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s(𝑛) 

x(𝑛) 

v(𝑛), 
 

s(𝑛) =  x(𝑛) + v(n)

𝑠𝑘(𝑖)

𝑆𝑖
𝑚

𝑆𝑖
𝑚 = {𝑠(𝑖), 𝑠(𝑖 + 1), … , 𝑠(𝑖 + 𝑚 − 1)} − 𝑠0(𝑖),

𝑖 = 1,2, … , 𝑁 − 𝑚 + 1

𝑠0(𝑖) = 𝑚−1 ∑ 𝑠(𝑖 + 𝑗)

𝑚−1

𝑗=0

 

𝑆𝑖
𝑚 𝐷𝑖𝑗

𝑆𝑗
𝑚

𝐷𝑖𝑗 = µ(𝑑𝑖𝑗
𝑚, 𝑟)

𝑑𝑖𝑗
𝑚

𝑆𝑖
𝑚 𝑆𝑗

𝑚

𝑑𝑖𝑗
𝑚 = 𝑑[𝑆𝑖

𝑚, 𝑆𝑗
𝑚]  = max

𝑙 ∈(0,𝑚−1)
[(𝑠(𝑖 + 𝑙) − 𝑠0(𝑖)) − (𝑠(𝑗 + 𝑙) − 𝑠0(𝑗))]

µ(𝑑𝑖𝑗
𝑚, 𝑟)

µ(𝑑𝑖𝑗
𝑚, 𝑛, 𝑟) = 𝑒𝑥𝑝 (

−(𝑑𝑖𝑗
𝑚)

𝑛

𝑟
)

  

 

 

  

 

 

  

  

  

 

 

  

 

 

 

 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



𝑆𝑖
𝑚

𝑆𝑗
𝑚

𝛷𝑖
𝑚 =

1

(𝑁 − 𝑚 − 1)
∑ 𝐷𝑖𝑗

𝑚

𝑁−𝑚

𝑗=1 𝑗≠𝑖

𝜑𝑚(𝑟) =
1

𝑁 − 𝑚
∑ 𝛷𝑖

𝑚

𝑁−𝑚

𝑖=1

(𝑟)

𝜑𝑚+1(𝑟) =
1

𝑁 − 𝑚
∑ 𝛷𝑖

𝑚+1

𝑁−𝑚

𝑖=1

(𝑟)

(𝑚, 𝑟)

FuzzyEn(𝑚, 𝑟) = lim
𝑁→∞

[ln 𝜑𝑚 − ln 𝜑𝑚+1(𝑟)]

�̂�𝐹𝐸

𝑇𝑉(�̂�𝐹𝐸) =  ∑|�̂�𝐹𝐸(𝑛) − �̂�𝐹𝐸(𝑛 − 1)|

𝐿𝐿

𝑛=2

�̂�𝐹𝐸

𝑇𝑉(�̂�𝐹𝐸) = ‖𝐷�̂�𝐹𝐸‖1

1 1

1 1

1 1

 
 


 
 
 

 

‖. ‖1

�̂�𝐹𝐸

 

𝑎𝑟𝑔 min
�̂�𝐹𝐸

𝜆‖𝐷�̂�𝐹𝐸‖1 + ‖𝑛𝐹𝐸 − �̂�𝐹𝐸‖2
2 

𝜆

 
 
 

𝐹𝐸𝑆𝑘 =
∑  𝑐𝑖  𝑛𝐹𝐸𝑘+𝑖

𝑚
𝑖= −𝑚

𝑁𝑁
𝑣

 

𝑛𝐹𝐸𝑘  𝐹𝐸𝑆𝑘  

𝑝𝑀 = 𝑎0 + 𝑎1𝑘 + ⋯ + 𝑎𝑀𝑘𝑀

 
 
 
 
 

𝐹𝐸𝑇𝑉′ =  |𝐹𝐸𝑇𝑉(𝑛) − 𝐹𝐸𝑇𝑉(𝑛 − 1)| 
 

 

𝐹𝐸𝑇𝑉′ = {
𝐹𝐸𝑇𝑉′, 𝐹𝐸𝑇𝑉′ > 𝜇𝐹𝐸𝑇𝑉′

0, 𝐹𝐸𝑇𝑉′ < 𝜇𝐹𝐸𝑇𝑉′
 

𝜇𝐹𝐸𝑇𝑉′ =  ∑ 𝐹𝐸𝑇𝑉′𝐿𝐿
𝑖=1

 

           

           

           

           

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

  

 

 

 

 

 

 



 

𝐹𝐸𝑇𝑉′

𝐹𝐸𝑇𝑉′ 𝐹𝐸𝑇𝑉′ 𝜇𝐹𝐸𝑇𝑉′

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ [𝑛] = 𝑛𝐹𝐸[𝑛] ∗ 𝐹𝐸𝑇𝑉′[𝑛]

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ [𝑛] =  ∑ 𝐹𝐸𝑇𝑉′[𝑘] 𝑛𝐹𝐸[𝑛 − 𝑘]

𝐿𝐿−1

𝑘=0

𝑠𝐹𝐸′ =
𝑠𝑚𝐹𝐸 −  min (𝑠𝑚𝐹𝐸)

max(𝑠𝑚𝐹𝐸) −  min(𝑠𝑚𝐹𝐸)

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ 𝑠𝐹𝐸′

〈𝑤, 𝑥〉 + 𝑏 = 0

𝑤

 𝑏

 (𝑥𝑖 , 𝑦𝑖)𝑖=1
𝑁

 𝑦𝑖  𝜖 𝑅𝑚 

𝑥𝑖  𝜖 𝑅𝑚

min
𝑤,𝑏,𝜉

 
1

2
 ‖𝑤‖2 + 𝐶 ∑ 𝜉𝑖

𝑛

𝑖=1

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝑦𝑖[𝑤𝑇𝜑(𝑥𝑖) − 𝑏] ≥ 1 − 𝜉𝑖

𝜉𝑖 ≥ 0, 𝑖 = 1,2, … , 𝑛

𝜑(𝑥𝑖) 𝑥𝑖

 𝜉𝑖

𝐶

𝑠𝑖𝑔𝑛 〈𝑤, 𝑥〉 + 𝑏

 𝐾 (𝑥𝑖  , 𝑦𝑖)

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



𝑠𝑖𝑔𝑛 〈𝑤, 𝑥〉 + 𝑏

 𝐾 (𝑥𝑖  , 𝑦𝑖)

𝐾 (𝑥𝑖  , 𝑦𝑖) = exp (
 − (𝑥𝑖 − 𝑦𝑖)

2

2 𝜎2 
)

𝜎 

𝑓(𝑥) = 𝑠𝑖𝑔𝑛 (∑ 𝛼𝑖𝑦𝑖  𝐾(𝑥, 𝑥𝑖) + 𝑏

𝑁

𝑖=1

)

 

the proposed VAD algorithm. 

 VAD performance is calculated using (24) 

and (25) 

 

 

𝐻𝑅𝑛𝑠 =
𝑁𝑆𝑛𝑠,𝑛𝑠

𝑁𝑆𝑛𝑠,𝑟𝑒𝑓

𝐻𝑅𝑠 =
𝑁𝑆𝑠,𝑠

𝑁𝑆𝑠,𝑟𝑒𝑓

𝐶𝑂𝑅𝑅𝐸𝐶𝑇 =  
𝑁𝑆𝑛𝑠,𝑛𝑠 + 𝑁𝑆𝑠,𝑠

𝑁𝑆𝑛𝑠,𝑟𝑒𝑓 + 𝑁𝑆𝑠,𝑟𝑒𝑓

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ 

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ 

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

 

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ 𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ 𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ 

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′ detects speech regions 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

             

            

            

  

 

 

  

 

 

 

  



𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

  

 

  

 

 

 

  
 

 

 
 

  

 

 

 

 

 

  

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

             

            

            

  

 

 

 

 

 
𝒄𝒐𝒏𝑭𝑬𝑻𝑽′

𝒄𝒐𝒏𝑭𝑬𝑻𝑽′ 𝒄𝒐𝒏𝑭𝑬𝑻𝑽′ 𝒄𝒐𝒏𝑭𝑬𝑻𝑽′

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

  

 

  

 

 

 

  
 

  

 
 

  

 

 

 

 

 

  

 

  
 



 

 

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′

𝑐𝑜𝑛𝐹𝐸𝑇𝑉′
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