
  



Overview 
The Resilient Urban Centres and Surrounds (RUCaS) program aims to enhance the climate resilience 
and liveability of urban areas solutions through integration of conventional large ‘grey’ infrastructure 
(e.g. levees, pipelines, treatment plants) with nature-based solutions (NbS) (e.g. wetlands, 
mangroves, catchment protection, green walls, multifunctional parks). It is supported by the Australian 
Department of Foreign Affairs and Trade (DFAT).  

RUCaS is interested in developing data-driven decision-making through sensor technology which can 
monitor and assess the effectiveness of environmental interventions like constructed wetlands and 
green spaces. The integration of sensor technology in urban environments can enhance climate 
resilience, environmental management and public health by providing real-time data on parameters 
such as water, air quality and temperature.  

In Vietnam, RUCaS is engaging with the Hanoi University of Civil Engineering (HUCE) and Can Tho 
University (CTU) as an avenue for knowledge sharing and discussions on building climate resilience 
into urban design.  

At HUCE, supported by the Asian Development Bank’s (ADB) Secondary Green Cities program, NbS 
modules such as green walls and planters are being piloted to mitigate urban heat and flooding 
impacts. RUCaS is complementing this work via sensor-based environmental monitoring to gather 
evidence on the impact of green walls on air quality and thermal comfort. At CTU, RUCaS is 
partnering on developing their floodable park and bioswale system as part of a broader campus-wide 
NbS master plan aimed at strengthening flood resilience and ecological function. An environmental 
monitoring program is being initiated using sensors to collect data on water quality, temperature, and 
humidity around blue-green infrastructure. 

A workshop on environmental monitoring was carried out at CTU on 14–15 May 2025 following an 
initial sensor installation at HUCE. The CTU workshop brought together participants from across the 
Mekong region to strengthen environmental monitoring capacity and explore practical applications of 
IoT sensor technologies. 

This workshop provided training in sensor installation, calibration, maintenance and data analysis to 
enable long-term local operation and ownership of monitoring programs. The approach was to first 
install sensors for air quality and thermal comfort at HUCE. This was followed by training at CTU (with 
HUCE representatives) where potential sites for future monitoring were identified. The training at CTU 
allowed CTU and HUCE to share experiences, and was an opportunity to scope future monitoring 
locations.   

The objectives of the collaboration across CTU and HUCE were to:  

1. Initiate an environmental monitoring program to improve data availability and decision making 
on the management of green and blue spaces at sites at HUCE 

2. Train local stakeholders on the installation, calibration, operation and maintenance of IoT 
sensor for environmental monitoring at HUCE and CTU 

3. Strengthen participants' skills in data interpretation, analysis and visualisation to support 
decision making in urban water and environmental management 

4. Foster collaboration between local institutions and international partners for sustainable 
environmental monitoring practices. 

  



Presentations and material 

https://drive.google.com/drive/folders/1JPu_NdYTDW7qrue92upBjNTZDI4EvYem?usp=drive_link 

 

 
Abbreviations 
DFAT Department of Foreign Affairs (Australia) 
EC electrical conductivity 
GRET Groupe de Recherche et d'Echanges Technologiques (France) 
ICEM International Centre for Environmental Management 
IoT Internet of Things 
LED light-emitting diode 
NbS nature-based solutions 
NTU nephelometric turbidity unit 
PCB printed circuit board 
PM particulate matter 
QUT Queensland University of Technology 
RUCaS Resilient Urban Centres and Surrounds 
WSCA Water Sensitive Cities Australia 

  

https://drive.google.com/drive/folders/1JPu_NdYTDW7qrue92upBjNTZDI4EvYem?usp=drive_link


Installing sensors at HUCE 
A set of 6 low-cost environmental monitoring sensors were installed at HUCE in pre-determined 
locations to monitor environmental conditions and evaluate the effectiveness of nature-based 
solutions (NbS), such as green walls and porous pavement. The sensors measure temperature, 
humidity and air quality, and are strategically located to capture both NbS and grey infrastructure 
conditions for comparative analysis. The parameters will allow a comparison of air quality between 
where a green wall be installed at the C4 building to other locations without NbS. Additional 
information on radiant heat is needed to measure thermal comfort, and follow-up discussions with 
HUCE will explore how best to consider this parameter.  

Figure 1: With the installed S3 sensor in the C4 building courtyard 

 

Sensor Locations and Purposes 

● S1 & S2 – Green Wall Monitoring (Classroom 01, C4 Building): 
Installed at the front and rear of a green wall, these sensors track climatic conditions 
(temperature, humidity, air quality) before and after construction. They will provide direct 
evidence of the green wall’s impact. 

● S3 – NbS Courtyard & Porous Pavement (C4 Courtyard): 
Positioned in a courtyard with NbS interventions and porous pavement, this sensor monitors 
environmental conditions and surface temperature to assess the performance of the 
intervention over time. It will also provide evidence of the benefits of NbS. 

● S4 & S5 – Grey Infrastructure Control Sites (H1 and A1 Buildings): 
Located in areas dominated by grey infrastructure, these serve as controls to compare with 
the green wall sensors (S1 & S2), helping to quantify benefits of NbS. 

● S6 – Porous Pavement Control Site (A1 Parking Area): 
Positioned in an area with conventional concrete paving, this sensor serves as a control for 
S3, allowing comparison of surface temperatures and other variables in different pavement 
types. 

Together, these sensors form a network to evaluate the environmental performance (specifically air 
quality) of NbS interventions against traditional infrastructure under similar exposure conditions, with 



the timing of the renovation of the C4 building providing a comparative before-and-after scenario for 
those locations. 

Figure 2: Installing S4 at HUCE 

 

  



Environmental monitoring 
workshop at CTU 
Day 1: Introduction to monitoring and sensor 
technologies 
Opening session 

The workshop opened with remarks from Mr. Tran Viet Hung (ICEM/RUCaS), Ms. Katharine Cross 
(WSCA/RUCaS) and Professor Nguyen Hieu Trung (CTU). They highlighted the importance of 
environmental monitoring in climate resilience and NbS planning, and welcomed regional 
collaboration among participants from Viet Nam, Laos, Thailand and Cambodia. 

Ms. Katharine extended a special welcome to international participants from Laos and Cambodia. She 
introduced the focus of the two-day training on environmental monitoring—specifically, what can be 
done and measured using modern approaches. She emphasised the importance of collaboration and 
knowledge sharing among participants. 

Professor Trung of CTU also welcomed attendees, and expressed his appreciation for the RUCaS 
team's participation. He underscored the significance of integrating traditional infrastructure with NbS 
as a strategy for climate change adaptation. CTU’s longstanding partnership with RUCaS was 
highlighted, along with the university’s commitment to advancing accessible environmental 
information through IoT technologies. He hoped that the presentations and field activities would 
provide valuable learning opportunities for all participants. 

Following the opening remarks, participants introduced themselves. 

Introduction to environmental monitoring 

An overview of the training workshop was provided, including a summary of the agenda and key 
objectives for the two-day event. Participants were introduced to the RUCaS program. Case studies 
developed through RUCaS and follow on pilots were presented, with particular attention given to the 
ongoing collaboration with CTU (the host university) to support the development of an NbS-focused 
campus masterplan. The importance of environmental monitoring and evaluation was highlighted, 
emphasising their role in informing planning decisions, improving public health outcomes and 
strengthening disaster risk reduction efforts. 

The session also covered the core steps of effective monitoring and evaluation: setting goals, 
selecting appropriate approaches and indicators, managing data and budgeting. The value of sensor 
technologies was discussed, particularly their ability to provide real-time data to support early warning 
systems and long-term environmental management. 

Environmental monitoring and linking to decision making 

The session introduced key environmental monitoring parameters, focusing on water and air 
monitoring. Water monitoring includes both quantity-related metrics—such as volume, depth and 
velocity—and quality indicators like electrical conductivity (EC), turbidity and temperature. Air 
monitoring typically involves parameters such as particulate matter (e.g., PM2.5, PM10) and 
temperature. 

Participants discussed the importance of monitoring data in supporting human comfort, assessing 
health risk and identifying sources of pollution. While conventional sampling methods remain in use, 



they can be time-consuming, expensive and unable to capture temporal variability. Long-term, on-site 
monitoring provides better resolution but is also costly and logistically demanding. As an alternative, 
low-cost distributed sensor technologies offer real-time monitoring and can be used to detect illicit 
discharges and pollution events. 

The discussion also touched on infrastructure differences across countries, where some systems 
combine stormwater and wastewater flows, while others separate and treat wastewater before 
discharge. Illicit discharges—unpermitted or illegal wastewater releases—pose serious environmental 
risks, particularly in downstream ecosystems. In-situ, low-cost sensors provide an effective approach 
for continuous monitoring of such risks. 

The role of advanced analytics and AI was also highlighted. Alarms can be set to trigger when pre-
defined thresholds are exceeded, and AI models can support image-based detection of anomalies in 
water bodies. 

The session also included a virtual presentation on advanced techniques to estimate difficult-to-
measure parameters such as heavy metals. By using machine learning models, it is possible to 
predict values like nitrate concentrations using more readily available data such as pH, EC and 
temperature. Additionally, IoT-enabled pollution load monitoring systems were introduced, which use 
continuous flow data and auto-sampling triggered by specific flow conditions, addressing limitations in 
traditional grab sampling that often misses storm event data. 

Regional Experience Sharing 

A session was held to share experiences from across the region, highlighting how different institutions 
are applying environmental monitoring technologies in their local contexts. 

Viet Nam: Dr Truong Minh Thai (Head of Faculty, Faculty of Software Engineering, College of 
Information and Communication Technology, CTU) provided an overview of a smart agriculture 
initiative in the Mekong Delta, developed through a collaboration with international partners. The 
project uses Internet 4.0 technologies to monitor water levels, soil moisture and nutrient 
concentrations including nitrates, phosphorus and potassium. Additional parameters such as pH and 
temperature are also tracked. Input from local farmers was used to tailor the system to their 
information needs. A real-time monitoring platform, developed in-house using Java, currently supports 
data from 10 sensors and updates every 15 minutes. While the platform enables real-time 
observation, it does not yet support sensor control. 

Lao PDR: Anousith Vannaphon (Souphanouvong University, Luang Prabang, Lao PDR) outlined the 
environmental monitoring efforts in Luang Prabang, focusing on water quality. Monitoring activities 
have included tracking pH, EC and dissolved oxygen. A laboratory was established at the university in 
2016 to support water quality analysis. From 2022 to 2024, collaborations with international 
universities and development partners enabled the use of in-situ equipment for urban water 
monitoring. The institution has also worked with RUCaS, GRET and local government to set up a 
broader network of environmental sensors, contributing to long-term monitoring goals. 

Cambodia: Dr Sarin Chan (Head of Energy Technology and Management Research Unit (ETM) and 
Research and Innovation Center (RIC), Industrial and Mechanical Engineering, Institute of 
Technology Cambodia) explained how monitoring efforts in Cambodia have focused on thermal 
comfort and heat stress in both outdoor and indoor environments. In construction settings, sensors 
were deployed to measure variables related to thermal stress, including wet bulb globe temperature 
(WBGT), over full working days. Students were involved in managing the data collection process. 
Additional studies assessed the performance of passive cooling measures in buildings by tracking 
wall and window surface temperatures, energy use and indoor comfort levels. These efforts also 
included collaboration with building developers. While various sensors were used to capture 
environmental and weather data, a lack of system integration required manual data retrieval and 
uploading. The sensors, primarily sourced from overseas suppliers, presented logistical and 
operational challenges due to their incompatibility and the need for frequent site visits. 



Day 2: Sensor installing, visualisation and 
maintenance 
Participants took part in a half-day field visit to observe potential sites for sensor installation and 
understand local environmental monitoring needs. The visit included two key locations in Can Tho 
City, selected for their relevance to local urban environmental challenges. 

1. Bung Sang Lake (An Khanh Ward, Ninh Kieu District) 

● The lake functions as a retention basin in the central urban area and plays a critical role 
in stormwater regulation and urban flood prevention. 

● The location was identified as suitable for long-term water monitoring to assess changes 
in water quality and support future NbS planning. 

2. Cai Khe Sluice Gates (Tan An Ward, Ninh Kieu District) 

● Identified as a location of heavy traffic and river activity, making it suitable for water 
quality monitoring. 

● The site was recommended for tracking emissions and pollution in a busy urban and port 
setting, with significant variations in water level depending on the season. 

Participants then returned to the CTU campus, where three sets of IoT sensors were installed. Two 
air quality sensors were installed, one close to the main road and one next to the retention pond near 
the student dormitories. A water quality sensor was also installed in the retention pond, by attaching it 
to a floating platform which could be located away from the bank.  

Figure 3: Installing air quality sensors at CTU 

  



Figure 4: Installing the water quality sensor in the retention pond. Note the use of a floating 
platform 

 

 

The retention pond is equipped with an inlet culvert and an outlet culvert fitted with a one-way valve 
(indicated by light blue pins). Stormwater enters the pond through the inlet. Wastewater from the 
dormitory is first treated in a septic tank before being discharged via a pipeline (marked in purple) into 
the external canal system. Surrounding the pond are two canals: a filled canal (orange) and an open 
canal (light blue). During high tide, which occurs twice daily, water from the external canal may flow 
back into the open canal. This open canal is further connected to another open canal through an 
under-road culvert. 

A second water quality monitoring location (WQ2) has been proposed immediately downstream of the 
inlet. Monitoring at this site will be conducted over a period of 1–2 weeks to assess potential 
differences in water quality between two points within the retention pond (WQ1 and WQ2). If 
significant differences are observed, this may suggest the pond’s effectiveness in improving water 
quality. Should no notable difference be detected, the second sensor will be relocated to a point 
upstream of the under-road culvert to monitor the water quality of the open canal, which receives 
combined drainage flows. 

 

 

 

 



Figure 5: CTU stormwater and wastewater flows 

 

Data loggers and visualisation 

The BOSL team introduced the suite of sensors and data loggers they have developed by the BOSL 
team. The presentation covered a range of low-cost, open-source devices designed for environmental 
monitoring, including water quality and air quality sensors. 

The session also included a demonstration of the BOSL online data platform. Participants were 
shown how to access raw data, generate visualisations and interpret data trends using the map-
based interface. Key features of the platform, such as figure generation tools and the ability to flag 
anomalies, were explored. It was noted that gaps in data—such as those caused by depleted 
batteries—should be investigated prior to field visits to ensure efficient maintenance and issue 
resolution. 

Raw data being recorded in real time by the installed IoT sensors is available at: 
https://www.bosl.com.au/IoT/WSCA/. The website and list of sensors installed in Viet Nam are shown 
in Figures 6 and 7. Figure 8 shows data from an air quality sensor showing temperature, humidity, 
PM2.5, PM10 and windspeed. Figure 9 shows data from a water quality sensor showing temperature, 
depth, EC, turbidity and battery level.  

  

https://www.bosl.com.au/IoT/WSCA/


Figure 6: Website with sensor data 

 

 

 

Figure 7: List of sensors installed in Viet Nam 

 

  



Figure 8: Air quality data  

  

Figure 9: Water quality data 

 

It should be noted that the data on the website, especially for water quality, is raw data that must be 
calibrated to show actual values. The raw data simply shows trends of the different parameters. It was 
recommended that the website have an information section on what the data is, what it means, and 
how it can it be used. There also could be a note that additional process is needed to apply units of 
measurement.  

The importance of standardising time data was highlighted, with the use of UTC to avoid complications 
arising from daylight saving time or regional time zone differences. 



Different methods of data transmission were explained, including UART and RS485. UART is valued 
for its simplicity and compatibility with most microcontrollers, making it suitable for moderate-speed 
applications. RS485 offers advantages for more complex environments, including better noise 
resistance, longer transmission distances and higher speeds, making it suitable for field deployments 
in challenging conditions. 

Each sensor requires its own calibration process, and the session reinforced the importance of 
regular calibration and maintenance to ensure reliable and accurate data collection. Turbidity sensors 
require calibration every 3 months with regular cleaning, using standard solutions (e.g., 5, 10, 15 , 50, 
100 NTU) to create a calibration curve. Stable readings should be recorded through triplicate tests, 
ensuring no cross-contamination between solutions. Field maintenance includes cleaning algae or 
debris and excluding inaccurate data.  

Depth sensors use one-point calibration by comparing actual water depth with sensor readings, while 
EC sensors require calibration considering temperature variations, using spreadsheets to adjust EC 
values to 25°C. Temperature sensors are calibrated by comparing water readings with a 
thermometer, adjusting for differences. Calibration involves uploading configuration data to the logger, 
verifying stability, and documenting procedures to address anomalies or apply corrections effectively. 
The 3-in-1 sensor needs calibrating only if readings become inaccurate. 

Participants were introduced to common issues that may cause sensor systems to stop functioning. 
The five most frequent causes are: 

1. Low battery voltage – The most common cause of data logging failure is a depleted battery. 
It is recommended to replace the battery if voltage drops below 3.5V. 

2. Water damage – If the data logger becomes fully submerged, it can result in complete 
system failure. 

3. Connectivity problems – Telecommunication interruptions, such as outages from local 
service providers, may prevent data transmission. 

4. Server downtime – Although rare, outages of the BOSL web server can occur. In such 
cases, users will be notified immediately. 

5. Theft or loss of equipment – While uncommon, stolen or tampered units can result in data 
loss and system downtime. 

Additional troubleshooting guidance was provided for specific sensor types. For turbidity sensors, 
readings above 5 NTU without LED activation may indicate a compromised sensor cover or 
waterproofing issue. Conversely, zero readings can suggest damage to the printed circuit board (PCB). 
If LED readings are unusually high but non-LED data appears normal, the sensor cover may be 
obstructed and require cleaning. 

Depth, EC and temperature sensors may produce erratic values due to factors such as wiring faults, 
waterproofing failures or disconnected EC pins. Preventive measures include checking that wires are 
not in contact, reconnecting faulty sensors and ensuring battery levels are maintained above 3.5V. The 
need for troubleshooting may increase in more challenging environmental conditions, where sensors 
are more susceptible to wear, contamination or malfunction. 

  



Workshop evaluation 
Workshop attendees generally rated the event as "Good" (4 out of 5) across various aspects, 
including content, materials, registration, interpretation and catering. The workshop mostly met 
participant expectations, scoring 3.25 out of 5 on average. All participants reported increased 
knowledge of environmental monitoring applications and found the workshop beneficial for 
professional development. 

Practical case studies and the discussion of low-cost sensors and data loggers were particularly well-
received. However, some participants found certain sessions to be overly technical. 

Next steps 
A list of follow-up actions is provided below. 

Item Follow-up action 

Installation of additional water 
quality sensor at CTU 

● Confirm arrangements for the installation of an additional 
water quality sensor, in either the retention pond (close to 
inlet) or the canal to the north of the retention pond 

● Confirm shipping and logistical arrangements for delivery 
of the sensor (via Laos) 

● Confirm if it is possible to supply and install a rain gauge  

Confirm if any arrangements are 
required for data 

● Follow-up with CTU faculty on their proposed workaround 
to meet data regulations 

Confirm timeline for C4 
construction works at HUCE 

● Confirm dates for C4 constructions works to begin 
● Arrange and coordinate the temporary removal of the 

sensors in the C4 complex during construction 

Identify potential for further 
collaboration with partners 

● Identify any opportunities to link the monitoring program 
into existing research programs at HUCE and CTU 

● Explore opportunities to use the monitoring program to 
support research and curricula. 

  



Updated agenda 
Time Item Details  Who 
Day 1 
9:00 – 9:30 Opening and 

welcome 
● Welcome remarks  
● Introduction of participants and trainers 
● Overview of the workshop objectives and 

outcomes 

RUCAS team 

9:30 – 10:00 Introduction to 
Environmental 
Monitoring 

● Importance of environmental monitoring in 
urban water management and climate 
resilience 

● Overview of environmental parameters 
(water quality, air quality, temperature), 
different monitoring equipment 

QUT team 

10:00-11:00 Linking Data to 
Decision-Making 

● Use of data in informing decisions on water 
management 

● How environmental monitoring data can 
inform urban planning, public health and 
climate resilience 

 

11:00 -11:30 Break   
11:30 – 12:30 Environmental 

monitoring   
Regional Experience Sharing 

Summary of past monitoring efforts in Vietnam, 
Laos, and Cambodia 

● What was measured? 
● Why were these parameters measured? 
● How was the information used?  
● What are the next steps? 

HUCE 

CTU 

CIT 

SU 

12:30 – 13:30 Lunch   
13:30 – 14:30 IoT Sensors and 

Technology 
Overview 

● Introduction to IoT sensors (e.g. BOSL 3-in-1 
sensor, turbidity sensors, air quality sensors, 
etc.)  

● Applications in urban water monitoring 
(examples from Australia) 

● Overview of installation, operation and 
maintenance  

QUT team 

14:30-15:00 Break   
15:00-16:00 Real-Time Data 

Collection – 
Methods and 
Platforms 

Overview of data collection tools (BoSL data 
loggers, web-based platforms) 

QUT team 

Day 2 
9:00 – 11:00  Site selection  ● Step-by-step guide on sensor installation, 

including site selection and equipment setup 
● Practical demonstration on identifying sites 

for water quality and air quality monitoring  

QUT team 



11:00 – 12:00 Calibration and 
Maintenance of 
Sensors 

● Overview of sensor calibration processes  
● Common troubleshooting techniques and 

maintenance requirements 

QUT team 

12:00-13:00  Lunch   

13:00-14:00 Introduction to 
Data 
Visualization and 
Analysis 

● Basics of data visualization and analysis for 
environmental monitoring 

● Using sensor data to assess water and air 
quality trends 

● Introduction to decision-making based on 
real-time data 

 

14:00-15:00 Web platform for 
data 
visualisation 

● Overview of data visualisation platform 
● Interpreting data from sensors (water quality, 

air quality, temperature)  
● How to identify data inconsistencies, sensor 

errors and trends 

 

15:00-15:30 Break   

15:30-16:30 Exploring web 
platform  

● Exercises on data interpretation 
● Exploration how best to use and visualise 

data for different audiences 
● Troubleshooting  

 

16:30-17:00 Wrap-up and 
next steps 

● Identifying next steps, who is doing what 
● Follow-up timeline  

 

 

 

Participant organisations 
● Hanoi University of Civil Engineering (HUCE)  
● Can Tho University 
● Can Tho Department of Environmental Protection 
● Southern Meteorological and Hydrological Survey Team 
● Can Tho Women’s Union 
● Battambang Provincial Government 
● Souphanouvong University (Lao PDR) 
● Institute of Technology Cambodia 
● Can Tho Meteorological and Hydrological Station 
● Can Tho Disabled Persons’ Association 

  



Evaluation form results 

 

 



 

 

 

 

 

 

  



 


