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BATTERY-POWERED RF SIGNALING SYSTEM 
AND SYSTEM FOR CONTROLLING THE 

WHEREABOUTS OF AN ANIMAL USING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No.: 09/409,774 now US. Pat. No.: 6,166,643 Which in 
turn is a continuation of application Ser. No. 08/956,732, 
now US. Pat. No. 6,064,038. US. Pat. Nos. 6,166,643 and 
6,064,038 are both expressly incorporated herein by refer 
ence in their entireties to form part of the present disclosure. 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. 

REFERENCE TO MICROFICHE APPENDIX 

[0003] This disclosure includes a Micro?che Appendix 
containing computer program listings consisting in total of 
tWo (2) sheets of micro?che including one hundred thirteen 
(113) total frames Which are expressly incorporated herein 
by reference in their entirety to form part of the present 
disclosure. 

FIELD OF THE INVENTION 

[0004] The invention relates to a novel, battery-poWered 
RF signaling system and to systems for controlling the 
Whereabouts of pets or other animals by using radio fre 
quency transmissions to establish boundaries for animals 
and by applying stimuli to the animals When they move into 
proximity of such a boundary to deter them from traversing 
it. More particularly, the present invention relates to RF 
animal Whereabouts control systems Which are highly ef? 
cient, consume little poWer, exhibit excellent immunity to 
noise and signal propagation anomalies, permit different 
animals in the same vicinity to be subjected to different 
con?nement conditions and are readily adaptable for use 
With neW or preexisting Wire loop boundary installations. 

BACKGROUND OF THE DISCLOSURE 

[0005] Traditionally, the Whereabouts of animals have 
been controlled by erecting physical barriers such as Walls, 
fences or gates at the site of a boundary the animal is to be 
prevented from crossing. Such barriers must not only be 
high enough to prevent the animal from jumping over and 
dense enough to prevent the animal from passing through 
any gaps but also substantial enough to Withstand attempts 
by the animal to breach the barrier by physical force. The 
latter requirement is a serious limitation in that in addition 
to requiring considerable time and labor to erect, substantial 
physical barriers are often impracticable due to shortage of 
materials suitable for their construction. 

[0006] Those limitations have been overcome to some 
extent by the development of avoidance-inducing physical 
barriers, of Which, barbed Wire and high voltage charged 
fences are Well-knoWn examples. Rather than relying solely 
on physical strength to defeat attempted breaches, animals 
quickly learn that contact With such barriers is associated 
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With an aversive stimulus such as being shocked or pricked 
by sharp barbs. They therefore avoid repeated or sustained 
attempts to breach them. Physical barriers of the avoidance 
inducing type have permitted the fencing of large areas With 
the expenditure of only a fraction of the time, effort and 
materials Which had previously been necessary. HoWever, 
avoidance-inducing physical barriers also suffer from some 
important limitations. 

[0007] First, like all physical barriers, posts and Wires or 
other above-ground structures are required to erect an avoid 
ance-inducing physical barrier. In some applications, such as 
the con?nement of household pets or guard dogs Within a 
property line, these structures can be unsightly and are 
sometimes forbidden by deed restrictions or local regula 
tions. Like all physical barriers, avoidance-inducing physi 
cal barriers are non-selective. Aphysical barrier suf?cient to 
control the Whereabouts of a particular animal also tends to 
impede the ingress and egress of persons or other animals 
except at locations Where a gate may be provided. Moreover, 
the animal can traverse the barrier if the gate is inadvertently 
left open. Electri?ed or barbed Wire fences intended for 
controlling the Whereabouts of animals can also shock or 
injure persons, especially young children. 

[0008] Various electronic systems Which do not require the 
erection of above-ground barrier structures and Which are at 
least someWhat selective in their operation are also knoWn. 
In these systems, selectivity is achieved by equipping only 
the animal (or animals) Whose Whereabouts are to be con 
trolled With an electronic unit capable of sensing When the 
animal moves into predetermined proximity of a de?ned 
boundary and then delivering one or more aversive stimuli 
to deter the animal from traversing the boundary. Such 
stimuli commonly comprise an electric shock either alone or 
in combination With an advance audible tone. A number of 
types of such electronic systems are knoWn in the prior art. 
In most Widespread use today are those of the “Wire loop” 
type. 

[0009] Various Wire loop systems for controlling the 
Whereabouts of animals are exempli?ed by US. Pat. No. 
3,753,421 to Peck; US. Pat. No. 4,136,338 to Antenore; 
US. Pat. No. 4,733,633 to Yarnall, Sr. et al.; US. Pat. No. 
4,745,882 to Yarnall, Sr. et al.; US. Pat. No. 4,766,847 to 
VencZel et al. and US. Pat. No. 4,967,695 to Giunta. In such 
systems, one or more continuous Wire loops are routed along 
an arbitrary path to de?ne a boundary. In some cases the 
Wires are run above ground, in others they are buried. A 
controller connected directly to the loop generates an ampli 
tude modulated signal Which ?oWs through the loop 
and causes an AM radio signal to radiate from the loop at a 
predetermined carrier frequency Which is typically in the 
range of about 8 KHZ to about 20 KHZ. These systems 
operate by simple on/off keying. When a battery-poWered 
receiver unit af?xed to the animal receives an AM signal at 
a magnitude indicating close physical proximity of the 
animal to the boundary loop, the receiver initiates a genera 
tion of a tone and/or shock to deter the animal from crossing 
the loop. When an AM signal of such magnitude is not 
present at the receiver, no stimuli are applied to the animal. 

[0010] Many AM Wire loop systems Which operate in this 
manner have been installed and are in operation at the 
present time. In certain of these systems, the animal’s 
approach to the Wire, as indicated by a received signal 
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strength above a predetermined threshold, initiates applica 
tion of a ?rst and relatively mild aversive stimulus (such as 
generation of a tone) Which terminates if the animal retreats 
from the boundary. If on the other hand, the animal moves 
closer yet toWard the loop, a higher threshold of signal 
strength is exceeded and a stronger aversive stimulus such as 
an electric shock is administered in order to repel the animal 
from the boundary as de?ned by the location of the Wire. 

[0011] The loW RF frequency AM modulation used in 
prior art Wire loop systems provides a number of advantages. 
Their loW frequency AM radio signals propagate through 
soil Well enough to provide acceptable signal range above 
ground. LoW frequencies are also less likely to re?ect from 
non-metallic obstructions Which might otherWise create 
“shadoWs” or gaps in the boundary ?eld. Another advantage 
of loW frequency AM modulation is that if the Wire loop is 
inadvertently cut or breaks, the localiZed electrical ?eld 
emitted across the break enables one to easily locate the 
break using an ordinary AM radio receiver. HoWever, the 
loW frequency AM Wire loop boundary systems of the prior 
art also suffer from a number of disadvantages and limita 
tions. 

[0012] For example,AM systems are highly susceptible to 
electrical interference from a variety of common sources 
including motor vehicles, motor operated appliances, light 
dimmers, and television sets. Such interference can cause an 
animal to be shocked even When it is not near the boundary. 
This undesired shocking is not only unnecessary and inhu 
mane if persistent, but can also confuse the animal and 
interfere With its being trained to associated the aversive 
stimulus With the intended boundary. In order to provide an 
acceptable margin against reception of false signals due to 
interference, AM systems of the prior art require a large 
received ?eld intensity. Hence, the loop must be made to 
radiate a commensurately intense ?eld. 

[0013] Because a Wire loop does not act as an ef?cient AM 
antenna at the loW frequencies at Which AM Wire loop 
systems operate, a relatively large current, typically about 
tWo hundred (200) to about eight hundred (800) milliamps, 
must ?oW through the loop to generate a suitable boundary 
?eld. This not only consumes excessive poWer, making the 
system more expensive to operate but also precludes the 
possibility of poWering the controller driving the loop using 
primary or backup batteries of reasonable siZe and cost. As 
a result, the controller must be mounted at a location, usually 
indoors, near an AC. poWer outlet and an AC. poWer outage 
renders the entire system inoperable. When this occurs, the 
entire boundary is breached not merely a localiZed portion of 
it making it much more likely that the animal Will locate and 
exploit the breach. Also, since the closest point on the 
desired boundary may be some distance aWay from an 
available AC. outlet, installation of Wire loop systems is 
made more dif?cult, time consuming and expensive. The 
relatively large current ?oWing through the loop also creates 
a commensurately large loW frequency electrical ?eld. Some 
have suggested that such ?elds may pose health risks to 
humans or animals. 

[0014] Installing the Wire loop represents a substantial 
portion of the cost of a Wire loop system. As noted above, a 
continuous length of Wire must be run from the controller, 
around the desired boundary and back to the controller 
Which is usually located at an indoor location remote from 
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any point on the desired boundary. The Wire must be 
installed around or through any intervening Walls or other 
obstacles. Even With special equipment built for the purpose, 
it is not a trivial task to bury a Wire loop encompassing the 
perimeter of a large property. Installation is further compli 
cated by the necessity of tWisting the loop Wires together 
Wherever they must pass through locations Where no bound 
ary ?eld is desired. Since the currents in any tWisted portions 
of the Wires How in opposing directions, their ?elds cancel 
suf?ciently that the unit af?xed to the animal does not 
initiate application of an aversive stimulus even When the 
animal is nearby. Thus, by tWisting portions of the loop 
together, a boundary located remotely from the controller 
and/or one having tWo or more distinct portions lying 
physically separated from one another can be formed using 
a single loop of Wire connected to a single controller. 

[0015] Remote broadcast systems are another class of 
electronic system knoWn in the prior art for controlling the 
Whereabouts of animals. These do not require installing a 
loop of Wire to de?ne a boundary. Instead, a boundary is 
established by broadcasting an RF signal from a central 
location toWard an intended outer perimeter boundary. The 
location of the boundary is de?ned based on the strength of 
that broadcast signal as sensed by a unit af?xed to the 
animal. For example, US. Pat. No. 5,067,441 to Weinstein 
describes an animal restraining system including a radio 
frequency transmitter, a transmitting antenna located inside 
an area in Which the animal is to be restrained and a collar 
unit Worn by the animal. A coaxial cable is run betWeen the 
transmitter unit and the transmitting antenna. When the 
animal strays from the transmitting antenna a distance 
suf?cient to permit the signal strength received by the collar 
unit to fall beloW a predetermined level, a ?rst aversive of 
stimulus, such as a beeping tone, is generated. If the animal 
strays further from the antenna by a distance suf?cient to 
cause the signal strength to fall beloW a second predeter 
mined threshold, a stronger stimulus such as a shock is 
administered to the animal to deter its departure from the 
area. A similar system is described in US. Pat. No. 4,898, 
120 to Brose. 

[0016] A fundamental shortcoming of remote broadcast 
type systems for controlling animal Whereabouts is that the 
collar unit Worn by the animal does not detect proximity of 
the animal to a structure or object Whose physical location 
reliably indicates the location of the intended boundary. 
Instead, such systems rely on measuring signal strength as 
an indicator of the distance the animal from a transmitting 
antenna Which may be located a considerable distance from 
the boundary. Consequently, that indication is not alWays 
reliable. One reason is that because such systems operate in 
a far-?eld regime, the magnitude of the ?eld decreases only 
in proportion to the square of distance from the transmitting 
antenna and does not vary signi?cantly over distances on the 
order of several feet. Another reason is that the strength of 
the received signal can change due to constructive and 
destructive interference generated by signal re?ections, 
shadoWing by metallic objects and other uncontrollable 
variations in local reception conditions. Since local recep 
tion conditions can ?uctuate, the siZe, shape and location of 
the boundary loci at Which stimuli Will be administered can 
also ?uctuate. For example, if the signal path betWeen the 
transmitting antenna is temporarily altered by an automobile 
Which pulls into one’s driveWay, the animal may receive a 
shock even if the animal remains Within an intended perim 
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eter boundary. Remote broadcast systems also tend to 
require signi?cant amounts of electrical poWer and thus, like 
Wire loop systems, do not lend themselves to battery opera 
tion. This disadvantage stems in part from the need to 
broadcast a suf?ciently strong signal to the most remote 
portion of the boundary and renders these systems, like AM 
loop systems, vulnerable to AC. poWer failures. 

[0017] Remote broadcast systems are also limited With 
respect to the siZes and shapes of perimeter boundaries they 
can de?ne. While generally circular boundaries or ones 
conforming to the radiation pattern of a particular antenna 
can be implemented, continuous perimeter boundaries 
encompassing jutting regions or other Well de?ned irregu 
larities Would be extremely dif?cult, if not impossible to 
establish using a remote broadcast type system. Another 
limitation of such systems is that because signal strength 
values are not unique to individual locations Within the ?eld 
of the transmitter, they are not Well suited for excluding an 
animal only from arbitrarily located discrete positions, such 
as the site of one’s priZed rose bush for example. While Wire 
loop systems offer greater ?exibility and predictability of 
boundary shape, they are subject to the problems and 
limitations described above. 

[0018] Another signi?cant limitation of both the Wire loop 
systems and the remote broadcast systems described above 
is that they are only capable of de?ning boundaries Whose 
positions remained essentially ?xed. Prior art U.S. Pat. No. 
5,241,923 to J anning described for the ?rst time an animal 
Whereabouts control system Which, While suitable for de?n 
ing discrete and/or continuous ?xed boundaries, Was also 
capable of de?ning boundaries Which moved With a mobile 
agent such as a child or another animal so that a particular 
animal such as a dog could be kept separated from child or 
other animal While otherWise alloWing both dog and child 
complete freedom of movement. The systems described in 
J anning ’923 operated at relatively high frequencies such as 
915 MhZ Where high antenna ef?ciencies could be obtained 
so as to reduce poWer requirements sufficiently to permit the 
system to operate on battery poWer. In such a system, 
individual active or passive high frequency transponders 
could be placed singly to exclude the animal from a speci?c 
location or arranged in mutually spaced arrays to form 
closed or partially closed continuous perimeter boundaries 
of virtually any desired siZe and shape. The transponders 
could be encapsulated for burial in the earth outdoors or 
packaged for placement beneath carpets, furniture cushions 
or area rugs or near entrances to rooms from Which an 

animal Was to be excluded. 

[0019] Being of small siZe, light Weight, and completely 
self-contained, the transponders disclosed in Janning ’923 
required no external Wiring. Those transponders could also 
be provided With adhesive backing or With clips, pins or 
other attachment devices for securing them at a desired ?xed 
location or to a mobile agent such as a child, an automobile 
or another animal Which one might desire keeping separated 
from a particular animal. Using a collar or other suitable 
means of attachment, there could be af?xed to the latter 
mentioned animal a battery poWered unit incorporating a 
receiver coupled to a stimulator for delivering a tone and/or 
a shock to the animal being controlled. Mounted either 
remotely or Within the battery poWered unit af?xed to the 
controlled animal Was a transmitter Which generated an 
incident signal in the form of intermittent bursts of continu 
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ous Wave (CW) energy at 915 MHZ. Upon receiving this 
incident signal, the transponders Would generate a return 
signal. When the distance separating the animal from one of 
the transponders became suf?ciently close, the return signal 
Would be picked up by the receiver af?xed to the animal and 
cause the stimulator to deliver an appropriate aversive 
stimulus. Optionally, one or more of the transponders could 
be provided With a delay line or surface acoustical Wave 
device Which could be used to encode the return signal so as 
to identify to the receiver the particular transponder from 
Which the return signal is emanated so as to enable different 
animals to be subjected to different boundary constraints by 
a single system. 

[0020] While representing a major breakthrough in the art 
due to their unprecedented ?exibility, effective performance 
and simple, loW-cost installation, systems for controlling 
animal Whereabouts using transponders as disclosed in Jan 
ning ’923 Were subject to limitations. In particular, place 
ment of transponders at certain locations, such as those 
adjacent or Wholly or partially surrounded by metallic 
surfaces, sometimes resulted in blocked re?ected or other 
Wise anomalous signal propagation manifested in undesired 
variations in distance sensitivity (i.e., boundary range) or the 
complete inability to establish an effective boundary at such 
locations. 

[0021] Like all other knoWn prior art systems (except for 
Wire loop systems themselves), the systems described in 
J anning ’923 also lacked the ability to function With a Wire 
loop boundary. Accordingly, they could not be used to 
replace or upgrade existing AM Wire loop systems of Which, 
despite the disadvantages noted above, large numbers have 
been and continue to be installed in the ?eld. 

SUMMARY OF THE INVENTION 

[0022] In vieW of the foregoing problems and limitations 
of the prior art, it is an object of the present invention to 
provide an RF signaling system capable of generating and 
broadcasting an RF signal With high energy ef?ciency. 

[0023] It is another object of the invention to provide an 
RF signaling system Which provides a high degree of 
immunity from noise and reception of false signals. 

[0024] It is yet another object of the invention to provide 
a system for controlling the Whereabouts of animals utiliZing 
the RF signaling system of the invention to provide highly 
ef?cient operation affording long battery life. 

[0025] A further object of the invention is to provide a 
system for controlling the Whereabouts of animals in Which 
the RF signaling system of the invention is adapted to 
provide extremely reliable data communications, even in the 
vicinity of metallic surfaces, With high immunity from noise 
and reception of false signals. 

[0026] Another object of the invention is to provide a 
system for controlling the Whereabouts of animals utiliZing 
the ef?cient RF signaling system of the invention operating 
in a near-?eld regime to establish stable and distinct elec 
tronic boundaries Which are unobtrusive, do not require the 
erection of physical barriers or other extensive installation, 
Which may either be discrete or continuous in form and 
Which may either be ?xed or movable in location. 

[0027] A further object of the invention is to provide a 
system for controlling the Whereabouts of animals Which 
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ful?lls the foregoing objectives While being additionally 
capable of being used to establish a Wire loop boundary in 
either neW or preexisting Wire loop installations and thus be 
capable of retro?tting, upgrading and/or expanding a Wire 
loop boundary system easily and at loW cost. 

[0028] A further object of the invention is to provide a 
system for controlling the Whereabouts of animals Which is 
highly energy ef?cient permitting the entire system, includ 
ing any Wire loop boundary portions thereof, to operate for 
sustained periods entirely from battery poWer and thus 
remain fully effective in the event of an AC. poWer outage. 

[0029] A further object of the invention is to provide a 
system for controlling the Whereabouts of animals Which 
ful?lls the foregoing objectives While facilitating location of 
the site of any break in a Wire loop boundary using a 
conventional AM radio. 

[0030] The invention provides an RF signaling system 
Which operates With extremely high energy efficiency. In 
accordance With one important aspect of the invention, this 
is achieved by providing a transmitter With a resonant 
circuit, such as a tank circuit, Which includes an antenna and 
Which is tuned to resonate at a desired RF carrier frequency 
and by delivering to the antenna circuit a train of brief pulses 
of electrical energy repeated substantially at the aforemen 
tioned RF frequency. Upon delivery of each pulse, the 
antenna is caused to resonantly ring, thereby radiating 
energy in the form of an RF signal at the desired RF carrier 
frequency. The duration of each driving pulse is preferably 
as brief as possible to minimize damping of the antenna and 
thus, facilitate maximum radiation of RF energy. The duty 
cycle of the pulse train is ideally as small as possible While 
still providing pulses containing suf?cient energy to deliver 
at the RMS RF poWer level required by a particular appli 
cation. This duty cycle is preferably less than about ?ve 
percent (5%) and is most preferably less than about one 
percent (1%). Where higher levels of transmitted poWer are 
required, the duty cycle of the pulse train may be increased 
at the expenses of some ef?ciency but should not exceed 
about ?fteen percent (15%). 
[0031] The invention is to be contrasted With prior art RF 
drive circuits Would typically drive the output tank or 
antenna With an approximately 50% duty cycle (square 
Wave). In such a case the output transistors of the drive 
circuit Would be in conduction 50% of the time. If sinusoidal 
excitation Were used, the output transistors could be in 
conduction up to 100% of the time. During such time, the 
output transistors Would be loading the output tank With 
their output impedance, Which could be quite loW. In con 
trast, the present invention drives the output tank With very 
short pulses of current. The remainder of the time, the circuit 
is free to “ring” at its resonant frequency. This operation is 
analogous to striking a tuning fork or church bell With a 
clapper to make it “ring”. If the clapper Were held against the 
bell for a large percentage of the time, most of the acoustical 
energy Would be dissipated by the clapper. Instead, a single 
impulse hit by the clapper is the most ef?cient Way to 
generate the most sound With the least amount of input 
energy. LikeWise in the present invention the “clapper” 
(current pulse) is of very short duration in order to increase 
the efficiency of radiated energy and greatly reduce the 
amount of energy dissipated by the drive transistors. 

[0032] According to another important aspect of the 
invention, loading of the resonant circuit by the drive circuit 
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Which Would otherWise damp the resonant ringing of the 
antenna and thereby decrease the energy efficiency of the 
system is substantially avoided by isolating the antenna 
circuit from the drive circuit during at least a portion, and 
preferably substantially the entirety, of the intervals betWeen 
the driving pulses. This is achieved by providing an isolation 
circuit Which is operably interposed betWeen the drive 
circuit and the resonant circuit. 

[0033] In the preferred embodiment, the isolation circuit is 
implemented using a pair of ?eld effect transistors (FETs) 
connected mutually in parallel With one another betWeen the 
drive circuit and the resonant circuit Which includes the 
transmitting antenna. These FETs are selected to exhibit 
extremely loW impedance When in conduction and thus 
facilitate delivery of high-current drive pulses to the reso 
nant circuit With little forWard loss. During the intervals 
betWeen drive pulses hoWever, both FETs are in a cutoff 
state in Which they exhibit a nearly in?nite output imped 
ance. This serves to effectively decouple the resonating 
antenna from the drive circuit, thus electrically isolating the 
resonant circuit from any loading in?uence of the drive 
circuit. 

[0034] The ef?ciency achieved by use of these aspects of 
the invention can be illustrated by considering for example 
an RF signal to be transmitted at ten kilohertZ (10 KHZ). A 
tank circuit including the antenna of the transmitter is tuned 
to resonate at 10 KHZ. One microsecond high energy pulses 
are fed to the antenna at the desired RF frequency (i.e., a 10 
KHZ rate) from a drive circuit by Way of an isolation circuit 
Which exhibits a high output impedance during the intervals 
betWeen pulses. Under such conditions, it can be appreciated 
that the circuitry driving the antenna draWs current only 1% 
of the time (a 1% duty cycle). In contrast, a typical prior art 
system such as an AM system broadcasting at the same 
frequency With 100 HZ square Wave modulation Would draW 
current 50% of the time. The invention thus provides a 
comparative 50:1 reduction in drain on the battery or other 
poWer source supplying the transmitter thereby signi?cantly 
increasing the ratio of radiated RF poWer to DC. poWer 
consumed by the system. Because the drive circuit is effec 
tively coupled to the antenna only during the brief intervals 
during Which the drive pulses occur and is effectively 
decoupled therefrom during the overWhelmingly major por 
tion of the cycle, the drive circuit loads the resonant circuit 
only for a correspondingly brief portion of the cycle. Thus, 
the invention not only draWs less poWer but also permits the 
transmitting antenna to ring Without being subjected to 
signi?cant damping due to loading effects of the drive circuit 
in order to maximiZe the ef?ciency of the conversion of DC. 
poWer to radiated RF poWer. 

[0035] Other important aspects of the invention relate to 
systems for controlling the Whereabouts of animals. In a 
preferred embodiment, the ef?cient RF signaling system of 
the invention is employed in a system using one or a 
plurality of small, battery-poWered transmitters to transmit 
an RF signal establishing a boundary in the vicinity of the 
transmitter. A unit af?xed to the animal includes a receiver 
capable of detecting the RF signal. Upon determining, based 
on information derived from the RF signal, that at least one 
predetermined condition indicating encroachment of the 
boundary has been satis?ed, the unit delivers at least one 
aversive stimulus to the animal to deter such encroachment. 
These transmitters preferably utiliZe the RF signaling system 
















































