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Abstract—Stroke patients often have trouble in daily 

interactions, when the patient communicated with people who 

are guarding them. If the distance between the patient and 

their guard is far, this will make it difficult for the stroke 

patient to communicate. Therefore, this research designed a 

prototype glove with a flex sensor installed as a 

communication tool to aid stroke patients. The designed glove 

is paired with five flexible sensors to enable nurses easily to 

read the five-finger movement signals. This tool is also 

equipped with DS18B20 temperature and pulse sensors 

capable of monitoring the physical condition of stroke patients 

in real-time. Testing the flex sensor glove prototype was 

carried out by measuring temperature & heart rate through 

pulse and temperature sensors. The output data is in the form 

of text and sound displayed on the LCD and heard through 

the speaker through the DFPlayer mini module. The body 

temperature was measured using the DS18B20 temperature 

sensor and compared with an Avico digital thermometer 

which has an average error of 0.1%, indicating adequacy. The 

heart rate test results through the pulse sensor were compared 

with measurements obtained using measure heart rate 

correctly.  Instant heart rate, which has an average error of 

0.7%, hence, it can 

Keywords—flex sensor, temperature sensor, pulse sensor, 

gloves, stroke patient. 

I. INTRODUCTION 

In recent years, many papers have presented the design 

of a prototype related to medical devices, such as electronic 

devices used as gloves. Physiological parameters, such as 

temperature, flexible angle, pulse, and oxygen saturation in 

the blood. System was consisting of electronic devices 

worn as gloves, by the elderly or at-risk persons, may use 

multiple sensors [1].  Advances in technology currently 

have had a positive impact on improving public health with 

the emergence of many medical devices that function as 

supporting facilities [2]. To solve the problem of people 

with disabilities, so that other people can understand the 

dialect of motion.  

Thus, it has been proposed to detect any motion-based 

communication that is recorded in relation to it. The 

display is designed from four concepts, namely, detection 

unit, preparation unit, voice hoarding unit and remote 

correspondence unit. This is achieved by combining the 

flexible sensor and the APR9600 with the LM386. Flexible 

sensors set in gloves with reaction to signals. The way this 

tool works is highly dependable and fast response. This 

technique provides a variety of dialects that have been read 

by changing the code on the microcontroller [3].  One of 

these medical devices is the Arduino controller, which 

monitors patients' medical data, including body 

temperature and heart rate per minute, to ensure it is in 

perfect condition [4]. It determined patients' heart rates 

through finger testing and obtained an average RSD value 

of 1.48%, with 2.86% and 5.02% on the respondent's right 

and left fingers, respectively [5]. This research describes 

the problems related to the need for technology tools to 

assist stroke patients in interacting and communicating with 

their nurses using a flex sensor comprising temperature and 

pulse sensors. The output is adjusted through DFPlayer 

Mini and displayed using an LCD device. This research 

aims to produce a prototype of a communication tool that 

can be used to check the body temperature and heart rate of 

stroke patients whose mobility is limited.  Irwan et al. 

developed medical devices to improve the increasing need 

for infrastructure in the health sector. One of these medical 

devices is Arduino, which monitors patient medical data, 

including body temperature and heart rate [4].  The heart, 

the most important organ that pumps blood in the human 

body, tends to malfunction in patients with stroke or other 

underlying illnesses [6]. Therefore, designing a prototype 

heart rate detector based on the ATmega328 

microcontroller with a pulse sensor to measure and detect 

heart rate [7]. The Arduino-pro-mini ATmega328 

microcontroller is used to process the incoming signal and 

display the heart rate data per minute on the OLED                 

screen [8].  
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Tests on ten respondents using an engineered heart 

detector obtained an average relative error of 0.32% 

compared to the Elitech Mobile Fox 1 Pulse Oxi meter[9]. 

An average RSD value of 1.48% was obtained on the 

respondents' finger test, with each of their rights and left 

fingers comprising 2.86% and 5.02%, respectively [10].   

The design and implementation of the developed system 

is also aimed at combining visual signals based on motion 

recognition, outdoor localization and short distance based 

on Ultra-Wideband and physiological parameter 

monitoring modules. These modules combined help in 

creating a network that is used to track the location of 

fellow soldiers and alert messages based on movement and 

health parameters. The motion recognition module consists 

of a glove designed with flexible sensors, IMU, ECG, 

Temperature and PPG health monitoring devices, and 

UWB-based communication [11].  The communication 

between normal people and people with vocal and hearing 

problems is a difficult task. Sign language is used by 

people who cannot be understood by ordinary people, thus 

creating communication barriers. Paralyzed people also 

need assistance on a regular basis, for that it is necessary to 

implement smart assistance gloves for disabled people. 

These designed gloves are simple but effective, with the 

help of flexible sensors, finger movements are detected, 

and the corresponding instructions are displayed on the 

android and audio output. Warning messages sent via GSM 

module during emergency situations [12].  Iqbal designed a 

communication aid for post-stroke patients using finger 

bending movements detected by five flex sensors placed on 

the glove. The flex sensor attached to the fingers provides 

information on the different finger movements, which will 

be processed or translated by a display in the form of an 

LCD, and useful information produced from speakers 

through DFPlayer Mini media [13] [14].  Several types of 

devices have been developed, but they are very large and 

very expensive. They have developed a device that can 

train the patient’s movements using the device. The device 

used is based on IoT for plegia patients, namely gloves that 

are designed very simply using an accelerometer sensor. 

Every movement conveys the patient’s emotions, 

implemented using Arduino UNO, data communication 

between transmitter and receiver is carried out via a 

wireless serial port. In case of emergency, messages will be 

forwarded via GSM module [15] [16].  This research aims 

to make it easier for stroke patients to communicate using 

gloves paired with flex sensors attached to their fingers. 

The finger movement will be detected by five flex sensors 

mounted on the glove, which aim to provide real-time 

information on heart rates, temperature and commands.  

The input signal data is processed into commands using 

an Arduino-nano microcontroller to output through the 

LCD and sound from the speakers. This prototype is very 

easy to use by stroke patients, and it also makes it easier for 

nurses to know their wishes. 

II. THEORETICAL BASIS 

A. Impaired Physical Mobility 

Impaired physical mobility in the long term can cause 

impaired psychosocial functions such as; anxiety, mood 

disturbances and impaired verbal or non-verbal 

communication. Immobility disorders can have an impact 

on decreasing self-confidence and reducing social 

interactions [17]. Speech disorders or aphasia can cause 

patients to have difficulty communicated. Aphasia is 

commonly founded in patients with stroke, stuttering, and 

aphonia after total laryngectomy [18].  As the number of 

patients increases, communication disorders increase with 

the number of elderly populations. Several studies have 

shown that patients with communication disorders have a 

higher risk of developing complications during 

hospitalization [19].  In addition, communication disorders 

in patients are also associated with low access to care. 

Language disorders are characterized by impaired 

understanding or use of spoken and written language. The 

most common type of language-based communication 

disorder is classified as aphasia. Aphasia is a 

communication disorder acquired because of head trauma. 

The main cause of aphasia is tearing of a blood vessel in 

the brain. Aphasia also hinders a person's ability to 

understand and express language. It can also affect areas of 

the nervous system involved with information processing, 

memory, thinking, and other higher-order language 

functions such as problem solving and abstract reasoning. 

Aphasia is common in stroke patients and because of brain 

injury. Language disorders can also be seen in adults who 

fail to develop normal language due to hearing loss or 

developmental disorders.  Speech disorders can be caused 

by neurological disorders, such as stroke patients, 

neuromuscular disease, and impaired nerve cell 

development. Speech disorders can affect articulation 

accuracy, voice, fluency, and resonance. Depending on its 

severity, speech impairment can significantly affect 

communication between the patient and the rest of the 

medical staff. These conditions can cause impaired 

communication including Parkinson's disease, Huntington's 

disease, and amyotrophic lateral sclerosis [20].  
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According to The American Speech-Language-Hearing 

Association (ASHA), cognitive communication disorders 

are communication difficulties that are influenced by 

cognitive impairment. Some examples of cognitive 

processes include attention, memory, organization, problem 

solving/reasoning, and executive function. This condition 

can affect verbal and non-verbal communication including 

speaking, listening, reading, writing, and pragmatic skills 

[21].  Hearing loss is affected not only by the condition of 

the hearing device, but also by environmental factors, such 

as environmental noise, other sound sources and room 

acoustics. When a person with normal hearing engages in 

conversation in a quiet setting and in adequate lighting 

conditions, visual information from the speaker's face, 

situational terms, and linguistic context, can make 

communication very easy. In contrast, in noisy 

environments, with poor lighting and limited visual cues, it 

may be much more difficult to have a conversation or give 

and receive information. A person with hearing loss will 

have difficulty communicating in this condition [22].  

Language barriers have a major impact on the quality of 

health care. This problem usually occurs between health 

workers and patients who do not share the same mother 

tongue. Despite the language barrier, health care providers 

must provide high quality healthcare, which adheres to the 

principles of human rights and equality for all patients. 

Patients who do not speak the local language have lower 

access to health services than patients who are native to the 

area. Similarly, several studies have shown that patients 

who face language barriers have worse health status than 

patients who speak the local language [23]. 

B. Flex Sensor & Arduino 

The joint finger movement of stroke patients is detected 

by connecting the Arduino-nano microcontroller through a 

voltage divider circuit. A change in resistance is processed 

in the Arduino nano microcontroller during a bend, making 

way for the next command. The Flex sensor input pin is 

connected to the Vcc pin (5Vdc), Arduino, and the output 

leg at a resistance of 10K-Ohm and linked to the GND Pin. 

The voltage divider circuit changes the resistance and flex 

sensor; hence, it is easier to design programs using ADC.  

 

 

 

 

 

 

 

Figure 1 shows the 10K-Ohm resistor connected to pins 

A0, A1, A2, A3, and A6. Pins A4 and A5 are linked to 

Arduino, while A4 and A5 are connected to SDA and SCL. 

Figure 3.2 shows the connecting circuit between the flex 

sensor and the Arduino-nano microcontroller. 

 

FIGURE I  Arduino-Nano Circuit Connected to Flex Sensor 

C. Temperature Sensor with Arduino 

Temperature changes in stroke patients can be detected 

in real-time using the Arduino-Nano microcontroller 

through digital pins. When this sensor reads temperature 

changes, the digital data becomes directly processed by 

Arduino-nano to be displayed on the LCD. Digital data 

from this temperature sensor goes to pin D4 on the 

Arduino-nano, the digital input pin of the nano board, 

which connects the power supply of this sensor from 5Vdc 

Arduino-nano to the GND. 

 
FIGURE II ARDUINO-NANO CONNECTED TO TEMPERATURE SENSOR 

D. Pulse sensor & Arduino-Nano 

Detection of changes in heart rate of stroke patients in 

real-time is by connecting the Arduino-Nano 

microcontroller through analog pins. When the sensor reads 

changes in heart rate, the data becomes directly processed 

and displayed on the LCD layer. Analog data from this 

pulse sensor goes to pin A7on the nano board, which 

supplies power from 5Vdc to the grounded GND pin. 
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FIGURE III  Arduino-Nano Circuit Connected to Pulse Sensor 

III. RESEARCH METHODS 

The temperature sensors aid in designing the stroke 

patient communication device. Its purpose is to provide 

good systematic convenience in the prototype process. The 

sensor has an output in the form of resistance in the range 

of 25 KΩ under normal conditions and 40 KΩ at maximum 

bending conditions. Changes in resistance from the flex 

sensor to the voltage divider circuit will become voltage 

data, which goes to the Arduino nano analog pins of A0 to 

A7. This device works by receiving a +7-12V DC power 

supply on the VIN pin, where Arduino-Nano provides the 

power. For sensors connected to and supplying power to 

the LCD and mini DFPlayer connected through the 5Vdc 

pin, the output is +5Vdc. Arduino-Nano processing data 

will be displayed through the LCD, which is connected 

through the Serial Data pin, and the Serial Clock pin to 

send data to communication support and clockwise signals 

to activate Inter-Integrated Circuit I2C communication. The 

pins such as the SDA, A4, and the SCL or pin A5 are used 

to process the sound in the speaker. DFPlayer Mini module 

through program is called the Arduino-nano digital output 

pin (RX0TX1D2-D13). 

TABLE I 

FINGER MOVEMENT TO THE SOUND EMITTED [13], [24] 

No Flex sensor 

Sound According to Bend Angle 

> 60° 30° < X < 60° 

1 Thumb Not Yes 

2 Index finger I want to drink I want to eat 

3 Middle finger 
I want to go 

there 
I am going to the toilet 

4 Ring finger I'm off to bed What's the time now? 

5 Little finger Help me Hello 

Table 1 shows that to process the bending change data 

read by each flex sensor, the different sound output is 

assigned to each finger. For instance, the thumb finger will 

give a sound command "No" when the bend is greater than 

60° and " Yes" when it is greater than 30° and less than 

60°. For this tool, training and introduction to the function 

are carried out to stroke patients regarding the sounds to be 

issued when moving certain fingers and the amount of 

bending given, in accordance with the wishes of stroke 

patients.  Arduino-nano receives readings of changes from 

the DS18B20 temperature sensor using a one-wire interface 

with only three cables in its installation, namely +5Vdc, 

data, and GND. This sensor is connected to the Arduino-

Nano digital pin because the output is in the form of digital 

data, which works by receiving a +7-12Vdc power supply 

from the VIN pin. Processed digital data is displayed 

through the LCD connected to the Arduino nano using the 

Serial Data pin and the Serial Clock pin. The two pins 

function to send data, support communication and transmit 

clock signals to allow I2C Inter-Integrated Circuit. The pins 

comprised of SDA and SCL analog used to determine heart 

rate readings through a pulse sensor, which uses a filter and 

an Op-Amp to increase the amplitude of the wave. The data 

from this sensor is in the form of analog voltage, converted 

into digital data using Arduino-nano and displayed through 

the LCD. A series consisting of the design and assembly of 

circuit components such as the steps are Arduino circuit 

connected to flex, the DS18B20 temperature, Pulse, LCD, 

DFPlayer Mini and Speaker. 

IV. RESULTS AND DISCUSSION 

The flex sensor is a resistance device used to detect 

changes in length. The greater the resulting resistance 

value, the larger the amount of bending. Changes in 

resistance occur due to alterations in the length of the flex 

sensor, with the basic resistance formulated from the 

product of the length multiplied by the cross-sectional area. 

In the test, the flex sensor serves as an input for the stroke 

patient's finger bending reading, determined by the 

Arduino-nano microcontroller, and processed according to 

the designed bending angle. The Arduino IDE is 

programmed on the flex sensor test of the finger bending 

stand set to three states, namely normal, half, and full 

bending. The flex sensor sends analog data to Arduino for 

processing, displayed on the IDE serial monitor with each 

finger producing a different output value due to small-scale 

bending differences, as shown in Figure 3.1. 
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FIGURE IV Flex sensor test 

The output data is used within a certain range to make an 

output data command, which varies within a certain range 

on a small scale. The Arduino is further set to read changes 

in finger movements ranging from 192 to 193 for the 

thumb because it bends the flex sensor. The analog data is 

read ten times when the flex sensor is in normal testing 

conditions. Each finger shows analog data within a certain 

range, which can determine the range of values read in the 

program without sound commands. The index, middle, 

ring, and little fingers range from 123 to 124, 131to 132, 

120 to 123, and 176 to 177, respectively. Figure 4 is a 

program calibration process for digital data changes that 

are affected by analog process from the flex sensor when 

there is no finger bending. The program can create the 

digital data according to the value read for the "if" or "else" 

command on the Arduino IDE. When testing the serial 

monitor, the thumb value was in the 192 to 193 range. To 

determine the thumb, a program with a value range below 

190 is used to determine the limit value of the sound 

command 'YES' when the thumb value >=145 & <=160. 

Furthermore, the LCD appears when the output value is 

190 or greater than 161, which is called a normal condition 

without bending. 

 

 

 

 

 

 

 

 

 

 

TABLE II 

TESTING THE FLEX SENSOR OUTPUT SIGNAL AT A BEND OF 45° 

Test 

Flex Sensor  

Thumb 
Index 

finger 

Middle 

finger 

Ring 

finger 

Little 

finger 

1 150 110 105 110 145 

2 150 105 110 110 145 

3 150 110 110 110 145 

4 151 110 110 110 150 

5 151 110 110 105 150 

6 150 105 110 105 145 

7 150 105 103 113 150 

8 150 110 105 105 150 

9 151 110 105 110 150 

10 151 110 110 110 150 

Total 1504 1085 1078 1088 1480 

Average 150,4 108,5 107,8 108,8 148 

Table 2 shows the results of digital data obtained from 

analog issued by the flex sensor when the finger bends at 

an angle of 45°. The value read a slight difference when the 

bend occurs at 45° in each finger because it is used to call a 

command on the Arduino, which will give output in the 

form of characters and sounds.  
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The range for calling the command input to the program 

is also determined from this average value. At an angle of 

45° the thumb is set with a signal value range of >=145 & 

<=160, while the index, middle, ring, and little fingers are 

>=104 & <=115, >=101 & < =121, >=103 & <=115, and 

>=140 & <=155, respectively.  Table 3 shows the digital 

value of each change to analog in the Flex Sensor at 90° 

finger bending. The values obtained tend to fluctuate, 

hence, by changing the signal value, the average is taken to 

set the program to the follow-up command. In the 90° 

bending position test, for each flex sensor on the thumb, the 

measured value is obtained at an average of 113. The 

program is made to issue a command when the digital 

value is at <=144, and at a signal below 144 the command 

reads 'NO'. The index, middle, ring and little fingers have 

average values of 91.3, 91.8, 82, and 111, respectively. 

When the flex sensor touches this value, the program calls 

it to output the specified character and sound. 

TABLE III 

TESTING THE FLEX SENSOR OUTPUT SIGNAL AT 90° BEND 

Test 

Flex Sensor  

Thumb 
Index 

finger 

Middle 

finger 

Ring 

finger 

Little 

finger 

1 140 90 90 80 120 

2 100 90 95 85 110 

3 100 90 95 80 120 

4 140 95 95 80 100 

5 140 95 90 80 110 

6 100 90 90 85 110 

7 110 89 90 85 120 

8 110 90 88 80 100 

9 90 95 90 80 120 

10 100 89 95 85 100 

Total 1130 913 918 820 1110 

Average 113 91,3 91,8 82 111 

 

The results of the DS18B20 temperature sensor readings, 

when attached to the glove, are carried out continuously 

and in real-time with the data displayed directly by the 

temperature sensor at 36.06°C. Normal human temperature 

is in the range of 36°C to 37.5°C. Sensor programming data 

is carried out by entering the existing library into the 

Arduino IDE, which is initialized by calling DS18B20 and 

determining the body temperature, with the results 

displayed on the LCD. 

 
FIGURE V BODY TEMPERATURE MEASUREMENT 

Figure 5 shows that the body temperature measured 

using the DS18B20 sensor is 36.13°C, which is similar to 

the value obtained from a digital thermometer.  Figure 6 

shows the simultaneous heart rate measurement using a 

pulse sensor and an instant heart rate. The test results 

indicated that the pulse sensor shows a value of 84 BPM, 

while the instant heart rate is 85 BPM. 
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FIGURE VI Measurement of heart rate 

Table 4 shows the results of the test when the fingers 

start bending sequentially according to the instructions 

given as required by the patient. The writing on the LCD 

will immediately change from the word "None" to the set 

command. For 3 seconds, DFPlayer is responded to by a 

red LED and sounds through the speaker, and the DFPlayer 

Mini does not emit any sound during a retest. The test 

result showed that the Flex Sensor is very sensitive to 

finger bending, hence, this tool is very appropriate to help 

communicate with patients who cannot move freely. 

Furthermore, with the help of sound, nurses can determine 

patients’ needs. 

 

TABLE IV 

FONT SIZES FOR PAPERS 

No 

Flex Sensor on Finger Output 

LED 

Thumb Index finger Middle finger Ring finger Little finger LCD Speaker 

1 0’ 0’ 0’ 0’ 0’ There is not any OFF OFF 

2 45’ 0’ 0’ 0’ 0’ Yes Yes ON 

3 0’ 45’ 0’ 0’ 0’ I want to eat I want to eat ON 

4 0’ 0’ 45’ 0’ 0’ I am going to the toilet I am going to the toilet ON 

5 0’ 0’ 0’ 45’ 0’ What's the time now? What's the time now? ON 

6 0’ 0’ 0’ 0’ 45’ Hello, my name is Tita. Hello, my name is Tita. ON 

7 90’ 0’ 0’ 0’ 0’ Not Not ON 

8 0’ 90’ 0’ 0’ 0’ I want to drink I want to drink ON 

9 0’ 0’ 90’ 0’ 0’ I want to go there I want to go there ON 

10 0’ 0’ 0’ 90’ 0’ I'm off to bed I'm off to bed ON 

11 0’ 0’ 0’ 0’ 90’ Help me Help me ON 
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FIGURE VII COMPARISON OF BODY TEMPERATURE MEASUREMENTS 

Figure 7 shows the comparison results of measuring 

body temperature using the DS18B20 temperature sensor 

and the Avico digital thermometer. Body temperature 

measurements were carried out five times, and data were 

obtained from the associated changes t an average error 

value of 0.1%.  Figure 8 shows the heart rate measurement 

test using a pulse sensor by performing five tests at an 

average error value of 0.7%. This indicates that the pulse 

sensor can measure heart rate adequately. 

 

FIGUURE VIII COMPARISON OF HEART RATE MEASUREMENTS 

V. CONCLUSION 

In conclusion, this research developed a communication 

aid for stroke patients using a temperature sensor mounted 

on a glove. Testing this tool indicates that every part and 

function can work adequately. The flex sensor detects the 

bending angle of the finger acting in analog value, which is 

converted into digital data processed by Arduino-nano and 

produces output in the form of commands displayed 

through the LCD and speakers. The temperature sensor 

DS18B20 can read changes in body temperature in real-

time, which are displayed on the LCD layer, under normal 

conditions in the range of 36°C to 37°C.  

The heart rate sensor can read changes in heart rate in 

real-time, with a normal heart rate reading of 

approximately 80 BPM displayed on the LCD. The 

DFPlayer Mini module can play the recorded sound stored 

on the Memory Card through the speaker. Therefore, this 

tool allows nurses to hear the requests of stroke patients, 

display the results of data processing as text output, and 

measure their heart rate and body temperature in real-time. 
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