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ABSTRACT

In IoT environments, battery-powered wireless devices are connected to each other by multihop and provide
services while interacting with each other so that effective energy harvesting and transmission schemes are
needed in a multi-hop environments. In this paper, we propose an energy harvesting-based multihop transmission
scheme using inter-node cooperation in multihop-based linear network topology. We propose a multihop
communication protocol based on cooperative energy harvesting by mathematically modeling the multihop
transmission system according to whether energy harvesting is used or not and whether there is cooperation
between nodes. In order to maximize the lifetime of the multihop path, the proposed protocol determines the
energy transfer time for each node to make the lifetime of the each node be equal, which has the tradeoff
relationship each other. To make the lifetime of each node the same, we apply the flocking algorithm which
imitates the behavior of a bird flock flying at the same velocity, so that the lifetime of the nodes is averaged
locally. Simulation results show that the proposed algorithm can maximize the lifetime of the multihop path by

making all nodes have the same lifetime.
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Fig. 1. System model for multihop transmission without energy harvesting
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Fig. 2. System model for multihop transmission with energy harvesting
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Fig. 3. System model for multihop transmission based on cooperative energy harvesting
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ble 1. Pseudo-code of proposed algorithm

Ta

Ensure: S, = packet size to be transmitted

01: Initialize:

LO)= E0)/ (e, +¢,,)

11: end if
12: end while

R, = transmission rate of node i (given by Eq. (1))

7211.(0) =0 // initial energy transmission time of node i

// initial lifetime of node i

02: while (true) // for each node i in a distributed manner

T),, = data transmission time of node i (given by Eq. (2))
€;; = energy consumed for data transmission of node i (given by Eq. (3))
€,; = energy consumed for data transmission of node i (given by Eq. (6))

€0 (0)=0 // initial energy consumed for energy transmission of node i

E;(O) = Uniform[MIN, MAX] // initial residual energy of node i

03: Transmit data during 7}, and transmits energy during 7 (k)
04: Harvest energy ¢, ;(k) during the remaining time
05: Sharing information of L,(k) among nodes
06: Update Z, (k+ 1)<—i L/(k) /| local average of L,(k)
H j={i, neighborsofi}
07: Estimate Eﬁ‘i(k-&-l) from Eq. (17) /| next energy consumed for energy tx. of node i
08: Determine the next energy transmission time 7 ,(k+1) from Eq. (18)
09: if |7,,(k+1)— 1T ,(k)|<e then // if there is little change in 7], where € is a sufficiently small value
10: break; /| Converged ’

13: Node i transmits data during 7, and transmits energy during the converged 7, ;
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Table 2. Simulation parameters

Parameter Value
Initial residual energy (E;(O)) },(T)r:lif:m[l, 10]
Distance between nodes (d;; )) iniform[O.S, L0l
Channel power gain (\hi(Hl)F) szd;(;’ﬂ)
Average power attenuation at a 30 dB
reference distance of 1 m (G)
Channel fading €3 p* ~Exp(1)
Path loss exponent (<) 2 or3
Transmit power (F,,) 23 dBm
Channel bandwidth ( 17) 100 KHz
Noise spectral density -160 dBm/Hz
Noise figure 9 dB
Energy harvesting efficiency (7)) 1
Transmitted packet size (.5,;,) 100 kbits
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