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The sensor network facilitates easy monitoring in hazardous environments like forests war fields, etc. The Wireless Sensor Network (WSN) comprises several Sensor Nodes (SN) to observe and record the environment’s physical conditions. The collected and organized data is transmitted to Base Station (BS). The battery power of SN is limited. The distribution of nodes is randomly in the network area causes overlapping and coverage hole problems. The uncovered area in the network is called as coverage hole problem. The Coverage Optimization and Hole Healing (CHHP) Protocol is proposed to optimized the overlapping and coverage hole problem in the network using the various phases as Initialization of the network, Cluster Formation, Cluster Head (CH) Selection and Sleep and Wake-up phase. The overlapping and coverage hole issues are optimized by using the premise condition of sensors node to achieve maximum coverage within a specific sensing range. The relationship is established among coverage area and radius of SN through probability and statistic theory. The Sleep and Wake-up phase is used for the selection of few nodes to be active for coverage. The proposed protocol is contrasted with various existing protocols such as LEACH, TEEN, SEP and DEEC routing protocol. The simulation performance of the proposed protocol with LEACH, TEEN, SEP and DEEC routing protocols shows improvement in stability period of network and enhanced network lifetime.



Introduction
The WSN is widely used in industry and research purposes nowadays. The SN are randomly distributed in the network for data collection tasks and transmit data to the BS. The important application areas are public safety, military, health care, checking environmental issues, etc. In [1] authors discussed the SN works autonomously or collaboratively in the network. The coverage is an important QoS metric to enhanced network lifetime. In [2] authors said communication and sensing range of SN is limited. The coverage and connectivity are issues in the network. The BBO technique is used to optimize the problem. The technique is based on an encoding scheme and objective function to optimize the issue in the network. In [3] authors categorized coverage problems because it effects the network performance. There are two categories based on frequency monitored in the network area known as sweep coverage and continuous coverage problem. In [4] authors discussed deterministic and probabilistic sensing models based on the sensing ability of the SN. The sensing models are further categorized as directional and omnidirectional models. The directional sensing model has a finite angle of view therefore does not detect the entire area whereas omnidirectional SN detects the entire area. In [5, 6] authors discussed the sensor mobility model, sensor location awareness model, sensor sensing model and sensor deployment model are four important models in the coverage protocols.  The SN requires good resource management and hierarchical architecture for performing tasks in the network. Clustering is a technique in which the nodes are divided into multiple classes based on similar properties. The Cluster Members (CM) sent the data to their respective CH(s) and finally transmitted it to BS.
The adjusting of the sensing range is a key strategy for efficient energy utilization in the network. The network life span is the time duration between sensing function and the data transmit to BS. 
The proposed protocol performance is compared for first packet drop, last packet drop and the packet transmitted to the BS. The protocol performs better performance and enhance network lifetime.
The paper is categorized in following Sections:  Design issues and related work in discussed in Section 2. The proposed Coverage Optimization and Hole Healing (CHHP) Protocol is discussed in Section 3. The simulation performance and results are discussed in section 4. The last section concludes the work with research directions.  
Related Work
WSN becomes an important research field in cloud computing, IoT, artificial intelligence, etc. In [7] authors said several researchers worked to improve the QoS parameter in the network. In [8] authors said the distribution of SN in the network area is random. The CH collects data and transmit to BS. In [9] authors proposed EETRB protocol for data transmission in the network. The ability to perform tasks using available Residual Energy (RE) of SN and CH nodes. The protocol improves system performance and enhances network lifetime. The [10] authors discussed to design a routing protocol is a difficult task in the network. The non-uniform distribution of energy causes coverage hole problems and decreases the performance of the system. The mobile nodes are used to solve the issues. In [11] authors proposed EE- DSTRP protocol in which a higher RE node is selected as CH for a particular round. The protocol enhanced node RE and improve system performance. In [12] authors introduced the importance of optimization algorithms in the selection of appropriate CH based on the efficient routing algorithm. The optimization criteria of HCR protocol are cluster size, distance from BS, energy consumption, cluster distance and the number of clusters formed. In [13] authors proposed Area aware coverage protocol. The protocol uses adjustable transmission and sensing ranges of SN. The overlapping area is minimized by using various steps and the sleep and wake-up technique is used to assign the duty cycle to each node. In [14] authors proposed Optimal Cooperation Scheduling (OCSA) Algorithm. The α-k coverage technique is used to cover the target region by k node with α probability. The algorithm keeps active some SN for performing task in network. The protocol efficiently utilizes energy consumption and enhanced network lifetime. In [15, 16] authors categorized the coverage protocols into three sections as sleep scheduling mechanism, coverage aware deployment mechanism and cluster-based sleep scheduling mechanism. The different approaches of each category are discussed and compared. The coverage aware deployment mechanism shows that CPMEA, MSCOLER provides full area coverage while MobiBar provides K-barrier coverage and PSODA (PSO-based Deployment Algorithm) provides only point coverage. In [17] authors proposed a protocol to minimize the overlapping problem in the network. The radius of the nodes and RE are chosen as parameters for complete coverage. The protocol reduces the overlapping problem, and the overlapped SN is utilized to improve network lifetime using a sleep and wake-up scheme.
[bookmark: bb0085]In [18] authors proposed LEACH (Low Energy Adaptive Clustering Hierarchy) protocol and is best suited for homogenous nodes. The limitation of a protocol such as selection of CH, routing, the transmission of data, aggregation etc. In [19] authors discussed the characteristic of the LEACH protocol in which every node has an equal probability to become CH. The protocol follows single-hop for data transmission tasks in the network therefore consumes more energy. The efficient utilization of energy is still a challenging task in the network. In [20] authors proposed E-HORM method to overcome the energy hole problem. The energy of SN are saved by using the sleep and wakeup scheme. The threshold value is used to know the available RE of SN for data transmission task. In [21] author proposed Threshold-sensitive Energy Efficient sensor Network (TEEN) protocol. The protocol transmits the information-based threshold values. If the threshold is not achieved, then SN will not communicate with each other. Therefore, no data will be received from BS. As a result, the BS cannot distinguish between alive and dead SN in the network. The authors also proposed a solution in which SN transmit their energy status to the BS. So, the BS will be notified of dead and alive SN in the network. In [22] authors proposed two variants of TEEN protocols (WB-TEEN and WBM-TEEN). Each SN communicates to its neighbor SN in the cluster therefore reduce the amount of data packets sent or received in the network. The performance of WB-TEEN and WBM-TEEN enhanced the lifetime compared to TEEN and LEACH protocol. In [23] authors introduced ASLPR protocol which uses (distance from BS, distance between CHs and RE) for CH selection parameters. The protocol performs better result compared to variants of LEACH protocols. In [24] authors proposed an ESCS scheme for the sensor network. The scheme is based on Barabasi-Albert (BA) model concept. The CH is selected based on network topology and RE of SN. The simulation result of ESCS improves the scalability period and enhances network lifetime. In [25] authors proposed the Node Rank (NRA) Algorithm. The NRA selects CH on the basis of the number of links between SN and the cost of the path. The NRA algorithm has overcome the problem of the traditional CH selection process, which causes unexpected failure of CH in the prior LEACH version. In comparison to different versions of LEACH protocols, the NRA shows better performance and improve lifetime of the network. In [26] authors proposed a routing algorithm for the sensor network. The transmission of data packets consumes more energy in the network. The algorithm uses both multi-hop routing and clustering techniques to minimize the data packet transmission in the network. In [27] authors discussed some clustering techniques that require the GPS location of SN. However, the GPS location is not always accessible due to the high energy consumption and cost of GPS. The authors introduced H-DHAC protocol which uses both qualitative binary data connectivity and quantitative location data at the same time. In [28] authors proposed a Stable Election (SEP) protocol for the sensor network. It is based on two-level architecture and used Normal Nodes (NN) and Advance Nodes (AN). The CH election probability of SEP protocol is based on Initial Energy. The protocol provides better network stability compared to the LEACH protocol. In [29] authors introduced Distributed Energy Efficient Clustering (DEEC) routing protocol. The protocol includes multilevel heterogeneity. The SN energy is randomly distributed in a specific energy interval in a multilevel heterogeneity. The DEEC protocol utilizes the probability ratio between RE of each SN and network estimated average energy for the CH selection process. In comparison to LEACH and SEP, DEEC enhances the network lifetime.
In [30] authors proposed sleep/wakeup protocol for target coverage in the network. The CH selection in the protocol on the basis of distance, RE and node as parameters for trust calculation. The protocol performs better performance in comparison to DSC protocol. In [31] authors introduced CEE algorithm to achieve coverage and connectivity in the network. The few SN are used to monitor the data and the rest node is kept in sleep mode for future use and enhanced network lifetime. In [32] authors proposed a sleep and wake-up scheme. The time slot is assigned to each node for performing the task in the network. Each node autonomously decides its operations in the given time slot for a decentralized approach. The simulation performance of the proposed scheme improves network lifetime. In [33] authors introduced a technique to monitor the node density in the network. The reinforcement learning technique enables to keep some nodes in a sleep state while other nodes as active nodes to improve network performance. In [34] authors introduced E2S-DRL algorithm. The algorithm works in various phases to minimize delay in the network. In the first phase zonal based clustering for the data aggregation task. The DRL algorithm is used in the second phase to assigned a duty cycle for each node and routing is performed in the third phase using Optimization algorithms.
Coverage Optimization and Hole Healing (CHHP) Protocol
The network area is divided into Ω * Ω m2 and BS is situated approximately in the center of the network. The SN senses the information from the surroundings. The Proposed protocol deal with optimized the overlapping and coverage hole issue in the network using various phases as: Initialization of the network, Cluster Formation, CH Selection and Sleep and Wake-up phase is used for selection of few nodes to be active for coverage. The Poisson distribution is applied to achieve maximum network coverage with high probability. The data is aggregated by the CH node and transmit to the BS.
Network Initialization Phase
Let us consider a set of SN = {S1, S2, …, Sn} covering the network area where SN(i) is an individual sensor that belongs to a set of SN and i  [1,2, 3…,150]. The 150 SN are distributed randomly in the 100*100 m2 network area.
The following assumptions for the designing of the CHHP protocol.
· The random distribution of SN in the network area.
· The BS, CH and SN are synchronized with each other.
· The base station is stationery and supplies power all time. 
· The sensor node battery is not rechargeable and dies after some time.
· The noise factor and interference of the signals are ignored by designing the system.
· The 10% of nodes are considered as deployed outside the network area due to dropping from the top. We are considering 150 effective nodes in the network area.
Cluster Formation Phase
The node collects the data either directly or in collaboration with other nodes from the environment. Clustering is a technique in which SN are divided into different groups and sent data to CH nodes. The CH performs aggregation of data and transmit to BS. The Table 1 represents notation and definition.

Table 1 Notation and Definition
	S. No.
	Notation
	Definition

	1
	Ω
	Network area

	2
	SN
	Sensor Nodes

	3
	ѓ
	Sensing radius

	4
	
	Communication radius

	5
	PD
	Poisson Distribution

	6
	P
	Coverage Probability

	7
	
	PD density

	8
	
	Detection area

	9
	
	Lower limit from [0, k-1]

	10
	
	Upper limit 


The following definitions are introduced:
Definition 1. The network area (Ω): The network area is monitored by Sensor Nodes (SN). The sensing radius of SN is ѓ, and the communication radius is. Let us consider the Ω * Ω m2 network area.
Definition 2. Connectivity: For a given network area, the essential criteria to ensure connectivity is:
	
	 (1)


Definition 3. Coverage: The position of Sensor Node (SN) is modulated by a stationary Poisson point distribution. The Poisson Distribution (PD) is:
	
	(2)


Where μ is the PD density and . When N is large and P is small. The N is the number of SN in detection area  and SN >> 10. The node coverage probability (P) is the ratio of the node sensing area to detection area  and P << 0.1. 
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To achieve the objective let us assume the network coverage probability value is ‘h’ and expect that the neighboring nodes of every SN in the network can achieve the value ‘h’ in the interval [k-α, k+β].
Substituting μ in Eq. (2),
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Were, 
Applying partial derivative with respect to ѓ.
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Now set the partial derivative to zero to get maximum coverage at sensing radius ѓ.
	
	(9)


Then,
	
	 (10)
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	 (14)
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When the number of SN are confirmed in the given detection area and the sensing radius ѓ is taken from the above Eq. (15) in the interval [, ] for maximum network coverage probability.
The number of SN = 150 >> 10 and the detection area  = 100 × 100 m2 ≈ 10000 m2. The ѓ of the SN is 4 meters (maximum), so the sensing area π ѓ2 ≈ 50.28 m2. Then, the SN coverage probability P =  ≈ 0.005024 << 0.1. Therefore, the SN satisfies the value of PD density, i.e., .
Cluster Head Selection Phase
The CH Selection algorithm calculates the PD density (μ) after initializing the parameters. When the number of SN and the detection area  are known, the sensing radius ѓ of SN is calculated for the maximum coverage probability as shown in Eq. (15). The CH is chosen from the active SN. The maximum RE and minimum BS distance are parameters for CH selection. The aggregation of all data is performed by CH node and transmit all data to BS.
	Algorithm 1: Cluster Head Selection

	Initialization: N = Number of Nodes, R= Number of Clusters, RE = Residual Energy, D = Distance, CH = Cluster Head, CM = Cluster Member, ѓ = sensing radius,  = detection area, P = Coverage Probability,  = Poisson Distribution Density.
1: Initialize parameters ѓ, , P, N.
2: Calculate P = 
3: Calculate 
4: Calculate ѓ for max P.
5: for each Clusteri 1: R do
6:        for each Nodej 1:N do
7: REj= Calculate Residual Energy (nodej)
8: Dj = Calculate Distance (nodej)
9: if ((Dj is Min) && (Rj,is Max) && ( Nodej is Active))
10:            CH = CH Node (nodej)
11: else
12:            CM = CM Node (nodej)
13: end
14:        End for
15: End for


Sleep and Wake-up Scheduling Phase
The nodes are kept in a sleep state to preserve the energy in the network. Initially, the network area is covered by the wake-up nodes and after some time when the energy of wake-up nodes gets exhausted completely the nodes which are in a sleep state are turned on. The sleep and wake-up scheduling technique work in four steps. In the first step, redundant nodes are turned off. The redundant nodes are identified by the following condition. Let us consider three intersecting sensor nodes S1, S2, S3 in the network area. The node S3 is redundant if the value of threshold i.e., 30% of the radius of S1 is greater than or equal to the distance between (S1, S2) and (S1, S3) as shown in Fig. 1. In the second step, the common area is minimized. The common area is calculated by using Eq. (16).
	CA = RS1 + RS2 - D (S1, S2) 
	     (16)


Where CA is the common area, RS1 is the radius of S1, RS2 is the radius of S2, and D (S1, S2) is the distance between sensors (S1, S2).
[image: ]
Fig. 1 Redundant Nodes
The SN deployed within the sensing radius of other SN are identified and turned off. For example, if RS1 is greater than or equal to the D (S1, S2), then node S2 lies within the sensing radius of node S1. Thus, node S2 is turned off. In the third step, the radius of each node is increased up to the threshold value which is 25% of the original radius, till they intersect their neighbor node’s boundary. In the last step, the sleeping nodes are turned on when wake-up nodes energy is completely exhausted.
	Algorithm 2: Sleep and Wake-up Scheduling

	Initialization: N = Number of Nodes, Ri = Radius, DXiYi = Distance between sensor X and Y, NRi = Nodes with Radius Ri, IN = Intersect Nodes, Ck = Common length, LT = Lifetime, N3 = Nearest Neighbor Node.
1: for node 1: N do
2:        if (DXiYi ≤ (Ri * 0.3))
3:        Sleep (NRi)
4:        end 
5: End for
6: for in 1: M do
7: Ri = Ri– min (C1, C2, C3---------Ck)
8: End for
9: for Node 1: N do
10: if (DXiYi ≤ Ri)
11: Sleep (NRi)
12: End 
13: End for
14: for Node 1: N do
15: Ri = Ri+ R*0.25
16: End for

	17: for every non –intersect node
18: Ri = Ri+ 1;
19: End for 
20: for Node 1: N do
21:        if (LT== 0)
22: Awake (N3)
23:        End
24: End for


Simulation Results and Validations
Matlab software is used for simulation and validation purposes. Table 2 is used for the simulation parameter for the proposed protocol. The 150 SN deployed randomly in the 100*100 m2 network area for 6000 rounds of packet transmission. The traditional LEACH, TEEN, SEP and DEEC protocols are contrasted with the proposed protocol in terms of first packet drop, last packet drop and the packet transmitted to the BS.
Table 2 Parameters
	Symbol
	Description
	Values

	
	Network Area
	100*100 m2

	ѓ
	Node sensing radius
	4 units 

	E0
	Initial energy per node
	0.5J

	P
	Probability of Cluster Head Selection
	0.1

	Efs  
	Amplifier power consumption (d<d0)
	10 pJ/bit/m2

	Erx
	Amplifier energy consumption(d≥d0)
	0.0013pJ/bit/m4

	Eamp
	Energy Dissipation (ED): power amplier
	10 pJ/bit/m2

	ETX
	ED: transmission
	50nj/bit

	EDA
	ED: aggregation
	5/nj/bit


[image: ]Network Lifetime of LEACH and Proposed Protocol
Fig. 2 LEACH compared with Proposed Protocol
The simulation result shows the first packet dropped in the LEACH protocol at 1399 rounds and the proposed protocol at 1961 rounds. The network lifetime of the LEACH protocol is 3199 rounds and the proposed protocol is 3801 rounds hence there is improvement in a lifetime.
[image: ]Data Packet Transmission compared (LEACH Vs Proposed protocol)
   Fig. 3 Data packet Transmission of LEACH Vs Proposed Protocol
The LEACH protocol transmitted 2.5 × 104 packets to BS while the proposed protocol transmitted 3.3 × 104 packets to BS shows in Fig. 3.
[image: ]Network Lifetime of TEEN and Proposed Protocol
   Fig. 4 TEEN compared with Proposed Protocol
The simulation result shows the first packet dropped in the TEEN protocol at 2121 rounds and the proposed protocol at 2201 rounds. The network lifetime of the TEEN protocol is 4701 rounds and the proposed protocol is 4902 rounds hence there is improvement in a lifetime.
[image: ]Data Packet Transmission compared (TEEN Vs Proposed protocol)
Fig. 5 Data packet Transmission of TEEN Vs Proposed Protocol
The TEEN protocol transmitted 3.2 × 104 packets to BS while the proposed protocol transmitted 3.3 × 104 packets to BS shows in Fig. 5.
[image: ]Network Lifetime of SEP and Proposed Protocol
Fig. 6 SEP compared with Proposed Protocol
The simulation result shows the first packet dropped in SEP protocol at 1320 rounds and the proposed protocol at 2009 rounds. The network lifetime of the SEP protocol is 4099 rounds and the proposed protocol is 5151 rounds hence there is improvement in a lifetime.
[image: ]Data Packet Transmission compared (SEP Vs Proposed protocol)
Fig. 7 Data packet Transmission of SEP Vs Proposed Protocol
The SEP protocol transmitted 3.1 × 104 packets to BS while the proposed protocol transmitted 3.9 × 104 packets to BS shows in Fig. 7.
[image: ]Network Lifetime of DEEC and Proposed Protocol
Fig. 8. DEEC compared with Proposed Protocol
The simulation result shows the first packet dropped in the DEEC protocol at 2099 rounds and the proposed protocol at 2110 rounds. The network lifetime of the DEEC protocol is 4801 rounds and the proposed protocol is 6000 rounds hence there is improvement in a lifetime.
[image: ]Data Packet Transmission compared (DEEC Vs Proposed protocol)
Fig. 9 Data packet Transmission of DEEC Vs Proposed Protocol
The DEEC protocol transmitted 1.4 × 105 packets to BS while the proposed protocol transmitted 2.1 × 105 packets to BS shows in Fig. 9.
The performance of the proposed protocol for first packet drop, last packet drop and the number of packet transmission to BS is show in Table 3.
[image: ]Table 3 Comparison Table
	PROTOCOL
	LEACH
	Proposed Protocol
	TEEN
	Proposed Protocol
	SEP
	Proposed Protocol
	DEEC
	Proposed Protocol

	First Packet Drop
	1399
	1961
	2121
	2201
	1320
	2009
	2099
	2110

	Last Packet Drop
	3199
	3801
	4701
	4902
	4099
	5151
	4801
	6000

	Packet transmitted to BS
	2.5×104
	3.3×104
	3.2×104
	3.3×104
	3.1×104
	3.9×104
	1.4×105
	2.1×105


Fig. 10 Performance of proposed protocol for first packet and the last packet drop (N=150)
The proposed protocol optimized the overlapping and coverage hole problem. The CH selection by using maximum RE of SN, minimum BS distance and active nodes as parameters. The energy issue is minimized by adjusting the load over the network using the sleep and wake-up technique. The proposed protocol shows improvement in stability period of network and enhanced network lifetime.
Conclusion and Future Direction
The random distribution of nodes causes overlapping and coverage hole problem in the network. The various phases were used in the proposed protocol to optimize the overlapping and coverage hole problems. The Poisson distribution is applied to achieve maximum network coverage with high probability. The optimal number of nodes are used in the sleep and wake-up phase to minimize network energy consumption. The proposed protocol simulation result shows improvement in the stability period and enhanced network lifetime compares with traditional routing protocols. The work can extend to a large network area and the CH selection in the protocol will be based on fuzzy logic approach.
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