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Abstract

Biometric means uniquely identifying a person based on one or more biological trails. It is a technology that measures and
analyses human body characteristics, such as fingerprints, facial patterns, speech, and irises for authentication purpose.
Biometrics like finger print, face requires subject co-operation and hence fail to identify an individual at a distance. Hence
recognition through gait biometric can be employed as a new method for human identification. Gait recognition basically
identifies a person based on its walking pattern. This paper presents a simple method of Human identification based on unique
gait features. Different features such as center of mass, step size and area of triangle formed between control point’s .i.e. coxa
bone and knee bones are used. This features are computed on CASIA dataset A. Finally supervised Neural network classifier are
used.
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I. INTRODUCTION

Biometrics is derived from Greek word “Bio” which means life and “metrics” means measure .It is defined as the science and
technology of measuring and analysing biological aspects of human being. Biometrics is classified into two categories namely
Physiological Biometrics and Behavioural Biometrics.

Biometric
Technologies

Physiological Behavioral

Face Iris Hand Fingerprint Gait Voice Signature Keystroke

Fig. 1: Classification of Biometric

Physiological Biometric are based on a person's physical characteristics and are obtained from direct measurement of the
human body part. This characteristics are assumed to be relatively unchanging such as iris patterns, retina patterns, and facial
features, palm prints, fingerprints. Behavioral Biometrics extracts characteristics based on the unique way the actions are
performed by an individual. This includes key-stroke scan and speech patterns, gait.

Some techniques like hand and face have proved to be efficient in recognition but they fail to work when the distance between
the user and the system increases or quality of images degrades. Hence Human Gait is used as an emergent behavioral
characteristic for authentication. The gait is defined as “A particular way or manner of moving on foot”. The attractive property
of this technique is that no human interference is required. It can even work well when the camera is situated at large distance.
The idea of identifying a person from gait can be traced back to Cutting and Kozlowski’s perception experiments based on light
point displays [1]. The first effort towards recognition from gait was done by Niyogi and Adelsonin in early 1990’s.

Gait recognition is classifies into two types basically model based and holistic/Model free based

A. Model Based:

Model based approach models a human body or its motion with geometrical curves. An attempt at modelling could be seen
which uses a 5-link biped locomotion human model. The gait features are extracted from image sequences using the Metropolis-
Hasting method and Hidden Markov Models are then trained and recognition is performed. Different parameters are used such as
distance between head and pelvis, distance between feet and distance between hands can be taken as gait feature for recognition.
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B. Model Free Methods:

The Model free/holistic methods attempt to characterize spatial variation of dynamic variables in gait cycle. They analyse the
variations in shape and distance vectors in the sequence of images to characterize the gait features.

Presently for authentication and attendance at work place and colleges, face or thumb recognition is widely used. Here the user
has to actually come in contact with the system to obtain the data feature. But using gait as a biometric is more advantageous as
recognition using gait do not need any user cooperation and gait of an individual can be captured at a distance. Gait recognition
does not require very high quality images and it provides good results in low resolution also.

1) Example:
If an unauthorized person walks in front of camera, system will capture his gait and compare it with the stored gait sequences
and recognize him. If the sequences do not match with the stored data appropriate authority can be alerted for necessary action.

Although large no of research has been done in this area there have always been need for better parameters to improve
recognition. Each technology incorporated might have some weakness which can be overcome by the strength of other
technology. The aim of my work will be to develop a recognition system using unique gait features and comparing the accuracy
with supervised Back Propagation Neural Network (BPNN) and Multilayer perceptron.(MLP)

Il. RELATED WORK

Many authors have worked on silhouettes images and Gait Energy images.Background subtraction is the most common and prior
technique to extract the desired silhouettes.In [4] Center of mass, step size length, and cycle length are taken as key feature and
neural network is employed for training and testing purpose. Different model of neural network are used based on hidden layer,
selection of training algorithm and setting the different parameter for training. Here experiments are done on CASIA gait
database and the best recognition result obtained is 96.32.S.Rohith and Rohan Ravi [1] uses a model based approach which is
based on spatial variations of subject’s limbs and width vector of silhouettes over a cycle of frames.The variations in the spatial-
temporal features are computed and a feature matrix is constructed to describe gait signature of the individual. Primary step is
silhouette extraction using background subtraction. Resizing of image is done by cropping and the feature, basically area under
the limbs of the subject, is extracted.(DCT) Discrete Cosine Transform is applied on the feature matrix and (MSPCA)Multi-scale
Principal Component Analysis is adopted for dimensional reduction of the extracted area signals. The feature matrix is then fed
to Neuro -fuzzy and K-NN classifiers for evaluation. The modeling method uses spline curves to model the limbs which involves
finding the coordinates of coxa joint, two knee joints and two ankle joints of each silhouette. The importance of this method is
that it is robust to changes in shape variation of the subject due to added objects such as a bag or a coat. Recognition using neural
Networks has also been done widely in both model based and model free methods using various features.

In [7] features are extracted by converting two-dimensional silhouette shape into a one-dimensional distance signal from the
associated centroid.The nearest neighbor classifier using spatial-temporal correlation or the normalized Euclidean distance
measure is utilized in for recognition.

HeeYoo [3] proposed a method for recognizing humans by their gait using back-propagation neural network. Here the human
body and its silhouette is extracted and a 2D stick figure is extracted from body silhouette by determining the body points. Then
back-propagation neural network algorithm is employed to identify the gait features.

In[2] the methodology adopted for gait identification is based on intersection with fuzzy classification.Two human body joint
i.e. shoulder and feet are used as feature. Feet body joint is separated in to two component toe and heel of the left and right leg
and two triangles are formed on joining the shoulder and feet(toe and heel).The intersecting points are computed on CASIA
database and Fuzzy classifier is used. Gender recognition from human gait has been implemented [5] based upon silhouette
analysis measured during walking. Recognizingpeople by gender depends greatly on how the silhouette shape of an individual
changes over time in an image sequence.Recognition rate is also compared where review of method for gait recognition is
carried out using different approaches and on classification categories of model free and model based approach, MDA, ENN,
NNJ6].

111.OVERVIEW

The proposed approach can explained in the following steps:

1) Silhouette extraction is done by using background subtraction technique, and is pre-processed to remove noise components
that are introduced.

2) The extracted silhouette is resized by cropping the image.

3) Silhouette features namely, center of mass, step length and area of triangle formed between control points is extracted.

4) The feature matrix is then fed to NN classifiers for evaluation.
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1\V. PROPOSED METHOD

The work involves processing of the database images, extracting the features using image processing techniques and finally
developing a suitable classifier for recognition.

A. Silhouette Extraction:

Silhouette extraction is of prime importance in gait analysis. In every frame of the sequence it is essential to analyse the value of
each pixel. The background subtraction is used to obtain the subject of interest. Here the subject should be the only object in
motion in the frames. Background subtraction usually introduces some noise to the binary images.Hence algorithms of erosion,
dilation and component labelling in mathematical morphology are used to filter out image noises and fill small empties.

B. Obtaining Image:

After background subtraction we can see that the subject occupies a small area of image. To eliminate the boundary around the
object that occupies a larger portion of image, resizing is done the by cropping the extra portion of the image and fitting the
subject into a smaller image choosing appropriate width and height so that the image is not corrupted. Here height of the human
silhouette is chosen as the height of the image and then a fixed width is chosen. This type of scaling reduces computational
complexity and also corrects the scale changes due to the variation of object distance from the camera.

C. Gait Feature Extraction:

From the gait silhouette,the signature features are extracted. In this work, we have considered three gait features mainly center of
mass, step size length, and area between coxa bone and the knees.

1) Center of Mass:

The images are stored in the form of a two-dimensional data array, in which each data value is referred to as a pixel. We refer an
individual pixel located at row i and column j by the notation B(i, j) = the brightness of the image at the point (i,j).At the time of
walking, the center of mass of human body changes from one instance to another ,s0 we are using center of mass as a feature.
Center of mass shows brighten weighted average of x and y coordinates pixels in the frame. Center of mass of the white pixels
area for binary images is the same as center of mass, if we consider the intensity at a point asthe mass of that point.

2) Step length:

Bounding box techniques is used for calculating step size length.Bounding box is created, such that it covers whole object from
outside and its right edge boundary touches the back foot back end and left edge touches the front foot end, this bounding box
width is recorded as step size length.

ight

-

Width

Fig. 2: Human Silhouette

3) Area of Three Control Points:
The procedure involves finding the coordinates of coxa joint, two knee joints and two ankle joints of each silhouette. The three
joints thus found, are used as control points to construct a triangle. The procedure for finding the joints and constructing the
triangle is enumerated in the following sections.

1) Coxa Point- The y co-ordinate is at 0.72H from the top of the image. When horizontal scanning is done it leads to the

center of the region which is taken as the coxa point.

2) Knee Point- A circle with radius 0.245H is drawn with the coxa point as the center. Two Regions are obtained and
center of each region is the corresponding knee joint.The human knee is about 0.1H wide,so we choose the point 0.05H
left/right from the rightmost/leftmost point as the right/left knee joint. Considering this three control points a triangle is
constructed. Our main motive of triangle formulation is to compute area of triangle. Area of triangle whose vertex are
(x1, y1),(x2, y2) and (x3, y3) is computed as

Area = 1/2[x1(y2 — y3) + x2(y3 — y1) + x3(yl — y2)]
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Fig. 3: Location of Control Points
D. Artificial Neural Network:

Artificial neural networks are nonlinear information processing devices which are built from interconnected processing devices
called “neurons”. It is an interconnected group of artificial neurons that uses a mathematical model or computational model for
information. ANN is inspired by the way biological neural system works. The neural network is trained using the image data and
the trained neural network is capable to identify a person.

Back propagation is a systematic method for training multi- layer artificial neural networks. It is a multi -layer forward
network using extend gradient descent based delta learning rule, commonly known as Back propagation rule. Back propagation
provides a computationally efficient method for changing the weights in a feed forward network with differentiable activation
function units to learn a training set of input-output examples. Being a gradient descent method it minimizes the total squared
error of the output computed by the net. The network is trained by supervised learning method.

A multilayer perceptron (MLP) is a feed forward artificial neural network model that maps sets of input data onto a set of
appropriate outputs. A MLP consists of multiple layers of nodes with each layer fully connected to the next one. MLP utilizes a
supervised learning technique called back propagation for training the network. MLP is a modification of the standard linear
perceptron and can distinguish data that are not linearly separable. The multilayer perceptron consists of three or more layers (an
input and an output layer with one or more hidden layers) of nonlinearly-activating nodes and is thus considered a deep neural
network. Each node in one layer connects with a certain weight to every node in the following layer. Learning occurs in the
perceptron by changing connection weights after each piece of data is processed, based on the amount of error in the output
compared to the expected result. This is supervised learning, and is carried out through back propagation, a generalization of the
least mean squares algorithm in the linear perceptron. Learning rate is carefully selected to ensure that the weights converge to a
response fast enough, without producing oscillations.

V. IMPLEMENTATION

Once the silhouette is extracted from the image, the features are calculated on the database. This features are then arranged in a
matrix form which will be given as input to the neural network. We have implemented the proposed methods on the
CASIA(Chinese Academy of Sciences) Gait Database. CASIA Gait dataset has four class datasets: Dataset A, Dataset B (multi-
view dataset), Dataset C (infrared dataset) and Dataset D (foot pressure measurement dataset).In this work we have used CASIA
datasets A which includes 20 persons. Each person has 12 image sequences, 4 sequences for each of the three directions, i.e.
parallel, 45 degrees and 90 degrees to the image plane and has19139 images in total. For evaluation purpose we have created two
set of data i.e. Data set 1 and Data set 2 which are separately given to the network for training purpose.

In this work the first classifier used is the Back Propagation Neural Networks. In pattern recognition problems, a neural
network to classify the inputs into a set of target categories. The network is trained and its performance is evaluated using cross-
entropy and confusion matrices. The network uses scaled conjugate gradient backpropagation (trainscg) as training function and
cross-entropy as performance function. The neurons in the hidden layer are adjusted for obtaining a training with minimum error.

For Multilayer perceptron, we have use two hidden layer.The implementation can be checked for differ neurons size in this
layers. The MLP model divides the data into training, validation and testing data which is used to correctly calculate the network
accuracy. The network uses levenberg-Marquardt(trainim)as the training function and Mean Squared Error(mse)as the
performance function.

VI1.RESULTS

The feature is given to the neural network and the results are as below:
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A. Results using Back Propagation Neural Network:

Table -1:
BNN Results
Dataset | Hidden Neurons | Epoch | Accuracy
Dataset 1 30 86 78.37 %
40 63 81.08%
50 55 78.40%
Dataset 2 30 63 89.18%
40 74 86.48%
50 60 89.17%

With dataset 1, the network with 40 hidden neurons gives best classification rate as compared to the other networks. With the
increase in the epoch the error reduces significantly. For dataset 2 the network with 30 hidden neuron gives a higher
classification rate.

Gradient = 0.0085685, at epoch 69
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Fig. 4: Training State Plot for Dataset 1, 40 Neurons

Best Validation Performance is 0.13167 at epoch 63
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Fig. 5: Performance Plot for Dataset 1, 40 Neurons.
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B. Results using Multilayer Perceptron Neural Network:

Table-2:
MLP Results
Dataset First Hidden layer Second Hidden layer Test
Neuron Neuron Accuracy
Dataset 1 30 30 73%
29 29 79%
30 29 87%
Dataset 2 30 30 86.50%
29 29 91%
30 29 81%

Multilayer Network for dataset 1 with 30 hidden layer in the first layer and 29 hidden layer in the second layer gives a higher
accuracy then other network.For network with dataset 2 with hidden layer 29 for first layer and 29 neurons for 29 layer has
higher accuracy.

Best Validation Performance is 0.046881 at epoch 8
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Fig. 6: Performance Plot for Dataset 1, 40:40 Hidden Neurons
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Fig. 7: Training Plot for Dataset 1, 40:40 Hidden Neurons
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VII. CONCLUSION AND FUTURE WORK

The paper results human recognition based on gait features using BPNN and MLP .The multilayer perceptron has a better
accuracy for classifying the gait feature as compared to Back propagation Network. The figure shows that with the increase in
epoch the error reduces and hence the training is perfectly done. Testing with new features gives a higher accuracy in MLP then
in BPNN .Future work involves using other supervised neural networks like probabilistic neural network and comparing its
accuracy.
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