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Abstract

Ad hoc networks are self-organizing and multi-hop networks for data communication. Subarea Tree Routing (STR) has used for multi-
hop networks for network division into various subareas. The main objective of this paper is creating a dynamic sub-area tree infrastruc-
ture for Mobile Ad hoc Networks (MANET). The proposed architecture uses the hierarchical procedure to divide the whole network into
many geographical sub-area networks. In addition, each sub-area has a selected root node, we can configure the root node manually due
to small ad hoc network and uses auto-discovery procedure to select the roots for large networks. The root node is located at the center of
sub-area with hop level zero. The root function is used to update the routing table and root table for sub-area. After sub-area created any
interconnected node detects a new inefficient node for sending the invitation message to join the sub-area tree. In the same sub-area,
proactive routing protocols are used between the sub-area root node and its interconnect nodes and reactive routing protocols are used
between all sub-areas root nodes. The new sub-area tree provides an infrastructure to avoid the flooding procedures. Routing in the sub-
area tree avoids the transmission collision to optimize the ad-hoc networks.
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1. Introduction

Wireless Ad-hoc networks are self-organized networks where all the devices are communicating for different purposes. The devices in
these networks do not rely on pre-existing infrastructure or centralized control devices [1]. The devices in ad hoc networks are static or
mobile and changing their topologies based on area. In these networks, every device acts as a router and has its own transmission range
to communicate with neighbor nodes. Due to heterogeneous, multi-hop and various devices, these networks have suffered from various
routing challenges. Data communication between two nodes are not always possible and can be based on multi-hop networking. The
routes for data routing are not stable due to various obstacles, interference, and mobility of devices. Most of the routing protocols have
been designed to provide stable paths between the source and destination nodes. Due to infrastructure fewer networks, these networks
require a formidable work to implement appropriate routing protocols for data routing for mobile ad-hoc networks topologies. In addi-
tion, the designed protocols should be able to handle the limited bandwidth, energy and unstable connections between the sender and
receiver nodes in the network. Another challenge is to handle the high probability of nodes failure or disappearing from the communica-
tion range and cause of disconnection and delay issues [2].

In order to address the routing challenges in ad hoc networks, the broadly designed protocols are categorized into two categories proac-
tive or table-driven routing protocols and reactive or on-demand routing protocols [3]. Proactive and reactive protocols have used to
achieve the distributed communications between nodes without paying attention to the dynamic infrastructure of MANET [4]. Some
other routing protocols have developed to support routing in the dynamic infrastructure like flat routing protocols and hierarchical rout-
ing protocols [5], [6].

Flat routing protocols have able to distribute the routing information to all the nodes which are connected to each other as peers without
any segmentation or organizing structure. These protocols enable to deliver the data packets among routers through any available path
without considering network hierarchy, distribution, and energy composition. In hierarchical routing protocols, router nodes are catego-
rized into groups known as sub-areas. Each router node has only the information about the nodes in its own subarea instead of infor-
mation about other nodes in other sub areas. In this paper, the proposed work is based on a hierarchical routing protocol with the feature
of Sub-Area Tree Routing (STR) mechanism. In this method, the network is divided into many sub-areas for better scalability and reduc-
es the delay and overhead in the multi-hop networks. The proposed protocol includes the main advantage of a reactive protocol to reduce
the routing overhead. It also uses the proactive method as an advantage to reduce the routing delay.

The rest of the paper is organized as follows: Section 2 presents the related work. Section 3 discusses the proposed routing protocol de-
sign and routing process. Section 4 presents the performance analysis of the proposed protocol. In last, the paper concludes with future
direction.
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2. Related work

In this section, the related work discusses on MANET. As discussed, MANET is working without any pre-existing infrastructure. In this
context, various studies have designed dynamic infrastructure for these networks. A Spanning Tree Routing Protocol [7] was proposed to
provide a dynamic topology as an infrastructure for data communication. This protocol main objective is to avoid the flooding issues in
routing.

Gui-kai, et al. [8] was proposed a Subarea Tree Routing for Multi-hop Ad-hoc Networks. This protocol adopts the subarea method in
autonomous reconfiguration system to avoid the delay in data transmission in MANET. The main objective of this study is to creating
sub-area trees which are depending on the environment of the ad-hoc network. Afterward, the whole network is divided into many sub-
areas. STR protocol consists of two types of the node including root and interconnects nodes. This protocol uses two methods namely
proactive and reactive. With the help of a proactive strategy, this protocol established the routing between root and interconnect nodes.
On the other hand, the reactive protocol has used between internal and subarea nodes.

Another protocol in [9], proposed a clustering approach to enhance the MANET networks. This approach simplifies the routing processes
in the network by adopting the weight-based clustering mechanism. This protocol forms clusters and cluster head to provide more stable
and flexible networks. This protocol adopts various parameters to form a weight function. However, the clustering approach has more
overhead where the sensor nodes always searching for cluster head and forming the clusters in the network.

Proactive routing protocols have designed to overcome the routing issues by using updated routing information and create the concur-
rently routing table for MANET [10]. In these protocols, the nodes are broadcasting the periodically update message to all the neighbor
nodes. On the other hand, the reactive type [11] protocols are used to find the transmission route or path on demand just when node start
sending a data packet to another receiver node in the same network. These types of protocols are working by flooding the route request
packets in the network. When the sender node decides to connect with the destination node it will directly send the route request packet
as a broadcast message to all direct neighbors in the first level. If the destination node found in the first level and received the router re-
quest it will respond with a replay packet. But if the destination node is not in the first level then the neighbor's nodes in the first level
will directly forward the broadcast router request packet to their neighbors in the level 2 until the destination node is found and respond
with a replay message to the sender node in the shortest transmission path.

Pandey and Biswas [12] was proposed a proactive approach to form a binary tree structure by decomposing large network to sub-
networks. The subnetworks are monitored by using an agent node which is selected through several broadcasted regulations. Agent node
is working as a facilitator to maintain the routing information for local and other agent’s nodes. The network is divided into equal inde-
pendent sub-networks and then follow up to a feasible number of nodes in each subnetwork. One another study [13] was proposed a rout-
ing protocol based on binary-tree shaped network. This protocol derives from the routing table driven method for MANET. This is one
demand routing protocol to maintain the network topologies and find reliable and the suitable path between nodes. This protocol mini-
mizes the total number of control packets and enables them to decrease data collision rate. In addition, this protocol also establishes the
binary tree with a root node and working as a gateway node.

Another approach to constructing the network topology is mesh networking, where all network member nodes are working together for
data transmission and its distribution in the network [14]. The data transmission in mesh topology is based on either a flooding mecha-
nism or using routing mechanism. In this type, source nodes broadcast a multi-hop message to all mesh nodes until it reaches to the des-
tination node. Mesh network try to preserve the availability of the transmission path by reconfiguring its topology in order to repair a
broken path. This strategy is used in self-healing protocols like (Shortest Path Bridging) to operate the network when some nodes fall or
when the transmission path becomes unavailable. Mesh networks are considered as a type of MANET which reduces the mobility prob-
lem where nodes are moving out from the range of the network.

3. Proposed sub tree routing

In this paper, we proposed a sub-area tree routing algorithm. The main objective of the proposed protocol is to create a virtual hierar-
chical infrastructure (depend on time and nodes mobility) for multi-hop networks. In addition, the proposed algorithm creates a hierar-
chical mesh network or hierarchical spanning tree network which include multi sub-tree where each tree represents a sub-area network
with one root node.

3.1. Proposed algorithm procedure

Proposed algorithm has three main steps:
Step 1: Select the root nodes for each sub-area.
Step 2: Invite the inefficient neighbor nodes to join the sub-area.
Step 3: Permanence the network tree topology.
Step 1: Select the Root Nodes for each Sub-Area
In this step, we assume that all nodes are in a geographical area. Every single node is in the autonomous mode with a unique ID.
In the start, we are looking for a root node in the center of sub-area. The root node is in the hop level zero of sub-area. Then, we can iden-
tify the root node manually by selecting the most efficient node or we can use the complex process auto-discovery to select the root node.
This strategy has adopted for selecting the minimum weight node for Cluster Head (CH) node.
Naturally, we deal with a mobile node which can move from the sub-area or maybe out from the range at any time and for any reason.
The manual method is only used for small networks.
Auto-discovery procedure needs to determine the root arrangement like:

e Node ID.

o Node Power Level.

e  Transmission range.

e  Count of neighbor nodes in the transmission range.

e Hop Level.
Those arrangements formed the Discovery Request Message (DRM) which broadcasts by any activated node in the sub-area at any time
(T). Then, any node in the sub-area received the request message and compatible with the root arrangement which is considered as a root
node.
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A root node of sub-area can use a proactive method to communicate with its interconnect nodes and update the routing table or routing
list for all route nodes in the sub-area. In the same time, the root node broadcasts its ID and routing list to all root nodes. Therefore, all
root nodes have information about the roots of the network. The communication between root nodes is possible through a reactive rout-
ing protocol.

As a result of this step, we have two kinds of tables called routing table of sub-area and roots table with their routers at T time. The rout-
ing table of sub-area is showing in below Table 1.

Table 1: Sub Area Routing Table

Auto_discovery_ procedure{
Node N []={n1,n2,n3,........... nM};
N[] state = inefficientNode;
niD=1;

nPowerLevel=80%;
nTransmissionRrange=60m,
nHopLevel=0;
nNeighborNnodes=4;

For each n on N{

If (n state =active){

DRM={ nID, nPowerLevel, nTransmissionRrange,
nHopLevel, nNeighborNnodes};
SaveTime(Now);
nRoot=RootDiscovery(DRM);
if(nRoot I=null){
sub-areaRoot=nRoot;
update_routing_table();
update_root_table();

Invite_ the_ inefficient_nodes();
B

B

The below Figures 1, 2 and 3 present the root selection process in the network.

Fig. 3: Node 8 Compatible with the Root Arrangement and Considered as Root Node.

Step 2: Invite the Inefficient Neighbor Nodes to Join the Sub-area
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At any time (T2), a tree node detected a new inefficient node in the neighborhood immediately. Then it sends the invitation message and
broadcasts a detection message including the detected node ID and the Time T2. The inefficient node will be active and join sub-area tree.
The root node will update its routing table to inform others root about the new tree node as shown in Table 2.

Table 2: Join the Sub Area Table

Invite_ the_ inefficient_nodes{
If(n.State= inefficient){
Savetime(T);

Send_ invitation_ message(n);
broadcast _detection(n.1D);
n.state=active;
sub-areaADD(N);
Update_routing_table();
Update_root_table();

B

Fig. 7: Node 1 Compatible with the Root Arrangement and Considered as Root Node.
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Fig 8: Sub-Area Tree Topology.

Step 3: Permanence the Network Tree Topology
In this step, we try to keep the permanence of tree topology and we are facing:

e A tree node departed the sub-area network: when a tree node departed from the sub-area in the network then the root node informs
its tree nodes about the departure node and updates its routing table.

e  Arroot node departed the tree network: when a root node departed the tree network it will effect on all the sub-area and tree topolo-
gy, so we have to recall the Auto-discovery procedure to select a new root from sub-area and update the roots table.

e A tree node moved out sub-area: In this case, the moving tree node joins an existing sub-area or it can form a new sub-area by it-
self (tree node and root node) so in this case it effect on all tree.

e  Aroot node moved out sub-area: when root node moved out its sub-area it affects the tree topology, if it moved in an existing sub-
area then it joins as a tree node, so the rest of its sub-area nodes recall Auto-discovery procedure to select a new root and maybe no
one of them compatible with the root arrangement then we have many new sub-areas.

Therefore, we assume that the root node is not moving and in a stable position to ensure the tree topology performance.

4. conclusion

In this paper, we treaded to create a dynamic sub-area tree infrastructure for MANET in a geographical area. We used a hierarchical pro-
cedure to divide the whole network into many geographical sub-area networks. In the same geographical sub-area, proactive routing
method issued between the sub-area root node and its interconnect nodes. In addition, a reactive routing method is also used among all
sub-area root nodes. As a result of the new sub-area tree infrastructure, we obtained extensible routing improvement for MANET. The
communication in the sub-area tree avoids the flooding procedures and routing in the sub-area tree avoids the transmission collision to
optimize the networks.
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