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(57) ABSTRACT 

A monitoring system incorporates antennas that transmit 
signals at predetermined frequencies; the transmitted signals 
are received by tags located in the active monitoring area of 
the antenna Which then transmit signals back to the antenna. 
The antennas are tuned to each desired frequency prior to 
driving the antennas to transmit at the desired frequency. 
The system transmits a range of frequencies in a sequence 
that uses overlapping frequency steps. The monitoring sys 
tem is also constructed having a variable con?guration 
resulting in the ability to be recon?gured under program 
control to conform to system varying requirements. The 
integrated monitoring system employs programmable for 
mat for recon?guration such that upon program input from 
a host computer the system can assume predetermined 
con?gurations to conform to the particular tasks for the 
speci?c application. The monitoring system incorporates an 
antenna system that employs digitally controlled, differen 
tially driven, scanning, transceiver, Walk through magnetic 
induction antennas positionable in various con?gurations to 
maximize detection of tags being transported through the 
antenna system. 
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MONITORING ANTENNA SYSTEM 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of 
copending application Ser. No. 09/088,924 entitled MONI 
TORING SYSTEM ?led Jun. 2, 1998. 

FIELD OF THE INVENTION 

[0002] The present invention relates to monitoring sys 
tems that are used for the detection, identi?cation, control or 
location of events and items such as the passage or presence 
of a merchandise tag or an employee identi?cation badge 
tag, a conveyor belt With baggage having a tag, or a cart 
equipped With a license plate style tag in a hallWay, and 
speci?cally relates to antenna systems forming a part of such 
monitoring systems. 

BACKGROUND OF THE INVENTION 

[0003] The utiliZation of monitoring systems such as tag 
systems that are designed for a speci?c purpose and appli 
cation, such as the detection of a merchandise tag passing 
through a designated space adjacent to an eXit, are Well 
knoWn. These systems typically incorporate discreet hard 
Ware architecture using analog techniques operating through 
the utiliZation of transmit and receive antennas positioned in 
close proXimity to the control electronics operating the 
antennas. These systems are designed for the detection of a 
single type of event, such as the detection of a merchandise 
tag entering a designated area and are directed to a particular 
application having a predetermined surveillance area (e.g., 
adjacent an exit) for the detection of predetermined items 
(e.g., merchandise tags), and using a speci?c merchandise 
tag detection technique (e.g., frequency detection), and 
further using analog circuits and analog techniques for 
signal manipulation to provide an indication of the occur 
rence of the event. These speci?c designs, represent ?Xed 
con?gurations of systems for utiliZation With a particular 
application and are generally customiZed to ?t that applica 
tion. Antennas used in such prior art monitoring systems are 
typically pedestal type antenna positioned on either side of 
a doorWay and are driven With conventional RF drivers to 
project an RF ?eld through Which an individual passes When 
entering the doorWay. While there are many types of tags 
that are used in such prior art systems, one such type of tag 
is attached to merchandise and incorporates a resonant 
circuit connected to an antenna. Receipt of the RF ?eld 
emanating from the pedestal antenna causes the tag circuit to 
oscillate and transmit a signal. 

OBJECTS OF THE INVENTION 

[0004] It is an object of the present invention to provide an 
antenna system for use in a monitoring system to facilitate 
the transmission and receipt of signals to and from a tag. 

[0005] It is another object of the present invention to 
provide a high gain, differentially driven magnetic induction 
antenna for use in a monitoring system for the detection of 
a tag. 

[0006] It is still another object of the present invention to 
provide an antenna that is digitally controlled and is both a 
transmit and a receive antenna. 
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[0007] It is still another object of the present invention to 
provide an antenna having a con?guration to permit an 
individual to pass through the antenna While transporting a 
tag. 

[0008] It is another object of the present invention to 
provide an antenna that permits the tracking of a tag in a tWo 
or three dimensional ?eld to thereby permit the determina 
tion of tag position Within the antenna’s ?eld. 

[0009] It is another object of the present invention to 
provide an antenna system in a monitoring system Wherein 
the antenna eXhibits a high Q during a transmitting mode and 
a loWer Q during a receiving mode. 

[0010] It is still another object of the present invention to 
provide an antenna system Wherein an antenna is driven at 
a frequency of a resonant circuit and Wherein the resonant 
circuit is squelched to prevent ringing of the circuit and 
permit the antenna to receive. 

[0011] These and other objects of the present invention 
Will become apparent to those skilled in the art as the 
description thereof proceeds. 

SUMMARY OF THE INVENTION 

[0012] The present invention is an antenna system for use 
in an integrated monitoring system having multiple con?gu 
rations that are selected under program control. A host 
computer dynamically provides commands and inputs 
selecting the particular con?guration and scenario of opera 
tion that the system is to assume for particular tasks and 
applications. The system includes a system controller that 
responds to the con?guration request from the host com 
puter, or operates on internal programs and commands, and 
in turn communicates over an internal serial bus With 
distributed and remote antenna taps and/or other data input 
and output ports. The antenna taps include a tap controller 
that sends and receives commands and data from and to the 
system controller to actuate the antenna system for trans 
mitting and receiving selected signals and for communicat 
ing received signals to the system controller for converting 
the signals to digital format, putting the results in a storage 
and into a digital signal processing system for correlation, 
scanning and other operations. The system may, under 
program control, be con?gured to detect and control tags and 
associated items or events as Well as other data inputs and 
outputs through ports connected to the system controller or 
bus such as door openings, alarms, camera images, bar code 
readings and the like. The antennas are each driven and 
controlled by a respective antenna tap that provides differ 
ential driving and tuning for that antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention may more readily be 
described by reference to the accompanying draWings in 
Which: 

[0014] FIG. 1 is a simpli?ed functional block diagram of 
a monitoring system constructed in accordance With the 
teachings of the present invention. 

[0015] FIG. 2 is a schematic block diagram of a portion of 
FIG. 1 shoWing greater functional detail useful in the 
description of the present invention. 
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[0016] FIG. 3 is a schematic block diagram of a system 
controller used in the monitoring system of the present 
invention. 

[0017] FIG. 4 is a timing diagram useful in the description 
of operation of the system of the present invention. 

[0018] FIG. 5 is a schematic block diagram of an antenna 
tap used in the monitoring system of the present invention. 

[0019] FIG. 6 is a block diagram of an antenna tuning 
arrangement used in the monitoring system of the present 
invention. 

[0020] FIG. 7 is a schematic representation of a command 
Word structure used in the monitoring system of the present 
invention. 

[0021] FIG. 8 is a schematic representation of a frequency 
spectrum useful in the description of the frequency sWeeping 
technique used in the system of the present invention. 

[0022] FIG. 9 is a schematic representation of a transverse 
Walk through antenna constructed in accordance With the 
teachings of the present invention. 

[0023] FIG. 10 is a schematic representation of tWo anten 
nas positioned a predetermined distance apart and each 
driven by a corresponding differential driver Wherein each of 
the drivers operates differentially With respect to the other. 

[0024] FIG. 11 is a schematic representation of tWo anten 
nas positioned in an X pattern to provide certain advantages 
in the detection of tags. 

[0025] FIG. 12 is a schematic representation of a multiple 
antenna pattern using a three dimensional antenna plane 
orientation to maXimiZe signal strength and minimiZe prob 
lems caused by tag antenna orientation. 

[0026] FIG. 13 is a simpli?ed schematic diagram of a Q 
roller circuit utiliZed in the system of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] Referring noW to FIG. 1, a simpli?ed diagram of 
a monitoring system constructed in accordance With the 
teachings of the present invention is shoWn. Ahost computer 
10 is provided for the overall control of the system; it may 
be noted, hoWever, that a host computer may not be neces 
sary and that the system controllers provide the necessary 
data and control signal processing for the system to operate. 
In most circumstances, hoWever, a host computer Will nor 
mally be utiliZed in the system and may already be available 
at the installation site. For example, in a commercial retail 
establishment it is normal for there to already be a multiple 
purpose computer on site that may already be using a 
common operating system that can readily be used to 
program control including system con?guration designation. 
The host computer is connected to and communicates With 
a system controller 12 that provides the system control 
signals and data for communication to and from selected 
interfaces to provide a means for controlling the detection 
and monitoring of events. In the embodiment chosen for 
illustration, the system controller 12 enables the system to be 
con?gured or recon?gured into any of a number of system 
con?gurations. For eXample, the ?rst con?guration may 
provide for the connection of the system controller 12 to a 
plurality of taps 14-17, each of Which performs control 
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functions for a corresponding antenna 18-21, respectively. 
These taps and antenna may, for eXample, be arranged for 
the detection of merchandise tags or employee identi?cation 
badges at designated locations throughout a facility. 

[0028] Tags of the type utiliZed in the present system may 
be of the type knoWn as frequency activated tags. That is, 
such tags Will typically have a resonant circuit Which, When 
eXcited by radiations of the chosen frequency, Will resonate 
and retransmit a signal at its designated frequency. The tags 
usually incorporate one or more antenna in the form of a 
planar loop or spiral for receiving and/or sending signals. 
The tags must be small to permit attachment to merchandise 
or persons; such antenna loops are frequently formed on a 
supporting insulating surface. Such tags may be passive 
Wherein no batteries or stored energy devices are present on 
the tag; alternatively, the tags could be active Wherein 
batteries or other energy storage devices are mounted on the 
tag to supply energy for the subsequent transmission of 
signals. The system controller 12 permits any one or any 
combination of the taps to be activated to thus result in the 
detection of any designated event at the antennas’ location. 
The taps are connected in series to the eXtent that any 
detected event results in an signal that may be passed 
directly to the system controller or may be passed to an 
adjacent tap Where that detected signal may be combined or 
augmented With a signal from an event occurring at the 
receiving tap. This augmented or combined signal is then 
passed to the system controller. 

[0029] An alternative con?guration is shoWn that may be 
selected under program control Wherein the previously 
described taps are activated to provide detection of the 
corresponding events While ports 25 and 26 are also acti 
vated for the detection of events of a different type. The 
connections for this alternative con?guration are shoWn in 
broken lines 28. The ports 25 and 26 may be, for eXample, 
simple detection devices for detecting the opening or closing 
of a designated door in the facility. The doors may be 
entrances to restricted areas Within the commercial estab 
lishment Wherein access is restricted to employees having 
identi?cation badges detected by one of the antenna of the 
recon?gured system. 

[0030] Other system con?gurations include the activation 
of the above described ports in combination With a video 
controller 30 to provide surveillance in the event of the 
actuation of one of the ports. Similarly, the system may be 
recon?gured using the activation of a bar code reader system 
32. It may be noted that the different systems resulting from 
the recon?guration of the monitoring system of the present 
invention may incorporate combinations of elements in 
addition to the tag detection events occurring as a result of 
the incorporation of the taps 14-17 in the system. The 
different con?gurations of the system provide ?exibility to 
enable the system to cope With varying demands of a single 
installation at the command of the facility operator. For 
eXample, the con?guration of the system may be altered 
from a conventional commercial monitoring system for 
monitoring tags adjacent eXits to a con?guration intended 
primarily for after hours or Weekend use Wherein video 
surveillance and door openings become signi?cant. Simi 
larly, the system may be con?gured to facilitate the com 
bined usage of conventional bar code reading systems With 
tag detection systems; the system may also be con?gured for 
use in inventory and production control by con?guring the 
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system to detect products (on a conveyor system for 
example) in a manufacturing facility While nevertheless 
providing the detection of events through the use of antenna 
connected through the taps to the system controller. 

[0031] Referring to FIG. 2, the system controller 12 is 
shoWn connected to the host computer 10 and includes 
con?guration command decode logic 31 connected to 
receive commands from the host 10. The con?guration 
command decode logic 31 decodes the command from the 
host 10 and enables one of the system con?guration sWitches 
32, 33, 34, 35 each of Which provides communication With 
a selected group of detection apparatus through correspond 
ing cables or busses 36, 37, 38, or 39, respectively. Thus, if 
the host computer 10 issued a speci?c con?guration com 
mand, the con?guration command decode logic 31 Would 
receive and decode the command and enable the appropriate 
system con?guration sWitch 32-35 to thus enable the correct 
detection apparatus and con?gure the system to perform the 
detection task. The con?guration may for example take the 
form of the system of FIG. 1 having the taps 14-17 and 
antenna 18-21 enabled in combination With the ports 25 and 
26. The system is therefore recon?gurable under program 
control to meet the changing requirements of the facility. 

[0032] Referring noW to FIG. 3, a system controller 12 is 
shoWn having a programmable digital signal source 40 that 
incorporates digital codes for the selection of any speci?c 
frequency and, in the present embodiment, provides the 
selection of frequency from about 3 megahertZ up to 
approximately 50 megahertZ. The signal source 40 is crystal 
controlled and is very stable; it further acts as the central 
signal source for creating the signals that are transmitted 
through an antenna to a receiving tag (to be described). A 
signal source selector 42 is connected to direct the signals 
from the programmable digital signal source and enables the 
selection of the programmable signal source 40 or other 
signal sources so that the system may operate under softWare 
and ?rmWare control and may operate using signal sources 
such as those that may be desired at frequencies other than 
those provided by signal source 40. The signal source 
selector 42 operates under control from the system micro 
controller 44. 

[0033] A doWn counter 45 is provided and is connected by 
the signal source selector 42 to convert the signal, When 
connected to the programmable digital signal source 40, 
from 4x to 1x (X being the selected signal frequency to be 
used for the transmission of signals from the antenna to the 
tags). The 4x signal is used to activate the analog-to-digital 
converter (to be described) and the memory that processes 
the received tag signals; the 4x signal represents the taking 
of four samples for each cycle of the received signal from 
the tag. 

[0034] Control logic 46 is provided to receive the signal 
from the doWn counter 45 and inputs from the microcon 
troller 44 and synchronously creates signals that are fed 
through a cable to each tap. The taps 14-17 (FIG. 1) drive 
the antennas 18-21; the control logic 46 creates an antenna 
bus output that is differentially driven by a differential bus 
output transmitter 50. The tWo Wire output of the differential 
transmitter 50 is gated on during the times that it is needed 
to turn on selected transmit antennas. The control logic 46 
also outputs a digital code through the control output 52; the 
digital code generally is transmitted before the output of the 
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transmit signal through the differential transmitter 50. The 
digital code consists of an address Word, folloWed by other 
Words, With the address Word selecting the particular tap that 
is to be activated. That is, While all of the taps Will receive 
the control signal, only that tap recogniZing the preselected 
address Word Will be activated. The differential transmission 
technique helps extend the range at Which the corresponding 
signal can be transmitted; it reduces EMI radiation and 
improves performance over long cable lengths. The differ 
ential output is transmitted over an eight Wire cable of the 
type typically found in local area netWorks. The cable, or 
bus, is usually constructed of pairs of Wires that are tWisted 
With each pair tWisted around each other and shielded With 
an external shield. 

[0035] The signals from the control output 52 are also 
provided through the bus and provide signals that indicate to 
the addressed recipient of the control signal that the antenna 
connected to the addressed receiving tap is in the transmit 
mode, a squelch mode, or a receive mode. Referring to FIG. 
4, at any time that the control out line signal 60 is high, the 
antenna is squelched to short out the antenna. When the 
signal is received by the tap, the ?rst negative going edge 61 
of the signal is interpreted as a transmit edge; When the 
signal reaches the positive going edge 63, it is interpreted as 
a squelch. The second negative going edge 64 is interpreted 
as a receive mode. The receiving taps receive this signal and 
break the components into a transmit period 66, a squelch 
period 67 and a receive period 68. The second line of the 
timing diagram of FIG. 4 represents the clock signal 70 
occurring during the transmit period and is also used to 
transmit a digital code 72 to select Which tap is to be used 
as Well as other information relating to the operation of the 
selected tap. 

[0036] The lines from the differential transmitter 50 and 
control output 52 are essentially the main control from the 
system controller to the tap. All of the sWitching transitions 
are synchroniZed under the control of the digital signal 
source clock. 

[0037] An antenna bus receive port 80 (FIG. 3) receives 
signals from the connected taps. This receive port is con 
nected to the taps and receives digital signals therefrom to 
inform the system controller of the status of the tap. For 
example, the individual taps may be provided With a test 
button that can be utiliZed for diagnostic or installation 
purposes Which When activated Will send a bit and a digital 
message to inform the system controller or the host com 
puter that a test signal is desired at the tap. This provides a 
convenient means for testing the individual antenna and tap 
While the system operator is located at a remote position 
With the antenna. A second signal is received by the system 
controller at the antenna bus differential signal input 81; this 
latter signal is an analog signal and is actually the tag signal 
71 (FIG. 4) that is received during the receive period and 
Which is received at the taps from the respective antennas 
and are forWarded back to the system controller. This latter 
received signal is a differential analog signal. A receiver 
signal source selection sWitch 83 operating under the control 
of the system microcontroller 44 is provided and selects 
either the input from the bus connected to the tap or an 
external input from another source. The differential analog 
signal is applied to a preampli?er 84 that incorporates AGC. 
The AGC control lines permit the system microcontroller 44 
to alloW various levels of preampli?cation so that compen 



US 2001/0038332 A1 

sation can be made for different signal levels. The output 
from the preampli?er 84 With the AGC is connected to ?lter 
selector switches 86, 87 that allow the selection of one of 
tWo ?lters 88 and 89. The ?lters can be a high band ?lter and 
a loW band ?lter, for example. The purpose of the ?lters is 
to provide Nyquist ?ltering to ?lter out harmonics of the 
input signals. 
[0038] The output of the ?lter section is applied to a driver 
90 for driving an analog-to-digital converter 93. The con 
verter 93 is a high speed ?ash converter to convert the tag 
signals into eight or ten bit digital data signals. Thus, the 
received analog signal is ?ltered and then converted to 
digital code. The signal is sampled in the converter four 
times per cycle to prevent ambiguities; it may be noted that 
the analog-to-digital converter 93 is connected to receive the 
4x signal from the programmable digital signal source 40. 
Thus, the system uses a sampling rate of four samplings per 
cycle; utiliZation of this sampling frequency assures that an 
output is alWays present even though Nyquist criteria indi 
cates that it is only necessary to have only tWo samplings per 
cycle. The output data from the analog-to-digital converter 
93 is applied directly to a FIFO memory 95. The memory 95 
is connected to the system microcontroller 44 so that the 
system controller can communicate to the host computer and 
permit the host computer to perform signal processing there 
if desired. HoWever, the present system incorporates a 
digital signal processor 98 to receive the output of the FIFO 
memory 95; the digital signal processor 98 performs digital 
?ltering and provides a tWo byte output character represent 
ing the sum value of the center frequency of the signals that 
have come into the controller from a tag through the 
corresponding tap. If the frequency of the signal received 
from the tag matches exactly the frequency that the antenna 
Was instructed to transmit, the received signal Will be a 
maximum. The output of the digital signal processor 98 goes 
to a bus 99 to the system microcontroller Which can then 
send it to the host computer through a host serial interface 
96; further, the bus can also provide that information to other 
cards or interfaces to permit expansion of the system and 
provide additional recon?gurable structures. 

[0039] Referring noW to FIG. 5, an antenna tap such as 
that shoWn at 14 in FIG. 1 is illustrated. A receive signal and 
data input 100 is provided for connection to the system 
controller to receive data and digital codes. This input 
receives digital input including digital address, control and 
data signals from the system controller including address 
codes (usually the ?rst Word in the digital message), turns on 
the selected tap, and interprets mode codes to place the tap 
in transmit only, receive only or transceiver operational 
conditions and also receives tuning control codes for tuning 
the antenna to a desired signal frequency. The data codes 
may also activate ancillary equipment such as a LED to 
indicate the active condition of the respective tap. A control 
input 102 receives digital input signals including transmit, 
squelch and timing control signals. When the input is held 
high for an extended period of time, time out circuit 104 acts 
to hardWare reset the tap. The control input 102, in coop 
eration With the tap microcontroller 105 creates appropriate 
transmit on 66, squelch on 67 and receive on 68 (FIG. 4) 
outputs that operate the tap transmit, squelch and receive 
capabilities. 
[0040] The time out circuit 104 is connected to the control 
input 102 to provide the automatic hardWare reset When the 

Nov. 8, 2001 

control signal is held high for an extended period, thus 
indicating an error or malfunction necessitating a hardWare 
reset. The control input 102 is also sent directly to the 
control output 110 for connection to a subsequent tap. 
Similarly, the receive signal and data input 100 signal 
information is also delivered directly to a signal and data 
transmitter output 111; tap digital data input 112 provides 
digital data to the tap microcontroller 105 but also provides 
information directly to the tap digital data output 114 for 
connection to a subsequent tap. 

[0041] An analog input 115 receives differential analog 
signals from taps doWn stream so that the input analog signal 
from the preceding tap may be added to, or supplemented by, 
the analog signal derived through the receiving tap 14. This 
feature permits tWo taps, for example, to be inputting 
information into the analog signal chain. For example, each 
tap has the ability to either put the data in a plus mode or a 
minus mode, plus phase or minus phase, and in this Way can 
take the signal from each antenna and add it together or 
subtract it from each other. A typical implementation of this 
technique Would be appropriate, for example, in a system 
using tWo antennas surrounding a hallWay and separated by 
a predetermined distance. The signals from the antennas 
may be combined so that they are simultaneously subtracted 
from each other and any noise picked up by both antennas 
or any common mode signals are reduced or cancelled. 

[0042] A tag coming into the active space of the antennas 
represents a very discreet transmitting source; the tag is a 
very localiZed source and therefore When it comes into the 
in?uence of one antenna it is still far aWay from the other. 
An input Will thus be received from one antenna and nothing 
from the other. As the tag proceeds to a center Zone betWeen 
the tWo antennas, you again Will get a cancellation of 
signals. As the tag (or the person or product to Which the tag 
is attached) proceeds toWard the second antenna, an output 
Will be experienced therefrom but in opposite phase. It is 
thus possible to ascertain not only the detection of the event, 
or detection of the tag, but also folloW the motion of the tag 
through the active area of the antennas. The antenna is 
differentially driven; that is, one end of the loop forming the 
antenna is connected to one terminal of a differential driver 
that is positive-going While the other end of the loop is 
connected to the negative-going terminal. The antenna is 
part of a resonant circuit that provides a resonant frequency 
When driven. The antenna is provided With a Q of from 10 
to 40 giving a current gain. The quantity “Q” is a ?gure of 
merit normally attributed to resonant circuits and is equal to 
f1/f2 Where fl is the resonant frequency and f2 is the 
frequency band at 70.7% of maximum amplitude at the 
resonant frequency. The current in the antenna loop is a 
multiple of the current injected into the antenna by the signal 
sources. This means that the magnetic ?eld is increased by 
the percentage of the current gain. The signal source during 
transmission is the corresponding driver, While the current 
source during the receive cycle is that signal received from 
a responding tag. Since the tag is loosely coupled (it is far 
from the antenna in terms of antenna-to-antenna positioning) 
it does not load the antenna loop. 

[0043] For example, if the differential driver provided a 
driving signal at a predetermined frequency having a peak 
to-peak voltage from —10 volts at one terminal thereof to 
+10 volts at the other, the voltage is stepped up to 80 volts 
peak-to-peak through the action of the resonance. The 
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current ?owing through the antenna results in a magnetic 
?eld pattern that is “donut” shaped When the antenna is 
formed in a loop as shoWn in FIG. 9. The strength of the 
?eld in the center is strongest When located on a plane of the 
coil. The antenna can be made large enough to permit an 
individual to Walk through the antenna in the direction 
shoWn by the arroW 165 With the bottom of the antenna 
buried in the ?oor. The strength of the ?eld is thus strongest 
When the individual (Who is either carrying or Wearing the 
tag) is in the center of the coil, and Weakens as the individual 
passes through the antenna. 

[0044] The incoming control signals in combination With 
the tap microcontroller 105 and control logic 120 digitally 
sWitch on or off capacitors to tune the corresponding antenna 
to the selected frequency. The signals from the control logic 
120 and the tap microcontroller 105 include information 
incorporating a frequency code designating a particular 
frequency at Which the selected tap and antenna is to 
transmit. Antennas may be tuned to be driven at selected 
frequencies by varying the resonance of tuned circuits 
applied to drivers for driving the antennas. This can be done 
by varying a voltage variable capacitance or selecting dif 
ferent capacitance’s across the antenna, selecting different 
points on the antenna loops or selecting a different number 
of loops of the antenna in order to vary the inductance, and 
therefore, the frequency of the antenna. The resonant fre 
quency of tuned circuits in the preferred embodiment is 
changed by selecting or sWitching the capacitance across the 
antenna to thereby change the reactance of the circuit. 

[0045] Referring to FIG. 6, an antenna tune circuit 122 is 
shoWn incorporating a tunable resonant circuit 121, the 
resonant frequency of Which may be altered by sWitching 
into or out of the circuit incremental values of capacitance 
and/or inductance. The signals for inserting or removing 
these incremental values of reactance is derived from a 
look-up table 124 Which is preloaded With sWitching con 
?gurations to be applied to the tuning circuit in response to 
received digital codes representing speci?c desired frequen 
cies. Thus, if a particular frequency digital code is received 
by the look-up table 124, sWitching signals are applied to the 
tuning circuit 121 to selectively insert or remove incremen 
tal values of reactance from a tuned circuit to thus provide 
a frequency of the desired signal for application to a driver 
125, or drivers, for driving an antenna 126. The diagram of 
FIG. 6 is a functional block diagram; it Will be obvious to 
those skilled in the art that the look-up table can take any of 
several Well knoWn con?gurations; similarly, the tuning 
circuit and driver are conventional circuits readily familiar 
to those skilled in the art and may take several forms. 

[0046] Returning noW to FIG. 5, the antenna tune circuit 
122 is connected to receive signals from the control logic 
120 and the tap microcontroller 105 to select the requested 
frequency for application to an antenna driver 125 for 
driving an antenna 126. While the schematic illustration of 
FIG. 5 indicates a single antenna driver 125, tWo antenna 
drives are preferred to drive the antenna differentially to 
create maXimum output With poWer sharing betWeen the 
drivers and With opposite polarity voltages to minimiZe E 
Field radiation in contrast to the more conventional utiliZa 
tion of a balum coil. 

[0047] The antenna 126 is typically a shielded cable With 
a high Q When transmitting; the transmission of the antenna 
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must be squelched to instantaneously stop the transmission 
in order to permit the antenna to be used as a receive 
antenna. The cable may be formed using conventional 
shielded cable leaving the shielding ungrounded to reduce 
RF transmission; alternatively, the antenna may be formed 
With conventional insulated Wire. The antenna is differen 
tially driven. That is, each end of the antenna loop is driven 
With opposite polarity signals to provide a magnetic ?eld 
resulting from the current How in the loop. When used as a 
receive antenna the antenna has a loWer Q in order to receive 
the Weak and short tag signal. The Q change is accomplished 
by a Q controller circuit that imposes a high Q or loW 
resistance on the resonant circuit When the voltage levels are 
high during transmission and a loW Q or higher resistance 
When the signals are received tag signals that are very small. 
Signals received by the antenna from detected tags are 
applied to a ?lter 130, ampli?ed 132 and applied to the 
analog output 133. This output may or may not be combined 
With the analog input 115 in a manner described above. 

[0048] Asimpli?ed schematic Q controller circuit is incor 
porated in the circuit shoWn in FIG. 13 and includes a 
resistor 300 and tWo diodes 301 and 302 connected back to 
back in parallel With the resistor all placed in series a 
resonant circuit 305. The resonant circuit includes the 
antenna loop 306 and a parallel variable capacitance 307. 
The antenna loop 306 and the variable capacitance 307 
correspond to the antenna 126 and antenna tune circuit 122 
respectively of FIG. 6. A shorting circuit 310 is connected 
across the resonant circuit 305. Terminals 315 and 316 are 
connected to an antenna driver While terminal 317 receives 
a reactance modi?cation signal to sWitch in or out incre 
mental values of capacitance as schematically shoWn by the 
variable capacitance 307. Terminal 318 receives a squelch 
signal to close the shorting circuit 310 and thus short out the 
resonant circuit 305. The transmit, receive and squelch 
signal timing is shoWn in FIG. 4. 

[0049] When the antenna is used to transmit, the trans 
mitted signals are relatively large signals compared to the 
signals received from tags, the diodes 301 and 302 conduct 
and serve to short out the resistance 300 resulting in a loW 
resistance high Q resonant circuit. The high Q of the tuned 
transmitting antenna means that the voltage and current to 
the antenna is greater or multiplied resulting in a larger 
amplitude magnetic signal output. HoWever, having a high 
Q circuit for transmission is only possible because the 
antenna can be precisely tuned through the look up table for 
each frequency of operation. When the drive signal is turned 
off, the resonant circuit Will attempt to continue to ring thus 
inhibiting the detection of incoming tag signals by the 
antenna (Which is noW acting as a receiving antenna). 
Therefore, When the transmit signal is turned off, the squelch 
signal is applied to terminal 318 to short out the resonant 
circuit 305 and prevent the circuit from ringing. The trans 
mitting antenna is noW ready to act as a receiving antenna. 

[0050] When the antenna is used to receive signals it must 
have characteristics that Will alloW proper tag signal recep 
tion. The tags are energiZed by the receipt of signals trans 
mitted by the antenna; these received signals cause the tags’ 
resonant circuits to resonate. This short period of resonating 
requires any receiving antenna and folloWing circuitry to 
have suf?cient bandWidth to pass the short decaying signal 
transmitted by the energiZed tag. A high Q antenna con?gu 
ration, such as that described above, Would normally provide 
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only a narrow bandwidth that would ?lter out the signal and 
prevent its reception. However, the received signals are 
generally in the millivolt levels and do not reach levels to 
cause the diodes 301 and 302 to conduct. Thus, resistor 300 
is not shorted out and remains in series with the resonant 
circuit 305 causing the antenna Q to drop resulting in a much 
larger bandwidth as a receiver compared to the bandwidth 
when it is acting a transmitting antenna. The overall result is 
that large transmission signal amplitude results in high Q 
multiplication of the signal amplitude and low received 
signal amplitude results in a lower Q with suf?cient band 
width to pass the short receive signal. The Q controller 
circuit requires no external monitoring or control inputs to 
achieve the Q change function. 

[0051] Returning to the timing diagram of FIG. 5, the 
control signal 60 is normally high; when the level of the 
signal drops, the negative going signal edge 61 indicates a 
transmit mode during which time the antenna should trans 
mit. Aclock signal 70 is shown, or a signal which is exactly 
synchronous with the chosen antenna frequency, is then 
transmitted by the antenna (which has been tuned to that 
frequency); the transmit control signal then returns to the 
higher level to turn the squelch on. The control signal returns 
to the lower level to turn the receive mode on during which 
time any receive signal from the tap connected antenna will 
be received such as the receiver signal 71. The control line 
then returns to its higher level inhibiting any signals from the 
antenna and permitting the receipt of digital control code 
signals 72 such as frequency selection and the like. 

[0052] During the time that the transmit control signal is 
at its ?rst lower level, the transmit signal is on; similarly, at 
the second lower level of the transmit control signal the tap 
receive signal is on. In between the two lower levels of the 
transmit control signal, that is the time during which the 
signal returns to its higher level, the tap squelch signal is on. 
It is important to note that signals are not transmitted to and 
from the antenna except during the transmit mode or during 
the receive mode. No signals are transmitted to the antenna 
during the receive mode and only receive signals are trans 
mitted from the antenna. During the squelch time the energy 
that was put into the transmit antenna is grounded or 
squelched to free the antenna and isolate all signals in the 
system to permit the antenna to solely detect signals coming 
from any tag. 

[0053] The command structure used in the system of the 
present system incorporates a series of commands that 
permit the system to determine the several characteristics of 
the operation to be performed. Referring to FIG. 7, a sample 
command stream is shown. In the embodiment chosen for 
illustration, the command 130 is initiated with an ASCII 
character 129 to designate a command word to follow. The 
character is followed by four bytes 131-134 that provide 
commands to program the system. These four bytes (the 
system may use any convenient byte siZe although the 
system was chosen to use eight bit bytes) select the tap to be 
addressed (and the antenna connected to the tap), the fre 
quency that is to be transmitted by the antenna, the tuning 
code for the antenna to insure that the antenna is tuned to the 
chosen frequency, and the mode (transmit, receive). If for 
example the foregoing command were received and 
executed by the corresponding system controller, tap and 
antenna, and a reading of the results were made without an 
indication of the detection of a tag, a second command such 
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as that shown at 138 would be sent. The second command 
would not have to contain all of the information sent by the 
?rst command since the tap is already selected; however, a 
new frequency would be chosen. If there were a detection, 
the command could simply be an instruction to read the 
results of the detection and thus could be very brief such as 
command word 139. Thus an abbreviated command would 
be sent with the new frequency and tuning code. 

[0054] The above pattern of command sequence may not 
be required since the command sequence may be chosen to 
meet the demands of the particular application and the 
circumstances encountered after the transmission of the ?rst 
command. If no tag is located in the active antenna area, a 
scan routine is implemented. Assuming that the nominal 
operating frequency of the antenna transmissions for the 
system is 3.3 MHZ, the frequency spectrum from —600 KHZ 
below to +600 KHZ above that frequency is scanned in a 
selected number of steps. If the ?rst frequency in the ?rst 
sweep is frequency number Zero, then the next frequency in 
the scan is frequency number 5, then 10, followed by 15 and 
so on until the ?rst sweep is completed. A second sweep is 
then made with the ?rst frequency being frequency 2 with 
the next frequency in this sweep being 6, then 11 etc. 
Subsequent sweeps are begun with a starting frequency 
indexed by one. In this manner, the entire frequency spec 
trum is scanned with an overlapping selection of frequen 
cies. 

[0055] The sweep technique assures that all frequencies in 
the range of selected frequencies are transmitted while no 
single frequency transmission contains so much energy that 
it may fail to comply with regulatory requirements. For 
example, 3.3 MHZ has been chosen as the nominal fre 
quency with the range of frequencies extending from —600 
KHZ to +600 KHZ on either side of the nominal frequency. 
To sweep this range, the range is divided into a plurality of 
N incremental frequencies (increments), and the sweep is the 
conducted by sweeping every ?fth increment. If there is no 
tag detected, a second sweep is undertaken on every ?fth 
increment with the beginning frequency indexed by one 
increment from the beginning frequency of the ?rst sweep. 
Thus, the sweep comprises transmitting every xN frequency 
wherein “N” is the incremental frequency and “x” is an 
integer greater than one—in this case “?ve”. 

[0056] An illustration of this technique is shown in FIG. 
8 wherein it may be seen that the nominal frequency 3.3 
MHZ has been divided into a plurality of incremental 
frequencies represented by the scale 150. The ?rst sweep 
151 is conducted by transmitting every ?fth frequency 
beginning with the lowest frequency (the beginning fre 
quency may be any of the designated incremental fre 
quency—the lowest frequency is chosen for illustration). If 
no tag is detected, a second sweep 152 is conducted using 
every ?fth frequency but indexing the beginning frequency 
by one. Thus, the ?rst sweep is conducted by sweeping with 
frequencies 0, 5, 10, 15, 20, 25 . . . until the entire frequency 
range is completed. If no tag is detected, a second sweep is 
conducted by sweeping with frequencies 1, 6, 11, 16, 21, 26 

. . until the entire frequency range is completed. Again, a 
third sweep 153 would include frequencies 2, 7, 12, 17, 22 

. until the entire frequency range is completed. Each 
sweep would begin with a frequency indexed by one from 
the beginning frequency of the preceding sweep. In this 
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manner, the entire range is covered during the sweeping 
process Without a concentration of energy in any frequency. 

[0057] This scanning technique assures that all the fre 
quencies in the band are scanned While the scan is completed 
rapidly. Further, and importantly, the repetition rate for each 
individual frequency is effectively only one ?fth the repeti 
tion rate of the scan frequency. The reduced energy being 
transmitted at each frequency facilitates compliance With 
regulations limiting the radiation of signals in this frequency 
range as implemented by regulatory agencies such as the 
FCC. 

[0058] The generation of the selected frequency for deliv 
ery to the antenna for transmission is the task of the 
programmable digital signal source that is located, in the 
embodiment chosen for illustration, in the system controller; 
hoWever, the signal source may be placed in the host 
computer or even in the individual taps (if the taps can be 
otherWise synchroniZed). Similarly, the look up table need 
not be positioned in the individual taps and could be located 
in the system controller or the host computer. 

[0059] Referring to FIG. 9, a schematic representation of 
a Walk through, or portal, loop antenna 168 is shoWn. The 
antenna loop is formed in a plane as shoWn and is large 
enough to permit passage of a tag and its carrier through the 
loop. As used herein, the term “Walk through” or “portal” 
means that an individual, Wearing a tag or carrying mer 
chandise having a tag attached thereto, may transport the tag 
through the loop of the antenna; hoWever, the term also 
applies to other means of transporting the tag through the 
antenna loop. For eXample, the tag may be attached to a 
product that is being transported on a conveyer system, or on 
a factory vehicle. Under such circumstances, the antenna 
system of the present invention is formed With a loop 
sufficiently large to permit the tag and the carrier of the tag 
to pass through the antenna loop in the direction of the arroW 
165. The tap 170 is positioned at the antenna site and in close 
proXimity thereto; the tap is the interface/driver connecting 
the antenna to the remainder of the monitoring system. The 
antenna is digitally controlled as described above and forms 
a part of a tuned resonant circuit With an antenna loop Q of 
from 10 to 40. The antenna 168 is differentially driven 
through the tap 170 to transmit a predetermined digitally 
selected frequency. The driving signal is then turned off to 
permit the antenna loop to act as a receiving antenna; 
hoWever, since the antenna is high Q, it continues to oscillate 
or ring. This ringing Will interfere With the reception of the 
Weak return signals from any tag in the vicinity of the 
antenna. To prevent this interference from occurring, the 
tuned circuit is shorted out to kill the residual current How 
in the antenna and the ?eld caused thereby. This squelch 
function may last for a time sufficient to insure the complete 
collapse of the ?eld at Which time the antenna is ready to 
receive any signal from a tap in the region of the antenna. 
The relationship of the relative timing of the transmit/ 
squelch/receive modes is described above in connection 
With FIG. 4. 

[0060] The loop antenna 168 may also be utiliZed as a 
transversal tag detection antenna. Any transversal position 
ing of the antenna orients the passage of the tag horiZontally 
perpendicular to the direction indicated in FIG. 9 by the 
arroW 165. Such transversal positioning may be accom 
plished for eXample by placing the antenna loop in a plane 
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perpendicular to a door opening Wherein individuals carry 
ing a tag Would pass through the magnetic ?eld of the 
antenna in a direction parallel to the plane of the antenna but 
in reasonably close proXimity thereto. Similarly, the antenna 
may be positioned Within a surface such as the ?oor or 
ceiling Wherein a tag being carried passes through the 
magnetic ?eld of the antenna in a direction parallel to the 
plane of the antenna. The latter positioning of the antenna 
may be most advantageously used in those circumstances 
such as conveyor systems or package transportation systems 
Wherein tag carrying items are being transported over the 
?oor or in close proXimity thereto. 

[0061] When tWo antennas 172 and 173, each having a 
corresponding tap 174 and 175 respectively, are positioned 
a predetermined distance apart such as shoWn in FIG. 10 the 
range over Which the system operates is increased. If the tWo 
antenna loops 172, 173 are driven in a differential mode With 
respect to each other, that is, the respective drivers 174, 175 
are driving the corresponding antenna loops differentially 
With respect to each other, one of the antennas may be used 
to pick up noise and background noise to cancel the noise in 
the other antenna. For example, if the tWo antenna loops are 
spaced apart as shoWn in FIG. 10, then a tag approaching 
from the direction indicated by the arroW 180 reaches the 
?rst loop 172 ?rst and injects little or no signal into the 
second loop 173. The system then adds the tWo loop signals 
(each loop antenna having opposite polarity by having their 
current How in opposite directions); the noise and back 
ground noise that is common to both is then canceled. Since 
the tag signal is not common to both antenna loops it is 
therefore picked up by the respective antenna as the tag 
passes close to each to provide a signal indicative of the 
presence of the tag near the detecting antenna. In circum 
stances of FIG. 10, antenna 172 Would ?rst detect the tag 
While the second antenna 173 Would provide the detection 
When the tag proceeds through the ?rst loop to the second 
antenna loop 173. 

[0062] Depending on antenna con?guration and on tag 
position, it is possible that signals received by the tag from 
multiple antennas Will add to provide additional signal 
strength; hoWever, it is also possible for the signals to 
subtract (again, depending on the antenna con?guration and 
tag position). For eXample, if the antennae of FIG. 10 each 
transmitted signals that Were in phase or 180 degrees out of 
phase, it is possible that the signals, for some tag positions, 
Will cancel each other resulting in no poWer transmission to 
the tag and no tag detection, or at least inconsistent operation 
of the detection procedure. It has been found that the signals 
transmitted from multiple antennas as in FIG. 10 may 
advantageously be phase shifted With respect to each other. 
That is, signals transmitted from antenna 172 are phase 
shifted ninety degrees from the signals being transmitted by 
antenna 173. The signals received by the tag Will be added 
together to create a composite signal that Will not go through 
Zero although it Will change phase depending on tag loca 
tion. The amplitude of the received signal may also vary 
someWhat depending on tag position. The same properties of 
the signal are applicable to the signals transmitted from the 
tag; that is, the signals from the tag may be added together 
to form a composite signal With fairly constant amplitude 
With a varying phase. 

[0063] To minimiZe the effects of tag antenna orientation, 
tWo or more transmit/receive antennas may be positioned in 
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an X con?guration as shown in FIG. 11. In the embodiment 
shoWn in FIG. 11, antenna 185 is oriented in a plane at an 
angle With respect to the plane of a second antenna 186. The 
antennas are each provided With a corresponding tap 187 
and 188 respectively. The angle 190 betWeen the antenna 
planes is forty-?ve degrees although other angles may be 
chosen. With the tWo antenna loops 185, 186 positioned at 
an angle With respect to each other, the angle of the tag’s 
antenna loop is less likely to be positionable to create a null. 
That is, if the tag’s loop antenna is in a plane perpendicular 
to the plane of a detecting transmit/receive antenna, it is 
possible that the signal strength of the ?eld from the detect 
ing and tag antenna Will be oriented to militate against 
detection of the tag. HoWever, providing an angle of forty 
?ve degrees betWeen the planes of the respective transmit/ 
receive antenna loops has been found to provide excellent 
correction to the problem of tag orientation. 

[0064] It is unlikely that a tag Will be transported entirely 
through the antenna ?eld Without being positioned in other 
than an orthogonal position since the tag is moving (or being 
moved) in a three dimensional path through the antenna 
system ?eld. HoWever, to minimize the possibility of failing 
to detect a tag because of an orientation other than ideal (tag 
and sensing antenna loops in the same plane), the X con 
?guration is desirable. Additional antennas may be used in 
the embodiment of FIG. 11 With their respective planes 
oriented at selected different angles to further avoid possible 
detection failure. 

[0065] To further avoid problems associated With tag loop 
and transmit/receive antenna orientation, tWo transmit/re 
ceive antennas 200 and 201, each having a corresponding 
tap (the taps are not shoWn in FIG. 12), may be positioned 
having a three dimensional angle of forty-?ve degrees 
betWeen the respective antenna planes as shoWn in FIG. 12. 
Referring to FIG. 12, the positioning of the planes of the tWo 
antennas 200 and 201 (shoWn in FIG. 12 in heavy lines to 
facilitate description) may best be described by referring to 
a parallelepiped 205 having a top 207, bottom 208, front 
209, and back 210 and having a length tWice the height and 
a depth equal to the height. The ends of the parallelepiped 
are open to permit the transportation of a tag therethrough 
along the direction of the axis 206. The ?rst antenna 200 
may be visualiZed in a plane extending from a ?rst corner 
215 formed by the intersection of the top 207 and the front 
209, to a point 216 bisecting the top back edge 217 of the 
back 210, to a second corner 220 formed by the intersection 
of the bottom 208 and the back 210, and a point 222 
bisecting the bottom front edge 224 of the front 209. The 
second antenna 201 may be visualiZed in a plane extending 
from a third corner 240 formed by the intersection of the top 
207 and front 209, to a point 216 bisecting the top back edge 
217 of the back 210, to a fourth corner 250 formed by the 
intersection of the bottom 208 and back 210, and a point 222 
bisecting the bottom front edge 224 of the front 209. If the 
sides of the parallelepiped are tWice the length and the 
height, the planes of the antennas 200, 201 are at an angle 
of forty-?ve degrees With respect to each other. A tag being 
transported through the antennas along the direction of the 
axis 206 Will form no more than a forty-?ve degree angle 
With respect to one or both antenna planes. That is, a planar 
loop antenna formed on a tag as described above Will have 
the plane of its antenna form an angle With respect to the 
planes of the transmit/receive antennas 200, 201 of FIG. 12 
that is no greater than forty-?ve degrees as it is transported 
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through the antenna loops regardless of its orientation. The 
planes of the antennas 200 and 201 form an angle of 
forty-?ve degrees With respect to each other and With respect 
to the axis of the parallelepiped. 

[0066] If We assume that a planar tag antenna generates a 
maximum detectable signal amplitude When its plane is 
parallel to the plane of a detecting antenna, and the ampli 
tude is Zero When the planes are perpendicular, the amplitude 
is then 70.7% of maximum When the tWo planes are forty 
?ve degrees With respect to each other. If there are tWo 
detecting antennas positioned as shoWn in FIG. 12, and the 
greatest angle that can be formed betWeen a detecting 
antenna plane and the tag antenna plane is forty-?ve degrees 
as described above, then the least signal amplitude to be 
detected as the tag passes through the antennas is 70.7%>< 
70.7%, or approximately 50%. Therefore, the maximum 
signal amplitude (100%) Would be derived When the tag 
antenna plane is parallel to one of the detecting antennas’ 
planes; hoWever, since the tag antenna plane is a minimum 
of forty-?ve degrees With respect to both detecting antennas’ 
planes, the minimum signal strength is approximately 50%. 

What is claimed is: 

1. In a monitoring system for detecting the presence of a 
tag the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and generating an analog signal 
having a signal frequency of one of said selected 
frequencies; 

a planar antenna loop connected to said antenna tap for 
transmitting signals at the signal frequencies of said 
analog signal; 

said antenna responsive to signals from said tap for 
generating a magnetic ?eld surrounding said loop at 
said analog signal frequency. 

2. In a monitoring system for detecting the presence of a 
tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and generating an analog signal 
having a signal frequency of one of said selected 
frequencies, said tap including differential antenna 
drivers; 

a differentially driven planar antenna loop connected to 
said antenna drivers for transmitting signals at the 
signal frequencies of said analog signal. 

3. The combination set forth in claim 2 Wherein said 
antenna is responsive to the analog signals from said drivers 
for generating a magnetic ?eld surrounding said loop at said 
analog signal frequency. 

4. In a monitoring system for detecting the presence of a 
tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 
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an antenna tap connected to said signal source for receiv 
ing said digital signals and generating an analog signal 
having a signal frequency of one of said selected 
frequencies; 

a portal planar loop antenna connected to said antenna tap 
for transmitting signals at the signal frequencies of said 
analog signal; 

said antenna responsive to signals from said tap for 
generating a magnetic ?eld surrounding said loop at 
said analog signal frequency; 

said portal antenna having a magnetic ?eld coupling to 
tags in said magnetic ?eld being transported through 
said loop. 

5. The improvement set forth in claim 4 Wherein said 
portal antenna is positioned and siZed to permit tag carrying 
items to be transported perpendicularly through the plane of 
said antenna loop. 

6. In a monitoring system for detecting the presence of a 
tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and generating an analog signal 
having a signal frequency of one of said selected 
frequencies; 

a transversal planar loop antenna connected to said 
antenna tap for transmitting signals at the signal fre 
quencies of said analog signal; 

said antenna responsive to signals from said tap for 
generating a magnetic ?eld surrounding said loop at 
said analog signal frequency; 

said transversal antenna having a magnetic ?eld coupling 
to tags in said magnetic ?eld being transported adjacent 
said loop. 

7. The improvement set forth in claim 6 Wherein said 
transversal antenna is positioned and siZed to permit tag 
carrying items to be transported through the magnetic ?eld 
of said antenna parallel to the plane of said antenna loop. 

8. In a monitoring system for detecting the presence of a 
tag the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

a plurality of antenna taps connected to said signal source 
for receiving said digital signals and generating analog 
signals having frequencies corresponding to one of said 
selected frequencies; 

a ?rst planar antenna loop connected to one of said 
antenna taps for transmitting signals at the signal 
frequency of said analog signal; 

a second planar antenna loop connected to another of said 
antenna taps for transmitting signals at the signal 
frequency of said analog signal; 

said ?rst and second planar antenna loops positioned in 
planes at an angle With respect to each other. 

9. The improvement set forth in claim 8 Wherein planes 
intersect each other. 

10. The improvement set forth in claim 8 Wherein said 
antennas are portal antennas and said angle is 45°. 
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11. The improvement set forth in claim 8 Wherein said 
antennas are portal antennas and said angle is a three 
dimensional angle of 45°. 

12. In a monitoring system for detecting the presence of 
a tag the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

a plurality of antenna taps connected to said signal source 
for receiving said digital signals and generating analog 
signals having frequencies corresponding to one of said 
selected frequencies; 

a ?rst portal planar antenna loop connected to one of said 
antenna taps for transmitting signals at the signal 
frequency of said analog signal; 

a second portal planar antenna loop connected to another 
of said antenna taps for transmitting signals at the 
signal frequencies of said analog signal; 

said ?rst and second portal planar antenna loops posi 
tioned in parallel planes spaced along a path of a tag to 
be detected; 

each of said antenna loops being driven differentially With 
respect to each other to cancel noise eXisting along said 
path. 

13. In a monitoring system for detecting the presence of 
a tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

a ?rst antenna tap and a second antenna tap each con 
nected to said signal source for receiving said digital 
signals and generating analog signals having frequen 
cies corresponding to one of said selected frequencies; 

a ?rst planar antenna loop connected to said ?rst antenna 
tap for transmitting signals at the signal frequency of 
said analog signal; a second planar antenna loop con 
nected to said second antenna tap for transmitting 
signals at the signal frequency of said analog signal; 

said ?rst and second antenna taps driving said ?rst and 
second planar antenna loops respectively With respec 
tive signals that are phase shifted With respect to each 
other. 

14. The combination set forth in claim 11 Wherein said 
phase shift is 90°. 

15. In a monitoring system for detecting the presence of 
a tag the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies and for generating trans 
mit mode signals and receive mode signals; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and said mode signals and 
generating an analog signal having a signal frequency 
of one of said selected frequencies; 

a planar transceiver antenna loop connected to said 
antenna tap for transmitting signals at the signal fre 
quencies of said analog signal and for receiving signals 
transmitted by a tag; 
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said antenna tap connected to said planar transceiver 
antenna loop for receiving and amplifying tag signals 
detected by said antenna. 

16. The combination set forth in claim 15 Wherein said 
antenna is responsive to signals from said tap for generating 
a magnetic ?eld surrounding said loop at said analog signal 
frequency. 

17. The combination set forth in claim 15 Wherein said 
antenna tap differentially drives said planar transceiver loop 
antenna. 

18. In a monitoring system for detecting the presence of 
a tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies and for generating trans 
mit mode signals and receive mode signals; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and mode signals and generating 
an analog signal having a signal frequency of one of 
said selected frequencies; 

a planar portal transceiver loop antenna connected to said 
antenna tap for transmitting signals at the signal fre 
quencies of said analog signal and for receiving signals 
transmitted by a tag; 

said portal planar transceiver loop antenna responsive to 
signals from said tap for generating a magnetic ?eld 
surrounding said loop at said analog signal frequency 
and responsive to signals received from a tag; 

said antenna tap connected to said antenna for receiving 
and amplifying tag signals detected by said antenna. 

19. In a monitoring system for detecting the presence of 
a tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies and for generating trans 
mit mode signals and receive mode signals; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and said mode signals and 
generating an analog signal having a signal frequency 
of one of said selected frequencies; 

a planar transceiver antenna loop connected to said 
antenna tap for transmitting signals at the signal fre 
quencies of said analog signal and for receiving signals 
transmitted by a tag; 

said antenna tap responsive to said mode signals for 
selecting the reactance of an oscillating circuit includ 
ing said antenna; 
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said planar transceiver antenna loop having a higher Q 
during said transmit mode signal than during said 
receive mode signal. 

20. In a monitoring system for detecting the presence of 
a tag, the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies and for generating trans 
mit mode signals, receive mode signals, and squelch 
mode signals; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and mode signals and generating 
an analog signal having a signal frequency of one of 
said selected frequencies; 

a planar transceiver loop antenna connected to said 
antenna tap for transmitting signals at the signal fre 
quencies of said analog signal and for receiving signals 
transmitted by a tag; 

said antenna tap responsive to said mode signals for 
selecting the reactance of an oscillating circuit includ 
ing said antenna and for squelching all transmissions in 
response to said squelch mode signal; 

said planar transceiver antenna loop having a higher Q 
during said transmit mode signal than during said 
receive mode signal and being squelched during said 
squelch signal. 

21. In a monitoring system for detecting the presence of 
a tag the improvement comprising: 

a digital signal source for generating digital signals rep 
resenting selected frequencies; 

an antenna tap connected to said signal source for receiv 
ing said digital signals and generating an analog signal 
having a signal frequency of one of said selected 
frequencies; 

a planar transceiver antenna loop connected to said 
antenna tap for transmitting signals at the signal fre 
quencies of said analog signal and for receiving signals 
transmitted by a tag; 

a resonant circuit including said antenna; 

said resonant circuit having a higher Q When said antenna 
is transmitting than When said antenna is receiving. 


