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Abstract - The scope for research in wireless technology creates a new door for invention. For broadband and mobile 
application wireless network have emerging a recent trends for performance optimization in multi-hop wireless networks. 
However the traditional layered stack is responsible for the communication between sender and receiver was initially 
designed for wired networks, which not able to perform well in multi-hop wireless network, the higher layer and their 
residing protocols remained unaware of the underlying technology. The multi-hop communication create a scope during 
variation in signal strength, high bit-error rate, variation in channel quality, issue of interference and noise ratio, mobility of 
node. To optimize overall performance of wireless network during optimal path selection process, the interaction between 
different non-adjacent layers is needed. In order to resolve this issue using cross-layer mechanism shared information is 
more useful for optimal path selection. The basic purpose behind to design a cross-layer mechanism is to use multilayer 
parameters from layered architecture to increase the efficiency as well as performance of wireless networks. 
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I. INTRODUCTION  
 
In wireless sensor network, motes are performing 
data processing by working together for environment 
sensing using wireless channel. These motes having 
low power, small in size, deployed over the network 
with the short distance. WSN has various important 
applications in military, environmental monitoring 
and target tracking. The main objective behind 
wireless sensor network most significantly depends 
on the type of applications and it’s considered factors 
such as the environment condition, deployment cost, 
and hardware constraints. The number of nodes in 
WSN varies from some count in hundreds or in 
thousands, and connected to each other.  
 
In WSN sensor nodes continuously measures the 
physical parameters such as humidity, temperature, 
pressure and so on and exchange the data with the 
neighbouring nodes so that finally it reaches to the 
sink node. Each sensor node in the network is 
typically made up of several parts such as radio 
transceiver with antenna, a microcontroller, interface 
for connecting the sensors and an energy source [2]. 
The signals are transmitted over the channel between 
sender and receiver while communicates with each 
other using basic communication technologies, that 
utilize the medium are of two types; Point-to-Point 
and Broadcast. In WSN, sensor units are deployed at 
various locations in the network, and they 
continuously measure the environment parameters.  
The major advantage of such network is to deploy 
nodes at any location and exchange of data via 
supportive intermediates nodes which act as routers; 
to switch data from one to other node. Due to 
wireless mode of communication, sensors could be 
deployed at any corner and could be easily monitored 
from different locations. WSN have less maintenance, 

economical and easily deployable in comparison to 
its counter parts. For executing any application in 
wireless sensor network, it required more battery 
power to work a node with maximum time in a 
network without any human assistant. Without using 
any energy efficient method the node will drain the 
battery power quickly. For reducing energy uses and 
to enhance the network life time various routing 
protocols are involves like proactive/table-driven, 
reactive/on-demand and hybrid.  
 
II. LITERATURE SURVEY 

 
This section deals with the survey of cross-layer 
design, which gives the main focus for motivation of 
research in this era. There are multiple issues that 
gives the idea about how to increase the efficiency of 
wireless sensor network, by modifying existing 
protocol stack to allow the communication between 
non-adjacent layers in wireless system because of 
drastically change in environment conditions and less 
resources available in wireless network. 
 
It allows the communication with any non-adjacent 
layers in protocol stack. To achieve all promises there 
are several issues dealing with the cross-layer, and 
need to be address properly. First issue is that for 
cross-layer interaction between non-adjacent layers 
should have a well defined and standard framework 
required. It maintains the modularity with separate 
layer implantation, so that it cannot violate the 
working or function of other layers. Traditional stack 
has many drawbacks when it is use in wireless 
environment but work well in wire oriented network. 
Suppose the transport protocol suffers from the 
problem occur because of bit-error rate, the best 
example of this situation is TCP protocol.  Only 
because of lot of problem and issues the cross-layer 
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design is attracted in recent scenario. By studying 
many recent papers different author’s deals with 
different problems that are solve using cross-layer 
design mechanism. The necessity of cross-layer 
desings and its significance is discussed in [11] for 
future wireless network and explore the issues which 
has impact on network design. It also gives the 
motivation behind to move towards the integrated 
cross-layer design approach to pass the information 
from one layer to other layers. The technology 
adopted different domain for implementation like 
WNS, MANET, and WMN and so on.  
 
Well defined protocol stack for wire oriented network 
is shown in Fig.1. The working of each layer in a 
stack is strict to the rules governed by traditional 
architecture that only adjacent layer can communicate 
with each other. This leads to make a cross-layer 
design to violate the boundaries in a way to achieve 
the performance of network gain [6].  
 
The communication flow is divided as per the task 
and as per the role of each layer. Each layer is 
responsible for sharing the information to its 
neighbouring layer for completing the task assign to 
it. The one layer is not aware about the working of 
other layer as they communicate with each other 
using designed interface. The most renowned 
example is that, while accessing the web pages from 
internet, the browser can be work in wired as well as 
wireless network system; as they internally deals with 
the interaction of one layer with the other layers. In 
this web browser scenario the focus of developer is 
only on the application and not worry about the 
physical network media used. Using traditional 
method exchange of control message between 
adjacent layers is limited and not allowed to non 
adjacent layers [25]. Hence, this motivates for cross-
layer design that will be helpful to create an 
independent layered architecture for good 
performance of wireless network. 
 

 
Fig.1: TCP/IP protocol stack [11] 

 

To get the service from non-adjacent layer; then the 
cross-layer concept is comes into the picture [11] by 
introducing the coordination common plane. It is the 
cross view of the layered stack on which different 
layered wise algorithms is applied and it is useful to 
solve the existing problem in the network. Many 
bandwidth estimation techniques have been proposed 
for wired as well as wireless networks. The technique 
to evaluate the residual bandwidth in wired and 
wireless environment using, by sending the trains of 
beacon message to measure the end-to-end available 
bandwidth [8]. In paper [9] considered that the 
remaining bandwidth of a channel is given, and 
calculated using, Remaining Bandwidth = Channel 
capacity * (1-UF), where the UF is utilization factor. 
In other word it is the product of channel capacity by 
one minus the channel utilization factor. By 
computing the utilization factor and some constant in 
each mobile node the available bandwidth is 
estimated, the flow may be achieve in a specific time 
by continuous environment monitoring [10].  
 
The cross-layer mechanisms is act as a coordination 
common plane between all layers, for sharing data 
and coordinate with all layers to increase the network 
life-time and performance. The author [25] deals with 
the classification of cross-layer through different 
approaches. In first approach, it can be classified as 
per how they shared data information within one node 
as non-manager (adjacent layer can share the 
information only) and manager methods (non-
adjacent layer can have direct communication 
through coordination plane). From the other 
perspective, how the information is shared between 
all the nodes. It compose centralized (one node is act 
as head and remaining are regular node of network) 
and distributed method (all nodes has equal 
administrative rights to work).  
 
In [47], the work is on the joint cross-layer 
optimization method for efficient routing and energy 
distribution to meet the QoS requirements. It is found 
that the optimization problem equals the convex 
problem of two steps and the problem of increasing 
the network lifetime.  In [49], proposed routing 
algorithms for efficient energy usage with great 
competitive ratio, which is asymptotically optimal to 
the number of nodes. Author [24], addressed the 
problem of longevity of wireless sensor networks and 
proposed a primal-dual algorithm. It has been deals 
with the joint optimization problem of routing and 
node mobility for increase of network life. For 
cooperative transmission phase optimal power values 
were identified and the whole technique can solve the 
real-world problems [35]. The tree relaxation-based 
and iterative distributed algorithm is considered to 
solve the power efficient distribution [36].  
 
To utilized the trade-off among the timeliness and the 
energy consumption to manage the redundancy in 
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heterogeneous wireless sensor networks. In the trade-
off optimization problem, the best level of 
redundancy in both the path and the source were 
identified to increase the network lifetime [37]. A 
new routing scheme, called tree based diversionary is 
develop to increase network lifetime [33]. To 
maximize the system utility in routing for energy 
allocation a new low complexity distributed 
algorithm is used [31]. The author [17] propose the 
multicast routing protocol to increase network 
performance by observing various routing metrics 
such as bandwidth and packet delivery ratio to 
optimize develop multicast routing protocol.  
 
A multi-objective optimization problem, which solves 
the trade-off between load balancing and power 
efficiency to minimize cost, is proposed in [22]. The   
minimum total power strategies to reduce the energy 
intake in wireless network system by maximizing the 
path lifetime and minimum weighted total power 
strategy is developed in [23]. Using an opportunistic 
routing algorithm to increase the networks’ lifetime 
and to save energy is given in [24]. In [12], author 
developed a cost-aware secure routing algorithm, 
which involves probabilistic-based random walk and 
energy balance control; it uses delivery ratio metrics 
to solve the network lifetime issue. Author [49] used 
packet delivery rate as the metric measure and 
propose a new method to detect the efficiency of 
more than two hop radio networks.  
 
The average packet deliver ratio to study the 
performance of underlying directional MAC 
protocols and the physical interference, in order to 
develop a colour conflict graph abstraction is given in 
[42]. Investigated Quality of Service routing in 
wireless network and introduced Quality of Service 
aware geographic routing scheme. In terms of packet 
speed ratio, the protocol is organises the priority sets 
[31]. Author [16], solves the issue of routing by 
considering packet delivery ratio and propose a 
bypass routing protocol. 
 
III .CROSS LAYER ARCHITECTURE 

 
To achieve the goal from wireless network for good 
performance, the cross-layer mechanism is to be used 
by violating the existing protocol communication 
model by improving some network parameter at each 
layer. The simple definition of cross-layer is as given 
bellow: 
 
Protocol design by the violation of layered 
communication architecture is cross-layer design with 
respect to the original architecture. 
The concept of cross-layer design is initiated by, to 
improve the quality of service parameter in wireless 
networks based on the existing reference model [25]. 
The concepts of interlayer coordination planes that 
span vertically across the protocol stack and focuses 

on, to solve typical issue arise in wireless network. 
The three common planes devoted for cross-layer; 
Security, Quality of Service and Mobility, as shown 
in Fig. 2. Each plane having a different objective that 
can be achieved through Cross-layer design and thus 
Cross-layer algorithm can be classified depending on 
their targeted goal [34].  
 

 
Fig. 2 Goals of cross layer design [34] 

 
Security: This plane deals with the, to avoid multiple 
encryption which frequently used in communication 
networks. 
 
Quality of Service: This plane deals with the 
requirements and restrictions with whole protocol 
stack, to fulfil the expected services from different 
layers. 
 
Mobility: This plane deals with the issues arise from 
change in position of node, it may be horizontal-
handover or vertical-handover across the wireless 
networks. 
 

 
Fig.3 Cross Layer Architecture 

 
It is necessity to design more optimized algorithm 
using crass-layer approach that allows independent 
communication among layers. Physical layer can 
have direct communication with Network layer; 
MAC layer can have direct communication with 
Transport layer and so on.  



International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 
Volume-6, Issue-3, Mar.-2018, http://iraj.in 

Cross Layer Design Approach for Routing Optimization in Wireless Sensor Network 
 

44 

The physical layer deals with the battery power, noise 
ratio, and strength of the signal. The media access 
control layer deals with the information related to 
packet scheduling, delay while sending the packet 
over channel, number of packet received per 
transmission, fair utilization of channel and some 
contention methods for packet flow control. Network 
layer deals with the selection of optimal routing path 
using some specific routing algorithm and rest 
information received from physical and data link 
layer. Transport layer deals with the flow control and 
congestion control as shown in Fig. 3.  
 
Before designing any routing protocol and cross layer 
architecture leads to think about different parameter 
used at different layers in the wireless network. By 
studying and comparing many wireless routing 
protocols under the type as proactive called table-
driven, reactive called on-demand and hybrid. By 
observation most of the author uses reactive category 
of protocols, which is used to improve the 
performance of wireless network as a quality of 
service. The most popular protocol example under 
this category is AODV, DSR and TORA. To select 
the optimal path from source to destination these 
protocol keeps track of only active nodes in their 
routing table. The main advantage of it, to save 
storage required and battery power consume by each 
node in wireless network.  
 
In multimedia and real time application, it required 
good battery power, good signal strength, more 
bandwidth, and more throughputs. If the source node 
as well as intermediate node has all these resources 
then and then we called it as, the selection of optimal 
path is possible. Finally the selection of specific 
quality of service parameter from different layers, 
they may be from adjacent layer or non-adjacent layer 
is only when possible because of implanting a good 
cross-layer mechanism. By using this mechanism an 
adaptive and application specific routing protocol can 
be implemented for wireless network. The selection 
of appropriate parameter from specific layer is the 
challenging task. To select an optimal path by 
exchanging the many more quality of service 
parameter from different layers in wireless network 
which has; Maximum life of established link, signal 
coverage will be more, less SNR ratio, while 
accessing media the  delay will be less, to improve 
the throughput of a channel support more bandwidth, 
it will reduce the congestion. To ensure the 
performance of cross-layer design by taking the 
feedback from each layer and how to take the 
feedback is explain by using few examples are: 
 
Physical: Transmitted power from physical layer is 
tuned with medium access control layer to increase 
the coverage of transmission. The status of channel 
from physical layer can be used by data link layer for 
adapting the length of frame. Link / MAC layer: To 

measure the condition of channel based on the 
number of retransmission happened at the link layer, 
the data link layer protocol may review its timers 
based on the received packets. Adapting the error 
correction mechanism by link layer, based on the 
quality of service, i.e. Delay, loss of packet etc. 
 
Network: During the hand off begin or end for 
mobile-IP is used at TCP protocol for manipulating 
its timer. Link layer hands off events are used by 
Mobile IP for reducing its latency.   
 
Transport: The interference between link layer and 
TCP retransmission is reduced by adapting error 
control mechanism which is depends upon the timer 
of TCP retransmission.  
 
Application: Application where uses the channel 
condition for adapting its sending rate through 
physical layer. It indicates to the user the available 
capacity of channel and throughput obtained. 
 
IV. CLASSIFICATION OF CROSS LAYER 
 
The method of classification focuses on the different 
layers that are involved in the cross-layer exchange of 
information. There are some common approaches are: 
The first one is used as, the way in which the layers 
are coupled. Cross-layer schemes are divided into 
four basic categories depending on the network 
nature of the violation that has occurred in the 
architectural design. The four proposed categories 
are: 
 
1. Exchange of information among layers, 

implemented by creating new interface the flow 
of information can be from lower to higher 
layers, whereas it is also possible to have 
bidirectional iterative flows between two layers. 

2. Merging of adjacent layers into a new entity with 
enhanced functionalities, with the PHY and 
MAC layers.  

3. Design coupling without new interface, where a 
layer is designed, considering the functionalities 
of another layer but with no additional 
information exchange at runtime. 

4. Vertical calibration among layers, the tuning of 
parameters across the layers in a static or 
dynamic way.  

 
The second possible approach in case, the main 
interacting layers is PHY, MAC and Application. 
Following five categories defined depending on the 
hierarchical order in which the layers perform the 
cross-layer interactions: 
 
Approach I Top-down: The higher layer protocol 
selects and determines the optimal parameters and 
strategies that concern a lower layer. This policy has 
been adopted in many existing systems where, for 
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instance, the application layer dictate the MAC 
parameter, while the MAC selects the best PHY layer 
modulation and coding scheme. 
Approach II Bottom-up: From losses and 
bandwidth variation the lower layers try to protect 
higher layers. This may cause the delay and reduce 
the throughput for multimedia applications.  
 
Approach III Application centric: By adopting top-
down or Bottom-up approach this layer plays the role 
of coordination that optimizes the parameter of other 
layers. Approach IV MAC centric: It performs 

scheduling based on QoS information received from 
the application layer and determined PHY layer 
parameters depending on the available link 
information. Approach V Integrated: In this joint 
cross-layer optimization takes place. The 
classification methods described above gives vast 
possibilities for cross-layer design, It gives various 
ways of coupling, the diverse cross-layer interactions 
and the different objectives that may achieved by 
each scheme. 

 

 

Table 1: QoS awareness in the current routing protocols 
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As shown in above Table 1, by studying last ten years 
reputed journal papers in chronological order the 
different authors considered many more quality of 
service parameter to evaluate the performance of 
wireless network as given bellow: 
 
i) Network life time [9,13,20,23-26,28,33-37,38,43-
45,47]: 
The network life time is directly propositional to the 
life time of ‘n’ number of nodes which survives in a 
network. An energy efficient mechanism required 
across the different layers of protocol stack to 
increase the network lifetime for example to support 
for power aware routing, adaptive duty cycles and so 
on. 
 
ii)Delay [1-6,8-9,12,14,16,19,21,25,29,31,40,42,48]: 
It is the amount of time taken by packet to travel from 
source to destination node. From sensor network 
perspective point of view there are two delay 
components: Data Freshness and Response Time. In 
first case, indicates the recent data, more recent data 
gives current state information accurately. In second 
case, within a given span of time it will respond to 
user queries. 
 
 iii)Packet Delivery Ratio [1-8,15-20,24-27,30-
32,39-42]: 
It is the ratio of total number of packets arrived at 
receiver to the total number of packet sent by source 
node. This metric is used to measure the discovered 
path channel quality. 
 
iv)Energy [1-8,11,17-18,21-26,28-29,33-36,43-
44,46-47]: 
It deals with the how much energy is remaining 
which differentiate between initial energy and energy 
used in the network. Energy is very important metric 
in wireless sensor network. Sometime data packet 
may be routed through shortest path that leads to save 
the energy of a node to obtained quality of service; 
this is happened in big network where the multiple 
paths are available. It is necessity to have best QoS 
mechanism for balancing the energy of node along 
with the path. 
 
v) Overhead [1,9,13,15,17,45]: 
It is the ratio of total number of routing packets by 
overall number of data packets that were delivered at 
destination. The impact of this metric is terms of 
utilization of bandwidth and energy consume by each 
node for the network robustness. 
 
vi) Throughput [1-7,11,15,19-21,28-29,41-42,47]: 
It is the total number of packet is received by the 
destination node. 
 
vii) Data Rate [9,25,38,42,43,46]: 
Data rate metrics is directly proportional to the 
bandwidth. If the bandwidth is high then the data rate 

will be high. It is basically depends upon the internet 
connection bandwidth. 
                       
viii) Hop Count [27,31,33]: 
It is the number of intermediate node participated to 
transfer data packet from source to destination than 
flowing directly over single channel. 
 
From the literature of QoS parameter in the current 
routing protocols most of the authors uses re-active or 
on-demand routing algorithm for example AODV, 
DSR, TORA. It updates their routing table 
information only when the node is involves in route 
discovery phase. Remaining node will be in sleep 
mode, they all save their battery power and storage 
space. Using reactive routing protocols resources are 
utilize properly. To maintain the quality of service 
and to improve the network performance as compared 
to others, the reactive protocols are more useful in 
wireless sensor network.  
 
V. THE OPEN CHALLENGES: 
 
Although the cross-layer provide more advantages, 
however, some challenging issues need to be address 
for further ongoing research for example, Overhead 
occur in Cross-layer, Existence of two mechanism for 
same problem, Design Universal reference, and 
Protect from violation of layer architecture: 
 
a) Overhead occur in Cross-layer: To adapt 
network parameter which is changing dynamically 
the sharing of control signal messages between 
sender and receiver is very important. While sharing 
this information occupy more bandwidth and created 
overhead on network. So to balance this load, it is 
necessity to design cross-layer.  
 
b) Existence of two mechanisms for same 
problem: This issue arise when the more than two 
cross-layer designs used to solve the same problem 
for example to implement congestion control and 
power allocation factor at the same time. So that how 
this problem will handle and integrated in one 
mechanism. 
 
c) Design Universal reference: This issue is handled 
by initial classification and obtained the common 
problems in existing network and then implement the 
cross-layer framework for this application.  
 
d) Protect from violation of layer architecture: 
The violation of existing layered architecture occurs 
because the modification in one layer may required 
the number of changes in remaining layers, so the 
more attention is needed to solve this issue while 
designing cross-layer. 
 
The work done in cross layer design in the field of 
wireless sensor network motivates in the several ways 
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by interpretations of many real example and 
application in the area of wireless network. This gives 
the idea about how much the cross-layer design 
technique is important from the perspective of to 
improve the quality of service in recent trends in the 
area of wireless network.  

 
CONCLUSION 

 
Selecting the best route is more challenging in the 
field of Wireless Sensor Network. The selection 
depends upon lot of parameters. Hence, various 
parametric features of the routing protocols is 
discussed and analyzed in this survey paper. It 
concludes that the many more existing examples are 
fall under this category. It can be designed with 
reference to the original layered architecture. It can 
be used to solve a specific issue or gives new thinking 
for modality created by wireless network. Different 
cross-layer design approaches are described in briefly 
as per their type, based on the share of information in 
one node; and share of information among more than 
one node. It can be useful in some application like in 
military, rescue operation in the society. 
Finally, state that by taking review of all the ideas, 
thoughts and challenges from different papers, related 
to this concept, is to motivate about the necessity to 
implement cross-layer design mechanism for wireless 
sensor networks in future.  
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