
An Adaptive Framework for optimizing the 
performance in Internet of Things 

1T. Sunil Kumar Reddy,    2Shaik  Naseera,  2Ravi Kumar Poluru 

1SVCET, Chithoor 
2VIT University, Chennai 600127 

 

Abstract 

Internet of Things is the major research area in the recent years. The development in the field of IoT 
made many things to communicate. IoT is the paradigm where any real time object can communicate 
with the help of sensor devices. Many researchers have utilized the combination of wireless sensor 
network and the RFIDs to enable the communication between the objects. Moreover, this type of 
integration leads to the typical implementation issues. In this paper, the proposed work concentrated 
on developing the adaptive framework which minimizes the problems identified at the time of 
integration. The framework is compromised with two modules. First one is anti-collision module for 
RFID communication and another one is developing the suitable sensor routing protocol. The 
proposed framework is evaluated with the existing routing protocols and the results proved that the 
proposed framework is suitable for optimizing the performance of the network communication within 
the IoT devices. 
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1.INTRODUCTION 
 
      Internet of Things (IoT) [1-3] is one of the emerging fields in the recent years. IoT is an integration 

different research topic such as semantic, routing, security, usability and privacy. The applications of 
IoT are expanded over different fields like health monitoring, agriculture monitoring, environment 
monitoring and smart cities development. The major technologies which are used in the IoT are 
RFIDs and WSNs [4]. The RFIDs are used to identify the object and to trace the location of the 
object. The wireless sensor networks (WSNs) are used to collect and process the information from 
the environment where they have been inserted. 

 
    The performance of the application in IoT is measure with some parameters such as 
heterogeneity, privacy preserving capability, self-organization, ubiquitous data exchange, location 
tracking and security [7]. The most rusted technologies which are used by the IoT environment is 
RFIDs and WSNs. But, due to the cons of RFIDs and WSNs, they cannot operate individually in IoT 
environment, therefore an integration of RFIDS and WSNs technology leads to the performance 
enhancement of IoT applications to satisfy the above discussed parameters [5-6]. The integration of 
RFID and WSN technology creates some additional problems to the IoT environment. Therefore, the 
major goal is to satisfy the IoT application without any performance degradation.  In the past years, 
the research study proposed some solutions to integrate RFID and WSNs [13-16]. Moreover, these 
methods are not considered the network performance at the time of integration; therefore it leads to 
the performance degradation of IoT application. 
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 In this paper, an adaptive framework was proposed to improve the network performance by 
considering the factors which influence the IoT application at the time of RFID and WSN integration. 
The adaptive frame works has two modules; one is to maximize the performance of reading the tags 
and another one is to improve the network performance of WSNs by reducing the packet loss ratio 
and decrease the energy consumption of the nodes. 
The rest of the paper is organized as follows. Section 2 deals with background work related to the IoT 
integration of WSN and RFID. Section 3 deals with the adaptive framework for integration of WSN 
and RFID. Section 4 evaluates the performance of the proposed framework. Section 5 concludes the 
research work. 

2.BACKGROUND WORK 
In general, IoT is defined as the management of communication over different things or objects 

with the help of smart phones, RFID tags, sensors, actuators and many more. The communication is 
carried by using the internet.  
 In [8], the authors made an analysis against the RFIDs. The RFIDs are the crucial components of 
IoT which are composed of many tags and RFID readers. These RFID readers will scan for the RFID 
tags that are attached to the objects. This RFID tags contains the information about the object with 
identification number. This RFID mechanism works with real time environment where the processed 
data is forwarded to the other applications for different computations. In RFID technology, the 
collisions are the major issue generated form the RFID tags with multiple data acquisitions. 
 According to [9], the WSNs had the major impact on IoT. The WSNs had the capacity to monitor 
and process the information from the surroundings at the operational place. The WSNs are 
composed of number of sensor nodes and are distributed in a geographical region. The WSNs 
transmit the sensed data through the base stations or sink nodes. The WSNs had the specific 
mechanism to collect the data and to process it. But, the WSNs had some cons such as operational 
cost and battery power of the sensor nodes [12]. At the meantime, RFIDs are cheaper and had the 
fast access in the object identification and identify location of the objects in the IoT environment. 
 The functionality of major applications in IoTis to identify the objects and to process the 
information. Therefore, the WSNs and RFIDs are not sufficient to fulfil the needs of IoT separately. 
So, it is important to combine both RFID and WSN to achieve the common goal. In [10], the authors 
identified the benefits of integrating the RFID and WSN environments which creates good research 
environment to the academic researchers. The integration which helps in increasing the scalability 
maximizes the capacity and minimizes the operational cost. 
 In [11], the WSN and RFID integration is carried in four different ways; integration of RFID tags 
with wireless sensor nodes such as temperature sensors, humidity sensors and pressure sensors 
and many more, integration of RFID tags with multihop communication sensor nodes, integration of 
RFID readers with multihop communication sensor nodes and finally the WSNs and RFID 
components are grouped together with the requirements of applications. 

3.ADVAPTIVE FRAMEWORK  FOR RFID AND WSN 
INTEGRATION  
 

The proposed adaptive framework optimizes the performance of the IoT with the integration of 
RFID and WSN technology. The proposed framework consists of two modules; first module is 
composed of anti-collision mechanism for RFID tags. The RFID elements collect the information 
about the object by scanning the attached RFID tags. The second module is composed of WSN 
nodes that are enhanced with the existing routing mechanism which helps in improve the 
performance of the network. Figure 1 shows the integration of RFID and WSN nodes for data 
processing. 
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A. Anti-collision Algorithm  
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Figure 1: Integration of RFID with WSN 

 
In the IoT, the huge number of data packets exchange will take place between the RFID 

reader and RFID tags. This will creates some serious problems that influence the stability of the 
network and QoS parameters of the IoT application. Meanwhile, the loss of packets will directly 
impact the QoSof the application. In general, the packet losses are caused by the collisions of 
packets. The RFID reader can avoid collision by applying the anti-collision algorithm.  

An object identification process is composed of several stages. In each stage, the RFID 
reader must identify the RFID tag and all the object identification process need to be performed. 
Sometimes, the tags are identified multiple times; this leads to the increase of reading time of the 
process and maximizes the message exchange time and finally leads to the packet collision.  

In Anti-collision algorithm, PROBE commands are used to initialize the reading process. After 
receiving the PROBE command each RFID tag selects the slot for identification process. The slot will 
ranges from 0 to 2

n
-1, where n value ranges from 0 to 15. The RFID readers send the 

PROBE_REPLY to the RFID tags for confirming the slot. This process will reduce the slot count. The 
complete explanation about the anti-collision process is explained in Algorithm 1. 
 

Algorithm 1: Anti-collision algorithm for RFID environment 

Step 1: RFID Readers sent PROBE_COMMANDS to the RFID tags 
Step 2: Upon Receiving the PROBE_COMMANDS, the RFID tags selects the slots for object 

identification. 
Step 3: The value of the slot ranges from 0 to 0 to 2

n
-1 

Step 4: The RFID tags replies to the PROBE_COMMANDS with slot information. 
Step 5: The RFID readers sends the PROBE_REPLY by confirming the slots to RFID tags 
Step 6: If RFID tag slot is equal to 0 then it replies with identification code to the RFID reader 
Step 7: RFID reader checks the identification code is received multiple times or not. 
Step 8: If the identification code is already received from the RFID tag, then discard the identification 

code and sends ACK to the RFID tag. 
Step 9: Otherwise, RFID reader accepts the identification code and continuous the object 

identification process. 

 
B. Routing Protocol for WSN and RFID 

The major problem of accessing IoT applications with the help of WSNs is energy consumption of 
the senor nodes. The nodes which are nearer to the base station will consume more energy of the 
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battery. Therefore, it leads to the node failures and causes reconstruction of network with high 
energy consumption and bandwidth utilization. The better routing protocol must be required to 
organize the network with reduction in energy consumption and managing the quality of service. The 
additional responsibility of routing protocol is to distribute the load equally among the nodes within 
the network. The crucial problem which are not considering at the time of designing the routing 
protocol for WSN and IoT is the number of RFID tags nearer to the nodes. The count of the RFID 
tags decides the energy consumption of the nodes. The nodes which having the highest number of 
RFID tags at their region must be avoided.  

This module in the adaptive framework will classify the routes based on the information such as 
energy consumption of the nodes, RFID tags count, hop number and Q-Value (link quality). Basically, 
the Q-value is measured with ETX (Estimated transmission rate). For efficient routing, the algorithm 
considers the different layer of WSN and RFID that manages the network. As an initial step, 
RFID_Sensor node receives the Notify message at the physical layer for managing the routing 
process. The Notify message contains the information of energy consumption of the nodes, RFID 
tags count, hop number and Q-Value.Algorithm 2 shows the routing protocol for WSN and RFID 

 

Algorithm 2: Routing process for IoT 

Begin  
Step 1:  The RFID_Sensor node calculates the Q-Value for the link. The Q-Value is measured in 
between the sender and receiver. 
Step 2: The Q-Value is sent to the network layer along with the Notify message 
Step 3: If the calculated Q-Value at the RFID_Sensor node is high when compared to the Q-Value at 

the Notify message, then  
Step 4: Replace the Notify message Q-Value with the calculated Q-Value 
Step 5: The RFID_Sensor node in the network identify the route quality based on the Notify message 
Step 6: The RFID_Sensor node checks the cache memory for the entry of Notify message.  
Step 7: If the Notify message entry is true, then discard the message. 
Step 8: The hop count is incremented by one and update the Notify message by replacing the sender 
id with current node id 
Step 9: Finally, rebroadcast the Notify message 

 
In Algorithm 2, the Notify message is updated based on the properties of RFID_Sensor node. 

If the energy consumption value of the RFID_Sensor node is greater the value given in the Notify 
message, then it is replaced with the energy consumption value of the RFID_Sensor node. The same 
procedure is followed for the RFID tag density. Based on the information stored in the cache memory 
of the nodes, the highest quality route will be selected for packet transmission. This routing 
procedure will reduce the energy consumption based on the predefined information and forms the 
energy efficient routing processes in the wireless communication which is used by the IoT 
applications. 

 

4.EXPERIMENTAL EVALUATION 
The proposed framework is evaluated using the network simulator called as NS2 simulator. The 

environment is configured with RFID tags which have the mobility, RFID_Sensor nodes, sink nodes 
and the gateways. The gateways are the only source to connect with the internet. The simulation 
parameters are shown in Table 1. 

 
Table 1: Parameters for Network configuration 

 

Network parameters Value 

Number of nodes 20-100 

Number of RFID tags 100 

PROBE time 100 seconds 
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Initial Energy 50Joules 

Network Area 100 meters *100 meters 

Simulation time 20 minutes 

Packet interval 5 seconds 

 
The proposed framework is evaluated by using the quality metrics such as energy 

consumption, Packet loss ratio, PROBE success ratio and Average number of RFID tag 
identification. The calculation of energy consumption of the network is given in Equation 1. 

N

X
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N

i

i
 1

                     (1) 

Here N is the total number of nodes, Xi is the energy consumption of each node, EC is the 
average energy consumption of the network. 

Equation 2 denotes the packet loss ratio of the network. PSbase represents the packets 
received at the base station;PSj represents the packets sent by the nodes.  
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Equation 3 represents the PROBE success rate, here μt represents the number of RFID tags 
identified, λt represents the number of PROBE commands. 








m

t

t

m

t

t

1

1






                          (3) 

Equation 4 represents the calculation of average number of RFID tags identification, here Yt 
represents the number of rounds for object identification. 
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The performance of the proposed framework is compared with the existing frameworks. 
Figure 2 shows the average energy consumption of the network with respect to adaptive framework 
and without adaptive framework. It is observed that, the energy consumption of the adaptive 
framework is 2% less on an average when compared to without adaptive framework. This is due to 
the reduction in time for identification process of RFID tags by the RFID_Sensor nodes. Therefore, it 
ultimately leads to the reduction in energy consumption. 

International Journal of Pure and Applied Mathematics Special Issue

3899



20 40 60 80 100

37

38

39

40

41

42

43

44

 

 

A
v
e
ra

g
e

 E
n

e
rg

y
 C

o
n

s
u

m
p

ti
o

n
 (

J
)

Number of Nodes

 Adaptive Framework

 Without AdaptiveFramework

 
Figure 2: Average Energy Consumption Vs Number of Nodes 

 
Figure 3 explains about the packet loss ratio of adaptive framework and without adaptive 

framework. It can be noted that the packet loss ratio of adaptive framework is reduced to 0.15% while 
comparing to the without adaptive framework. This is due to the proposed adaptive framework 
chooses the optimal routing path for packet forwarding. It ultimately reduces the loss of packets. The 
adaptive framework also ignores the nodes with high density RFID tags and high energy 
consumption. The framework uses the Q-Value to build the path between the nodes. By considering 
all the above factors, the routing path will be initialized, therefore the adaptive framework shows 
enhanced performance in terms of packet loss ratio while comparing with without adaptive 
framework. 

20 40 60 80 100

0.15

0.20

0.25

0.30

0.35

0.40

 

 

P
a

c
k
e

t 
L

o
s
s
 R

a
ti
o

 (
%

)

Number of Nodes

 Adaptive Framework

 Without Adaptive Framework

 
Figure 3: Packet Loss Ratio Vs Number of Nodes 

 
Figure 4 shows performance of adaptive framework in terms of PROBE success rate. It is 

observed that the PROBE success rate of adaptive framework is high when compared to the 
scenario that adaptive framework is not applied. The PROBE success rate is increased to 9% with 
adaptive framework. This is due to the completion time of identification process is less and the 
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rounds for the PROBE are minimized. Therefore, The IoT application can make data exchange 
faster. 
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Figure 4: PROBE Success rate Vs Number of Nodes 

 
The Average number of RFID Tag identifications of adaptive framework is observed in Figure 

5. The adaptive framework recorded 7% improvement while comparing with the scenario without 
adaptive framework. This is due to the adaptive framework avoids the sending of duplicate 
identification codes. This will reduce the time and improves the RFID reading process. 
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Figure 5: Average Number of RFID Tags identification Vs Number of Nodes 

5.Conclusion 
In this paper, we developed an adaptive framework for integration of RFID and WSN to the IoT 

applications. This framework is composed of two modules. One is anti-collision algorithm for RFIDs 
and another enhanced routing protocol for WSN. These two modules will able to reducing the energy 
consumption of the network, minimizes the packet loss ratio, improves the RFID tags identification 
and maximizes PROBE success rate. By employing the adaptive framework, the network 
performance of the IoT applications will increase and hassle free data exchange will be managed. In 
future, the nodes with denser RFID tags will be considered for building the routing path to improve 
the adaptive framework. 
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