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Abstract - Nowadays biometric is a unique key for the security purposes and also in applications which are used in our day 
today life. Human gait is also a biometric key which is technically named as human gait recognitions. Human gait 
recognition is more over like the other biometric systems which does iris recognition, signature recognition, voice analysis 
etc. Gait analysis is a method used to recognize the human gait the captured motion of the human is matched with the data 
present in the dataset based on that the analysis is done and the result is achieved. Human gait are captured by handy sensors 

and non-handy sensors. Some of the techniques used in the gait analysis are GEI, KGGM, and VGGM. This paper gives 
critique of a comparative analysis on the techniques of the gait analysis in the human gait recognitions. 
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I. INTRODUCTION 

 

Biometrics is a recognition of people by their 

behavioral characteristics and physiological 

characteristic. Human gait point out the mobility 

attained through the human beings limbs movement. 

Human gait received a huge interest due to its wide 

application. Human gait isa unique identification as 

iris and fingerprint in the biometrics feature.Gait is 

also a traits to identify the human by their motion. 

Gait kinematics are used to identify the gender, 

mood, action and intension of the human beings. Gait 
can be captured by a single or multiple video cameras 

and projected in 3-Dimensional view of body joints in 

the system. Gait analysis has advancement in the 

fields such as Artificial intelligence, image 

processing and machine learning improves the gait 

analysis a lot. 

Gait is image based human recognition system. In 

following years, majorly three techniques are used to 

capture the gait of the human individually and they 

are 

 Gait energy Image [GEI] 

 KGGM[Kinematic gait generative model] 

 VGGM[Visual gait generative model] 

Above techniques are mainly involves in capturing 

the gait image of human individually it generates the 

gait representation framework of human and it 

displays in the form of image representation. Human 

walking is considered to be cyclic motion repeats in 

the human at a stable frequency. Gait recognition is 

captured from the human walking sequence and some 

changes occurs in walking sequence at sometimes. 

Gait analysis is also known as Video based human 
motion analysis. One of the challenging task is to 

capture the motion of human for this reason 

nonlinearity and the variability present in the human 

motion as well as the ambiguity and uncertainty 

present in the visual observation. Joints present in 

human body is technically defined as gait kinematics 

and gait appearances. Gait kinematics are capture the 

motion of walking and it is used in many 

biomechanical modeling applications and also as 

biometrics. The human gait cycle is a period of time 

connecting stance phase and swing phase is 

illustrated in fig 1. 

 

 
Figure 1: Human gait cycle 

 

II. VARIOUS METHODS USED FOR HUMAN 

GAIT ANALYSIS 

 

2.1 Gait energy image 
Human physiological characteristics considered to be 

a human gait. The hiking of the human are in 

recurring motion which is in constant frequency 

extracted from the image sequence of the regular 

human walking. Human gait is captured by the image 

sequence in the form of frame. During the recognition 

steps, each frame is compared with each other to 

check the exact match from the sequence of image. 

Recognition process follows that the couple of frames 

in a binary progression are in time distributed with 

the respective cyclic motion. 

Gait energy image represented in spatiotemporal 
information in 2-D gait template. Gait template is 
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extracted from the original image sequence of the 

human walking. 

 
Figure 2-Image sequence of human gait 

 

The normalized and silhouette of image sequence is 

shown in figure2 and that indicates the phase 

information and gait frequency from the time series 

signal. 

Given binary gait given as 𝐵 𝐺𝑡(𝑥1 ,𝑦1)at time 
measure of sequence t, Gait energy image at grey 

level is defined as, 

𝐺𝑙 𝑥1 ,𝑦1 =
1

𝑁
 𝐵𝑁
𝑡=1 𝐺𝑡(𝑥1 ,𝑦1)    (1) 

Where N is number of frames in an image cycle and 

frame number are represented by N and t 

respectively. x and y are coordinates values of 

silhouette image in 2-D gait 

 

𝑛𝑡(𝑥1 ,𝑦1) =

 
 

 
𝑛1𝑡 𝑥1 ,𝑦1 :𝑃 𝑛𝑡 𝑥1 ,𝑦1 = −1 = 𝑝,

𝑃 𝑛𝑡 𝑥1 ,𝑦1 = 0 = 1 − 𝑝, 𝑖𝑓 𝑓𝑡 𝑥1 ,𝑦1 = 1

𝑛2𝑡 𝑥1 ,𝑦1 :𝑝 𝑛𝑡 𝑥1 ,𝑦1 = 1 = 𝑝,

𝑃 𝑛𝑡 𝑥1 ,𝑦1 = 0 = 1 − 𝑝, 𝑖𝑓 𝑓𝑡 𝑥1 ,𝑦1 = 0 

  (2) 

We have, 

𝐸 𝑛𝑡(𝑥1 ,𝑦1) =  
−𝑝,   𝑖𝑓 𝑓𝑡 𝑥1 ,𝑦1 = 1

𝑝,    𝑖𝑓 𝑓𝑡 𝑥1 ,𝑦1 = 0
  (3) 

And 

𝜎𝑛𝑡(𝑥1 ,𝑦1)
2 = 𝜎𝑛1𝑡(𝑥1 ,𝑦1)

2 = 𝜎𝑛2𝑡(𝑥1 ,𝑦1)
2 = 𝑝(1 − 𝑝) (4) 

Consider an N framed walking cycle and 𝑓  𝑥1 ,𝑦1 =
1at a pixel values (𝑥1 ,𝑦1) in frame M, Individually 

acquire, 

𝐺 𝑥1 ,𝑦1 =
1

𝑁
 𝐵𝑡 𝑥1 ,𝑦1 
𝑁
𝑡=1   (5) 

=
1

𝑁
 𝑓𝑡(𝑥1 ,𝑦1)

𝑁

𝑡=1

+
1

𝑁
 𝑛𝑡(𝑥1 ,𝑦1)

𝑁

𝑡=1

=
𝑀

𝑁
+ 𝑛  𝑥1 ,𝑦1   (6) 

The noise in Gait image energy is, 

𝑛  𝑥1 ,𝑦1 =
1

𝑁
 𝑛𝑡 𝑥1 ,𝑦1 

𝑁

𝑡=1

=
1

𝑁
  𝑛1𝑡(𝑥1 ,𝑦1)

𝑀

𝑡=1

+  𝑛2𝑡(𝑥1 ,𝑦1)

𝑁

𝑡=𝑀+1

 (7) 

We have, 

𝐸 𝑛 (𝑥1 ,𝑦1) =
1

𝑁
  𝐸 𝑛1𝑡(𝑥1 ,𝑦1) 𝑀

𝑡=1 +

𝑡=𝑀+1𝑁𝐸𝑛2𝑡(𝑥1,𝑦1) (8) 

=
1

𝑁
 𝑀 −𝑝 +  𝑁 −𝑀 𝑝 =

𝑁 − 2𝑀

𝑁
𝑝 (9) 

And 

𝜎𝑛 (𝑥1 ,𝑦1)
2 = 𝐸  𝑛  𝑥1 ,𝑦1 − 𝐸 𝑛  𝑥1 ,𝑦1   

2        (10) 

 

=
1

𝑁2
𝐸     𝑛1𝑡 𝑥1 ,𝑦1 − 𝐸 𝑛2𝑡(𝑥1 ,𝑦1)  

𝑀

𝑡=1

+   𝑛2𝑡 𝑥1 ,𝑦1 

𝑁

𝑡=𝑀+1

−𝐸 𝑛2𝑡(𝑥1 ,𝑦1)   

2

  

 

=
1

𝑁2
 𝑀 𝜎𝑛1𝑡(𝑥1 ,𝑦1)

2 + (𝑁 −𝑀)𝜎𝑛2𝑡(𝑥1 ,𝑦1)
2  

=
1

𝑁
𝜎𝑛𝑡(𝑥1 ,𝑦1)

2  

The mean of the noise in the Gait energy image is 

explained in the above algorithm. The noise in gait 
energy image diminished variance and mean value as 

0.Where M = N/2 As result, Gait Energy Image is 

less important to silhouette noise image in single 

frame. In single frame, the silhouette noise has less 

important in gait energy image. 

 

2.2KGGM 
The human appearance by bearing is divided and said 

in many forms, 3-Dimensional representation in the 

human body with seam or twist among any two 

parallel seams in human body. 

 

 
Figure 3- KGGM 

 

KGG Model represents in the form of bearing and 

pose of the human body denotes 2-D co-ordinates of 

the human gait captured from the image sequence. 
Kinematic generative gait model has core tensor, gait 

and pose in tensor decomposition along with the 

kinematic gait manifold in the KGGM learning. pqto 

z(I,q) is mapped as non-linear which can be determined 

by RBF as, 

𝑍(𝑖,𝑞) = 𝐵𝑖𝜓(𝑃𝑞) 

 

And nonlinear kernel function defined as 

𝜓𝐿 𝑃𝑞 =  ∅ 𝑝𝑞 , 𝑐𝑝
1 ,… ,∅ 𝑝𝑞 , 𝑐𝑝

𝐿   
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All gait appearance mapping matrices can be 

arranged based on tensor and highest individual value 
disintegration is implemented for dissolve the tensor 

and splits it into two single values are gait and pose 

of the human gait and using this a definition for 

generative model is achieved, 

𝑧(𝑖 ,𝑞) = 𝐴 ×1 𝑘
𝑖 ×2 𝜓 𝑃𝑞  

 

Where ―a‖ is called core tensor, given gait variables, 

this Kinematic generative gait model can merge 

different poses of arbitrary in kinematics. 

 

2.3 VGGM (visual gait generative model) 

Gait kinematics used in the KGGM model, The gait 

data having twin set of data can also be applied in the 

VGGM model, some motion builder software is used 

to capture the human gait in image sequence and the 
data set can be used for VGGM learning. 

 
Figure 4 – VGGM 

 

The figure4 gives out layer of form along with pose, 

gait, shape, view of human joints in 3-D 

representations of human gait captured from the 
motion builder. Visual generative gait model has core 

tensor, pose, gait, shape, view, view manifold and 

along with the visual gait manifold in the VGGM 

learning. 

VGGM learning defines as follows, 

𝑦 𝑘 ,𝑗 ,𝑖 ,𝑞 = ∁ ×1 𝑣
𝑘 ×2 𝑠

𝑗 ×3 𝑣
𝑖 ×4 𝜑 𝑃𝑞  

 

Above formula represents the shape, view, pose and 

gait respectively. Given gait variables and view 

variables can merge the gait kinematics of an 

arbitrary pose. 

 

 
Figure 5 – Visual gait generative model with nonlinear tensor 

decomposition 

III. COMPARATIVE ANALYSIS 

 
This part explains about the comparative analysis on 

VGGM (visual gait generative model), KGGM 

(kinematics gait generative model), gait energy image 

(GEI) based on criterion like: Performance, 

Methodology and outcomes. 

Performance: It describes the global performance of 

this techniques. 

Methodology: This section describes how the 

algorithm works and also how it calculates the result. 

Outcomes: This section covers the image 

representation and how it is processed as a result. 

 

3.1 VGGM (Visual gait generative model) 

In this gait analysis model, the gait represented as 

energy image of human model. Visual gait generative 

model has following as variable and they are pose, 

gait, shape and view. 

Performance: In this gait model, the performance is 

based on radial basis function mapping and visual 

gait manifold in the tensor decomposition and 

delivers the tensor product as a result. Radial basis 

function mapping is performed on the gait, pose, 

shape and view respectively. Number of variables are 
decrease the performance. 

Methodology: It works on radial basis function 

mapping method to map the gait image of the human 

model as energy image as a result with the value of 

the RBF matrix coefficient.After the process of radial 

basis function mapping and it performs the tensor 

decomposition using the four variables with visual 

gait manifold and delivers the tensor product image 

as a result. 

Outcomes: Visual gait generative model is gait 

recognition model used to capture the gait image as 

energy image of an arbitrary pose as the output of the 
human model captured from the camera. 

 

3.2 KGGM (kinematics gait generative model) 

In this model, gait is referred as gait kinematics of the 

human model. Kinematics as following as variables 

and they are gait and pose. Its outcomes will be gait 

kinematics. This model carries the radial basis 

function mapping and the variables present in the 

tensor decomposition is lesser than tensor 

decomposition present in visual gait generative model 

(VGGM). 
Performance: In this model, the performance is 

based on redial basis function mapping and kinematic 

gait manifold in the tensor decomposition and 

delivers the tensor product as a result. Radial basis 

function mapping is performed on the gait and pose 

respectively. Number of variables are increases the 

performance. 

Methodology: It is based on the mapping function of 

the radial basis function mapping to map the image of 

human model as kinematics image as a result with the 

value of RBF matrix coefficient. After the process of 

Radial basis function and performs the tensor 
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decomposition using the two variables with kinematic 

gait manifold and the tensor product image as a 
result. 

Outcomes: Kinematics gait generative model is gait 

recognition model used to capture the gait image as 

gait kinematics of an arbitrary pose as the output of 

the human model captured from the camera 

3.3 GEI (Gait energy image) 

The gait model represents as energy image captured 

from the silhouette frames with the help of 

normalization. The different silhouette frames are 

input variable of this model. The silhouette frame 

images are normalized and aligned the frames to form 

the energy image. 
Performance: The performance of this model is 

based on the proposed statistical feature fusion 

approach. It receives the input as silhouette frames 

and it is normalized and aligned the silhouette frames 

and present the energy image as output and the 
performance is lesser than the other two models. 

Methodology: This model is based on the proposed 

statistical feature fusion approach. This approach 

follows component and discriminant analysis for the 

normalization and feature space transformation for 

aligning the silhouette frames present output of 

energy image as a result. This model is a fusion of 

component and discriminant analysis and feature 

space transformation. 

Outcomes: Gait energy image model is a gait 

recognition model used to capture the gait image as 

energy image of an arbitrary pose of the human 
model as a result. Silhouette frame image are 

normalized and aligned the silhouette frame image to 

form energy image. 

 

Model Algorithm 
Mapping 

Function 

Energy 

image 
Gait kinematics Methodology 

Kinematics 
gait generative 

model 
YES YES NO YES 

Radial basis 

function mapping 
with kinematics 
gait manifold 

Visual gait 
generative model 

YES YES YES NO 

Radial basis 
function mapping 
with visual gait 

manifold 

Gait energy image YES NO YES NO 

proposed statistical 
feature fusion 
approach with 
normalization 

Table 1- Comparison of gait analysis method 

 

IV. SUMMARY 

 

In this comparative study, we discuss about the three 

models of the human gait analysis or human gait 

recognition model captured from the human model. 

Each models are compared with other models and 

they have some similarities and each models has their 

own advantages in their own way. The models are 

compared under some criterion. Visual gait 

generative model (VGGM) has more advantages than 

other model used for the human gait analysis. Visual 
gait generative model (VGGM) process the input 

variables using the radial basis function mapping with 

visual gait manifold and it process the result as a gait 

appearance image or energy image as output for the 

human gait analysis. The performance of the visual 

gait generative model (VGGM) is lesser than other 

two model but it provides the exact result for the 

human gait analysis. It performs the tensor 

decomposition with four variable so it has decrease in 

performance. 

 

V. CONCLUSION 

 

In this paper, we examined the model used in the 

human gait analysis for capturing the human gait 

model for some application purpose. We mention 

(VGGM) Visual Gait Generative Model is one of 

efficient model which can be used for the human gait 

analysis. The comparative analysis is based on the 

outcomes, performances and methodology used in the 

model. These models can be used in the similar 

application but the visual gait generative model 

(VGGM) can give the exact result for the human gait 

analysis. This comparative study results in effective 

model which has all advantages to be used in the real-

world environment for the human gait analysis. We 

believe that visual gait generative model on real-
world environment application.Maybe in future new 

models or new approaches can used in human gait 

analysis in different application and different area 

also for the biometrics purpose in future. 
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