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(57) ABSTRACT 

An object tracking system is provided for tracking the 
removal of objects from a location and the replacement of 
the objects at the location. The system includes a radio 
frequency identi?cation (RFID) tag attached to each of the 
objects to be tracked and each tag has an antenna. When 
activated, the RFID tag of an object transmits a unique code 
identifying the object. A storage unit is provided at the 
location and the storage unit has a plurality of receptacles 
con?gured to receive objects replaced at the location. Each 
receptacle has an associated antenna for activating the RFID 
tag of an object in the receptacle and receiving the radio 
frequency transmitted code of the object. The antennae of 
the system can be capacitive plates for conveying the radio 
frequency transmissions through capacitive coupling or 
inductive loops for conveying the transmissions through 
inductive coupling. A computer-based controller is coupled 
to the antenna of the receptacles for receiving transmitted 
codes and determining based thereon the absence or pres 
ence and location of objects Within the storage unit. 
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OBJECT TRACKING SYSTEM WITH 
NON-CONTACT OBJECT DETECTION AND 

IDENTIFICATION 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of prior ?led US. Provisional Patent Application serial No. 
60/099,954, ?led Sep. 11, 1998. 

TECHNICAL FIELD 

[0002] This invention relates generally to object tracking 
and control systems and more particularly to systems for 
tracking and controlling access to and disposition of objects 
such as keys. 

BACKGROUND 

[0003] Many objects have intrinsic value or have value 
because they provide access to other valuable objects. For 
instance, jeWelry and coins have inherent intrinsic value 
While keys, such as keys to vehicles, have value because 
they provide access to other valuable objects, namely auto 
mobiles and trucks. Further, access to and control of some 
items, such as narcotics for example, needs to be monitored, 
tracked, and controlled to assure against unauthoriZed access 
or assure that proper and appropriate accesses catalogued. 
There is a serious need to be able to track, catalogue access 
to, and control such objects in a Way that is reliable, simple 
to implement, and virtually tamper proof. 

[0004] In the past, a variety of systems have been imple 
mented to track and control objects. In the case of keys in an 
automobile dealership, for example, pegboards have been 
used to keep track of the keys as sales persons, maintenance 
personnel, and others remove keys for access to vehicles. 
Generally, sign out sheets are used to log the check-in and 
checkout of such keys. Obviously, such a manual system of 
tracking has numerous shortcomings due in large part to the 
very real potential of human error and forgetfulness in 
carrying out the sign-in and sign-out procedures. 

[0005] More recently, automated computer controlled key 
tracking systems have been implemented for tracking, for 
example, vehicle keys at car lots and keys to the apartments 
of apartment complexes. One such system particularly appli 
cable to the present invention is the key tracking system 
disclosed and claimed in my US. Pat. No. 5,801,628 the 
disclosure of Which is hereby incorporated fully by refer 
ence. In the disclosed system, referred to herein as the “Key 
Track” system, keys to a vehicle are attached With a rivet or 
the like to a thin plastic key tag or card having a depending 
tongue. The tongue carries a small button shaped electronic 
touch memory device, Which electronically stores a unique 
code. The tongues of the key tags are con?gured to be 
insertable in an array of slots formed in a top panel Within 
a storage draWer. A printed circuit backplane is disposed 
beneath the top panel and is provided With a plurality of 
pairs of metal contacts, each pair of contacts being aligned 
With a corresponding one of the slots in the top panel. When 
the tongue of a key card is inserted in a selected one of the 
slots, its touch memory device is engaged by the corre 
sponding pair of contacts. 

[0006] A computer or microprocessor or microcontroller 
based controller is electronically coupled through a com 
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munications matrix to the contacts on the backplane and 
periodically polls each pair of contacts, preferably several 
times per second, to determine the presence or absence of a 
touch memory device and thus Which slots contain key cards 
and Which do not. More speci?cally, if no information is 
received from a particular pair of contacts When polled, it is 
determined that the slot corresponding to the pair of contacts 
is empty. When a slot contains a key card, the touch memory 
device of the card responds to the poll by transmitting its 
unique code, from Which the identity of the particular key 
attached to the card can be determined through a table 
lookup. In this Way, the absence or presence and location in 
the storage draWer of key cards and their associated keys can 
be noted by the controller each time the array of contacts are 
polled. If a card present in a slot on a prior polling is absent 
on a subsequent polling, then the controller notes that the 
card and its key have been removed from the storage draWer. 
Conversely, if a key card is detected in a previously empty 
slot, the controller notes that the card and its key have been 
replaced in the storage draWer The removal and replacement 
of keys is therefore continuously monitored. 

[0007] An access feature requires an authoriZed user such 
as a sales person to enter an ID code to unlock and access 

the storage draWer. When the history of removal and 
replacement of key cards and their keys is combined With 
other information, such as the time at Which cards are 
removed and replaced and the identities of the persons Who 
accessed the draWer and times of access, access to the keys 
in the drawer can be controlled and a detailed tracking log 
can be created. This Key Track system greatly decreases 
instances of lost keys, reduces the time required to ?nd 
checked-out keys, and generally provides automatic tracking 
and control of the keys, and thus, to a large extent, controls 
and tracks the vehicles to Which the keys provide access. 

[0008] While the Key Track system described above has 
proven extremely valuable in the tracking and control of 
keys, it nevertheless has certain problems and shortcomings 
inherent in its design. For example, the backplane of the 
system, Which may contain doZens of upstanding metal 
contacts for engaging the electronic touch memory devices 
of key cards, can be relatively complex and labor intensive 
to fabricate and requires precision in the placement and 
orientation of contact pairs. In addition, foreign items such 
as loose keys or other small metal items that may inadvert 
ently be dropped into or hang through one of the slots in the 
top panel can and sometimes do short the contacts on the 
backplane, resulting in the potential for false key tracking 
logs or, in extreme cases, error conditions that can result in 
degradation of the integrity of the entire system. Further 
more, because the reading of the codes stored in the touch 
memory devices relies upon physical contact betWeen the 
touch memory devices and the electrical contacts on the 
backplane, resistances that can result from corroded contacts 
or dirty touch memory devices can also result in false and 
degrading readings. Additionally, the electrical contacts 
sometimes become bent or sprung so that they fail to make 
proper contact With the touch memory devices of key cards 
placed in their corresponding slots. These and other related 
problems all result from the requirement in the Key Track 
system that object detection and identi?cation relies upon 
physical electrical contact betWeen a set of electrical con 
tacts and an electronic touch memory device. 
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[0009] Thus, even though the Key Track system has 
proven very useful and successful, there exists a continuing 
need to enhance the system in such a Way that the problems 
mentioned above are addressed in an ef?cient, economic, 
and reliable Way. It is to the provision of such enhancements 
and improvements that the present invention is primarily 
directed. 

SUMMARY OF THE INVENTION 

[0010] Brie?y described, the present invention, in one 
preferred embodiment thereof, comprises enhancements and 
improvements to the Key Track system disclosed in my US. 
Pat. No. 5,801,628 to address the problems resulting from 
the requirement of physical electrical contact for detecting 
and identifying objects. More speci?cally, the invention 
comprises an object tracking system for tracking the 
removal of objects from a location and the replacement of 
the objects at the location. In the preferred embodiment, the 
objects to be tracked are thin plastic cards to Which keys can 
be attached or small containers into Which keys or other 
items can be placed. Keys may also be attached to the 
outside surfaces of the containers if desired. It should be 
understood, hoWever, that the present invention is applicable 
to a Wide variety of objects other than these. The key cards 
and containers that are the “objects” in the present disclosure 
are exemplary only and represent the best mode of practic 
ing the invention, but are not intended to impose limitations 
on the invention. In this disclosure, the term “objects” is 
used in the context of the preferred embodiment to refer to 
the key cards and containers in combination With the keys 
attached thereto. It should be understood, hoWever, that the 
“object” should be interpreted to any item that is desired to 
be tracked and monitored With the system of this invention 
and is not limited to key cards, containers, keys, or any other 
particular item. 

[0011] An ID tag is attached to each of the objects to be 
tracked by the system and each ID tag includes electronic 
storage means carrying a stored code associated With the 
object to Which the ID tag is attached. If another item, such 
as a key, is attached to the object, then the code also 
identi?es the other item. Each ID tag is adapted to transmit 
its stored code by means of non-contact transmission such 
as, for example, radio frequency transmission, When the ID 
tag is appropriately activated. 

[0012] A storage unit is provided at the location With the 
storage unit having a plurality of receptacles con?gured to 
receive objects When objects are replaced at the location and 
to alloW the objects to be selectively removed from the 
storage unit When the objects are to be removed from the 
location. A sensor is associated With each of the receptacles 
in the storage unit for activating the ID tag of an object in 
the receptacle and, in turn, detecting the resulting transmis 
sion by the ID tag of the stored code associated With the 
object. Selection circuitry is coupled to the sensors for 
successively selecting the sensors. Each sensor, When 
selected, detects the stored code associated With an object if 
an object is present in the corresponding receptacle and 
detects no code if an object is not present in the correspond 
ing receptacle. 

[0013] A computer or microprocessor based or other 
appropriate controller is coupled to the sensors through a 
communications link for receiving stored codes detected by 
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the sensors and determining, based on the received codes, 
the absence of objects removed from the storage unit and the 
presence and location Within the storage unit of objects 
present in the storage unit. 

[0014] In the preferred embodiment, the ID tags attached 
to the objects are radio frequency identi?cation (RFID) tags, 
Which are adapted to transmit their stored codes through 
radio frequency transmission When the tags are appropri 
ately activated. Each of the ID tags includes an antenna for 
transmitting its stored code and, in one embodiment, for 
receiving data to be stored or acted on by the RFID tag. Each 
of the sensors includes an antenna for activating the RFID 
tags and receiving stored codes transmitted thereby and/or 
convey data to the RFID tags. In one preferred embodiment, 
the antenna of each RFID tag comprises a pair of capacitive 
plates located on the object and the antenna of each sensor 
comprises a pair of capacitive plates positioned to align With 
the capacitive plates of an RFID tag When an object bearing 
the RFID tag is placed in the corresponding receptacle of the 
storage unit. In another embodiment, the antenna of each 
RFID tag comprises an inductive loop antenna coupled to 
the RFID tag and the antenna of each sensor includes a 
corresponding inductive loop positioned to align With the 
loop of an RFID tag When an object bearing the RFID tag is 
inserted in a corresponding receptacle of the storage unit. In 
either case, the RFID tag of an object in a receptacle of the 
storage unit is activated When radio frequency poWer is 
supplied to the antenna of the sensor corresponding to the 
receptacle and the code of the RFID tag is detected by the 
sensor and conveyed through the communications link to the 
controller. Thus, detection and identi?cation of objects 
Within the storage unit is accomplished through non-contact 
radio frequency transmissions. 

[0015] The object tracking system of the present invention 
provides a number of advantages over systems requiring 
physical electrical contact for detection and identi?cation of 
objects in a storage unit. For example, since codes are 
conveyed not through physical contact but rather through 
radio frequency transmission or through modulation of a 
radio frequency signal, foreign objects that may fall into the 
storage unit do not result in shorted contacts and have little 
effect on the integrity and reliability of the system Further, 
When this invention is applied to an object tracking system 
including a panel With receptacles and a backplane, the 
antenna of the sensors can be formed on the backplane in 
inexpensive and reliable Ways such as, for example, through 
common printed circuit board etching techniques. The sen 
sors can be formed on the back side of the backplane if 
desired to protect the sensors further. Thus, not only is the 
system more reliable than prior art systems, it is also more 
economical to produce. Finally, because the detection of 
codes is accomplished through radio frequency transmis 
sions, problems associated With interference or cross-talk in 
the data matrix that must be addressed With systems employ 
ing physical contacts are much less prevalent and, even 
Where present, are simpler to address. Also, since no physi 
cal electrical contact is required for detecting codes, prob 
lems associated With corroded or bent contacts or dirty touch 
memory devices are eliminated altogether. As a matter of 
fact, the present object tracking system functions as Well in 
commonly encountered dirty or corrosive conditions as in 
clean conditions. Finally, since the RFID tags have no 
polarity requirements as do physical contacts, the objects 
can be placed in the slots in any orientation. 
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[0016] Thus it is seen that an improved object tracking 
system is noW provided that successfully addresses the 
shortcomings of prior systems Wherein physical electrical 
contact has been required for object detection and identi? 
cation. The system lends itself to a Wide variety of applica 
tions Where it Would otherWise be difficult to employ sys 
tems requiring physical electrical contacts and is 
economical, robust, and reliable. These and other features, 
objects, and advantages Will become more apparent upon 
revieW of the detailed description set forth beloW When 
taken in conjunction With the accompanying draWings, 
Which are brie?y described as folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a perspective vieW of an object in the 
form of a key card for use With an object tracking system of 
this invention illustrating one preferred placement and con 
?guration of a capacitive plate antenna and RFID tag. 

[0018] FIG. 2 is a perspective vieW of an object in the 
form of a key card illustrating an alternate con?guration of 
the capacitive plate antenna. 

[0019] FIG. 3 is a perspective vieW of an object in the 
form of a boX or container bearing an RFID tag With a 
capacitive plate antenna having a preferred con?guration. 

[0020] FIG. 4 is a perspective vieW of the container of 
FIG. 3 opened to reveal its interior and placement of the 
RFID tag and its capacitive plate antenna. 

[0021] FIG. 5 is a functional block diagram of an object 
tracking system that embodies principles of the present 
invention in a preferred form. 

[0022] FIG. 6 is a functional block diagram shoWing the 
components of an RFID tag attached to an object to be 
tracked. 

[0023] FIG. 7 is an exploded perspective vieW illustrating 
a preferred implementation of the object tracking system of 
this invention Wherein the sensors of the system are formed 
on a backplane positioned beneath a receptacle panel of a 
storage unit. 

[0024] FIG. 8 is a top plan vieW illustrating alignment of 
the capacitive plate antenna of an RFID tag on an object With 
the capacitive plate antenna of a sensor on the backplane of 
FIG. 7. 

[0025] FIG. 9 is a simple functional schematic illustrating 
interrelations of the components of the present invention. 

[0026] FIG. 10 is an electronic schematic illustrating one 
preferred mode of implementing principles of the present 
invention. 

[0027] FIG. 11 illustrates one con?guration of the capaci 
tive plate sensors on the backplane of the system. 

[0028] FIG. 12 illustrates an alternate con?guration of the 
capacitive plate sensors on the backplane. 

[0029] FIG. 13 illustrates an alternate embodiment of the 
present invention Wherein the antennae of the ID tags and 
the antennae of the sensors are inductive loops. 

[0030] FIG. 14 is a perspective vieW illustrating an alter 
nate con?guration of the inductive loop antenna embodi 
ment of this invention. 
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[0031] FIG. 15 is a perspective vieW shoWing yet another 
con?guration of the inductive loop antenna embodiment of 
the invention. 

[0032] FIG. 16 is an electronic schematic diagram shoW 
ing a preferred implementation of the inductive loop antenna 
embodiment on the backplane of a storage unit. 

[0033] FIG. 17 is a cross-sectional vieW of a portion of a 
storage unit shoWing the inductive loop antenna embodi 
ment of FIG. 16. 

[0034] FIG. 18 is a perspective vieW illustrating an alter 
nate application of the present invention for tracking ?le 
folders Within a ?ling cabinet. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] The present invention Will be described in detail 
Within the general conteXt of a key or small item tracking 
system. In such a system, keys to vehicles are attached to 
key cards (or placed in or on the outside surface of small 
containers), Which are checked out from and replaced in a 
centrally located storage unit. Each key card is provided 
With an RFID tag. The storage unit preferably has a top panel 
formed With an array of receptacles for receiving the key 
cards. Abackplane is disposed beneath the panel and has an 
array of sensors for detecting and identifying key cards 
located in the receptacles of the storage unit. This con?gu 
ration is discussed in detail in my issued patent, Which 
provides background for the discussions that folloW. 

[0036] Even though a preferred embodiment of the inven 
tion is as a key or small item tracking system, it should be 
kept in mind during revieW of the detailed description that 
folloWs that the invention has a Wide variety of uses Wher 
ever there is a need to track access to and location of objects. 
In many such con?gurations, the RFID tags may be attached 
directly to the objects that ultimately are to be tracked, 
although in the preferred embodiments, the “objects” to 
Which the RFID tags are attached are key cards or containers 
and the keys attached thereto are the items ultimately to be 
tracked. The particular conteXt Within Which the invention is 
described should therefore not be considered to be a limi 
tation of the invention. 

[0037] Referring noW in more detail to the draWings, in 
Which like numerals refer to like parts throughout the several 
vieWs, FIG. 1 illustrates a key card for use With a Key Track 
system embodying principles of the present invention. The 
key card 11 is generally rectangular in shape and has a top 
edge 12, a bottom edge 13, a right side edge 14, and a left 
side edge 16. The card 11 de?nes a front face 17 and a rear 
face 18 (not shoWn in FIG. 1) and is siZed to be inserted in 
and removed from any of a number of slots or receptacles in 
a storage unit. An attachment lug 24, Which may be a rivet 
or some other attachment mechanism, is mounted adjacent 
top edge 12 of the card for attaching a key or a set of keys 
to the card. A radio frequency identi?cation (RFID) tag 19 
is attached to the card 11 adjacent its bottom edge 13. The 
RFID tag.19 includes an integrated circuit chip 21 coupled 
to an antenna, Which, in this embodiment, comprises a 
capacitive plate antenna de?ned by ?rst capacitive plate 22 
and a second capacitive plate 23. The capacitive plates 22 
and 23 can be fabricated of any suitable conductive or 
semiconductive material such as, for eXample, conductive 
foil or, more preferably, resistive ink. 
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[0038] RFID tags such as those illustrated in FIG. 1 and 
throughout the ?gures of this disclosure are commercially 
available devices and can be obtained from a number of 
suppliers including Microchip Corporation, Motorola, and 
Texas Instruments. At this Writing, only Motorola is knoWn 
to supply capacitive RFID tags While all of these companies 
supply inductive loop RFID tags. Also available from these 
suppliers are the “chip sets” that accompany the RFID tags. 
These chip sets include related electronic components such 
as encoder/decoder chips for detecting and decoding infor 
mation conveyed by the RFID tags. In general, tWo types of 
RFID tags are available; inductive tags and capacitive tags. 
Application of inductive RFID tags in the present invention 
is described beloW. Capacitive RFID tags, one of Which is 
available from Motorola under the trade name BistatiX, are 
suitable for use in the present invention. In general, the 
distinction betWeen inductive and capacitive RFID tags is 
that in inductive tags, radio frequency information is con 
veyed through inductively coupled loop antennas and in 
capacitive tags, radio frequency information is conveyed 
through capacitively coupled plate antennas. The detailed 
operation of RFID tags is beyond the scope of the present 
disclosure. Such detail information is published by the 
manufacturers of these devices and is generally available. 

[0039] FIG. 2 depicts an embodiment of a key card that 
embodies principals of the invention in an alternate form. 
The key card 26 is similar to the key card 11 of FIG. 1 and 
has a top edge 27, a bottom edge 28, a right side edge 29, 
and a left side edge 31. The card de?nes a front face 32 and 
a back face 33 (not visible in FIG. 2). An RFID tag 34 is 
attached to the card 26 adjacent its bottom edge. The RFID 
tag 34 comprises an integrated circuit chip 36 and an 
associated antenna formed by a ?rst capacitive plate 37 and 
a second capacitive plate 38. The alternate embodiment of 
FIG. 2 is similar in all respects to the embodiment of FIG. 
1 eXcept that, in FIG. 1, the capacitive plate antenna is 
arrayed horiZontally adjacent the bottom edge 13 of the card 
While in FIG. 2 the capacitive plate antenna is arrayed 
vertically. The implications and applications of these alter 
nate con?gurations are discussed in more detail beloW. 

[0040] In FIGS. 1 and 2, the RFID tags, including their 
antennae, are illustrated as being attached to the front faces 
of their respective key cards. It Will be understood, hoWever, 
that the tags and their antennae can just as Well be attached 
to the back faces of the cards, covered by a protective 
coating, or, even more preferably, embedded Within the 
material of the cards themselves. Embedding the RFID tags 
and their antennae is advantageous since they are then 
protected from the elements and from being scratched or 
scraped off of the card as a result of rough handling. 

[0041] FIG. 3 illustrates yet another alternate and pre 
ferred embodiment comprising an openable container 41 for 
use With an object tracking system of this invention. The 
container 41, Which may be molded of plastic, comprises a 
top side 42, a bottom side 43, a right side 44, and a left side 
46. A back panel 47 closes the back of the container and a 
hingeable cover 47, When shut, closes the front of the 
container to de?ne an interior compartment Within the 
container. An attachment lug 57 can be provided Within the 
compartment or, alternatively, on the outside of the container 
if preferred for attaching keys or other objects to the 
container. A capacitive RFID tag is attached to the bottom 
side 43 of the container 41, preferably on the inside of the 
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container. As With the embodiments of FIGS. 1 and 2, the 
RFID tag 52 comprises an integrated circuit chip 53 and an 
associated antenna formed of a ?rst capacitive plate 54 and 
a second capacitive plate 56. 

[0042] FIG. 4 illustrates the container 41 of FIG. 3 in its 
open con?guration. The attachment of the RFID tag 52 to the 
inside surface of the bottom side 43 of the container is 
illustrated more clearly. Attaching the RFID tag in this 
manner provides for ease of fabrication techniques In fact, 
one con?guration in Which capacitive RFID tags may be 
available is in the form of adhesive stamps or stickers, Which 
can simply be adhered to the interior surface of the bottom 
side 43 of the container during the fabrication process. 
Alternatively the RFID tag can be attached to the outside 
surface of the bottom side or embedded Within the plastic 
material of the container to protect it from contamination 
and abuse. 

[0043] While the embodiment of FIGS. 3 and 4 is illus 
trated as a container With an interior compartment for 
containing keys or other objects, it may judiciously be 
fabricated as a permanently or semi-permanently closed 
structure With an attachment lug on the outside. In such a 
con?guration, the embodiment of FIG. 3 Would function 
similar to a key card such as those shoWn in FIGS. 1 and 
2 but the RFID tag Would be located on the bottom of the 
closed container and Would be enclosed to protect it from the 
elements and to provide more efficient implementation in a 
system having a storage unit With a top panel de?ning 
compartments and a backplane, as described in more detail 
beloW. 

[0044] FIG. 5 illustrates, in the form of a functional block 
diagram the primary elements of an object tracking system 
making use of RFID tags such as those illustrated in FIGS. 
1-3. In many respects, this system is similar to that disclosed 
in US. Pat. No. 5,801,628. In general, the system comprises 
a number of objects to be tracked, one such object 61 being 
illustrated in FIG. 5. These objects can be key cards or 
containers as shoWn in FIGS. 1-3 or virtually any other type 
of object Whose removal and replacement at a central or 
storage location needs to be tracked. An RFID tag 62 is 
attached to each object 61. As With prior Key Track systems, 
the goal of the object tracking system of this invention is to 
determine the absence or presence and location of objects at 
a central location Wherein a storage unit having a number of 
RF sensors 63 may be present. As described in more detail 
beloW, each of the RF sensors at the location is associated 
With an object receptacle and is electronically coupled to a 
matrix selector, Which has the ability to activate or, in other 
Words, to apply an RF carrier signal to the RF sensors 
sequentially or otherWise. Activation of an RF sensor 63 
associated With a receptacle Where an object 61 is present 
causes the RED tag 62 of the object 61 to activate and 
convey its stored identi?cation code to the RF sensor 63. The 
codes conveyed by the REID tags to the RF sensors are 
received and decoded by a radio frequency encoder/decoder 
66. The matriX selector and RF encode/decoder are con 
nected to a computer or microprocessor based controller 67, 
Which directs the activities of these devices to track and log 
the removal and replacement of objects 61 at the location. 

[0045] FIG. 6 illustrates, in the form of a functional block 
diagram, the major components of a typical RFID tag. As 
mentioned above, such tags are commercially available and 
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their detailed operation is beyond the scope of this disclo 
sure. However, a general understanding of their operation is 
helpful. Further, While FIG. 6 illustrates a passive RFID tag, 
it Will be understood by those of skill in the art that active 
RFID tags are also available and can be used. Active tags 
generally include their oWn poWer source and some are 
capable of receiving and storing information as Well as 
conveying information as do passive RFID tags. 

[0046] In the passive RFID tag 71 illustrated in FIG. 6, a 
parasitic poWer system 72 is provided on the chip for 
draWing electrical poWer from the radio frequency signal 
produced by the antenna of an adjacent RF sensor. An 
electronic memory 74 is provided for storing the unique 
code of the RFID tag and an encoder/decoder 73 is coupled 
to the memory for producing radio frequency modulations 
that carry the unique code stored in memory. The encoder/ 
decoder and poWer system are coupled to an antenna 76, 
Which can be a capacitive plate antenna such as that illus 
trated in FIGS. 1-4, an inductive loop antenna, or another 
appropriate type of antenna. The antenna of the tag is 
adapted for radio frequency coupling to the antenna of an RF 
sensor to convey the code of the RFID tag to the sensor and 
on to the controller of an object tracking system for pro 
cessing. 
[0047] FIG. 7 depicts one preferred embodiment of an 
object tracking system that embodies principles of the 
invention in a preferred form. In this system the objects to 
be tracked comprise the containers 41 (and their attached 
keys) illustrated in FIG. 3 With the containers having RFID 
tags 52 With an antenna formed by capacitive plates 54 and 
56. It should be understood that principles illustrated in FIG. 
7 are equally applicable to other objects to be tracked and to 
other con?gurations of RFID tags. 

[0048] The system of FIG. 7 comprises a storage unit such 
as, for eXample, a draWer, generally indicated at 81, at a 
location Where the objects 41 are to be checked out and 
checked back in by personnel. The storage unit 81 includes 
a top panel 82 formed With an array of openings 83, each of 
Which de?ne a receptacle siZed and con?gured to receive an 
object 41. Since the REID tags are polarity insensitive, the 
slots need not be keyed to ensure a particular orientation of 
the object 41 When inserted in a receptacle. The storage unit 
81 also includes a backplane 84, Which is disposed beneath 
and spaced from the top panel 82. The backplane 84, Which 
preferably takes the form of a printed circuit board, carries 
the radio frequency sensors and related electronics for 
receiving the codes of RFID tags attached to objects inserted 
in the receptacles 83. More speci?cally, an RF sensor 
corresponding to and aligned With each of the receptacles 83 
is formed on the backplane and comprises a capacitive plate 
antenna formed by a ?rst capacitive plate 87 and a second 
capacitive plate 88. 
[0049] The capacitive plates 87 and 88 are positioned on 
the backplane 84 such that they align With the capacitive 
plates 54 and 56 attached to an object inserted in the 
corresponding receptacle 83. That is, When the object is 
inserted in the receptacle such that its bottom side rests on 
the backplane, the capacitive plates 54 and 56 attached to the 
object align With and are disposed adjacent to the capacitive 
plates 87 and 88 of the respective sensor. While the capaci 
tive plates 87 and 88 are shoWn on the top surface of the 
backplane in FIG. 7, they can also be formed on the bottom 
surface if desired to provide better protection. 
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[0050] One of the capacitive plates 88 of each RF sensor 
is connected to radio frequency ground 94 While the other is 
coupled, through a radio frequency sWitch 89, to a radio 
frequency source 93. Each radio frequency sWitch 89, in 
turn, is connected to a roW and column selection buss and all 
the roW and column selection busses are electronically 
coupled to the matriX selector. The matriX selector is con 
?gured to address the roW and column of an RF sensor in the 
array of sensors to activate that sensor for receiving codes of 
an object, if any, in the receptacle corresponding to the 
sensor. By “selection” it is meant that a radio frequency 
carrier signal is applied to the plates of the sensor through 
the sWitch 89. One implementation of this selection or 
sWitching or polling process is described in more detail 
beloW. 

[0051] The storage unit 81 is indicated generically in FIG. 
7. It should be understood that this unit can take on a number 
of different variations and con?gurations. For eXample, the 
panel 82 and backplane 84 can be disposed in a lockable 
draWer such as that illustrated in US. Pat. No. 5,801,628. 
Alternatively, the system could be con?gured as a vertically 
oriented Wall panel or in any other form convenient for 
storing the particular objects desired to be tracked. Accord 
ingly, the particular con?guration of the storage unit in the 
conteXt of Which this application is described should not be 
considered to be a limitation of the invention, even though 
it is considered by the inventor to be a best mode of 
practicing the invention. 

[0052] The object tracking system shoWn in FIG. 7 is 
similar in some functional respects to that of prior Key Track 
systems. Speci?cally, the matrix selector, controlled by the 
controller, sequentially activates or polls the RF sensors on 
the backplane. If an object 41 bearing an RFID tag 52 is 
present in a receptacle corresponding to a particular RF 
sensor, the RFID tag of the object is activated upon selection 
of the sensor to convey its code to the RF sensor. The code 
is then transmitted or conveyed to the controller, Which notes 
that the object corresponding to the received code is present 
in the storage unit and is located in the receptacle corre 
sponding to the RF sensor that received the code. Alterna 
tively, if no code is received When a sensor is polled, the 
controller notes that there is no object present in the recep 
tacle corresponding to that sensor. 

[0053] By sequentially polling the sensors in relatively 
rapid order (preferably several times per second) the con 
troller is able to log When objects are removed from the 
storage unit, When they are replaced, and also the location or 
receptacle Within the storage unit Where an object is located. 
More speci?cally, if an object is detected in a receptacle 
during one polling cycle and is not detected in a subsequent 
cycle, then the controller notes that the object has been 
removed from the storage unit. Alternatively, if no object is 
noted on a polling cycle and an object is detected on a 
subsequent polling cycle, then the controller notes that the 
object has been replaced in the storage unit and that it is 
located at the receptacle corresponding to the sensor that 
detected the object. As With prior Key Track systems, this 
information can be compiled to create logs, reports, control 
commands, alarm generating signals, and otherWise for 
tracking and controlling access to the objects. 

[0054] FIG. 8 illustrates the alignment of the capacitive 
plate antenna attached to an object With the capacitive plates 
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of an RF sensor on the backplane of the system of FIG. 7 
When the object is placed in a receptacle corresponding to 
the RF sensor. Speci?cally, the capacitive plates 54 and 56 
of the RFID tag attached to the object 41 each align With a 
respective one of the capacitive plates 87 and 88 and are 
disposed closely adjacent to but generally not contacting the 
sensor plates (although the system Will operate With the 
plates in contact. In this Way, a parallel plate capacitor is 
formed by each capacitive plate of the RFID tag and the 
corresponding capacitive plate of the RF sensor on the 
backplane. As mentioned above, one of the capacitive plates 
of the RF sensor is coupled to radio frequency ground at 80 
While the other is coupled to a radio frequency source 93 
through a radio frequency sWitch 89. The sWitch can be 
activated When the roW and column of the sWitch is selected 
by the matrix selector through a roW select line 91 and a 
column select line 92. When the roW and column of the 
sensor is not selected, the radio frequency sWitch is off, the 
RF carrier signal is not applied to plate 87, and the RF sensor 
at that location is not activated. 

[0055] FIG. 9 is a functional electronic schematic diagram 
illustrating the interactions of the various components of the 
system. On the right, the RFID tag, Which in reality is all 
incorporated on the integrated circuit chip 53 (FIG. 8), 
includes its parasitic poWer circuit, encoder/decoder and 
modulator circuit, and memory. The antenna comprising, in 
this embodiment, capacitive plates 54 and 56, is coupled to 
the RFID tag and shoWn adjacent to the RF sensor’s antenna 
comprising capacitive plates 87 and 88. Capacitive plates 54 
and 87 form a parallel plate capacitor and plates 56 and 88 
also form a parallel plate capacitor. Capacitive plate 87 of 
the sensor is selectively couplable through radio frequency 
sWitch 89 to the radio frequency source 106 and encoder/ 
decoder 66. A practical RF source 106 has series source 
resistance 108 and a source reactance 107. The encoder/ 
decoder 66 is connected across the combined source module 
106, 107, and 108. The encoder/decoder 66 and the matriX 
selector 64 are controlled by the controller 67. 

[0056] In general, the circuit of FIG. 9 operates as fol 
loWs. When it is desired to poll the RF sensor to determine 
if an object is present in its associated receptacle, the 
controller triggers the matriX selector 64 to close the radio 
frequency sWitch 89 corresponding to the sensor. This 
couples capacitive plate 87 of the sensor’s antenna to the 
radio frequency source 106. The radio frequency signal 
produced by the radio frequency source 106, in turn, is 
coupled by means of capacitive coupling to the capacitive 
plate 54 of the RFID tag. In this con?guration, the capacitors 
essentially function or appear as short or very loW imped 
ance circuits to the RF signal, thus essentially connecting the 
RF signal directly to the RFID tag. The parasitic poWer 
circuit 72 Within the RFID tag draWs poWer from the radio 
frequency signal and, When sufficient poWer has been stored, 
the encoder/decoder-modulator circuit 73 is activated. The 
encoder/decoder modulator 73 then accesses the memory 74 
and generates a modulating load across the capacitive plates 
54 and 56 With the modulations corresponding to the unique 
code retrieved from memory. This process generally is 
knoWn as “keying” and information can be modulated onto 
an RF carrier Wave through various types of keying such as, 
for eXample, frequency shift keying (FSK), phase shift 
keying (PSK), or amplitude shift keying (ASK), and/or 
amplitude modulation. A discussion of such keying tech 
niques is beyond the scope of the present disclosure, but all 
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are knoWn and understood by those skill in the art. The 
modulating load created by the encoder/decoder-modulator, 
in turn, causes the characteristics of the radio signal mea 
sured across the source 106, 107, and 108 to modulate in 
proportion to the modulations generated by the RFID tag. 
The encoder/decoder 66 is adapted to monitor these modu 
lations and decode them into the original code stored in the 
memory 74 of the RFID tag. In this Way, the RFID tag 
conveys its unique code to the encoder/decoder, Which 
transmits it onto the controller for analysis. The controller 
can then determine the identity of the object bearing the 
RFID tag and process the information in an appropriate Way. 

[0057] While not illustrated in FIG. 9, an active RFID tag 
could also be used. As mentioned above, such active tags are 
able to receive and store information as Well as transmit 
information. In such a system, the encoder/decoder 66 
Would also modulate the radio frequency signal supplied to 
the sensor. The encoder/decoder 73 of the RFID tag Would 
then decode these modulations, eXtract the information 
contained therein, and store the information in a storage 
memory. Such a system could have a Wide variety of uses. 
For eXample, the identity of the person checking out the 
object or other useful information might be stored in the 
RFID tag for access and processing at a later time. Both 
passive and active RFID tags are considered to be Within the 
scope of the present invention. 

[0058] FIG. 10 is a detailed electronic schematic diagram 
illustrating one possible circuit implementation of the 
present invention. It Will be understood by those of skill in 
the art that various other electronic circuits might also be 
applied to accomplish the same result; hoWever, the circuit 
of FIG. 10 is preferred because of its simplicity and reli 
ability. 
[0059] In FIG. 10, the radio frequency source comprising 
elements 106, 107, and 108 is selectively couplable to the 
active plate 87 of each sensor at each location in the storage 
unit. While siX such sensors are illustrated in FIG. 10 for 
clarity, it Will be understood that an actual implementation 
might include doZens or more sensors. Selection and acti 
vation of a sensor Will be described herein With reference to 
the sensor at location I on FIG. 10; hoWever, the same 
discussion applies to the other sensor locations J, K, L, M, 
and N. 

[0060] When it desired to activate or select the sensor at 
location I, the controller, through the matriX selector, sets the 
roW select 109 for roW 1 to a loW state and the column select 
92 for column 1 to a high state. The loW state of the roW 
select 109 causes the N-channel MOSFET inverting sWitch 
112 to set the roW trace 113 to a high state. Similarly, the 
high state of column select 92 turns on transistor 121, 
pulling the column trace 114 to a loW state. This causes 
diode 119 to be forWard biased, Which turns the diode on and 
connects capacitive plate 87 of the sensor at location I to the 
radio frequency source 106. Thus, the sensor at location I is 
activated, ie is connected to the RF carrier signal. HoWever, 
the sensors at the other locations are not activated because 
their diodes are maintained in a reverse biased condition 
since only transistor 121 at column 1 is turned on. 

[0061] Capacitor 118 forms a high pass ?lter that blocks 
DC voltages of the selection matriX from being transferred 
back to the RF source While alloWing radio frequency 
modulations from an RFID tag to be transferred back for 
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interpretation by the RF encoder/decoder 66. Inductances 
117 and 124 form RF chokes that isolate roW and column 
selector circuitry from the RF signals. If an object bearing an 
RFID tag is present at location I, its code Will be conveyed 
to the RF encoder/decoder and then transmitted to the 
controller 64 in the manner previously described. If no 
object is present at location I, no code Will be received. The 
controller can thus determine the absence of an object at 
location I or the presence of an object at location I. 

[0062] The process is repeated sequentially for sensors at 
locations J, K, etc. by activating the appropriate roW and 
column trace to forWard bias their diode sWitches and 
connect them to the radio frequency source 106 and the 
encoder/decoder 66. Preferably, as mentioned above, the 
sensors at the various locations are polled continuously at a 
relatively high rate of several times per second In this Way, 
the controller can easily determine the lime at Which objects 
bearing RFID tags are removed and replaced at the storage 
location. 

[0063] FIG. 11 illustrates an embodiment of the backplane 
of the present invention Wherein the key card 11 of FIG. 1 
is used. A receptacle 131 in the top panel of a storage unit 
(shoWn in phantom line in FIG. 11 for clarity) is siZed to 
receive a key card 11. A backplane 132 is disposed beneath 
the top panel and spaced therefrom. Preferably, the back 
plane 132 also has a slot 133, Which receives the bottom 
edge 13 of the key card 11 for aligning the key card Within 
the storage unit. Capacitive plates 134 and 141 form the 
sensor in this embodiment Capacitive plate 134 is con?g 
ured With an upstanding leg 136 and an attachment tab 137. 
The attachment tab 137 is attached to the backplane 132 by 
means of rivets 138, or other appropriate fasteners. Simi 
larly, capacitive plate 141 has an upstanding leg 142 and an 
attachment tab 143 attached to the backplane 132 by means 
of rivets 144. Capacitive plates 134 and 141 are attrached to 
the selector circuitry and RF source as previously described. 

[0064] With this con?guration, it Will be seen that When 
the key card 111 is inserted into the receptacle 131, the 
capacitive plates 22 and 23 of its RFID tag 19 align With 
capacitive plates 134 and 141 of the sensor. Activation of the 
RFID tag and conveyance of its code can thus be accom 
plished as described above. 

[0065] FIG. 12 illustrates an embodiment of the object 
tracking system for use With the key card 26 illustrated in 
FIG. 2. Here, the capacitive plates 37 and 38 of the RFID 
tag’s antenna are oriented vertically on the key card 26. A 
receptacle 146 in a top panel is siZed to receive the card and 
an alignment slot may also be provided in the backplane 147 
if desired. A daughter board 148 is attached to and projects 
upWardly from the backplane 147. The daughter board 148 
carries the sensor’s antenna, Which can be formed through 
PC board etching techniques and Which comprises capaci 
tive plates 149 and 151. Capacitive plate 149 is electrically 
connected to other components of the system such as the 
selector circuitry and RE source through a trace 150 and 
capacitive plate 151 is similarly connected through a trace 
152. Preferably, the daughter board 148 is a small printed 
circuit board and the capacitive plates 149 and 151 are 
formed through standard printed circuit etching techniques, 
although other techniques can be used. When the key card 26 
is inserted in the receptacle 146, its capacitive plates 37 and 
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38 aligned With capacitive plates 149 and 151 respectfully 
for activation of the RFID tag and transfer of its code to the 
controller. 

[0066] FIG. 13 illustrates an alternate embodiment of the 
object tracking system of this invention, Which makes use of 
inductive RFID tags rather than capacitive tags. Here, key 
card 156 has a top edge 157, a bottom edge 158, a right side 
edge 159, and a left side edge 161. The card de?nes a front 
face 162 and a back face 163 (not shoWn). An attachment lug 
164 is provided for attaching a key or other item to a card. 
An RFID tag 166 is attached or embedded Within to the key 
card and comprises a integrated circuit chip 167 and an 
antenna 168, Which, in this embodiment, takes the form of 
a loop antenna 169. 

[0067] The card 156 bearing RFID tag 166 is inserted in 
a receptacle 170 formed in the top panel of a storage unit. 
The unit’s backplane 171 is provided With an upstanding 
daughter board 172 corresponding to the receptacle 170. The 
daughter board 172 carries the antenna of the RF sensor in 
the form of a looped antenna 173 that is connected to other 
components of the system through traces 174. When the key 
card 156 is inserted in the receptacle 170, its inductive loop 
antenna 168 aligns With the loop antenna 173 on the daugh 
ter board 172. Radio frequency energy can then be trans 
ferred to and from the RFID tag in the same Way as With the 
capacitive RFID tag described above. HoWever, in this 
embodiment, the radio frequency energy and information 
carried by modulations thereof is conveyed through induc 
tive coupling betWeen the tWo loop antennas 168 and 173. 
Otherwise, the system functions in the same Way as the 
previous capacitively coupled embodiment. 
[0068] FIGS. 14 and 15 illustrate yet further embodi 
ments of the system of this invention Wherein inductive 
radio frequency coupling is used to detect and identify 
objects. In FIG. 14, the object 181 is a key tab having an 
attachment card 182 and an attachment lug 183 for attaching 
a key or other object to the card. A stem 184 depends from 
the attachment card 182 and has an interior bore 186 forming 
a socket in the depending stem 184. An RFID tag is attached 
to or embedded in the object and includes an integrated 
circuit chip 188 and inductive loop antenna 187 coupled 
thereto. The inductive loop antenna eXtends around the stem 
184 in a spiral Wrapped fashion surrounding the socket 186. 

[0069] The stem 184 of the object 181 is inserted through 
an opening 189 in a top panel to replace the object in a 
storage unit. Abackplane 191 is provided With a sensor post 
192, Which projects upWardly from the backplane 191 and is 
aligned With the receptacle 189. The sensor post 192 is 
provided With a sensor in the form of an inductive loop 
antenna 193 that Wraps around the post and that is connected 
to other components of the system through traces 194. When 
the object 181 is inserted through the receptacle 189, the 
sensor post 192 is received in the socket 186 in such a Way 
that the inductive loop antenna 193 of the sensor is disposed 
Within and concentric With the inductive loop antenna 187 of 
the RFID tag. Communication betWeen the system and the 
RFID) tag is then possible as previously described. One 
advantage of the embodiment of FIG. 14 is that radio 
frequency electromagnetic ?elds can be concentrated by the 
multi turn concentrically disposed inductive loop antennas, 
making for more ef?cient coupling of RF signals. 

[0070] FIG. 15 illustrates yet another embodiment of the 
same concept. Here, an object to be tracked has a depending 
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stem 196 bearing an RFID tag having an integrated circuit 
198 and an inductive loop antenna 197. The backplane of the 
system is provided With an inductive loop antenna unit 199 
having a central opening 102. When the stem 196 of the 
object is inserted into a receptacle corresponding to a 
position in the storage unit, it is received through the 
opening 102 in the loop unit 199. Communication With the 
RFID tag then takes place as previously described. 

[0071] Another con?guration of the inductively coupled 
object tracking system is shoWn in FIGS. 16 and 17. FIG. 
16 illustrates the backplane of a storage unit With its various 
electronic components and With inductive loop antennas 
formed on the backplane by printed circuit board etching 
techniques. Speci?cally, each sensor location on the back 
plane has a corresponding inductive loop antenna trace 206 
extending around a central opening 207 for receiving the 
stem of a object placed in the storage unit. With reference to 
FIG. 17, the stem 216 of such a unit is inserted through a 
receptacle 222 in a top panel 221 until its stem eXtends 
through the corresponding opening 207 in the backplane 
205. The stem 216 is provided With an RFID tag comprising 
an integrated circuit chip 218 and an inductive loop antenna 
217. When in position, the inductive loop antenna 217, 
having multiple turn inductive loops 219, is disposed in the 
center of the inductive loop traces 224 on the backplane 205. 
Preferably, inductive loop traces 224 are formed both on the 
top and bottom surface of the backplane to increase the radio 
frequency ?eld strength. Communication With the RFID tag 
then takes place through inductive coupling as described 
above. 

[0072] FIG. 18 illustrates an alternate application of the 
object tracking system of the present invention. In this 
application, the storage unit comprises a ?ling cabinet 226 
having a case 227 and a plurality of draWers 228. The 
draWers are con?gured to carry ?le folders 229 in the usual 
Way. Each of the ?le folders is provided With an RFID tag 
231, Which, in the illustrated embodiment, is an inductive 
RFID tag. An inductive loop antenna 232 is provided on the 
back of the draWer 228 and is connected through ?exible 
cabling 233 to the controller 234, Which contains the other 
electronic components described above. The other draWers 
of the ?ling cabinet 226 also are provided With antennae that 
are coupled to the controller 234 by means of a buss 236. 

[0073] In use, the controller 234 sequentially polls the 
antennae 232 in the draWers of the ?ling cabinet (or in 
several ?ling cabinets if desired). When the antenna of each 
draWer is activated, the RFID tags of ?le folders 229 Within 
the draWer are activated and transmit their unique codes to 
the antenna 232. The controller 234 then detects these codes 
and can determine from the codes received, Which ?les are 
in the draWer. In addition, When polled rapidly such as, for 
eXample, several times per second, the controller can deter 
mine When ?les are removed from draWers, When they are 
replaced, and Which draWer they are in When replaced. This 
information can be used in a variety of bene?cial Ways, 
including the elimination of structured ?ling systems, Which 
can be cumbersome to maintain. With the object tracking 
system of the present invention applied to a ?ling cabinet, a 
user need only ask the controller Where a ?le is located and 
the controller can indicated Which draWer of Which cabinet 
contains the ?le. If the ?le has been checked out by another 
individual, the controller can inform the user the identity of 
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the person Who has the ?le. These and other advantages of 
the application applied to a ?ling system are possible. 

[0074] The invention has been described herein in terms of 
preferred embodiments and methodologies. More speci? 
cally, the invention has primarily been described in terms of 
a system for tracking keys or other small objects that can be 
attached to a key card or enclosed in a container. While these 
are preferred applications of the invention, it Will be under 
stood that the invention is fair from limited to the speci?c 
embodiments and applications discussed herein. Virtually 
any types of objects that need to be tracked can be tracked 
With the present invention as long as they can be provided 
With RFID tags and a storage receptacle for receiving the 
objects. Thus, a Wide variety of additions, deletions, and 
modi?cations might Well be made to the embodiments 
illustrated herein Without departing from the spirit and scope 
of the invention as set forth in the claims. 

What is claimed is: 
1. An object tracking system for tracking the removal of 

objects from a storage unit and the replacement of the 
objects at a storage unit, said object tracking system com 
prising: 

an ID tag attached to each of the object to be tracked, each 
ID tag including electronic storage means carrying a 
stored code associated With the object corresponding to 
the ID tag, each of said ID tags transmitting its stored 
code When said ID tag is appropriately activated; 

a plurality of receptacles in said storage unit con?gured to 
receive objects When objects are replaced in said stor 
age unit and to alloW the objects to be selectively 
removed from the storage unit; 

a sensor associated With each of said receptacles for 
activating the ID tag of an object in said receptacle and 
detecting the resulting transmission by the ID tag of the 
stored code associated With the object; 

selection circuitry coupled to said sensors for successively 
selecting said sensors, each sensor, When selected, 
detecting the stored code associated With an object if an 
object is present in the corresponding receptacle and 
detecting no code if an object is not present in the 
corresponding receptacle; and 

a controller coupled to said sensors for receiving stored 
codes detected by said sensors and for determining, 
based on the received codes, the absence of objects 
removed from the location and the presence and loca 
tion Within the storage unit of objects present at the 
location; 

said ID tags being adapted to transmit their stored codes 
to said sensors. 

2. An object tracking system as claimed in claim 1 and 
Wherein said ID tags are radio frequency identi?cation 
(RFID) tags, the stored codes of said ID tags being trans 
mitted to said sensors through radio frequency transmission. 

3. An object tracking system as claimed in claim 2 and 
Wherein each of said ID tags includes an antenna for 
transmission of its stored code and Wherein each of said 
sensors includes an antenna for receiving stored codes 
transmitted by said ID tags. 

4. An object tracking system as claimed in claim 3 and 
Wherein said antenna of each ID tag comprises a pair of 
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capacitive plates and wherein each of said sensors includes 
a pair of capacitive plates, said capacitive plates of each ID 
tag aligning With said capacitive plates of a sensor When the 
object to Which said ID tag is attached is disposed in the 
receptacle associated With the sensor, the radio frequency 
transmission of said ID tag being capacitively coupled to 
said sensor. 

5. An object tracking system as claimed in claim 4 and 
Wherein said capacitive plates are formed of conducive foil. 

6. An object tracking system as claimed in claim 4 and 
Wherein said capacitive plates are formed of resistive ink. 

7. An object tracking system as claimed in claim 4 and 
Wherein said capacitive plates are applied to a surface of said 
object. 

8. An object tracking system as claimed in claim 4 and 
Wherein said capacitive plates are embedded Within said 
object. 

9. An object tracking system as claimed in claim 4 and 
Wherein said storage unit includes a panel formed With 
openings de?ning said receptacles and a backplane spaced 
from and juxtaposed said panel, said capacitive plates of said 
sensors being mounted on said backplane. 

10. An object tracking system as claimed in claim 9 and 
Wherein the objects are relatively thin cards having a length, 
a Width, and a face, said capacitive plates of each ID tag 
being substantially parallel With the face of its correspond 
ing card and said capacitive plates of each sensor being 
formed on an upstanding daughter board af?Xed to said 
backplane. 

11. An object tracking system as claimed in claim 10 and 
Wherein said capacitive plates of each ID tag is disposed on 
the face of a corresponding card. 

12. An object tracking system as claimed in claim 10 and 
Wherein said capacitive plates of each ID tag are embedded 
Within a corresponding card. 

13. An object tracking system as claimed in claim 10 and 
Wherein the capacitive plates of each ID tag are oriented 
along the Width of the corresponding card and Wherein the 
capacitive plates of said sensors are correspondingly ori 
ented to align With the capacitive plates of said ID tags. 

14. An object tracking system as claimed in claim 10 and 
Wherein the capacitive plates of each ID tag are oriented 
along the length of the corresponding card and Wherein the 
capacitive plates of said sensors are correspondingly ori 
ented to align With the capacitive plates of said ID tags. 

15. An object tracking system as claimed in claim 9 and 
Wherein the objects are relatively thick and have a bottom 
end that is inserted in a selected receptacle When the object 
is placed in said storage unit, said capacitive plates of each 
ID tag being substantially parallel With the bottom end of the 
corresponding object and said capacitive plates of said 
sensors being formed on said backplane. 

16. An object tracking system as claimed in claim 15 and 
Wherein the objects are openable containers de?ning an 
interior space, the bottom ends of the objects have an interior 
surface and an eXterior surface. 

17. An object tracking system as claimed in claim 16 and 
Wherein said capacitive plates of each ID tag are disposed on 
the interior surface of the bottom end of the corresponding 
openable container. 

18. An object tracking system as claimed in claim 16 and 
Wherein said capacitive plates of each ID tag are embedded 
Within the bottom end of the corresponding openable con 
tainer. 
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19. An object tracking system as claimed in claim 15 and 
Wherein said backplane has a front surface facing said panel 
and a back surface facing aWay from said panel. 

20. An object tracking system as claimed in claim 19 and 
Wherein said capacitive plates of said sensors are formed on 
said front surface of said backplane. 

21. An object tracking system as claimed in claim 19 and 
Wherein said capacitive plates of said sensors are formed on 
said back surface of said backplane. 

22. An object tracking system as claimed in claim 19 and 
Wherein said capacitive plates of said sensors are formed by 
printed circuit tracings on said backplane. 

23. An object tracking system as claimed in claim 3 and 
Wherein said antenna of each ID tag comprises an inductive 
loop and Wherein each of said sensors includes an inductive 
loop, said inductive loops of each ID tag aligning With said 
inductive loop of a sensor When the object to Which said ID 
tag is attached is disposed in the receptacle associated With 
the sensor, the radio frequency transmission of said ID tag 
being inductively coupled to said sensor. 

24. An object tracking system as claimed in claim 23 and 
Wherein the inductive loop of each ID tag is received Within 
the inductive loop of a sensor When the object to Which the 
ID tag is attached is inserted Within the receptacle corre 
sponding to said sensor. 

25. An object tracking system as claimed in claim 23 and 
Wherein the inductive loop of each sensor is received Within 
the inductive loop of an ID tag When the object to Which the 
ID tag is attached is inserted Within the receptacle corre 
sponding to said sensor. 

26. An object tracking system as claimed in claim 23 and 
Wherein the inductive loop of each ID tag is juxtaposed the 
inductive loop of a sensor When the object to Which the ID 
tag is attached is inserted Within the receptacle correspond 
ing to said sensor. 

27. In an object tracking system Wherein objects to be 
tracked are provided With ID tags storing codes identifying 
the objects and the codes of objects present at a location are 
read by a reader for determining the presence or absence of 
objects at the location, the improvement Wherein the stored 
codes are conveyed to the reader through radio frequency 
transmission. 

28. The improvement of claim 27 and Wherein the radio 
frequency transmissions are conveyed to the reader by 
means of an antenna associated With each ID tag and at least 
one antenna associated With the reader. 

29. The improvement of claim 28 and further comprising 
a plurality of receptacles at the location, each receptacle 
con?gured to receive one of the objects. 

30. The improvement of claim 29 and each receptacle has 
an associated reader and each reader is provided With an 
antenna for receiving the code transmitted by the ID tag of 
an object disposed in the corresponding receptacle. 

31. The improvement of claim 30 and Wherein the antenna 
associated With each ID tag comprises a pair of capacitive 
plates and the antenna associated With each reader comprises 
a pair of capacitive plates positioned to align With the 
capacitive plates of the ID tag of an object disposed in the 
receptacle corresponding to the reader. 

32. The improvement of claim 30 and Wherein the antenna 
associated With each ID tag comprises an inductive loop and 
the antenna associated With each reader comprises an induc 
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tive loop positioned to align With the inductive loop of the 
ID tag of an object disposed in the receptacle corresponding 
to the reader. 

33. A method of determining the absence or presence of 
objects at a location, the method comprising the steps of: 

(a) providing each of the objects With a code identifying 
the object; 

(b) periodically transmitting the codes of objects present 
at the location by radio frequency transrnission; 

(c) receiving the transmitted codes by radio frequency 
reception; and 

(d) deterrnining based on the received codes Which 
objects are present at the location and Which objects are 
absent from the location. 

34. The method of claim 33 and Wherein step (a) corn 
prises attaching a radio frequency identi?cation (RFID) tag 
to each object to be tracked. 

35. The method of claim 34 and Wherein step (b) corn 
prises providing an array of readers at the location, each 
reader con?gured and positioned to receive the radio fre 
quency transmission of one of the objects present at the 
location. 
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36. The method of claim 35 and Wherein the radio 
frequency transmissions of the ID tags are conveyed to the 
readers through capacitive coupling. 

37. The method of claim 35 and Wherein the radio 
frequency transmissions of the ID tags are conveyed to the 
readers through inductive coupling. 

38. The method of claim 35 and Wherein step (b) corn 
prises sequentially activating the readers and receiving a 
code if an object associated With the reader is present or 
receiving no code if an object associated With the reader is 
not present. 

39. The method of claim 38 and Wherein step (d) corn 
prises providing a controller coupled to receive and interpret 
codes received by the readers and further comprising the 
step of determining the presence and location of an object if 
the objects code is received and determining that the object 
is absent if no code is received. 

40. The method of claim 39 and further comprising the 
step of logging the determinations in order to track dynarni 
cally the removal and replacement of objects at the location. 


