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(57) ABSTRACT 
Provided is a sport learning system directed to improving an 
individual’s sWing by monitoring a club, bat or racket during 
a sWing. During the course of a sWing, the system alerts the 
individual When the club position varies outside of a pre 
determined range. The system includes a device inserted into 
the distal end of a shaft of the club. A second device is 
attached to a personal computer to provide Wireless data 
transmission With the device mounted in the club. Apersonal 
computer application enables sWing data analysis and dis 
play. The inserted device employs a microprocessor, accel 
erometers, gyroscopes, memory and a system of buffering 
and ?ltering to provide real-time feedback during the sWing. 
It is an additional feature of the inserted device to capture 
and store data required to reconstruct, display, and analyze 
sWings and to share the data With other applications to 
facilitate remote instruction. 
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FIGURE 1 
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FIGURE 2 

38 - RF Link Box 

/ 44 - Universal Serial 
/ / Bus Connector 

L- 42 - Power/USB 
Connection LED 

— 4O - Club Detection 

Data Transfer LED 

46 - Universal Serial 

Bus Cable 

48 - Computing Device 



Patent Application Publication Mar. 10, 2005 Sheet 3 0f 15 US 2005/0054457 A1 

FIGURE’ 3 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 

116 - Display Screen 

72 - Control Panel 
72 - Link Box Cap 

44 

7O - Link Board 

40 

42 8O — Link Board 

Transceiver 
Chip 

74 - Link Box Base 



Patent Application Publication Mar. 10, 2005 Sheet 12 0f 15 US 2005/0054457 A1 

FIGURE 12 

OPERATE 
IGC 
E 

INITIALIZE 
SGSAT 
E 

i 
WAIT FOR 

-—————> INPUT 4 

2_05 

Egg PROCESS 
DETECTED? LINK BOX 

207 E2 

ADDRESS 
DETECTED? 
E 

PROCESS YES 
SWING 

2L3. 

OFF 
SIGNAL 

DETECTED? 
m 

NO 

END 
POWER OPERATE 
DOWN 
217 IGC 
__ 2_2_9 



Patent Application Publication Mar. 10, 2005 Sheet 13 0f 15 US 2005/0054457 A1 

209 

BEGIN 
PROCESS 
LINK BOX 
2Q 

REQUEST Doggy” 
FOR DATA? 23 5 
m — 

FLASH 
MEMORY 

_2_3_2 

END 
PROCESS 
LINK BOX 
E 



Patent Application Publication Mar. 10, 2005 Sheet 14 0f 15 US 2005/0054457 A1 

FIGURE 14 
N A w 

BEGIN 
PROCESS 
SWING 
Q 

WAIT FOR 
MOTION 
E 

SUFFICIENT 
ROTATION? 

2_5_§ 

TIMEOUT? 
M 

SAIVIPLE 
SENSORS <— 

E 

TIIVIE 
EXCEEDED? 

Z? 
WRITE 

— DATA 

E 

INSUFFICIENT 
ROTATION? 
E 

NO 

END 
PROCESS 
SWING 
E 



Patent Application Publication Mar. 10, 2005 Sheet 15 0f 15 US 2005/0054457 A1 

FIGURE 15 

BEGIN 
DISPLAY 
DATA 
& 

UPDATE 
DATA 
£1 

DOWNLOAD 
APP PATCH 

Z>_01 

APP PATCH 

REQUIRED? 
E 

DOWNLOAD 
FW PATCH 

1L 

FW PATCH 

REQUIRED? 
E 

COLLECT 
———> IGC DATA 

3_1_3_ 

S ESXPORGT 
SWING DATA? T 

3 15 YES DA A 
— Q1 

END 
DISPLAY DggggY <———-———— 
DATA 319 
152 — 



US 2005/0054457 A1 

METHOD AND SYSTEM FOR GOLF SWING 
ANALYSIS AND TRAINING 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This patent application claims the bene?t of US. 
Provisional Patent Application No. 60/501,044, entitled, 
“Method and System for Golf Stroke Analysis and Train 
ing,” and ?led Sep. 8, 2003. 

FIELD 

[0002] This disclosure pertains generally to a sport train 
ing system and, more particularly, to an intelligent sports 
club, bat or racket that takes quantitative measurements of a 
sWing for real-time feedback and subsequent analysis and 
display. 

BACKGROUND 

[0003] Various inventions are described to assist golfers’ 
efforts to improve their sWing. One category of devices 
involves systems of restraints on the golfer’s body or on the 
club to force the golfer into a more perfect sWing. Restraint 
based systems operate on the premise that by forcing a golfer 
into a given stance or sWing pattern, the golfer Will inculcate 
the lesson as a form of muscle memory that can then be 

employed While gol?ng With a standard club. HoWever, a 
golfer’s natural tendency is to resist the restraint system and 
thereby learn a stance or sWing pattern predicated on the 
presence of the restraint system. In the absence of the 
restraint system, the user’s neW stance or sWing pattern is 
incorrect. 

[0004] Other devices attempt to mechanically react to the 
sWing With hinged clubs or moving Weights. Mechanically 
reactive systems provide hinged or Weighted systems that 
react to various qualities of a sWing. For example, a hinged 
golf club is speci?ed that stays rigid during the course of a 
good sWing, but Will collapse under the conditions of a poor 
club sWing. These devices do not alloW the golfer to train 
With a physically intact, standard golf club. Also, some of 
these devices do not alloW for actually striking a golf ball 
during the sWing. Once again, the golfer is learning sWing 
habits divorced from requirements of sWinging a standard 
golf club in a standard manner. 

[0005] Another category of devices is electronic in nature 
and entirely external to the golf club, typically involving 
some type of sWing motion capture. These systems typically 
employ arrays of sensors and cameras con?gured around the 
golfer. Visualization and analysis of individual frames, as 
Well as sloW motion animation of the golf sWing are dif?cult 
With conventional video analysis because of the required 
high frame rates. Further, high frame rates require large 
amounts of data storage and processing poWer. In some 
instances, the users must also af?x indicators or sensors on 
their person and/or their club. The inconvenience and com 
plexity of these externally con?gured systems prevent this 
technology category from gaining Widespread appeal in the 
gol?ng community. In addition, because of the nature of 
these systems, golfers are not able to play a round of golf 
While using these systems. 
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[0006] A class of electronic devices exists that requires 
users to mount the devices on the outside of the shaft of the 
club. The Weight of these devices changes the club’s sWing 
characteristics and renders sWing lessons less meaningful. 
The externally mounted devices signi?cantly change the 
look of the club and may loosen or move on the shaft. 

[0007] Another class of electronic devices exists that 
require users to mount devices on their person. For example, 
in US. Pat. No. 6,048,324, issued to Socci et al., the 
speci?cation discloses headgear for detecting head motion 
and providing an indication of head movement. An object of 
this invention is to provide players With a device to teach 
proper ball striking in a variety of sports including golf by 
tracking head motion. Devices designed to exclusively 
monitor a subset of the golfer’s motions do not adequately 
capture the various motions required for a human to hit a 
golf ball. Therefore, these devices cannot precisely predict 
the path of the golf club during a sWing. 

[0008] Lastly, in US. Pat. No. 6,648,769, issued to Lee et 
al., a device is disclosed to capture and analyZe data related 
to a golf club sWing. This device is comprised of electronic 
components in the distal end of the club shaft With additional 
circuitry in the head of the club. The presence of components 
in the modi?ed golf club head degrades the users’ experi 
ence by providing a different tone at ball strike. Furthermore, 
by locating critical components in the club head, the region 
of the club Which experiences the highest rates of accelera 
tion, the device is more susceptible to mechanical degrada 
tion and failure. The club requires a Wired link to doWnload 
sWing data to a computing device. This Wired link is 
cumbersome for users. Finally, the club provides feedback to 
the user regarding their sWing only after data is doWnloaded 
to a computing device. This lack of real-time feedback, 
during the course of the sWing, provides a less meaningful 
learning experience to the user. 

BRIEF DESCRIPTION OF THE FIGURES 

[0009] For a more complete understanding of the present 
disclosure, and the advantages thereof, reference is noW 
made to the folloWing brief descriptions taken in conjunc 
tion With the accompanying draWings, in Which like refer 
ence numerals indicate like features. 

[0010] FIG. 1 shoWs an instrumented golf club (IGC), 
Which is a component of the claimed subject matter; 

[0011] FIG. 2 shoWs additional components of the 
claimed subject matter, ie a radio frequency (RF) link box, 
a universal serial bus cable and a computing device execut 
ing a softWare program; 

[0012] FIG. 3 shoWs a battery recharger designed to be 
used With the IGC of FIG. 1; 

[0013] FIG. 4 shoWs tWo vieWs of a club grip incorporated 
into the IGC, i.e., an outer vieW and an expanded inner vieW; 

[0014] FIG. 5 shoWs an exploded vieW of the top portion 
of the IGC grip; 

[0015] FIG. 6 shoWs three vieWs of an Inertial Measure 
ment Unit (IMU) incorporating the claimed subject matter; 

[0016] FIG. 7 shoWs a three-dimensional frame of refer 
ence corresponding to the IGC With respect to a three 
dimensional frame of reference corresponding to the World; 
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[0017] FIG. 8 shows an exploded vieW of the RF link box 
introduced in FIG. 2; 

[0018] FIG. 9 shoWs an exemplary swing path data model 
used to store information collected by the IGC; 

[0019] FIG. 10 shoWs an exemplary analysis application 
88 graphical user interface (GUI) that provides a user access 
to the functionality and con?guration of the IGC; 

[0020] FIG. 11 shoWs an alternative embodiment of the 
RF link box of FIGS. 1 and 8; 

[0021] FIG. 12 is a ?oWchart of a Data Collection process 
associated With the IGC and the System of Golf Swing 
Analysis and Training (SGSAT); 

[0022] FIG. 13 is a ?oWchart of the Process Link Box step 
of the Data Collection process of FIG. 12 in more detail; 

[0023] FIG. 14 is a ?oWchart of the Process SWing step of 
the Data Collection process of FIG. 12 in more detail; and 

[0024] FIG. 15 is a ?oWchart of a Data Display process 
associated With the IGC and the SGSAT. 

DETAILED DESCRIPTION OF THE FIGURES 

[0025] Although described With particular reference to a 
golf club and more speci?cally to a driver, the claimed 
subject matter can be implemented in many types of devices. 
With reference to other golf clubs the claimed subject matter 
is applicable to all types of golf clubs, including irons, 
fairWay Woods, Wedges, and putters. Another type of sports 
device that may bene?t from the claimed subject matter is a 
racket. All racket sports include tennis, racquetball, squash 
and badminton. With minor softWare modi?cations to the 
disclosed embodiment, the advantages of real-time sWing 
feedback, sWing data storage, transmission, and advanced 
analysis can be extended to the players of racket sports. 
Further, additional embodiments may include bats such as 
those used in baseball, softball, t-ball, cricket, polo, etc. 
With minor softWare modi?cations to the disclosed embodi 
ment, the advantages of real-time sWing feedback, sWing 
data storage, transmission, and advanced analysis could be 
extended to the players of bat sports. 

[0026] An additional embodiment may be adapted for use 
With a video game controller or computer game controller. 
Real time data transmission from an instrumented game 
controller alloWs for real-life sWing data to be directly fed 
into any sports video or computer game. In addition, the 
portions of the disclosed invention can be implemented in 
softWare, hardWare, or a combination of softWare and hard 
Ware. The hardWare portion can be implemented using 
specialiZed logic; the softWare portion can be stored in a 
memory and executed by a suitable instruction execution 
system such as a microprocessor, tablet personal computer 
(PC), or desktop PC. 

[0027] Several exemplary objects and advantages of the 
claimed subject matter, described for the sake of simplicity 
only With respect to a golf club, are as folloWs: 

[0028] Provide a system for capturing, recording, and 
analyZing data pertaining to a golf club sWing that 
resides entirely Within the distal end (grip end) of the 
instrumented golf club; 
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[0029] Provide a system for capturing, recording and 
analyZing data pertaining to a golf club sWing With 
out noticeably modifying the instrumented club’s 
sWing characteristics as compared to the character 
istics of a standard, non-instrumented golf club; 

[0030] Provide a system for capturing, recording and 
analyZing data pertaining to a golf club sWing With 
out modifying the appearance or character of the 
head of the instrumented golf club or the shaft of the 
instrumented golf club as compared to a standard, 
non-instrumented golf club; 

[0031] Provide a system for capturing, recording and 
analyZing data pertaining to a golf club sWing such 
that the instrumented golf club can be used to strike 
a standard golf ball in both playing and practice 
conditions thereby avoiding sWing idiosyncrasies 
Which may occur When golfers sWing in the absence 
of a golf ball; 

[0032] Provide a system for users to improve their 
golf sWing Without imposing outside physical 
restraints or tethers on a golfer and thereby avoiding 
the creation of arti?cial sWing habits that compensate 
for the outside restraints; 

[0033] Provide a system Which generates audible 
real-time feedback during the course of a sWing 
thereby alloWing a user to immediately recogniZe 
and address poor sWing habits; 

[0034] Provide a system Which does not require the 
placement or utiliZation of devices af?xed to the 
exterior of a golf club for capturing, recording, and 
analyZing data pertaining to a golf club sWing; 

[0035] Provide a system Which requires minimal 
amounts of memory storage and processing poWer to 
alloW visualiZation and analysis of individual frames 
as Well as sloW motion animation of the golf sWing; 

[0036] Provide a system Which does not require the 
placement or utiliZation of devices af?xed to the 
golfer’s body While capturing, recording, and ana 
lyZing data pertaining to a golf club sWing; 

[0037] Provide a system Which does not require the 
placement or utiliZation of devices positioned around 
the golfer While capturing, recording, and analyZing 
data pertaining to a golf club sWing; 

[0038] Provide a system for capturing, recording and 
analyZing data pertaining to a golf club sWing Which 
alloWs for subsequent Wireless transfer of single or 
multiple sWing data sets to an application resident on 
a computing device for further sWing analysis; and 

[0039] Provide a system for capturing, recording and 
analyZing data pertaining to a golf club sWing Which 
includes highly accurate club linear acceleration data 
along 3 orthogonal axes and highly accurate club 
angular rate data around said axes and algorithms 
sufficient to convert said data into highly accurate 
club positioning data. Additional exemplary objects 
and advantages are as folloWs: 

[0040] Provide a system Which alloWs for extensive, 
subsequent sWing analysis on a computing device; 
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[0041] Provide a system packaged in a suf?ciently 
generic Way that multiple, disparate clubs may be 
instrumented and therefore enabled for sWing data 
analysis; 

[0042] Provide a system With an active but dozing 
mode that increases battery life and reduces the 
incidence of non-sWing motion recording; and 

[0043] Provide a system that alloWs for the transmis 
sion of sWing data from the golfer to a second, 
remote party for second-party analysis. 

[0044] Other aspects, objectives and advantages of the 
claimed subject matter Will become more apparent from the 
remainder of the detailed description When taken in con 
junction With the accompanying ?gures. 

[0045] FIG. 1 shoWs an instrumented golf club (IGC) 18, 
Which is one component of a System of Golf SWing Analysis 
and Training (SGSAT) of the claimed subject matter. Other 
components of SGSAT include a radio frequency (RF) link 
box 38 (see FIG. 2) coupled to a computing device 48 (see 
FIG. 2) and a battery recharger 22 (FIG. 3). 

[0046] IGC 18 includes a head 34 and a shaft 34, both of 
Which are similar to shafts and heads on a typical golf club. 
Although illustrated as a driver, head 34 can be any type of 
golf club, including but not limited to, an iron, a Wedge, a 
Wood and a putter. As mentioned above, the claimed subject 
matter is not limited to golf clubs but can be applied to many 
types of bats, rackets and game controllers. 

[0047] Attached to the top of shaft 34 is a grip 30, into 
Which the claimed subject matter is incorporated. Grip 30 
includes a PoWer On/Mute/PoWer Off button 20, a battery 
recharge connector 28, a battery recharge connector cover 
22, a grip faceplate 24 and a Flag SWing button 26. 

[0048] PoWer On/Mute/PoWer Off button 20 is pushed 
once to poWer on the IGC 18. Once the IGC 18 is poWered 
on, button 20 is pushed to toggle on and off an audio 
feedback signal that indicates to a user When a particular 
sWing has broken a plane representing a correct sWing. To 
poWer off the IGC 18, button 20 is pushed in and held for 
four or more seconds. 

[0049] Battery recharge connector 28 is a socket into 
Which battery recharger 22 is inserted to charge a battery 
pack 68 (see FIG. 6) Within IGC 18. Battery recharge 
connector cover 22 is a plastic cover that has tWo protruding 
posts, one of Which plugs into connector’s 28 socket and 
keeps moisture and dirt from entering socket 28 When 
battery recharger 22 is not connected to IGC 18. When IGC 
18 requires recharge, cover 22 is lifted and rotated around 
the second protruding post to expose connector 28 and 
battery recharger 22 is inserted into connector 28. Grip 
faceplate 24 is a ?nishing piece for an Inertial Measurement 
Unit (IMU) 53 (see FIGS. 4 and 6) that ?ts Within grip 30. 
Finally, a ?ag sWing button 26 is pushed When a user desires 
to mark the data corresponding to a particular sWing of IGC 
18 for future investigation using an analysis application 88 
(see FIG. 10) on a computing device 48 (see FIG. 2). A 
saved sWing can also become a benchmark, or reference 
sWing, against Which subsequent sWings can be compared, 
including setting a reference for the breaking planes sounds. 
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[0050] FIG. 2 shoWs additional components of SGSAT of 
the claimed subject matter, i.e. Radio Frequency (RF) Link 
Box 38, a universal serial bus (USB) cable 46 and a 
computing device 48 that hosts tWo softWare applications, 
one for processing sWing data (see FIG. 14) and one for 
interfacing With IGC 18 (see FIG. 13). USB cable 46 
communicatively couples computing system 48 and RF 
Link Box 38 via a USB connector 44. USB cable 46 is used 
as an example only. One With skill in the computing arts 
Would recogniZe there are many Ways, both Wired and 
Wireless, to connect computing system 48 and RF Link Box 
38. 

[0051] A PoWer/USB connection light emitting diode 
(LED) 42 provides indication of Whether or not RF link box 
38 is connected to poWer and computing system 48. A club 
detection data transfer LED 40 provides indication of 
Whether or not RF link box 38 is in communication With IGC 
18 by lighting up and provides indication of Whether data is 
being transferred betWeen IGC 18 and RF link box 38 by 
blinking. RF link box 38 is described in more detail beloW 
in conjunction With FIG. 8. 

[0052] FIG. 3 shoWs a battery recharger 22 designed to be 
used With the IGC 18 of FIG. 1. Recharger 22 plugs into 
IGC 18 at battery recharge connector 28 (FIG. 1) and 
functions to recharge battery pack 68 (see FIG. 6). 
Recharger 22 includes a plug for connecting recharger 22 to 
a standard AC poWer outlet and a transformer to convert AC 
current into DC current. Recharger 22 is similar to recharg 
ers typically provided in conjunction With cordless appli 
ances, Wireless telephones, and many other common house 
hold devices. 

[0053] FIG. 4 shoWs club grip 30 and an expanded vieW 
of a top portion of IMU 53, Which ?ts Within IGC 18. Battery 
recharge connector cover 22, grip faceplate 24, poWer 
on/mute/poWer off button 20 and ?ag sWing button 26 Were 
introduced above in conjunction With FIG. 1. As explained 
above, a protruding post on battery recharge connector cover 
22 ?ts into grip faceplate 24 to protect battery recharge 
connector 28. In addition, grip faceplate 24 has a cover 
anchor hole 23, into Which a second post on cover 22 is 
inserted. When inserted into hole 23, friction and compres 
sion betWeen the second protruding post and faceplate 24 
secure cover 22 against faceplate 24. 

[0054] BeloW grip faceplate 24 is an antenna board 50 that 
is employed in Wireless communication betWeen IGC 18 and 
RF link box 38 (FIG. 2). Antenna board 50 is coupled to a 
main circuit board 52, Which is explained in more detail 
beloW in conjunction With FIG. 6. Illustrated parts 20, 22, 
24, 26, 50 and 52 connect together and are coupled to, and 
part of, IMU 53, Which ?ts into grip 30. A tab 51 extends 
from main board 52 and serves to secure IMU 53 in a ?xed 
position relative to grip 30. A second, opposing tab (not 
shoWn) protrudes from the other side of main board 52 and 
also serves to secure IMU 53 in position relative to grip 30. 

[0055] FIG. 5 shoWs a detailed vieW of the top portion of 
IGC grip 30. TWo slots 55 provide space into Which tab 51 
(FIG. 4) and the second opposing tab can be positioned to 
secure IMU 53 Within grip 30. 

[0056] FIG. 6 shoWs three vieWs of IMU 53 (FIG. 4), ie 
an outer vieW 101, an inner, exploded vieW 103 and an inner, 
assembled vieW, or assembly, 105. Outer vieW 101 shoWs a 
tube 54 into Which assembly 105 ?ts. Also shoWn is a screW 
56 Which secures assembly 105 to tube 54. 
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[0057] Exploded vieW 103 includes antenna board 50 and 
a full vieW of main board 52, both of Which Were introduced 
above in conjunction With FIG. 4. Antenna board 50 is 
coupled both mechanically and electrically to main board 
52. Also coupled mechanically and electrically to main 
board 52 are a club transceiver chip 78, a sounder 76, an 
accelgyro board 60 and a Z-gyro board 62. Also included 
Within tube 54 are a battery pack 68, tWo tube inserts 58, a 
battery standoff 64, and battery pack Wires 66. 

[0058] Club transceiver chip 78, Which in this example is 
a 2.4 GHZ transceiver, is responsible for Wireless commu 
nication betWeen IGC 18 (FIG. 1) and RF link box 38 (FIG. 
2). Transceiver chip 78 employs a quarter Wave monopole 
antenna (not shoWn) located on antenna board 50. Sounder 
76 provides an audio feedback signal to a user of IGC 18 
When a particular sWing falls outside of acceptable param 
eters. 

[0059] ScreW 56 extends through one Wall of tube 54, 
through one tube insert 58, through main board 52, through 
second tube insert 58 and through the opposite Wall of tube 
54. ScreW 56 serves as a main point of structural integrity 
Within IMU 53. In other Words, screW 56 and tube inserts 58 
prevent the various components of assembly 105 from 
vibrating Within tube 54. 

[0060] IMU 53 employs three solid-state gyroscopes (not 
shoWn), such as Analog Devices’ ADXRS300, to measure 
angular rates around axes CX, Cy, and CZ (see FIG. 7). A 
gyroscope located on accel/gyro board 60 measures the 
angular rate of rotation around CX, a gyroscope located on 
main board 52 measures the angular rate of rotation around 
Cy, and a gyroscope located on the Z-gyro board 62 mea 
sures the angular rate of rotation around CZ. These gyro 
scopes are con?gured With a bandWidth of 1500 degrees per 
second in order to record a typical golf sWing, although other 
bandWidths are possible depending upon the particular 
application. Additional signal conditioning and analog to 
digital conversion circuitry (not shoWn) supports the three 
gyroscope sensors. 

[0061] IMU 53 employs tWo dual-axis accelerometers (not 
shoWn), such as Analog Devices ADXL210e, to measure 
linear acceleration along axes CX, Cy, and CZ. An acceler 
ometer on main board 52 measures linear acceleration along 
CX and CZ axes. An accelerometer on accel/gyro board 60 
measures linear acceleration along Cy axis and duplicated 
data along the CZ axis. Although one embodiment uses only 
one channel of the CZ data, another embodiment may com 
pare both channels of CZ data for such bene?ts as increased 
accuracy and/or signal noise reduction. 

[0062] It should be noted that accelerometers can measure 
both linear acceleration and forces due to gravity. The ability 
to measure the effects of gravity alloWs for the resolution of 
a gravity vector that in effect tells IGC 18 Which direction is 
doWn With respect to the surrounding World (see FIG. 7). 

[0063] Also included on main board 52 is a temperature 
sensor (not shoWn) for providing temperature compensation 
of data from the gyroscopes and accelerometers because the 
performance characteristics of the gyroscopes and acceler 
ometers can be affected by temperature. A microprocessor 
(not shoWn), on main board 52, is employed as a central 
processing unit for IGC 18. The microprocessor controls the 
other components of board 52, collects sensor data, monitors 
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system temperature, corrects sensor data for temperature 
related distortion, processes the corrected sensor data into 
position, velocity, and acceleration vectors, stores the cor 
rected sensor data in ?ash memory (not shoWn) for later 
doWnload, and performs real-time collision detection of IGC 
18 With respect to the sWing planes, explained beloW in 
conjunction With FIG. 7. 

[0064] SWing data is stored on 8 MB of serial ?ash 
memory (not shoWn) on main board 52. One embodiment of 
the claimed subject matter employs approximately 72 kB of 
memory per recorded sWing therefore alloWing over 100 
sWings to be stored on the ?ash memory before the ?ash 
memory is consumed. Another embodiment of the claimed 
subject matter may use higher quantities of memory that 
Would alloW for data captured for a higher number of 
sWings. In addition, other embodiments may sample feWer 
data points per sWing, thereby alloWing for data to be 
captured from a higher number of sWings. Furthermore, 
other embodiments may employ data compression algo 
rithms to alloW for more data to be captured from a higher 
number of sWings. 

[0065] Finally, battery standoff 64 provides separation 
betWeen main board 52 and battery pack 68, Which provides 
poWer for the components of IMU 53. Battery pack 68 is 
electrically coupled to Z-gyro board 62, and therefore the 
other components of IMU 53, via battery pack Wires 66. In 
this example, battery pack 68 consists of ?ve (5) recharge 
able metal hydride cells, although there are many possible 
con?gurations. The poWer supply sub-system, Which 
includes battery pack 68 and a voltage regulator (not shoWn) 
on main board 52, generates voltage levels as required for 
device components, eg 1.8 V, 3.3 V and 5.0 V supplies. 

[0066] FIG. 7 shoWs IGC 18 Within tWo three-dimen 
sional, orthogonal frames of reference, a frame 107 plotted 
With reference to a typical position for IGC 18 (FIG. 1) and 
a frame 109 plotted With reference to gravity corresponding 
to the World. Frame 107 corresponds to a coordinate system 
in Which the positive club X-axis is identi?ed as ‘CX’, the 
positive club Y-axis is identi?ed as ‘Cy’ and the positive club 
Z-axis is identi?ed as ‘CZ’. Frame 109 corresponds to a 
coordinate system in Which the positive World X-axis is 
identi?ed as ‘GX’, the positive World Y-axis is identi?ed as 
‘Gy’ and the positive World Z-axis is identi?ed as ‘GZ’. 

[0067] During processing of data collected by ICG 18 both 
frames 107 and 109 are applicable. Frame 107 corresponds 
to a frame of reference for measurements taken by accelgyro 
board 60 and Z-gyro board 62 (FIG. 6). Frame 109 corre 
sponds to a frame of reference of a user of IGC 18 and a 
display (not shoWn) for providing feedback to the user. 
Those With skill in the mathematical arts can easily convert 
measurements back and forth betWeen frames 107 and 109. 

[0068] The claimed subject matter builds on the concept of 
a golfer keeping their sWing Within a region bounded by a 
“loWer sWing plane” and an “upper sWing plane” (not 
shoWn). The loWer sWing plane passes roughly from the heel 
of golf club head 36 (FIG. 1) through the golfer’s right hand 
While the golfer is addressing a golf ball. The upper sWing 
plane passes roughly from the toe of the golf club head 36 
through the golfer’s right shoulder While the golfer is 
addressing the golf ball. Most golfers sWinging above the 
loWer sWing plane and beloW the upper sWing plane Will 
produce a better sWing than those sWinging outside of these 
planes. 
















