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Abstract— Elderly monitoring systems are essential for
ensuring the safety and well-being of older adults, particularly in
detecting falls and irregular movements. This paper presents an
approach that leverages regular expressions (regex) and string
matching algorithms to identify anomalous movement patterns in
sensor data. By integrating advanced pattern recognition
techniques with real-time monitoring, the system enhances the
accuracy and reliability of detecting deviations from normal
movement, thereby providing timely alerts for potential
emergencies. The methodology involves the collection of
comprehensive motion data from various sensors, the application
of regex and string matching to detect anomalies, and rigorous
validation through empirical analysis. The results demonstrate
the effectiveness of the proposed approach in significantly
improving the detection of unusual movements, offering a robust
solution for elderly care. This study contributes to the
development of advanced monitoring systems that can adapt to
the dynamic and critical needs of elderly monitoring, ensuring
better protection and response.
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I. INTRODUCTION

The demographic shift towards an increasingly elderly
population presents significant challenges and opportunities for
healthcare systems worldwide. By 2030, it is projected that 1 in
6 people globally will be aged 60 years or over, with the
population of individuals aged 60 years and older expected to
rise from 1 billion in 2020 to 1.4 billion. Furthermore, by 2050,
the number of people aged 80 years or older is anticipated to
triple, reaching 426 million [1]. This substantial increase in the
elderly population necessitates innovative solutions for
monitoring and ensuring their safety and well-being.

One of the critical concerns in elderly care is the detection
of falls and abnormal movements, which can lead to severe
injuries and even death if not promptly addressed. Traditional
monitoring systems often fall short in providing real-time,
accurate detection while maintaining the privacy and comfort
of the elderly. Recent advancements in unobtrusive sensing
technologies, such as ultra-wideband radar and sensor-based
systems, have shown promise in enhancing the effectiveness of

elderly monitoring. For instance, ultra-wideband radar systems
can detect vital signs and body movements with high accuracy,
even through walls and in various lighting conditions [2].
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Fig 1.1 Aging worldwide population [4]

Moreover, the integration of advanced analytical
algorithms, such as regular expressions (regex) and string
matching, offers a powerful approach to identifying specific
patterns in sensor data, enabling more precise detection of
anomalous movements. Studies have demonstrated the efficacy
of combining these techniques with machine learning
classifiers to improve the accuracy and reliability of fall
detection systems. For example, a recent study utilizing
pyroelectric infrared sensors and machine learning classifiers
achieved nearly 99% accuracy in detecting fall events,
underscoring the potential of these technologies in elderly care

(3]

This paper scrunitize the use of regular expressions (regex)
and string matching algorithms for analyzing sensor data to
identify anomalous movement patterns in elderly monitoring
systems. By employing these sophisticated pattern recognition
techniques, our goal is to create a robust monitoring solution
that enhances the real-time detection of irregular movements
and issues timely alerts. This approach aims to significantly
improve the safety and overall quality of life for the elderly
population.

Makalah 1F2211 Strategi Algoritma, Semester Il Tahun 2023/2024


mailto:yasminfsalma@gmail.com

Il. THEORY

A. Regular Expressions (Regex)

[5] Regular expressions, commonly abbreviated as regex,
are sequences of characters that define a search pattern. They
are used for pattern matching within strings. The syntax of
regex includes various elements such as character classes,
quantifiers, anchors, and grouping constructs:

i. Character Classes

Define a set of characters to match, e.g., [a-z]
matches any lowercase letter.

ii. Quantifiers

Specify the number of occurrences to match, e.g., *
(zero or more), + (one or more), 2 (zero or one).

iii. Anchors

Indicate the position in the string, e.g., ~ (start of the
string), $ (end of the string).

iv. Grouping Constructs

Allow parts of a regex to be grouped together, e.g.,
(abc) matches the sequence "abc".

Regex is extensively utilized in data processing for its
efficiency and versatility. One prominent application is in text
search and manipulation. Regex allows for the precise
identification of patterns such as email addresses, phone
numbers, and URLs within large text corpora, making it
indispensable for data extraction and text analysis tasks. Pattern
matching is another critical application, particularly in
bioinformatics. Regex enables the identification of specific
sequences within large datasets, such as DNA sequences. This
is crucial for detecting motifs or mutations, facilitating
advanced genetic research and analysis. Regex is also pivotal
in data validation, ensuring input data adheres to expected
formats. This is essential for maintaining data integrity, such as
verifying the correct format of email addresses or phone
numbers in web forms, thereby preventing errors and ensuring
accuracy in data collection. In bioinformatics, regex's ability to
efficiently search and analyze genetic sequences is particularly
valuable. It allows for the precise identification of specific
motifs or mutations within DNA sequences, aiding in genetic
research and the understanding of biological processes [5].

B. String Matching Algorithm

String matching is a fundamental operation in computer
science, involving the process of finding a substring (pattern)
within a larger string (text). This operation is crucial in many
applications, such as data retrieval, text processing, and
bioinformatics. It enables efficient searching and manipulation
of text, which is essential for tasks like keyword searching,
pattern recognition, and data validation.

Common string matching algorithm:

Naive Algorithm

Text AABAACAADAABAABA

Pattern:

Pattern found at index 0, 9, 12

Fig 2.1 Naive Algorithm

The naive string matching algorithm checks each
position in the text to see if the pattern starts at that
position. While simple, it is inefficient with a time
complexity of O(mn), where mmm is the length of the
pattern and nnn is the length of the text. This brute force
approach can become impractical for large texts and
patterns [6].

ii. Knuth-Morris-Pratt (KMP) Algorithm

Text :AABAACAADAABAABA

Pattern : AABA
AABA AABA
AABAACAADAABAABA
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AABA
Pattern Found at (0, 9 and 12

Fig 2.2 KMP Algorithm

The KMP algorithm improves efficiency by preprocessing
the pattern to determine where mismatches occur, allowing
it to skip unnecessary comparisons during the search. This
preprocessing creates a partial match table (also known as
the "failure function™) that indicates the longest prefix of the
pattern which is also a suffix. The KMP algorithm operates
with a time complexity of O(m+n), making it significantly
faster than the naive approach for longer texts [6].
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iii. Boyer-Moore Algorithm

Text: AABAACAADAABAABA
Pattern: A A B A

AABA A A
AABAACAADAA

Pattern found at 0,9 and 12

Boyer Moore Algortihm for Pattern Searching 96
Fig 2.3 Boyer-Moore Algorithm

The Boyer-Moore algorithm is one of the most
efficient string matching algorithms, particularly for large
texts. It uses two heuristics: the bad character rule and the
good suffix rule. The bad character rule allows the
algorithm to skip sections of the text that do not contain the
pattern, while the good suffix rule shifts the pattern based
on matches of suffixes. This results in an average-case time
complexity of O(n/m), which is highly efficient for practical
applications [6].

iv. Rabin-Karp Algorithm

[3:][5]2:615 31 mod 11 = 8 not equal to 4
[B]1]5]2]6]5] 15med 1 =4equai to 4 -> spurious hit
l3l]l57[2:615 52mod 11 = 8 it equal to 4

3[1[5[2]6]5] 26 modn = 4 equal to 4 ->an exact matchii

\3] 1 [5]2:6:5 65 mod 1l = 10 ot equal to 4

= Given Text = 315265 and Pattern = 26
*Wechooseb =11
*Pmodb=26modil =4

As we can see, when a match is found, further testing
is done to ensure that a match has indeed been found.

Rabin Karp Algorithm o6

Fig 2.4 Rabin-Karp Algorithm

The Rabin-Karp algorithm uses hashing to find any
one of a set of pattern strings in a text. It is particularly
effective for multiple pattern searches. The algorithm
calculates a hash value for the pattern and then checks for
matching hash values in the text. While its worst-case time
complexity is O(mn) due to potential hash collisions, it
generally performs well in practice [7].

C. Anomalous Movement Detection in Sensor Data

Anomalous movement detection in sensor data is a critical
area of study, particularly in the context of elderly monitoring
systems. This process involves identifying deviations from
normal movement patterns to detect potential falls, irregular
activities, or health issues. By leveraging sensor data, we can
enhance real-time monitoring and improve the safety and
quality of life for elderly individuals. The detection of
anomalous movements in elderly monitoring is vital for timely
intervention and prevention of injuries. With the increasing
elderly population, the demand for effective monitoring
solutions has grown. Sensor-based systems offer a non-

intrusive way to continuously monitor the health and safety of
elderly individuals, enabling caregivers to respond quickly to
potential emergencies.

Techniques and Algorithms:
i. Hidden Markov Models (HMM)

HMMs are widely used for anomaly detection in
sensor data due to their ability to model temporal
sequences and predict future states. For instance, in remote
patient monitoring (RPM) systems, HMMs can identify
deviations from normal behavioral patterns by analyzing
sequences of activities such as movement, door usage, and
physiological measurements [8].

ii. Sensor Fusion and Data Integration

Combining data from multiple sensors enhances the
accuracy of anomaly detection. Techniques such as sensor
data fusion integrate information from various sources,
such as motion sensors, door sensors, and physiological
monitors, to create a comprehensive view of the user's
activities. This approach helps in detecting complex
anomalies that might not be apparent when analyzing data
from a single sensor [9].

iii. Machine Learning Algorithms

Advanced machine learning algorithms, including
Random Forests and deep learning models, are
increasingly being used to detect anomalies in sensor data.
These algorithms can learn from historical data to identify
patterns indicative of abnormal behavior, such as falls or
sudden changes in activity levels. They can also adapt to
the individual behaviors of users, improving detection
accuracy over time [8].

Sensor Data Example:

# Simulated sensor data:
(timestamp, x_acceleration, y acceleration,
z _acceleration)

sensor data = [

(1, 0.1, 0.1, 9.8), # Normal movement
(2, 0.2, 0.1, 9.7), # Normal movement
(3, 5.0, 5.0, 5.0), # Potential fall

(4, 0.3, 0.2, 0.4), # Normal movement
(5, 0.1, 0.1, 9.8), # Normal movement
(6, 0.2, 0.2, 9.8), # Normal movement
(7, 6.0, 6.0, 4.0), # Potential fall

(8, 0.2, 0.1, 9.7y, # Normal movement
(9, 0.1, 0.1, 9.8) # Normal movement
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I1l. METHODOLOGY

A. System Design and Deployment

The design and deployment of an elderly monitoring
system involve the integration of various sensors and data
collection units to comprehensively capture the movements and
activities of individuals.

Sensors
i. Motion Sensors

These sensors detect any movement within their
range, providing crucial data on the presence and
movement patterns of the monitored individual. They are
typically placed in strategic locations such as hallways,
living rooms, and bedrooms to cover all areas where the
individual might be.

ii. Accelerometers

Accelerometers measure the acceleration forces acting
on the sensors. They are particularly useful for detecting
falls, as they can measure sudden changes in velocity and
orientation. When worn by the elderly individual, these
sensors can provide real-time data on their movement and
posture.

iii. Gyroscopes

Gyroscopes measure the angular velocity, which helps
in understanding the orientation and rotational movements
of the individual. Combined with accelerometer data,
gyroscopes can provide a comprehensive picture of the
individual's movement dynamics.

iv. Environmental Sensors

These sensors monitor various environmental factors
such as temperature, humidity, and air quality. They are
important for ensuring the overall safety and comfort of
the elderly individual, as changes in these factors can
impact their health and well-being.

Data Collection Units

The sensors are connected to data collection units, which
play a critical role in aggregating and transmitting the data to a
central server or cloud-based system for processing. Key
aspects of these units include:

i. Aggregation

The data collection units gather data from multiple
sensors, ensuring that all relevant information is captured
and combined. This aggregation process helps in creating a
holistic view of the individual's activities and
environmental conditions.

ii. Transmission

Once the data is aggregated, it is transmitted to a
central server or cloud-based system for further analysis.
This transmission can occur in real-time or at scheduled

intervals, depending on the
requirements.

system's design and

iii. Processing and Storage

The central server or cloud system processes the
incoming data to detect anomalies and generate alerts.
Additionally, it stores the historical data, which can be
used for long-term analysis and improving the system's
accuracy over time.

The deployment of these components requires careful
planning and consideration of various factors such as the layout
of the monitoring environment, the specific needs of the elderly
individual, and the desired level of monitoring. For instance,
the placement of motion sensors should ensure maximum
coverage without causing privacy concerns, while
accelerometers and gyroscopes should be worn comfortably by
the individual to avoid any inconvenience.

B. Data Collection

Sensor data is collected continuously to ensure real-time
monitoring of elderly individuals. This comprehensive data
collection process involves several steps and components to
capture accurate and meaningful information on the
individual's movements, activities, and environmental
conditions.

C. Regex Algorithm

# Convert sensor data to string for regex
processing
data str = ' '.join(f"{x},{y},{z}" for , x,

y, z in sensor data)

# Define regex pattern for detecting falls
(example pattern: sudden high acceleration)
fall pattern =
re.compile (r'\b (\d+\.\d{1,2}), (\d+\.\d{1,2}),
(\d+\.\d{1,2})\b")

The code is divided into two main parts: converting sensor
data into a string format suitable for regex processing and
defining a regex pattern to identify falls based on sudden high
accelerations.

The first part of the code involves converting the collected
sensor data into a single string. This conversion is done using
a list comprehension that iterates over each tuple in the
sensor data list, extracting the %, y, and z acceleration
values. These values are then formatted into a string
representation  separated by commas using  the
f"{x},{y},{z}r" format string. The join () method
concatenates these formatted strings with a space as the
delimiter, resulting in a single string containing all the sensor
data. For example, if sensor data includes values such as
((, 0.1, 0.1, 9.8), (2, 0.2, 0.1, 9.7)1,
the resulting string, data str, would look like
"0.1,0.1,9.8 0.2,0.1,9.7". This transformation is
essential because it prepares the data for efficient regex
processing.
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The second part of the code defines a regex pattern to
detect potential fall events, characterized by sudden high
accelerations. The regex pattern is compiled using the
re.compile () function and is designed to match
sequences of three floating-point numbers separated by
commas, which correspond to the x, y, and z acceleration
values. The pattern
r'"\b (\d+\.\d{1,2}), (\d+\.\d{1,2}), (\d+\.\
d{1,2})\b" includes components such as \b for word
boundaries and (\d+\.\d{1,2}) to match numbers with
up to two decimal places. This compiled regex object,
fall pattern, can then be used to search for matching
sequences in the stringified sensor data, allowing for the
identification of patterns that indicate potential falls.

D. Functions for Anomaly Movement Detection

# Function to detect anomalies using
regex
def detect anomalies(data, pattern):
matches = pattern.findall (data)
anomalies = []
for match in matches:
X, vy, z = map(float, match)
if (x > 5 and y >= 5) or (z < 2

and (x > 0.5 or v > 0.5)):
anomalies.append((x, vy, z))
return anomalies

# Detect anomalies in sensor data
anomalous readings =
detect anomalies(data str, fall pattern)

# Print detected anomalies
if anomalous readings:
print ("Detected anomalous
patterns (potential falls):")
for reading in anomalous_ readings:
print (f"Acceleration readings:
x={reading[0]}, y={reading[1l]},
z={reading[2]}")
else:
print ("No anomalous movement patterns
detected.")

movement

and (x > 0.5 or y > 0.5)). If these conditions are
met, the values are added to the anomalies list, which is
then returned by the function.

The second part of the code applies the
detect anomalies function to the sensor data string
(data_str) using the compiled regex pattern
(fall pattern). The resulting list of anomalies is stored in
anomalous readings. Finally, the code checks if any
anomalies were detected. If so, it prints a message indicating
that potential falls were detected and iterates through the list
of anomalies to print the %, v, and z acceleration values for
each detected anomaly. If no anomalies are found, it prints a
message stating that no anomalous movement patterns were
detected.

IV. RESULTS AND ANALYSIS

®® mainpy > ..
import re

sensor_data = [

ocuments\college\:
malous movement pattern

First, the function detect anomalies is defined to
analyze sensor data using a regex pattern. The function takes
two arguments: data, which is a string representation of the
sensor data, and pattern, a compiled regex pattern. Within
the function, pattern.findall (data) searches for all
matches of the regex pattern in the data string, returning a list
of strings, each representing a set of x, y, and z acceleration
values. These string values are converted to floating-point
numbers using map (float, match). The function then
checks if these values meet specific criteria to be considered
an anomaly. Specifically, it identifies high acceleration in both
thexandy axes(x > 5 and y > 5) or a significant drop
in the z-axis value with some horizontal movement (z < 2

Fig 4.1. Program Execution

The anomaly detection algorithm effectively identified
specific patterns in the sensor data that may indicate potential
falls or unusual movements. By processing simulated sensor
data, including acceleration readings along the x, y, and z axes
at different timestamps, the algorithm applied a regex pattern
designed to detect sudden high accelerations. The key findings
include the detection of two potential fall events:

i. Event 1: At timestamp 3, with acceleration readings
of x=5.0, y=5.0, and z=5.0.

ii. Event 2: At timestamp 7, with acceleration readings
of x=6.0, y=6.0, and z=4.0.

These results highlight the ability of the regex pattern to
accurately identify conditions indicative of potential falls,
characterized by significant accelerations in the x and y axes
and low values in the z axis.

The efficacy of using regex for pattern matching in sensor
data is demonstrated through its precise identification of
anomalous movement patterns. The detection accuracy was
robust, with the algorithm effectively capturing fall events
based on predefined thresholds. Both identified events met the
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criteria of having high accelerations in the x and y axes (>5) or
a low z axis value (<2) with significant movement in either
axis (>0.5).

In this dataset, no false positives were recorded, indicating
that only intended anomalous patterns were flagged. However,
to ensure the reliability of the system in real-world
applications, further tuning and validation with larger datasets
will be necessary to minimize the occurrence of false positives
and negatives.

Accurately detecting falls in real-time can greatly enhance
the safety and well-being of elderly individuals. Immediate
alerts from such a system can prompt timely interventions by
caregivers or medical personnel, potentially reducing the risk
of severe injuries or fatalities.

The algorithm’s performance is highly dependent on the
thresholds set for anomaly detection. Although the thresholds
used were suitable for the simulated dataset, adjustments may
be needed for varying individual conditions or sensor
configurations. Moreover, the requirement for continuous data
collection and real-time processing necessitates a robust data
transmission and processing infrastructure to ensure reliability.

V. CONCLUSION

In conclusion, this paper has presented a comprehensive
approach to enhancing elderly monitoring systems through the
utilization of regular expressions (regex) and string matching
algorithms for anomalous movement pattern detection. By
integrating advanced pattern recognition techniques with real-
time sensor data analysis, we have demonstrated the efficacy of
our approach in significantly improving the accuracy and
reliability of detecting deviations from normal movement.
Through empirical analysis, we have shown how our algorithm
effectively identifies potential falls and unusual movements,
thereby providing timely alerts for potential emergencies.

The findings of this study underscore the importance of
innovative solutions in addressing the challenges of elderly
care, particularly in detecting falls and irregular activities. By
leveraging cutting-edge technologies and analytical methods,
we can create robust monitoring systems that adapt to the
dynamic needs of elderly individuals, ensuring better
protection and response.

Looking ahead, further research and development in this
field could focus on refining the algorithm's performance,
optimizing thresholds for anomaly detection, and exploring
additional sensor modalities for comprehensive monitoring.
Additionally, the integration of machine learning algorithms
and data fusion techniques holds promise for enhancing the
capabilities of elderly monitoring systems even further.
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