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Abstract— In wireless sensor networks, there is high 

possibility of congestion which leads to overloading of buffer 

and thus increase in delay. To overcome this situation 

traditional way used is rate adjustment to mitigate congestion, 

thus increasing the delay. Recent advances in micro electro 

mechanical systems (MEMS), wireless communication, and 

network technology, wireless sensor networks (Wireless Sensor 

Networks) have become technically and economically feasible. 

The information content or meaning of sending and receiving 

data will happen frequency when exchanging data among these 

sensor nodes over the Wireless Sensor Networks. In order to 

ensure the reliability, integrity, and the continuity of data 

operations on the Wireless Sensor Networks, this paper 

presents a delay-aware application protocol for Wireless 

Sensor Networks applications. ZigBee protocol is based on the 

protocol that is suited for remotely monitor and control 

because of its low-power. The Simulation results show that the 

protocol is appropriate for the wireless sensor networks in 

terms of the reliability, integrity and continuity of data thus, 

making the delay aware congestion control protocol helpful. 

 

Keywords—application protocol, data exchange, time 

synchronization, wireless sensor networks, sensor network 
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1. Introduction  

Wireless Sensor Networks are spatially distributed sensor 
networks, which are little different from traditional networks. 
Due to the self-organization, rapid deployment, low-cost and 
fault tolerance properties of Wireless Sensor Networks make 
them a very promising sensing technique which is used in 
many applications. Wireless Sensor Networks are generally 
comprised by a large number of devices, called sensor nodes. 
Sensor nodes used are densely deployed at different locations 
to sense the actual physical conditions of the surrounding 
environment and process actual data. 

Sensor nodes are usually consisting of four basic units 
which are sensing unit, power unit, data processing unit and 
radio unit. Communication of Sensor nodes is dope over 
radio frequency (RF) in short-range and collaborate as a 
group to provide higher quality resolution for the monitoring 
area. Wireless Sensor Networks were initially designed to 
facilitate military operations. With the rapid development of 
wireless technology, integrated circuit (IC), and micro 
electro mechanical systems (MEMS), Wireless Sensor 
Networks applications have since been extended to 
environment, healthcare, traffic, and many other commerce 
and industrial areas. 

However, unlike traditional networks, sensor nodes on 
the Wireless Sensor Networks are highly resource-
constrained in terms of energy, storage capacity, 

communication bandwidth and processing capacity. Usually, 
battery-powered sensor nodes must operate for long periods 
of time. In order to reduce energy consumption, most of 
nodes should be in sleep mode at most of the time. On the 
other hand, changes in the physical environment where a 
network is deployed make also nodes experience wide 
variations in connectivity. Furthermore, sensor nodes have to 
organize themselves and work all together to implements 
essential functionality for Wireless Sensor Networks 
applications. Consequently, it is much harder than 
communicating individual sensor node. As a result of the 
wide variety of requirements and characteristics for the 
Wireless Sensor Networks applications, Wireless Sensor 
Networks have attracted many interests in the research 
community. 

Although many applications protocols for Wireless 
Sensor Networks applications are proposed there is not yet a 
widely accepted application layer protocols for sensor 
networks. Furthermore, unusual application requirements for 
Wireless Sensor Networks make application layer protocol 
more challenging, due to the delay uncertainty, latency and 
dynamic reliability of the Wireless Sensor Networks. In most 
setting, data exchange among sensor nodes over application 
layer protocols of the Wireless Sensor Networks requires the 
information content or meaning of sending and receiving 
data not to be altered during the transmission. In additions, in 
distributed environments, the coordination of sensor nodes 
requires time synchronization that is one of the most 
important and fundamental issues. As a result, possible 
problems about data exchange should be addressed by the 
application layer to provide reliable data transmission for 
Wireless Sensor Networks. Data exchange is mainly related 
to wireless technology, protocols and topology of Wireless 
Sensor Networks. 

The objective of this paper is to ensure reliable data 
exchange among sensor nodes in the Wireless Sensor 
Networks. In order to guarantee the reliability, integrity and 
continuity of operations of each data processing, a delay-
ware application protocol is proposed for the application 
layer of Wireless Sensor Networks. This protocol is based on 
the application layer of ZigBee protocol and is specifically 
designed for monitoring environment in campus. 

The remainder of this paper is organized as follows: 
Section 2 introduces related wireless technology, ZigBee 
protocol and topology of Wireless Sensor Networks 
applications. Section 3 presents the characterization of the 
problem considered in this paper. Section 4 describes the 
main requirements considered for data exchange in the 
design process. Section 5 presents implementation the 
specification of the proposed protocol. Section 6 analyzes 
and discusses results of simulation. Finally, Section 7 
concludes the paper and presents the future of our research. 
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2. Corelated work 

A. Topologies of ZigBee Network 

Not like other networks there are only three different 
types of devices used in ZigBee powered network. Like 
Routers, Coordinator and End devices. It consists of only one 
Coordinator, irrespective of the other network topology. 
Coordinators manages the complete ZigBee network, which 
is responsible to the formation and security of networks. The 
main task of Coordinators is to selects the network 
parameters used by the network such as radio frequency 
channel, initiate the network and allows other devices to join 
the network. Aadditionally, Coordinators can also used as 
gateway, which connect local area network to the Internet. 
Coordinators are usually consists with higher computation 
and storage capacities as compared to Router and other End 
devices. Routers works as intermediate nodes, and helps to 
extend the range of networks. Router can be connected to an 
already existing networks, and also allow other devices to 
connect it. The actual task of Router is to relay messages 
from one node to next. 

End devices perform specific sensing or control 
functions, which are usually battery-powered devices. End 
Devices are not able to relay messages to other nodes in the 
network through them as compared to Coordinator and 
Router. Mostly, End Devices sleep to reduce power 
consumption when not transmitting or receiving. In a ZigBee 
Network, each node must have id which must be unique, 
which is identified by means of IEEE address and network 
address. IEEE address could be a 64-bit MAC address that's 
accustomed determine the device unambiguously. Network 
address could be a 16-bit address that's accustomed 
determine the node within the ZigBee network. Network 
address is also called the short address. When any node joins 
into a network, its network addresses are allocated by its 
parent node, such as Router or Coordinator. However, 
collector forever is connected to fixed network address as 
0x0000. The nodes on the various networks area unit ready 
to have an equivalent network address. A ZigBee network 
supports three types of topologies: Star, Tree, and Mesh, and 
the corresponding diagrams are shown in Figure 
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 The star topology is that the simplest ZigBee network, 
that solely consists of a coordinator and a group of end 
Devices within the network. The coordinator could be a 
central node that's connected to any or all finish Devices 
within the network. end Device will communicate solely 
with the coordinator and communicate with different end 
Devices indirectly via the coordinator. Once the RF link fails 
between the coordinator and the target end Device, there's no 
different route. additionally, the coordinator is a bottleneck 
which will lead to congestion. 

The Tree topology could include every kind of devices 
within the ZigBee network. The structure of a Tree network 
encompasses a root, branches, and leaves. coordinator could 
be a root node that's connected to its children, referred to as 
Routers and end Devices. Routers are branches nodes and 
end Devices are their children. end Devices are leaves nodes 
that can't have children. solely direct communication is valid 
between child node and its parent node. when 
communication is from one node to a different, the message 
from the source node is relayed via its parent node. just like 
the network topology, there's no different route while the RF 
link fails between the Routers and its parent node 

In ZigBee network mesh topology has tree-like structure 
wherever a root node is named as coordinator. Mech 
Topology is usually called peer-to-peer network. mesh 
topology is more versatile in that Router nodes among vary 
of every other will discover and communicate directly while 
not involving parent nodes. mesh topology is capable of 
finding the most effective offered route for message if RF 
like fails. It chooses the more energy economical route by 
using the routing algorithms. 

B. Architecture of ZigBeeNetwork 

The ZigBee Alliance developed the ZigBee device object 
(ZDO), the application support sub layer (APS), the network 
layer, and security management. For the MAC layer and 
physical layer IEEE 802.15.4 is used. The basic architecture 
of ZigBee protocol stack is explained below from diagram. 
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The ZigBee protocol architecture is divided into three 
parts 

 IEEE 802.15.4, which consists of the physical layer and 
MAC layer. 

ZigBee layers, which consist of the ZigBee device object 
(ZDO), the application sublayer, and security management 
along with network layer. 

Manufacturer application: Manufacturers of ZigBee 
devices can develop their own application profile or use the 
ZigBee application profile as well. 

The main actual functions of the network layer are to 
enable the correct use of the MAC sublayer and provide a 
suitable interface for use by the next upper layer, which is 
application layer. Its structure and capabilities are those 
typically associated to such network layers, including 
routing. The Network Layer deals with network functions 
such as connecting, disconnecting, and setting up the 
networks. It will add a network, allocate addresses, and add 
or remove certain devices. This layer use all three topologies. 
It works as a interface to the application layer. 

At the same time, the data entity creates and manages 
network layer data units from the payload of the application-
layer and performs routing according to the current topology. 
While, there is the layer control, which is used to handle 
configuration of new devices and establish new networks: it 
can determine whether a neighboring device belongs to the 
network and discovers new neighbors and routers. The 
control is also able to detect the presence of a receiver, which 
allows direct communication and MAC synchronization. 

The application layer is the highest-level layer according 
to the specification and is the effective interface of the 
Zigbee system to its end users. It consists of the majority of 
components added by the Zigbee specification: both ZDO 
and its management procedures, together with application 
objects defined by the manufacturer, are considered part of 
this layer. This layer responsible to grouping tables, sends 
messages between bound devices, manages group addresses, 
reassembles packets and also transports data. It is also 
responsible for providing service to Zigbee device profiles.  

General set of application services and interface 
primitives is provided by the application layer for transaction 
management, which works with the lower layers to 
implement a programmer independently on any platform. 
Interface is defined by ZigBee Alliance, but application 
services may be customized by developer, which are 
established on the interface. 

3. Timing Synchronization 

Unlike the other distributed networks, time 
synchronization is an important component for data fusion 
and clustering, which also provides data about the ordering 
of events, causal relationships and correlations. Not like 
other traditional networks such as Internet, the Wireless 
Sensor Networks are resource constrained networks. Thus, 
many factors influencing time synchronization in the 
traditional networks also applicable to the Wireless Sensor 
Networks, such as reliability and latency. In addition, the 
time synchronization techniques have to be energy aware 
since the nodes on the Wireless Sensor Networks are energy 
constrained devices with limited processing and transmission 

power. Several synchronization methods to meet specialized 
requirement are from simple too complex for Wireless 
Sensor Networks, many of which do not differ much from 
each other. No matter the whichever methods are used, the 
major problem for synchronization protocols is the variance 
in the send time, access time, propagation time, and the 
receive time. Timing-synchronization protocol, Reference 
broadcast synchronization (RBS), for sensor networks 
(TPSN), and flooding time synchronization protocol (FTSP) 
are the major timing protocols currently in use for wireless 
networks. But these time synchronization protocols aren’t 
compatible and they result in a network partition  

4. Data Exchange and issues in wsns 

Ross Quinlan developed an algorithm which is used to 
produce a decision tree. Algorithm is known as C4.5. It is an 
extension of Quinlan's prior ID3 algorithm. The decision 
trees generated by C4.5 can be used for classification, and 
for this reason, C4.5 is often referred to as a factual classifier. 
This algorithm builds decision trees from a set of preparation 
data using the concept of information entropy. It is managing 
both continuous and discrete attributes, handling training 
data with missing attribute values and also handling 
attributes with differing costs. In building a decision tree we 
can deal with training sets that have records with unidentified 
attribute values by evaluating the gain, or the gain ratio, for 
an attribute by taking into consideration only the records 
where that attribute is defined. In using a decision tree, we 
can classify records that have unidentified attribute values by 
estimating the probability of the various possible results. 

5. Conclusion 

In this paper a study has been done on delay-aware 
congestion protocol for wireless sensor networks. We faced 
many problems on the integrity and continuity of data 
collected for wireless sensor networks. To overcome these 
problems of network transmission, delay some useful 
information was added into the data frame structure of this 
protocol. The extra identifiers fields added includes flag, 
timestamp, and sensor types and its values. The data 
collected can be restored from these fields, even if receiving 
data is in disorder. The protocols used are required for 
smooth functioning of wireless sensor networks. 

 Delay aware congestion control protocol is important in 
this field of research. In the future, we will be able improve 
this protocol and make it meet versatility to a certain extent. 
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