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(57) ABSTRACT 

Described are a system and method for clustering Wireless 
devices in a Wireless network. The system comprises a 
Wireless access point and a plurality of Wireless computing 
units grouped into a cluster as a function of a predetermined 
parameter. The cluster includes a cluster head unit and at 
least one cluster member unit. The at least one cluster 

(21) Appl, NQ; 11/328,567 member ‘unit utilizes a ?rst poWer level When Wirelessly 
commumcatmg W1th the cluster head umt, and the cluster 
head unit utilizes a second poWer level When communicating 

(22) Filed: Jan. 9, 2006 With the AP. 
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SYSTEM AND METHOD FOR CLUSTERING 
WIRELESS DEVICES IN A WIRELESS NETWORK 

FIELD OF INVENTION 

[0001] The invention generally relates to clustering Wire 
less computing devices in a Wireless network. 

BACKGROUND INFORMATION 

[0002] A conventional Wireless netWork may operate in 
one of tWo distinct modes: an infrastructure mode and an ad 

hoc mode. In the infrastructure mode, a mobile unit (“MU”) 
transmits Wireless signals to other MUs via an access point 
(“AP”). The MU utiliZes a maximum poWer level When 
transmitting to the AP, regardless of the proximity to the AP, 
consuming a signi?cant amount of battery poWer and poten 
tially causing interference With communications betWeen 
one of the other MUs and a further AP. In the ad hoc mode, 
the MU communicates directly With another MU, i.e., With 
out use of the AP. HoWever, the ad hoc mode cannot 
typically support a large number of MUs, and these MUs, 
While in the ad hoc mode, cannot bridge to the Wireless 
netWork (e.g., a WLAN) or the Internet, limiting function 
ality. Therefore, there is a need for an improved netWork 
architecture. 

SUMMARY OF THE INVENTION 

[0003] The present invention relates to a system and 
method for clustering Wireless devices in a Wireless net 
Work. The system comprises a Wireless access point and a 
plurality of Wireless computing units grouped into a cluster 
as a function of a predetermined parameter. The cluster 
includes a cluster head unit and at least one cluster member 
unit. The at least one cluster member unit utiliZes a ?rst 
poWer level When Wirelessly communicating With the cluster 
head unit, and the cluster head unit utiliZes a second poWer 
level When communicating With the AP. 

BRIEF DESCRIPTION OF DRAWINGS 

[0004] FIG. 1 shoWs an exemplary embodiment of a 
system according to the present invention; and 

[0005] FIG. 2 shoWs an exemplary embodiment of a 
method according to the present invention. 

DETAILED DESCRIPTION 

[0006] The present invention may be further understood 
With reference to the folloWing description and the appended 
draWings, Wherein like elements are provided With the same 
reference numerals. The present invention describes a sys 
tem and method for clustering Wireless devices in a Wireless 
network. In particular, the present invention relates to an 
improved Wireless netWork architecture that, for example, 
uses location information of Wireless computing units to 
form clusters thereof. As Will be understood by the folloWing 
description, the present invention may be utiliZed to limit 
poWer consumption by the Wireless devices and improve 
throughput in the Wireless netWork. 

[0007] FIG. 1 shoWs an exemplary embodiment of a 
system 100 according to the present invention. The system 
100 may include a communications netWork 10 (e.g., a 
Wired/Wireless LAN, WAN or the Internet) having at least 
one access point/port (“AP”), such as an AP 30 and/or an AP 
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35, providing access thereto. The system 100 may further 
include a server 20 in communication With the netWork 10. 
The netWork 10 may include a plurality of interconnected 
computing devices such as, for example, servers, hubs, 
routers, sWitches, etc. 

[0008] The system 100 may include a plurality of Wireless 
computing devices (e.g., mobile units (“MUs”)), such as 
MUs 41-45 and 51-54. Each MU may include, for example, 
a laser/image-based scanner, an RFID reader/tag, a cell 
phone, a PDA, a netWork interface card, etc. The MUs 41-54 
may conduct Wireless communications over netWork 10 via 
an AP (e.g., AP 30). When the MUs 41-54 utiliZe the AP 30 
to communicate over the netWork 10, the MUs transmit 
packets at a ?rst poWer level (e.g., a maximum poWer level) 
regardless of the proximity to the AP 30. Each MU may also 
communicate directly With another MU Without use of the 
AP 30. During this direct communication betWeen MUs 
and/or While the MUs are clustered, the transmitting MU 
may utiliZe a second poWer level. These methodologies of 
communication Will be described further beloW. 

[0009] According to exemplary embodiments of the 
present invention, tWo or more MUs may be grouped into a 
cluster for improved communications betWeen the cluster 
and an AP. In one exemplary embodiment, the MUs in the 
cluster may be in an infrastructure mode, communicating 
With each other via the AP. HoWever, the MUs may also be 
in an ad-hoc mode With a cluster-head MU (described 
beloW) for communication therebetWeen When, for example, 
the MUs are unable to communicate directly With the AP or 
the MUs are Within a predetermined communicable range of 
each other or the cluster-head MU. That is, the MUs in the 
clusters may send ?rst data (e.g., high priority dataie.g., 
voice) directly to the AP While sending second data (e.g., 
loW priority) to the cluster-head MU Which aggregates data 
from a plurality of MUs (including itself) before forWarding 
the data to the AP, as Will be explained beloW. The cluster 
may be formed based on a plurality of factors such as 
geographical proximity of the MUs to one another and/ or the 
AP, an internal load level, a battery level, a hardWare 
con?guration, RF range betWeen MUs, etc. For example, the 
MUs 41-45 may be grouped into a cluster 40 and the MUs 
51-54 may be grouped into a cluster 50. In a preferred 
embodiment, each cluster includes one cluster-head MU and 
at least one cluster-member MU. For example, the cluster 40 
may include the cluster-head MU 41 and the cluster-member 
MUs 42-45. Similarly, the MU 51 may be the cluster-head 
of the cluster 50 and the MUs 51-54 are the cluster-member 
MUs. 

[0010] In one exemplary embodiment, a particular MU 
(e.g., the MU 41) may be designated as the cluster head MU 
as a function of, for example, an amount of data the MU is 
going to transmit. For example, the MU 41 may have a 
largest amount of data (e.g., as measured in bytes) to 
transmit. Thus, the MU 41 may be selected as an initial 
cluster head MU for the cluster 40. In another exemplary 
embodiment, the MU 41 may function as the cluster head for 
a predetermined time proportional to the amount of data it is 
going to transmit. For example, if a total data to be trans 
mitted by the MUs 41-45 equaled 100 bytes, and the MU 41 
had 50 bytes to transmit, the MU 41 may be designated as 
the cluster head MU for 50% of the time the cluster 40 is 
intact. When the predetermined time expires, the MU With 
a second largest amount of data to transmit may be desig 
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nated as a subsequent cluster head MU, and so on, until each 
MU functions as the cluster head MU. 

[0011] Inter-cluster communication, i.e., betWeen the clus 
ter head MU and the AP, may utilize a conventional IEEE 
802.1lx protocol Which may be the same as or different from 
the protocol used for intra-cluster communication. The clus 
ter head MU (e.g., MU 41) may communicate With the AP 
(e. g., AP 30) at the ?rst poWer level (e.g., maximum poWer). 
Each cluster head MU (e.g., the MUs 41 and 51) associated 
With the AP (e.g., AP 30) may utiliZe a CSMA/CA mecha 
nism When communicating thereWith. 

[0012] Intra-cluster communication, i.e., betWeen the clus 
ter-member MUs and/or betWeen the cluster-member MUs 
and the cluster head MU, may occur using a conventional 
IEEE 802.1lx protocol. For example, each MU in the cluster 
may utiliZe a CSMA/CA mechanism to limit congestion and 
interference Within the cluster. Furthermore, intra-cluster 
communication (e.g., betWeen the cluster member MU and 
the cluster head MU) may occur at the second poWer level. 
In one exemplary embodiment, the second poWer level is no 
more than about 2 mW. In another exemplary embodiment, 
the second poWer level is variable as a function of a siZe of 
the cluster. For example, as the number of MUs in the cluster 
increases and/or the geographic distance or RF range 
betWeen MUs increases, the second poWer level may 
increase. 

[0013] When one of the cluster member MUs has data to 
transmit out of the cluster, e.g., to the AP 30, the network 10, 
etc., the cluster head MU may function as an aggregation 
point for data from the cluster member MUs. For example, 
When the MU 42 has a packet to transmit to the server 20, 
the packet is ?rst sent to the MU 41. Depending on a type 
of the data in the packet (e.g., data, voice, video, etc.), the 
MU 41 may aggregate the packet With one or more packets 
previously received/ stored by the MU 41 Which has not been 
transmitted to the AP 30. That is, the MU 41 may include the 
packet from the MU 42 With packets from one or more other 
MUs in the cluster 40, including a packet from the MU 41. 
The aggregated packet may then be transmitted to the AP 30. 
Disaggregation of an aggregated packet by the MU 41 may 
occur in a similar manner. That is, the MU 41 may receive 
an aggregated packet from the AP 30, divide the aggregated 
packet into individual packets intended for each recipient 
MU and distribute the individual packets to the correspond 
ing MU(s). 
[0014] As noted above, both aggregation and disaggrega 
tion may be sensitive to the type of data being transmitted. 
For example, When data Which is sensitive to latency (e.g., 
VoIP packets) or marked as an emergency transmission is 
received by the MU 41, it may transmit the data Without 
dis/aggregation. In this instance, there may be a plurality of 
rounds of dis/aggregation executed at the cluster head MU, 
as Will be further described beloW. Whether to utiliZe the 
aggregation may be determined as a function of one or more 

predetermined factors, e. g., clustering ef?ciency, poWer sav 
ing, etc. The clustering ef?ciency may include any inter 
cluster interference. For example, clusters may be located 
adjacent to each other so that even loW poWer communica 
tions may degrade the clustering ef?ciency. This may be 
accounted for When determining the cluster ef?ciency. 

[0015] Similarly, in an instance Where the data is larger 
than a fragmentation threshold, fragmentation may be per 
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formed for data communicated betWeen the cluster head MU 
and the AP and betWeen the cluster head MU and the cluster 
member MUs. 

[0016] Those of skill in the art Will understand that the 
cluster may include tWo or more cluster-head MUs, and/or 
the cluster may further be subdivided into a plurality of 
sub-clusters With each sub-cluster having a structure similar 
to one of the cluster. 

[0017] As one of ordinary skill in the art Will understand, 
membership in the cluster may change dynamically depend 
ing on, for example, proximity of the MUs relative to each 
other. As shoWn in FIG. 1, the MU 45 is the cluster-member 
MU of the cluster 40. HoWever, if the MU 45 changes 
location (e.g., in a direction toWards the MUs 51-54), then 
the MU 45 may become a cluster-member of the cluster 50. 

[0018] FIG. 2 shoWs an exemplary method 200 of com 
munication according to the present invention. The method 
200 is described With reference to the system 100 in FIG. 1. 
Those skilled in the art Will understand that other systems 
having varying con?gurations, for example, di?ferent num 
bers of netWorks, APs, and MUs may also be used to 
implement the exemplary method. 

[0019] In step 201, locations and/or relative locations of 
the MUs Which are in communication With the netWork 10 
may be determined using any real-time locationing algo 
rithm or any other methods knoWn to those of ordinary skill 
in the art. For example, a Received Signal Strength Indica 
tion (“RSSI”) may be measured by one or more APs to 
determine the locations of the MUs. That is, the server 20 
may generate and transmit a signal via one or more APs 
(e.g., APs 30 and/or 35). Each MU may then transmit a 
response signal to the APs 30 and/or 35 Which forWard it to 
the server 20. The server 20 may then measure the RSSI for 
the response signals and compare it With predetermined 
geographically marked locations or points (e.g., Within the 
netWork 10) to determine the relative locations of the MUs 
(e.g., the MUs 41-45 and 51-54). Alternatively, or in com 
bination, a Time Di?ference Of Arrival (“TDOA”) method 
may be utiliZed to determine the relative locations of the 
MUs. 

[0020] In step 203, the MUs are formed into one or more 
clusters based on a plurality of factors as mentioned herein. 
In the exemplary embodiment, the MUs form the cluster as 
a function of their relative locations to each other. That is, 
When the MUs 41-45 are Within a predetermined distance 
and/or RF range of each other, they form the cluster 40. 
When the cluster 40 is formed, each of the MUs 41-45 are 
cluster member MUs. 

[0021] Also, in step 203, a cluster-head MU is selected 
from among the cluster member MUs as a function of, for 
example, an amount of data each MU has stored for trans 
mission at a preselected time (e.g., at formation of the 
cluster). For example, the MU 41 may be selected as the 
cluster-head MU of the cluster 40, because the MU 41 has 
more data to transmit than the MUs 42-45. 

[0022] As one of ordinary skill in the art Will understand, 
steps 201 and 203 may be repeated at any predetermined 
time interval, upon request by a user or upon occurrence of 
a predetermined event. For example, if the MU 41 termi 
nates membership in the cluster 40 (e.g., poWers doWn/ 
Works of?ine, leaves RF range of MUs 42-45, etc.), the 
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membership in the cluster 40 may be reassessed and a neW 
cluster head may be selected. In a preferred embodiment, the 
neW cluster head is the MU With a second largest amount of 
data to transmit after the MU 41. Additionally, as described 
above, the cluster head designation may be reassigned so 
that each MU in the cluster functions as the cluster head for 
a time proportional to an amount of data for transmission 
(e.g., the more data to transmit, the more time functioning as 
the cluster head). Therefore, the MUs included in a cluster 
and/or the cluster-head MU may change over time. 

[0023] In step 205, one or more cluster-member MUs 
and/or the cluster head MU, generates a packet for trans 
mission to the AP. For example, the cluster-member MU 43 
generates a packet for transmission to the AP 30. In step 207, 
the cluster-member MU 43 transmits the packet to the 
cluster-head MU 41. As described above, the MUs 41-45 
may utiliZe the second poWer level for intra-cluster com 
munications. Thus, the cluster-member MU 43 may transmit 
its packet to the cluster head MU 41 at the second poWer 
level. As described above, in an exemplary embodiment, the 
second poWer level is no more than 2 mW; hoWever, the 
second poWer level may vary With a geographic distance 
and/or RF range covered by the cluster. 

[0024] In step 209, the cluster-head MU 41 transmits the 
packet from the MU cluster-member 43 to the AP 30. As 
described above, the cluster head MU may utiliZe the ?rst 
poWer level (e. g., maximum poWer) When transmitting to the 
AP. In an exemplary embodiment, the MU 41 may have 
received or be Waiting to receive packets from the other 
cluster-member MUs (e.g., MUs 42, 44, 45) for transmission 
to the AP. Thus, the MU 41 may aggregate the packets from 
itself and the MUs in the cluster into feWer (e.g., one) 
packet(s) prior to transmission to the AP 30. The aggregate 
packet may be transmitted to the AP 30. Those of skill in the 
art Will understand that transmission of the aggregated 
packet may result in decreased congestion and/or interfer 
ence in the netWork 10 and less overhead. Thus, in the 
example described above, the packet from the MU 43 may 
be transmitted to the AP 30 by itself or as part of an 
aggregate packet Which contains a plurality of packets. 

[0025] According to the present invention, the cluster head 
MU may suspend aggregation as a function of, for example, 
a type of packet. For example, if the packet from the MU 43 
is a voice packet (e. g., VoIP) or an emergency/urgent packet, 
the MU 41 may transmit the voice packet to the AP 30 by 
itself. Alternatively, the MU 41 may receive the voice packet 
during aggregation. Thus, When the MU 41 receives the 
voice packet, it may aggregate the voice packet into the 
aggregated packet and immediately transmit the aggregated 
packet to the AP 30 Without Waiting for data packets from 
other cluster-member MUs. The MU 41 may then resume 
aggregation upon receipt of packets from the cluster member 
MUs. 

[0026] In step 211, the cluster-head MU 41 receives a 
response signal from the AP 30. The response signal may 
include packets for one or more of the cluster member MUs 
and/or the cluster head MU. The cluster-head MU 41 may 
determine Whether the response signal includes response 
packets for one or more of the MUs 41-45 by disaggregating 
the response signal. Those of skill in the art Will understand 
that disaggregation in doWnstream communication may be 
optional. Also, the AP 30 may transmit directly to the cluster 
member MUs. 
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[0027] In step 213, the response packet(s) are then trans 
mitted to the corresponding MU(s) (e.g., the MU 43). Those 
of skill in the art Will understand that the above-description 
With respect to aggregation as a function of packet type 
applies similarly to disaggregation. That is, the MU 41 may 
receive a plurality of response signals from the AP 30 before 
disaggregating and distributing the response packets to the 
corresponding MUs. HoWever, in one exemplary embodi 
ment, When at least one of the response packets includes 
voice and/ or emergency data, the MU 41 may transmit that 
response packet to the corresponding MU Without Waiting 
for further response signals from the AP 30. 

[0028] In another exemplary embodiment of the present 
invention, an ef?cacy factor may be computed for each 
cluster in the system 100 as a function of RF proximity of 
MUs for a given poWer level. For example, a histogram may 
be generated for the MUs in the system 100 based on an 
amount of data transmitted by each MU. Each cluster, With 
a data byte count in a prede?ned range, may have a different 
ef?cacy factor. The ef?cacy factor of each cluster may be 
utiliZed to determine a bene?t in throughput and poWer 
consumption provided by utiliZing the present invention. 
Thus, any algorithm granting permission to a cluster to 
transmit uplink data (e.g., cluster head to AP) may utiliZe the 
ef?cacy factor. 

[0029] The present invention provides several advantages 
both at the netWork level and the MU level. By alloWing 
simultaneous or substantially simultaneous intra-cluster 
communication of adjacent clusters, the throughput of the 
netWork may increase Without a concomitant increase in 
interference and congestion. Additionally, by alloWing intra 
cluster communication at a loWer poWer level than inter 
cluster communication, the MUs in the cluster may consume 
less poWer and extend a life of their poWer sources (e.g., 

batteries). 
[0030] The present invention has been described With 
reference to an embodiment having the MUs 41-45 and 
51-54, the netWork 10, and the APs 30 and 35. One skilled 
in the art Would understand that the present invention may 
also be successfully implemented, for example, for any 
number of MUs, APs, and/or a plurality of the netWorks 10. 
Accordingly, various modi?cations and changes may be 
made to the embodiments Without departing from the broad 
est spirit and scope of the present invention as set forth in the 
claims that folloW. The speci?cation and draWings are 
accordingly to be regarded in an illustrative rather than 
restrictive sense. 

What is claimed is: 
1. A system, comprising: 

a Wireless access point (“AP”); and 

a plurality of Wireless computing units grouped into a 
cluster as a function of a predetermined parameter, the 
cluster including a cluster head unit and at least one 
cluster member unit, 

Wherein the at least one cluster member unit utiliZes a ?rst 
poWer level When Wirelessly communicating With the 
cluster head unit, the cluster head unit utiliZing a 
second poWer level When communicating With the AP. 

2. The system according to claim 1, Wherein each of the 
Wireless computing units includes at least one of a laser 
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based scanner, an image-based scanner, an RFID reader, a 
laptop, a cell phone, a PDA and a network interface card. 

3. The system according to claim 1, Wherein the second 
poWer level is greater than the ?rst poWer level. 

4. The system according to claim 3, Wherein the ?rst 
poWer level is approximately 2 mW. 

5. The system according to claim 1, Wherein the prede 
termined parameter includes at least one of a distance 
betWeen the cluster head unit and the at least one cluster 
member unit, an internal load level, a battery level, a 
hardWare con?guration and a radio frequency range betWeen 
the Wireless computing units. 

6. The system according to claim 1, Wherein the cluster 
head unit is the selected from the Wireless computing units 
as a function of a respective amount of data to transmit by 
each of the Wireless computing units. 

7. The system according to claim 6, Wherein the cluster 
head unit is the Wireless computing unit With a greatest 
amount of data to transmit than the remaining Wireless 
computing units of the cluster. 

8. The system according to claim 6, Wherein the cluster 
member unit acts as the cluster head unit after a predeter 
mined time period expires, the time period corresponding to 
a period of time necessary to transmit corresponding data by 
each of the at least one cluster member unit. 

9. The system according to claim 5, Wherein the ?rst 
poWer level is determined as a function of the predetermined 
parameter. 

10. The system according to claim 1, Wherein the cluster 
head unit at least one of aggregates data transmissions from 
the at least one cluster member unit to the AP and disag 
gregates data transmissions from the AP to the at least one 
cluster member unit. 

11. The system according to claim 10, Wherein the cluster 
head unit performs the at least one of the aggregation and the 
disaggregation as a function of at least one of a type of the 
data transmissions, a clustering ef?ciency and a poWer 
saving ef?ciency. 

12. The system according to claim 11, Wherein the cluster 
head unit refrains from the at least one of the aggregation 
and the disaggregation When the type is at least one of voice 
and video data transmissions. 

13. A method, comprising: 

determining a location of each of a plurality of Wireless 
computing units; 

selecting at least tWo units of the plurality as a function of 
a ?rst predetermined parameter; 

creating a cluster of the at least tWo units, the cluster 
including a cluster head unit and at least one cluster 
member unit; 

designating one of the at least tWo units as the cluster head 
unit as a function of a second predetermined parameter; 
and 

conducting Wireless communications betWeen the cluster 
head unit and the at least one cluster member unit at a 
predetermined poWer level. 

14. The method according to claim 13, Wherein each of 
the Wireless computing units includes at least one of a 
laser-based scanner, an image-based scanner, an RFID 
reader, a laptop, a cell phone, a PDA and a netWork interface 
card. 
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15. The method according to claim 13, further compris 
ing: 

conducting Wireless communications betWeen the cluster 
head unit and an access point at a further predetermined 
poWer level, the further predetermined poWer level 
being greater than the predetermined poWer level. 

16. The method according to claim 13, Wherein the 
predetermined poWer level is approximately 2 mW. 

17. The method according to claim 13, Wherein the ?rst 
predetermined parameter includes at least one of a geo 
graphical range of the Wireless computing units relative to 
each other, an internal load level, a battery level, a hardWare 
con?guration and a radio frequency range betWeen the 
Wireless computing units. 

18. The method according to claim 13, Wherein the second 
predetermined parameter is a respective amount of data to 
transmit by each of the at tWo units. 

19. The method according to claim 18, Wherein the cluster 
head unit is the Wireless computing unit With a greatest 
amount of data to transmit than the remaining Wireless 
computing units of the cluster. 

20. The method according to claim 18, further compris 
ing: 

When a predetermined time period expires, designating 
one of the at least one cluster member unit as a next 
cluster head unit, the time period corresponding to a 
period of time necessary to transmit corresponding data 
by each of the at least one cluster member unit. 

21. The method according to claim 13, Wherein the 
conducting step includes the folloWing substeps: 

aggregating, by the cluster head unit, data transmissions 
from the at least one cluster member unit into a single 

transmission; and 

transmitting the single transmission to the AP. 
22. The method according to claim 13, Wherein the 

conducting step includes the folloWing substeps: 

disaggregating, by the cluster head unit, a data transmis 
sion from the AP to the at least one cluster member unit 
into multiple transmissions; and 

transmitting each of the multiple transmissions to the 
corresponding cluster member unit. 

23. The method according to claim 21, Wherein the 
aggregating step is performed as a function of at least one of 
a type of the data transmissions, a clustering ef?ciency and 
a poWer-saving ef?ciency. 

24. The method according to claim 23, Wherein, When the 
type is at least one of voice and video data transmission, 
bypassing the aggregating step by the cluster head unit. 

25. An arrangement, comprising: 

a processor selecting at least tWo Wireless computing units 
from a plurality of Wireless computing units as a 
function of a ?rst predetermined parameter, the pro 
cessor creating a cluster of the at least tWo units, the 
cluster including a cluster head unit and at least one 
cluster member unit, the processor designating one of 
the at least tWo units as the cluster head unit as a 
function of a second predetermined parameter, the 
cluster head unit conducting Wireless communications 
With the at least one cluster member unit at a ?rst poWer 

level; and 
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a communications arrangement conducting Wireless com 
munications With the cluster head unit at a second 
poWer level. 

26. The arrangement according to claim 25, Wherein the 
arrangement includes at least one of an access point and a 
sWitch. 

27. An arrangement, comprising: 

a locationing means determining a location of each of a 
plurality of Wireless computing units; 

a clustering means selecting at least tWo units of the 
plurality as a function of a ?rst predetermined param 
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eter, the clustering means creating a cluster of the at 
least tWo units, the cluster including a cluster head unit 
and at least one cluster member unit, the clustering 
means designating one of the at least tWo units as the 
cluster head unit as a function of a second predeter 
mined parameter; and 

a communication means conducting Wireless communi 
cations With the cluster head unit at a predetermined 
poWer level. 


