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(57) ABSTRACT 

A modular radio frequency identi?cation device (RFID) 
antenna system including a plurality of modular RFID 
antenna segments that can be connected in multiple con 
?gurations to alloW multi-directional RF communication 
With at least one RF tag that passes through the ?eld of the 
antenna system from different directions and at different 
orientations and a con?guration system to design, order, 
con?gure, test and operate the modular RFID antenna sys 
tem. 
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MODULAR RFID ANTENNA SYSTEM 

FIELD OF THE PRESENT INVENTION 

[0001] The present invention relates generally to radio 
frequency identi?cation (RFID) systems. More particularly, 
the invention relates to a modular RFID antenna and con 
?guration system. 

BACKGROUND OF THE INVENTION 

[0002] RFID systems are Well knoWn in the art. Such 
systems include relatively large packages containing battery 
poWered transmission/receiving circuitry, such as the iden 
ti?cation system disclosed in US. Pat. No. 4,274,083, to 
passive systems in Which the transponder receives its poWer 
from the base station or interrogator, such as the identi?ca 
tion system disclosed in US. Pat. No. 4,654,658. 

[0003] A typical RFID system is made up of reusable tags 
?xed to or embedded in product carriers, an antenna system 
that interrogates the tags via an RF link and a controller. The 
host (or computer) system interfaces With the controller and 
directs the interrogation of the tags. 

[0004] The RFID system thus provides effective means of 
identifying, monitoring, and controlling materials in a closed 
loop process. In a factory environment, the tags are 
employed as the transport mechanism betWeen “islands of 
automation,” providing a record of each process Which can 
be acted upon immediately or doWnloaded later for analysis. 

[0005] In operation, as a tag passes near an RFID antenna 
unit, an antenna emits RF signals toWards the tag. The 
emitted RF signals induce a current in the tag. The current 
poWers-up the tag, thereby enabling the tag to transmit 
response signals from the tag to the antenna unit. 

[0006] The tags can also be poWered by an internal battery 
(i.e., an “active” tag). The life span of an active tag is, 
hoWever, generally limited by the lifetime of the battery. 

[0007] RFID antenna units are typically placed on gate 
like structures in manufacturing environments and are used 
to read tagged items as they passed through. The antennas 
are generally operated in the ranges of 2.45 GHZ, 900 MHZ 
or 125 KHZ. The noted frequencies are employed to achieve 
a longer antenna ?eld range. 

[0008] It is, hoWever, Well knoWn that at 2.45 GHZ and 
900 MHZ the ?elds produced by the antenna(s) are affected 
by virtually everything that passes through the ?eld, includ 
ing metals and moisture. Metal causes extreme re?ection of 
the ?elds, While moisture causes extreme absorption of the 
?eld. Therefore, any metal object or anything containing 
moisture, such as the human body, Will cause extreme 
disruption of the ?eld and, hence, the communication of the 
antenna With the tags. 

[0009] In an effort to eliminate or substantially reduce the 
extreme re?ection cause by metal objects passing through 
the ?eld, multiple re?ective shields have been employed. 
The shields cause the ?eld to continuously re?ect until it 
eventually contacts a tag. This is, hoWever, a costly and 
often impractical solution. 

[0010] At the other extreme (i.e., 125 KHZ), better envi 
ronmental performance is achieved because metal and mois 
ture generally have less affect on the ?eld. There are, 
hoWever, several signi?cant draWbacks associated With the 
noted operating frequency. A major draWback is the high 
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cost, since 100 or more turns in the antenna coil are required 
to achieve the 125 KHZ operating range. 

[0011] Alternatively, an operating frequency of 13.56 
MHZ can be employed. Although the noted frequency 
achieves good environmental performance, it is often unable 
to achieve the operating range of the aforementioned fre 
quencies. 
[0012] It is therefore an object of the present invention to 
provide an RFID antenna system that utiliZes modular 
antenna segments that can be connected in a variety of 
con?gurations for multiple applications. 

SUMMARY OF THE INVENTION 

[0013] In accordance With the above objects and those that 
Will be mentioned and Will become apparent beloW, the 
modular RFID antenna system in accordance With this 
invention comprises modular RFID antenna segments that 
can be connected in multiple con?gurations to alloW multi 
directional (i.e., omni-directional) RF communication to at 
least one transponder or tag located on one or more items 
that pass through the ?eld of the antenna system. The 
modular RFID antenna system further includes a con?gu 
ration system that alloWs the user to customiZe, order, 
con?gure, test and operate a modular RFID antenna system 
for a particular application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Further features and advantages Will become 
apparent from the folloWing and more particular description 
of the preferred embodiments of the invention, as illustrated 
in the accompanying draWings, and in Which like referenced 
characters generally refer to the same parts or elements 
throughout the vieWs, and in Which: 

[0015] FIG. 1 is a schematic illustration of one embodi 
ment of the modular RFID antenna system according to the 
invention; 
[0016] FIGS. 2A-2C are plan vieWs of various embodi 
ments of modular antenna panels according to the invention; 

[0017] FIGS. 2D-2F are plan vieWs of tWo embodiments 
of RFID antenna system conduits according to the invention; 

[0018] FIG. 2G is a plan vieW of a further embodiment of 
a loW pro?le modular antenna panel according to the inven 
tion; 
[0019] FIG. 2H is a perspective vieW of one embodiment 
of an antenna panel support device according to the inven 
tion; 
[0020] FIG. 2I is a perspective vieW of an antenna panel 
connector according to the invention; 

[0021] FIG. 2J is a perspective vieW of an antenna panel 
end cap according to the invention; 

[0022] FIG. 2k is a perspective vieW of a controller 
according to the invention; 

[0023] FIG. 3A is a perspective vieW of a further embodi 
ment of an antenna panel according to the invention; 

[0024] FIGS. 3B and 3C are plan vieWs of the antenna 
panel shoWn in FIG. 3A according to the invention; 

[0025] FIG. 4A is a sectional vieW of the panel shoWn in 
FIG. 3A, illustrating the placement of the antenna loop 
according to the invention; 
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[0026] FIG. 5 is a plan vieW of a planar RFID antenna 
system according to the invention; 

[0027] FIGS. 6-10 are schematic illustrations of additional 
embodiments of RFID antenna systems according to the 
invention; 
[0028] FIGS. 11-13 are schematic illustrations of the PC 
based con?guration system according to the invention; 

[0029] FIGS. 14-15 are schematic illustrations of the 
con?guration system modules according to the invention; 

[0030] FIGS. 16-18 are schematic illustrations of various 
embodiments of the con?guration system menus according 
to the invention; 

[0031] FIG. 19 is a schematic illustration of the con?gu 
ration system set-up parameters according to the invention; 
and 

[0032] FIG. 20 is a schematic illustration of the con?gu 
ration system test commands according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] The modular radio frequency identi?cation device 
(RFID) antenna system of the present invention substantially 
reduces or eliminates the disadvantages and shortcomings 
associated With prior art RFID antenna systems. According 
to the invention, the modular RFID antenna system com 
prises a plurality of easy-to-assemble modular RFID antenna 
segments that can be connected in multiple con?gurations to 
alloW omni-directional communication With at least one 
transponder or tag located on one or more items that pass 
through the ?eld of the antenna system. The modular RFID 
antenna system further includes a con?guration system (i.e., 
computer system) that alloWs the user to design, order, 
con?gure, test and operate a modular RFID antenna system 
for a particular application. 

[0034] Reference Will noW be made in detail to the pre 
ferred embodiments of the invention, eXamples of Which are 
illustrated in the accompanying draWings. While the inven 
tion Will be described in conjunction With the preferred 
embodiments, it Will be understood that they are not 
intended to limit the invention to these embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modi?cations and equivalents, Which may be included 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

[0035] Referring ?rst to FIG. 1, there is shoWn one 
embodiment of an assembled RFID antenna system S1, 
according to the invention. As illustrated in FIG. 1, the 
system S1 comprises a plurality of modular antenna seg 
ments or panels 10a-10d that are connected in a desired 
con?guration to alloW omni-directional communication With 
tags 5 located on multiple items or containers 7 that pass 
through the ?eld of the antenna system S1. 

[0036] Referring noW to FIGS. 2A-2K, there are shoW 
various embodiments of modular RFID antenna panels (or 
segments) and components that are preferably employed to 
construct various RFID antenna system con?gurations. 
According to the invention, the panels 12, 14, 16, 18, 20, 22, 
24 can comprise various lengths, Widths and thicknesses to 
facilitate a variety of “pass-thru” con?gurations and, hence, 
applications. As discussed in detail herein, each panel 12, 
14, 16, 18, 20, 22, 24 is adapted to transmit and receive at 
least one RF signal from at least one RF tag. 
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[0037] In a preferred embodiment of the invention, the 
panels are substantially rectilinear in shape and have a 
length in the range of 6 to 240 in., a Width in the range of 
0.125 to 66 in., and a thickness in the range of 0.0625 to 24 
in. 

[0038] Referring noW to FIGS. 2A and 2B, there are 
shoWn 5 ft. structural 12 and loW-pro?le 14 panels. Accord 
ing to the invention, the loW-pro?le panel 14 can be 
employed as a ground segment of a “pass-thru” antenna 
system, such as system S2 illustrated in FIG. 6. 

[0039] As illustrated in FIGS. 2A-2C and 2G, the loW 
pro?le and structural panels can be employed in multiple 
lengths (e.g., 8 ft.). As indicated, the length of a respective 
panel can range up to 240 in. 

[0040] Referring noW to FIGS. 2D-2F, the antenna system 
preferably includes conduits 18, 20, 22 of various siZes and 
con?gurations. The system further includes multiple com 
ponents such as the support 26, connector 28 and end cap 30 
shoWn in FIGS. 2H-2J to facilitate multiple set-ups and/or 
applications. 
[0041] A key component of the antenna system is the 
controller 32 shoWn in FIG. 2K. As discussed in detail 
beloW, the controller 32 is operatively connected to the 
desired antenna system con?guration and is adapted to 
control the operation of the panels (see FIG. 6). 
[0042] Referring noW to FIGS. 3A-3C, there is shoWn a 
preferred loW-pro?le antenna panel 40, according to the 
invention. The panel 40 preferably has a substantially rect 
angular shape and a length in the range of 58-62 in., a Width 
in the range of 13-17 in. and a thickness in the range of 
1.0-1.5 in. 

[0043] Referring to FIG. 4, the antenna panel 40 includes 
an antenna Wiring loop 42, at least one tuning board 44. The 
antenna panel 40 further includes a plurality of RF connec 
tors 46 (see FIG. 3A). As Will be appreciated by one having 
ordinary skill in the arts, various antenna 42 con?gurations 
and placements may be employed Within the scope of the 
invention. 

[0044] As illustrated in FIG. 5, the panels 40 can be 
employed to construct a substantially planar antenna system 
SP that can be employed in a variety of applications. The 
panels 40 are preferably connected proXimate the edges and 
secured in the desired position by conventional means. In a 
preferred embodiment, the panels 40 are secured by a 
plurality of planar connectors 42. 

[0045] Referring noW to FIGS. 6-10, there are shoWn 
further embodiments of RFID antenna system con?gura 
tions, according to the invention. Referring ?rst to FIG. 6, 
there is shoWn a preferred ground or ?oor “pass-thru” 
antenna system S2. The system preferably includes a plu 
rality of loW-pro?le panels (14 or 40) disposed proXimate 
the ?oor or ground of the structure (or building). The panels 
40 are preferably in communication With each other via 
cable system 46. HoWever, in this and other referenced 
embodiments herein, the panels 40 can be employed sepa 
rately. A controller 32 is also included to control the opera 
tion of the panels 40. 

[0046] Referring noW to FIG. 7, there is shoWn one 
embodiment of a conveyor “pass-thru” antenna system S3. 
As illustrated in FIG. 7, the “gate” system S3 facilitates 
effective RF communication by and betWeen the inter 
connected antenna panels 40 and one or more tags that pass 
through the antenna ?eld (via conveyor 50) in the direction 
denoted by ArroW B. 
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[0047] Referring noW to FIG. 8, there is shown a further 
conveyor “pass-thru” system S4. In this embodiment, tWo 
planar panel segments 43a, 43b, each segment having at 
least tWo inter-connected panels 40, are employed. 

[0048] The panel segments 43a, 43b are preferably dis 
posed on opposing sides of a conveyor 50. According to the 
invention, the system S4 provides highly effective RF com 
munication by and betWeen the panels 40 and one or more 
tags passing through the antenna ?eld in the direction 
denoted by ArroW C. 

[0049] Referring noW to FIGS. 9 and 10, there are shoWn 
additional “pass-thru” antenna systems S5, S6. Referring ?rst 
to FIG. 9, the system S5 includes a plurality of loW-pro?le 
panels 40 that are disposed in an upright position. The panels 
40 are secured in the upright position and desired locations 
via supports 44. 

[0050] As Will be appreciated by one having ordinary skill 
in the art, the system S5 can be readily adapted to facilitate 
multiple paths (i.e., direction, Width, etc.) through the 
antenna ?eld(s), such as the path denoted by ArroW D. The 
system S5 can further be adapted to provide highly effective, 
omni-directional RF communication by and betWeen the 
panels 40 and one or more tags Within the antenna ?eld(s). 

[0051] Referring noW FIG. 10, there is shoWn a “stacked” 
panel system S6. The “stacked” panel system can similarly 
be adapted to facilitate multiple paths through the antenna 
?elds. 

[0052] To increase the read/Write operating range of a 
RFID modular antenna system or con?guration, the present 
invention includes novel antenna-sWitching circuitry that 
alloWs adequate tag coverage at an increased range, While 
maintaining the radiation limits Within those imposed by the 
FCC/CE. According to the invention, the driven antenna 
panels (e.g., 40) are sWitched on and off in an inverted 
manner at a rate that accommodates complete RF commu 
nication betWeen the antenna panels and tags, While at the 
same time alloWing for averaging or quasi-peak detection as 
alloWed by the FCC/CE. 

[0053] To achieve successful communication betWeen a 
respective antenna panel and the tags, the transmitting 
antenna panel preferably continuously poWers the passive 
tags. Once the tag is poWered, a transmitter modulates the 
very ?eld that poWers the tag. The tag then communicates 
With the receiver via a separate receiving antenna While 
remaining poWered by the transmit antenna. 

[0054] A key element of the present invention is the 
con?guration system or softWare component that provides 
the user With a PC—WindoWs® based interface for design 
and con?guration of a desired modular RFID antenna sys 
tem. 

[0055] As illustrated in FIGS. 11-13 and discussed in 
detail beloW, the softWare component of the RFID antenna 
system provides the user With a plurality of options, includ 
ing antenna system location and parameters related thereto 
(FIG. 11), panel con?guration and siZe(s) (FIG. 12) and 
data control, such as preparation and printing of a bill of 
materials (FIG. 13). 

[0056] Referring noW to FIG. 14, the softWare component 
50 preferably includes the folloWing sub-systems or mod 
ules: memory 52, design 54, design validation 56, bill of 
materials 58, and con?guration 60. Each sub-system 52, 54, 
56, 58, 60 is discussed in detail beloW. 
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[0057] Memory 
[0058] As illustrated in FIG. 14, each of the sub-systems 
54, 56, 58, 60 is preferably in communication With the 
memory module or sub-system 52. According to the inven 
tion, the memory sub-system 52, includes at least the 
folloWing databases or information: a plurality of available 
modular antenna systems (e.g., see FIGS. 6-10), mechanical 
elements or parts for each antenna system (see FIGS. 
2A-2J), and set-up and operation parameters (See FIGS. 19 
and 20). 

[0059] Design 
[0060] According to the invention, the design sub-system 
54 alloWs the user to select one or more of a plurality of 
available modular antenna systems. Such systems include 
systems Sl-S6 shoWn FIGS. 1, 6-10. 

[0061] After the desired sub-system is selected, the design 
sub-system 54 then provides the user With a design menu 
51a (see FIG. 16). The design menu 51a includes a parts list 
prompt 55 that links the user to a parts list menu 51b that 
provides list of mechanical elements or parts that are com 
parable With the selected system (see FIG. 17). 

[0062] As discussed in detail beloW, the design sub-system 
64 further includes means for generating draWings. 

[0063] Design Validation 

[0064] According to the invention, the design validation 
sub-system 56 includes means for validating the selected 
antenna system and mechanical elements. 

[0065] In a preferred embodiment of the invention, if one 
or more of the selected mechanical elements are incorrect 
and/or incomparable With the selected antenna system, the 
design validation sub-system 56 Will provide an error mes 
sage and details relating thereto. The design validation 
sub-system 56 Will further restrict the user from printing a 
bill of materials. 

[0066] Bill of Materials 

[0067] According to the invention, the bill of materials 
sub-system 58 includes means for generating a bill of 
materials. The bill of materials is preferably in tabular form 
and, as discussed in detail beloW, includes at least the 
folloWing ?elds: line item ?elds, including supplier part 
number, part description, quantity, unit price and eXtended 
price; and global item ?elds, including customer name, 
address and other identi?er information and (e.g., customer 
number), project name, P.O. number, shipping information 
and special instructions. 

[0068] The noted information is preferably provided in a 
printable format that can, if desired, be attached as an 
addendum to a purchase order. 

[0069] In an additional envisioned embodiment of the 
invention, the bill of materials sub-system 58 also provides 
a bill of materials that is eXportable via electronic media in 
formats that are compatible With the user’s (or customer’s) 
and supplier’s (or vendor’s) purchasing/receiving systems. 
As Will be appreciated by one having ordinary skill in the art, 
the noted feature Would facilitate E-commerce data/infor 
mation transmission. 

[0070] Con?guration 
[0071] Akey sub-system of the softWare component is the 
con?guration sub-system 60. According to the invention, the 




