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Abstract

Recent advantages in wireless communication and
electronics, lead to a large scale of sensor networks
development and different usages possible. Specific
traits of these networks such as dynamic treatment,
large scale, long life-time and being multi-purpose
with specific limitations of these kinds of networks such
as limited bandwidth, low dry cell capacity, limited
processor and memory are caused some difficulties in
quality service support in sensor networks and
deficiency in cultural service quality models. Cross-
layer design in networks to obtain optimum gain from
sources is recently regarded. There are four categories
in this technical research: First, tranquilization of
limitations whereas all hardware layers are consume
efficient in network energy. Second, yield system
improvements are such as theoretical analyzes possible
solutions and scalability solutions discussed. Third is
quality requirement compliance. Fourth, earn the best
sources impart.

1. Introduction

One of the most efficient ideas which are offered
recently is service quality support in wireless sensor
networks in cross layer design of these networks [1, 3].
This manner is shortly shown that is able to be basic or
even necessary solution in networks debugging in
order to support quality of service necessities in sensor
networks which involved with hard source limitations.

The main target of cross layer design is to earn a
practical and flexible tool to interact between
necessities and limitations of new sensor networks .this
target may contains three parts: the first problem is that
how to keep the efficiency of each node and support a
high scale networks [2]. The second problem is that
how to make balance between power usage and power
productivity. The third problem is multi usage

optimization of nodes, when their sources are absolute
and limited [6]. In section 2 cross layer is presented as
a coordinator between qualities of service mechanism
in several different layers. In section 3 we introduce
cross layer usage and implementation by OMNET++
[7]. Section 4 contains the manner of OSI model in
different test conditions and finally in section 5 the
result of our arguments will be discussed.

2. Cross layer as coordinator mechanism
for quality of service in several layers

We can use cross layer to coordinate between two
or more mechanism, which act in several layers. [4]
Because maybe are these mechanism same or against
each other and reduce quality service in total networks.
We imagine that two FIFO simple priority queue in
application and data layer where used to optimize
quality of service base on priority.

The problem is that the packets with high priority in
application layer may be considered as normal packet
in data- link layer and will be queued and processed
like other packets. This will cause process delay [5].

By the suggested cross layer mechanism, it will be
possible to coordinate priorities in two queues and
deny unwished receive and transmit delays in data link
layer queue.

3. Experiments and model evaluation

In this section we design some experiments which
evaluate the performance of Cross model in
comparison with OSI model. The most emphasis of our
experiments is on the delay of packets (one of the QOS
parameters) from each node to sink node. We design
some experiments on a single node and after that we
design some experiments on a sensor network which
contains some single nodes and a sink node.
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3.1. Cross layer implementation in node by
OMNET++ software

In a sensor network architecture, in order to regard
priorities in transmit and receive packets, imagine a
simple priority transmit queue in application layer and
a transmit queue with another priority in data-link
layer.

The function of these queues is to arrange high-
priority packets in front of queue and send them faster
than normal priority queue.

Packets which contain node sensor behaviour
commands, nodes or links damage reports, energy
shortage reports in several nodes have first class
priority in data-link layer and other packets which
contain observed information from operational
environment will be second class. Packets with node
situational information commands have first priority
and other packets have second priority in application
layer .In each layer priority is owned to packets that are
from higher class and have higher priorities.

Treatable subject is this model and same situations
are a packet which has higher priority in application
layer is considered as a normal packet in data link
layer. In this situation the packet as for application
layer should be fast process or should be moved to
neighbour node might be queued in data link layer after
normal packets and be delayed.

The main purpose of applying cross layer is to
optimize this model and coordinate one to one between
application and data-link queues [3].

Total transmission delay for each layer by
application and data link is calculated by Equation
.1.Total transition delay is shown by Equation .2 by
cross layer.

MaxQ MaxQ
Tu=(an><i+ ZBIIXZ'JX];I‘ (1)
i=1 i=1
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TO = ( Z P]i X l] X ];I‘ + T'cross (2)
i=1

Max Q stands for maximum number of packets that
can be storage in transmission priority queue.

P;; stands for a first class packets probability in
application layer, which located after i high priority
packets of data link layer. Pj; stands for first class
packets in application layer, which located after i
normal packets from data link layer that is inserted to
data link layer queue.

T, stands for default average delay for first class
from application layer in data link layer.
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T, stands for average transmission delay for each
packet from data link layer.

T.0ss Stands for average time to interact each packet
with cross layer and 7, is optimized delay for this
packet.

Generally, max C stands for priority levels for the
situation with more than two priority levels.

P¢y; stands for probability that insert a C class
packet from application layer after i to j class from data
link layer.

Equations .3 and .4 show how we can estimate
average time for both cross and OSI model.

¢ MaxQ MaxC MaxQ
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Four different classes are considered for packets:
Classes 4, B, C, D, which represent the priority of
packets in data link and application layers. Each packet
is described as bellow:

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

Class B: Critical packets with first priority in
application layer and second priority in data link layer

Class C: packets with second priority in application
layer and first priority in data link layer

Class D: packets with second priority in both
application and data link layer.

In our experiments each packet contains some parts
which we use these part for different purposes. One of
these parts is Index of packet which determines the
priority of this packet in application and data-link. The
other part of a packet is time of generation which is
used to calculate the time of receiving packets to sink
node. The main part of a packet is data which is
transformed to sink node. Figure .1 shows the structure
of packets in our experiments.

In the first step of packets transmitting, we sort
packets based on their priority in application layer. In
this case packets of class B are in the front of the queue
and after them packets of Classes 4, C and D are
placed.

In second step, the sorted packets are transmitted to
data-link layer and they are resorted based on their
priority in data-link layer.
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Figure 1. Structure of packets

In this case, packets of class B are placed after
packets of classes 4 and C. Packets of class B were in
the front of queue in application layer, now are placed
in the middle of the queue in the data-link layer. So
transmitting of packets of class B (which have high
priority in application layer) are delayed and it is
contradictory with QOS parameters. Figure .2 shows
packet transmitting based on OSI model.

Transrmussion Prionty Application Queue

—
o

Transmussion Prionty Data link Queue

Figure 2. Packet transmitting based on OSI
model

In Cross model, in step 2, critical packets (Class B)
are not placed in the middle of the queue. In this case
the new priority is assigned to critical packets in data-
link layer and transmitting of packets of class B is not
delayed. Figure .3 shows packet transmitting based on
Cross model.

Data-link Queue, performed with cross layer

Figure 3. Packet transmitting based on Cross
model

3.1.1. Comparison of proposed Cross model and
OSI model in uniform condition

In first experiment, we consider, 4 classes 4, B, C
and D have equal probability values. So we named this

method as uniform. P, =25%;i e {A,B, C,D}
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Figure .3 shows time average of packet transmitting
of class B in OSI and Cross models. In this figure,
horizontal axis shows number of packet which each
node can transmit. Range of this axis is 5 to 50 in this
experiment. As it is shown in this figure Cross model
outperforms OSI model in all cases.
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Figure 4. time average of packet transmitting
(class B)

3.1.2. Comparison of proposed Cross model and
OSI model in non-uniform condition

In second experiment, we consider 4 classes 4, B, C
and D have different probability values. So we named
this model as non-uniform model. In this experiment
we assign following values to four classes.
(P(4)=10%, P(B)=30%, P(C)=40%, P(D)=20%)

These considered values can change in different
experiments in the other word these values are
completely optional. If the probability of critical
packets (Class B) increases then the difference between
performance of applying Cross model and OSI model,
increases too.

Figure .4 shows the time average of packet
transmitting of class B in non-uniform condition. As it
is shown in this figure, cross model outperforms OSI
model in different number of packet conditions.

Figure .4 shows that, the average time of
transmitting in Cross and OSI models grow with
increasing number of packets in each node. But the
slope of growth in Cross model is very slower than
slope of growth in OSI condition. It shows that the
performance of Cross model outperforms OSI model in
non-uniform case in large number of packets.

The results of two previous experiments show that,
based on time average of packet sending criteria, Cross
model is more useful than OSI model. This preference
becomes more prominent in non-uniform condition.
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Figure 5. performance of Cross model out-
performs OSI model in hon-uniform case in
large number of packets

Most of problems in real world follow non-uniform
model so we can expect that Cross model achieves
better performance in these types of problems.

An important tip about this simulation is that all
part of this simulation is implemented in OMNET++
software [7] and we obtain mentioned results based on
30 different runs in OMNET environment.

3.2. Implementation of a sensor network with
applying Cross and OSI models

In contrast with previous experiments which most
emphasis was on average time of sending data in each
sensor node, in this experiment the most emphasis is
on the average time of receiving packets in a sensor
network.

For this purpose, at first we design a sensor network
in OMNET-++ with a fix number of sensor nodes. The
position of these nodes is created at random in a
rectangular environment. In the center of this
environment we place sink node. Receiving and
processing of packets is the task of sink node in a
sensor network.

In each node we use two parallel models separately
(OSI and Cross models). With applying this strategy,
we compare OSI and Cross models in a same packet
sequence. After that in each we generate some packets
with non-uniform distribution and these generated
packets are sent to sink node in two ways. One way is
based on OSI model and the other one is based on OSI
model and in the sink node the received packets is
processed. Now we calculate the average time of
receiving critical packets (Class B) in sink node based
on OSI and Cross Models.

Figure .5 shows the time average of transmitting
packets in a sensor network. As it can be seen, in this
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figure using cross layer is more efficient than using
OSI model. The results of this figure achieve by
average of 30 different runs. In this experiment we
consider that each node sends 10 packets to sink node
with non-uniform distribution and we use multi hope
method for creating connection between nodes.
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Figure 6. Time average of transmitting packets
in a sensor network

In this figure we proposed third curve which is the
difference between average time of transmitting
packets in OSI and Cross models. In the other word
this curve shows the amount of performance that we
achieved by using Cross model.
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Figure 7. Time average of transmitting packets
in a sensor network

In next experiment, we increase number of packets
in each node (30 packets in each node) and try to find
the effect of number of packet in each node on time
average criteria.
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Figure .5 and Figure .6 show that with increasing
number of packets in a sensor network, Cross layer is
more efficient than OSI model.

Finally, Figure .7 presents effects of the number of
nodes and the number of packets in each node on time
average of packet transmitting criteria. As it is shown
in this figure number of packets in each node is more
effective than number of nodes in a sensor network.
Figure .8 represents the effect of number of nodes and
number of packets on time average criteria.

Time average of transmitting

Figure 8. Effect of number of nodes and
number of packets on time average criteria

4. Conclusions

In this paper, we examined applying Cross model in
a sensor network. For this purpose, we implement a
sensor network with OMNET-++ software and apply
OSI and Cross models in each node separately. Then
compare average time of transmitting packets in these
two cases. In all of the designed experiments, Cross
model outperforms OSI model in time delay criteria
(one of the QOS parameters)
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