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ABSTRACT 
        
 This paper presents a method for managing a Mixed Network with multiple ground stations and 
Test Articles (TA) preferences. The main difference between a Ground Station (cellular) network 
and the over the horizon (ad-hoc) network is that the ad-hoc method has no fixed infrastructure. 
This paper presents the computation and performance of a clustering technique for mobile nodes 
within the simulated mixed network environment with multiple ground stations and users 
preferences for those ground stations. This includes organization for multiple ground stations and 
for TA’s gravitating toward a ground station of their choice on the basis of service and 
performance. 
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I. PROBLEM DEFINITION 

 
This research focuses on an efficient way of managing the Mixed Network with multiple ground 
stations and test article preferences. This includes their cluster cell identity, gateway node to 
relay their traffic, and information about other nodes in the network. As routing schemes are 
important to effectively route traffic in the network, this work will include clustering techniques 
for routing from each cluster and routing between the cellular and the mobile ad-hoc network 
(MANETs). The cluster cell to which a node belongs is evaluated based on the information sent 
to the Base Station (BS) by the node. The focus in this work is the aeronautical environment 
where we have multiple ground stations and nodes with high mobility, reduced path loss due to 
free space or line of sight communication, high coverage areas, and abilities to choose the 
ground station they want to send their data to. Previously, we have demonstrated that a 
multistage clustering scheme can organize all the nodes with a single ground station into clusters 
that are operating in either a cellular network or in an ad-hoc network. So, in this paper we will 
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demonstrate that multistage clustering scheme can also organize all the nodes with multiple 
ground stations into clusters and, in addition, those nodes can make a preferred selection to the 
ground station in order to send their data. We will also demonstrate that in some cases choosing a 
different base station to send the data can be cost effective due to the signal to noise ratio, power 
efficiency or bandwidth efficiency between the nodes and the base station to which they want 
their data to be sent. 
 
 

II. INTRODUCTION 
 

The Integrated Network Enhanced Telemetry (iNET) project is based on the development of 
complete network architecture to enhance telemetry performance from test articles (TAs) to 
ground stations (GS). Telemetry is a technology that allows the remote measurement and 
reporting of information of interest to the system designer or operator. It allows for automatic 
monitoring, alerting, and record keeping necessary for safe and efficient operations. It also 
requires Quality of Service (QoS). QoS data needs to be delivered without delay, or error. Since 
ad hoc networks are contention based networks meaning the nodes have to compete over a 
channel in order to send their data to the ground station, Quality of Service becomes necessary. 
Research conducted at Morgan State University (MSU) has focused on providing solutions for 
two critical needs identified by the Central Test and Evaluation Investment Program (CTEIP). 
They are: “the need to be able to provide reliable coverage in potentially high capacity 
environments, even in Over-The-Horizon (OTH) settings” (Cellular Network), and “the need to 
make more efficient use of spectrum resources through dynamic sharing of said resources, based 
on instantaneous demand thereof” (Ad hoc Network). Mobile ad hoc networks (MANET) are 
formed by mobile nodes, which can freely move around in the network, leave the network and 
join the network. The mobility of the nodes results in a rapidly changing network topology. As a 
result the dynamic topology, varied /limited mobile node capability and limited link bandwidth 
of the MANET pose a challenge for the scalability of MANET. In order to deal with the 
scalability issue, a hierarchical approach based on partitioning the network into clusters can be 
employed. Since the network is partitioned into smaller and logically separate clusters, it is easy 
to keep track of mobile nodes in a cluster, nodes joining and/or leaving a cluster, the overall 
topology of the cluster and node capabilities. Therefore, it is a great challenge to ensure effective 
routing and mobility management of the nodes with multiple base stations at the same time 
ensure preferences to those nodes, the relevant bandwidth and the power constraints of the 
network. Hence, one promising approach to address routing problems in MANET environments 
is to build hierarchies among the nodes, such that the network topology can be abstracted. This 
process is commonly referred to as clustering and the substructures that are collapsed in higher 
levels are called clusters. The GS is a fixed network element that performs like a cellular 
network as shown in figure 1. In a cellular network there is reduced contention which gives the 
network the opportunity to have high capacity but it has a lower coverage area due to its limited 
range. The nodes cannot communicate directly to each other; the sender’s signal has to go to the 
base station first then it is retransmitted to the destination. Every cellular node can reach the base 
station in a single hop and vice versa. The advantage of cellular network is the high capacity. 
Even with that high capacity the nodes have to be in the range of the cellular network in order to 
communicate. So one of the problems that we are trying to solve is having nodes beyond the 
cellular network range but maintaining communication with the base station. This will give rise 



 

to an ad-hoc network where the nodes in that network will communicate in a multi
going through the intermediate node called a gateway node in order to communicate with the 
base.  This is shown in figure 2. 
 

 
A mobile ad-hoc network is formed dynamically without requiring any infrastructure. Therefore, 
it has found wide applications in military operations, disaster relief efforts, and more recently, in 
civilian environments. In this network, each node has a maximum transmission power which 
limits how far it can send signals to all nodes within its transmission range. If a destination node 
is not within the transmission range of the sender, the two nodes communicate 
wireless links by using intermediate nodes to relay the message.
network is the wide coverage, but as the number of nodes increases the throughput decreases. 
Compared to the cellular network, the ad
nodes trying to send their data to the base station.
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Figure1: Cellular Network/GS 

hoc network is formed dynamically without requiring any infrastructure. Therefore, 
it has found wide applications in military operations, disaster relief efforts, and more recently, in 

In this network, each node has a maximum transmission power which 
limits how far it can send signals to all nodes within its transmission range. If a destination node 
is not within the transmission range of the sender, the two nodes communicate through multi
wireless links by using intermediate nodes to relay the message. The advantage of an ad
network is the wide coverage, but as the number of nodes increases the throughput decreases. 
Compared to the cellular network, the ad-hoc network has a lot of contention due to the several 
nodes trying to send their data to the base station. 

 
Figure2: Ad-hoc Network 
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The mixed network has been proposed by Morgan State’s School of Engineering in order to 
solve iNET’s problem.  It uses an optimized clustering scheme based on distance and angle 
developed by Babasola [4] to divide the network into a cellular network with the ground station 
and one or more ad-hoc sub-networks also known as cluster cells. This is shown in figure 3. We 
assumed that all TAs are equipped with dual interface Network Interface Cards (NIC) that allows 
them to operate in cellular mode, ad-hoc mode or gateway mode depending on their location 
from the ground station.  We also assumed that each test articles is aware of its geographical 
location at all times through GPS or any other positioning mechanism. Gateway nodes are 
capable of communicating in both cellular and ad hoc mode simultaneously and they can be used 
to relay data from test articles that are operating in over the horizon (OTH) settings to the ground 
station or vice versa. The ad-hoc network provides wide coverage combined with high capacity 
provides by the cellular network. 
 

 
Figure3: Mixed Network 

 
 

III. METHODOLOGY 
 

We divided the problem into two parts. First, we have to show that clustering can be done in a 
multi-base station environment which will include the set up of the base station, the separation of 
the cellular and ad-hoc networks, and finally the different clusters cells. Second, we will add a 
preference scheme because some test articles will want to be associated with a particular GS or 
Cluster.     
 
Clustering is a type of technique particularly useful for applications that require scalability to 
hundreds or thousands of nodes. Scalability is defined as load balancing and efficient resource 
utilization. The main part of our work is the network partitioning algorithm; because the routing 
and other activities of the network depend on the network partition. The clustering is done at the 
Ground Station (GS) after gathering data from all the TA’s in the network, and it is based on the 
parameters obtained from the TA’s. 

Mixed Network
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The common K-Means clustering is used to partition the ad hoc network. The goal of the k -
means algorithm is to fink k  number of clusters which satisfy a minimum distortion criteria. In 
our algorithm we use the Euclidean distance as a measure of distortion or criterion function for 
clustering. The algorithm elects a cluster head which acts as the gateway for each cluster and 
helps relay their traffic for communication with other terminals outside their cluster, or from 
MANET to cellular network and vice versa. One important challenge in the algorithm is 
estimating the number of clusters that will be needed to optimally partition the network. Most 
existing clustering algorithm such as the k -mean need the knowledge of the number of clusters 
needed at the initialization stage. Another important factor is that the clustering will be done on-
the-fly. Since the environment being considered is aeronautical and the terminal speed is 
assumed to be relatively high, the network may be updated at a fast rate, so the clustering process 
should be done in the least time possible. It is also important that the cluster head or gateway be 
optimally chosen to have a high connectivity to both GS and other MANET terminals in its 
cluster. The BSs sends among other configuration parameters, the IEEE 802.11b channel each 
cluster will be assigned. So for nodes to communicate with nodes outside its cluster, it needs to 
go through the gateway. This is to provide spatial reuse of bandwidth and allow it to be shared or 
reserved in a controlled fashion by generating clusters of radios.  
 
We begin our clustering algorithm by defining our metric for measurement. In a Mixed Network, 
it is clear that the coverage area can grow as the number of nodes increase; we seek to limit this 
area to a finite coverage area with radius Ragg. We assume nodes are uniformly distributed within 
the circular coverage area with radius Ragg. We let the center of the coverage area denote the 
origin and the position of the BS, and we define X and Y to be coordinates of nodes location in 
the aggregate network. The X and Y coordinates define uniform bivariate random variables with 
joint PDF:                                                                               
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Where k  is a constant and can be evaluated using the property of joint PDF 
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We define a distance metric D as a function of radius (distance of node from center), r , and 
angle of displacement from BS,θ .  

),( θθ rfD R=                                  (5) 
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We let 22 YXR += , 
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Our metric ),(),( yxrfrfD XYR == θθ  or 
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This parameter metric is used for clustering. 
 
Set up Multiple Ground Station: 
 
In the figure4, we randomly place three (3) ground stations with four hundred (400) nodes 
around them.  
 

 
Figure4: Multiple Ground Stations 
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The next step is to separate cellular network nodes from the ad-hoc network nodes. This is done 
by fixing a value for the signal to noise ratio threshold (SNRTresh). We compute the signal to 
noise ratio (SNR) for each node with the following classifications: 
For SNR>SNRTresh, we have cellular nodes. 
For SNR<SNRTresh, we have Ad-hoc nodes. 
In the figure5 below, the dots represent the cellular network users and the crosses represent the 
ad-hoc network users. 
 

 
Figure5: Nodes Classifications 

 
Next, using the k-means clustering algorithm, we will cluster the ad hoc nodes into clusters 
around each GS. The k-means clustering helps us to solve the well known clustering problem. 
The procedure is to classify a given data set through a certain number of clusters (assume k 
clusters). The main idea is to define k centroids, one for each cluster. These centroids should be 
placed strategically because different locations cause different result. So, the better choice is to 
place them as much as possible far away from each other. Then, take each point belonging to a 
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as barycenters of the clusters resulting from the previous step. After we have these k new 
centroids, a new binding has to be done between the same data set points and the nearest new 
centroid. A loop has been generated. As a result of this loop we may notice that the k centroids 
change their location step by step until no more changes are done.  
The following graph shows the clustering of the ad-hoc network users into fifteen (15) clusters 
cells, meaning five (5) clusters cells for each ground station and that was done by using the k-
meaning clustering and the distance measure. 
 

 
Figure6: Clustering of the Ad-hoc network users 

 
The nodes in each cluster cell communicate in peer to peer fashion, they share the same data. 
The nodes at the intersection of the cellular and ad-hoc networks are consider being the gateway 
node and those nodes will convey data from the test article in the ad-hoc network to the base 
station in a real time condition. As a result we have minimum network congestion in our mixed 
network. The addition of preference of nodes for one or several of the GS’s is accomplished 
readily by including an element to the distance measure which represents the proportional 
preference to that GS. The Distance measure D(f(r, φ))  shown above can be simply modified as 
 
D =  D(f(r, φ)) ∗ W(Gs(i))           (8) 
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Where W(Gs(i)) represents a weighted preference for Gs(i) and 0<WGs(i)<1 
In the case where the user preference is set to 0, the node will be forced to that GS whereas a 
user preference set to 1 shows no preference. A simple experiment with varied preferences 
shows how these can be distributed across the ad hoc nodes. Here is the resulting distribution 
shown in figure 7. 
 

  
Figure7: Results of Random User Preference for 3 GS’s 

 
IV. CONCLUSION AND FUTURE WORK 

 
We successfully adapted the k-means clustering and the distance measure to the Mixed Network 
to solve iNET’s problem of limitations coverage in the cellular network and capacity in the Ad-
hoc network. That includes the Ad-hoc users clustering with Multiple Base Stations which helps 
us to improve routing and mobility management and leads us to the optimization of the hybrid 
network configuration.  
 
The next step in our research is to introduce the multiple distortion measure schemes. This will 
allow us to re-cluster and optimize the performance of the mixed network for QOS applications 
based on distance, angle and any other performance measures such as traffic intensity, 
interference and frequency management. 
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