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ABSTRACT 

 

Incubators require precise temperature 

monitoring to ensure optimal conditions for 

the growth and development of the 

organisms inside. DHT11 and NTC sensors 

are both widely used in temperature 

measurement, but have different 

characteristics in terms of accuracy, response 

time, and reliability. The use of IoT 

technology enables real-time and remote 

temperature monitoring and control, while 

the LoRa Ebyte 32 module is used for 

efficient long-range wireless 

communication. The results show that the 

NTC sensor has a higher percentage error 

and average error compared to DHT11, 

namely RE 2.4681% MEA 0.8885 and 

DHT11 has RE 1.5255% MEA 0.5492. From 

these results it can be stated that the DHT11 

sensor is suitable for use in baby incubators. 

 

Keywords: DHT11; NTC; LoRa; Inkubator; 

IoT 

 

INTRODUCTION 

The air quality in a baby incubator is critical 

to the health and development of the baby, 

especially for premature babies who require 

intensive care. Environmental conditions 

such as temperature and humidity must be 

closely monitored and maintained to ensure 

optimal condition [1]. However, air quality 

monitoring in incubators is often done 

manually, which can lead to inaccuracies and 

delays in detecting changes in conditions.  

Based on data from the Maternal Perinatal 

Death Notification (MPDN), a maternal 

death recording system owned by the 

Ministry of Health, the number of maternal 

deaths in 2022 reached 4,005 and in 2023 

increased to 4,129. Meanwhile, infant deaths 

in 2022 amounted to 20,882 and in 2023 

amounted to 29,945 [2]. According to the 

United Nations Children's Fund (UNICEF), 

premature birth is the leading cause of death 

for children under the age of five with an 

estimated 15 million babies born prematurely 

worldwide each year [3].  

In today's digitalization era, connectivity is 

very important, especially with more and 

more IoT (Internet of Things) devices 

connecting to LoRa (Long Range) networks 

[4]. LoRa technology allows IoT devices to 

connect to wireless networks with low power 

and longer range compared to Wi-Fi or 

Bluetooth networks [5]. The main advantage 

of this technology is its ability to transmit 

small amounts of data over very long 

distances, with very low power consumption, 

making it ideal for devices that require long 

periods of battery operation [6].  

LoRa works by using a modulation technique 

known as spread spectrum modulation, 

which helps to reduce interference and 

increase the signal's resistance to interference 

http://www.ijrrjournal.com/
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[7]. LoRa networks also support bi-

directional communication, allowing devices 

to not only send data but also receive 

instructions or updates from a central 

network [8]. This makes it a highly flexible 

option for a wide range of IoT applications. 

However, LoRa's signal range is still limited 

and can be easily disrupted by obstacles such 

as building walls or large trees [9]. To 

overcome signal range limitations, 

LoRaWAN (Long Range Wide Area 

Network) network technology is often used, 

which enables the setup of a network 

consisting of multiple gateways [10]. These 

gateways act as a bridge between LoRa 

devices and the internet, collecting data from 

devices within its range and forwarding it to 

a central server. Thus, even though the 

devices may be far away from the central 

server, data can still be sent and received 

efficiently through the wide network of 

gateways [10].  

An effective solution is to implement an 

automatic monitoring system based on the 

Internet of Things (IoT) by using certain 

sensors that can measure critical parameters 

in the incubator. The concept of IoT itself 

describes a network of physical devices that 

are connected to the internet and can 

communicate with each other and exchange 

data [11]. The use of IoT technology in this 

system not only improves the efficiency and 

accuracy of monitoring, but also ensures the 

safety and comfort of babies who are very 

vulnerable to temperature changes. In this 

study, we will compare the quality of 

temperature sensors in incubators using NTC 

(Negative Temperature Coefficient), DHT11 

(Digital Humidity and Temperature) sensors 

integrated in the LoRa Ebyte E32 IoT-based 

system. 

 

MATERIALS & METHODS 

The proposed system is designed to monitor 

and measure incubator parameters such as 

temperature, humidity, and air quality. The 

main objective of our design is to compare 

the quality of sensor readings for advanced 

real-time intelligent monitoring of a baby 

incubator based on IoT and LoRA networks 

that track the temperature conditions inside 

the incubator. By placing sensor modules in 

the surrounding area and analyzing the real-

time data collected and monitored on a web 

page by utilizing the Wi-Fi based BLYNK 

IoT platform, WeMos D1, dht 11 sensor, and 

NTC thermal sensor are used in the hardware 

configuration to collect data.  

 

1.1.Hardware Component  

The above-mentioned components for data 

collection, data transfer, data processing and 

analysis are used in the development of the 

proposed IoT-based wireless intelligent 

monitoring system for parameters related to 

baby incubators. For comparison of 

temperature sensor readings in the incubator, 

two different sensors were used in this study. 

The sensors were selected based on various 

important variables such as accuracy, 

calibration, power consumption, 

compatibility, dependability, durability and 

cost. 

 

1.1.1. Temperature & Humidity Sensor 

(DHT11) 

DHT11 is a sensor module that functions to 

sense the temperature and humidity of 

objects that have analog voltage outputs that 

can be further processed using a 

microcontroller. DHT11 sensors generally 

have a fairly accurate temperature and 

humidity reading value calibration feature. 

The calibration data storage is contained in 

the OTP program memory which is also 

called the calibration coefficient[12]. 

 

 
Figure 1. DHT 11 

 

The DHT-11 sensor is a sensor package that 

functions to measure air temperature and 

humidity at the same time which includes an 

NTC (Negative Temperature Coefficient) 

type thermistor to measure temperature, a 



Muhammad Zimamul Adli et.al. Comparison of DHT 11 and NTC temperature sensors based on internet of 

things and Lora Ebyte 32 for incubator  

 

                                      International Journal of Research and Review (ijrrjournal.com)  464 

Volume 11; Issue: 8; August 2024 

humidity sensor with resistive characteristics 

to changes in moisture content in the air and 

a chip that performs several analog to digital 

conversions and outputs in single-wire bi-

directional format[13]. 

 

1.1.2. NTC Thermistor (Negative 

Temperature Coefficient 

Thermistor) sensor 

Temperature sensor whose resistance 

decreases as the temperature increases. NTC 

Thermistors work based on the change in 

resistance of the semiconductor material as 

the temperature changes. When the 

temperature increases, the thermal energy 

generated increases the atomic motion within 

that semiconductor material, which in turn 

reduces the resistance and resistance of the 

material. This results in a change in voltage 

or current in the circuit to which the NTC 

Thermistor is connected[14]. 

 

 
Figure 2. NTC THERMAL 

The working principle of the NTC thermistor 

mainly depends on the ambient temperature. 

Once the temperature of the thermistor 

increases, its resistance will decrease. For 

every 1 degree centigrade increase in 

temperature, 5% resistance will decrease. 

 

1.1.3. LoRa  

 

 
Figure 3. LoRa EBYTE 32 

 

The working principle of LoRa is basically to 

convert information data into spread-

spectrum signals for transmission through 

spread-spectrum coding. Spread spectrum 

modulation is a technique to spread the 

spectrum of information data by widening 

the bandwidth of information data, the 

resistance of the signal to noise and 

interference in the transmission process is 

improved, LoRa uses chirp modulation to 

modulate the original data to a high-

bandwidth chirp signal, thereby realizing 

reliable communication in an environment 

with a low signal-to-noise ratio. 

Schematik diagram  

 

 
Figure 4. SCHEMA TX 
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Figure 5. 3D PCB 

 

METHODS 

In this research we use experimental methods 

based on quantitative methods to determine 

the difference in reading values from DHT11 

sensors and NTC sensors to get optimal 

results and determine the error value of 

sensor readings. 

1. Data Collection: Take temperature 

measurements using DHT11 sensor and 

NTC sensor under the same conditions. 

Use a calibration thermometer as a 

reference value. 

2. Data Processing: Calculate the MAE, 

RMSE, and RE values for each sensor 

based on the collected data. 

3. Analysis: Compare the MAE, RMSE, 

and RE values for both sensors to 

determine which sensor is more accurate 

 

RESULT 

The experiment was conducted at 'Midwife 

Hj. Dewi Apriani Bandung City Indonesia' in 

June 2024. When the circuit is powered up by 

connecting the pins to the corresponding 

slots, all the sensors i.e. DHT 11 temperature 

sensor and NTC  Are initialized then take 

readings of the ambient temperature and then 

send the measurement results to the oled 

screen via the loRa communication line then 

Oled displays the measurement results on its 

screen.  

Sensor data collection and storage-based 

timeframes depend on factors such as the 

application, sensor type, and desired level of 

analysis. Real-time monitoring requires short 

intervals, while long-term trend analysis may 

require longer intervals. Thus, in this work 

the data from sensors is collected for 

different time slots such as every minute and 

every 1 minute regularly at 'Midwife Hj. 

Dewi Apriani Kota bandung indonesia June 

2024, and provides meaningful analysis. 

 

Dht 11 Sensor Measurement Result 

DHT 11 sensor readings were taken for one 

hour and recorded every 1 minute. The 

results of the DHT 11 sensor readings are 

shown in the following table 

 
Table 1. Measured DHT11 

Time[menit] Temp (°C) Temp ref Time[menit] Temp (°C) Temp ref 

00:00  36.5  36 00:31  36.7  36 

00:01  36.6  36 00:32  36.5  36 

00:02  36.5  36 00:33  36.6  36 

00:03  36.5  36 00:34  36.5  36 

00:04  36.7  36 00:35  36.5  36 

00:05  36.5  36 00:36  36.6  36 

00:06  36.6  36 00:37  36.5  36 

00:07  36.5  36 00:38  36.5  36 

00:08  36.5  36 00:39  36.6  36 

00:09  36.6  36 00:40  36.5  36 

00:10  36.5  36 00:41  36.7  36 
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00:11  36.7  36 00:42  36.5  36 

00:12  36.5  36 00:43  36.6  36 

00:13  36.6  36 00:44  36.5  36 

00:14  36.5  36 00:45  36.5  36 

00:15  36.5  36 00:46  36.6  36 

00:16  36.6  36 00:47  36.5  36 

00:17  36.5  36 00:48  36.5  36 

00:18  36.5  36 00:49  36.6  36 

00:19  36.6  36 00:50  36.5  36 

00:20  36.5  36 00:51  36.7  36 

00:21  36.7  36 00:52  36.5  36 

00:22  36.5  36 00:53  36.6  36 

00:23  36.6  36 00:54  36.5  36 

00:24  36.5  36 00:55  36.5  36 

00:25  36.5  36 00:56  36.6  36 

00:26  36.6  36 00:57  36.5  36 

00:27  36.5  36 00:58  36.5  36 

00:28  36.5  36 00:59  36.6  36 

00:29  36.6  36 01:00  36.5  36 

00:30  36.5  36       

 

To find out the average error between the 

value measured by the sensor and the 

reference value can be known by the 

following equation. 

  

𝑀𝐴𝐸 =
1

𝑛
∑ |𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑, 𝑖 − 𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝑖𝑛

𝑖=1 | 

MAE = 0.5492  

 

To find out the square root of the average 

square error can be found with the equation 

below 

RMS = √
1

𝑛
∑ (𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑, 𝑖 − 𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝑖)2𝑛

𝑖=1  

RMS = 0.5532 

To find out the relative error to the reference 

value expressed in percent can be found with 

the following equation 

 

𝑅𝐸 =  
|𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑,𝑖−𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑖|

𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑖
 X 100% 

RE = 1.5255 % 

 

NTC sensor measurement result 

NTC sensor readings were taken for one hour 

and recorded every 1 minute. The results of 

the NTC sensor readings are shown in the 

following table 

 
Table 2. Measured NTC 

Time[menit] Temp (°C) Temp ref Time[menit] Temp (°C) Temp ref 

00:00 36.5 36 00:31 36.7 36 

00:01 35.8 36 00:32 34.9 36 

00:02 37.2 36 00:33 37.0 36 

00:03 34.9 36 00:34 35.5 36 

00:04 36.1 36 00:35 36.6 36 

00:05 37.5 36 00:36 35.0 36 

00:06 35.3 36 00:37 37.2 36 

00:07 36.9 36 00:38 35.3 36 

00:08 34.7 36 00:39 36.9 36 

00:09 37.1 36 00:40 34.7 36 

00:10 35.6 36 00:41 37.1 36 

00:11 36.8 36 00:42 35.6 36 

00:12 34.8 36 00:43 36.8 36 

00:13 37.3 36 00:44 34.8 36 

00:14 35.4 36 00:45 37.3 36 

00:15 36.7 36 00:46 35.4 36 

00:16 34.9 36 00:47 36.7 36 
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00:17 37.0 36 00:48 34.9 36 

00:18 35.5 36 00:49 37.0 36 

00:19 36.6 36 00:50 35.5 36 

00:20 35.0 36 00:51 36.6 36 

00:21 37.2 36 00:52 35.0 36 

00:22 35.3 36 00:53 37.2 36 

00:23 36.9 36 00:54 35.3 36 

00:24 34.7 36 00:55 36.9 36 

00:25 37.1 36 00:56 34.7 36 

00:26 35.6 36 00:57 37.1 36 

00:27 36.8 36 00:58 35.6 36 

00:28 34.8 36 00:59 36.8 36 

00:29 37.3 36 01:00 34.8 36 

00:30 35.4 36       

 

To find out the average error between the 

value measured by the sensor and the 

reference value can be known by the 

following equation.  

 

𝑀𝐴𝐸 =
1

𝑛
∑ |𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑, 𝑖 − 𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝑖𝑛

𝑖=1 | 

MAE = 0.8885 

 

To find out the square root of the average 

square error can be found with the equation 

below 

RMS = √
1

𝑛
∑ (𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑, 𝑖 − 𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝑖)2𝑛

𝑖=1  

RMS = 0.9440 

 

To find out the relative error to the reference 

value expressed in percent can be found with 

the following equation 

 

𝑅𝐸 =  
|𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑,𝑖−𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑖|

𝑇𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑖
 X 100% 

RE = 2.4681 % 

 

LoRa Ebyte 32 measurement result 

The results of measuring the distance of data 

transmission using Lora are shown in the 

following table. 

 
Table 3. Measured LoRA 

Distance [m] Result 

100 DELIVERED 

200 DELIVERED 

300 DELIVERED 

400 DELIVERED 

500 DELIVERED 

600 NOT DELIVERED 

 

Graphic measured DHT11 

 

 
Figure 6. Graph measured DHT11 
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Graphic measured NTC  

 

 
Figure 7. Graph measured NTC 

 

Comparison Graph Measured DHT, NTC, Ref  

 

 
Figure 8. Graph comparison 

 

CONCLUSION 

Based on the test results and analysis 

calculations, it can be concluded that the 

percentage of high error values obtained on 

the NTC sensor reading is 2.4681%, while 

the percentage of low error values obtained 

on the NTC 11 sensor reading is 1.5255%. 

then the average DHT 11 sensor error of 

0.5492 is smaller than the average NTC error 

of 0.8885 or a difference of 0.3. From these 

results it can be stated that the DHT11 sensor 

is suitable for use because it is more stable 

during measurement and based on the 

calculation of the percentage of error value, 

because the percentage level of error value is 

below 2%. 
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