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Abstract 
Infrared thermometers are favored for their safety, hygiene, and efficient measurement, 
and have developed rapidly. However, the infrared thermometers currently on the 
market have the disadvantages of large measurement error and high cost, and their 
applications are limited. In view of this, various factors affecting the measurement 
accuracy of infrared thermometers are firstly analyzed, and the calculation results of the 
specific influence degree are given. Then, using the STC12C5A60S2 microcontroller as 
the control core, through the MLX90614 infrared temperature sensor, a design for 
hospitals, families, etc. is designed. A cheap and reliable portable infrared thermometer, 
and a temperature compensation method is given. Finally, the reliability of the system 
design is verified by experimental tests. The test results show that the maximum 
comprehensive error does not exceed 0.2, which has certain practical value and 
reference value. 
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1. Introduction 

Thermometers are essential medical supplies in daily life. The infrared thermometer uses the principle 
of black radiation to measure the body temperature. The infrared sensor it uses only absorbs the 
infrared rays radiated by the human body and does not emit any rays to the outside world. With the 
advantages of fast time, convenient reading and safe use, it is especially suitable for measuring the 
body temperature of infants and young children, the elderly and people who need to measure body 
temperature frequently. 

The infrared thermometer uses MLX90614 as a sensor, performs data processing based on a single-
chip microcomputer, and uses a display screen to display. Therefore, the design of a non-contact 
infrared thermometer has an important role and significance. 

2. Overciew of the Current Situation at Home and Abroad 

Instrumentation used to measure human body temperature can be roughly divided into two categories: 
contact and non-contact. The temperature measurement of the contact thermometer is to insert a 
medical glass liquid thermometer, a medical electronic contact thermometer or a liquid crystal 
thermometer into the human body (under the tongue, rectum) or place it under the armpit, and make 
the temperature of the thermometer equal to the temperature of the measured place through contact. 
The advantages of contact thermometers are that they are accurate and stable, the error of the 
instrument usually does not exceed 0.1 ℃, and they are easy to use and cheap. They can be used both 
for medical use and household use. The disadvantage is that the measurement speed is slow, and the 
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measurement requires contact with the patient, so it is easy to cause cross-infection due to incomplete 
disinfection during use [1]. 

The non-contact body temperature measuring instrument uses the principle of infrared radiation 
temperature measurement to realize temperature measurement. The advantage of the non-contact 
thermometer is that it does not need to be in contact with the measured object, so it will not cause 
cross-infection when measuring body temperature, and its measurement speed is fast, usually less 
than a second. Different forms of infrared thermometers have different characteristics. 

3. Overall Scheme Design 

3.1 Design Function and Performance Index Requirements 

The temperature measurement principle adopted in this design is infrared radiation thermometry, and 
the temperature of the human body is affected by external factors such as ambient temperature, 
humidity, and airflow. This design uses the STC12C5A60S2 microcontroller as the control core, 
measures the temperature through the MLX90614 infrared sensor, filters through the circuit module, 
and displays it on the LCD1602 liquid crystal screen. And the collected data is transmitted to the 
single-chip microcomputer through the port, the data is processed, and the data is displayed through 
the LCD1602 liquid crystal display. The specific indicators are as follows: 

(1) Measuring range: 20-50℃. 

(2) Measurement error: ±0.2℃. 

(3) Response time: ≤2 seconds. 

3.2 Overall Plan 

After the system is powered on, the single-chip microcomputer sends the allowable sampling signal 
to the MLX90614. After the MLX90614 receives it, it collects the temperature data and sends it to 
the single-chip computer. After the single-chip computer receives and stores the temperature data, it 
calculates and processes it, and finally sends the result to the display screen for display. 

3.3 Key Technologies and Feasibility Analysis the Scheme 

In this scheme, the MLX90614 infrared temperature sensor is used to replace the analog infrared 
temperature sensor. Since the MLX90614 infrared temperature sensor has integrated an operational 
amplifier circuit, an AD conversion circuit, a filter circuit and a digital signal processor, the body 
temperature data measured by the MLX90614 infrared temperature sensor can be directly transmitted 
to the microcontroller only through the data interface of the sensor. The module is processed and 
displayed by the LCD display module. 

3.3.1. STC12C5A60S2 MCU 

STC12C5A60S2 microcontroller, STC12C5A60S2 series microcontroller is a single clock/machine 
cycle (1T) microcontroller produced by Hongjing Technology. It is a new generation of 8051 single-
chip microcomputer with high speed/low power consumption/super anti-interference. The instruction 
code is fully compatible with the traditional 8051, but the speed is 8-12 times faster. The internal 
integrated MAX810 dedicated reset circuit, 2-way PWM, 8-way high-speed 10-bit A/D conversion 
(250K/S), for motor control, strong interference occasions. There are the following advantages. 

3.3.2. LCD1602 DISPLAY 

LCD1602 liquid crystal display is a widely used character type liquid crystal display module. It is 
composed of character type liquid crystal display (LCD), control and drive main circuit HD44780 
and its extended drive circuit HD44100, as well as a small number of resistors, capacitors and 
structural parts assembled on the PCB board. Most of the internal controllers of the LCD1602 
character-type liquid crystal display are HD44780, which can display English letters, Arabic numerals, 
Japanese katakana and general symbols. 
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3.4 Economic Feasibility Analysis of the Scheme 

The components involved in this program are as follows: MLX90614 infrared temperature sensor 39 
yuan, LCD12864 display screen 20 yuan, STC12C5A60S2 microcontroller 22 yuan, buzzer, LED 
lights and required male and bus bars 5 yuan, a total of 86 yuan, the range is -40 ℃ -125℃, the 
accuracy is ±0.2℃. It has the advantages of simple structure, small size, convenient use, stable 
performance, reliability, high sensitivity, fast dynamic response, suitable for static and dynamic 
measurement, and high measurement accuracy. 

At present, the medical infrared thermometer on the market is about 50 yuan, but there is no sound 
and light alarm function, and the measurement range is small and the error is large. The rest of the 
thermometers with better performance are basically priced at hundreds of yuan, which is expensive. 
To sum up, this design has better performance and higher cost performance, and according to the 
required precision, electronic components that are relatively cheaper but have lower precision can 
also be selected, so the design is economically feasible. 

4. Hardware Circuit Design 

4.1 MLX90614 Infrared Temperature Sensor 

MLX90614 temperature sensor VCC pin is connected to +5V, GND pin is connected to ground, SCL 
pin is connected to P1.6, SDA pin is connected to P1.7, LED1 is connected to P1.0 LED2 is connected 
to P1.1, LCD1602 display RS pin is connected to P0. 0, the R/W pin is connected to P0.1, the E pin 
is connected to P0.2, and the D0-D7 pins are connected to the P2 port. 

 

 
Figure 1. The overall circuit diagram of the system 

4.2 MLX90614 Infrared Temperature Sensor 

In this scheme, the MLX90614 infrared temperature sensor is used to replace the analog infrared 
temperature sensor. MLX90614 is an infrared non-contact temperature sensor, which has the 
characteristics of fast response speed, small size and high precision. Compared with other non-contact 
temperature sensors, the price is relatively low, which is very cost-effective. The TO-39 metal 
package integrates the infrared induction thermopile detector chip and the signal processing special 
integrated chip at the same time. 
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4.3 Display Circuit 

LCD1602 is an industrial character type liquid crystal that can display 32 characters at the same time. 
LCD1602 liquid crystal display principle The principle of LCD1602 liquid crystal display is to use 
the physical characteristics of liquid crystal to control its display area through voltage, and there is a 
display when there is electricity, so that graphics can be displayed. 1602 liquid crystal is also called 
1602 character liquid crystal, which is a dot matrix liquid crystal module specially used to display 
letters, numbers, symbols, etc. 

4.4 Alarm Circuit 

The alarm circuit uses ordinary LEDs. When the measured temperature exceeds 38°C, the LED will 
be lit to remind the measured person that the temperature exceeds the normal value. 

5. Software System Design 

When the infrared thermometer is powered on, the STC12C5A60S2 microcontroller will 
automatically reset and start running the program. First, initialize STC12C5A60S2 microcontroller 
and LCD1602 liquid crystal screen. Then carry out infrared temperature measurement, receive data, 
and calculate and display the measured temperature. If the measured temperature is higher or lower 
than the human body temperature, it will alarm.  

6. Perfprmance Test Result Analysis 

6.1 Test Method 

The temperature measurement system consists of five parts: MLX90614 sensor module, alarm (LED, 
buzzer) module, STC12C5A60S2 microcontroller module, power supply module and LCD display 
module. The hardware circuit is built, and the debugging circuit is performing software debugging. 
Finally, it is debugged into a function to realize the temperature measurement alarm function, and it 
is within the error range. 

Since infrared temperature measurement generally measures the surface temperature of the human 
body, while the thermometer measures the body temperature, it is difficult to compare data, so we 
decided to use warm water as the reference for performance testing. Compare the average value of 
the water temperature measured by the sensor ten times with the temperature sensor, and it will pass 
within the allowable error range.  

6.2 Test Data 

 
Figure 2. Test chart 
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Table 1. 10 temperature measurements 

Sampling order             Measured value(℃)                     Actual value(℃) 

1 36.9 37.2 

2 37.1 37.1 

3 37.0 37.2 

4 37.1 37.0 

5 37.0 37.0 

6 37.0 37.1 

7 37.0 37.1 

8 37.1 37.0 

9 37.0 37.0 

10 37.1 37.1 

6.3 Data Analysis 

𝑇 =
∑ 𝑇

10
= 37.033 

∆𝑇 = 37.12 − 37.033 

=0.09℃ 

𝑇 =
∑ 𝑇

10
= 37.08 

∆𝑇 = 37.2 − 37.0 

=0.02℃ 

 

Through ten measurements, the average temperature of the sensor is 37.033°C, and the test 
temperature of the water thermometer is about 37.08°C, which is within the allowable error range. 
The response time of the sensor is about 2s, and the response is fast and can be put into production 
applications. 

The sensor measurement is affected by room temperature, temperature measurement distance, etc., 
and the reading of the water thermometer is an estimated reading. There is a plastic bottle medium 
between the sensor and the water during measurement, so there is a certain error in the measurement 
result. The error is within the allowable range and does not affect the use. 

7. Conclusion 

This design can realize fast, accurate, non-contact temperature measurement, and can also effectively 
display the measurement data. The operation is simple, and it can realize temperature measurement 
and display, and the measurement range can reach 20 °C ~ 50 °C, and the error is ±0.2 °C. 

This design basically meets the requirements of the task book, can display the temperature range of 
30~40℃, and the error is kept within ±0.2℃. 
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However, there are also certain limitations. If the ambient temperature is low or the user has just come 
out of a cold environment, it will have a greater impact on the measured value; for the filtering part, 
we use circuit filtering, and software filtering can be added. Use the environment with little or no 
wind, and the relative humidity is about 50%. 

This design is based on C language, which has strong operability, easy modification, and simple 
hardware circuit connection. It adopts digital signal transmission and is filtered by hardware circuit 
to eliminate errors. 
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