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ABSTRACT

Sleep is an essential factor in maintaining overall health and well-being, yet modern lifestyles
often disrupt natural sleep cycles. This project, Sleep Cycle Analysis Based on Daily Routine ,
aims to uncover the relationship between daily routines and sleep quality. The study utilizes a
dataset comprising variables such as screen time, physical activity, meal schedules, work hours,
and sleep duration. By applying the Random Forest algorithm, a robust machine learning model
is developed to analyze and predict the impact of these factors on sleep patterns. The algorithm's
ability to handle non-linear relationships and feature importance analysis makes it ideal for
uncovering complex interactions within the data. Results are visualized to provide insights and
actionable recommendations for improving sleep quality. This research contributes to
understanding how daily habits influence sleep, enabling data-driven strategies for healthier
lifestyles.
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INTRODUCTION
This project explores the intricate

Sleep plays an indispensable role in relationship between daily routines and
maintaining physical health, mental acuity, sleep patterns through a data-driven
and emotional stability. Despite its approach using the Random Forest
importance, modern lifestyles are fraught algorithm. Random Forest, a powerful
with habits that compromise natural sleep ensemble learning technique, is well-suited
cycles. Factors such as irregular work for modeling the complex, non-linear
schedules, prolonged exposure to electronic relationships between lifestyle factors and
screens, high stress levels, and inadequate sleep quality. It enables the identification of
physical activity are significant contributors the most critical determinants of sleep health
to sleep disorders. These disruptions in sleep while ensuring high accuracy and robustness
cycles have been linked to a range of health in predictions.
issues, including weakened immunity,
reduced cognitive performance, and chronic The methodology involves gathering
conditions such as obesity and hypertension. comprehensive data on individuals' daily
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routines, including screen time, meal
timings, physical activity levels, work hours,
and sleep duration. The dataset undergoes
rigorous preprocessing to address missing or
inconsistent entries, ensuring the quality and
reliability of the input data. The Random
Forest model is then trained to analyze the
significance of each variable, offering
insights into how these behaviors
collectively influence sleep quality. Key
performance metrics such as accuracy,
precision, recall, and feature importance are
used to validate the model and refine its
predictions.

The findings emphasize the profound
impact of daily habits on sleep cycles. For
instance, consistent physical activity and
reducing screen time before bed are shown
to enhance sleep quality significantly.
Furthermore, regular meal timings and
minimizing disruptions in routine are critical
for maintaining a stable sleep pattern. To
make these insights actionable, the study
presents the results through user-friendly
visualizations and targeted
recommendations.

This analysis highlights the
transformative potential of machine learning
in understanding and improving sleep health.
By empowering individuals to make
informed lifestyle adjustments, this project
bridges the gap between data science and
personalized health management, fostering
long-term wellness and productivity.

LITERATURE REVIEW

""Behavioral and Environmental
Determinants of Sleep: Insights from
Data-Driven Approaches™ (2022) by
H. Lee and T.Kim.

Understanding  the  factors  that
influence sleep quality is vital for improving
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health outcomes and well-being. Recent
research by H. Lee and T. Kim (2022), titled
"Behavioral and Environmental
Determinants of Sleep: Insights from Data-
Driven Approaches,” highlights how daily
habits, such as dietary patterns and work
schedules, significantly affect sleep cycles.
Their study employed the Random Forest
algorithm, a machine learning technique
renowned for its ability to model complex,
non-linear relationships between variables.
By analyzing extensive datasets, the
research identified key lifestyle factors
contributing to sleep quality, emphasizing
the need for personalized interventions to
promote better sleep health.

The Random Forest approach, used in this
and similar studies, has proven effective in
uncovering the intricate interplay of multiple
variables. For instance, A. Kumar et al.
(2020) demonstrated that stress levels,
physical activity, and light exposure are
among the most influential predictors of
sleep disturbances. These findings align with
Lee and Kim’s conclusions, further
validating the use of data-driven
methodologies in sleep analysis.

Additionally, J. Roberts and M. Anderson
(2019) explored the role of screen time in
disrupting sleep patterns. Their research
found that prolonged exposure to blue light
before bedtime significantly delayed the
onset of sleep, a behavior that could be
mitigated through lifestyle adjustments.

“Lifestyle Interventions and Their Role in
Enhancing Sleep Quality™ (2021): By R.
Smith and L. Taylor.

Sleep is essential for overall health, yet
modern habits often disrupt sleep patterns.
Research has shown that daily routines,
including physical activity, screen time, and
meal timings, significantly affect sleep
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quality. Regular exercise and a consistent
daily routine help synchronize the body’s
circadian rhythms, leading to better sleep. In
particular, individuals who engage in regular
physical  activity  experience  fewer
disturbances and deeper sleep cycles.

Additionally, meal timing plays a key role in
maintaining healthy sleep. Consistent eating
schedules help regulate the body’s internal
clock, promoting better sleep. On the other
hand, irregular meal times can disrupt sleep
patterns and lead to insomnia.

One of the most significant disruptors of
sleep is the use of electronic devices before
bed. Exposure to blue light from screens
interferes  with  melatonin  production,
delaying the onset of sleep. Reducing screen
time at least one hour before bedtime is a
recommended intervention to enhance sleep
quality.

Machine learning techniques, such as the
Random Forest algorithm, can be applied to
analyze the impact of various factors on
sleep. These models identify key predictors
of poor sleep and can help tailor
personalized recommendations to improve
sleep health. By leveraging data-driven
insights, individuals can make small but
effective changes, such as exercising
regularly, reducing screen time, and
maintaining a consistent routine, to enhance
sleep quality and overall health.

“Daily Routine Factors Influencing Sleep
Patterns: A Machine Learning
Perspective” (2021): by S. Gupta, R.
Sharma, and L. Patel.

Sleep plays a crucial role in overall
health and well-being, but modern lifestyles
often disrupt sleep patterns. Research has
shown that daily habits, such as physical
activity, screen time, and meal timings, have
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a significant impact on sleep quality.
Regular physical activity helps synchronize
the body’s circadian rhythms, promoting
deeper and more consistent sleep. Studies
suggest that individuals who engage in
consistent  exercise  experience  fewer
disruptions during sleep and tend to fall
asleep more easily. Meal timing also plays
an important role in regulating sleep cycles.
Consistent eating schedules help maintain
the body’s internal clock, making it easier to
fall asleep at the right time. Irregular meal
timings, however, can interfere with sleep
and even lead to sleep disorders such as
insomnia. Aligning meal times with natural
body rhythms is therefore a key factor in
improving sleep quality.

Another major disruptor of sleep is the use
of electronic devices before bed. The blue
light emitted by screens suppresses
melatonin production, delaying the body’s
natural sleep signals. Research suggests that
reducing screen time at least one hour before
sleep can help improve sleep onset and
overall sleep quality. Incorporating machine
learning techniques, particularly Random
Forest, allows for the analysis of complex
relationships between these daily habits and
sleep patterns. Random Forest models can
identify the most significant factors that
affect sleep quality, such as physical activity,
screen time, and meal schedules. By
understanding these factors, individuals can
make informed decisions about their
routines, such as incorporating regular
exercise, reducing screen time, and
maintaining consistent eating patterns to
improve sleep.

SOFTWARE COMPONENTS

Software Components for Sleep
Cycle Analysis and Prediction (Manual Data
Collection & Random Forest Model)
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1. Python

Python provides a versatile environment for
data manipulation and cleaning. It supports a
wide range of libraries, ensuring a robust
and efficient preprocessing workflow.

2. Pandas

Pandas is used to load and preprocess the
dataset, handling missing values,
transforming data types, and organizing the
data for model training. Its powerful
DataFrame structure simplifies complex
operations.

3. NumPy

NumPy is essential for numerical operations
like feature scaling and array manipulation.
It  supports  efficient computation,
particularly for large datasets requiring
mathematical transformations.

4. Scikit-learn

Scikit-learn is the primary library for
implementing the Random Forest algorithm.
It provides utilities for splitting data,
training models, and evaluating performance
metrics like accuracy and precision.

5. Random Forest Algorithm

The Random Forest algorithm, known for its
accuracy and stability, is used to analyze
relationships between features like sleep
duration, exercise, and screen time. It builds
multiple  decision trees to improve
predictions.

6. Matplotlib
Matplotlib generates plots to visualize

feature importance and model performance
metrics. It offers flexibility to customize
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graphs, enabling better presentation of
results.

7. Seaborn

Seaborn extends Matplotlib with advanced
plotting capabilities, such as heatmaps and
pair plots. It is wused to highlight
relationships and trends in the dataset and
model predictions.

SYSTEM FLOW
1. Data Collection

The first step involves gathering data on
users' daily routines. This data should
include parameters such as:

o Physical Activity: Intensity and
duration of exercises or activities
throughout the day.

e Screen Time: Time spent using
electronic devices, categorized by
periods (morning, evening, night).

e Meal Timing and Composition:
Details of food intake times and
types of meals (e.g., carbohydrate-
heavy vs. protein-rich).

e Stress Levels: Self-reported stress
scores or stress metrics from
wearable devices.

e Sleep Patterns: Data such as
bedtime, wake-up time, interruptions
during sleep, and self-assessed sleep
quality.

2. Preprocessing

Raw data is often incomplete or inconsistent,
requiring careful preparation:

| Page 4


http://www.ijsrem.com/

o

17 IISREM
e-Journal
Rezioad

p)

\3 e&%

Volume: 08 Issue: 11 | Nov - 2024

ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.448

© 2024, IJSREM

o Data Cleaning: Remove or impute
missing values using mean, median,
or regression techniques. Identify
and handle outliers.

o Data Formatting: Standardize time-
based inputs like sleep and wake
times for uniformity.

o Encoding: Convert categorical data
(e.g., meal types or stress levels) into
numerical formats using one-hot
encoding or label encoding.

o Normalization: Scale numerical
data (e.g., step counts or calorie
intake) to a consistent range to
ensure features contribute equally to
the analysis.

3. Feature Selection
To enhance model performance:

e Perform correlation analysis to
identify the strongest predictors of
sleep quality (e.g., late-night screen
time or irregular meals).

o Use feature importance scores
from Random Forest to rank and
select the most significant attributes.

4. Model Training

e The Random Forest algorithm is
implemented due to its robustness
and ability to handle non-linear
relationships. The training process

includes:
o Splitting the dataset into
training,  validation, and

testing sets (e.g., 70%-15%-
15%).

o Hyperparameter tuning (e.g.,
adjusting the number of trees

| www.ijsrem.com

and max depth) to optimize
performance.

> Pipeline
preprocessor: ColumnTransformer

num » cat

» SimpleImputer @

» SimpleImputer @

» StandardScaler © » OneHotEncoder @

» RandomForestClassifier @

Fig.1: Pipeline
5. Validation and Testing

o Evaluate the model using metrics
like accuracy, precision, recall, and
F1-score.

« Aim for an overall accuracy of 96%,
with cross-validation ensuring the
model generalizes well to unseen
data.

6. Prediction Module

e Integrate the trained model into a
user-friendly interface where
individuals can input their daily
routines.

e Provide real-time predictions of their
expected sleep quality score.

7. Result and Recommendations

o Display personalized insights based
on predictions, such as:

o Reducing screen time before
bed.

o Optimizing meal timing to
avoid late-night snacking.
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o Increasing physical activity CONCLUSION
or introducing mindfulness
exercises to reduce stress. The “Sleep Cycle Analysis Based on Daily
Routine “ project demonstrates the powerful
«  Offer actionable recommendations to capabilities of machine learning in
improve sleep quality. enhancing sleep quality through a data-
driven approach. By leveraging the Random
RESULT Forest algorithm, which achieved a high

accuracy rate of 0.96, the project effectively
analyzes various factors, including physical
activity, meal timing, screen time, and stress
levels, to identify patterns and correlations
that influence sleep patterns. This
comprehensive analysis not only provides
insights into the critical aspects of daily
routines that affect sleep but also offers
personalized recommendations for
improving sleep quality.

The Sleep Cycle Analysis project achieved
an impressive accuracy of 0.96, leveraging
the Random Forest algorithm to predict
sleep quality based on users' daily routines.
The model analyzes key factors such as
physical activity, meal timing, screen time,
and stress levels, providing personalized
recommendations for improving sleep.

With an easy-to-use interface, users can
input their daily habits, and the model offers
insights into how these routines impact their
sleep patterns. The algorithm’s high
accuracy reflects its ability to identify
significant correlations between lifestyle
choices and sleep quality.

The integration of such advanced data
analysis techniques into the realm of
personal health optimization exemplifies the
transformative potential of data science.
Personalized recommendations, based on
individual data inputs, empower users to
make informed decisions about their daily
habits, such as adjusting screen time,
increasing physical activity, or optimizing
meal schedules, to foster healthier sleep
habits. This project underscores the
importance of a holistic approach to sleep
health, where understanding the interplay
between daily routines and sleep patterns

This project demonstrates the potential of
machine learning in personal health, helping
users make informed decisions to enhance
their sleep and overall well-being.

Mdel Acclivscys 0 can lead to meaningful improvements in

Classification Report: sleep quality and overall well-being.
precision recall fl-score support

o Moreover, the application of machine

0.9 1.0 0.8 learning to health data not only helps

e individuals better understand their personal

lee 1.8 1.0 health metrics but also contributes to

accuracy 0.9 broader public health insights. The ability to
0.92 1 1 1 1 1

el o |denF|fy an_d predict factors m]_‘luencmg _sleep

quality using machine learning algorithms

Fig.2.Result provides valuable information for clinicians

and researchers, guiding the development of
targeted interventions and public health
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strategies aimed at improving sleep health
on a larger scale.

In conclusion, this project illustrates the
innovative use of technology to address a
common health challenge sleep disruption.
By combining the power of machine
learning with the analysis of daily routines,
individuals are empowered with the tools
they need to optimize their sleep health,
leading to enhanced well-being and quality
of life. This approach not only enriches user
experiences but also highlights the potential
for machine learning to drive advancements
in health and personal wellness.
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