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(57) ABSTRACT

A method 1s disclosed for matching a test golifer with a par-
ticular golf club selected from a group of golf clubs having a
plurality of styles. The method utilizes data set derived 1n an
initial procedure 1n which the club style preferences for each
of a large number of pre-test golfers 1s recorded and corre-
lated with a set of performance parameters for the golf swings
of such pre-test goliers. This data enables the pre-test golfers
to be classified into subgroups, in which goliers within the
same subgroup generally prefer the same club style and goli-
ers 1 different subgroups generally prefer different club
styles. After this data set has been established, the test golfer
takes a golf swing with a goli club, while performance param-
cters for the swing are measured. Based on the measured
performance parameters and the previously established data
set, the test golier 1s classified according to swing type, and
the optimum goli-club 1s then selected from the plurality of
styles of golf clubs.
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METHOD FOR MATCHING A GOLFER WITH
A PARTICULAR CLUB STYLE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This application is [a] iz continuation of prior application
Ser. No. 10/116,688, filed Apr. 3, 2002, now U.S. Pat. No.

7,041,014, which claims [priority from] tie benefit of U.S.
Provisional Application Ser. No. [60/281,950] 60/281,850
filed [Apr. 6, 2001] 4pr. 5, 2001.

FIELD OF THE INVENTION

The present invention relates to a method for matching a
golier with a particular style of golf club.

DESCRIPTION OF THE RELATED ART

A golf club typically includes three basic structural com-
ponents: a shatt, golf club head, and a grip. The shaft 1s
typically hollow and made of a carbon fiber-type composite
maternal. The golif club head 1s attached to the lower end of the
shaft and 1s used to strike a golf ball. The grip typically covers
the upper end of the shaft and 1s used to facilitate gripping by
the golfer.

Golf clubs come 1n a myrnad of styles or types. That 1s, the
performance characteristics of three basic structural compo-
nents can each be varied in several ways. For example, the
flexibility and total weight of the golf club shait can be varied.
The distribution of weight along the axis of the shaft also can
be varied.

Given the multitude of golf club styles, 1t can be difficult for
a golfer to select a golf club that properly matches his or her
golf swing. Typically, the golfer selects a golf club by testing
as many different styles of golf clubs as possible and making
the selection based upon the feel and/or performance of the
clubs tested. In addition, or in the alternative, the golier may
seek the advice of an expert. The expert typically uses his or
her prior experience 1n matching goliers with golf clubs, to
select the proper golf club for the golfer.

These traditional methods for matching a golf club to a
golier have several disadvantages. For example, these meth-
ods are highly subjective and typically do not yield accurate
or repeatable results. Moreover, these methods typically are
limited to selecting between golf clubs that are available for
testing. A need, therefore, exists for an improved method for
matching a golfer to a type of golf club.

U.S. Pat. No. 6,083,123 purports to disclose an improved
method for fitting golf clubs to golfers. The method includes
measuring specific objective parameters of a golfer’s golf
swing. These parameters relate to: (1) the movement of the
golf club during a golf swing (e.g., club head speed, the time
it takes for the club head to travel from the address position to
the point of impact with a golf ball), (11) the resulting golf shot
(e.g., the launch conditions of the golf ball and the trajectory
of the goli ball), and (111) the golfer’s physical characteristics
(e.g., the golfer’s height). The patent states that inferences are
made from these parameters to “specily a theoretically 1deal
golf club matching a test golfer’s personal swing character-
1stics.” However, the patent fails to provide any details con-
cerning how these inferences are made. Accordingly, the
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2

patent fails to provide suflficient information to enable the
golier to be matched to the optimal golf club.

SUMMARY OF THE INVENTION

During the downswing of a typical golf swing, the hands of
the golfer revolve around the golfer and the golf club head
rotates about the moving hands as the golier’s wrists uncock.
These two movements occur together and bring the club head
into contact with the golf ball. During this movement, the golf
club 1s accelerated to high linear and angular velocities by the
forces and moments exerted by the golier’s hands at the
handle of the golf club. The mechanical properties of the golf
club, mncluding, e.g., shaft flex, weight, and weight distribu-
tion, influence how the movements of the golfer’s hands and
the forces and moments exerted by the golier’s hands trans-
late 1nto movements of the golf club. To maximize the per-
formance of the golf club, the properties of the golf club must
be suitable for the movement of the golf club.

It 1s generally desirable 1n a golf swing to maximize the
speed of the club head at impact. The mechanical properties
of the club, e.g., the shaft tlex, weight, and weight distribu-
tion, can influence the golfer’s ability to achieve high club
head speed. Accordingly, for a given movement pattern of the
golier’s hands, there will be a set of shait properties that 1s
optimal for maximizing head speed at impact.

However, each golfer has a different golf swing and golfers
generally do not swing their golf clubs 1n the same way. For
example, the hand movement patterns during a golier’s golf
swing differs from golfer to golfer. It 1s for this reason that
different golfers prefer and perform best with golf clubs hav-
ing different mechanical properties, 1.e., different golf club
types or styles.

For example, it 1s recognized that just prior to impact of the
club head with the ball, some golfers have relatively low hand
speed, but high angular velocity of the golf club. For this type
of golfer, the golf club can be thought to be swinging about
the wrist joints, and the golf club may most easily be accel-
erated to high club head speeds 11 the center of gravity of the
shaft 1s located away from the hands of the golfer and the shait
has a lower moment of nertia. Other types of golfers have
relatively high hand speeds and a lower angular velocity of
the golf club. For this type of golfer, the golf club can be
thought of as swinging around the center of the golier’s body,
and the golf club may most easily be accelerated to high club
head speeds i1 the center of gravity of the shait 1s located
closer to the hands. By carefully measuring the speed of the
hands and the rate of rotation of the golf club about the hands
just before 1mpact, the golier can be classified as one of the
two above-described types of golfers. Once the golfer has
been classified, 1t can be recommended the golier use a club
type having a weight distribution that most suitably corre-
sponds to the golfer’s swing type.

Accordingly, one aspect of the present invention 1s the
recognition that a golfer’s golf swing can be classified into
groups based upon performance parameters, which are, at
least 1n part, derived from certain objective measurements of
a golfer’s golf swing. Moreover, it 1s recognized that golfers
with the same swing type generally prefer the same style or
type of golf club and that golfers with different swing types
generally prefer different types or styles of golf clubs. Thus,
by classifying a golfer’s swing type, a golier can be properly
matched to a particular type or style of golf club.

Another aspect of the present invention involves a method
for matching a golier to a golf club. The method 1ncludes
having a golier swing a golf club while the golf swing 1s
measured to determine certain performance parameters. The
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golfer’s swing 1s classified into a swing type based upon these
performance parameters. A style of golf club 1s selected from
a plurality of styles of golf clubs based upon the swing type of
the golier’s golf swing.

Yet another aspect of the present invention 1s that the per-
formance parameters include and/or are derived from certain

unexpected objective measurements. Specifically, 1t has been
determined that certain measurements of the golfer’s motion
are particularly usetul for classitying the golfer’s golf swing.
These measurements 1include measurements of the three-di-
mensional spatial movement of the golfer’s hands. These
measurements of three-dimensional movements of parts of
the golier and club preferably include position, velocity, and/
or acceleration. These quantities can be measured continu-
ously versus time during the golf swing and/or these quanti-
ties can be measured at only certain steps or phases of the golf
swing, €.g., at the time the swing changes direction at the top
of the golf swing or at the time of impact with the golf ball.
These measurements can be used individually or they can be
used 1 combination. For example, positions and velocity
from two different phases of the golf swing can be used
together.

An exemplary system for obtaiming the aforementioned
measurements 1s a three-dimensional motion analysis sys-
tem, which preferably imncludes a micro-electro-mechanical
system (MEMS) incorporating accelerometers and rate
ogyros. Sensors are also provided for obtaining angle and
orientation measurements to provide data 1n six degrees-oi-
freedom, which can be used to derive the measurements for
the performance parameters. In a modified arrangement, an
optically-based motion analysis system may be used to obtain
the measurements for the performance parameters. In yet
another modified arrangement, a golf club having suitable
instrumentation incorporated therein may be used to gather
the measurements for the performance parameters.

Two examples of performance parameters that are related
to measurements of the golfer’s hand motion are the Mini-
mum Hand Speed at Change of Direction, which 1s defined as
the minimum speed of the golfer’s hand during the change of
direction or transition to the downswing, and the Time of Peak
Hand speed, which 1s defined as the time from the start of the
golier’s downswing to the time of peak hand speed. Other
performance parameters relating to other parts of the swing
also can be used.

Still another aspect of the present invention 1s a method for
turther improving the match between a golf club and a goli-
er’s swing type. The method includes performing an initial
cluster analysis of various objective measurements of goliers’
golf swings so as to correlate basic performance parameters
with basic swing types and golf club preferences. After the
initial classifications have been made, the initial classifica-
tions are further analyzed so as to correlate more specific
performance parameters and with more specific swing types
and golf club preferences, such as, for example, shaft tlex, and
weight.

Other features and advantages of the present invention
should become apparent to those skilled in the art from the
tollowing detailed description of the preferred methods, hav-
ing reference to the accompanying drawings, which 1llustrate
the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will now be
described with reference to the drawings of the preferred
embodiments, which are intended to 1llustrate and not to limait
the invention, and 1in which:

FIG. 1 1s a flowchart of a method for matching a golfer to a
golf club that has certain features and advantages according to
the present invention.
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FIG. 2 1s a schematic representation of eight styles of golf
clubs.

FIG. 3 1s a plot of the velocity of a golfer’s hands versus
time during a golf swing.

FIG. 4 1s an example of groups 1n a cluster analysis.

FIG. 5 1s a schematic 1llustration of an apparatus that 1s
used to match a golier to a golf club and has certain features
and advantages according to the present invention.

FIG. 6 1s an example of an instrumented golf club for
measuring shait deflection, for example.

FI1G. 7 1s a schematic 1llustration of a golfer swinging a golt

club.

FIGS. 8A-8E are graphs depicting the distributions of a
large number of previously fitted goliers for five different
performance parameters that can be used to facilitate the
proper matching of a golier with a golf club selected from a
group of golf clubs having different shait flexes.

DETAILED DESCRIPTION OF THE PREFERRED
METHODS

The present invention relates generally to methods for
matching a golier with an optimal golf club selected from a
group ol golf clubs having distinct physical characteristics or
styles. Specifically, with reference to FIG. 1, certain “perfor-
mance parameters” of a golier’s golf swing are collected
(operational block 10) by, at least 1n part, taking certain objec-
tive measurements ol a golier’s golf swing. These perfor-
mance parameters are used to classity the golfer’s swing into
a swing type, as represented by operational block 12. The
golier then 1s provided with a golf club based upon the goli-
er’s swing type (operational block 14). Preferably, the lott and
lie of the selected golf club are also adjusted to achieve the
desired trajectory. One of the advantages of the present inven-
tion 1s that the performance parameters are based upon objec-
tive data. Therefore, as compared to prior art methods which
rely upon the subjective observations of the golfer or an
expert, the present invention more

In developing the present mvention, 1t was hypothesized
that golfers having different types of golf swings require
different types or styles of golf clubs. It also was hypothesized
that golf swings could be classified into groups or classifica-
tions, 1n which golfers within the same group generally prefer
the same style of golf club and golfers in different groups
generally prefer different styles of golf clubs. Moreover, 1t
was believed that these groups could be 1dentified and defined
by certain objective measurements of a golier’s golf swing
(1.e., performance parameters). Desirably, each performance
parameter for a given group delines a specified range.

To test this hypothesis and to i1dentify the performance
parameters useful 1n classifying a golfer’s swing, more than
100 performance parameters were measured for the golf
swings of more than 1350 goliers using: (1) three-dimensional
motion analysis for measuring the motion of the golf club and
the golier during a golf swing, and (11) discrete measurements
taken from devices mounted on the golf club, e.g., one or
more strain gauges 99 (see FIG. 6) positioned on a golf club
shaft 102, for measuring shaft flex.

To determine what style of golf club the tested golfers
prefer, most of the tested goliers tested several different styles
of golf clubs. That 1s, the goliers were provided with golf
clubs having substantially identical structural configurations,
but ditfferent specific mechanical properties or performance
characteristics, e.g., different shaft weighting configurations
and/or different shatt flexibilities. The golfers’ preferences as
to styles of golf clubs were also recorded.

More specifically, each golfer was provided with up to the
eight different styles of golf clubs, 1llustrated in FIG. 2. The
cight styles could be divided into three divisions, labeled A,
B, and C. Each of the golf clubs 90A, 90B, and 90C 1n the
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three divisions had substantially the same structural configu-
ration. That is, each club has a golf club head 100, a shait 102,
and a grip 104. However, each division has a distinct set of
performance characteristics (1.e., mechanical properties).
More particularly, each of the three divisions had a differ-
ent shalt weighting configuration. That 1s, the shaft 102 varied
with respect to: (1) the total weight of the shait, and (11) the
distribution of weight along the length of the shaft. Specifi-
cally, the golf clubs in division A were characterized by a
lightweight shaft having a mass of about 50-65 grams. The
golf clubs 1n division B were characterized by a conventional-
weight shaft having a mass of about 70-115 grams, and also

by having about 15 grams of performance weight 106 added
to their handles 104. The golf clubs 1n division C were char-
acterized by shafts having a mass of about 70-95 grams, and
also by having about 30 grams of performance weight 108
added to about the mid-point of the shait 102.

Club Head
Speed (mph)
Max. Shaft

5

10

15

Deflection (mm)

Time of Peak

Hand Speed (sec.)

Min. Speed

of Hands (@ COD

(mm/sec.)

Each of the golf club style divisions A, B, and C further
could be divided by shafit flexibility. For example, the shaftts
of the golf clubs 1n division A were provided with three
different tlexibilities: soit (i.e., having a frequency of about
2335 cycles per minute), medium (1.e., having a frequency of
about 255 cycles per minute), and stiff (i.e., having a fre-
quency of about 275 cycles per minute). In a similar manner,
divisions B and C also could be subdivided into subdivisions
based upon the tlexibility of the shaft 102, as shown 1n FIG. 2.

A database was developed that includes more than 100
objective performance parameters of the golf swings of 75

golfers. The database also 1included the golier’s club prefer-
ence for a particular style of golf club. A statistical “cluster”
analysis was performed on this database, to determine which
performance parameters, or combination of performance
parameters, best predict what club style a particular golier
would prefer. More specifically, the golfers were classified
into groups defined by a set of performance parameters.

The groups are characterized 1n that golfers within a group
generally prefer the same style of golf club and golfers 1n
different groups generally prefer different styles of golf clubs.
Preferably, the groups are defined by fewer than ten perfor-
mance parameters so as to reduce the complexity of the clas-
siiying of a golfer’s swing. More preferably, the groups are
defined by fewer than six parameters. Most preferably, the
groups are defined by fewer than five parameters. The number
of groups also 1s limited by practical considerations. For
example, using too many groups would increase the complex-
ity of the matching a golfer to a club style.

Surprisingly, performance parameters mvolving measure-
ments of the golfer’s hand motions during his or her golf
swing have been determined to be particularly important 1n
identifying a golfer’s swing type and 1n 1dentitying the golf
club style preterred by the golfer. During the cluster analysis,
groups of similar data points were 1dentified, and each data
point was capable of belonging to more than one group. Inone
example, shown in Tables I and 11, seven groups were utilized
with seven club types. Four performance parameters were
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utilized 1 this model, including: (1) Impact Club Head
Speed, (2) Maximum Shaft Detlection, (3) Time of Peak

Hand Speed, and (4) Mimimum Hand Speed.

Impact Club Head Speed 1s the speed o the club head at the
time of impact with the golt ball. Maximum Shaift Detflection
1s the total, maximum movement of the club head in the
swing-plane and droop-plane axes, relative to a shait coordi-
nate system fixed at the golf club’s grip. Time of Peak Hand
Speed 1s the time duration from the start of the golier’s down-

swing to the time of peak hand speed (see FIG. 3). Minimum
Hand Speed 1s the mimmmum speed of the golier’s hands
during the change of direction/transition from the backswing
to the downswing.

Using these performance parameters, the golfer’s golf
swing 1s preferably classified into seven groups, which are

defined in Table I below.

TABLE I
Group 1 Group 2 Group 3 Group 4 Groupd> Group 6 Group 7
93-103 100-117 102-117  87-105  >109  107-109 R7-93
85-105 100-130 100-104  84-125  >160 144-154 125-140
22-26 175-22 185-.25 3-.38  .15-24 A17-21  .26-.28
200-300 300-650 70-280 86-330 17-150  >500 40-150

Golfers within each of the seven groups identified above
generally prefer the same style of golf clubs. Golfers within
different groups generally prefer different types of golf clubs.
With respect to seven groups and the golf club styles 1llus-
trated 1n FIG. 2, the following relationships between the
groups and club style preference has been determined:

TABLE Il
Swing Shaft Weighting Shaft Flexibility
Classification Preference Preference
Group 1 Division A or C Medium
Group 2 Division B Medium, some Stiff
Group 3 Division B Stiff
Group 4 Division A Soft, some Medium
Group 5 Division B Stiff
Group 6 Division B Medium and Stiff
Group 7 Division C Soft

Another aspect of the invention involves a cluster analysis,
in which the forming of groups or clustering 1s performed
independently on different aspects of the golf club, e¢.g., club
weight, flex, kick point, torque, etc. Accordingly, a cluster
model 1s obtained for correlation with a family of golf clubs.
The cluster model comprises two or more groups, each group
comprising certain performance parameter values, utilized 1in
conjunction with two or more golf club types.

Another example of the invention uses a cluster model for
golf club family correlation having three groups and three

golf club types. The performance parameters used in this
model include: (1) Impact Club Head Speed, (2) Relative

Time of Theta-1 Peak Acceleration, and (3) Theta-1 Excur-
sion During the Golfer’s Swing.

With reference to FIG. 7, Theta-1 1s an angle measured 1n
the swing plane (1.e., the plane swept out by the golf club),
between (1) a horizontal line 204 extending toward the target
from a point 200 at the center of an ellipse traced by a point
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202 at the middle of the hands during the swing and (2) a line
extending from the point 200 to the point 202 at the middle of
the hands. Relative Time of Theta-1 Peak Acceleration 1s the
time from the start of the golier’s downswing to the time of
peak acceleration of Theta-1. This parameter 1s associated
with the acceleration of the golfer’s hands. Finally, Theta-1
Excursion 1s the difference between Theta-1 at the top of the
backswing and Theta-1 at impact. Theta-1 Excursion repre-
sents the amplitude of the revolution of the hands about the
center of the golier’s body during the downswing movement,
and 1t 1s associated with the golfer’s hand position during the
golf swing.

Using these performance parameters, the golier’s golf

swing 1s preferably classified into three groups, which are
defined 1n Table III below.

TABLE 111
Relative Time  Theta-1
Swing Shaft Weight Impact Club of Theta-1 Exclusion
Classification Preference  Head Speed Peak Accel. During Swing
Group I Division A low late low
Group II Division B high early moderate
Group III Division C  moderate moderate high

A Turther example of the invention for shaft flex correlation
to swing type again includes three groups and three club
types. In this example, the parameters of interest include: 1)
Relative Time of (Theta-1 Theta-2) Peak Acceleration, 2)
Slope of Theta-3 versus Theta-2-Theta-1 at impact, and 3)
Total Detlection at Peak Droop Deflection. As with Theta-1,
Theta-2 1s measured 1n the swing plane. Theta-2 1s defined as
the angle between the axis 210 of the golf club shatit 212 and
a horizontal line 208 extending to the target from the point

202 at the middle of the golier’s hands.

Theta-3 1s defined as the angle of club rotation about the
axis 210 of the shaft 212. A Theta-3 value of zero represents
a square club face (i.e., a line normal to the club face is
generally parallel to the direction of travel of the club face
during the swing). A positive Theta-3 value represents an
open club face (1.e., a line normal to the club face points to the
right of the direction of travel of the club face during the
downswing). As such, Theta-3 1s a measure of the openness of
the club face relative to the swing plane.

Relative Time of Theta-1 -Theta-2 Peak Acceleration 1s the
time from the start of the golfer’s downswing to the time of
peak acceleration of Theta-2 minus Theta-1. This parameter
1s associated with the uncocking of the golfer’s hands. The
slope of Theta-3 versus Theta-2-Theta-1 at Impact 1s the ratio
ol the rate of change of Theta-3, which 1s indicative of the rate
of club face closure, to the rate of change of Theta-2-Theta-1,
which 1s indicative with the wrist cock angle (1.e., the angle
between the axis 210 of the shait 212 and the line 206 joining
the center of the ellipse with the point 202 at the middle of the
hands). This parameter 1s related to the timing and magnmitude
of wrist uncocking and hand rotation. Total Detflection at Peak
Droop Detlection is the total movement of the club head 1n the
swing-plane and droop-plane axes, relative to a shait coordi-
nate system fixed at the golf club’s grip when the total move-
ment of the club head in the droop-plane axis reaches a
maximuin.

Using these performance parameters, the golier’s golf
swing 1s preferably classified into three groups, which are

defined in Table IV below.
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TABLE 1V
Relative Time  Slope of Total
Shaft of Theta-1- Theta-3 vs. Deflection at

Swing Flexibility Theta-2 Peak  Theta-2-Theta-1 Peak Droop
Classification Preference Acceleration at Impact Detlection
Group A soft late high moderate
Group B medium  medium medium high
Group C stiff early low moderate

Using the groups such as described 1n the above examples,
a golfer can be matched to an appropriate style of golf club.
Specifically, the performance parameters of a golier’s swing
are first measured. The performance parameters are then used
to classity the golfer’s swing into one of the groups described
above. The golfer 1s then provided with a golf club based on
the group to which the golfer belongs. Preferably, the loit and
lie of the selected golf club also are selected adjusted to
achieve the desired shot shape and trajectory. Note, that with
respect to some swing types, goliers may prefer more than
one type of club style. For example, as shown 1n Table II,
goliers 1n Group 2 tend to prefer a golf club with a weighting
configuration of division B with a shatt tlexibility of Medium.
Accordingly, a golfer can be provided with a Soft and
Medium golf club from division B. The golier can then test
both golf club styles to determine the best fit.

FIG. 5 1llustrates an arrangement of a golf club matching
system 300 that can be used to match a golfer 301 to a golf
club pursuant to the method and techniques of the examples
described above. Specifically, the golf club matching system
can use the performance parameters and groups described
above to match a golfer to a style of golf club.

As shown 1n FIG. 5, the club matching system 300 includes
a performance parameter collection system 302 for collecting
performance data from the golfer’s swing. This collection
system includes a three-dimensional optical motion analysis
system 304, such as 1s available from Qualisys, Inc. The
motion analysis system 1s electronically connected to a pro-
cessor 306, which 1s configured to analyze many aspects of
the collected data. Specifically, the processor 1s configured to
record the motion of a golfer’s hands 310 as a function of time
during a golf swing and also to record the motion of the club
head 312 during the golf swing.

In one preferred form, a dual camera system 1s used. Spe-
cifically, a first camera system includes seven cameras for
capturing the entire golf swing. These seven cameras operate
at 240 frames/second capability, and they view a 3x3x3 meter
volume. Further, a second camera system includes three cam-
eras for capturing the golf swing. These three cameras operate
at 1000 frames/second, and they capture a shoe-box sized
volume at about the location of the club head just prior to the
impact with the golf ball.

Accordingly, from the data collected by the three-dimen-
sional motion analysis system 302, the processor 306 can
generate a plot of the velocity of the player’s hands 310 versus
time. An example of such a plot 1s provided 1n FIG. 3. Hand
speed 1s measured at a point approximately 11 cm from the
butt end of the club, along the longitudinal axis of the grip.
From this plot, the processor 306 can generate certain perfor-
mance parameters, as described above. The processor 306
and the three-dimensional motion analysis system 304 also
are conligured to generate plots such as of the velocity of the
club head 312 as a function of time, and other performance
parameters, examples of which are 1dentified in FIG. 4.

In a modified arrangement, the three-dimensional motion
analysis system may include measurement devices that do not
require optical-based data processing. An example 1s the use
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of inertial measurements units in the form of rate gyros or the
like, which are attached to a golfer and/or to the golf club.
Reduction to desired performance parameter values of the
data as provided 1n such a system 1s known to those skilled 1n
the art. Preferably, one feature common to these three-dimen- 3
sional motion analysis systems 1s a data sampling rate of at
least 120 samples per second, and more preferably at a data
sampling rate of at least 200 samples per second. Preferably,
the accuracy 1n measuring the position of a golfer’s body part
along three axes 1s within about 5 millimeters at each succes- 10
stve sample. The accuracy in measuring each angle of interest
preferably 1s within about 2 degrees. The accuracy 1n mea-
suring a rotation velocity of each body part of interest pred-
erably 1s within about 10 degrees/second, and more prefer-
ably within about 1.0 degrees/second. 15

Preferably, the performance parameter collection system
300 also includes a golf club data collector 314. The golf club
data collector 314 1s configured to collect data from one or
more sensors located on the golf club 318. For example, the
golf club can carry strain gauges, accelerometers, and/or 20
magnetic sensors, for providing club head and/or shaft mea-
surements. As with the three-dimensional analysis system,
the golf club data collector 1s also preferably electronically
connected to the processor 306.

The processor 306 preferably 1s connected to a memory 25
storage device 320, which preferably stores relationships
between the performance parameters and swing groups
described above. The memory storage device preferably also
stores the relationships between swing groups and club styles
described 1n more detail above. The processor preferably 1s 30
connected to an output device 322 for displaying the swing
group of the golfer and/or the selected golf club style for the
golier. The output device 322 can comprise a computer screen
324, a printer 326, and/or an electronic disk.

Various procedures can be implemented for matching a 35
golier to be fitted with a particular golf club selected from a
group of golf club styles. In one example, the selection 1s
made from three different golf club styles, which differ from
cach other only 1n the flexibility of their shaits. These shaft
flexes are 1dentified as S (stiil), X (extra stifl), and XX (extra 40
extra stiil). A separate swing style 1s associated with each of
the three golf club styles.

In this example, five different performance parameters are
used to characterize a golier’s swing style into one of three
different styles. These performance parameters include: (1) 45
rate of change of Theta-2 at the end of the downswing, (2)
clevation angle of the backswing plane, (3) handicap, (4)
peak-to-peak vertical movement of the mid-hands during the
backswing, and (5) maximum shait deflection. These five
parameters are represented in FIGS. 8 A-8E, which are graphs 50
depicting the distribution of values for these five parameters
exhibited by a large group of previously fitted golfers. Each
such graph depicts a separate curve for those of the previously
fitted goliers preterring each of the three shaft tlex styles.

For example, FIG. 8A depicts the rate of change of Theta-2 55
at the end of the downswing, 1.e., at the moment of 1impact
with the golf ball. As mentioned above Theta-2 1s measured
in the golier’s swing plane and 1s defined as the angle between
the axis of the golf club shaft and an 1imaginary horizontal line
extending to the target from a point at the middle of the 60
golier’s hands. It will be noted 1n FI1G. 8 A that the previously
fitted golfers who prefer a golf club having an X shaift flex
generally exhibit a lower rate of change of Theta-2 than do the
previously fitted golfers who prefer golf clubs having XX or
S shaft flexes. The average of such fitted golfers preferring the 65
X shaftt flex have a rate of change of Theta-2 of about 2000

degrees per second.

10

Similarly, FIG. 8E depicts the maximum shaft flex during
the downswing, using a standard golf club provide to the
goliers being tested. It will be noted 1 FIG. 8E that the
previously fitted goliers who prefer a golf club having an S
shaft flex generally exhibit a lower maximum shait flex dur-
ing the downswing than do the previously fitted goliers who
prefer golf clubs having XX or X shaft flexes. The average of
such fitted goliers preferring the S shaft flex have a maximum
shaft flex during the downswing of about 100 mm.

It will be noted that the curves depicted 1n FIGS. 8 A-8E all
have Gaussian shapes. These curves are only approximations
of the data actually accumulated for the previously fitted
goliers. That actual data does not necessarily retlect a pre-
cisely Gaussian distribution. However, it 1s assumed that the
distribution would be Gaussian i1f the performances of a sui-
ficiently high number of golfers were analyzed. Therefore, a
program 1s followed to determine the particular Gaussian
curve that best fits the actual data provided. The resulting
best-fit curves are depicted 1n the graphs.

It also will be noted that the Gaussian-shaped curves
depicted in the graphs of FIGS. 8A-8E all have the same

heights within each graph but diflerent heights from graph to
graph. This reflects the fact that some of the parameters rep-
resented 1n the graphs are considered more important than
others. Those curves that are the highest are considered the
most important and will have the biggest impact on the selec-
tion process.

It also will be noted that the parameter represented 1n the
graph of FIG. 8C reflects a characteristic of the golfer to be
fitted, himself, not a characteristic of such golier’s golf swing.
In this case, the parameter 1s the golier’s handicap. Just as 1n
the case of characteristics of the golfer’s swing, such non-
swing characteristics can be relied on advantageously to
select the optimum golf club from the plurality of golf club

styles.
Although only five parameters have been 1dentified 1n this

example as being used to match the golier to be fitted with the
optimal golf club selected from the group of golf club styles,
it will be appreciated that other, additional parameters could
be used as well. Other suitable swing-related parameters

include: (1) speed of the center of the face of the club head at
impact, (2) peak hand-speed during the downswing, (3) time
duration of the downswing, (4) elevation angle of the back-
swing plane of the center of the face of the club head, (35)
peak-to-peak vertical movement of the mid-hands during the
downswing, and (6) time at which the shait’s kick detlection
1s zero. Other suitable non-swing parameters include: (1) the
golier’s weight and (2) the golier’s height.

To properly it the golfer, he or she swings a golf club
several times, preferably at least five times, while the golfer
and golf club are being continuously monitored using a three-
dimensional motion analysis system, as described above. The
resulting body and swing data 1s analyzed, and average values
for the parameters represented in FIGS. 8 A-8E are computed.
Values representing non-swing related parameters, e.g., the
golfer’s handicap, also are recorded. All of these values then
are compared with the stored data for the previously fitted
goliers, as represented by the graphs of FIGS. 8 A-8E.

For each of the five parameters, the value of the parameter
determined for the golfer being fitted 1s compared with the
weilghtings for the three golf club styles as depicted 1n the
corresponding graph of FIGS. 8 A-8E. Thus, for example, 1f
the golfer being fitted 1s determined to have a rate of change
of Theta-2 at the end of the downswing of 2400 degrees per
second, then the weighting for the golf club having an S shaft




US RE44,362 E

11

1s about 0.5, the weighting for the golt club having an X shaft
1s about 0.9, and the weighting for the golf club having an XX
shait 1s about 3.3.

This 1s repeated for each of the five parameters represented
in FIGS. 8 A-8E, and the weightings are totaled for each of the
three golf club styles. Whichever golf club style provides the
highest total 1s deemed the particular club most likely to be
optimal for the golfer being fitted. This 1s the club, then, that
1s selected for that golfer.

It will be appreciated that this process enables the golfer to
be fitted in a minimum of time, without the need for the golier
to individually test numerous different golf club styles on a
driving range. Despite this efficiency, the fitting can be
accomplished with good reliability. Sometimes, the process
will result 1n paring down the selection not to just one golf
club style, but instead to two or even three golf club styles as
viable candidates. Even so, substantial time 1s saved 1n the
fitting process.

Although the invention has been disclosed 1n the context of
certain preferred embodiments and examples, 1t will be
understood by those skilled in the art that the present inven-
tion extends beyond the specifically disclosed embodiments
to other alternative embodiments and/or uses of the invention
and obvious modifications and equivalents thereof. For
example, 1n the foregoing embodiments of the motion analy-
s1s system, it 1s to be noted that measurements may be taken
relative to the golf club, as well as to a fixed coordinate system
defined other than on the golf club. Thus, 1t1s intended that the
scope of the present invention herein disclosed should not be
limited by the particular disclosed embodiments described
above, but should be determined only by a fair reading of the
claims that follow.

We claim:

1. A method comprising:

using a processor-contrvolled motion analysis system,

determining a plurality of swing performance param-
eters for each of aplurality of test goliers, the plurality of
swing performance parameters being determined from
measurements obtained while each test golier succes-
stvely swings a plurality of dissimilar golf clubs,
wherein the measurements comprise at least one mea-
surement of the test golfer’s hand motion during the test
golfer’s golf swing;

receiving from each of the plurality of test golfers the test

golier’s golf club preference from among the plurality of
dissimilar golf clubs;

correlating the test goliers’ measured swing performance

parameters and golf club preferences; and

storing on a storage device a data set indicative of the

correlation between the test goliers’ measured swing
performance parameters and golf club preferences,
wherein correlating includes classifving the test golfers
into a plurality of golfer classification groups, each
golfer classification group defined by a club head speed
range, a maximum shaft deflection rvage, a time of peak
hand speed range, and a minimum hand speed range.

2. The method of claim 1, wherein the golf club preference
for each of the plurality of test golfers is based on [which golf
club provided the best performance for that particular test
golfer] at least one of shaft weighting and shaft flexibility
characteristics of the plurality of dissimilar golf clubs.

3. The method of claim 1, wherein at least two golf clubs
within the plurality of diSSimilar golf clubs each has at least
one different performance characteristic.

4. The method of claim 3, wherein at least two golf clubs
within the plurality of dissimilar golf clubs each has a differ-
ent shaft weight configuration.
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5. The method of claim 4, wherein the shaft weight con-
figuration [comprises] includes at least one of a total shaft
weight [or] and a shaft weight distribution.

6. The method of claim 3, wherein at least two golf clubs
within the plurality of dissimilar golf clubs each has a differ-
ent shatt flex.

7. The method of claim 1, wherein each of the plurality of
test goliers 1s provided with at least two golf club groups.

8. The method of claim 7, wherein golf clubs in the same
golt club group have a similar shait weight configuration, and
wherein golf clubs in different golf club groups have dissimi-
lar shaft weight configurations.

9. The method of claim 8, wherein the shaft weight con-
figuration [comprises] includes at least one of a total shaft
weight [or] and a shaft weight distribution.

10. The method of claim 7, wherein golf clubs 1n the same
goltf club group have a similar shaft flex, and wherein golf
clubs 1n different golf club groups have dissimilar shaft
flexes.

11. The method of claim 1, wherein each of the plurality of
test golfers 1s provided with a first golf club group, a second
golt club group, and a third golf club group.

12. The method of claim 11, wherein each golf club within
the first golf club group has a first total shait weight, each golf
club within the second golf club group has a second total shatt
weight, and each golf club within the third golt club group has
a third total shait weight.

13. The method of claim 12, wherein the first total shaft
weight 1s less than the second total shaft weight, and the
second total shaft weight i1s less than the third total shaft
weight.

14. The method of claim 11, wherein each golf club within
the first golf club group has a first shait weight distribution,
cach golf club within the second golf club group has a second
shaft weight distribution, and each golf club within the third
golf club group has a third shaft weight distribution, and
wherein the first, second and third shait weight distributions
are dissimilar.

15. The method of claim 11, wherein the first golf club
group [comprises] includes a first golf club having a first shaft
flex, a second golf club having a second shaft flex, and a third
golf club having a third shaft flex, wherein the third shaft flex
1s stiffer than the second shaft flex, and the second shaft flex
1s stiffer than the first shaft flex.

16. The method of claim 11, wherein the second golf club
group [comprises] includes a fourth golf club having a first
shaft flex and a fifth golf club having a second shaft flex, and
wherein the second shaft flex 1s stiffer than the first shait flex.

17. The method of claim 13, wherein the third golf club
group [comprises] includes a sixth golf club having a first
shaft flex, a seventh golf club having a second shatt flex, and
an e1ghth golf club having a third shaft flex, wherein the third
shaft flex 1s stiffer than the second shatt flex and the second
[shat] shaft flex is stiffer than the first shaft flex.

18. The method of claim 1, wherein a three dimensional
motion analysis system 1s used to measure the one or more
swing performance parameters.

[19. The method of claim 1, wherein the measurements
include a time duration from the start of a test golfer’s down-
swing to the time of peak hand speed, or a minimum speed of
a test golier’s hands during a transition from the backswing to
the downswmg, or hand acceleration, or hand position during
the swing, or timing and magnitude of wrist uncocking and
hand rotation, or combinations thereof]

20. The method of claim 1, wherein correlating [com-
prises] includes classifying the test golfers into a plurality of
golier classification groups, each golfer classification group
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defined by a range of values within each of a plurality of
measured swing performance parameters.

21. The method of claim 20, wherein goliers within a golier
classification group generally prefer golf clubs with the same
performance characteristics.

22. The method of claim 20, wherein correlating further
comprises determimng a relationship between each of the
golfer classification groups and at least one golf club pertor-

mance characteristic.

23. The method of claim 22, wherein the golf club perfor-
mance characteristic comprises a shaft weight configuration.

24. The method of claim 23, wherein shaft weight corre-
sponds to total shaft weight.

25. The method of claim 23, wherein shaft weight corre-
sponds to shaft weight distribution.

26. The method of claim 23, wherein the at least one golf
club performance characteristic comprises shait tlex.

27. The method of claim 20, wherein correlating further
comprises determimng a relationship between each of the
golier classification groups and at least one preferred golf

club.
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[28. The method of claim 1, wherein correlating comprises
classitying the test goliers into a plurality of golier classifi-
cation groups, each golfer classification group defined by a
club head speed range, a maximum shait deflection range, a
time of peak hand speed range, and a minimum hand speed
range.]

29. The method of claim [28] /, wherein correlating further
comprises determimng a relationship between each of the
golier classification groups, a shait weight, and a shaft flex.

30. The method of claim [28] /, wherein correlating further
comprises determiming a relationship between each of the
golier classification groups and at least one preferred golf
club.

31. The method of claim 1, wherein correlating turther
comprises performing a statistical cluster analysis of the mea-
sured plurality of swing performance parameters and the
goliers’ golf club preferences.

[32. The method of claim 1, wherein the measurements
comprise at least one measurement of the test golfer’s hand

20 motions during the test golfer’s golf swing.]
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