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ABSTRACT: Human identification at a distance has recently picked up developing interest from computer vision 

researchers. This paper expects to propose a visual recognition algorithm in view of combination of static and dynamic 

body biometrics. For each arrangement including a walking figure, present changes of the segmented moving silhouettes 

are spoken to as a related succession of complex vector setups, and are then examined utilizing the Procrustes shape 

analysis technique to acquire a compact appearance representation, called static data of body. Additionally, a model-

based methodology is introduced under a Condensation system to follow the walker and to recoup joint-angle trajectories 

of lower limbs, called dynamic data of gait. Both static and dynamic signs are separately utilized for recognition utilizing 

the nearest exemplar classifier. They are likewise viably melded on choice level utilizing extraordinary blend rules to 

improve the exhibition of both distinguishing proof and confirmation. Test results on a dataset including 20 subjects 

show the validity of the proposed algorithm. 
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INTRODUCTION 

For getting ideal execution, a programmed individual identification framework ought to coordinate the 

same number of enlightening prompts as accessible. There are different properties of gait that might 

fill in as recognition features. We order them as static features and dynamic features. The previous for 

the most part reflects geometry-based estimations, for example, body-tallness, gait and construct, while 

the last methods joint-angle trajectories of lower limbs. Instinctively, perceiving individuals by gait 

relies significantly upon how the static silhouette shape changes after some time. So past work on gait 

recognition for the most part received low-level data, for example, silhouette. Because of the troubles 

of parameter recuperation from video, hardly any techniques with the exception of utilized more 

significant level data, e.g., transient features of joint points mirroring the elements of gait movement 

adequately. Based on the possibility that body biometrics incorporates both the appearance of human 

body and the elements of gait movement estimated during strolling, here we endeavor to meld the two 

totally various wellsprings of data accessible from strolling video for individual recognition.  

PROPOSED ALGORITHM 

The proposed technique is appeared in Figure 1. For each image arrangement, background subtraction 

is utilized to extricate moving silhouettes of the walker. Static posture changes of these silhouettes after 

some time are spoken to as a related succession of complex vector setups in a typical facilitate, and are 

then investigated utilizing the Procrustes shape investigation strategy to acquire an eigen-shape for 

mirroring the body appearance, i.e., static data. Likewise, a model-based methodology under a 

Condensation system together with human body model, movement model and imperatives are 

introduced to follow the walker in image arrangements. From the following outcomes, we can compute 

joint-angle trajectories [1] of fundamental lower limbs, i.e., elements of gait. Both static and dynamic 

data may be used independently for recognition with the use of nearest exemplar pattern classifier. 

They are also combined on decision level to improve the final performance. 
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STATIC FEATURES EXTRACTION 

A background subtraction [2] strategy is utilized to remove a solitary availability moving district of the 

walker in each image. A significant prompt in deciding basic movement of a walking figure is their 

silhouette shape changes after some time. For diminishing excess, we just need to dissect spatial forms. 

The limit can be gotten utilizing a fringe following algorithm based on network. At that point, we 

process its shape centroid (xc, yc). Leave the centroid alone the starting point of a 2D shape space. We 

can open up the limit as a lot of pixel focuses (xi, yi) along external shape anticlockwise in a perplexing 

direction. That is, each shape can be portrayed as a vector comprising of complex numbers with Nb 

limit components z= [z1, z2,…,zi,…zNb]T, where zi=xi+j*yi. Accordingly, every gait arrangement 

will be changed into a succession of such 2D shape designs in like manner. 

Procrustes Shape Analysis: 

We need one technique that permits us to think about a lot of static posture shapes in gait design and 

is vigorous to position, scale and slight turn changes. A scientifically exquisite path for adjusting point 

sets is Procrustes shape investigation. A great brief survey can be found in [3]. Procrustes shape 

investigation is proposed to adapt to 2D shapes. A shape in 2D space can be depicted by a vector of k 

complex numbers z=[z1, z2, … , zk]T, called a design. It is advantageous to focus shapes by 

characterizing the focused design u=[u1, u2, … , uk]T. 

 

Full Procrustes distance is:  

 

where the superscript * speaks to the perplexing conjugation transpose. Given a lot of n shapes, we can 

locate their mean by discovering u that limits the target work 
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U is given by: 

 

The Procrustes mean shape uˆ is the predominant eigenvector of Su, i.e., the eigenvector that relates to 

the best eigenvalue of Su. Our methodology utilizes these single shape representations from a gait 

grouping to locate their mean shape as static marks that can speak to the presence of body shape. Figure 

2 (an) appears plots of mean states of four arrangements of a subject and their model, and Figure 2 (b) 

shows plots of various models from various subjects. From Figure 2 we can see that the intra-subject 

changes in eigen shapes are very little, while the between subject changes are increasingly huge. Such 

outcome suggests that the mean shapes have significant segregating power. 

DYNAMIC FEATURES EXTRACTION 

For extricating dynamic features of gait movement, we present another model-based way to deal with 

following the strolling figure under the Condensation structure [4]. Following is comparable to relate 

the image information to the present vector P. Since the verbalized body model might be normally 

figured as a tree-like structure, a various leveled estimation, i.e., finding the worldwide position and 

following every limb independently, is appropriate here. Given the above contemplations, we initially 

anticipate the worldwide situation from the centroid of the identified moving human and afterward 

refine it via looking through the area of the anticipated position. Every limb is followed under the 

Buildup structure that utilizes learnt dynamical models, together with visual perceptions, to engender 

the arbitrary example set.  

 

The dynamic model should be planned cautiously to improve the proficiency of considered examining. 

Here, the learnt movement model filling in as earlier is coordinated into the dynamic model. With the 

suspicion that the Gaussian dispersions at various stages in the movement model are free, at time 

moment t the ith movement parameter i,t θ fulfills the dynamic model 

 

This dynamic model is commonly adequate for all movement parameters; however, movement 

requirements can additionally think the examples for parameters of elbow, knee and lower leg joints. 

The PEF (Pose Evaluation Function) uncovers the perception thickness p(zt | xt ) of an image zt given 

that the human model has the stance xt at time t. All in all, limit data improves the limitation, while 

district data balances out the following.  
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In this way, we consolidate them two in the PEF by registering the limit coordinating blunder Eb and 

the locale coordinating mistake Er to accomplish both precision and vigor. Here the following 

aftereffects of 2 successions are appeared in Figure 3. Due to space limitation, just the human zones 

cut from the unique images are given. More subtleties on following might be found in [5]. Estimating 

a basic skeleton from the following results empowers us to quantify joint-point directions. 

FUSION TECHNIQUES 

Gait recognition is a customary example characterization issue. Here we attempt the closest neighbor 

classifier with class exemplar (ENN). Almost certainly, an increasingly refined classifier could be 

utilized, yet the interest here is to assess the prejudicial capacity of the separated features. To gauge 

comparability, we utilize both the Procrustes mean shape separation characterized in equation below 

for static features and the Euclidean distance for dynamic features individually. The littler the above 

separation measures are, the more comparative the two gaits are. Fundamental purposes behind joining 

classifiers are proficiency furthermore, exactness. An assortment of combination approaches for 

biometric recognition are accessible, a couple of which are referenced here [6]. Here, we research a 

few unique ways to deal with classifier blend. 

 

EXPERIMENTAL RESULTS 

A synopsis of CCRs and EERs (Equal Error Rate) is surrendered Table 1 for clearness. Another 

intriguing perception from the similar outcomes is that the score-summation-based rule outflanks 

different mixes plots all in all [7]. Of the last 4 factual mix manages, the entirety rule is the best for 

distinguishing proof, which has likewise been appeared in utilizing the affectability analysis to exhibit 

that the total guideline is the strongest to estimation blunders. Be that as it may, the item rule is best 

for confirmation [8].  
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Table 1: Summarization of CCR and EER of different features 

FEATURES CCR (RANK = 1) CCR (RANK = 3) EER 

STATIC 

FEATURES 

84.86% 93.60% 11.1% 

DYNAMIC 

FEATURES 

88.60% 98.60% 8.53% 

RANK-

SUMMATION 

88.60% 99.9% 3.86% 

SCORE-

SUMMATION 

98.60% 99.8% 3.86% 

PRODUCT 93.60% 98.60% 3.65% 

SUM 97.35% 100% 5.11% 

MAX 96.11% 100% 4.81% 

MIN 92.36% 98.10% 5.12% 

The fundamental explanation for the lackluster showing of the min rule is most likely since that it 

experiences more the commotion in score task than the generally powerful mean and item rules. 

Additionally, it is accepted that there will be better outcomes if there are adequate information to 

unequivocally demonstrate the likelihood circulations of scores for the two example classifiers. On the 

whole, these investigations feature the significance of a cautious decision of the entire mix procedure 

[9][10]. In spite of the fact that over-all the outcomes are empowering, more trials on a bigger and 

progressively reasonable database still should be examined in future work so as to be progressively 

decisive. 

CONCLUSION 

This paper has proposed a strategy dependent on combination of static and dynamic body biometrics 

for gait recognition. A measurable methodology dependent on Procrustes shape analysis is used to get 

a minimized representation of the appearance of body shape from spatiotemporal example of strolling. 

A model-based methodology is utilized to follow the walker and to recoup joint-point directions of 

lower limbs that mirror the elements of gait. Both static and dynamic signs of body biometrics might 

be freely utilized for recognition. Likewise, they have been joined on choice level for improving the 

exhibition. Test results have exhibited the achievability of the proposed strategy. 

REFERENCES 

[1] T. Bockemühl, N. F. Troje, and V. Dürr, “Inter-joint coupling and joint angle synergies of human 

catching movements,” Hum. Mov. Sci., 2010, doi: 10.1016/j.humov.2009.03.003. 

[2] S. Brutzer, B. Höferlin, and G. Heidemann, “Evaluation of background subtraction techniques 

for video surveillance,” in Proceedings of the IEEE Computer Society Conference on Computer 

Vision and Pattern Recognition, 2011, doi: 10.1109/CVPR.2011.5995508. 

 

http://www.jetir.org/


© 2019 JETIR January 2019, Volume 6, Issue 1                                            www.jetir.org (ISSN-2349-5162) 

JETIREY06079 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 381 
 

[3] J. T. Kent and K. V. Mardia, “Shape, Procrustes tangent projections and bilateral symmetry,” 

Biometrika, 2001, doi: 10.1093/biomet/88.2.469. 

[4] W. Antonin and H. Neumann, “Chromosome condensation and decondensation during mitosis,” 

Current Opinion in Cell Biology. 2016, doi: 10.1016/j.ceb.2016.01.013. 

[5] B. Stenger, P. R. S. Mendonça, and R. Cipolla, “Model-based 3D tracking of an articulated 

hand,” in Proceedings of the IEEE Computer Society Conference on Computer Vision and 

Pattern Recognition, 2001, doi: 10.1109/cvpr.2001.990976. 

[6] M. D. Femila and A. A. Irudhayaraj, “Biometric system,” in ICECT 2011 - 2011 3rd 

International Conference on Electronics Computer Technology, 2011, doi: 

10.1109/ICECTECH.2011.5941580. 

[7] M. Haghighat, M. Abdel-Mottaleb, and W. Alhalabi, “Discriminant Correlation Analysis: Real-

Time Feature Level Fusion for Multimodal Biometric Recognition,” IEEE Trans. Inf. Forensics 

Secur., 2016, doi: 10.1109/TIFS.2016.2569061. 

[8] A. Nagar, K. Nandakumar, and A. K. Jain, “Multibiometric cryptosystems based on feature-

level fusion,” IEEE Trans. Inf. Forensics Secur., 2012, doi: 10.1109/TIFS.2011.2166545. 

[9] L. M. Dinca and G. P. Hancke, “The Fall of One, the Rise of Many: A Survey on Multi-

Biometric Fusion Methods,” IEEE Access, 2017, doi: 10.1109/ACCESS.2017.2694050. 

[10] L. I. Kuncheva, Combining Pattern Classifiers. 2014. 

http://www.jetir.org/

