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(57) ABSTRACT 

A personal alarm monitor system provides a means for 
recording the location of a person as the person travels 
through a designated premises comprising a series of des 
ignated areas interconnected by portals or gateWays, such as 
doorWays. The person carries a receiver capable of receiving 
broadcasts from a plurality of preferably loW-poWer trans 
mitters speci?cally located throughout the premises. Pairs of 
transmitters are located at each gateWay, one transmitter 
being placed in each of the adjacent designated areas to 
broadcast a signal primarily into the designated area about 
the gateWay. Additional unpaired transmitters may be 
located at additional locations in the designated areas. Each 
transmitter is assigned and broadcasts a unique code corre 
sponding to its location and status as either a gateWay or 
non-gateWay tag. A portable receiver, carried by a person 
Whose location is to be monitored, receives the unique code 
broadcasts from the transmitters and processes the code data 
to validate the position it represents. When validated, the 
code is stored by the receiver. A list of the validated codes 
can be doWnloaded or transmitted to a remote location for 

tracking purposes. 

ga 

// 
BIWFERIME MM 

( 



Patent Application Publication Nov. 15, 2001 Sheet 1 0f 6 

( 



Patent Application Publication Nov. 15, 2001 Sheet 2 0f 6 US 2001/0040512 Al 

F i (I . 2 

I‘b 
; 

Lithium 4, 1‘? 
battery 

1“ 21.8 
”" ~ AL 

Timer RB — 

gulator V99 

Em‘? Switch /2/ 3 a“ 
voltage sense 

3‘ 

.34 ~. /l/ 
4/ __ 

RFosciIIator Amenfla 





Patent Application Publication Nov. 15, 2001 Sheet 4 0f 6 US 2001/0040512 A1 

(FIG + 

060* 

VII in 

W lull-oar 
mun-Mal I'll- \ 

41/? “H , 

“I 41 

amt-l m n 



Patent Application Publication Nov. 15, 2001 Sheet 5 0f 6 

RSS1 calibration 
look~up table 

Group/ID Vs. 
Correction 

58 

lCzS 

Read Tag 

list 
Tag encounter 

Group, iD, 

Process History Current Position 
List 

US 2001/0040512 A1 

HISTORY LIST (HL) 

Group, ID, R85], Tag burst period log # '1 

Most recent 

POSITION LlSTjPL) 

Group, ID, 

Current Position 
Previous Position 



Patent Application Publication Nov. 15, 2001 Sheet 6 0f 6 

Age 

‘HQ. 5 

US 2001/0040512 A1 

History Correction Look-up Table. 

RSS1 Correction Age of burst log # 
(periods) ( % ) 

1 0 
2 D 
3 -2O 
4 -40 
5 -8D 
6 -1 0D 

Correction 



US 2001/0040512 A1 

PERSONAL ALARM MONITOR SYSTEM 

[0001] The present invention pertains to a neW and 
improved method and apparatus for determining the location 
of an individual Within a speci?ed area. More particularly, 
this invention relates to an apparatus Which comprises the 
combination of a portable device Which, in conjunction With 
a series of ?xed transmitters, provides information Which 
may be processed by a monitoring station to determine the 
location of a user carrying the portable device. 

BACKGROUND OF THE INVENTION 

[0002] There are numerous Workplace situations Where it 
is advantageous or essential for individuals to have a means 
of communicating to a monitoring station that they are in an 
emergency situation and simultaneously alloWing their loca 
tion to be determined. For example, in a correctional facility 
an of?cer may be unable to verbally communicate his 
location during an emergency. In addition, there are situa 
tions When it may be desirable to transmit one’s location in 
a silent, non-obtrusive manner, either as a means of report 
ing a particular event or situation, or merely to alloW a 
surveillance of?ce to be apprised of the user’s location. 

[0003] There are tWo general types of personal alarm 
monitoring (PAM) systems for monitoring the location of a 
person. In a passive PAM system, a user simply folloWs a 
pre-arranged schedule. The monitoring station assumes the 
location of the user based upon the schedule. HoWever, if a 
user travels to a location other than his assigned location, or 
alters the schedule, the user’s location is unknoWn and 
cannot be determined by the monitoring station. 

[0004] In contrast, active PAM systems determine the 
location of the user When requested or required through a 
communication system With the user. Although there are 
numerous active PAM systems utiliZing a variety of tech 
nologies, including infrared, ultrasonic, and radio frequency 
systems, such conventional systems are often unable to 
reliably determine the location of a user. Radio frequency 
schemes can report Wrong locations due to the inability of 
such systems to properly account for attenuation or multiple 
re?ections or receptions of the radio frequency signals. 
Infrared and ultrasonic locating systems are often ineffective 
due to interference problems caused by smoke or noise, and 
may suffer from directionality limitations. Such installations 
are also usually expensive, since the sensors or receivers are 
typically hand-Wired to the monitoring station. 

[0005] It is thus an object of the present invention to 
provide an improved system for monitoring the location of 
an individual in a building or other de?ned area. 

[0006] It is a further object of the present invention to 
provide a method and apparatus for determining the location 
of an individual With precision and accuracy. 

[0007] Another object of the present invention is to pro 
vide a system Which is simple and inexpensive to install and 
operate, and Which can function in a de?ned area having 
hallWays, rooms and open areas. 

[0008] It is yet another object of the present invention to 
provide a system Which alloWs for economical expansion of 
the range of coverage and/Which exhibits improved preci 
sion over conventional systems. 
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[0009] Still a further object of the present invention is to 
provide a method and apparatus for location determination 
Which utiliZes a series of ?xed transmitters located through 
out the area to be monitored and portable transceivers Which 
are carried by the individuals Whose Whereabouts are to be 
monitored. 

SUMMARY OF THE INVENTION 

[0010] A personal alarm monitor system in accordance 
With the present invention utiliZes radio frequency identi? 
cation (RFID) tag transmitters positioned throughout a 
building or other speci?ed area or premises; one or more 
portable personal alarm monitor transceivers or “body 
units”; and a monitoring station. A body unit is carried by a 
user Whose location is desired to be monitored. The RFID 
tags are installed throughout the premises at ?xed locations; 
each is provided With a unique identi?cation code. The 
identi?cation codes and corresponding locations for the 
RFID tag units are knoWn by the monitoring station. 

[0011] The RFID tags broadcast loW-level identi?cation 
radio signals, preferably on an intermittent basis. Each body 
unit is capable of receiving the signals from all RFID tags. 
As a body unit Wearer travels through the premises, the body 
unit receives identi?cation data from each RFID tag it 
passes. The identi?cation data is stored by the body unit. The 
most-recently received data is indicative of the current 
location of the body unit and its Wearer. The collection of 
identi?cation data stored by the body unit provides a history 
of the Wearer’s path of travel. The stored identi?cation data 
can be doWnloaded or transmitted by the body unit to the 
monitoring station to provide location information to super 
visory personnel. 
[0012] The RFID tags are located throughout the premises 
as appropriate to provide useful location data. Even though 
the tags are loW-poWer devices, and may include antenna 
structures to direct the broadcasts in particular directions, 
there exists the possibility that a body unit Will receive 
identi?cation data from RFID tags Which are not directly 
along the Wearer’s path of travel. Accordingly, the invention 
embodies logic, enabled by a microprocessor in the body 
unit, to process the signals received by the body unit, the 
logic alloWing rejection of signals from RFID tags Which 
Would not logically correspond to a path of travel dictated 
and permitted by the geometry and layout of the premises. 
The logic also alloWs compensation to be made for defective 
or inoperative RFID tags. Only When a received identi?ca 
tion signal is veri?ed is it passed to a list Which serves as the 
travel history for the body unit and its Wearer and can be 
transmitted to the monitoring station for use in determining 
the current location of the body unit/user as Well as its path 
of travel. 

[0013] The positioning of RFID tags, and the identi?ca 
tion scheme associated thereWith, interfaces With the pro 
cessing logic. In a particular embodiment of the invention, 
the placement of RFID tags include the placement of paired 
tags at portals or gateWays, such as doorWays, linking 
de?ned designated areas of the premises to be monitored. 
The identi?cation data associated With each such gateWay 
RFID tag identi?es it as a gateWay tag and alloWs its 
complementary tag to be identi?ed, as Well as identifying its 
location in the monitored premises. 

[0014] The identi?cation data transmitted by a gateWay 
tag alloWs a body unit receiving the data to identify its linked 
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complement gateway tag; the processing logic recognizes 
that sequential reception of signals from both linked tags is 
required for a valid passage through the referenced gateWay 
or portal betWeen de?ned areas. Similarly, as all RFID tags 
in an de?ned area are logically linked through their identi 
?cation codes, body unit processing logic can reject a 
received RFID tag broadcast if it corresponds to a location 
in an area Which has not been previously entered by a 
previously recorded passage through a gateWay as re?ected 
by previous receipt of identi?cation data from the associated 
pair of gateWay tags. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] A fuller understanding of the present invention Will 
be achieved upon revieW of the folloWing detailed descrip 
tion of a preferred, but nonetheless illustrative embodiment 
of the invention When considered in conjunction With the 
annexed draWings, Wherein: 

[0016] FIG. 1 is a schematic representation of an area in 
Which the location of individuals carrying body units can be 
monitored, depicting an illustrative positioning of RFID tags 
therein; 
[0017] FIG. 2 is a block diagram of the components of an 
RFID tag; 

[0018] FIG. 3 is a block diagram of the components of a 
body unit; 
[0019] FIG. 4 is a How diagram depicting the processing 
of RFID tag data by a body unit; 

[0020] FIG. 5 is a How diagram detailing initial process 
ing of a valid data signal by a body unit; and 

[0021] FIG. 6 is a depiction of a look-up table for received 
signal strength adjustment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] With initial reference to FIG. 1, the present inven 
tion incorporates the use of portable transceiver body units 
20 Which are carried by personnel and Which receive signals 
generated by loW-poWer RFID transmitters 18, situated 
throughout an environment or premises of de?ned bound 
aries in Which the travel and location of the personnel is 
sought to be monitored. As depicted in FIG. 1, the premises 
is represented by a portion 10 of a building having a series 
of hallWays 12a-d and a series of of?ces and other rooms 
14a, b, c . . . . The hallWays and the other designated area 

are interconnected by gateWays 16, such as doorWays, one of 
Which must be traversed to pass from one designated area to 
another. The designated areas need not be on a single level. 
StairWays, Which themselves can be designated areas, can 
link different ?oors of the premises, each ?oor forming one 
or more designated areas. 

[0023] The RFID tags 18 are placed at particular locations 
throughout the premises to be monitored to permit distinct 
location resolution. Aunique identi?cation assigned to each 
RFID tag, in addition to providing location information, 
provides data to the body unit Which alloWs RFID tag 
discrimination and signal validation to be performed. As 
shoWn in the ?gure, pairs of RFID tags 18, denominated as 
gateWay tags, are located at opposite sides of each of the 
gateWays 16 betWeen designated areas. In addition, single, 
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unpaired RFID tag units are located as desired Within the 
designated areas, to further provide location reference. The 
speci?c locations of the single RFID units are chosen With 
consideration of the degree of position resolution desired. 
The overall operation of the system, hoWever, is intended to 
provide general position information rather than pinpoint 
coordinates. Each de?ned area Will have at least one gate 
Way tag. 

[0024] Each of the RFID tags 18 broadcasts, preferably at 
intervals, a unique identi?cation code Which identi?es the 
location of the RFID tag. The identi?cation codes folloW a 
unique format, to be described infra, Which provides for 
error handling and processing to minimiZe inaccuracies due 
to the potential reception by a body unit of signals from 
RFID tags throughout the premises. Abody unit 20 receives 
the transmitted identi?cation data, processes it to determine 
its validity, and stores the thus validated identi?cation code, 
along With a time stamp, in memory. The collection of such 
data forms a historical record for the body unit and its 
Wearer, and provides a record of the proximity of the 
individual to RFID tags and thus a ?nite history of the travel 
of the body unit and its Wearer throughout the monitored 
premises. Because the locations of the RFID tags are knoWn 
and ?xed, the identity of the most recently encountered or 
current RFID tag may be used to determine the current 
location of the individual Within the monitored premises. 

[0025] A Wireless link is established betWeen a central 
monitoring station 22, Which may be remote from the 
monitored premises and the body units, alloWing the data 
stored by a body unit to be processed by the central 
monitoring station to provide location data as needed or 
required. The transmission to the central monitoring station 
can be on command of the body unit or can be on a preset 
basis, controlled by the body unit microprocessor. The body 
unit can also be polled by the monitoring station via the 
Wireless link. 

[0026] FIG. 2 depicts the circuitry for the RFID tags 18. 
As depicted therein, a lithium battery 24 provides poWer for 
the tag. Timer 26 activates microprocessor 28 on intervals 
determined by the speci?c system architecture utiliZed. 
Preferably, the architecture is chosen to minimiZe collisions 
With the broadcasts of other RFID tags. One such architec 
ture comprises a transmission time of 20 msec at an interval 
of betWeen 300 and 700 msec, each RFID tag being assigned 
a ?xed interval Within that WindoW. Alternatively, random or 
pseudo random broadcast intervals may be designated. 

[0027] When activated, microprocessor 28 enables sWitch 
32 Which feeds regulated poWer from regulator 30 to the 
poWer node of RF oscillator 34. The oscillator then outputs 
an on-off keyed modulated RF carrier data packet to antenna 
36. The frequency of operation may be Within the 2.4 GHZ 
ISM band. Preferably, the circuitry may be developed on a 
printed circuit board consistent With knoWn design tech 
niques for the frequency range employed. The data packet 
includes the identi?cation of the RFID as Well as monitor/ 
health bits. 

[0028] The tags transmit their identi?cations at loW poWer. 
When a person Wearing a body unit is Within range of the 
tag, the identi?cation number of the tag is received by the 
body unit and processed. The combination of loW poWer and 
antenna design and orientation, as knoWn in the art, is 
intended to limit the broadcast range of the tag to body unit 
receivers in close proximity thereto. 
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[0029] FIG. 3 depicts the layout of a body unit 20, Which 
both receives RFID unit transmissions and transmits posi 
tion data to the remote monitoring station. Antennas 38 
receive the incoming signals transmitted by the RFID tags 
and transmit the outgoing signals to the monitoring station. 
First RF sWitch 40, controlled by microprocessor 42, 
couples the antenna having the greater incoming signal 
strength to RF ?lter 44 and subsequent receiver system 
components. Second RF sWitch 46 couples the incoming 
signal from RF ?lter 44 to receiver circuitry or, When the 
transmission mode is enabled, couples the transmitter cir 
cuitry to the RF ?lter and antenna system in accordance With 
instructions generated by the microprocessor. Only one 
antenna is used during transmission. 

[0030] During reception, second RF GLOBAL CHANGE 
sWitch 46 couples the incoming signal to frequency conver 
tor 48, Which doWn converts the signal to an intermediate 
frequency (IF) of 27 MHZ. Reference oscillator 50 and RF 
synthesiZer 52 provide the local frequency signal for the 
doWnconversion process. Once doWnconverted, the received 
signal is ?ltered by IF ?lters 54 and ampli?ed by detecting 
logarithmic ampli?er stage 56. The output of the ampli?er is 
?ltered and buffered at 74 and simultaneously peak detected 
at 58. The peak reading is compared to a threshold reference 
generated by a digital-to-analog convertor 60 Which is under 
the control of microprocessor 42. The sensitivity of the 
system to received signals is selectable by the setting of the 
reference, typically Within a range of —20 dBm to —85 dBm 
into the antenna. If the sensitivity threshold of the receiver 
is exceeded, an interrupt is sent to microprocessor 42. An 
algorithm is then executed Which reads the received RFID 
tag data and further processes the information, as Will be 
discussed infra. 

[0031] The buffered data signal generated by data ?lter 74 
is used to determine the signal strength of the received 
broadcast and control ?rst rf sWitch 40. In addition, analog 
to-digital convertor 78 reads the signal and provides a digital 
data signal, corresponding to the identi?cation of the tag 
broadcasting the signal, to microprocessor 42. Apercentage 
of the peak reading level determined at 58 is also used as a 
reference to slice the received data signal into sequential 
data bit intervals at 76 and provide logic level information 
to the microprocessor for processing in conjunction With the 
conversion of the data signal at 78. If a data packet is 
determined to be corrupt, or the data packet ends, the peak 
value is dumped and the receiver becomes immediately 
available to receive another packet. 

[0032] In the transmit mode, activation of alarm sWitch 62 
delivers an interrupt to the microprocessor Which triggers 
entry into the transmit mode. RF synthesiZer 52 is used to 
generate a frequency shift-keyed signal burst bearing the 
data to be transmitted, Which signal is ampli?ed at 64, 
buffered by isolator 66 and forWarded to second rf sWitch 46. 
The sWitch delivers the signal to the antennas 38. The 
transmission may typically include an identi?cation of the 
body unit as Well as position data. The microprocessor can 
also be programmed to enter the transmit mode on a sched 
uled basis. 

[0033] As knoWn in the art microprocessor 42 includes 
memory registers and ?rmWare/softWare Which alloWs it to 
supervise and control data reception and transmissions Well 
as process the data as required. 
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[0034] The body unit may be poWered by a 6-volt 
rechargeable nickel-metal hydride battery 68, regulated at 
70 for the receive path circuitry and unregulated for the 
transmit path. Voltage sensor 72 veri?es the charge state of 
the battery and passes such information to microprocessor 
42. An RS-232 port 44 may be used to up-load program 
memory for the microprocessor and can alloW monitor and 
control functions in a test mode. It may also be used to 
communicate With an optional GPS unit. 

[0035] Although the RFID tags are loW-poWer devices 
intended to broadcast a signal for reception only in the direct 
proximity of the tag, all RFID tags broadcast on a common 
frequency, and a body unit is capable of reception of signals 
from all RFID tags Whose signals reach the body unit. 
Accordingly, the present invention is con?gured to discrimi 
nate betWeen and among RFID broadcast signals such that 
an accurate record can be formed of the location of the body 
unit Wearer. 

[0036] The identi?cation associated With each RFID tag 
comprises tWo data element portions, the combination of 
Which uniquely identi?es the tag. The ?rst portion identi?es 
the designated area in Which the tag is located. With refer 
ence to FIG. 1, the designated areas Would be the hallWay 
12, conference room 1, executive area, of?ce A, or the like. 
Each designated area is assigned a different identi?er. The 
second portion of the identi?cation distinguishes the tag 
from the other tags located in the same designated area and 
associates the tag, if it is a gateWay tag, With the corre 
sponding paired gateWay tag in the adjacent designated area. 

[0037] For example, and With continued reference to FIG. 
1, the identi?cations associated With RFID tags located in 
the hallWay system are assigned the ?rst data or group 
element 01. The ?rst data element for RFID tags located in 
the executive area is 02, While the ?rst data element for 
conference room one is 03 and for conference room tWo is 
05. Within a designated area, the second data elements may 
be assigned consecutively, With the additional requirement 
that corresponding gateWay tags, each of Which has a 
different designated area number, have the identical second 
data element. Thus, since the RFID gateWay tag in the hall 
at the entrance to conference room one is identi?ed by 
second element 07, the full identi?cation of the hall RFID 
being 01,07, the corresponding conference room RFID 
gateWay tag is 03,07. In a like manner, since the hall 
gateWay tag at the south entrance to the executive area is 
designated 01,01, the corresponding executive area gateWay 
tag is 02,01. The north entrance to the executive area from 
the hallWay is hall location 02, yielding the tag ID’s for the 
paired gateWays tags as 01,02 for the hall tag and 02,02 for 
the executive area tag. The paired gateWay tags at the 
entranceWay to conference room tWo are similarly desig 
nated by the respective identi?ers 01,05 and 05,05. Addi 
tional intermediate locations in the hallWay are designated as 
locations 03 and 04. Thus, the identi?cation for such ID tags 
are 01,03, and 01,04. Because the locations of both gateWay 
tags of a pair must be traversed When passage betWeen 
designated areas occurs, and the RFID tags of each desig 
nated area are distinguishable from those in all other areas, 
the receipt (or non-receipt) of gateWay tag data facilitate 
error correction and failure detection logic, alloWing the 
system to discriminate among signals Which emanate from 
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RFID tags logically Within a path of travel and those Which 
emanate from other tags and to apply error correction and 
compensation as required. 

[0038] FIG. 4 sets forth the processing of RFID tag data 
as received by a body unit and implemented by the body tag 
microprocessor. As depicted therein, upon start-up a body 
unit initially enters idle state 400. Memory registers are 
cleared and the body unit aWaits the receipt of a data packet 
from an RFID tag. This occurs at 402. The format of the 
received data is checked to con?rm that it represents the 
identity of an RFID tag and is not corrupt. If not con?rmed, 
the data packet is rejected and the idle state is re-entered, 
aWaiting a neW, valid signal. 

[0039] When 402 is entered With the receipt of a valid 
RFID tag signal, initial processing of the data occurs, as 
further detailed in FIG. 5. Among the information stored in 
body unit memory are several lists, depicted in FIG. 5. Tag 
encounter list 502 is an ongoing record of the identi?cation 
of each tag Who’s transmission is received and processed by 
the body unit. History list 504 is also an ongoing record, 
similar to the tag encounter list, Which includes the identi 
?cation of all tag transmissions received, but also includes 
further data associated thereWith, including a timestamp. 
This history list is intended to be of limited, ?Xed siZe; When 
the capacity is reached the addition of neWly encountered 
tag data causes the oldest tag data to be dropped from the 
list. 

[0040] Position list 506 is a listing of the identi?cations of 
RFID tags Which pass the validated process, and accordingly 
represents the validated positional history for the body unit. 
Tag data is entered into the position list only after the 
appropriate processing and veri?cation of FIG. 4 is com 
pleted. It is information on this list Which is transmitted as 
position information to the central monitoring station. 

[0041] Look-up table 508 associates an adjustment value 
applicable to the received signal strength of a signal for each 
tag in the system. 

[0042] If a valid RFID data packet is received the identi 
?cation of the tag is placed on both the tag encounter list 502 
and the history list 504. Because of potential unit-to-unit 
manufacturing variations, as Well as variations in the ?eld 
strength of the broadcast RFID signals at the position of the 
body units due to the particular placement of individual 
RFID units, the received signal must be normaliZed. This 
alloWs comparisons to be made betWeen signal strengths 
from different RFID tags, as relative signal strength is used 
to determine the validity of a particular received signal. The 
identi?cation of the received tag signal is utiliZed to identify 
the normaliZation factor to be applied; the normaliZation 
factors may be in a lookup table 508 in body unit memory, 
and are programmed into the table as part of initial calibra 
tion of the body unit. The normaliZation factors are derived 
from actual signal readings mode during system installation. 
A received signal strength indication, or “RSS1” value, 
representing the normaliZed value for the received signal, is 
generated by a look-up performed at 510 for the particular 
signal being received. The normaliZed value is entered in the 
history list 504 along With tag identi?cation and a time 
stamp value. With initial processing performed substantive 
analysis of the received data packet information is per 
formed as depicted generally at 120 in FIG. 5, and detailed 
in FIG. 4. 
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[0043] Referring again to FIG. 4, using the received tag 
identi?cation data, the received tag group (i.e., the ?rst or 
designated area data element) is compared at 404 to the 
group identi?cation of the most recent (or “current”) posi 
tion Which has been previously validated and thus placed on 
the position list 506. If the group is the same, it indicates that 
the location of the received RFID tag is in the same 
designated area (i.e., hall, conference room, etc.) as the 
current position. A different group number indicates that a 
potential transition betWeen areas has occurred. 

[0044] On start-up, hoWever, there is no prior position to 
be compared to and thus processing folloWs the “null 
position” path; the R551 for the received signal is compared 
to a reference minimum value at 406. This comparison is 
used to insure that the body unit is likely Within a generally 
accepted distance from the RFID tag Whose broadcast has 
been received to at least broadly validate position. If the 
adjusted RSSI is beloW the minimum, it suggests that the 
distance is too great; the data is discarded and the idle phase 
is re-entered to aWait the receipt of neW data. Among the 
information in the data packet received by the body unit may 
be an indicator bit. The indicator bit provides independent 
identi?cation of the type of RFID tag. Presence of the bit 
classi?es the RFID tag as a gateWay tag; lack of the bit 
classi?es the tag as a non-gateWay tag. The bit may be used 
in connection With RSSI comparisons to assign a minimum 
reference value for signal strength comparisons. A higher 
reference for gateWay tags may be desired to improve 
reliability. 

[0045] If the R551 value eXceeds the required minimum, 
a comparison is made at 408 betWeen the R551 value and the 
R551 value for the most recently encountered tag as found 
on the history list, irrespective of Whether that tag is also on 
the position list, as further eXplained infra. On start-up, no 
previously encountered tag exists and thus, so long as the 
received RSSI exceeded the required minimum, the current 
position for the body unit is updated at 410 to that of the 
RFID tag encountered by adding the identi?cation added to 
the position list as the neW current position. 

[0046] Referring back to location 404, if after start-up, the 
?rst or group value for the received signal is the same as the 
group of the current location, indicating that the Wearer of 
the body unit has changed position in the same designated 
area, the second portion of the tag identi?cation is compared 
to the corresponding portion of the current location at 412. 
If the value is different, indicating a change of position 
Within the designated area, the adjusted RSSI value is 
checked at 406 to determine Whether it meets the required 
signal strength threshold. If the minimum is met, the R551 
is compared at 408 to an adjusted value for the R551 for the 
last encountered tag as set forth on the history list. This 
comparison, at 408, further validates the position of the body 
unit. 

[0047] If the signal strength of the received data signal is 
greater than the signal strength of the previously encoun 
tered tag, it is assumed that the body unit is closer to the neW 
tag than the previous tag, thus further justifying its accep 
tance as a neW current position for the body unit. The RSSI 
value to Which the received RSSI is compared is subject to 
a negative time-based Weighing adjustment. The greater the 
time betWeen tag data receptions, the smaller the reference 
value. Typically, the R551 Weighing correction is applied 
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through a look-up table, as shown in FIG. 6. Based on the 
number of transmit intervals betWeen the signal being pro 
cessed and the most recent history list entry, the R551 value 
of the reference is decremented accordingly. At an interval 
of 6 periods and beyond, the signal strength of the reference 
is decremented to Zero. 

[0048] If the R551 of the received signal exceeds the 
adjusted reference value, the current position of the body 
unit is updated at 410 to re?ect the identi?cation received, 
With the neW position being placed on the position list. The 
body unit then again enters the idle state 400 aWaiting the 
receipt of neW data. If the differential is not met, the current 
position is not updated, and the idle state is immediately 
re-entered. 

[0049] In the event that the check of the identi?cation at 
412 reveals the same identi?cation as the previously encoun 
tered tag as shoWn on the history list, the check is then 
performed for a bad gateWay tag at 414. This routine 
provides a self-resetting feature for the body unit, preventing 
the malfunction of a gateWay tag from defeating the subse 
quent recordation of validly encountered tags. 

[0050] In particular, each time the same id is encountered 
a search is performed in the tag encounter list 502 for a 
gateWay RFID tag pair associated With the identi?ed desig 
nated area of the received tag data. As gateWay tags have 
different ?rst or group identi?cation portions but the same 
second identi?cation portion, such a search can be readily 
performed. If a pair of tags is found it suggests that both 
gateWay tags are operating, and that the body unit has not 
crossed through the gateWay (and passed into a neW desig 
nated area) and returned undetected, and accordingly that the 
received position is properly the same as the previous 
position. The idle stage is thus re-entered and a subsequent 
signal aWaited. 

[0051] In the event that both tags of a gateWay pair are not 
found, an assumption is made that at least one of the gateWay 
tags is not operating properly and thus that there has been 
unrecorded gateWay transits. In such a case, the tag encoun 
ter list and history list are Zeroed out at 418 beyond the 
received RFID tag data and an independent notation is made 
in an appropriate storage register. Such information, When 
doWnloaded at a later time, can alloW supervisory personnel 
to check the gateWay tags associated With the event. The 
position list is not Zeroed; it continues to be maintained and 
incremented as appropriate. With the lists re-set, the idle 
stage is entered for receipt of the next data packet. The 
notation of a potential gateWay tag and re-set of the lists does 
not affect the body unit’s ability to subsequently receive data 
from the so-noted tag. It merely serves as an internal 
correction procedure alloWing the continuing operation of 
system logic. 

[0052] When the inspection of the received data from an 
RFID tag at 404 indicates a different designated area from 
that of the body unit’s current position as shoWn on the 
position list, the logic branches to 420. The receipt of a 
different ?rst data element value indicates that a gateWay 
should have been traversed. Accordingly, the second iden 
ti?cation portion of the received tag data is compared to the 
identi?cation of the previously encountered tag on the 
history list. If the id’s are the same, it indicates that the tWo 
tags are gateWay tags (as only corresponding gateWay tags 
have different ?rst values and the same second id values) and 
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that a valid gateWay traverse has occurred. The minimum 
RSSI value of the received signal is checked at 406, com 
pared to the time-adjusted value for the previously encoun 
tered tag at 408 and, if signal strength is validated, the 
current position for the body unit is updated at 410 and the 
current position added to the position list. 

[0053] If, on the other hand, a different identi?cation is 
received, indicating that the encountered RFID tag and the 
previously received tags are not gateWay compliments, a 
determination is made to see Whether or not the body unit is 
“lost”. That is, that for some reason it has not received 
appropriate signals Which correspond to a logical path of 
travel, further indicating that one or more RFID tags are not 
operating properly. If received data is from a non-gateWay 
tag the area’s gateWay tag may be inoperable; if the received 
data is from a gateWay tag its complement may not be 
functioning. 

[0054] The determination commences at 422. A?rst check 
is made to determine Whether or not the tag from Which 
information is being received is a gateWay tag. The gateWay 
identi?cation bit of the received data is checked; if the check 
con?rms the identity of the received signal as being from a 
gateWay tag a search is performed of the history list for the 
compliment of the tag. The failure of either condition to be 
met causes the transmission to be discarded and the idle 
condition at 400 is reentered. Assuming that the received 
signal Was in fact from the closest RFID tag and a gateWay 
transition into the designated area of that tag Was made 
Without sensing the appropriate gateWay RFID tag, the 
processing of received data signals Will continue to cycle 
through steps 400, 402, 404, 420, 422 and 400 until a 
gateWay tag signal is encountered or the user leaves the 
designated area. The received tag data is continuously 
entered into the encounter and history lists, hoWever. 

[0055] If the reception is identi?ed as a valid gateWay tag 
transmission the R551 of its received signal is compared to 
the required minimum at 424. Once again, if the signal 
strength is beloW the minimum the signal is discarded and 
the idle state is re-entered. If the received signal strength is 
above the required minimum the signal strength is compared 
to the time adjusted RSSI of its found compliment on the 
history list. If the difference is less than the required differ 
ential the idle phase is entered; if the required differential is 
satis?ed the determination is made that there is a possibility 
of a non-operable RFID tag, and particularly the received 
gateWay tag’s complement. The identi?cation of the encoun 
tered tag is marked as the fault location, to be transmitted or 
otherWise doWnloaded at the central station as appropriate. 
While the identi?ed location is not, strictly speaking, the 
actual location of the fault, it provides an indication of the 
general location of the fault. Investigation and maintenance 
of the tags can then be performed to identify the problem. 
Again, the identi?cation of a potential fault location does not 
affect the receiver’s ability to receive and process subse 
quent data from RFID tags in the fault area. 

[0056] An example Will further illustrate the operation of 
the invention. With reference to FIG. 1, assume that the 
Wearer of body unit 20 activates the body unit While in the 
hallWay proximate the south entrance to the executive area. 
GateWay tag 01,01 data is received, its data initially pro 
cessed at 402 and its identi?cation is place in the history and 
encounter lists 504, 502. As body unit memory is clear, the 



US 2001/0040512 A1 

RSSI of the tag is checked at 406, and With the assumption 
that the minimum value is met, its identi?cation is entered 
into the position list 506 at 410 and a neW signal is aWaited. 

[0057] As the user enters the executive area, the body unit 
receives a signal from gateway tag 02,01, and its data is 
processed. As the ?rst or group value (02) is different from 
the current group (01) the second or id values are compared 
at 420. As they are the same (01) the R551 of the received 
signal and the differential RSSI are checked at 406, 408. The 
body unit’s current position is then updated at 4100 as the 
body unit’s current position. 

[0058] Assume that, While in the executive area, the body 
unit receives a signal from gateWay tag 03,07 in the con 
ference room. After initial processing it is determined that 
the group of the received signal (03) is different from the 
current group 02, and the id value for the neW signal is 
checked at 420. As the id is different (07 v 01) the “lost body 
unit” routine of 424 is entered. While the received tag data 
is from a gateWay tag, its complement does not appear on the 
history list. Thus the signal is discarded and idle is reentered. 

[0059] The body unit Wearer exits the executive area 
through the north entrance. As he approaches, the body unit 
receives a transmission from gateWay tag 02,02. As the 
group of the received data is the same as that of the body 
unit’s current position and the id is different the R551 is 
validated and the body unit’s position is updated. 

[0060] Assume next that the user has returned to the hall 
and that the signal from the complementary gateWay tag 
01,02 has been read and the body unit’s position updated. As 
the Wearer heads toWards the north hall, the body unit again 
receives data from gateWay tag 01,02. As the second or id 
value is the same as that of the current position (at 412) a 
gateWay tag check is performed at 414. The history list is 
checked for the received tag’s complement (02,02) and since 
it appears, the reception can be discarded and idle reentered. 

[0061] Because each of the RFID transmitters broadcasts 
its identi?cation data on short intervals as compared to the 
speed at Which the movement of body units is expected, and 
the processing time of received by a body unit fast as a result 
of microprocessor speed, the system is able to both update 
position data and overcome the effects of signal overlap in 
a manner Which signi?cantly improves the accuracy and 
reliability of position information generated. Those skilled 
in the art Will appreciate that modi?cations and adaptations 
of the invention beyond the illustrative embodiment set forth 
herein may be achieved Without departing from the intended 
scope of the invention as claimed. 

We claim: 
1. Apparatus for monitoring the location of a person 

Within a monitored premises having a plurality of designated 
areas interconnected by gateWays, comprising 

a plurality of transmitters located throughout said moni 
tored premises, at least one of said transmitters being 
located in each designated area, each of said transmit 
ters broadcasting a signal comprising a unique code 
identifying the transmitter; 

a portable receiver carried by the person capable of 
receiving the signals broadcast by each of the trans 
mitters, said portable receiver having means for deter 
mining the code of a broadcast received, processing 
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said code to determine its validity as representing a 
position Within the monitored premises in close prox 
imity to the person, and storing a validated code as a 
record of the location of the person at the time of the 
reception thereof. 

2. The apparatus of claim 1, Wherein each transmitter is 
con?gured to broadcast a signal intended to be received by 
a receiver only in close proximity to the transmitter. 

33. The apparatus of claim 1, Wherein said means for 
storing the code as a record of the person’s location includes 
means for storing a time stamp associated With the code. 

4. The apparatus of claim 2, Wherein each designated area 
has a transmitter located proximate each gateWay betWeen 
the designated area and an adjacent designated area. 

5. The apparatus of claim 4, Wherein the unique code 
associated With each transmitter includes a ?rst data portion 
indicating the designated area in Which the transmitter is 
located and a second data portion indicating the location of 
the transmitter Within the designated area. 

6. The apparatus of claim 5, Wherein the second data 
portions associated With ?rst and second transmitters in 
adjacent designated areas opposite sides of a gateWay are the 
same. 

7. The apparatus of claim 2, Wherein said portable 
receiver includes a transmitter for transmitting the stored 
codes for reception at a remote location. 

8. The apparatus of claim 2, Wherein said means for 
processing the code to determine its validity includes means 
for comparing the code to a list of previously-received 
codes. 

9. The apparatus of claim 8, Wherein the receiver further 
includes means for measuring and normaliZing the signal 
strength of a received signal bearing a code and storing the 
normaliZed signal strength in association With the code and 
a reception time stamp. 

10. The apparatus of claim 9, Wherein said means for 
comparing the code to a list of previously-received codes 
includes means for comparing the normaliZed signal 
strength of the broadcast received to a time-Weighted nor 
maliZed signal strength value of a previously-received code. 

11. The apparatus of claim 2, Wherein said transmitters 
broadcast on an intermittent basis. 

12. The apparatus of claim 11, Wherein said transmitters 
broadcast on a common frequency. 

13. The apparatus of claim 7, Wherein said receiver 
includes means for activating the receiver’s transmitter upon 
command from the person carrying the receiver. 

14. The apparatus of claim 7, Wherein said receiver 
includes means for activating the receiver’s transmitter upon 
command from the remote location. 

15. A method for determining the location of a person 
Within a monitored premises having a plurality of designated 
areas in Which the person’s presence is intended to be 
detected interconnected by gateWays, comprising the steps 
of 

a) assigning each designated area a unique ?rst identi?er 
value; 

b) assigning a unique second identi?er value to each 
gateWay; 

c) locating a transmitter Within each designated area 
proximate each gateWay and assigning the transmitter a 
unique code corresponding to the unique ?rst identi?er 
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for the designated area and to the unique second 
identi?er for the gateway associated With the transmit 
ter; 

d) having the transmitter broadcast its unique code for 
reception by a receiver carried by the person; 

e) processing the unique code by the receiver for validity; 
and 

f) storing the validated code in the receiver as a record of 
the location of the person as of the time of reception. 

16. The method of claim 15, Wherein said broadcasting 
step is performed on an intermittent basis. 

17. The method of claim 15 further comprising the step of 
assigning a unique second identi?er to a chosen location 
Within a designated area not associated With a gateWay, 
locating an additional transmitter at that location and assign 
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ing the additional transmitter a unique code corresponding to 
the unique ?rst identi?er for the designated area and to the 
unique second identi?er for the location associated With the 
transmitter. 

18. The method of claim 15 further comprising the step of 
transmitting validated codes stored by the receiver to a 
remote location for display and correlation With the physical 
locations associated thereWith. 

19. The method of claim 18, Wherein said step of trans 
mitting validated codes occurs upon a command of the 
person carrying the receiver. 

20. The method of claim 18, Wherein said step of trans 
mitting validated codes occurs upon a command of the 
remote location. 


