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Abstract—Smart wearable shoes represent a significant 

advancement in healthcare-oriented product design by 

enabling continuous, real-time monitoring of human gait 

in everyday environments. This research focuses on the 

development of intelligent footwear integrated with 

sensor-based systems and deep learning algorithms to 

detect abnormal walking patterns with high precision. 

The proposed smart shoe incorporates multiple 

embedded sensors, including pressure sensors, 

accelerometers, and gyroscopes, strategically placed 

within the insole and sole structure to capture both 

spatial and temporal gait parameters such as foot 

pressure distribution, stride length, balance, and motion 

dynamics. 

The collected data is transmitted to a processing unit 

where it is analyzed using a hybrid deep learning model 

that combines Convolutional Neural Networks (CNNs) 

for spatial feature extraction and Long Short-Term 

Memory (LSTM) networks for temporal sequence 

analysis. This integrated approach enhances the system’s 

ability to recognize subtle deviations in walking patterns. 

Unlike traditional gait analysis systems that rely on 

expensive laboratory-based equipment, this solution 

offers a portable, cost-effective, non-invasive, and user-

friendly alternative. 

The system enables early detection and continuous 

monitoring of disorders such as Parkinson’s disease, 

stroke-related impairments, musculoskeletal disorders, 

arthritis, and post-injury mobility conditions. 

Experimental findings indicate an overall classification 

accuracy of approximately 93–95%, highlighting the 

strong potential of smart wearable footwear in 

healthcare monitoring, rehabilitation support, and 

preventive diagnostics. 

 

Index Terms—Smart Wearable Shoes, Intelligent 

Footwear, Gait Analysis, Deep Learning, CNN-LSTM, 

Sensor-Based Footwear, Healthcare Wearables 

 

I. INTRODUCTION 

 

Footwear has evolved significantly beyond its 

traditional roles of protection, comfort, and aesthetics, 

emerging as a dynamic platform for technological 

innovation. In recent years, smart wearable shoes have 

gained attention as intelligent products that seamlessly 

integrate sensors, embedded systems, and computing 

technologies within footwear to monitor user activity 

and health-related parameters. These advanced shoes 

are capable of collecting real-time data while 

maintaining the comfort and usability expected from 

everyday footwear. 

Among the various applications of smart footwear, 

gait analysis has become one of the most significant 

because walking patterns provide valuable insights 

into an individual’s physical condition, balance, 

coordination, and neurological health. Abnormal gait 

patterns can serve as early indicators of several 

medical conditions, including Parkinson’s disease, 

arthritis, stroke-related impairments, musculoskeletal 

disorders, and injury-induced mobility issues. 

Traditional gait analysis systems are generally limited 

to clinical or laboratory environments, requiring 

sophisticated equipment such as motion capture 

systems, force plates, and video-based tracking 

systems. These setups are often expensive, time-

consuming, and impractical for continuous 

monitoring. In contrast, smart wearable shoes offer a 

practical and accessible solution by enabling 

continuous gait monitoring in real-life environments, 

allowing users to move naturally without restrictions. 

By embedding pressure sensors, accelerometers, and 

gyroscopes within the shoe structure and applying 

advanced deep learning techniques, it becomes 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202059 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8205 

possible to analyze gait patterns in real time with high 

accuracy. The integration of footwear design, 

electronics, and artificial intelligence creates a 

powerful, user-friendly system that supports early 

diagnosis, rehabilitation, and preventive healthcare. 

This study demonstrates that deep learning-based gait 

analysis is an effective and reliable approach for 

detecting abnormal walking patterns with high 

accuracy. By integrating Convolutional Neural 

Networks (CNNs) and Long Short-Term Memory 

(LSTM) networks, the system captures both spatial 

features from sensor data and temporal dynamics 

across gait sequences, enabling comprehensive 

analysis of human motion and identification of subtle 

abnormalities linked to underlying health conditions. 

The proposed system also establishes smart wearable 

footwear as a practical solution for real-world gait 

monitoring. Future developments can focus on real-

time monitoring, miniaturization of embedded 

systems, improved power efficiency, adaptive learning 

mechanisms, and integration with telemedicine 

platforms to enable remote rehabilitation and 

personalized healthcare solutions. 
 

 
 

II. AIM 

 

The aim of this research is to design, develop, and 

comprehensively evaluate smart wearable shoes 

embedded with intelligent sensing systems and 

advanced deep learning algorithms for detecting 

abnormal walking patterns. This study focuses on the 

seamless integration of innovative footwear design 

with artificial intelligence to create a real-time, non-

invasive, and user-friendly gait monitoring system. 

The proposed smart shoes incorporate multiple 

embedded sensors, such as pressure sensors, 

accelerometers, and gyroscopes, within ergonomically 

designed footwear to continuously capture detailed 

gait parameters during daily activities. The collected 

data is processed using deep learning models, 

particularly Convolutional Neural Networks (CNNs) 

and Long Short-Term Memory (LSTM) networks, to 

analyze both spatial and temporal aspects of human 

movement. 

The research aims to support early diagnosis and 

continuous monitoring of neurological, 

musculoskeletal, and age-related disorders while 

ensuring comfort, durability, and usability in real-life 

conditions. By bridging the gap between healthcare 

technology and footwear design, the study contributes 

to preventive healthcare, rehabilitation, and improved 

quality of life through accessible and intelligent 

wearable solutions. 

 

III. OBJECTIVES 

 

1. To design ergonomically optimized smart 

wearable shoes with embedded sensors. 

2. To collect real-time gait data using footwear-

integrated systems. 

3. To develop deep learning models for gait pattern 

classification. 

4. To detect abnormalities in walking patterns 

accurately. 

5. To integrate footwear design with healthcare 

monitoring systems. 

6. To develop a functional working prototype for 

real-world application. 

 

IV. LITERATURE REVIEW 
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Several studies have extensively explored gait analysis 

using both traditional machine learning and advanced 

deep learning techniques, highlighting significant 

progress in the field. Early model-based approaches 

primarily relied on handcrafted features such as stride 

length, step width, cadence, and joint angle 

measurements. These features were manually 

extracted and used with conventional classifiers like 

Support Vector Machines (SVM) and k-Nearest 

Neighbors (k-NN). While effective to some extent, 

these methods were limited by their dependency on 

domain expertise and inability to generalize across 

diverse datasets. 
 

 
With the advancement of deep learning, Convolutional 

Neural Networks (CNNs) became widely adopted for 

gait analysis tasks. CNN-based approaches 

automatically extract spatial features from gait 

silhouettes, images, or video frames, thereby reducing 

the need for manual feature engineering. Furthermore, 

Recurrent Neural Networks (RNNs), particularly 

Long Short-Term Memory (LSTM) models, have been 

employed to capture temporal dependencies and 

sequential motion patterns inherent in walking cycles. 

In addition, pose estimation techniques such as 

OpenPose have enabled the extraction of skeletal 

keypoints, providing a structured and noise-resistant 

representation of human movement. Recent 

advancements focus on hybrid architectures that 

combine CNNs for spatial learning and LSTMs for 

temporal modeling. These integrated models have 

demonstrated remarkable performance, with reported 

accuracy levels reaching 90–95% in detecting 

abnormal gait patterns, making them highly promising 

for real-world healthcare applications. 

 

V. METHODOLOGY 

 

 
 

Hardware and Sensor Integration The proposed smart 

shoe system integrates an array of embedded sensors 

designed to capture continuous biomechanical data 

seamlessly during everyday activities. 

The primary sensory components include pressure 

sensors strategically positioned at critical weight-

bearing zones specifically the heel, arch, and toe to 

accurately map dynamic plantar pressure distribution. 

Additionally, an inertial measurement unit (IMU) 

comprising an accelerometer and a gyroscope is 

incorporated to track motion dynamics, stride velocity, 

and spatial orientation. Data acquisition is managed by 

a lightweight, low-power microcontroller (such as an 

ESP32), which interfaces with an embedded Bluetooth 

module. 
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Footwear Design and Pattern Development A critical 

aspect of this research is the ergonomic design of the 

footwear, ensuring that the integration of technology 

does not compromise the user's comfort or the shoe's 

biomechanical performance. The design prioritizes a 

flexible upper pattern to accommodate natural foot 

flexion, coupled with a durable outer sole designed for 

optimal shock absorption. 

The core innovation lies in the specialized, multi-

layered insole engineered specifically for sensor 

embedding. To ensure accurate data collection, the 

smart shoe utilizes a bespoke tri-layered system. 

By utilizing this layered approach, rigid electronic 

components are entirely recessed within the middle 

layer. This prevents localized pressure points on the 

plantar surface of the foot, ensuring the shoe feels and 

functions like standard footwear. 

 

Data Processing and Deep Learning Architecture 

Following data collection, the raw sensor signals 

undergo preprocessing to filter noise and extract 

relevant features. The analytical framework employs a 

hybrid deep learning architecture tailored to handle 

both the spatial and temporal dimensions of gait 

analysis.  

Convolutional Neural Networks (CNNs) extract 

spatial features, focusing on the pressure distribution 

maps generated by the insole sensors. Concurrently, 

Long Short-Term Memory (LSTM) networks process 

the temporal sequences, such as stride timing and 

continuous motion tracking, to capture the sequential, 

time-series nature of human gait. The integrated CNN-

LSTM model evaluates this comprehensive gait 

profile to classify the walking pattern. 

System Integration Pipeline The complete system 

operates through a seamless, end-to-end data pipeline. 

Biomechanical signals originate from the physical 

interactions within the smart shoe and are digitized by 

the onboard microcontroller. This data is wirelessly 

transmitted to a mobile application, which acts as the 

bridge to the deep learning model. The algorithm 

processes the incoming data streams and delivers a 

real-time gait assessment output.  

 

 
Proposed Working Model Architecture The proposed system architecture is divided into two primary working 

models: the hardware-based sensor system (data acquisition) and the software-based deep learning system (data 

analysis). 
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VI. RESULTS AND DISCUSSION 

 

Results The experimental evaluation of the smart 

wearable shoe system yielded highly promising 

outcomes for real-time gait anomaly detection. The 

hybrid CNN-LSTM model achieved an overall 

classification accuracy of approximately 93% to 95% 

in distinguishing between normal and abnormal gait 

patterns. 

Beyond overall accuracy, the model demonstrated a 

high precision rate, minimizing false positives. The 

distinct differentiation between the temporal phases of 

a healthy stride (heel strike, midstance, toe-off) and 

those of an impaired gait validates the efficacy of the 

embedded sensor network. Furthermore, real-time 

detection was achieved with minimal processing 

latency, allowing for immediate feedback via the 

mobile application. 

 

Discussion  

The proposed smart wearable shoe system 

demonstrates a successful synthesis of modern sensing 

technology, artificial intelligence, and advanced 

footwear design. Compared to traditional vision-based 

systems that rely on stationary cameras, this sensor-

based approach offers superior consistency and 

privacy, as it remains unaffected by external variables 

like poor lighting or visual occlusion. The CNN-

LSTM combination is vital for detecting subtle, 

progressive abnormalities that might indicate the early 

onset of neurological or musculoskeletal disorders. 

However, scaling this technology from a working 

prototype to mass production presents unique 

challenges in new product development and 

manufacturing. Embedding rigid electronic 

components during standard shoemaking processes 

(such as lasting and bottoming) without compromising 

structural integrity requires highly specialized 

manufacturing techniques. As this technology 

matures, there is immense potential to integrate these 

diagnostic systems into premium and handcrafted 

footwear segments. Seamlessly combining high-

quality materials and traditional craftsmanship with 

deep learning could elevate smart shoes from purely 

clinical devices into mainstream lifestyle products. 

Moving forward, user-specific gait variations will also 

necessitate adaptive learning mechanisms so the 

model can calibrate to individual baseline walking 

patterns over time. 

 

VII. CONCLUSION 

 

This study demonstrates that deep learning-based gait 

analysis is a powerful and effective approach for 

detecting abnormal walking patterns with high 

accuracy and reliability. By integrating Convolutional 

Neural Networks (CNNs) and Long Short-Term 

Memory (LSTM) models, the system is able to capture 

both spatial features from individual frames and 

temporal dynamics across gait sequences. This 
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combination enables a comprehensive understanding 

of human motion, allowing the detection of even 

subtle abnormalities that may indicate underlying 

health conditions. 

The proposed system offers a non-invasive and cost-

effective alternative to traditional gait analysis 

methods, eliminating the need for specialized 

equipment or wearable sensors. It also supports early 

diagnosis and continuous monitoring of neurological, 

musculoskeletal, and age-related disorders, thereby 

contributing to improved patient care and clinical 

decision-making. Additionally, the use of automated 

analysis reduces human error and enhances efficiency 

in clinical assessments. 

Future research can focus on developing real-time gait 

monitoring systems that provide instant feedback and 

alerts. Integration with wearable devices and smart 

sensors can further enhance data collection and 

accuracy. Moreover, the application of such systems 

in telemedicine and remote rehabilitation programs 

holds significant potential, enabling continuous 

patient monitoring and personalized treatment in both 

clinical and home environments. 

 

VIII. FUTURE DEVELOPMENTS MAY FOCUS 

ON 

 

• Miniaturization of embedded electronic 

components 

• Improved energy efficiency and battery 

performance 

• Real-time feedback and alert systems 

• Integration with telemedicine and remote 

rehabilitation platforms 

• Adaptive AI models personalized to individual gait 

characteristics 

Overall, smart wearable shoes present a promising 

direction for preventive healthcare, rehabilitation, and 

intelligent wearable technology, with the potential to 

significantly improve patient monitoring and quality 

of life. 
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