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Abstract. The Internet of Things (IoT) has brought significant 

advancements in health monitoring by creating smart environments where 

interconnected devices can collect and share health data in real-time. IoT 

systems can integrate various data sources, offering a comprehensive view 

of an individual’s health status. However, the implementation of IoT-based 

health monitoring faces several challenges, including system complexity, 

high costs, and concerns related to data security and interoperability. 

Further, IoT systems provide the potential for continuous monitoring, they 

require a robust network infrastructure and effective data management 

systems, which can be obstacles to adoption in less developed or rural 

areas.This chapter describes the utilization of IoT along with the application 

of Artificial Intelligence and Machine Learning techniques that can be 

realized to monitor the human gait analysis. 
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1 Introduction

The diagnosis of many neurological problems requires a thorough examination
of each element of the two phases of ambulation [1]. It is also crucial to evaluate
how well patients are recovering from the consequences of neurological disorders,
musculoskeletal injuries or diseases, or lower limb amputations. Researchers and
clinicians analyze gait using a variety of qualitative and quantitative metrics as
discussed in the chapter 1.

Human gait analysis is a critical field in biomechanics that examines the
way individuals walk or run. It encompasses various approaches to assess and
understand human movement, which can be applied in clinical settings, sports
science, and rehabilitation. This human gait analysis can be done in the living en-
vironment of individuals utilizing the existing systems [2, 3]. Figure 1 presents a
diagrammatic representation of the different approaches to gait analysis, broadly
categorized as wearable and non-wearable approaches, highlighting their unique
methodologies and applications. By understanding these categories, researchers
and practitioners can select the most appropriate tools for their specific needs.

1.1 Wearable Gait Analysis

Wearable gait analysis involves the use of devices that can be attached to the
body to collect data on movement patterns [4]. These devices often include
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Fig. 1. Gait Analysis Approaches: Wearable vs Non-wearable

sensors that measure various parameters such as acceleration, angular velocity,
and muscle activity. Different wearable gait systems are shown in the Figure 2.
The following are common wearable approaches explanation:

Fig. 2. Wearable approaches to gait analysis.

Inertial Measurement Units (IMUs) IMUs are small sensors that can be
placed on different parts of the body, such as the feet, shins, or hips. They
measure acceleration and angular velocity, providing detailed information about
gait dynamics.
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Smart Shoes Smart shoes are equipped with embedded sensors that track foot
pressure, gait speed, and stride length. They offer a user-friendly approach to
monitoring gait in everyday settings.

Electromyography (EMG) EMG sensors can be attached to muscles to mea-
sure electrical activity during movement. This data helps in understanding mus-
cle activation patterns and their relationship to gait abnormalities.

Wearable Cameras Wearable cameras can capture video footage of a per-
son’s gait, allowing for visual analysis and the application of machine learning
algorithms to assess gait characteristics.

GPS Devices GPS technology can be used to analyze outdoor walking pat-
terns, providing data on speed, distance, and route taken, which can be useful
for assessing gait in real-world environments.

1.2 Non-Wearable Gait Analysis

Non-wearable gait analysis methods do not require the subject to wear any de-
vices. Instead, these approaches often rely on external equipment to capture and
analyze movement. Figure 3 illustrate different approaches in the case of a non-
wearable system. The following are common non-wearable approaches details:

Motion Capture Systems These systems use multiple cameras to track re-
flective markers placed on the body. The data collected allows for detailed 3D
analysis of gait mechanics, including joint angles and movement trajectories.

Pressure Mats Pressure mats are used to measure foot pressure distribution
during walking. They provide insights into weight-bearing patterns and can help
identify abnormalities in gait.

Video Analysis Standard video cameras can be used to record gait, which
can then be analyzed using software to assess parameters such as stride length,
cadence, and symmetry.

Force Plates Force plates measure the ground reaction forces exerted by the
feet during walking or running. This data is crucial for understanding the dy-
namics of gait and can help in diagnosing issues related to balance and stability.

Optical Systems Optical systems use lasers or infrared sensors to analyze gait
patterns without physical contact. These systems can provide real-time feedback
and are often used in research settings.
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Fig. 3. Non-wearable gait analysis approaches.

1.3 Wearable vs. Non-Wearable Systems

Both wearable[5] and non-wearable gait analysis approaches have their advan-
tages and limitations. Wearable devices offer convenience and the ability to col-
lect data in natural environments, while non-wearable methods provide high
precision and detailed analysis in controlled settings. The choice of approach de-
pends on the specific requirements of the analysis, including the context, desired
accuracy, and the population being studied. Understanding these categories is
essential for advancing gait analysis and improving outcomes in various fields,
including wellness determination[6, 7], rehabilitation, sports science, and clinical
diagnostics.

A thorough understanding of the distinctions between wearable and non-
wearable systems for gait monitoring is vital in today’s technological landscape.
Wearable systems, such as smart shoes or sensors integrated into clothing, pro-
vide real-time data on an individual’s movement patterns, enabling personalized
rehabilitation and enhancing fall detection capabilities. In contrast, non-wearable
systems, like camera-based or motion capture technologies, analyze gait from a
distance, offering a comprehensive view of movement without direct physical
contact. Both approaches are increasingly harnessed in advanced applications
within artificial intelligence and machine learning[8] for gait analysis, rehabil-
itation, and monitoring fall risks. Moreover, they are becoming essential tools
in addressing neurological and eye-related disorders, particularly in cases like
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diabetic retinopathy, where mobility impairments significantly impact patients’
quality of life. Table 1 summarizes the key differences between wearable and
non-wearable gait analysis systems.

Table 1: Comparison between wearable and non-wearable gait
analysis

Feature Wearable Gait Analysis Non-Wearable Gait Analysis
Definition Involves the use of sensors worn

on the body to collect data on
gait.

Utilizes external cameras and
sensors to analyze gait without
physical contact.

Data Col-
lection

Sensors such as accelerometers,
gyroscopes, and pressure sensors
are used.

Video cameras, depth sensors,
and motion capture systems are
employed.

Mobility Allows for analysis in natural en-
vironments, promoting realistic
movement patterns.

Typically conducted in con-
trolled settings, which may affect
natural gait.

Accuracy High accuracy due to direct mea-
surement of body movements.

Accuracy can vary based on cam-
era quality and environmental
factors.

Cost Generally more affordable and
accessible for personal use.

Can be expensive due to the
need for specialized equipment
and software.

Data Pro-
cessing

Requires software for data inter-
pretation, often involving com-
plex algorithms.

Data processing can be simpler,
relying on visual analysis or basic
software.

User Expe-
rience

May be uncomfortable for some
users due to the need to wear de-
vices.

Non-intrusive, allowing users to
move freely without additional
equipment.

ApplicationsUseful for rehabilitation, sports
performance, and clinical assess-
ments.

Commonly used in research, clin-
ical settings, and sports science.

Real-time
Feedback

Can provide immediate feedback
to users during training or reha-
bilitation.

Typically does not offer real-time
feedback; analysis is done post-
session.

Data Rich-
ness

Provides detailed metrics such as
stride length, cadence, and joint
angles.

May offer less detailed metrics
but can capture overall move-
ment patterns effectively.

2 Gait Analysis using Artificial Intelligence/Machine
Learning

Deep neural networks, a subfield of Machine Learning and Neural Networks
can be considered for gait assessment. It encompasses the stride and stance
analysis represent a significant advancement in medical services. These advanced



ment tailored to the specific needs of each patient.

maintaining coordinated movement.

standing of key temporal and spatial parameters that define ambulation.

of a patient to tailor interventions effectively.

therapeutic interventions, providing insights into the patient’s overall progress.

double stance duration, total stance time, and overall gait-cycle duration.
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measurements are crucial for identifying gait irregularities and provide a vital
quantitative assessment of disease severity in conditions that impact mobility
and posture. The insights derived from this analysis will play an essential role in
evaluating disturbances in gait, locomotion, and balance, as well as in assessing
fall risk, thereby enhancing patient safety.

The innovative application of artificial intelligence within web-based plat-
forms is poised to transform several important areas:

– Determining the Need for Assistive Devices. Identifying accurately the need
for assistive, adaptive, orthotic, protective, supportive, or prosthetic equip-

– Addressing Sensory Integration Challenges. Effectively confronting difficul-
ties in integrating sensory, motor, and neural processes, which are vital for

– Establishing Comprehensive Medical Assessments. Creating precise diag-
noses, prognoses, and comprehensive care plans, along with appropriate re-
ferrals to specialized services.

Foot Switch Stride Analysis

– Defining Temporal and Distance Metrics. Developing a thorough under-

– Classifying Walking Abilities. Systematically categorizing the walking ability

– Measurement of treatment responses. Evaluating changes and responses to

– Calculating Key Gait Parameters. Accurately determining metrics such as
velocity, stride length, cadence, single stance duration, initial and terminal

This enhanced approach will cultivate a more nuanced understanding of gait
mechanics, ultimately leading to improved patient outcomes and more effec-
tive mobility solutions. [9] provides a comprehensive review on various machine
learning techniques that can be applied to human gait analysis, covering param-
eters, approaches, applications, datasets, and challenges.[10]study explores the
application of supervised machine learning algorithms to classify gait alterations,
providing insights into methodologies and results.

[11] delves into smart gait detection and analysis techniques, highlighting
the integration of AI in gait monitoring systems.[12] study presents a supervised
machine learning technique for classifying gait patterns to enhance human au-
thentication systems in smart city environment. [13]introduces a novel machine
learning-based system for automatic gait cycle segmentation using features ex-
tracted from hip and knee extension angles.[14] explores cross-view gait recog-
nition using ensemble learning techniques to improve accuracy across different
camera angles.[15] developed a supervised machine learning system to classify
gait patterns for the early detection and staging of Parkinson’s disease.[16] pre-
sented a machine learning approach for classifying pathological gait in children
using a cost-effective gait recognition system.
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3 Conclusion

IoT systems enable continuous health monitoring, their effectiveness is contin-
gent upon a robust network infrastructure and efficient data management sys-
tems factors that may hinder widespread adoption, particularly in underdevel-
oped or rural regions. This chapter delves into the synergistic application of IoT,
Artificial Intelligence, and Machine Learning techniques, specifically focusing on
their implementation in human gait analysis.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Gait Analysis Approaches



