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necessitates the development of alternative, non-invasive stress monitoring
techniques. This study aims to develop and evaluate a portable Galvanic Skin
Response (GSR) sensor prototype for real-time stress monitoring. The device is
designed to improve the accuracy and accessibility of stress detection through
continuous skin conductance measurements. The Inner Peace Meter prototype was
developed using a GSR sensor, an Arduino Uno microcontroller and LED indicators
to visualize stress levels. The system was tested on volunteers under controlled
conditions, including relaxation and stress-inducing tasks. A moving average filter
was applied to stabilize sensor readings and calibration was performed to account
for individual differences in skin conductivity. The device successfully detected
stress fluctuations, with red LEDs indicating heightened stress, green LEDs signalling
relaxation and yellow LEDs representing stable conditions. Quantitative analysis
showed a strong correlation between stress-inducing activities and increased GSR
readings. Challenges related to environmental factors and individual variability
were addressed through calibration and optimized sensor placement. The Inner

Keywords: Peace Meter demonstrates a reliable and cost-effective approach to stress
Stress monitoring; Galvanic Skin Response monitoring, with potential applications in mental health, biofeedback therapy and
(GSR); Electrodermal Activity (EDA); wearable health technology. Future enhancements, such as smartphone
wearable health technology; biofeedback integration and wireless data logging, could further improve usability and expand
therapy its practical applications.
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1. Introduction

Stress is an unavoidable aspect of modern life, affecting individuals across various settings such
as workplaces, academic institutions and healthcare environments [1,2]. It has profound
physiological and psychological consequences, contributing to conditions like anxiety, cardiovascular
diseases and cognitive impairments [3,4]. With increasing awareness of stress-related health risks,
there is a growing demand for non-invasive, real-time stress assessment tools that can provide
objective and continuous monitoring.

Traditionally, stress has been assessed through self-reported questionnaires and physiological
indicators such as heart rate variability and cortisol levels. However, these methods often suffer from
subjectivity, delayed response times and invasiveness, limiting their effectiveness for real-time
applications. To overcome these limitations, Electrodermal Activity (EDA) has emerged as a promising
physiological marker for stress assessment due to its direct link to autonomic nervous system
responses, particularly changes in sweat gland activity [5,6]. Among EDA-based techniques, Galvanic
Skin Response (GSR) has gained attention due to its non-invasiveness, cost-effectiveness and ability
to capture stress-related variations in skin conductivity in real time [7,8].

Despite these advantages, current research on GSR-based stress detection faces several critical
challenges. First, there is a lack of standardization in data acquisition, signal processing and
classification methodologies, leading to inconsistencies in stress detection across different studies
[9,10]. Second, GSR measurements are highly sensitive to environmental and individual variations,
such as humidity, temperature and skin properties, which affect the reliability and generalizability of
findings. Third, existing studies have not fully explored the integration of GSR-based stress
assessment into wearable technology and clinical applications, limiting its practical implementation
for continuous monitoring in real-world settings [11,12].

A key limitation in current GSR-based stress studies is the inadequate control of environmental
factors. Temperature, humidity and ambient conditions directly influence sweat gland activity and
skin conductivity, which may introduce variability in GSR readings [13,14]. For instance, increased
humidity can cause excessive sweating unrelated to stress, leading to potential false positives,
whereas dry conditions may reduce sweat gland activity, resulting in false negatives. Similarly,
temperature fluctuations affect skin hydration levels and electrical conductivity, altering GSR
responses. Without proper environmental controls, inconsistencies in data collection may
compromise the reliability and validity of stress classification models [15,16].

To address these concerns, future studies should incorporate additional environmental sensors,
such as temperature and humidity sensors, to measure and compensate for these external
influences. By integrating these environmental control mechanisms into stress assessment
frameworks, researchers can account for external variations, improving the accuracy and robustness
of GSR-based stress detection [17,18]. Moreover, developing adaptive signal processing techniques
that dynamically adjust for environmental conditions will enhance the reliability of stress monitoring
in different settings. This approach is particularly crucial for real-world applications, including
wearable stress monitoring devices, where environmental fluctuations are inevitable.

While short-term studies can demonstrate proof of concept and initial feasibility, long-term
studies and user trials are essential to assess the sustained reliability, accuracy and user acceptance
of GSR-based stress monitoring devices. Conducting extended user trials across diverse populations
and varying real-world conditions would help identify potential device degradation, signal drift and
user adaptation over time. Additionally, long-term studies would provide insights into the
psychological and behavioural impact of continuous stress monitoring, fostering trust among users
and increasing adoption rates. By evaluating the device’s long-term performance, researchers can
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refine hardware and software components to enhance durability, minimize calibration requirements
and improve overall user experience [19,20].

To bridge these gaps, this study aims to develop and validate a pilot portable GSR-based stress-
monitoring device that enhances accuracy and reliability while remaining cost-effective and user-
friendly. By integrating real-time feedback mechanisms, this research seeks to advance stress
monitoring applications in healthcare, psychology and everyday wellness practices. The proposed
system intends to bridge the gap between research-grade stress analysis tools and accessible,
practical solutions for personal and clinical use.

2. Methodology
2.1 Research Approach

The Inner Peace Meter is a prototype designed to measure stress levels by analysing Galvanic Skin
Response (GSR), which reflects physiological changes due to emotional states. The research
methodology consists of three main phases: hardware development, software development and
testing and calibration. The overall methodological approach is illustrated in Figure 1. Compared to
traditional stress assessment methods such as heart rate variability or EEG-based systems, this
approach offers a more accessible, cost-effective and portable solution for real-time monitoring in
everyday environments.

[ GSR Sensor J l

Real-time Data
Output (Arduino
Plotter)

[ Arduino Nano J l

LED Indicators

¥ (indicates peace
Data Processing in levels)
Arduino

Fig. 1. Block diagram of inner peace meter method
approach

2.2 Hardware Development

The hardware development phase involved assembling essential components to measure GSR
and provide real-time feedback. The primary components include a GSR sensor to detect changes in
skin conductance, an Arduino Uno microcontroller to process data from the sensor, LED indicators
(red, green and yellow) for real-time visualization and resistors and wiring to ensure circuit stability.
The circuit was initially constructed on a breadboard for flexibility during testing and debugging, as
shown in Figure 2. The GSR sensor was attached to the user’s fingers using adhesive patches to ensure
consistent skin contact. Power was supplied via the Arduino’s USB connection, which also facilitated
real-time data visualization on the serial monitor. The LED indicators were programmed to function
as follows: the red LED illuminated when stress levels increased, the green LED indicated relaxation
and the yellow LED signalled stable conditions.
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Fig. 2. Hardware setup of the components

The Arduino Uno was selected due to its affordability, compatibility with various sensors and ease
of programming, making it an ideal choice for rapid prototyping. While the LED indicators provide a
simple and immediate stress response visualization, future iterations could integrate an OLED display
or mobile application interface for more detailed feedback. This setup ensures practical usability in
various environments, such as workplaces and clinical settings, where real-time stress monitoring
can enhance mental well-being interventions.

2.3 Software Development

The software for the Inner Peace Meter was developed using the Arduino Integrated
Development Environment (IDE), which controlled data acquisition, processing and LED outputs.
Figure 3 presents a snapshot of the coding process, while Table 1 outlines the key code structure. To
ensure signal stability, a moving average filter was implemented. The system continuously read and
averaged ten consecutive GSR values, reducing noise and fluctuations. A threshold-based method
was used to classify stress levels. A significant increase in GSR readings above a predefined threshold
activated the red LED, a significant decrease activated the green LED and minor fluctuations resulted
in the activation of the yellow LED. The optimized threshold was determined through calibration
experiments to improve sensitivity and minimize false readings.
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File Edit Sketch Tools Help

Tipu_Coder3

GSR sensor pin
GSR_PIN = A0;

ED pins
TSE_LED_PIN = 2:
EALL_LED_PIN = 4;
int STABLE_LED_PIN = &

/4 Variables to store GSR readings

int currentGSEValue = 0;

int previousGSRValue = 0; // Initialize to awvoid initial false
int gsr_average = 0;

trigger

eshold for change detection (adjust as needed
int THRESHOLD = 5; // #######Experiment with this value

void setup{) {
/7 Initialize serial communication for debugging
Serial.begin(9600);

/f Set LED pins as oucputs
(RISE_LED_PIN,
(FALL_LED_PIN,
= (STABLE_LED_PIN,

ods

/ Initialize LEDs off

(RISE_LED_PIN, LOW):
- (FALL_LED PIN, :
ite (STABLE_LED PIN, LOW):

Read GSR value
o sum=0;

for(int i=0;i<l0;i++){
currentGSRValue = analogRead (GSR_PIN);
sum += currentGSRValus;

delay(5):
}
gsr_average = sum/10;

/f Print GSR value to serial monitor for debugging
Serial. -{"GSR Value: ");
tin(gsr_average);

Serial.pr

Fig. 3. A snapshot of coding from Arduino IDE

While the system successfully reduces noise, future enhancements could integrate machine
learning algorithms to dynamically adjust threshold levels based on individual user patterns, making
the device even more adaptive to different users. Additionally, incorporating an automatic threshold

adjustment mechanism based on environmental conditions could further refine stress detection
accuracy.

Table 1

Code structure on Arduino IDE for monitoring stress
Code structure

// Define GSR sensor pin

const int GSR_PIN = AO;

// Define LED pins

const int RISE_LED_PIN = 2;
const int FALL_LED_PIN = 4;
const int STABLE_LED_PIN = 6;

// Variables to store GSR readings
int currentGSRValue = 0;

int previousGSRValue = 0; // Initialize to avoid initial false trigger
int gsr_average = 0;

// Threshold for change detection (adjust as needed)
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const int THRESHOLD = 5; // #######Experiment with this value

void setup() {

// Initialize serial communication for debugging
Serial.begin(9600);

// Set LED pins as outputs
pinMode(RISE_LED_PIN, OUTPUT);
pinMode(FALL_LED_PIN, OUTPUT);
pinMode(STABLE_LED_PIN, OUTPUT);

// Initialize LEDs off
digitalWrite(RISE_LED_PIN, LOW);
digitalWrite(FALL_LED_PIN, LOW);
digitalWrite(STABLE_LED_PIN, LOW);
}

void loop() {

// Read GSR value

long sum=0;

for(int i=0;i<10;i++){

currentGSRValue = analogRead(GSR_PIN);
sum += currentGSRValue;

delay(5);

}

gsr_average = sum/10;

// Print GSR value to serial monitor for debugging
Serial.print("GSR Value: ");
Serial.printin(gsr_average);

// Check for rise or fall
if (abs(gsr_average - previousGSRValue) > THRESHOLD) { // Use absolute value
if (gsr_average > previousGSRValue) {
// Rise detected
Serial.printIn("Rise detected!");
digitalWrite(RISE_LED_PIN, HIGH);
digitalWrite(FALL_LED_PIN, LOW); // Turn off the other LED
digitalWrite(STABLE_LED_PIN, LOW);
}else {
// Fall detected
Serial.printIn("Fall detected!");
digitalWrite(FALL_LED_PIN, HIGH);
digitalWrite(RISE_LED_PIN, LOW); // Turn off the other LED
digitalWrite(STABLE_LED_PIN, LOW);
}
}else {
// No significant change, turn off both LEDs. This is important to avoid LEDs staying on.
digitalWrite(RISE_LED_PIN, LOW);
digitalWrite(FALL_LED_PIN, LOW);
digitalWrite(STABLE_LED_PIN, HIGH);
}

// Update previous GSR value
previousGSRValue = gsr_average;

delay(50); // Small delay for stability (adjust as needed)
}
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2.4 Testing and Calibration

Testing and calibration were crucial steps to verify the system’s accuracy and reliability.
Volunteers participated in controlled experiments involving relaxation activities such as deep
breathing and stress-inducing tasks like solving complex problems under time constraints. The GSR
readings were continuously recorded and visualized, as illustrated in Figure 4. To ensure accurate
measurements, baseline calibration was performed for each volunteer, accounting for individual
variations in skin conductivity. The detection threshold was fine-tuned through iterative trials to
enhance sensitivity and minimize false readings.

To ensure consistency, calibration was repeated across multiple sessions to assess sensor drift
over time. Additionally, external factors such as room temperature and humidity were monitored to
determine their impact on sensor readings. Implementing an automatic recalibration feature in
future versions would further enhance accuracy.

Fig. 4. Testing and calibrating the
sensors

2.5 Data Collection and Analysis

The data collection phase systematically recorded GSR responses to assess stress levels. The
procedure involved ensuring proper sensor placement for consistent skin contact, calibrating each
individual's baseline GSR levels and conducting real-time monitoring using LED indicators for visual
feedback. Stress trends were quantified by analysing the frequency of LED activations over a one-
minute interval. If a volunteer experienced multiple red LED activations, they were categorized as
experiencing high stress. Conversely, if green LED activations dominated, the individual was classified
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as being in a relaxed state. Figure 5 illustrates the recorded GSR variations over time, highlighting the
system’s responsiveness to changing stress levels.

To improve data interpretation, statistical analysis methods such as standard deviation and
variance in GSR readings could be introduced to offer deeper insights beyond simple LED frequency
counts. Additionally, integrating self-reported stress levels from participants alongside sensor data
could help validate the system’s accuracy.

2.6 Challenges and Solutions

Several challenges were encountered during the development and testing phases. One major
challenge was noise in GSR readings due to sweat and environmental factors. This was mitigated by
instructing volunteers to dry their hands before testing. Another challenge was inconsistent sensor
contact, which resulted in erratic readings. This issue was addressed by ensuring the sensor was
properly positioned on the fleshy part of the finger for optimal contact. Additionally, determining an
appropriate threshold for detecting stress level changes required multiple calibration trials to refine
sensitivity. Initially, thresholds that were too high or too low resulted in false triggers or missed
detections, but through systematic refinement, the detection threshold was optimized for accurate
stress monitoring.

Despite these improvements, further refinements could involve integrating additional
environmental sensors to account for temperature and humidity fluctuations, which can impact skin
conductivity and GSR readings. Future studies should also explore variations in skin properties among
different individuals, as hydration levels and skin texture can influence measurement accuracy.

2.7 Future Enhancements

While the Inner Peace Meter successfully achieves real-time stress detection, there is room for
further improvements to enhance its usability, accuracy and adaptability. One of the key
enhancements would be the integration of machine learning algorithms to dynamically adjust stress
detection thresholds based on long-term user data, making the system more personalized and
responsive. Additionally, incorporating wireless connectivity through Bluetooth or Wi-Fi would allow
real-time data transmission to mobile applications, enabling users to visualize trends and monitor
their stress levels over extended periods. Environmental compensation is another important aspect
that could be improved by integrating additional sensors to measure external factors like humidity
and temperature, which can influence GSR readings. Further validation studies could incorporate
self-reported stress assessments to refine detection algorithms and improve reliability. Lastly,
redesigning the device into a more compact, wrist-worn format would enhance wearability and
enable continuous stress monitoring without requiring finger attachments. By implementing these
enhancements, the Inner Peace Meter has the potential to evolve into a more sophisticated, user-
friendly tool for both clinical and personal applications, further solidifying its role in biofeedback
therapy and mental health monitoring.

3. Results and Discussion
The Inner Peace Meter effectively measures stress levels by detecting changes in Galvanic Skin

Response (GSR). The real-time feedback mechanism, utilizing LED indicators, provides an intuitive
means for users to assess their stress states. The results from controlled testing demonstrate that
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the device reliably differentiates between varying stress conditions, reinforcing its potential as a
practical stress monitoring tool.

3.1 Stress Level Detection Accuracy

The experimental results confirm that the Inner Peace Meter accurately captures fluctuations in
stress levels. Participants subjected to stress-inducing activities, such as solving complex puzzles
under time constraints, exhibited noticeable increases in GSR values. These changes were reflected
in the activation of the red LED, indicating heightened stress levels. Conversely, relaxation exercises
like deep breathing resulted in a decrease in GSR readings, which corresponded with the activation
of the green LED. In cases where no significant variations in stress levels were observed, the yellow
LED remained illuminated, signifying a stable emotional state.

The graphical representation of GSR readings over time, as shown in Figure 5, illustrates the
system's responsiveness. The increasing segments of the graph indicate heightened stress responses,
aligning with red LED activations. Conversely, declining segments correlate with a reduction in stress
levels, validated by green LED responses. This trend demonstrates the device's ability to provide real-
time stress monitoring in a user-friendly manner.

Fig. 5. Reading of graph GSR (microsiemens) against time (milliseconds)

3.2 Statistical Validation and Performance Analysis

To validate the performance of the Inner Peace Meter, a quantitative analysis was conducted by
examining the frequency of LED activations over a one-minute interval. Additionally, statistical
methods such as standard deviation and variance were applied to assess the consistency of GSR
readings across different users. Participants experiencing multiple red LED activations were classified
as having high stress levels, while those with frequent green LED activations were categorized as
beingin a relaxed state. The inclusion of a moving average filter in the software significantly improved
the stability of the readings, mitigating noise and enhancing data reliability.

A correlation analysis between GSR fluctuations and self-reported stress levels was performed to
ensure the reliability of the device. Further analysis of individual baseline GSR readings highlighted
the necessity of calibration for each user, as variations in skin conductivity due to hydration levels
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and ambient temperature affected stress detection accuracy. Variability in skin conductivity,
influenced by factors such as hydration levels and environmental conditions, necessitated
personalized baseline adjustments. This finding underscores the importance of an adaptive threshold
mechanism, which could be incorporated into future iterations of the device to improve accuracy.

3.3 Challenges Encountered During Testing

Several challenges emerged during the testing phase, primarily related to environmental
influences and user variability. One significant issue was noise interference caused by humidity and
temperature fluctuations, which affected GSR readings. This challenge was addressed by instructing
participants to dry their hands before sensor placement, reducing inconsistencies caused by excess
moisture.

Another challenge was inconsistent sensor contact, as variations in finger placement affected
data accuracy. To mitigate this, participants were guided to position the sensor on the fleshy part of
the finger, ensuring stable and consistent readings. Additionally, differences in individual baseline
GSR values required customized calibration, highlighting the necessity for automated recalibration
mechanisms in future developments.

3.4 Potential Improvements and Future Applications

Despite the promising results, further enhancements could be implemented to refine the Inner
Peace Meter’s performance. One key improvement would be the integration of machine learning
algorithms to adapt stress detection thresholds dynamically based on user-specific trends. This would
enhance the system’s ability to account for variations in skin conductivity and improve accuracy
across diverse populations.

Additionally, wireless connectivity via Bluetooth or Wi-Fi could enable real-time data logging on
a mobile application, allowing users to track long-term stress patterns. Another valuable upgrade
would be the inclusion of environmental sensors to compensate for external factors such as humidity
and temperature variations, further stabilizing GSR readings.

From an application standpoint, the Inner Peace Meter has considerable potential in fields such
as mental health monitoring, biofeedback therapy and workplace stress management. The ability to
provide real-time insights into stress levels makes it a valuable tool for healthcare professionals,
allowing them to monitor patients’ emotional states more effectively. Moreover, the device’s
portability and ease of use could make it a practical addition to wellness programs aimed at reducing
workplace stress.

Not to forget, to add more promising results, future studies may involve a six months’ trial with
varied of participants, where they will be using Galvanic Skin Response device daily, to assess its long-
term reliability. Statistical analyses like ANOVA and regression modelling will be used in future
research to measure how environmental factors affect GSR readings. This will increase the validity of
our results and offer a more thorough comprehension of the effectiveness of the device.

3.5 Key Findings and Implications
The findings highlight that the Inner Peace Meter effectively detects stress levels, offering a

reliable and cost-effective approach to real-time stress monitoring. The system successfully
differentiates between stress levels through LED indicators, aligning with GSR fluctuations. While
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challenges such as environmental noise and user variability were encountered, the device’s accuracy
was significantly improved through calibration and sensor placement optimization.

Incorporating additional statistical validation, such as regression analysis between sensor data
and physiological stress markers, could further substantiate the accuracy of the device. These
findings suggest that further enhancements, such as machine learning-based threshold adjustments,
wireless data logging and environmental compensation mechanisms, could significantly improve the
system’s adaptability and accuracy in various conditions. With its practical applications spanning
healthcare, psychology and personal wellness, the Inner Peace Meter demonstrates potential as an
accessible and impactful tool for stress management and emotional health monitoring.

4. Conclusions

The development and evaluation of the Inner Peace Meter confirm its effectiveness as a real-time
stress monitoring tool. By leveraging Galvanic Skin Response (GSR) measurements and a simple LED-
based feedback system, the device provides an accessible and cost-efficient alternative to traditional
stress assessment methods. The results demonstrate that the system accurately distinguishes
between different stress levels, reinforcing its potential use in various personal and clinical
applications.

While the device successfully detects stress fluctuations, challenges related to environmental
influences, individual skin conductivity differences and sensor placement variability were identified.
These limitations emphasize the need for continuous improvement, particularly in refining
calibration mechanisms, enhancing data stability and integrating automated threshold adjustments.
Future advancements, such as machine learning-driven stress classification, wireless data logging and
environmental compensation, could further optimize performance and usability.

Overall, the Inner Peace Meter represents a promising step toward non-invasive, real-time stress
monitoring. Its ease of use and potential for integration with mobile health applications highlight its
value in mental health management, workplace wellness programs and biofeedback therapy. Further
research and iterative development will be essential in expanding its capabilities, ensuring broader
adoption and maximizing its impact on stress assessment and emotional well-being.
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