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The 15th TAAR board of supervisors and members of various 

committees will be relieved of their positions. Thank you very much 

for the two years dedication.  The 16th TAAR annual meeting will be 

held on SEP 2 , 2022  in  Taipei. The TAAR members will received an 

email notification later and please participate the meeting.  

Announcement
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Expert commentary
On the accuracy and calibrations of low-cost air sensors

Air pollution has become an issue of concern by most of

the people in many countries. Many researches have

pointed out that PM2.5 can cause long-term and short-

term health effects on human body. Thus, the

International Agency for Research on Cancer (IARC) of

the World Health Organization (WHO) classified

outdoor air pollutants and PM2.5 as Group 1 Carcinogen

in 2013 (IARC-WHO, 2013). To improve the air quality

and maintain human health, Taiwan Environmental

Protection Administration (TWEPA), Environmental

Protection Bureaus (EPBs) and all stake-holders has

made great efforts to reduce the annual average

concentration of PM2.5 in Taiwan from 28.3 to 14.5

μg/m3 from 2013 to 2021, and is expected to meet the

annual average standard concentration of 15 μg/m3 in

2025. In addition, vehicles, petrochemical, many

industries and biogenic sources also emit volatile

organic compounds (VOC) pollution, one of the most

common air pollutants. VOCs and NOx cause

photochemical reactions in the atmosphere resulting in

O3 and secondary PM2.5 generations, environmental and

health hazards. Among to the list of HAPs (Hazardous

Air Pollutants), about 70% of the 189 pollutants are

VOC species, including aldehydes, alcohols and

aromatic hydrocarbons (USEPA., 1996). The air quality

Chuen-Jinn Tsai, Chair Professor, 
Institute of Environmental Engineering, 

National Yang Ming Chiao Tung University
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of VOCs and PM2.5 is measured by standard reference

instruments, providing accurate data for the monitoring

network combining with other monitoring devices for

regulatory purposes. However, these instruments need to

be operated in a room conditioned with constant

temperature and humidity for a good quality assurance

and quality control. Also, they have the disadvantages of

high cost and large space requirement, therefore can’t be

deployed widely. In contrast, low-cost sensors are

inexpensive and small in size; thus, they can be

deployed widely to fill the data gap of the regulatory

monitoring stations. Furthermore, the intelligent sensor

network can update the monitoring information in real-

time, displaying monitoring data of sensors within a few

minutes. Therefore, it also affects the monitoring

methodology of air pollution in Taiwan and around the

world.

Interdisciplinary technologies such as real-time

environmental monitoring, big data information and the

Internet of Things are merged to form the Environmental

Internet of Things (IoT). Since 2016, the TWEPA has

cooperated with each EPB to carry out the project of

“the air quality sensors of the Smart City”. From 2017 to

2019, TWEPA has cooperated with the EPBs of 17
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counties and cities for sensor deployment and
promotion. More than 10,000 sensors have been
deployed across Taiwan so far, which mainly assists
the EPBs with air quality monitoring and hot spot
tracking. However, the manufactures’ data of optical
PM2.5 sensors overestimate concentrations, mainly
because it is susceptible to the influence of PM2.5

concentration and relative humidity (RH) in the
atmospheric environment, resulting in poor accuracy.
Our team compared the manufactural data of three
types of PM2.5 sensors (PTS--Plantower PMS5003,
SSS--Sensirion SPS30, and HWS--Honeywell
HPMA115S0) deployed on air quality monitoring
stations for over one year with BAM-1020 (Beta gauge)
to develop the calibration model includes Linear
Regression, LR, Multivariate linear regression,
MLR, Non Linear Regression, NLR and
validation. The hourly average PM2.5 concentration
and RH were used as the calibration parameters. After
NLR calibration, the MNB (Mean normalized bias) can
decrease significantly to ±10% (-44.57~+43.90%), the
MNE (Mean normalized error) can decrease
significantly to 29% (40.00~61.03%). Using the same
regression formula for different sensors can calibrate
sensor values at various locations as shown in Figures
1and 2, in which NLR is seen to be better than LR and
MLR.
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Fig. 1 Correlation plot of the hourly average PM2.5,S and PM2.5,B for

different calibration methods for Plantower at Keelung (KL),

Zhongming (ZM), Tina (TN), and Pingtung (PT) stations, respectively.
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Fig. 2 Correlation plot of the hourly average PM2.5,S and PM2.5,B for 

different calibration methods for (a) Sensirion and (b) Honeywell at 

Shilin (SL), Pingzhen (PZ), Banqiao (BQ), and Qianjin (QJ) stations, 

respectively.
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For the 24-hour average, on aspect of statistical metrics
the MNB and the MNE of the data of three types of
sensors after NLR calibration are within ±13% and
19%, respectively, as shown in Figure 3. Therefore,
these well-calibrated sensors can well be served for
education and information (MNE<50%), hotspot
identification and characterization (MNE<30%), and
personal exposure study (MNE<30%), and supplement
of the air quality monitoring stations (MNE<20%)
purposes. The PM2.5 sensors can be used as
supplementary monitoring of the air quality station in
the future. This research was published in Journal of
Aerosol Science in 2021, 157:105829
(https://doi.org/10.1016/j.jaerosci. 2021.105829).



Fig. 3 The MNB, MNE, RMSE, slope, intercept, and R2 of the 24-hr 

average PM2.5,S for different calibration methods for the (a) PTS (b) 

SSS and HWS at all stations.
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So far, most of the air quality sensors deployed in Taiwan
are equipped with metal oxide semiconductor (MOS) VOC
sensors inside the device. However, the output data of the
MOS VOC sensors were found to overestimate
significantly, and the precision was poor so that about 30%
of VOC sensors had to be discarded after initial screening.
Our team compared the manufactural data of Sensirion
SGP30 MOS VOC sensors, which had been deployed for
over 10 months with the monitoring values of NMHC
(Non-methane hydrocarbons) at three air quality monitoring
stations, found that original manufacture’s data always
overestimate NMHC concentrations significantly. After LR
and MLR calibration, the data quality has been improved
significantly with MLR being the best method. The MNB
and MNE of the sensor data are within ±27% and 42%,
respectively, after MLR calibration as shown in Figure 4.
When NMHC concentrations is larger than 100 ppbv, the
MNB and MNE of the sensor data are within ±19% and
27%, respectively after calibration, which can be used
effectively for hotspot identification, source
characterization and personal exposure study with the
requirement of MNE<30%. Our team also compared and
calibrated the sensor data for HAPs based on
photochemical stations’ data, including benzene,
ethylbenzene, toluene, and xylene. Among them, the MNB
and MNE of the calibrated sensor data for benzene
decreased significantly to ±14% and 20%, respectively, as
shown in Figure 5. The ratio among BETX species can also
be applied to identify the industrial or mobile pollutant
sources. The results of this research were submitted to a
SCI journal for publication. Finally, our team hopes that the
present research results can improve the data quality and
accuracy of air quality sensors in Taiwan, and facilitate the
identification of the hot spots to resolve the pollution issues.
It can also make it easy for people to understand the real-
time air quality of different living environments through
websites and APPs on mobile phones.



Fig. 4 Correlation plot of the hourly average VOC sensor data and NMHC 

for different calibration methods for SGP30 at Hsinchu (HC), Zhongming

(ZM), and Tina (TN) stations, respectively (Submitted).

Fig. 5 Time series of hourly benzene concentration and calibrated data 

of MOS VOC sensor (Submitted).
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Introduction of Expert

commentary

Professor Chuen-Jinn Tsai

Chuen-Jinn Tsai,
Chair Professor

Editor, AAQR,

www.aaqr.org,

http://mc.manuscriptcentral.com/aaqr

Institute of Environmental Engineering, 

National Yang Ming Chiao Tung University

No. 1001, University Road,

Hsinchu, 300093, Taiwan

e-mail: cjtsai@nycu.edu.tw

Web page:

https://www.chuen-jinn-tsai.com/

Tel:+886-3-5731880

Fax:+886-3-5727835

mobile:0919346174

Line:cjtsai3 WeChat:cjtsai12

Team members: 
Gung-Hwa Hung, PhD student and Hung-Wen Cheng, 
master student



Introduction of Industry Experts
President Chia-Ling Chiang
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Chia-Ling Chiang, the General Manager of Green Ideas

Synergy Inc., who is a brilliant conversationalist. She

graduated from the Institute of Environmental Health in

China Medical University in 2006, and then studied for a

doctorate of Department of Environmental Engineering

and Science in Feng Chia University. After that, she

devoted herself to environmental safety works in hospital.

She had excellent performance and won the “Excellent

Environmental Protection Specialist Award” twice, which

was awarded by former president Lee Teng-Hui. Chia-Ling

Chiang served as a part-time lecturer at Hungkuang

University, National Chin-Yi University of Technology,

and National Taichung Nursing College. However, in order

to pursue her ambition, Chia-Ling Chiang turned to work

as an environmental consultant to sharpen her professional

skills. During the work period, she obtained 28 certificates

related to environmental engineering and labor safety,

including: Internal Inspector of Greenhouse Gas Inventory

and Reduction, Carbon Asset Manager Certificate, Labor

Hygiene Management Class A Technician, Waste Disposal

Technician (Class A), Dedicated Air Pollution Control

Specialist (Class B), Dedicated Wastewater and Sewage
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Treatment Specialists (Class B), Professional Technical

Managers of Toxic Chemical Substances (Class B), etc.

The field of environmental protection is constantly

making advances, General Manager Chia-Ling Chiang

believes in the cosmic truth that “Everything is

evolving.”, thus the first work in the field of

environmental protection is to stimulate many creative

ideas which based on research and development,

innovation, and application. It has also developed many

patents, including “Automatic Sampling Equipment for

Volatile Organic Compounds”, “Digital Air Quality Flag

Display Device” and “Digital Air Quality Flag Display

System”, “Air Purification Simulated Trees”, “Catering

Environmental Monitoring System”, “System, Platform,

and Sampling Device for Monitoring Environmental

Quality in Wide Area”. General Manager Chia-Ling

Chiang has been concerned about various conferences

organized by Taiwan Association for Aerosol Research

for a long time and expects to learn from the conferences

to improve the application and development in the

environmental field.



The 

Development 

of Green Ideas 

Synergy Inc.
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“In the past, many agencies came to inspect our hospital,

and now I want to inspect others.” This was the General

Manager Chiang Chia-Ling’s first thought when she left

the hospital. The establishment of Green Ideas Synergy

Inc. is based on the simple idea. She believes that

“Environmental protection regulations are rigid, while

inspection methods are flexible.” In order to obtain

sufficient evidence in environmental inspections to

improve performance, she led the supervisors to inspire

ideas and applied equipment such as idle speed monitors

and infrared interception systems to control mobile

pollution source. After that, more efforts were devoted to

the research and development as well as application of

Internet of Things (IOT). The first automatic sampling

equipment combined with IOT was manufactured in 2013.

Since then, she has started to assist environmental

protect ion agencies with the core concept of

“Technological Law Enforcement and Intelligent

Inspection”, including the development of AI license

plate recognition system, digital air quality flag, vending
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machine that replace spirit money with rice, UAV

inspection, catering monitoring equipment, multiple

applications of air quality sensors, monitoring equipment

for kitchen waste, etc. “Sharp tools make good work.”,

General Manager Chiang Chia-Ling emphasized. Good

performance based on good inspection tools and instant

evidence. Green Ideas Synergy Inc. has been making

progress and is committed to the application of IOT and

AI technology for air quality sensors. Chia-Ling Chiang

employs talents in various fields and provides

comprehensive customer service from ideas to the results.

At the same time, following up on current events and

technological development as well as proposing new

ideas and advanced practices, so as to strengthen the

competitiveness of Green Ideas Synergy Inc. in the

industry. The working style of Green Ideas Synergy Inc.

is constantly changing, the only constant is the concept

of “Continuous Progress and Innovation”, which has

become a unique existence in the environmental

consulting industry.
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Main Services:

◆Environmental management, planning, and promotion

◆Establishment and application of environmental information

◆Development and application of project information system

◆Soil and groundwater pollution, prevention and control planning in engineering,

design and management

◆Wastewater, air pollution, waste treatment (including reduction and recycling),

planning and design

◆Environmental protection and pollution control related issues and consulting

services

◆Environmental education and related consulting services

◆GHG reduction strategies and related consulting services

◆Waste treatment, recycling, application, and related consulting services

◆Strategic planning and execution of various publicity and image shaping

◆Strategic planning and execution of air quality micro sensor and AIoT

Green Ideas Synergy Inc.
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Multi-Dimensional Development of 
Talents and AI Transformation

Green Idea Synergy Inc. has been established for 17 years

and takes “Active, Learning, Excellence, and Teamwork”

as founding philosophy. The concept of “Company is like

a family.” is established in Green Ideas Synergy Inc.

Everyone assists and tolerates each other like a family in

the workplace, which promotes our company towards

diversified development. At present, our company has

established the Department of Environmental Protection

Project, Department of Marketing, Department of

Research and Development, Department of International

Affairs, and Department of AI Technology. We are

committed to promoting cross-departmental collaboration,

respecting talent development in all fields, and

encouraging them to generate innovative ideas. We

provide comprehensive customer service from ideas to

results, we also follow the trend of technology and

propose new ideas and advanced practices. Inspired by the

IOT for air quality sensor, the AI technology is adopted.

However, the application of AI technology in

environmental protection seems to be an unfamiliar issue.
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There are few precedents to follow, while after analysis,

the introduction of AI applications can reduce labor-

intensive work, improve work performance, and more

importantly, it can assist local environmental protection

agencies to solve the problems of environmental

pollution.



Since 2013, Green Ideas Synergy Inc. has developed

Automatic Sampling Equipment for Volatile Organic

Compounds, which obtained a patent, then published air

quality related theses from 2016 to 2020 and developed

IoT air quality sensor officially in 2019 as well as

cooperated with Vision Automobile Electronic Industrial

Co., LTD. to promote domestic air quality sensors, the

core PM2.5 sensing components were developed and

technology transferred.by Industrial Technology Research

Institute to create “real” domestic air quality sensors. 500

sensors were initially established in Miaoli County, and

now the domestic air quality sensors were established in

Hsinchu City, Taichung City, Changhua County, and

Chiayi County. From sensor construction to subsequent

data analysis and application, it can assist in the

integration of polluted hotspots and auxiliary inspection

work. Green Ideas Synergy Inc. has become the largest

maintenance and operator of air quality sensors in Taiwan.

In addition, according to the different characteristics of

each county and city to provide information on the current

situation and properly adopt big data analysis to help

Environmental Protection Bureau from local governments

solve the air pollution problems.

20

The Promotion of Domestic Air 
Quality Sensor



With the strong support of the Environmental Protection Bureau

of Miaoli County in 2020, the domestic air quality sensors were

established, which detected gas leakage cases in Miaoli City,

effectively prevent the occurrence of disasters. It proves that the

sensors have a significant effect on environmental governance in

practical applications. Since 2021, Green Ideas Synergy Inc. has

been assisting county and city governments to use sensors to

analyze data, and collect evidence and provide information to the

inspectors at the same time. Thus, air pollutant emissions from

factories are often detected, achieving good performance in the

application indicators of smart law enforcement and

environmental governance in the assessment of incentive

measures of EPA, so as to achieve the original intention and

purpose of establishing air quality micro sensors. In 2022, Green

Ideas Synergy Inc. assisted Taichung City to participate in “2022

Smart 50 Awards”, and there were two projects participated in

this competition: “Taichung City Air Quality Internet of Things

(IoT) Development, Operation and Maintenance Project” and

“Application of AI recognition system to detect highly polluting

scooters in Taichung City”. These two projects stood out from the

nearly 200 entries, which successfully obtained the international

certification of smart city, Smart 50 Awards represent not only an

award, but also an honor to let the world see Taiwan. As long as

“Keep doing things that help the environment.”, one day it can be

seen by the world.
21

Application and Performance



Future Vision
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Green Ideas Synergy Inc. plans to cooperate with Civil

IOT Taiwan of the Executive Yuan to jointly promote the

IoT domestic air quality sensors to the world, and hope to

become “The National Team of Air Quality” and assist the

environmental governance of international cities to

improve air pollution problems by using domestic data,

model results, and services. Besides, we always think

about how to execute effectively to achieve short-term and

long-term goals by role switching (from the executor to

the receiver) and improve the audience's perception as

well as solving the air pollution problems. In the future,

we will continue to insist on the concept of “Diversified

Development of Talents and Technological

Transformation” and continue to work hard in the industry

of environmental protection. At the same time, conveying

the concept of “Never tired of learning.”. We hope to be a

team that is more aware of social current events, maintain

a positive attitude, and provide good serves. We are

committed to being the best adviser, demonstrating the

spirit of consulting industry, and providing the

comprehensive strategies and services to our customers.
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• Got the patent of “Catering Environmental 
Monitoring System”.

• Published the conference paper of “The 
effects of simulated wind speed and 
rainfall on aerosol reduction rates in 
large-scale fields”.

• Involved in the field of Air Quality Sensor 
and IoT.

• Adopted air quality sensors to detect gas leaks.
• Invited by Civil IOT Taiwan and National Taiwan 

Science Education Center to participate in the 
exhibition.

• Got the patent of “Dynamic Calibration”.
• Published three conference papers.
• Developed AI license plate recognition system.

• Optimized system of Air Quality Data Center.
• Developed High-Temperature Cooking Monitoring Equipment for 

Kitchen Waste.
• Got the patent of “Cloud Inspection”.
• Published the conference paper of “The Application of air 

pollution sensors and IoT to evaluate risk areas of high 
temperature in Taichung City.”

• Two projects participated in “2022 Smart 50 Awards” and won 
the prizes: “Taichung City Air Quality Internet of Things (IoT) 
Development, Operation and Maintenance Project” and 
“Application of AI recognition system to detect highly polluting 
scooters in Taichung City”. 

2021

2022

2019

2020



2013

2016

2018

• Got the patents of “Digital Air Quality Flag Display Device” 
and “Digital Air Quality Flag Display System”. 

• Published the conference poster of “The evaluation of 
using PM2.5 micro sensor to measure the burning 
firecrackers in folk activities-Taking Dajia Matsu 
Pilgrimage as an example”. 

• Published the conference paper of “Establishing digital air 
quality flag device and display system- Taking Taichung 
City air quality monitoring station as an example”.

• Got the patent of “System, Platform, and Sampling Device 
for Monitoring Environmental Quality in Wide Area”.

• 2014- Applied for the patent of “Automatic 
Sampling Equipment for Volatile Organic 
Compounds”.

• 2015-Got the patent of “Automatic Sampling 
Equipment for Volatile Organic Compounds”.

2014

2015

• Developed Automatic Sampling Equipment for 
Volatile Organic Compounds.



This book provides a synthesis for using IoT for indoor air quality

assessment. It will help upcoming researchers to understand the gaps in

the literature while identifying the new challenges and opportunities to

develop healthy living spaces. On the other hand, this book provides

insights about integrating IoT with artificial intelligence to design smart

buildings with enhanced air quality. Consequently, this book aims to

present future scope for carrying out potential research activities in this

domain.

Over the past few years, the Internet of Things (IoT) is proven as the

most revolutionizing invention in the field of engineering and design.

This technology has wide scope in automation and real-time monitoring.

Indoor air quality assessment is one of the most important applications

of IoT which helps in the development of smart and healthy living

spaces. Numerous methods have been developed for air quality

assessment to ensure enhanced public health and well-being. The

combination of sensors, microcontrollers, and communication

technologies can be used to handle the massive amount of field data to

access the condition of building air quality.
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Author: Jagriti Saini (Author), 

Maitreyee Dutta (Author), 

Gonçalo Marques

Publisher: Springer (2021)

Language: English 

ISBN-13: 978-3030822156

New Books on Aerosol 

氣膠新知



This book covers how Internet of Things (IoT) has a role in shaping the

future of our communities. The author shows how the research and

education ecosystem promoting impactful solutions-oriented science can

help citizenry, government, industry, and other stakeholders to work

collaboratively in order to make informed, socially-responsible, science-

based decisions. Accordingly, he shows how communities can address

complex, interconnected socio-environmental challenges. This book

addresses the key inter-related challenges in areas such as the

environment, climate change, mining, energy, agro-economic, water, and

forestry that are limiting the development of a sustainable and resilient

society -- each of these challenges are tied back to IoT based solutions.

Presents research into sustainable IoT with respect to wireless

communications, sensing, and systems

Provides coverage of IoT technologies in sustainability, health,

agriculture, climate change, mining, energy, water management, and

forestry

Relevant for academics, researchers, policy makers, city planners and

managers, technicians, and industry professionals in IoT and

sustainability.
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Author: Abdul Salam

Publisher: Springer; 1st ed. 2020

Language: English 

ISBN-13: 978-3030352905

New Books on Aerosol 

氣膠新知
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Environmental Internet of Things, IoT ：

Internet of Things (IoT) uses sensor devices to collect data, then
transmit and exchange through the Internet. Data are consolidated
and analyzed on cloud platforms. The analyzed data can help make
decisions about taking action. The application of IoT to
environmental monitoring, such as air quality, water quality, and
noise, is called Environmental IoT. By deploying many low-cost
sensors, we can collect high spatial and temporal resolution real-
time environmental data. Data are uploaded to the network
platform. Processed and analyzed data can be displayed on the
platform. In recent years, artificial intelligence has been used to
improve the prediction of the collected data.

Using Environmental IoT to monitor environmental quality can
help take action to high pollution events in early stage, find out the
distribution of pollution hotspots, and track the transmission of
pollutants. The monitoring data from Environmental IoT can raise
the messes’ awareness of current environmental conditions of their
living areas. Aside from outdoor large area environmental
monitoring, Environmental IoT can be applied to indoor spaces,
especially air quality monitoring. Thus, one can take action to
improve indoor air quality when indoor air quality deteriorates.

Glossary
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Calendar of Events
會議日期Date 會議名稱Conferences

會議地點
Location

June 12-16, 2022

Asian Aerosol Conference 2021

https://conference.gigvvy.com/aac

2021

Taipei, Taiwan

June 13, 2022

2022 Cross-Strait Forum on 

Aerosol Science and Technology

2022海峽兩岸氣膠科學及技術論壇
http://www.taar.org.tw/conference/

20220613

Taipei, Taiwan

Beijing, China

SEP 4-9, 2022

11th International Aerosol 

Conference (IAC 2022)

https://iac2022.gr/

Athens, Greece

SEP 2, 2022 

(tentative date)

第十六屆台灣氣膠研究學會第一次
會員大會
The 16th Annual Meeting of 

Taiwan Association for Aerosol 

Research

Taipei, Taiwan




