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Currently, the Chini Lake shores housed around 500 indigenous people 
distributed across six villages with no access to cellular tower 
communication coverage. This is mainly due to the challenging terrain 
profile and dense foliage. Therefore, a high availability but low-cost 
wireless communication infrastructure such as LoRa is the perfect 
solution in this scenario. In this work, a novel Internet infrastructure 
based on a Hybrid LoRa network architecture is proposed. Specifically, 
this comprises an integrated LoRaWAN gateway, combined with Mesh 
LoRa architecture with text and voice messaging capability, as well as a 
cloud-based data management platform. With this solution, the 
indigenous Orang Asli community in Chini Lake, Pahang, Malaysia will 
have access to digital contents through the messaging system for both 
literate and illiterate users, as well as water level alerts for mitigation of 
flooding and drought situations, and avenue for Internet access for 
promotion of local products and services. 
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M OT I VAT I O N

• Increased attention from academic and industrial communities on 
environmental monitoring due to the impact of pollutants on living 
organisms’ biological health worldwide.

• Tasik Chini was recognised in 2009 as Malaysia's first UNESCO 
'biosphere reserve’. But rampant mining and logging activity

• However, current monitoring methods are expensive and labour-
intensive.
• Expensive measurement devices.
• Water Quality Indices (WQI) involve on-site sample collection 

and consequent laboratory analysis
• Sensor data collection at remote rural areas: challenging 

surrounding environment.



C H A L L E N G E S  O F  W Q I  AT  C H I N I

• Thick foliage and variable terrain profile.
• Obstructed and limited wireless communications coverage between existing WQM stations 

scattered across the lake area.
• Special focus required for wireless propagation channel characteristics and transmission 

performance analysis.
• Failure to do so will affect the planning and deployment of wireless IoT applications, 

LoRa/LoRaWAN best LPWAN for deployment



T H E  J O U R N E Y
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• Funded by an internal UKM grant & 
matching grant by NICT Japan

• Spherical balloon
• Commercial water sensor (RBR Concerto3): 

measure water temperature, pH, pressure, 
and depth. 
• Has flexibility of adding additional sensors.
• Measurement frequency: 1 second. 
• Sensed data stored in a built-in memory within 

each sensing unit.
• SUN device: connected to each water sensor 

to form a mesh or tree topology
• measured data relayed in a multi-hop manner 

from each sensor to the PAN coordinator, 
which collects data from all SUN end-nodes.
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A I N  ( A I R B O R N E  I o T  N E T W O R K )
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• Balloon lifted from a location close to the central station, at a height that guarantees a LOS or near LOS 
transmission path with the PAN coordinator located on the lake surface. 

• PAN coordinator’s data transmitted to the balloon using LoRa technology.
• Next, Wi-Fi forwards the data to the cloud server for processing and visualisation on a dashboard.

Figure 5. Typical data flow sequence of the proposed system architecture.
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A I N :  N E T W O R K  A R C H I T E C T U R E



Kickoff meeting @ PPTC (18 – 20 Mar 2022)

Gumum WS

Merapoh WS
Kura-kura WS

Melai WS



Field work @ PPTC (May 2022)

Engagement with the 
indigenous community

Boat ride to the community Entrance to 1/6 indigenous area

With rangers (Jabatan Hutan Pahang) to survey 
gateway installation at Bukit Ketaya

Bukit Ketaya: GW site candidate 1

Bukit Ketaya: GW site 
candidate 2 (selected for 

deployment in May 2023)



Field work @ PPTC (29 Aug – 1 Sep 2022)



LoRa Gateway Deployment at Bukit Ketaya & Measurement Campaign Around Tasik Chini (With Pahang 
Forestry Division): 8 – 12 May 2023



• Area types: suburban area (UKM campus) 
• LoRa performance metrics: (1) communication reliability, (2) coverage, and (3) path loss limits 
• DT (car drive test), BDT (boat drive test)

L A P :  L O R A  M E A S U R E M E N T  ( U K M  B A N G I )
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Heatmap of LoRa coverage at UKM campus area for a GW (attached to a LAP) at: 
(a) 50m with SF7 configuration, 

(b) 50m with SF10 configuration.



Area types: rural areas (Lake Chini and surrounding areas
DT (car drive test), BDT (boat drive test)

L A P :  L O R A  M E A S U R E M E N T  ( C H I N I )

Heatmap of LoRa DTs and BDTs coverage at Chini lake area for a GW 
at 120m with SF10 configuration for all cases.



LAP: Main challenges
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• Ideally, LAP should lift the GW at a fixed height and position.
• However, this is practically impossible due to varying weather conditions (e.g., 

temperature variation and rain)
• Helium lifetime (i.e., total period of flight without a refill)
• Helium atoms can escape through the balloon’s thin PVC sheet material à 

lifting capacity will degrade over time
• Need to identify the total operating period per refill, lifting capacity loss on 

average per day, the maximum threshold for a refill, and the payload limit are 
important factors for successful LAP deployment

• Wind speed and direction: affect balloon stability during the flight & causes 
fluctuations in balloon altitude. Balloon will swing at various angles (ʂ°)
• Selection of suitable LAP type for Malaysia’s climate.



𝐹!  = buoyancy force (N)
𝜌"#$  = density of air (~1.16 kg/m3)
𝑔 = gravitational acceleration (~9.8 m/s2)
𝑉%  = volume of the balloon (m3) 
r = spherical balloon radius (1.5m)
𝐴& , 𝐵& , 𝐶&  = Helikite balloon semi-axes 

(𝐴& = 𝐵& =
'.'
)
	𝑚 and 𝐶& =

).*
)
	𝑚) 

𝑊+  = total weight force (N) 
𝑚+ , 𝑚&, , 𝑚% , 𝑚-./01.2 , 𝑚34 , 𝑚5  = mass (kg) i.e. total, helium 
gas, payload, balloon PVC sheet material (6.1 kg and 8.5 kg for the 
spherical and Helikite balloon), GW attached to the balloon (1.25 
kg), and tethering robe (1.88 kg), respectively. 
𝜌&,  = density of helium gas (~𝜌"#$ /7).



L U C I :  
M E A S U R E M E N T

Fixed mounting structure:
Longer communication distances (up to 
48 km) due to the higher mounting 
location at Bukit Ketaya (220m ASL) 
and the use of higher gain antennas for 
the GWs. 



Component Model/ Specification

Hardware
LilyGo Device TTGO T-Beam & T-

Echo
Proxy Node Le Potato AML- 

S905X- CC & TTGO 
T-Beam

Water Level Sensor MB7368 HRXL-
MaxSonar-WRML 
integrated to Pycom 
FiPy Development 
Board & Pycom 
Expansion Board 3.0

LoRaWAN® Gateway RAK7249 Outdoor 
LoRaWAN Gateway

Software
Messaging Application Meshtastic® 
Le Potato OS Ubuntu 22.04.1 Jammy 

LTS
MQTT Broker Eclipse Mosquitto
Telegram Integration Telegram Bot

1. A hybrid LoRa system made available using a proxy node able to support simultaneous LoRa mesh and 
LoRaWAN® networks.

2. A localized communication network for community use in underserved areas for immediate community messaging 
and flood alerts.

3. Extension to internet-connected users to the outside world, to get assistance from local authorities for the 
mitigation of natural disasters.
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Workshop On Communication In Extreme Environments For Science And Sustainable Development @ 
ICTP Italy
(20-24 November 2023)
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C O N C L U S I O N S
• This work provides an end-to-end autonomous IoT network for WQM.

• The system provides a crucial ICT solution for people living in such areas by warning them 
of flooding.

• Several unique challenges that arise due to the surrounding environment were addressed. 

• This system can be extended to improve the underwater life of rural/remote areas and can 
help manage and identify pollution sources in real time impacting the environment and 
living organisms.
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