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Abstract: The advancement of microcontroller technology enables the development of accurate and 

practical temperature measurement devices. This study aims to design and build a digital thermometer 

based on ESP8266 using a DHT22 sensor to measure air temperature and humidity in real time, with 

the measurement results displayed on an OLED screen. The research methodology includes circuit 

design, microcontroller programming, sensor calibration, and system testing by comparing the meas-

urement results with reference instruments. The test results indicate that the system operates stably 

and responsively. The average temperature measurement deviation compared to the reference ther-

mometer is 6.26 °C , while the average humidity measurement deviation compared to the digital hy-

grometer is 4.56 %RH . These results indicate that the DHT22 sensor provides acceptable accuracy 

and remains within tolerable limits for environmental monitoring applications 

Keywords: Digital thermometer, ESP8266, DHT22, OLED, Temperature and humidity measure-

ment. 

 

1. Introduction 

Monitoring air temperature and humidity plays a crucial role in various aspects of human 
life. In agriculture, for example, the growth and development of almost all plant species are 
significantly influenced by temperature and humidity. This is also true in the healthcare sector, 
particularly in the maintenance of medical equipment and in baby incubators. In animal hus-
bandry, automated egg hatching chambers are essential. Similar practices can be found in 
fisheries and the military, as well as in research. Gap analysis is a field of study, and has even 

been widely developed for smart homes, smart offices, smart villages, and more.[2][8][10] 
 
With so many fields requiring temperature and humidity monitoring, improvements in 

monitoring methods and devices are also needed. As time goes by, human life is inseparable 
from network technology. The use of network technology serves to obtain information from 
monitoring and observation results. The use of network technology can be implemented us-
ing a microcontroller integrated with a wireless-fidelity (Wi-Fi) module. [1], [5], [15] 

 

2. Literature Review 

Temperature and humidity measurements are important parameters in monitoring envi-
ronmental conditions because they affect the comfort and stability of the system. The devel-
opment of embedded system technology allows these measurements to be carried out digitally 
using electronic sensors integrated with microcontrollers. One of the widely used sensors is 
the DHT22, which is capable of measuring temperature and humidity simultaneously with a 
good level of accuracy.[3] This sensor uses a thermistor element for temperature measure-
ment and a capacitor element for humidity measurement, and produces data in the form of 
digital signals so that they are easily processed by microcontrollers[3][6][12][14]. 
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The ESP8266 is a microcontroller equipped with an integrated Wi-Fi module and is 

widely used in embedded system-based monitoring applications. This microcontroller has the 
ability to read sensor data, process information, and transmit data wirelessly over the internet. 
With programming support using the Arduino IDE, the ESP8266 can be efficiently integrated 
with various sensors and output devices, including the DHT22 sensor and OLED display[2]. 
The Wi-Fi connectivity capability of the ESP8266 makes the measurement system more flex-
ible and has the potential to be developed towards the Internet of Things (IoT). [2][4][8][11][13] 

 
OLED (Organic Light Emitting Diode) displays are a display medium that offers high con-

trast, wide viewing angles, and low power consumption. These characteristics make OLEDs 
suitable for use as display outputs in small embedded systems. In digital thermometer systems, 
OLEDs function to directly display temperature and humidity measurements so that users 
can monitor environmental conditions in real time without the need for additional de-
vices.[7][9] 

 

The integration of the DHT22 sensor, ESP8266 microcontroller, and OLED display 
forms a digital measurement system capable of reading, processing, and displaying environ-
mental data in real-time. The sensor functions as input, the microcontroller as the data pro-
cessing and communication center, and the OLED as a visual interface for the user. This 
theoretical basis serves as the main foundation in the design and implementation of the digital 
thermometer in this study. [4][7][10] 

3. Method 

Figure 1 is a picture of the component circuit used to create a Digital Thermometer 
Design Based on ESP8266 with a DHT22 Sensor and OLED Display Output. The Hardware 
Components used are the DHT22 Sensor, ESP8266, OLED LCD. The Software used is Ar-
duino IDE. Pin 1 on the DHT22 sensor which is VCC is connected to pin 3V3 of the 
ESP8266. Pin 2 on the DHT22 sensor which is data is connected to pin D4 of the ESP8266. 
Pin 3 on the DHT22 is connected to GND of the ESP8266. [2] 

 
Figure 1. Circuit Schematic 
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Figure 2. Programming on the Arduino IDE 

Figure 2 shows the ESP8266 programming using the Arduino IDE. The programming 
is done to enable the ESP8266 to read and send data from the sensor to the OLED LCD. 
The DHT22 sensor library is entered and uploaded to the ESP8266. 

 
 Sensor calibration is performed by comparing the temperature on the DHT22 sensor 

with the thermometer and humidity data on the DHT22. Data collection is carried out with 
3 trials, each trial repeated twice to obtain a standard deviation value. The accuracy of the 
instrument's measurements can be determined by comparing the DHT22 values for humidity. 
[4] 

 
The description of equations 1 and 2 is x is the average, s is the standard deviation, x is 

the value of the i-th sample and n is the number of data. 

 

 
Figure 3. Tool Implementation 

Figure 3 is a picture of the tools used to conduct this research, ESP8266, DHT22 Sensor, 
OLED LCD, Jumper Cable, and USB Cable. 
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Figure 4. Flowchart 

This flowchart illustrates the program workflow on the ESP8266, so it is most appro-
priate for research methods, not introductions or results. 

 
 

4. Results and Discussion 

Testing of an ESP8266-based digital thermometer system with a DHT22 sensor and an 
OLED display output was conducted to determine the device's performance in measuring air 
temperature and humidity. This testing was conducted by comparing the DHT22 sensor 
measurements with reference devices, namely a standard digital thermometer and hygrometer. 
Each measurement was performed three times, and each experiment was repeated twice to 
obtain an average value and reduce errors. 

4.1 . Temperature Test Results 

Table 1 shows the results of temperature measurements between the DHT22 sensor and 
the reference thermometer. 

 

No Reference Tem-

perature (°C) 

DHT22 Temper-

ature (°C) 

Calibrated Tempera-

ture (°C) 

Difference (°C) 

1 28.5 °C 33.5 °C 33.7 °C 5.20 °C 

2 28.5 °C 34.6 °C 34.8 °C 6.3 °C 
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3 28.5 °C 34.7 °C 34.9 °C 6.4 °C 

4 28.5 °C 34.8 °C 35.0 °C 6.5 °C 

5 28.5 °C 35.2 °C 35.4 °C 6.9 °C 

Table 1. Temperature Measurement Results 

  

4.2 . Humidity Test Results (Rh) 

Humidity testing is carried out by comparing the relative humidity (RH) value measured 
by the DHT22 sensor with a digital hygrometer as a reference tool. 

 

No Reference RH (%) RH DHT22 (%) Calibrated RH (%) Difference (%) 

1 70.0% 71.9% 72.9% 2.9% 

2 70.0% 72.0% 73.0% 3.0% 

3 70.0% 73.4% 74.4% 4.4% 

4 70.0% 74.6% 75.6% 5.6% 

5 70.0% 75.9% 76.9% 6.9% 

Table 2. Humidity Measurement Results 

4.3 . Discussion of Results 

Based on the test results in Table 1, an average temperature measurement difference of 
6.26 °C was obtained between the DHT22 sensor and the reference thermometer. This dif-
ference indicates a difference in temperature readings, where the DHT22 sensor produces a 
relatively higher value than the reference device. However, the resulting difference value tends 
to be consistent in each test, thus indicating the stability of the sensor readings. After the 
calibration process, the temperature measurement results are closer to the reference value, 
thereby increasing the level of system reliability. 

 
In the air humidity test as shown in Table 2, an average difference in humidity measure-

ments was obtained of 4.56%RH between the DHT22 sensor and the reference hygrometer. 
Based on the datasheet, the DHT22 sensor has a humidity measurement accuracy tolerance 
of around ±2–5%RH. Thus, the difference obtained in this test is still within the tolerance 
limits allowed by the sensor specifications. This difference in measurement values can be 
influenced by environmental conditions, sensor response time, and differences in the charac-
teristics of the reference measuring instrument.[3][6][10] 

 
Overall, the test results show that the DHT22 sensor integrated with the ESP8266 is 

capable of providing stable and fairly accurate temperature and humidity measurements. The 
obtained difference values are still within the sensor's tolerance limits, so the designed system 
is suitable for use in environmental monitoring applications that do not require a high level 
of precision.[14] 
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5. Conclusion 

This research successfully designed and built an ESP8266-based Digital Thermometer 
that is able to measure temperature and humidity using the DHT22 Sensor and display the 
measurement results in real-time on an OLED Display. Based on the test results, the system 
is able to work stably and responsively, where temperature and humidity data can be read and 
displayed well by the ESP8622 and OLED. The results of the measurement comparison show 
that the DHT22 sensor has a difference in value to the reference tool, but after the calibration 
process, the measurement value becomes closer to the reference value and is still within the 
acceptable tolerance limit for environmental monitoring applications. [7][10][15] 

 

 In addition, the use of OLED displays provides a clear display, high contrast, and low 
power consumption, making it suitable for embedded system applications. The drawback of 
this system lies in the accuracy of the DHT22 sensor, which is still affected by environmental 
conditions and the sensor's limitations in high-precision measurements. Therefore, periodic 
calibration is required to maintain data accuracy. 
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