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Human Action Recognition (HAR)  



BIM correspond to visual pathway 



BIM-STIP Framework 



BIM-STIP DETECTOR 

BIM-STIP Framework 



LGN - spatial attention regulation 

Pixel Change Probability Map (PCPM) 

 𝑃 𝑥, 𝑦, 𝑡 =
𝜂𝑃 𝑥, 𝑦, 𝑡 − 1 + 1 − 𝜂 𝐼 𝑥, 𝑦, 𝑡 − 𝐼(𝑥, 𝑦, 𝑡 − 1)  

Integral Images  

 𝑃𝐼 𝑥, 𝑦, 𝑡 =  𝑃(𝑥, 𝑦, 𝑡)
(𝑥,𝑦)
𝑥,𝑦 =(0,0)  

Locality Motion Energy (LME) 

 𝐿𝑀𝐸 𝑥, 𝑦, 𝑡, 𝑤, ℎ = (1/𝑤ℎ) [𝑃𝐼 𝑥 + 𝑤, 𝑦 + ℎ, 𝑡 +
𝑃𝐼 𝑥, 𝑦, 𝑡 − 𝑃𝐼 𝑥 + 𝑤, 𝑦, 𝑡 − 𝑃𝐼 𝑥, 𝑦 + ℎ, 𝑡 ] 



V1 and V2 

 V1 - primary visual feature extraction 

 Even Gabor filters 

𝐺𝑒𝑣𝑒𝑛 ·, 𝜃, 𝑠 = exp −
𝑋2 + 𝛾2𝑌2

2𝜎2
 cos

2𝜋

𝜆
𝑋  

𝑋 = 𝑥 cos 𝜃 + 𝑦 sin 𝜃 , 𝑌 = −𝑥 cos 𝜃 + 𝑦 sin 𝜃  

 V1 Respond 

𝑉1 ·, 𝑡, 𝜃, 𝑠 = 𝐼 ·, 𝑡 ∗ 𝐺𝑒𝑣𝑒𝑛 ·, 𝜃, 𝑠  

 V2 - scale, shift and orientation invariance 
𝑉2 𝑥, 𝑦, 𝑡, 𝜃, 𝜀 = Max

𝑠∈{2𝜀,2𝜀−1}
𝑉1 ·, 𝑡, 𝜃, 𝑠  



MT - higher order motion analysis 

2D EMD 

 𝑅 𝑥, 𝑡 = 𝐹𝐴 𝑡 − 𝜏 𝐹𝐵 𝑡 − 𝐹𝐴 𝑡 𝐹𝐵 𝑡 − 𝜏  

𝐹𝐴 𝑡 = 𝐹 𝑥, 𝑡 , 𝐹𝐵 𝑡 = 𝐹(𝑥 + ΔΦ, 𝑡) 

3D EMD 

  

𝑀𝑇 ·, 𝑡, 𝜃, 𝜖 = 𝐹′𝐴 𝑡 − 𝜏 𝐹′𝐵 𝑡 − 𝐹′𝐴(𝑡)𝐹
′
𝐵(𝑡 − 𝜏)

𝐹′𝐴 𝑡 = 𝐹′(·, 𝑡, 𝜃, 𝜀, 0)

𝐹′𝐵 𝑡 = 𝐹′(·, 𝑡, 𝜃, 𝜀, ΔΦ)

 

𝐹′ = 𝑉2(𝑥 + ΔΦsin 𝜃 , 𝑦 + ΔΦcos 𝜃 , 𝑡, 𝜃, 𝜀) 



BIM-STIP detection strategy 

Orientation Competition 
𝑂𝐶 𝑥, 𝑦, 𝑡, 𝜀 = max

𝜃
𝑀𝑇(𝑥, 𝑦, 𝑡, 𝜃, 𝜀)  

 Shift Competition 
(Local Maximum) 

 Locality Refine 

 Global Optima 



BIM-STIP DESCRIPTOR 

BIM-STIP Framework 



DSF - BIM motion feature 

V1 Respond 

 For extracting detailed feature, the smallest scale 

space (𝑠 = 1 and ξ = 7) is selected 

 
𝑉1𝑅𝑒𝑣𝑒𝑛 ·, 𝑡, 𝜃 = 𝐼 ·, 𝑡 ∗ 𝐺𝑒𝑣𝑒𝑛 ·, 𝜃, 𝑠 = 1  

MT Respond 

 The time offset is set to a minimum value (𝜏 = 1)  

 The space offset is set to the main lobe width of 

smallest scale Gabor filter (ΔΦ = 4) 

 

𝑀𝑇𝑅 ·, 𝑡, 𝜃 = 𝐹′𝐴 𝑡 − 𝜏 𝐹′𝐵 𝑡 − 𝐹′𝐴 𝑡 𝐹′𝐵 𝑡 − 𝜏  

𝐹′𝐴 = 𝑉1𝑅𝑒𝑣𝑒𝑛 𝑥, 𝑦, 𝑡, 𝜃 , 
𝐹′𝐵 = 𝑉1𝑅𝑒𝑣𝑒𝑛(𝑥 + 4 sin 𝜃 , 𝑦 + 4 cos 𝜃 , 𝑡, 𝜃, 𝜀) 



VSF - BIM shape feature 

Odd Gabor Filter 

 𝐺𝑜𝑑𝑑 ·, 𝜃, 𝑠 = exp −
𝑋2+𝛾2𝑌2
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V1 Respond 

 𝑉1𝑅𝑜𝑑𝑑 ·, 𝑡, 𝜃 = 𝐼 ·, 𝑡 ∗ 𝐺𝑜𝑑𝑑 ·, 𝜃, 𝑠 = 1  

V2 Respond 

 𝑉2𝑅 𝑥, 𝑦, 𝑡, 𝜃 = Mea𝑛
Σ

𝑉1𝑅𝑜𝑑𝑑(𝑥, 𝑦, 𝑡, 𝜃)  

 



Results of human action databases 

Confusion matrices of KTH Confusion matrices of Weizmann 



Result Comparisons 

 Comparisons with other bio-inspired methods 

 Comparisons with representative algorithms 
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