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ABSTRACT

An extremely small, simple, digitally controlled tracking
device provides greater transceiver functionality by being
programmable across a wide frequency range and various
modulation formats with the same circuit components. Addi-
tionally, the programmable nature of the tracking device pro-
vides reliable scheduling functionality.
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PROGRAMMABLE TRACKING DEVICE AND
RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/894,543 filed Oct. 23, 2013,
which is incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention relates to tracking objects. More spe-
cifically, the invention is directed to a tracking device that is
programmable to accommodate a wide frequency range and
various modulation formats in addition to including a reliable
scheduling functionality.

BACKGROUND OF THE INVENTION

[0003] Tracking objects, such as wildlife, is a long-estab-
lished practice worldwide. Typically, radio tracking is per-
formed via small animal-carried transmitters or tags. Certain
tags are based on designs that are over 50 years old. Tags
operate by emitting a continuous wave (CW) radio-frequency
(RF) signal at pre-defined intervals. A directional antenna is
oriented to maximize the received signal strength, yielding a
line of bearing toward the tag.

[0004] For example, a typical tracking application involves
teams of tracking field technicians, who follow an animal on
foot, using a handheld antenna to obtain lines of bearing. This
operation is labor-intensive, and inevitably involves down-
time, during which any transmissions from the tag are useless
and waste precious battery energy. Although continuous
refinements have been made to tags including refinements
that have yielded very small, lightweight incarnations, some
of these incarnations have limited battery life.

[0005] Conventional tracking systems may employ a satel-
lite-based positioning system, for example, a Global Naviga-
tion Satellite System (GNSS) such as the Global Positioning
System (GPS). These systems typically include a receiver to
estimate position for an object, such as an animal. However,
in certain circumstances there may be interference with sat-
ellite signals used to estimate position of the object such as
during satellite outages, canopy cover or any other interfer-
ence. As an example, a GPS-based animal tracking system
typically provides approximately 70%-80% coverage, and
sometimes as low as 20%-30% due to canopy induced signal
loss. Another disadvantage includes that certain movement
paths and movement rates must be inferred from available
GPS data.

[0006] Certain existing tags can be used to track animal
migration and address environmental challenges such as cli-
mate and land use change, biodiversity to invasive species,
and the spread of infectious diseases. However, cost limits
their use to projects with sizable research budgets.

[0007] In addition, certain tags are complex resulting in a
large size with limited use. For example, larger tags may only
be used by larger objects or animals. Furthermore, larger
sized tags are bulky to transport.

[0008] Inaddition, available tags fail with respect to sched-
uling flexibility, operating frequency flexibility, modulation
flexibility, bill of materials/cost, and tag mass.

[0009] Virtually all commercial tags utilize the same or
similar design employing an electromechanical frequency
crystal to set the operating frequency of the tag, and several
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discrete circuit elements to control the tag transmit interval.
Most tracking applications require unique operating frequen-
cies for each tag deployed. With each tag fixed to operate at a
specific frequency, certain tracking applications may require
10 to 100 different tags, each operating at different frequen-
cies. Since each tag requires a unique frequency, many dif-
ferent crystals must be available to the manufacturer in order
to fabricate the tag in a timely manner. This poses supply-
chain challenges, since each tag manufacturer must either
keep many different crystals in stock, or wait for many weeks
while the crystal fabricator produces a crystal at the desired
frequency. Crystals also increase the bill of materials cost.
Additionally, once manufactured, each tag is “locked into” to
operating at the specific frequency that its crystal is designed
for. This prevents users from repurposing a tag to replace a
broken unit, or use in different applications that each may
require different operating frequencies.

[0010] Virtually all commercial Very High Frequency
(VHF) tags use a continuous wave radio-frequency output, an
arrangement that is compatible with most VHF tracking
receivers, but that fails to allow data transmission. Those tags
that differ from this convention are special-purpose and can-
not be reconfigured. Additionally, most VHF tags do not
include programmable tag scheduling functionality, a useful
feature that increases the effective tag lifetime by providing
the capability to inhibit transmissions by the tag during spe-
cific times.

[0011] The reliance on a wide variety of different crystal
parts, as well as an analog design, means that traditional tags
rely on the availability of a relatively large number of very
specific part numbers; problems in the availability of any of
these parts can cause production delays. Those few commer-
cial tags that do use a hybrid analog/digital design often rely
on custom digital circuitry. These tags need to recover the
high development costs of these components by charging a
higher tag unit cost.

[0012] Though the necessity for smaller tracking tags is
present across all user groups, researchers who study flying
animals are subject to especially stringent mass limitations.
The most widely used heuristic for sizing a tag on a flying
animal allows no more than 4% of the animal’s mass to be
added as additional tag payload. This means that roughly 25%
of birds require a tag with a mass of one gram or lower.
Though this need is beginning to be met by tags based on
conventional designs, these older designs do not yield suffi-
cient operating lifetimes.

[0013] Thus, thereis aneed fora tracking device that can be
used across a variety of applications. More specifically, there
is aneed for a small, cost effective tracking device that can be
programmed to accommodate a wide frequency range and
various modulation formats in addition to including a reliable
scheduling functionality. The invention satisfies this need.

SUMMARY OF THE INVENTION

[0014] This invention introduces an extremely small and
lightweight digitally-controlled programmable tracking
device for radio tracking objects. The invention may be used
with a wide variety of applications, for example, point-of-
sale, inventory control, supply chain management, wildlife
research such as wildlife radio telemetry, as well as to track
objects such as personal items (e.g. cell phones, keys). Fur-
ther applications may include any real-time locator systems
(RTLS) or proximity sensing.
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[0015] The tracking device according to the invention
incorporates specific improvements to the following features
over the current state-of-the-art: scheduling flexibility, oper-
ating frequency flexibility, modulation flexibility, bill of
materials/cost, and tag mass. Furthermore, the invention inte-
grates all of these features into a single device.

[0016] The invention allows flexible transmission schedul-
ing and can be configured at fabrication or deployment time
with a set calendar of transmission events, allowing each user
to tailor the operations of the tracking device to their unique
operating conditions, maximizing device runtime.

[0017] The tracking device overcomes operating frequency
limitations by employing a programmable frequency synthe-
sizer, allowing any specific frequency within a very broad
range to be set using software. This feature solves many
manufacturing and supply-chain issues and affords the end
user much greater flexibility in selecting an operating fre-
quency.

[0018] The tracking device according to the invention is
programmable over a wide frequency range including both
passive and active frequencies, for example, 120-140 KHz,
13.56 MHz, 433 MHz, 868-928 MHz, 2.45/5.8 GHz, 2.400
GHz-2.4835 GHz.

[0019] The device can be programmed to support a variety
of modulation formats within a set of formats using a modu-
lation function. Modulation formats include, for example,
continuous wave (CW), Gaussian frequency-shift keying
(GFSK), minimum-shift keying (MSK), Gaussian Minimum
Shift

[0020] Keying (GMSK), on-off keying (OOK), amplitude
modulation (AM), frequency shift keying (FSK), and phase
shift keying (PSK), to name a few. This flexibility allows the
tracking device to be readily customized using software,
allowing it to telemeter data, uniquely identify each tracking
device with an ID, or transmit a signal suitable for any appli-
cation such as time-of-flight tracking applications. For the
vast majority of applications, these capabilities are config-
ured via software and any related updates.

[0021] The programmable nature ofthe invention is accom-
plished with the same printed circuit board (PCB) compo-
nents. The invention uses new, widely available commercial
integrated circuits (IC’s) that reduce the bill of materials,
driving down assembly costs, tag unit costs, and tag mass.
[0022] The programmable scheduling of the tracking
device allows the available energy to be used more efficiently,
while the low parts count allows a greater proportion of the
tag’s total mass to be devoted to the power source.

[0023] According to the invention, “lifetime tags” powered
by new, high-performance solar cells and suitable energy
storage circuitry is provided in the tracking device. The
device does not require batteries or separate crystals. Thus, an
advantage of the invention includes a device that is operable
on solar power thereby eliminating the need for batteries and
associated problems such as battery replacement. The
device’s low energy consumption extends the life of the
device as compared to traditional devices.

[0024] Another advantage of the invention includes a
device that is small sized and lightweight, including for
example less than one gram. This feature enables the device to
be used with small animals and objects, as well as with
intensive studies requiring numerous tracking devices.
[0025] Another advantage of the invention includes a
device that provides automated localization in real-time with-
out human intervention.
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[0026] Common hardware allows mass-production and a
simplified supply chain. Another advantage is that the device
is programmable to provide low-cost customization and flex-
ible signal modulation for different applications.

[0027] In addition, the invention provides complete auto-
mated position monitoring of thousands of devices in real-
time, while consuming much lower power than conventional
tracking devices. As an example, thousands of animals can be
monitored simultaneously.

[0028] The invention and its attributes and advantages will
be further understood and appreciated with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The preferred embodiments of the invention will be
described in conjunction with the appended drawings pro-
vided to illustrate and not to the limit the invention, where like
designations denote like elements, and in which:

[0030] FIG. 1 illustrates a block diagram of an exemplary
embodiment of a system according to the invention.

[0031] FIG. 2 illustrates a block diagram of an exemplary
embodiment of a tracking device according to the invention.

DETAILED DESCRIPTION

[0032] FIG. 1 illustrates a block diagram of an exemplary
embodiment of a system 50 according to the invention. A
tracking device 100 and receiver unit 75 are in two-way
communication to exchange transmission events and receive
events. Receiver unit 75 runs real-time matched filter detec-
tors, and uses Global Positioning System (GPS) disciplined
clocks to maintain synchronization. Each transmission event
from the tracking device 100 to the receiver unit 75 is time-
stamped. Similarly, each receive event from the receiver unit
75 to the tracking device 100 may be time-stamped. Various
data may be computed by the tracking device 100 and receiver
unit 75. Data may include position, temperature of the object
or its surrounding environment, distance, height, etc. to name
a few. As an example, position may be computed by the
receiver unit 75, for example using a time of arrival algorithm,
based on arrival times of each transmission event. In contrast,
the tracking device 100 may compute position based on
arrival times of a receive event.

[0033] FIG. 2 illustrates a block diagram of an exemplary
embodiment of a tracking device 100 according to the inven-
tion. According to this embodiment, the device 100 weighs
approximately 1.5 grams; however, any light-weight is con-
templated.

[0034] The tracking device 100 includes a central process-
ing unit (CPU) 102, one or more crystals 104, one or more
sensors 106, a transceiver 108, a non-volatile memory mod-
ule 110, a Radio Frequency (RF) amplifier 112, a low-noise
amplifier 114, and a transceiver switch 116, and an antenna
118.

[0035] The CPU 102 provides onboard processing, aggre-
gation and storage of data. The CPU 102 includes program-
mable software that enables a user to set program parameters
for the device 100. Program parameters allow the device 100
to accommodate a wide frequency range and various modu-
lation formats in addition to including a reliable scheduling
functionality. The program parameters, of the device 100 can
be configured at fabrication or deployment time, allowing
each user to tailor the operations of the tracking device to a
specific application with unique operating conditions, maxi-
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mizing device runtime. The CPU 102 is in communication
with a serial interface through trace 151 to facilitate program-
ming of the device 100. Specifically, the program parameters
selected by the user are communicated to the CPU 102 via
trace 151. Depending on the program parameters selected by
the user, the CPU 102 may further program the transceiver
108.

[0036] The hardware of the transceiver 108 includes a pro-
grammable frequency synthesizer that is programmable to
generate any frequency within a range of frequencies from a
single fixed time-base or oscillator. Allowing frequencies to
be set and/or changed at any time affords the end user much
greater flexibility in selecting an operating frequency. The
tracking device according to the invention is programmable
over a wide frequency range including both passive and active
frequencies, for example, 120-140 KHz, 13.56 MHz, 433
MHz, 868-928 MHz, 2.45/5.8 GHz, 2.400 GHz-2.4835 GHz.
However, any frequency is contemplated. For example, in one
embodiment the invention uses ISM (Industrial, Scientific
and Medical) bands that are open frequency bands that allow
for operation without a license.

[0037] The transceiver 108 can be programmed to accom-
modate a modulation format selected from a set of formats
using a modulation function. Modulation is used to vary one
or more properties of a frequency signal with a modulating
signal that typically contains information to be transmitted.
Allowing modulation formats to be set and/or changed at any
time affords the end user much greater flexibility in selecting
an operating modulation format for any desired use of the
tracking device 100. Examples of types of modulation for-
mats, include for example, continuous wave (CW), Gaussian
frequency-shift keying (GFSK), minimum-shift keying
(MSK), Gaussian Minimum Shift Keying (GMSK), on-off
keying (OOK), amplitude modulation (AM), frequency shift
keying (FSK), and phase shift keying (PSK), allowing the
device 100 to telemeter data, uniquely identify each tracking
device with an ID, or transmit a signal suitable for any appli-
cation such as time-of-flight tracking applications.

[0038] The CPU 102 can be programmed to accommodate
any reliable scheduling functionality to allow flexibility in
operation of the device 100. For example, the tracking device
100 can include a scheduling function that can be pro-
grammed to dispatch a specific transmission event cycle, e.g.,
transmit or receive frequencies including data at specific time
intervals or to power off during certain time periods. Sched-
uling may also enable a set calendar of transmission events.
Allowing flexibility in programming operation affords the
end user much greater flexibility in selecting an operation
schedule that may optimize results as well as decrease power
consumption by the device increasing its operating lifetime.
[0039] The device 100 includes one or more crystals 104
connected to the CPU 102. However, in certain embodiments
of the invention the one or more crystals 104 may be con-
nected to the transceiver 108. The crystals 104 electromag-
netically control the operating frequency of oscillators in the
CPU 102 and the frequency synthesizer in the transceiver
108. It is contemplated that the frequency synthesizer can
derive any output frequency from a single crystal frequency.
[0040] One or more sensors 106 may include any type of
sensor such as wireless sensors. However, in one embodiment
according to the invention the sensors 106 are solar cells that
convert the energy of light directly into electricity by the
photovoltaic effect. Sensor 106 provides the electricity via
trace 153 to the CPU 102, including crystals 104.
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[0041] Threetraces 155,157, 159 connect the CPU 102 and
transceiver 108. Trace 155 provides clock signals for use in
synchronizing the circuit operation. Trace 157 is the data bus
that communicates the data obtained by the tracking device
100. Data may include position, temperature of the object or
its surrounding environment, distance, height, etc. to name a
few. Trace 159 communicates the programmed parameters
relating to frequency, modulation format and operation
schedule from the CPU 102 to the transceiver 108.

[0042] The data and the programmed parameters can be
stored in non-volatile memory module 110. One example of a
non-volatile memory module includes for example, a flash
module. The non-volatile memory module 110 may be used
to aggregate and store data and programmed parameters. For
example, data may be aggregated by grouping similar events
together, for example based on device ID and time-range
values. The non-volatile memory module 110 and CPU 102
exchange data and programmed parameters via trace 163.
[0043] Transceiver 108 comprises both a transmitter and a
receiver that share common circuitry. Based on the informa-
tion provided by the CPU 102, transceiver 108 performs a
transmission event. Specifically, the transceiver 108 produces
radio frequency alternating current that is sent via trace 165
through a RF amplifier 112. The RF amplifier 112 increases
the power of a signal for the antenna 118 to transmit. In a first
state, a transceiver switch 116 applies the current to the multi-
directional antenna 118 to produce radio signals that are
received by the receiver unit 75 (see FIG. 1).

[0044] In addition to transmission events, the transceiver
switch 116 may perform receive events. In a second state, the
transceiver switch 116 receives radio signals from the antenna
118 that are sent via trace 167 through a low-noise amplifier
114 to the transceiver 108. The low-noise amplifier 114
amplifies possibly very weak signals, for example, captured
by an antenna 118 before sending them to the transceiver 108.
The signals include data that is sent via data bus 157 from the
transceiver 108 to the CPU 102.

[0045] The CPU 102 and transceiver switch 116 commu-
nicate via trace 161. The CPU 102 may dictate whether the
transceiver switch 116 is in a first state for transmission events
or a second state for receive events. In addition, the switch
116 may communicate information to the CPU 102 via trace
161.

[0046] While the disclosure is susceptible to various modi-
fications and alternative forms, specific exemplary embodi-
ments of the invention have been shown by way of example in
the drawings and have been described in detail. It should be
understood, however, that there is no intent to limit the dis-
closure to the particular embodiments disclosed, but on the
contrary, the intention is to cover all modifications, equiva-
lents, and alternatives falling within the scope of the disclo-
sure as defined by the appended claims.

1. A device for tracking an object, comprising:

a central processing unit (CPU) including software with
programmable program parameters to set operating fre-
quency, modulation format, and operation schedule, the
central processing unit comprising a scheduling func-
tion programmable to schedule transmission events;

one or more solar cells configured to power the device;

a transceiver configured to enable transmission events and
receive events according to the programmable program
parameters, the transceiver comprising a frequency syn-
thesizer and a modulation function, the frequency syn-
thesizer programmable to generate any frequency within
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arange of frequencies and the modulation function pro-
grammable to select a modulation format from a set of
formats;

a transceiver switch including a first state that enables the
transmission events and a second state that enables the
receive events; and

an antenna configured to transmit the transmission events
from the device and receive the receive events to the
device.

2. The device for tracking an object according to claim 1,
wherein the program parameters include scheduling of
receive events.

3. The device for tracking an object according to claim 1,
further comprising Radio Frequency (RF) amplifier to
amplify power of signals for transmission by the antenna.

4. The device for tracking an object according to claim 1,
further comprising a low-noise amplifier to amplify weak
signals captured by the antenna.

5. The device for tracking an object according to claim 1,
wherein the scheduling function is programmable to inhibit
transmission from the device during specified times.

6. The device for tracking an object according to claim 1,
further comprising a nonvolatile memory module for aggre-
gating and storing data and the programmable program
parameters.
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