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(57) Abstract: The invention relates to a method to enable the wireless nodes in a wireless mesh network communicate with each
other and the gateways without the need of multi hopping and routing which requires master gateways in the network with high
transmission power in order to transmit the master carrier signal for covering the network. The wireless nodes will use the location
information of the desired destination to calculate the correct time and phase. When the nodes send their signal at the right time and
phase, it will be combined with the master carrier signal and the combined signal will have the correct angle towards the desired des -
tination.
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Method and System of Wireless Communication Using Master

Carrier Signal

Field of Invention

The present invention relates to a method to enable the
wireless nodes in a wireless meéh network commuﬂicaﬁe with
each other and the gateways without the ﬁeed of multi
hopping and routing which requires master gateways in the.
network with high tranémission power in order to transmit
the master carrier signal for covering the network. The
wireless nodes in the network will synchronize 'With the
master gateways.and will send their message which will be
added to the master carrier signal and carried on to the

other nodes in the network or the other master gateway.

Background of the invention

 Wireless sensor network consists of sensor nodes and

gateway. Sensor nodes will discover, the available gateway
and send the -data to ;the gateway accordingly."The
conventional wireless sensor network usually consists of one
gateway. Therefore, all thé vsensér nodes will send their
data to the gateway. This will cause the data traffic of

sensor nodes which are nearby the gateway to be higher. This
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will lead to higher message collision in the wireless sensor
network. As a result, higher retransmissions are required

and cause higher power consumption.

One of the methqu to pass the message iﬁ a wireless sensor
network is by multi hopping. When a gateway wants to_send a
request_to a sensor . node, the’message will route through all
the sensor nodes in the wireless sensor network by passing
on the message from one sensor node to. another until the
message reaches the desired destination. if the destination
node is far away ffom the gateway, it will involve é lot of

sensor nodes.

Sensor nodes will send messages with each other in a mesh
networks. More messages will lead to more traffic in the

system. This will cause more power consumptions. As a

result, the life time of the sensor nodes will be reduced.

One of _thev disadvantages by having  one gateway in high

traffic sensor networks such as mesh networks or 6LOWPAN is

the sensor nodes which are closer to the gateway would be

consuming more power to relay the message so those nodes

will die faster compare to the sensor nodes further from the

gateway. Besides that, the sensor nodes which are nearer to

the gateway will be having very high traffic and will lead
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to message collisions. The sensor nodes will not able to
function if the gateway dies. o o E
One of the disadvantages'of having mulﬁi hopping in sensor
networks such as mesh networks or 6LOWPAN is the need of a
routing protoéol which will increase the memory usage on the
sensor nodes. Besides that, routing protocol will increase
the complexity and computation overhead for the sensor

nodes.

Therefore the present invention provides a system comprising.
at least one master gateway and one .wireless node  for
wireless communication by sending and receiving a master

carrier signal in a wireless network.

The master gateway will transmit the master carrier signal,
periodic beacon and location information, and receive the
combined data signal with said master carrier signal from a

wireless node in the network.

The wireless node will transmit the data signal at the
correct time and phase to combine with said master carrier

signal and direct it to the desired destination.
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The objective of the present invention is reduce the message
overhead by eliminating +the routing messages and multi

hopping in the network.

Still another objective of the present inventidn is to

reduce the computation overhead by eliminating the need for

calculating the routes and processing the routing messages.

Still another objective of the present invention is to
reduce the memory overhead by eliminating the need for
routing tables and buffering the messages from the neighbor

nodes.

Still another objective of the present invention is to

reduce the power consumptions since the message, computation

and memory overhead has been reduced.
Still another objective of the present invention is to
enable the nodes to communicate with any other node or

master gateway in the network with low power transmission.:

Still another objective of the present invention 1is to

‘reduce the message delivery delay in the network by

eliminating the need for multi hop communications.
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These and other objects and advantages of the present

“invention will become apparent to those skilled in the art

from a consideration of the following specification and

claims.
Summary of the Invention

The wireless nodes can communicate‘ with other nodes and
gateways 1in a wireless mesh network without thre need of
multi hopping and routing. A  master gateway with high
transmission power is reduired in arder to transmit the
master carfier signal to cover the wireless netwofk._ The
wireless nodes in the network will calculate theé correct
time and phase by using the location information of the
desired destination. The wireiess nodes will send their
message at the right time and phase so that the message will
be combined with the master carrier aignal and sent to the

desired destination at the correct angle.
Brief Description of the Drawings
Other objects, features, and advantages of the - invention

will be apparent from the following description when read

with reference to the accompanying drawings. In the
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drawings, wherein like reference. numerals = denote

corresponding parts throughout the several views:

Figure 1 shows wireless communication using master carrier

signal.
Figure 2 shows wireless mesh sensor network.

Figure 3 shows the node (14) signal is directed to master
C .
gateway (10) by determining the distance, d (51) and angle

(50).

Figure 4 shows the general process flow for wireless

communication with master carrier signal.

Figure 5 shows the detailed process flow for wireless
communication with master carrier signal with regards of

gateways.

Figure 6 shows the detailed process flow for wireless
communication with master carrier signal with regards of

wireless node.

Figure 7 shows wireless mesh network using master carrier

signal for communication.
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Figure.. 8 shows wireless node sending message to another

destinedﬁnode.
Detailed Description of thé Preferred Embodiments

In the following detailed description, nuUmerous specific

details are set forth in order to pfovide a thorough

understanding of the invention. However, it will Dbe

understood by those of ordinary skill in-the art that the
invention may be practiced without these sgpecific details.

In other instances, well-known methods, procedufes_ and/or.
compnnents have not Dbeen described in detail soraé not to
obscure the invention. Reference will now be made in dntail
to the preferred embodiments of the present invention,

examples ‘of which are illustrated in the accompanying

drawings.

This invention consists of a system for —~wireless

‘communication by sending and receiving a master carrier
.signal in a wireless network. The system consists of at

least one master -gateway and one wireless node.

The master gateway will transmit the master carrier signal

(20), periodic beacon and location information, and receive
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the combined data signal (22) with said master carrier
signal (20) from a wireless node (14) in the network.

The wireless node will transmit the data signal (21) at the
correct time and phase to combine (22) with said master
carrier signal (20) and direct it to the desired

destination.

The master gateway may or ‘may not be connected to the
backhaul. However, the master gateway shouid have high
transmission power in ordef to cover the entire network and
send beacon signal periodically, Since the master gateways
(10) do not have any poWer supply limitations, they can do
high power transmissionsvin the network. The master gateway
will be using any of the existing methods to discover its
location. If there is more than one master gateway in the
network, they will ﬁerform»time synchronization between each
other. The maéter gateways will ‘periodically send Dbeacon
signals which will be used by the sensors to calculate the

correct time and phase to send their signals.

The system will include the time and phase calculation
module. This will enable the wireless note in the network to
calculate the correct time and phase by using the location

information of the desired destination. The wireless nodes
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will send their data signal at the right time and phase so

that the data =signal will be combined with the master

carrier signal and sent fo‘the desired destinatibn-at»the
correct angle. Therefore there will be no need for routing
protocol in the network and then nodes can communicate with
each other or with the master gateway without multi-hopping

and routing.

The signal (21) from the ﬁode will be combined with the
master carrier signal (20) from the master gateway to direct
the signél (22) from the node to the master gateway or other
destinatioﬁ nodes. In an array concept. the signal (22} 1is

combined in the following fashion:

Sr - Io + llejﬁdc‘ose+a

Where Io is the signal (20) from the master gateway (13) and
I, is the signal (21) from the node (14). B is the is the

wave number, i.e. 2pi/A where A is the wavelength of the

carrier frequency and d is the separation'between the node

(14) and Master gateway (13) antennas. 6 is the polar angle

‘and a is the phase shift induced to control the direction.
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The direction of the beam is the angle at which the cosine
of the phase_ term given in the .previous eqguation :1is

maximized, ie.
Max{cos(ﬁdcose+a)}

One of the methods to détermine the distance, 4 (51) and the
location of the Master Gatewéy is by using GPS coordinates
of the Master GateWay (13) and node (14). The required phase
term o, Can then be introduced by the sensor to ensure that

the signal is directed to the Master Gateway (10) at angle ¢

‘(50). Please refer to Figure 3 for details.

One of the advantages of this invention is to reduce the
message overhead by eliminating the fouting' messages and
multi hopping in the network. Beéides that, the invention
will reduce the computation overhead by eliminatiﬁg-the need
forv calculating the routes and processing the routing
messages. Furthermore, the invention will reduce the memory
overhead by eliminating the need for ‘routing tables and
bufferiﬁg the messages from the neighbor nodes . The
invehtion. will be able to reduce the. power consumptions
since the message, computation and memory overhead has been
reduced. The invention will enable the nodes to communicate

with any other node or master gateway in the network with

10
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low power transmission and. no need of routing and multi

hopping. - : -

The general flowchart of this invention is shown in Figure
4., The gateway will carry out time synchroniiation wiﬁh
other gateway  and the nodes. Then, the gateway will send
beacon signal periodically (30). The node will calculate the
correct time to seﬁd the signal (21) after receiving the
beacon signal from the gateway (31). The signal (21) from
the node will combine (22) with the master carrier signal

(20) and will be directed to the desired destination.

The detailed process flowchart for the gateways of this

invention is shown in Figure 5. The gateway will send time

synchfoniéation message to the other gateway and the nodes.
Then the gateway will discover and advertise its location
and the 1location data of the nodes in ﬁhe network. The
master gateway (10) starts to transmit master carrier signal
(20) periodically in syrichronous with other gateway (33):

The master gateway (10) will send beacon signal every T

_ milliseconds (34). If the mastervgateway (10) is sending a

message, it will setvthe sendin§ﬂEimeTbased“on the active
time of the nodes (14) and send the signal (36). If not, the

master gateway (10) will just receive the incoming signals.

11
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The detailed process flowchart for the wireless node of this
invention is shown in Figure 6. The wireless node will

synchroniie its time with the gateway and will discover its

‘location in the network and send the location data to the

gateways. If the node is sending a message, the node will
wait for receiving the beacon signal (37) ana will calculate
the right time and right phase to send ﬁhe signal‘(38). The
node will send the signal (21) at the correct phase (39).
The signal (21) will combine (22) with the mastef carrier
signal (20) and directed to the destination at the correct

angle (40). If the node i1s not sending a message, it will

receive the incoming signals during the active time.

As will be readily apparent to those skilled in the art, the.
present inventioh may easily be produced in other-specific
forms without departing from its essential characteristics;
The present embodiments is, therefore, to bchonsidered és
merely illustrative and not restrictive, the scope of the

invention being indicated by the claims -—rather than the

foregoing description, and all changes which come within

therefore intended to be embraced = therein.

12
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Claims

1. A system' for wireless commupication ‘by sending aﬁd
receiving a master -carrierr signal_.in. a wireless netwofk:

compriéing

at least one master gatewéy to transmit thé master carrier
signal (20), periodic beacon or location information, and to
receive the combined data signal (22) with said master
carrier signal (20) from a wireless nodes (14) in the
network; and

at least one wireless node to transmit the data signal (21)

at the correct time and phase to combine (22) with said

master carrier signal (20) and direct it to the desired

destination.

2. The system .for wireless communication by sending and
receiving a master carrier signal in a wireless network as
claimed in claim 1, wherein said master gateway may or may

not be connected to the backhaul.

3.‘ The system for wireless communication by sending and
receiving a master carrier signal in a wireless network as
claimed in claim 1, wherein the master gateway should ha&e
high'transmission power in order to cover all the network

and send beacon signal periodically.

13
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4, .The system for wireless communication by sending and
receiving a master carrier signal in a wireless network as
claimed in claim 1, wherein the master gateway will be using

any of the existing methods to discover its location.

5. The system for wireless communication by sending and
receiving a master carrier signal in a wireless network as
claimed in claim 1, wherein the wireless node includes time

and phase calculation module.

6. A method for wireless communication by >sending and
receiving a master carrier signal in a wireless network,
said method comprising the steps of:

transmitting the master carrier signal (20), periodic beacon

~and location information by the master gateway (13);

receiving the combined data signal (22) with the master
carrier signal ‘(20) from the wireless.,nodes (14) 4in the
network by the master gateway (13); énd

transmitting the data signal (21) by the wireless nodé (14)
at ‘thé correct -time and phase to combine (22) with the

master carrier signal (20) and direct it to the desired

destination.

7. The method for wireless communication by sending and

receiving a master carrier signal in a wireless network as

14
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claimed in claim 6, Wherei‘ﬁ said step of ‘transmitting the
maste»r carrier signal, periodic beacon~ .and location
information by ‘the master géﬁéwéy ihc‘lvuaes the étep of
sending a time syﬁchfonizatioh message ‘to any othef master

gateway 1if there is more than one master gateway in the

network.

8. The method for wireless communication by sending and
receiving a master carrier signal in a wireless network as
claimed in claim 6, wherein said step of transmitting the
master carrier signal, ‘periodic beacon and location
information by the master gateway includes the step of

sending time synchronization and master gateway location

9. The method for wireless communication by sending and
receiving a master carrier signal in a wireless networ'k as
claimed in claim 6, wherein said stép of transmitting the
master | carrier signal, periodic beacon and location
information by the master gateway includes the step of
transmitting the master carrier signal periodically in-
synf:hrdnous with the other master gateway if there is more

than one master gateway in the network.

15
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10. The method for wireless communication by sending and
receiving a master carrier signal in a wireleés network as
claimedr in claviml 6, whérein' said step of transmittiﬁg the
master carrier signal, bperiodic beacon and location
information by the master gateway includes the stepm o»f
sending a beacon signal p‘eriodically to the network for time

and phase calculation for the wireless nodes in the network.

11. The method for wireless communication by sending and
receiving a master carrier signal in a wirele-és network as
claimed in claim 9, wherein said step of sending a message
from a wireless node (14) to the desired destination
includes thev step of receiving the beacon signal which is

sent by the master gateway (13).

12. The method for wireless communication by sending and
receiving a master carrier signal in a Wireless network as
claimed in claim 9, wherein said step» of sending a message
from a wireless node to the desired destination inc_:ludes ‘the
step of calculating the right time and phase to send the
message by using the distance value (51) and angle (50) from

the desired desti__nation and calculating the phase term.

13. The method for wireless communication by sending and

‘receiving a master carrier signal in a wireless network as

16
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claimed in claim 9,Ammerein saidjstep of sending a .message
from a wireless node to the desired destinatién includes the
step of Sendihg the messagé at the right time and phase to
qombine with the méstervcarrier signal and be directed to

the desired destination and the correct angle (50).

17
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