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Motivation 
1. Gait recognition has significant potential for remote human 
identification, but it is easily influenced by identity-unrelated 
factors such as clothing, carrying conditions, and view angles. 
2. The performance of projection-based methods (canonical 
correlation analysis (CCA) and coupled metric learning (CML)) is 
affected by factors that are unrelated to identity. 
3.  A gait template (such as GEI) and a set of images may be 
affected by contour changes or loss of temporal information 
concerning gait sequences. 
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Main idea 
1. A gait template fusion method based on multi-channel 
mapping and a novel temporal approach called FEI is proposed 
to effectively represent more original gait information. 
2. The FEI is separated into three parts: head, trunk, and leg. 
The features of each part of the body are learned from each 
block, and the low-dimensional features of the GEI are obtained 
after fusion. 
3. A CNN-based fusion method is presented for gait feature 
extraction and recognition. Bottom layers with three routes in 
parallel are used to learn the gait features, and then identity 
recognition is performed through the fusion layer. 
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Method 
This paper presents a novel fusion-based gait recognition method 
to take advantage of more gait information and solve the problem 
posed by silhouettes in different view angles or dresses.  
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1) Gait representative template fusion method 
based on multi-channel mapping  

The multi-channel mapping method is used to complete the fusion of multiple 
templates. Gait templates are marked with color and mapped to the RGB 
space in red, green, and blue channels. The FEI (x, y) is defined as follows: 

where Tm(x, y) is the image of the mth template. In this study, we choose GEI, 
AEI, and GEnI to compose the FEI. im is the normalized number of the mth 
template, and                           are the weights mapped to the RGB space. 
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1) Gait representative template fusion method 
based on multichannel mapping (Cont’d)  

GEI has an efficient gait characterization template, but has no connection 
between adjacent frames. AEI can extract the active regions by calculating the 
frame difference. Note that GEnI is not sensitive to changes in static 
information about carrying conditions or clothing. The FEI composed of these 
three templates contains more gait information and the respective 
shortcomings are offset by each other. 

Here, N is the number of frames in a gait cycle and B(x,y,n) is the binary and 
normalized silhouette of the nth frame. Dn(x,y,n) is the difference between the 
next frame and the current frame of the silhouettes. 
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1) Gait representative template fusion method 
based on multichannel mapping (Cont’d)  

Front In
form

 Technol E
lectro

n Eng



2) A robust partitioning approach for covariate 
factors 
As shown in Fig. 3, the changing of silhouettes caused by the clothing or 
backpacks is concentrated mainly on the human body’s torso, and less on the 
head and legs. Therefore, we present a solution to the covariate factors based on 
partitioning. FEI is cropped into the head, trunk, and leg regions as shown in  
Fig. 3. Due to normalization in the FEI generation process, it is easy to apply this 
method to all the subjects. In this way, attention is not solely focused on the 
whole silhouette, but also dispersed to each sub-FEI to reduce the effect of 
covariate factors.  
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3) Feature-level information fusion-based deep 
convolutional networks 
Three sub-FEIs are sent to the CNN to learn the gait feature, and the fusion layer 
combines multiple features to recognize it. Table 1 shows the structure of the 
network in detail. 

Front In
form

 Technol E
lectro

n Eng



Major results 
Impact of fusing gait representative templates 
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Major results (Cont’d) 
Impact of CNN-based partition and fusion 
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Major results (Cont’d) 
Comparison with other methods 
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Major results (Cont’d) 
Comparison with other methods 
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Major results (Cont’d) 
Comparison with other methods 
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Conclusions 
1. We have employed gait template fusion using multi-channel 
mapping to obtain an FEI to represent more original gait features. The 
FEI approach also combines the advantages of the existing templates 
to increase the robustness of identity-unrelated factors.  

2. Moreover, the partition and fusion method has been applied to a 
CNN, where the features of a partitioned FEI and fusion for 
identification have been extracted. This is effective in reducing the 
impact of changes in clothing and carrying conditions.  

3. Experimental results confirm the proposed method’s effectiveness 
and robustness for gait recognition, and show especially good 
performance in various complex environments.  
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