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Abstract—Gait Recognition is one of the latest and attractive 

biometric techniques, due to its potential in identification of 

individuals at a distance, unobtrusively and even using low 

resolution images. In this paper we focus on single lateral view 

gait recognition with various carrying and clothing conditions. 

Such a system is needed in access control applications whereby a 

single view is imposed by the system setup. The gait data is firstly 

processed using three gait representation methods as the features 

sources; Accumulated Prediction Image (API) and two new gait 

representations namely; Accumulated Flow Image (AFI) and 

Edge-Masked Active Energy Image (EMAEI). Secondly, each of 

these methods is tested using three matching classification 

schemes; image projection with Linear Discriminant Functions 

(LDF), Multilinear Principal Component Analysis (MPCA) with 

K-Nearest Neighbor (KNN) classifier and the third method: 

MPCA plus Linear Discriminant Analysis (MPCA+LDA) with 

KNN classifier. Gait samples are fed into the MPCA and 

MPCALDA algorithms using a novel tensor-based form of the 

gait images. This arrangement results into nine recognition sub-

systems. Decisions from the nine classifiers are fused using 

decision-level (majority voting) scheme. A comparison between 

unweighted and weighted voting schemes is also presented. The 

methods are evaluated on CASIA B Dataset using four different 

experimental setups, and on OU-ISIR Dataset B using two 

different setups. The experimental results show that the 

classification accuracy of the proposed methods is encouraging 

and outperforms several state-of-the-art gait recognition 

approaches reported in the literature. 
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I. INTRODUCTION 

AIT is defined as “the coordinated and cyclic combination 

of movements that result in human locomotion” [1]. As 

such, and based on these repeated patterns, it can be used to 

identify people. The use of gait traits in biometrics is 

increasingly attracting researchers‟ interest. This is mainly due 

to its potential in identification of individuals at a distance. It 

can be also applied to subjects unobtrusively, without their 

cooperation or awareness. The application of gait in 

biometrics requires specific focus on some covariates like the 

view angle [2], [55], [60], [61] and [62], clothing [3], [4], [5], 

[6], [51], [52] and [53], footwear [2] and [7], time span [2], 

fatigue and muscle development [1] and carrying conditions 

[3], [4], [5], [6] and [52]. 

One important decision to make before testing any gait 

recognition algorithm is the selection of the database. The 

database should be suitable to the application under study, and 

is used to train, test and evaluate the system.  

Gait analysis methods can be generally classified into 

Model-Free and Model-Based. Model-based methods use the 

parameters taken from the human body structure or its 

kinematic data to build a model. Parameters can be, for 

instance, taken from stride length, stride speed and cadence 

[8]. Lee and Grimson [9] modeled the human body into seven 

regions, and represented each region by an ellipse. Cunado et 

al. [10] used models of the legs, as they found harmonics in 

the legs motion. Yoo et al. [11] modeled the body‟s parts into 

sticks. Yam et al. [12] used the pendulum-like movement of 

the legs as a model. Dockstader et al. [13] used a model of 

thick lines connected with points for different parts of the 

body and made use of the pendulum motion of the lower part 

for feature extraction. Bobick et al. [14] and BenAbdelkader et 

al. [15] have adopted the structural model of stride parameters 

to extract gait features. Tanawongsuwan et al. [16] and Wang 

et al. [8] modeled the different joints trajectories in the upper 

as well as the lower parts of the body. Zang et al. [17] used 

five-link biped model of the upper and lower body parts. 

Recently, Guasch et al. [18] used radar techniques to create a 

model of the human body based on the Doppler frequency 
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