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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

𝐸𝑡𝑥(𝑆𝑖 , 𝑆𝑗) = {
(𝐸𝑒𝑙𝑒𝑐 +∈𝑓𝑠× 𝑑2) × 𝑘𝑓𝑜𝑟𝑑 < 𝑑 0

(𝐸𝑒𝑙𝑒𝑐 +∈𝑚𝑝× 𝑑2) × 𝑘𝑓𝑜𝑟𝑑 ≥ 𝑑0

𝐸𝑒𝑙𝑒𝑐

∈𝑓𝑠 ∈𝑚𝑝  necessary for the 

amplifier in the free space and the multipath model, 

respectively. The energy required for the reception of k-bit data 

by a sensor node Sj is given by, 

 

            

            

            

        

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

  

 

 

 

 

 

 



 
𝐸𝑒𝑙𝑒𝑐

∈𝑓𝑠 ∈𝑚𝑝

𝐸𝑅𝑥(𝑆𝑗) = 𝐸𝑒𝑙𝑒𝑐 × 𝑘

ʋ

ʋ 𝑁ʋ = {𝑉} ∈

𝐺

𝑵ʋ = {𝑵𝟏, 𝑵𝟐 … 𝑵𝒏} ∈ 𝑮
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𝑁ʋ = {𝑁3, 𝑁2, 𝑁1}
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 transmission threshold, an active sensor 

periodically broadcasts its energy level to its neighbors. Based 

on the energy level each node can be re-constructing the tree for 
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𝑇(𝑛) = (𝑛 − 1) + 𝑇(𝑖) + 𝑇(𝑛 − 𝑖 − 1)

𝑇(𝑛) = (𝑛 − 1) +
2

𝑛
(𝑇(0) + 𝑇(1) + ⋯ + 𝑇(𝑛 − 1)

𝑇(𝑛) 𝑂(𝑛 log 𝑛).

𝑇(𝑛)/𝑛 = 𝑂(𝑛 log 𝑛)

 

 

≥

∆

 

𝐷𝑖 = 𝑚𝑎𝑥{𝑑(𝐿𝑁𝑗 , 𝑃𝑁𝑗)}∀𝑗

𝐷𝑠𝑖𝑛𝑘 = 𝑚𝑎𝑥{𝑑(𝐿𝑁𝑗 , 𝑁𝑠𝑖𝑛𝑘)}∀𝑖, 𝑗

𝑇𝑖 = 𝑇𝑐𝑖 + 𝑇𝑆𝑖

𝑇𝑐𝑖 = 2 × [𝑇 − (𝑇𝑇𝐷 × ℎ)]
𝑇𝑆𝑖 = (𝑃𝑖/𝑃𝑠𝑖𝑛𝑘) × (𝑇 − 𝑇𝑇𝐷 × ∆)

∆

Total data sent – total data received

Total data sent
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has been proposed to perform fast data aggregation. The secure 
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