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(57) ABSTRACT 

A method for increasing the interrogation range of an RF 
Tag in a radio communication system using RF Tags With 
tWo re?ecting antenna elements. The second re?ecting 
antenna element is predeterminately positioned, and prefer 
ably aligned, With respect to the ?rst re?ecting antenna 
element in the direction of expected incident RF radiation 
and is spaced from the ?rst re?ecting antenna element at a 
predetermined ?xed distance. The ?rst and second re?ecting 
antenna elements are alternately pulsed on and off such that 
While the ?rst re?ecting antenna element is in a signal 
re?ecting operating state, the second re?ecting antenna 
element is in a substantially non-re?ecting state and vice 
versa. The alternate pulsing and predetermined ?xed spacing 
betWeen the ?rst and second elements generates a knoWn 
phase difference betWeen the re?ected signals of the ?rst and 
second re?ecting antenna elements. The phase difference is 
preferably 180 degrees Which may be achieved by spacing 
the second re?ecting antenna element from the ?rst re?ect 
ing antenna element at a distance equivalent to 1A1 of the 
Wavelength of the interrogating signals. 
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METHOD AND APPARATUS FOR IMPROVING 
THE INTERROGATION RANGE OF AN RF-TAG 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to Wireless commu 
nication systems and, more particularly, Wireless communi 
cation systems using backscatter technology. 

[0003] 2. Description of the Related Art 

[0004] RF Tag systems are radio communication systems 
that communicate betWeen a radio transceiver, called an 
Interrogator, and a number of inexpensive devices denoted 
as Tags. In RF Tag systems, the Interrogator communicates 
to the Tags using modulated radio signals Which activate any 
Tag in range or may activate a speci?c Tag Within the range. 
After activating a Tag, the Interrogator may transmit infor 
mation to it (this is called the DoWnlink). The Interrogator 
transmits a Continuous-Wave (CW) radio signal to the Tag; 
the Tag then modulates the CW signal using modulated 
backscattering (MBS) in Which the Tag is electrically 
sWitched by the modulating signal, from being an absorber 
of RF radiation to a re?ector of RF radiation. This modulated 
backscatter alloWs communications from the Tag back to the 
Interrogator (called the Uplink). The DoWnlink transmission 
of messages can include information relating to a desired 
operation of the RF Tag and, for example, the Interrogator 
is capable of instructing the RF Tag to turn on and/or off on 
demand. Modulated Backscatter (MBS) systems can be used 
to manage inventory or perform other useful monitoring 
application such as reading the state of a sensor. 

[0005] The operation of an RF Tag system utiliZing MBS 
is noW described. In FIG. 1, there is shoWn an overall block 
diagram of an RF Tag system. An Application Processor 101 
communicates over Local Area NetWork (LAN) 102 to a 
plurality of Interrogators 103-104.. (Although commonly a 
plurality of Interrogators 103-104 connected by a LAN 102 
to an Application Processor 101 are used, the inventions 
described herein are also capable of being con?gured With 
only a single Interrogator connected either to a LAN or 
directly to an Application Processor.) The Interrogators may 
then each communicate With one or more of the Tags 
l05a-107. For example and With further reference to FIG. 2, 
the Interrogator 103 receives an information signal, typically 
from Applications Processor 101. The Interrogator 103 takes 
this information signal and Processor 200 formats a DoWn 
link message (Information Signal 200a) to be sent to the Tag. 
The information signal (200a) may include data information 
such as information specifying Which Tag is to respond 
(each Tag may have ?xed or programmed identi?cation 
number), instructions for the Tag’s processor to execute such 
as activation and deactivation, and/or any other information 
to be used and/or stored by the Tag’s processor. With joint 
reference to FIGS. 1 and 2, Radio Signal Source 201 
synthesiZes a radio signal, Modulator 202 modulates the 
radio signal using Information Signal 200a, and Transmitter 
203 transmits this modulated signal via Antenna 204, illus 
tratively using amplitude modulation, to a Tag. Amplitude 
modulation is a desirable choice because the Tag can 
demodulate such a signal With a single, inexpensive nonlin 
ear device (such as a diode). HoWever, many modulation 
schemes are possible such for example, as Phase Shift 
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Keying (PSK) of the subcarrier (e.g., BPSK, QPSK), more 
complex modulation schemes (e.g., MSK, GMSK), etc. 

[0006] In the Tag 105a (see FIG. 3a), the re?ecting 
antenna element 301a (eg a loop or patch antenna) receives 
the modulated signal. This signal is demodulated directly to 
baseband using the Detector/Modulator 302 Which, illustra 
tively, may be a single Schottky diode. The result of the 
diode detector is essentially a demodulation of the incoming 
signal directly to baseband. The Information Signal 200a is 
then ampli?ed by Ampli?er 303, and bit synchroniZation is 
recovered in Clock Recovery Circuit 304. Clock recovery 
circuits such as circuits that recover a clock from manchester 
encoded data are Well knoWn in the art. If large amounts of 
data are being transferred in frames, then frame synchroni 
Zation may be implemented, as for example by detecting a 
predetermined bit pattern that indicates the start of a frame. 
The bit pattern may be detected by clock recovery circuit 
304 or processor 305; bit pattern detection is Well knoWn in 
the art. The resulting information from clock recovery 
circuit 304 is sent to a Processor 305. Processor 305 is 
typically an inexpensive 4 or 8 bit microprocessor and its 
associated memory, and it generates an Information Signal 
306 from Tag 105a back to the Interrogator (e.g., 103). 
Information Signal 306 is sent to Detector/Modulator 302 to 
modulate the RF signal received by Tag 105a to produce a 
modulated backscatter (i.e. re?ected) signal. A Battery 310 
or other poWer supply provides operating poWer to the 
circuitry of Tag 105a. PoWer may also be received, for 
example, by using inductive coupling or microWaves. 

[0007] Returning to FIG. 2, the Interrogator 103 receives 
the re?ected modulated signal through Receive Antenna 
206, ampli?es the signal in a LoW Noise Ampli?er 207, and 
demodulates the signal using homodyne detection in a Mixer 
208. In an alternative embodiment, a single antenna may 
replace Transmit antenna (204) and Receive Antenna (206), 
in Which case an electronic method of canceling the trans 
mitted signal from that received by the receiver chain is 
required. 
[0008] Using the same Radio Signal Source 201 as is used 
in the transmit chain means that the demodulation to base 
band is done using homodyne detection; this has advantages 
in that it greatly reduces phase noise in the receiver circuits. 
The Mixer 208 then sends the Demodulated Signal 209 (if 
Mixer 208 is a Quadrature Mixer, it Would send both I (in 
phase) and Q (quadrature) signals) to the Filter/Ampli?er 
210. The resulting ?ltered signal—typically an Information 
Signal 213 is sent to a Processor 200 to determine the 
content of the message. 

[0009] Generally, RF Tags have a single re?ecting 
antenna. Since the Tag only re?ects RF energy instead of 
generating it, an RF Tag is less expensive to manufacture 
and requires little battery poWer When operating. Conse 
quently, an RF Tag provides a loW cost arrangement and 
method of transmitting sensor measurements to a central 
processing system or operator for evaluation. 

[0010] The advantages of using RF Tags to transmit infor 
mation to an Interrogator are accompanied by a disadvan 
tage: since the RF Tag is only a re?ector, the signals returned 
from it are generally Weaker than in systems that generate 
RF energy, at both ends of the communications link. For 
example, in an RF Tag system the signal-to-noise ratio 
(SNR) of a signal sent from the Tag falls off rapidly 



US 2001/0010495 A1 

(proportionally to r_4, Where r is the distance between the 
transmitter and re?ector). By comparison, in a communica 
tion system having a transmitter at one end and a receiver at 
the other, the SNR in each direction falls off slowly (pro 
portionally to rf'2). Thus, the interrogation range of the RF 
Tag is notably more limited by its distance from the RF 
transmitting source. 

[0011] FIG. 4 depicts incoming RF radiation generated by 
RF Interrogator 103 and directed toWard an RF Tag 105a 
having a re?ecting antenna element 301a, and FIG. 5 shoWs 
the re?ectance of the RF Tag 105a of FIG. 4. As is clear 
from FIG. 5, during operation the re?ecting antenna 301a of 
RF Tag 105a is either in a fully re?ecting mode or an 
essentially non-re?ecting mode. For each full period T of the 
square Wave depicted in FIG. 5, re?ecting antenna 301a of 
RF Tag 105a is only in the fully re?ecting mode for half of 
each period T. 

SUMMARY OF THE INVENTION 

[0012] The invention solves the above problems by pro 
viding tWo antenna elements axially aligned in a direction of 
expected incident radiation and spaced such that the echo 
signal of the second re?ecting antenna element is 180° out 
of phase With the echo signal generated by the ?rst re?ecting 
antenna element. This 180° phase shift can be achieved, for 
example, by spacing the ?rst and second re?ecting antenna 
elements With respect to each other by a distance approxi 
mately equal to a quarter Wavelength (N4) of the RF 
interrogating signal. The ?rst and second re?ecting antenna 
elements are then alternately pulsed on and off such that 
While one re?ecting antenna element is in the re?ecting 
mode, the other re?ecting antenna element is in the non 
re?ecting mode and vice versa. If the axis of the tWo antenna 
elements is oriented toWards the Interrogator, the echoes 
re?ected from the RF Tag Will alternate by 180°, as Will be 
shoWn in detail later. 

[0013] In another contemplated embodiment, more than 
tWo antenna elements can be provided in the RF Tag such 
that pairs of the antenna elements are alternately pulsed on 
and off, and the pair that provides the strongest re?ection 
Will be used for the current and future interrogations. 

[0014] Other objects and features of the present invention 
Will become apparent from the folloWing detailed descrip 
tion considered in conjunction With the accompanying draW 
ings. It is to be understood, hoWever, that the draWings are 
designed solely for purposes of illustration and not as a 
de?nition of the limits of the invention, for Which reference 
should be made to the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] In the draWings, Wherein like reference characters 
denote similar elements throughout the several vieWs: 

[0016] FIG. 1 is a block diagram of an illustrative prior art 
Radio Frequency Identi?cation System to Which the present 
invention is applicable; 

[0017] FIG. 2 is a block diagram of an illustrative prior art 
Interrogator used in the RF Tag system of FIG. 1; 

[0018] FIG. 3a is a block diagram of a prior art RF Tag 
used in the RFID system of FIG. 1; 

Aug. 2, 2001 

[0019] FIG. 3b is a block diagram of an RF Tag according 
to an embodiment of the present invention; 

[0020] FIG. 4 is a block diagram representing a prior art 
re?ecting antenna element (RF-Tag) system; 

[0021] FIG. 5 is a prior art timing diagram of the re?ec 
tivity of the single re?ecting antenna element of FIG. 1; 

[0022] FIG. 6a is a block diagram of an RF Tag containing 
tWo re?ecting antenna elements according to an embodiment 
of the present invention; 

[0023] FIG. 6b is a block diagram of an RF Tag containing 
three re?ecting antenna elements according to another 
embodiment of the present invention; 

[0024] FIG. 6c is a block diagram of an RF Tag containing 
four re?ecting antenna elements according to yet another an 
embodiment of the present invention; 

[0025] FIG. 7a is a timing diagram of the re?ectivity of a 
?rst re?ecting antenna element shoWn in FIG. 6; 

[0026] FIG. 7b is a timing diagram of the re?ectivity of a 
second re?ecting antenna element shoWn in FIG. 6; 

[0027] FIG. 7c is a graphical representation of the phase 
of the re?ected signals in accordance With an embodiment of 
the present invention; and 

[0028] FIG. 8 is a graphical plot shoWing the signal level 
improvement provided by the re?ecting antenna arrange 
ment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] Referring noW to FIGS. 3b and 6a, in accordance 
With an embodiment of the present invention an RF Tag 
105b includes a ?rst antenna (re?ecting) element 301a and 
a second antenna (re?ecting) element 301b predeterminately 
disposed With respect to the ?rst re?ecting element 301a 
such that the echo signal of second re?ecting element 301b 
is preferably 180° out of phase With the echo signal gener 
ated by ?rst re?ecting element 301a. This phase relationship 
can be achieved by positioning the second re?ecting element 
301b 1A1 Wavelength ()L/4) from the ?rst re?ecting element 
301a and then orienting the RF Tag so the axis of the tWo 
re?ecting elements points toWards the Interrogator. The 
axial alignment of the tWo re?ecting elements in the direc 
tion it of the expected incident radiation (i.e., the direction 
from Which the Interrogator interrogates the RF Tag) is 
required to achieve the 180° phase relationship and therefore 
a constructive interference. When the axial alignment of the 
tWo antenna elements is changed for any reason resulting in 
a change in the phase relationship of the respective echo 
signals is reduced to less than 60°, the desired constructive 
interference becomes destructive and the performance gain 
is lost. 

[0030] According to an embodiment of the present inven 
tion, the amount of phase difference betWeen the echo signal 
of the second re?ecting element 301b and the ?rst re?ecting 
element 301a can be in a range of 60°- 180°. The preferred 
180° out-of phase relationship betWeen the tWo re?ecting 
elements 301a and 301b can be obtained, for example, by 
positioning one re?ecting element approximately 1A wave 
length (of the interrogating signal) in front of the other in the 
direction from Which the incident RF transmission is 



US 2001/0010495 A1 

expected to arrive. Those of ordinary skill in the art Will of 
course quickly recognize that this M4 spacing is only one 
exemplary arrangement among many geometries that can be 
used to achieve the desired phase relationship betWeen the 
tWo re?ected signals. For example, spacings of %)t, 5/4 )t, 
7/4 )t can also achieve the 180° out-of-phase relationship. 

[0031] The tWo re?ecting elements 301a and 301b (or sets 
of re?ecting elements) are alternately pulsed on and off such 
that ?rst re?ecting element 301a enters a re?ecting state 
When second re?ecting element 301b enters a non-re?ecting 
state, and vice versa. Care must be taken that both re?ectors 
301a and 301b are not simultaneously active because When 
both re?ectors 301a and 301b are simultaneously active, and 
if both re?ections are equally strong, the tWo re?ected 
signals cancel each other out and provide no improvement in 
the interrogation range. 

[0032] In the preferred embodiment, the alternate pulsing 
of re?ecting elements 301a and 301b is activated by pro 
cessor 305 as instructed by the RF Interrogator in its initial 
transmission to the re?ecting elements 301a and 301b. Abit 
stream of information containing coded instructions for the 
RF Tags is sent to RF Tag 105b such that the processor 305 
recogniZes that it has being interrogated (e-g., by recogniZ 
ing its ID code). As explained With reference to FIG. 1, the 
initial transmission of the Interrogator can provide control 
information to the RF Tags and, more particularly, enables 
the selective activation and deactivation thereof. After 
receiving any instructions from the Interrogator, the proces 
sor 305 places the RF Tag into its data read out mode. 
According to the present invention, processor 305 accom 
plishes this by sWitching the re?ectivities of the re?ector 
elements 301a and 301b alternately. The processor 305 can 
accomplish this by setting the control lead to re?ecting 
element 301a to a logic one While setting the control lead of 
re?ecting element 301b to logic Zero, and vice versa. 

[0033] In an alternative embodiment, processor 305 can be 
pre-programmed to generate a square Wave that is capable of 
alternately pulsing on and off the respective ?rst and second 
re?ecting antenna elements 301a and 301b. In this embodi 
ment, the RF tag 105b Will usually be turned off, and upon 
receipt of the initial interrogating RF signal Will be turned 
on. Once activated (i.e., turned on), the pre-programmed 
square Wave Will automatically generate the desired alter 
nate pulsing of the re?ecting antenna elements. 

[0034] Once the alternate pulsing of the pair of re?ecting 
antenna elements is established, the continuous Wave (CW) 
transmission begins to cause RF Tag 105b to re?ect infor 
mation relating to the data set or data measurements stored 
in or sensed by the RF Tag. The alternate pulsing of 
re?ecting elements 301a and 301b changes the phase of the 
re?ected signal by 180° because the incident signal traverses 
a round-trip path that is a total of one-half a Wavelength 
longer (i.e. tWice the M4 spacing of the re?ecting elements) 
than that of single re?ector prior art systems. The change in 
phase of the re?ected signal results in a 6 dB improvement 
in the signal-to-noise ratio (SNR) as compared With the 
single re?ecting element con?guration of FIG. 1, as shoWn 
in the mathematical analysis presented later. The 6 dB 
improvement can be achieved When the tWo re?ecting 
elements 10 and 12 are spaced approximately 1A1 Wavelength 
apart and re?ect equally strongly in the direction of re?ec 
tion. If this is not the case, an improvement that is less than 
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a 6 dB Will be achieved until the spacing becomes less than 
M12 in the direction of the incident signal, Which Would 
result in a con?guration Whose performance is Worse than 
that of the single re?ector of the prior art. 

[0035] In accordance With the preferred embodiment, 
re?ecting elements 301a and 301b depicted in FIG. 6a are 
disposed on the same Tag. Accordingly the re?ecting ele 
ments 301a, 301b and 301c, and 301a, 301b, 310c and 301d 
of FIGS. 6b and 6c, respectively, are embodied on the same 
Tag. It is contemplated herein to include the added re?ecting 
elements for increasing the interrogation range of the RF Tag 
separately from the RF Tag such that they can be added to 
an existing RF Tag Without requiring modi?cation of the 
same. In this embodiment, the added re?ecting elements are 
also disposed in spaced relation With the single re?ecting 
element of the RF Tag such that they are M4 apart in the 
direction of the expected incident radiation so as to achieve 
the desired 180° phase shift in re?ected signals. As dis 
cussed, one of ordinary skill Will quickly recogniZe that 
other embodiments can be included that achieve the same 
180° phase shift Without necessarily requiring the M4 spac 
ing described. 

[0036] FIG. 7a depicts the re?ectance of the ?rst re?ect 
ing element 301a and FIG. 7b depicts the re?ectance of the 
second re?ecting element 301b. As a result of the alternate 
pulsing, at any given time one of the tWo re?ecting elements 
is in a fully re?ecting mode and the other is in an essentially 
non-re?ecting mode. A mathematical explanation of the 
applicability and enhancement of the present invention 
folloWs. 

[0037] Mathematical Analysis for a Single Re?ecting 
Antenna 

[0038] When a single-re?ector RF Tag is in its re?ecting 
state, the re?ected signal can be represented as a carrier 
sinusoid modulating (i.e. multiplying) the Fourier Series of 
the square Wave in FIG. 1: 

re?ected_signal =F(t) cos (met) (1) SingleJe?ector 

[0039] Where, in equation (1), (no is the RF carrier fre 
quency in the sinusoid cos (met) that is modulated (i.e., 
multiplied) by the Fourier Series 

[0040] of a square Wave of period T that varies betWeen 0 
and 1 (neglecting scaling factors), With 1/T being the fre 
quency of a subcarrier that can be modulated as described 
elseWhere in this application. The ellipsis ( . . . ) in equation 
(2) represents the higher-order terms of this series, Which is 
shoWn for an ideal square Wave. The coef?cients of the 
Fourier Series for a less-than-ideal square Wave Will some 
What deviate from these coef?cients to a degree, but such 
deviations Will not change the results of the present analysis. 

[0041] In the interrogator 103, the re?ected signal picked 
up by the receive antenna 206 and ampli?ed by the loW 
noise ampli?er 207 is demodulated by the mixer 208 using 
the RF source 214 (homodyne detection). This demodula 
tion eliminates the cos (uuct) factor from equation 
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Consequently, the only surviving part of equation (1) in the 
signal presented to the ?lter-ampli?er 210 is the Fourier 
series 

[0042] The ?lter-ampli?er 210 is an AC-coupled loWpass 
?lter that suppresses direct current (DC) frequencies, passes 
frequencies around the carrier frequency 

[0043] and blocks frequencies at and above its second 
harmonic frequency 

[0044] (The use of AC coupling and loWpass ?ltering is an 
inexpensive method of constructing a bandpass ?lter With a 
passband centered on the carrier frequency.) Consequently, 
to a ?rst approximation, the only remaining term in the 
Fourier series F(t) is its fundamental (i.e. its subcarrier) 
frequency term, Which in equation (2) is 

[0045] The ?ltered signal can be further demodulated to 
extract information that Was modulated onto it as described 

elseWhere. 

[0046] Mathematical Analysis for TWo Re?ecting-Anten 
nas 

[0047] The square Wave of re?ection for the tWo-re?ector 
system has tWice the amplitude of the single-re?ector sys 
tem, because the RF-Tag is re?ecting constantly, and (ii) 
alternate re?ections have a 180° phase difference. The 
folloWing mathematical analysis shoWs this for the general 
case in Which the phase angle of the re?ections from the 
second re?ecting-element 301b differ from those of ?rst 
element 301a by q) radians, so that the total signal re?ected 
by both elements is 

F (I))(COS(<DJ+¢)) (4) 

[0048] Where F(t) is the Fourier series de?ned in equation 
(2). It Will be noted that 1—F(t) assumes the same tWo values 
(0 for no re?ectance and 1 for full re?ectance) as F(t) 
assumes, and also that 1—F(t) is 0 When F(t) is 1, and vice 
versa. Collecting terms and using the usual trigonometric 
identity for cos (uuct+q)) produces the equivalent expression 

(4))) cos ((nct)+sin (4)) sin ((nct)) (5) 

[0049] After the re?ected signal is received by the inter 
rogator 103, the signal is demodulated by the mixer 208. 
This demodulation eliminates carrier-frequency factors such 

Aug. 2, 2001 

as cos (uuct+q)), With the result that the signal presented to the 
?lter-ampli?er 210 can be represented as 

demodulatedisignalvmim?aCtor : 2|sin(§)|F(t) (6) 

[0050] (This expression is obtained With the aid of stan 
dard trigonometric identities.) As in the single-re?ector case, 
the ?lter-ampli?er 210 eliminates all harmonics except the 
fundamental (i.e. subcarrier) frequency in the Fourier Series 
F(t) of equation (2): 

[0051] If the tWo re?ecting elements are separated by 
approximately 1A1 Wavelength 

(ie. by 

[0052] so that <|>=180°, equation (7) reduces to equation (8) 

[0053] Which as in the single-re?ector case may be further 
demodulated to extract an information-bearing signal. 

[0054] A comparison of equations (3) and (8) reveals that 
the signal re?ected by the tWo-antenna con?guration of 
FIG. 3b is tWice as large as the re?ected signal from the 
single re?ector system of the prior art (FIG. 3a). This 
translates into a 6 dB enhancement or improvement in the 
signal-to-noise poWer ratio. Because of the r'4 relationship 
discussed previously, this 6 dB improvement further trans 
lates into a 41% increase in the maximum interrogation 
range. 

[0055] There is, hoWever, a limitation on this improve 
ment in the signal-to-noise ratio. The 6 dB improvement can 
be achieved When the tWo re?ecting elements 301a and 301b 
are spaced approximately 1A1 Wavelength apart and re?ect 
equally strongly in the direction of re?ection. If this is not 
the case, an improvement that is less than a 6 dB but greater 
than 0 dB Will be achieved provided that the spacing is 
greater than )t/ 12 in the direction of the incident signal. If the 
spacing is less than M12 in the direction of the incident 
signal, the performance is Worse than that of the single 
re?ector of the prior art. 

[0056] This can be shoWn mathematically by dividing 
equation (3) into equation(8), giving: 

(3) 

[0057] If <|>=180°, the ratio is 2 (ie 6 dB), as stated 
previously. Equation (8) shoWs that tWo re?ectors perform 
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better than one re?ector if the phase difference 4) is greater 
than 60°, Which corresponds to a separation of approXi 
mately 

A 
5(1/12 Wavelength) 

[0058] betWeen the re?ecting elements. Conversely, tWo 
re?ectors Will perform Worse than a single re?ector if the 
phase difference 4) is less than 60°. 

[0059] Assuming that the tWo re?ecting elements 105 and 
120 are spaced approximately 1A1 Wavelength apart (i.e. M4) 
so that ¢=180° precisely, the graph of FIG. 8 shoWs the 
variation in re?ected signal as the angle betWeen the aXis of 
the tWo re?ecting elements becomes mis-aligned With the 
direction of the incoming RF radiation. Speci?cally, this 
graph plots 20 loglo(2 sin (TE/2 cos in dB versus the 
misalignment angle 0 in degrees. FIG. 8 implies that the 
tWo-re?ector con?guration is superior to the one-re?ector 
con?guration if the misalignment angle Sis less than 70°. 

[0060] On the other hand, there are many situations in 
Which an RF-Tag system can be oriented so that the tWo 
re?ecting elements are positioned approximately 1A wave 
length apart in the direction of re?ection. For eXample, in a 
parking meter an RF-Tag can be positioned in a predictable 
orientation to an interrogation device With a directional 
antenna mounted in or on a vehicle driven past the parking 
meter. 

[0061] When the assumption of the previous paragraph is 
invalid, there are several strategies for coping With this. The 
remainder of this application is devoted to these strategies. 

[0062] Coping With Large Misalignment Angles 

[0063] The simplest method of coping With a misalign 
ment angle 0 greater than 70° is simply to pulse both 
re?ecting antenna elements 301a and 301b on and off 
together simultaneously, so that both are on or off at the 
same time. This causes the re?ections from both elements to 
add together constructively, With the result that the re?ected 
signal is enhanced from 3.5 dB to 6 dB above the single 
re?ector prior-art embodiment of FIG. 3a. 

[0064] A strategy for utiliZing this is for both re?ecting 
antenna elements 301a and 301b to pulse ?rst alternately on 
and off, folloWed by pulsing both on and off simultaneously 
for an equally long interval. Amessage Would be modulated 
onto the subcarrier in duplicate, i.e. once in the ?rst interval, 
and again in the second interval. If Interrogator 103 receives 
both copies of the message, it Would simply discard the 
duplicate message. 

[0065] An alternative strategy is for the Interrogator 103 to 
pick up the pulsed re?ections from the ?rst and second 
intervals and to identify the interval that generated the 
strongest re?ection. The Interrogator Will send a message to 
the Processor 305 of the RF Tag designating the stronger 
interval, so that the Processor 305 can use the appropriate 
mode (i.e. alternating or simultaneous pulsing) to send the 
message(s) to the Interrogator 103. 

[0066] Multiple Re?ectors 

[0067] If the orientation of the aXis of the re?ecting 
antenna elements cannot alWays be aligned With the direc 
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tion of re?ection, multiple re?ectors can be used advanta 
geously. For eXample, a parking-meter reader on foot might 
approach a parking meter bearing an RF-Tag from many 
possible different directions. In this case, a planar con?gu 
ration of re?ecting antenna elements on the parking meter 
Will be appropriate provided that the plane is mounted 
parallel to the ground. FIG. 6b shoWs a block diagram of RF 
tag 105c having three re?ecting antenna elements 301a, 
301b and 301c arranged in a triangular array. In this embodi 
ment, once the RF Tag receives the initial interrogating RF 
signal, the processor 305 Would be pre-programmed to make 
the three elements 301a, 301b and 301c pulse alternately in 
pairs—?rst elements 301a and 301b, then 301b and 301c, 
and ?nally 301c and 301a for predetermined intervals of 
time. If the message to be returned from the RF tag 105c is 
short enough, the tag Will simply send the message three 
times by modulating the pulses from each of the three pairs. 
If the Interrogator 103 receives a signal re?ected from at 
least one of the pairs, the Interrogator 103 Will demodulate 
that signal to obtain the message, Which can be validated 
With the aid of an error-detecting code. If the Interrogator 
103 receives more than one valid copy of the message, it Will 
discard the duplicate message(s). 

[0068] If the message to be sent is too lengthy to be 
transmitted in triplicate, each of the three pairs sequentially 
Will produce a short burst of message-free pulsing. The 
Interrogator 103 Will pick up the pulsed re?ections from the 
three pairs and Will identify the pair that generated the 
strongest re?ection. The Interrogator Will send a message to 
the Processor 305 of the RF Tag designating the pair that 
produced the strongest re?ection, so that the Processor 305 
can direct that pair to send the message to the Interrogator 
103. 

[0069] To deal With situations in Which the direction of 
re?ection can be at any angle Whatsoever With respect to the 
RF tag, FIG. 6c shoWs another embodiment of the present 
invention utiliZing four re?ecting antenna elements 301a, 
301b, 301c and 301d arranged in a tetrahedral type con?gu 
ration. (Similar embodiments, such as mounting the re?ect 
ing antenna elements ?ush With the faces of a tetrahedron or 
other pyramidal structure, can be implemented more con 
ventionally but are not as easy to illustrate.) Similar to the 
embodiment of FIG. 6b, elements 301a- 301a' Will be 
alternately pulsed in pairs, and the pair that delivers the 
strongest re?ection Will be used by the system. For eXample, 
element pairs 301a and 301b, 301b and 301c, 301c and 
301d, 301a' and 301a, 301a and 301c, and 301b and 301d 
Will be each alternately pulsed for a predetermined time 
interval. As in the three-element embodiment described 
above, a short message can be resent in seXtuplicate, once by 
each pair. 

[0070] If the message is too long for this, each of these siX 
pairs sequentially Will produce a short burst of message-free 
pulsing. After identifying the pair producing the strongest 
re?ection, the Interrogator Will send a message to the 
Processor 305 of the RF Tag designating that pair, so that the 
Processor 305 can direct that pair to send the message to the 
Interrogator 103. 

[0071] Luneberg Lens 

[0072] A Luneberg lens generaliZation of the multiple 
element approach of the previous section is capable of 
providing almost perfect resistance to misalignment of the 
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element axis With the direction of re?ection. U.S. Pat. No. 
3,703,723, titled Portable Passive Re?ector; of Victor 
Albanese et. al. and incorporated herein by reference, 
describes a Luneberg lens system in Which a re?ecting net 
is positioned on one side of a spherical lens (Which is 
sometimes implemented as a hemisphere With a re?ecting 
bottom). The re?ectivity of this net is pulsed on and off in 
a manner similar to the antenna element of a conventional 
RF Tag. The bene?ts of using a Luneberg lens include 1) an 
increase in the SNR by increasing the radar cross-section of 
the lens, and 2) provision of a very Wide range of angles 
(With respect to the direction of the incoming RF radiation) 
over Which the lens Will function. 

[0073] Methods of fabricating a Luneberg-like lens are 
described in US. Pat. No. 2,866,971 of Kenneth S. Kelleher, 
also incorporated herein by reference. The lens of the ’971 
patent is spherical having void dielectric and density cor 
rection. The density of the dielectric material forming the 
spherical lens is changed by reducing the dielectric structure 
by removal of the dielectric material, thereby leaving voids 
in the dielectric structure. The spherical lens is assembled by 
stacking circular plates of the void-containing dielectric 
material Where the plates vary in diameter from a maximum 
in the middle of the structure toWard each end thereof. The 
voids in the dielectric plates are staggered or offset With 
respect to each other except at the centers of the plates Where 
the voids are aligned to facilitate the passage of an assembly 
member. The plates are then subject to pressure molding to 
secure the aligned position. 

[0074] The Luneberg lens system described by Albanese 
et al. includes a diode array Whose pulsing modulates the 
effective cross section, and thus the strength of the returned 
signal. In accordance With the present invention, a second 
set of re?ecting elements can be placed at a radius from the 
diode array approximately 1A1 Wavelength greater than the 
radius of the ?rst set. If the re?ectivities of the tWo shells of 
re?ecting elements are alternately pulsed in accordance With 
the invention as above, the Luneberg lens system Will 
operate in binary phase-shift key mode (BPSK) mode to 
provide up to 6 dB of improvement in the SNR. Aparticular 
advantage of this so-modi?ed system is its insensitivity to 
the direction of the incident signal over nearly 2 at steradians 
of solid angle. 

[0075] This arrangement in accordance With the present 
invention may also be applied to the version of the Luneberg 
lens in Which the sphere is bisected and the resulting ?at 
surface is made re?ective. In that so-modi?ed version, the 
Luneberg lens can function over nearly at steradians of solid 
angle. 

[0076] Modulation 

[0077] Many modulation techniques are available for con 
veying information that the RF-Tag needs to report. Com 
monly assigned pending US. patent application Ser. No. 
08/777,771, ?led on Dec. 31, 1996 and incorporated herein 
by reference, lists a number of modulation schemes, includ 
ing phase shift keying (PSK) of the subcarrier 
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[0078] This list includes BPSK, QPSK, and more complex 
modulation schemes (e.g., MSK, GMSK, etc.) These modu 
lation techniques are generally suf?cient for use With an RF 
Tag system implemented in accordance With the present 
invention. 

[0079] While there have been shoWn and described and 
pointed out fundamental novel features of the invention as 
applied to preferred embodiments thereof, it Will be under 
stood that various omissions and substitutions and changes 
in the form and details of the methods described and devices 
illustrated, and in their operation, may be made by those 
skilled in the art Without departing from the spirit of the 
invention. For example, it is expressly intended that all 
combinations of those elements and/or method steps Which 
perform substantially the same function in substantially the 
same Way to achieve the same results are Within the scope 

of the invention. It is the intention, therefore, to be limited 
only as indicated by the scope of the claims appended 
hereto. 

We claim: 
1. Amethod for increasing an interrogation range in an RF 

Tag monitoring system comprising an Interrogator and a ?rst 
re?ecting antenna element and a second re?ecting antenna 
element for receiving RF signals from the Interrogator and 
re?ecting back to the Interrogator modulated signals, 
Wherein the second re?ecting antenna element is ?xedly 
positioned and spaced With respect to the ?rst re?ecting 
antenna element along a direction of expected receipt of the 
RF signals from the Interrogator, the method comprising the 
step of: 

alternately pulsing the ?rst and second re?ecting antenna 
elements on and off such that While the ?rst re?ecting 
antenna element is in a re?ecting mode the second 
re?ecting antenna element is in a non-re?ecting mode, 
and When the ?rst re?ecting antenna element is in the 
non-re?ecting mode the second re?ecting antenna ele 
ment is in the re?ecting mode. 

2. The method set forth in claim 1, further comprising 
providing said ?rst and second re?ecting antenna element on 
one RF Tag. 

3. The method set forth in claim 1, Wherein said step of 
alternately pulsing generates a phase difference in a range of 
60°- 180° betWeen re?ected modulated signals from the ?rst 
and second re?ecting antenna elements. 

4. The method set forth in claim 1, Wherein the RF signals 
have a wavelength (9») and the ?xed position and spacing of 
the second re?ecting element is With respect to said ?rst 
re?ecting element comprises a range of 1/12 to 1A1 of the 
Wavelength of the RF signals. 

5. The method set forth in claim 1, Wherein said step of 
alternately pulsing generates a 180° phase difference 
betWeen re?ected signals from the ?rst and second re?ecting 
antenna elements. 

6. The method set forth in claim 1, Wherein the RF signals 
have a Wavelength ()L) and the ?xed positioning and spacing 
betWeen the ?rst and second re?ecting antenna elements 
comprises 1A1 Wavelength (N4) of the RF interrogating 
signals. 

7. The method set forth in claim 1, Wherein the ?xed 
position of the second re?ecting antenna element is axially 
aligned With the ?rst re?ecting antenna element. 

8. Amethod for increasing an interrogation range in an RF 
Tag monitoring system utiliZing a Luneberg lens re?ector as 
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an RF Tag for receiving and re?ecting RF signals, the 
Luneberg lens having a ?rst and a second set of re?ecting 
elernents spaced from a modulating diode array, Wherein the 
second set of re?ecting elements is ?xedly positioned and 
spaced With respect to the ?rst set of re?ecting elernents 
along a direction of expected incident receipt of the RF 
signals by the Luneberg lens re?ector, the method cornpris 
ing the step of: 

alternately pulsing the ?rst and second sets of re?ecting 
elements on and off such that While the ?rst set of 
re?ecting elements is in a re?ecting mode, the second 
set of re?ecting elements is in a non-re?ecting mode, 
and When the ?rst set of re?ecting elements is in a 
non-re?ecting mode, the second set of re?ecting ele 
rnents is in a re?ecting mode. 

9. The method set forth in claim 7, Wherein said step of 
alternately pulsing generates a phase difference betWeen the 
signals re?ected from the ?rst set of re?ecting elements and 
the signals re?ected from the second set of re?ecting ele 
rnents. 

10. The method set forth in claim 7, Wherein the RF 
signals have a wavelength (9») and said ?xed spacing of said 
second set of re?ecting elements with respect to said ?rst set 
of re?ecting elernents comprises a range of 1/12 to 1A1 of the 
Wavelength of the RF signals. 

11. The method as set forth in claim 7, Wherein the RF 
signals have a wavelength (9») Wherein said ?xed spacing 
cornprises 1A1 Wavelength (N4) of the interrogating RF 
signals. 

12. The method set forth in claim 9, Wherein said phase 
difference is in a range of 60° to 180°. 

13. The method set forth in claim 9, Wherein said phase 
difference is 180°. 

14. An RF Tag communication system, comprising: 

an Interrogator for transmitting RF signals; 

a ?rst antenna element and a second antenna element for 
receiving the RF signals from the Interrogator and for 
re?ecting rnodulated signals back to the Interrogator, 
said at ?rst and second antenna elements being ?xedly 
spaced from one another along a direction of expected 
incident receipt of RF signals. 

15. The RF Tag communication system in accordance 
with claim 14, further comprising an RF Tag having said ?rst 
and second antenna elernents disposed therein. 

16. The RF Tag communication system in accordance 
with claim 14, Wherein said ?rst and second antenna ele 
rnents are capable of being alternately pulsed on and off such 
that While one antenna element is in a re?ecting mode, the 
other antenna element is in a non-re?ecting mode and vice 
versa. 

17. The RF Tag communication systems in accordance 
with claim 14, Wherein said RF Tag further comprises a 
processor coupled to the ?rst and second antenna elements 
for enabling the alternate pulsing of said ?rst and second 
antenna elements. 

18. The RF Tag communication system in accordance 
with claim 14, Wherein the RF signals have a Wavelength ()L) 
and said ?xed spacing of said at least tWo re?ecting antenna 
elements with respect to each other comprises a range of 1/12 
to 1A1 of the Wavelength of the RF signals. 

19. The RF Tag communication system in accordance 
with claim 14, Wherein said ?xed spacing cornprises 1A1 
Wavelength (N4) of the RF signals. 
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20. The RF Tag communication system in accordance 
with claim 14, Wherein said at least tWo re?ecting antenna 
elements are positioned so as to be axially aligned With each 
other in the direction of expected incident receipt of the RF 
interrogating signals. 

21. The RF Tag communication system in accordance 
with claim 16, Wherein the alternate pulsing of said at least 
tWo re?ecting antenna elernents generates a predetermined 
phase difference in a range of 60°- 180° betWeen signals 
re?ected by the respective re?ecting antenna elements. 

22. The RF Tag communication system in accordance 
with claim 17, Wherein said RF signals generated by the 
Interrogator comprise an initial transmission of information 
instructing said processor to effect said alternate on-off 
pulsing of the at least tWo re?ecting antenna elements. 

23. The RF Tag communication system in accordance 
with claim 17, Wherein said processor is pre-prograrnrned to 
alternately pulse said ?rst and second antenna element, and 
Wherein said RF signals generated by the Interrogator corn 
prise an initial transmission to the RF Tag enabling the 
activation of the RF Tag. 

24. The RF Tag communication system in accordance 
with claim 21, Wherein said phase difference is 180°. 

25. An RP Tag communication system, comprising: 

an Interrogator for transmitting RF signals; 

a ?rst, a second and a third re?ecting antenna element for 
receiving the RF signals from the Interrogator and for 
re?ecting rnodulated signals back to the Interrogator, 
and a processor, Wherein said ?rst, second and third 
antenna elements are arranged in a triangular con?gu 
ration With respect to each other, said Interrogator 
transrnitting an initial RF signal to instruct said pro 
cessor to alternately pulse said ?rst, second and third 
re?ecting antenna elements on and off in predeterrnined 
pairs such that tWo antenna elements are pulsed on and 
off for a predetermined interval While the third rernains 
off during the predetermined interval. 

26. The RF Tag communication system in accordance 
with claim 25, further comprising an RF Tag in communi 
cation With said Interrogator, said ?rst, second and third 
re?ecting antenna elements being disposed on said RF Tag. 

27. The RF Tag communication system in accordance 
with claim 25, Wherein said predetermined pairs cornprise 
said ?rst and second antenna elernents, said second and third 
antenna elements and said third and ?rst antenna elements, 
and Wherein said Interrogator monitors the strength of the 
re?ected signals from said predetermined pairs and instructs 
said processor to utiliZe the pair that provides the strongest 
re?ection signal. 

28. An RF Tag communication system, comprising: 

an Interrogator for transmitting RF signals; 

a ?rst, a second, a third and a fourth re?ecting antenna 
element for receiving the RF signals from the Interro 
gator and for re?ecting rnodulated signals back to the 
Interrogator, and a processor, Wherein said antenna 
elements are arranged in a tetrahedral con?guration, 
said Interrogator transrnitting an initial RF signal to 
instruct said processor to alternately pulse said re?ect 
ing antenna elements on and off in predeterrnined pairs 
such that tWo antenna elements are pulsed on and off 
for a predetermined interval While the other tWo ele 
rnents rernain off during the predetermined interval. 
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29. The RF Tag communication system in accordance 
With claim 28, further comprising an at least one RF Tag, 
said ?rst, second, third and fourth re?ecting antenna ele 
ments being disposed in said at least one RF Tag. 

30. The RF Tag communication system in accordance 
With claim 28, Wherein said predetermined pairs comprise 
said ?rst and second re?ecting antenna elements, said sec 
ond and third antenna elements, said third and fourth 
antenna elements, and said fourth and ?rst antenna elements, 
and Wherein said Interrogator monitors the strength of the 
re?ected signals from said predetermined pairs and instructs 
said processor to utiliZe the pair that provides the strongest 
re?ection signal. 

31. A method for increasing an interrogation range in an 
RF Tag monitoring system comprising an Interrogator and a 
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?rst re?ecting antenna element and a second re?ecting 
antenna element for receiving RF signals from the Interro 
gator and re?ecting back to the Interrogator modulated 
signals, Wherein the second re?ecting antenna element is 
?Xedly positioned and spaced With respect to the ?rst 
re?ecting antenna element along a direction of eXpected 
receipt of the RF signals from the Interrogator, the method 
comprising the step of: 

alternately pulsing both the ?rst and second re?ecting 
antenna elements on and off together such that both 
re?ecting antenna elements are simultaneously either in 
the re?ecting mode or else in the non-re?ecting mode. 


