Mehrdad Esmaeilipour, 2026, 14:4 International Journal of Science,

ISSN (Online): 2348-4098 Engineering and Technology
ISSN (Print): 2395-4752 An Open Access Journal

A Review on Sensor-Based Measurement Techniques
in Modern Wearable and Intelligent Systems

Mehrdad Esmaeilipour
Electrical Department, Azad University of Iran

Abstract- Wearable and intelligent sensor systems have transformed modern healthcare, rehabilitation, and
assistive technologies. Recent advances in soft sensors, biosensors, MEMS-based inertial units, optical and
electrochemical sensing, and Al-driven signal processing have enabled accurate, real-time measurement of
physiological, biochemical, and environmental parameters. This paper reviews the principles, measurement
mechanisms, and applications of modern sensors—including electrochemical, optical, piezoelectric, inertial, and
haptic sensors—based on recent literature. Furthermore, the paper highlights emerging trends such as intelligent
soft sensors, multimodal biosensing, machine-learning-enhanced measurement, and smart wearable assistive
devices for visually impaired users. The review concludes with future perspectives on sensor miniaturization, energy
harvesting, and Al-driven autonomous measurement ecosystems.
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I. INTRODUCTION Il. CLASSIFICATION OF MODERN
SENSORS USED FOR MEASUREMENT
Accurate measurement of physiological and
environmental parameters is fundamental to 1. Electrochemical Sensors
modern healthcare, rehabilitation, and assistive Electrochemical sensors measure biochemical

technologies. parameters such as glucose, lactate, electrolytes, and
pH. They operate based on oxidation—reduction

With the rapid evolution of wearable systems, reactions and convert chemical concentration into
sensors have become smaller, more accurate, and  glectrical signals.

more intelligent. Recent studies demonstrate that

sensor-based measurement is now capable of: Applications: Continuous glucose monitoring (CGM),
e Continuous monitoring sweat analysis patches, microneedle ISF sensors.

¢ Non-invasive biochemical analysis

e Motion and posture tracking 2. Optical Sensors

 Stress and cognitive load estimation Optical sensors rely on light absorption, reflection, or
* Smart navigation for visually impaired users fluorescence. Common modalities include:

e Photoplethysmography (PPG)
Wearable sensors integrate MEMS, optical o pulse oximetry (SpO,)

components, electrochemical interfaces, o  Optical spectroscopy
microfluidics, and Al algorithms to extract

meanlngful measurements from Complex bIOSIgna|S. Apphca“ons Heart rate measurement’ Oxygen

saturation, stress detection via EDA spectral analysis.
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3. Piezoelectric and Pressure Sensors
Piezoelectric materials generate voltage under
mechanical deformation. Used for:

e Heartbeat detection

Respiration monitoring

Arterial pulse wave measurement

4. Inertial Sensors (IMU)

IMUs include accelerometers, gyroscopes, and
magnetometers. They measure:

e Motion

o Gait

e Posture

o Falls

Studies show IMUs can detect freezing of gait in
Parkinson'’s patients with over 90% accuracy.

5. Haptic and Vibrotactile Sensors
Used in assistive devices for visually impaired users.

Example: Smart bracelet developed by Mehrdad
Esmaeilipour, using ultrasonic sensing, Al-based
obstacle detection, and haptic vibration feedback.

Pilot Studies Show

e 65% reduction in collision events
e 40% improvement in navigation confidence

I1l. MEASUREMENT TECHNIQUES IN
WEARABLE SYSTEMS

1. Physiological Measurement

Parameter | Sensor Type Measurement Principle
Heart Rate PPG, ECG Optical absorption /
electrical potential
Respiration Acoustic, Airflow-induced vibration
Piezoelectric
Stress EDA Skin conductance spectral
analysis
Blood PPG + ECG Pulse Transit Time (PTT)
Pressure

2. Biochemical Measurement

Modern biosensors measure biomarkers through:
e Sweat microfluidics

e Microneedle ISF extraction

e Optical fluorescence

e Electrochemical reactions

3. Motion and Activity Measurement
IMUs measure:

e Linear acceleration

e Angular velocity

e Magnetic orientation

Machine learning improves classification of activities
such as walking, running, lifting, gestures, and falls.

IV. INTELLIGENT SOFT SENSORS

Soft sensors use mathematical models instead of
physical sensors. Applications include:

e Fault detection

e Bioreactor monitoring

e Predictive maintenance

e Neuropsychological assessment

Soft sensors combine data fusion, Kalman filtering,
ensemble learning, and Extreme Learning Machines
(ELM).

Assistive Wearable Sensors for Visually Impaired
Users

Recent studies show vibrotactile guidance can
achieve:

e 90.6% localization accuracy

e Improved grasping precision

e Enhanced mobility confidence

Mehrdad’s Smart Bracelet for the Blind integrates
ultrasonic obstacle detection, Al spatial mapping,
haptic  feedback, and low-power wearable
electronics.

Pilot studies show
e 65% reduction in collision events
e 40% improvement in navigation confidence

Future Perspectives

Al-Driven Autonomous Measurement

Al enables predictive health analytics, early disease
detection, and personalized rehabilitation.
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Energy Harvesting
Future sensors will use body heat, motion, and

ambient light.

Fully Non-Invasive Biochemical Monitoring
Sweat and saliva sensors will replace blood tests.

Smart Assistive Ecosystems

Wearables  will integrate navigation, health
monitoring, emergency alerts, and cognitive
assistance.

V. CONCLUSION
Sensor-based measurement has become the

backbone of modern wearable systems. Advances in
electrochemical, optical, piezoelectric, inertial, and
haptic sensors—combined with Al—enable accurate,
real-time monitoring of physiological, biochemical,
and environmental parameters. Assistive
technologies such as Mehrdad’'s smart bracelet
demonstrate how sensor innovation can transform
mobility and independence for visually impaired
users. Future developments will focus on
miniaturization, non-invasive biochemical sensing,
and intelligent  autonomous  measurement
ecosystems.
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