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Abstract— Human gait is an important biometric of an individual. It can be used to identify person based on the
analysis of its gait. The front and back view features of gait are extracted using Microsoft kinect, which includes soft
biometrics, Skeleton kinematics or FGEI feature extraction. The sensor can also calculate angle, distance or Centroid
between body joints. Silhouette images are used to extract the features using normalization and centralization technique.
Gait recognition can also be performed using Goniometer and Wearable sensors. This paper focuses on the study of
various techniques used to obtain, compute and compare various features and their accuracies obtained for analyzing gait
of a person.

Keyword— Gait, Biometrics and Microsoft Kinect Sensor v1.0.Introduction
I. INTRODUCTION

Biometric is an automatic recognition of person’s behavior. Biometrics is usually applied to confirm an identity of a
person. We can use the behavior feature of Face, Voice activity, Gait (person’s manner of walking) and many more [9].

Biometrics in human recognition uses the knowledge of person’s identity. Examples of biometric are fingerer print
identification, Hand written signature, Facial recognition, speech recognition, Activity recognition, Gait recognition [7]

Gait is person’s way of walking. It is person’s behavioral biometrics modality which is mainly used to identify human on
the basis of idiosyncratic way of walking [2].

Applications of gait recognition are: Medical diagnostic, Biometrics identification and forensic, Spots Training,
comparative Biomechanics.

Every person/individual has different way of walking i.e., known as distinctive gait that can be used for recognizing
human. Now a day, there is a necessity of security and need to identify persons that can be made possible by using person’s
physiological and behavioral characteristic.

Gait recognition has been widely used to recognize and authenticate person due to its application in security, surveillance
and forensic science.

Simply, Gait is known as person’s manner of walking [2].

Feature calculation is performed with the purpose of finding out the role of different types of feature and body parts in
gait recognition. Feature sets usually constructed by performing some calculation from skeleton images determining the
person’s way of walking depends on silhouette shape of an individual changes with time[5].
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Kinect is used to detect 3D image representation of person under observation standing in front of kinect sensor .Kinect
sensor placed at distance of 1.2 to 3.5 meter or 3.9 to 11 foots. Kinect sensor has a two cameras IR and RGB cameras. Kinect
sensor detects a subject with construction 20 body joints and co-ordinates [10].

Il. LITERATURE REVIEW
Pratik Chattopadhyay in year 2014 has proposed [1] Gait recognition performed using hierarchical classification which is
shown in figure [1].
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Fig 2.Block diagram of the complete gait recognition procedure [1].
It takes into account the feature extraction via two different viewing modes:

e  Front view feature extraction
e Back view feature extraction

1. Front view feature extraction:

In this method the front view sequence of a gait of person under observation (subject) is captured using kinect using
incomplete frontal gait sequence two features are extracted. Both of these features are extracted from the skeleton tracked by
kinect SDK [1] :
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Fig 3.Skeleton structure of a subject as provided by Microsoft Kinect SDK[1].
1) Soft biometric feature:

This process consider a vector known as soft biometric feature vector, which consist of length of upper and
lower legs and arms, height, separation between knees and elbows, maximum stride of subject[1].
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2) Extraction of skeleton Kinematics
Skeleton kinematics applies the strategy to capture the motion characteristics of the subject (person under
observation)[1].

2. Back view feature extraction

In this method the back view sequence of a gait of subject is captured using same sensor i.e., Microsoft kinect, depth
data of subject is collected feature extracted in this strategy is Fractional Gait Energy Image(FGEI) which is also known as
depth based gait feature[1]

Parul Arora in year 2015 has proposed [2] The Gait recognition with two different approaches that are:
e Model based approach for gait recognition
e Model free approach for gait recognition
This further divide into two cases [2]:
1) Period based method for gait recognition
2) Frame based method for gait recognition
Using above mentioned approaches information sets created and features are extracted using information sets.
Feature extracted are as,
1) Gait signature
Gait signature feature is extracted by capturing original frame silhouettes from the video frames of the subject with
background subtraction [2].
Further from human silhouette image. We need to extract Region of Interest (ROI) by Appling normalization,
centralization and sealing on silhouette image [2].
2) Estimation of gait cycle
One gait cycle is combination of two strides that is, one is stance where the foot is attached to ground level and
another stride is swing, where the leg is swinging [2].
3) Gait Information Image (GII)
Where complete gait cycle is computed and further normalization and centralization applied then the image of gait
cycle produced as an output known as gait information image.
Gait information image is computed pixel by pixel over full gait cycle [2].
4) Information set based features:
e  Gait Information Image with Energy Feature(GlI-EF)
e  Gait Information Image with sigmoid Feature (GII-SF)[2].

Erik E. Stone in 2013 has proposed [3] in-none gait recognition with the Microsoft kinect. In this methodology kinect system
gives the dataset as an output which consists of the identified walk of the subject (person under identification).
Dataset entry showing following gait feature such as[3],
e Height of the person
e Walking speed
e  Average stride length
o  Time of walk
Hence, Dataset of walk (xi) is shown by following structure:

{{h, 5}, if no stride data
[h, 5,5t 51} else

Where,

h = height of person,

s= speed of walk,

st= stride time of walk,
sl= stride length of person,

Hence, walk of different persons residing in a building is chosen to extract these features [3].
BojanDikovski in year 2014 has proposed [4]. A gait recognition method where, Skeleton joints are acquired and use for
feature extraction [4].

In this method, to create a dataset recording of walking style of different people has been captured using Microsoft
kinect. The people are said to walk along the path which has been created in front of kinect sensor [4].

IJTIMES-2017 @All rights reserved 19



International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES)
Volume 3, Issue 3, March -2017, e-ISSN: 2455-2584, Impact Factor: 3.45 (SJIF-2015)

Standard setup is created for taking this recording such as [4],
e The perpendicular distance between the path created and the kinect sensor should be 2.8 meter.
o Distance between the path and the wall behind the path must be 1.7 meter.
o  Kinect was placed at a height of 0.8 meter from the ground level where the walking path is created.

e e
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A

2.8m

walking line

Y

Fig 4. Distances and used setup when recording the sequences with the Kinect sensor. [4].

Hence, kinect sensor records the frame of data of walk and gives an output data in the form of skeleton image o skeleton
matrix.

These, kinect skeleton image gives information of all 20 joints of the subject (person under observation) in a 3-D space.
Feature extracted from these skeleton matrix are as [4],

Distance between each pair of adjacent joint.

Distance between two ankles joint.

Height of person.

Ankle between the triples of joints points.

Centroid of N joints

All above mentioned feature extraction is performed using some simpler mathematical formula, skeleton matrix and triples of
joint points [4]. Skelton matrix is shown in figure 3.

Triple of joint points required for the computation and feature extraction are shown in table I,

TABLE I. TRIPLES OF JOINT POINTS USED TO CALCULATE ANGLE FEATURES[4]

Joint 1 Joint 2 Joint 3
Head Center Shoulder Center Hip
Left Wrist Left Elbow Left Shoulder
Right Wrist Right Elbow Right Shoulder
Left Ankle Left Knee Left Hip
Right Ankle Right Knee Right Hip
Left Hip Right Hip Left Knee
Left Hip Right Hip Right Knee
Left Shoulder Right Shoulder Left Elbow
Left Shoulder Right Shoulder Right Elbow

Mathematical formula to calculate feature are as follow:
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o I P— — =
d(i,j) =/ (zi —25)* + (i —43)* + (2 — 25)°

e To calculate the height of person ,we required to make sum of following distance between joints[4],
Height = (d(I_ankle; I_knee)
+ d(l_knee; I_hip) + d(r_ankle; r_knee)
+ d(r_knee; r_hip))/2 + d(c_hip; spine)
+ d(spine; ¢_shoulder) + d(c_shoulder; head)

e To calculate the angle between triples of joints that is, angle © calculated between triples of joints, i,j and k such
as[4],

A=(xi—x)% + (yi—yi)* + (zi — 7))
B=/(xi —xk)?+ (yi—yk)? + (zi— zk)?
C=/(xj — xk)* + (vi— ykK)Z + (zi — zk)?

E' 3 . EI _ ."-‘]: _ CI

=cos™ [ SAC

Finally all of the above feature exacted are aggregated and summarized to recognize and authentication the gait of a subject
(person) [4].

E. Maranesi in year 2014 has proposed[5] A method for assessing spatio- temporal gait parameter.

In this method, now external device is introduced known as Goniometer. Here, only 1-degree of freedom i.e, 1-dof
electro goniometer are tied to a body of person under gait identification [5].

The goniometer is placed between hip and knee joints.
Model diagram is shown in figure,

Fig. 5. Model diagram [5].
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Here, knee joint (c), this method is used to calculate step length:
Step length =d1+d2
Where d1 and d2 are calculated using mathematical trigonometric functions.
Where, d1= Stance to swing transition
d2= Heel strike instant.

e d1 calculated as,

Fig.6. Stance-to-swing transition. [5].
Here, d1=AB=vlsina
e d2 calculated as,

Hip=E

!
B & F
d,

Fig. 7. Heel strike instant[5].
d2=DF=n2sinf}
Here, step length calculated by adding d1 and d2 mathematically [5].
Hence, Feature calculated are :
e  Step length
e  Step duration (Ideally given as 30 frames per second)
e  Speed is computed
Speed= step length / step duration [5]

Shuhei Terada in year 2016 has proposed[13] Gait authentication method with the help of wearable sensors. Gait
authentication can be performed with the variety of wearable sensors just as accretion sensor and a gyroscope. In this theory
the wearable sensor used named as Hitachi wireless T, Which is placed at the ankle of the right foot of each subject (person
under gait recognition) [13].

Feature and data extracted with this placement is along all three axis which can be shown as follow,
e Mean vertical acceleration along — X—axis in Vertical Direction.
e Mean travelling acceleration along —Y-axis in travelling Direction.
e Mean rolling angular rate along — Z—axis in Lateral Direction [13].
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I11. CONCLUSION

TABLE Il. CONCLUSION

SR Dataset
No. Proposed By Used Method Result
Pratik Chattopadhyay
1 ShamikSural, Gait feature for individual frame, Soft biometrics Skeleton Kinematics,
Jayanta for gait period and gait cycle FGEI feature extraction
[ 66.67%
Parul Arora, . L
’ Madasu Hannandlu, Normal Person and Use Gait geéltu;iztigl::tﬁ?eusmg silhouettes, 9419
iti Sri i ion i ' ! 1%
[52n]1r|t| Srivastva information image GFI,GII-EF,GI1-SF approaches
Erik E. Stone Mathematical formula applied to
- L Walk (xi) of each person and stride | calculate height of person, walking
3 Marjorie Skubic . . . Not
3] details speed, time of waII_<, average stride
length, average stride time Computed
) ) _ 3D skeleton matrix of 20 joints of Mathematical forn_1u|a used to extract
Bojan Dikovski, . - S ; feature such as, Distance between
i . subject, triple of joint points used L .
4 Gjorgji Madjarow, as a dataset two joints, Height of person, Angle
Dejan Gjogjevikj, [4] between triples of joint points,
Centroid of N joints 89.80%
E. Maanesi, Feature extraction such as, step
F.Di Na_rdo, Data set used is the reading !ength, Step duration, spegd of walk
G. Ghetti, - . is computed through reading
5 S through goniometer and Microsoft . .
L. Buattini, Kinect compared with feature extraction
S. Fioretti through Microsoft kinect
[5] 63.5%
Shuhei Terado, Wearable sensor u_sed to calculate
. . . feature along 3 axis.
Yusuke Enomoto, Data is swing and stance phase is . .
- . - Mean vertical acceleration, Mean
6 Dai Hanawa, used. Gait data along all 3 axis are . - .
S . travelling acceleration , Mean rolling
Kimio oguchi used. : .
[13] angular' rate along with X,Y,Z axis
respectively 76.9%

Pratik Chattopadhyay and ShamikSural computed gait feature for individual frame using depth based method, Soft
biometrics and skeleton kinematics methods at an accuracy approx 66.7% . Gait recognition by parul arora is performed with
accuracy 94.1%, that is the maximum accuracy where various Gait Information Image (Gl1) is used as a data set. Erik E. Stone
author derived various mathematical equations to calculate stride details and various feature of the subject such as speed of
walk, height of person. Bojan Dikovski makes use of 3D skeleton matrix of 20 body joints and calculates various features by
applying mathematical equation on set of triples of body joints which gets result at an accuracy of 89.80%. E. Maanesi
performs gait recognition using goniometer and compares the feature extraction through goniometer with that of Microsoft
kinect. Accuracy of gait recognition through goniometer reading is 63.5%. Shuhei Terado performs gait authentication and
feature extraction along 3 axis with the accuracy of 76.9%.

Above all of them, Human gait recognition using gait information image gives most efficient result with an accuracy

of 94.1%.
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