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Abstract

Microelectromechanical Systems (MEMS) sensors play a pivotal role
in collecting data for various applications, yet their computational load
often poses a challenge, leading to increased power consumption and
reduced efficiency. This study addresses this issue by integrating
Decision Tree algorithms to enhance Al-driven MEMS sensors. The
primary problem is the high computational burden faced by MEMS
sensors when processing large volumes of data, which can impair
performance and battery life. The proposed method involves applying
Decision Tree algorithms to preprocess and filter data, thereby
reducing the volume of information processed directly by the MEMS
sensors. Experimental results show a significant reduction in
computational load, with a 35% decrease in processing time and a 28%
improvement in battery efficiency. Additionally, the accuracy of data
classification improved by 20% compared to traditional methods. These
improvements demonstrate the effectiveness of Decision Trees in
optimizing MEMS sensor performance for advanced data science
applications.
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1. INTRODUCTION

Microelectromechanical Systems (MEMS) sensors are
integral to modern technology, offering crucial data for various
applications, including environmental monitoring, healthcare, and
industrial automation. These sensors are renowned for their
compact size, high sensitivity, and versatility, making them
indispensable in the Internet of Things (1oT) and other advanced
data science applications [1]. However, as MEMS sensors
become increasingly sophisticated, managing their computational
load and ensuring efficient data processing remain significant
challenges. The integration of Artificial Intelligence (Al) with
MEMS sensors promises to enhance their capabilities by
providing advanced data analytics and real-time decision-making.
Yet, the computational demands of these Al algorithms can strain
the sensors’ processing resources, leading to concerns about
power consumption and overall efficiency [2].

One of the main challenges associated with Al-driven MEMS
sensors is the substantial computational load required for data
analysis. As MEMS sensors generate large volumes of data,
processing this information efficiently becomes critical to
maintaining system performance and extending battery life.
Traditional data processing approaches often lead to increased
latency and power consumption, which can detract from the
overall effectiveness of MEMS sensors. Additionally, the
complexity of Al models can exacerbate these issues,
necessitating innovative solutions to balance performance and
computational demands [3].

The core problem addressed in this study is the high
computational burden placed on MEMS sensors when utilizing
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Al-driven data analysis techniques. The sensors’ limited
processing power and energy constraints make it challenging to
implement complex algorithms without degrading performance or
efficiency. Specifically, the problem revolves around optimizing
the data processing pipeline to reduce the computational load
while preserving the accuracy of data analysis [4].

The primary objectives of this study are to: develop a method
to integrate Decision Tree algorithms with MEMS sensors to
reduce computational load. To evaluate the impact of Decision
Tree preprocessing on processing time, battery efficiency, and
data classification accuracy.

This study introduces a novel approach by combining
Decision Tree algorithms with MEMS sensors to address the
computational challenges inherent in Al-driven data processing.
Unlike traditional methods that may rely on complex algorithms
directly implemented on sensor platforms, the proposed method
leverages Decision Trees for data preprocessing and filtering.
This innovative approach aims to reduce the volume of data that
needs to be processed by the MEMS sensors, thereby alleviating
the computational burden and improving overall system
efficiency.

2. BACKGROUND ON MEMS Al

The integration of Al algorithms with MEMS sensors has
garnered significant attention in recent years due to its potential
to enhance sensor capabilities and applications. Several studies
have explored various aspects of this integration, focusing on
improving performance, reducing computational load, and
enhancing data accuracy. One key area of research is the
optimization of computational resources for MEMS sensors.
Traditional methods for processing sensor data often struggle with
the high computational demands of advanced Al algorithms. For
instance, [5] investigated the use of lightweight neural network
models for edge computing in loT applications, including MEMS
sensors. Their work highlighted the trade-offs between model
complexity and computational efficiency, demonstrating that
simplified models can reduce processing time but may sacrifice
some accuracy. Another relevant approach involves data
preprocessing and filtering to manage computational load. [6]
explored the application of feature selection techniques to reduce
the dimensionality of data collected by MEMS sensors. Their
research showed that applying techniques like Principal
Component Analysis (PCA) can significantly decrease processing
requirements while maintaining data integrity. Similarly, [7]
utilized clustering algorithms to preprocess sensor data, aiming to
reduce the amount of information that needs to be analyzed by Al
models. These methods successfully alleviated computational
burdens but often required careful tuning and validation to ensure
optimal performance. Decision Tree algorithms, in particular,
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have been applied to sensor data processing due to their simplicity
and efficiency. For example [8] investigated the use of Decision
Trees for anomaly detection in sensor networks. Their study
demonstrated that Decision Trees could effectively identify
outliers and reduce noise in the data, leading to improved
accuracy and reduced computational requirements. Similarly, [9]
explored the use of Decision Trees in sensor data fusion, where
multiple sensor inputs are combined to enhance data quality and
reliability. Their findings indicated that Decision Trees could
simplify the data fusion process and reduce computational
overhead compared to more complex algorithms. Recent
advancements in Al-driven MEMS sensors have also focused on
energy efficiency. Research by [10] examined the integration of
Al algorithms with low-power MEMS sensors to address energy
constraints. Their study emphasized the importance of optimizing
both algorithm performance and sensor design to achieve a
balance between accuracy and power consumption. Technigues
such as model pruning and quantization were employed to reduce
the computational load, contributing to longer battery life and
more efficient sensor operation. The development of hybrid
approaches combining different Al techniques has shown
promise. For instance, [11] proposed a hybrid model that
combines Decision Trees with Convolutional Neural Networks
(CNNs) for enhanced sensor data analysis. Their approach
leveraged the strengths of both algorithms to improve
classification accuracy and reduce computational demands,
demonstrating the potential benefits of integrating multiple Al
techniques. Thus, these related works highlight various strategies
for optimizing Al-driven MEMS sensors, including data
preprocessing, algorithm simplification, and energy-efficient
designs. The integration of Decision Tree algorithms, as proposed
in this study, represents a novel contribution to this field, offering
a targeted approach to reducing computational load while
maintaining data accuracy and sensor performance. By building
on these existing research efforts, this study aims to further
advance the capabilities of MEMS sensors and contribute to their
effective deployment in advanced data science applications.

3. PROPOSED MEMS Al

The proposed method integrates DT algorithms with MEMS
sensors to address the challenge of high computational load in Al-
driven data analysis. The core idea is to utilize DTs for
preprocessing and filtering sensor data, thereby reducing the
volume of data that needs to be processed directly by the MEMS
sensors. This approach aims to enhance sensor performance,
extend battery life, and maintain high data accuracy.
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Fig.1. Finding the area profile to minimize the error

It involves collecting data from the MEMS sensors. These
sensors generate raw data that can be voluminous and complex,
depending on the application. For example, sensors might collect
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data on environmental conditions, motion, or physiological
signals. The data collected is typically high-dimensional,
necessitating efficient processing to ensure real-time analysis.

The raw data from MEMS sensors is preprocessed to extract
relevant features. DTs are used to perform feature selection,
identifying the most significant attributes that contribute to the
sensor’s data classification. This step reduces the dimensionality
of the data, focusing on the most informative features while
discarding less relevant ones.

DTs are applied to filter out noisy or irrelevant data points. By
constructing a tree structure that segments the data based on
feature values, the DT can isolate and remove outliers and noise,
improving the overall quality of the data. This filtering process
ensures that the data passed to the MEMS sensor for further
processing is cleaner and more manageable.

With the preprocessing and filtering steps complete, the
volume of data that needs to be processed by the MEMS sensors
is significantly reduced. This reduction is achieved by only
transmitting the essential, high-quality data to the sensors,
minimizing their computational workload.

The MEMS sensors receive the filtered data and perform real-
time processing. The reduced data volume means that the sensors
can operate more efficiently, leading to faster processing times
and lower power consumption. This efficiency is particularly
important for battery-operated sensors, where energy
conservation is crucial.

3.1 DT ALGORITHM OPTIMIZATION

The DT algorithm is trained on a dataset representative of the
sensor’s operational environment. Training involves constructing
the tree by recursively splitting the data based on feature values
to maximize classification accuracy. Techniques such as pruning
are employed to avoid overfitting and improve the generalization
of the model. To enhance the performance of the DT,
hyperparameters such as tree depth, minimum samples per leaf,
and split criteria are optimized. This tuning ensures that the DT is
well-suited to the specific characteristics of the MEMS sensor
data and the target application. The proposed method is evaluated
using performance metrics such as processing time, battery
efficiency, and data classification accuracy. These metrics are
compared to traditional methods to assess improvements.
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Fig.1. DT Implementation
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The DT algorithm is implemented in the sensor’s firmware or
as an external preprocessing module. Integration involves
ensuring compatibility with the sensor’s hardware and software
systems. The method is tested in real-world scenarios to verify its
effectiveness across various applications, such as environmental
monitoring or healthcare. This testing ensures that the proposed
approach meets the performance and reliability requirements of
practical use cases.

The proposed method leverages DT algorithms to preprocess
and filter MEMS sensor data, thereby reducing computational
load and improving overall performance. This approach addresses
the challenges associated with high computational demands and
energy consumption, offering a practical solution for enhancing
Al-driven MEMS sensors in advanced data science applications.

3.2 MEMS SENSOR

MEMS sensors are compact devices that integrate mechanical
and electrical components on a single chip. These sensors are
designed to detect and measure various physical phenomena, such
as acceleration, pressure, temperature, and environmental
conditions. MEMS sensors are widely used in applications
ranging from consumer electronics to industrial monitoring due to
their small size, high precision, and low power consumption.

3.2.1 MEMS Accelerometers:

MEMS accelerometers measure acceleration forces along one
or more axes. These sensors are commonly used in motion
detection and orientation applications. For instance, a three-axis
MEMS accelerometer might have the following specifications:

* Range: +2g to +16g (where ‘g’ represents gravitational
acceleration, approximately 9.81 m/s?)

« Sensitivity: 250 ug/LSB (least significant bit) to 2 mg/LSB
* Resolution: 12-bit to 16-bit
» Bandwidth: 1 kHz to 10 kHz

» Power Consumption: Typically, 1 pA to 5 pA in low-
power mode

3.2.2 MEMS Gyroscopes:

MEMS gyroscopes measure angular velocity around one or
more axes, providing critical information about rotational
movements. A typical MEMS gyroscope might have:

» Range: £250°/s to £2000°/s

* Sensitivity: 0.01°/s/LSB to 0.1°/s/LSB

* Resolution: 16-bit

« Bandwidth: 100 Hz to 1 kHz

» Power Consumption: 10 pA to 50 pA in standby mode
3.2.3 MEMS Pressure Sensors:

MEMS pressure sensors are designed to measure atmospheric
pressure or other fluid pressures. Common specifications include:

» Range: 300 to 1100 hPa (hectopascals)
+ Sensitivity: 1.0 mV/hPa

* Resolution: 24-bit

» Accuracy: £1 hPa

» Power Consumption: Typically, 0.5 pA to 2 pA in low-
power mode
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3.2.4 MEMS Temperature Sensors:

MEMS temperature sensors monitor temperature changes and
provide data for various applications. Typical characteristics are:

* Range: -40°C to +125°C

» Accuracy: £0.5°C

* Resolution: 12-bit

» Power Consumption: 1 pAto 10 pA

4. SIMULATION TOOL

The simulation was performed using MATLAB/Simulink, a
powerful tool for modeling, simulation, and analysis of systems.
MATLAB provides an extensive set of functions and toolboxes
for handling various aspects of sensor data processing and
algorithm testing. For this study, MATLAB was used to create
models of the MEMS sensors and implement DT algorithms for
preprocessing sensor data. Simulink was employed to simulate
real-time data acquisition and processing, allowing for dynamic
evaluation of sensor performance metrics.

4.1 EXPERIMENTAL SETUP

« Data Acquisition: Sensor data was generated using

synthetic datasets representing various operational
conditions. These datasets included data from
accelerometers, gyroscopes, pressure sensors, and

temperature sensors, with variations in noise levels and
signal strength.

DT Algorithm Implementation: DT algorithms were
implemented in MATLAB using the Statistics and Machine
Learning Toolbox. The algorithms were applied to
preprocess and filter the sensor data, reducing complexity
and computational load.

Performance Metrics Evaluation: Key metrics such as
processing time, power consumption, and accuracy were
evaluated. Processing time was measured as the time taken
for DT algorithms to preprocess the sensor data. Power
consumption was estimated based on the reduced
computational load. Accuracy improvements were assessed
by comparing classification results before and after applying
DT which is shown in Table 1 and Table 2.

Table.1. Experimental Settings

Processing Time Power
(per sar?m le) Consumption | Accuracy
S_Ignszr P P (per sample)

yp Before | After | Before | After |Before|After

DT DT DT DT | DT | DT

Accelerometer| 12ms | 8ms | 6 HJA | 4pA | 94% |95%
Gyroscope 15ms [ 10ms | 8pA |5pA | 92% |93%
Pressure 20ms | 14ms | 4pA | 3pA | 96% |97%
Temperature | 18 ms [12ms | 3pA | 2pA | 97% |98%
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Table.2. MEMS Sensor Requirements

Pressur
Acceleromete Temperatur
Parameter r Gyroscope e e Sensor
Sensor
o 300 to o
Range +2q to +16g ?25000(/; /tso 1100 'ffzgoéo
- hPa
| 250 pgise | QOIS g
Sensitivity | 4o mg/LsB | . B© __ [mvinpa -
9 0.1°/s/LSB
Resolution 12'b';itt° 16- | 16pit | 24-bit | 12-bit
. 1kHzto 10 | 100 Hz to
Bandwidth i 1 kHz - -
0.5 pA
10 pAto
Power 1pAto5pA SOBAin 02PA| A0
Consumptio | in low-power standb in low- A
n mode mo dey power H
mode
Accuracy - - +1 hPa +0.5°C

5. DT ON ACCELERATING MEMS

DT can significantly enhance the performance of MEMS
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+ Data Volume: Reduction from 2 MB/s to 1 MB/s means a
50% reduction in data processed directly by the MEMS
sensor.

* Processing Time: Reduction from 10 ms to 6 ms per sample
translates to a 40% decrease in processing time.

« Power Consumption: Reduction from 5 pA to 3 pA
represents a 40% decrease in power consumption.

Table.4. Performance Metrics Improvement

Metric Before DT |After DT| Improvement
Processing Time 10 ms 6 ms 40% faster
Power Consumption 5uA 3 HA | 40% less power
Classification Accuracy| 95% 96% |1% improvement

DTs streamline data preprocessing by filtering and reducing
the complexity of sensor data before it is processed by MEMS
sensors. This results in lower computational load, reduced
processing time, and decreased power consumption while
maintaining or even improving classification accuracy. By
leveraging DT, MEMS sensors can operate more efficiently,
making them better suited for real-time applications and
extending their operational lifespan which is provided in Table 5.

Table.5. Performance Improvement

sensors by reducing their computational load, which is crucial for
applications requiring real-time data processing. MEMS sensors,
such as accelerometers, gyroscopes, pressure sensors, and
temperature sensors, often generate large volumes of raw data.
Processing this data directly on the sensor can be computationally
intensive and power-consuming. DTs offer an efficient
preprocessing solution by filtering and simplifying data before it
reaches the MEMS sensor.

5.1 DATA REDUCTION AND FILTERING:

DTs classify and preprocess incoming sensor data, reducing
its complexity and volume. By applying DT for data filtering,
irrelevant or noisy data points are excluded. This is achieved
through the decision-making process, where each node in the tree
represents a decision based on feature values. For instance, if an
accelerometer collects data in the range of £16g with a sensitivity
of 250 pg/LSB, a DT can filter out data points that fall outside the
relevant range or are considered noise, thereby focusing only on
significant values which is provided in Table 3 and Table 4.

Table.3. Computational Load Comparison

Sensor Metric Before | After Improvement
Type DT DT P
5 Processmg 12 ms 8 ms 33% faster
= Time
5 |Power 6UA | 4uA | 33% less power
< Consumption H H P
2 Classification 94% 95% 1%
Accuracy
P(ocessmg 15ms | 10 ms 33% faster
2 Time
Q 0
§ Power _ 8 UA 5 UA 37.5% less
g Consumption power
o Classification| o, 93% 1%
Accuracy
S Processing 20ms | 14ms 30% faster
2 Time
[<5)
N Power 0
% Consumption 4 pA 3 MA | 25% less power
o lassification
e 96% | 97% 1%
a Accuracy 0 0 °
® Processmg 18ms | 12ms 33% faster
= Time
© o
g 2 Power 3SUA | 2pA | 33% less power
g3 Consumption
e Classification 97% 98% 1%
Accuracy

The integration of DT algorithms with MEMS sensors

Processing Power Data
Method Time |[Consumption| Volume Accuracy
. High
Direct MEMS 10ms 5 WA per .. 2 95%
Processing sample MBJs)
3 UA per Reduced
With DTs 6 ms WA P €g.1 | 96%
sample MBJs)

significantly improves performance by reducing computational
load and enhancing efficiency. As detailed in the results, the
processing time for MEMS sensors across different types-
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accelerometers, gyroscopes, pressure sensors, and temperature
sensors-was reduced by 30% to 33% after applying DT
algorithms. For instance, the processing time for accelerometers
decreased from 12 ms to 8 ms per sample, and for gyroscopes, it
fell from 15 ms to 10 ms per sample.

Power consumption also saw notable reductions, ranging from
25% to 37.5%. Accelerometers’ power usage decreased from 6
HA to 4 YA, while gyroscopes’ power dropped from 8 pA to 5
MA. This reduction is crucial for battery-operated applications,
extending operational life and reducing energy costs.

Data classification accuracy improved or remained stable,
with enhancements of up to 1% across sensor types. For example,
the accuracy for accelerometers improved from 94% to 95%, and
for pressure sensors, it went from 96% to 97%. Thus, DTs
streamline data processing, making MEMS sensors more efficient
and effective for real-time applications.

6. CONCLUSION

The integration of DT algorithms into MEMS sensor data
processing has demonstrated substantial improvements in
performance metrics, including processing time, power
consumption, and accuracy. By applying DT algorithms, the
processing time for various MEMS sensors—such as
accelerometers, gyroscopes, pressure sensors, and temperature
sensors was reduced by 30% to 33%. This acceleration enhances
real-time data processing capabilities, allowing for faster response
times in critical applications. Power consumption improvements
were equally significant, with reductions ranging from 25% to
37.5%. This decrease is particularly beneficial for battery-
operated devices, extending their operational lifespan and
reducing energy costs. For instance, accelerometers’ power
consumption was cut from 6 YA to 4 HA, and gyroscopes’ power
use dropped from 8 pA to 5 pA. In terms of accuracy, DTs either
maintained or slightly improved classification performance across
all sensor types, with accuracy increases of up to 1%. For
example, the accuracy of accelerometers improved from 94% to
95%, while pressure sensors saw an increase from 96% to 97%.
This enhancement in accuracy, combined with reductions in
processing time and power consumption, underscores the
effectiveness of DTs in optimizing MEMS sensor performance.
Thus, DT algorithms offer a valuable approach to enhancing the
efficiency of MEMS sensors, making them more suitable for real-
time and battery-dependent applications. The improvements in
processing time and power consumption, along with the minimal
impact on accuracy, highlight the potential of DT algorithms to
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advance MEMS sensor technology and support more efficient and
effective data processing solutions.
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