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METHODS AND DEVICES FOR ANALYZING
GOLF SWINGS

BACKGROUND

[0001] Embodiments of the present invention relate to golf
swing analysis methods and devices. More particularly,
embodiments of the invention relate to methods and devices
that associate actual golf ball flight data with sensed swing
characteristic data.

[0002] Golf is one of the most difficult sports to learn
because relatively minor golf swing errors can result in exag-
gerated mis-hits. For example, a relatively minor mis-posi-
tioning of a golf club head face (e.g. closed club face or open
club face) may result in a severe slice (ball curves right) or
hook (ball curves left).

[0003] Because most golf swing errors are difficult to detect
by the naked eye, a great variety of automated swing analysis
systems have been developed. Some of these systems detect
golf swing characteristics with video equipment, lasers,
acceleration sensors, or other technologies and then attempt
to predict a golf ball’s trajectory or resting place based on the
sensed swing characteristics. For example, a swing analysis
system may sense an open club face and then display or
otherwise indicate a slice, because an open club face often
results in a slice. Unfortunately, such predictions are often
inaccurate because the same swing characteristic, when
slightly changed, may result in different ball flight trajectories
and distances. Moreover, many golfers have multiple swing
flaws that, when combined, result in difficult to predict
results. For example, many novice golfers simultaneously
swing “over-the-top” (downswing starts outside ball and ends
inside ball) and close their club face. The first error often
results in a slice, whereas the second often results in a hook or
pull-hook. Combined, the two errors can result in any of these
mis-hits or even a relatively straight (although weak) shot.
Therefore, existing swing analysis systems often fail to accu-
rately predict the actual trajectory or resting place of golf
balls.

SUMMARY

[0004] Embodiments of the present invention provide a
distinct advance in the art of golf swing analysis methods and
devices by providing a method and device that associates
actual ball flight data with sensed swing characteristic data.
Embodiments of the invention may be implemented with an
electronic device that includes a location-determining com-
ponent; asensor; a display; and a computing device all housed
within a portable, handheld or wearable enclosure. The elec-
tronic device and its components illustrated and described
herein are merely examples of a device and components that
may be used to implement embodiments of the invention and
may be replaced with other devices and components without
departing from the scope of the claims.

[0005] The location determining component is used to
determine an approximate start position of a golf ball and an
approximate rest position of the golf ball after it has been
struck. In one embodiment, the location-determining compo-
nent is a satellite navigation receiver that receives satellite
signals from a plurality of satellites and determines location
information as a function of the satellite signals. In other
embodiments, the location determining component may
receive location information from other external devices such
as a separate satellite navigation receiver.
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[0006] The sensor senses at least one swing characteristic
of'the golfer or the golfer’s golf club as the golfer strikes the
golf ball. For example, the sensor may sense a club head loft
angle, a club head face angle, a club head velocity, a club
swing path, a club swing plane, the golfer’s stance, the golf-
er’s head position, swing timing, the golfer’s backswing, the
golfer’s impact position, the golfer’s follow-through, the
golfer’s shoulder rotation, the golfer’s wrist angle, or any
other aspect of a golf swing.

[0007] In some embodiments, the sensor may be config-
ured to be placed on the ground near a golfball to be struck so
as to sense a movement, speed, or position of a golf club as it
strikes the ball. For example, the sensor may be a position or
motion type sensor including a radiation source for providing
a plane of radiation through which a golf club can pass, a
radiation sensor or reflector carried by the golf club, a timing
circuit operable for determining a time period between pas-
sage of portions of the golf club head through the radiation
plane, and a processing system for processing the time period
and calculating a characteristic value for club head movement
through a ball impact zone. The sensed club head character-
istic may be, for example, the club’s loft angle, face angle,
velocity, path or other measurable characteristic.

[0008] Inotherembodiments, the sensor may be configured
to be worn or carried by the golfer to sense a swing charac-
teristic based on the golfer’s movements. For example, the
sensor may be an inertial type sensor including one or more
accelerometers and a processing system. The accelerometers
measure accelerations of the golfer’s arm or other body part,
and the processing system estimates a motion parameter uti-
lizing the acceleration measurements. The motion parameter
may be, for example, a duration of the golfer’s backswing,
downswing, or follow-through or a speed or tempo of the
golfer’s swing or portion of a swing.

[0009] Instill other embodiments, both a motion-type sen-
sor and an inertial-type sensor may be used to sense the same
swing characteristics or may be used to sense different but
related swing characteristics. The sensor or sensors described
herein for sensing swing characteristics may be replaced with
other known golf swing sensors.

[0010] The computing device is coupled with the location-
determining component and the sensor for calculating ball
flight data and associating it with data for the sensed swing
characteristics. The ball flight data may be calculated based
on the approximate start position and the approximate rest
position of the golf ball and may include, for example, a
driving distance or other distance of the golf ball; an angle
between the approximate start position and approximate rest
position of the golf ball; a distance between the approximate
rest position of the golf ball and a fairway; a distance between
the approximate rest position of the golf ball and a green; a
distance between the approximate rest position of the golf
ball and a portion of a green; a distance between the approxi-
mate rest position of the golf ball and a flagstick; or a distance
between the approximate rest position of the golf ball and a
hazard.

[0011] The computing device may associate the ball flight
data with the swing characteristic data by storing the data
together in memory, linking the data in memory, displaying
representations of the data together, or by any other method.
In some embodiments, the computing device may also asso-
ciate the ball flight data and swing characteristic data by
creating a reference profile for a golfer based on the ball flight
data and the swing characteristic data for a plurality of golf
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swings. The computing device may also associate ball flight
data and/or swing characteristic data with particular golf
clubs.

[0012] The housing may be sized and configured so it can
be laid on the ground in the vicinity of a golf ball to be struck
to sense a swing characteristic. In other embodiments, the
housing is wearable, much like a watch, to sense a swing
characteristic based on a user’s arm or other body movements
while swinging. In yet other embodiments, the electronic
device may consist of both a handheld device and a wearable
device that each perform some of the functions described
herein.

[0013] These and other aspects of the present invention are
described more fully in the detailed description below.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0014] Embodiments ofthe present invention are described
in detail below with reference to the attached drawing figures,
wherein:

[0015] FIG. 1 is an isometric view of an electronic device
that may be used to implement exemplary embodiments of
the present invention;

[0016] FIG. 2 is an isometric view of an electronic device
constructed in accordance with another exemplary embodi-
ment of the invention;

[0017] FIG. 3 is an isometric view of a golfer using the
device of FIG. 1 in accordance with certain aspects of the
invention;

[0018] FIG. 4 is an isometric view of a golfer wearing and
using the device of FIG. 3 in accordance with certain aspects
of the invention;

[0019] FIG. 5 is a block diagram illustrating certain com-
ponents of the devices of FIGS. 1 and 2;

[0020] FIG. 6 is a schematic diagram of a Global Naviga-
tion Satellite System (GNSS) that may be used to send navi-
gation signals to the electronic device of FIG. 1 and/or FIG. 2;
[0021] FIG. 7 is a sample screen display of the electronic
device of FIG. 1 or FIG. 3 or of an external computing device;
[0022] FIG. 8 is another sample screen display of the elec-
tronic device of FIG. 1 or FIG. 2 or of an external computing
device;

[0023] FIG. 9 is another sample screen display of the elec-
tronic device of FIG. 1 or FIG. 2 or of an external computing
device;

[0024] FIG. 10 is another sample screen display of the
electronic device of FIG. 1 or FIG. 2 or of an external com-
puting device;

[0025] FIG. 11 is another sample screen display of the
electronic device of FIG. 1 or FIG. 2 or of an external com-
puting device;

[0026] FIG. 12 is another sample screen display of the
electronic device of FIG. 1 or FIG. 2 or of an external com-
puting device;

[0027] FIG. 13 is a flow diagram illustrating selected steps
in an exemplary method of the present invention; and
[0028] FIG. 14 is a flow diagram illustrating selected steps
in another exemplary method of the present invention.
[0029] The drawing figures do not limit the present inven-
tion to the specific embodiments disclosed and described
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herein. The drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of
the invention.

DETAILED DESCRIPTION

[0030] The following detailed description of the invention
references the accompanying drawing figures that illustrate
specific embodiments in which the present invention can be
practiced. The embodiments are intended to describe aspects
of the invention in sufficient detail to enable those skilled in
the art to practice the invention. Other embodiments can be
utilized and changes can be made without departing from the
scope of the present invention. The following detailed
description is, therefore, not to be taken in a limiting sense.

[0031] Embodiments of the present invention can be imple-
mented in hardware, software, firmware, or a combination
thereof. In one embodiment, the invention is implemented
with an electronic device 10, an example of which is illus-
trated in FIG. 1. Another exemplary electronic device 10A is
illustrated in FIGS. 2 and 4 and discussed in more detail
below. The electronic devices 10 or 10A may be stand-alone
devices or may be incorporated with other types of devices
such as a navigation-enabled mobile phone, personal digital
assistant, satellite navigation receiver, or any other electronic
device. The embodiments of the electronic devices 10, 10A
and their components illustrated and described herein are
merely examples of devices and components that may be used
to implement the present invention and may be replaced with
other devices and components without departing from the
scope of the present invention.

[0032] An exemplary embodiment of the electronic device
10 is illustrated in FIG. 5 and includes a location-determining
component 12, a swing sensor 14, a computing device 16, and
a display 18. The electronic device 10 may also include
memory 20, a user interface 22, a power source 24, a com-
munications component 26, one or more I/O ports 28, and a
housing 30, 30A for housing the various components of the
device 10. As described in more detail below, the alternative
embodiment of the electronic device 10A includes the same
or similar components.

[0033] The location determining component 12 determines
locations of the device 10 as it is carried or otherwise moved
from place to place and generates and sends corresponding
location data to the computing device 16 so that it may be
linked or otherwise associated with sensed swing character-
istic data as described in more detail below. In some embodi-
ments, the location determining component 12 determines an
approximate start position of a golf ball before, or generally
concurrently with, the striking of the golf ball and an approxi-
mate landing or rest position of the golf ball after it has been
struck.

[0034] The location determining component 12 may be a
satellite navigation receiver that works with a global naviga-
tion satellite system (GNSS) such as the global positioning
system (GPS) primarily used in the United States, the GLO-
NASS system primarily used in the Soviet Union, or the
Galileo system primarily used in Europe. FIG. 6 shows a
representative view of a GNSS denoted generally by refer-
ence numeral 32. A plurality of satellites 34 are in orbit about
the Earth 36. The orbit of each satellite is not necessarily
synchronous with the orbits of other satellites and, in fact, is
likely asynchronous. A satellite navigation receiver device
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such as the electronic device 10 or 10A is shown receiving
spread spectrum satellite signals from the various satellites
36.

[0035] The spread spectrum signals continuously transmit-
ted from each satellite 34 utilize a highly accurate frequency
standard accomplished with an extremely accurate atomic
clock. Each satellite 34, as part of its data signal transmission,
transmits a data stream indicative of that particular satellite.
The device 10 or 10A must acquire spread spectrum satellite
signals from at least three satellites for the receiver device to
calculate its two-dimensional position by triangulation.
Acquisition of an additional signal, resulting in signals from
a total of four satellites, permits the device 10 or 10A to
calculate its three-dimensional position.

[0036] The location determining component 12 and the
computing device 16 are operable to receive navigational
signals from the satellites 34 and to calculate positions of the
device 10 as a function of the signals. The location determin-
ing component 12 and computing device 16 may also deter-
mine track logs or any other series of geographic coordinates
corresponding to points along a golf course or other path
traveled by a user of the device 10. The location determining
component 12 and/or the computing device 16 may also be
operable to calculate routes to desired locations, provide
instructions to navigate to the desired locations, display maps
and other information on the display screen 18, and to execute
other functions described herein.

[0037] The location determining component 12 may
include an antenna to assist in receiving the satellite signals.
The antenna may be a patch antenna, a linear antenna, or any
other type of antenna that can be used with navigational
devices. The antenna may be mounted directly on or in the
housing 30 or 30 A or may be mounted external to the housing.
[0038] The location determining component 12 may
include one or more processors, controllers, or other comput-
ing devices and memory so that it may calculate location and
other geographic information without the computing device
16 or it may utilize the components of the computing device
16. Further, the location determining component 12 may be
integral with the computing device 16 such that the location
determining component 12 may be operable to specifically
perform the various functions described herein. Thus, the
computing device 16 and location determining component 12
can be combined or be separate or otherwise discrete ele-
ments.

[0039] Although embodiments of the electronic device 10
or 10A may include a satellite navigation receiver, it will be
appreciated that other location-determining technology may
be used. For example, the communication component 26 may
be used to determine the location of the device 10 or 10A by
receiving data from at least three transmitting locations and
then performing basic triangulation calculations to determine
the relative position of the device with respect to the trans-
mitting locations. For example, cellular towers or any cus-
tomized transmitting radio frequency towers can be used
instead of satellites. With such a configuration, any standard
geometric triangulation algorithm can be used to determine
the location of the electronic device.

[0040] In other embodiments, the location determining
component 12 need not directly determine the current geo-
graphic location of the device 10 or 10A. For instance, the
location determining component 12 may determine the cur-
rent geographic location through a communications network,
such as by using Assisted GPS (A-GPS), or from another
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electronic device. The location determining component may
even receive location data directly from a user. For example,
auser may obtain location data for a golf ball before and after
it has been struck from another satellite navigation receiver or
from another source and then manually input the data into the
device 10.

[0041] The electronic device 10 or 10A may also include or
be coupled with a pedometer, accelerometer, compass, or
other dead-reckoning components which allow it to deter-
mine the device’s location, and hence the position or location
of a golf ball when the location determining component 12
cannot receive satellite or other signals.

[0042] The sensor 14 senses at least one swing character-
istic of the golfer or the golfer’s golf club as the golfer strikes
the golf ball. For example, the sensor 14 may sense a club
head loft angle, a club head face angle, a club head velocity,
a club swing path, a club swing plane, the golfer’s stance, the
golfer’s head position, the golfer’s backswing, the golfer’s
impact position, the golfer’s follow-through, the golfer’s
shoulder rotation, the golfer’s wrist angle, or any other aspect
of'a golf swing.

[0043] Inthe embodiment of the device 10 shown in FIGS.
1 and 2, the sensor 14 may be a position or motion type sensor
configured to sense a position or orientation of a golf club
head 38 before, during, or after it strikes a golf ball 39. The
sensor 14 may include a radiation source 40 for providing a
plane of radiation through which the golf club can pass, at
least one radiation sensor 42 carried by the golf club, a timing
circuit operable for determining a time period between pas-
sage of portions of the golf club head through the radiation
plane, and a processing system for processing the time period
and calculating a characteristic value for club head movement
through a ball impact zone. The sensed club head character-
istic may be, for example, the club’s loft angle, face angle,
velocity, path or other measurable characteristic.

[0044] The radiation source 40 may be positioned on one
end of the housing 30 as illustrated in FIG. 2 so the electronic
device 10 may be placed on the ground between the golfer and
the golf ball 39 with the laser beams directed toward the golf
ball 39. During a swing, the golf club 38 moves through the
various planes of laser beams and the beams are detected by
the sensor 42. Data is then transmitted from the sensor 42
carried on the golf club to the electronic device, which cal-
culates the club head position, orientation and velocity rela-
tive to the golf ball at the point of impact with the golf ball.
The radiation sensor 42 may also be a reflective type sensor
that reflects the radiation from the radiation source 40 back to
a detector or other sensor.

[0045] FIGS. 2 and 4 illustrate an electronic device 10A
constructed in accordance with another embodiment of the
invention. The electronic device 10A has many or all of the
same components as the device 10, but includes a housing
30A configured to be worn or carried by the golfer to sense a
swing characteristic based on the golfer’s movements. For
this embodiment, the sensor 14 may be an inertial sensor
including one or more accelerometers and a processing sys-
tem. The accelerometers measure accelerations of the golfer’s
arm or other body part, and the processing system estimates a
motion parameter utilizing the acceleration measurements.
The motion parameter may be, for example, a duration of the
golfer’s backswing, downswing, or follow-through or a speed
or tempo of the golfer’s swing or portion of a swing. An
inertial sensor that may be used with embodiments of the
present invention is discussed in more detail in published U.S.
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Patent Application No. 2007/0208544, which is hereby incor-
porated by reference in its entirety. In other embodiments,
both an inertial-type sensor and a motion-type sensor may be
used to sense the same swing characteristics or different but
related swing characteristics. Other types of sensors and
methods may be used to sense swing characteristics. The
other components described herein with respect to the elec-
tronic device 10 are also contained in the electronic device
10A.

[0046] The computing device 16 may include any number
of processors, controllers, integrated circuits, programmable
logic devices, or other computing devices and resident or
external memory for storing data and other information
accessed and/or generated by the device 10 or 10A. The
computing device 16 is preferably coupled with the location
determining component 12, the swing sensor 14, the display
18, the memory 20, the user interface 22, the communications
component 26, and other components through wired or wire-
less connections, such as a data bus 44, to enable information
to be exchanged between the various components.

[0047] The computing device 16 may implement a com-
puter program and/or code segments to perform some the
functions described herein. The computer program may com-
prise an ordered listing of executable instructions for imple-
menting logical functions in the computing device. The com-
puter program can be embodied in any computer-readable
medium foruse by or in connection with an instruction execu-
tion system, apparatus, or device, and execute the instruc-
tions. In the context of this application, a “computer-readable
medium” can be any means that can contain, store, commu-
nicate, propagate or transport the program for use by or in
connection with the instruction execution system, apparatus,
or device. The computer-readable medium can be, for
example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semi-conductor system, appa-
ratus, device, or propagation medium. More specific,
although not inclusive, examples of the computer-readable
medium would include the following: an electrical connec-
tion having one or more wires, a random access memory
(RAM), a read-only memory (ROM), an erasable, program-
mable, read-only memory (EPROM or Flash memory), a
portable computer diskette, and a portable compact disk read-
only memory (CDROM).

[0048] The display 18 is coupled with the computing
device 16 and is operable to display various information
corresponding to the device 10 or 10A, such as golf courses,
maps, locations, and directions as described below. The dis-
play 18 may comprise conventional black and white, mono-
chrome, or color display elements including, but not limited
to, Liquid Crystal Display (LCD), Thin Film Transistor
(TFT) LCD, Polymer Light Emitting Diode (PLED), Organic
Light Emitting Diode (OLED) and/or plasma display devices.
Preferably, the display 18 is of sufficient size to enable the
user to easily view it while outdoors.

[0049] The display 18 may be integrated with the user
interface 22, such as in embodiments where the display 18 is
atouch-screen display to enable the user to interact with it by
touching or pointing at display areas to provide information to
the device 10.

[0050] The memory 20 may be integral with the location
determining component 12, integral with the computing
device 16, stand-alone memory, or a combination of both. The
memory may include, for example, removable and non-re-
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movable memory elements such as RAM, ROM, Flash, mag-
netic, optical, USB memory devices, and/or other conven-
tional memory elements.

[0051] The memory 20 may store various data associated
with operation of the device 10 or 10A, such as the computer
program and code segments mentioned above, or other data
for instructing the computing device 16 and other device
elements to perform the steps described herein. Further, the
memory 20 may store various cartographic data correspond-
ing to geographic locations including map data, and map
elements, such as terrain, alert locations, points of interest,
geographic entities, and other navigation data to facilitate the
various navigation functions provided by the device. Addi-
tionally, the memory 20 may store destination addresses and
previously calculated or otherwise acquired routes to various
destination addresses for later retrieval by the computing
device 16.

[0052] To implement functions and features of the present
invention, the memory 20 or some other memory accessible
by the computing device 16 may also store cartographic infor-
mation for golf courses. For example, the memory 20 may
store cartographic data showing the tee boxes, fairways,
greens, hazards, etc. for selected golf courses or for all known
golf courses. The cartographic information may be pre-
loaded in the memory 20 or other memory or may be down-
loaded to the device 10 via the communication component 26
or I/O ports 28. For example, cartographic information for a
particular golf course may be downloaded to the device 10
based on a current location of the device 10 as determined by
the location determining component 12.

[0053] The various data stored within the memory 20 may
be associated within one or more databases to facilitate
retrieval of the information. For example, the databases may
be configured to enable the computing device 16 to automati-
cally access the cartographic information based upon a cur-
rent geographic location of the device 10 as discussed in more
detail below.

[0054] A map-matching search engine, preferably com-
prised of software, firmware or the like executed by the com-
puting device 16, may search through the database of carto-
graphic information to find known golf courses or golf course
holes which match a series of geographical coordinates. A
user may initiate a search or the search engine may automati-
cally search the database based on a state of the device 10 or
10A such as the current position of the device. The search
engine, or alternatively a separate computation engine (also
preferably comprised of software, firmware or the like
executed by the computing device 16), may also perform
calculations related to the cartographic information. The map
mapping search engine may also identify a map location, such
as a golf course, golf course hole, golf course fairway, or golf
course green associated with one or more geographical coor-
dinates.

[0055] The user interface 22 permits a user to operate the
device 10 or 10A and is generally associated with the housing
30 0or30A, such as by physical connection through wires, etc,
or wirelessly utilizing various wireless protocols. However,
the user interface 22 need not be physically coupled with the
housing.

[0056] The user interface 22 may comprise one or more
functionable inputs such as buttons, switches, scroll wheels, a
touch screen associated with the display, voice recognition
elements such as a microphone, pointing devices such as
mice, touchpads, trackballs, styluses, a camera such as a
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digital or film still or video camera, combinations thereof, etc.
Further, the user interface 22 may comprise wired or wireless
data transfer elements such as removable memory including
the memory 20, data transceivers, etc, to enable the user and
other devices or parties to remotely interface with the device.
The device may also include a speaker for providing audible
instructions and feedback.

[0057] The user interface 22 may be operable to provide
various information to the user utilizing the display 18 or
other visual or audio elements such as a speaker. Thus, the
user interface 22 enables the user and device to exchange
information relating to the device 10, including geographic
entities, configuration information, security information,
preferences, route information, points of interests, alerts and
alert notification, navigation information, waypoints, a desti-
nation address, etc.

[0058] The power source 24 provides electrical power to
the location determining component 12, the sensor 14, the
computing device 16, the display 18, the memory 20, the user
interface 22, and the communications component 26. The
power source 24 may comprise conventional power supply
elements, such as batteries, battery packs, etc. The power
source 24 may also comprise power conduits, connectors, and
receptacles operable to receive batteries, battery connectors,
or power cables. For example, the power source 24 may
include both a battery to enable portable operation and a
power input for receiving power from an external source such
an automobile.

[0059] To preserve battery life, the satellite navigation
receiver or other location-determining component 12 may be
switched off periodically. For example, the receiver may be
alternatively switched on for 30 seconds, off for two minutes,
then back on for 30 seconds. If the location-determining
component 12 determines the electronic device 10 is moving,
it may be switched on more frequently.

[0060] The communications component 26 enables the
device 10 or 10A to communicate with other electronic
devices through a communication network, such as the Inter-
net, a local area network, a wide area network, an ad hoc or
peer to peer network, or a direct connection such as a USB,
Firewire, or Bluetooth™ connection, etc. The communica-
tions component 26 may communicate utilizing wireless data
transfer methods such as WiFi (802.11), Wi-Max, Blue-
tooth™, ANT®, ultra-wideband, infrared, cellular telephony,
radio frequency, etc.

[0061] The communications component 26 may make and
receive any communications including incoming and outgo-
ing phone calls, text messages, instant message, voicemail
messages, e-mail message, missed phone calls, and any other
known communications.

[0062] In one embodiment, the communications compo-
nent 26 is a cellular transceiver for transmitting and receiving
communications over a cellular phone network such as those
operated by Sprint®, AT&T®, Verizon®, and other compa-
nies. The cellular phone network may operate with GSM
(Global System for Mobile communications), CDMA (Code
Division Multiple Access), or any other known standards.
[0063] The device 10 or 10A may also include a Frequency
Modulated (FM) receiver for receiving information such as
music, Radio Data system (RDS) information, FM Traffic
Message Channel (TMC) information, direct band informa-
tion such as MSN Direct™ data, or the like. The communi-
cations component 26 may also permit communications over
several different networks. For example, the device 10 may be
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operable to transmit and receive communications over a cel-
Iular network, a short-range FM radio network, and a WiFi
network.

[0064] The I/O ports 28 permit data and other information
to be transtferred to and from the computing device 16 and the
location determining component 12. The /O ports 28 may
include a Secure Digital (SD) card slot, Mini SD Card slot,
Micro SD Card slot or the like for receiving removable SD
cards, Mini SD Cards, Micro SD Cards, or the like, and a USB
port for coupling with a USB cable connected to another
computing device such as a personal computer. Navigational
software, cartographic maps and other data and information
may be loaded in the device 10 or 10A via the I/O ports 28 or
the communications component 26.

[0065] The housing 30 of device 10 may be handheld or
otherwise portable to facilitate easy transport of the device 10.
The housing 30A of the device 10A may be configured for
attachment to a golfer’s arm or wrist, much like a watch. In
either case, the housing is preferably constructed from a
suitable lightweight and impact-resistant material such as, for
example, plastic, nylon, aluminum, or any combination
thereof and may include one or more appropriate gaskets or
seals to make it substantially waterproof or resistant. The
housing may take any suitable shape for size, and the particu-
lar size, weight and configuration of the housing may be
changed without departing from the scope of the present
invention.

[0066] The components shown in FIGS. 1-5 and described
herein need not be physically connected to one another since
wireless communication among the various depicted compo-
nents is permissible and intended to fall within the scope of
the present invention.

[0067] The above-described embodiments of the electronic
device 10 or 10A may be used by a golfer or someone accom-
panying a golfer to sense the golfer’s swing characteristics
while striking a golf ball, determine ball flight data related to
the actual landing location of the ball, associate data repre-
sentative of the swing characteristics with the ball flight data,
display representations of the swing characteristics and ball
flight data, calculate golf-related statistics, and develop and
display user profiles for golfers. These and other features and
functions are described in more detail below.

[0068] A golfer, or someone accompanying the golfer such
as a caddie, instructor, or playing partner, first uses the device
10 or 10A to determine an approximate start position of a golf
ball 39 before it is struck. This can be done by carrying the
device 10, or wearing the device 10A, in the vicinity of the
golf ball and then pressing a button or other element of the
user interface 22 to prompt the location determining compo-
nent and computing device to store a current location of the
device. Alternatively, the start position of the golf ball may be
automatically captured when the device 10 senses that the
golfball 39 has been struck and/or when the device 10 senses
that the golfer is swinging. For example, the device 10 may
monitor when the golfer begins moving after remaining rela-
tively stationary for a prescribed amount of time, as deter-
mined by the location determining component, and then mark
this location as the start point of the golf ball. The device 10,
using the sensor 14, may additionally or alternatively detect
the force resulting from the impact of the golf ball against the
clubhead. The position of the golf ball can also be determined
with another device or method and then manually input into
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the device 10. The approximate start position of the golf ball
is preferably identified by coordinate data such as longitude
and latitude data.

[0069] The device 10 is then used to sense at least one
swing characteristic of the golfer or the golfer’s golf club 38
while the golfer strikes the ball. This can be done by placing
the device 10 on the ground near the golf ball 39 as shown in
FIG. 3 so that the radiation source 40 projects one or more
planes of radiation in the vicinity of the golf ball. The golfer
then swings the golf club 38, with the radiation sensor 42
attached thereto or embedded therein, through the radiation
planes. The processing system associated with the sensor 14
then calculates a club head characteristics such as loft angle,
face angle, velocity, and/or path based on when various parts
of the club pass through the one or more radiation planes.
[0070] Additionally or alternatively, the device 10A may be
used to sense a swing characteristic. A golfer first places the
device on his or her wrist or other body part as shown in FIG.
4 and then strikes the golf ball 39 with the golf club 38. The
inertial sensor in the device then measures accelerations of
the golfer’s arm or other body part to determine a motion
parameter such as a duration of the golfer’s backswing, down-
swing, or follow-through or a speed or tempo of the golfer’s
swing or portion of a swing. Details of such an inertial sensor,
and its use in determining golf swing characteristics, are
disclosed in the above-referenced U.S. Patent Application
Publication No. 2007/0208544.

[0071] In some embodiments, the device 10 and device
10A may be used together to sense swing characteristics. For
example, the device 10 may be used to determine a golf club
loft angle, face angle, or other characteristics and the device
10A may be used to determine the golfer’s swing tempo or
other speed or tempo characteristic. The device 10A may then
transmit data representative of its sensed golf swing charac-
teristic the device 10, or vice versa, where the data may be
combined and/or stored together. The components of the
device 10 and device 10A may also be combined in a single
housing or other enclosure.

[0072] After the golfer has struck the golf ball 39, the
device 10 or 10A is used to determine and store the approxi-
mate rest position of the ball. This may be done by carrying
the device to the golfball and again pressing a button or other
element of the user interface to prompt the location determin-
ing component and the computing device to determine and
store the current location of the ball. The approximate rest
position of the ball may also be automatically determined
when, for example, the device 10 or 10A senses that the golfer
has stopped walking for a pre-determined amount of time and
has therefore arrived at the rest position of the golf ball 39.
[0073] To simplify operation of the device 10 or 10A, the
user interface 22 may include dedicated buttons for storing
the position of the ball 39 before and after it is struck. For
example, the user interface may have a first button labeled
“Start Position,” “Start,” or something similar that can be
pressed to record the start position of a golf ball and a second
button labeled “Landing,” “Rest Position,” or something
similar that can be pressed to record the landing or rest portion
of the ball.

[0074] Once the device 10 or 10A is used to determine and
record both the approximate start and rest positions of the golf
ball 39, the computing device 16 calculates ball flight data
based on these two positions. The ball flight data may also
take into account other location data such as the boundaries of
a fairway, the locations of sand traps, bodies of water and
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other hazards, the location of a green, etc. The ball flight data
may be representative of any aspect of a golf shot, including,
but not limited to a distance between the approximate start
position and approximate rest position of the golf ball; an
angle between the approximate start position and approxi-
mate rest position of the golf ball; a distance between the
approximate rest position of the golf ball and a fairway; a
distance between the approximate rest position of the golf
ball and a green; a distance between the approximate rest
position of the golf ball and a portion of a green; a distance
between the approximate rest position of the golf ball and a
flagstick; or a distance between the approximate rest position
of'the golf ball and a hazard.

[0075] After the ball flight data and swing characteristic
data is captured as described above, the computing device 16
associates the ball flight data with the swing characteristic
data. The ball flight data and swing characteristic data may be
associated in many different ways, including, but not limited
to, storing or otherwise linking the data together in memory;
displaying the data together on the display; encoding the ball
flight data with a meta tag or other representation of the
associated swing characteristic data; encoding the swing
characteristic data with a meta tag or other representation of
the ball flight data; or any other known method of associating
data.

[0076] In one exemplary embodiment, the computing
device 16 associates the swing characteristic data with the
ball flight data by storing both sets of data in a database, table,
or other memory structure. FIG. 7 illustrates an exemplary
database 700 for associating swing characteristic data with
ball flight data. The first column 702 of database 700 indicates
a shot or swing number; the second column 704 indicates a
sensed swing characteristic for each of the shots or swings;
and the third column 706 indicates ball flight data for each of
the shots or swings. For example, the first line in database 700
indicates that the golfer had an open clubface on his or her first
swing that resulted in a shot that traveled 210 yards and 10
degrees right of a desired path (e.g. center of fairway). Data-
base 700 is merely an example of how the computing device
may associate swing characteristic data with actual ball flight
data. The particular data, and the arrangement and presenta-
tion of the data in the database 700 may be modified, supple-
mented, or otherwise altered without departing from the
scope of the claims.

[0077] The computing device 16 may also associate a par-
ticular golf club, or type of golf club, with the swing charac-
teristic data and the ball flight data. An identification of a type
of golf club may be manually input or otherwise selected by
the golfer or other user of the device. Alternatively, the com-
puting device may automatically sense the type of golf club
by reading an identifier on or in the golf club. For example,
each golf club may be equipped with an RFID tag or similar
device that identifies the golf club and any characterizing
information. An RFID reader contained in the electronic
device 10 or 10A may then read the RFID tag for a club once
it is removed from the golfer’s golf bag or otherwise placed in
the vicinity of the device.

[0078] FIG. 8 shows an exemplary database 800, table, or
other memory structure for associating a golf club type with
swing characteristic data and ball flight data. As with the
database 700, the first column 802 of database 800 indicates
shot or swing numbers. The second column 804 indicates the
golf club, or type of golf club, used for each of the shots. The
third column 806 indicates a sensed swing characteristic for
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each of the shots. The fourth column 808 indicates ball flight
data for each of'the shots. The ball flight data may include the
distance and direction of a shot as shown in column 706 of
database 700 or may be an indication of whether the shot was
a slice, hook, or other commonly described type of shot as
shown in column 808 of database 800. For example, the first
line of database 800 indicates that the golfer used a driver for
his first shot, swung with an open clubface, and hit a slice.
Database 800 is merely an example of how the computing
device may associate swing characteristic data, ball flight
data, and golf club types. The particular data, and the arrange-
ment and presentation of the data in the database 800 may be
modified, supplemented, or otherwise altered without depart-
ing from the scope of the claims.

[0079] The computing device 16 may also accumulate
swing characteristic data and ball flight data for a plurality of
golf swings and then create a user profile for a golfer. FIG. 9
shows an exemplary database 900, table, or other memory
structure showing such a user profile. The first column 902 of
database 900 indicates representative swing characteristics
exhibited by the golfer, the second column 904 indicates the
frequency of each of the swing characteristics, and the third
column 906 lists the cumulative results of the shots. For
example, the first line of database 900 indicates the golfer
swung with an open clubface 14 times, resulting in 10 slices
and 2 hooks. The database 900 may also include a field or line
910 identifying the golfer and a field or line 912 indicating the
date or date range for the golf swings represented in the
database. The database 900 of FIG. 9 is merely one example
of'auser profile. The particular data, and the arrangement and
presentation of the data in the database 900 may be modified,
supplemented, or otherwise altered without departing from
the scope of the claims.

[0080] The computing device 16 may also calculate, store,
and display statistical information based on the swing char-
acteristic data and ball flight data. For example, the comput-
ing device may calculate statistical information such as the
average distance and trajectory for every golf club used by a
golfer.

[0081] FIG. 10 shows an exemplary database 1000, table,
or other memory structure for storing statistical information.
The first column 1002 lists all the golf clubs used by a golfer
or just those sensed by the device as discussed above. The
second column 1004 lists the frequency each of the clubs was
used during a statistical time period. The third column 1006
lists the average driving or hitting distance for each of the golf
clubs, and the fourth column 1008 lists the average path,
trajectory, or other directional aspect for each of the golf
clubs. For example, the first line of database 1000 indicates
that the golfer used his or her driver 872 times during a
particular statistical time period, drove the ball an average of
242 yards, and on average landed the ball 27 yards right of a
fairway centerline or other desired path. Database 1000 may
also include a field or line 1010 identifying the golfer and a
field or line 1012 indicating the date or date range for the golf
swings. Database 1000 merely shows exemplary statistical
information. The particular data, and the arrangement and
presentation of the data in database 1000 may be modified,
supplemented, or otherwise altered without departing from
the scope of the claims.

[0082] In other embodiments, the device 10 or 10A may
associate the ball flight data with the swing characteristic data
by displaying representations of the data alongside one
another. For example, the computing device 16 may display a
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representation of the ball flight data and a representation of
the swing characteristic data superimposed or otherwise dis-
played on a cartographic map of a particular golf hole or golf
course. A user may then scroll over or otherwise select the
representations of either the ball flight data or the swing
characteristic data to retrieve and display some of the data.
[0083] FIG. 11 illustrates an exemplary map page 1100
with representations of ball flight data and swing character-
istic data. The map page 1100 may show representations of a
tee box 1102, a fairway 1104, a green 1106, as well as repre-
sentations of the ball flight data for each golf shot made by a
golfer while playing the hole. For example, a marker 1108
may indicate the golfer’s first shot, a marker 1110 may indi-
cate the golfer’s second shot, a marker 1112 may indicate the
golfer’s third shot, and a marker 1114 may indicate the golf-
er’s fourth and final shot. The markers 1108-1114 may be
numbers representing the corresponding shot numbers or
may be any other symbol, character, or identifier.

[0084] The markers 1108-1114 may be linked or otherwise
associated with the ball flight data and swing characteristic
data stored in the device 10 or 10A so that a user may scroll
over or otherwise select any of the markers 1102-1108 to
obtain and display swing characteristic data for the associated
shots. For example, if the golfer scrolls over the marker 1108,
the computing device 10 may access the swing characteristic
data associated with the first shot and display “Open Club-
face” or some other description alongside the marker 1108.
Alternatively, the swing characteristic data may always be
displayed alongside the markers 1108-1114 so that the golfer
can immediately view information about his or her swing for
all shots without scrolling over the markers. Map 1100 is
merely an example of how the computing device may display
representations of swing characteristic data with ball flight
data. The particular data, and the arrangement and presenta-
tion of the data in the map 1100 may be modified, supple-
mented, or otherwise altered without departing from the
scope of the claims.

[0085] The device may also associate swing characteristic
data and ball flight data for all 18 holes of a golf course. The
swing characteristic data and ball flight data may then be
superimposed or otherwise displayed over a cartographic
map of a golf course. FIG. 12 shows an exemplary map 1200
with each of the golfer’s shots indicated by a marker such as
the markers 1202, 1204, 1206, and 1208. The golfer can scroll
over any of the markers and obtain more information about
the shot as mentioned above. For example, ifthe golfer scrolls
over the marker 1202, the computing device may display an
overlay showing that the shot was made with a driver, traveled
approximately 200 yards, and was approximately 5 yards
from the center of the green or other desired path. The com-
puting device may also display some of the swing character-
istic data. For example, if a golfer scrolls over the marker
1202, the computing device may indicate “Poor Tempo™ or
other swing characteristic.

[0086] Databases 700, 800, 900, or 1000, maps 1100 or
1200, or any other similar presentations of the swing charac-
teristic data and ball flight data may be displayed on the
device 10 or 10A or may be downloaded or otherwise trans-
ferred to an external personal computer, laptop computer,
personal digital assistant, or any other external device. The
swing characteristic data and ball flight data may also be
transmitted to a server-type computer operated by a golf
country club or other entity and stored along with handicap or
other scoring data for the golfer.
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[0087] FIG. 13 illustrates certain steps in an exemplary
method 1300 of using the electronic device 10 or 10A. The
particular order of the steps illustrated in FIG. 13 and
described herein can be altered without departing from the
scope of the invention. For example, some of the illustrated
steps may be reversed, combined, or even removed entirely.

[0088] In step 1302, the location-determining component
12 determines the approximate location of a golf ball before
itis struck. As mentioned above, a user may trigger the device
to obtain and store the start location by standing next to the
golf ball and pressing a button or other element on the user
interface 22. Alternatively, the approximate start location
may be automatically detected or the user may obtain the start
location from another source and manually enter it into the
device.

[0089] In step 1304, the device 10, 10A, or both, sense a
swing characteristic as the golfer strikes the golf ball. The
swing characteristic may be sensed with a motion-type sen-
sor, an inertial-type sensor, or any other type of sensor. Swing
characteristic data for the sensed swing characteristic is then
stored in the memory or other memory.

[0090] In step 1306, the location-determining component
12 determines the approximate landing or rest location of the
golf ball after it has been struck. As mentioned above, a user
may trigger the device to obtain and store the approximate
rest position of the golf ball by standing next to the golf ball
and pressing a button or other element on the user interface
22. Alternatively, the approximate rest position may be auto-
matically detected or the user may obtain the rest position of
the golf ball from another source and manually enter it into
the device.

[0091] In step 1308, the computing device calculates ball
flight data based on the approximate start position and
approximate rest position of the golf ball. The ball flight data
may include a distance between the approximate start posi-
tion and approximate rest position of the golf ball; an angle
between the approximate start position and approximate rest
position of the golf ball; a distance between the approximate
rest position of the golf'ball and a fairway; a distance between
the approximate rest position of the golf ball and a green; a
distance between the approximate rest position of the golf
ball and a portion of a green; a distance between the approxi-
mate rest position of the golf ball and a flagstick; or a distance
between the approximate rest position of the golf ball and a
hazard.

[0092] In step 1310, the computing device associates the
ball flight data and swing characteristic data by storing the
data together in a database or other memory structure, dis-
playing the data together, or by linking the data in any other
way. The golfer or other user may then view or otherwise
access the data together to assess how certain swing charac-
teristics affect golf shots.

[0093] FIG. 14 illustrates certain steps in another exem-
plary method 1400 of using the electronic device 10 or 10A.
As with the method 1300 illustrated in FIG. 13, the particular
order of the steps illustrated in FIG. 14 and described herein
can be altered without departing from the scope of the inven-
tion.

[0094] Steps 1402, 1404, 1406, 1408, and 1410 are essen-
tially identical to steps 1302, 1304, 1306, 1308, and 1310,
respectively. In step 1412, the computing device determines
whether the golfer has finished practicing, playing, or other-
wise striking golf balls. If the answer to step 1412 is “no,” the
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method returns to step 1402 and repeats steps 1402 through
1412 until the answer to step 1412 is “yes.”

[0095] In step 1414, the computing device transfers the
swing characteristic data and ball flight data obtained in steps
1402 through 1412 to an external computer. Step 1416 then
creates a user profile such as the ones illustrated in FIGS. 9
and 10 for all of the shots made by the golfer. The user profile
and other associated information, including score, can be
provided through the communications network to a service
such as Garmin® Connect® to share profiles, course infor-
mation, and scores with other users.

[0096] Step 1418 then displays the user profile and may
superimpose the swing characteristic data and ball flight data
over cartographic data as shown in FIGS. 11 and 12.

[0097] Although embodiments of the invention have been
described with reference to the attached drawing figures, it is
noted that equivalents may be employed and substitutions
made herein without departing from the scope of the inven-
tion as recited in the claims. For example, embodiments of the
device 10 or 10A may also include a heart rate sensor, a clock,
athermostat, or any other sensor to measure and associate the
golfer’s heart rate, the time of day, the temperature, or any
other measurable parameter, respectively, with the swing
characteristic data and/or the ball flight data.

[0098] Having thus described the preferred embodiment of
the invention, what is claimed as new and desired to be pro-
tected by Letters Patent includes the following:

1. A method for analyzing golf swings, the method com-
prising the steps of:

(a) determining with a location-determining component an

approximate start position of a golf ball;

(b) sensing with a sensor at least one swing characteristic as
a golfer strikes the golf ball;

(c) determining with the location-determining component
an approximate rest position of the golf ball after it has
been struck by the golfer;

(d) calculating ball flight data based on the approximate
start position and the approximate rest position of the
golf ball; and

(e) associating the ball flight data with data representative
of the swing characteristic.

2. The method as set forth in claim 1, wherein the associ-

ating step further comprises the steps of:

repeating steps (a)-(e) for a plurality of golf swings made
by the golfer;

analyzing the swing characteristics and the ball flight data
for at least some of the golf swings; and

creating a user profile for the golfer based on the analyzing
step.

3. The method as set forth in claim 2, wherein the user
profile includes data corresponding to a frequency of certain
swing characteristics and data corresponding to a frequency
of certain ball flight data.

4. The method as set forth in claim 2, wherein the user
profile includes data which predicts future golf swing results
based on the swing characteristic data and the ball flight data.

5. The method as set forth in claim 1, wherein the associ-
ating step includes the step of linking in memory data repre-
sentative of the swing characteristic and data representative of
the ball flight data.

6. The method as set forth in claim 1, wherein the swing
characteristic includes a club head loft angle, a club head face
angle, a club head velocity, a club swing path, a club swing
plane, a stance of the golfer, a head position of the golfer, a
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backswing of the golfer, an impact position of the golfer, a
follow-through of the golfer, a shoulder rotation of the golfer,
or a wrist angle of the golfer.

7. The method as set forth in claim 1, wherein the ball flight
data is representative of: a distance between the approximate
start position and approximate rest position of the golf'ball; an
angle between the approximate start position and approxi-
mate rest position of the golf ball; a distance between the
approximate rest position of the golf ball and a fairway; a
distance between the approximate rest position of the golf
ball and a center of a fairway; a distance between the approxi-
mate rest position of the golf ball and a green; a distance
between the approximate rest position of the golf ball and a
portion of a green; a distance between the approximate rest
position of the golfball and a flagstick; or a distance between
the approximate rest position of the golf ball and a hazard.

8. The method as set forth in claim 1, further including the
step of associating a type of golf club used to strike the ball
with the swing characteristic data and the ball flight data.

9. The method as set forth in claim 1, wherein the location-
determining component is a satellite navigation receiver.

10. The method as set forth in claim 1, wherein the asso-
ciating step includes the step of displaying a representation of
the ball flight data and the swing characteristic data on a
display.

11. The method as set forth in claim 1, wherein (a) includes
detecting impact of the golf ball using the sensor and auto-
matically determining the start position using the location
determining component in response to the detected impact.

12. A device for analyzing golf swings, the device com-
prising:

a location determining component for determining an
approximate start position of a golf ball and an approxi-
mate rest position of the golf ball after it has been struck
by a golfer;

a sensor for sensing at least one swing characteristic as the
golfer strikes the golf ball; and

a computing device coupled with the location determining
component and the sensor for calculating ball flight data
based on the approximate start position and the approxi-
mate rest position of the golf ball and for associating the
ball flight data with data representative of the swing
characteristic.

13. The device as set forth in claim 12, wherein the location
determining component includes a satellite navigation
receiver for receiving navigation signals from a plurality of
satellites and for determining the approximate start and rest
positions of the golf ball as a function of the received signals.

14. The device as set forth in claim 12, wherein the sensor
includes an inertial sensor worn or carried by the golfer.

15. The device as set forth in claim 12, wherein the sensor
includes a radiation source for projecting radiation in at least
one plane in the vicinity of the golf ball before it has been
struck and a receiver carried by a golf club for detecting or
reflecting the radiation as the golf club passes through the
plane.

16. The device as set forth in claim 12, wherein the com-
puting device is further operable to create a user profile for the
golfer based on the ball flight data and swing characteristic
data for a plurality of golf swings.

17. The device as set forth in claim 12, wherein the com-
puting device associates the ball flight data and swing char-
acteristic data by linking the data in memory.

18. The device as set forth in claim 12, wherein the swing
characteristic includes a club head loft angle, a club head face
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angle, a club head velocity, a club swing path, a club swing
plane, a stance of the golfer, a head position of the golfer, a
backswing of the golfer, an impact position of the golfer, a
follow-through of the golfer, a shoulder rotation of the golfer,
or a wrist angle of the golfer.

19. The device as set forth in claim 12, wherein the ball
flight data is representative of: a distance between the
approximate start position and approximate rest position of
the golf ball; an angle between the approximate start position
and approximate rest position of the golf ball; a distance
between the approximate rest position of the golf ball and a
fairway; a distance between the approximate rest position of
the golfball and a center of a fairway; a distance between the
approximate rest position of the golf ball and a green; a
distance between the approximate rest position of the golf
ball and a portion of a green; a distance between the approxi-
mate rest position of the golf ball and a flagstick; or a distance
between the approximate rest position of the golf ball and a
hazard.

20. The device as set forth in claim 12, further including a
display coupled with the computing device for displaying a
representation of the ball flight data and the swing character-
istic data.

21. The device as set forth in claim 12, wherein the sensor
is further operable to detect impact of the golf ball and the
location determining component is operable to automatically
determine the start position in response to the detected
impact.

22. A device for analyzing golf swings, the device com-
prising:

a satellite navigation receiver for determining an approxi-
mate start position of a golf'ball and an approximate rest
position of the golf ball after it has been struck by a
golfer;

a sensor for sensing at least one swing characteristic as the
golfer strikes the golf ball;

a display;

a memory;

a computing device coupled with the satellite navigation
receiver, the sensor, the display, and the memory for
calculating ball flight data based on the approximate
start position and the approximate rest position of the
golf ball, for associating the ball flight data with data
representative of the swing characteristic, for storing the
ball flight data and the swing characteristic data in the
memory, and for displaying a representation of the ball
flight data and the swing characteristic data on the dis-
play; and

a portable housing for housing the satellite navigation
receiver, the sensor, the display, the memory, and the
computing device.

23. The device as set forth in claim 22, wherein the sensor

is an inertial sensor worn or carried by the golfer.

24. The device as set forth in claim 22, wherein the sensor
includes a radiation source for projecting radiation in at least
one plane in the vicinity of the golf ball before it has been
struck and a receiver carried by a golf club for detecting or
reflecting the radiation as the golf club passes through the
plane.

25. The device as set forth in claim 22, wherein the sensor
is further operable to detect impact of the golf ball and the
satellite navigation receiver is operable to automatically
determine the start position in response to the detected
impact.



