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Abstract - Internet of Things (IoT) is an emerging 

technology which is generally equipped with a 

supportive Wireless Sensor Network (WSN). Each 

sensor node is connected to a gateway node through 

internet. Queries from users are preprocessed in the 

gateway node and divided into spatial and temporal 

tasks. The preprocessed tasks should be executed in a 

suitable sensor node or in a group of sensor nodes, 

which will make it effective for the application. In this 

paper, a new task scheduling algorithm Efficient Task 

Scheduling in Internet of Things (ETSI) is proposed 

which focuses on scheduling of task to the appropriate 

nodes. It is found that the proposed algorithm 

increases the effectiveness of the task execution 

compared with the existing works. 

Keywords: Internet-of-Things, Wireless Sensor 

Networks, Task scheduling. 

1. Introduction 

Internet of Things (IoT) is a platform which provides 

the smart environment for our day to day life and 

makes our life smarter [1]. Smart environments are 

realized by interconnecting devices such as sensors, 

RFID, IP cameras, single board computer, etc. Also 

application specific architecture and protocols are 

continuously being developed for better deployment of 

IoT devices [2]. Wireless Sensor Networks (WSN) is an 

integral part of an IoT application [3]. Traditionally, 

user given queries are categorized into spatial and 

temporal queries. In future, user queries may require 

large volume of data so the query process becomes an 

important task for an IoT gateway. In some cases, 

multiple tasks need to be executed in the same location 

for certain complex queries [4]. Normally, WSNs are 

enabled with constrained devices and the concerned 

IoT applications  

 
Fig.1 General ETSI Model Diagram 

should take this into account. In most of the IoT 

applications, the same kind of tasks executed in 

different sensor nodes leads to increased sensing cost 

and affects the lifetime of the sensor nodes. The best 

approach is that, assigning the same type of tasks 

within a spatial region to get executed in a single node 

will minimize the sensing cost and increases the 

lifetime of other nearby nodes. But the challenging 

part in this mechanism is the selection of appropriate 

sensor nodes for task execution. Also, efficient 

scheduling of tasks avoids repeated execution of the 

same task which leads to unnecessary inter-node 

communication. In this paper, a new algorithm 

Efficient Task Scheduling in Internet of Things (ETSI) 

is proposed, which adds the preprocessing and energy 

monitoring mechanism to the gateway for proper 

scheduling. Compared with existing approaches, ETSI 

gives better performance. ETSI in the IoT gateway 

(Fig.1) consists of a Task Pre-Processor (TPP), Energy 

Monitoring System (EMS), and Task Scheduler (TS). 

TPP helps in gathering information from user queries 

for grouping the tasks and EMS help to monitor the 

residual energy of the sensor nodes. TS schedules the 

tasks to the appropriate nodes. Task Execution Set 

(TES), which is the subset of a group of tasks sharing 

similar spatial requirements, is used in ETSI. The 

appropriate sensor node is selected for assigning tasks 

from TES based on nodes location and residual energy. 
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The rest of the paper is organized as follows. Section II 

discusses about the related works. Section III describes 

the mechanism design modules. In Section IV, 

experiment design and evaluation of the overall system 

is presented and Section V gives the conclusion and 

future work. 

2. Related Work 

Task scheduling is still a major challenge in most of 

the IoT applications. An efficient task scheduling 

scheme has to minimize the number of individual task 

executions, balancing task execution in the available 

set of nodes and increasing their lifetime. Also, the 

task scheduling algorithms should be a light weight 

component to be executed in the energy constrained 

devices. 

In [5], sensor nodes for task execution are selected 

based on their residual energy. Apart from that, 

Quality of Information (QoI) aware sensor to task 

relevancy is proposed to measure the sensory 

capabilities of sensor nodes against tasks QoS 

requirements. Energy management decision is made at 

run time in order to ensure the fairness in task 

distribution. Task transition, is modeled using Discrete 

Time Markov Chain (DTMC) in order to intimate 

required sensor nodes. Extensive modular approach for 

scheduling the tasks is used to meet the energy, delay 

and reliability specification using different priority 

level queues. 

Ling Li, et, al [6], proposed QoS scheduling model for 

service-oriented IoT.  Architecture model is developed 

with three layers such as application layer, network 

layer and sensing layer.  Application layer collects the 

service details of each component. In network layer, 

the network resources are allotted according to the 

application requirements. Finally sensing layer, it 

deals with the information acquisition and resource 

allocation scheduling for different services. Thus, the 

proposed QoS-aware scheduling scheme for service-

oriented IoT architecture is able to optimize the 

scheduling performance of IoT network and minimize 

the total source cost. 

In [7], an efficient task allocation model is proposed 

based on user application requirement and classified 

on the basis of data accuracy and network lifetime. 

Data accuracy is measured using the noise level in the 

sensor nodes. The node having less noise level is 

considered to give highly accurate data. Network 

lifetime is improved by choosing the nodes with less 

distance or with minimum number of hops to the sink. 

The sensor selection process is based on this metrics 

location of the sensor, sensing ranges and the spatial 

specification of tasks.  

ETSI allocates tasks to the sensor nodes based on its 

residual energy level and closeness to the task location. 

Normally, research on IoT sensory environments focus 

on minimizing the number of task executions. In Direct 

Approach (DA) [8], each IoT application task is 

assigned to individual sensor without any pre-

processing or evaluating the existing of similar tasks. 

But, ETSI groups the tasks from different IoT 

applications based on location specification. After 

grouping, a leader task is elected from each group 

which is sent to the scheduler for task execution. The 

novelty in ETSI is in the election of leader task election 

and sensor election than the existing approaches. 

 

3. Efficient Task Scheduling in IOT (ETSI) 

The proposed algorithm ETSI has three modules and 

they are: (i) Task Pre-Processor (TPP), (ii) Sensor State 

Analyzer (SSA) and (iii) Task Scheduler (TS).  

A. Task Pre-Processor (TPP): 

TPP is responsible for constructing individual tasks 

from the given user queries. TPP works inside the IoT 

gateway. Once, a user send a query to an IoT 

application, TPP breaks down the queries into multiple 

tasks and identifies the appropriate sensors for 

executing the task. Generally, the task can be divided 

into spatial or temporal tasks. Tasks that require 

information from a specific geographic location is 

classified as spatial tasks and the time specific 

information tasks are temporal tasks. But again, 

temporal tasks can be region specific. Also, the task 

can be divided into negotiable and non-negotiable 

tasks. If a task is time bound then it comes under the 

non-negotiable type and not suitable for pre-

processing. These kinds of tasks are directly assigned 

to the appropriate sensor node for immediate 

execution. But the tasks which are not time bound or 

found to have maximum time delay for execution are 

coming under negotiable type. The negotiable tasks are 

stored in the task pool for further pre-processing. 

Normally, the temporal task always comes with time 

bound, so it will be directly handled instead of pre-

processing by the IoT gateway node. All spatial tasks 

are further grouped from the task pool based on their 

location specification. The tasks grouped based on the 

same location are called as Task Execution Set (TES).  

Each TES have multiple tasks for the same location, 

but finally TPP elects a leader task and assign it to an 

appropriate sensor node for execution.  

Leader task selection is an important part in TPP, 

each TESs store multiple tasks from different 
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applications. ETSI elects the Leader Task (LT) based 

on Equ (1).  

 DC =√                                           (1) 

In Equ (1), Distance Calculation (DC) represents the 

distance of a task with all other tasks in a region, 

whereas x1 and y1 denotes the location of the first task 

and x2, y2 for the second task.  Once the distance is 

calculated then the leader task will be selected based 

on the DC value. 

B. Sensor State Analyzer (SSA): 

SSA has the information about the individual sensor 

node such as residual energy level, distance to IoT 

gateway and number of neighbor sensors. When a task 

or set of tasks arrives at a region, SSA issues a notice 

to all the sensor nodes to the particular region. After 

receiving the notice, all the sensor nodes in the location 

send its energy level and location details to the 

gateway node. Then the suitable sensor is elected by 

the gateway node based on the Equ  (2), 

 

  Rank = w1* Sre+ w2*(1/Dgn) + w3*AD                  (2) 

 

In Equ (2), Sre represents the residual energy which is 

received from SSA, Dgn denotes the distance between 

gateway node to the sensor node and AD represents 

the average distance of the node with all other tasks in 

the region. w1, w2and w3are the weight values of each 

component which can vary from 0 to 1. The node which 

is having the minimum rank based on Equ (2) will be 

elected to execute the leader task. 

 

C. Task scheduler (TS): 
 
TS, schedule the tasks to get executed in the 

Appropriate Sensor (AS) which is determined by SSA 

phase. Already, Non-negotiable tasks will be directly 

given to TS and the negotiable tasks are divided into 

groups and only the leader tasks from each group is 

given to the TS. TS, schedule the tasks based on its 

delay parameter. The task with less time delay will be 

scheduled first in the execution queue Q following by 

higher time delay tasks [9]. 

 

4. Performance Evaluation 
 

ETSI performance is evaluated with other approaches 

by simulating the algorithms in DEV C++. Since the 

proposed gateway design is modular, performance of 

TPP, SSA, and TS is tested individually. The 

performance of the complete gateway design is tested 

and compared in terms of its effects on sensor network 

lifetime and network load. 

 

A. Parameters setup: 
 

In total IoT gateway is set to receive 50 tasks from 

different IoT application. Later these are categoried 

into negotiable or non-negotiable based on the task 

type (spatial or temporal). Tasks are grouped into TES 

set based on its location details. Number of sensor 

nodes used for simulation is 100; the Area of 

Deployment (AOI) is divided into five locations L1 to 

L5. The experiments are performed with the 70% of 

negotiable and 30% of non-negotiable tasks in the 

deployed network. The weight values for w1, w2 and w3 

are 0.3, 0.3 and 0.4 respectively. Equ 3 and 4 are used 

to measure the sensor residual energy in simulation 

setup. 

 

  Txn energy,Ete = N∗Eelec + εfrsLdis                          (3) 
  Rxn energy, Ere = N ∗Eelec                                                        (4) 
 
N denotes number of bits to be transmitted; Eelec is 

the electronics energy usage for node performance such 

as data transmit and receive. εfrs denotes energy 

dissipation in free space propagation. Ldis denotes the 

distance between the sensors to IoT gateway. The 

simulation values are same as in [8]. 

 

B. WSN network Lifetime measure: 
Totally, ten different topologies are simulated for 

measuring the lifetime of the IoT application. ETSI is 

compared to DA for checking its efficiency. Fig. 2  

shows a lifetime comparison between DA and ETSI. 

The X axis represents the number of topologies and the 

Y axis represents the number of task executions for 

both approaches. 

 

 
Fig.2 - Lifetime Measurement 

 

A node is considered to be alive till the time its 

residual energy is higher than 5% of its initial energy. 

So, in our experiments when a node residual energy 

comes below 0.05J it is considered as the dead node 

and further it won’t take part in any task execution. In 

Direct model all negotiable tasks are executed, but in 

ETSI model, leader tasks are only executed. Compared 

with DA, ETSI’s node lifetime is high because of 
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appropriate node selection for task execution. ETSI 

improves lifetime by 60.25% than DA in Topology 1, in 

topology 2 by 47.59%, in topology 3 by 120.67%, in 

topology 4 by 78.7%, in topology 5 by 85.08%, in 

topology 6 by 120.55%, in topology 7 by 108.24%, in 

topology 8 by 151.57%, in topology 9 by 120.23%, in 

topology 10 by 112.70%. 

 

C. Network Load: 
 
Network load is the number of task execution per unit 

of time. In DA, both the negotiable and non-negotiable 

tasks are executed with individual nodes leading to 

more computations and increased network load. But, in 

the case of ETSI, only the nonnegotiable tasks are 

executed individually and the negotiable tasks are 

grouped together into TES. From a TES only the leader 

task is executed, so that computation cost is 

minimized. 

 

  Network Load= (L+NN)/T                                    (5) 

 
Fig. 3 - Network Load 

Network Load value was measured by In Equ (5), L 
represents the number of leader tasks and NN 

represents the number of Non-negotiable tasks and T 

represents the total number of tasks. Fig. 3 depicts a 

network load of both DA and ETSI. 

 

5. Conclusion 

Task execution is an important activity which 

determines the performance of an IoT application. 

Generally, these task execution activities are going on 

in an IoT gateway node in the centralized manner. In 

this paper, a new task execution scheme ETSI is 

proposed which elects the appropriate sensor node for 

executing a task in the given region. Through 

experimental result, it is found out that ETSI gives 

better results than the DA in terms of lifetime, 

reliability and network load. Clearly, it is evident from 

the results that ETSI gives much improved 

performance since there is no yet alternative algorithm 

which focus purely on selection of appropriate sensor 

nodes. In future, more parameters are planned for 

sensor election to improve the lifetime of the IoT 

application.  
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