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(57) ABSTRACT 
A reader interrogates an object. The object has a tag 
with a data source such as a read-only memory (ROM) 
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which produces an identifying sequence of binary 1's 
and 0's in an individual pattern and transmits these sig 
mals to the reader. Each '1' or '0' is converted to a 
plurality of signal cycles at first and second harmonic 
frequencies. For example, a “1” may be identified by 
two signal cycles at the second frequency (e.g. 40 kHz) 
and then one signal cycle at the first frequency (e.g. 20 
kHz) and a "0" may be identified by a signal cycle at the 
first frequency and then two signal cycles at the second 
frequency. The transponder also produces a plurality of 
signal cycles in an individual code (different from any 
combination of "1's' and "O's") to indicate the end of 
the transmission of the signal cycles identifying the 
object and the start of another transmission. The reader 
receives the signal cycles identifying the object and 
delays these signal cycles by (a) a first time such as 
period of a cycle at the second frequency, (b) a second 
time such as of such period and (c) a third time corre 
sponding to such period. The reader compares the re 
ceived signals and the first delayed signals to produce 
first phase-locked signals. The reader compares the 
received signals and the second delayed signals to pro 
duce additional phase-locked signals at the times that 
the first phase-locked signals are not produced. The 
reader then produces clock signals from the first and 
additional phase-locked signals. The reader produces 
information signals from a comparison of the received 
signals and the third delayed signals. The reader syn 
chronizes the information signals with the lock signals 
to identify the object. 

30 Claims, 5 Drawing Sheets 
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SYSTEM FOR IDENTIFYING PARTICULAR 
OBJECTS 

This invention relates to systems for identifying ob 
jects on a remote basis. More particularly, the invention 
relates to a system including a reader for providing a 
simple and reliable identification of an object, when the 
object is displaced by a considerable distance from the 
reader, by detecting an individual sequence of signal 
cycles identifying the object. 
As commerce becomes increasingly complex, the 

volume of products requiring individual identifications 
increases. For example, containers holding goods are 
stacked on merchant ships. When the merchant ships 
reach a destination port, only individual ones of such 
containers have to be unloaded and the remaining con 
tainers may be retained on the merchant ship until sub 
sequent destination ports are reached. It would be desir 
able to identify, on a remote basis such as in the order of 
30 to 40 feet, the containers which have to be unloaded 
at the destination port. By identifying such containers 
on a remote basis, any need for merchant seamen or 
longshoremen at the destination port to have to inspect 
such containers individually may be eliminated. 

Systems have been developed for identifying an ob 
ject on a remote basis. Such systems include a reader 
displaced from the object for interrogating a tag at the 
object. The tag has an identifying code which is individ 
ual to the object being interrogated. This code is re 
presentd by a sequence of binary 1's and binary 0's in a 
pattern individual to the object. Each of the binary 1's 
and binary 0's in this sequence is converted to a plural 
ity of signal cycles which are transmitted to the reader. 
The signal cycles in each plurality may have first and 
second frequencies in a particular pattern to identify a 
binary '1' and may have first and second frequencies in 
another pattern to identify a binary "0". 
The systems in use have certain difficulties. One diffi 

culty is that the patterns of signal cycles identifying 
binary 1's and binary 0's are in a form which creates 
problems at the reader. Another problem is that the 
reader cannot identify easily when a transmission of the 
signal cycles identifying the individual sequence of 
binary 1's and binary signal cycles for an object has 
been completed. A third problem is that detection of the 
information represented by the patterns of signals in the 
binary 1's and the binary 0's has been inhibited. This 
inhibition has resulted partly from the inability of the 
reader to generate clock signal cycles on a self-synchro 
nous basis from the signals received from the transpon 
der. This inability of the reader to generate clock signals 
on a self-synchronous basis has impeded the operation 
of the reader in identifying the individual pattern of 
binary 1's and binary 0's in the sequence. 
A considerable effort has been made to overcome the 

disadvantages discussed in the previous paragraph. In 
spite of such efforts, such disadvantages still exist in 
systems for identifying objects on a remote basis. These 
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disadvantages have tended to limit the willingness of 60 
individuals and organizations to employ systems for 
identifying objects on a remote basis. It has also in 
peded the systems from fulfilling their theoretical 
ranges of operability. 
This invention provides a system which overcomes 

the disadvantages discussed above. The system pro 
duces pluralities of cycles of signals at first and second 
harmonic frequencies. The cycles of the signals identi 

65 

2 
fying a binary "1" are symmetrical to the signals identi 
fying a binary "0". In other words, the cycles at the 
second frequency occur before a cycle at the first fre 
quency to represent a binary "1" and the cycle at the 
first frequency occurs before the cycles at the second 
frequency to identify a binary "0". 
The system of this invention is also advantageous in 

that it provides a code identifying the end of the trans 
mission of signal cycles identifying an object and the 
start of another such transmission. This code is in a form 
which is distinctive from the pluralities of signal cycles 
identifying binary 1's and binary 0's regardless of the 
combinations of binary 1's and binary 0's which follow 
the code identifying the start of the information trans 
mission. The code identifying the end of one transmis 
sion and the start of the next transmission is also advan 
tageous because it occurs in a minimal time. 
The system also provides a generation of clock sig 

nals on a self-synchronizing basis regardless of the pat 
terns of binary 1's and binary 0's transmitted to the 
reader. This facilitates the detection by the reader on a 
straightforward and reliable basis of the sequence of 
binary 1's and binary 0's identifying the object. 
The reader receives the signal cycles identifying the 

object and delays these signal cycles by (a) a first time 
such as one fourth () of the period of a cycle at the 
second frequency, (b) a second time such as one half () 
of such period and (c) a third time such as such one (1) 
such period. The reader compares the received signal 
cycles and the first delayed signal cycles to produce 
first phase-locked signals for generating the clock sig 
nals. The reader compares the received signal cycles 
and the second delayed signal cycles to produce addi 
tional phase-locked signals at the times that the first 
phase-locked signals for generating the clock signals are 
not produced. The reader then produces clock signals 
from the first and additional phase-locked signals. 
The reader produces information signals from a com 

parison of the received signal cycles and the third de 
layed signal cycles. The reader synchronizes the infor 
mation signals with the clock signals to identify the 
object. By identifying the object, the object may be 
segregated from adjacent objects and individual opera 
tions may then be performed on such segregated object. 
For example, containers disposed on a merchant ship 
and destined for a particular port may be identified and 
segregated at such particular port by the system con 
sitituting this invention. 

In the drawings: 
FIG. 1 is a simplified block diagram of a reader and a 

transponder included in one embodiment of the inven 
tion for identifying at the reader an object associated 
with the transponder; 
FIGS. 2, 2b, 2c and 2d constitute complementary 

block diagrams illustrating on a somewhat detailed basis 
the construction of the reader shown in FIG. 1; 
FIG. 3 illustrates waveforms produced in the tran 

sponder and detected at the reader to identify a binary 
"1", a binary "O' and a code indicating the end of the 
generation at the transponder of sequences of signal 
cycles in the pattern of binary 1's and binary 0's identi 
fying the object; 
FIG. 4 illustrates waveforms of signal cycles gener 

ated at the reader to detect the sequence of binary 1's 
and binary 0's identifying the object; 
FIG. 5 illustrates waveforms of signal cycles gener 

ated at the reader to produce phase-locked signals used 
at the reader to provide clock signals for synchronizing 



4,739,328 
3 

the operation of the reader shown in FIGS. 2a, 2b, 2c 
and 2d and 
FIG. 6 illustrates waveforms of additional signals 

generated at the reader to produce additional phase 
locked signals for providing the clock signals. 5 

In one embodiment of the invention, a source 10 of 
interrogating rf signals is connected to an antenna 12 at 
a reader generally indicated at 14. The interrogating rif 
signals from the source 10 may have a suitable fre 
quency such as nine hundred and fifteen megahertz (915 
MHz). When the source 10 of interrogating rf signals is 
energized, the antenna 12 transmits activating signals to 
a suitable antenna 16 (such as a dipole antenna) at a 
transponder generally indicated at 18. The transponder 
18 is located at an object (not shown) to identify the 
object. The transponder includes a data source such as 
a read-only memory 22 which provides a sequence of 
binary 1's and binary 0's in an individual pattern to 
identify the object. 
A binary '1' in the read-only memory 22 causes a 

modulator 20 to produce a first plurality of signal cycles 
and a binary "O' in the read-only memory 22 causes the 
modulator 20 to produce a second plurality of signal 
cycles different from the first plurality of signals. The 
pluralities of signal cycles sequentially produced by the 
modulator 20 to represent the pattern of binary 1's and 
binary 0's identifying the object are introduced to the 
dipole 16 for transmission to the antenna 12 at the 
reader. 
The antenna 12 introduces the received signals to a 30 

mixer 26 for comparison in the mixer with the interro 
gating rf signals from the source 10. The mixed signals 
are introduced to an amplifier 28 and are demodulated 
in a demodulator 30. The demodulator produces signals 
in a sequence having a pattern identifying the pattern of 35 
l's and 0's in the read-only memory 22 at the transpon 
der. This sequence may be compared in the reader with 
a desired sequence to determine whether the object 
being identified is one being sought by the reader. 
The system described above represents the prior art 40 

on a simplified basis. Such a system is disclosed in U.S. 
Pat. No. 4,075,632 issued on Feb. 21, 1978, to Howard 
A. Baldwin, Stephen W. Depp, Alfred R. Koelle and 
Robert W. Freyman and assigned of record to the 
United States of America as represented by the United 45 
States Department of Energy. Applicant's assignee of 
record in this application has obtained rights from the 
United States Government under U.S. Pat. No. 
4,075,632 to make, have made, use and sell the invention 
disclosed in such patent and covered by the claims of 50 
such patent. 
This invention provides an improvement on the sys 

tem disclosed and claimed in U.S. Pat. No. 4,075,632. 
The assignee of record of this patent application has 
advanced the system of U.S. Pat. No. 4,075,632 in ac 
cordance with the improvements disclosed and claimed 
in this patent application. 
The system of this invention employs a reader, gener 

ally indicated at 24, which is shown in detail in FIGS. 
2a, 2b, 2c and 2d and which may be considered to be 
similar in some details to that shown in FIG. and 
described above. The signals are transmitted by the 
dipole 16 in FIG. 1 to an antenna 26 (FIG. 2a) and are 
introduced to mixers 32 and 34. The interrogating rf 
signals from a source 30 (corresponding to the source 10 65 
in FIG. 1) are also introduced to the mixer 32 and are 
shifted in phase by 90 as at 36 and are then introduced 
to the mixer 34. The signals from the mixers 32 and 34 
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4. 
are respectively amplified linearly at 40 and 42 and are 
then introduced to a mixer or third channel combiner 
44. The signals from the amplifiers 40 and 42 and from 
the mixer 44 are respectively introduced to amplifiers 
46, 48 and 50, each of which provides a high gain and 
then a limitation in amplitude after providing such high 
3. 

2 The signals from the limiting amplifiers 46, 48 and 50 
respectively pass to shift registers (FIGS. 2b) 54 and 56 
in series, 58 and 60 in series and 62 and 64 in series. The 
signals at mid points in the shift registers 54, 58 and 62 
respectively pass to exclusive OR gates 66, 68 and 70. 
Signals are also respectively introduced to the input 
terminals of the exclusive OR gates 66, 68 and 70 from 
the output terminals of the limiting amplifiers 46, 48 and 
50. 

Connections are made from the output terminal of the 
exclusive OR gate 66 to input terminals of AND gates 
72 and 74, from the output terminal of the OR gate 68 to 
input terminals of the AND gate 72 and an AND gate 
76 and from the output terminal of the OR gate 70 to 
input terminals of the AND gates 74 and 76. The output 
terminals of the AND gates 72, 74 and 76 are connected 
to input terminals of an OR gate 80. (FIG. 2c). The 
AND gates 72, 74 and 76 are shown in FIGS.2b and 2c. 

In like manner, the signals from the limiting amplifi 
ers 46, 48 and 50 (FIG. 2b) are respectively introduced 
to exclusive OR gates 82, 84 and 86. Second input termi 
nals of the exclusive OR gates 82, 84 and 86 respectively 
receive signals from the output terminals of the shift 
registers 54, 58 and 62. Signals are introduced from the 
output terminal of the exclusive OR gate 82 to input 
terminals of AND gates 90 and 92, from the output 
terminal of the exclusive OR gate 84 to input terminals 
of the AND gate 90 and an AND gate 94 and from the 
output terminal of the exclusive OR gate 86 to input 
terminals of the AND gates 92 and 94. The output ter 
minals of the AND gates 90,92 and 94 are connected to 
input terminals of an OR gate 96. (FIG.2c). The AND 
gates 90, 92 and 94 are shown in FIGS. 2b and 2c. 

Correspondingly, the output terminals of the shift 
registers 56, 60 and 64 (FIG. 2b) respectively pass to 
input terminals of exclusive OR gates 100, 102 and 104. 
The exclusive OR gates 100, 102 and 104 also have 
input terminals respectively connected to the output 
terminals of the limiting amplifiers 46, 48 and 50. Con 
nections are respectively made from the output termi 
nals of the exclusive OR gates 100,102 and 104 to input 
terminals of AND gates 110 and 112, input terminals of 
the AND gate 110 and an AND gate 114 and input 
terminals of the AND gates 112 and 114. The signals 
passing through the AND gates 110, 112 and 114 are 
introduced to input terminals of an OR gate 116. (FIG. 
2c). The AND gates 110, 112 and 114 are shown in 
FIGS. 2b and 2c. 
The signals from the OR gate 80 pass to a phase 

locked loop 120 which may be constructed in a conven 
tional manner. The phase-locked loop may include a 
phase detector and a voltage-controlled oscillator. An 
output terminal of the phase detector of the phase 
locked loop 120 is connected to a movable arm of a 
switch 22, the positioning of which may be controlled 
by the signal from the OR gate 96. This is indicated by 
broken lines in FIG. 2c. The switch 122 is shown as a 
mechanically operated switch but it preferably consti 
tutes a semi conductor device. 
The stationary contact of the switch 122 is connected 

to a resistance 124 in series with a parallel combination 
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of a capacitance 126 and a resistance 128. The parallel 
combination of the capacitance 126 and the resistance 
128 is connected through a capacitance 130 to a refer 
ence potential such as ground. The terminal common to 
the resistances 124 and 126 and the capacitance 128 is 
connected to an input terminal of the voltage-controlled 
oscillator in the phase-locked loop 120. The resistances 
124 and 128 and the capacitances 126 and 130 may be 
considered to be included in a low pass loop filter indi 
cated in broken lines at 134 in FIG.2c. The signals from 
the voltage-controlled oscillator of the phase-locked 
loop 120 are introduced to the clock terminal of a low 
pass digital filter 132. 
When the dipole 16 at the transponder 18 in FIG. 1 

receives the interrogating rf signals from the reader 24, 
it generates pluralities of signal cycles in a code depen 
dent upon the pattern of 1's and 0's provided in the data 
source such as the read-only memory 22 to identify the 
object associated with the transponder. For example, a 
binary "O" may be represented by a first signal cycle at 
a suitable frequency such as twenty kilohertz (20 kHz) 
and then by additional signal cycles at a suitable fre 
quency which is a harmonic of the first frequency. Pref. 
erably, the second frequency is forty kilohertz (40 kHz) 
when the first frequency is twenty kilohertz (20 kHz). 
This is illustrated at 140 in FIG. 3. Similarly, a binary 
“1” may be represented by two (2) cycles at the second 
frequency such as forty kilohertz (40 kHz) and then by 
an additional cycle at the first frequency such as twenty 
kilohertz (20 kHz). This is illustrated at 142 in FIG. 3. 
The read-only memory 22 causes the modulator 20 to 

produce the pluralities of signal cycles respectively 
coding for the sequences of binary 1's and binary 0's in 
the individual pattern. The modulator 20 introduces 
these signals to the dipole 16 (FIG. 1) for transmission 
to the reader 24. These signals are received by the an 
tenna 26 (FIG. 2a) and are introduced to the mixers 32 
and 34 (FIG.2a). The mixer 32 also receives the interro 
gating rf signals from the source 30 and the mixer 34 
receives the interrogating rf signals from the source 30 
after the signals have been shifted in phase by 90' by the 
stage 36. The mixed signals from the mixers 32 and 34 
respectively pass through the amplifiers 40 and 42 to the 
limiting amplifiers 46 and 50. The signals from the am 
plifiers 40 and 42 are also mixed in the stage 44 and these 
mixed signals are introduced to the limiting amplifier 
48. 

If only one mixer such as the mixer 32 were used, the 
output from the mixer could disappear or become null if 
the received signal happened to be in quadrature phase 
(90' or 270) with respect to the interrogating rf signal. 
By providing the mixers 32 and 34 and by providing a 
90 shift in phase in the interrogating signal introduced 
to the mixer 34, a null cannot simultaneously occur at 
both of the mixers. As a result, an output signal will pass 
from at least one of the mixers under all of the different 
phase relationships possible between the received signal 
and the interrogating rf signal. 
There is still one possibility of a null in the output. 

This may occur when the outputs of the mixers 32 and 
34 have opposite polarities. That is, the output of one of 
the mixers 32 and 34 may be the inverse of the output of 
the other mixer. To prevent a null from occurring under 
such circumstances, the combiner 44 is included to 
combine the outputs of the signals from the linear ampli 
fiers 40 and 42. The signals from the combiner 44 are 
introduced to the limiting amplifier 48. Since outputs 
are obtained from the three limiting amplifiers and since 
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6 
the outputs of these amplifiers are paired (e.g., in the 
AND gates 72, 74 and 76), an output is obtained from at 
least two (2) of these three (3) AND networks under all 
possible circumstances. 
The shift registers 54 and 56 (FIG. 2b) delay the 

signals from the amplifier 46. The delay provided by the 
shift register 54 corresponds to one-half of the period of 
a signal cycle at the second frequency such as forty 
kilohertz (40kHz). This signal cycle is introduced to the 
exclusive OR network 82. (FIG. 2b). Similarly, the 
exclusive OR network 66 receives from the shift regis 
ter 54 the signal cycles delayed by a quarter of the 
period of a signal at the second frequency such as forty 
kilohertz (40 kHz). The shift register 56 provides the 
same delay as the shift register 54 so that the signal 
cycle introduced to the exclusive OR network 100 has 
a phase shift corresponding to a complete period of a 
signal cycle at the second frequency such as forty kilo 
hertz (40 kHz). The exclusive OR networks 68, 84 and 
102 receive signal cycles respectively delayed by the 
same time period as the signal cycles received by the 
exclusive OR networks 66, 82 and 100. This same phase 
relationship is also present in the signal cycles intro 
duced to the exclusive OR networks 70, 86 and 104. 
The exclusive OR gate 68 compares the amplitude of 

the signal cycles from the amplifier 48 with the ampli 
tude of the delayed signal cycles from the shift register 
54. When the amplitudes of the signal cycles are both 
simultaneously high or are both simultaneously low, the 
exclusive OR gate 66 produces a signal with a high 
amplitude. At all other times, the signals from the exclu 
sive OR gate 66 have a low amplitude. The exclusive 
OR gates 68 and 70 respectively provide a similar com 
parison of the signal cycles from the amplifier 48 and 
the delayed signals from the shift register 58 and with 
the signal cycles from the amplifier 50 and the delayed 
signals from the shift register 62. The signals passing 
through the exclusive OR gates 66, 68 and 70 are intro 
duced in individually paired relationships to the AND 
gates 72, 74 and 76 (FIGS. 2b and 2c). The AND gates 
72, 74 and 76 in turn, pass signals to the OR gate 80 
which operates to provide an output signal when it 
simultaneously receives signals of high amplitudes from 
two of the AND gates 72, 74 and 76. 

In effect, the exclusive OR gates 66, 68 and 70 and the 
AND gates 72, 74, 76 and 80 operate to provide a com 
parison of the amplitudes of the received signal cycles 
and the received signal cycles delayed by one quarter of 
a time period of a signal cycle at the second frequency 
such as forty kilohertz (40 kHz). This comparison is 
indicated in FIG. 5. In FIG. 5, the received signal cy 
cles are indicated at 146 and the delayed signal cycles 
are indicated at 148. The output from the OR gate 80 is 
indicated at 150 in FIG. 5. This output has a frequency 
which constitutes the fourth harmonic (e.g. 80 kHz) of 
the first frequency such as twenty kilohertz (20 kHz). 
The signals 150 occur in most cycles at the third fre 
quency (e.g. 80 kHz) but, as will be seen at 152, do not 
occur in all cycles. The signals 150 have a high ampli 
tude when the amplitudes of the signal cycles 146 and 
148 are simultaneously high or simultaneously low. 
The exclusive OR gates 82, 84 and 86 respectively 

compare the amplitudes of the signals from the limiting 
amplifiers 46, 48 and 50 with the amplitudes of the out 
put signals from the shift registers 54, 58 and 62. This 
comparison is indicated in FIG. 6. As will be seen in 
FIG. 6, the signal cycles from the amplifiers 46, 58 and 
50 are indicated at 146 and the signal cycles from the 
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phase shifters 54, 58 and 62 are indicated at 154. As a 
result of the comparison, signals are produced as indi 
cated at 156 in FIG. 6. The signals 156 have a high 
amplitude when both the signals 144 and 154 simulta 
neously have a low amplitude or simultaneously have a 
high amplitude. The signals 156 are produced at the 
third frequency (e.g. 80 kHz) at the times that the sig 
nals 150 in FIG. 6 are not produced at this frequency. 
As a result, when the signals 150 and 156 are combined, 
the combination occurs at a periodic rate corresponding 
to the third frequency such as eighty kilohertz (80kHz). 
The signals 150 passing through the OR gate 80 (FIG. 

2c) are introduced to the phase detector of the phase 
locked loop 120 in FIG.2c to obtain the production by 
the oscillator of signals at a particular frequency. For 
example, this frequency may be 1.28 megahertz. As will 
be appreciated, a frequency of 1.28 megahertz is a har 
monic of the first frequency of twenty kilohertz (20 Hz) 
and the second frequency of forty kilohertz (40 kHz) 
and is also a harmonic of the phase-locked signals at the 
third frequency of eighty kilohertz (80 kHz) from the 
OR gate 80 and 96. As a result, the signals from the OR 
gate 80 and 96 constitute phase-locked signals to obtain 
the generation by the voltage-controlled oscillator in 
the phase-locked loop 120 of the clock signals at the 
frequency of 1.28 megahertz. 

During the time that the phase-locked signals pass 
through the OR gate 80, the switch 122 (FIG. 2c) re 
mains closed. This causes current to flow through a 
circuit including a voltage source 160, a resistance 162, 
the voltage-controlled oscillator in the phase-locked 
loop 120, the switch 122, the resistance 124, the resis 
tance 128 and the capacitance 126 in parallel and the 
capacitance 130. This current charges the capacitance 
126. This current is also instrumental in obtaining the 
generation by the voltage-controlled oscillator in the 
phase-locked loop 120 of the signals at the clock fre 
quency of 1.28 megahertz. 
When a signal passes through the OR gate 96 (FIG. 

2c), it causes the switch 122 to open. The capacitances 
126 and 130 then hold the input into the voltage-con 
trolled oscillator in the phase-locked loop 120 and cause 
the voltage-controlled oscillator to continue maintain 
ing the generation of the clock signals by the voltage 
controlled oscillator at the frequency of 1.28 megahertz. 
In this way, the signals from the OR gates 80 and 96 are 
instrumental in obtaining the generation by the voltage 
controlled oscillator in the phase-locked loop 120 of the 
clock signals at the frequency of 1.28 megahertz on a 
consistent basis. 
The clock signals at the frequency of 1.28 megahertz 

from the voltage-controlled oscillator in the phase 
locked loop 120 are introduced to the low pass digital 
filter 132. The filter 132 also receives the signals passing 
through the OR gate 116. The operation of the OR gate 
116 may be seen from FIG. 4. In FIG. 4, the received 
signal cycles are indicated at 146 and the delayed signal 
cycles (delayed by one full cycle at 40 KHz); from the 
shift registers 56, 60 and 64 are indicated at 168. The 
results of the comparison between the signal cycles are 
indicated at 170. The signal cycles 170 represent the 
demodulated signals identifying the object associated 
with the transponder 18. The filter 132 filters the de 
modulated signals 170 to pass only the low frequencies 
represented by the demodulated signals and to prevent 
the passage of short pulses representing noise. 
FIG. 2d illustrates on a somewhat simplified sche 

matic basis a system for utilizing a sequence of signals 

10 

5 

20 

25 

30 

35 

45 

50 

55 

65 

8 
178 (FIG. 3) coding for the end of the sequence of 
binary 1's and binary 0's identifying the object associ 
ated with the transponder 18 and also coding for the 
beginning of the next such sequence. The system shown 
in FIG. 2d includes the voltage-controlled oscillator in 
the phase-locked loop 120 and a frequency divider 180. 
The frequency divider 180 receives the signals from the 
voltage-controlled oscillator 20 and divides these sign 
mals to produce clock signals at the second frequency 
such as forty kilohertz (40 kHz). These signals are intro 
duced to a terminal of a shift register 186, another input 
terminal of which is connected to receive the demodu 
lated signals 170. (FIG. 4). 
The shift register 186 has six output terminals each of 

which is connected to the shift register to produce an 
output upon a successive occurrence of one of the sig 
nals from the frequency divider 180. When the six out 
put terminals from the shift register 186 simultaneously 
have signals of high amplitude, a signal passes through 
an AND gate 188. This signal indicates that the trans 
mission of the pluralities of signal cycles from the tran 
sponder 18 to identify the associated object has been 
completed and that a new sequence of such transmission 
is being initiated. The signal from the AND gate 188 is 
introduced to an AND gate 190, another terminal of the 
AND gate being connected to receive the demodulated 
signals 170. The output from the AND gate 190 accord 
ingly synchronizes the start of a new transmission of the 
pluralities of signal cycles identifying the object. 
The signals 178 have certain important advantages 

when used to indicate the end of a sequence of informa 
tion signals identifying the object associated with the 
transponder 18 and the start of the next such sequence. 
One advantage is that the sequence 178 is different from 
any combination of signals identifying successive values 
of binary 1's and binary 0's. Another advantage is that 
the sequence 178 occurs in only a minimal amount of 
time. For example, the sequence 178 occurs in a period 
of time corresponding to the transmission of two binary 
1's or two binary 0's. The sequence 178 is further advan 
tageous in that it requires the same period of time as the 
generation of two binary 1's or two binary 0's. 
Although this invention has been disclosed and illus 

trated with reference to particular embodiments, the 
principles involved are susceptible for use in numerous 
other embodiments which will be apparent to persons 
skilled in the art. The invention is, therefore, to be lim 
ited only as indicated by the scope of the appended 
claims. 
We claim: 
1. In combination in a system including a reader and 

a transponder displaced from the reader for identifying 
an object associated with the transponder, 
means at the reader for transmitting interrogating 

signals at a particular frequency to the transponder, 
means disposed at the transponder and responsive to 

the interrogating signals for generating successive 
pluralities of signal cycles in a pattern individual to 
the object, the signal cycles in each plurality in 
cluding signal cycles at both first and second fre 
quencies in a pattern representative of a binary '1' 
or a binary 'O', 

means disposed at the transponder for transmitting 
the successive pluralities of signal cycles at the first 
and second frequencies to the reader, and 

means at the reader for decoding the pattern of the 
frequencies of the signal cycles in each of the suc 
cessive pluralities to identify the object. 



4,739,328 
9 

2. In a combination as set forth in claim 1, 
the generating means including means providing ini 

tially at least one signal cycle at the first frequency 
and subsequently a signal cycle at the second fre 

representatitve of a binary “1” and the signal cycles 
at the first frequency preceding the signal cycle at 
the second frequency for each plurality represent 
ing a binary 'O', 

means at the transponder for transmitting the succes 
sive pluralities of signal cycles at the first and sec 
ond frequencies to the reader, and 

means at the reader for decoding the pattern of the 
frequencies of the signal cycles in each of the suc 
cessive pluralities to identify the object. 

6. In a combination as set forth in claim 5, 
means at the transponder for generating an individual 

pattern of signal cycles at the first and second fre 
quencies to identify the end of the successive plu 
ralities of signal cycles generated at the first and 
second frequencies and identifying the object, and 

means at the reader for decoding the individual pat 
tern of the signal cycles at the cycles at the first and 
second frequencies to identify the end of the suc 
cessive pluralities of signal cycles generated at the 
first and second frequencies and idnetifying the 
object. 

7. In a combination as set forth in claim 5, 
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10 
means at the transponder for generating, at the end of 

the successive pluralities of signals at the first and 
second frequencies, a sequence of signal cycles 
having a greater number of successive signal cycles 

quency in individual ones of the pluralities to repre- 5 at the second frequency than that represented by 
sent a binary "1" and providing initially at least one any combination of signal cycles coding for se 
signal cycle at the second frequency and subse- quential 1's and 0's in the successive pluralities, and 
quently at least one signal cycle at the first fre- means at the reader for decoding the sequence of 
quency in other ones of the pluralities to represent signal cycles to identify the end of the successive 
a binary "0". 10 pluralities of signal cycles at the first and second 

3. In combination as set forth in claim 1, frequencies. 
the first frequency being a harmonic of the second 8. In a combination as set forth in claim 6, 

frequency, the generating means including means for generating 
the generating means including means providing in- the sequence comprising six signal cycles at the 

tially a particular number of signal cycles at the 15 second frequency and one signal cycle at the first 
second frequency and subsequently a signal cycle frequency to identify the end of the successive 
at the second frequency in individual ones of the pluralities of signal cycles at the first and second 
pluralities to represent a binary "1" and providing frequencies and the start of another such genera 
initially at least one i. cycle the R f 20 9 of As successive psis 6 
quency and subsequently the particular number o . In a combination as recited in claim 6, 
signal cycles at the second frequency in other ones the means for generating the pattern of the signals to 
of the pluralities to represent a binary "1", the identify the end of the successive pluralities of 
particular number of signal cycles at the first fre- signal cycles including means for generating the 
quencies in each plurality being dependent upon 25 signals at the first and second frequencies in 2 
the relationship between the first and style pattern Ea f E. O a 
second frequencies. inary "0" or any combination of a binary "1" or a 

4. In a combination as set forth in claim 3, binary "O' and occurring in a time period constitut 
the generating means generating signals of the same ing an integral multiple of the time period for gen 
time duration to represent a binary '0' as to repre- 30 erating the signals representing a binary "1" or 
sent a binary "1". representing a binary "0'. 

5. In combination in a system including a reader and 10. In a combination as set forth in claim 9, 
a transponder displaced from the reader for identifying the generating means including means for generating 
an object associated with the transponder, six (6) successive signals at the second frequency 
means at the reader for transmitting interrogating 35 and then one (1) signal at the first frequency to 

signals at a particular frequency to the transponder, identify the end of the successive pluralities of 
means disposed at the transpnder and responsive to signal cycles generated at the first and second fre 

the interrogating signals for generating successive quencies and identifying the object. 
pluralities of signals cycles in a pattern individual 11. In a combination as recited in claim 6, 
to the object, the signal cycles in each plurality 40 means disposed at the reader and responsive to the 
including one signal cycle at a first frequency and decoding of the end of the successive pluralities of 
two signal cycles at a second frequency constitut- signal cycles generated at the first and second fre 
ing the second harmonic of the first frequency, the quencies and identifying the object for generating 
signal cycles at the second frequency preceding the the successive pluralities of signal cycles at the first 
signal cycle at the first frequency in each plurality 45 and second frequencies to identify the object. 

12. In combination in a system including a reader and 
a transponder displaced from the reader for identifying 
an object associated with the transponder, 
means at the reader for interrogating the transponder, 
means disposed at the transponder and responsive to 

the interrogation from the reader for generating 
successive pluralities of signal cycles in an individ 
ual pattern identifying the object, the signal cycles 
in each plurality having patterns of signal cycles at 
both first and second frequencies to identify a bi 
nary "1" or a binary "0", 

means for transmitting the successive pluralities of 
signal cycles to the reader, 

means at the reader for receiving the transmitted 
signal cycles, 

means at the reader for delaying the successive plu 
ralities of the received signal cycles by a first delay 
time, 

first means at the reader for comparing the received 
signal cycles and the signal cycles delayed by the 
first delay time to obtain a demodulation of the 
information represented by the signal cycles in the 
successive pluralities, 
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means at the reader for delaying the successive plu 
ralities of the received signal cycles by a second 
delay time different from the first delay time, 

second means at the reader for comparing the re 
ceived signal cycles and the signal cycles delayed 5 
by the second delay time to generate phase-locked 
signals, 

means responsive at the reader to the phase-locked 
signals for generating clock signal cycles at the 
reader to facilitate the decoding of the information 
represented by the signal cycles in the successive 
pluralities, 

means at the reader for delaying the successive plu 
ralities of the received signal cycles by a third 
delay time different from the first and second delay 15 
times, 

third means at the reader for comparing the received 
signal cycles and the signal cycles delayed by the 
third delay time to generate control signals, and 

means responsive to the control signals for generating 20 
additional phase-locked signals at times synchro 
nous with the pahse-locked signals generated by 
the second comparing means to facilitate the gener 
ation of the clock signal cycles on a periodic basis. 

13. In a combination as set forth in claim 12, wherein 
the first delay means includes means for delaying the 

received signal cycles by a period of time corre 
sponding to the time for the production of a signal 
cycle at the second frequency, 

the second delay means includes means for delaying 
the received signal cycles by a period correspond 
ing to one fourth () of the first delay time, and 

the the third delay means includes means for delaying 
the received signal cycles by a period correspond 
ing to one half (3) of the first delay time. 

14. In a combination as set forth in claim 13, 
switching means having first and second states of 

operation, 
means responsive to the control signal cycles from 

the third comparing means for obtaining a con- 40 
trolled operation of the switching means in the first 
and second states in accordance with the pattern of 
such control signal cycles, and 

the means for generating the additional phase-locked 
signal cycles includes means responsive to each 45 
operation of the switching means in the second 
state for generating the additional phase-locked 
signal cycles. 

15. In combination in a reader for identifying an ob 

O 

25 

30 

35 

ject associated with a transponder displaced from the 50 
reader wherein the transponder generates, in a particu 
lar pattern identifying the object, pluralities of signal 
cycles at first an second frequencies in a first sequence 
to identify a binary "0" and in a second sequence, differ 
ent from the first sequence, to identify a binary “1” and 
transmits the pluralities of signal cycles in the particular 
pattern of the first and second sequences to the reader, 

first means for receiving the pluralities of signal cy 
cles in the particular pattern of the first and second 
sequences, 

second means for comparing the received pluralities 
of signal cycles and the received pluralities of sig 
nal cycles delayed by a first time period to detect 
the information coded by the received pluralities of 
signal cycles, 

third means for comparing the received pluralities of 
signal cycles and the received pluralities of signal 
cycles delayed by a second time period different 
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from the first time period to generate phase-locked 
signals, 

fourth means for comparing the received pluralities 
of signal cycles and the received pluralities of sig 
nal cycles delayed by a third time period different 
from the first and second time periods to generate 
additional phase-locked signal cycles at times dif 
ferent from the phase-locked signals generated by 
the third means, and 

fifth means responsive to the phase-locked locked 
signals generated by third and fourth means for 
synchronizing the detection of the information 
generated by the received pluralities of signals with 
the generation of the phase-locked signals and the 
additional phase-locked signals. 

16. In a combination as set forth in claim 15, 
switching means having first and second states of 

operation, 
the fourth means including means for maintaining the 

switching means in the second state of operation, 
and 

means responsive to the operation of the switching 
means in the second state for generating the addi 
tional phase-locked signals, 

the third means being operative to generate the 
phase-locked signals when the switching means is 
in the first state. 

17. In a combination as set forth in claim i6, 
the means for generating the additional phase-locked 

signals including a capacitance responsive to the 
operation of the switching means in the first state 
for becoming charged and responsive to the opera 
tion of the switching means in the second state for 
discharging to generate the additional phase 
locked signals. 

18. In a combination as set forth in claim 15, 
low pass digital filter means responsive to the demod 

ulated signals for eliminating noise signals. 
19. In combination in a reader for identifying an ob 

ject associated with a transponder displaced from the 
reader wherein the transponder generates, in a particu 
lar pattern identifying the object, pluralities of signal 
cycles at first and second frequencies in a first sequence 
to identify a binary 'O' and in a second sequence, differ 
ent from the first sequence, to identify a binary '1' and 
transmits the signal cycles in the particular pattern of 
the first and second sequences to the reader, 
means for receiving signals in the particular pattern of 

the first and second sequences, 
means for delaying the signal cycles for a first partic 

ular time period related to the first and second 
frequencies, 

means for delaying the signal cycles for a second 
particular time period related to the first and sec 
ond frequencies but different from the first particu 
lar time period, 

means for delaying the signal cycles for a third partic 
ular time period related to the first and second 
frequencies but different from the first and second 
particular time periods, 

means for comparing the received signal cycles and 
the signal cycles delayed by the first time period 
for generating phase-locked signals, 

means for comparing the received signals and the 
signals delayed by the second time period for gen 
erating additional phase lock signals at the times 
not generated by the first comparing means, 



4,739,328 
13 

means for comparing the received signal cycles and 
the signal cycles delayed by the third time period 
for generating demodulated signals, and 

means responsive to the demodulated signals and the 

14 
one (1) signal at the second frequency and then two 
(2) signals at the first frequency to represent a bi 
nary 'O'. 

27. In combination in a reader for identifying an ob 
phase-locked signal cycles and the additional 5 ject associated with a transponder displaced from the 
phase-locked signal cycles for recovering the code 
identifying the object. 

20. In a combination as set forth in claim. 19, 
the first delaying means including means for provid 

reader wherein the transponder generates, in a particu 
lar pattern identifying the object, pluralities of signal 
cycles at first and second frequencies in a first sequence 
to identify a binary '1' and in a second sequence, differ 

ing a delay of one fourth () of the period repre- 10 ent from the first sequence, to identify a binary "O" 
sented by one of the signal cycles at the second 
frequency, 

the second dealying means including means for pro 
viding a delay of one half () of such period, and 

the third delaying means including means for provid 
ing a delay of such period. 

21. In a combination as set forth in claim 19, 
means for responding to the signal cycles at the first 
and second frequencies to indicate when the partic 
ular pattern of the first and second sequences has 
been completed. 

22. In a combination as set forth in claim 20, 
the transponder generating a plurality of signal cycles 

in a third sequence of signal cycles at the first and 
second frequencies where the third sequence is 
different from any combination of the first and 
second sequences to identify an object, and 

means at the reader for responding to 'the third se 
quence of signal cycles to indicate when the partic 
ular pattern of the first and second sequences has 
been completed. 

23. In combination in a system for identifying an 
object, 

means displaced from the object for transmitting 
interrogating signals to the object, 

means responsive at the object to the interrogating 
signals for generating signals in a first pattern of 
signals at first and second frequencies representa 
tive of a binary “1” and in a second pattern of 
signals at the first and second frequencies represen 
tative of a binary "0", the first frequency being a 
harmonic of the second frequency and the duration 
of the signals representing a binary "O' being the 
same as the duration of the signals representing a 
binary "1", 

means disposed at the object for transmitting the 
successive pluralities of signals at the first and sec 
ond frequencies in representation of the binary 
"O's" and the binary “1's', 

means at the displaced position for receiving the 
transmitted signals, and 

means at the displaced position for decoding the re 
ceived signals to identify the pattern of binary "O's" 
and binary "1's' represented by such signals. 

24. In a combination as set forth in claim 23, 
the generating means including means for generating 

a greater number of signals at the first frequency 
than at the second frequency for each binary "1" 
and binary "0" by a ratio corresponding to the ratio 
of the first and second frequencies. 

25. In a combination as set forth in claim 24, 
the first frequency being the second harmonic of the 

second frequency and the number of signals at the 
first frequency being twice as great as the number 
of signals at the second frequency. 

26. In a combination asset forth in claim 25, 
the generating means generating two (2) signals at the 

first frequency and then one (1) signal at the second 
frequency to represent a binary "1" and generating 
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switching means having first and second states of 
operation and normally being operative in the first 
state, 

charge storage means, 
means responsive to the operation of the switching 
means in the first state for charging the charge 
storage means, 

means responsive to first particular patterns of the 
signals in the first and second states for generating 
phase-locked signals at a particular frequency, 

means responsive to second particular patterns of the 
signals in the first and second states for obtaining 
an operation of the switching means in the second 
state, 

means responsive to the operation of the switching 
means in the second state for obtaining a discharge 
of the charge storage means, and 

means responsive to the discharge of the charge stor 
age means for obtaining the generation of addi 
tional phase-locked signals at the particular fre 
quency. 

28. In a combination as set forth in claim 27, 
means responsive to the phase-locked signals and the 

additional phase-locked signals and the pluralities 
of signals generated by the transponder for identi 
fying the object associated with the transponder. 

29. In a combination as set forth in claim 27, 
the means for generating the phase-locked signals 

including means responsive to the signals at the 
first and second frequencies in the particular pat 
tern and responsive to such signals delayed by a 
first particular time for passing the phase-locked 
signals at each instant in accordance with the rela 
tive amplitudes at such instant of such signals and 
such delayed signals, 

the means for generating the additional phase-locked 
signals including means responsive to the signals at 
the first and second frequencies in the particular 
pattern and responsive to such signals delayed by a 
second particular time different from the first par 
ticular time for passing the additional phase-locked 
signals at each instant in accordance with the rela 
tive amplitudes at such instant of such signals and 
such delayed signals. 

30. In a combination as set forth in claim 29, includ 
55 ing, 

60 

65 

the first frequency being the second harmonic of the 
second frequency, 

means for delaying the signals at the first and second 
frauencies in the particular pattern by one-fourth 
of the time period of signals at the first frequency to 
provide the signals delayed by the first particular 
time, and 

means for delaying the signals at the first and second 
frequencies in the particular pattern by one half of 
the time period of the signals at the second fre 
quency to provide the signals delayed by the sec 
ond particular time. 

k k l k k 
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Primary Examiner Michael O'Neill 
(57) ABSTRACT 

A reader interrogates an object. The object has a tag with a 
data source such as a read-only memory (ROM) which 
produces an identifying sequence of binary 1’s and 0's in an 
individual pattern and transmits these signals to the reader. 
Each “1” or “O'” is converted to a plurality of signal cycles 
at first and second harmonic frequencies. For example, a “1” 
may be identified by two signal cycles at the second fre 
quency (e.g. 40 kHz) and then one signal cycle at the first 
frequency (e.g. 20 kHz) and a “0” may be identified by a 
signal cycle at the first frequency and then two signal cycles 
at the second frequency. The transponder also produces a 
plurality of signal cycles in an individual code (different 
from any combination of “1s' and “O’s) to indicate the end 
of the transmission of the signal cycles identifying the object 
and the start of another transmission. The reader receives the 
signal cycles identifying the object and delays these signal 
cycles by (a) a first time such as 4 period of a cycle at the 
second frequency, (b) a second time Such as /3 of such period 
and (c) a third time corresponding to such period. The reader 
compares the received signals and the first delayed signals to 
produce first phase-locked signals. The reader compares the 
received signals and the second delayed signals to produce 
additional phase-locked signals at the times that the first 
phase-locked signals are not produced. The reader then 
produces clock signals from the first and additional phase 
locked signals. The reader produces information signals 
from a comparison of the received signals and the third 
delayed signals. The reader synchronizes the information 
signals with the lock signals to identify the object. 
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5 The patentability of claims 1–30 is confirmed. 


