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(57) ABSTRACT 

A golf learning aid is directed to improving an individual’s 
golf sWing by monitoring spine angle during a golf sWing 
and alerting the individual When the spine angle varies 
outside of a predetermined maximum spine angle range 
during the sWing. The system includes a device af?xed to a 
top portion of a cap Worn by the user, and an earpiece affixed 
to the device for playing an audible alert. The device 
employs a microcontroller, a tilt sensor and a system of 
buffering and ?ltering to provide real-time feedback on a 
user’s spine angle during the sWing. It is an additional 
feature of the system that the microcontroller generates an 
audible and repetitive tone as a metronome cadence When 
the microcontroller detects that the user is set up for a golf 
sWing. The metronome cadence is provided to improve 
one’s rhythm and timing in the golf sWing and golf sWing 
routine. 
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MOTION EVALUATION SYSTEM FOR GOLF 
SWING AND SPORTS TRAINING 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/404,258, “Golf Learning Aid,” 
John Clifford Miller IV, ?led on Aug. 19, 2002, incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the golf learning 
aids, and in particular to a learning aid directed to improving 
an individual’s golf sWing by monitoring spine angle during 
a golf sWing and providing real-time feedback to the indi 
vidual When the spine angle varies outside of a predeter 
mined range of movement during the sWing. The present 
invention further includes an audible metronome cadence to 
give the Wearer a rhythm to improve his or her timing, golf 
sWing and/or sWing routine. 

[0004] 2. Description of the Related Art 

[0005] The game of golf is hundreds of years old and there 
is a profusion of patents covering various technical advances 
aimed at improving one’s golf game and loWering one’s 
scores. TWo critical factors in improving one’s golf game are 
learning the fundamentals of a proper golf sWing, and, once 
learned, repeatedly practicing the golf sWing to create 
muscle memory of the proper sWing. 

[0006] It is commonly accepted that a proper golf sWing 
involves, among other things, a steady head height during 
the backsWing through contact With the ball on the forWard 
sWing. As shoWn in FIGS. 1 and 2, spine angle refers to the 
angle, 0, the spine forms With the vertical during the golf 
sWing. The initial spine angle adopted in setting up for a golf 
shot Will vary, depending on the club selected, the siZe of the 
golfer and the contour of the ground. HoWever, once a golfer 
has addressed the golf ball and is ready to sWing the club, the 
chosen angle should remain relatively constant through the 
backsWing and the doWnWard sWing until contact of the golf 
club With the golf ball. 

[0007] A common problem among golfers is to straighten 
up the spine angle toWard vertical during the backsWing 
and/or doWnsWing en route to striking the golf ball. Varying 
the spine angle during the golf sWing Will often result in a 
“topped” or “thin” shot, Where only a top portion of the ball 
is struck, or alternatively a “heavy” or “fat” shot, Where too 
much of the ground behind the ball is struck. Both situations 
Will result in a poor golf shot. 

[0008] In order to regularly execute a golf sWing With a 
proper spine angle, a golfer must ?rst learn the proper 
technique and then repeatedly practice the proper technique 
until the sWing is engrained into the golfer’s muscles. A 
problem hoWever is that a golfer often does not realiZe that 
he or she is straightening up during the golf sWing. Taking 
golf lessens Where an instructor can point out spine angle 
movement is an effective method for detecting the problem, 
but golf lessens are expensive and an instructor is generally 
not around to detect spine angle movement When practicing 
the golf sWing after the lesson is over. Taking video or 
photographic images of a golf sWing is another effective 
method for detecting the problem, but again, this equipment 
is eXpensive and generally not convenient to carry or set up 
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While practicing. Moreover, video and photographs are 
generally used after a practice session is over. They do not 
provide real-time assistance With sWing diagnosis. 

[0009] Another method for detecting spine angle deviation 
during a golf sWing is disclosed in US. Pat. No. 6,331,168 
to Socci et al., entitled “Golf Training Head Gear For 
Detecting Head Motion And Providing An Indication of 
Head Movement.” Biomechanical research has shoWn that 
there is a high correlation betWeen spine angle and head 
position during the golf sWing. Using this relationship, Socci 
discloses a system Where a device is af?Xed to the back of 
a hat Worn by a golfer While practicing. The device includes 
a sensor capable of sensing the position of a golfer’s head 
during the golf sWing, and providing an audible indication 
When certain predetermined paths of head movement are 
detected. While the system of Socci offers certain advan 
tages over traditional golf lessens and video equipment, 
improvements can be made over Socci to further facilitate 
detection and correction of spine angle movement to 
improve one’s golf sWing and golf game. 

SUMMARY OF THE INVENTION 

[0010] Embodiments of the present invention relate to a 
golf learning aid for improving an individual’s golf sWing by 
monitoring spine angle during a golf sWing and providing 
real-time feedback to the individual When the spine angle 
varies outside of a predetermined range of movement during 
the sWing. For this purpose, embodiments of the present 
invention include a learning aid device af?Xed to a top 
portion of a cap Worn by the user, and an earpiece affixed to 
the device for playing an audible alert. 

[0011] In order to generate the alert, the device includes a 
microcontroller and a tilt sensor. When the tilt sensor detects 
that a user’s spine angle deviates outside of a predetermined 
range of movement during a golf sWing, the microcontroller 
generates the alert. The microcontroller further employs a 
system of buffering and ?ltering to effectively eliminate 
motion data above and beloW predetermined thresholds. 

[0012] It is an additional feature of the present invention 
that the microcontroller generates an audible and repetitive 
tone as a metronome cadence When the microcontroller 
detects that the user is set up for a golf sWing. The present 
invention further offers the user an option to turn off the 
spine angle detection features, and to use the device solely 
to generate a metronome cadence for improving one’s 
rhythm and timing in the golf sWing and golf sWing routine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention Will noW be described With 
reference to the draWings, in Which: 

[0014] FIG. 1 is a prior art side vieW of a golfer preparing 
to sWing a golf club; 

[0015] FIG. 2 is a prior art side vieW of a golfer during a 
golf sWing; 
[0016] FIG. 3 is a top vieW of a system according to the 
present invention including a learning aid device mounted 
on a cap; 

[0017] FIG. 4 is a side vieW of a system according to the 
present invention including a learning aid device mounted 
on a cap; 
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[0018] FIG. 5 is a front vieW of a system according to the 
present invention including a learning aid device mounted 
on a cap; 

[0019] FIG. 6 is a top vieW of a learning aid device 
according to the present invention; 

[0020] FIG. 7 is a top vieW of a learning aid device 
according to an alternative embodiment of the present 
invention; 
[0021] FIG. 8 is a block diagram of the internal compo 
nents of the learning aid device shoWn in FIG. 6; 

[0022] FIG. 9 is a side vieW of a golfer Wearing the system 
according to the present invention With an enlarged vieW of 
the tilt sensor Within the learning aid device; 

[0023] FIG. 10 is a perspective vieW of a tilt sensor at a 
?rst angular orientation around the axis of sensitivity of the 
tilt sensor; 

[0024] FIG. 11 is a perspective vieW of a tilt sensor at a 
second angular orientation around the axis of sensitivity of 
the tilt sensor; 

[0025] FIG. 12 is a perspective vieW of a tilt sensor at a 
third angular orientation around the axis of sensitivity of the 
tilt sensor; 

[0026] FIGS. 13A, 13B and 13C are front vieWs of a tilt 
sensor according to an alternative embodiment of the present 

invention; 
[0027] FIGS. 14A and 14B are a ?oW chart shoWing the 
operation of the control program according to the present 
invention; and 

[0028] FIG. 15 is a schematic representation of a baseline 
angle :a sensitivity angle. 

DETAILED DESCRIPTION 

[0029] The present invention noW Will be described more 
fully With reference to FIGS. 3 through 15, in Which 
preferred embodiments of the invention are shoWn. The 
present invention may, hoWever, be embodied in many 
different forms and should not be construed as being limited 
to the embodiments set forth herein; rather these embodi 
ments are provided so that this disclosure Will be thorough 
and complete and Will fully convey the invention to those 
skilled in the art. Indeed, the invention is intended to cover 
alternatives, modi?cations and equivalents of these embodi 
ments, Which are included Within the scope and spirit of the 
invention as de?ned by the appended claims. Furthermore, 
in the folloWing detailed description of the present inven 
tion, numerous speci?c details are set forth in order to 
provide a thorough understanding of the present invention. 
HoWever, it Will be clear to those of ordinary skill in the art 
that the present invention may be practiced Without such 
speci?c details. 

[0030] Referring noW to FIGS. 3-5, there is shoWn a 
system according to the present invention comprising a 
learning aid device 100 affixed to a cap 102. The device may 
be permanently affixed to the cap 102, as by riveting or other 
knoWn af?xation methods. Alternatively, the device 100 may 
be removably af?xed to cap 102, as by Velcro® or other 
knoWn af?xation methods. It is understood that cap 102 may 
be any of a variety of hats and caps that are suf?ciently snug 

Feb. 19, 2004 

on the Wearer’s head so that the cap remains stationary or 
relatively stationary on the Wearer’s head. While the device 
100 is af?xed to cap 102 in a preferred embodiment, it is 
understood that cap 102 may be omitted in alternative 
embodiments, in Which case, the device 100 may be 
mounted to head gear that ?ts directly onto the Wearer’s head 
in a relatively stationary and secure position. 

[0031] In a preferred embodiment, the learning aid device 
100 is located on the cap 102 so as to be positioned on the 
top portion of the Wearer’s head When in use. It is understood 
that the learning aid device 100 may be located at other 
positions on cap 102 in alternative embodiments. Moreover, 
in further embodiments, the device may be Worn on other 
locations of the Wearer’s body, such as the back, Waist or on 
a vest Worn by the user. As explained hereinafter, the device 
100 includes a tilt sensor that is oriented generally along or 
parallel to the axis of the spine. It is understood that in 
embodiments Where the device 100 is positioned at locations 
other than the top of cap 102, the position of the tilt sensor 
Within the device Would vary accordingly to maintain the 
orientation of the sensor generally along or parallel to the 
axis of the spine. 

[0032] As seen in FIG. 4, the system according to embodi 
ments of the present invention further includes an audio 
output device 104 such as an earpiece Which is af?xed to the 
device 102 and is fashioned to be Worn in the ear of the 
Wearer. The earpiece 104 generates an audible alert in 
response to signals generated Within the learning aid device 
100 as explained hereinafter. The earpiece 104 may be 
coupled to the device 100 by electrical leads encased Within 
a protective sheath. The sheath may be provided on the 
interior of the cap, Within the lining of the cap or on the 
exterior of the cap in alternative embodiments. It is under 
stood that the electrical leads and sheath may be omitted in 
alternative embodiments, and Wireless protocols, such as for 
example Bluetooth Wireless technology, may be used for 
communications betWeen the device 100 and earpiece 104. 

[0033] Referring noW to FIGS. 6 and 7, the learning aid 
device 100 comprises an outer protective housing 106 
preferably formed of plastic or metal. The housing prefer 
ably includes a detachable access door 108 alloWing access 
to the poWer supply for replacement or recharging of the 
poWer supply as explained hereinafter. As shoWn in FIG. 6, 
the device 100 further includes a thumbWheel 110 for 
adjusting the sensitivity angle of the device as explained 
hereinafter. As is also explained hereinafter, embodiments of 
the present invention further include a repetitive audible 
metronome cadence for sWing timing. A thumbWheel 112 is 
provided for adjusting the tempo of the audible cadence. In 
the embodiment shoWn in FIG. 6, the volume for the audible 
cadence and audible alert may be adjusted by a slide 
mounted on the earpiece 104. Thus, the system of the present 
invention may be used Without disturbing others Who may 
be nearby. In embodiments of the present invention omitting 
the audible cadence, as shoWn in FIG. 7, the volume control 
may be provided on a thumbWheel 114. A display WindoW 
116 may further be provided Within the housing 106 in 
Which are mounted one or more visual indicators, for 

example LEDs, for indicating an on/off state of the device, 
battery poWer level and other user information. On/off 
button 117 may additionally be provided for manually 
turning the device 100 on and off. 
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[0034] FIG. 8 is a block diagram of the components of 
learning aid device 100. Device 100 preferably includes a 
microcontroller 120, a tilt sensor 122 and a poWer control 
circuit 126 having an on/of sWitch 117 and controlling a 
poWer supply 128. The device 100 may further include the 
sensitivity thumbWheel 110 and tempo adjust thumbWheel 
112. 

[0035] In embodiments of the present invention, micro 
controller 120 may be a microprocessor chip, such as for 
example the Cygnal® C8051F311. This chip includes a 
non-volatile program store such as a 16 k byte ?ash memory, 
and volatile memory such as a RAM having 1280 bytes of 
on-chip data memory. It is understood that other types of 
microcontrollers, having other on-board features, may be 
used in alternative embodiments. 

[0036] Tilt sensor 122 is provided for sensing absolute 
angular position relative to the direction of gravity. If a 
golfer’s spine angle changes during the golf sWing so that his 
or her head and upper body raise upWard (or loWer doWn 
Ward), the resulting head and spine angle change is detected 
by the tilt sensor 122 and communicated to the microcon 
troller 120. In embodiments of the present invention, the tilt 
sensor may be an accelerometer such as the Analog Devices 
ADXL202E, Which outputs a digital signal proportional to 
the angular position of the sensor relative to vertical. In one 
embodiment of the present invention, the microcontroller 
120 samples the tilt sensor 122 one hundred forty ?ve times 
a second. It is understood that the sample rate of the tilt 
sensor 122 may be greater or lesser than that in alternative 
embodiments. 

[0037] Referring noW to FIGS. 9-12, the tilt sensor 122 
has a major axis, referred to herein as the axis of sensitivity 
and referenced in the ?gures as A5. In accordance With 
embodiments of the present invention, the axis of sensitivity 
of the tilt sensor is mounted at an angle, (I), on the printed 
circuit board supporting the components Within the device 
100. In embodiments of the present invention, this angle (I) 
may be approximately 60° With respect to the printed circuit 
board, but it is understood that this angle (I) may be greater 
or lesser than 60° in alternative embodiments. 

[0038] It is a feature of the present invention that, With the 
device ?xed on a Wearer’s head and With the sensor oriented 
at the angle (I), the axis of sensitivity of the tilt sensor lies 
generally along or parallel to the axis of the spine. As the 
spine angle 0 increases or decreases, the angle betWeen the 
axis of sensitivity and vertical Will also increase or decrease 
in same direction and in the same amount. It is understood 
that While the angle betWeen the axis of sensitivity and 
vertical Will generally match the spine angle, there may be 
a feW degrees difference in the respective angles. 

[0039] In embodiments of the present invention, the digi 
tal output of the tilt sensor received by the microcontroller 
Will vary depending on the angle betWeen the axis of 
sensitivity and vertical according to the cosine function. 
That is, as the angle betWeen the axis of sensitivity and 
vertical varies from 0° to 90° (i.e., from vertical to horiZon 
tal), the output of the sensor Will go from its maximum 
output to its minimum output according to the cosine 
function. Thus, the spine angle 0 may be calculated from the 
angle betWeen the axis of sensitivity and vertical by the 
microcontroller by taking the inverse cosine of the output 
from the tilt sensor. The values for spine angle 0 for given 
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sensor outputs may be stored in a look-up table or calculated 
by algorithm. It is understood that the relationship betWeen 
spine angle and the output from the tilt sensor may be other 
than inverse cosine in alternative embodiments of the 
present invention. 

[0040] It is a further feature of tilt sensor 122 that it is 
insensitive to rotation about the axis of sensitivity. That is, 
for a given angle betWeen the axis of sensitivity and vertical, 
the tilt sensor Will output the same voltage regardless of the 
angular orientation of the tilt sensor around the axis of 
sensitivity, Which angular orientation may change as shoWn 
in FIGS. 10-12. As shoWn in FIGS. 10-12, the sensor has an 
axis of sensitivity AS and a Width dimension, W, perpendicu 
lar to the axis of sensitivity. The insensitivity of the sensor 
to the orientation of the Width dimension around the axis of 
sensitivity is advantageous because, as a golfer sWings a golf 
club, the golfer’s head Will rotate around an axis of rotation 
of the head and spine. This rotation Will also rotate the tilt 
sensor around the axis of sensitivity. By aligning the axis of 
sensitivity along or parallel to the spinal axis of rotation as 
described above, the tilt sensor Will be insensitive to the 
rotational position of the golfer’s head as it rotates during the 
sWing. Thus, a change in spine angle Will at all times be 
indicated by a change in the angle betWeen the axis of 
sensitivity and vertical, regardless of the rotational position 
of the golfer’s head. 

[0041] It is understood that the present invention may 
operate With sensors in Which the output of the sensor is not 
independent of the angular orientation of the sensor around 
its axis. Such a tilt sensor may be used in combination With 
microcontroller 120 to account for the angular orientation of 
the golfer’s head. For example, this may be accomplished 
With a three-axis sensor in combination With geometry 
processing Within the microcontroller. 

[0042] It is understood that other tilt sensing devices may 
be used to sense the change in angle of a golfer’s spine 
during a golf sWing. A further example of a tilt sensor Which 
is insensitive to orientation about an axis of sensitivity is 
shoWn in FIGS. 13A-13C. In this embodiment, the tilt sensor 
comprises a sealed cylindrical container 180 having electri 
cally insulated Walls and having a conductive Wire 182 
extending into the center of the container. The Wire 182 has 
a ?rst end 184 suspended in the center of the container along 
the axis of rotation of the container, and a second end 
electrically coupled to a terminal 188. The container further 
includes an electrically conductive band 190, made of for 
example copper, extending around the interior of the con 
tainer, and a conductive liquid 192, for example, a suitable 
electrolyte or electrolytic ?uid, in the bottom of the con 
tainer. The electrolytic ?uid can be an ionic liquid such as 
Water or alcohol With a small amount of salt dissolved into 
it. The copper band 190 has upper and loWer edges that lie 
in planes generally perpendicular to the direction of gravity. 
The copper band is also electrically coupled to a second 
terminal 193 via a second Wire 194. 

[0043] When the container is upright relative to gravity, 
the surface of the liquid lies in contact With a loWer portion 
of the copper band, or lies just beloW the copper band as 
shoWn in FIG. 13A. HoWever, When the container is tipped 
at an angle as shoWn in FIG. 13B, the liquid Will contact a 
portion of the copper band. As the liquid is conductive, 
contact of the liquid With the copper band and Wire 182 Will 
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change the resistance measured between the ?rst and second 
terminals 188 and 193. As the tilt of the container increases, 
for example from the position shoWn in FIG. 13B to the 
position shoWn in FIG. 13C, more liquid Will contact the 
copper band around the circumference of the copper band, 
and consequently, the resistance measured betWeen termi 
nals 188 and 193 Will decrease further. Based on the 
electrical properties of the materials used, the resistance 
measured across terminals 188 and 193 can be correlated to 
an angle of the container relative to the direction of gravity. 
The actual angle can then be determined based on the knoWn 
correlation through a look-up table or by appropriate algo 
rithm. 

[0044] By mounting the sensor 122 shoWn in FIGS. 13A 
13C on printed circuit board in a position so that the axis of 
rotation of the container (the axis of sensitivity) lies gener 
ally along or parallel to the axis of the spine, the sensor 122 
can identify changes in spine angle as the golfer raises up or 
loWers doWn during a golf sWing. As the container is 
circular, it Will be insensitive to rotation about the axis of 
sensitivity. 
[0045] The container sensor shoWn in FIGS. 13A-13C for 
measuring a change in resistance can be converted into a 
sensor for measuring a change in capacitance in the same 
manner by locating the copper band 190 on the exterior of 
the container 180 as opposed to the interior of the container. 
Such a capacitive sensor may also be used to sense a change 
in spine angle according to the present invention. 

[0046] It is understood that other sensors, including other 
accelerometers and gyroscopes, may be used to sense spine 
angle in alternative embodiments. 

[0047] PoWer supply 128 may be a conventional 3 volt 
lithium coin cell, hoWever it is understood that batteries 
supplying more or less voltage may be used in alternative 
embodiments. Moreover, other poWer sources may be used 
including rechargeable batteries, such as nickel cadmium, 
nickel metal hydride and lithium ion batteries, and reneW 
able batteries such as solar poWered cells. Combinations of 
these poWer sources may be used as Well. As indicated 
above, the poWer supply may be removed and replaced via 
access door 108 in the device housing 106. The voltage from 
poWer supply 128 is preferably regulated to a microcontrol 
ler voltage of, for example, 3 volts by a voltage converter. 

[0048] PoWer to the microcontroller and other components 
may be controlled by poWer control circuit 126 and the 
on/off sWitch 117 in conjunction With microcontroller 120. 
In preferred embodiments, upon manual activation of on/off 
sWitch 117 to turn on the device, the poWer control circuit 
126 causes a voltage to be supplied from the poWer supply 
to the microcontroller and other components. It is under 
stood that turning on of the device may be accomplished by 
other methods. For example, the device may include a 
motion sensor (Which may be the tilt sensor or a separate 
motion sensor) Which turns on the device upon sensing 
motion of the device. This method may operate in addition 
to or instead of on/off sWitch 117. 

[0049] The device can be turned off When in an active state 
by activating the on/off sWitch 117. Alternatively, the micro 
controller can turn off poWer supply if no motion is detected 
for a predetermined period of time, for example, 10 minutes. 

[0050] The audio output device 104 is provided to output 
an audible tone to the Wearer. It is understood that in 
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alternative embodiments, other indicators capable of gener 
ating perceptible indications of an alert and/or a metronome 
cadence as described hereinafter may substitute for the audio 
output device 104. Such alternative indicators may include 
visual indicators and pressure indicators that apply light, 
perceptible contact to an area of the user’s body. The 
indicators may additionally or alternatively provide a per 
ceptible indication by buZZing and vibration. 

[0051] Device 100 is fabricated, tested and calibrated ?rst 
by assembling the microcontroller and other device 100 
electronics onto a printed circuit board and then performing 
electrical testing of the circuit board for example on an 
in-circuit test (ICT) ?xture. Thereafter, microcontroller is 
connected to a computer and the control program is doWn 
loaded from the computer to the microcontroller non-vola 
tile memory. The control program, explained in greater 
detail beloW, includes a calibration subroutine for calibrating 
the offset and gain of the tilt sensor signal. In preferred 
embodiments, the tilt sensor (mounted at an angle on the 
printed circuit board) should be horiZontal during the cali 
bration process. 

[0052] The operation of the control program loaded in the 
non-volatile memory Will noW be explained With reference 
to the How chart shoWn in FIGS. 14A and 14B. After the 
device is turned on in a step 200, for example by manual 
activation of sWitch 117, the device goes into a ready state 
in step 202. From the ready state, the microcontroller 
performs tWo processes concurrently. In one process, shoWn 
in step 204, the microcontroller continuously monitors 
Whether a predetermined period of time has passed Where 
there has been no activity. The microcontroller includes a 
clock that monitors the passage of time. The control program 
continuously loops betWeen steps 202 and 204. If at any time 
the microcontroller detects the passage of a preset time 
period, for example 10 minutes, Without any activity, then 
the control program jumps out of the loop and the device is 
shut off in a step 206. 

[0053] Concurrently With the timeout check, the control 
program causes the microcontroller to determine the current 
spine angle 0 (FIG. 9) indicated by the angle betWeen the 
axis of sensitivity and the vertical in a step 208. The 
microcontroller 120 receives a digital signal from the tilt 
sensor 122 relating to spine angle one hundred forty ?ve 
times a second (in one embodiment). Six sensor samples 
may be averaged and resampled at tWenty times a second. 
The actual angle may be calculated from a look-up table or 
algorithm as described above according to the inverse cosine 
of the sensor 122 output. 

[0054] The control program according to the present 
invention includes a data smoothing process as part of step 
208. In particular, if the spine angle changes dramatically 
from one sensor sample to the next, this is the result of 
bouncing, shuf?ing or fast motion other than a golf sWing, 
and this data should be disregarded. In order to accomplish 
this, the control program causes the microcontroller to 
examine changes in spine angle betWeen consecutive sensor 
samplings for the most recent nine spine angle entries stored 
in RAM. The microcontroller performs an eighth order loW 
pass ?lter on the angle data. The loW pass ?lter attenuates 
angle changes that occur above a predetermined frequency, 
for example above 7 HZ. This information is then stored as 
a 32-entry LPF buffer Within the microcontroller RAM. It is 
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understood that the microcontroller may use more or less 
that the most recent nine data entries, and may ?lter out data 
greater than or lesser than 7 HZ, in alternative embodiments. 

[0055] If someone Wearing the device is Walking or stand 
ing in an upright position, the device 100 should not be 
monitoring for proper spine angle. Likewise, if the Wearer is 
bending over, for example picking up a golf ball or other 
item, the device 100 should not be monitoring for proper 
spine angle. Therefore, in step 210, the control program 
determines Whether the spine angle 0 is betWeen a prede 
termined maximum and minimum angle corresponding to a 
possible ready position for sWinging a golf club. In one 
embodiment of the present invention, the minimum spine 
angle can be betWeen 5° and 15° and optimally around 10°, 
and the maXimum spine angle can be betWeen 70° and 90° 
and optimally around 90°. It is understood that the minimum 
and maXimum spine angles can be outside of the respective 
ranges set forth above in alternative embodiments. If the 
current spine angle is not Within the minimum and maXi 
mum angles, the control program returns to the ready state 
202. 

[0056] In a step 212, the control program neXt checks to 
see Whether motion is beloW a threshold level. In particular, 
if the user of the device is moving around above a threshold 
level, he or she is not ready to perform a golf sWing, and the 
device should not move to the armed state. In order to check 
for motion above a threshold level, the control program 
causes the microcontroller to eXamine changes in spine 
angle betWeen consecutive sensor samplings for the previ 
ous 32 entries stored in the RAM LPF buffer. The micro 
controller performs a second order high pass ?lter on the 
angle data in a 32 entry high pass ?lter buffer in RAM. The 
high pass ?lter attenuates angle changes that occur beloW a 
predetermined frequency, for eXample beloW 0.33 HZ. The 
control program then sums the absolute values of the pre 
vious 32 entries in the high pass ?lter buffer. If the sum is 
above a predetermined limit, this indicates spine angle 
movement above the threshold level, and the control pro 
gram returns to the ready state in step 202. If the sum of the 
angle changes is beloW the predetermined limit, this indi 
cates movement beloW the threshold level and the program 
proceeds to a step 214. In a preferred embodiment, the limit 
may vary from 225° to 50° depending on the current spine 
angle. It is understood that the high pass ?lter may be set to 
?lter data above or beloW 0.33 HZ, and that the predeter 
mined limit may be set above or beloW 225° to 50°, in 
alternative embodiments. 

[0057] In embodiments of the present invention, it is 
desirable to build in a delay after an alert sounds to ensure 
that the action giving rise to the alert has been completed and 
multiple alerts do not sound as a result of a single action. The 
control program therefore builds in a delay after an alert has 
sounded in a step 214. Once an alert has sounded, the time 
of the alert is stored in the microcontroller RAM. In step 
214, the control program checks to see if the predetermined 
period of time since the last alert has passed. In one 
embodiment, that period of time may be 4 seconds, but the 
delay period may be greater than or less than 4 seconds in 
alternative embodiments. If the time since the last alert is 
less than the predetermined period of time, the control 
program returns to the ready state of step 202. 

[0058] If each of steps 210 through 214 are passed, that 
indicates that the Wearer is set up for a golf sWing. Accord 
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ingly, in a step 216, the control program causes the current 
spine angle to be set as the baseline angle, 11), as shoWn in 
FIG. 15. The baseline angle is used as the spine angle to be 
maintained during the ensuing golf sWing. If the spine angle 
deviates from the baseline angle greater than a user-de?ned 
angular range, as eXplained hereinafter, the alert Will sound. 
The control program alloWs the baseline angle 11) to vary 
from sWing to sWing, Which is desired because the baseline 
angle for a given sWing Will depend on several factors Which 
can vary from sWing to sWing, including the club selected 
and the incline of the ground on Which the sWing is being 
performed. 
[0059] Referring still to FIG. 15, the present invention 
alloWs a Wearer to select an angle, referred to herein as the 
sensitivity angle 0t, Which is added to the baseline angle 11) 
and subtracted from the baseline angle 11) to de?ne a maXi 
mum spine angle range for the golfer’s spine during a golf 
sWing. If the golfer deviates outside of the maXimum spine 
angle range during a golf sWing, the alert Will sound. The 
sensitivity angle 0t may be set via thumbWheel 110. The 
sensitivity angle 0t is selected based on the Wearer’s skill 
level. Relatively unskilled golfers Who have not yet learned 
a consistent sWing Would Want to set a relatively large 
sensitivity angle 0t to provide a large maXimum spine angle 
range. Thus, they can eXecute a golf sWing Where their spine 
angle does vary someWhat, but alloWs them to practice and 
improve Without the alert sounding on every sWing. The 
alert Would only sound When their spine angle is outside of 
the maXimum spine angle range given by the baseline angle, 
11), plus and minus the sensitivity angle 0t they selected. On 
the other hand, relatively skilled golfers Would Want to set 
a relatively small sensitivity angle so that their spine angle 
must stay relatively constant or the alert Will sound. In 
embodiments of the invention, the sensitivity angle may be 
set to as little as 4° and as high as 21°. Thus, When set at the 
minimum sensitivity angle, if the Wearer deviates his or her 
spine angle from the baseline angle more than 4° upWards or 
more than 4° doWnWard, the alert Will sound. Similarly, 
When the maXimum sensitivity angle is selected, if the 
Wearer deviates his or her spine angle from the baseline 
angle more than 21° upWards or doWnWards, the alert Will 
sound. 

[0060] It is understood that the maXimum and minimum 
sensitivity angles may be greater or lesser than 4° and 21°, 
respectively. Moreover, it is understood that manual controls 
may be provided on the device (not shoWn) to provide a 
maXimum spine angle range that is not symmetrical about 
the baseline angle 11). For eXample, controls may be provided 
to alloW a golfer to raise up toWard vertical as much as 21° 
above the baseline angle Without the alert sounding, but 
loWer doWn only 10° beloW the baseline angle Without the 
alert sounding. Thus, the maXimum spine angle range is 30°, 
but it is not symmetrical about the baseline angle. The device 
may also be con?gured to alloW a greater motion beloW the 
baseline angle than above the baseline angle. 

[0061] Once the baseline angle is set in step 216, the 
device 100 goes into an armed state in step 218. When in the 
armed state, it is a feature of the present invention to sound 
a metronome cadence. The metronome cadence is an audible 
tone generated by the microcontroller 120 and played 
through the earpiece 104. In addition to alerting the Wearer 
that the device 100 is in the armed state, the tone is intended 
to give the Wearer a cadence and rhythm to improve his or 
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her timing, golf swing and/or swing routine. The tempo of 
the metronome cadence may be user adjusted via thumb 
wheel 112. In embodiments of the invention, the cadence 
may be as slow as 45 beats per minute and as fast as 95 beats 
per minute. The tempo of the cadence may vary outside of 
that range in alternative embodiments of the invention. 

[0062] There can be a setting on thumbwheel 112 or some 
other actuator located elsewhere on the housing 106 which, 
when selected, turns off the spine angle detection features of 
the device 100. When used in this mode, the device 100 
continuously sounds the metronome cadence which can be 
played while practicing or playing a round, and used with 
woods, irons and while putting. When in this mode, the 
metronome cadence would continue to sound until turned off 
by the wearer. 

[0063] Once in the armed state, in addition to sounding the 
metronome cadence, the microcontroller performs two addi 
tional processes concurrently. In one process, shown in step 
220, the microcontroller continuously monitors whether a 
predetermined period of time has passed where there has 
been no activity. The control program continuously loops 
between steps 218 and 220. If at any time the microcontrol 
ler detects the passage of a preset time period, for eXample 
10 minutes, without any activity, then the control program 
jumps out of the loop and the device is shut off in a step 222. 

[0064] Concurrently with the timeout check, the control 
program eXecutes a step 224 where the microcontroller 
determines a current spine angle (as described above with 
respect to step 208), and determines whether the current 
spine angle is outside of the maXimum spine angle range 
given by the baseline angle plus and minus the sensitivity 
angle as described above. If so, then the control program 
causes microcontroller 120 to sound an audible alert through 
the earpiece 104 in a step 226. The alert may differ in tone 
and/or duration from the metronome cadence. The duration 
of the audible alert may vary, but may be for eXample 1 
second. In the above-disclosed embodiment, the alert is 
sounded when the wearer’s spine angle either increases or 
decreases from the baseline angle 11) greater than the sensi 
tivity angle 0t. However, in alternative embodiments, the 
system may monitor only when the baseline angle decreases 
greater than the sensitivity angle (i.e., the system only 
checks to see if the golfer rises up a certain amount during 
the golf swing). Alternatively, the system may be set up to 
detect only when the baseline angle increases greater than 
the sensitivity angle. 

[0065] If the spine angle detected is outside of the maXi 
mum spine angle range in step 224, the metronome cadence 
may be turned off in a step 228. It is understood that in 
alternative embodiments, step 228 may be skipped so that 
the metronome cadence stays on even if the alert sounds. 
This alternative is a separate embodiment from an embodi 
ment where the user has selected the mode where the spine 
angle detection system is turned off and the device functions 
solely as a metronome cadence system. 

[0066] After performing steps 226 and 228, the control 
program returns to the ready state in step 202. If the spine 
angle detected in step 224 is within acceptable ranges, then 
steps 226 and 228 are skipped, and the control program 
loops back to the armed state in step 218. 

[0067] As is evident from the above-description, the 
present invention may be used as a learning aid to provide 
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real-time feedback to improve one’s golf game. In use, a 
wearer would initially set the desired sensitivity angle, the 
tempo for the metronome cadence and/or the volume of the 
alert and cadence. Then the wearer would go about his or her 
normal practice routine. The device can be used to provide 
both cadence and spine angle monitoring. Alternatively, 
when used only in metronome cadence mode, the device can 
provide a repetitive tone for improving one’s rhythm and 
timing. 
[0068] Although the invention has been described in detail 
herein, it should be understood that the invention is not 
limited to the embodiments herein disclosed. Various 
changes, substitutions and modi?cations may be made to the 
disclosure by those skilled in the art without departing from 
the spirit or scope of the invention as described and de?ned 
by the appended claims. 

We claim: 
1. A golf learning aid capable of being worn by an 

individual, comprising: 
a sensor capable of sensing an angle formed between an 

aXis passing generally through the individual’s spine 
and vertical; 

a manual control for the individual to select a maXimum 
spine angle from a range of maXimum allowable spine 
angles; 

an indicator for providing one or more perceptible indi 

cations; 
a controller capable of: a) monitoring said sensor and 

determining whether said angle is greater than or less 
than said maXimum spine angle, and b) sending infor 
mation to said indicator to produce a ?rst indication 
when said angle is greater than or less than said 
maximum spine angle. 

2. A golf learning aid as recited in claim 1, said controller 
further being capable of sending information to said indi 
cator to produce a second indication, said second indication 
being a metronome cadence repeating at a user-de?ned 
tempo. 

3. A golf learning aid as recited in claim 1, wherein the 
golf learning aid is worn on the individual’s head. 

4. A golf learning aid as recited in claim 1, said controller 
further capable of determining a time at which the individual 
appears ready to perform a golf swing, said controller 
sending said information to said indicator to produce said 
second indication after said time. 

5. A golf learning aid as recited in claim 2, further 
comprising an actuator for being actuated by the individual, 
the controller sending information to said indicator to con 
tinuously produce said second indication upon actuation of 
said actuator by the individual. 

6. A golf learning aid as recited in claim 1, said controller 
further capable of determining a time at which the individual 
appears ready to perform a golf swing, said controller 
sending said information to said indicator to produce said 
?rst indication when said angle is outside of said maXimum 
spine angle range after said time. 

7. A golf learning aid as recited in claim 1, wherein said 
sensor is an accelerometer capable of sensing acceleration in 
the direction of gravity. 

8. A golf learning aid as recited in claim 1, wherein said 
maXimum spine angle range is adjustable by the individual. 
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9. A golf learning aid as recited in claim 1, wherein said 
indicator is a sound generator including an earpiece adapted 
to be Worn in an ear of the individual. 

10. A golf learning aid capable of being Worn by an 
individual in ?xed position, comprising: 

a sensor capable of sensing an angle formed betWeen an 
axis passing generally through the individual’s spine 
and vertical; 

an indicator for providing one or more perceptible indi 

cations; 
a controller for receiving information from said sensor, 

said controller being capable of sending information to 
said indicator to produce a ?rst indication When said 
angle is outside of a maximum spine angle range, and 
said controller being capable of sending information to 
said indicator to produce a second indication different 
than said ?rst indication, said second indication being 
a metronome cadence repeating at a user-de?ned 
tempo. 

11. A golf learning aid as recited in claim 10, said 
controller further capable of determining a time at Which the 
individual appears ready to perform a golf sWing, said 
controller sending said information to said indicator to 
produce said second indication after said time. 

12. A golf learning aid as recited in claim 10, further 
comprising an actuator for being actuated by the individual, 
the controller sending information to said indicator to con 
tinuously produce said second indication upon actuation of 
said actuator by the individual. 

13. A golf learning aid as recited in claim 10, said 
controller further capable of determining a time at Which the 
individual appears ready to perform a golf sWing, said 
controller sending said information to said indicator to 
produce said ?rst indication When said angle is outside of 
said maximum spine angle range after said time. 

14. A golf learning aid as recited in claim 10, Wherein said 
sensor is an accelerometer capable of sensing acceleration in 
the direction of gravity. 

15. A golf learning aid as recited in claim 10, Wherein said 
maximum spine angle range is adjustable by the individual. 

16. A golf learning aid as recited in claim 10, Wherein said 
indicator is a sound generator including an earpiece adapted 
to be Worn in an ear of the individual. 

17. A golf learning aid as recited in claim 10, Wherein the 
golf learning aid is Worn on the individual’s head. 

18. A golf learning aid as recited in claim 17, further 
comprising a cap for ?xedly supporting the golf learning aid 
on the individual’s head, said sensor, said indicator and said 
controller being mounted on said cap. 

19. A golf learning aid capable of being Worn on an 
individual’s head, comprising: 

a sensor capable of sensing an angle formed betWeen an 
axis passing generally through the individual’s spine 
and vertical; 

a sound generator capable of producing one or more 
audible sounds; 

a controller capable of: a) monitoring said sensor and 
determining Whether said angle is outside of a maxi 
mum spine angle range, b) sending information to said 
sound generator to produce a ?rst audible sound When 
said angle is outside of said maximum spine angle 
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range, c) sending information to said sound generator 
to produce a second audible sound, said second audible 
sound being a metronome cadence repeating at a user 
de?ned tempo, and d) receiving an indication from the 
individual causing said controller to stop sending infor 
mation to said sound generator to produce said ?rst 
audible sound and to send information to said sound 
generator to produce only said second audible sound. 

20. A golf learning aid capable of being Worn on an 
individual’s head, comprising: 

an accelerometer capable of sensing a change in an angle 
formed betWeen an axis passing generally through the 
individual’s spine and vertical; 

a sound generator capable of producing one or more 
audible sounds; and 

a controller capable of: a) monitoring said accelerometer 
and determining When said angle is outside of a maxi 
mum spine angle range, b) sending information to said 
sound generator to produce an audible sound When said 
angle is outside of said maximum spine angle range. 

21. A golf learning aid as recited in claim 20, said 
controller further capable of determining a time at Which the 
individual appears ready to perform a golf sWing, said 
controller sending said information to said sound generator 
to produce said audible sound When said angle is outside of 
said maximum spine angle range after said time. 

22. A golf learning aid capable of being Worn on an 
individual’s head, comprising: 

an accelerometer have an axis of sensitivity and a Width 
dimension perpendicular to said axis of sensitivity, said 
accelerometer capable of sensing a change in an angle 
formed betWeen said axis of sensitivity and the vertical 
regardless of an angular orientation of the Width dimen 
sion around said axis of sensitivity, said accelerometer 
mounted in the learning aid on the individual’s head 
With the axis of sensitivity being coaxial or parallel to 
an axis passing generally through the individual’s 
spine; 

a sound generator capable of producing one or more 
audible sounds; and 

a controller capable of: a) monitoring said accelerometer 
and determining When said angle is outside of a maxi 
mum spine angle range, b) sending information to said 
sound generator to produce an audible sound When said 
angle is outside of said maximum spine angle range. 

23. A golf learning aid as recited in claim 22, Wherein said 
accelerometer is mounted at or near an uppermost portion of 
the individual’s head. 

24. A golf learning aid as recited in claim 22, further 
comprising a cap for ?xedly supporting the golf learning aid 
on the individual’s head, said accelerometer, said sound 
generator and said controller being mounted on said cap, 
said accelerometer being mounted at or near an uppermost 
portion of said cap When Worn by the individual. 

25. A method of improving an individual’s golf sWing, 
comprising the steps of: 

(a) sensing data relating to an angle formed betWeen an 
axis passing generally through the individual’s spine 
and vertical; 
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(b) storing the data sensed in said step (a) in memory; 

(c) ?ltering out data stored in said step (b) if the data is 
outside of a predetermined range; and 

(d) determining When the angle is outside of a maximum 
spine angle range based on the data stored in said step 
(b) and the data ?ltered in said step 

26. Amethod as recited in claim 25, Wherein said step (c) 
of ?lter out data comprises the step of passing the data 
through a loW pass ?lter to ?lter out any data above a 
predetermined level. 

27. Amethod as recited in claim 26, Wherein said step (c) 
of ?lter out data further comprises the step of passing the 
data through a high pass ?lter to ?nd data beloW a prede 
termined level. 
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28. A method of improving an individual’s golf sWing, 
comprising the steps of: 

(a) sensing an angle formed betWeen an aXis passing 
generally through the individual’s spine and the verti 
cal; 

(b) selecting a maXimum spine angle from a range of 
maXimum alloWable spine angles; 

(c) determining Whether said angle is greater than or 
lesser than said maXimum spine angle; and 

(d) generating a ?rst indication When said angle is greater 
than or lesser than said maXimum spine angle. 

29. A method as recited in claim 28, further comprising 
the step (e) of generating a second indication, said second 
indication being a metronome cadence repeating at a user 
de?ned tempo. 


