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Abstract 

 

Stress analyzer is indeed a necessity in today's life. Nowadays with the growing competition in job sector than ever, often 

the people belonging to the working community, also the ones seeking for jobs don't find time to take care of their health. 

Most of them are so engrossed in their work and busy meeting their deadlines that their health worsens as years pass by. The 

students of current generation are also prone to stress for various reasons like exam fervor, pressure of winning competitions 

like those in sports, arts, etc., that some of them even start having blood pressure problems and hormonal imbalances. The 

stress faced by a fresh graduate during placement drives is quite nerve-wracking. We intend to create a low-cost stress level 

analyzer that can measure respiration rate, hormonal imbalances, and more such factors that are related to stress levels. 

 

1. Introduction 

 

With the growing population, competition for survival also increases in every sector, the pressure to meet the deadlines, 

to ensure accomplishment of tasks given to you, and many more. These parameters directly affect the stress factor of an 

individual. Increased stress level affects both the physical as well as mental health of the being. Hence it is important to 

monitor stress continuously. The stress level analyzer helps to continuously monitor the stress level of the user and helps the 

user to relieve the stress. The objective of this project is to realize the prototype model of a stress level detector that monitors 

the respiration rate using thermistor, and GSR signals thereby providing a facility to monitor the human stress levels. A 

person who's under stress not only does it affect his/her health but also his/her decisions. Hence with the help of a stress 

analyzer, a person's stress quotient could be put under check. 

The project is mostly hardware-oriented. The important part of the project is its sensors. In order to determine the stress 

level, the GSR values, and the respiration rate of the user is extracted, analyzed, and exploited. 

The electrodermal skin response is monitored using a GSR sensor. The GSR sensor uses the GSR (galvanic skin response) 

activity of the user. GSR is the property of the human body that causes continuous variation in the electrical characteristics 

of the skin [Bakker2011]. The traditional theory of GSR holds that skin resistance varies with the state of sweat glands in the 

skin. It was in 1888, that Fere and Vigouroux discovered the phenomenon of the skin that, the skin becomes a better conductor 

of electricity in the presence of external stimuli or if triggered by some emotional stimulation. The eccrine glands are 

responsible for generating sweat in the body. The number of eccrine glands varies across the body with highest in the palmar 

or plantar side of hands or foot region, having around 200cm2 to 600cm2 sweat glands per cm2. The eccrine glands secretion 

changes due to some emotional arousal that can result in changes in the sympathetic nervous system. Hence, it can be said 

that changes in the conductance or the electrical (ionic) activity of the skin can be used to determine changes in the 

sympathetic nervous system. As stress in a person increases, the skin conductance of the person also increases, and vice 

versa. The skin conductance is measured in micro Siemens.  

A thermistor is a temperature sensor (NTC, negative temperature coefficient). It is a type of resistor whose resistance is 

dependent on temperature. As the temperature increases, the resistance decreases. Respiration rate of the user can be 

determined using the thermistor. The inhalation and exhalation in a person vary the output of the thermistor at the nasal 

region, and it is on the basis of this principle that the rate of respiration is determined in a person [Anshul2017]. 

 

2. Literature Survey 

 

A number of health problems are observed due to increasing stress among people. Stress is observed in the case of 

professionals such as office workers, medical specialists, call center operators, etc. It is also observed in the case of workers 

with young children to look after, students under exam and curricular stress. Since stress mainly causes changes in increased 

heart rate, sweat production, and changes in facial expressions, GSR values are relatively simpler to obtain, so it is preferred. 

The main difficulty in taking values from GSR is that arousal comes in irregular format. It is difficult to interpret values from 

real-time arousements. Additional data have to be obtained from questionnaires, checkups, monitoring social media, e-mails, 

and electronic agendas [Bakker2011]. Music preference of a user is not only based on the previous choices of the user, but 

also the mood of the user. Emotion of the user is determined by two factors - galvanic skin response and 

photoplethysmography. Results were obtained from an experiment conducted on 32 subjects using the GSR and PPG sensors. 

The sensor output varies with sudden excitement or if any change is found in the person's state of mind. That means it can 

capture and analyze any variation in physiological signals and hence determine the emotion of the user accordingly. 

Plethysmography is a measurement technique that is used to detect volume change in the body. Here, the blood volume 

change in the subject's thumb is detected with the aid of a PPG sensor. Both the GSR and PPG sensors provide an efficiency 

of 70% [Ayata2018]. Various medical health measurement parameters are used to diagnose a patient's condition. 
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Respiration rate is amongst these parameters and one of the most crucial parameters of them all. 

Respiration rate is defined as the number of breaths a person takes during a minute. The normal respiration 

rate of a person is 12 to 20 breaths per minute. The rate of respiration is usually measured manually by 

counting the number of times the thoracic cavity moved per minute. Variations in the respiration rate are 

observed when under stress, depression, or even under physical workout. These variations if observed 

correctly can be used to analyze a person’s condition and drastic outcomes due to the extremity of the 

above-mentioned factors [Anshul2017]. 

Many techniques have been developed to analyze respiration rate, some of them being: 

1. Manual method: One of the most common methods of analyzing respiration, it relies heavily on the 

movement of the thoracic cavity, exhalations per minute, or by listening to breathing sounds of the subject. 

The technique is prone to errors and is often unreliable. 

2. Thoracic cavity impedance: This technique is used in association with the fact that the impedance of the 

thoracic region changes with breathing movements. Change in impedance is measured and related to the 

respiration rate. 

3. Thermistor based approach: Thermistor is a device that changes resistance with temperature. Exhaled air 

from the nostrils is often a bit warm. A highly sensitive thermistor can detect this temperature change. 

These changes are recorded as exhalations and suitable calculations can be made to realize the respiration 

rate. 

The third approach is of concern and this technique is subtly accurate. Thermistor produces varying 

output with the change in temperature. These varying signals are fed into an amplifier section and this 

block amplifies already weak signals from the thermistor section. The output signals contain huge spikes 

that are not suitable for further processing, so we provide an envelope detector circuit so these signals are 

almost smoothened. These signals are observed by professionals so that any abnormalities in these signals 

can be tracked and further procedures can be done to help the suffering person [Anshul2017]. 

 

3. Block Diagram and Working 

 

A. GSR Sensor Analysis 

 
Fig. 1. Schematic Block Diagram of GSR Sensor. 

 

The body that can be used to measure the electrical activity of the skin is called electrodermal activity 

(EDA), also known as the galvanic skin response (GSR). GSR is actually a characteristic of the human 

body that leads to continuous changes in the electrical properties of the skin, such as variation in the skin 

conductance due to the sweating of the body. To determine some of the parameters of the sympathetic 

nervous system in humans, the GSR monitoring along with some of the other physiological parameters like 

pulse rate, respiratory rate, etc., can be used. GSR measurements are also used in modern-day lie detectors 

and for research-oriented works such as polygraphs. 

The GSR measurements are obtained by detecting the changes in the electrical (ionic) activity of the 

body due to changes in the secretion of sweat from the eccrine glands. The changes in the secretion of the 

sweat glands occur when presented to external stimuli or by some emotional arousal. The changes in the 

skin conductance must be detected by the electrodes. The electrodes must be sensitive to the changes and 

must be able to transmit the data to the recording device. Here the Grove - GSR Sensor (Seeed) is used, 

whose sensitivity is adjustable via a potentiometer. The operating voltage of the sensor is 3.3V/5V. From 

the input signal, the resistance is determined and the corresponding voltage reading in analog is obtained. 

Mostly used electrodes have an Ag/AgCl (silver-chloride) contact point with the skin. In this sensor, nickel 

is used as the finger contact material. Nickel is hard, ductile, and non-corrosive in nature. It offers better 

selectivity, availability, and feasibility. It is 100% recyclable and is of low cost. The signal is sent through 

the electrode, to the wire (usually lead) that passes the information to the GSR device. 

Here the raw GSR data of users from different age groups are obtained from the GSR sensor and fed to 

a comparator where the voltage level is elevated. The GSR sensor output is analog in nature, this voltage 
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level is fed as an input to the analog comparator and to set a threshold, the reference voltage is set 

accordingly by design as the other input to the analog comparator, it compares both the signals and a 

corresponding analog output signal is obtained. Microprocessors can perform and make decisions only 

when provided with a digital input signal, as a result, the output from the analog comparator is fed as an 

input to the digital comparator and by design, a reference voltage is set as the other input to the digital 

comparator, it compares both the input signal levels and a digital output signal is generated that helps in 

determining the two conditions, i.e., either stressed state or normal state. 

 

B. Thermistor Analysis 

Fig. 2. Schematic Block Diagram of Thermistor Sensor 

 

The thermistor is an NTC temperature sensor, whose resistance changes inversely with the temperature. 

This principle is used to analyze the respiration rate in a person. With each inhalation and exhalation, 

temperature across the nasal passage changes. As a result, the output of thermistor changes within each 

cycle. By Ohm's Law, this output voltage signal is directly proportional to the resistance and hence 

inversely proportional to the temperature. 

The entire hardware section consists of mainly two temperature sensors, an amplifier section, an 

external gain controlling component, and an envelope detector section. There is a reason why two 

temperature sensors are used and it is because one of these temperature sensors measures the standard 

ambient temperature. It stands as a reference temperature to be fed to the amplification section. The other 

temperature sensor senses the nasal temperature, that is, warm air from the nostrils during exhalation. The 

warm air is enough to produce changes in the resistance of the thermistor and corresponding signals are 

produced. Due to the presence of two thermistors, the setup produces differential signals, and these 

differential signals are fed into the amplification block. The spikes in the signal cause sudden changes in 

the analog value. So to soothe the signal an envelope detector is used. The signals obtained here determine 

the level of temperature/respiration rate. 

 

C. Interfacing of Atmega328 Microcontroller with Sensor Data 

 

Arduino is an open-source hardware and software-based prototyping platform that can be used to create 

electronics projects. Arduino consists of both the physical circuit board with a microcontroller, that can be 

programmed accordingly and the Arduino Software (IDE, integrated development environment), that can 

be used to write and upload the code into the board. The set of analog pins (A0 through A5 on UNO) and 

digital pins (0 through 13 on UNO) on the Arduino are used to interface it with various circuits. Arduino 

works at an operating voltage of 5V. 

Here the data obtained from both the GSR sensor and the thermistor is together interfaced with Arduino. 

Once the required connections for the working of Atmega328 microcontroller and its interfacing with the 

sensors are completed, the output stress levels can be viewed and observed by the user using a 16*2 LCD 

display setup. The 16*2 LCD (Liquid Crystal Display) display screen is very basic and most commonly 

used electronic display module in various projects. 
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Fig. 3. Schematic Block Diagram of interfacing both Sensor Data with Atmega328 Microcontroller 

 

 

4.Experimental Results 

 

The raw GSR data results were obtained from 20 different users and were tabulated as shown:  

 
Table 1. GSR Sensor Output For 20 Different Users 
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GSR sensor measures the skin conductance, which increases as the stress increases, conductance is 

inversely proportional to voltage, and hence output voltage signal should decrease as the stress increases. 

From the table above it is clear that the voltage drops as the stress increases. For normal conditions, the 

voltage range is between 2.95V to 3.02V, and that for under stressed condition is 0V to 0.04V.  From the 

data obtained above, plots of Age versus Condition of subjects were plotted in Matlab as   shown: 

 

 
Fig. 3. Plot of Age vs. Normal State for Various Subjects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Plot of Age vs. Stressed State for Various Subject 
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From the thermistor sensor, the raw signals were processed and the graph was obtained: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Plot of Thermistor Sensor Raw Signal 

 

For the respiration rate using the thermistor, the signals were observed and plotted using Matlab. 

Observations can be thus concluded that when heavy or slow breathing occurs, there appears to increase or 

decrease respectively in the number of peaks in signal per minute. These signals can be further analyzed to 

decide whether the subject is under stress or not. Under stress, the respiration rate usually increases and 

this can be made use for analysis [Anshul2017]. 

 Using the above raw data from the thermistor sensor, FFT of the signal is plotted below using Matlab. 
 

Fig. 6. Fast Fourier Transform of Raw Signal from Thermistor Se
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Peak values are observed between interval 0.5 and 1.0 in the diagram. The graph is specifically 

indicating a high breathing rate of the subject and respective transformed peaks are observed. The works 

of Basra et.al was focused on a thermistor sensor which was interfaced with an Atmega 8-bit MCU and an 

LCD display showed the results [Anshul2017]. The work presented here analyses a subject's health 

condition with not one but two sensors, a GSR Sensor [Bakker2011], and a Thermistor Sensor 

[Anshul2017]. After the setup of both GSR sensor and thermistor for analysis, the data obtained is 

interfaced with the Atmega328 microcontroller and the output can be observed by the user using a 16*2 

LCD display setup. Using two sensors instead of one also increases the accuracy and usability of the setup, 

as more parameters are taken into consideration (in this case, GSR and Thermistor data). The 16*2 LCD 

display setup shows one of the following emotional states of the user - normal, alarmed, stressed, upset, 

and frustrated. 

 

 

5. Conclusion 

 

From this project, we can determine stress levels in humans using the following parameters such as 

breathing rate and electrodermal activity. Galvanic skin response and the respiratory pattern is reliable 

when monitoring the subject's current health status or under heavy exercise pattern observation. Equipment 

like lie detectors, skin response, and resistance meters, fitness meters, etc. can also be developed from this 

device. Since the project is mostly hardware-oriented and has very few components with better accuracy, 

it can be manufactured as a product on a nanoscale. The terminal interface can be further developed into 

an interactive GUI and can be made more productive. At the product level, this can be developed into a 

wearable accessory like a watch, pendant, etc. such that it monitors our physiological patterns from time 

to time and indicates if any discrepancies are observed. Using a wearable device as such, the proper 

functioning of the users can be determined and regulated. 
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