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INTRODUCTION 

There are some air pollutants in both indoor and 
outdoor environments, such as carbon dioxide 
(CO2), carbon monoxide (CO) and particulate matter. 
CO2 is a common indicator used for ventilation 
systems. High CO2 levels can cause headaches, 
dizziness and a range of detrimental symptoms. CO 
is toxic to humans when the concentration is above 
35 ppm. The source of CO is produced from the 
partial oxidation of carbon containing compounds. 
For example, the gas does not burn fully. Particulate 
matter (PM) is a mixture of small particles found in 
the air [1]. Small particles with a diameter of 10 µA 
or less can be inhaled that causing serious health 
issues to lungs. Particles with a diameter less than 
2.5 µm (PM2.5) can go deeper into our lungs and 
they can be more dangerous than bigger particles 
ranged between 2.5 and 10 µm (PM10). The particle 
sources are ranging from forest fires, power plants, 
automobiles, organic compounds, and also metals 
[2]. 

Some non-cellular wireless technologies available for 
IoT applications are compared. It can be seen that 

LORA can provide longest cover distance and 
highest receiver sensitivity with lower power 
consumption. In this paper, we presented WE-Safe 
Platform: a wearable IoT sensor node for safety 
applications via LORA wireless technology. Each 
sensor node consists of multiple sensors, such as 
CO2, CO, ultraviolet (UV), temperature, and humidity 
sensor, one microcontroller unit (MCU), and one 
LORA module. The complete network structure is 
shown in Fig. 1. The proposed network provides an 
effective solution for safety application.  

 

Fig. 1. Network diagram of the proposed wearable 
sensor network 

Abstract 
This paper presents a wearable Internet of Things (IOT) sensor node aimed at monitoring harmful 
environmental conditions for safety applications via LORA wireless technology. The proposed sensor node is 
low-power and supports multiple environmental sensors. A LORA based gateway is used to connect sensors 
to the Internet. We mainly focus on monitoring carbon monoxide, carbon di-oxide, ultraviolet, and some 
general environmental parameters. Poor environment quality could cause severe health problems to 
individuals. Therefore, surrounding environmental data is gathered by the wearable node in a real time 
manner and then transmitted to a remote cloud server and the Device will give alert to the user via mobile 
application when an emergency condition occurs. 

Index terms- Internet of things, wireless sensor network, wearable sensor nodes, safety applications, 
environmental monitoring. 
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BASICS OF LORA 

LORA is the physical layer or the wireless modulation 
utilized to create the long range communication link. 
Many legacy wireless systems use frequency shifting 
keying (FSK) modulation as the physical layer 
because it is a very efficient modulation for 
achieving low power. LORA is based on chirp spread 
spectrum modulation, which maintains the same low 
power characteristics as FSK modulation but 
significantly increases the communication range. 
Chirp spread spectrum has been used in military and 
space communication for decades due to the long 
communication distances that can be achieved and 
robustness to interference, but LORA is the first low 
cost implementation for commercial usage. 

 LORA NETWORK ARCHITECTURE 

In a LORAWAN network nodes are not associated 
with a specific gateway. Instead, data transmitted by 
a node is typically received by multiple gateways.as 
shown in fig 2 Each gateway will forward the 
received packet from the end-node to the cloud-
based network server via some backhaul (either 
cellular, Ethernet, satellite, or Wi-Fi). The intelligence 
and complexity is pushed to the network server, 
which manages the network and will filter redundant 
received packets, perform security checks, schedule 
acknowledgments through the optimal gateway, and 
perform adaptive data rate, etc. If a node is mobile 
or moving there is no handover needed from 
gateway to gateway, which is a critical feature to 
enable asset tracking applications–a major target 
application vertical for IOT. 

 

Fig. 2. Network Architecture of LORA 

TYPES OF WEARABLE NODES 

 

Fig 3. Wearable Devices 

PROPOSED SYSTEM 

A. HARDWARE IMPLEMENTATION 

1) Power Management: The power management 
system includes a coin battery, a buck-boost 
converter (LTC3130-1), and a quick-output discharge 
switch (TPS22918). LTC3130-1 is a high efficiency (up 
to 95%) buck-boost converter which regulates the 
input voltage (1 to 25 V) to a constant 3.3 V for the 
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entire circuit. TPS22918 is a low on-resistance (50 
mΩ) load switch.as shown in fig 4. With the quick 
output discharge function, the switch can quickly 
discharge the output pin when the devices are 
disabled instead of leaving the electronic devices in 
a floating state. The switch is controlled by a digital 
pin of MCU. 

Fig 4. Schematic diagram of the wearable node 

2) Sensor Node: ATmega328p is used as MCU in this 
work. It collects the data from different sensors and 
interfaces with the LORA chip. It also controls the 
power consumption of the entire wearable node.as 
shown in fig 5 This MCU has low power 
consumption, low cost, and high-performance 
features. It has six 10-bit analog-to-digital converters 
(ADC) and 14 digital pins which can support the 
various functions required by the sensor board. The 
nominal voltage for the MCU is 3.3V when the clock 
speed is 8 MHz [2].  

A  RFM95 module is used as the RF module in this 
paper. The module is a low power and long-range 
transceiver module, which features high interference 
immunity whilst minimizing current consumption. It 
has high sensitivity, which can go down to -148 dBm. 
The receive current is very low, which is only 10.3 
mA. Compared to LoRa, the sensitivity of XBee 
DigiMesh can only go down to -110 dBm and the 
receive current is as high as 29 mA. LoRa outweighs 
XBee in these features. 

 

                         Fig 5. Wearable node picture 

B. MAIN COMPONENTS USED IN WEARABLE 
NODES: 

Table 1. Main Components Used in Wearable Nodes 

 

C. SOFTWARE DESCRIPTION: 

The base station receives the data from both fixed 
sensor nodes and wearable sensor nodes. It displays 
the data in a local Graphical User Interface (GUI) and 
stores the data into a local MySQL database. The 
data will ultimately be transmitted to a cloud server 
via Ethernet. The networking topology is a star type 
network. The wearable sensor node transmits the 
data to base station directly without network 
hopping. 
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Fig 7. Wearable node’s software algorithm 

 

Fig 10. Temperature and humidity measurement 
from wearable sensor nodes for 23 minutes 

CONCLUSION 

This paper has presented a wearable IOT sensor 
node for safety applications called WE-Safe. Current 
work in this paper primarily focuses on the hardware 
developments. Some sample environmental data is 
collected by a wearable WE-Safe node and sent to 
the remote cloud via LORA network. The aim of WE-
Safe project is to provide early warnings for people 
working in extreme and harsh environment when 
they are not in the safe zones. Such an IOT platform 
will present new opportunities for saving life or 
preventing health issues etc. Our future work will 
focus on network performance of LORA network and 
more experimental results. 
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FURTHER EXTENSION 

Smart City: LORA WAN will be inevitable technology 
in future smart city applications together with 
Internet of Things like: 

 Smart lighting 

 Air quality and pollution monitoring 

 Smart parking and vehicle management 

 Facilities and infrastructure management 

 Fire detection and management 
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