
  
Abstract—in this paper, Principal Component Analysis 

(PCA) with and without Radon Transform (RT) are applied 
for gait recognition purposes. The Radon Transform is used to 
detect features within an image and PCA is used to the reduce 
dimension of the images without much loss of information. The 
side view of slow walk, fast walk and carrying a ball walk have 
been selected from the CMU MoBo database for experimental 
purposes. The two techniques experimental result achieved 
equal recognition rates (EER) of 85.40%, 78.07% and 90.05% 
for RT with PCA and 85.18%, 80%, and 89.90% for PCA only 
for slow walk, fast walk and carrying a ball walk respectively.  

 
Index Terms--Gait Recognition, PCA, Radon Transform, 

Segmentation, Silhouette Extraction.  
 

I. INTRODUCTION 
Gait recognition system can be classified depending on 

the sensors used into three groups namely; motion vision 
based, wearable sensor based and floor sensor based. The 
motion vision can be divided into two groups namely; 
appearance based methods and model based methods. The 
appearance based method can be also subdivided in two 
types; state space methods and spatio-temporal methods. 
The classification of the recognition system is shown in 
“Fig 1”, [1-7]. 

Biometric gait recognition refers to verifying or 
identifying persons using their walking style. Human 
recognition based on gait is relatively recent compared to 
other biometric approaches such as fingerprint, iris, facial 
etc.  

The wearable sensors and floor sensors systems are also 
able to identify persons but in different conditions compared 
to motion vision technique. The wearable sensors technique 
needs to carry necessary sensors which enable to measure 
the different walk styles. The sensors can be set on any part 
of the body according to the sensors characteristics to get 
gait data to match up with training dataset. The sensors may 
be set up on hip, legs, arms or other parts of the body [8].  

The floor sensors are put into the floor or on the floor 
which enable to detect the required measurement. The most 
important point is to match up testing dataset with training 
dataset to identify the subjects. Both systems are useful for 
access control such as office, airport, mega mall and other 
restricted places [9]. 

“Fig 2” shows a typical motion vision based system flow 
chart, while “Fig 3” shows a general block diagram of gait 
recognition system.  

Motion vision can be used for surveillance, access control, 
detection and other monitoring purposes. The most 
important advantage is that person walking image can be 
captured from long distance and the image is then processed 
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with low resolutions [7].      
In this paper, we focus on two different techniques 

Principle Component Analysis (PCA) only and PCA with 
radon transform (RT) on machine vision for gait recognition 
purposes. 

In the next section, the literature review will be discussed 
briefly. The system design is described in section III, while 
the results are discussed in section IV. Conclusion and 
future directions are given in section V.  

 
Fig 1: Classification of gait recognition system [1, 2] 

 
Fig 2: Motion vision based system flow chart [1, 3] 

 
Fig 3: General block diagram of a gait recognition/authentication system [5] 

 

II. LITERATURE REVIEW 
Huang and Boulgouris [10] proposed a gait recognition 

system that uses multiple views. They have used six views 
according to Motion of Body (MoBo) database. They 
combined the gait cycles which resulted in an improved 
recognition rate of 96%.   

Guo and Tian [11] proposed a gait recognition method 
based on anatomical knowledge. They applied Hidden 
Markov Model for the experiment purposes. At first, they 
extracted the silhouette applying morphological operation 
and selected gait period. For the experiment, they used 
CMU gait database and selected three walking styles gait 
cycles which are fast, slow and carrying a ball for 
identification purposes.  

Sharmila and kirubakaran [12] developed a method to 
extract human gait feature automatically even in low 
resolution. They applied two techniques for silhouette 
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extraction called Image Based Gait Recognition and 
Formula Based Gait Recognition in free motion features 
from video sequence. The Image based gait technique can 
deal with clothing, lighting, segmentation and tracking. The 
formula based approach deals with height and stride 
parameters of walking gait. They used their own video 
frame and applied it for Identification purposes.  

Honggui and Xingguo [13] proposed dimension reduction 
technique for gait images. They found that the Gaussian 
technique is better than the normal background subtraction 
technique. They also applied gait alignment technique. The 
different styles of gait cycles have been applied for test and 
finally Fast Fourier Transform (FFT) module apply to 1D 
Locally Linear Embed (LLE) for gait recognition purposes. 
They applied CMU MoBo gait database and achieved 92% 
recognition rate in rank 5. 

Qiong et al. [14] proposed gait recognition based on PCA 
and Linear Discriminate Analysis LDA. PCA is mainly used 
for dimensional reduction technique and LDA is performed 
to optimize the pattern class. For the experiment, they used 
their own database and they achieved better recognition rate 
from PCA compared to (LDA). In this paper, we discus and 
compare the result about PCA with RT and PCA without 
RT technique for gait recognition purposes. 

 

III.  SYSTEMS DESIGN 

A. Silhouette Extraction  
In gait recognition, silhouette is defined as a region of 

pixels of the walking person. Silhouette extraction mainly 
focuses on segmenting the human body. The silhouette 
extraction process is shown in “Fig 4”.  

 
Fig 4: Silhouette extraction [1, 2] 

Each of the frames in the image sequence is subtracted 
from a background model of the respective image sequence. 
If the pixel value of each frame is not the same with the 
pixel value of the background, the pixel is marked as region 
of silhouette [15]. A sample of silhouette extraction process 
is shown in “Fig 5”. 

 
Fig 5: Sample of extraction silhouette process 

To remove shadow from the difference image, a threshold 
value is applied to the difference images. The difference 
image map is first analyzed by generating the intensity 
histogram of the image so that the pixels distribution along 
the image can be represented clearly and in an effective way 
according to an applied threshold value. The threshold must 
be suitable so that the foreground image is neither under-
segmented nor over-segmented. To produce better silhouette 

from the difference image, two values of threshold T1 and 
T2 are used. This will produce two different images which 
are under-segmented and over-segmented image. T1 is used 
to produce the under-segmented image while T2 is used to 
produce the over-segmented image. Under-segmentation 
and over-segmentation purpose is to produce first and 
second reliable silhouette respectively.  

To remove noises produced during segmentation of 
silhouette, morphological filters are used. The main 
components of morphological filters that are used in the 
system are morphological opening, morphological closing 
and area thresholding through connected component 
labelling. Morphological opening and closing consist of two 
basic morphological operations which are erosion and 
dilation. Morphological opening performs erosion first, 
followed by dilation, while morphological closing is vice 
versa [1 2 16]. “Fig 6” shows samples of morphological 
filters images. 

 
(a)                (b)               (c)             (d)   

Fig 6: Example of morphological filters in action 
         (a) Input silhouette from shadow removal, 

                (b) Morphological opening, (c) Morphological closing, 
(d) Area thresholding. 

B. PCA with RT and PCA only 

The Radon Transform is one of the powerful techniques 
used to identify features within an image. Let L(m, n) be an 
image function, the Radon Transform is defined as:   

( ), ( cos sin , sin cos )F f x x dxρ θ ρ θ θ ρ θ θ
∞

−∞

= − +∫        (1) 

where, x is defined as an integral along a line through the 
image, θ is the angle and ρ  is the distance of the line from 
the origin of the coordinate system as shown in “Fig 7”. 

 
Fig 7: Image domain and radon domain [2 19] 

 “Fig 8” shows the block diagram of PCA with Radon 
Transform. Radon transform will be applied on the image to 
compute its 2D projection image along angles varying from 
00 to 1800. The result of the projection is the sum of the 
intensities of the pixels in each direction. All the projections 
of the image are concatenated to form 1D Radon Transform 
vector. The 1D Radon Transform vector for all training 
images are computed. PCA is then applied on the collection 
of 1D Radon Transform vector to produce a low 
dimensional feature vector.  

Principal Component Analysis (PCA) is a statistical 
analysis of data for finding the principal components or 
eigenvectors and eigenvalues on which the data is most 
likely to vary. PCA is used in identifying patterns in data, 
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and expressing the data in such a way as to highlight their 
similarities and differences. Since patterns in data can be 
hard to find in data of high dimension, where the data 
cannot be graphically represented, PCA is a powerful tool 
for analyzing data. 

The main advantage of PCA is that once these patterns in 
the data have been found, these patterns are compressed by 
reducing the number of dimensions, without much loss of 
information. This technique was mainly used in image 
compression, but some researchers had applied PCA in their 
pattern recognition algorithm and proven to be successful [1 
18]. Dimensionality reduction is vital to the recognition 
purposes because the size of recognition matrices can be 
large and very computationally expensive or infeasible. 

PCA is used to simplify the data structure and still 
account for as much of the total variation in the original data 
as possible [1 18]. Several theoretical details parameters 
which are mean image, zero mean matrix, covariance matrix, 
eignvectors and eigenvalues, and sorting of eigenvalues are 
used [17]. The Empirical mean is defined as in equation (2) 

1

1[ ] [ , ]
N

n
u m X m n

N =
= ∑                      (2)  

where, the empirical mean is taken along each dimension 
m=1, 2, . . ., M. Here the mean vector u has a dimension of 
M x 1. To calculate the deviations from the mean, subtract 
the empirical mean vector u from each column of the data 
matrix X which is defined as B X uh= − , where mean 
subtracted data B is an M x N matrix B and h is a 1xN row 
vector of all 1’s.  

The covariance matrix, C is expressed by equation (3) 
1[ ] [ . *] . *C E B B E B B B B
N

= ⊗ = = ∑               (3) 

where, B is the expected value, and ⊗ is the outer product. 
The computed matrix V of eigenvectors which is 
diagonalizable covariance matrix C is defined as: V-1CV = 
D, where D is the diagonal matrix of eigenvalues of C [14, 
15]. 

 
Fig 8: Block diagram for gait recognition using PCA with RT [2]  

 
Fig 9: Block diagram for gait recognition using PCA only [1] 

“Fig 9” shows the block diagram for gait recognition 
using PCA method used for this paper. 2-D gait images are 
concatenated to form 1-D image vectors. Zero mean 1-D 
training images set are computed. PCA is then applied on 
the collection of 1-D zero-mean images set vector to 
produce a low-dimensional features vector.  

C. Training and Testing Database 
The CMU MoBo gait database has 25 subjects with four 

kinds of walking styles and six views for each waking style 
[18]. A total of 13 subjects for training have 6729 frames 
rearranged silhouettes. Each subject has different number of 
frames for each cycle for all three walking styles; slow walk, 
fast walk, and carrying a ball walks. The total numbers of 
testing frames are 2714 frames. The testing frames will be 
used to test the recall capability of the gait recognition 
system. Each subject has a minimum of 14 cycles and 
rearranged as 10 cycles for training and 4 cycles for testing 
and each gait cycle has approximately 20 frames. In this 
paper, the total number of images used for three walking 
styles are 6729 for training, 2714 for testing for PCA with 
RT and PCA only techniques. Another 12 subjects called 
unknown (630 frames) which have also one cycle for all 
three walking styles to prepare for reject capability of the 
system for both techniques. “Fig 10” shows the design of 
testing and training dataset. All the images have been 
resized from 486*640 to 152*200 size.  

 
Fig 10: Design of training and testing dataset [1, 2] 

D. Matching Criteria 
The Euclidean distance is used for measuring purposes. If 

the Euclidean distance between frame A and frame B in the 
training database is smaller than a fixed threshold value T, 
then frames A and B are considered to be the same subject. 
Threshold T is the largest Euclidean distance between any 
two images of the subject in the training database, divided 
by a threshold tuning value (Tcpara) as given in equation (5). 
The threshold is defined as 

[max || || ]j kT
Tcpara
〈 Ω −Ω 〉

=             (5) 

where, Tcpara is a tuning value; j, k = 1, 2, 3. . . , N. N is the 
total number of training images and Ω are the reduced 
dimension images for a given subject of the frames. A  
sample of the Euclidean distance to verify frame to frame 
matching for one subject as shown in “Fig 11”. It can be 
seen from “Fig 11” that each frame displays different 
magnitudes on one complete cycle. It is easy to select a gait 
cycle by applying Euclidean distance method. The gait cycle 
can also be obtained manually.  

In the algorithm, two performances matrices have been 
measured which are namely recall and reject.  For recall, if a 
test image is correctly identified to an image of the same 
person from the training database, it is called Correct 
Classification. However, if the test image is incorrectly 
matched with another subject images it is called False 
Acceptance. If an image from the training database is 
rejected by the system then, it is called False Rejection. For 
reject, if any test frame from the unknown set cannot be 
identified by system then it is called Correct Classification. 
If the test image can be detected by system then it is called 
False Acceptance.  
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Fig 11: Sample of gait cycle using Euclidean distance 

E. Threshold Tuning Parameter 
The value of the threshold tuning parameter can be used 

to tune the performance of the system to have either high 
correct recall with high false acceptance rate for application 
such as boarder monitoring or high correct rejection rate for 
unknown persons for application such as access control. For 
this work, the threshold tuning parameter was set so that the 
system has equal correct recall rate and correct rejection rate. 
The Tcpara (threshold) value mentioned that was chosen for 
each system is shown “Fig 12” to “Fig 17” and it is 
observed the each walking style has different Tcpara value.  

 

IV. RESULT AND DISCUSSION 
“Fig 18” shows experimental performance using PCA 

with RT and PCA only for three walking styles. The case 
where the recall correct classification is equal to reject 
correct classification is called EER. For this work, the EER 
achieved 85.40%, 78.07% and 90.05% for PCA with RT 
method and 85.18%, 80%, and 89.80% for PCA only 
method for the three walking styles slow walk, fast walk and 
carrying a ball walk respectively. If we set Tcpara value to 1 
that the best recall correct classification rate attained above 
95% for the two methods for all three walking styles while 
the reject correct classification rate is 0%. It can be seen 
from “Fig 12” to “Fig 17” then the recall correct 
classification rate is decreasing as Tcpara value increases, 
while the reject correct classification rate is increasing as 
Tcpara value increases. However, for each walking style, 
FAR and FRR might be calculated from both systems 
according to the recognition rate. The FAR for both recall 
and rejection are decreases as Tcpara value increases. So, 
different walking styles have different threshold value for 
the system.  

 
Fig 12: Recognition result for slow walk using PCA with RT 

 
Fig 13: Recognition result for fast walk using PCA with RT 

 
Fig 14: Recognition result for carrying a ball walk using PCA with RT 

 
Fig 15: Recognition result using PCA for slow walk 

 
Fig 16: Recognition result using PCA for fast walk 

 
Fig 17: Recognition result using PCA for carrying a ball walk 
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Fig 18: Equal Error Rate for three Walk Styles using PCA with and 

without Radon Transform 

A. Comparison between PCA with RT and PCA only  
“Fig 18” shows that PCA with RT gives slightly better 

result compared to PCA only technique except for fast 
walking style. If we compare the recognition rate among 
three the walking styles, the carrying a ball walk style 
presents better result for both methods. The fast walk style 
presents low recognition rate compared to slow walking and 
carrying a ball walking style for both techniques, but the 
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slow walk recognition rate is significantly better than the 
PCA while RT. For the fast walking style, PCA technique 
obtained slightly better result than using PCA with RT 
method. We observed that slow walk, fast walk, and 
carrying a ball walk EER achieved approximately identical 
by applying both techniques. If we set TCPARA value to 1 
for all three walking styles then it will achieve a high 
recognition rate of 95% for both techniques.  

B. Comparison of our results to other researchers’ 
results 
We have compared our system with other methods 

reported in published papers as shown Table 1. Lei et al. [22] 
presented gender recognition system and acquired 
recognition rate 95.67% by applying RT and Recursive 
Component Analysis (RCA) methods. Qiong et al. [14] 
applied PCA and LDA methods and attained above 95% 
recognition rate.  Murat [23] employed PCA method for 
experiment and achieved 100% recognition rate. For the 
experiment purpose, he used CMU MoBo gait database. 
Siva and Mathivanan [24] applied LDA and RT methods for 
the experiment and achieved above 95% recognition rate. In 
the above mentioned papers the researchers have used 
different existing gait database. The referred papers have 
rearranged gait database in different conditions compared to 
our rearranged gait database described in section III (c). 
“Fig 19” shows output of same correct matching frames. 
“Fig 19” displayed that matching frame “Test[47]-
Train[114]” which correct matching training dataset. 
However, the matching frames can be identified manually 
from output matching frames.  
TABLE 1: COMPARISON OF SEVERAL METHODS BASED GAIT RECOGNITION 

ON DIFFERENT GAIT DATABASE 

Methods Recognition Rate
RT and RCA [22] 95.67% 
PCA and LDA [14] above 95% 
PCA [23] 100% 
LDA and RT [24] Above 95% 
Our PCA method  above   95% 
Our PCA  and RT method above   95% 

 

V. CONCLUSION 
In this paper, a gait recognition style based on PCA with 

RT and only PCA techniques are proposed. The proposed 
systems were presented adequate results while applying 
CMU MoBo gait database applied for the experiments. The 
best recognition above 95% is achieved for PCA with RT 
and PCA only for all three walking styles. The results were 
compared with other published papers and reported that the 
proposed system gives efficient result. Some of researchers 
presented better recognition rate of walking style in 
different gait database conditions. 
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(a) Slow walk using PCA 

 
(b) Fast walk using PCA 

 
(c) Carrying a ball walk using PCA 

 
(d) Slow walk using PCA with RT 

 
(e) Fast walk using PCA with RT 
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(f) Carrying a ball walk using PCA with RT 

Fig 19: Sample of output of correct matching frames using PCA with and 
without RT 
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