnel perform maintenance. At this time, maintenance can reduce 
the data loss of 9 hours. Considering the misjudgment rate of 0.036 of the 12-hour classifier, it can still reach 0.79. 
Receive efficiency: If the management personnel do not perform maintenance, the message will be pushed and 
broadcasted until the disconnection exceeds 12 hours. If the management personnel perform maintenance at this 
time, the reception efficiency can also reach 0.75 because of the instant notification. This system will be built as a 
line bot notification system to assist managers to know the sensor status in real time, saving time and effort and 
reducing data loss.
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Science Tips
Sensor space scale 

In order to monitor campus and community-scale environmental data, it is not easy to rely solely on traditional 
professional air quality monitoring stations (M. Badura et al., 2020). Professional measuring stations cannot fully 
display the spatial differences in the region, and micro sensors can use a large amount of data to show the trend of 
air quality in the region due to the low cost of installation and high coverage. By establishing a high-density The 
monitoring network complements the insufficient spatial  distribution of traditional stations and improves the 
spatial  and  temporal  resolution  of  environmental  parameters  to  measure  pollution  hotspots  and  street-scale 
related information (M. Badura et al.,  2020).  Traditional professional measuring stations are expensive, require 
good location and professional maintenance, resulting in sparse spatial distribution. Many schools and cities are 
often unable to build measuring stations because they are close to traffic arteries or pollution hotspots, so they do 
not meet the site selection criteria of traditional measuring stations (Chow et al. 2002). The result is that these 
areas  are  often far  away from any official  air  quality  monitoring stations,  and cannot effectively  monitor  the 
environmental parameters of the area (Air Qual Atmos Health, 2020).

Table 1 and Table 2 specifically present the differences between this study and previous studies. On the spatial 
scale of this study, the scope of the research field is about 1 square kilometer. Such a spatial scale may allow more 
emphasis on the relationship between local land use and PM concentration. And because the area of the research 
field is reduced, compared with previous studies, the sensors in this study are erected more densely. The research 
field of H. Merbitz et al. (2012) is the city of Aachen in Germany, which has an area of about 150 square kilometers. 
In this paper, 11 stations were used for analysis, and each station The average distance of the points is about 1~2 
km. The field analyzed by F. Franceschi et al.  (2018)  is  a city in Colombia with an area of about 1636 square 
kilometers, and there are only 4 stations in this field and the distance between them is about 5 kilometers. Yao et 
al.  (2015)  used Beijing,  China as  the field of  monitoring and analysis.  Beijing covers  an area  of  16,411  square 
kilometers. Although there are 11 stations in it, the minimum distance between two stations is about 5 kilometers, 
and the farthest can reach 50 kilometers.  The density of  stations is  very low. The distance between the two 
stations in this study is only about 200 meters. Such high-density data can give greater advantages to the analysis 
of  small-scale  research.  In  addition,  the  miniature  sensors  used  in  this  study  can  measure  other  weather 
parameters (such as wind speed)  in addition to air quality data. By monitoring the weather parameters in the 
campus and the community at the same time, the situation of each station at that time can be more clearly 
understood when analyzing and comparing.

 SC+ Work Team and IPCS Xin Yang

Table 1 The differences between this study and previous studies
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SC+NTU Work Team

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