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Abstract— Measuring body temperature depends on the
type of thermometer and measured body area. A thermometer
placed on the tympanic membrane is considered ideal because
the tympanic membrane and hypothalamus have arterial blood
supply originating from the carotid artery (neck). Therefore, it
is considered directly close to the core temperature. The
Tympani Thermometer with external storage can facilitate the
doctor's performance in diagnosing patients. This tool is
designed using the MLX90614 sensor as a passive infrared
sensor that can receive infrared energy from the tympanic
membrane. The study aims to design a tympani thermometer. It
compared the measurement results of the designed tool with ear
thermometers that have been calibrated to get the error value.
Based on the results, this prototype works well and has an error
of 0.7°C in the left ear and an error of 0.24°C in the right ear.

Keywords— body temperature, infrared sensor, thermometer,
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l. INTRODUCTION

Temperature measurement is one of the oldest known
diagnostic methods and remains an important indicator in
diagnosing disease, both in daily life and in medical care. To
measure body temperature depends on the type of
thermometer and body area used for measurement. Body
temperature in humans varies greatly depending on the
location where the reading is done. Thermometers in the
tympanic membrane using infrared are considered ideal
because the tympanic membrane and hypothalamus have
arterial blood supply originating from the carotid artery
(neck). Therefore, the tympanic membrane is considered
directly close to the core temperature.

Humans can also be called homoiothermic creatures,
meaning that the body temperature in humans will be stable
even though the ambient temperature has fluctuated far above
or below body temperature, in this case, the skin plays an
important role in maintaining body temperature, in the skin
there is a network of blood vessels and sweat glands that are
controlled by nervous system. In addition, there are receptors
among which are thermoreceptors, which are receptors in the
body that are very sensitive to changes in temperature.

Several previous researchers have conducted research on
temperature measurement and temperature control. Hsiao
conducted research on microsensor printed to detect
temperature and humidity simultaneously. Temperature and

humidity sensors with dimensions of less than 1x1 mm2 were
printed together on a flexible polyimide substrate to create a
mini-sensing circuit. Changes in humidity (RH 35%-95%)
were detected by the changes in the printed capacitance of
thin film of Nafion, while temperature variations (15 ° C-80
° C) were detected by the changes in the resistance of thin
films of printed NiO [1]. Implementation of FPGA-based
real-time temperature measurement via spectroscopy
absorption of laser tunable diode was studied by Xu. The
system used real-time temperature measurements using
(FPGA) through a diode laser absorption spectroscopy to
measure the average temperature along the laser path. The
Spectroscopic Modulation Wavelength (SMW) method was
applied to realize temperature measurements [2].

Roy conducted research on automatic room light and fan
controllers based on microcontrollers. The fan speed changed
according to temperature. The room door was equipped with
a laser detector to identify when someone was entering the
room. The fan and lights would turn on [3]. microcontroller
based monitoring and control of environmental conditions in
agriculture was examined by Kalezhi. Poultry production was
influenced by temperature and lighting variations, which, if
not monitored and controlled, would affect production. The
system combined the Atmel 32bit ARM microcontroller and
sensors to monitor and control temperature and light. The
sensor readings processed by the microcontroller program
were then analyzed by the MATLAB server program, which
in turn communicated with the server embedded in the
wireless energy gateway [4]. A solar panel monitoring system
using a microcontroller-based smartphone was researched by
Gusa. The system consisted of three sensors namely voltage
sensor, current sensor, and temperature sensor, an
ATMEGAZ2560 Arduino type microcontroller, a Wi-Fi and a
smartphone. The data from the three sensors were processed
by the microcontroller and transmitted using the Wi-Fi
module to be monitored by the smartphone [5].

The design of the temperature and humidity control
system of the server room using fuzzy logic based on
microcontrollers was examined by Purwanto. The system
consisted of a temperature sensor, a humidity sensor, and a
Wemos microcontroller [6]. A multi-parameter water quality
monitor for grouper cultivation was examined by Defe. The
system consisted of a temperature sensor, a pH sensor, an
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electrical conductivity sensor, a dissolved oxygen sensor, an
Arduino Mega 2560 microcontroller, an LCD, and an alarm.
The data from many sensors were processed by the
microcontroller then displayed on the LCD and sounded the
alarm when the value is less than specified [7]. The design of
the micro-automatic weather station for a modern electricity
network based on STM32 was examined by Li. The system
consisted of a STM32F103VETDb type microcontroller, five
sensors namely a temperature sensor using DS18B20, a
humidity sensor using DHT11, a GPS sensor, a light sensor
using a BH1750F VI, and a transmission system using GPRS

[8].

The 3-D novel embedded module for measuring
displacement in a metal structure was examined by Rojas.
The system consisted of four sensors namely inductive sensor
for detecting metals, nine sensors from IMU, a temperature
sensor and a humidity sensor, and a microcontroller with
radio frequencies [9]. The sensor error classification based on
vector engine support and time-domain statistical features
was examined by Jan. The system consisted of a temperature
sensor using TC1047/TC1047A Arduino Uno type
microcontroller, and a computer. The data from the
temperature sensor is read by the Arduino Uno by using an
ADC port. The data were transmitted to the computer and
then processed and displayed with Matlab [10]. An automatic
temperature and humidity control system using Fuzzy Logic
algorithm for mushroom nursery was investigated by
Kaewwiset. The system consisted of air humidity sensor and
temperature sensor using DHT11, an Arduino UNO R3
microcontroller, a fan, a lamp, and a mist sprayer. The data
from the sensor were processed using the fuzzy logic method
[11]. The design and implementation of wireless systems
using microcontroller and microcomputer with applications
to drive the acquisition system were examined by Fekhar. The
system consisted of a PIC PIC18F458 microcontroller, an
AD590 type temperature sensor, a Samson-3804 pressure
sensor, and a GLCD viewer. The temperature and pressure
sensor data were processed by the computer [12].

A robotic automatic control system design for oil
temperature hydraulic system coal sample taking was
examined by Li. The system consisted of a
DS18B20temperature sensor, an STM32 F103RCT6 type
microcontroller, and a computer. The data from the sensor
were read by the STM32 microcontroller and then processed
and displayed by the computer [13]. The design of a peat fire
detection system with woody peat type using the
characteristics of its heat was examined by Amri. The system
consisted of an LM35 temperature sensor, an ATMEGAS8
microcontroller, and an LCD. The data from the LM35 sensor
were processed by the ATMEGAS8 microcontroller and then
displayed on the LCD [14]. The development of the human-
machine interface using the Synergy-S7 Renesas
microcontroller for industrial data monitoring was researched
by Kavitha. The system consisted of an Arm Cortex M4 core
microcontroller, a TFT-LCD viewer, and two sensors namely
Light sensor and temperature sensor. The data from the two
sensors were processed by using the Arm Cortex M4 core and
then displayed on the LCD [15]. The robotic system for
temperature recording of the environment by direct tracking
was examined by Naik. The system consisted a temperature

sensor, a camera sensor, an AT89S51 microcontroller, a DC
motor, and a DC motor driver. The data from the temperature
sensor were processed by the microcontroller, and then the
data were used to drive the DC motor [16]. The Digital
microcontroller-based gauge with warning systems using
GSM was examined by Bharathkumar. The system consisted
of an LM35 temperature sensor, a DHT11humidity sensor, a
PIC microcontroller,a GSM module, and an LCD. The sensor
data were processed by the microcontroller then transmitted
using SMS with the GSM module and displayed on the LCD
[17].

Designing and making an efficient digital type
thermometer that can be used safely and accurately in the
world of health and the general public is the aim of the
research. The advantage of the tool is that it can detect the
temperature of an object (ear canal) where the ear canal is
connected directly to the central regulator of body
temperature (hypothalamus) which means that the ear is the
actual temperature of the body in seconds with the output of
a unit of measured values in the form of numbers. Previous
research has been carried out related to body temperature
measurements on the forehead, where the tool is still less
effective because often the temperature reading on the
forehead is affected by the room temperature due to its
placement there is a distance between the sensor and the
object so that it encourages the writer to design and make a
human body temperature gauge on the burrow ear to measure
the actual temperature found in the human body based on
Atmega 328.

Il. METHOD

The design of the infrared temperature design [18]-[24]
system using an infrared passive sensor is shown in the block
diagram of Figure 1. From Figure 1 it appears that the system
consists of a Tympani membrane, an MLX90614 Sensor, a
microcontroller, and an LCD.

Read Save
button button

Microcontroller
ATMega328

11

Program Buzzer

Tympani

membrane MLX50614 LCD2X8

Fig. 1. System block diagram

The scan button is a button used to detect the MLX90614
sensor [22], [25]-[28]. The save button functions as a button
to save data on the SD card. The program works as a data
processor to be sent by IC AtMega 328 microcontroller. The
microcontroller [19], [29]-[32] is the brain to process analog
data in the form of digital data that will be displayed on the
LCD. A buzzer is used to give a sign that the tool starts
detecting objects. The battery functions as a voltage supply
to the entire system. The LCD used is 2x8. The MLX90614
sensor is used to measure temperature by utilizing infrared
wave radiation. It is specially designed to detect infrared
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radiation so that it can calibrate infrared radiation energy to a
temperature scale. The tympani membrane detects body
temperatures to help doctors diagnose illnesses in patients.

A. System workflow

The design of the tympanic temperature flowchart design
system is shown in the block diagram Figure 2. From the
Figure, it appears that the system must initialize all hardware
consisting of LCD, sensors, and buzzers.

Initialization

Read Sensor

Display data

Fig. 2. System work flow chart

The start is the beginning of the program. Initialization is
the preparation in the form of LCD initialization. MLX90614
initialization is preparation when the sensor starts detecting.
Press Scan is a process when the sensor starts working to
detect objects in the ear canal. A buzzer functioned to give a
sign that the tool began to detect. The processing time of
taking temperature on an object was 8 seconds. The detected
temperature will be displayed on the LCD. A memory button
is used to store data on the SD card. After the data have been
stored on the SD card, the process is complete.

I1l. RESULT AND DISCUSSION
A. Measurement Test

The test was performed by comparing the thermometer
module with 1T-903 digital thermometer. The data were
collected at three measurement points namely right ear, left
ear and forehead. 10 times and 40 times measurements on the
ear and forehead were performed to look for the bias between
the ear and forehead.

The right and the left ears of the patient’s body were
examined to determine the level of error in the device by
making comparisons with 1T-903 Digital Thermometer. The
respondents were 30. Table 1 presents the Error measurement
results.

The average temperature of the instrument module of the
30 respondents was 36.47 °C with an error of 0.6% on the
right ear and 36.36 °C with an error of 0.7% on left ear with
a difference in the comparator (1T-903) of 0.24 °C in the right
ear and 0.27 °C in the left ear. It can be concluded that the

instrument is suitable for use with a deviation tolerance of 1.5
°C.

TABLE I. ERROR MEASUREMENT RESULTS

Deviation Right ear 0.24°C Left ear 0.27°C
Error (%0) 0.6% 0.7%
Standart 0.3 0.2
deviation
Ua 0.09 0.08

B. System Test

In the system test, the ears and forehead of four
respondents were examined to determine e the level of bias
in the instrument by making comparisons with 1T-903 Digital
Thermometer.

The average bias of the instrument module obtained from
the 1st respondent was 0.54 °C and the bias on 1T-903 was
0.84 with an error percentage of 0.4 on the forehead and 0.3
on the ear. The high error on the forehead was caused by an
incorrect position and the influence of ambient temperature.
From the 2nd respondent, it was 0.07 °C and the bias on IT-
903 was 0.3 with an error percentage of 0.62 on the forehead
and 0.67 on the ear. The high error in the ear is caused by
incorrect positioning of the sensor.

The average bias of the module obtained from the 3rd
respondent was 0.41 °C and the bias of IT-903 was 0.07 with
an error percentage of 0.54 on the forehead and 0.3 on the ear.
The high error on the forehead was caused by the incorrect
position and the influence of the ambient temperature. From
the 4th respondent, it was 0.11 °C and the bias of IT-903 was
0.1 with an error percentage of 0.6 on the forehead and 0.5 on
the ear. The high error on the forehead was caused by
incorrect positioning and the influence of ambient
temperature.

In the thermometer measurements on the ears and
forehead, the highest error is 0.67% with 0.84 °C bias. This
figure is in accordance with the theory conducted by several
studies that the bias between ear and forehead is 0,3-0.6 °C
lower than ear temperature because the ear is closer to the
core temperature in the hypothalamus. The ear is connected
to the hypothalamus by the carotid artery located in the neck.

IV. CONCLUSION

In the thermometer measurement, the average temperature
of 30 respondents on the instrument module is 36.47 °C with
an error of 0.6% in the right ear and 36.36 °C with an error of
0.7% in the left ear with a difference in the comparator (IT-
903) of 0.24 °C in the right ear and 0.27 °C in the left ear. It
can be concluded that the device is suitable for use with a
tolerance of deviation of 1.5 °C. In the thermometer
measurements the ears and forehead, the highest error is
0.67% with the bias of the ear and forehead thermometer is
0.84 °C. This figure is according to the theory conducted by
several studies that the bias between ear and forehead is 0,3-
0.6 °C lower than ear temperature. It is because the ear is
closer to the core temperature in the hypothalamus. The ears
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are connected to the hypothalamus by the carotid artery
located in the neck..
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