
;UVe3e>;,.Z06fT)0#WO ()1/9930-t PCT/USO1/19767 1 METHOD AND APPARATUS FOR
MANAGING AN AD HOC WIRELESS NETWORK  5 Field of the Invention This
invention relates in general to wireless communication systems, and more
specifically to a method acid apparatus for managing au ad hoc wireless
network. Background of the Invention 10 Short-range wireless communication
systems such as Bluetooth are becoming 15 20 popular. The communication
devices of these systems typically form an ad hoc wireless network when
within communication range of one another. One communication device assumes
the role of master and temporarily manages and synchronizes the other
communication devices in the ad hoc wireless network through well-known
techniques. There is a limit, however, to the number of communication
devices that a master can manage. In Bluetooth, for example, a master can
manage up to seven other communication devices. Additional factors such as
interference and battery life can limit the ability of a master to manage
other devices. What is needed is a way for a master to off load some or a11
managed communication devices when capacity or other factors make it
necessary for the master to lighten its management load. Brief Description
of the Drawings 25 FIG. 1 is an electrical block diagram of a
conununication device in accordance with the present invention. FIG. 2 is a
flow diagram depicting operation of the communication  30 accordance with
the present invention.     WO O1/9930-4 PCT/US(11/197C7 2 Detailed
Description of the Drawings Referring to FIG. 1, au electrical block
diagram depicts a conununication device 100 in accordance with the present
invention. The communication device 100 comprises a 5 conventional
transceiver 102 for communicating with another similar communication device
as members of an ad hoc wireless network. The communication device 100
further comprises a processor 104 coupled to the transceiver 102 for
controlling the transceiver l02. The processor l04 includes a connnunicatis
processing program 106 for programmingssor 104 to process communications in
accordance with an ad hoc 10 wireless network protocol through well-known
techniques. The processor 104 further 



includes a n master function 108 for programming the processor 104 to
perform as a master of the ad hoc wireless network. The processor 104 also
includes a sub-master functions program 110 for programming the processor
104 to performsub-master of the ad hoc wireless network. In addition, the
processor l04 includes an operational 15 statistics program I 12 for
programming the processor 104 to collect and report operational statistics
to the master when the communication device 100 is acting as a sub-master.
The processor 104 further comprises a decision malting program 114 for
progranuning the processor 104 to make decisions affecting the operation of
the sub-master when the conununication device 100 is acting as a master.
Operation of the communication device 20 100 is described further below.
Referring to FIG. 2, a flow diagram 200 depicts operation of the con
ununication device 100 in accordance with the present invention. The flow
begins when the processor 104 of the communication device 100 acting
through well-knovv~i techniques as the master recognizes 202 a need for
assistance in managing the ad hoc wireless network. b1 one 2 5 embodiment,
the processor 104 is programmed to recognize the need for assistance in
response to experiencing a traffic level exceeding a predetermined
threshold. In another embodiment, the processor l04 is programmed to
recognize the need for assistance in response to experiencing in the ad hoc
wireless network an interference level exceeding a predetermined threshold.
The interference level can be that experienced by the master or 30 that
experienced and reported by a commiuiication device 100 managed by the
master. In yet another embodiment, the processor 104 is progranuned to
recognize the need for assistance in response to detecting a need to
establish conununications between a first communication device 100 in the
ad hoc wireless network and a second conununication   w0 O1/9930.4
PCTIUS(I1/197G7 device 100 within range of the first commuiucation device
but not within range of the master. In tlus case, the master can negotiate
with the first communication device I00 for the first communication device
100 to become a sub-master and then to establish its own ad hoc wireless
network with the second communication device 100 on a con~xnuncation 5
channel different from the communication channel used by the master. lii a
fourth embodiment, the processor 104 is programmed to recognize the need
for assistance in response to detecting that it is tune for a predetermined
scheduled event to occur. For example, a master may cover several airport
gates. At certain times, e.g., during flight check-in, a sub-master is
required to handle the capacity of one of the gates, 10 wl>ile the master
continues directing traffic for the whole area. Alternatively, the
processor can be programmed to recognize the need for assistance in
response to detecting that a predetermined event has occun~ed. Continuing
the preceding example, the master can establish the sub-master in response
to detecting that the airplane is at the gate. In a fifth embodiment, the
processor 104 is programmed to recognize the need for 15 assistance in
response to detecting a packet error rate that exceeds a predetermined
threshold. In a sixth embodiment, the ad hoc network operates on a first
physical layer, e.g., 1 Mbps, and the processor 104 is progranuned to
recognize the need for assistance in response to desiring to establish a
second ad hoc network operating on a second physical layer different from
the first physical layer, e.g., 10 Mbps. In a seventh embodiment, the 20
processor 104 is progranuned to recognize the need for assistance in
response to detecting that messages of multiple predetern~ined types need
to be sent. For example, email messages and video can be handled by
separate sub-masters to optimize delivery. In an eighth embodiment, the
processor 104 is progrannned to recognize the need for assistance in
response to determining that a potential sub-master has substa~~tially
greater 



25 power resources than those of the master. For example, when the master
is batteiy powered, and the potential sub-master is mains-powered, then the
potential sub-master can take over the management of the ad hoc network to
conserve the battery power of the master. Referring again to FIG. 2, in
response to recognizing the need for assistance, the 30 master negotiates
204 with a member of the ad hoc wireless network for the member to become a
sub-master. The sub-master then assumes 206 management of a portion of the
members of the network, communicating 208 with the portion on a
communication channel negotiated with the master. The communication channel
can be the same channel   V~'O O1/9930 PCT/US01/197G7 used by the master,
or a different channel, depending on the trafFic and the reason for the
need for assistance. In Bluetooth, for example, a con zmuiucation channel
is represented by a predetermined frequency hopping sequence. In a system
using code division multiple access (CDMA), the master and sub-master could
use the same or different pseudorandom 5 noise (PN) code sequences. The
sub-master reports 210 predetermined operational statistics (such as
traffic load), to the master; and the master makes decisions 212 affecting
operation of the sub-master, based at least in part on the operational
statistics reported. The sub-master rehuns 214 control to the master when
the sub-master is no longer needed. The sub-master, for 10 example, can
return control to the master when the traffic load handled by the
sub-master falls below a predetermined traffic load. It should be clear
from the preceding disclosure that the present invention provides a method
and apparatus in an ad hoc wireless network for a master to off load some
or a11 managed communication devices when capacity or other factors make it
necessary for the 15 master to lighten its management load. The method and
apparatus advantageously allows the ad hoc wireless network to maintain a
proper balance between managing and managed conununication devices. Many
modifications and variations of the present invention are possible in Iight
of the above teachings. Thus, it is to be understood that, within the scope
of the appended 20 claims, the invention can be practiced other than as
specifically described herein above. V(~hat is claimed is:   WO O1/9930.1
PCT/US01/197C7 5 



CLAIMS 1. A method for managing an ad hoc wireless network having a
plurality of members, comprising the steps of: 5 recognizing, by a master
while conununicating on a first communication channel, a need for
assistance in managing the network; negotiating, by the master, with a
member of the ad hoc wireless networlc for the member to become a
sub-master, in response to the recognizing step; assuming, by the
sub-master, management of a portion of the plurality of 10 members to the
sub-master, after the negotiating step; and then communicating, by the
sub-master and said portion, on a second communication chaiuiel negotiated
with the master. 2. The method of claim 1, whexein the recognizing step
comprises the step of 15 experiencing a traffic level exceeding a
predetemined threshold. 3. The method of claim 1, wherein the recognizing
step comprises the step of experiencing in the ad hoc wireless network an
interference level exceeding a predetermined threshold. 20 4. The method of
claim 1, wherein the recognizing step comprises the step of detecting a
need to establish communications between a first communication device in
the ad hoc wireless network and a second communication device within range
of the first conununication device but not within range of the master. 25
5. The method of claim 1, wherein the recognizing step comprises the step
of detecting that it is time for a predetermined scheduled event to occur.
6. The method of claim 1, wherein the recognizing step comprises the step
of 30 detecting that a predetermined event has occurred. 7. The method of
claim 1, wherein the recognizing step comprises the step of detecting a
packet error rate that exceeds a predetermined threshold.   W O 01 /9930.t
G PCT/USOi/197G7 8. The method of claim 1, wherein the ad hoc wireless
network operates on a first physical layer, and wherein the recognizing
step comprises the step of desiring to establish a 5 second ad hoc network
operating on a second physical layer different fi~om the first 



pliysical layer. 9. The method of claim 1, wherein the recogiuzing step
comprises the step of detecting that messages of multiple predetermined
types need to be sent. 10 10. The method of claim 1, further comprising the
steps of: reporting, to the master by the sub-master, predetermined
operational statistics, and making, by the master, decisions affecting
operation of the sub-master . 15 11. The method of claim 1, wherein the
corninunicating step comprises the steps of: returning control to the
master when the sub-master is no longer needed. 12. The method of claim 1,
wherein the recognizing step comprises the step of 20 determining that a
potential sub-master has substantially greater power resources than those
of the master. 1   WO 01/9930 PCT/LSII1/197C7 7 13. A communication device
for managing an ad hoc wireless network having a plurality of members,
comprising: a transceiver for conununicating with another commuuucation
device; and a processor coupled to the transceiver for controlling the
transceiver, 5 wherein, when the communication device is acting as a
master, the processor is progranuned to: recognize, while communicating on
a first conununication channel, a need for assistance in managing the
network; and negotiate with a member of the ad hoc wireless network for the
member to 10 become a sub-master, in response to the need, and wherein,
when the communication device is acting as the sub-master, the processor is
progranuned to: assume management of a portion of the plurality of members;
and then control the transceiver to conununicate with said portion, on a
second 15 communication channel negotiated with the master. 14. The
conununication device of claim 13, wherein the processor is further
programmed to recognize the need for assistance in response to experiencing
a traffic level exceeding a predetermined threshold. 20 15. The
commtulication device of claim 13, wherein the processor is further 



programmed to recognize the need for assistance in response to experiencing
in the ad hoc wireless networlc an interference level exceeding a
predetermined threshold. 25 16. The communication device of claim 13,
wherein the processor is further progr ammed to recognize the need for
assistance in response to detecting a need to establish con znnuiications
between a first conununication device in the ad hoc wireless network and a
second conununication device within range of the first communication device
but not within range of the master. 30 17. The communication device of
claim 13, wherein the processor is further programmed to recognize the need
for assistance in response to detecting that it is time for a predetermined
scheduled event to occur.   WO O1/99311-t PCT/USOi/19767 8 18. The
communication device of claim 13, wherein the processor is further
programmed to recognize the need for assistance in response to detecting
that a predetermined event has occurred. 5 19. The communication device of
claim 13, wherein the pr ocessor is further programmed to recognize the
need for assistance in response to detecting a packet error rate that
exceeds a predetermined threshold. 10 20. The communication device of claim
13, wherein the ad hoc wireless network operates on a first physical layer,
and wherein the processor is further programmed to recognize the need for
assistance in response to desiring to establish a second ad hoc network
operating on a second physical layer different from the first physical
layer. 15 21. The communication device of claim 13, wherein the processor
is further programmed to recognize the need for assistance in response to
detecting that messages of multiple predetermined types need to be sent. 20
22. The communication device of claim 13, wherein the processor, when the
communication device is acting as the sub master, is further progranuned to
report predetermined operational statistics, to the master, and wherein the
processor, when the communication device is acting as the 25 master, is
further programmed to make decisions affecting operation of the sub-master.
23. The communication device of claim 13, wherein the processor, when the
communication device is acting as the sub-master, is further programmed to
return control to the master when the sub-master is no longer needed. 30 



WO 01/9930-4 PCT/USOI/19767 9 24. The communication device of claim 13,
wherein, when the communication device is acting as the master, the
processor is further programmed to recognize the need for assistance in
response to determiiung that a potential sub-master has substantially
greater power resources than those of the master. 5
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