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Abstract 

An M/M/1 queueing system with vacation, threshold policy, start 

up time, waiting server, system disaster and repair is considered. 

This work is motivated by the energy management of Wireless 

Sensor Networks (WSNs). In this model, the system switches to 

various states namely busy state, idle state, shutdown state, inactive 

state, wake-up state and failure state.   The disaster can occur at state 

state of the system except at failure state and subsequent repair is 

considered. The disaster can be considered as a jamming signal is 

WSNs. For this investigated system, a closed form of expression is 

obtained for both transient and steady- state probabilities. 

Furthermore, performance measures such as mean, variance and 

probability that the server is in various stages of power management 

modes are computed. Finally, graphical illustrations are made to 

understand the effect of the parameters on the performance of the 

system. 

Keywords: - Single server, transient probabilities, steady-state 

probabilities, threshold policy, system disaster, repair. 

 

1 Introduction 

WSNs composed of several spatially distributed sensors called nodes that work together 

to monitor a specific purpose such as pollution levels, temperature, sound, vibration, 

pressure, and so on. Energy is regarded as a limited resource for a sensor node, particularly 

when deployed in a unfriendly region, and once depleted, it is extremely difficult to provide 

supplant energy. The main objective is to manage energy in such a way that no node runs 

out of energy and the network remains operational indefinitely. Hence, it is essential for a 

sensor node to have an effective energy management policy for the lim- ited energy source, 

as well as to manage the application requirements in accordance with the available energy 

source. Energy management in WSNs can be considered as a set of rules for managing 

various energy supply mechanisms and then consuming the provided energy efficiently in a 

sensor node. In order to avoid energy deficiency in a network, an efficient power 

management between supply and load is required. Hence, a power saving scheme to extend 

the lifetime of WSNs has become an important research topic. There have been numerous 
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analytical approaches developed on the subject. Excellent surveys on the PSMs are 

provided Machado and Tekinay[13] and Anastasi et.al. [1]. In this research paper, the 

PSM of WSN is analysed using an M/M/1 queueing with vacation, threshold policy and 

system disasters. 

Vacation queueing systems are critical in analysing the power management of computer 

and communication systems. Several authors have applied various vacation policies to 

analyse different PSMs [See Dimitriou [7], Misra and Goswami [14], Sampath et al. 

[17] and Ren et al. [16] and references therein]. In these models, the server frequently 

switches between busy and vacation states. To overcome frequent switching, the system 

designer prefer N-policy scheme. In the N-policy scheme, the server is turned OFF or it 

stays idle when there is no data packet in the system and the server is turned ON when the 

system size reaches a predefined threshold value. The notion of an N-policy was first 

studied by Yadin and Naor [20]. Later, many researchers studied various queueing 

systems with N-policy in a different context [See Wang and Ke [19], Parthasarathy and 

Sudhesh [15] and references therein]. 

Several researchers have analysed the PSM of WSNs based on the vacation queueing 

system with N-policy. Jiang et al. [10] Jiang et al. studied the PSMs of WSNs using an 

M/M/1 queueing model and presented the steady state results.  The simulated results of 

this research provide a potentially cost-effective approach to extending the lifetime of the 

sensor network. In this article the authors considered only two state namely busy and 

idle. Huang and Lee [8] studied the PSM of WSNs using M/G/1/K queueing model with 

an N-policy and presented the steady state results. In this research article, the authors 

considered three states namely busy, sleep and idle state. Blondia [4] presented the 

steady-state analysis of a WSNs using energy harvesting. In this paper the author 

considered two states namely transmit and vacation. Lee and Yang [11] analysed the PSM 

of WSNs using an Geo/G/1 queueing system with N-policy. Chen et al. [6] proposed an 

improved stochastic model for the WSNs which consists of three power-saving states 

namely shutdown, wake-up and inactive. The authors proposed that power saving can be 

achieved by decreasing the number of shutdown and wake-up processes. Jayarajan et al. 

[9] applied M/D/1 priority queueing model with threshold policy to study the PSM of 

sensor network and obtained the steady-state results. Ma et al. [12] studied the PSM of 

WSNs using an M/M/2 queueing model with threshold policy and presented the steady-

state results using the matrix-geometry method. 

In this article, we extend the research of Sudhesh and Shapique [18] by incorporat- 

ing idle state, system disaster and repair. If the system encounter disaster, all the data packets 

are removed from the sensor node. Many researchers have performed extensive research on 

queues with system disasterin recent years due to their wide-ranging appli- cations in 

computer and communication systems [see [2], [3], [5] and references therein]. System 

disasters correspond to unreliable network connections in a WSNs, where data packets in 

sensor nodes are lost due to external attacks or jamming signals. Consider a WSN is 

deployed in an unfriendly environment like war zones for gathering intelligence in 
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