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 Temperature and humidity are among the parameters that significant to the 
industrial and agricultural. Traditionally, these elements are monitored 
inefficiently through wired monitoring system that caused higher 

implementation and maintenance cost. In addition, the device to detect the 
temperature such thermometer is not suitable for real-time monitoring since it 
need a longer response time to measure. With the advent of wireless 
technology, the temperature and humidity are monitored remotely and 
effectively. This paper aims to describe the implementation of an embedded 
real-time temperature and humidity monitoring system, using Arduino for 
Internet of Things (IoT) application.  The system integrates the Arduino node 
with a dashboard system call Node-FRED, which interfaced to the LoRa radio 

through the Things Network gateway. This IoT application is deployed on both 
indoor and outdoor environment, to investigate the relation between the 
temperature and humidity level in order to manage the environment at more 
comfort level. 
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1. INTRODUCTION  

Temperature and humidity are two elements that reflect the climate change of the worlds’ today. The 

drastic changes of these parameters to the environment affect the life cycles of plants and animals. Temperature 

and humidity can assist the farmers to make a decision making for accurate agricultural production yield and 

monitoring the condition of fish farms [1-4]. Large scale buildings such skyscrapers, hotel and shopping malls 

have heating, ventilation and air-condition (HVAC). The changes of temperature and humidity on HVAC are 

two main factors that affect the environment conditions in the large scale building and increase the energy 
consumptions [5, 6]. The buildings that have the automatic HVAC systems can increase people’s comfort and 

at the same it can reduce energy consumption. 

Traditionally, a manual method by using mercury thermometer and analogue hygrometer are used to 

take the temperature and humidity. However, this method is not effective and put the burden to the daily chores. 

The reading process will take longer response time once the device performance deteriorating. Furthermore, 

the chemical substances in the measuring devices are exposed to the danger when its breakage due to poor 

handling [7]. Not to mentioned the limitation of this mercury thermometer that prone to human error when 

taking readings due to parallax errors or misleading data recording. In most cases, the analogue hygrometers 

could not react to the abrupt changes in humidity level as its need to be calibrated by hand as frequent  

as possible.  
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The use of wired system to monitor the temperature and humidity may require higher cost 

implementation and maintenance [8], and increase adversely with the scale of deployment system. Thus, 

mobility features may ease the burden to monitor when a large area of implementation is to be considered. The 

wired system method had many disadvantage as compared with wireless method. Among the wireless system 

used to implement real time monitoring are Global System for Mobile (GSM), Wireless Fidelity (WIFI) 

[9],[10] and Low Power Wide Area Network (LoRaWAN) [11], [12]. Each of these technologies has its own 

advantages over the other that depends on the requirement and deployment scenarios. Therefore, the 

monitoring both of these parameters may be deployed remotely so as to maintain the environment condition 

always at the comfort of people’s lives.  

This paper describes the implementation of a real-time temperature and humidity monitoring system 

using Arduino platform. The Internet of Things (IoT) concept is leverage using LoRaWAN technology to 
monitor the parameters remotely. An indoor and outdoor deployment has been investigated, in which the 

temperature and humidity readings are presented using Node-RED platform. Section II of this manuscript 

provides the literature review, problem statement and the scope of this study. Section III describes the hardware 

design, software design and the technique towards achieving the research outcomes. Section IV discuss the 

result that had obtained from the research and finally conclude the works in the Section V. 

 

 

2. LITERATURE REVIEW 

At the age of technology centuries, with the advent of the wireless technology and the Internet of 

Things (IoT), human lifestyle become simpler in all aspects. The choices of automation systems show the 

rapidly increase in the number of users of internet over the past decade. The development of IoT devices to 
ensure the monitoring system method becomes more advanced in term of the user can accessed the data anytime 

and anywhere included within the remote area location [9],[10],[13]. Attempts had been made to implement 

systems that can benefits users by leveraging the IoT technologies. 

Table 1 shows the previous works which had been conducted to implement real-time monitoring for 

diverse scenarios. Authors in [14] focused on the proper implementation of temperature and humidity 

monitoring to ensure that the tomato plants growth rapid and in good condition. The monitoring system able 

to determine the volume of water needed to get an ideal humidity for the plants environment. In other words, 

it helps to create a decision support to the users in determining the appropriate volume of water needed. The 

remote monitoring system helped the growth quality of the tomato plants, and can be further improved by 

adding more sensors. This would help farmers to widening the area of plantation easily. 

 

 
Table 1. A review on the monitoring system method in previous study 

Authors Research Finding 

M. U. H. Al Rasyid, E. M. 

Kusumaningtyas, and F. 

Setiawan, 2016 [14] 

Build a Monitoring system for temperature and humidity 

as to determine the volume of water to get an ideal 

humidity for tomato. The method that used it is by using 

SHT75(temperature and humidity sensor) and using Xbee 

as a gateway for transmit data to the server or application. 

Improvement the quality 

of the tomato plant by 

finding the suitable 

amount of water to get the 

ideal humidity for tomato 

M. Bouyahi and T. 

Ezzedine, 2017 [15] 

Create a Monitor the temperature and humidity in civil 

structure by using the concept of Structural Health 

Monitoring (SHM). This project method was used Zigbee 

module wireless as communication data and Fibre Bragg 

sensor as to detect the temperature and humidity. 

Understand the structure 

to prevent the damage of 

the structure occur and 

prepare to repair it before 

catastrophe failure 

R. Do and E. Erdem, 2015 

[15] 

Monitor system for temperature and humidity to determine 

the average of the temperature and humidity condition of 

the tunnels in the dam. 

Understand the effect of 

temperature and humidity 

can prevent the damage of 

tunnel in the dams by 

controlling the air-

conditioning system. 

H. N. Saha, S. Chaudhury, 

R. Mukherjee, D. Paul, and 

S. Haldar, 2017 [9] 

This previous study is research for monitoring health 

patient over the internet (IoT application. The method that 

had been used for this monitoring system is by detect the 

temperature of the patient using LM35 sensors and the 

transmit data over the internet by using WI-FI ESP8266. 

Understanding the 

concept of IoT and 

Arduino application for 

designing the monitoring 

temperature system. 

 

 

Temperature and humidity were also monitor in civil engineering using a concept called Structural 

Health Monitoring (SHM) [15]. This method was applied to ensure the real-time monitoring of any structure 

damaged as well as to evaluate the performance of the bridge structure under a heavy load. The method able 
to measure the temperature, humidity as well as strains in a concrete structure. Therefore, the bridge structure 

can be easily analyzed to detect damage as soonest before the catastrophic failure. A ZigBee network act as a 

backbone connecting the sensors within the monitored building. 
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Another example of IoT technologies implementation in civil engineering field was the monitoring 

the condition of dams [15]. The system monitors the temperature and humidity inside the tunnels in the dam 

in order to control the average readings were always being in permissible condition to prevent further structural 

damages.  Examples of real-time monitoring of temperature and humidity implemented in others fields such 

as manufacturing, medical, aquaculture and more, found in these literatures [6],[11], [17]. 

 

 

3. METHODOLOGY 
The Thing Network (TTN) serves as the platform for the IoT devices to build and share abundant data 

connectivity. The LoraWAN technology allows the devices to talk each other as the alternative of more 

complex Wi-Fi or 3G connectivity [18, 19, 20]. An Arduino UNO microcontroller board is connected to 

Dragino LoRa shield, a long range transceiver based on the open-source library. Then, a customized circuit 

design consists of DHT22 sensor module is interfaced to the Arduino interface [21-23]. The calibrated 

temperature and humidity digital signal from DHT22 are transmitted to the TTN via LoRaWAN on AS923 

frequency scheme. Figure 1 depicts the schematic diagram of Arduino (UNO) interface with Dragino Shield 

(Lora Radio) connected to DHT22 sensor while Figure 2 shows the system diagram respectively. 

 

 

  
 

Figure 1. Schematic Diagram 

 

Figure 2. Hardware Requirements 
 

 

Figure 3 shows the program code that had been written and executed to be shown the result on the 

Arduino IDE application through the serial monitor. The main part of the execution codes is divided into two 

part, to read the temperature and humidity respectively. The process is given specifically using the DHT.read22 

API that retrieved the raw data from the DHT22 sensor. Apart from that, “int16_t” specifically differentiated 

the sensor being split into 2 bytes of data into the array (highByte and lowByte), as in LoRaWAN MAC 

protocol and transmitted to the LoRa Gateway [24], [25]. The raw data can be captured using the serial monitor 

application provided by the Arduino IDE. Furthermore, the real-time monitoring of the temperature and 

humidity from the Arduino UNO node can be manifested on the TTN application, as shown in Figure 4 

 
 

 
 

 

Figure 3. Programming Code 

 

Figure 4. TTN Server Application 
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4. RESULTS AND DISCUSSIONS 

The experiment conducted in an outdoor and indoor environment, which located at PTAR lobby and 

two of the classrooms at the Engineering building of Universiti Teknologi MARA respectively. Those 

classrooms located at different floors, level 5 and 7, to replicate two different elevations as well as the 

environments were monitored days and nights. The experiments had been conducted to see the relationship 

between the monitored parameters to the environment condition being setup. This works also intends to present 

the deployment feasibility using LoRaWAN technology. The Things Network (TTN) server has been setup to 

collect the reading from sensors through the LoRa gateway. Then, the collected data are analyzed and presented 

using the Node FRED application. 

The data collected in the evening at the classrooms are then displayed on the dashboard. Figures 5 

and 6 depict the temperature and humidity reading respectively, (a) level 5 classroom and (b) level 7 classroom. 
For the comparison, the average temperature reading for level 5 classroom is much lower than the level 7 

classroom by 5 ºC difference. The average readings are 27 ºC and 32 ºC for level 5 and 7 classrooms, 

respectively. While for the humidity level, the level 5 classroom has the average reading of 58 %, much lower 

than the level 7 classroom of 69 % reading. 

 

 

  
 

(a) Level 5 

 

(b) Level 7 

 

Figure 5. The reading of temperature (ºC) over time for indoor environment 

 
 

  
(a) Level 5 (b) Nights 

 

Figure 6. The reading of humidity (%) over time for indoor environment. 

 

 

Experiment also been conducted for the outdoor environment; hence, temperature and humidity 

readings have been measured at the lobby of Perpustakaan Tun Abdul Razak (PTAR). Furthermore, the 

observations been carried out day and night. From Figure 7, the temperature for the day (a) has higher than the 

night average readings with the difference of 7ºC. The average readings of two are 37ºC and 30ºC, respectively. 

Meanwhile, the comparison of the humidity level for day and night (Figure 8), the average humidity during 

daytime was 65% while at night is 72%. The difference by 7% in humidity indicated that the higher the 
percentage leads to rise air of moisture and showed that the temperature and humidity is inversely proportional. 
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(a) Day 

 

(b) Night 

 

Figure 7. The reading of temperature (ºC ) over time for outdoor environment 

 

 

  
 

(a) Day 

 

(b) Night 
 

Figure 8. The reading of humidity (%) over time for outdoor environment 

 

 

5. CONCLUSION 

A real-time monitoring of temperature and humidity implemented using emebedded platform has been 

presented in this paper. The parameters were sensed wirelessly using Arduino UNO microcontroller. The 

platform was connected wirelessly to the sensors through the Dragino LoRa shield, in which a customized 

circuit consists of DHT22 sensor module interfaced to the Arduino module. The real-time monitoring system 

has been deployed in two scenarios, an indoor and outdoor environment. Furthermore, the studies observed the 

effect of the elevation to the temperature and humidity readings. The findings indicated that the temperature 

and humidity level in indoor environment correlated to the floor elevation. The monitored parameters increased 
with higher elevation floor. Meanwhile, the trend analysis for the temperature and humidity for outdoor 

envorinment was slightly different. When the temperature decreased at night, the humidity level increased and 

it can be infered that a lot of water vapour circulated in outdoor environment during night time. 
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