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(57) ABSTRACT

Inexpensive position sensing devices that allow widespread
use and availability of position information are disclosed.
One embodiment of the position-sensing device acquires,
down converts and extracts raw position data from position
signals. Then, the position-sensing device wirelessly trans-
mits the raw position data to a position-computing device,
which converts the raw position data into the position of the
device. The position-computing device can also receive aux-
iliary information from auxiliary sensors, and perform ana-
lyzes based on the position and the auxiliary information. The
position-computing device can re-transmit the position and
auxiliary information to a remote site for further analysis
and/or central storage. The remote site can also download
information to the position-computing device. The position-
computing device can also control an actuator to perform an
operation.
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INEXPENSIVE POSITION SENSING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of U.S. patent applica-
tion Ser. No. 10/397,640, filed Mar. 26, 2003, now U.S. Pat.
No. 7,321,794, and entitled “INEXPENSIVE POSITION
SENSING DEVICE,” which application claims benefit of: (1)
U.S. Provisional Patent Application No. 60/444,198, filed
Jan. 30, 2003, and entitled “SYSTEM, METHOD AND
APPARATUS FOR ACQUIRING, PRESENTING, MONI-
TORING, DELIVERING, MANAGING AND USING STA-
TUS INFORMATION,” which is hereby incorporated herein
by reference; (ii) U.S. Provisional Patent Application No.
60/418,491, filed Oct. 15, 2002, and entitled “SYSTEM,
METHOD AND APPARATUS FOR ACQUIRING, PRE-
SENTING, MONITORING, DELIVERING, MANAGING
AND USING STATUS INFORMATION,” which is hereby
incorporated herein by reference; (iii) U.S. Provisional Patent
Application No. 60/404,645, filed Aug. 19, 2002, and entitled
“SYSTEM, METHOD AND APPARATUS FOR ACQUIR-
ING, PRESENTING, MONITORING, DELIVERING,
MANAGING AND USING POSITION AND OTHER
INFORMATION,” which is hereby incorporated herein by
reference; and (iv) U.S. Provisional Patent Application No.
60/375,998, filed Apr. 24, 2002, and entitled “SYSTEM,
METHOD AND APPARATUS FOR ACQUIRING, PRE-
SENTING, MANAGING AND USING POSITION INFOR-
MATION,” which is hereby incorporated herein by reference.

This application is also related to: (i) U.S. patent applica-
tion Ser. No. 10/397,473, filed Mar. 26, 2003, and entitled
“METHOD AND APPARATUS FOR INTELLIGENT
ACQUISITION OF POSITION INFORMATION,” now U.S.
Pat. No. 6,975,941; (ii) U.S. patent application Ser. No.
10/397,472, filed Mar. 26, 2003, and entitled “METHODS
ANDAPPARATUS TOANALYZE AND PRESENT LOCA-
TION INFORMATION,” NOW U.S. Pat. No. 7,218,938; (iii)
U.S. patent application Ser. No. 10/397,637, filed Mar. 26,
2003, and entitled “METHOD AND SYSTEM FOR PRO-
VIDING SHIPMENT TRACKING AND NOTIFICA-
TIONS;,” now U.S. Pat. No. 7,212,829; (iv) U.S. patent appli-
cation Ser. No. 10/397,641, filed Mar. 26, 2003, and entitled
“METHOD AND SYSTEM FOR PERSONALIZED MEDI-
CAL MONITORING AND NOTIFICATIONS THEREFOR,
now U.S. Pat. No. 7,905,832;” (v) U.S. patent application Ser.
No. 10/397,474, filed Mar. 26, 2003, and entitled “METHOD
AND SYSTEM FOR ENHANCED MESSAGING, now U.S.
Pat. No. 7,403,972;” and (vi) U.S. patent application Ser. No.
10/397,512, filed Mar. 26, 2003, and entitled “APPLICA-
TIONS OF STATUS INFORMATION FOR INVENTORY
MANAGEMENT.”

BACKGROUND OF THE INVENTION

The present invention relates generally to a position-sens-
ing device and more particularly to an inexpensive position-
sensing device that may include other types of sensors.

It is extremely useful to be able to automatically and con-
tinually identify the location of an object or a person, particu-
larly if this can be done inexpensively. Imagine a week from
now is your first wedding anniversary. Due to business rea-
sons, you suddenly are called to travel to a remote site, thou-
sands of miles away from your spouse. She is terribly
annoyed by your absence. It is an important day. Fortunately,
immediately after arrival at the site, you have succeeded in
getting her some very nice gifts. An express service promises
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that she will get the gifts exactly on the anniversary day,
which is four days from now. Wouldn’t it give you the peace
of mind if you could periodically track the location of the
package during the next four days? Four days later, assuming
that the gifts will be arriving at your home in the next twenty
minutes, wouldn’t she be thrilled if she gets an intimate call
from you, and during the call, the gifts arrive right at her
doorsteps? She probably will forgive you for not being with
her during the first wedding anniversary. There may even be
some pleasant surprises waiting for you when you get home!

Let’s step back and assume that the gifts include a pair of
exotic fruits from the Orient. You know your spouse has never
tasted such fruits before and she would love to taste them. You
also know it is going to take four days before the gifts reach
your house. To keep their freshness, the fruits have to be
refrigerated during the trip at a temperature below 50 degree
Fahrenheit. The express service guarantees that your gifts will
be kept at low temperature, not higher than 45 degrees. You
constantly worry that the power to the refrigerator may be
accidentally turned off, causing the temperature to gradually
go up, and mining the fruits. Wouldn’t you be willing to pay
a small price if the express service provides a feature where
your pager would beep if the ambient temperature of your
gifts goes above 45 degrees? This will then allow you to
immediately call the express service and sound the alarm.

Even if what have been described is technologically fea-
sible, it would probably be prohibitively expensive. One of
the critical barriers is the position sensor indicating the loca-
tion of the gifts. A typical global-positioning system (GPS)
receiver, such as one in a car, costs about two thousand dollars
(US$2000.00). A handheld GPS system for hiking costs more
than two hundred and fifty dollars (US$250.00). The auto
manufacturers may be able to afford to have such an expen-
sive item for vehicle navigation of automobiles. It is incon-
ceivable to expect common citizens to be able to afford such
a device.

In addition, the sizes of the systems can be an annoying
factor. You don’t want the systems to be a few times larger in
size or heavier in weight than your gifts. The cost of transport
will then be predominately due to the systems. Imagine you
are using Federal Express to send your company brochure—a
few ounces—to a customer. It is unreasonable to attach a
four-pound GPS system to the Federal Express package. One
way to get around this hurdle is wait till there is a critical mass
accumulated before shipping to a destination. But, customers
go for an express service because they want speedy delivery,
and thus are probably not willing to wait.

It should be apparent from the foregoing that there is a
genuine need for an inexpensive position-sensing device.
Such a device would probably be suitable for many more
applications if it has a small form factor.

SUMMARY OF THE INVENTION

In general, the present invention relates to an inexpensive
position-sensing device that allows widespread use and avail-
ability of position information. The availability of position
information in an inexpensive manner is highly desirable.
However, there are a number of factors preventing such avail-
ability, such as cost and, sometimes, the size of the sensors. In
one approach, the present invention provides an inexpensive
position-sensing device that can be attached to or located on
an object. In another embodiment, the position-sensing
device is in a convenient form factor applicable for transport.
Based on a number of embodiments of the present invention,
position information can become not only a sought-after fea-
ture, but also a common commodity.
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One embodiment of the invention includes a position-sens-
ing device, which can be based on GPS technology. After
acquiring position signals, the device extracts raw position
data from the signals. Then, the device wirelessly transmits
the raw position data to a position-computing device. The
position-computing device can be used to convert the raw
position data received into the position of the position-sens-
ing device. The position-computing device can also receive
auxiliary information from auxiliary sensors. Further analy-
sis can then be performed based on the position and the
auxiliary information. Examples of auxiliary sensors are
pressure sensor, smoke detectors and heat sensors. The aux-
iliary sensors can capture their corresponding auxiliary infor-
mation and provide them to the position-computing device.

The position-computing device can re-transmit the posi-
tion of the position-sensing device with the auxiliary infor-
mation to a remote site for additional analysis. The remote site
can include a website. The remote site can provide additional
intelligence and send different types of information back to
the position-computing device. For example, location, map or
traffic information can be downloaded to the position-com-
puting device.

The position-computing device can also control an actua-
tor. Based on an analysis performed by the remote site, the
position-computing device can send a signal to an actuator to
perform an operation. The operation can simply be displaying
a message, flashing a signal or turning on a heater.

In one embodiment, the position-sensing device does not
include a keyboard or display. This facilitates the position-
sensing device in being compact in size and inexpensive. In
addition, in another embodiment, a number of components of
the position-sensing device’s circuitry can be integrated
together. For example, the components can be incorporated
on two semiconductor chips, one substantially for radio-fre-
quency circuits and the other for low-frequency baseband
processing circuits. With the advantageous size and cost ben-
efits, the position-sensing devices can be conveniently
included into packages for shipment to track the packages, or
can be attached to a person for monitoring purposes.

In one approach, an auxiliary sensor can be integrated into
the position-sensing device, and the fabrication process can
include micromachining techniques.

Other aspects and advantages of the present invention will
become apparent from the following detailed description,
which, when taken in conjunction with the accompanying
drawings, illustrates by way of example the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one embodiment of the present invention.

FIG. 2 shows a number of embodiments for the position-
computing device of the present invention.

FIG. 3 shows examples of connections made by the posi-
tion-computing device of the present invention.

FIG. 4 shows examples of auxiliary sensors of the present
invention.

FIG. 5 shows examples of information provided by the
remote site of the present invention.

FIG. 6 shows examples of actions performed by an actuator
of the present invention.

FIG. 7 shows one embodiment of the position-sensing
device of the present invention.

FIG. 8 shows one embodiment of the position-sensing
device of the present invention having a high-frequency and a
low-frequency circuit.
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FIG. 9 shows examples of component sharing in the high-
frequency section of the position-sensing device of the
present invention.

FIG. 10 illustrates one example of a high-frequency circuit
of the position-sensing device of the present invention.

FIG. 11 shows examples of component sharing in the low-
frequency circuit of the present invention.

FIG. 12A shows one embodiment of low-frequency circuit
of the position-sensing device of the present invention.

FIG. 12B shows examples of integrating a position-sensing
device with different types of auxiliary sensors.

FIG. 13 shows examples of the position-sensing device
form factor of the present invention.

FIG. 14 shows examples of fabrication techniques for the
present invention.

FIG. 15 shows an example of a micromachined accelerom-
eter for the present invention.

FIG. 16 shows examples of applications for the present
invention.

FIG. 17 is a block diagram of a mobile device according to
one embodiment of the invention.

FIG. 18 shows a number of structural issues regarding the
devices for the present invention.

FIG. 19 shows one embodiment of the invention that
includes two modes of transmissions.

Same numerals in FIGS. 1-19 are assigned to similar ele-
ments in all the figures. Embodiments of the invention are
discussed below with reference to FIGS. 1-19. However,
those skilled in the art will readily appreciate that the detailed
description given herein with respect to these figures is for
explanatory purposes as the invention extends beyond these
limited embodiments.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a position-sensing device 102 according to
one embodiment of the invention. The position-sensing
device 102 can be coupled to a position-computing device
110, which, in turn, can be coupled to an auxiliary sensor 108,
a remote site 104, and an actuator 106. The position-sensing
device 102 can be based on global positioning system (GPS)
technology, and can be compact and inexpensive. In one
implementation, in a general sense, the position-sensing
device 102 only has to track the GPS satellites and send raw
position data to the position-computing device 110 where
position computation can be performed. The position-sensing
device 102 can be very portable. For example, one can easily
affix the position-sensing device 102 to a person, package or
other object. As another example, the position-sensing device
102 can be temporarily placed within a vehicle and easily
carried from one vehicle to another.

In one approach, the position-computing device 110
receives and converts the raw position data from the position-
sensing device 102 into the position of the position-sensing
device. In another approach, the position-computing device
110 can receive the raw position data from the position-
sensing device 102 and then forward the raw position data (or
a partially processed version thereof) to a remote computing
device (e.g., remote server) for additional processing.

In one embodiment, a position sensor as used herein refers
to a system, apparatus or device that includes not only a
position-sensing device but also a position-computing
device. For example, with respect to FIG. 1, the position-
sensing device 102 and the position-computing device 110
can together be referred to as a position sensor.

FIG. 2 shows a number of embodiments for the position-
computing device 110. The position-computing device 110






