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Abstract− The concept of Ad-hoc mobile networks that
support multi-hopping has been around for some time now.
However, making sure that such decentralized networks are
completely self-organizing is not a trivial task and raises
various issues relating to network management, routing, inter-
ference, etc. We have built a software SONIR (Self-Organizing
Network with Intelligent Relaying), in MATLAB, which im-
plements an end-to-end multi-hop, virtual MIMO system,
capable of dealing with mobility of nodes in a Rayleigh fading
environment. Different methods for clustering, mobility man-
agment, routing, virtual MIMO, etc. have been implemented.
These methods work on different OSI layers. Our main goal
is to be able to visualize such a system as a whole in order to
see the end-to-end performance as well as solve the possible
issues that arise with it.

I. INTRODUCTION

Ad-hoc mobile networking has gained a lot of popularity in
the past few years. Recently the idea of co-operative/virtual
MIMO has been integrated into such networks too for the
case of nodes with single antennas. The reason for these
schemes is a need to fulfill the demand for rapidly deployable
networks without having to employ fixed infrastructure such
as base stations. The most promising option to deal with
such networks is clustering. Schemes like [1], [2], [3], [4]
try to solve the various issues relating to a self organized
network with multi-hop capabilities. These issues can be
associated with different OSI layers, however we find a lack
of a completely implemented self-organized system in the
literature, that has all or most issues dealt with. We, in our
work, combine some existing methods from literature [5], [6]
and some novel ideas for routing. We create an end-to-end
cluster based multi-hop system that supports virtual MIMO
and intelligent routing in a decentralized fashion which makes
this system capable of dealing with unforeseen (disaster)
scenarios in which the network is impaired. Decentralized
systems are inherently more suitable to respond to such
anomalies in a better manner, since in fixed infrastructure
networks we have crucial network points such as base stations
that are essential for the network to function. So far these
systems are of interest for battlefield communication, ad-hoc
personal networks and disaster relief situations but they might
well be suitable for general mobile communications in the
future once all the problems in the implementation of such

systems are dealt with. In fact our system is geared towards a
futuristic system in which people will have mobile handsets
that support multi-hop intelligent relaying without the use of
base stations.

We have developed a useful GUI to go along with the
software so that users who are not very familiar with
MATLAB or even with such a communication system can
use it and at the same time be able to clearly view the
working and benefits of such a system. The coming sections
will explain in detail how the GUI can come in handy to view
the network. We are continuing to add new communication
techniques and features to the software platform. We think
that it is convenient that we have programmed this simulator
in MATLAB since most researchers in the field use it for
programming and testing new schemes.

The rest of this paper explains the software and GUI in
detail and is organized as follows. Section 2 describes the
network layout. Section 3 describes the clustering schemes.
Section 4 describes mobility management in the network.
Section 5 describes routing and Section 6 describes the use of
Co-operative MIMO in our scheme.

II. NETWORK LAYOUT

This section explains how to set up a network of mobile
nodes in our simulator. Upon initialization, the GUI shows
a button labelled ’New’, this will lead to a dialog box
(shown in Figure 1), which prompts the user to enter various
values such as the size of network, the number of nodes
and the distribution of nodes (currently uniform and Poisson
distribution are supported). After these values are filled in,
user will see a network with nodes,in the form of green dots,
placed in it according to the user’s inputs. The user can zoom
in and zoom out by changing the coordinate axis values on
the visualization plane. By default we place our nodes in a
Rayleigh fading environment and assume that the nodes are
GPS enabled and have just a single antenna.

III. CLUSTERING

Now the user can see a new tab labelled ’Cluster’ on the
GUI. This will lead to a new dialog box in which the user can
decide the clustering mechanism and some parameters related
to it, as shown in Figure 2. Currently we have implemented
two clustering schemes: the RSSI (Received Signal Strength



Fig. 1. Network layout parameters

Indicator) based method [5] and a GPS based scheme to
tackle mobility similar to [6]. After choosing the appropriate
parameters users can see the clustered network with the
cluster-heads highlighted and the cluster members connected
to them with green lines, as shown in Figure 3. The user can
view the node IDs of individual nodes as well as unique IDs
given to clusters by selecting the options on the GUI. Note
also that most subsequent characteristics in the next sections
will be chosen based on the clustering scheme chosen in this
step, for convenience we show both the dialog boxes side by
side in subsequent figures but only one of them is used based
on the clustering scheme.

Fig. 2. Clustering parameters

Fig. 3. Clustered Network

IV. MOBILITY

After clustering two more tabs labelled ’Mobility’ and
’Routing’ are visible. The mobility tab can be used to enable
the nodes to be mobile and the user can enter the average
speed and required QoS characteristics in a seperate dialog
box, shown in Figure 4. The goal of this part of the system is
two-fold. First to be able to show how periodic re-clustering
caters to mobility. Secondly, we have also included the option
for network planners to determine what the ideal time for

reclustering of the network would be, based on their QOS
demands. Hence the user can enter a network level cumulative
BER and see how much time it takes the network to reach
that target if it is not reclustered even though the nodes are
moving about, thus we can determine the optimal network
reclustering time as a function of the QoS (BER) and the speed
of the mobiles. The GUI also shows the animation of cluster
changes as nodes move about (in a ’random walk’ fashion).
In the same animation, it is also possible to see the continous
change in routing path to be described in coming sections.
We also get a plot for the change in cluster formation before
and after one re-clustering along with the BER as a function
of distance/RSSI parameters chosen in the clustering part. An
example is shown in Figure 5 (with the optimal re-clustering
time of 12 seconds).

Fig. 4. Mobility parameters

Fig. 5. Re-clustering plots

V. ROUTING

Routing for self-organized networks is a non-trivial task and
has many implementational issues. We have solved them by
taking ideas from various routing schemes [4]. In our system
the cluster-heads deal with most of the routing functions.
An extensive piloting mechanism is in place to ensure that
nodes and cluster-heads have as much information about their
surroundings as possible. Cluster-heads maintain tables of
nodes IDs of nodes in their cluster and also use the nodes to
gather information about the presence of neighboring clusters.
They also have tables indicating the most suitable node (or
nodes, in case of Co-operative MIMO) to use in order to
communicate with a particular neighboring cluster. When a
node tries to communicate with another node, it sends the
receiver and sender node ID to its cluster head, which then
looks first in its own set of nodes to find the reciever node. If
successful it acts as a relay between the two, otherwise it asks



its neighboring cluster heads to find the receiving node. If not
found there, these cluster heads in turn ask their neighbors
and so on until we find the reception node and then the
most optimal path back to the sender node is decided. The
cluster maintenance tables and the routing tables are updated
periodically and the optimal update interval can be determined
as described in the last section. We have taken measures to
ensure that this whole process is as fast and robust as possible
and is performed with the least amount of overhead.

In our GUI, in the dialog box shown in Figure 6, we provide
a useful tool for the users to be able to choose the node IDs of
the sender and receiver nodes themselves in order to see how
routing between the two is done, and the path is eventually
shown in red, as shown in Figure 7. Users can also access
the cluster maintenance tables and routing tables of any node
they choose to.

Fig. 6. Routing parameters

Fig. 7. Routing path for chosen nodes

VI. CO-OPERATIVE MIMO

Co-operative or virtual MIMO is a good concept for mo-
bile nodes with a single antenna to be able to achieve the
benefits of MIMO communications. It is ideally suited for
the distributed clustered system under investigation, where we
can employ nearby nodes to co-operate and form a virtual
antenna array. At the moment in SONIR the nodes have the
option to perform simple decode and forward or employ 2×1
Alamouti transmission or 2×2 Alamouti transmission based
on the number of nodes that are available to the receiving
and sending cluster. After routing we can see a new tab
labelled ’MIMO’, by clicking this we give our nodes the
option to perform Co-operative MIMO should they have idle
nodes nearby. The user can also see the new routing paths
between clusters with co-operative MIMO communication. In
SONIR, users can also visualize the continous update of the

routing path (for both SISO and Virtual-MIMO cases), in the
presence of node mobility. An example with 2×2 (Virtual)
MIMO channels between clusters is shown in the Figure 8.
Users can also view the usual performance statistics such a
BER and delay etc. in the GUI too. In figure 9, we show
the comparison of 2×2 Virtual MIMO to the SISO case. The
MIMO gain is clearly visible.

Fig. 8. Routing path in case of 2×2 MIMO

Fig. 9. BER comparison of 2×2 Virtual MIMO with SISO
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