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Abstract—Wireless sensor networks need to deliver real-time
services such as video, audio and traditional datsservices
therefore providing efficient quality of services QoS) support is
essential. In this paper we aim to address the timdelay
parameter of QoS this is implemented using a new css-layer
framework design. The concept of cross-layer desigis based on
architecture where different layers can exchange formation in
order to improve the overall network performance. Romising
results achieved by cross-layer optimization initited significant
research activity in this area.

We present results from simulations of the new creaslayer
design and traditional OSI model using the OMNET++software.
We show that the cross layer design provides a febk and
flexible approach to solving the conflict between ifferent layers
in a standard OSI model. We demonstrate that the ass layer
optimization is a promising solution and that enhanes the
quality of service in wireless sensor network apptations.
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of OSI hierarchical layers in communication netvgrkin
this paper we study the application of cross-lagsstocol
design and optimization. To achieve this we claaify justify
the optimization goals targeted in this researol, jastify our
motivation to take the cross-layer optimization raggh to
achieve these goals.

The aim of the study is to provide a feasible apphoto
enhance the QoS in multi-purpose wireless sensovonies.
Accordingly, the contributions of this paper ard@bows:
Firstly, we explain cross-layer as a coordinatoro#lity-of
service mechanism between several different layers.
Secondly, we explain cross-layer usage and impléatien
by OMNET++ [1].

Next, we show experiments and model evaluatiodpviad
by implementation of cross-layer design in eachenading
OMNET++ software.
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. INTRODUCTION

Recent advantages in wireless communication

electronics have caused an increase in the develupof
large scale sensor networks and research into reliffe
possible usages. A growing number of WSN applicatio
demand real-time quality of service (QoS) guarait&ich
QoS requirements usually include survivability,ilfeace and
scalability. The main challenge of satisfying
requirements is to minimize network energy consuionptso
as to maximize sensor network lifetime.
Notwithstanding, the increased interest and groefttWSN
some specific limitations still remain. These imdu the
limited bandwidth available, low dry cell capacigd limited
processor and memory capacity. These limitatioms czuse
some deficiency in quality of service support.

The success of layered architecture has been ausénv
many fields. However, the open system interconr{€&sl)
architecture of computer networks may not be ablprovide
QoS in all parameters, so optimization goals nequltsue in
multiple layers. Also, since some applications db meed all
layers, and optimizations may conflict with eaclest the
general notation “Cross-Layer Design” suggeststieaking

al

OSl-models in both uniform and non-uniform condigowill
then be evaluated, compared and discussed,
conclusions stated.

r;l’(? the best of our knowledge, this is the first kvdhat

provides a cross-layer design of end-to-end packege
ordering in wireless sensor networks.

A.Related Work
While a significant amount of research has beeredam

thesgeveral important aspects of WSNs (such as arthiteand

protocol design, energy conservation, and locating)
supporting Quality of Service (QoS) in WSNs islstilargely
unexplored research field. This is mainly becauseN&/ are
very different from traditional networks. The te@eSis used
too frequently, and can mean and relate to a nunadber
different things[2].

QoS challenges from general wireless networks eatisbed
as follows: 1.) Elimination of network limitatiort® achieve
network efficiency in hardware layer energy constiom 2.)
Improve system performance such as possible thearet
analysis solutions, together with discussion of lagulity
solutions; 3.) Achieving necessary requirementsgicality of
service; 4.) Improved utilization of resources.

Recently, cross-layer network design has been figagsd in
order to achieve QoS parameters in different asfgjct
Cross-layer design aims to identify the relatiopshetween
network parameters and the distribution of endrd-delay,

and our



and accordingly influence the design of real-tirnkisons for
WSNSs.

B.Goals and Mativation

The benefits of a cross-layer design aim at cogptime

functionality of network layers and as a conseqedmosting
the system performance. One efficiency idea thatreaently
been offered in the area of quality of service suppn
wireless sensor networks is the incorporation afssflayer
design in these networks [4, 5]. With the help afrass-layer
framework, we can enhance QoS, especially in tlea af
resource constraints.
Three main problems must be considered before immgi¢ing
a cross-layer framework within a WSN: The first fdeam, or
optimization target, is how to maintain the effiody of each
node, and how to support a large scale networkenteeping
the optimum situation[6]. The second problem is htw
enable optimum power efficiency within the senSdre third
problem is how to optimize multi-tasking within thedes
when their sources are limited and often singleppse[7]

Il. CROSSLAYER AS A COORDINATOR MECHANISM FOR
QUALITY OF SERVICE IN SEVERAL LAYERS

We can use cross-layer to coordinate between twaooe
mechanisms which act in several layers[8]. Howeltés,
possible that these mechanisms, when used in attigan
with each other, can reduce the quality servicdHertotal
network. We modeled two FIFO simple-priority queures
both the application and the data layer, which wesed to
optimize the quality of service based on prioritiie problem
is that priorities are not passed between layersmas@ets with
high priority in the application layer are consigléto have
normal priority in the data- link layer and will ljgieued and
processed the same as normal packets. This causEsging
delay [9]. Using the cross-layer design suggestedavill be
able to coordinate priorities in two queues andaesn
unwanted receive and transmit delays in the datakiiyer
queue.

In this section we report on the design of expenitnehat
evaluate the performance of a cross model in coisgamith
the OSI model. The main emphasis of our experiments
the delay of packets from each node to a sink nathgh is
one of the QoS parameters. After designing somerarents
on a single node, we construct experiments on &osen
network containing several nodes and a sink node.

EXPERIMENTS ANDMODEL EVALUATION

A.Cross-layer Implementation in Node by OMNET+ +
Software

Consider a sensor network architecture in whidingple
priority transmit queue in the application layershigs own
priority and a transmit queue in the data-link ayeith
another priority [10]. The function of these queussto
arrange high-priority packets to the front of theege and
send them faster than normal-priority packets. Packhat
contain node sensor behavior commands, node odinkage
reports and energy shortage reports in severalsnadehave

first priority in the data-link layer. Other packethat contain
sensor information from the operational environmeitithave

second priority. In the application layer, packeftith node
situational information commands have first prigritvhile

other packets have second priority. In each lagsgarity is

given to packets that are from a higher class aa tigher
priorities.

The greatest problem in this model is caused byabethat a
packet which has a higher priority in the applicatiayer is
considered a normal-priority packet in the dat liayer. In
this situation, a high-priority application layeatd packet
which should be processed faster or moved to éhbeignode
may be queued in the data-link layer behind nononiarity

packets and delayed.

The main purpose of applying cross-layer is toroe this
model and allow communication to and from the ajgtion

and data-link queues between multiple layers [5].

The total transmission delay for each layer fordpelication
and data link layers is calculated by equation [}e total
transition delay by cross-layer is shown by equa()

MaxQ MaxQ

:(Z Plixi+zpllixijx-r €
i=1 i=1
MaxQ

:(ZPi xi]xT +T, @)

MaxQ stands for maximum number of packets that can be

stored in the transmission priority queue.

P, stands for first class packet’'s probability in #ygplication
layer that are located after (i) high-priority patkof data link
layer.

P, stands for first class packets in the applicatiayer,
located after (i) normal-priority packets from dditek layer
that are inserted into the data link layer queue.

T, stands for default average delay for first classkpts from
the application layer in the data link layer.

Ty stands for average transmission delay for eackgbdmm
data link layer.

Teoss Stands for average time to interact each packét wi
cross-layer andy is the optimized delay for this packet.
GenerallyMaxC stands for priority levels in the situation with
more than two priority levels.

Pgi stands for probability of insertion of a C claslet from
the application layer after the i-j classes indlaga link layer.

Relations (3), (4) show how we can estimate theaameetime
for both the Cross and OSI models.

¢ MaxQ MaxC MaxQ
(ZZ R Xi+ 2 ZPCJ.XIJ 3)
=1 i=1 j=c+l 1=1
c MaxQ
TO:(Z ZPCIIXIJXT +Tcross (4)
j=1 i=1



Packets are divided into four classes — A, B, @ BnThese
show the priority of each packet in the data-liakdr and the
application layer. Each class is described asvallo

Class A packets with first priority in both data-link and
application layer.

Class B critical packets with first priority in applicatn layer
and second priority in data-link layer.

Class C packets with second priority in application layerd
first priority in data-link layer.

Class D packets with second priority in both the applimat
and data-link layer.

In our experiments each packet contains some pduitsh are
used for different purposes. One of these partsasndex of

the packet, which determines the priority of thicket in
application and data-link. The other part of a gadk the time
of generation which is used by the sink node tecuate the
time of receiving the packets.. The main part paaket is the
data which is transferred to the sink node. Fightbws the
structure of the packets in our experiments.

Data

Index

Time Generation

Fig. 1 Structure of packets

In the first step of packet transmission we arrapgekets
based on their priority in the application layeirsfy, packets
of class B are placed in the front of the queue aitel them
packets of classes A, C and D.

Secondly, the sorted packets are transmitted tod#te-link
layer and they are rearranged based on their fyriori the

data-link layer.

In the OSI model, packets of class B are placeer giickets
of classes A and C. Packets of class B which wetkeeafront
of the queue in the application layer are now plate the
middle of the queue in the data-link layer. In thigy,

transmission of class B packets (which have higbrity in

application layer) is delayed. This is contradigtarith QoS
parameters. Figure (2) shows packet transmissisadban the
OSI model.

priority lin Application layer .
priority [lin Application layer -
priority [in Data-ink layer -

priosty Il in Dateciaklayer [

Transmission Pricrity Application Queue

e —

P
——'—‘—‘—F/

N
Transmussion Prienity Data link Queue

Fig. 2Packet transmitting based on OSI mi

In the Cross model, in step 2, critical packetsa¢GIB) are
not placed in the middle of the queue. In this vihg, priority
is now assigned to critical packets in the datk-layer and
transmission of class B packets is not delayedurgig(3)
shows packet transmitting based on the Cross model.

Data-link Queue, performed wnth cross layer

Fig. 3 Packet transmitting based on Cross model

1. Comparison of proposed Cross model and OS model
in Uniform Condition

In the first experiment, we consider four classésg, C
and D) which have equal probability values, so wfngd this
model’s condition asuiniform. Figure (4) shows the average
time to process class B packet transmissions ih tiet OSI
and Cross models in uniform conditions. In thisufig the
horizontal axis shows the number of packets in qutat
each node can transmit. In this experiment the eanfgthis
axis is 5 to 50. As shown, the Cross model outperfothe
OSI model in all cases.
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Fig. 4a Average time of packet transmission (CBjss Fig. 5a Performance of Cross model outperforms @8&del in

non-uniform condition with large number of packets
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Fig. 4b Average time of packet transmission (CBss Fig. 5b Performance of Cross model outperforms @&del in non-
uniform condition with large number of packets

2. Comparison of proposed Cross model and O3 model  The results of the two previous experiments shoat Hased
in Non-Uniform Condition on the average time of sending data packets, tbesGnodel
In the second experiment we consider four clasde8,(C processes packets more effectively than the OSleinddhis
and D) which have different probability values,\se define difference becomes more prominent in non-uniform
this model’s condition ason-uniform. In this experiment we conditions.
assign the following values to the four classeg¢AJP10%, Most problems in a real-world situation follow theon-
P(B)=30%, P(C)=40%, P(D)=20%) uniform model, so we can expect that the Cross mode
These assigned values can change in different iexpeis. If achieves better performance in these types of pnol
the probability of critical packets (Class B) inases, then the An important fact to note about this simulatiorttiat all parts
difference between the performance of applying @ress of it are implemented in OMNET++ software [1] andew
model and the OSI model increases too. obtained the results based on 30 different run©MNET
Fig. 5a and 5b show the average time to procedass 8 environment.
packet transmission in the non-uniform conditiors. ghown,
the Cross quel outperforms the OSI model in diffierall B. Implementation of a Sensor Network by Applying Cross
packet conditions.
Fig. 5a and 5b also both show that the averagedime and O3 Models
transmission in both the Cross and OSI models ars&® with In contrast with the previous experiments, wherstob the
an increasing number of packets in each node.tBugtadient €mphasis was on the average time of sending dake{saby
of the slope shown in the OSI model is much stetqmerthe ~ €ach sensor node, this experiment focuses morieeoaverage

slope shown in the Cross model (Fig. 5a). It shthasthe time ofreceiving packets in a sensor network. _
performance of the Cross model exceeds the OS| nwtiee ~ FOr this purpose, we first design a sensor netwirk
non-uniform condition with a |arge number of pad{et OMNET++ with a fixed number of sensor nodes. The

positions of these nodes are created at randorméntangular
environment. In the center of this environment wglement
a sink node. A sink node’s function is to receivel grocess
data packets sent from the sensor nodes.



In each sensor node we use two parallel modelsratepa Both figure (6) and figure (7) show that even wism
(OSI and Cross models). In applying this strateggycompare increased number of packets in a sensor networlCtoss-

OSI and Cross models while using the same sequfmce layer method is more efficient than the OSI model.

sending data packets. In each sensor node we genaraFinally, figure (8) plots the number of nodes ahd humber
number of packets with non-uniform distributiontte sent to of packets in each node against the average packet
the sink node. These generated packets are sehetsink transmission time.

node in two ways. One way is based on the OSI matiée

the other is based on the Cross model. After raugithe
packets, the sink node processes them. We calctiate
average time to receive critical packets (ClasdyB}he sink
node, with results from both the OSI and Cross Nkde

Figure (6) shows the average time of packet trassion in a
sensor network. As can be seen, using Cross-layenare
efficient than using the OSI model. The informatgiown in
this figure is the average of the results achiebsd 30
different runs. In this experiment we assume tlzthenode
sends 10 packets to the sink node with non-uniform
distribution and we use the multi-hop method faeating a s
connection between the nodes.

Time average of transmitting

e’

Fig. 8 Effect of number of nodes and number of p&lon time
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IV. CONCLUSION

570.5

In this paper, we examined the application of @ress
5005 am0e ‘2 2008 model in_ a sensor network. T_his was achieved by
: S5 2 implementing a sensor network with OMNET++ software

cross applying the OSI and Cross models separately i eade
LR and comparing the average time of packet trangoniss
s—t r;;hm ——Diference both cases. In all of the designed experiment<Ctioss model
2098 HOP yggq 213 1907 2002 2042 outperforms the OSI model in the time delay critgfone of
the QoS parameters).
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