
An Energy-Renewal Approach With 

Wireless Power Transfer 
 

 

Yi Shi and Liguang Xie and Y. Thomas Hou and  

Hanif D. Sherali (IEEE INFOCOM 2012)  
 
                                        
 



Introduction 

Problem description 

Optimal traveling path 

Numerical Results  

 

 
 

Outline 



 Employing a mobile vehicle carrying a power-

charging station to periodically visit each 

sensor node and charge it wirelessly.  

Device 

 This mobile wireless charging vehicle 

(WCV) can either be manned by a human or 

be entirely autonomous.  

 Wireless Power Transfer 

 

Introduction  1 / 3  



 Renewable energy cycle 
 

 Remaining energy level in a sensor node’s battery 
exhibits some periodicity over a time cycle.  

 Formulate an optimization problem for joint flow 
routing and charging schedule for each sensor 
node. 

( Objective of maximizing the ratio of the WCV’s 
vacation time ) 
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 Parameter 1/2 

 sensor nodes N 

 battery capacity of Emax , Emin 

 sensor node i generates sensing data with a 
rate of  Ri (in bits/second) 

 𝑓ij the flow rate from sensor node i to sensor 
node  j (b/s)  

 𝑓iB the flow rate from sensor node i to the 
base station B (b/s)  

 
 

 

 
 

Problem description   



 Flow balance constraint at each sensor node  : 

 

 

 Energy consumption model : 

 
 

                    

 

- ρ is the rate of energy consumption for receiving a unit of data rate 

- Cij (or Ci𝐵) is the rate of energy consumption for transmitting a 

unit of data rate from node  to  node  (or the base station B  ) 

Problem description 

reception  transmission 



 Parameter 2/2 

   V is traveling speed of the WCV(m/s)  

  U  the energy transfer rate of the WCV 

 Charge the sensor node i , spend a time of 𝜏  

 After the WCV visits all the sensor nodes, it  

will return to its service station, call this resting 

period vacation time, denoted as 𝜏𝑣𝑎𝑐 

Problem description 



 𝑃 = (π0,π1, …π𝑁,π0) the path traversed by 

the WCV 

 

 The cycle time 𝜏 can be written as 

 

         𝜏 = 𝜏 + 𝜏vac+  𝜏i 𝑖𝝐𝚴  

 

– Denote D the distance of path 𝑃, 𝜏= 𝐷 / 𝑉 

 

Problem description 
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Optimal traveling path 

Flow conservation 

   constraint 

Energy 

constraint 
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Optimal traveling path 



 Simulation Settings  

 Consider a randomly generated WSN consisting 

of 50 nodes  

 Sensor nodes over a square area of 1 km × 1 km  

 The traveling speed of the WCV is 𝑉= 5 m/s  

 Let 𝐸𝑚𝑎𝑥= 10.8 KJ , 𝐸𝑚𝑖𝑛= 5.4 KJ  

 𝑈= 5W  

 

Numerical Results   



 In this optimal cycle,  

    D𝑇𝑆𝑃=5821 m and    

𝜏TSP =1164.2 sec 

 target ϵ = 0.01, 𝑚= 4 

 𝜏=17.34 hour  

 𝜏𝑎𝑐= 1164.2 sec  

 𝜂𝑣𝑎𝑐= 77.51%  
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