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Abstract—Mobile Ad-hoc Networks (MANETS) involved in many applica-
tions, whether smart or traditional and for both civilian and military uses, and
that because of their special features, where it does not depend on any infra-
structure during its working, as well as the nodes in MANETS have a freedom
of movement with the ability to self-configure, in addition, to working as a
router or client at the same time. Moreover, MANETS considered as an infra-
structure less network, so the cost of this type of networks is less in comparison
to other traditional networks. On the other hand, the routing considered one of
most important challenges in MANETSs due to the perpetual motion and ran-
domness of the nodes that can causing a continuous change of the network to-
pology and thus to all paths between nodes, where finding valid paths between
the nodes is the core task of routing protocols. Recently, it has been argued that
the traditional layered architecture is ineffective to deal with receiving signal
strength related problems. In an effort to improve the performance of MANETS,
there has been increased in protocols that rely on cross-layer interaction be-
tween different layers. In this paper, a Cross-layer design among Network,
MAC and Physical layers based on Threshold Multipath Routing Protocol
(CTMRP) is proposed. The CTMRP is designed for decision maker based on
threshold value of average paths signal for efficient transmission of the Text,
image, audio and video as well as sending the data via multiple paths, which
mitigate the negatives effects causes from forcing the nodes to send the data via
single. The Route Discovery Delay, Number of RREQ Messages, Number of
RREP Messages, End-to-End Delay, Packet Delivery Ratio (PDR), and
Throughput were selected as the main performance evaluation metrics. The re-
sults show that the proposed algorithm has better performance and lead to in-
crease stability of transmission link.

Keywords—MANETSs; DSR protocol; Multipath; Threshold, Cross layer,
Broadcasting.
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1 Introduction

Communications is a key necessity in life and that depend on them most are sec-
tors, whether commercial, industrial, agricultural, educational, and others like, wheth-
er civilian or military activities. From these essential services, we can conclude that
one of the most important reasons for success in the aforementioned activities is to
provide an effective communications system in terms of speed, security, compatibil-
ity, and reliability. Communications are divided into two basic types namely: wired
and wireless communications and each one of them can be divided into different sub-
types. This paper proposed a new approach that focuses on providing an effective
communication system to improve the performance of MANET, which is one of the
types of wireless network that uses related techniques of routing protocols.

Most of the previous researches had been carried out to determine the performance
of MANETSs, where numerous researches show that MANETSs performance is not
constant, due to the high mobility of the nodes, low coverage problem, network load
and network size [1,2]. The desired end of any wireless communications system is the
exchange of data with high reliability and speed while ensuring the lowest rate of
errors and problems that may arise during the operation of the network. Due to the
different composition and work of the MANET, they face special challenges and
obstacles stemming from the nature of the wireless nodes, which relies on self-
configuration and play the role of the router and the client at the same time without
having to rely on any infrastructure or base station6.

In [3] proposed a mechanism to provide load sharing to transfer data between the
source and the destination, and by allowing transmission of packets through multi-
path. The proposed idea in this paper is based on the measure of the signal strength of
each path for comparing signal strength with the noise, however, in case the value of
the signal strength is greater than the noise, then this path is considered one of the best
available paths that will use to send the data. The results showed the reduction in the
overhead, delay, congestion, as well as increasing data transmission between source
and destination. In [4] proposed a mechanism to choose the best route that have been
discovered through the process of route discovery, while according to the standard
DSR algorithm, the minimum hop count is the only metric for choosing the best path,
but other metrics has been added in this proposed study, such as: maximum residual
energy, maximum available bandwidth, minimum load, where the priority to choose
the best path is the path with the maximum energy and minimum hop count, but in
case there are routes which have the same energy and hop count, then it should be
taking into consideration the maximum available bandwidth and network load respec-
tively. In [5] proposed a mechanism to reduce the flooding of RREQ messages in the
route discovery phase. In this study authors proposed an algorithm for adding an addi-
tional condition before re-broadcasting the RREQ message by the intermediate nodes,
where each intermediate node, upon receipt the RREQ message will check three pa-
rameters: its own residual battery, received signal strength, and speed. The node will
only re-broadcast the RREQ message if its measured parameters have values within
the predefined threshold value, otherwise, it will be dropped. The results from the
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proposed study show an enhancement in the performance of the networks in terms of
residual battery, average end to end delay, average jitter and throughput.

In this paper, an Efficient Multipath Cross-Layer design among Network, MAC
and Physical layers, called Signal Strength Based Stability (CTMRP) is proposed that
considers the signal strength to select path for reliable data transmission across the
network. It reduces the link failures as well increase the lifetime of Network through
the distribution of traffic load. The DSR was chosen because it offers the best perfor-
mance in overall compared with the other routing protocols, especially in small to
medium-sized networks and with nodes speed from slow to medium [6]. The pro-
posed mechanism will be clarified in detail in the methodology section depend on an
update the DSR protocol algorithm.

1.1 Mobile Ad hoc Nnetwork

Mobile ad hoc networks (MANETS) are infrastructure less wireless networks,
where it characterized in a number of properties, such as self-configuring, self-
forming, self-healing network, random mobility for the nodes, transmission through
multiple hops, in addition, to the decentralized nature which improves the scalability
[7]. The devices in MANETSs have the freedom to move randomly in all directions,
which play the roles of both the client and router together during sending or receiving
the data in the network, where it must depend on in its own information to take the
decisions to choose the paths which lead to the destination, which that create the chal-
lenges on finding and updating that information constantly [8, 9].

The fundamental objective of MANET is to permit a gathering of communication
nodes to set up and keep up a network among themselves, without the backing of a
base station or a focal controller. The absence of infrastructure in MANET requires
the nodes to perform the network setup, administration, and control among them-
selves. Every node must act as a router and data forwarder in addition to playing the
role of a data terminal [10].

1.2  Routing Protocols

As there are different types of networks, there are different types of routing proto-
cols also which have similar aspects in the main task which is the routing, but they
differ in a way to work, where each one has a special algorithm is different from the
other. Routing protocols are originally designed for wired networks which are not
adequate and sufficient to ad hoc networks, although there is a big difference in term
of wired network topology that is more of stability compared with the topology of the
Ad hoc networks which changes constantly [11]. When designing a routing protocol
that will work within the ad hoc network environment, it should be noted that the ad
hoc network has to work within a limited bandwidth, in addition to limited resources
in terms of node storage capacity, CPU capabilities, and energy resource since it de-
pends mainly on batteries [12]. We can infer from the above, the fundamental differ-
ences between routing protocols for wired networks that consume large amounts of
bandwidth and resources of the nodes, like memory capacity, processor capabilities,
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also deal with the fixed and stable devices, topologies and routing protocols for ad
hoc networks [13, 14, 15]].

1.3  Dynamic source routing protocol (DSR)

The DSR protocol is classified as one of the reactive routing protocol used in multi
hop wireless Ad-hoc networks. It consist two main stages one is route discovery,
second is route maintenance. The route discovery stage begins when the source node
want to send the data to a node not exists in its routing table. The route maintenance
stage begins when one of the identified routes is broken or failed 16, 17].

Figure 2 shows the node S, initiating a route discovery by flooding RREQ message
to all its neighbors' nodes. When the intermediate nodes receive the RREQ message
and after each of them applied all the required checks, then each node rebroadcast the
RREQ to all neighboring nodes in all directions. The process continued whereby other
intermediate nodes perform the same process until the RREQ message reach to the
destination node D.

MANET Routing

Protocols

PROACTIVE REACTIVE
PROTOCOLS PROTOCOLS HYBRID PRATOCOLS
pspv || oisr || wrr || casr| |aopv|| psr ||acor|| asr Tora | | zrF | |ooRrP

Fig. 1. MANETS: routing protocols classifications
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Fig. 2. Propagate RREQ for Intermediate nodes in DSR protocol
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When the source node S receives the required routes through the reply message
RREDP, it keeps these routes in its cache memory to be used, when next times its want
to send to the node D. The default mechanism for arranging the routes and choosing
the best one is according to the minimum hop count [18]. The path with a minimum
number of hops can be a low performance path in terms of bandwidth, speed, delay,
security, and congestion, and especially the routes between spaced nodes. Further-
more, the hop count factor will totally ignore the other most important factors like
distance and signal strength, which will cause an increased in the probability of send-
ing the messages via stale or less quality routes than other available routes. However,
this will certainly lead to what has been previously mentioned such as an additional
consumption of bandwidth, increase the overhead, delay and latency.

Finally, even if there are many paths available to the destination the source node
sends all the packets via single path, and this result into a number of drawbacks, as
follows:

* Routing that involve sending all packets from source to destination going along the
same way is called single path routing and this type of routing need high transmis-
sion power for those nodes included in transmission.

* Due the fact that all packets must be transmitted in sequential manner from source
to destination along a single path that causes more delay for data transmission.

* Malicious node eventually might partake in the data transmission which results in
packet drops and security issues.

* Noise data transpire in high rate because of the fluctuation in radio connection that
happen in transmission between nodes that are part of the transmission.

According to IEEE 802.11 architecture and protocols, The Point Coordination
Function (PCF) is used in infrastructure networks, where an Access Point (AP) is
used to co—ordinate access to the radio spectrum. Of more interest to ad hoc networks
is the Distributed Coordination Function (DCF) which is used when there is no Ac-
cess Point (AP) available, and individual 802.11 nodes must contend with each other
for access to the media in a distributed fashion.

The DCF provides the basic access methods of the 802.11 MAC protocol and is
based on a Carrier Sense Multiple Access with Collision Avoidance (CSMA / CA)
scheme. The PCF is implemented on top of the DCF and is based on a polling
scheme. It uses a Point Coordinator that cyclically polls stations, giving them the
opportunity to transmit. Since the PCF cannot be adopted in the ad hoc mode, it will
not be considered hereafter. According to DCF, before transmitting a data frame, a
station must sense the channel to determine whether any other station is transmitting.
If the medium is found to be idle for an interval longer than the Distributed Inter
Frame Space (DIFS), the station continues with its transmission.as shown in figure 3.

2 Proposed Method

Several researchers have focused on study the effective path calculation based on
their considered route selection metric (distance, number of hop, etc.) to find the most
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suitable path to forward packets. More optimized algorithms can be design by allow-
ing Physical and MAC layers to provide information to Network layer. The Physical
layer information can be used for signals values (Threshold), and scheduling infor-
mation can be analyzed by MAC layer. Network layer can facilitate in best path selec-
tion based on information received from PHY and MAC layers. Figure 4, shows the
overall proposed cross layer architecture with different parameters at different layers.
When Route Reply receive, source node calculates average signal strength value for
each path, if signal is equal to or greater than threshold value forward message via
multipath, otherwise select route with minimum number of hope.

|DIFS; DIFS |DIFS;
Station A |_Frame |} ? | 5
Station B by | Frame | P
Station C Deter | 7 L Deter — | ). peter—»[ ] Frame |
Station D Diter > F——Detr—»[ ] Frame | |
Station E P f—Dstsr— T ) vetei —> [

[]Backoff time
I:) Backoff time remaining

Fig. 3. Basic Access Mechanism
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distention and update routing

If path RSS value is
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Select a route with
minimum no. of hope

[ Send Packet from source to ]

the distention

Broadcast packet via multipath
based on highest signals values

Fig. 4. Route Request messages
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The proposed method provides to perform adjustments in the mechanism of ar-
rangement the routes in cache memory according to best signal strength (SS) of path,
where the total SS of the path is the sum of SS of every node on the path. By using
this new mechanism we can save more than one path, the source node S will choose
the path with highest and ignoring the minimum number of hop count default factor.
It allows the nodes to send data through multiple paths, as shown in Figure 5.

Fig. 5. The positive effects after apply the proposals

3 Implementation

In the phase of practical implementation of the proposed algorithms, it has been re-
lying on designing a program that simulates the MANET network characteristics and
DSR routing protocol. According to what mentioned previously, it has been using the
programming language of MATLAB in the design and implementation of simulation
program to apply the proposed algorithms in addition to standard DSR protocol algo-
rithms and then the comparison of the results.

3.1 The Simulation Scenarios

There are three basic levels have been identified and defined in the prototype,
which defines the various scenarios under study in this research in order to achieve
the desired objectives. The first level involves the algorithms that will be studied,
where we have within this level standard algorithms of DSR protocol as well as the
proposed algorithms in this research. Whereas, the second level relates to the size of
the network, which is determined by the number of nodes in the network, where there
is in this level three different sizes of the network of 5, 10, and 20 nodes. Finally, the
third level determines the speed of movement of the nodes; in this level three different
speeds of 1 m/s, 5 m/s, and 10 m/s.
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3.2 The Simulation Performance Metrics

The performance metrics is considered of the most important elements of any pro-
gram to simulate the networks which they form indicators and evidence of the effica-
cy of the network and achieving its functions within the targets set. The importance of
the performance metrics is derived being give us the evidence of the success of the
proposed ideas, and that when comparing the results of the proposed algorithms with
the results of standard algorithms of DSR protocol in MANET networks. There are
five performance metrics within this designed simulation that are related to the modi-
fied and proposed algorithms in this thesis, which they are:

* Route Discovery Delay: It is the delay time elapsed in route discovery process
from the first moment which the source node initiates the route discovery process
until it receives the responses from the destination node.

* Number of RREQ Messages: It is the total number of RREQ messages which dis-
tributed from all nodes in the network during route discovery process until reach-
ing the destination node.

* Number of RREP Messages: It is the total number of RREP messages which sent
from the destination node to the source node as a response to the RREQ messages
during the route discovery process.

¢ Delay (End-to-End): It is the delay time elapsed to send a specific size of data from
the source node until reaching to the destination node.

¢ Packet Delivery Ratio (PDR): It is the ratio of the traffic received to the traffic
sent in the network.

¢ Throughput: It is a rate of successful data delivered to destination node over the
communication channels in network.

4 Results and Discussions

This section presents the results obtained from the simulation program for all sce-
narios, where will provide and discuss these results for each of the selected perfor-
mance metrics separately, and then will be thrown an analytical look at these results
as a whole for both standard and enhanced algorithms. Figures 5 — 10 show the ob-
tained results for the five performance metrics.

According to what has been explained previously, DSR protocol depends on the
blind broadcast in standard algorithm to all nodes in the process of route discovery, so
it is natural increasing the number of RREQ messages when increasing the number of
nodes in the network and this, of course, which will increase the delay of route dis-
covery process also. Moreover, the increase in the number of nodes in the network
will give further paths, which can be explored between the source and the destination
nodes in the network, which explains the increasing number of RREP messages when
increased the size of the network, which in turn contributes to increasing the value of
the delay as well.
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Route Discovery Delay [ms]
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Fig. 6. Route discovery delay results for all scenarios
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Fig. 7. Number of RREQ messages for all scenarios
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iJIM - Vol. 11, No. 1, 2017 79



Paper—Multipath Routing Protocol Based On Cross-Layer Approach for MANET

On the other hand, has been canceled the dependence on the blind broadcast in the
enhanced algorithm, and adopted instead on the filtering the transmission according to
the signal strength of the nodes and prediction the position of the nodes. This is what
leads to the reduction of the number of nodes that exchange RREQ messages, which
gives the same effect of reducing the size of the network, which means that when
applying the enhanced algorithm on the big network, the results will be better than
applying the standard algorithm on the small network in general as shown in the ob-
tained results.

The calculation of the end-to-end delay value depends on three basic factors, where
these factors are: the volume of data transmitted the rate of transmission, in addition
to the number of nodes in the path. We've been relying on our study on the fixed vol-
ume of data with fixed transmission rate, which means that the only variable, which
controls the value of the end-to-end delay, is the number of nodes in the path between
the source and the destination. There are two main reasons which caused that the
enhanced algorithm gives end-to-end delay value less than the standard algorithm:

* The number of nodes in the discovered paths between the source and destination
are less than it is in the standard algorithm due to the adoption of the enhanced al-
gorithm on filtering transmitter in route discovery process rather than the blind
broadcast in the standard algorithm as explained previously.

* The data is sent over only one path in the standard algorithm, while it is sent
through multi paths (if any) in the enhanced algorithm, which leads to split the data
into parts (depending on the number of paths available to send) and send them to-
gether in parallel across this paths, which of course will lead to a decline in the
value of the end-to-end delay by as much as 70%.

Naturally, the increasing the value of the end-to-end delay when increasing the size
of the network, because it will lead to an increase the number of nodes in the path
between the source and the destination especially the greater the distance between
them. The calculated value of the PDR mainly depends on the volume of data trans-
mitted in addition to the value of data received, which will decrease when increased
the number of nodes, due to increasing the probability of packet loss with collisions
which will lead to decrease the data received in the destination. The PDR in enhanced
DSR is greater than in standard DSR, due to the end-to-end delay is less in enhanced
DSR in addition to sending data via multi paths which will increase the delivery ratio
of the data with decreasing the probabilities of collisions and packet loss, all that
increase the volume of data received in the destination node which in turn increase the
PDR in enhanced DSR.

Logically, the value of throughput will increase when increasing the size of the
network, because that the load in network will increase when increasing number of
nodes, and that in turn will increase the throughput, as well as, for the same reasons
mentioned in PDR, the throughput in enhanced DSR is greater that in standard DSR.
With regard to the extent of the effect of increasing the speed of the nodes on the
performance metrics values, where this effect ranges from low to medium influence,
where when increasing the speed of the nodes, will lead to change faster in the nodes'
location in the network. This will cause a number of events, such as the connection
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loss between two nodes, which will lead to the failure of all the routes that rely on
them, and also, some of the signal strength of the nodes may become a good signal
after it was with the low signal strength and vice versa, leading to a continuous
change in the process of route discovery and its results for both standard and en-
hanced algorithms.

5 Conclusion

The constant motion of the nodes is one of the key challenges faced by MANET
networks. The negative effects of not dealing with this challenge, such as: High con-
sumption of bandwidth, overhead, delay and latency. The proposed modified algo-
rithm for DSR protocol providing for performing three adjustments, and are: firstly,
perform adjustments in the mechanism of re-send the intermediate nodes to RREQ
broadcast messages to neighboring nodes according to the signal strength. Secondly,
perform adjustments in the mechanism of arrangement the routes in cache memory,
according to best signal strength (SS) of routes. Finally, allowed to the node to send
the data through multi paths rather than single path. The simulation results show that
the enhanced algorithm gives results better than the standard algorithm in terms of the
routing traffic, delay
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