
Abstract 

 Visual tracking is challenging due to various factors. 

Given the superior tracking performance of human visual 

system, an ideal design of Biologically Inspired Model 

is expected to improve visual tracking. Based on the 

analysis of the ventral stream in the visual cortex, the 

biologically inspired tracker (BIT) simulates shallow 

neurons (S1 units and C1 units) to extract low-level 

features for the target appearance and imitates an 

advanced learning mechanism (S2 units and C2 units) to 

combine generative and discriminative models for target 

location. In addition, Fast Gabor Approximation (FGA) 

and Fast Fourier Transform (FFT) are adopted for real-

time learning and detection in this framework.  

BIT: Biologically Inspired Tracker  Experiments 

 S1 units：classical simple cells 

 In the primary visual cortex (V1), a simple cell has the 

characteristics of multi-orientation, multi-scale and multi-frequency 

selection. and can be described as Gabor filters:  

 

 

 

 

 The color units are inspired by the color double-opponent system 

in the cortex, and are defined by Color Names:  

 

 C1 units：cortical complex cells 

 The cortical complex cells (V2) receive the response from V1 and 

have the function of  linear feature integration. 

 

 

 S2 units：view-tuned learning 

 View-tuned learning from V2 to IT as a generative model, in which 

S2 units is RBF distance between new input X and stored prototype P. 

 

 C2 units：task-dependent learning 

 An CNN corresponding to task-dependent learning from IT to PFC 

for the discrimination between target and background as 

 

 

 Fast Gabor Approximation (FGA) 

 Using several pairs of 1-D orthogonal Gabor filters Gx, Gy, the 

approximate response of S1 units is defined as 

 

 

 

 

 

 

 Fast Fourier Transform (FFT) 

 The FFT speeds up the dense sampling of S2 and C2 response 

calculation in the real-time BIT.  

 

 

 

 

Solution：      Location： 

 Multi-direction Gabor filters used in S1 units contribute to the 

robustness of illumination (IV) and rotation (IPR and OPR). Pooling 

operations in C1 and S2 units provide the shift and scale competitive to 

deal with deformation (DEF) and scale (SV). The generative model in 

S2 units and the discriminative model in C2 units rise to the challenges 

of OCC and OV respectively. 

 The hybrid-model (81.7%) achieved excellent performances in 

comparison to single-model (74.9% and 51.7%). In addition, the 

performance gap between the discriminative model and the generative 

model in the literature is 23.2%. 
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 The survival curves and average F-scores demonstrate that the BIT 

achieves the best (0.724) overall performance on ALOV300++. 

 BIT tracks the object at an average speed of 45fps, which is 

significantly faster than the second best tracker RPT (4.1 fps).  


