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Abstract— Mobile Ad-hoc NETwork (MANET) is a self 

configurable, infrastructure less, autonomous and self 

healing system of nodes communicating through wireless 

channels without any fixed backbone support. The omni-

directional antennas transmit and receive the power in all 

directions, this leads to the high noise interference. These 

interference constraints reduce the signal quality of 

reception. The proposed model is a framework for 

implementing adaptive antenna technique in MANET. The 

proposed system focuses on adaptive antenna, which can 

place nulls in the direction of interference via adaptive 

updating of weights linked to each antenna element. They 

thus cancel out most of the co-channel interference resulting 

in better quality of reception. In this proposed technique a 

multi beam adaptive antenna have been used and a 

framework of a cross layer approach of topology control that 

communicate with  the  routing  layer  and MAC layer  and 

meet the necessary QOS of  various data  streams. This 

approach is fully distributed. When the network is initialized 

the algorithm makes an initial connected topology and the 

routing algorithm uses this topology to discover paths for 

the current communications. The proposed method is 

implemented using Network Simulator-2. And the QOS 

parameters are compared with the existing method. 
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I. INTRODUCTION 

MANETs can also be defined as the set of nodes 

communicating through wireless channels, without any 

fixed backbone support. The directional antennas are used to 

avoid the interference problems of wireless 

communications. By using directional antennas, a node 

receives signals only from concerned directions, thereby 

increasing the signal to interference and noise ratio (SINR). 

In multi beam directional antenna systems, it required to 

select a subset of potential neighbors as real neighbors, thus 

forming a network topology with lower connectivity. The 

proposed method suggesting a framework for an adaptive 

topology control system that will change the network 

topology dynamically depending on the current 

communications, the required QoS and link status. 

II. TOPOLOGY EVOLUTION 

Based on the node distribution, distance between nodes and 

radio propagation environment, there could be multiple 

directional topologies given a number of nodes and number 

of directional beams. While network initialization phase the 

connected topology will form with the help of directional 

beams. The omni-directional control network is used to 

transfer all of these topology messages. Our adaptive 

topology control system will be changing the topology 

dynamically to satisfy the QoS demands of communications. 

Hence there must be no need to begin with a fully connected 

directional network topology. For the purpose of baseline 

comparison, we start a process with fully connected 

topology, this will helpful for topology fine tuning. Our 

topology control system can deal with the directional 

network not being fully connected. The initial topology 

formation process has the following steps 

1) Discovering the omni-neighbors, 

2) Discovering the potential directional-neighbors, and 

3) The initial connected topology is formed by selecting a 

subset of potential directional neighbors. 

A. Discovering the omni-neighbors 

By exchanging ‘HELLO’ packets which will include the 

node’s location during network initialization, all the nodes 

will perform Neighbor discovery. The ‘HELLO’ packets are 

broadcast by the omni-directional antenna, which also 

operates using a different frequency channel also known as 

‘Control Channel’. After exchanging ‘HELLO’ packets, 

each node will know up to its one-hop omni-neighbors. But, 

we want to know beyond this because when the 

transmissions are directional the transmission range 

increases as the beamwidth decreases for the same 

transmission power. To know the map of the whole network, 

each node will broadcast the ‘HELLO’ message with the 

help of omni-directional control channel. Each ‘HELLO’ 

message will have the different id (combination of a source 

address and sequence number) and every node will maintain 

the track of ‘HELLO’ messages for its transmission purpose 

and to avoid the same message transmission again. 

 Each node will keep the Location-Distance-

Direction-Reachable (LDDR) Table. The structure of LDDR 

table is shown in Table 1. 

Node ID Location Distance Angular Direction 

1 (x1, y1) d1 β1 

…           …           … … 

N (xn, yn) dn βn 

Table 1: LDDR Table after Step-1 

 In our network all nodes are either fixed, and can 

reasonably be assumed to know their own location or are 

equipped with GPS or location determining technology. 

SAHN (Suburban Ad Hoc Networks) is not a sensor 

network where the power and cost constraints make location 

recognition impractical. 

 One of our possible Topology control heuristics is 

to link the nodes through the destination node for a 

particular communication. To do this, we want to know the 

map of the whole network (location of each node). If we do 

not aware the location of each node, this is not possible. 
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B. Discovering the potential directional-neighbors 

Now every node will aware of its potential Directional 

neighbors table. Potential Directional neighbors are the 

nodes which are reachable when both nodes communicate 

by directional beams. If there may be any blockage between 

those two nodes, then these two neighbors are not 

directionally reachable. As we know the map of the whole 

network, we can estimate whether they are reachable by 

directional antenna and then test it. After the estimation of 

transmission range for a specific transmission power, 

beamwidth and propagation model, we then roughly 

calculate the directional transmission range of a beam. Due 

to other environmental factors some of these nodes may not 

be reachable. So, we want to make sure of this by testing. To 

test this, we will ask these two nodes to beamform towards 

each other. The two control messages are used for this 

purpose. By using omni control channel in multi-hop 

fashion, one of the nodes will send the “RFB (Request for 

Beam)” message which will include the node id of the 

sender node to other node and will point one of its 

directional beam towards that node. The ‘RFB’ message will 

also contain the channel frequency of the directional beam. 

If any other node will receive the ‘RFB’ message thereafter 

will point one of its directional beams towards the node 

using that same frequency channel and will send an “AFB 

(ACK For Beam)” message directionally. By successful 

reception of the ‘AFB’ message from the other node the 

node will point this node as a potential directional –neighbor 

and then will send an ‘AFB’ message to another node, this 

will helpful for another node to consider this node as a 

directional neighbor. In this way, this two-way handshake 

process allows nodes to discover their actual potential 

directional neighbors. 

 In this step, the additional column of the LDDR 

table will be filled by Directionally Reachable. As this table 

is sorted by distance from the particular node, we will begin 

the testing from first node and continue until the failure will 

occur in testing. After this, the distance of that node will be 

checked whether they are directionally reachable or not. If 

the distance is reached, then there are other factors behind 

this failure and we will continue testing. If the distance is 

more than our calculated directional range, we will test two 

more nodes to check whether they are reachable or not and 

to confirm the validity of our calculated transmission range. 

So at this step the LDDR table is given in Table 2. 

Node 

ID 
Location Distance 

Angular 

Direction 

Directionally 

Reachable 

1 (x1, y1) d1 β1 y/n 

…         …                 … … 

N (xn, yn) dn βn y/n 

Table 2: LDDR Table after Step-2 

C. The initial connected topology is formed by selecting a 

subset of potential directional neighbors. 

After the step-2, we have knowledge of all the potential 

directional neighbors. With these potential directional 

neighbors, our network topology will be formed. All the 

control messages for topology formation will be transferred 

by the omni-directional control channel. So it is necessary to 

select a subset of the potential directional-neighbors to build 

the directional connected topology. If two nodes have beams 

pointing towards each other, then both of the nodes will be 

neighbors of each other. The topology created by our 

algorithm will always be a bidirectional topology. It is 

necessary for IEEE 802.11 MAC; otherwise CTS and ACK 

messages cannot be received. Our topology has made the 

wireless network close to that of a wired network. 

III. TOPOLOGY CONTROL 

To find a path between the source and destination pairs the 

routing protocol uses directional topology which was 

constructed by directional beams. But for current 

communication sets some of these paths may not meet the 

required QoS. If QoS is not met, then the routing protocol 

tries to find out some alternate paths that meet the required 

QoS. If there is no such path, then these need to change the 

network topology. 

 For new communication in the current topology the 

following could be happening: 

1) Without disrupting any other communication, the new 

suitable path is found that meets the required QOS. 

2) A path is not found that meets the required QOS. 

 In case 1, we use that path for the time being, even 

if a better path may be found by changing the topology. If 

this change may break some other communications then we 

do not want to make the changes at this time. When 

communications are running, the Topology Control Layer 

will check if a better topology can be found. Our topology is 

a load balancing topology. 

 In case 2, the current topology cannot 

accommodate the new communication, so required to be 

changed. The routing layer will tell the topology control 

layer of this routing path unavailability and will ask for 

topology change. 

 
Fig. 1: A cross-layer approach for topology control 

 Next, it is necessary to consider the QOS state 

propagation and maintenance. We use cross-layer approach 

for this. The lower network layers as in Figure 1, collect 

different network statistics at run time. Then these layers 

will exchange the information and depending on that, the 
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topology control layer will make a decision of changing the 

topology. Topology control layer sits between the Network 

layer and MAC layer. 

IV. SIMULATION RESULTS 

Some primary simulation results of the proposed framework 

are presented here. We established a wireless network of 

155 nodes placed randomly on 1500m X 1500m area. There 

are 30 simultaneous communications of CBR (constant Bit 

Rate) UDP traffic between randomly selected source-

destination pairs. Each node in our network model has three 

transceivers. The simulation parameters are listed in Table 

3. 

Terrain Size 1500mx1500m 

Number of nodes 155 

Node placement Random 

Simulation time 150 seconds 

Number of communications 30 

Packet size 1024B 

Packet interarrival time 25ms-225ms 

Traffic type UDP 

Interface Queue size 100 packets 

Transmission rate 11Mbps 

Propagation-Pathloss model TWO-RAY 

MAC protocol 802.11 

Routing protocol MAODV 

Table 3: Simulation Parameters 

 Figure 2 shows the three curves, first curve labeled 

as “Topo-omni” represents the topology with three omni-

directional antennas, and second curve labeled as “Dir-con-

Topo” indicates a connected topology using 3 directional 

beams per node.  And the third curve labeled as “Dyn-Topo” 

represents a dynamic topology using three beams per node. 

By using this case, dynamically we can change some of the 

directions of the beam. 

 The graph represents the aggregate throughput 

overall communications as the network load decreases. Due 

to space constraints here we presented the throughput of 

1024B only. But we tested different sized data packets and 

obtained similar type of results.  This proposed method can 

be extended to maintain the QoS for different data streams 

in wireless ad hoc networks. 

 
Average Packet Interval Time (ms) 

Fig. 2: Throughput vs. Packet Interval 

V. CONCLUSION 

The effective way of reducing the interference and 

increasing the spatial     re-use of wireless ad hoc networks 

is the use of multibeam directional antenna. This type of 

antenna system can be best utilized if the topology can be 

dynamically changed. The proposed system focuses a 

framework for implementing adaptive antenna technique in 

ad-hoc network for multicasts environment. The separate 

omni-directional control channel is used for sending and 

receiving the topology control messages. When the topology 

is changed QoS and current link status are considered. This 

is not a trivial process. Future work will extend and evaluate 

this framework. 

 The future research focuses on the algorithms for 

creating updated topologies and the implementation thereof, 

while trying to maintain QoS of currently running 

communications. An approach currently being considered is 

to create alternate routes in advance so that when the 

topology change takes effect, the new routes can be 

switched in immediately and disruption to existing 

communication is minimized. 

 Questions to be addressed include the stability of 

the system. Some adaptive QoS topology change and 

routing algorithms may lead to chaotic behavior rather than 

converging to a stable state. 
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