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(57) ABSTRACT 

An antenna assembly providing Selectable omnidirectional 
or directional reception of radio transmissions in a frequency 
band in accordance with the invention includes an electri 
cally conductive reflector (432) defining a cavity (702) 
having a bottom (708), an opening (714) and a surface (704 
and 706) extending from the bottom to the opening and an 
electrical output (763); an electrically conductive loop (431) 
coupled to ground and having an electrical outlet (766) for 
coupling to an RF amplifier (407), the loop being positioned 
between the bottom opening of the cavity; a RF switch (406) 
having an input (760) and first and second outputs (762 and 
764), the RF switch having a first switching state electrically 
connecting the input to the first output and a Second Switch 
ing State electrically connecting the input to the Second 
output, the first Switch output being electrically coupled to 
ground and the Second Switch output being electrically 
coupled to the output of the electrically conductive loop; and 
wherein the first Switching State provides the directional 
reception and the Second Switching State provides the omni 
directional reception of the radio transmissions. 
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SYSTEMAND METHOD OF RADIO 
TRANSMISSION BETWEEN A RADIO 

TRANSMITTER AND RADIO RECEIVER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation-In-Part application of U.S. 
patent application Ser. No. 08/568,416, filed Dec. 6, 1995, 
entitled “Radio Receiver For Use In a Radio Tracking 
System and a Method of Operation Thereof and of U.S. 
application Ser. No. 08/568,434, filed Dec. 6, 1995, entitled 
“Radio Receiver For Use In a Radio Tracking System”, 
which applications are incorporated by reference in their 
entirety. 

0002 This application is also a Continuation-In-Part of 
U.S. patent application Ser. No. 08/394.263, entitled “Radio 
Tracking System and Method of Operation Thereof, filed 
on Feb. 24, 1995, and is also a Continuation-In-part of U.S. 
Pat. application Ser. No. 08/394,267, entitled “Radio Track 
ing System and Method of Operation Thereof, filed on Feb. 
24, 1995, which applications are incorporated hereby by 
reference in their entirety. 
0.003 Reference is made to U.S. patent application Ser. 
No. 08/386,060, filed Feb. 7, 1995, entitled “System for 
Wireless Serial Transmission of Encoded Information', U.S. 
patent application Ser. No. 08/385,312, filed Feb. 7, 1995, 
entitled “Receiving Circuitry for Receiving Serially Trans 
mitted Encoded Information', and U.S. patent application 
Ser. No. 08/385,143, filed Feb. 7, 1995, entitled “Transmit 
ting Circuitry for Serial Transmission of Encoded Informa 
tion” all filed on Feb. 7, 1995, which applications are 
Continuations-in-part of U.S. application Ser. No. 08/112, 
256, filed Aug. 26, 1993, entitled “Information Transmission 
System and Method of Operation”, now U.S. Pat. No. 
5,446,759; which is a Continuation-In-Part of U.S. applica 
tion Ser. No. 07/850,275, filed Mar. 12, 1992, entitled “Low 
Power Information Transmission System Having High 
Information Transmission and Low Error Rates and Method 
of Operation” (now abandoned); Ser. No. 07/850,276, filed 
Mar. 12, 1992, entitled “High Speed, Low Power and Low 
Error Information Receiver and Method of Operation” (now 
abandoned); and Ser. No. 07/850.487, filed Mar. 12, 1992, 
entitled "Low Power Information Transmission and Receiv 
ing System Having High Information and Low Error Rates 
and Method of Operation” (now abandoned), which appli 
cations are incorporated herein by reference in their entirety. 

APPENDIX 

0004 Attached hereto is a source code listing of 57 
pages. Pages 1-50 contain Source code used for control of a 
digital Signal processor embodying the processor 402 of 
FIG. 14 for controlling the operation of a preferred receiver 
12 to be used in association with the present invention. 
PageS 51-57 contain Source code used for control of a digital 
Signal processor embodying the control processor 106 of 
FIG.3 for controlling operation of a preferred transmitter to 
be used in association with the present invention. The 
processor 402 which executes the Source code of pages 1-50 
is a 68HC705C series. The processor 106 which executes the 
Source code of pages 51-57 is also a 68HC705C series. A 
limited license is granted to any one who requires a copy of 
the programs disclosed therein for purposes of understand 
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ing or analyzing the present invention, but no license is 
granted for any other purpose, including the loading of a 
computer with code in any form or language. 

TECHNICAL FIELD 

0005 The present invention relates to radio tracking 
Systems for locating a mobile radio transmitter and for 
determining if the mobile radio transmitter has moved 
outside of a Set range measured from a radio receiver and to 
mobile radio transmitters which transmit an alarm of a user 
of the radio transmitter to a radio receiver, and methods of 
operation thereof. 

BACKGROUND ART 

0006 Parents are becoming increasingly concerned that 
their children may be harmed when they are out of their 
Sight. Almost daily the media reports events involving Small 
children being harmed when the Small children have wan 
dered from Sight of their parents. Furthermore, in today's 
increasingly mobile Society families with Small children 
regularly visit malls, amusement parks and other public 
places where crowds of people are found which provide an 
environment where Small children can be harmed or become 
lost or wander from Sight of their parents because of their 
natural inquisitiveness, tendency to explore their Surround 
ings, or their desires to be free from control of their 
movements by their parents. 
0007 Devices are commercially available to limit or 
monitor movements of children. Devices exist for tethering 
children to their parents. Further radio Systems are commer 
cially available which generate an alarm when children 
move outside a radius from a radio receiver which receives 
transmissions from a transmitter worn by children. The 
tethering devices have a limited restraint radius and create 
animosity between a child and the parents. The radio SyS 
tems have a fixed radius of approximately fifteen feet which 
is too Small to permit useful monitoring if a parent does not 
wish to totally keep a child in Sight and cannot be used for 
tracking. 
0008 Numerous radio tracking systems have been pro 
posed which utilize radio communications to locate a mobile 
radio transmitter and/or to determine when a mobile radio 
transmitter carried by a perSon has exceeded a Set range 
measured from a radio receiver. These Systems have one or 
more radio transmitters which broadcast a coded identifica 
tion of each radio transmitter which is received by a radio 
receiver and processed to determine the distance and, in 
Some of these Systems, the direction between each transmit 
ter and receiver. See U.S. Pat. Nos. 4,785,291, 5115,223, 
5,119,072, 5,245,314, 5,289,163, 5,307,053 and 5,357,259, 
patent application WO 87/06748, U.K. Patent Application 
GB 2182183A and Japanese Patent Application No. 
64-311842. A wide range of implementations of radio track 
ing Systems are described in the above-referenced patents 
and published applications. 

0009. The determination if a mobile radio transmitter has 
moved out of range from a radio receiver receiving an 
identification code of the radio transmitter is accomplished 
in many different ways in these patents and applications. 
Two ways which are described for determining if a mobile 
transmitter has moved out of range are by determining if the 
received identification code Signal has dropped below a 
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predetermined signal Strength or the received identification 
code Signal has not been received for an elapsed time 
interval. 

0.010 Radio communication systems which are designed 
to determine when a mobile transmitter worn by a person has 
moved outside of a Set range and/or to track a perSon 
encounter severe problems because of (1) limitations of 
transmitter power imposed by the Federal Communications 
Commission which limit broadcast power below 100 milli 
watts, and (2) various environmental factors which cause 
interference, fading, or Signal attenuation of the identifica 
tion code Signal which is periodically Sent from the mobile 
radio transmitter to the monitoring radio receiver. The 
transmitter identification code Signal may be Severely 
attenuated by passage through the bodies or body parts of 
people or other Structures in the line of Site between the radio 
transmitter and the radio receiver. The presence of people 
and structures in the line of Sight causes Substantial attenu 
ation of the transmitted identification code Signal which may 
cause the identification code of the radio transmitter to be 
periodically or permanently attenuated below the discrimi 
nation level of the radio receiver causing a false indication 
that the mobile radio transmitter has moved out of a set 
range and an inability to further track the mobile radio 
transmitter. 

0.011 Furthermore, natural fading phenomena, such as 
Rayleigh fading, which is a function of the transmitting 
frequency and the relative velocity between the mobile radio 
transmitter and radio receiver are Severely aggravated by 
low speed movement, Such as when a child or patient is 
walking with a transmitter attached to their perSon to facili 
tate their tracking. These fading phenomena affect the deter 
mination if a Set range has been exceeded and a direction 
determination of the transmitter relative to the receiver. 
Additionally, other man-made interferences, Such as electri 
cal noise and multipath interference caused by buildings, 
can periodically cause the identification code Signal trans 
mitted from the radio transmitter to be attenuated to a level 
below the discrimination level of the radio receiver tracking 
the transmitter which also causes a false indication that the 
radio transmitter is outside a Set range and/or the inability to 
track the direction of the radio transmitter movement rela 
tive to the radio receiver with a directional antenna. 

0012 Error correction code may be transmitted in a 
frame of bits encoding the identification code of the radio 
transmitter. One or more frames encoding the identification 
code of the transmitter may each contain a Set number of 
error correction code bits which are processed by the radio 
receiver to correct minor bit errorS Such as one or two bits 
which occur within the identification code frame bits. One 
well known error correction code for accomplishing this 
function is the BCH code. 

0013 The serial processing of the bits of frames which 
contain error correction code is typically implemented with 
a series of EXCLUSIVE OR gates. When a number of bit 
errors in a frame exceeds the error correction capacity of 
error correction code, the data within the frame is erroneous. 
The prior art methods of wireleSS data transmission do not 
permit the recovery of valid data bits from a frame contain 
ing a number of bit errors which exceed the bit error 
correction capacity of the error code therein which error 
correction capacity, for most types of error correction codes, 
is two bits. 
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0014. The cumulative effects of mis-synchronization of a 
radio receiver to receive transmissions from radio transmit 
ters, Rayleigh fading, and man-made noise noticeably 
reduces the reliability of current digital radio receivers to 
receive error free data. Agap in a data transmission in exceSS 
of 1 millisecond may cause a radio receiver to terminate the 
receiving process. In a Situation of tracking a radio trans 
mitter with a radio receiver which receives a periodic digital 
transmission of the radio transmitter's identification code, 
termination of the receiving proceSS results in the correct 
identification of the radio transmitter not being received. AS 
a result, the transmission from a radio transmitter which is, 
in fact, within a Set range of a radio receiver which is 
monitoring the distance of the radio transmitter from the 
radio receiver is falsely received as being out of range. This 
results in an erroneous condition of monitoring the distance 
of the radio transmitter from the radio receiver and further, 
may cause a panic Situation or otherwise cause the perSon 
using the radio receiver to not trust the reliability of the radio 
tracking System. 

0015. An analysis of wireless prior art data transmission 
protocols in accordance with accepted mathematical rela 
tionships for their evaluation reveals that they are poorly 
Suited for data transmissions of more than a few characters 
in length. The following mathematical relationships are used 
to analyze fading: 
0016 Fading Rate 

F=SF/670 (1) 
0017 S=Speed MPH 
0018 F=Frequency in MHz 
0.019 F=Hz 

0020 Fade Length 
t-arf, (e"99-1) (2) 
0021 r=ST/SM Threshold/Median 

0022. The threshold ST is the receiver threshold detection 
level and the median SM is the median field strength level. 
0023 Fade Below Threshold 

F-2re of F, (3) 
0024 Probability of Message Loss 

FLP. 
P(error)=1-e (4) 
0025 L=Message Time (Length) 
0026 P=Probability of fade larger than cata 
Strophic failure length 

-1.1 ti 

P=1.5e 
0027. The quantity t is the net probability of a fade 
divided by the mean rate of fading and equals 

larF (e'693-1) (5) 
0028. The fading rate F is the natural frequency at 
atmospheric radio frequency transmissions periodically fade 
as a function of the channel frequency F, and the Speed of 
the radio receiver in miles per hour; the fade length t in 
seconds is the length of fade; the fade below threshold F is 
the time duration in Seconds that a transmission drops below 
the detection capability of the radio receiver; and the prob 
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ability of message loss Peo is the probability that a 
message transmission will not be completed as a result of a 
lost of Synchronism between the data transmission and the 
receiver. See S. O. Rice; Statistical Properties of a Sine 
Wave Plus Random Noise; Bell System Technical Journal, 
January, 1948; T. A. Freeburg; An Accurate Simulation of 
Multipath Fading; Paper; 1980; Caples, Massad, Minor; 
UHF Channel Simulator for Digital Mobile Radio; IEEE 
VT-29; May 1980; and P. Mabey, D. Ball; Application of 
CCIR Radio Paging Code No. 1; 35th IEEE V.T. Conf.; May 
1985 for a discussion of the above-referenced equations. 

0029 U.S. Pat. No. 4,868,885 discloses the rapid mea 
Surement of a received signal strength indicator (RSSI 
Signal) generated from reception of a received radio fre 
quency Signal which is used in a cellular radio System to 
control handoff. Samples of the RSSI signal are taken 
Successively in time and compared with the larger of the two 
Samples being Stored throughout a desired Sampling interval. 
Sample values exceeding the value obtained from an imme 
diately preceding Sample time and a value obtained from an 
immediately Succeeding Sample time are Stored twice while 
Samples values that are less than an immediately preceding 
or Succeeding Sample value are never Stored. The resulting 
average is very close to a true average Signal amplitude and 
is unaffected by Rayleigh fading phenomena but is respon 
Sive to rapid changes in received signal amplitude caused by 
obstacles in the transmission path. 

0030 U.S. Pat. No. 5,193,216 detects when a radio 
receiver of the type which receives data transmissions is out 
of range. The radio receiver responds to a decreasing slope 
of a RSSI signal after the receiver fails to receive its coded 
identification code from the transmitter to Signal the out of 
range condition. The 216 Patent discloses Sampling the 
received signal Strength coincident with the detection of a 
predetermined characteristic of the Signal, Such as the Sync 
code, So that the Signal for which the received Signal Strength 
is measured is indeed the desired signal. If at the time the 
Sync code is to be detected there is no signal which is 
detected, a predetermined number of the most recently 
stored RSSI values are read. If the slope of the stored RSSI 
values indicates that the radio receiver was moving toward 
an out of range condition before the loss of reception, a 
display is generated upon loSS of reception indicating that 
the radio receiver is out of range from the radio transmitter. 

0.031 Loop antennas and their characteristics are well 
known. Loop antennas were originally used as directional 
antennas for direction finding applications. However, loop 
antennas are now also widely used in miniature radio 
receivers, Such as pagers, as omnidirectional antennas. 

0.032 To achieve a maximum omnidirectional response 
with a loop antenna, Several design constraints must be 
observed. Typically, the length of the loop antenna must be 
less than approximately 0.4 wavelength of the frequency 
band being received with 0.2 wavelength being optimal; a 
high ratio of length to diameter of the loop electrical 
conductor (typically 100:1) is desirable and the loop should 
be formed into a perfect Square. When operated in the 
aforementioned fractional wavelength configuration, the 
loop antenna receiving characteristics typically are depen 
dent upon the cross-sectional area of the perfect Square of 
the antenna configuration. This configuration, however, has 
a low feed resistance (less than 5 ohms) and has a relatively 
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high inductive reactance which must be cancelled with 
Series capacitors inserted into the loop. In high frequency 
bands, such as 900 MHz., even a single turn loop of a loop 
antenna may have 200-300 ohms of inductive reactance. 
0033 Directional beam antennas are known which use 
multiple active and passive elements in a configuration 
typically having a quarter wavelength between the elements 
to provide directivity and gain in a plane of the elements. 
This configuration is not applicable to miniaturized radio 
products in high frequency bands, such as 900 MHz. 
0034 Phased antenna arrays may be used for direction 
finding applications. Phase arrays typically rely upon tuning 
networks that change the phase relationship between the 
receiving elements So as to exhibit directional characteris 
tics. However, phased arrays are also not applicable to 
miniaturized products in high frequency bands, Such as 900 
MHZ. 

0035. None of the aforementioned directional antenna 
configurations are applicable to integration into a miniatur 
ized radio tracking receiver of a Small form factor which is 
ergonomically acceptable to be worn or carried by a perSon 
to track mobile objects, Such as pets or children. 

DISCLOSURE OF INVENTION 

0036) The present invention is an improved radio track 
ing System comprised of a mobile radio frequency receiver 
and at least one mobile radio frequency transmitter. Each 
radio frequency transmitter periodically broadcasts a radio 
frequency carrier which is modulated with an identification 
code which uniquely identifies the broadcasting radio fre 
quency transmitter which is decoded by the radio frequency 
receiver. The radio frequency receiver has an adjustable 
range control which Sets a maximum range of movement of 
each radio frequency transmitter measured from the radio 
frequency receiver that is permissible without the generation 
of an alert that a radio frequency transmitter has exceeded 
the Set range. The range Setting generates a Voltage having 
a numerical value which is compared to a RSSI Signal to 
determine if the set range has ben exceeded. When the radio 
frequency receiver verifies that an identification code trans 
mitted with a modulated radio frequency carrier is assigned 
to a radio frequency transmitter which is being tracked or 
monitored by the radio frequency receiver, the radio fre 
quency receiver generates the RSSI Signal which is pro 
cessed by a processor within the radio frequency receiver to 
compute an average of Successively received RSSI signals 
from each of the radio frequency transmitters being moni 
tored. The average is compared to the numerical value 
representing the Set range by the processor and the processor 
alerts the user of the radio frequency receiver when the Set 
range for any receiver is exceeded. 
0037 Preferably, each RSSI signal is integrated to 
remove the effects of electrical noise before averaging. The 
average of RSSI Signals and preferably the average of the 
integrated RSSI Signals generated from transmissions of the 
radio frequency carriers containing the identification code of 
each radio frequency transmitter being monitored and 
tracked are compared to the numerical value representing 
the Set range and an alert is generated by the microprocessor 
(preferably a digital signal processor) of radio frequency 
receiver when the comparison reveals that at least one of the 
at least one radio frequency transmitter is outside the Set 
range. 
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0038 Preferably, the average of the RSSI signals and the 
preferred average of the integrated RSSI Signals is updated 
to include newly calculated RSSI signals and preferably, 
newly calculated integrals of the RSSI signals only when 
each newly calculated RSSI signal or integral thereof differs 
from the computed average by less than a function of the 
average So as to exclude from the computation of the 
average those RSSI signals or integrals thereof which differ 
from the average by more than the function. This proceSS 
discards unreliable and statistically aberrant RSSI signals or 
integrals thereof which unreliable and Statistically aberrant 
RSSI Signals or integrals thereof would interject erroneous 
data into the range determination process. Phenomenon, 
Such as interference from people in the line of Sight, Ray 
leigh fading, multipath interference, etc., can cause Substan 
tial magnitude variation of the magnitude of Successively 
received RSSI signals or integrals thereof which falsely 
would be interpreted as motion of a radio frequency trans 
mitter outside the Set range which is not occurring and which 
would cause an erroneous alert to be generated that a radio 
frequency receiver has moved outside the range. 

0039. Once the radio frequency receiver determines that 
a radio frequency transmitter has moved outside the Set 
range, the user may Switch the antenna configuration from 
an omnidirectional antenna to a directional antenna by 
closing a “find me’ Switch in the housing of the radio 
frequency receiver to permit directional tracking by the 
radio frequency receiver. Also, directional tracking may be 
performed by closing the “find me’ Switch any time the user 
of the radio frequency receiver desires to monitor the 
position or motion of each radio frequency transmitter being 
monitored. 

0040. A display of the magnitude of successive RSSI 
Signals and preferably, integrals thereof, which are generated 
in response to the radio frequency receiver detecting the 
radio frequency carrier containing the identification code of 
the radio frequency receiver being tracked, is used to locate 
a direction from which a maximum signal magnitude of the 
Signal radio frequency carrier is being transmitted by the 
radio frequency transmitter being tracked. The direction 
from which the maximum magnitude Signal is being 
received, which is detected by displaying the magnitude of 
a quantity which is a function of individual RSSI signals 
generated by the reception of Sequential transmissions of the 
identification code of the radio frequency transmitter being 
tracked is the true bearing of the radio frequency transmitter 
relative to the radio frequency receiver. A preferred function 
without limitation is the integral or average Signal magni 
tude of the RSSI signal which has the effects of noise 
removed. 

0041. The present invention further permits a user of each 
radio frequency transmitter to close a “panic Switch to 
generate an alert which the user of the radio frequency 
receiver responds to by closing the “find me’ Switch to cause 
the control processor to change the antenna configuration of 
the radio frequency receiver from an omnidirectional 
antenna used for tracking all of the radio frequency receivers 
to a directional antenna to permit directional tracking of the 
user of the radio frequency transmitter which transmitted the 
alert to the radio frequency receiver. The directional tracking 
proceSS by the radio frequency receiver of each radio fre 
quency transmitter transmitting an alert is the same as the 
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tracking function described above when a radio frequency 
transmitter exceeds the Set range. 
0042. The processor of the radio frequency receiver fur 
ther utilizes error correction code which is transmitted with 
the frames of information encoding the identification code of 
each radio frequency transmitter which is being monitored 
or tracked to reconstruct valid data from frames which 
cannot be corrected using the error correction code. In a 
preferred embodiment of the invention, an IDENTIFICA 
TION FRAME GROUP, which is comprised of a plurality of 
frames with each frame containing bits of BCH error cor 
rection code and bits of many of the frames encoding the 
identification code of the radio frequency transmitter and 
one of the frame encoding the Status of the user of the radio 
frequency transmitter, is processed by the radio frequency 
receiver to determine if at least one erroneous uncorrectable 
bit is contained in any of the frames. Those frames contain 
ing at least one erroneous uncorrectable bit, which cannot be 
corrected by processing with the error correction code, are 
further processed to reconstruct valid data in the frame 
containing the at least one erroneous uncorrectable bit by 
Searching for a bit pattern of the erroneous uncorrectable bits 
being totally within the bits of the error correction code bit 
field. When the bits of the error correction code of a frame 
totally contain the erroneous uncorrectable bits within the 
frame, the data which is the identification code, Status of the 
user of the radio frequency transmitter or any other infor 
mation may be recovered. The bit pattern is a number of 
Successive bits having an identical numerical value of either 
Zero or one with the number being at least one greater than 
a number of bits which may be corrected with the error 
correction code in the frame which contains the at least one 
erroneous uncorrectable bit. As a result of reconstruction of 
frames by recovering valid data from frames containing at 
least one erroneous uncorrectable bit, a greater number of 
radio frequency carriers containing the identification code of 
the radio frequency transmitters being monitored are 
detected. This enables the processing of a greater number of 
RSSI signals which enhances the data which is processed to 
determine the range and direction of the radio frequency 
transmitters being monitored as described above. 
0043. In a preferred embodiment of the invention, the 
identification code of each of the radio frequency transmit 
ters being monitored is encoded in frames containing error 
correction code. The bits of the frames modulate a Subcarrier 
and the Subcarrier modulating the radio frequency carrier. 
Analog modulation of the Subcarrier or digital modulation of 
the Subcarrier may be used. The analog modulation modu 
lates cycles of the Subcarrier with bits encoding the plurality 
of frames of the identification code and any other informa 
tion Such as the information in the IDENTIFICATION 
FRAME GROUP. Each cycle of the analog subcarrier is 
modulated by bits at a plurality of Separated angular posi 
tions. Digital modulation of the Subcarrier modulates a pulse 
width of the Subcarrier. The width of parts of the digital 
Subcarrier are modulated with at least one bit of the frames 
of the information. This form of Subcarrier modulation 
permits the preferred form of data transmission as formatted 
into the IDENTIFICATION FRAME GROUP to be rapidly 
transmitted at a low error rate which enhances battery life. 
0044) The processing of the detected individual cycles of 
the Subcarrier by the digital signal processor of the radio 
frequency receiver includes calculating an integral of at least 
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one Selected modulated part of each of the individual cycles, 
numerically comparing each of the calculated integrals with 
a plurality of Stored numerical ranges which ranges each 
represent one of a plurality of possible numerical values that 
the Selected part may encode to identify a stored range 
numerically including the calculated integral and Substitut 
ing for the at least one Selected part of each of the cycles the 
one of the plurality of numerical values representative of the 
identified Stored range including the calculated integral with 
each numerical value encoding one bit when the Subcarrier 
is an analog Subcarrier and at least one bit when the 
Subcarrier is a digital Subcarrier. Furthermore, the processing 
of the detected individual cycles of the Subcarrier by the 
digital Signal processor includes calculating the integral by 
taking a plurality of Samples of each Selected modulated part 
of each of the individual cycles with each Sample having a 
numerical value and each Sample is compared with a range 
of numerical values representing a valid Sample which 
should be included within the calculation of the integral and 
when the comparison reveals that the Sample value is outside 
the range of numerical values, the compared Sample value is 
replaced with a value which is a function of the Sample 
values adjacent the Sample value which is replaced. The 
compared Sample value is preferably replaced with a value 
which is an average of at least one Sample value which 
precedes the compared Sample value and at least one sample 
value which exceeds the compared Sample value. 
004.5 The above-described processes, which are per 
formed by a digital Signal processor of the radio frequency 
receiver for processing the modulated cycles of the Subcar 
rier, ensure that reliable detection of the identification code 
of each radio frequency transmitter is achieved and reliable 
data which is a function of the RSSI Signal generated during 
the reception of a valid identification code of one of the radio 
frequency transmitter being monitored is used to determine 
the range and direction of a radio frequency transmitter 
relative to the radio frequency receiver. The reliability of the 
range detecting function and further the tracking function of 
each radio frequency transmitter upon the generation of an 
alert by the radio frequency receiver when a radio frequency 
transmitter moves out of range or further when a user of the 
radio frequency transmitter pushes the panic Switch is 
directly influenced by the reliability of the detection process 
of the identification code of the radio frequency transmitter. 
The RSSI signals, which are used ultimately to determine if 
a radio frequency transmitter has moved outside the Set 
range and further to track the direction of a radio frequency 
transmitter relative to the radio frequency receiver, are 
qualified by an accurate and high Speed detection of the 
identification code of each radio frequency carrier which is 
transmitted from each of the radio frequency transmitters 
being monitored. Therefore, a highly accurate detection 
process of the identification code of each radio frequency 
transmitter by the radio frequency receiver insures that the 
maximum number of qualified RSSI Signals are presented 
for further processing which enhances the accuracy of the 
determination if the range Set by the user of the radio 
frequency receiver has been exceeded and further, the accu 
racy of the detection of the direction of the radio frequency 
transmitter relative to the radio frequency receiver. 
0046. Furthermore, in accordance with the invention, the 
housing containing the receiver has a display to permit the 
user of the receiver, who is directionally tracking at least one 
transmitter transmitting radio transmissions to the receiver, 
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to View the Strength of the received radio transmissions to 
facilitate radio tracking. A field of view limiter is associated 
with the display and the housing to limit a field of view of 
the display of the Strength of the radio transmissions to 
within a field of view causing the user of the receiver to hold 
the receiver at the waist or above and away from the body 
of the user to minimize radio interference with the trinas 
missions in the line of Sight between the at least one radio 
transmitter and the receiver. Preferably, the field of view 
limiter causes the user of the radio receiver to hold the 
receiver away from the body and at or above chest level. The 
field of View defined by a pair of Straight lines representing 
light rays respectively extends from opposed edges of the 
display to corresponding opposed edges of an opening 
within the housing. The opening extends inward from an 
outer Surface of the housing to define a receSS having a 
bottom within the housing. The display is mounted on the 
bottom. The field of view subtends an angle which prefer 
rably is no greater than 45 and preferably 30 or less. 

0047 Moreover, a Switch for activating the directional 
antenna of the receiver is positioned relative to the housing 
So that the hand of the perSon using the receiver unit to 
directionally track the at least one transmitter holds the 
Switch in a closed position with the directional antenna 
being positioned relative to the housing So that during the 
holding of the Swith in the closed position a line of Sight 
between the antenna of the receiver and the at least one radio 
transmitter is not occluded by the hand of the perSon holding 
the Switch in the Second position. 

0048. The aforementioned field of view limiter causes the 
user of the receiver unit to position it relative to the user's 
body to provide optimal radio reception of low power 
transmissions from the at least one transmitter being moni 
tored. Reception of low power transmissions is important 
with the present invention because of its preferred use of 
Small batteryS to provide electrical power over many hours 
of continued use (e.g. 40 hours or more). In this circum 
stance, the radiated power from the at least one transmitter 
may be as low as five milliwatts which makes minimizing all 
forms of interference and positioning of the receiver in an 
optimal position to provide maximum received signal 
Strength extremely important to achieve maximum distance 
of reception between the at least one transmitter and the at 
least one receiver and maximum directional Sensitivity. 
0049. The positioning of the receiver in a position at or 
above the waist away from the body of the user provides a 
spacing of one or more wavelengths of the carrier of the 
transmissions which minimizes body interference and maxi 
mizes the height of the antenna of the receiver which also 
enhances Signal reception. Moreover, positioning of the 
Switch which activates the directional antenna relative to the 
housing of the receiver which requires the hand of the user 
to close the Switch while the hand is positioned out of the 
line of Sight between the antennas of the at least one 
transmitter and the receiver also minimizes interference 
caused by the user's hand. 
0050. Furthermore, the use of frequency hopping spread 
Spectrum transmissions by the receiver and the at least one 
transmitter permits acceptable and Sufficiently accurate 
matching of identification code digits to qualify the received 
Signal Strength indicator Signal for further Signal processing 
as described below without a complete match of stored and 
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received identification code digits to achieve a reliable 
decoding of the identification code. Once a frequency hop 
ping radio frequency receiver is Synchronized to hop Syn 
chronously with the at least one frequency hopping radio 
frequency transmitter being monitored for range and/or 
direction, a partial identification digit match between the 
transmitted identification code digits and the receiver's 
Stored complete transmitter identification code digits, which 
the Synchronized frequency hopping radio frequency 
receiver is assigned to monitor, provides Statistically reliable 
decoding Sufficient to qualify the corresponding received 
Signal Strength indicator Signal for further processing which 
contributes to the generation of a highly reliable processed 
Signal as described below used for range and/or directional 
tracking. It is Statistically improbably that a receiver will 
partially decode the identification code digits of a transmitter 
which is not Synchronously frequency hopping with the 
receiver. 

0051 A preferred antenna design for implementing the 
combined omnidirectional and directional antenna of the 
radio receiver of the invention in a form factor of a low 
power hand-held radio receiver is described as follows. The 
present invention provides an antenna assembly which is 
Small enough to be integrated into a hand-held radio receiver 
of the present invention to provide the required Selectable 
omnidirectional or directional reception of radio transmis 
Sions from mobile objects wearing the miniaturized trans 
mitter of the present invention having a size approximately 
that of a pager. Omnidirectional reception permits the recep 
tion of transmissions from the mobile transmitters of the 
invention to determine whether each transmitter is inside or 
outside of the range Set by the operator of the receiver. The 
directional reception has a front to back ratio of at least 10 
db. to permit the user of the receiver to visibly determine, by 
Viewing the lighted dots of the direction finding display, a 
direction of the transmitter relative to the receiver with an 
approximate resolution (beam width) producing maximum 
signal response (sensitivity) from 300 to as little as 10 in, 
for example, high frequency bands such as 902-928 MHz. 
0.052 The antenna assembly implements the omnidirec 
tional antenna function with a combination of an electrically 
conductive reflector and an electrically conductive loop. 
One end of the loop is always coupled to ground and the 
other end of the loop is coupled to an input of an RF 
amplifier. The electrically conductive reflector defines a 
cavity having a bottom, an opening, a Surface extending 
from the bottom to the opening and an electrical output. The 
loop is positioned between the bottom and the opening of the 
cavity. The electrically conductive reflector and loop are 
electrically coupled together by a RF Switch and to an input 
of the RF amplifier during operation as an omnidirectional 
antenna. The electrical coupling of the reflector is produced 
by the RF switch closing a conductive path to the loop and 
further a relatively close Spacing between the loop and the 
reflector which produces mutual coupling via parasitic 
capacitance. The collective electrical coupling produced by 
the conductive coupling through the RF Switch and the 
capacitive coupling improves the omnidirectional Sensitivity 
over that achievable with the loop alone. 
0053. The antenna assembly implements the directional 
antenna function with the RF Switch electrically coupling 
the reflector to ground which cuts offside lobes of reception 
of the loop to provide a highly focused beam width repre 
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Senting a maximum directional antenna response (sensitiv 
ity) of between 100 and 300. This is an optimal beam width 
for directional tracking of mobile objects, Such as children 
and pets, with the radio receiver of the present invention. 
0054 When the antenna assembly is operated between 
902 and 928 MHz. with a loop length of approximately 0.4 
wavelength, the feed impedance appears to increase to a 
20-40 ohm region which further facilitates impedance 
matching to a Standard 50 ohm input impedance of a RF 
amplifier available in integrated circuit form. Moreover, the 
overall dimensions of the antenna assembly permit integra 
tion into a miniaturized receiver as described herein to 
monitor the transmitter relative to the Set range and direction 
of the transmitter relative to the receiver to monitor the 
whereabouts of the objects which may be mobile, such as 
children, pets, etc. 
0055 An antenna assembly providing selectable omni 
directional or directional reception of radio transmissions in 
a frequency band in accordance with the invention includes 
an electrically conductive reflector defining a cavity having 
a bottom, an opening, a Surface extending from the bottom 
to the opening and an electrical output; an electrically 
conductive loop electrically coupled to ground and having 
an electrical output for coupling to an RF amplifier, the loop 
being positioned between the bottom and the opening of the 
cavity; an RF Switch having an input and first and Second 
outputs, the RF Switch having a first Switching State elec 
trically connecting the input to the first output and a Second 
Switching State electrically connecting the input to the 
Second output, the first Switch output being electrically 
coupled to ground and the Second Switch output being 
electrically coupled to the output of the electrically conduc 
tive loop; and wherein the first Switching State provides the 
directional reception and the Second Switching State provides 
the omnidirectional reception of the radio transmissions. A 
closest Separation of the loop from the cavity is preferably 
not greater than one-tenth of a wavelength of the frequency 
band of the radio transmissions and more preferably, a 
closest Separation of the loop from the cavity ranges 
between 0.005 and 0.02 of a wavelength of the frequency 
band of the radio transmissions. The directional antenna has 
a beam width producing a maximum signal response to the 
radio transmissions between 10 and 30. The electrically 
conductive loop has a length between the output and the 
electrical coupling to ground greater than 0.2 of a wave 
length of the frequency band and preferably approximately 
0.4 of a wavelength of the frequency band; the cavity 
comprises at least two parts divided by a fold line which is 
the bottom of the cavity with the fold line being parallel to 
a directional axis of the directional reception and being a 
vertex of an oblique angle with first and Second parts of the 
at least two parts of the cavity being Sides of the oblique 
angle with ends of the first and Second parts Spaced from the 
vertex defining the opening of the cavity. Furthermore, the 
invention includes a circuit board having the RF amplifier 
mounted thereon with the electrical output of the electrically 
conductive loop coupled to the RF amplifier with the circuit 
board being located further from the electrically conductive 
loop than the vertex. 
0056. A preferred frequency band of operation of the 
antenna is between 902 to 928 MHz; a closest separation of 
the loop from the cavity preferably ranges between 0.1 and 
0.2 inches, the loop is rectangular in croSS Section when 
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Viewed into the opening, and the directional antenna has a 
beam width producing a maximum signal reception of the 
radio transmissions between 10 and 30. The reflector, 
when viewed from the opening, is rectangular in croSS 
Section and has a width and a length across the width and 
length of the croSS Section which are less than 2.5 inches, 
and the loop, when viewed from the opening, is rectangular 
(preferably Square) in cross Section and has a width and a 
length acroSS the width and length of the croSS Section which 
are less than 2 inches, and the loop is centered Symmetrically 
with respect to the bottom of the reflector. 
0057 The antenna assembly further comprises a radio 
receiver containing the antenna assembly, the RF amplifier, 
a digital signal processor, coupled to the RF amplifier and a 
display, coupled to the digital Signal processor, for display 
ing a received signal Strength indicator. The digital Signal 
processor controls Switching of the first and Second Switch 
ing States and is responsive to a command to operate the 
antenna assembly as either an omnidirectional antenna dur 
ing which the digital signal processor compares the received 
Signal Strength indicator representing the radio transmis 
Sions to a numerical value representing a Set range between 
a radio transmitter broadcasting the radio transmissions and 
the radio receiver and generates an alert when the compari 
Son reveals that the radio transmissions are received from 
the radio transmitter outside the Set range or a directional 
antenna during which the digital Signal processor drives the 
display to display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude of the 
received signal Strength indicator is usable for direction 
finding of the transmitter relative to the radio receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.058 FIG. 1 illustrates a system diagram of the present 
invention. 

0059 FIG. 2 illustrates the methodology of how the 
display of the radio frequency receiver is used to locate the 
directional orientation of a radio frequency transmitter being 
tracked in accordance with the present invention. 
0060 FIG. 3 is a block diagram of a preferred embodi 
ment of a radio frequency transmitter in accordance with the 
present invention. 

0061 FIG. 4 is a circuit diagram of a preferred control 
CPU of the radio frequency transmitter of FIG. 3. 
0.062 FIG. 5 is a circuit diagram of a preferred power 
control and power Supply of the radio frequency transmitter 
of FIG. 3. 

0.063 FIG. 6 is a circuit diagram of a preferred synthe 
sizer/phase lock loop of the radio frequency transmitter of 
FIG 3. 

0.064 FIG. 7 is a circuit diagram of a preferred oscillator/ 
modulator and power divider of the radio frequency trans 
mitter of FIG. 3. 

0065 FIG. 8 is a circuit diagram of a preferred power 
amplifier and antenna of the radio frequency transmitter of 
FIG 3. 

0.066 FIG. 9 illustrates a preferred protocol used for 
Sending the identification code of the radio frequency trans 
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mitter and the Status of the user of the radio frequency 
transmitter to a radio frequency receiver in accordance with 
the present invention. 
0067 FIGS. 10A and 10B respectively illustrate analog 
and digital modulation of a Subcarrier which is preferably 
used to encode the protocol of FIG. 9. 
0068 FIG. 11 illustrates a constellation illustrating the 
analog modulation of the Subcarrier of FIG. 10A. 
0069 FIG. 12 illustrates the digital modulation of the 
Subcarrier of FIG. 10B to encode groups of a plurality of bits 
in each half cycle of the Subcarrier. 
0070 FIG. 13 is a flowchart of the operation of the radio 
frequency transmitter including the power on and initializa 
tion Sequence. 

0071 FIG. 14 is a block diagram of a preferred embodi 
ment of a radio frequency receiver in accordance with the 
present invention. 
0072 FIG. 15 is a circuit diagram of a preferred control 
CPU of the radio frequency receiver of FIG. 14. 
0073 FIG. 16 is a circuit diagram of a preferred power 
supply of the radio frequency receiver of FIG. 14. 
0074 FIG. 17 is a circuit diagram of a preferred low 
noise amplifier, mixer and Voltage controlled oscillator of 
the radio frequency receiver of FIG. 14. 
0075 FIG. 18 is a circuit diagram of a preferred synthe 
sizer/phase lock loop of the radio frequency receiver of FIG. 
14. 

0076 FIG. 19 is a circuit diagram of a preferred second 
mixer, bandpass filter and intermediate frequency amplifier 
and detector/demodulator of the radio frequency receiver of 
FIG. 14. 

0077 FIG. 20 is a circuit diagram of a preferred antenna 
reflector Switch of the radio frequency receiver of FIG. 14. 
0078 FIGS. 21A and 21B illustrate the integration of the 
detected modulated Sinusoidal Subcarrier in accordance with 
FIG. 10A by the digital signal processor of the radio 
frequency receiver of the present invention. 
007.9 FIG. 22 illustrates the integration of the detected 
pulse width modulation subcarrier in accordance with FIG. 
10B by the digital signal processor of the radio frequency 
receiver of the present invention. 
0080 FIGS. 23A and 23B illustrate sample processing 
performed by the digital Signal processor of the radio 
frequency receiver of the present invention to remove noise 
transients in a pulse width modulated Subcarrier in accor 
dance with the present invention. 
0081 FIGS. 24A and 24B illustrate sample processing 
performed by the digital Signal processor of the radio 
frequency receiver of the present invention to remove noise 
transients in a phase modulated Sinusoidal Subcarrier in 
accordance with the present invention. 
0082 FIG. 25 is a flowchart of the operation of the 
digital Signal processor of the radio frequency receiver of the 
present invention comparing integrals of the detected Sinu 
Soidal or digital Subcarriers with prestored ranges to convert 
the Serial information modulated on the Subcarrier into a 
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Series of numerical representations of individual bits or 
groups of bits which are modulated on the Subcarrier in 
accordance with the protocol of FIG. 9. 
0083 FIG. 26 illustrates a valid bit pattern of the frames 
in accordance with FIG. 9. 

0084 FIGS. 27-29 illustrate examples of bit patterns of 
frames in accordance with FIG. 9 containing erroneous 
uncorrectable bits that are processed by the digital Signal 
processor of the radio frequency receiver of the present 
invention to attempt to reconstruct valid data which cannot 
be recovered by processing the frames with only the error 
correction code. 

0085 FIG.30 illustrates a block diagram of the operation 
of the radio frequency receiver including the power on and 
initialization Sequence. 
0.086 FIG. 31 illustrates a waveform of a RSSI signal 
and its processing during a single transmission interval of 
the identification code of a radio frequency transmitter being 
tracked by the radio frequency receiver of the present 
invention. 

0087 FIG. 32 illustrates the time variation of the indi 
vidual integrated RSSI Samples and their average as a 
function of relative movement between the radio frequency 
transmitter and the radio frequency receiver. 
0088 FIG. 33 is a graph of free space loss in db as a 
function distance between the radio frequency receiver and 
the radio frequency transmitter. 
0089 FIG.34 is a graph of the RSSI voltage as a function 
of the received signal level in dbm. 
0090 FIG. 35 is a table of free space loss as a function 
of Separation distance between a radio frequency transmitter 
and the radio frequency receiver. 
0.091 FIG. 36 illustrates a range of positions of the radio 
receiver unit of the present invention relative to the body of 
a user to obtain optimal radio reception of transmissions in 
a line of Sight with at least one transmitter. 
0092 FIG. 37 illustrates optimal positioning of the 
receiver unit to obtain maximum signal reception of the 
transmissions from the at least one transmitter and optimal 
positioning of a user's hand relative to an on/off Switch of 
the directional antenna and a line of Sight between the 
directional antenna of the receiver unit and an antenna of the 
at least one transmitter. 

0093 FIG. 38 illustrates a preferred embodiment of a 
field of view limiter of the display of the received signal 
Strength of the transmissions from the at least one transmit 
ter. 

0094 FIG. 39 illustrates a top view of a preferred 
antenna assembly of the present invention including an 
electrically conductive loop and an electrically conductive 
reflector without illustration of electrical connections ther 
ebetween. 

0.095 FIGS. 40A and 40B illustrate a composite antenna 
response of the antenna assembly of FIG. 39 including 
illustrating the effects respectively of increasing spacing 
between a closest Separation of the loop and the reflector on 
the beam width of the directional antenna response. 
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0096 FIG. 41 illustrates a front elevational view of the 
antenna assembly of FIG. 39, including dimensions for 
optimized operation in the 902 to 928 MHz. frequency band. 
0097 FIG. 42 is a circuit schematic illustrating a pre 
ferred embodiment of the antenna assembly of FIG. 39 for 
operation in the 902-928 MHz. frequency band. 
0098. Like reference numerals identify like parts 
throughout the drawings. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0099 FIG. 1 illustrates a system diagram of a radio 
tracking and ranging System 10 in accordance with the 
present invention. The System is comprised of a radio 
receiver 12 and a variable number of radio frequency 
transmitters 14-18. The designation “N” of radio frequency 
transmitter 18 indicates that the total number of radio 
frequency transmitters which could be monitored and 
tracked within the system 10 may be any desired number. In 
a preferred embodiment of the invention described below, 
only two radio frequency transmitters are tracked by a single 
radio frequency receiver. The detailed description of the 
architecture and operation of a preferred embodiment of the 
radio frequency receiver 12 is described in conjunction with 
FIGS. 14-32 below and a preferred embodiment of the radio 
frequency transmitters 14-18 is described in conjunction 
with FIGS. 3-13 below. The radio tracking and ranging 
system 10 has the capability, in the embodiment described 
below, with the radiated power of the radio frequency 
transmitters limited to 100 milliwatts or less in accordance 
with power limiting regulations of the Federal Communi 
cations commission for unlicensed wireleSS applications to 
detect radio frequency transmitters 14, 16 and 18 at a range 
which is calculated to be adjustable to possibly one mile 
measured from the radio frequency receiver 12. The radio 
tracking and ranging System 10 further has the capability of 
tracking the direction of each radio frequency transmitter 14, 
16 and 18 relative to the radio receiver 12 when either the 
radio frequency receiver determines that one or more of the 
radio frequency transmitterS has moved outside of a Set 
distance 20, which is variable by Setting the range control 
420 of the preferred embodiment 400 of the radio frequency 
receiver illustrated in FIG. 14 as described below which 
causes the radio receiver to generate an alert, or when the 
user of one or more of the radio frequency transmitters 14, 
16 or 18 has generated an alert by pushing the panic Switch 
114 in the preferred embodiment 100 of the radio frequency 
transmitter as illustrated in FIG.3 as described below. Each 
radio frequency transmitter 14, 16 and 18 is assigned an 
identification code which uniquely identifies it from other 
radio frequency transmitters being monitored and tracked by 
the radio frequency receiver 12. Each radio frequency trans 
mitter 14, 16 and 18 periodically transmits its unique iden 
tification code to the radio frequency receiver 12. Detection 
of the identification code qualifies the RSSI signals used for 
determining if the Set range 20 has been exceeded or for 
tracking the direction of the radio frequency transmitter 
relative to the radio frequency receiver as discussed below. 
The identification code may be periodically transmitted, 
Such as ten times per Second, to the radio frequency receiver 
12. The radio frequency receiver 12 uses the decoding of the 
identification code to qualify processing of each RSSI Signal 
representing the Signal Strength received at the antenna of 
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the radio frequency receiver of each radio frequency carrier 
which is detected and is determined to contain a valid 
identification code of one of the radio frequency transmitters 
assigned to the radio frequency receiver to determine the 
range and the direction of the radio frequency transmitters 
relative to the radio receiver 12 as described below. The 
identification code is preferably encoded in at least one 
IDENTIFICATION FRAME GROUP as discussed below in 
conjunction with FIG. 9. Each of the radio frequency 
transmitters 14, 16, and 18 preferably uses spread spectrum 
frequency hopping of the radio frequency carriers. Each 
carrier is modulated with identification code of the trans 
mitter, Such that each radio frequency transmitter repeatedly 
broadcasts its identification code on a cycling Sequence of 
fifty frequencies. The frequency hopping Sequence of the 
radio frequency carrier is used to avoid interference between 
other radio transmitters also using a radio frequency carrier 
to encode their identification codes with the IDENTIFICA 
TION FRAME GROUP of FIG. 9. Each of the radio 
frequency transmitters is preferably programmed to have the 
Same Sequence of frequencies with the transmissions of 
different transmitters being monitored at different times by 
the radio frequency receiver. The probability of multiple 
radio frequency transmitters Synchronously hopping through 
the same Sequence of radio frequency carriers is So Small 
that the probability of interference between the radio fre 
quency carriers is Small. 
0100. The radio frequency receiver 12 performs a 
Sequence of Signal processing operations which Substan 
tially enhances the ability of the radio frequency receiver to 
detect the identification code from each of the mobile 
transmitters 14, 16 and 18 and further, upon detection of 
each identification code, processing operations which pref 
erably include calculation of an integral of the qualified 
RSSI signals, as described below, to eliminate electrical 
noise therein and to further preferably compute an average 
of Successive integrations of the RSSI signal. The average of 
the integrations of the RSSI Signals accurately represents the 
actual received signal Strength to which a numerical value 
representing the Set range 20 is compared to determine if any 
of the radio frequency transmitters 14, 16 and 18 are within 
or outside the variable set range as illustrated in FIG. 1. 
Furthermore, in a preferred embodiment 400 of the radio 
frequency receiver 12, as described below, Successive inte 
grations of the RSSI signal are not used in the calculation of 
the average of the integrations of the RSSI signal when they 
differ by more than a function of the average which, without 
limitation, may be a percentage of the average of the 
integrated RSSI signals. Such as twenty percent. Upon detec 
tion that any one of the radio frequency transmitters 14, 16 
and 18 is outside the set range 20 by a determination that the 
average of the integrated RSSI values of identification code 
transmissions from each of the radio frequency transmitters 
broadcasting a valid identification code is less than the 
Voltage representing the variable radius 20 produced by the 
range control 420 of FIG. 14, the radio frequency receiver 
12 may be switched by a user depressing the “find me.” 
Switch 426 of FIG. 14 to receive subsequent radio frequency 
carriers containing a valid identification code from the radio 
frequency transmitter which is outside the Set range 20 with 
a directional antenna as described below. The radio fre 
quency receiver 12 during the first portion of the monitoring 
operation in which it determines if any of the radio fre 
quency transmitters 14, 16 and 18 is outside of the set 
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variable range 20 utilizes an omnidirectional antenna to 
receive radio frequency carriers containing the valid iden 
tification codes which are transmitted from all of the radio 
frequency transmitters. 
0101 However, when the radio frequency receiver 12 
determines that any of the radio frequency transmitters 14, 
16 and 18 have moved outside of the variable set range 20 
or, alternatively, any of the users of the radio frequency 
transmitters have indicated a change in their status by 
pushing the “panic Switch as described below, the radio 
frequency receiver is Switched to receive the Subsequent 
transmissions of the identification codes with the radio 
frequency carrier with a directional antenna. The magnitude 
of each individual RSSI signal which is qualified by recep 
tion of a valid identification code of the radio frequency 
transmitter being tracked is displayed by the radio frequency 
receiver 12 to provide information enabling the user of the 
radio frequency receiver to rotate the radio frequency 
receiver to an orientation which produces a maximum 
display of the Successive integrated RSSI Signals as 
described below in conjunction with FIG. 2. The RSSI 
Signal is preferably integrated to remove the effects of noise 
as described below. The direction of the radio frequency 
transmitter 14, 16 or 18, relative to the radio frequency 
receiver 12 from which the greatest magnitude RSSI signals 
are Sequentially generated by the reception of valid identi 
fication codes is the true bearing of the radio frequency 
receiver. 

0102 FIG. 2 illustrates how the display by the radio 
frequency receiver 12 of the magnitude of the integrated 
sequence of RSSI signals is used by the user of the radio 
frequency receiver to track the direction of the transmitter 16 
which is outside the set range 20 of FIG. 1 by use of the 
directional antenna relative to the radio frequency receiver. 
The display of the magnitude of each integrated RSSI signal, 
which is not the average of the integrated RSSI Signals 
calculated during monitoring with the omnidirectional 
antenna to determine if the Set range 20 has been exceeded, 
drives a magnitude indicator of the display which is a Series 
of lighted dots 24, such as those generated by LCDs or 
LEDs, to display the magnitude of each integrated RSSI 
Signal produced in response to each reception of each valid 
identification code from the radio frequency transmitter 
being tracked. As illustrated in FIG. 2, the maximum 
number of dots 24 is activated in display 22 when the axis 
26 of the directional antenna is directly pointed toward the 
radio frequency transmitter 16 which is being tracked. While 
a maximum number of dots 24 are illustrated as being 
activated in display 22, it should be understood that depend 
ing upon the distance of the radio frequency receiver 12 
from the radio frequency transmitter 16, a lesser number of 
the dots would typically be activated. The displays 23 and 
25, which are generated when the axis 26 is not directly 
pointed at the radio frequency transmitter 16, have a lesser 
number of dots 24 activated which is a function of the 
misalignment of the axis 26 of the directional antenna from 
direct alignment with the radio frequency transmitter 16 as 
in display 22. It should be understood that the relative 
magnitude of the display of each Successive integrated RSSI 
Signal will vary depending upon the alignment by the user of 
the radio frequency receiver 12 of the axis 26 of the direction 
antenna toward the radio frequency transmitter 16 being 
tracked and/or relative motion occurring between the radio 
frequency transmitter. The Signal processing described 
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above and below eliminates the effects of interference and 
fading, etc., to minimize the display of erroneous magni 
tudes of the RSSI signals to provide highly accurate infor 
mation useful for locating the direction of radio frequency 
transmitter 16 relative to the radio frequency receiver 12. 
The display of the magnitude of each integrated RSSI Signal, 
without the averaging used to determine when the Set range 
20 is exceeded as explained above, permits motion of the 
radio frequency transmitter 16 relative to the radio fre 
quency receiver 12 to occur without an unacceptable time 
lag occurring in the display of the radio frequency receiver 
representing the true direction of the radio frequency trans 
mitter relative to the radio frequency receiver. Furthermore, 
it should be understood that the illustration of the display 22 
showing a maximum number of the dots 24 activated when 
there is true alignment of the directional antenna axis 26 
with the radio frequency transmitter 16 and a minimum 
number of the dots 24 being activated in display 23 when 
there is a misalignment by 90 of the directional antenna axis 
with the radio frequency transmitter is only intended for 
purposes of illustrating how direction finding is accom 
plished. Namely, as the user of the radio frequency receiver 
12 rotates the axis of the directional antenna 26 toward true 
alignment with the radio frequency transmitter 16 from the 
positions represented by displayS 23 and 25, an increasing 
number of the individual dots 24 are activated in direct 
proportion to the magnitude of each integrated RSSI Signal 
generated from each of the qualified Successive transmis 
Sions of the identification code of the radio frequency 
transmitter which are received by the radio frequency 
receiver. 

0103) The radio frequency receiver 12 is designed to 
initially be clipped to the belt of the perSon, Such as an adult, 
tracking the position of two children. Furthermore, the radio 
frequency transmitters 14, 16 and 18 may have a belt loop 
which prevents quick removal of the radio frequency 
receiver 12 from a child when, for example, an adult tries to 
defeat the tracking ability of the tracking system 10. Both 
the radio frequency receiver 12 and the radio frequency 
transmitters 14, 16 and 18 are designed to be powered with 
rechargeable batteries to provide up to a possible 40 or more 
hours of use between battery changes. 
0104. After the receipt of either a panic alarm, as gener 
ated by a user of the radio frequency transmitters 14, 16 and 
18 caused by closing of the “panic” switch 114 of FIG. 3, 
or the detection by the radio frequency receiver 12 of the 
radio frequency transmitter being outside the Set range 20 by 
preferably averaging the integrated RSSI Signals while dis 
carding aberrant integrated RSSI signals from being 
included in the average of the integrals and comparing the 
average of the integrated RSSI Signals to a Set Voltage 
representing the Set range, the user of the radio frequency 
receiver 12 causes Switching of the antenna of the radio 
frequency receiver from an omnidirectional antenna con 
figuration used for tracking all of the radio frequency 
transmitters 14, 16 and 18 to a true directional antenna 
having the axis 26 by closing the “find me’ Switch 426 of 
FIG. 14. After closing the “find me’ Switch, in accordance 
with programming in the radio frequency receiver control 
CPU, which is preferably a digital Signal processor, only a 
Single one of the radio frequency transmitters is tracked, 
such as the radio frequency transmitter 16 of FIG. 1 which 
has exceeded the Set range 20. Alternatively, the invention 
may be practiced with the Switching of the antenna configu 
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ration from an omnidirection to a directional configuration 
under the control of the control CPU 106 of FIG. 3 without 
closing the “find me’ Switch 426. 
0105 Tracking of only one radio frequency transmitter 
14, 16 and 18 with the radio frequency receiver 12 at a time 
is desirable to avoid the possibility of movement of the radio 
frequency receiver during tracking of one radio frequency 
transmitter causing another out of range condition to occur 
when the set range 20 is exceeded between the radio 
frequency receiver and another radio frequency transmitter. 
This would then create the undesirable circumstance of 
making it difficult to track the direction of the first radio 
frequency transmitter which, in this circumstance, is radio 
frequency transmitter 16 being outside the Set range 20. 
0106 The radio frequency receiver digital signal proces 
Sor, as part of the preferred process for averaging of the 
integrated RSSI Signals, discards any integration of a RSSI 
Signal calculated from a single transmission of an identifi 
cation code from a radio frequency transmitter when that 
integrated value exceeds or is less than the average inte 
grated value by a function of the average of the calculated 
integrals. This methodology excludes from the computation 
of the average of the calculated integrals newly calculated 
integrals which differ from the average of the calculated 
integrals by more than the function. The function may be a 
constant, a percentage of the magnitude of the average of the 
calculated integrals, a Scaler which varies in magnitude in 
accordance with the magnitude of the average of the RSSI 
Signals or integrated RSSI Signals or any other mathematical 
expression which is designed to include only those inte 
grated RSSI Signals or non-integrated RSSI Signals in the 
computation of the average used to determine if the Set 
distance 20 has been exceeded which represent valid Signal 
Strengths. This methodology of discarding Selected integra 
tions of the RSSI signals or RSSI signals lessens the effects 
of Rayleigh fading and other fading phenomena from influ 
encing the calculation of the average of the RSSI Signals or 
integrals thereof which can cause the average to fluctuate in 
a manner which is not indicative of true distance of the radio 
frequency transmitter 14, 16 or 18 from the radio frequency 
receiver 12 as is discussed below in conjunction with FIGS. 
31 and 32. The threshold amount of the function between 
the magnitude of the calculated average of the integrated 
RSSI Signals and a single new RSSI Signal or integral 
thereof generated by the transmission of a single identifica 
tion code from a transmitter to the receiver 12 may vary but 
it is believed that an amount of 20% or less of the average 
is Sufficient to insure the discarding of unreliable and Sta 
tistically aberrant integrations of the RSSI signal which are 
indicative of invalid range data. 
0107 The assumption is that because the range of the 
tracking capability of the System 10 is many hundreds of 
feet, a difference by an amount, such as 20% between the 
average of the integrated RSSI signals or RSSI signals used 
to compute the average and a single integrated RSSI Signal 
or RSSI signal, would represent a physically impossible 
motion of the radio frequency transmitter 14, 16 or 18 
relative to the radio frequency receiver 12 especially given 
the fact that the periodic broadcast of the identification codes 
may be many times a Second. In other words, if a Small child 
or an adult is being tracked, it would be physically impos 
Sible for their motion to occur representing a significant 
percentage of the maximum range 20 which may be tracked 
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by the radio frequency receiver 12 between Successive 
samples. Furthermore, the set threshold function between 
the average of the integrated RSSI signals or the RSSI 
Signals used to compute the average and the integrated value 
of each successive integrated RSSI signal or the RSSI signal 
may be less than 20% especially when the frequency of 
transmitting individual identification codes from each of the 
radio frequency transmitters 14, 16 and 18 to the radio 
frequency receiver 12 is at a relatively high frequency, Such 
as ten times per Second, as described above. 
0108 FIG. 3 illustrates a block diagram of a preferred 
embodiment 100 of a radio frequency transmitter 12 in 
accordance with the present invention. The radio frequency 
transmitter 100 may be implemented with the circuits illus 
trated in and described below in conjunction with FIGS. 4-8 
in association with the Source code of pages 1-7 of the 
Appendix. The radio frequency transmitter 100 is designed 
to utilize 900 MHz. spread spectrum technology which 
periodically transmits its identification code, as described 
above, preferably with utilization of the protocol, as 
described below, in conjunction with FIG. 9 and as gener 
ally described in U.S. patent application Ser. No. 08/386, 
060, filed Feb. 7, 1995, entitled “System for Wireless Serial 
Transmission of Encoded Information”, U.S. patent appli 
cation Ser. No. 08/385,312, filed Feb. 7, 1995, entitled 
“Receiving Circuitry for Receiving Serially Transmitted 
Encoded Information”, and U.S. patent application Ser. No. 
08/385,143, filed Feb. 7, 1995, entitled “Transmitting Cir 
cuitry for Serial Transmission of Encoded Information”. 
0109 The functional blocks of the radio frequency trans 
mitter 100 illustrated in the block diagram of FIG.3 may be 
implemented with commercially available integrated cir 
cuits as identified in FIG. 3 and in FIGS. 4-8. However, it 
should be understood that the invention may be practiced 
using other circuits, including integrated circuits, than those 
illustrated in FIGS. 4-8. The main components of the radio 
frequency transmitter are: OScillator/modulator 102, Synthe 
sizer/phase lock look 104, control CPU 106, which is 
preferably a digital Signal processor, power divider 107, loop 
filter 108, power amplifier 110, “panic” switch 114, power 
control 115, batteries 117 which may be rechargeable and 
power switch 119. 
0110. The oscillator/modulator 102 functions as a 900 
MHz. oscillator which includes buffering electronics and 
functions as a modulator to encode the identification infor 
mation of the protocol as described below in conjunction 
with FIG. 9. FIG. 7 illustrates a preferred circuit for 
implementing the function of the oscillator/modulator 102. 
The frequency of oscillation of the oscillator/modulator 102 
is determined by an inductor which, with parasitic capaci 
tance that is present within the integrated circuit board 
containing the transmitter, forms a tank circuit which pro 
duces the rest frequency of the oscillator. The rest frequency 
is varied by variable magnitude DC voltage which is an 
input of a pin of the integrated circuit of FIG. 7 from the 
control CPU 107. The DC voltage modulates the frequency 
of the oscillator/modulator 102 to produce the sequential 
incrementing of the radio frequency carrier frequency in a 
stair step fashion by the synthesizer/phase lock loop 104 to 
Sequentially change the frequency of the radio frequency 
carrier modulated with a Subcarrier modulated with the 
IDENTIFICATION FRAME GROUP Of FG 9 to avoid 
interference with other transmitters. The oscillator/modula 
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tor 102 produces the fifty different transmitting frequencies 
which are used Sequentially as the radio frequency carriers 
to broadcast Successive IDENTIFICATION FRAME 
GROUPS of FIG. 9 containing the transmitter identification 
code and the status of the “panic' switch 114. The carrier 
frequency jumpS approximately in a range between 100 
milliseconds and 400 milliseconds to a new transmitting 
frequency to broadcast each successive IDENTIFICATION 
FRAME GROUP. A modulation input pin of the integrated 
circuit of FIG. 7 provides the methodology for encoding the 
protocol as described below in conjunction with FIG. 9 to 
the oscillator/modulator 102 from the control CPU 106. 
Multistage buffers are provided within the oscillator/modu 
lator 102 to prevent loading of the oscillator/modulator 
Sections and to provide an approximate fifty ohm output 
impedance for direct coupling to the power divider 107 that 
immediately follows. A reference oscillator is contained 
within the oscillator/modulator 102. 
0111. The synthesizer/phase lock loop 104 is a digitally 
programmable 900 MHz. synthesizer and phase lock loop 
circuit. FIG. 6 illustrates a preferred circuit for implement 
ing the function of the synthesizer/phase lock loop 104. A 
preScaler is also contained within the Synthesizer/phase lock 
loop 104 to take a Sample of the oscillator frequency and 
compare it to the preprogrammed frequency programmed by 
the control CPU 106 to determine if any frequency error 
exists. Upon determination of any frequency error, a DC 
control Voltage is varied and is Sent through the loop filter 
108 (to negate the effects of the modulation) to return the 
rest frequency of the oscillator/modulator 102 to the desired 
frequency. The Synthesizer/phase lock loop 104 is dynami 
cally programmable to any frequency in the 902-928 MHz. 
band and is under direct digital control of the control CPU 
106. The synthesizer/phase lock loop 104, upon being 
programmed by the control CPU 106, sends a DC control 
Voltage, corresponding to the desired frequency of the fifty 
frequencies within the Staircase of frequencies used to 
sequentially broadcast the IDENTIFICATION FRAME 
GROUP of FIG. 9, to the oscillator/modulator 102. As soon 
as the oscillator/modulator's frequency is Sampled and com 
pared by the phase comparator with the desired frequency, 
a lock on frequency signal is sent to the control CPU 106 to 
indicate that the radio frequency transmitter is on the proper 
frequency and is prepared to receive modulation information 
from the control CPU of the IDENTIFICATION FRAME 
GROUP of FIG. 9. The synthesizer/phase lock loop 104 
contains a master crystal oscillator. The reference frequency 
of the master crystal oscillator is then utilized for compari 
Son by the phase lock loop of the Synthesizer/phase lock loop 
104 to the preprogrammed frequency to generate a control 
Voltage to vary the frequency as needed. 
0112 The power divider 107 immediately following the 
oscillator/modulator 102 is an integral part of a closed loop 
that determines the transmitting frequency of the transmitter. 
FIG. 7 illustrates a preferred circuit for implementing the 
function of the power divider 107. The power divider 107 
provides impedance matching and removes a portion of the 
power from the oscillator/modulator 102 for return to the 
Synthesizer/phase lock loop 104 for Sampling of the trans 
mitted frequency. The power divider 107 has discrete com 
ponents that provide the correct impedance match between 
the oscillator/modulator 102, the power amplifiers 110, as 
described below, and an input to the preScaler of the Syn 
thesizer/phase lock loop. The power derived from the oscil 
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lator/modulator 102 buffered output is a few milliwatts. An 
amount of this power (less than 50%) is removed for 
frequency Sampling by the Synthesizer/phase lock loop 104. 
The remainder of the power obtained from the oscillator/ 
modulator 102 is outputted to the first stage PA1 of power 
amplifier 110. 

0113. The power amplifier 110 consists of two stages 
PA1, as referred to above, and PA2, which amplify the 
output signal from the power divider 107 to a power level of 
approximately 100 milliwatts. FIG. 8 illustrates a preferred 
circuit for implementing the power amplifier 110 and the 
antenna 112 which is a folded loop hybrid antenna. Each 
stage PA1 and PA2 of the two-stage power amplifier 110 has 
a fifty ohm input impedance and output impedance which 
minimizes the number of coupling components required. 
The integrated circuit, which implements the power ampli 
fier 110, has a power control pin that permits the amplifiers 
to be placed in a deactivated State to conserve battery power 
when not in use. 

0114. The antenna 112 is a loop and is made from a 
relatively heavy gauge wire and a portion of the printed 
circuit foil that provides the equivalent of a loaded fifty ohm 
quarter wave antenna. This type of antenna design provides 
an omnidirectional pattern that is affected minimally by 
circuit board influences and has a high radiation efficiency. 
The antenna design is Such that it is broad band in its 
operation and therefore, will operate over a wide transmit 
ting bandwidth as required for the frequency hopping tech 
nique of Spread spectrum technology utilized in the radio 
frequency transmitter 100. 

0115 The control CPU 106 is preferably a digital signal 
processor. FIG. 4 illustrates a preferred circuit for imple 
menting the function of the control CPU 106. The digital 
Signal processor, which is used to implement the control 
CPU 106, preferably includes a multitude of functional 
components to provide the processing functionality required 
to provide the bits or groups of bits which encode the 
IDENTIFICATION FRAME GROUP Of FG 9 and to 
modulate the Subcarrier with the IDENTIFICATION 
FRAME GROUP bits or groups of bits as described below 
in conjunction with FIGS. 10A, 10B, 11 and 12. The 
modulated Subcarrier modulates each of the fifty radio 
frequency carriers. The modulated radio frequency carriers 
transmit information which is used by the radio frequency 
receiver 12 for determining the distance and location of the 
radio frequency transmitter 100 in mobile applications such 
as finding children relative to the radio frequency receiver. 
The digital Signal processor contains a high Speed micro 
processor, random access memory, programmable read only 
memory, input/output ports, watchdog and reset electronics 
and all of the Supervisory inputs to control the functionality 
of the transmitter 100. 

0116 FIG. 4 illustrates a functional block diagram of the 
numerous control functions which the digital signal proces 
sor performs to accomplish the tasks which the CPU 106 
must perform. The digital Signal processor has Strap Select 
ible inputs that determine the operating Sequence of carrier 
frequencies modulated with the subcarrier modulated with 
the IDENTIFICATION FRAME GROUP Of FG 9 on 
which each radio frequency transmitter of the plurality of 
radio frequency transmitters 14, 16 and 18 will broadcast. 
Additional jumperS determine the unique identification code 
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of each radio frequency transmitter 14, 16 and 18 that is 
utilized by the radio frequency receiver 12 as described 
below to enable the radio frequency receiver to differentiate 
each of the radio frequency transmitters from which the 
radio frequency receiver 12 may be receiving identification 
code transmissions as part of the tracking and ranging 
process. A test jumper is also included for initial factory 
adjustment and Servicing as required. The digital Signal 
processor controls a piezoelectric transducer that alerts the 
user of the radio frequency transmitter via a Series of beeps 
when the battery voltage is low indicating that the battery 
should be recharged, as described below, in conjunction with 
FIG. 13. An input “panic' Switch of FIG. 4 permits the user 
of the radio frequency receiver 12 to perform the function of 
“panic' Switch 114 of FIG. 3 that may be used by the user 
of the radio frequency transmitter, as described above, to 
alert the user of the radio frequency receiver 12, which 
would typically be an adult in the case of tracking children, 
that the user of the radio frequency transmitter wishes to be 
found or requires assistance. 
0117 The digital signal processor also performs all of the 
necessary transmitter power management functions to maxi 
mize the battery lifespan between recharging cycles. To 
accomplish this objective, the digital Signal processor during 
periods of non-transmission, Shuts down all unnecessary 
circuits to perform power conservation. 

0118. Additional data ports provide digital data control 
for the synthesizer/phase lock loop 104 as described above 
which are necessary for programming of the desired and 
next desired radio carrier frequency frequencies when opera 
tion in a frequency hopping mode of Spread spectrum 
technology is used. The digital Signal processor also has an 
input data line that indicates Status of the Synthesizer/phase 
lock loop 104. When a new operating frequency has been 
Sent to the Synthesizer/phase lock loop 104, the digital Signal 
processor waits for a lock on Signal, as described below in 
conjunction with FIG. 13, via a data line to indicate that the 
Synthesizer/phase lock loop has programmed the Oscillator/ 
modulator 102 and that the oscillator therein is on the correct 
operating frequency. Upon receipt of the lock on Signal, the 
digital Signal processor continues to perform the necessary 
powerup Steps to prepare and Send the protocol, as described 
below, in conjunction with FIG. 9 and FIG. 13. 
0119) The digital signal processor also has a logic input 
that permits monitoring of the Status of the batteries. Upon 
change of logic level of the monitoring input, the digital 
Signal processor will generate alert tones to indicate to the 
user of the radio frequency transmitter 100 that the batteries 
are in need of recharging. 

0120) The digital signal processor also maximizes the 
battery lifespan by performing numerous tasks which 
improve the operating efficiency of the radio frequency 
transmitter 100. Only those portions of the circuits of the 
radio frequency transmitter 100 which must be operational 
at any given time are turned on by the digital Signal 
processor. For example, the digital signal processor, during 
its off duty cycle, remains in a low power consumption State 
and upon a predetermined timing cycle, commences the 
power up operation to permit the radio frequency transmitter 
100 to transmit. The digital signal processor first turns on the 
power to the synthesizer/phase lock loop 104. The digital 
Signal processor forwards via a Serial data bus the desired 
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frequency in the form of data to the Synthesizer/phase lock 
loop 104. Immediately following programming of the Syn 
thesizer/phase lock loop 104, the digital signal processor 
turns on the power to the oscillator/modulator 102. The 
digital Signal processor then awaits a verification that the 
oscillator of the oscillator/modulator 102 has achieved the 
correct operating frequency via the lock on Signal from the 
Synthesizer/phase lock loop 104. The digital Signal proces 
sor then enables the power amplifiers 110 and after a 
predetermined period of time, commences Sending the digi 
tal data encoding the protocol, as described below in FIG. 
9 and in detail FIG. 13, to the modulator of the oscillator/ 
modulator 102. Upon completion of the transmission of the 
identification code data of the radio frequency transmitter 
100 contained in the format of the IDENTIFICATION 
CODE FRAME of FIG. 9, discussed below, the digital 
Signal processor begins an orderly shut down of the power 
amplifier 110, oscillator of the oscillator/modulator 102 and 
synthesizer of the synthesizer/phase lock loop 104. 
0121 At all times the digital signal processor monitors 
the “panic' Switch of FIG. 4 and the battery voltage. When 
the “panic' Switch is pressed, the digital Signal processor 
immediately implements a powerup Sequence (as previously 
described) and modifies the transmitted data within the 
command field CB of the IDENTIFICATION CODE 
FRAME, as described below in conjunction with FIG. 9, to 
update the panic Status of the panic Switch. 
0122) The power control 115 connects the batteries 117 
through the power Switch 119 to the various circuit compo 
nents described above in conjunction with FIG. 3. FIG. 5 
illustrates a preferred circuit for implementing the function 
of the power control 115. 
0123 FIG. 9 illustrates an IDENTIFICATION FRAME 
GROUP which is an example of a preferred serial protocol 
for encoding the identification code of the radio frequency 
transmitter 100, the command encoding the open or closed 
status of the “panic' Switch 114 and other control informa 
tion or data which is desired to be transmitted from the radio 
frequency transmitters 14, 16 and 18 to the radio frequency 
receivers 112. The information is transmitted in time from 
left to right. The IDENTIFICATION FRAME GROUP 
transmission is comprised preferably of six frames which are 
each comprised of forty-five bits. Each frame is comprised 
of twenty one bits of error correction code which respec 
tively is represented in labelled blocks often and eleven bits 
identified by the label “BCH'. However, it should be under 
stood that the invention is not limited to the use of BCH error 
correction code. Twenty one bits define the bit field of the 
error correction code. The bits which are not contained in the 
error correction code bit field are referred to as other bits and 
represent data to be processed after error code processing is 
completed with the error correction code bits being dis 
carded. The preceding three bit groups of each frame contain 
groups of eight bits. The first two eight bit groups within the 
first three frames each contain a repeat of eight bits of 
identification information which uniquely identify the first 
two digits of the transmitter identification code of the radio 
frequency transmitter transmitting the IDENTIFICATION 
FRAME GROUP transmission. Each block labelled “I.D.’ 
contains two four bit nibbles respectively encoding the first 
two base ten digits of the transmitter unique identification 
which, along with the other identification nibbles labelled 
“three/four in frame four collectively uniquely identify 
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each radio frequency transmitters transmitting the identifi 
cation code information and other information to the radio 
receiver 12. The three eight bit groups, which respectively 
are contained in the first three frames, contain a Standard 
Sync address S' which is repeated three times as indicated to 
Synchronize the clock of the radio frequency receiver micro 
processor to decode the IDENTIFICATION FRAME 
GROUP 

0.124. The S/ID fields are binary serial data used by the 
radio frequency receiver 12 to detect the identification code 
and the command field CB which encodes the status of the 
“panic' switch 114. The digital signal processor of the radio 
frequency receiver 12, as described below, looks for a bit 
pattern match that matches the preprogrammed Synchroni 
zation information S and the ID digits of the identification 
code of the transmitter. When a match occurs, the radio 
frequency receiver 12 turns on the balance of its electronics 
and begins the decoding proceSS as described below. After 
the repeat three times of a frame containing two digits of 
identification code and the sync address S', the fourth frame 
of the ID frame group contains an eight bit command field 
CB which may contain a command to the radio frequency 
receiver 12 that there has been a change in Status of the user 
by closing the “panic' Switch 114 of the radio frequency 
transmitter or another command(s) to specify other functions 
to be performed by the radio frequency receiver. The pro 
gramming of the command field CB to reflect a change in 
status of the “panic' switch 114 is produced in response to 
the closing of the panic Switch 114 of FIG. 3. The fourth 
frame further includes four four-bit nibbles which encode 
identification digits three and four of the identification code 
of the transmitter, which are contained in the next two 
groups of eight bits after the command field CB followed by 
two groups often and eleven bits making up the twenty-one 
bits of error correction code as described above. The fifth 
frame contains three data units of eight bits which may be 
used for diverse functions Such as the transmission of 
additional information or commands from the radio fre 
quency transmitter 100 to the radio frequency receiver 12. 
The fifth frame also contains the BCH code as described 
above. Finally, the Sixth frame contains two additional eight 
bit groups encoding data units four and five each having 
eight bits which may contain data of the same general 
function as described in conjunction with frame five. Finally, 
an end of frame marker EOF of eight bits is contained in the 
sixth frame followed by the BCH error correction code as 
described above. 

0125) The bits encoding the IDENTIFICATION FRAME 
GROUP frame group of FIG. 9 modulate a subcarrier as 
Stated above which may be analog or digital. The modulated 
analog Subcarrier may be a sinusoidal waveform as illus 
trated in FIG. 10A and the modulated digital Subcarrier may 
be a squarewave as illustrated in FIG. 10B. Moreover, the 
number of bits encoding the IDENTIFICATION FRAME 
GROUP of FIG. 9, which may modulate each cycle of the 
Subcarrier, may be varied from the four bits per cycle of 
FIG. 10A and the four bits per half of cycle of FIG. 10B. 
The high Speed integration capability of the digital Signal 
processor used in the radio frequency receiver 12, as 
described below, consequent from high clock Speed and a 
Harvard architecture permits multiples of the number of bits 
encoded on each cycle illustrated in FIG. 10B and especially 
the sinusoidal Subcarrier of FIG. 10A to be achieved with 
the invention. The modulation of the Subcarrier in either an 
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analog or digital format with the IDENTIFICATION 
FRAME GROUP provides a very high speed data through 
put of up to thirty-eight kilobaud which is significant in 
Saving battery power by reducing the time required to 
transmit the IDENTIFICATION FRAME GROUP which is 
an important consideration for the utility of tracking mobile 
radio frequency transmitters over a long period of time. 

0126. In FIG. 10A, the sinusoidal subcarrier is modu 
lated at four different phases (discrete angular positions) of 
a 360 cycle to encode a one or a zero value of the individual 
bits of the IDENTIFICATION FRAME GROUP Of FIG. 9 
or modifications thereof. AS illustrated, the modulation is 
diphase quadrature modulation (one or Zero modulated at 
45°, 135,225° and 315°). FIG. 11 illustrates a constellation 
representing the encoding of either a one or a Zero at each 
of these four discrete angular phases. 

0127. In FIG. 10B a squarewave subcarrier is pulse 
width modulated with a first half of the squarewave subcar 
rier cycle encoding four bits of the bits of the IDENTIFI 
CATION FRAME GROUP of FIG. 9 or modifications 
thereof. FIG. 12 illustrates possible numerical values rep 
resentative of frame groups which may be encoded with 
squarewave modulation as illustrated in FIG. 10B. As 
illustrated, the pulse width modulation has sixteen possible 
widths encoding a four bit group which preferably are 
proportionate, i.e. a value of one is 1/16th the width of a 
value of sixteen which facilitates high Speed integration by 
the digital Signal processor of the radio frequency receiver 
12. 

0128. The analog or digital protocols of FIGS. 10A and 
10B have the advantage of requiring leSS radiated power 
than other protocols, such as POCSAG or other digital 
protocols, such as ERMES or modifications thereof. 
Because of the application of the present invention for 
finding the wearer of a mobile transmitter being limited to a 
maximum amount of radiated power by the Federal Com 
munications Commission of 100 milliwatts for unlicensed 
applications, the reduction in radiated power which is 
achieved with the use of the IDENTIFICATION FRAME 
GROUP transmission in combination with the processing 
capability of the digital signal processor of the radio fre 
quency receiver 12 increases the effective range of the 
receiver's capability of tracking the mobile radio frequency 
transmitters 14, 16 and 18. 

0129 FIG. 13 illustrates a detailed flowchart of the 
operation of the radio frequency transmitter 100 of the 
present invention which has been generally described above 
in conjunction with FIGS. 3 and 4. Processing proceeds 
from the turning on of power at point 121 to step 123 where 
the control CPU 106 is reset. Processing proceeds to point 
125 where the potential of the batteries 117 is read. Pro 
cessing proceeds to decision point 127 where a determina 
tion is made if the potential of the rechargeable batteries 117 
read at point 125 is too low to operate the transmitter. If the 
answer is “yes” at decision point 127, processing proceeds 
to point 129 where the control CPU 106 causes warning 
beeps to be emitted by the piezoelectric battery low indicator 
of FIG. 4 to alert the user of the low battery condition. If the 
answer is “no” at decision point 127, processing proceeds to 
point 129 where a check is made for the identification code 
and the frequency inputs for determining the operation 
parameters of the transmitter, including its frequency hop 
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ping Sequence, which is used to avoid interference with 
other radio frequency transmitters. The processing proceeds 
to point 131 where the first frequency of the frequency 
hopping Sequence is programmed. The processing proceeds 
to point 133 where the oscillator/modulator 102 is turned on. 
The processing proceeds to point 135 where a wait interval 
of a set number of milliseconds is entered into to permit the 
power amplifier 110 to become operational prior to proceed 
ing to decision point 137 where a determination is made of 
whether or not the frequency of the OScillator is locked on to 
the frequency commanded by the control CPU 106. If the 
answer is “yes” at decision point 137, processing proceeds 
to point 139 where the power amplifier 110 is turned on. The 
processing proceeds to point 141 where another delay of a 
Specified number of milliseconds is entered into to permit 
the power amplifier 110 to become operational. Thereafter, 
at point 143, the Subcarrier is modulated with the IDENTI 
FICATION FRAME GROUP of FIG. 9 including the iden 
tification code of the radio frequency transmitter and the 
stored status of the command field CB reflecting the previ 
ous state of the closing of the “panic' switch 114. At this 
point, the memory of the control CPU 106 stores a digitized 
version of the modulated Subcarrier in either analog format 
of FIG. 10A or digital format of FIG. 10B to encode the 
IDENTIFICATION FRAME GROUP. The processing pro 
ceeds to decision point 145 where the control CPU 106 again 
determines if the potential of the battery 117 is low. If the 
answer is “yes” at decision point 145, processing proceeds 
to point 147 where warning beeps are caused to be emitted 
under control of the control CPU 106 which are analogous 
to the beeps emitted at step 129 as described above. Pro 
cessing proceeds from decision point 145 if the answer is 
“no” and from point 147 to point 149 where the power 
shutdown Sequence is performed. Processing proceeds to 
decision point 151' where a determination is made if the 
“panic' switch 114 has been closed. If the answer is “yes” 
at decision point 151", processing proceeds to point 153' 
where the Status of the user is changed in memory of the 
control CPU 106 to cause the command field CB of FIG. 9 
as described above to be changed to alert the radio frequency 
receiver 12 of the change in status of the “panic' switch 114 
which will be transmitted with the next radio frequency 
carrier. Processing proceeds from the change in Status code 
at point 153' or if the answer at decision point 151' is “no' 
to point 155" where the next frequency of the frequency 
hopping Sequence of the radio frequency carrier is Selected. 
Processing proceeds from point 155" back to point 133 
where the oscillator/modulator 102 is turned on as described 
above. If the answer at decision point 137 is “no' that the 
radio frequency transmitter is not locked on to the com 
manded frequency of the radio frequency carrier, processing 
proceeds to decision point 157 where a determination is 
made if the battery 117 is at a low potential. If the answer 
is “yes” at decision point 157, the processing proceeds to 
point 159" where warning beeps are emitted which are 
analogous to points 147 and 129 as described above. If the 
answer is “no” at decision point 157 that the battery is not 
low, or warning beeps have been emitted at step 159', 
processing proceeds to decision point 161' where a deter 
mination is made if a timer has expired indicating that the 
radio frequency transmitter has not locked onto the pro 
grammed frequency within a predetermined period of time. 
If the answer is “yes” at decision point 161", processing 
proceeds to point 163' where warning beeps are emitted 
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which are analogous to the warning beeps emitted at Steps 
159', 147, and 129 described above. Processing proceeds 
from point 163' to the end of service. If the answer is “no” 
at decision point 161, processing proceeds back to decision 
point 137 as described above. 
0130 FIG. 14 illustrates a block diagram of a preferred 
embodiment 400 of the radio frequency receiver 12 of FIG. 
1. The embodiment 400 functions as a 900 MHz. spread 
Spectrum frequency hopping radio frequency receiver that is 
capable of receiving and monitoring the transmissions of the 
radio frequency transmitters 14, 16 and 18 described above 
which contain the information preferably of the format of 
FIG. 9. The embodiment 400 functions to accurately ana 
lyze the identification code status of the “panic' switch 114 
and other information. Upon determining that the IDENTI 
FICATION FRAME GROUP of FG 9 contains an identi 
fication code of a radio frequency transmitter assigned to the 
radio frequency receiver 400 for monitoring and tracking 
purposes, the embodiment 400 determines the distance of 
the radio frequency transmitter from the radio frequency 
receiver as well as the bearing of the radio frequency 
transmitter relative to the radio frequency receiver when the 
antenna configuration of the radio frequency receiver is 
Switched from an omnidirectional pattern which is used to 
monitor the group of radio frequency transmitters 14, 16 and 
18 to a directional antenna which is used to monitor the 
range and direction of a single radio frequency transmitter. 
The embodiment 400 utilizes highly integrated commer 
cially available integrated circuits to provide a Small, com 
pact, battery operated radio frequency receiver which may 
be carried by the operator thereof on a belt loop or otherwise 
on or with the perSon. 

0131 The main components of the embodiment 400 of 
the radio frequency receiver are as follows: Control CPU 
402 which is preferably a digital signal processor, a Synthe 
sizer and phase lock loop 404, antenna array 405, antenna 
reflector Switch 406, low noise amplifier 407, first mixer 
408, first intermediate bandpass filter 409, local oscillator 
410, local oscillator 412, second mixer 414, Second band 
pass filter and intermediate frequency amplifier 416, data 
detector/demodulator 418, range Setting control 420, analog 
to digital converter 422, display 424, “find me' switch 426 
and alerting device 428. 

0132) The control CPU 402 which, as stated above, is 
preferably a digital signal processor, is illustrated in FIG. 15 
and provides the control of the embodiment 400 which 
permits the determination of range of the multiple radio 
frequency transmitters 14, 16 and 18 relative to the set range 
limit 20 specified by the setting of potentiometer 420 and 
further, the determination of the direction of a radio fre 
quency transmitter relative to the radio frequency receiver, 
as described above, in conjunction with FIG. 2 either when 
a radio frequency transmitter has moved beyond the Set 
range 20 or has instituted a “find me’ command by closing 
of the “find me” switch 426. FIG. 15 illustrates a preferred 
circuit for implementing the control CPU 402. 
0133. The digital signal processor contains three eight-bit 
I/O ports that are utilized for the various control and data 
functions, 6K of ROM memory that contains the operating 
program, and 176 Kbytes of RAM memory. The digital 
Signal processor also contains an eight-bit analog to digital 
converter which corresponds to the analog to digital con 
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verter 422 with an eight input multiplexer, reset and initial 
ization watch dogs, a Serial port, programmable timers, and 
the master processor oscillator. The digital Signal processor 
controls via the digital ports the receiving frequency (fre 
quency control lines) and the mode of the antenna array 405 
(directional or omnidirectional control). The digital signal 
processor also drives light dots (illustrated in FIG. 2 a dots 
24) of the LCD or LED display 424 which indicate a power 
on status and further the amplitude of the RSSI signal which, 
as described above in conjunction with FIG. 2 is preferably 
integrated, to eliminate the effects of noise. Additional lines 
are utilized to drive the piezoelectric alert speaker 428 which 
provides a warning to the user of the embodiment 400 that 
one or more of the radio frequency transmitters 14, 16 and 
18 has moved out of the set range 20 or that the “panic' 
Switch 114 of the radio frequency transmitter of FIG. 3 has 
been closed to Signal the user of the radio frequency receiver 
that a user of one of the radio frequency transmitters 14, 16 
and 18 wishes to be found or is an emergency Situation, etc. 
0134) Inputs to the digital signal processor are accom 
plished via the data ports. The closing of the “find me.” 
Switch 426 causes the digital Signal processor to change the 
configuration of the antenna array 405 by a command from 
the control CPU 402 to change the antenna reflector Switch 
406 to change the antenna array to be configured in a 
directional array Such that the user of the radio frequency 
receiver 400 can attempt to line up the axis 26 of the 
directional antenna in the direction where a maximum 
magnitude RSSI Signal is displayed on the dots 24 as 
described above in conjunction with FIG. 2. Furthermore, 
the detecting of the change in status of the “find me” switch 
426 by the digital Signal processor causes the digital Signal 
processor to be conditioned for processing other necessary 
functions. The demodulated data which is received from 
detector/demodulator 420 is Sent to the digital signal pro 
ceSSor Via data lines. 

0.135 The analog to digital converter 422 performs a 
multitude of digitizations of Sensed or inputted analog 
Signals. One input is used for the measurement and moni 
toring of the battery condition. The analog to digital con 
verter 422 digitizes the measured battery Voltage for com 
parison to a stored operating Voltage in the memory of the 
digital signal processor. When the monitored battery voltage 
falls below the predetermined threshold, the digital Signal 
processor initiates a low battery warning. 
0.136 A second input to the analog to digital converter 
422 is connected to the analog RSSI signal which is out 
putted from the intermediate frequency amplifier within the 
bandpass filter/intermediate frequency amplifier 416 which 
is digitized for further processing including the preferred 
integration thereof to remove the effects of noise, the com 
puting of averages of RSSI Signals received from each of the 
radio frequency transmitters 14, 16 and 18 and the discard 
ing of aberrant integrations for each RSSI Signal integral 
which differ by the function as described herein. Up to 
hundreds of samples of the RSSI signal are made of each 
RSSI signal which is received to remove the effects of 
electrical noise as described. The Samples are then further 
processed to provide a highly filtered and accurate distance 
measurement by the averaging process and the discarding of 
aberrant integrations as described. 
0.137. A third input to the analog to digital converter 422 
measures the DC voltage produced by the range Setting of 
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the range control 420 that is preset by the user of the 
embodiment 400. The measured DC voltage from the range 
control 420 is proportional to the desired range 20 and 
provides a comparison Voltage necessary to determine when 
the Set range has been exceeded. The preset range control 
Voltage produced by the range control 420 is compared to 
the average of the RSSI signals which are preferably inte 
grated prior to averaging to remove the effects of noise to 
perform the alerting function that one or more of the radio 
frequency transmitters 14, 16 and 18 has exceeded the set 
range 20. 
0.138. The control processor portion of the digital signal 
processor provides all of the processing necessary to per 
form the decoding of the Subcarrier as modulated with the 
IDENTIFICATION FRAME GROUP, as described above in 
conjunction with FIG. 9 and below in conjunction with 
FIGS. 21A, B, 22, 23A, B, 24A, B and 25, and operational 
Status. The control processor portion of the digital Signal 
processor also performs the necessary averaging of the RSSI 
Signals generated in response to the reception of a valid 
identification code from each of the radio frequency trans 
mitters 14, 16 and 18 which, as stated above, preferably, is 
an average computed from integrated RSSI Signals to 
remove the effects of noise to provide an accurate determi 
nation of the range of the radio frequency transmitters 14, 
16, 18 from the radio frequency receiver 12. 
0.139. The digital signal processor also provides power 
management of the embodiment 400 to maximize the oper 
ating life of the battery. Only the portions of the embodiment 
400 that need to be operational at any given time are turned 
on by the digital signal processor. For example, the digital 
Signal processor during its off duty cycle remains in a low 
power consumption State and upon a predetermined timing 
cycle, commences the power up operation. To prepare the 
embodiment 400 to receive the radio frequency carrier 
containing the IDENTIFICATION FRAME GROUP, the 
digital Signal processor first turns on the power to the 
Synthesizer/phase lock loop 404. The digital Signal proces 
Sor then forwards via the serial data bus the desired fre 
quency control to the Synthesizer/phase lock loop 404. 
Immediately following the programming of the Synthesizer/ 
phase lock loop 404, the digital Signal processor turns on the 
power of the voltage controlled oscillator 410 associated 
with the first mixer 408. The digital signal processor then 
awaits verification that the voltage controlled oscillator 410 
has achieved the operating frequency via the lock on Signal 
from the synthesizer/phase lock loop 404. The digital signal 
processor then Simultaneously monitors the output of the 
detector/demodulator 418 for data being received in the 
format of the IDENTIFICATION FRAME GROUP of FIG. 
9 and performs digital monitoring of the RSSI signal which 
is outputted by the intermediate frequency amplifier of the 
intermediate frequency amplifier and bandpass filter 416. 
This proceSS continues until the transmitted radio frequency 
carrier is received in its entirety at which time the digital 
Signal processor begins an orderly shut down process. 
0140. At all times, the digital signal processor is moni 
toring the battery voltage, as well as the “find me’ Switch 
426. When the “find me” switch 426 is depressed by the user 
of the embodiment 400, the digital signal processor imme 
diately implements the power up sequence (as previously 
described) and modifies the control program to display the 
integrated RSSI signal on the dots of the display 424. 
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0.141. The synthesizer/phase lock loop 404 is a digitally 
programmable 900 MHz. synthesizer and phase lock loop 
circuit. FIG. 18 illustrates a preferred circuit for implement 
ing the synthesizer/phase lock loop 404. The synthesizer/ 
phase lock loop 404 also contains a prescaler to permit 
Sampling of the oscillator frequency for comparison to the 
commanded frequency which is Specified by the control 
CPU 402 to determine if the frequency is correct. The 
Synthesizer/phase lock loop 404 receives digital data from 
the control CPU 402 that determines the desired operating 
frequency. The synthesizer/phase lock loop 404 then trans 
lates the received digital frequency information into an 
analog Voltage that is applied to the Voltage control oscil 
lator. 

0142. The synthesizer/phase lock loop 404 is capable of 
operating at thousands of different frequencies in the 902 
928 MHz. band and is programmable to a subset of fifty 
frequencies by the control CPU 402 which frequencies 
correspond to the frequencies which are programmed to be 
used Sequentially by the radio frequency transmitters 14, 16, 
and 18. 

0.143 An integral part of the synthesizer/phase lock loop 
404 is a master reference oscillator that provides a high 
Stability reference frequency that is utilized to generate the 
desired 900 MHz. receiving frequency that is applied to the 
mixer 408 to shift the received radio frequency carrier down 
to a first intermediate frequency. 
0144. The low noise amplifier 407 has two stages and is 
directly coupled to the receiving antenna array 405 at is 
input through the antenna Switch 408 and to the mixer 408 
at its output. The low noise amplifier 407 is electronically 
controlled by the control CPU 402 to permit maximum 
battery savings when the embodiment 400 is not active. The 
low noise amplifier 407 provides approximately 11.5 dB of 
gain +0.2 dB over the entire 902-928 MHz. operating band. 
0145 The first mixer 408 is connected to voltage con 
trolled oscillator 410 that is tuned by external coils and 
capacitors and a varactor diode to permit the oscillator 
frequency to be controlled directly by the Synthesizer/phase 
lock loop 404. FIG. 17 illustrates a preferred circuit for 
implementing the low noise amplifier 407, first mixer 408 
and Voltage controlled oscillator 410. The analog Voltage 
generated by the Synthesizer/phase lock loop 404 is coupled 
to a varactor diode of FIG. 17 which changes the resident 
frequency and hence the operating frequency of the Voltage 
controlled oscillator 410 to the desired frequency. The 
oscillator of FIG. 17 has a frequency monitoring pin that 
provides a feedback signal to the Synthesizer/phase lock 
loop 404 prescaler. This provides a closed frequency moni 
toring loop that permits the Synthesizer/phase lock loop 404 
to compare frequency of the Voltage controlled oscillator 
410 to the desired frequency requested by the control CPU 
402. When the desired frequency and the operating fre 
quency of the voltage controlled oscillator 410 differ, an 
error Voltage is generated that changes the frequency of the 
Voltage controlled Oscillator to provide the correct fre 
quency. The DC control Voltage is filtered by components 
R6 and C46 of FIG. 17 to prevent oscillator instability. 
0146 The first mixer 408 is also contained within the 
circuit of FIG. 17 which mixes the oscillator output with the 
incoming filtered radio frequency Signal outputted by a low 
noise amplifier 407 to produce the intermediate operating 
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frequency. This intermediate frequency is a product of the 
two frequencies being mixed together. The resultant fre 
quency and related undesired mixer frequencies are trans 
mitted to the first intermediate frequency bandpass filter 
409. 

0147 The bandpass filter 409 is comprised of discrete 
components that permit only the desired band of RF fre 
quencies to pass from the first mixer 410 to the second mixer 
414 and is the first of a series of bandpass filters. The first 
intermediate frequency bandpass filter 409 consists of a 
two-stage crystal lattice filter that is tuned to 10.7 MHz. The 
first mixer 408 produces this frequency as well as several 
undesired frequency components that are filtered out by the 
first intermediate frequency bandpass filter 409. When the 
two frequencies are mixed, e.g. 900 MHz. and 910.7 MHz., 
Several mixed frequencies result. The first is the frequency 
that is the Sum of the two frequencies and another is the 
difference. The embodiment 400 uses the difference fre 
quency of 10.7 MHz. with the first intermediate frequency 
bandpass filter 409 passing only that frequency and not the 
other undesired frequency. The output of the first interme 
diate frequency bandpass filter 409 is applied to an imped 
ance matching network (not illustrated in FIG. 14) which is 
coupled to additional gain Stages in the Second mixer 414. 

0.148. The second mixer 414 is part of a double conver 
Sion receiver design which provides the highest Sensitivity 
and greatest rejection of adjacent channel interference and 
unwanted signals. FIG. 19 illustrates a preferred circuit for 
implementing the local oscillator 412, second mixer 414, 
Second bandpass filter/intermediate frequency amplifier 416 
and detector/demodulator 418. The output from the match 
ing network and the output of local oscillator 412 are applied 
to the Second mixer 414 to convert the Signal down to a 
second lower intermediate frequency of 455 KHZ. The 
Second mixer 414 is similar to the first mixer 408 in that it 
produces Signal components that must be filtered by the 
Second intermediate frequency bandpass filter 416 and inter 
mediate frequency amplifier So that only the desired inter 
mediate frequency is applied to the demodulator/detector 
418. The second intermediate frequency bandpass filter of 
the Second intermediate frequency bandpass filter and inter 
mediate frequency amplifier 416 is a two-stage filter. The 
amplification produced by the intermediate frequency 
amplifier is produced by multiple Stages to provide the 
necessary amplification for appropriate Signal detection by 
the detector/demodulator 418. 

014.9 The detector/demodulator 418 receives the ampli 
fied intermediate frequency Signal from a Second limiting 
amplifier portion of the intermediate frequency amplifier 
Section of the Second bandpass filter and intermediate fre 
quency amplifier 416 which is applied to a Gilbert cell 
quadrature detector. One port of the Gilbert cell is internally 
driven by the intermediate frequency amplifier. The Second 
output of the preceding intermediate frequency amplifier is 
AC coupled to a tuned quadrature network. This signal, 
which now has a 90° phase relationship to the internal 
signal, drives the other port of the multiplier cell. The 
demodulated output of the quadrature detector drives an 
internal operational amplifier. This operational amplifier 
provides additional gain of the recovered and detected Signal 
containing the information of the IDENTIFICATION 
FRAME GROUP of FIG. 9 and a minimal amount of 
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filtering prior to coupling of the demodulated data of the 
IDENTIFICATION FRAME GROUP to the control proces 
Sor 402. 

0150. The intermediate frequency amplifiersection of the 
Second bandpass filter and intermediate frequency amplifier 
416 provides the RSSI signal which is processed as 
described above and below. The RSSI signal voltage is 
proportional in Scale to the field Strength of the radio 
frequency carrier received by the antenna array 405. When 
interferences occur, Such as Rayleigh fading and multipath 
signals as described below in conjunction with FIGS. 31 
and 32, the RSSI signal varies dramatically when observed 
on an instantaneous basis. The digital Signal processor is 
utilized to provide a Series of calculations of integrals or 
averages of the RSSI signals as described to remove the 
unwanted and instantaneous variations that typically render 
the RSSI Signal useleSS or unreliable for range measure 
ments. The RSSI signal is forwarded to the analog to digital 
converter 422 as described above. A detailed explanation of 
the integrations or averaging of the RSSI Signals is described 
below in conjunction with FIGS. 31 and 32. 
0151. The electronic antenna Switch 406 is controlled by 
the control CPU 402. In the normal omnidirection receiving 
mode the radio frequency receiver antenna Switch connects 
the reflector element 432 of the antenna array 405 to the 
driven element 431 of the antenna to produce an omnidi 
rectional configuration. A preferred circuit for implementing 
the antenna Switch 406 is illustrated in FIG. 20. The use of 
the antenna reflector Switch 406 to Switch the configuration 
of the antenna assembly 405 between omnidirectional and 
directional modes is important in reducing the size and 
number of antenna components in a Small form factor for 
wearing on a perSons belt to obtain acceptable antenna 
performance for achieving the two different and competing 
Signal reception characteristics for omnidirectional and 
directional reception. In this configuration, the received 
Signal pattern is omnidirectional and the reflector assembly 
432, as well as the driven portion 431 of the antenna array 
405, are coupled together to receive Signals from the radio 
frequency transmitters 14, 16 and 18 by opening the antenna 
Switch 406 to receive an omnidirectional pattern of the 
received radio frequency carriers and to couple them to the 
low noise amplifier circuit 407. 
0152. When the user closes the “find me” switch 406, 
which is also illustrated in FIG. 15, the control CPU 402 
Sends a digital Signal to the antenna reflector Switch 406 that 
changes the antenna configuration to a Small aperture reflec 
tive array having the antenna axis 26 as described above in 
conjunction with FIG. 2. This is accomplished by grounding 
of the reflector array 432 by closing the antenna reflector 
Switch 406. In this mode, only the center driven antenna 
portion 431 is connected to the low noise radio frequency 
amplifier 407 to provide highly directional reception of the 
radio frequency carriers to permit the user to determine the 
direction from where Signals are received produces the 
maximum magnitude of the integrated RSSI Signal relative 
to the alignment of the axis 26 of the directional antenna 
array 405. The axis 26 may be thought of as a pointer toward 
the mobile radio frequency transmitter 14, 16 or 18 being 
tracked. AS explained above, when the axis 26 is pointing 
directly at the radio frequency transmitter 14, 16 or 18 
whose range and position is being monitored, a maximum 
number of the dots 24 is activated as illustrated in FIG. 2. 
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AS has been explained above in conjunction with FIG. 2, the 
user rotates the radio frequency receiver 12 until a maximum 
number of the dots 24 is activated which signals the true 
direction of the radio frequency transmitter relative to the 
radio frequency receiver 12. 
0153. The antenna array 405 consists of two active com 
ponents. The first is the driven or center element 431 which 
is composed of a heavy gauge wire loop that is matched to 
the low noise RF amplifier 407 by discrete components. The 
second element of the antenna array 405 is the reflector 
assembly 432. The reflector assembly 432 surrounds the 
driven element in a Somewhat cylindrical fashion with a slot 
facing outward which is the antenna axis 26 and extends 
away from the user of the embodiment 400. The slot (not 
illustrated) permits the radio frequency carrier transmitted 
from the radio frequency transmitter being tracked, which 
has been modulated with the Subcarrier modulated with the 
IDENTIFICATION FRAME GROUP information, to enter 
the reflector assembly 432 of the antenna to be received by 
the driven element 431. 

0154 AS stated above, in the omnidirectional mode, the 
antenna Switch 406 connects the reflector array 432 to the 
driven element 431 to collectively combine the two elements 
into a single receiving antenna. In this configuration, the 
antenna is omnidirectional and the reflective element 432 
and the driven element 31 collectively contribute to receiv 
ing the radio frequency carrier containing the IDENTIFI 
CATION FRAME GROUP information. 

0155. When the embodiment 400 is changed to the direc 
tional mode by Switching the antenna reflector Switch 406 
under control of the control CPU 402, the antenna reflector 
Switch disconnects the reflector element 432 and connects it 
to ground. Only the driven element 431 is used to receive the 
Signal and the array becomes highly directional to the 
surrounding of the driven element by the reflector assembly 
432. AS is explained above, preferably the Signal after 
qualification by the control CPU 402 that a valid identifi 
cation code has been received is integrated by integrating the 
output of the RSSI signal from intermediate frequency 
amplifier of the Second bandpass filter and intermediate 
frequency amplifier 416. 

0156 The integration of an analog subcarrier modulated, 
as illustrated in FIGS. 10A and 12, as part of the demodu 
lation process is explained in detail as follows. FIG. 21A 
illustrates the received diphase quadrature modulated Sub 
carrier as received from the detector/demodulate 418 of the 
radio frequency receiver. The data, modulates the Subcarrier 
at the 45° and 135° phases with the 225° and 315° phases 
having been omitted from the illustration. Regardless of the 
number of Spaced apart angular positions of the Subcarrier 
which are modulated, the determination of whether a one or 
a Zero is encoded in the modulation involves the discrimi 
nation of whether the integral falls on the “one” or “Zero” 
Side of the boundary on the vertical Voltage axis V repre 
Senting the magnitude of the integral. The lower magnitude 
Voltage V range along the Y axis represents the encoding of 
a binary Zero at 45 and the higher magnitude Voltage range 
represents the encoding of a binary one at 135. 
O157 The embodiment 400 has a digital signal processor 
clock which is synchronized by ID/S field of FIG. 9 to the 
frames of the incoming IDENTIFICATION FRAME 
GROUP. This synchronization permits the digital signal 
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processor to integrate in a window around the exact angular 
phase of where the modulation of each bit is placed. The 
sampling of the voltage, may begin at 35 and end at 55. In 
the 20 window, the digital signal processor computes 
hundreds of Samples which are integrated. The Size of the 
window and the number of angular positions of the Subcar 
rier which are modulated may vary in practicing the inven 
tion with much higher numbers of bits modulated per 
quadrant of the Subcarrier being possible than illustrated in 
FIG 10A. 

0158 FIG. 21B illustrates a simplified example of com 
puting the integral of the waveform at 45 in FIG. 21A 
where only eleven Samples are taken which have an inte 
grated value of eight. Once the integrated value is obtained, 
the digital Signal processor looks in a prestored lookup table 
as described below in detail in conjunction with FIG. 25 
which permits a value of Zero to be within a numerical 
integration range between Zero and sixteen. In FIG. 21A it 
can be that the numeric value for the data contained at the 
135 phase will be greater than sixteen. Therefore, the same 
integration process and comparison with the range of pre 
stored values centered in a 20 window around 135 yields 
a value of one at the 135 phase. 
0159. The actual values obtained in each step of the 
integration process will typically be much higher than the 
foregoing example of FIGS. 21A and B. The actual values 
obtained in each Step of the integration proceSS will be 
dependent upon many variables determined primarily by the 
receiving circuitry. The operating Voltage, A to D Sampling 
Speed, and clock speed of the digital signal processor will all 
influence the actual numeric values obtained in this integra 
tion process. However, the transmitted waveform will 
appear essentially the same for all mobile data products 
using the invention. Each of the different received data 
waveforms will have different binary values and different 
binary ranges in their lookup tables. 
0160 The integration of a squarewave subcarrier with 
each half being pulse width modulated with four bits 
(numerical widths varying between one and sixteen), as 
illustrated in FIGS. 10B and 12 as part of the demodulation 
process, is described as follows with reference to FIG. 22. 
In this simplified example, the digital Signal processor takes 
ten Samples of the detected Subcarrier where in actual 
practice hundreds of Samples would be taken. The previ 
ously Stored Sample values representing the waveform are 
processed by the digital Signal processor to integrate the area 
under the waveform. In actual practice, the number of 
Samples will be dependent upon the Sampling Speed of the 
Ato D converter 422 and the clock Speed of the digital Signal 
processor. In this example, there is a fixed numerical value 
assigned to the X axis and a value that is representative of 
the received voltage V of the waveform on the Y axis. The 
digital Signal processor uses these values to calculate a 
numeric Sum for each Sample. These numerical values of 
each Sample are in turn Summed to provide a Summation or 
integration of all of the Samples under the pulse width 
modulated waveform. The Summation value of FIG. 22 is 
ninety. This number would be much larger in actual practice. 
The digital Signal processor then uses its prestored program 
to look up the range of Summation values Stored in its lookup 
tables as described below in detail in conjunction with FIG. 
25. Because of Signal distortions, which are always present 
in a wireleSS environment, the lookup tables contain finite 
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boundaries or numeric ranges that pertain to each of the 
sixteen possible binary combinations. FIG. 22 illustrates 
that for a value of ninety the four bit combination of Zero, 
one, Zero, one is obtained. Any Summation within the 
numeric range of eighty-five to ninety-five is represented in 
Subsequent Signal processing of the Serial information by the 
aforementioned four bit combination. 

0.161 Like the example discussed above involving mul 
tiple phase modulation, products using digital modulation 
will have prestored ranges depending upon the design of the 
radio frequency receiver. If very low received Voltages are 
Summed, Smaller Summation ranges are obtained. 
0162 FIGS. 23A and 23B illustrate the sample process 
ing of a half of a cycle of a pulse width modulated Square 
wave to eliminate the effects of noise which introduces error 
into the calculation of the integral of the half a cycle as 
described above in conjunction with FIG. 22. FIG. 23A 
shows the leading edge of the waveform that contains a 
noise transient. This negative going transient is not a portion 
of the actual pulse width modulated data and introduces 
error in the integration of the waveform by the digital Signal 
processor. Sample Signal processing is utilized to assist in 
the reconstruction of the pulse width modulated waveform 
to remove transients that are caused by noise and other 
man-made interference. While the digital Signal processor is 
decoding the pulse width modulated waveform to transform 
the Serial information into a Series of numerical values each 
representing the range containing the calculated integral of 
each Selected part, the numeric Sample values encoded as 
groups of bits are stored in a temporary RAM memory. AS 
illustrated in FIG. 23A, each of the samples is converted to 
a numerical value by an A to D converter 422 associated 
with the digital signal processor. The ROM associated with 
the digital Signal processor Stores a table of numerical ranges 
which represent valid Sample values over the duration of a 
part of the cycle of the subcarrier which are to be included 
in the integration of the Subcarrier. AS illustrated, the 
numerical ranges are based upon expected ranges which 
occur for a particular radio frequency receiver design that 
represent signal levels which occur when the half of the 
Subcarrier cycle is at its high or low level. For example, the 
illustrated transient is outside the numerical range of Sample 
values which represent valid Samples when the pulse width 
modulated carrier is at its high level. When a sudden or 
dramatic change in the A to D Voltage reading occurs, as 
described above by the comparison of the sample value with 
a range of valid Sample values, the digital Signal processor 
is triggered to perform a Series of calculations. Because of 
Storage in a RAM buffer area of the Sample values necessary 
to compute the integral, one or more Sample values imme 
diately before and immediately after a transient are used for 
Signal processing to provide a replacement Sample value. 
The replacement information is a function of Sample values 
adjacent the sample value which is replaced. In one form of 
possible signal processing to replace the noise with a Sample 
value more accurately representing what the actual Sample 
values should have been, the immediately preceding and 
Succeeding Sample values are added and divided by the 
number of Samples to be averaged to yield a replacement 
Sample value average to fill in the erroneous Sample caused 
by the noise transient. The resulting waveform appears in 
FIG. 23B as a small step that makes the resulting waveform 
more representative of the pulse width modulated wave 
form. In this example, if the preceding Sample value from 

May 10, 2001 

the A to D converter was 1 volt and the following reading 
was 1.1 Volts, the replacement Sample would have a value of 
1.05 volts. This is considerably more accurate than the actual 
received pulse width modulated waveform that would have 
had a near Zero value for the Sampling period. 
0163 FIGS. 24A and B illustrate the reconstruction of a 
data waveform when modulation of the sinusoidal Subcarrier 
is used as illustrated in FIGS. 10A and 11. In this example, 
the 45 phase being processed is modulated with binary 
information having noise riding on the data Signal level. AS 
discussed above in conjunction with the processing of a 
pulse width modulated waveform having noise riding on the 
data Signal level, the digital signal processor Stores the 
sample values in the temporary RAM buffer. As illustrated 
in FIG.24B, each of the samples is converted to a numerical 
value by the A to D converter 422 associated with the digital 
Signal processor. The ROM associated with the digital Signal 
processor Stores a table of numerical ranges which each 
represent valid Sample values over the duration of a part of 
the cycle of the subcarrier which are to be included in the 
integration of the Subcarrier. AS illustrated, the numerical 
ranges are based upon expected ranges which occur for a 
particular radio frequency receiver design that represent 
Signal levels which occur around the modulated phases of 
the Subcarrier. For example, the illustrated transients are 
outside the numerical ranges of Sample values which rep 
resent valid Samples when the Subcarrier is modulated with 
a one or zero as illustrated in FIG. 11 in the 20 window 
centered at 45. When a series of voltage readings do not 
conform to the rate of rise or slope that would have been 
typical of valid binary encoding phase data, the Signal 
processing is triggered to attempt to correct the data. The 
previous and Subsequent Voltage readings of the A to D 
converter 422 are added together and divided by the number 
of readings to Substitute a more accurate Sample value which 
would typically be present in the absence of noise for the 
Sample value representing noise. AS can be seen in FIG. 
24B, the modified signal waveform resembles more closely 
and more accurately the actual transmitted data. When the 
digital signal processor now begins the integration process 
to determine if the phase information contained at the 45 
phase Sample is a binary one or Zero, the accuracy of the 
integration (and, therefore, the determination) is consider 
ably more accurate. FIG. 21A illustrates what the data 
would look like when Subcarrier modulation is being trans 
mitted. In FIG. 21A it can be seen that the binary value of 
the data at the 45 phase is a binary zero and the binary value 
of the data at the 135 phase is a binary one. When the radio 
frequency receiver 12 is located in an extremely noisy 
environment the aforementioned Sample signal processing 
will Serve to enhance and reconstruct the received data and 
will reduce the amount of error introduced by noise in the 
integrating process. 
0.164 FIG. 25 illustrates the processing of the digital 
Signal processor which numerically compares each of the 
calculated integrals with a plurality of Stored ranges which 
ranges each represent one of a plurality of possible numeri 
cal values that the Selected part (one-half of a Squarewave 
Subcarrier or angular position of an analog Subcarrier) may 
encode to identify a Stored range numerically including the 
calculated integral and Substituting for the at least one 
Selected part of each of the cycles the one of the plurality of 
numerical values representative of the identified Stored 
range including the calculated integral with each numerical 
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value encoding at least a part of a data unit of the frames of 
information after the integrated value of the at least one 
Selected part of a cycle of a Subcarrier for a plurality of 
cycles has been determined which includes the integration of 
FIGS. 21A and B and 22 and the noise transient reduction 
of FIGS. 23A and B and 24A and B. The digital signal 
processor takes the obtained integrated value and looks up 
the resulting binary value of a single bit or a group of bits 
depending if the Subcarrier modulation is analog or digital or 
equivalent in the prestored lookup tables. With reference to 
FIG. 25, the processing proceeds from step 151 where 
integration is completed to decision point 153 where a 
determination if the modulation is analog (multiple phase at 
Spaced apart angular positions of the Subcarrier of FIG. 
10A) or digital (pulse width modulation of halves of the 
squarewave subcarrier of FIG. 10B) is made. If the answer 
is “yes” at decision point 153, processing proceeds to Step 
155 where the lookup tables for processing the integration of 
pulse width modulation of a half of a cycle of the Subcarrier 
are accessed. The Stored ranges are each 100 in magnitude. 
Processing proceeds to step 157 where a determination is 
made if the value of the integration is less than 900. A value 
at decision point 157 of less than 900 indicates that the pulse 
width modulated waveform has an inherent problem making 
the comparison process invalid. If the answer is “yes” at 
decision point 157, the processing proceeds to step 159 
where an error code is stored in a buffer within the RAM. 
Processing proceeds from step 159 to decision point 161 
where a determination is made if all of the stored integration 
values which are being group processed have been pro 
cessed. If there are more values to be processed, the program 
loops back to Step 155. Otherwise, the processing is com 
plete. If the answer at decision point 157 is that the integral 
value is not less than 900, processing proceeds to decision 
point 163 where a determination is made if the integral is 
less than 1100. If the answer is “yes” at decision point 163, 
a four bit binary value of 0000 is stored at step 165 in the 
buffer RAM which represents at least a part of an informa 
tion unit of the Serial information. Processing proceeds to 
decision point 167 where a determination analogous to 
decision point 161 is carried out. If the answer is “no” at 
decision point 163, processing proceeds to decision point 
169 where a decision is made if the integral value is less than 
1200. If the answer is “yes” at decision point 169, processing 
proceeds to step 171 where a binary value of four bits of 
0001 is stored in the buffer RAM. The processing proceeds 
to step 173 which is analogous to decision point 167. The 
broken line labelled “ONE TEST FOR EACH BINARY 
VALUE' indicates testing of the integral values for a series 
of increasing ranges which are increased in Steps of 100 to 
determine if the binary values representing four bit groups 
between 0010 and 1110 should be stored in the buffer RAM. 
Decision point 175 represents the last test where a determi 
nation is made if the integration value is less than 2600. If 
the answer is “yes”, the processing proceeds to Step 177 
where the four bit binary valve 1111 is stored in the buffer 
RAM. The processing proceeds from step 177 to decision 
point 179 which is analogous to decision points 167 and 173. 
If the answer is “no” at decision point 175, processing 
proceeds to step 181 where an error code is stored in the 
buffer RAM indicating that the integration value is greater 
than that which would be predicted by the prestored values 
(ranges) for each of the sixteen binary combinations. The 
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processing then proceeds to decision point 183 which is 
analogous to decision points 167, 173 and 179. 
0165 If the answer at decision point 153 is “no”, the 
processing proceeds to Step 185 where the range for the 
binary values of one and Zero are accessed for comparison 
with the integration value obtained at step 151 for the 
modulated Separated angular phases of the Subcarrier. The 
binary lookup tables are different than the pulse width 
modulation tables and are representative of the boundary 
between “1” and “0” values present in FIG. 21A for each of 
the Separated angular phases which are modulated on the 
Subcarrier. The integrated value falls within a range on one 
or the other Side of the boundary for each Separated angular 
phase which controls whether the modulation of the Subcar 
rier at the Separated angular positions is decoded as a one or 
a Zero. When the integration process is completed, the 
processing compares the integrated value with ranges that 
define on which side of the boundary the actual integration 
lies. In this process the processing proceeds to decision point 
187 where a determination is made if the value of the 
integral is less than 350. If the answer is “yes” the processing 
proceeds to step 189 where a binary zero is stored for the 
angular phase in a buffer RAM. The processing proceeds to 
step 191 where a determination is made if more values are 
to be processed. This Step is analogous to StepS 161, 167, 
173, 179 and 183 previously described. If the answer is “no” 
at step 187, processing proceeds to decision point 193 where 
a determination is made if the value of the integral is leSS 
than 700. If the answer is “yes”, processing proceeds to Step 
195 where a binary one is stored in a buffer RAM. The 
processing proceeds from step 195 to decision point 197 
where a decision is made analogous to decisions 161, 167, 
173, 179, 183 and 191 described above. If the answer is “no” 
at step 193, the processing proceeds to step 199 where an 
error code is Stored in the buffer memory analogous to Steps 
159 and 181 as previously described. The processing pro 
ceeds from step 199 to decision point 201 which is analo 
gous to decision points 161, 167, 175, 179, 183, 191 and 
197. 

0166 The contents of the buffer RAM store a group of 
binary values representative of individual bits when multiple 
phase modulation at Separated angular positions is modu 
lated on the Subcarrier and groups of bits representative of 
the possible modulated numerical values when pulse width 
modulation is modulated on the Subcarrier. The contents of 
the buffer RAM store the detected serial information con 
taining the detected IDENTIFICATION FRAME GROUP 
or modifications thereof for Subsequent processing by the 
digital Signal processor. Any errors caused by fading or other 
transmission faults which render one or more bits of indi 
vidual frames erroneous and uncorrectable or a Sequence of 
frames including whole frame groups which are erroneous 
are contained at this time in the buffer RAM. The digital 
Signal processor detects when an error is present in each 
frame by processing the error correction code embedded in 
the frames of the stored serial information as described 
below. 

0.167 Although the previously described sample process 
ing will Serve to remove transients that may produce the 
decoding of erroneous data when large errors are introduced 
into the calculation of the integrals, it is still possible that the 
integration of the data modulated on the Subcarrier at a 
particular phase would result in an erroneous detection. 
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Many discriminators in radio receiving electronics have 
finite voltage limits when data is being detected. When the 
radio frequency receiver is designed for low Voltage opera 
tion, the recovered data will be between Zero and one volt in 
amplitude. However, in many types of discrimination there 
are particular combinations of interferences (typically, adja 
cent channel interference) that can cause a noise signal to be 
much greater in amplitude than the one volt level. These 
Spikes or noise may be as high as two or three times the 
expected amplitude and not be representative of a true 
received data Signal. The problem is more prevalent when 
multiple phase data is being decoded as this type of adjacent 
channel noise that is detected by the discriminator contrib 
utes greatly to distorting of the detected waveform and may 
change a binary Zero to a binary one and a binary one to a 
value much greater than what a binary one is predicted to be. 
AS previously described, the Sample Signal processing has 
finite limits on an amount of data interpretation that can be 
accomplished. Specific high and low boundaries must be 
placed in the lookup tables to prevent Such data interpreta 
tion from being considered invalid. This is the reason for 
finite boundary values as discussed above in processing both 
multiphase and pulse width modulation of the Subcarrier. 
The boundaries and the need for Such boundaries will be 
dependent upon the receiving circuitry design of the par 
ticular product. Therefore, the boundaries represented by 
decision points 159, 181 and 199 may or may not be 
necessary in the receiving circuitry of a particular multiple 
phase or pulse width modulation application of the receiving 
circuitry which can make steps 159, 181 and 199 unneces 
sary. If the receiving circuitry is based exclusively upon 
either the multiphase or pulse width modulation protocol of 
FIGS. 10A and B, decision point 153 may be omitted with 
only the necessary part of the processing for the particular 
protocol being included in the receiving circuitry. 

0168 FIG. 26 illustrates a representation of bits of the 
fourth and fifth frames of the IDENTIFICATION FRAME 
GROUP in accordance with FIG. 9, after detection of the 
transmitted radio frequency carrier and demodulation of the 
Subcarrier including the processing of FIG. 25. The bits of 
the error correction field are discarded when decoding is 
completed without any erroneous uncorrectable bits. This 
leaves the decoded bits for Subsequent processing Such as 
outputting of the data units or data bits for determining if the 
decoded identification code matches one of the identification 
codes of the radio frequency transmitters 14, 16 and 18 
which the radio frequency receiver 12 is programmed to 
track and further information Such as, but not limited to, the 
status of the “panic' Switch 114. The data bits of FIG. 26 are 
all valid data bits which do not require reconstruction by the 
radio frequency receiver as described below in conjunction 
with FIGS. 27-29. As is illustrated in FIG. 26, a broken 
vertical line in the left-hand portion of FIG. 26 indicates a 
break in the time base between bits 2 and 7 in the tenth data 
unit. The upper series of numbers in the horizontal row of 
boxes, as indicated above, identifies bit positions within the 
fourth frame. The lower boxes containing the legend “V”, 
which are for illustration purposes only, identify that the data 
is valid which Signifies that the frame has been processed 
with the error correction code and no data bits within the 
frame have been found to be invalid beyond the bit error 
correction capacity of the error correction code. It should be 
understood that the use of the identifying letter “V” is not 
actually Stored in the memory associated with the digital 
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Signal processor. The error correction code bits have a value 
which is a function of the bits of the data units contained in 
the frame. The actual value of the data bits and the func 
tionally related error correction code bits has not been 
shown because it is not necessary for understanding the 
invention. In Summary, FIG. 26 illustrates an example of the 
Stored valid data which occurs when the error correction 
code capability of a frame is not exceeded, i.e. all bits are 
valid in the IDENTIFICATION FRAME GROUP of FIG. 
9B stored in the radio frequency receiver RAM after pro 
cessing with the error correction code is completed. 
0169 FIGS. 27-29 illustrate frames which contain at least 
one erroneous uncorrectable bit. As illustrated in FIGS. 
27-29, like in FIG. 26, vertical wavy lines indicate time 
breaks between bit positions of a particular frame. The top 
horizontal row of numbers in FIGS. 27-29, like in FIG. 26, 
identify particular bit positions within the data units and 
within the error correction code of a frame within an 
IDENTIFICATION FRAME GROUP of a format of FIG. 9. 
The bottom series of letters use a “V” to identify valid data, 
and an “E” to identify erroneous bits which cannot be 
corrected by the processing of the bits of the frame with 
error correction code. It should be understood that the use of 
the identifying letters “V” and “E” are only for illustrative 
purposes and are not actually representative of data Stored in 
the memory associated with the digital signal processor 
which, of course, is bit values of one or Zero. Again, like in 
FIG. 26, knowledge of the actual value of the data units and 
error correction code is not necessary to understand the 
examples of FIGS. 27-29 illustrating erroneous uncorrect 
able bit patterns comprised of bits identified by the letter 
“E”. Typically, the BCH 45/21 error correction code which 
is used with the protocol of FIG. 9 has the ability to correct 
up to two bit errors per frame. With the prior art, the 
presence of erroneous uncorrectable bits results in erroneous 
information because there was no processing capability 
provided in the receiving circuitry receiving a wireleSS 
transmission of information to recover erroneous bits after 
the error correction capacity of the error correction code is 
exceeded as is indicated symbolically by the letter “E” in 
FIGS 27-29. 

0170 The error recovery and reconstruction capability of 
the present invention is based upon the processing capability 
of at least one processor within the embodiment 400 radio 
frequency receiver 12, which preferably is at least one 
digital signal processor as illustrated in FIG. 15, to detect 
erroneous bit patterns in the field of the error correction code 
bits after processing of the frame with the error correction 
code. The erroneous bit patterns either contain a Series of all 
ZeroS or all ones of a number exceeding the bit error 
correction capacity of the error correction code. That is, if 
the BCH error code bit error correction capacity is two bits, 
a pattern of at least three or more all ZeroS or all ones would 
be the object of the pattern Search. Once the error correction 
code has been processed in each frame and the computation 
result indicates that at least one erroneous bit is present, 
which Signifies exceeding of the error correction capability 
of the error correction code contained in the frame, the 
digital processor Searches the Stored bits to look for the 
aforementioned erroneous bit pattern of all ZeroS or all ones 
located totally within the error correction bit field. Detection 
of these patterns and their position within the stored bits in 
memory by bit shifting or other known techniques after 
computation by the digital Signal processor that at least one 
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erroneous uncorrectable bit is present in a frame is used to 
determine in which bit positions the erroneous uncorrectable 
bits are present. If these bit patterns are found to be totally 
within the error correction code bit field, valid bits outside 
the bit field of the error correction code (data) are recovered 
and reconstructed as explained below in conjunction with 
FIG. 27 with the error correction code bits being discarded. 
If the pattern of all zeros or all ones is not found to be totally 
within the error correction code bit field, the data bits cannot 
be recovered and reconstructed which requires that further 
processing of the data bits of the frame not be undertaken. 
An uncorrectable error in the identification code will dis 
qualify the use of the RSSI signal produced by that trans 
mission. However, if an erroneous uncorrectable bit is 
present in frame four, which contains the bit field CB used 
to encode commands and the Status of the “panic' Switch 
114, the resultant RSSI signal will be further processed to 
determine if it should be used as part of the average 
computation process as described above and below. All of 
the frames of the IDENTIFICATION FRAME GROUP of 
FIG.9 may be reconstructed to recover otherwise erroneous 
uncorrectable data bits. Recovery of data bits, which would 
be erroneous when error correction code is the exclusive 
recovery mechanism, facilitates the ranging and tracking 
proceSS by qualifying the greatest number of RSSI Signals 
for Subsequent processing as described above qualifying the 
greatest number of receptions of the identification code. 
0171 The digital signal processor processes the stored 
bits of the data frames within the IDENTIFICATION 
FRAME GROUP with the error correction code therein to 
determine if the plurality of bits of the frames do not contain 
any erroneous uncorrectable bits which dictates that the data 
be stored as valid data and the error correction code be 
discarded. If at least one erroneous uncorrectable bit signi 
fied symbolically by the letter “E” in FIGS. 27-29 which 
cannot be corrected with the error correction code is located, 
the digital Signal processor processes the Stored bits of the 
frames which contain the at least one erroneous uncorrect 
able bit somewhere therein to determine if the frames 
contain only valid data bits in the data field signified by the 
erroneous bits (the aforementioned multibit pattern of Zeros 
or ones) being totally in the error correction code field which 
is illustrated in FIG.27 which renders the data bits valid and 
the error correction is discarded. 

0172. As is illustrated in FIGS. 28-29, all of the data bits 
are not valid as symbolically identified by the letter “E” 
outside the error correction code bit field which renders the 
data bits of the frames of FIGS. 28 and 29 invalid. In FIGS. 
28-29, the pattern of erroneous uncorrectable data bits 
identified by the letter “E” is not totally contained in the 
error correction code bit field which makes it impossible for 
the digital Signal processor to discriminate whether or not 
any of the data units contain valid data. It is not possible to 
determine reliably whether any of the eight bit data unit bit 
groups illustrated in the IDENTIFICATION FRAME 
GROUPS of FIGS. 28 and 29 are valid data when erroneous 
uncorrectable bits are not totally present within the error 
correction code, as, for example, being totally contained in 
the data units in FIG. 28 or spanning the error correction bit 
field and the data unit bit field as illustrated in FIG. 29. 

0173 The process of determining whether valid data can 
be reconstructed from frames of the IDENTIFICATION 
FRAME GROUP containing at least one erroneous uncor 
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rectable bit by processing the error correction code of the 
frames can only be Successfully performed in Situations 
when minor fades or transmission errors occur where Syn 
chronism is not lost and when the bit error correction 
capacity of the error correction code is exceeded. AS illus 
trated in FIG. 27, only the circumstance when the error 
correction code bit field is determined by the aforemen 
tioned pattern recognition capability of the digital Signal 
processor to totally contain a Successive pattern of all Zeros 
or all ones, Such at least three Successive bits when the BCH 
code is capable of correcting for a two bit error, represents 
recoverable and reconstructible data. 

0.174. After the reconstruction is complete, there no 
longer is a need for processing the error correction code bits. 
Thereafter, the error correction code bits are discarded and 
only the bits of the data units of the frames (bits other than 
error correction code) are Stored in memory for further 
processing to identify if the radio frequency carrier con 
tained a valid identification code of a radio frequency 
transmitter and what the status of the “panic' switch 114 is 
and any other information from the radio frequency trans 
mitters 14, 16 and 18 which are assigned to the radio 
frequency receiver for tracking or monitoring functions, etc. 
Thereafter, processing of the RSSI signals and the status of 
the “panic' Switch 114 as described below is preformed by 
the digital Signal processor. 

0175. The radio frequency receiver embodiment 400 
must perform a multiplicity of functions in order to reliably 
monitor and track the transmitters 14, 16 and 18. Battery 
longevity is an important concern. The radio frequency 
receiver embodiment 400 and the radio frequency transmit 
ter embodiment 100 are designed to be a portable product 
with the battery lifespan being maximized by the operating 
Software of the digital Signal processors contained in the 
radio frequency receiver and radio frequency transmitter by 
performing numerous power management functions. The 
power management functions of the radio frequency trans 
mitter embodiment 100 have been described above. In the 
radio frequency receiver embodiment 400 only those circuits 
which need to be in operation at a given time are turned on 
to conserve battery lifespan. 

0176 FIG.30 is a flowchart of the operation of the radio 
frequency receiver embodiment 400 including battery con 
Servation and initialization techniques. Operation proceeds 
from the turning on of the power at point 501 to point 503 
where the control CPU 402 is reset. At point 505 the 
potential of the batteries is read. Processing proceeds to 
decision point 507 where a determination is made if the 
battery voltage as read at point 505 is sufficient to provide 
Sufficient power to begin the receiving process. If the answer 
is “yes” at decision point 507, processing proceeds to point 
509 where the digital signal processor causes the alert 428 
to emit warning beeps. If the answer is “no” at decision point 
507 or the warning beeps have been emitted at point 509, 
processing proceeds to point 511 where the digital Signal 
processor causes a check to be made of the factory pro 
grammed inputs for the operational parameters of the radio 
frequency receiver embodiment 400. These operating 
parameters include the Specified Series of frequencies (e.g. 
fifty) on which the radio frequency receiver embodiment 
400 will receive the IDENTIFICATION FRAME GROUP 
of FIG. 9 from each of the radio frequency receivers 14, 16 
and 18 that are being monitored by the radio frequency 
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receiver. The digital Signal processor commences at point 
513 to program the first radio frequency carrier frequency by 
Sending a Serial Stream of digital data to the Synthesizer and 
phase lock loop 404. Upon programming the Start frequency, 
the digital Signal processor turns on the Voltage controlled 
oscillator 410 as indicated at point 515. The operation 
proceeds to point 517 which is wait period during which the 
digital signal processor looks to receive the lock on Signal 
from the phase lock loop of the Synthesizer/phase lock loop 
404. 

0177. The lock on time of the phase lock loop of the 
Synthesizer/phase lock loop 404 may vary depending upon 
the components of the loop filter as well as the battery 
Voltage. AS the battery Voltage drops, the lock on time 
becomes progressively longer until, at Some point in time, a 
frequency lock on condition cannot be achieved. This is due 
to the fact that the batteries no longer have Sufficient Voltage 
to provide the necessary power to the Voltage controlled 
oscillator 410 (and other circuits) to maintain the radio 
frequency receiver embodiment 400 in an operational status. 
Processing proceeds to decision point 519 where a determi 
nation is made if the lock on Signal has been received. If the 
answer is “yes” at decision point 519, processing proceeds 
to point 521 where the intermediate frequency amplifier in 
the bandpass filter/intermediate frequency amplifier 416 is 
turned on. Processing proceeds to point 523 where a Set 
delay of a number of milliseconds is allowed to expire to 
provide Sufficient time for the intermediate frequency ampli 
fier of the bandpass filter/intermediate frequency amplifier 
416 to come up to an operational status. Processing proceeds 
to decision point 525 where a determination is made if a 
RSSI signal is being outputted by the bandpass filter/ 
intermediate frequency amplifier 416. If the answer is “yes” 
at decision point 525, processing proceeds to point 527 
where the IDENTIFICATION FRAME GROUP is decoded 
including demodulating the identification code of the trans 
mitter and the status of the “panic' switch 114 of the radio 
frequency transmitter embodiment 100 as encoded in the 
field CB of the IDENTIFICATION FRAME GROUP Pro 
cessing proceeds to decision point 529 where a determina 
tion is made if the battery voltage is low. If the answer is 
“yes” at decision point 529, processing proceeds to point 
531 where warning beeps are caused to be emitted by the 
alert 428. If the answer is “no” at decision point 529 or 
warning beeps have been emitted at point 531, processing 
proceeds to point 533 where the digital signal processor 402 
begins an orderly shut down process of unnecessary receiv 
ing circuits which consume power and begins the analysis of 
the data contained in the CB field, as well as the processing 
of data units 1-5, if the data units 1-5 of the IDENTIFICA 
TION FRAME GROUP contain any necessary data for the 
operation of the radio frequency receiver embodiment 400. 
The embodiment 400 does not use data units 1-5 to perform 
range monitoring and directional tracking. If the answer was 
“no” at decision point 525 that no RSSI signal is being 
outputted by the bandpass filter/intermediate frequency 
amplifier 416, processing proceeds to the power shutdown 
point 533 as described above. If no RSSI signal voltage is 
outputted by the bandpass filter/intermediate frequency 
amplifier 416, the digital signal processor immediately 
begins the power down sequence. The presence of the RSSI 
Voltage is an indication that a transmitted radio frequency 
carrier is present and therefore, the decoding proceSS should 
be enabled. If the RSSI voltage is not present, this is an 
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indication that there is no longer a need for the radio 
frequency receiver embodiment 400 to remain on as none of 
the radio frequency transmitters 14, 16 and 18 are transmit 
ting at this time. 
0.178 If upon successfully receiving the identification 
code and the status code, contained in the field CB of the 
IDENTIFICATION FRAME GROUP, the digital signal 
processor examines the field CB to see if an alert Status has 
been received which is caused by the user of the radio 
frequency transmitter closing the “panic' switch 114. Pro 
cessing proceeds from point 533 to decision point 535 where 
a determination is made if the field CB of the IDENTIFI 
CATION FRAME GROUP contains an indication of a 
"panic' Status produced by the user of the radio frequency 
transmitter closing the “panic' switch 114. If the answer is 
“no” at decision point 535, processing proceeds to 537 
where the digital signal processor Selects the next frequency 
of the Staircase Sequence of radio frequency carrier frequen 
cies on which the radio frequency receiver embodiment 400 
is receiving transmissions. If the answer is “yes” at decision 
point 535, processing proceeds to point 539 where a change 
in the Status code is made and the digital Signal processor 
produces alert beeps with the alert 428. Processing proceeds 
to point 541 where a waiting period is entered permitting the 
user of the radio frequency receiver to close the “find me.” 
Switch 426. Closing of the “find me’ Switch 426 by the user 
of the radio frequency receiver embodiment 400 causes the 
digital Signal processor to change its Software routine to 
convert the antenna array 405 to a directional array, as 
described above, and to further activate the LCD or LED 
display 424 to display the magnitude of each Successive 
RSSI Signal, which is preferably the integral thereof, as part 
of the tracking proceSS as described above in conjunction 
with FIG. 2. The processing proceeds from point 541 to 
point 537 where the next received frequency is programmed 
into the synthesizer/phase lock loop 404. If the answer is 
“no” at decision point 519, processing proceeds to decision 
point 543 where a determination is made if the battery 
voltage is low. If the answer is “yes” at decision point 543, 
processing proceeds to point 545 where the digital Signal 
processor causes warning beeps to be emitted analogous to 
those admitted at point 531. If the answer is “no” at decision 
point 543 or warning beeps have been emitted at point 545, 
processing proceeds to decision point 547 where a determi 
nation is made of whether a time interval has elapsed which 
signifies that the radio frequency receiver embodiment 400 
cannot lock onto the commanded frequency. If the answer is 
“no” at decision point 547, processing proceeds back to 
decision point 519 as described. If the answer is “yes” at 
decision point 547, processing proceeds to point 549 where 
warning beeps are emitted which are analogous to the 
warning beeps at points 545 and 531 as described above. 
0179 The lowest operating voltage of the batteries is 
obtained when all of the electronics are turned on including 
the LCD or LED display 424 (if the turning on of all of the 
electronics causes the Voltage to drop below the minimum 
threshold, the digital Signal processor begins the battery low 
alerts to indicate to the user that the batteries are in need of 
recharging). 
0180. When the receipt of a valid identification code has 
been verified, a large number of Samples are taken of the 
RSSI signal voltage produced by the output of the interme 
diate frequency amplifier which is part of the bandpass 
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filter/intermediate frequency amplifier 416. For example, if 
the transmitted duration of the IDENTIFICATION FRAME 
GROUP is 100 milliseconds, thirty to forty RSSI samples 
may be taken during this period. This integration proceSS 
tends to cancel out the rapidly fluctuating electrical noise 
which rides on the top of the average value of the RSSI 
Signal. The electrical noise is a product of the environment 
in which the radio frequency receiver 400 embodiment is 
operating. 

0181 FIG. 31 illustrates a typical voltage fluctuation in 
a RSSI signal produced during the reception of the IDEN 
TIFICATION FRAME GROUP which is preferably inte 
grated to remove the rapidly varying noise which is indi 
cated by the Solid rapidly varying line illustrated in FIG. 31. 
The RF environment of the radio frequency receiver 
embodiment 400 is typically hostile and, as illustrated, the 
average RSSI Signal amplitude also varies more slowly in 
amplitude due the effects of Rayleigh fading and multipath 
Signals as indicated by the dotted line. The more slowly 
varying noise would contribute Significantly to erroneous 
calculation of the transmitter's range if the effects of this 
noise were not eliminated by averaging or integration of the 
RSSI Signal over the entire Sampling period T, as described 
above, where a running average of Successive integrated 
RSSI Signal Samples for each of the radio frequency trans 
mitters 14, 16 and 18 is made by the digital signal processor 
in order to determine if any one of the radio frequency 
transmitters exceeds the Set range 20 as described above. 
The integration or averaging proceSS which yields the true 
integral value over the sample interval T, by taking numer 
ous Samples, removes the rapidly and Slowly varying elec 
trical noise to produce an integrated value as indicated by a 
solid horizontal line of the RSSI signal which does not 
contain the effects produced by Rayleigh fading, etc. The 
Solid line represents the actual integrated value of all of the 
Samples over the entire Sampling period T which corre 
sponds to the time of reception of the IDENTIFICATION 
FRAME GROUP. Each of the multiple samples are taken in 
relation to each other to provide the actual Voltage variation 
represented by the dotted line in FIG. 31. Upon completion 
of the Sampling periodT, all of the Samples are Summed and 
divided by the number of Samples to provide the average or 
integration value over the reception period of the IDENTI 
FICATION FRAME GROUP period as indicated by the 
Solid horizontal line. 

0182. The rationale behind the averaging process per 
formed by the integration as described above in conjunction 
with FIG. 31 is that the radio frequency transmitter is 
designed to be worn by a Small child and therefore, only 
relatively Small changes in the average RSSI Signal will 
occur as a consequence of actual motion of the child. AS has 
been explained above, the broadcast of the identification 
code may occur at a frequency of up to ten times per Second 
which means that the relative motion which could occur 
between the Successive transmissions by the radio frequency 
transmitter is Small. 

0183 AS is apparent from FIG. 31, over the sample 
period T. Significant variation occurs in the RSSI Signal 
which is not caused by motion of the user of the radio 
frequency transmitter embodiment 400. In fact, quite typi 
cally, the entire reading may be averaged to be higher or 
lower than that which would be representative of the actual 
distance of the radio frequency transmitter 14, 16 or 18 from 
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the radio frequency receiver 12 due to the effects of Rayleigh 
fading and multipath interference. A Second integration or 
averaging of the individual RSSI integrations, each repre 
sented by the horizontal solid line in FIG. 31, is necessary 
to most reliably determine the distance of the radio fre 
quency transmitters 14, 16 and 18 from the radio frequency 
receiver 12. 

0184. During the receiving process, the digital signal 
processor is performing two simultaneous tasks. The first is 
the analysis of the RSSI signals and the second is the 
verification of the identification code contained in the IDEN 
TIFICATION FRAME GROUP. The digital signal processor 
must begin the RSSI Signal Sampling process immediately 
upon the onset of the Signal reception. However, during this 
period of time, the radio frequency receiver 12 is unaware if 
the RSSI signal belongs to a transmitter which is being 
monitored by the radio frequency receiver. It is not until 
synchronization between the at least one transmitter 14, 16 
and 18 and the receiver 12 is achieved under control of the 
digital Signal processor and the receipt of a Statistically 
reliable number of the digits of the identification code as 
described below or the entire identification code which is 
produced by the decoding of the identification code con 
tained in the IDENTIFICATION FRAME GROUP that a 
determination can be made by the digital Signal processor 
that the RSSI signal indeed corresponds to that of one of the 
monitored radio frequency transmitters 14, 16 and 18. If a 
match of the identification code does not occur, the averaged 
(integrated) RSSI signal data taken during the sampling of 
the RSSI signal is discarded. Only when verification occurs 
that the RSSI average (integration) data indeed belongs to 
one of the radio frequency transmitters 14, 16 or 18 being 
monitored, is the RSSI average data stored in a RAM 
memory of the radio frequency receiver embodiment 400. 
0185. In order to obtain the most reliable distance infor 
mation from the RSSI signal, a Second integration or aver 
aging proceSS is performed which removes the effects of 
time variation on each integrated RSSI Signal Over the 
sampling interval T of FIG. 31 not representing the true 
received signal Strength because of the effects of fading, etc. 
The dotted line in FIG. 32 represents the value of the 
integration of the RSSI signal of FIG.31 which would occur 
at any instant in time as a function of distance. Over time for 
a fixed distance, the value of the individual integrations of 
each radio frequency carrier transmission containing a valid 
identification code as illustrated in FIG. 31 would vary on 
both sides of the solid line. Thus, the dotted line will vary 
over time and, at any Single point in time, represents at any 
fixed distance the instantaneous value of each integration of 
FIG. 31. The Second integration or averaging represented in 
FIG. 32 removes the effects of this time variation on the 
magnitude of the integrations of FIG. 31 so that the time 
averaged or integration of the integrated samples of FIG. 31 
represented by the Solid line is purely a function of distance. 
0186 Furthermore, as explained above, each successive 
integrated RSSI sample is first tested to make sure that its 
reading is not above or below a certain predetermined 
function, as described above, which is indicative of a 
Rayleigh fade or multipath interference or other Signal 
degrading phenomena. If the most current integrated RSSI 
Signal is above or below the previous integrated average by 
a function, Such as twenty percent, of the average of the 
integrated RSSI signals, the Sample is discarded and a 
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number of previous Samples, Such as five samples, are 
utilized to compute the average. This has the net effect of 
removing the fading and multipath components that are 
present in each RSSI sample as indicated by the time 
fluctuating dotted line in FIG. 32. 
0187. The RSSI signal voltage is representative of the 
amount of radio Voltage present at the input of the radio 
frequency receiver embodiment 400 as applied to the low 
noise amplifier 407. The RSSI signal voltage is essentially 
linear and is a very accurate indication of the distance 
between the radio frequency receiver 12 and the radio 
frequency transmitters 14, 16 and 18. The aforementioned 
double processing Steps of integrating or averaging the 
individual Samples and then further integrating or averaging 
the Samples to produce an average which is compared to the 
output voltage produced by the range control 420 permits an 
extremely accurate monitoring of distance to be made which 
permits the user of the radio frequency receiver 12 to 
accurately determine if any of the radio frequency transmit 
ters 14, 16, or 18 have moved outside the set range 20. The 
radio frequency receiver 12 has the ability to perform this 
range determination due to the fact that the output power 
from each of the radio frequency transmitters 14, 16 and 18 
is known and constant as a consequence of their design. 
Therefore, the RSSI signals, as processed as described above 
to remove the effect of noise, are directly representative of 
range information. 
0188 This mode of operation is different than ranging 
Systems where the power of the transmitter is typically not 
known and, therefore, little credibility can be given to a 
RSSI signal as the basis for measurement of a distance 
between a radio frequency receiver and a radio frequency 
transmitter. 

0189 As is illustrated in FIG. 32, the particular embodi 
ment as described will have a RSSI voltage which varies 
between approximately 0.5 and 2.5 volts. This corresponds 
to a working range between a few feet out to and exceeding 
1000 feet of separation between the radio frequency receiver 
12 and the radio frequency transmitters 14, 16 and 18 as 
discussed below. The double integrated or averaged RSSI 
Voltages are used for comparison by the digital Signal 
processor to provide the range and direction control of the 
radio frequency receiver 12. 
0190. The user of the radio frequency receiver 12 uses the 
variable range control 420 to set the variable distance 20 
which determines when the radio frequency receiver 12 
generates an alert for the benefit of the user that one or more 
of the transmitters 14, 16 or 18 have moved outside the set 
range. AS has been explained above, the range control 420 
produces a variable range Voltage that is presented to the 
digital Signal processor for comparison with the averaged 
RSSI Signals as described above. The digital Signal proces 
Sor is constantly comparing the present Voltage representing 
the set range 20 produced by the range control 420 to the 
average RSSI Voltage which, preferably, is processed with 
the double integrations, or averages, as described above. For 
ranges less than approximately fifty feet, the RSSI Voltage 
may become Somewhat non-linear, but for ranges exceeding 
fifty feet, the RSSI voltage will be substantially linear. 
0191) When the alert 428 of the radio frequency receiver 
400 generates an alert, the user of the radio frequency 
receiver is alerted that one of the radio frequency transmit 
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terS has exceeded the Set range 20. The following StepS are 
taken which have been described above generally with 
respect to FIG. 2. The user of the radio frequency receiver 
12 typically would remove the unit from a belt and hold the 
unit in Such a position that the LCD or LED display 424 is 
readily visible and depress the “find me’ Switch 426. The 
digital Signal processor Senses that the “find me’ Switch 426 
has been closed and changes its operating mode to provide 
a dynamic display of each Successive RSSI Signal which as 
described above is preferably integrated to remove the 
effects of noise. There is no need at this point for the second 
integration or averaging process, as described above in 
conjunction with FIG. 32, because it is only necessary to 
have constantly updated integrated RSSI Samples in accor 
dance with the Solid line of FIG. 31 which are indicative of 
any true relative motion between the radio frequency trans 
mitter 14, 16 or 18 being monitored and the radio frequency 
receiver. AS explained above, the digital signal processor 
changes the antenna array 405 from a omnidirectional to a 
directional antenna which permits the radio frequency 
receiver to orient its received beam width which is repre 
sented by the axis 26 of FIG. 2 to a very narrow angle. The 
user of the radio frequency receiver then can physically 
rotate the receiver as illustrated in FIG. 2 to an orientation 
22 which maximizes the display produced by the LCD or 
LED display 424. The user of the radio frequency receiver 
12 then walks in the indicated direction from which the 
maximum signal Strength is being received to find the radio 
frequency transmitter 14, 16 or 18 being tracked. 
0192 The system 10 is based upon one-way data trans 
mission. A mobile radio frequency transmitter 14, 16, or 18 
located, for example, on a child transmits its identification 
code to the radio frequency receiver 12. In order to Syn 
chronize the radio frequency receiver to the radio frequency 
transmitters, the following procedure takes place upon turn 
on. The transmitter is first turned on followed by the radio 
frequency receiver 12. Upon turn on of one radio frequency 
transmitter, it immediately begins its frequency hopping 
“chirping” and continues to do so at a fixed rate. When the 
radio frequency receiver 12 is turned on, it initially camps on 
a single frequency and awaits to receive a chirp code from 
the radio frequency transmitter. When the transmitter code is 
received, the radio frequency receiver 12 then establishes 
Synchronization with the radio frequency transmitter. 
0193 The radio frequency receiver 12 will then auto 
matically follow the radio frequency transmitter by arriving 
at the next Sequenced frequency ahead of the radio fre 
quency transmitter and awaiting to receive the identification 
code. Upon receipt of the identification code from the radio 
frequency transmitter, the radio frequency receiver contin 
ues the Stepping process to track the radio frequency trans 
mitter through the entire range of Spread spectrum frequen 
CCS. 

0194 When multiple radio frequency transmitters 14, 16 
and 18, as illustrated in FIG. 1 are utilized, a similar camp 
and wait function is performed by the radio frequency 
receiver 12 with one slight variation in operational perfor 
mance. The radio frequency receiver 12 measures the time 
between the two received transmitted Signals and then 
performs a dual or multiple mode hopping, where it follows 
each of the Sequences of the radio frequency transmitter 14, 
16 and 18 correspondingly. Since there is a finite period of 
time between transmissions and multiple radio frequency 
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transmitters typically are slightly offset in their timing, 
collision avoidance is enhanced and does not become a 
problem. 

0.195 Even with a minimal number of chirp codes and a 
minimal number of identification codes (e.g., four each) 
there is a tremendous resilience to interference from the 
radio frequency transmitters 14, 16 and 18. Different chirp 
codes reduce the probability of interference to approxi 
mately two percent. The identification codes further reduce 
interference when the same chirp code is present on numer 
ous radio frequency transmitters in a given area. This 
collision interference avoidance is further enhanced by the 
fact that even though multiple radio frequency transmitters 
14, 16, or 18 may reside in a given area with the same chirp 
code and the same identification code, the probability of the 
hop Sequences (with fifty frequencies) provides an addi 
tional interference probability of less than two percent. This 
occurs because the probability of multiple radio frequency 
transmitters 14, 16 or 18 with the same chirp code and 
identification codes hopping on the same frequency at 
precisely the same time is extremely low. This interference 
resistance is further enhanced by the fact that the capture 
effect of the radio frequency receiver 12 will only select the 
closest radio Signal and therefore, minimizes the same 
frequency interferences from other radio frequency trans 
mitters in a given area. 

0196. It has been discovered that after the synchroniza 
tion of frequency hopping between the transmitters 14, 16 
and 18 and the receiver 12 has been established, the vali 
dation of the identification code of each of the transmitters 
under control of the digital Signal processor of the receiver 
may be based upon a matching of less than all of the 
identification code digits of each transmitter to qualify the 
RSSI signal for full signal processing as described above 
which enhances the Sensitivity of the receiver providing 
range and directional tracking. For example, with a four 
digit identification code, matching of two or three identifi 
cation code digits after Synchronization between the fre 
quency hopping transmitters 14, 16 and 18 and receiver 12 
is established can be used to qualify Statistically reliable 
RSSI signals which provides highly sensitive distance and 
directional tracking information as described above. The 
number of digits of the identification code of each transmit 
ter 14, 16 and 18 necessary to be matched less than the full 
number of identification code digits depends on the appli 
cation and the number of digits used in the identification 
code. As a result, weak transmissions from the transmitters 
14, 16 and 18 which are close to the signal to noise limit of 
the receiver 12 may be validly processed to enhance the 
operation of the ranging and directional finding functions as 
described above. 

0197). In order to gain insight as to the reliability and 
ranging characteristics of the present invention, an evalua 
tion of the components of the radio signal from the radio 
frequency transmitters 14, 16 and 18 to the radio frequency 
receiver 12 is made. The final power amplifier PA2 of the 
radio frequency transmitter has an output of approximately 
five milliwatts. In the radio environment, typically these 
radio powers are expressed in dbm (five milliwatts would 
equal a +7 dbm power level). 
0198 The antenna in the radio frequency transmitters 14, 
16 or 18 is very Small and is approximately a quarter 
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wavelength. This provides a gain of typically Zero dbm. 
However, because of the Shielding constraints of the housing 
of the radio frequency transmitter and the fact that it is worn 
on a person's belt, the anticipated gain will be -10 dbm. This 
provides an actual radiated power of -3 dbm at the antenna. 
0199 The path loss at 920 MHz. varies proportionally 
with distance. Although the formulas to Support these cal 
culations are not stated herein, the empirical results are 
illustrated in FIG. 33. FIG. 33 plots the free space loss in 
dbm as a function of the distance between the radio fre 
quency transmitters 14, 16 or 18 and the radio frequency 
receiver 12. It should be noted that at approximately 100 feet 
there is 62 dbm path loSS and that increases to approximately 
86 dbm at 1700 feet. 

0200. The antenna 405 of the radio frequency receiver 
embodiment 400 has the net gain of -10 dbm. The radio 
frequency receiver input Sensitivity is a -115 dbm and 
therefore, when added to the antenna gain (actually a loss), 
a -105 dbm receiver sensitivity is achieved at the antenna 
input terminals. 
0201 Mathematically, it can be seen that a -85 db path 
loss added to a -3 db loss at the antenna results in a -88 db 
Signal presented to the radio frequency receiver including 
antenna loss having the sensitivity of a -115 db. The net 
result is approximately a 30 db difference over and above 
what the radio frequency receiver embodiment 400 needs as 
an acceptable Signal level and therefore, the radio frequency 
receiver should work to a distance reliably of at least 1700 
feet. 

0202) Two factors contribute additional loss which are 
body and building attenuation. Attenuation on a human body 
at 900 MHz. is approximately 10 db. The attenuation in a 
residence (typical, wood, aluminum, or brick Structure) is 
also 10 db. When collectively added together, an additional 
20 db of loss occurs in the path by the effects of the home 
residence as well as the possibility that a perSon is facing 
away from the home and therefore, the radio signal must 
penetrate through the body of the user of the radio frequency 
receiver 12. At a 1700 foot distance, this leaves an adequate 
signal reserve of 10 dbm. 
0203 FIG. 34 illustrates the relationship between the 
input field strength and the RSSI signal voltage. This voltage 
varies between approximately 0.5 and 2.5 volts depending 
upon the received radio field strength. This wide dynamic 
range permits the radio frequency receiver embodiment 400 
to readily determine the relationship between distance and 
Voltage when the double averaging/integration processes 
described above are used to remove the electrical noise, 
Rayleigh fading and multipath anomalies that typically exist 
in the RSSI Signal prior to processing by the digital Signal 
processor. There is approximately a 20 db margin which 
permits the radio frequency receiver in a non-noisy envi 
ronment to operate at distances approaching a mile. 
0204 FIG. 35 illustrates free space loss over a distance 
of up to one mile. AS can be seen, the radio frequency 
receiver 400 may have the capability of operating at a 
distance as great as one mile providing that there are no 
additional attenuations to minimize the path loSS. 
0205 Furthermore, the design of the antennas of the 
radio frequency receiver 12 and the radio frequency trans 
mitters 14, 16 and 18 may be optimized to emphasize the 
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most accurate range readings for Separation distances 
between 100-900 feet. This monitoring range is adequate for 
most distance monitoring functions involving people Such as 
Small children. However, variations may be made to permit 
tracking up to a distance of a mile. 

0206. In an extended range version, the radio frequency 
receiver 12 will immediately return to a single frequency 
until the radio frequency transmitter 14, 16 or 18 identifi 
cation code is again received to reestablish Synchronization. 
This permits a complete loSS of the transmitted Signal to 
occur and by a perSon moving around in a Search pattern an 
attempt may be made to reestablish Synchronism with the 
radio frequency transmitter 14, 16 or 18 which is being 
tracked and to begin the directional tracking process. 

0207 FIGS. 36-38 illustrate the present invention being 
used by a user 600 to directionally track a transmitter 18 and 
a preferred design of a housing 614 for the receiver unit 12 
which enhances the sensitivity of the reception by the 
receiver unit as a consequence of requiring the user to hold 
the receiver unit in the user's hand 602 at a position Spaced 
away from the body and in elevated positions preferably at 
least at chest height. As illustrated in FIG. 36, the receiver 
unit 12" may be held away from the body in the hand 602 of 
the user 600 in a range of elevated positions 611 between 
waist level and eye level. The range of elevated positions 
includes Substantially at arm's length at or slightly above 
waist height depending upon the length of the user's arms as 
indicated in phantom at position 604, away from the body 
Substantially at arm's length at or slightly above chest height 
as indicated in Solid lines at position 606 or away from the 
body as illustrated in phantom at position 608 substantially 
at eye level. The transmitter 18 produces transmissions 610 
which travel in a line of sight to the receiver unit 12" as 
indicated. The height 611 represents a range of Vertical 
orientations in which the display 424 of FIG. 14 may be 
viewed. The sensitivity of reception by the receiver unit 12' 
is enhanced both by positioning of it away from the body to 
provide for reception closer to free Space conditions and 
further to enhance the height of the receiver unit which also 
enhances receiver reception Sensitivity. AS illustrated, it is 
desirable to Space the receiver unit 12" one or more wave 
lengths no away from the body of the user 600 indicated by 
the distance 612 in FIGS. 36 and 38 to provide conditions 
which are more representative of free Space reception to 
enhance the Sensitivity of the reception of the transmissions 
610 from the transmitter 18. 

0208 Enhancement of the sensitivity of reception of the 
transmissions 610 is highly desirable for a low power battery 
operated unit which operates at a maximum typically of 100 
milliwatts or below in accordance with FCC regulations for 
Spread spectrum transmissions. Enhanced Sensitivity of 
reception of the transmissions 610 provides improved moni 
toring of the transmitters 14, 16, and 18 at the greatest 
possible range from the receiver unit 12" and further greater 
capability for performing directional tracking of the trans 
mitters 14, 16 and 18 as described above. 

0209. As illustrated in FIG.37, the transmitter unit 12' is 
preferably contained in a plastic housing 614 which contains 
the electronics described above in a Surface mounted circuit 
board including the display 424 to provide a visual indica 
tion of the magnitude of the received signal Strength of the 
transmissions 610 from the transmitter 18 to facilitate direc 
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tional tracking as described above. The detailed electronics 
of the receiver 12 of the receiver unit 12" have been omitted 
from FIGS. 36 and 37 and preferably are as described 
above. As illustrated in FIG. 37, the Switch 426 is mounted 
in the housing 614 and is electrically coupled to the receiver 
electronics to activate the directional antenna function. The 
Switch 426 has a first position at which the directional 
antenna 431 is not operative to receive the radio transmis 
Sions 610 from the at least one radio transmitter 18 and a 
Second position at which the directional antenna is operative 
to receive the radio transmissions from the at least one radio 
transmitter. 

0210. The Switch 426 is positioned relative to the housing 
614 So that the hand 602 of the user 600, including the thumb 
616, holds the Switch in the position to activate the direc 
tional antenna 431 Such that the directional antenna is 
positioned relative to the housing So that during the holding 
the Switch in the Second position by the user's hand, a line 
of sight of the transmissions 610 exists between the direc 
tional antenna and the at least one transmitter which is not 
occluded by the user's hand as illustrated holding the Switch 
in the Second position. 

0211 A field of view limiter 618 limits light emanating 
from the display 424 to a field of view of the display when 
the user 600 holds the receiver unit in the user's hand away 
from the body of the user as illustrated in FIG. 36. The field 
of view with reference to FIG. 36 is limited to planes 
extending upward from a plane of sight 620 extending from 
the eyes 621 of the user 600 downward and intersecting a 
horizontal plane 622 extending from or slightly above the 
user's waist Substantially at arm's length as illustrated by the 
lower phantom position 604 in FIG. 36. Acceptable planes 
in the field of view are those planes rotated upward from 
plane of sight 620 from the lower phantom position 604 to 
and above the upper phamtom position 608 illustrated in 
FIGS. 36. Each of these upward extending planes beginning 
with the plane of sight 620 extending from the eyes 621 of 
the user 600 to the lower phantom position 604 to and above 
the upper phantom position 608 require the user to hold the 
receiver unit 12" away from the body and at Successively 
higher positions which enhances reception by causing the 
receiver unit to be positioned closer to a free Space condition 
and further vertically upward within the range 611 for 
enhancing receiver Sensitivity by Spacing the receiver away 
from the ground. AS illustrated, preferably no multiple 
wavelengths 612 space the receiver unit 12" away from the 
user 600 when the receiver unit is positioned in the upwardly 
extending planes as described above while viewing the 
display 424 to directionally track the transmitter 18. 

0212. As illustrated in FIG. 37, the position 608 of 
holding the housing 614 of the receiver unit 12' is such that 
the display 424 for displaying the Strength of the received 
transmissions 610 from the transmitter 18 during directional 
tracking is in the line of sight of the eyes 621 of the user 600 
to the display 424 which is located in a recess 623 having 
ends defined by bottom 624 and an opening 626 within the 
housing 614. In a preferred embodiment of the present 
invention, the display 424 is Surface mounted on a circuit 
board (not illustrated) containing the receiver electronics as 
described above. As can be seen from FIG. 37, the field of 
view limiter 618 is set in the housing 614 in front of the 
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directional antenna 431 with reference to the line of sight 
extending between eyes 621 of the user 600 and the at least 
one transmitter 18. 

0213 FIG.38 illustrates an enlarged view of the field of 
view limiter 618. The field of view limiter 618 is set in the 
receSS 623 in the housing 614 in opening 626 extending 
inward from outer surface 628 of the housing. The display 
424 is located at the bottom 624 of the opening 626 
preferably as Stated above as part of a Surface mount on a 
circuit board containing the receiver electronics. However, it 
should be understood that the invention is not limited to the 
Surface mounting of the display 424 on the circuit board of 
the receiver electronics. 

0214) The field of view is defined by a pair of lines 630 
and 632 representing light rays respectively extending from 
opposed edges 634 and 636 of the display 424 to opposed 
edges 636 and 638 of the opening 626 respectively. The 
angle 640 subtended by the straight lines 630 and 632 may 
be as great as 45 with 30 or less being preferred. The 
aforementioned angular ranges require the user 600 when 
holding the receiver unit 12' in the user's hand 602 to 
position the receiver unit within an angular orientation Such 
that the line of Sight of the user extends from the user's eyes 
621 permitting light rays 630 and 632 to travel from the 
bottom 624 of the opening 626 to the user's eyes 621. 
0215. With the configuration of the housing 614, as 
illustrated in FIG. 37, including the positioning of the 
Switch 426, directional antenna 431 and the field of view 
limiter 618 relative to the housing, the user 600 must 
position the receiver unit 12' between positions 604, 606 and 
608 and above away from the body and in planes at or above 
plane of sight 620 as illustrated in FIG. 36. With this set of 
spatial conditions, when the hand 602 of the user 600 holds 
the directional antenna activating Switch 426 in the position 
activating the directional antenna 431, the transmissions 610 
extend directly between the directional antenna of the 
receiver unit 12" and the antenna of the transmitter 18, 
without Signal attenuation or radio interference introduced 
by the holding of the receiver unit in the hand 602 of the user 
600 in the line of sight between the antennas of the receiver 
unit 12" and the at least one transmitter unit 14, 16 and 18. 
Furthermore, the field of view limiter 618 enhances recep 
tion by causing the user to hold the receiver unit 12 in an 
elevated position away from the body of the user 600 to 
make the display 424 visible. 
0216) While a preferred form of the field of view limiter 
618 is as illustrated in FIG. 38, it should be understood that 
other optical or mechanical mechanisms or combinations 
thereof may be used, which prevent the user 600 from seeing 
the display 424 when the receiver unit 12' is held in positions 
close to the body in a lowered position, with the practice of 
the invention. Such field of view limiters could include other 
optical elements Such as lenses and/or reflective Surfaces 
alone or in combination with the recess 623 as illustrated in 
FIGS. 37 and 38. 

0217 FIG. 39 illustrates a top view of a preferred 
antenna assembly of the present invention, including the 
electrically conductive loop 431 and the electrically con 
ductive reflector 432 without illustration of the electrical 
connections therebetween which are illustrated in detail as 
described below in conjunction with FIG. 42. The antenna 
assembly 700 has a cavity 702 which is defined by a surface, 
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including a first part 704 having an end 705 and a second 
part 706 having an end 707. Ends of the first part 704 and 
the second part 702, which respectively are remote from the 
ends 705 and 707, meet at the bottom of the cavity 708 in 
a vertex. While the cavity is preferably triangular in cross 
Section, it should be understood that the invention is not 
limited to a triangular croSS Sectional cavity. The cavity has 
a depth 710 which is defined between the bottom 708 and the 
ends 705 and 707. The first part 704 and second part 706 
define an oblique angle 712, having the vertex which is at the 
bottom 708, which may be varied so as to accommodate the 
containment of the loop 431 at least partially, and preferably 
totally, within the cavity 702 between the bottom 708 and 
the opening 714. As the width of the loop 431 increases 
relative to reflector 432 as viewed in FIG. 39, it may be 
necessary for the oblique angle to increase to accommodate 
the loop within the cavity 702. The respective ends 705 and 
707 of the first part 704 and the second part 706 define the 
opening 714. As illustrated, the loop 431 is positioned 
between the bottom 708 and the opening 714 of the cavity 
702. A closest spacing d between the conductive loop 431 
and the reflector 432 is varied to change the beam width of 
the maximum Signal response produced by the antenna 
assembly when it is operated in a directional mode as 
described below. The closest spacing d is preferably not 
greater than one-tenth of a wavelength of the frequency band 
of the radio transmissions and more preferably, ranges 
between 0.005 and 0.02 of a wavelength of the frequency 
band. As illustrated, the first part 704 and the second part 
706 of the reflector 432 shield the loop 431 from receiving 
side lobe radiation 718 which enhances the directional 
response of the antenna assembly. Furthermore, as described 
below in conjunction with FIG. 42, the electrical conductive 
coupling between the loop 431 and the reflector 432 pro 
duced by the closing of the RF switch 406 and the capacitive 
coupling caused by the parasitic capacitances further 
enhances the omnidirectional function of the antenna assem 
bly by providing increased Signal response consequent from 
the combined conductive and capacitive coupling between 
the loop 431 and the reflector 432. Finally, circuit board 750 
has the RF amplifier, digital Signal processor and other 
components mounted thereon, as described above in con 
junction with the receiver embodiment 400, as illustrated in 
FIGS. 14-20. The circuit board 750 is located farther from 
the electrically conductive loop 431 than the vertex 708. The 
antenna reflector 432 is connected to the board 750 with 
supports (not illustrated) which extend from the board and 
are soldered to the backside of the reflector. The loop 431 is 
connected to the board 750 with the circuit connections 
illustrated in FIG. 42 discussed below. 

0218 FIGS. 40A and 40B illustrate a composite direc 
tional and omnidirectional antenna response, which is not 
drawn to scale, of the antenna assembly 700 of FIG. 39. 
FIG. 40A illustrates a beam width 722 of approximately 10° 
which is achieved with a preferred spacing 716 of approxi 
mately 0.2 inches when the antenna assembly is operated in 
the 902-928 MHz. band with the dimensions as illustrated in 
FIG. 41. The combined antenna response 720 includes the 
aforementioned beam width 722 of approximately 10 when 
operated in a directional mode and further includes an 
omnidirectional response 724 which does not contain the 
aforementioned directional response 722. The omnidirec 
tional response 724 includes lobes 726 which are omnidi 
rectional as illustrated and further an enhanced response 728 
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which is consequent from the aforementioned electrical 
coupling between the loop 431 and the reflector 432. The 
enhanced response 728 has been confirmed with testing to 
improve the overall omnidirectional reception of the antenna 
assembly 700. The presence of electrical coupling between 
the loop 431 and the reflector 432 enhances the overall 
omnidirectional response So that Signal response is enhanced 
between the individual lobes 726 with the enhanced 
response 738. 

0219 FIG. 40B illustrates a combined antenna response 
730 of directional and omnidirectional components, which is 
also not drawn to Scale, of the same type as illustrated in 
FIG. 40A except that the spacing between the loop 431 and 
the reflector 432 has been decreased to 0.1 inches. The 
beamwidth 732 is approximately 30. The complete omni 
directional response characteristic 734, which is analogous 
to that of FIG. 40A, includes lobes 736 which would be 
achieved from the loop 431 without the reflector 432 being 
electrically coupled thereto. The enhanced response 738 has 
been conformed with testing to improve the Overall omni 
directional reception of the antenna assembly 700 and is 
generally less desirable than the response characteristic of 
FIG. 40A in view of the directivity being less sensitive 
which makes direction finding more difficult. 
0220 A comparison of the directional antenna response 
characteristics of FIGS. 40A and 40B clearly reveals that 
the beam width narrows as the loop 431 is moved from a 
closest preferred Spacing d of 0.1 away to 0.2 inches from 
the reflector 432. Thus, placement of the loop 431 relative to 
the reflector 432 may be used to focus the beam width of 
maximum response (sensitivity) and is a mechanism for fine 
tuning directivity. 

0221 FIG. 41 illustrates a front elevational view of the 
antenna assembly 700 including dimensions for optimized 
operation in the 902-928 MHz. band for use in a hand-held 
radio receiver 12 for monitoring whether the transmitters 14, 
16 and 18 are within a set range from the radio receiver and 
further directional tracking of the radio transmitter. AS 
illustrated, the reflector 432 is rectangular in croSS Section 
and has a length and a width less than 2.5 inches with the 
preferred dimensions as indicated of a width of 2 inches and 
a height of 1.75 inches. Furthermore, the loop 431 is square 
in croSS Section and is an inch and a half on each side with 
the exception of the output at the top of the reflector 432. As 
illustrated, the loop 431 is symmetrically disposed relative 
to the bottom and vertex 708 and the antenna axis 26 which 
are collinear when viewed from the perspective of FIG. 41. 
As described above, the oblique angle formed with the 
bottom and vertex 708 and the sides 704 and 706 may be 
varied to accommodate loops 431 of different widths relative 
to the width of the reflector as illustrated in FIG. 39 So as 
to accommodate the loop 431 within the cavity 702 as well 
as varying the Spacing d between the loop 431 and the 
reflector 432 to vary or focus the beam width. It should be 
understood that the dimensions of the antenna assembly 700, 
as illustrated in FIG. 41, are optimized for a radio receiver 
as described above operating in the 902-928 MHz. band as 
described above and may be varied to accommodate opera 
tion in receivers in different frequency bands having differ 
ent form factors. 

0222 FIG. 42 illustrates an electrical schematic of the 
antenna assembly 700 as illustrated in FIG. 39. As illus 
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trated, RF switch 406 has an input 760, a first output 762 and 
a second output 764. The Switch 406 has first and second 
Switching States which are controlled by the control proces 
Sor 402 which is preferably a digital Signal processor as 
described above. The loop 431 is coupled to ground and has 
an output 766 for coupling to the RF amplifier 407 through 
capacitor C100, inductor L100 and capacitor C102 to RF 
amplifier 407. Furthermore, parasitic capacitance C104 
couples the loop 431 to the reflector 432 and further to 
ground through parasitic capacitance C106. AS described 
above, the parasitic coupling of the loop 431 to the reflector 
432 contributes to the enhancement of the omnidirectional 
Signal response. The reflector 432 is also coupled to the input 
760 of the switch 406 by capacitor C108. The first output 
762 of the RF switch 406 is coupled to ground through 
capacitor C110. The second output 764 of the RF switch 406 
is coupled to the loop 431 through a conductive path 
including capacitor C112 and the aforementioned capacitor 
C100. Additionally, the second output 764 is coupled to 
ground through inductor L102. 
0223 Surprisingly, as discussed above, movement of the 
loop antenna 431 from the closest separation distance 716 
from a spacing of 0.2 inches to 0.1 inches increases the beam 
width from 10 to 30. A narrowed beam width providing 
greater directional Sensitivity is highly desirable with the use 
of the antenna assembly in a preferred application of a 
direction tracking receiver as described above. 
0224 Furthermore, the feed resistance of the loop 
antenna with a close Spacing to the reflector is Substantially 
increased over that which is achievable with a loop antenna 
alone. Thus additionally, the containment of the loop 
antenna 431 within the cavity 702 with the electrical con 
ductivity between the loop and the reflector as described 
above, facilitates impedance matching with Standard imped 
ances Such as commercially available integrated RF ampli 
fiers which have input impedances such as 50 ohms which 
are readily matched to an impedance in a range between 
20-40 ohms which is achieved with the antenna assembly as 
described above in the 902-928 MHz. band. 

0225. Finally, the parasitic capacitances C104 and C106 
form a divider network effectively lowering the amount of 
transmitted Signal, received by the reflector 432, from being 
coupled to the loop antenna 431 which reduces side lobes 
718 as discussed above when operating in a directional 
mode. 

0226. While the invention has been described in terms of 
its most preferred implementation of an antenna assembly 
designed for operation in the 902-928 MHz. frequency band, 
it should be understood that the antenna assembly may be 
used in other frequency bands, Such as without limitation, 
between 800 MHz. to 2 or more gigahertz where an antenna 
assembly of Small size is required to perform the dual 
Selective functions of omnidirectional and directional recep 
tion. Furthermore, the dimensions, form factors and circuit 
components may be changed while utilizing the antenna 
assembly in other applications than the receiver discussed 
above. It is intended that all such changes fall within the 
Scope of the appended claims. 

1. An antenna assembly providing Selectable omnidirec 
tional or directional reception of radio transmissions in a 
frequency band comprising: 
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an electrically conductive reflector defining a cavity hav 
ing a bottom, an opening, a Surface extending from the 
bottom to the opening and an electrical output; 

an electrically conductive loop electrically coupled to 
ground and having an electrical output for coupling to 
an RF amplifier, the loop being positioned between the 
bottom and the opening of the cavity; and 

a RF Switch having an input and first and Second outputs, 
the RF Switch having a first Switching state electrically 
connecting the input to the first output and a Second 
Switching State electrically connecting the input to the 
Second output, the first Switch output being electrically 
coupled to ground and the Second Switch output being 
electrically coupled to the output of the electrically 
conductive loop; and wherein 

the first Switching State provides the directional reception 
and the Second Switching State provides the omnidirec 
tional reception of the radio transmissions. 

2. An antenna assembly in accordance with claim 1 
wherein: 

a closest Separation of the loop from the cavity is not 
greater than one-tenth of a wavelength of the frequency 
band of the radio transmissions. 

3. An antenna assembly in accordance with claim 2 
wherein: 

a closest Separation of the loop from the cavity ranges 
between 0.005 and 0.02 of a wavelength of the fre 
quency band of the radio transmissions. 

4. An antenna assembly in accordance with claim 1 
wherein: 

the directional antenna has a beam width producing a 
maximum signal response to the radio transmission 
between 10 and 30. 

5. An antenna assembly in accordance with claim 2 
wherein: 

the directional antenna has a beam width producing a 
maximum signal response to the radio transmission 
between 10 and 30. 

6. An antenna assembly in accordance with claim 3 
wherein: 

the directional antenna has a beam width producing a 
maximum signal response to the radio transmission 
between 10 and 30. 

7. An antenna assembly in accordance with claim 1 
wherein: 

the electrically conductive loop has a length between the 
output and the electrical coupling to ground greater 
than 0.2 of a wavelength of the frequency band; 

the cavity comprises at least two parts divided by a fold 
line which is the bottom of the cavity with the fold line 
being parallel to a directional axis of the directional 
reception and being a vertex of an oblique angle with 
first and Second parts of the at least two parts of the 
cavity being Sides of the oblique angle with ends of the 
first and Second parts Spaced from the vertex defining 
the opening of the cavity. 

8. An antenna assembly in accordance with claim 7 
further comprising: 
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a circuit board having the RF amplifier mounted thereon 
with the electrical output of the electrically conductive 
loop coupled to the RF amplifier with the circuit board 
being located further from the electrically conductive 
loop than the vertex. 

9. An antenna assembly in accordance with claim 2 
wherein: 

the electrically conductive loop has a length between the 
output and the electrical coupling to ground greater 
than 0.2 of a wavelength of the frequency band; 

the cavity comprises at least two parts divided by a fold 
line which is the bottom of the cavity with the fold line 
being parallel to a directional axis of the directional 
reception and being a vertex of an oblique angle with 
first and Second parts of the at least two parts of the 
cavity being Sides of the oblique angle with ends of the 
first and Second parts Spaced from the vertex defining 
the opening of the cavity. 

10. An antenna assembly in accordance with claim 9 
further comprising: 

a circuit board having the RF amplifier mounted thereon 
with the electrical output of the electrically conductive 
loop coupled to the RF amplifier with the circuit board 
being located further from the electrically conductive 
loop than the vertex. 

11. An antenna assembly in accordance with claim 3 
wherein: 

the electrically conductive loop has a length between the 
output and the electrical coupling to ground greater 
than 0.2 of a wavelength of the frequency band; 

the cavity comprises at least two parts divided by a fold 
line which is the bottom of the cavity with the fold line 
being parallel to a directional axis of the directional 
reception and being a vertex of an oblique angle with 
first and Second parts of the at least two parts of the 
cavity being Sides of the oblique angle with ends of the 
first and Second parts Spaced from the vertex defining 
the opening of the cavity. 

12. An antenna assembly in accordance with claim 11 
further comprising: 

a circuit board having the RF amplifier mounted thereon 
with the electrical output of the electrically conductive 
loop coupled to the RF amplifier with the circuit board 
being located further from the electrically conductive 
loop than the vertex. 

13. An antenna assembly in accordance with claim 4 
wherein: 

the electrically conductive loop has a length between the 
output and the electrical coupling to ground greater 
than 0.2 of a wavelength of the frequency band; 

the cavity comprises at least two parts divided by a fold 
line which is the bottom of the cavity with the fold line 
being parallel to a directional axis of the directional 
reception and being a vertex of an oblique angle with 
first and Second parts of the at least two parts of the 
cavity being Sides of the oblique angle with ends of the 
first and Second parts Spaced from the vertex defining 
the opening of the cavity. 

14. An antenna assembly in accordance with claim 13 
further comprising: 
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a circuit board having the RF amplifier mounted thereon 
with the electrical output of the electrically conductive 
loop coupled to the RF amplifier with the circuit board 
being located further from the electrically conductive 
loop than the vertex. 

15. An antenna assembly in accordance with claim 5 
wherein: 

the electrically conductive loop has a length between the 
output and the electrical coupling to ground greater 
than 0.2 of a wavelength of the frequency band; 

the cavity comprises at least two parts divided by a fold 
line which is the bottom of the cavity with the fold line 
being parallel to a directional axis of the directional 
reception and being a vertex of an oblique angle with 
first and Second parts of the at least two parts of the 
cavity being Sides of the oblique angle with ends of the 
first and Second parts Spaced from the vertex defining 
the opening of the cavity. 

16. An antenna assembly in accordance with claim 15 
further comprising: 

a circuit board having the RF amplifier mounted thereon 
with the electrical output of the electrically conductive 
loop coupled to the RF amplifier with the circuit board 
being located further from the electrically conductive 
loop than the vertex. 

17. An antenna assembly in accordance with claim 6 
wherein: 

the electrically conductive loop has a length between the 
output and the electrical coupling to ground greater 
than 0.2 of a wavelength of the frequency band; 

the cavity comprises at least two parts divided by a fold 
line which is the bottom of the cavity with the fold line 
being parallel to a directional axis of the directional 
reception and being a vertex of an oblique angle with 
first and Second parts of the at least two parts of the 
cavity being Sides of the oblique angle with ends of the 
first and Second parts Spaced from the vertex defining 
the opening of the cavity. 

18. An antenna assembly in accordance with claim 17 
further comprising: 

a circuit board having the RF amplifier mounted thereon 
with the electrical output of the electrically conductive 
loop coupled to the RF amplifier with the circuit board 
being located further from the electrically conductive 
loop than the vertex. 

19. An antenna assembly in accordance with claim 3 
wherein: 

the frequency band is between 902 to 928 MHz; and 

a closest Separation of the loop from the cavity ranges 
between 0.1 and 0.2 inches; 

the loop is rectangular in croSS Section when viewed into 
the opening; and 

the directional antenna has a beam width producing a 
maximum signal reception of the radio transmissions 
between 30 and 10. 

20. An antenna assembly in accordance with claim 7 
wherein: 
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the frequency band is between 902 to 928 MHz; and 
a closest Separation of the loop from the cavity ranges 

between 0.1 and 0.2 inches; 
the loop is rectangular in croSS Section when viewed into 

the opening; and 
the directional antenna has a beam width producing a 
maximum signal reception of the radio transmissions 
between 30 and 10. 

21. An antenna assembly in accordance with claim 8 
wherein: 

the frequency band is between 902 to 928 MHz; and 
a closest Separation of the loop from the cavity ranges 

between 0.1 and 0.2 inches; 
the loop is rectangular in croSS Section when viewed into 

the opening; and 
the directional antenna has a beam width producing a 
maximum signal reception of the radio transmissions 
between 30 and 10. 

22. An antenna assembly in accordance with claim 19 
wherein: 

the reflector, when viewed from the opening, is rectan 
gular in croSS Section and has a width and a length 
across the width and length of the croSS Section which 
are less than 2.5 inches, and 

the loop, when Viewed from the opening, is rectangular in 
croSS Section and has a width and a length across the 
width and length of the croSS Section which are leSS 
than 2 inches, and 

the loop is centered Symmetrically with respect to the 
bottom of the reflector. 

23. An antenna assembly in accordance with claim 20 
wherein: 

the reflector, when viewed from the opening, is rectan 
gular in croSS Section and has a width and a length 
across the width and length of the croSS Section which 
are less than 2.5 inches, and 

the loop, when Viewed from the opening, is rectangular in 
croSS Section and has a width and a length acroSS the 
width and length of the croSS Section which are leSS 
than 2 inches, and 

the loop is centered Symmetrically with respect to the 
bottom of the reflector. 

24. An antenna assembly in accordance with claim 21 
wherein: 

the reflector, when viewed from the opening, is rectan 
gular in croSS Section and has a width and a length 
across the width and length of the croSS Section which 
are less than 2.5 inches, and 

the loop, when Viewed from the opening, is rectangular in 
croSS Section and has a width and a length acroSS the 
width and length of the croSS Section which are leSS 
than 2 inches, and 

the loop is centered Symmetrically with respect to the 
bottom of the reflector. 

25. An antenna assembly in accordance with claim 1 
further comprising: 
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a radio receiver containing the antenna assembly, the RF 
amplifier, a digital Signal processor, coupled to the RF 
amplifier and a display, coupled to the digital Signal 
processor, for displaying a received signal Strength 
indicator, the digital Signal processor controlling 
Switching of the first and Second Switching States and 
being responsive to a command to operate the antenna 
assembly as either an omnidirectional antenna during 
which the digital Signal processor compares the 
received signal Strength indicator representing the radio 
transmissions to a numerical value representing a Set 
range between a radio transmitter broadcasting the 
radio transmissions and the radio receiver and gener 
ates an alert when the comparison reveals that the radio 
transmissions are received from the radio transmitter 
outside the Set range or a directional antenna during 
which the digital Signal processor drives the display to 
display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude 
of the received signal Strength indicator may be used 
for direction finding of the transmitter relative to the 
radio receiver. 

26. An antenna assembly in accordance with claim 3 
further comprising: 

a radio receiver containing the antenna assembly, the RF 
amplifier, a digital Signal processor, coupled to the RF 
amplifier and a display, coupled to the digital Signal 
processor, for displaying a received signal Strength 
indicator, the digital Signal processor controlling 
Switching of the first and Second Switching states and 
being responsive to a command to operate the antenna 
assembly as either an omnidirectional antenna during 
which the digital Signal processor compares the 
received signal Strength indicator representing the radio 
transmissions to a numerical value representing a Set 
range between a radio transmitter broadcasting the 
radio transmissions and the radio receiver and gener 
ates an alert when the comparison reveals that the radio 
transmissions are received from the radio transmitter 
outside the Set range or a directional antenna during 
which the digital Signal processor drives the display to 
display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude 
of the received signal Strength indicator may be used 
for direction finding of the transmitter relative to the 
radio receiver. 

27. An antenna assembly in accordance with claim 4 
further comprising: 

a radio receiver containing the antenna assembly, the RF 
amplifier, a digital Signal processor, coupled to the RF 
amplifier and a display, coupled to the digital Signal 
processor, for displaying a received signal Strength 
indicator, the digital Signal processor controlling 
Switching of the first and Second Switching States and 
being responsive to a command to operate the antenna 
assembly as either an omnidirectional antenna during 
which the digital Signal processor compares the 
received signal Strength indicator representing the radio 
transmissions to a numerical value representing a Set 
range between a radio transmitter broadcasting the 
radio transmissions and the radio receiver and gener 
ates an alert when the comparison reveals that the radio 
transmissions are received from the radio transmitter 
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Outside the Set range or a directional antenna during 
which the digital Signal processor drives the display to 
display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude 
of the received signal Strength indicator may be used 
for direction finding of the transmitter relative to the 
radio receiver. 

28. An antenna assembly in accordance with claim 7 
further comprising: 

a radio receiver containing the antenna assembly, the RF 
amplifier, a digital Signal processor, coupled to the RF 
amplifier and a display, coupled to the digital Signal 
processor, for displaying a received signal Strength 
indicator, the digital Signal processor controlling 
Switching of the first and Second Switching States and 
being responsive to a command to operate the antenna 
assembly as either an omnidirectional antenna during 
which the digital Signal processor compares the 
received signal Strength indicator representing the radio 
transmissions to a numerical value representing a Set 
range between a radio transmitter broadcasting the 
radio transmissions and the radio receiver and gener 
ates an alert when the comparison reveals that the radio 
transmissions are received from the radio transmitter 
Outside the Set range or a directional antenna during 
which the digital Signal processor drives the display to 
display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude 
of the received signal Strength indicator is used for 
direction finding of the transmitter relative to the radio 
receiver. 

29. An antenna assembly in accordance with claim 19 
further comprising: 

a radio receiver containing the antenna assembly, the RF 
amplifier, a digital Signal processor, coupled to the RF 
amplifier and a display, coupled to the digital Signal 
processor, for displaying a received signal Strength 
indicator, the digital Signal processor controlling 
Switching of the first and Second Switching States and 
being responsive to a command to operate the antenna 
assembly as either an omnidirectional antenna during 
which the digital Signal processor compares the 
received signal Strength indicator representing the radio 
transmissions to a numerical value representing a Set 
range between a radio transmitter broadcasting the 
radio transmissions and the radio receiver and gener 
ates an alert when the comparison reveals that the radio 
transmissions are received from the radio transmitter 
Outside the Set range or a directional antenna during 
which the digital Signal processor drives the display to 
display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude 
of the received signal Strength indicator may be used 
for direction finding of the transmitter relative to the 
radio receiver. 

30. An antenna assembly in accordance with claim 22 
further comprising: 

a radio receiver containing the antenna assembly, the RF 
amplifier, a digital Signal processor, coupled to the RF 
amplifier and a display, coupled to the digital Signal 
processor, for displaying a received signal Strength 
indicator, the digital Signal processor controlling 
Switching of the first and Second Switching States and 
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being responsive to a command to operate the antenna 
assembly as either an omnidirectional antenna during 
which the digital Signal processor compares the 
received signal Strength indicator representing the radio 
transmissions to a numerical value representing a Set 
range between a radio transmitter broadcasting the 
radio transmissions and the radio receiver and gener 
ates an alert when the comparison reveals that the radio 
transmissions are received from the radio transmitter 
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Outside the Set range or a directional antenna during 
which the digital Signal processor drives the display to 
display a relative magnitude of the received signal 
Strength indicator So that the display of the magnitude 
of the received signal Strength indicator may be used 
for direction finding of the transmitter relative to the 
radio receiver. 


