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Abstract: This paper presents a review on human identification based on gait features, i.e. the walking patterns of people. The aim of
this work is to describe algorithm for the segmentation of the foot-switch signal and the classification of the gait cycles. The
performance of the algorithm was assessed comparing its results against the manual segmentation and classification performed by a
gait analysis expert on the same signal. The widespread technological development in the field of health wellness, provides various
domain to take upon the challenges for new development of various applications Architecture proposes collaborative working of real
time videos, data aggregation through related application, analysis of collected data and communication gateway for future updates.
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1. Introduction

The definition of gait is related to the style or characteristic
involved in a person’s walking. It is divided in two main
periods considering the sagittal plane, stance and swing,
which in turn are composed of subphases as illustrated in
Fig. 1.

This paper presents a review on human identification based
on gait features, i.e. the walking patterns of people. It
introduces the steps involved in this process with a focus on
gait feature extraction approaches.

Aforementioned issues need to be differently categorized
while analyzing walking pattern and staircase climbing
because in both the cases the stance and swing phases of gait
cycle are different. Specifically these postures are
considered as these are the basic steps while starting the
physio training in rehabilitation.

Figure 1 and 2 shows the variation in Gait cycle phases
during walking and during step climbing.
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Figure 1: Stance & Swing Phase during Walking
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Figure 2: Stance & Swing Phase during step climbing

Foot
placement

The basic connectivity, communication and data flow is
shown in the Figure3. Block Diagram indicating Data flow
Architecture.
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Figure 3: Block Diagram showing Real-Time health
monitoring

Gait recognition is a process that is made up of several

consecutive stages:

o First, the video of a walking subject has to be captured
and the parts of the video that contain the walking
sequences are isolated.

e These sequences then need to be preprocessed to extract
the walking subject from the static background.

o Features are extracted from the image of the extracted
subject and a gait signature is established.

This gait signature can then be recognized using
classification techniques to compare the established gait
signature with the set of gait signatures from known subjects
in the gait database. The major alteration need to be done in
the process of identifying step counting, usual 3-axial
threshold need to be changed on the basis of type of patient
to be monitored. The normalized trained motion detection
and the detection of motion in surgery treated person varies
on the basis of typical operative/medical treatment they have
undergone. Patient monitoring system (PMS) is comprised
of data analytical part, feedback system and report
generation. Major contributors in PMS are physiotherapist
and orthopedic surgeon.
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2. Gait Recognition System

1) Gait Acquisition

The First stage in gait recognition is to capture or detect
subject gait frames, which is important because the accuracy
of the system depends significantly on image samples used
for training. The sensing devices have two categories:
sensor-based and video based. Sensor devices are floor and
wearable sensors [26]. Floor sensors are referred to as a
pressure sensor, which generates pressure signals when a
person walks on these sensors when placed on the specific
floor [27], [28]. Wearable sensors are attached to different
body joints, to collect different dynamic features (such as
speed, acceleration, and position) and other information
which can be used for gait pattern analysis.

The most common application of sensor-based is in clinical
research, such as Parkinson's disease diagnosis [24], [25].
Where as video-based gait recognition research refers to
capture specific human gait through the visual cameras that
can be mounted at any location. These captured gait videos
are processed to detect gait pattern information, which can
be used for recognition. During the past decade, most
research in the area of gait recognition is done using video-
based gait dataset [22], [23].

2) Pre-Processing:

Basic background subtraction method includes mean
filtering, median method, frame difference method,
statistical approach (Gaussian Mixture Model, support
vector model), optical flow and many more. The motive of
this process is to model human gait silhouette from which
spatiotemporal shape and motion characteristics [20], [21]
are extracted for recognition.

3) Feature Extraction

After the object of interest has been segmented from the
background, features have been extracted that can be used
for individual subject recognition. In gait recognition,
features are extracted based on Model-based and Model-free
(appearance based) representations.

4) Feature Selection

In traditional gait recognition system, extracted features
from pre-processed videos sequences are inadequate for
classification and performance has been compromised. The
reason is that high dimensional features may contain some
unnecessary features. So, feature selection(or dimensionality
reduction) approach can be applied, which is to choose a
subset of variables(features) from the input features which
efficiently describe the input variables while reducing
effects of noise or extraneous variables and provide
excellent prediction or classification results.

5) Classification

The last stage in gait recognition system is to classify the
test gait sequences of an individual based on optimized
features selected. Classification is divided into two
categories: supervised and unsupervised. The KNN(k nearest
neighbor) is the most adopted classifier in gait recognition.

3. Theme of Paper

The paper discusses the “Health Wellness”, Model for the
restricted group of patients, under the rehabilitation process
for their major leg injuries. Considered group to be
monitored are assumed to be undergone the major injuries in
leg bones: ankle fracture, tibia or fibula fracture knee
replacement and badly impacted muscle tone. Intended
monitoring activity is simple walk and step climbing in such
patients at basic level after major operative or physic
treatment.

For a normal human the walking and step climbing pattern is
different than the pattern observed after major leg injuries.
Few of the categorization parameters are age, sex, types of
injury, other medical illness, medical history of patient,
expected recovery time, nature of physio therapy suggested
etc. for the same statistical classifier could be a better option
in analyzing the process.

Comparison with other classification algorithms

In order to check the accuracy of the presented algorithm
with respect to other classical classification ones, we have
compared our results with the ones obtained with Naive
Bayes, Multilayer Perceptron, Support Vector Machines,
Radial Basis Function network and Random Forest
algorithms.

Support Vector Machine (SVM) with non-linear kernel,
naive Bayes classifier, Random Forest, Bagging, and
AdaBoost have been shown to be powerful supervised
learning techniques for sensor-based gait classification. We
used Naive Bayes, SVM, Random Forest, Bagging, and
AdaBoost classifiers using a repeated 5-fold cross validation
method in our analysis and compared the accuracy of each
model across different feature sets and across standardized
and non-standardized vectors of feature. Each classifier’s
accuracy was calculated using the measures of accuracy,
precision, and recall.

4. Conclusion

The proposed Health Wellness theme is intended to cover
the specific group of patients under the process of
rehabilitation to monitor the typical gait cycle variation
within them. Definitely it will open up the wide doors for
concept of patient monitoring. The required devices are very
general, not burdening the cost to be invested. Module
developed for different category of patients will provide
close loop communication system without requirement of
frequent personal visit. At the initial level suggestions are
limited to the change of threshold value for monitoring the
walking and step climbing pattern.

References

[1] Bisio, lgor, et al. "Enabling loT for In-Home
Rehabilitation: Accelerometer Signals Classification
Methods for Activity and Movement Recognition.”
IEEE Internet of Things Journal 4.1 (2017): 135-146.

[2] Chowdhury, Alok, et al. "Physical activity recognition
using posterior-adapted class-based fusion of multi-

Volume 9 Issue 9, September 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20805165506

DOI: 10.21275/SR20805165506 733



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

accelerometers data." IEEE Journal of Biomedical and
Health Informatics (2017).

Bharti, Pratool, et al. "Watch-dog: detecting self-
harming activities from wrist worn accelerometers."”
IEEE journal of biomedical and health informatics
(2017).

Wang, Lei, et al. "Evaluation on Step Counting
Performance of Wristband Activity Monitors in Daily
Living Environment." IEEE Access 5 (2017): 13020-
13027

Gu, Fugiang, et al. "Robust and Accurate Smartphone-
Based Step Counting for Indoor Localization." IEEE
Sensors Journal 17.11 (2017): 3453-3460.

Genovese, Vincenzo, Andrea Mannini, and Angelo M.
Sabatini. "A Smartwatch Step Counter for Slow and
Intermittent Ambulation." IEEE Access (2017).

Amini, Amin, Konstantinos Banitsas, and S.
Hosseinzadeh. "A new technique for foot-off and foot
contact detection in a gait cycle based on the knee joint
angle using microsoft kinect v2." Biomedical & Health
Informatics (BHI), 2017 IEEE EMBS International
Conference on. IEEE, 2017.

Cola, Guglielmo, et al. "Personalized gait detection
using a wrist-worn accelerometer.” Wearable and
Implantable Body Sensor Networks (BSN), 2017 IEEE
14th International Conference on. IEEE, 2017.

Patil, Jyoti, et al. "Integrated sensor system for gait
analysis." Electrical, Electronics, and Optimization
Techniques (ICEEOT), International Conference on.
IEEE, 2016.

Jayaraman, Chandrasekaran, Chaithanya K.
Mummidisetty, and Arun Jayaraman. "Effect of
wearable sensor dynamics on physical activity
estimates: A comparison between SCI vs. healthy
individuals." Engineering in Medicine and Biology
Society (EMBC), 2016 |IEEE 38th Annual
International Conference of the. IEEE, 2016.

Lorenzi, Paolo, et al. "Mobile devices for the real-time
detection of specific human motion disorders." IEEE
Sensors Journal 16.23 (2016): 8220-8227

Cho, Yunhoon, Hyuntae Cho, and Chong-Min Kyung.
"Design and Implementation of Practical Step
Detection Algorithm for Wrist-Worn Devices." |IEEE
Sensors Journal 16.21 (2016): 7720-7730

Ma, Yuchao, Ramin Fallahzadeh, and Hassan
Ghasemzadeh. "Glaucoma-Specific Gait Pattern
Assessment  Using Body-Worn  Sensors.” IEEE

Sensors Journal 16.16 (2016): 6406-6415.

Zang, Weilin, and Ye Li. "Gait Cycle Driven
Transmission Power Control Scheme for Wireless
Body Area Network." IEEE Journal of Biomedical and
Health Informatics (2017).

Soaz, Cristina, and Klaus Diepold. "Step detection and
parameterization for gait assessment using a single
waist-worn accelerometer." |EEE Transactions on
Biomedical Engineering 63.5 (2016): 933-942.

Ozcan, Koray, and Senem Velipasalar. "Wearable
camera-and accelerometer-based fall detection on
portable devices." IEEE Embedded Systems Letters
8.1 (2016): 6-9.

Hakimi, Asyraf, et al. "Development real time patient
health (jaundice) monitoring using wireless sensor

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

network." Electronic Design (ICED), 2016 3rd
International Conference on. IEEE, 2016.

Gao, Ruiling, et al. "Web-based motion detection
system for health care." Computer and Information
Science (ICIS), 2015 IEEE/ACIS 14th International
Conference on. IEEE, 2015.

Dorsemaine, Bruno, et al. "Internet of Things: a
definition & taxonomy." Next Generation Mobile
Applications, Services and Technologies, 2015 9th
International Conference on. IEEE, 2015.

J. Man and B. Bhanu, ““Individual recognition using
gait energy image," IEEE Trans. Pattern Anal. Mach.
Intell., vol. 28, no. 2, pp. 316_322, Feb. 2006, doi:
10.1109/TPAMI.2006.38.

W. Kusakunniran, “‘Recognizing gaits on spatio-
temporal feature domain," IEEE Trans. Inf. Forensics
Security, vol. 9, no. 9, pp. 1416_1423, Sep. 2014, doi:
10.1109/TIFS.2014.2336379.

L. Wang, T. Tan, H. Ning, and W. Hu, "~ Silhouette
analysisbased  gait  recognition  for  human
identi_cation," IEEE Trans. Pattern Anal. Mach.
Intell., vol. 25, no. 12, pp. 1505_1518, Dec. 2003, doi:
10.1109/TPAMI.2003.1251144.

T. K. M. Lee, M. Belkhatir, and S. Sanei, A
comprehensive review of past and present vision-based
techniques for gait recognition,” Multimedia Tools
Appl., vol. 72, no. 3, pp. 2833_2869, Oct. 2014, doi:
10.1007/s11042-013-1574-x.

M. Yoneyama, Y. Kurihara, K. Watanabe, and H.
Mitoma, " Accelerometry-based gait analysis and its
application to Parkinson's disease assessment Part 1:
Detection of stride event," IEEE Trans. Neural Syst.
Rehabil. Eng., vol. 22, no. 3, pp. 613_622, May 2014,
doi: 10.1109/TNSRE.2013.2260561.

M. Bachlin et al., “*Wearable assistant for parkinson's
disease patients with the freezing of gait symptom,"”
IEEE Trans. Inf. Technol. Biomed., vol. 14, no. 2, pp.
436_446, Mar. 2010, doi:
10.1109/T1TB.20092036165.

Z. Zhang, M. Hu, and Y. Wang, A survey of
advances in biometric gait recognition," in Proc. Chin.
Conf. Biometric Recognit., 2011, pp. 150_158.

Z. Lv, X. Xing, K.Wang, and D. Guan, “"Class energy
image analysis for video sensor-based gait recognition:
A review," Sensors, vol. 15, no. 1, pp. 932_964, Jan.
2015, doi: 10.3390/s150100932.

S. Zheng, K. Huang, and T. Tan, “Evaluation
framework on translation invariant representation for
cumulative foot pressure image,” in Proc. 18th IEEE
Int. Conf. Image Process., Sep. 2011, pp. 201_204.

Volume 9 Issue 9, September 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20805165506

DOI: 10.21275/SR20805165506

734





