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METHODS FOR PROVIDING AN AD HOC 
MOBILE COMMUNICATION NETWORK 

AND SYSTEMS THEREOF 

This application claims the bene?t of US. Provisional 
Patent Application Ser. No. 61/ 126,292, ?led May 2, 2008 
and claims the bene?t of US. Provisional Patent Application 
Ser. No. 61/126,228, ?led May 2, 2008, which are hereby 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to methods and systems for 
providing communication networks and, more particularly, to 
methods for providing an ad hoc mobile communication net 
work and systems thereof. 

BACKGROUND 

Mobile ad hoc networks are self-con?guring networks of 
mobile communication devices coupled together by wireless 
links. In these networks, the mobile communication devices 
are independent devices which can move in any direction with 
respect to each other. As a result of these independent move 
ments, each of these mobile communication devices often 
change their links to other mobile communication devices. 
Additionally, each of these mobile communication devices 
not only handle their own communications, but must act as 
routers and forward traf?c for other mobile communication 
devices unrelated to their own use. 

Existing mobile ad hoc networks often utiliZe the Open 
Systems Interconnection (OSI) seven layer network protocol 
model. The seven layers of this protocol model comprise: 
Application; Presentation; Session; Transport; Network; 
Data-Link; and Physical. These layers are established to pro 
vide services to layers which are above and below each layer. 
In particular, the Network layer or layer 3 performs network 
routing functions and routers operate at this layer. 

Although operational, these existing mobile ad hoc net 
works face ongoing challenges which restrict their effective 
ness and e?iciency. For example, these networks often have 
issues in establishing and maintaining uninterrupted commu 
nications between mobile communication devices. Addition 
ally, the established links or connectionbetween mobile com 
munication devices often are not the most effective and 
e?icient methods for communications. Further, these net 
works often require the mobile communication devices to 
carry predetermined routing tables for routing tra?ic. 

SUMMARY 

A method for providing a mobile communication network 
in accordance with embodiments of the present invention 
includes dynamically forming a plurality of mobile commu 
nication devices into one or more clusters based on one or 

more parameters, each of the one or more clusters having a 
tree structure. Each of the one or more clusters is at least 
partially meshed together. At least one virtual identi?er is 
dynamically assigned to each of the plurality of mobile com 
munication devices based on the tree structure of each of the 
one or more clusters. The virtual identi?er provides address 
information for routing communications between two or 
more of the plurality of mobile communication devices. 
A computer readable medium in accordance with other 

embodiments of the present invention having stored thereon 
instructions a method for providing a mobile communication 
network comprising machine executable code which when 
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2 
executed by at least one processor, causes the processor to 
perform steps including dynamically forming a plurality of 
mobile communication devices into one or more clusters 

based on one or more parameters, each of the one or more 

clusters having a tree structure. Each of the one or more 

clusters is at least partially meshed together. At least one 
virtual identi?er is dynamically assigned to each of the plu 
rality of mobile communication devices based on the tree 
structure of each of the one or more clusters. The virtual 

identi?er provides address information for routing commu 
nications between two or more of the plurality of mobile 
communication devices. 
A mobile communication network system in accordance 

with other embodiments of the present invention includes a 
tree structure clustering system, a meshing system, and a 
virtual identi?cation system in at least one of a plurality of 
mobile communication devices. The tree structure clustering 
system in at least one of a plurality of mobile communication 
devices dynamically forms the plurality of mobile communi 
cation devices into one or more clusters based on one or more 

parameters, each of the one or more clusters having a tree 
structure. The meshing system in the at least one of a plurality 
of mobile communication devices at least partially meshes 
each of the one or more clusters together. The virtual identi 
?cation system in the at least one of a plurality of mobile 
communication devices dynamically assigns at least one vir 
tual identi?er to each of the plurality of mobile communica 
tion devices based on the tree structure of each of the one or 

more clusters to provide address information for routing com 
munications between two or more of the plurality of mobile 
communication devices. 
The present invention provides a number of advantages 

including providing a proactive system and method for pro 
viding a mobile communication network which leverages the 
advantages of a tree routing structure for easy routing with a 
mesh network for route robustness. The present invention 
utiliZes a virtual identi?cation system which facilitates easy 
and dynamic tree creation with very low overhead and loop 
aversion. This virtual identi?cation system relieves the rout 
ing functions at layer 3 in the OSI seven layer model. Reliev 
ing these routing functions reduces overheads and delays 
associated with layer 3 processing and handling and makes 
the present invention independent of any future IP layer pro 
tocol changes, such as in Internet Protocol version 6. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an example of an ad hoc 
mobile communication network system in accordance with 
embodiments of the present invention; 

FIG. 2 is a ?owchart of an example of a method for electing 
a mobile communication device as a cluster head; 

FIGS. 3A and 3B are ?owcharts of an example of a method 
for detecting and processing one or more events; 

FIG. 4 is a ?owchart of an example of a method for sending 
con?guration data of cluster conditions to a mobile commu 
nication device joining a cluster; 

FIG. 5 is a ?owchart of an example of a method for a mobile 
communication device sending a request to join a cluster; 

FIG. 6 is a ?owchart of an example of a method for sending 
an acceptance to a mobile communication device to join a 

cluster; 
FIG. 7 is a ?owchart of an example of a method for sending 

a request to register a membership of a mobile communica 
tion device within a cluster; 
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FIG. 8 is a ?owchart of an example of a method for sending 
a reply to a request to register a membership of a mobile 
communication device within a cluster; 

FIG. 9 is a ?owchart of an example of a method for sending 
a registration update to a mobile communication device 
elected as a cluster head about a change in status in a cluster; 

FIG. 10 is a ?owchart of an example of a method for 
disconnecting a mobile communication device from mem 
bership within a cluster; 

FIG. 11 is a ?owchart of an example of a method for 
determining if a mobile communication device belongs to a 
cluster; 

FIG. 12 is a ?owchart of an example of a method for 
processing a request to join a cluster that a mobile commu 
nication devices is already a member of; 

FIG. 13 is a ?owchart of another example of a method for 
processing a request to join a cluster that a mobile commu 
nication devices is not already a member of; 

FIG. 14 is a ?owchart of yet another example of a method 
for determining if a mobile communication device can join a 
cluster is not already a member of and is not a cluster head for 
any other cluster; 

FIG. 15 is a ?owchart of another example of a method for 
determining if a mobile communication device can join a 

cluster; 
FIG. 16 is a ?owchart of an example of a method for 

processing an acceptance of a mobile communication device 
to join a cluster; 

FIG. 17 is a ?owchart of an example of a method for 
processing a received registration request from a mobile com 
munication device; 

FIG. 18 is a ?owchart of an example of a method for 
processing a reply to a registration request from a mobile 
communication device; and 

FIG. 19 is a ?owchart of an example of a method for 
disconnecting a mobile communication device from a cluster. 

DETAILED DESCRIPTION 

An ad hoc mobile communication network system 100 in 
accordance with embodiments of the present invention in 
accordance with embodiments of the present invention is 
illustrated in FIG. 1. The ad hoc mobile communication net 
work system 100 includes a plurality of mobile communica 
tion devices 102(1)-102(43), also referred to as nodes or 
cluster clients (CCs), arranged in a plurality of clusters 104 
(1)-104(4) in a region 106, although the system can include 
other types and numbers of systems and devices, such as one 
or more ?xed location communication systems and devices 
by way of example, connected in other manners. The present 
invention provides a number of advantages including provid 
ing a proactive mobile communication method and system 
which leverages the advantages of a tree routing structure for 
easy routing and a mesh network for route robustness. 

Referring more speci?cally to FIG. 1, the ad hoc mobile 
communication network system 100 comprises an ad-hoc 
network of mobile communication devices 102(1)-102(43), 
such as motor vehicles, aircraft or people each with a mobile 
communication device by way of example, although other 
types and numbers of communication devices and systems in 
other areas can be used. The mobile communication devices 
102(1)-102(43) are self con?guring with each other in the 
region 106 which in this example is de?ned by the outer 
perimeter of the clusters 104(1)-104(4), although the region 
could have other siZes and shapes which do not have to 
correspond with the outer perimeter of the clusters, for 
example the region can be larger than the clusters. Each of the 
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plurality of mobile communication devices 102(1)-102(43) 
comprises a wireless mobile device, such as a cell phone or 
other personal communication devices by way of example, 
although other types and numbers of mobile and ?xed com 
munication devices can be used. Each of these mobile com 
munication devices 102(1)-102(43) can engage in communi 
cations with other devices and systems and also can act as a 
router to forward communications between other devices and 
systems, although the plurality of mobile communication 
devices 102(1)-102(43) can perform other types and numbers 
of functions. Additionally, each of the mobile communication 
devices 102(1)-102(43) can move independently with respect 
to other devices and systems, although one or more of these 
devices and systems could have a ?xed location with respect 
to one or more of the other devices. 

The mobile communication devices 102(1)-102(43) each 
have a processing unit (CPU) or processor, a memory, and a 
communication interface system which are coupled together 
by a bus or other link, although other numbers and types of 
elements, components, parts, devices, and systems in other 
con?gurations and locations can be used. The processor in 
each of the mobile communication devices 102(1)-102(43) 
executes a program of stored instructions for one or more 

aspects of the present invention as described and illustrated 
by way of the embodiments herein, although the processor 
could execute other numbers and types of programmed 
instructions. The memory in each of the mobile communica 
tion devices 102(1)-102(43) stores these programmed 
instructions for one or more aspects of the present invention 
as described and illustrated herein, although some or all of the 
programmed instructions could be stored and/or executed 
elsewhere. A variety of different types of memory storage 
devices, such as a random access memory (RAM) or a read 
only memory (ROM) in the system or a ?oppy disk, hard disk, 
CD ROM, DVD ROM, or other computer readable medium 
which is read from and/ or written to by a magnetic, optical, or 
other reading and/or writing system that is coupled to the 
processor, can be used for the memory in each of the mobile 
communication devices 102(1)-102(43). The communication 
interface system in each of the mobile communication 
devices 102(1)-102(43) is used to operatively couple and 
communicate between the mobile communication devices 
102(1)-102(43), although other types and numbers of com 
munication networks or systems with other types and num 
bers of connections and con?gurations can be used. 

In this example, the mobile communication devices 102 
(1)-102(43) are self con?guring and dynamically form into 
clusters 104(1)-104(4) each having a tree structure with the 
clusters 104(1)-104(4) meshed together, although other types 
and numbers of clusters can be formed in other manners. As 
the mobile communication devices 102(1)-102(43) move, 
additional mobile communication devices enter and leave the 
region 106 and as events occur, the number of and formation 
of clusters is dynamic and continues to change. The formation 
of each of the clusters 104(1)-104(4) is based on a stored 
maximum available bandwidth, a maximum cluster siZe and 
a maximum number of permitted hops between devices in a 
cluster to maintain quality of service by way of example, 
although the formation of the cluster can be based on other 
numbers and types of parameters. A hop is a single connec 
tion from one of the mobile communication devices 102(1) 
102(43) to another one of the mobile communication devices 
102(1)-102(43). In this particular example, mobile commu 
nication devices 102(1)-102(11) are dynamically formed into 
one cluster 104(1) having a tree structure, mobile communi 
cation devices 102(12)-102(22) are dynamically formed into 
another cluster 104(2) having another tree structure, mobile 








































