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(57) ABSTRACT 

A Wireless transceiver includes: (a) a low power radio fre 
quency (LPRF) communications component capable of poW 
ering doWn to conserve energy and capable of poWering up in 
response to an electronic signal, the LPRF communications 
component including a transmitter and a ?rst receiver; and (b) 
a second receiver that is con?gured to screen a radio fre 
quency broadcast and provide, on the basis of speci?c data 
identi?ed therein, the electronic signal to the LPRF commu 
nications component in order to poWer up the LPRF commu 
nications component. The second receiver is adapted to draW 
less current than the LPRF communications component While 
aWaiting receipt of and listening for a radio frequency broad 
cast. 
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WIRELESS READER TAGS (W RTS) WITH 
SENSOR COMPONENTS IN ASSET 

MONITORING AND TRACKING SYSTEMS 
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expired, 
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03/032501, 
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[0024] Each of the foregoing patent applications, patents, 
and patent application publications are incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0025] The present invention relates broadly to wireless 
transceivers, including the design of a wireless transceiver as 
well as to forming ad hoc networks with wireless transceivers 
and to communication protocols between wireless transceiv 
ers. 

BACKGROUND OF THE INVENTION 

[0026] Wireless ad hoc networks allow node-to-node com 
munication without central control or wired infrastructure. 
Such networks may have dynamic, randomly-changing, mul 
tihop topologies composed of wireless data communication 
links between the nodes. 
[0027] Ad hoc networks are advantageous because they are 
inexpensive, fault-tolerant, and ?exible. Various known 
methods relate to data transmission within an ad hoc wireless 
data communication network. 
[0028] However, most known methods do not address self 
con?guration of wireless nodes for the formation and main 
tenance of e?icient network topology. 
[0029] Known ad hoc networking methods typically orga 
niZe the network on the basis of geographic proximity of the 
nodes or the strength of signals received by the various nodes. 
Known methods of ad hoc network organization also require 
nodes to regularly transmit network information to all other 
nodes in the network, which results in increased radio traf?c 
and interference. 
[0030] Increased radio interference inhibits the formation 
and maintenance of ad hoc networks having a large number of 
nodes and requires nodes to transmit at a greater power, which 
reduces their battery life. 
[0031] Short range wireless technology utiliZing standards 
based radio technology, such as the Bluetooth radio standard 
(hereinafter “Bluetooth”), promises to remove price barriers 
to mobile network use. 

[0032] By doing so, wireless devices are becoming avail 
able for applications where wired networks have been 
impracticable and in which prior wireless communication 
networks have been too expensive or in?exible. 
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[0033] However, While Bluetooth radio technology is an ad 
hoc networking solution for personal data applications, it 
provides for only a limited number of communication chan 
nels, thereby restricting the number of Bluetooth devices that 
can communicate over an ad hoc netWork at any given time. 

[0034] With regard to asset tracking, Wireless data net 
Works are knoWn for use in Warehouse management and other 
asset-tracking applications. 
[0035] HoWever, existing Wireless data netWork technolo 
gies are not Well suited to asset tracking, Which involves a 
large number of netWork nodes (e.g., hundreds or even thou 

sands). 
[0036] Furthermore, existing Wireless technologies are cost 
prohibitive, are prone to radio frequency (RF) interference, 
and consume a large amount of electrical poWer. Accordingly, 
Wireless data netWorks are not commonly used in asset track 
ing. 
[0037] Another obstacle to Widespread implementation of 
the use of standards based radios, such as Bluetooth radios, 
especially in asset-tracking applications, is the limited life of 
the radio due to its poWer consumption. 
[0038] Each standards based radio associated With an asset 
being tracked often operates from a battery that is included 
Within the housing of the radio. 
[0039] The battery is able to effectively poWer the radio for 
only a short period of time. 
[0040] For example, a Bluetooth radio, Whether of the class 
1, 2, or 3 type, utiliZes about 40 mAh of current When actively 
receiving transmissions. 
[0041] Even in standby mode, Wherein the radio is neither 
receiving nor transmitting but is in a loW poWer consumption 
mode from Which it can quickly return to an active state, such 
a radio utiliZes about 10 mAh of current. 

[0042] Bluetooth radios therefore can be expected to last 
less than about ninety (90) days, and only half that long in 
fairly active asset-tracking applications. 
[0043] In vieW of the foregoing, it Will be apparent that 
certain needs exist: for an improved loW cost netWorking 
technology that has the bene?ts of the price and ?exibility of 
standards based radios, but that overcomes the limited net 
Working capacity of this technology; for more e?icient meth 
ods of forming, organizing, and maintaining ad hoc Wireless 
netWorks; and for a Wireless data netWork technology that 
accommodates a large number of nodes, reduces RF interfer 
ence, and consumes less poWer. A need also exists for a 
standards based radio device that consumes less poWer When 
aWaiting the receipt of transmissions, thereby increasing the 
effective useful life of the radio device. The present invention 
addresses one or more of these needs. 

SUMMARY OF THE PRESENT INVENTION 

[0044] Several aspects of the invention are brie?y 
described. 
[0045] In a ?rst aspect, a method of forming a Wireless data 
communication netWork among a plurality of transceivers, 
particularly for tracking assets associated With the transceiv 
ers and/or for acquiring data from sensors associated With the 
transceivers, includes the steps of: assigning a common des 
ignation to a population of transceivers; selecting a primary 
transceiver from among the population of transceivers, the 
remainder of the population of transceivers being secondary 
transceivers; and forming a common designation, hierarchi 
cal ad hoc netWork among the population of transceivers. 
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[0046] Another aspect of the present invention includes 
forming a Wireless data communication netWork among a 
plurality of transceivers by: assigning a ?rst common desig 
nation to a ?rst plurality of transceivers; assigning a second 
common designation to a second plurality of transceivers; and 
propagating ?rst and second common designation, hierarchi 
cal ad hoc communication netWorks for transmitting data 
among the respective ?rst and second pluralities of transceiv 
ers based on their respective common designations, the ?rst 
hierarchical ad hoc communication netWork including a ?rst 
root transceiver, and the second hierarchical ad hoc commu 
nication netWork including a second root transceiver. 

[0047] Still another aspect of the present invention includes 
the forming of a hierarchical ad hoc netWork, comprising the 
steps of: assigning a ?rst common designation or a second 
common designation to each of a plurality of Wireless trans 
ceivers, each of the Wireless transceivers including a digital 
processor, a memory, and a common designation netWork 
formation routine operable on the digital processor; and ini 
tiating the routines of the Wireless transceivers to automati 
cally propagate, in the absence of central control, a ?rst hier 
archical ad hoc netWork among the Wireless transceivers of 
the ?rst common designation and a second hierarchical ad 
hoc netWork among the Wireless transceivers of the second 
common designation, the ?rst hierarchical netWork automati 
cally being organiZed so that it is logically distinct from the 
second hierarchical netWork. 

[0048] Yet another aspect of the present invention relates to 
a dynamic distributed hierarchical database system. The 
dynamic distributed hierarchical database system includes a 
plurality of computer units each having a respective common 
designation. Each computer unit includes: a memory unit for 
storing a pro?le representative of its common designation; an 
ad hoc common designation netWork formation routine in 
communication With the memory for establishing a hierarchi 
cal ad hoc netWork With other computer units based on a 
shared common designation of the computer units; and a 
query handling routine for interpreting and responding to 
database queries received from an application server Which 
database queries are directed to computer units sharing the 
particular common designation. 
[0049] An additional aspect of the present invention per 
tains to a method of forming a Wireless data communication 
netWork among transceivers, Wherein each transceiver 
includes a designation With a ?rst plurality of transceivers 
having a ?rst common designation and a second plurality of 
transceivers having a second common designation different 
from the ?rst common designation. The method includes the 
steps of: forming an ad hoc hierarchical class based netWork 
for each of the ?rst plurality and second plurality of trans 
ceivers; and communicating to an external netWork from each 
transceiver of each ad hoc hierarchical class based netWork. 
Communication to the external netWork from each trans 
ceiver of each ad hoc hierarchical class based netWork is 
accomplished by establishing a communication link betWeen 
each transceiver in a level of the ad hoc hierarchical common 
designation netWork, other than the highest level, With a 
transceiver in the next higher level of the ad hoc hierarchical 
common designation netWork such that transceivers pass 
communications upWard in the ad hoc hierarchical common 
designation netWork; and establishing a communication link 
betWeen a transceiver in the highest level of the ad hoc hier 
archical common designation netWork and an external net 
Work access transceiver, such that communications from 
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transceivers in the ad hoc hierarchical common designation 
network are passed through the transceiver in the highest level 
of the ad hoc hierarchical common designation netWork to the 
external netWork access transceiver. 

[0050] Another aspect of the present invention relates to a 
method for communicating to a recipient transceiver from a 
plurality of transceivers, Wherein the plurality of transceivers 
are located Within the broadcast range of the recipient trans 
ceiver. The method comprising the steps of: transmitting a 
communication at a ?rst poWer level such that only a ?rst 
group of transceivers receive the broadcast, With the commu 
nication including a command causing each of the ?rst group 
of transceivers not to respond to a subsequent broadcast; and 
subsequent thereto, transmitting a communication at a second 
poWer level greater than the ?rst poWer level such that a 
second group of transceivers greater than and including the 
?rst group of transceivers receive the broadcast, but such that 
only a limited number of transceivers of the second group 
respond to the broadcast. The limited number of transceivers 
excludes the ?rst group of transceivers. 

[0051] In a feature of this aspect of the present invention, 
the plurality of transceivers actually exceeds the number of 
transceivers from Which communications simultaneously can 
be received by the transceiver Without radio frequency inter 
ference due to its channel capacity. In this case, the ?rst group 
of transceivers comprises a number not greater than the num 
ber of transceivers from Which communications can be 
received by the transceiver Without radio frequency interfer 
ence due to its channel capacity. The limited number of trans 
ceivers excludes the ?rst group of transceivers and also oth 
erWise comprises a number not greater than the number of 
transceivers from Which communications can be received by 
the transceiver Without radio frequency interference due to its 
channel capacity. 
[0052] Still yet another aspect of the present invention per 
tains to a Wireless transceiver that includes a loW poWer radio 
frequency (LPRF) communications device capable of poW 
ering doWn to conserve energy and capable of poWering up in 
response to an electronic signal. The Wireless transceiver 
further includes, in accordance With the present invention, a 
second receiver that is physically connected to the input of the 
LPRF communications device and that provides the elec 
tronic signal for poWering up the LPRF communications 
component in response to receipt by the second receiver of a 
radio frequency broadcast. 
[0053] The Wireless transceiver may be used to read Wire 
less tags disposed externally to and in proximity of the Wire 
less transceiver, in Which case the Wireless transceiver is 
referred to herein as a Wireless reader tag (WRT). Conse 
quently, in an aspect of the present invention, a WRT includes 
a loW poWer radio frequency (LPRF) communications com 
ponent capable of poWering doWn to conserve energy and 
capable of poWering up in response to an electronic signal. 
The LPRF communications component includes a receiver 
and a transmitter for tWo-Way radio communications. The 
WRT also includes a second receiver physically connected to 
the input of the LPRF communications component. In 
response to receipt by the second receiver of a radio frequency 
broadcast, the second receiver provides the electronic signal 
in order to poWer up the LPRF communications component. 
Preferably, the LPRF communications component and sec 
ond receiver are hardWired Within a housing of the WRT. The 
WRT also may include, hardWired Within the housing, a 
reader component for reading WTs disposed externally to and 
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in proximity of the WRT. In such case, the reader component 
preferably is physically connected to the LPRF communica 
tions component for data exchange therebetWeen. 
[0054] In another aspect of the present invention, a WRT, 
Which can be used to read one or more WTs that are disposed 
externally to and in proximity of the WRT in response to a 
radio frequency broadcast, draWs only on the order of 
approximately 10 to 15 microamps of electric current When 
aWaiting for and receiving the radio frequency broadcast. 
Preferably, a LPRF communications component (Which 
includes a receiver and a transmitter for tWo-Way radio com 
munications) and a second receiver are hardWired Within a 
housing of the WRT. When included, a reader component also 
is hardWired Within the WRT housing in physical connection 
With the LPRF communications component for data 
exchange therebetWeen. 
[0055] In yet another aspect of the present invention, a 
method of manufacturing a WRT, Which can be used to read 
one or more WTs disposed externally to and in proximity of 
the WRT, includes the step of hardWiring Within a housing of 
the WRT: a loW poWer radio frequency (LPRF) communica 
tions component capable of poWering doWn to conserve bat 
tery poWer and capable of poWering up in response to an 
electronic signal, Wherein the LPRF communications com 
ponent includes a receiver and a transmitter for tWo -Way radio 
communications; and a second receiver physically connected 
to the input of the LPRF communications component, With 
the second receiver generating the electronic signal in order to 
poWer up the LPRF communications component in response 
to receipt by the second receiver of a radio frequency broad 
cast. The method also may include the step of hardWiring into 
the WRT housing a reader component for reading the WTs, 
With the reader component physically connected to the LPRF 
communications component for data exchange therebe 
tWeen; 
[0056] In certain preferred embodiments of the present 
invention, the WRT preferably draWs on the order of only 
about 10 to 15 microamps of current When aWaiting for and 
receiving the radio frequency broadcast. The LPRF commu 
nications component in particular draWs on the order of about 
40 mA of current When poWered up; draWs on the order of 
about 10 mA of current When poWered doWn to a “standby” 
mode; and draWs approximately no current When poWered 
doWn to an “off” state. The LPRF communications compo 
nent preferably comprises a Bluetooth radio or other stan 
dards based radio. The second receiver draWs on the order of 
15 microamps of electric charge When aWaiting for and 
receiving the radio frequency broadcast. 
[0057] In additional features of certain preferred embodi 
ments, the second receiver provides the electronic signal by 
toggling a line connecting the second receiver With the LPRF 
communications component, and the LPRF communications 
device is programmed to poWer doWn When no longer 
actively transmitting or receiving. The second receiver pro 
vides poWer to the voltage regulators supplying poWer to the 
LPRF communications device causing it to poWer up or “boot 
up.” The second receiver may be passive, i.e., have no energy 
source; hoWever, the second receiver preferably includes a 
battery to increase its sensitivity and, thus, signi?cantly 
increase the range Within Which it may detect a transmission 
over the range that it otherWise Would have Without use of an 
energy source. 

[0058] A modi?ed Wireless tag may comprise the second 
receiver. Such a modi?ed Wireless tag preferably includes: a 
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radio frequency detector component, a memory component, 
and an application speci?c integrated circuit (ASIC) compo 
nent. Either the memory component or the ASIC component 
may stores an identi?cation therein. 

[0059] In this regard, the radio frequency broadcast, to 
Which the second receiver responds by providing the elec 
tronic signal at the input of the LPRF communications device, 
preferably includes therein the identi?cation that is stored 
Within the WRT When the broadcast is intended to activate the 
WRT. Furthermore, the second receiver preferably responds 
to a radio frequency broadcast by providing the electronic 
signal at the input of the LPRF communications device only 
if the radio frequency broadcast includes the identi?cation. 
[0060] The identi?cation itself may be permanently stored 
Within the second receiver. The identi?cation also may 
uniquely identify the WRT or, alternatively, the identi?cation 
may represent a WRT class or a WT class. The identi?cation 
may also represent a selected plurality of WRTs. 
[0061] The second receiver preferably includes an antenna, 
Which may be the same as or different from the antenna 
utiliZed by the LPRF communications component or differ 
ent. The second receiver also preferably has an energy source, 
Which may be the same as or different from the energy source 
utiliZed by the LPRF communications component. 
[0062] The WRTs of certain embodiments of the present 
invention are preferably utiliZed in asset-tracking applica 
tions. The radio frequency utiliZed by the WRTs preferably is 
about 2.4 GHZ. In this context, the WTs that are read by the 
reader components of the WRTs preferably are associated 
With the assets to be tracked, With each of these WTs com 
prising a radio frequency transponder. Alternatively, WRTs 
themselves may be associated With assets to be tracked, 
thereby serving the function of WTs. 
[0063] In accordance With one or more aspects of the 
present invention, the WRT may include a sensor component 
physically connected to the LPRF communications compo 
nent for data exchange therebetWeen. The sensor component 
may include a motion detector; a digital camera; a micro 
phone; a thermometer; and/or a global positioning system 
(GPS) receiver. 
[0064] In accordance With one or more aspects of the 
present invention, the WRT further may include an external 
netWork communications component physically connected 
to the LPRF communications component for data exchange 
therebetWeen. In this regard, the external netWork communi 
cations component may comprise a satellite transceiver and/ 
or a cellular transceiver. 

[0065] In yet another aspect, an asset-tracking system uti 
liZes one or more of the foregoing WRTs in accordance With 
the present invention, including a method of forming an ad 
hoc hierarchical data communication netWork utiliZing one or 
more WRTs. Such an asset-tracking system also preferably 
utiliZes class-based, ad hoc hierarchical netWorks. 
[0066] In a method of forming a Wireless data communica 
tion netWork among WRTs in accordance With the foregoing, 
each WRT includes a designation With a ?rst plurality of 
WRTs having a ?rst common designation and a second plu 
rality of WRTs having a second common designation differ 
ent from the ?rst common designation. The method includes 
the steps of: forming an ad hoc hierarchical netWork for each 
of the ?rst plurality and second plurality of WRTs; and com 
municating to an external netWork from each WRT of each ad 
hoc hierarchical netWork by, (i) establishing a communica 
tion link betWeen each WRT in a level of the ad hoc hierar 
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chical netWork, other than the highest level, With a WRT in the 
next higher level of the ad hoc hierarchical netWork such that 
WRTs pass communications upWard in the ad hoc hierarchi 
cal netWork; and (ii) establishing a communication link 
betWeen a WRT in the highest level of the ad hoc hierarchical 
netWork and an external netWork access transceiver, such that 
communications from WRTs in the ad hoc hierarchical net 
Work are passed through the WRT in the highest level of the ad 
hoc hierarchical netWork to the external netWork access trans 
ceiver. 

[0067] In another method of forming a Wireless data com 
munication netWork among WRTs in accordance With the 
foregoing, each WRT includes a class designation With a ?rst 
plurality of WRTs having a ?rst class designation and a sec 
ond plurality of WRTs having a second class designation 
different from the ?rst class designation. The method 
includes the steps of: forming an ad hoc hierarchical class 
based netWork for each of the ?rst plurality and second plu 
rality of WRTs; and communicating to an external netWork 
from each WRT of each ad hoc hierarchical class-based net 
Work by, (i) establishing a communication link betWeen each 
WRT in a level of the ad hoc hierarchical class-based net 
Work, other than the highest level, With a WRT in the next 
higher level of the ad hoc hierarchical class-based netWork 
such that WRTs pass communications upWard in the ad hoc 
hierarchical class-based netWork; and (ii) establishing a com 
munication link betWeen a WRT in the highest level of the ad 
hoc hierarchical class-based netWork and an external netWork 
access transceiver, such that communications from WRTs in 
the ad hoc hierarchical class-based netWork are passed 
through the WRT in the highest level of the ad hoc hierarchi 
cal class-based netWork to the external netWork access trans 
ceiver. The step of forming an ad hoc hierarchical class-based 
netWork for each of the ?rst plurality and second plurality of 
WRTs preferably includes the steps of: ?ltering, by each 
WRT, transmissions from other WRTs for an identi?cation of 
its class designation Within the transmission; transmitting, 
from a primary WRT of the ?rst plurality, a primary availabil 
ity signal including an identi?cation of the ?rst class desig 
nation and an identi?cation of the primary WRT transmitting 
the primary availability signal; transmitting, from a primary 
WRT of the second plurality, a primary availability signal 
including an identi?cation of the second class designation 
and an identi?cation of the primary WRT of the second plu 
rality transmitting the primary availability signal; transmit 
ting, from a WRT receiving a primary availability signal 
having an identi?cation therein of its class designation, a 
registration signal including an identi?cation of the class 
designation and an identi?cation of the WRT transmitting the 
registration signal; and identifying a WRT transmitting a 
registration signal as a secondary WRT by a primary WRT of 
the same class designation, the primary WRT thereby assum 
ing a higher level in the ad hoc hierarchical class-based net 
Work relative to the said identi?ed secondary WRT such that 
communication from the secondary WRT to the external net 
Work is passed to the primary WRT. 
[0068] A method for communicating to a WRT in accor 
dance With the foregoing from WTs located Within the broad 
cast range of the WRT includes the steps of: transmitting by 
the WRT a communication at a ?rst poWer level such that only 
a ?rst group of the WTs receive the broadcast, the communi 
cation including a command causing each of the ?rst group of 
WTs not to respond to a subsequent broadcast; and subse 
quent thereto transmitting by the WRT a communication at a 
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