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Abstract— In this paper describe a method for multi-view multi-modal biometrics from a single walking image sequence. As 
multi modal cues, we adopt not only face and gait but also the actual height of a person, all of which are simultaneously 
captured by a single camera. As multi-view cues, we use the variation in the observation views included in a single image 
sequence captured by a camera with a relatively wide field of view. This enables us to improve the authentication of a person 
based on multiple modalities and views, Gait image Is represented by the Active Horizontal level (AHL) feature vector. The 
proposed system was tested on CASIA database and the achieved results showed that the integrated gait features carry the 
most discriminating power compared to any individual biometric. 
 
Keywords— Multimodal, Human identification system, Height based matching 
 
 
I. INTRODUCTION 
 
   Human identification from arbitrary views is a very 
challenging problem, especially when one is walking 
at a distance. Over the last few years, recognizing 
identity from gait patterns has become a popular area 
of research in biometrics and computer vision, and one 
of the most successful applications of image analysis 
and understanding. Also, gait recognition is being 
considered as a next-generation recognition 
identification technology [1], with applicability to 
many civilian and high security environments such as 
airports, banks, military bases, car parks, railway 
stations etc. For these application scenarios, it is not 
possible to capture the frontal face, and is of low 
resolution. Hence most of traditional approaches used 
for face recognition fail; however, several studies have 
shown that it is possible to identify human even if 
frontal face is not visible, and it is possible to establish 
the identity of the person using certain static and 
dynamic cues from face, ear, walking style, hand 
motion during walking etc. If automatic identification 
systems can be built based on using these identity 
specific cues, it will be a great contribution to 
surveillance and security area. And our aim is to 
establish identity by using long range gait biometric in 
conical view points. 
Gait is a behavioral baiometric that is superior in 
person’s authentication. Thus, utilizing gait as 
identification criteria identifies certain distinct phases 
or stances. Study of human gait and its mathematical 
modeling has implications for different areas like 
surveillance, medical diagnosis, entertainment 
industry, video communications, etc. The 
attractiveness of gait as a biometric arises from the fact 
that it is nonintrusive and can be detected and 
measured even in low resolution video. Gait as a 

biometric method has some advantages such as being 
difficult to hide, steal, or fake. 
Furthermore, gait can be recognizable from distance. 
However, most other biometrics can be captured only 
by physical contact or at a close distance from the 
recording probe. Moreover, users do not need to unveil 
additional information about them other than already 
available. Despite the advantages enjoyed by gait, it 
faces many challenges that the existing gait 
identification methods are sensitive to such as: Type of 
clothes, illumination changes, person's speed and 
directions. 
We employ the height of a person as another modality 
in addition to face and gait, while existing methods of 
gait recognition often overlook the useful height 
information. Note that we use the actual height, which 
is computed based on camera calibration and ground 
plane constraints and is there for independent of 
person to camera distance. 
 
II. MULTIMODAL 
 
In recent years, multimodal fusion has gained much 
attention of many researchers due to the benefit it 
provides for various multibiometric analysis tasks. 
Multimodal biometric systems can be designed to 
operate in five integration scenarios: 1) multiple 
sensors, 2) multiple biometrics, 3) multiple units of 
the same biometric, 4) multiple snapshots of the same 
biometric, 5) multiple representations and matching 
algorithms for the same biometric. 
 
III. PROPOSED MODEL FOR HUMAN 

IDENTIFICATION SYSTEM 
 
The architecture of the proposed model for human 
identification system based on gait passes through two 
processes: the Learning process (Enrolment) and the 
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Testing process (Identification). The major functional 
units for each process will be introduced in the 
subsequent sections. 

 
Fig. 1. Fusion at the feature extraction level 

 
A.    Pre-processing Phase 
   The pre-processing phase in gait includes resizing 
the silhouette images in CASIA gait database to 
100×80 pixels each. Then, the resized silhouette is 
followed by defining 
the person’s region of interest in CASIA database as 
shown in Fig. 2(b). The main reason for the 
pre-processing in gait is two folded. The first one is 
the attempt to reduce the size of pattern vector. The 
second one is to collect only image information that 
distinguishes individuals. 
 

 
Fig 2 Pre-processing phase 

 
B.    Feature Extraction Phase 
  The each pre-processed gait image contains 100 
horizontal levels. The function of the AHL algorithm 
is finding the effective levels that can be used for 
person’s authentication by removing levels from the 
data set that are irrelevant to the task that is to be 
performed. For each silhouette, a vector of the valid 
number of human pixels in these AHLs is recorded. 
We denote the presence counter for the k projection 
level by X[k], where k varies from 1 to N and N is the 
maximum number of levels. Thus X=[X[1], X[2], …, 
X[N]]. These levels fulfill the description of the gait 
pattern. Then for normalization, the extracted feature 
vector X is divided by the maximum number of pixels 
in the projection level value for normalization. List 2 
introduces the gait feature extraction algorithm [25]. 
Gait image is represented by the AHL feature vector, 
as shown in Fig. 3. The AHL gait feature was 

represented by G (N x S) matrix, where N is the 
number of AHL and S is the number of images in a 
sequence and is represented by Eq. 1 
 
List 1: Gait Feature Extraction Algorithm 
Initialization 
 
 k = 1… N (where k is the horizontal level and N is the 
number of AHL)  
Step-1: Calculate X[k], where X[k] is the number of 
pixels for a person's appearance on horizontal level k 
Step-2: Increment k. 
Step-3: Repeat Step-1 and 2 until k = N. 
Step-4: Find the maximum value XMax for X[k] 
elements. 
Step-5: Divide each element in X[k] by XMax to 
generate Normalized Gait Feature Vectors (NGFV) 
and thus overcoming the scaling problem. 

 
Fig. 3. Gait feature extraction 

 

 
 
C.    Proposed Features Fusion Method 
In this paper, feature fusion method is proposed as 
shown in Fig. 4. This method depends on matrices 
properties for fusing the sequence of images, which 
are represented AHL features, and reducing the 
dimension of the extracted features. Our proposed 
method has three steps, as shown in List 2. Then, the 
eigen vector, representing the fusion features vector 
for our proposed method, is calculated. 

 
Fig4. Architecture of the proposed fusion model 

List 2: Proposed feature fusion Algorithm 
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Step-1: Calculate HN xM H = GF , as shown in Eq.3 
and 4. 
Step-2: To reduce the dimension, find the 
transformation 
matrix A M xM =  HTH 
.Step-3: Extract the Eigen vector for matrix A, as 
shown in 
Eq. 5. 
 

 
 
IV. HEIGHT BASED MATCHING 
 
We assume that the camera is calibrated and hence the 
ground plane constraint on the position of the bottom 
point of a foot is available. We first exact the position 
of the bottom points of the foot (xi

f,yi
f,0) at the I th 

frame in a world coordinate system, and then calculate 
the position of the head top point(xi

h,yi
h,zi

h) at the I th 
frame in a world coordinate system based on the 
position of the head point in the image plane and the 
assumption that a subject stands perpendicular to the 
ground plane, namely, xih= xif and yih=yif. Finally, 
we calculated the height of the subject by averaging 
over the image sequence as: 

H=N∑i=1Nf Zih 
Where Nf is the number of frames in the image 
sequence. We then calculate a dissimilarity score from 
the absolute difference as Sh=hp-hg 
Where hp and hg are the heights of subjects in the 
probe and gallery. 
 
V. DISCUSSION AND EXPERIMENTAL 

RESULTS 
 
In this paper, the performance of our proposed feature 
fusion method was evaluated against different 
classifiers including a wide range of paradigms 
(Neural Network with multi layer perceptron, IBK, 
Kstar, NNge, J48, and FT). The used Neural Network 
(NN) classifier is a predictive model loosely based on 
the action of biological neurons placed in several 
layers. The input layer takes the input fused features 
and distributes them to the hidden layers which do all 
the necessary computations and outputs. The 
implemented IBK classifier is a K-Nearest Neighbor 
classifier and constructs decision boundaries by just 
storing the complete training data. The Kstar 
classifier is an instance-based classifier. 
The NNge classifier is a Nearest-Neighbor-like 
algorithm, using non-nested generalized exemplars, 

which are hyper rectangles that can be viewed as 
if-then rules. The J48 classifier is the WEKA 
implementation of the C4.5 algorithm [27]. The 
Functional Trees (FT) classifier combines a standard 
univariate Decision Tree (DT), with linear functions 
of the attributes by means of linear regressions [27]. In 
this experiment, 60 % portion of 50 persons from 
CASIA-C database is used as training dataset. The 
written code was based on the WEKA data mining 
package and the default parameters used for each 
algorithm. Classification accuracy is calculated by 
dividing the number of correct classified instances by 
the total number of instances [28]. Table II shows that 
the accuracies increase for all classifiers using our 
proposed fusion method. The IBK classifier achieves 
the best accuracy among different classifiers using our 
proposed fusion method. 
 

Classifier/Feature 
used Gait(AHL) Features 

Fusion 
NN   
 76% 89.6% 

IBK  78.3% 96.3% 
Kstar 75.4% 88.6% 
NNge 52.2% 86.3% 
J48  29.7% 71.4% 
FT 7 70.1% 87.2% 

 
TABLE II. ACCURACIES OF DIFFERENT 
CLASSIFIERS USING OUR PROPOSED FUSION 
METHOD 
 
VI. COMPARATIVE STUDY 
 
We carried out experiments on the CASIA gait 
database (dataset B), currently one of the largest gait 
databases in the gait-research community. The 
database consists of 124 subjects. Each subject first 
walked naturally along a straight line six times, then 
put on his/her coat and walked twice, and finally 
walked twice carrying a bag (knapsack, satchel, or 
handbag). Each subject walked a total of ten times in 
the scene 
(6 normal + 2 with a coat + 2 with a bag). 11 cameras 
were uniformly set on the left hand side, with view 
angle interval of 180, so 11 video sequences from 
different views were captured simultaneously for every 
walking scenario. The frame size is 320-by-240 pixel, 
and the frame rate is 25 fps. In this comparative study 
we used the 6 normal walking sequences (124 subjects 
of dataset B) for�experiments. In this experiment, the 
face feature was extracted manually from frontal face 
sequences in this database. We designed 3 sets of 
experiments. 
In Experiment Set 1, the 1st sequence is taken as 
gallery set, and the 2nd sequences is taken as probe 
set. 
In Experiment Set 2, the 3rd sequence is taken as 
gallery set, and the 4th sequence is taken as probe set.  
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In Experiment Set 3, the 5th sequence is taken as 
gallery set, and the 6th sequence is taken as probe set. 
The experimental results show that the performance 
has improved in comparison with the single biometric. 
Moreover, the experimental results show that the 
accuracy of the proposed method is better than that 
achieved in [20]. The best accuracy achieved by the 
proposed fusion method is 98.6%. However,the best 
accuracy achieved by Shen et al. in [20] is 97.85%, as 
shown in Table III. 
TABLE III. ACCURACIES OF IBK CLASSIFIER 
USING CASIA-B 
 

Method Gait Feature 
Fusion 

Shen et al. 
[20] 

90.59
% 

97.85% 

Proposed 
Modal 

92.4
% 

98.6% 

6% 
CONCLUSION 
 
This paper has addressed the problem of feature level 
fusion using gait identification based on appearance 
features in human gait, with considering the issues of 
distance metrics and scales. Our major contribution 
lies on offering a promising method to fuse face and 
gait features. The resultant fusion feature is invariant 
against scale and transform. 
Experimental results on CASIA database indicate that 
the proposed method is better not only than that 
achieved by single biometric but also than that 
proposed by Shen et al. in [20]. 
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