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ABSTRACT 

A sports swing analysis system employs phase array 
RADAR to determine golf swing parameter values. 
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METHOD AND APPARATUS FOR SPORT SWING 
ANALYSIS SYSTEM 

[0001] This application is a continuation of United States 
patent application having Ser. No. 09/952,714, entitled, 
“SPORT SWING ANALYSIS SYSETM,” Which is hereby 
incorporated by reference in its entirety. The present appli 
cation has the same inventors as, is assigned to the same 
entity as, and claims bene?t of the same ?ling date, Sep. 14, 
2001, as this application. Applications having the same 
inventors, the same assignee, and docket numbers: 
GT1CONTA, GT1CONTB, GT1CONTC, GT1CONTD, 
GT1CONTE, GT1CONTF, GT1CONTG, GT1CONTH, 
GT1CONTI, and GT1CONTJ are being ?led on the same 
day hereWith and each incorporates the other by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to systems and meth 
ods to aid in analyZing the sWing associated With athletic 
activities. More particularly, the present invention relates to 
a system and method for detecting and analyZing the path 
and orientation of an sports implement, such as a golf club, 
as it is sWung. Although the present invention is Well suited 
to the analysis of a golf club’s sWing, its application is not 
limited thereto. 

BACKGROUND OF THE INVENTION 

[0003] Practice makes perfect. HoWever hackneyed that 
bromide may be, it offers an element of truth. That is, the 
skill-level of an individual, particularly in those tasks that 
involve muscle-memory, such as athletic or musical-perfor 
mance activities, is directly related to the number of quality 
hours spent engaged in those pursuits. Pete Maravich almost 
alWays had his hands on a basketball, Jimi Hendrix rarely set 
his guitar doWn; even those With great natural ability devel 
oped their talents through many, many hours of practice. The 
implication of the term “quality hours” is that the time must 
be spent in a manner that provides feedback to alloW the 
practitioner to modify his execution in order to improve his 
performance. A “sour note” in a blues riff, a concussion 
incurred While attempting a double back ?ip off a high 
board, or a hook into the rough off a golf tee are all forms 
of feedback that provide a learning opportunity to an aspir 
ing competitor/performer. 
[0004] There are a number of sports activities that involve 
extraordinarily complex sWinging movements. The fact that 
no major league player has hit 400 since Ted Williams did 
so in his 1941 season is a testament to the extreme dif?culty 
of effectively sWinging a baseball bat. Asixty percent failure 
rate Would be disastrous in nearly any other endeavor, but, 
in baseball, it’s the apex of performance. Similarly, the many 
mechanical degrees of freedom associated With a golf sWing 
conspire to provide the average duffer With many opportu 
nities for failure and the mechanics of sWinging a tennis 
racquet are critical to success in that sport. Ice hockey, ?eld 
hockey, and lacrosse are among the other sport activities that 
rely upon the skillful sWing of an implement (that is, a bat, 
a club, a racquet, etc.). Although professionals are available 
to help athletes improve their sWings (e.g., hitting coaches 
for baseball players and golf and tennis professionals), costs 
associated With such lessons are beyond the means of the 
vast majority of players. Scheduling the time for and trav 
eling to lessons adds another layer of inconvenience to this 
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approach for improving your golf game. Additionally, ath 
letic activities involving the use of an implement moving at 
a high rate of speed, it can be dif?cult to accurately assess 
any ?aWs in the mechanics of an individual’s sWing. 

[0005] Devices and systems are available for sport par 
ticipants to make critical evaluations of the techniques and 
mechanics associated With their sport of interest. In the sport 
of golf there have been a number of advances in golf club 
sWing analysis. For example, US. Pat. No. 5,718,639 issued 
to Bouton, US. Pat. No. 5,474,298 issued to Lindsay, and 
US. Pat. No. 6,227,984 issued to Blankenship, disclose 
various approaches to sensing and analyZing golf sWings. 
NotWithstanding the abundance of sWing analysis systems, 
the development of accurate, inexpensive sWing sensing and 
analysis systems remains elusive. 

[0006] An automated system that analyZes a sport sWing 
and provides feedback to a player as a convenient, accurate, 
loW-cost alternative to the engagement of coaches and/or 
professionals Would be highly desirable. 

SUMMARY 

[0007] A sport sWing analysis system and method in 
accordance With the principles of the present invention 
senses electromagnetic energy re?ected from a sports imple 
ment. The re?ected energy may be of any Wavelength or 
band of Wavelengths. Although the Wavelength of the energy 
may fall outside the range referred to as the visual spectrum, 
the energy Will be referred to hereinafter as “light.” For the 
purpose of illustration, examples of operation using infrared 
light Will be employed. 

[0008] A system and method in accordance With the 
principles of the present invention emits light then detects 
light re?ected from a sports implement, such as a golf club, 
baseball bat, or tennis racquet, for example. As the sports 
implement passes by one or more of photo-emitters (emit 
ters) the implement re?ects a portion of the light striking it 
from the emitters. One or more photo-detectors (detectors) 
detect light re?ected from the implement and the amplitude 
of light re?ected into one or more of the detectors Will vary 
With the passing of the implement. 

[0009] In accordance With the principles of the present 
invention, the system may employ pattern recognition meth 
ods and apparatus, including, but not limited to, edge 
detection techniques, to distinguish the light re?ected from 
the implement and received at the detector(s) from back 
ground light and light from other sources that is received at 
the detector(s). Light from outside sources, also referred to 
herein as “artifact,” is a potential source of error and, once 
identi?ed, is ignored by the system. In an illustrative 
embodiment, the edge-detection process includes the step of 
differentiating a sWung sports implement’s re?ection pro?le 
to determine one or more points of in?ection in the pro?le. 
The one or more points of in?ection correspond to relatively 
sharp transitions in the amplitude of re?ected light, and 
correspond to one or more identi?able features on the sWung 
implement. Each identi?able feature may, for example, be a 
transition betWeen materials having relatively high light 
absorption and relatively high light re?ectivity. In an illus 
trative embodiment, the system stores information related to 
each such light level transition that meets a threshold 
criteria. Such information may include the time at Which the 
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transition occurred (that is, a time stamp) and a “tag” that 
identi?es the detector that detected the light-level transition. 

[0010] In an illustrative example, the identi?able features 
may be the leading and trailing edges of a re?ective strip 
coupled to the sWung implement. The re?ective strip may be 
coupled to the implement using any attachment means, 
including, but not limited to, adhesives, hook and loop, 
tying, or strapping, for example. Alternatively, the re?ective 
material may be integral With the sWung implement, With 
one or more strips of re?ective material embedded Within 
the head of a golf club, Within the body of a baseball bat, or 
Within the head of a tennis racquet, for example. The 
re?ective strip may, additionally, be ?anked by one or more 
regions of highly light-absorptive material in order to estab 
lish a high-contrast re?ectivity region: that is, a region in 
Which the material surfaces present an abrupt shift from 
highly light-absorptive to highly light-re?ective. Such a 
high-contrast re?ectivity region enhances the system’s abil 
ity to detect re?ection transition events, thereby alloWing the 
system to more precisely determine the exact time and 
location of transition events. For example, in an illustrative 
embodiment, a highly absorptive material, such as black 
electrical tape, is applied to the bottom surface of a golf 
club’s head, then a strip of retrore?ective material, is 
attached, via adhesive backing, to the absorptive material 
(that is, the black tape), With some of the absorptive material 
left uncovered. The combination of absorptive material and 
overlaid re?ective material yields high-contrast re?ectivity 
regions at the leading and trailing edges of the strip. 

[0011] In another aspect of a system in accordance With 
the principles of the present invention, the retrore?ective 
strip is of a knoWn Width and is aligned With leading and 
trailing edges parallel to the face of the club. An alignment 
tool may be employed to ensure that the strip is properly 
aligned With the face of the club. KnoWing the Width of the 
re?ective strip alloWs the system to determine the speed of 
the associated sWung implement by dividing the Width of the 
strip by the time betWeen re?ectivity transitions associated 
With the leading and trailing edges of the re?ective strip. 

[0012] Triangulation techniques may be employed by a 
system in accordance With the principles of the present 
invention to determine the distance betWeen the implement 
and the system’s light detectors. In an illustrative golf club 
sWing analysis embodiment, such a distance measurement 
may be used to provide an indication of the height of a 
sWung club head above a surface holding the golf ball. Such 
a golf club sWing analysis embodiment may include one or 
more arrays of detectors and emitters) embedded in a 
housing that provides support for a golf ball on its upper 
surface. The emitters and detectors are coupled to a con 
troller that controls the output of the emitters and samples 
the input to the detectors. The controller may also perform 
signal conditioning, the timestamping, amplitude pro?le 
creation, and edge detection processes discussed brie?y 
above, or, alternatively, may of?oad some, or all, of these 
tasks to an associated computer. The tasks associated With a 
sWing analysis system in accordance With the principles of 
the present invention may be divided betWeen the controller 
and a computer in a number of Ways. In an illustrative 
embodiment, the amplitude pro?le stored includes the iden 
ti?cation of the detector that experienced the light transition, 
the direction of the transition (that is, going from dark to 
light, or going from light to dark), and the time of the 
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transition. HoWever those tasks are divided, the system may 
be used to determine and display sWing path angle, club 
head speed, club head angle, club head lateral alignment 
With respect to a ball support, club head loft angle, and club 
head height. Additionally, the system may be employed to 
calculate and display an “effective club head speed,” Which 
takes into account the raW speed of the club head and 
discounts that speed according to sWing path angle, club 
head lateral alignment, and club head angle. Sensor arrays 
(that is, arrays of emitters and detectors) are positioned 
Within and supported by a sensor housing in a manner that 
permits the sensors to detect and analyZe the passage of a 
sWung club before, after, and at the point of impact With a 
ball. 

[0013] A sWing analysis system in accordance With the 
principles of the present invention may analyZe sloWer 
motioned sWings, such as putting strokes in a golf sWing 
analysis embodiment and may incorporate both “regular” 
sWing analysis (that is, the analysis of sWings other than 
putting strokes) and putting sWing analysis into one or more 
practice modes and into one or more game modes. 

[0014] The system may include a user interface the pro 
vides a variety of textual and graphical information related 
to sWing analysis and may include vieWs of a struck ball’s 
trajectory including, “still”, “folloW the ball”, and “spin” 
vieWs. In the “still” vieW, the user observes the ball trajec 
tory from a stationary vieWpoint corresponding to the place 
Where he Was standing When he hit the ball. In the “folloW 
the ball” vieW, the user’s vieWpoint folloWs the ball, as 
thought tethered to the ball. In the “spin” vieW, the vieWpoint 
folloWs the ball and then spins to a side vieW that travels 
along With the ball. 

[0015] An applicator that properly aligns re?ective mate 
rial on the implement that is to be sWung for analysis is also 
contemplated Within the scope of the invention, as is a mat 
that is con?gured to receive a sensor housing and to support 
a user at approximately the same level as the top of the 
sensor housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and further features, aspects, and advan 
tages of the invention Will be apparent to those skilled in the 
art from the folloWing detailed description, taken together 
With the accompanying draWings in Which: 

[0017] FIG. 1a is a conceptual block diagram of a sports 
sWing analysis system in accordance With the principles of 
the present invention and FIGS. 1b, 1c, and 1d depict a 
baseball bat, a tennis racquet, and a golf club coupled to 
retrore?ective materials in accordance With the principles of 
the present invention; 

[0018] FIG. 2 is a perspective vieW of a golf sWing 
analyZer system in accordance With the principles of the 
present invention; 

[0019] FIGS. 3a through 3h illustrate the application of 
retrore?ective materials to a golf club head in accordance 
With the principles of the present invention; 

[0020] FIG. 4 is a top plan vieW of a golf sWing analyZer 
sensor housing in accordance With the principles of the 
present invention; 
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[0021] FIGS. 5a through 5b illustrate in greater detail the 
operation of a golf sWing analyZer in combination With 
retrore?ective materials in accordance With the principles of 
the present invention; 

[0022] FIG. 6 is a block diagram of a sensor system in 
accordance With the principles of the present invention; 

[0023] FIG. 7 is a block diagram of a computer such as 
may be used in implementing a sports sWing analysis system 
in accordance With the principles of the present invention; 

[0024] FIG. 8 is a ?oW chart of the process of sports sWing 
analysis in accordance With the principles of the present 
invention; 

[0025] FIG. 9 is a screen shot of a sports sWing analysis 
system in accordance With the principles of the present 
invention in Which display components related to a golf 
sWing are illustrated; 

[0026] FIG. 10 is a screen shot of a sports sWing analysis 
system in accordance With the principles of the present 
invention in Which display components related to a golf 
putting sWing are illustrated; 

[0027] FIG. 11 is a screen shot of a sports sWing analysis 
system in accordance With the principles of the present 
invention in Which display components related to a golf 
course layout are illustrated; and 

[0028] FIGS. 12a and 12b are, respectively, perspective 
and end vieWs of a golf mat such as may be employed by a 
sports sWing analysis system in accordance With the prin 
ciples of the present invention. 

DETAILED DESCRIPTION 

[0029] A sports sWing analysis system in accordance With 
the principles of the present invention may be con?gured 
and employed to analyZe the characteristics of a sWung 
sports implement. Although the implement could be any of 
a number of sports implements that are sWung during the 
course of a sports activity, such as a baseball bat, a tennis 
racquet, a hockey stick, or a golf club, the folloWing 
description Will concentrate, for the sake of brevity and 
clarity of eXposition, on the detection and analysis of a golf 
sWing, in the details. 

[0030] The conceptual block diagram of FIG. 1a outlines 
three functional building blocks of a sports sWing analysis 
system 100 in accordance With the principles of the present 
invention. The detection systems 102 interface With signal 
generation and processing functions 104 that, in turn, inter 
face With analysis, control, and user interface functions 106. 
The functions represented in the blocks 102, 104, and 106 
may be distributed in a number of Ways; With the functions 
dispersed in a plurality of packages or With all the functions 
located Within a single package. As Will be described in 
greater detail in the discussions related to subsequent Fig 
ures, in an illustrative embodiment of a golf sWing analysis 
system, the majority of the detection system 102 and signal 
generation and processing 104 functions are located Within 
a sensor housing that is linked With a general purpose 
computer upon Which have been coded the analysis, control, 
and user interface functions 106. 

[0031] The detection system functions 102, as described in 
greater detail in the discussion related to the folloWing 
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Figures, include the placement and orientation of electro 
magnetic emitters and detectors and the use of retrore?ective 
materials to optimiZe the operation of the emitters and 
detectors. Although the electromagnetic energy employed 
by the photoemitters (emitters) and photodetectors (detec 
tors) may be of any Wavelength or band of Wavelengths, and 
the Wavelength(s) of the energy may fall outside the range 
referred to as the visual spectrum, the energy Will be referred 
to hereinafter as “light.” For the ease and clarity of illustra 
tion, eXamples of operation using infrared light Will be 
employed. 
[0032] A system and method in accordance With the 
principles of the present invention emits light then detects 
light re?ected from a sports implement, such as a golf club, 
baseball bat, or tennis racquet, for eXample. As the sports 
implement passes by one or more of photo-emitters (emit 
ters) the implement re?ects a portion of the light striking it 
from the emitters. One or more photo-detectors (detectors) 
detect light re?ected from the implement and the amplitude 
of light re?ected into one or more of the detectors Will vary 
With the passing of the implement. 

[0033] In accordance With the principles of the present 
invention, the system may employ pattern recognition meth 
ods and apparatus, including, but not limited to, edge 
detection techniques, to distinguish the light re?ected from 
the implement and received at the detector(s) from back 
ground light and light from other sources that is received at 
the detector(s). Light from outside sources, also referred to 
herein as “artifact,” is a potential source of error and, once 
identi?ed, is ignored by the system. In an illustrative 
embodiment, the edge-detection process includes the step of 
differentiating a sWung sports implement’s re?ection pro?le 
to determine one or more points of in?ection in the pro?le. 
The one or more points of in?ection correspond to relatively 
sharp transitions in the amplitude of re?ected light, and 
correspond to one or more identi?able features on the sWung 
implement. Each identi?able feature may, for eXample, be a 
transition betWeen materials having relatively high light 
absorption and relatively high light re?ectivity. In an illus 
trative embodiment, the system stores information related to 
each such light level transition that meets a threshold 
criteria. Such information may include the time at Which the 
transition occurred (that is, a time stamp) and a “tag” that 
identi?es the detector that detected the light-level transition. 

[0034] In an illustrative eXample, the identi?able features 
may be the leading and trailing edges of a re?ective strip 
coupled to the sWung implement. The re?ective strip may be 
coupled to the implement using any attachment means, 
including, but not limited to, adhesives, hook and loop, 
tying, or strapping, for eXample. Alternatively, the re?ective 
material may be integral With the sWung implement, With 
one or more strips of re?ective material embedded Within 
the head of a golf club, Within the body of a baseball bat, or 
Within the head of a tennis racquet, for eXample. The 
re?ective strip may, additionally, be ?anked by one or more 
regions of highly light-absorptive material in order to estab 
lish a high-contrast re?ectivity region: that is, a region in 
Which the material surfaces present an abrupt shift from 
highly light-absorptive to highly light-re?ective. Such a 
high-contrast re?ectivity region enhances the system’s abil 
ity to detect re?ection transition events, thereby alloWing the 
system to more precisely determine the eXact time and 
location of transition events. 


























