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Abstract—Power consumption is a crucial issue in designing 

the routing protocols for Internet of Things (IoT). Routing is 

responsible to choose the best available path towards the root. 

Therefore, routing protocol should be energy efficient as the IoT 

devices are energy constraint in nature. This paper proposes 

Expected Life Time of Energy Aware Parent Routing (ELT-

EAPR) for parent nodes. The expected life time of the parent 

cum network is calculated using neural network predictor.  
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I.  INTRODUCTION  

Internet of Things (IoT) connects the objects to the 

internet over the wireless medium and transfers the sensed 

data through network gateway. Since IoT objects are 

constraint, there is a need for Low-power and Lossy Networks 

(LLNs) to construct an energy efficient network topology.  

Considering the characteristics and possible applications, the 

Internet Engineering Task Force (IETF) group has 

standardized an IPv6 routing protocol for low power lossy 

networks i.e., RPL [1], [2], [3].  RPL is a light-weight 

proactive routing protocol preferred for IoT networks. The 

general architecture for IoT is shown in figure 1.  

 

 

 

 

 

 

 

 
 

Figure 1. The General Architecture of IoT 

 

The proactive protocols are delay intolerant for 

finding the path. Many Objective Functions (OFs) and metrics 

are proposed in the literature for energy efficiency [4], [5].  

 

 

The proposed method results in considerable energy saving by 

prolonging network life time.  

The organization of the paper is as follows. Section II 

presents related works. Section III is the problem definition. 

Section IV explains the construction process. The proposed 

technique is presented in section V. Section VI gives the detail 

study of result and discussion. Final section is the conclusion 

of the paper. 
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II. RELATED WORK  

Hongliang et al. [6] optimized topology and reduced 

energy consumption in two ways. First, the neighbour list and 

parent information were used for the construction. Second, 

Sequential probability Ratio Test and quality of information 

were used in the event detecting process. Hanane et al. [7] 

analysed both OFs and proved that one OF could not respond 

to all needs of the protocol. The authors also evaluated the 

performance of RPL. 

Santiago et al. [8] presented the ways to minimize the 

energy consumption for IoT networks. The researchers also 

highlighted lightweight algorithms for the resource-constraint 

devices. Dalvin et al. [9] proposed a technique to reduce cost 

and overhead reduction for route discovery in LOAD protocol 

by enhancing energy efficiency.  

Rehmat et al. [10] proposed energy cum congestion-

aware routing metric for IoT networks.  The proposed method 

utilized adaptive parent node selection. Wenbo et al. [11] 

proposed an event–driven clustering head rotation mechanism. 

The events were defined based on the cluster head rotation.  

Sheeraz et al. [12] suggested a hybrid technique 

which employed two thresh holds for link quality measure and 

the path length. A utility-based adaptive duty cycle (UADC) 

routing algorithm was proposed by Jiaze et al. [13]. The 

algorithm was proposed a comprehensive performance 

evaluation function. Harith et al. [14] implemented a new 

dynamic OF to improve the packet delivery ratio, delay and 

energy consumption.  

Maha et al. [15] proposed a new energy efficient cum 

mobility aware routing protocol. The proposed system helped 

to save energy and sustain the mobile nodes connected. Ming 

et al. [16] suggested a utility –based adaptive duty cycle 

routing algorithm. It adopted a comprehensive performance 

evaluation function to evaluate the choice of relay nodes. 

III. PROBLEM DEFINITION 

The devices communicate with each other in IoT 

networks. Devices are source of knowledge. As the devices 

are constraint in nature, the lifetime of the entire network is 

based on the individual devices that participate in the network. 

When a particular device is continuously used to transfer data, 

its energy is drained. Energy holes are created when an 

intermediate node drains its energy.  This issue is addressed in 

the proposed work.  

IV. TOPOLOGY CONSTRUCTION PROCESS  

The deployment of IoT demands solutions that are 

constraint in nature. One of the constraint applications is the 

low power and lossy networks (LLNs). The devices participate 

in the network construction. The topology is created using 

control messages such as DODAG Information Object (DIO), 

DODAG Information Solicitation (DIS) and Destination 

Advertisement Object (DAO) advertised by each node. The 

root node broadcasts DIO message to its neighbours. The 

nodes within the range of the root join the DODAG 

(Destination-Oriented Directed Acyclic Graph) network. 

Nodes that do not join the DODAG broadcast DIS messages. 

Based on the information, the new nodes join the networks.  

There are two OFs namely Hop Count and ETX (Expected 

Transmission Count) are proposed for RPL by IETF. The OF 

specifies how RPL nodes choose optimal paths in the network. 

The topology construction is given below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The Construction Process 

 

Consider two nodes M and N having different rank in 

the network. The node M and N join the network based on the 

rank. When a node rank M is less than N, the position of M is 

closer to the DAG root. Node M is the parent node for N.  

Rank (M) = Rank(N) + 1/Rank (N) + PMN  (1) 

 

V. THE PROPOSED TECHNIQUE   

The best paths are identified to route packets in IoT 

networks. The process of identifying the best path is based on 

OF. OF defines how devices map metrics into rank and 

optimize the route in the construction. This paper proposes 

Expected Life Time of Energy Aware Parent for parent nodes 

in the parent selection process. 

A. ELT-EAP Routing  

The proposed technique predicts and increases the 

lifetime of the network. The energy aware parent routing 

chooses the maximum energy for the best path selection [16]. 

The parent aware routing algorithm checks the parent counts 

and selects the preferred parent [17]. Transmission based OF 
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is also proposed for the IoT based networks [18]. The 

proposed technique considers energy and event rate while 

selecting the most efficient path to the sink. In this process, the 

weight of the path is calculated using Sigmoid Neural 

Network predictor.  

Let V {N0, N1, N2…..Nn} denotes the nodes in the 

IoT networks. The parent nodes are denoted by P(N). The 

selection for the best parent is calculated as follows.  

        (2)  

    

Where P(N) is the parent nodes. The average energy 

consumed Eai  is  

 

   (3) 

 

  (4) 

 

The calculation of average event rate is given in the above 

equation.    

  

B. The Working Scenario for the Proposed Method 

One root node and 8 child nodes are used for constructing 

topology. The usual construction is using Hop Count/ETX. 

The topology is constructed using energy is shown in figure 3 

from the earlier literature. Nodes 3 and 4 are the parents based 

on energy. The rest of the nodes join the network either of the 

parent depending on the energy level.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Energy Topology  

 

The topology is constructed using Expected Life Time of 

the network as shown in figure 4. The nodes are equally 

divided and the life time of the parent nodes are predicted.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. ELT Topology  

 

 Different metrics are used for the construction. Let 

the nodes in the topology be N1, N2….Nn. The nodes join the 

root node Nr.  The node`s construction for choosing the best 

parent is formulated in the next session.   

C. Calculation of the Proposed Method  

The life of the parent node is calculated using Sigmoid 

Neural Network predictor. Let the input be I1, I2….In and the 

weight WI1, WI2, ….. WiM.  

Input [ I1 , I2 , I3 , ….. In ] 

Weight [ WI1, WI2, …..  WIm]  

The structure of Input Ii is prime mover to cause 

perception for output action. The formula to calculate the 

weight is   

F(x) =      (5) 

The Event predication function executes using 

weighted sum of the inputs. The weight WIi is multiplied with 

sum of Inputs Ii. 

EP = (I, W) =    (6) 

The activation function and output are equal when 

the neuron function is linear. The prediction function output is 

sigmoid function. 

ELT =     (7) 

Where ELT is Expected Life Time of the 

parent node.  

The error in predicted output is the difference 

between the actual value and predicted output. The error rate 

depends on the weight value obtained from Input (Ii). The 

error is minimized by adjusting the weight. The error function 

for the predicted output is ( I, Wi, d).  

D is the difference in output and actual value. 

Et = (I, Wi , d) = ( RSt ( I, WI) – Dt )
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The error of the system is the sum of errors of all 

ELT.  

E (I, WI , d)  =   (8) 

  The Adjustment of weight  is obtained by 

gradient descendent  

   (9) 

The adjustment of weight is the product of negative 

of a constant eta (  by the error which is derived with respect 

to WIi. The error rate with respect to the output ELT is  

   (10) 

The relation of error rate is derived with respect to 

weight and output  

 (11) 

 

Based on the results t1, t2, t3 the output for t4 is 

predicted. The diagram for prediction is shown in figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. a) Predictor 

 

 

Figure 4. b) Predictor 

 Having the energy at t1, t2 and t3 from the literature 

[17], the lifetime of the parent nodes at tn are predicted. The 

energy at different time is given in the table. The initial energy 

is same for all the nodes. The consumption of energy level 

varies depending on the position of the nodes and data 

transmission.  

 

Nodes T1 T2 T3 

1 - - - 

2 255 100 95 

3 255 220 200 

4 255 215 210 

5 255 217 212 

6 255 210 205 

7 255 110 105 

8 255 240 235 

9 255 250 245 

 

D. Proposed Algorithm  

Algorithm 1: Expected Life Time Calculating Process  

 

1: Sender, Root Node 

2: Optimum Path Selection  

3: Receive Dio from ni   
4: If (parent =0) then 
5:    {  
6:       add ni to the parent list pi 
7:       Parent I [].add (ni); 
8:       Compute Rank (OFi); 
9:           { 
 /*Proposed method*/ 
10:             } 
11:     Construct Dio with new computed Rank Ri 
12:     Broadcast Dio (); 
13:    } 
14:        Else 
15:     { 
16:         If Dio is valid 
17:                  {  
18:                   Process  the Dio  
19:                   If Rank < own_Rank 
20:                      { 
21:      Ni.location (li) 
22:     Compute Rank (0Fi) 
23:     Construct Dio with new computed Rank Ri 
24:               } 
25:  Else 
26: { 
27: Do not change the node ni.location 
28: } 
29:       Else 
30:     { 
31:         Discard Dio 
32:              } 
33:          } 
34:     } 
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VI. RESULT AND DISCUSSION  

The power consumption of CC2420 sensor is 

considered for the discussion [20]. The transmit mode 

operates at 8.5 to 17.4mA and the receiving mode at 

18.8. Considering the maximum power consumption as 

given above, the lifetime of the parent nodes are 

calculated. The lifetime of the parent nodes are shown in 

figure 5. 

 

 

 

 

 

Figure 5. Parent Nodes Energy 

 

The Power consumption of each node is given below.  

 

 

 

 

 

 

Figure 6. Node`s Energy 

 

The comparison for energy and Expected lifetime 

using the proposed method is shown in figure 7 using 

event detection [21]. There are two sub-tags in the 

network. If the preferred parent is chosen according to 

the prediction, the lifetime of the network is doubled as 

shown below.   

 

Figure 7. ELT of the Network 

VII. CONCLUSITON   

The internet has changed the life style over last 

few years. Due to the advancement, objects 

communicate with each other without human 

interference. Transferring data is one of the main 

challenges as the devices are energy constrained. This 

paper suggested a technique to increase the life time of 

the networks.   

REFERENCES 

[1] T. Winter and P. Thubert, (Ed.) “RPL:IPv6 routing protocol for 

low-power and lossy  networks,” RFC 6550, pp. 852-861, 2012.  

[2] J. Tripathi, J. C. de Oliveira and J. P. Vasseur, “A performance 

evaluation study of RPL: Routing protocol for low power and lossy 

networks,” CISS, pp.1-6, 2010.  

[3] Oana Iova, Gian Pietro Picco, Timofei Istomin and Csaba Kiraly, 

“RPL, the Routing Standard for the Internet of Things… Or IS It?,” 

IEEE Communication Magazine, 2016. 

[4] O. Iova, F. Theoleyre and T. Noel, “Using multi parent routing in 

rpl to increase the stability and the lifetime of the networks,” Ad Hoc 

Networks, vol.29, pp.45-62, 2015.  

[5] B. Mohamed and F. Mohamed, “Qos routing rpl for low power 

and lossy networks,” Internatioal Journal of Distributed Sensor 

Networks, vol.11, pp. 541- 545, 2015.  

[6] Hongliang Tian, Zhihong Qian, Xue Wang and Xiao Liang, “QoI-

Aware DODAG Construction in RPL-Based Event Detection 

Wireless Sensor Network,” Journal of Sensors, vol.1, pp.1-9, 2017. 

[7] Hanane Lamaazi, Nabil Benamar and Antonio J.Jara, “Study of 

the impact of Designed Objective Function on the RPL-Based 

Routing Protocol,” Advances inUbiquitous Networking (Springer), 

pp.67-80, 2017.  

[8] S. Santiago  and L. Arockiam, “Energy Efficiency in Internet of 

Things: An Overview,” International Journal of Recent Trends in 

Engineering & Research (IJRTER), vol.2, pp.475-482, 2016. 

[9] A. Dalvin Vinoth Kumar, P.D. Sheba and L. Arockiam, 

“CALDUEL: Cost and Load overhead reduction for route discovery 

in LOAD Protocol”, Advances in Computer and Computational 

Sciences, Springer, pp. 229-237, 2017.   

[10] Rehmat Ullah, Yasir Faheem and Byung-Seo Kim, “Energy and 

Congestion-Aware Routing metric for Smart Grid AMI Networks in 

International Journal of Pure and Applied Mathematics Special Issue

247



Smart City,” Communication Technologies and Applications  

(IEEE), vol.5, pp.13799-13810, 2017.  

[11] Wenbo Zhang, Ling Li, Guangjie Han and Lincong Zhang, 

“E2HRC: Energy-Efficient Heterogeneous Ring clustering Routing 

Protocol for Wireless Sensor Networks,” Future Networks (IEEE), 

vol.5, pp.1702-1713, 2017.  

[12] Sheeraz A. Alvi, Fakhar ul Hassan and Adnan Noor Mian, “On 

the Energy Efficiency and Stability of RPL Routing Protocol,” IEEE, 

pp.1-6, 2017. 

[13] Jiaze Wang, Chunhua Hu and Anfeng Liu, “Comprehensive 

Optimization of Energy Consumption and Delay Performance for 

Green Communication in Internet of Things,” Mobile Information 

Systems, pp.1-17, 2017.  

[14] Harith Yahya, Hayder Al-Kashoash, Yaarob Al-Nidawi, Maria 

Quezada Mosquera and A.H.Kemp, “Dynamic RPL for Multi-hop 

Routing in IoT Applications,” Wons, IEEE, pp.1-7, 2017.  

[15] Maha Bouaziz, Abderrezak Rachedi and Abdelfettah Belghith, 

“EC-MRPL: An energy-efficient and mobility support routing 

protocol for Internet of Mobile things,” IEEE Consumer 

Communications & Networking Conference, pp. 1-4, 2017.  

[16] Ming Zhao, Arun Kumar, Peter Han Joo Chong and Rongxing 

Lu, “ A Reliable and Energy –efficient Opportunistic Routing 

Protocol for Dense Lossy Networs,” IEEE, 2016.  

[17] Patrick Olivier Kamgueu, Emmanuel Nataf, Thomas Djotio Ndie 

and  Olivier Festor, “Energy-based routing metric for RPL”, 

[Research Report] RR-8208, INRIA, pp.1-14, 2013. 

[18] Necip Gozuacik and Sema Oktug, “ Parent-Aware Routing for 

IoT Networks,” Chapter: Internet of Things, Smart Spaces, and Next 

Generation Networks and Systems, Vol. 9247 of the series Lecture 

Notes in Computer Science (Springer), pp. 23-33, 2015.  

[19] Santiago. S and Arockiam. L, “E2TBR: Energy-Efficient 

Transmission Based Routing for IoT Networks,” IJCSEITR, vol.7, 

pp.93-100, 2017.  

[20] Hua Liu and Bhaskar Krishnamachari, “Energy optimization for 

upstream data transfer in 802.15.4 beacon enabled star formulation,”  

Advanced Signal Processing Algorithms, Architectures, and 

Implementations XVIII. Proceedings of SPIE, San Jose, 2008.  

[21] Andrea Zanella, Nicola Bui, Angelo Castellani, Lorenzo 

Vangelista and Michele Zorzi, “ Internet of Things for Smart Cities,” 

IEEE Internet of Things Journal, vol.1, pp. 23-32, 2014.  

 

 

International Journal of Pure and Applied Mathematics Special Issue

248



249



250


