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Abstract
An efficient feature extraction technique of spatial-temporal 
movement characteristic of human subject with respect to 
surveillance camera is presented in this paper. Different measures, 
angles created between the shoulder, wrist and ankle (SWA) Centre 
of Mass Knee and Ankle with the (CKA), angles created between 
Centre of Mass, knee and ankle (CKA), the distances between 
the control points (DC) have been taken as different features. For 
shape extraction Fourier descriptor has been used to the individual 
frames of the subject. Statistical approach has been applied for 
recognition of individuals based on the feature vectors (collected 
from SWA, CKA, and DCs) for each video frame. Recognition 
result is very much encouraging in our approach compared to 
other recent methods.
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I. Introduction
The behavioral biometric that measures the way people walk is 
known as gait. It has got immense importance for the demand 
of automatic human identification system in distance. In many 
security-sensitive environments such as banks, military, parks, 
sacred places and airports human gait recognition is very much 
imperative. The other available biometrics such as face, iris, 
fingerprints and hand geometry are either informative or limited 
to many environments. For example, most face recognition 
methods are capable of recognizing only frontal or nearly frontal 
faces, other biometrics such as fingerprint and iris are no longer 
applicable when the persons suddenly appear in the surveillance. 
Gait biometric can be used when other biometrics are either 
obscured or at low  resolution hard to be perceived , though there 
are some factors such as drunkenness, obesity, pregnancy and 
injuries involving joints in which recognition is challenging. Gait 
recognition method has been started when Borelli [1], an Italian 
Scientist, in 17th Century, started working on the animal gait 
movement (locomotion). Braune [2] in the year of 1890, did an 
incredible work on biomechanics using lithographic cross section 
of human body. Because of its potential for human identification 
at distance gait has gained popularity in the field of the pattern 
recognition and computer vision research. Treating the human 
body into different body components Lee and et. al [3] proposed a 
method in which a silhouette is represented by seven ellipses and 
by using Fourier transform they extract features from the change in 
magnitude and phase components and discrimination power from 
these components during walking of the subject. These features 
were used for person identification and gender classification and 
for relatively small dataset it produced good results. Gait signature 
is extracted from a sequences of walking  using the Fourier series 
to represent the motion of the upper leg was proposed by Cunado 
et al. [4]. K-nearest neighbor classification rule was applied to 
the Fourier components of the motion of the upper leg. By the 
phase-weighted Fourier magnitude information when compared 
to the usage of the magnitude information enhanced classification 
rate is obtained. The running action of gait to recognize people as 
well as walking  was first tried by Yam et al. [5]. By the idea of 

phase modulation [6] they showed the relationship between the 
walking and running. 

II. Feature Extraction
From the gait video sequence, the movement of the moving 
subject has been captured considering the background to be static. 
Considering the predefined time interval the video sequences 
divided into frames and by background modeling and moving 
object segmentation [7] the regions are smoothed using Gaussian 
filter and by morphological processing i.e. dilation and erosion the 
object is made in a single component. By overlapping the centre 
of mass of the bounding rectangle which encloses the region in 
consecutive frames the segmented region is tracked based 

Fig. 1: The Specific Phases of Gait Period (a)–(k): Stance Phase 
(a)–(f) Comprising About 60% of the Gait Period; and Swing 
Phase (g)–(j).

From fig. 1,  it can seen that there are two phases of walking, the 
Stance phase and Swing phase. Swing phase occurs when one 
leg will be in air and in the Stance phase both the legs will be on 
ground. It has been observed that 60% of walk is in Swing phase 
and 40% is in Stance phase. There are ten sub-phases in between 
Swing and Stance which can be seen from the fig. 1.

A. Object extraction
In gait recognition camera has been considered static and the 
object is considered moving. Based on background subtraction 
and silhouette correlation the extraction and tracking of moving 
silhouettes from the background in each image-frame the detection 
and tracking algorithm is used. By LMedS (Least Median of 
Square) [9] method background image can be generated from a 
small portion of image sequence.

B. Fourier Descriptor for Shape Extraction
The shape of any object can be described by Fourier descriptor [10]. 
The boundary point m can be expressed as complex function
S(m)=X(m)+jY(m)    (1)
Fourier transforms to the boundary points.

S(u)= , for k=0,1,2,…N-1 (2)

Where N is the number digital points of the boundary,
The inverse transform can be applied to obtain the original 
points
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T(m)= , for u =0,,1,2,…N-1 (3)

The coefficients S(u) are called Fourier descriptors. They represent 
the discrete contour of a shape in the Fourier domain. 
The scale invariant vector (S(k)) may be written as 

S(k)=
)1(
)(

S
kS

     (4)

The position of the starting point may be normalised by subtracting 
the phase of the second Fourier descriptor weighted by m from 
the phase of all Fourier descriptors, i.e.
S(m)=S(m)e-jϕ1m     (5)

C. Center of Mass Detection
A bounding  rectangle which encloses only the contour of the 
subject, is considered to crop the image according to the perimeter 
and resized to a fixed height while preserving the aspect ratio 
using bilinear interpolation. The resized contour is then copied to 
a destination image of fixed size by coinciding its centre-of-mass 
with the centre of the destination image to make it translation 
invariant.
A 2D Cartesian moment is a gross characteristic of the contour 
computed by integrating over all of the pixels of the contour. The 
(r ,s) moment of a contour can be defined as

mr,s = ∑
=

n

i

sr yxyxI
1

),(     (6)

Here r is the x-order and s is the y-order, whereby order means 
the power to which the corresponding component is taken in the 
sum. The 2D Cartesian coordinate of center of mass C (xc, yc) is 
the ratio of the 1st order and 0th order of contour moment [11].
xc= m10/m00, yc=m01/m00    (7)
m00 moment is the length in pixels of the contours when both r 
and s both are zero.
m10 and m01 denotes moment of x and y component.

D. Control Point Selection
According to the fraction of the subject height anatomical 
landmarks have been considered on the different locations of the 
human body. From the concept of anatomical studies [12] the 
positions of ankle (Ak), knee (kn), hip (Hp), chest (Ch), shoulder 
(Sl) and head (Hd) are estimated vertically as a fraction of the 
body height which is measured as vertical height of the bounding 
rectangle enclosing the subject’s silhouette contour as 0.039H, 
0.285H, 0.530H, 0.720H, 0.818H and 0.870H measured from the 
bottom of the subject i.e. maximum y coordinate level. In figure2 
the control points of the contour have been shown.

Fig. 2: Control Point Selection

E. Angles Created Between the Centre of Mass Knee and 
Ankle with the (CKA)

Fig. 3: Angles created between the Centre of Mass, Knee2 and 
Ankle1 with the (CKA).

Ang1 is calculated by adding the angles ∠ Cknee2p2 (i.e.Th1) 
and ∠ p1knee2an1(i.e. Th2). To calculate these two angles 
the coordinates of p1 (xan1, yknee2) and p2 (xc, yknee2) are 
requierd.

Th1= tan-1( )     (8)

Th2=tan-1(
12
12

xanxknee
yanyknee

−
−

)    (9)

Ang1=Th1+Th2              (10)

F. Angles Created Between the Shoulder, Wrist and Ankle 
(SWA)
Two angles ∠ sh1rp4(i.e, Th3) and∠ p3ran1(i.e, Th4) are 
calculated to find The angle, Ang2. Now,the coordinates of 
p3(xan1,yr) and p4 (xsh1, yr).

Th3= tan-1( )     (11)

Th4= tan-1( )     (12)

Ang2= Th9+Th10                (13)

Fig. 4: Angles Created Between the Shoulder, Wrist and Ankle 
With the (SWA).
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G. Distance Between the Control Points (DC)
From the silhouette boundary images the control points have been 
found out. The distances have been calculated considering the 
points sh1-r, ch1-knee2, hip1-knee2, hip1-an2, knee1-an2, hip2-
knee1, hip2-an1, an1-an2  which is shown in the figure5.

Fig. 5: Distance Between the Control Points (DC).

III. Experiment and Results
The experiment has been conducted by using CASIA-C dataset 
[13]. Here 12 control points have been considered and out of these 
8 different control point distances and 2 angles each gait sequence 
or in total 10 parameters have been calculated and  treating each 
column as a parameter value in the extracted feature set. If in a 
sequence there are n images then for a person’s each gait sequence, 
the training dataset consists of 10x n matrices.

A.  Mahalanobish Distance
For sample training and testing vectors, let, µ1 and µ2 be the 
mean vectors respectively and S1 and S2 are the sample 
variance-covariance matrices of the training and testing data 
respectively. 
Let, 
=S ( )21 SS + /2     (14)

Mahalanobis distance [14] statistic says

   (15)
If the value of 2D is less than or equal to some threshold value, 
then it can be concluded that the gait sequence is of same person 
or matching is found, otherwise it is not in the database.

B. Threshold Value
For threshold calculation k  number of gait sequences of the same 
person have been considered. In each case, the 2D values have 
been calculated and for p persons 

  (16)

, has been chosen to be the threshold value where, s
is the precision value defined by

  (17)

In this experiment, gait sequences of 100 persons have been 
considered and corresponding feature set of gait sequences have 
been created with sequence 1-2, 1-3 and 2-3 and calculate D2

avg 
and the precision value by applying the equations (16) and (17).

And for the 100 persons the D2
avg has been calculated and it is 

0.5248.

C. Training and Testing Algorithm
Algorithm-3: Training
Input: Image sequences of different persons.
Output: Training dataset and threshold.
Step1 - Create Database of Silhouette images of different 
persons.
Step2-for each pair wise gait sequence of the same person do 
the following

Find out the boundary of each subject in each image using 1. 
Fourier Descriptor.
The control points have been found out from the concept of 2. 
analytical landmarks.
Calculate the Centre Of Mass (C) as described in section 3. 
2.3.
Create the feature set by following components-• 
The Euclidean Distance between the control points (DC).• 
The angle between the Centre of Mass and the control points • 
(DCC).
angles created between the Centre of Mass, Knee and Ankle • 
with the (CKA), 
angles created between Centre of Mass, Wrist, ankle • 
(CWA),
For different sequences of same person the pair wise 4. 
Mahalanobish-distances have been calculated.
The threshold value has been considered using the procedure 5. 
described in section 3.2

Algorithm-4: Testing
Input: Unknown Gait Sequence 
Output: Match or No Match
Step1- Take a gait sequence of an unknown person.Step2- 
Extract features by the procedure described in step2- (a)-(d) of 
algorithm-3.
Step3-   the Mahalanobish-distance between the testing data and 
each   training sequence data with predefined threshold value has 
been found out to test for matching.
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Fig. 6: Plot with ±σ and the Recognition Rate
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The fig. 6 shows that according to both the +ve and –ve values 
of σ, different recognition rates. It can be seen when σ=+0.20, 
CRR becomes maximum i.e. 91.2% and considering the trade 
of between FAR; FRR the value can be taken at 0.088 of RR 
i.e.8.8%.  

Fig. 7: From the ROC curve the ERR value is 0.88 for σ = 0.2 i.e. 
at this point FAR=FRR.

Fig. 7 shows ROC for different value of σ but when σ=0.2 
maximum recognition rate is obtained. 

Table 1: Different Recognition Parameters

Person Correct 
recognition 

Correct 
rejection 
rate

False 
acceptance 
rate

False 
rejection 
rate

100 91.2% 91% 8.8% 8%

To examine the performance of the proposed algorithm, 
comparative experiments have been conducted which is shown 
in Table 2. From Table 2, it is clear that the method, proposed here, 
has shown improvement in the performance analysis compared 
to other recent methods for same database.

Table 2: Comparison of different approaches with our methods.

Method Database Recognition 
Rate

Mij
G(x,y)+ACDA

[14]
CASIA-C 34.7%

GEI [15] CASIA-C 74%

Our old Method[16]

Our old Method[17]

CASIA-C 84%

91%

Proposed  Method CASIA-C 91.2%

IV. Conclusion
This paper focuses on the idea of using Fourier descriptor based 
shape extraction on silhouette-based gait characteristics. Our 
technique is very good in terms recognition accuracy but here 
only lateral view with movement been considered, so there is 
a good scope to extend this technique on different view angle 
between camera and object.
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