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(57) ABSTRACT

A system and method for graphically and statistically analyz-
ing and predicting the motion of a bowling ball. In one
embodiment, the system includes an automatic precision ball
thrower, a computer aided tracking system (“C.A.T.S.”), and
a computing device. Certain static properties of the bowling
ball are recorded as independent variables. The automatic
precision ball thrower is used to throw the bowling ball down
the lane a number of times and the C.A.'T.S. records various
dynamic characteristics of its path. This data is received by
the computing device which uses it to calculate a plurality of
dependent variables associated with the path of the bowling
ball. The computing device relates the independent variables
to the dependent variables using multivariable regression
analysis, yielding a set of equations which can be used to
predict the dependent variables (or dynamic characteristics)
of'a second bowling ball given a set of independent variables
(or static characteristics of the second bowling ball).
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1
SYSTEM AND METHOD FOR ANALYZING
BOWLING BALL MOTION

RELATED APPLICATIONS

This application claims the benefit of prior filed U.S. pro-
visional patent application Ser. No. 60/930,302 filed on May
15,2007, the entire contents of which are hereby incorporated
by reference.

BACKGROUND

The present invention relates to systems that analyze and
predict the motion of a bowling ball.

It is generally understood that to improve the opportunity
for bowling a strike in the game of bowling, a bowling ball
should be thrown so that the ball contacts the pins in the
pocket between the headpin and the adjacent pin (i.e., the 1-3
pocket for right-handed bowlers and the 1-2 pocket for left-
handed bowlers). Further improvements can be made by pro-
viding rotation to the ball so that the ball curves and contacts
the pocket at an angle relative to the longitudinal axis of the
bowling lane.

Many factors affect the position and direction of the bowl-
ing ball when it strikes the pins. For example, the ball’s
rotational speed, rotational axis, angle of delivery, frictional
characteristics, and velocity all affect its motion as it travels
down the lane. In addition, certain properties of the bowling
ball, including its diameter and coverstock type, affect the
bowling ball’s path.

SUMMARY

The large numbers of variables that influence the motion of
a bowling ball make it very difficult to develop a system that
can accurately predict the behavior of a bowling ball. As a
result, it can be difficult for bowling ball manufacturers and
testers to predict the way that a bowling ball will behave
without causing it to be thrown down a bowling lane. This
process of testing the behavior of a bowling ball can be
expensive and time consuming. Therefore, it would be useful
to have a system that is capable of accurately predicting the
path of a bowling ball based on the physical characteristics of
the ball, without having to throw it down the lane.

One embodiment of the invention provides a system for
graphically and statistically analyzing and predicting the
motion of a bowling ball that is thrown down a lane. The
system includes an automatic precision ball thrower, a com-
puter aided tracking system (“C.A.T.S.’), and a computing
device. The C.A.T.S. uses a bowling lane, bowling pins, a
bowling ball, and a number of sensors suitable for recording
the path, velocity, spin, and angle of the bowling ball as it
travels down the lane. Prior to throwing the bowling ball down
the lane, certain properties of the bowling ball are recorded on
the computing device as independent variables, including the
ball’s surface roughness, the oil absorption rate, and the
radius of gyration (static characteristics). The automatic pre-
cision ball thrower is used to throw the bowling ball down the
lane a number of times and the C.A.T.S. records various
characteristics of its path (dynamic characteristics). This data
is received by the computing device which uses it to calculate
an average ball path. The computing device uses the average
ball path and regression lines to calculate 20 dependent vari-
ables associated with the path of the bowling ball. The com-
puting device then relates the independent variables to the
dependent variables using a multivariable regression analy-
sis. This multivariable regression analysis yields a set of
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equations which can be used to predict the dependent vari-
ables given a set of independent variables of a different bowl-
ing ball. Thus, for any given set of bowling ball properties,
certain characteristics of the bowling ball’s path can be pre-
dicted.

In another embodiment, a method for analyzing and pre-
dicting the path of a bowling ball is provided. The method
includes determining a plurality of physical characteristics
for a first bowling ball. The plurality of physical characteris-
tics includes an on-lane coefficient of friction, a dry lane
coefficient of friction, an oil absorption rate, a radius of gyra-
tion, a surface roughness, a total differential, an intermediate
differential, a spin time, a diameter, a room temperature, a
side weight, an oil volume at 8 feet, 32 feet, and 51 feet, a
finger/thumb weight, a room humidity, a top weight, a lane
temperature, a ratio of differentials, a coverstock type, a coef-
ficient of restitution, and a radius of gyration about a positive
axis point. The method also includes determining a plurality
of dynamic attributes of the first bowling ball by repeatedly
throwing the first bowling ball down a bowling lane, and
monitoring the motion of the first bowling ball during each
throw using a plurality of sensors. Monitoring of the first
bowling ball includes monitoring a skid phase, a hook phase,
and a roll or back-end phase of the first bowling ball. A path
of' motion, spin rate, and velocity of the first bowling ball as it
travels down the bowling lane is determined. A relationship
between the plurality of physical characteristics of the first
bowling ball and the plurality of dynamic attributes of the first
bowling ball is determined using a multivariable regression.

In yet another embodiment, the invention provides a com-
puter system for predicting the motion of a test bowling ball.
The system includes a programmed processor configured to
receive input data regarding the physical characteristics of the
test bowling ball. The physical characteristics of the test
bowling ball include an on-lane coefficient of friction, a dry
lane coefficient of friction, an oil absorption rate, a radius of
gyration, a surface roughness, a total differential, an interme-
diate differential, a spin time, a diameter, a room temperature,
a side weight, an oil volume at 8 feet, 32 feet, and 51 feet, a
finger/thumb weight, a room humidity, a top weight, a lane
temperature, a ratio of differentials, a coverstock type, a coef-
ficient of restitution, and a radius of gyration about a positive
axis point. The programmed processor includes a path-pre-
dicting module configured to generate a predicted path of the
test bowling ball based on a relationship between a predeter-
mined plurality of dynamic attributes of at least a second
bowling ball and a predetermined plurality of physical char-
acteristics of the second bowling ball. A regression analysis is
performed to determine the relationship between the static
characteristics and the dynamic attributes, and the relation-
ship is stored in a memory accessible by the programmed
processor.

In additional embodiments, subsets of the physical charac-
teristics are used for predicting the motion of the bowling ball.
The subsets are determined by analyzing the relative effect
that each physical characteristic has on the motion of the
bowling ball. The physical characteristics include an on-lane
coefficient of friction, a dry lane coefficient of friction, an oil
absorption rate, a radius of gyration, a surface roughness, a
total differential, an intermediate differential, a spin time, a
diameter, a room temperature, a side weight, an oil volume at
8 feet, 32 feet, and 51 feet, a finger/thumb weight, a room
humidity, a top weight, a lane temperature, a ratio of differ-
entials, a coverstock type, a coefficient of restitution, and a
radius of gyration about a positive axis point. Each of the
physical characteristics is recorded for each bowling ball
tested. The bowling balls are thrown down a bowling lane a
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plurality of times. Each bowling ball is monitored as it travels
down the bowling lane and a set of dynamic attributes is
calculated from the motion of the bowling ball. The dynamic
attributes include intended path at 49 feet, intended path at 60
feet, average path at 49 feet, average path at 60 feet, velocity
decrease between 11 and 49 feet, velocity decrease between
11 and 60 feet, change of angle at 49 feet, change of angle at
60 feet, first transition point, second transition point, negative
slope, positive slope, total angle, total hook length, angle per
foot, “A” value, breakpoint, first transition to breakpoint
length, breakpoint to second transition length, and frictional
efficiency. After each dynamic attribute has been recorded, a
best subsets regression is performed to determine which of
the physical characteristics have the greatest influence on
each of the dynamic variables. Based on the results from the
best subsets regression, a set of ball-motion equations is com-
puted that predicts the motion of the bowling ball as it travels
down bowling lane. The ball-motion equations are used to
determine which of the physical characteristics have the
greatest effect on bowling ball motion. The physical charac-
teristics that have the greatest influence on the bowling ball’s
motion can then be used as a subset of physical characteristics
to more efficiently predict the motion of the bowling ball. For
example, in some embodiments, a subset of six physical
characteristics is used to predict the motion of the bowling
ball.

Other embodiments, features, and aspects of the invention
will become apparent from the drawings and detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic representation of one
embodiment of the invention.

FIG. 2 illustrates a top view of a bowling lane depicting
various components of the path of a bowling ball.

FIG. 3 illustrates a top view of a bowling lane depicting
regression lines based on the path of the bowling ball shown
in FIG. 2.

FIG. 4 illustrates a schematic representation of a comput-
ing device according to one embodiment of the invention.

FIG. 5 illustrates a relative influence on the motion of a
bowling ball for each independent variable in a set of inde-
pendent variables.

FIGS. 6-8 illustrate independent variables represented by a
subset of one or more additional independent variables.

FIG. 9 illustrates a relative influence that each physical
characteristic in a set of physical characteristics has on the
motion of a bowling ball based on a 3-point weighted scale.

FIG. 10 illustrates the effect that each physical character-
istic in a set of physical characteristics has on the motion of a
bowling ball based on an 18-point weighted scale.

FIG. 11 illustrates ball-motion prediction results based on
a set of ball-motion equations.

DETAILED DESCRIPTION

Before any embodiments of the invention are explained in
detail, it is to be understood that the invention is not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or of being carried out in
various ways.

Certain embodiments of the invention provide a system
which uses a set of tools to graphically and statistically ana-
lyze and predict the motion of a bowling ball. FIG. 1 depicts
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a system 10, which includes an automatic precision ball
thrower 14, a computer aided tracking system (C.A.T.S.) 16,
and a computing device 18. The automatic precision ball
thrower 14 is configured to consistently throw a bowling ball
20 down a bowling lane 24. The automatic ball thrower 14 can
be configured to throw the bowling ball 20 using consistent
ball rotational speed, rotational axis, angle of delivery, loft,
and velocity, which are parameters that affect abowling ball’s
20 path. An example of an automatic precision ball thrower 14
is disclosed in U.S. Pat. No. 6,379,257, the teachings and
descriptions of which are incorporated herein by reference as
though set forth in fall.

The C.A.T.S. 16 is used to analyze the bowling ball 20 as it
travels down the lane 24 and provide feedback regarding
various parameters. The C.A.T.S. 16 may include a lane 24,
pins 26 positioned on one end of the lane 24, a bowling ball 20
adapted to be thrown down the lane 24 as well as detectors 28
for determining the spin rate, the velocity, and the launch and
entry angles of the bowling ball 20. In the illustrated embodi-
ment, the C.A.T.S. 16 includes 10 sensors. In other embodi-
ments, the C.A.T.S. 16 may include a lesser or greater number
of'sensors depending on the amount of information concern-
ing the bowling ball’s motion that is desired. In addition, in
the illustrated embodiment, the sensors include optical
devices designed to measure the velocity and position of the
bowling ball 20 as it travels down the lane 24 and cameras
positioned at one end of the lane 24 to capture images of the
bowling ball 20. An example of a C.A.T.S. 16 is disclosed in
U.S. Pat. No. 6,110,052, the teachings and descriptions of
which are incorporated herein by reference as though set forth
in full.

The computing device 18 is configured to receive data from
the user or from other devices (not shown) in the form of
certain independent variables as described below. In addition,
the computing device 18 is configured to receive data (from
the user, from the C.A.T.S. 16, or both) which can be used to
determine certain dependent variables as described below.
The computing device 18 is also configured to perform cer-
tain computations such as calculating the average path of a
bowling ball 20 from a plurality of bowling ball paths. The
computing device 18 may also be configured to determine a
relationship between the independent variables and the
dependent variables using a multivariable regression analysis
described below. The computing device 18 may be a personal
computer, a laptop, or any other device suitable for storing
data and performing computations.

Other embodiments of the invention provide a method
suitable for analyzing and predicting the path of a bowling
ball 20. In one example, the method includes recording
twenty-three physical properties of the bowling ball 20 as
independent variables before the ball is thrown down the lane.
In one embodiment, these independent variables are input by
the user certain devices designed specifically for measuring
the characteristics of the bowling ball into the computing
device 18. Each of the twenty-three physical characteristics is
recorded for each bowling ball tested. The bowling balls are
thrown down a bowling lane a plurality of times. Each bowl-
ing ball is monitored as it travels down the bowling lane and
aplurality of dynamic attributes (described in detail below) is
calculated from the motion of the bowling ball 20. After each
dynamic attribute has been recorded, a best subsets regression
is performed to determine which of the physical characteris-
tics have the greatest influence on each of the dynamic vari-
ables. Based on the results from the best subsets regression, a
set of ball-motion equations is computed. The ball-motion
equations are then used to determine which of the physical
characteristics have the greatest effect on bowling ball



US 8,088,017 B2

5

motion. In some embodiments, a subset of the twenty-three
physical characteristics used during the initial analysis is used
to predict the motion of the bowling ball 20. For example, the
six or eighteen physical characteristics with the greatest influ-
ence are used to predict the motion of the bowling ball 20. A
reduction in the number of physical characteristics used to
predict bowling ball motion increases the efficiency of the
analysis of the bowling ball 20 and reduces the time required
to predict the bowling ball 20°s motion. Each of the twenty-
three independent variables are listed and described in more
detail below:

1. Surface Roughness-Ra
. On-lane Coefficient of Friction
. Surface Roughness-RS
. Dry-Lane Coefficient of Friction
. Oil Absorption Rate
. Radius of Gyration
. Total Differential
. Spin Time

9. Diameter

10. Side Weight

11. Intermediate Differential

12. Average Oil Volume at 32 feet

13. Room Humidity

14. Average Oil Volume at 8 feet

15. Top Weight

16. Room Temperature

17. Thumb Weight

18. Lane Temperature

19. Ratio of Differentials

20. Average Oil Volume at 51 feet

21. Coverstock Type

22. Coefficient of Restitution

23. Radius of Gyration about a PAP

The Surface Roughness-Ra is the height of the “spikes™ on
the bowling ball 20’s surface. A surface roughness measure-
ment tool measures irregularities on the surface of the bowl-
ing ball 20. The height of the “spikes” on the surface of the
bowling ball 20 is determined from a vertical displacement of
the surface roughness measurement tool as it traverses the
surface of the bowling ball 20. In some embodiments, a total
of ten measurements are recorded using the surface rough-
ness measurement tool from four different segments of the
bowling ball 20. An average of the ten readings is calculated
to determine the Surface Roughness-Ra of the bowling ball
20.

The On-Lane Coefficient of Friction is a calculation of the
coefficient of friction encountered by the bowling ball 20
between, for example, 11 feet and 38 feet while rolling down
the bowling lane 24. In additional embodiments, the On-Lane
Coefficient of Friction is defined for different distances.

The Surface Roughness-RS is the distance between the
spikes on a bowling ball 20’s surface. The surface roughness
measurement tool described above with respect to the Surface
Roughness-Ra is used to calculate the arithmetic mean of
peak-to-peak distances of the “spikes” on the bowling ball 20.
The measurement is calculated from the average of one read-
ing across four segments of the bowling ball 20. In additional
embodiments, more readings are taken across more or fewer
segments of the bowling ball 20.

The Dry-Lane Coefficient of Friction is derived by mea-
suring the amount of force required to move the bowling ball
20, without rolling it, over the surface of the dry (un-oiled)
lane 24. In other words, the Dry-Lane Coefficient of Friction
is derived by measuring the amount of force that is needed to
cause the bowling ball 20 to be pulled across a dry (un-oiled)
lane 24. This procedure is described in more detail in Appen-

O~ OV BN

10

15

20

25

30

35

40

45

50

55

60

65

6

dix F of the USBC Equipment Specifications Manual, avail-
able at http://www.bowl.com/specs/manual.aspx. The meth-
odologies used to derive this value are well understood by
those who are skilled in the art of bowling ball manufacture
and testing and will not be further described herein.

The Oil Absorption Rate for the bowling ball 20 is derived
by measuring the amount of time the bowling ball 20 takes to
absorb a single drop (approximately 0.5 ul.) of oil. This value
is determined by applying oil to a single area on the surface of
the bowling ball 20 and waiting for the oil to be fully
absorbed. The diameter of the drop of 0il is measured in two
directions using a micrometer to determine the surface area of
the drop. The time required for the oil to be completely
absorbed is recorded. In some embodiments, the maximum
amount of time allowed for the oil to be absorbed is 30
minutes. The process described above is repeated four times
and an average value of the times is calculated. The oil
absorption rate for the bowling ball 20 is calculated from the
surface area, amount of oil in the drop, and the time for
complete absorption of the oil.

The Radius of Gyration (RG) is a measurement of where
the weight is located inside of the bowling ball 20 relative to
its center. It is defined as the square root of the bowling ball
20’s moment of inertia divided by its mass. The Radius of
Gyration is a measurement of how easy it is for the bowling
ball 20 to resist rotation. A procedure for measuring the
Radius of Gyration is described in detail in Appendix D ofthe
USBC Equipment Specifications Manual, available at http://
www.bowl.com/specs/manual.aspx.

Every bowling ball has a high RG axis, a low RG axis, and
an intermediate RG axis. The relation of these axes helps to
give a bowling ball 20 a preferred axis of rotation such that
when the bowling ball 20 is thrown, it will try to migrate to its
preferred axis of rotation as it rolls down the lane. The Total
Differential of the bowling ball 20 is the difference between
the RG values for the high RG axis and the low RG axis. The
Intermediate Differential of the bowling ball is the difference
between the RG values for the high RG axis and the interme-
diate RG axis. The Ratio of Differentials is the ratio of the
Total Differential to the Intermediate Differential. The meth-
odologies for determining the Radius of Gyration as well as
the RG values for the high, intermediate, and low RG axes are
understood by those with skill in the art of bowling ball
manufacture and testing.

The Spin Time of the bowling ball 20 is the average time
that it takes the spinning bowling ball 20 to migrate to its high
RG axis. This value is generally measured by placing the
bowling ball 20 on a spinning device, in a certain orientation,
and measuring the amount of time that it takes for the bowling
ball 20 to migrate to its high RG axis.

The Diameter is an average diameter of the bowling ball
20. The bowling ball 20’s surface is rough, which results in a
variance in the diameter of the bowling ball 20. An Abralon®
sanding process is used to smooth the surface of the bowling
ball 20, and as a result, the diameter of the bowling ball 20
changes. After the Abralon® process is completed, a set of
diameter measurements are taken and an average diameter
value is calculated.

The Top Weight is the difference in weight between the top
half of the ball and the bottom half of the ball. The Side
Weight is the difference in weight between the left side of the
midline of the grip and the right side of the midline of the grip.

The Average Oil Volume at 8 feet, 32 feet, and 51 feet are
the average amounts of oil present across a flat pattern at 8
feet, 32 feet, and 51 feet, respectively, on the bowling lane 24.
These measurements may be made using a commercially
available device (e.g., a Brunswick Computer Lane Monitor).
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In some embodiments, the type of bowling lane oil is varied.
Results of the bowling ball 20°s path are then compared for
the different lane oils.

The Lane Temperature is the temperature of the bowling
lane 24 at its surface when the analysis is being performed.
The Room Temperature is the ambient air temperature in the
room where the analysis is being performed. The Room
Humidity is the ambient air humidity in the room where the
analysis is being performed.

The Thumb Weight is the difference in weight between the
thumb side of the midline of the grip and the finger side of the
midline of the grip.

A coverstock is the shell of a bowling ball 20 which is in
direct contact with the bowling lane 24’s surface and oil when
the bowling ball 20 is thrown. The Coverstock Type relates to
the material composition of the coverstock. The most com-
mon coverstock types are: polyester, urethane, reactive ure-
thane, and particle.

The Coefficient of Restitution is related to the elasticity of
the surface of the bowling ball 20 and is a ratio of the energy
transferred from the bowling ball 20 to a standard bowling
pin.

The Radius of Gyration about a Positive Axis Point (PAP)
is the radius of gyration reading about the positive axis point
of an automatic-precision ball thrower.

It has been found through analysis that some physical
characteristics have a greater influence on the motion of the
bowling ball 20 than others. As a result, in some embodiments
of the invention, physical characteristics such as Coverstock
Type, Coefficient of Restitution, and Radius of Gyration
about a PAP are not included in the analysis of the motion of
the bowling ball 20. Additionally, a physical characteristic
such as the Ratio of Differentials is simply a ratio of two other
physical characteristics and may be excluded from the analy-
sis. In some embodiments, additional independent variables
are used to analyze and predict the path ofthe bowling ball 20.

Testing a bowling ball may be accomplished by causing the
automatic precision ball thrower 14 to throw the bowling ball
20 down the lane 24 a plurality of times while the C.A.T.S. 16
records various characteristics of the bowling ball’s 20
motion as it rolls down the lane 24. As depicted in FIG. 1, the
automatic precision ball thrower 14 is positioned at the front
of'the lane 24 so that it can throw the bowling ball 20 with a
predetermined ball rotational speed, rotational axis, angle of
delivery, loft, and velocity. The precision automatic ball
thrower 14 launches the ball 20 down the lane 24 a number of
times while the C.A.T.S. 16 records the data. This information
is input into the computing device 18 for each throw of the
bowling ball 20. As depicted in FIG. 2, the computing device
uses this data to generate certain characteristics of these
throws, including an average ball path 30, the skid phase 32,
hook phase 34, and back-end phase 36 ofthe average ball path
30, and the launch angle 38 and entry angle 40 of the bowling
ball 20. In one embodiment, this is accomplished by causing
the data received from the C.A.T.S. 16 to be loaded into
software running on the computing device 18 (e.g., such as
Microsoft Excel) and using the software to manually manipu-
late the data to generate these characteristics. In other
embodiments, specialized software may be developed to
automatically load and manipulate the data to generate these
characteristics. For convenience in describing the position of
the bowling ball 20 as it travels down the lane 24, FIG. 2
depicts a set of coordinate axes 37. These coordinate axes are
arranged such that the position of the bowling ball can be
described in terms of a horizontal axis of the lane (represent-
ing the distance in feet that the bowling ball 20 has traveled
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down the lane) and a vertical axis of the lane (the bowling
ball’s position relative to the sides of the lane 24).

The average ball path 30 is determined by calculating the
position of the bowling ball 20, for each throw, at each point
on the horizontal axis of the lane 24. In other words, at each
point along the horizontal axes of the lane 24, an average
position of the bowling ball 20 on the vertical axis of the lane
24 is determined by calculating the average position of the
bowling ball 20 on the vertical axis of the lane 24 for each
throw recorded by the C.A.T.S. 16. The result is a group of
coordinates that make up the average ball path 30. The aver-
age ball path extends from the beginning of the lane to the
pocket 40, which is the area between the 1 and 2 pin for aright
handed bowler.

FIG. 2 depicts the three phases of the average ball path 30.
A bowling ball 20 that travels down a bowling lane 24
progresses through three phases. The first phase is the skid
phase 32. The skid phase 32, begins when the bowling ball 20
is launched down the oiled lane 24 at a certain velocity and
with a certain type and amount of spin. During the skid phase,
the bowling ball 20 skids or slides across the top of the lane in
a straight line, because the oiled lane 24 is slick and there is
not enough friction between the bowling ball 20 and the lane
24.

The second phase of the average ball path 30 is the hook
phase 34. During the hook phase 34 the combination of the
friction between the bowling ball 20 and the lane 24 and the
force and spin imparted upon the bowling ball 20 when it was
thrown alter the path of the bowing ball 20. The hook phase 34
is often characterized by an arcing or curving of the bowling
ball’s 20 path.

The third phase of the average ball path 30 is the roll or
back-end phase 36. During the back-end phase 36, the com-
bination of friction between the bowling ball 20 and the lane
24 as well as the force and spin imparted upon the bowling
ball 20 when it was launched cause its path to straighten until
it collides with the pins 26.

In addition, each throw of the bowling ball 20 defines two
angles. The first is the launch angle 38 which is the angle
formed by the linear skid phase 32 and a line that is parallel to
the horizontal axis of the lane 24. The second angle is the
entry angle 40 which is the angle formed by the linear back-
end phase 36 and a line that is parallel to the horizontal axis of
the lane 24.

The computing device 18 generates three separate regres-
sion lines based on the average ball path 30 during each of the
three phases. FIG. 3 depicts these regression lines, identified
as the skid phase regression line 42, the hook phase regression
line 44, and the back-end phase regression line 46. The skid
phaseregression line 42, is generated by extending the path of
the bowling ball 20 during the skid phase 32, for the length of
the lane 24. As depicted in FIG. 3, the skid phase regression
line 42 is a straight line that extends the length of the lane at
an angle equal to the launch angle 38.

The hook phase regression line 44 is generated by extend-
ing the length of the curve formed by the path of the bowling
ball 20 during the hook phase 34. Thus, the hook phase
regression line 44 is a curved line and can be fitted with a
polynomial equation of the form f{x)=Ax*+Bx+C.

The back-end phase regression line 46 is generated by
extending the path of the bowling ball 20 during the back-end
phase 36, for the length of the lane 24. As depicted in FIG. 3,
the back-end phase regression line 46 is a straight line that
extends the length of the lane at an angle equal to the entry
angle 40.

Using these three regression lines as well as the other data
collected by the C.A.T.S. 16, the computing device 18 is able



US 8,088,017 B2

9

to determine certain dependent variables. In the current
embodiment, the computing device generates 20 dependent
variables. However, in other embodiments the computing
device may generate more dependent variables or fewer
dependent variables. The 20 dependent variables of one
embodiment are listed and described below:

1. Intended Path At 49 Feet

2. Intended Path At 60 Feet

3. Average Path At 49 Feet

4. Average Path At 60 Feet

5. Velocity Decrease Between 11 and 49 Feet

6. Velocity Decrease Between 11 and 60 Feet

7. Change Of Angle At 49 Feet

8. Change of Angle At 60 Feet

9. First Transition Point

10. Second Transition Point

11. Negative Slope

12. Positive Slope

13. Total Angle

14. Total Hook Length

15. Angle Per Foot

16. “A” Value

17. Breakpoint

18. First Transition To Breakpoint length

19. Breakpoint to Second Transition Length

20. Frictional Efficiency

The Intended Path at 49 Feet is calculated using the hook
phase regression line 44 and the skid phase regression line 42.
The location of a bowling ball that is traveling on each of
these lines is determined at a position which is 49 feet down
the lane 24. The Intended Path at 49 Feet is a location on the
lane 24 with a horizontal component of 49 feet and a vertical
component that is equal to the difference between the vertical
component of the bowling ball 20 that is traveling on the hook
phase regression line 44 at a position that is 49 feet down the
lane and the vertical component of the bowling ball 20 that is
traveling on the skid phase regression line 42 at a point that is
49 feet down the lane.

The Intended Path at 60 Feet is the same as the Intended
Path at 49 Feet, but calculated at a position that is 60 feet down
the lane 24.

The Average Path at 49 Feet is calculated using the average
ball path 30 and the skid phase regression line 42. The loca-
tion of a bowling ball that is traveling along the average ball
path 30 and the skid phase regression line 42 is determined at
aposition which is 49 feet down the lane 24. The Average Path
at 49 Feet is a position on the lane 24 with a horizontal
component of 49 feet and a vertical component that is equal to
the difference between the vertical component of the bowling
ball 20 that is traveling on average ball path 30 and the vertical
component of the bowling ball 20 that is traveling on the skid
phase regression line 46.

The Average Path at 60 Feet is similar to the Average Path
at 49 Feet, but calculated at a position that is 60 feet down the
lane 24.

The Velocity Decrease Between 11 and 49 Feet is mea-
sured by calculating the difference between the average
velocity of the bowling ball 20 after it has traveled 11 feet
down the lane 24 and the average velocity of the bowling ball
20 after it has traveled 49 feet down the bowling lane 24.

The Velocity Decrease Between 11 and 60 Feet is mea-
sured by calculating the difference between the average
velocity of the bowling ball 20 after it has traveled 11 feet
down the bowling lane and the average velocity of the bowl-
ing ball 20 after it has traveled 60 feet down the bowling lane
24.
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The Change of Angle at 49 Feet is the difference between
two angles. The first angle is formed by drawing a line from
apoint on the average ball path 30 that is 49 feet down the lane
24 to the pocket 41, and determining the angle of this line with
respect to the horizontal axis of the lane 24. The second angle
is the launch angle 38.

The Change of Angle at 60 Feet is the difference between
two angles. The first angle is formed by drawing a line from
apoint on the average ball path 30 that is 49 feet down the lane
24 to the pocket 41, and determining the angle of this line with
respect to the horizontal axis of the lane 24. The second angle
is the launch angle 38.

The First Transition Point is the distance down the lane 24
where the hook phase 34 of the average ball path 30 begins.
The Second Transition Point is the distance down the lane 24
where the back-end phase 36 of the average ball path 30
begins.

The Negative Slope is the slope of the skid phase regression
line 42 and the Positive Slope is the slope of the back-end
phase regression line 46. The Total Hook Length is the length
of the hook phase 34 of the average ball path 30.

Angle Per Foot is the change in angle of the average ball
path 30 during the hook phase 34 relative to the vertical per
foot of the hook phase 34 of the average ball path 30.

The “A” Score is the coefficient of the binomial term of the
polynomial equation that defines the hook phase regression
line 44 for the average ball path 30. By way of illustration, if
the polynomial equation for the hook phase regression line 44
is f(x)=Ax*+Bx+C, the “A” Score is the value of the variable
A.

The Breakpoint is the position on the lane 24 of the apex of
the hook phase 34 of the average ball path 34.

The First Transition to Breakpoint Length is the distance
between the First Transition Point and the Breakpoint. The
Breakpoint to Second Transition Length is the distance in feet
from the Breakpoint to the Second Transition Point.

The Frictional Efficiency is a ratio of a change in velocity
of the bowling ball 20 over a distance the bowling ball 20
travels down the bowling lane. For example, in one embodi-
ment, the Frictional Efficiency is a ratio of the change in
velocity of the bowling ball 20 from release to 51 feet down
the bowling lane over a distance of 51 feet. In other embodi-
ments, different distances are used.

After each of the 20 dependent variables is determined, the
computing device 18 determines a relationship between the
independent variables and the dependent variables using a
multivariable regression analysis. This multivariable regres-
sion analysis allows a mathematical relationship (i.e. the ball-
motion equations) between the independent variables and
each dependent variable to be determined such that the depen-
dent variables may be determined if independent variable
properties of the bowling ball are known. Thus, as depicted in
FIG. 4, the dependent variables of a given bowling ball can be
accurately predicted without throwing the bowling ball down
the lane by using software which accepts the bowling ball’s
independent variables and determines the dependent vari-
ables using the ball-motion equations.

FIG. 5 illustrates a chart 100 of the relationship between a
set of physical characteristics and ball motion using the ball-
motion equations. FIG. 5 demonstrates the relative influence
that a total differential, a coefficient of friction (COF), an oil
absorption rate, a spin time, a radius of gyration, a ratio of
differentials, an intermediate differential (Int. Diff.), and a
coverstock type have on the motion of the bowling ball 20.
The analysis shows that the COF, oil absorption rate, and
radius of gyration have the greatest influence on the motion of
the bowling ball 20. Physical characteristics such as cover-
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stock type and ratio of differentials have a proportionately
small influence on the motion of the bowling ball 20.

In embodiments of the invention, physical characteristics
such as COF and radius of gyration can be represented as
single measured physical characteristic or as multiple mea-
sured physical characteristics that influence the motion of the
bowling ball 20, as shown in FIGS. 6-8. For example, FIG. 6
illustrates the COF 110 as a dry-lane coefficient of friction
112, a surface roughness-RA 114, a surface roughness RS
116, and an on-lane coefficient of friction 118. FIG. 7 illus-
trates the oil absorption rate 130 as the improved method 132
for determining the oil absorption rate described above. In
other embodiments, different methods for determining oil
absorption rates are used. The radius of gyration 140 is rep-
resented in FIG. 8 as alow radius of gyration 142 and a radius
of gyration about a positive point axis 144.

FIGS. 9 and 10 illustrate the relative influence that each of
the physical characteristics has on the motion of the bowling
ball 20. Unlike FIG. 5, FIGS. 9 and 10 include eighteen
physical characteristics. FIG. 9 shows a table 150 that illus-
trates the relative influence that each physical characteristic
has on the motion of the bowling ball 20 based on a three point
weighted scale. FIG. 10 shows a table 160 that illustrates the
relative influence that each physical characteristic has on the
motion of the bowling ball 20 based on an 18 point weighted
scale. The physical characteristics with the greatest influence
on the motion of the bowling ball 20 are assigned the most
points. For example, the physical characteristic with the
greatest influence on the bowling ball 20’s motion receive 3
points or 18 points depending on the scale used. The 3 point
and 18 point weighted scales are selected for convenience. In
other embodiments, different weighted scales are used. Addi-
tionally, the six most significant physical characteristics
related to bowling ball motion have been found to be the
Surface Roughness-Ra, On-Lane Coefficient of Friction, Sur-
face Roughness-RS, Dry-Lane Coefficient of Friction, Oil
Absorption, and Radius of Gyration. In some embodiments of
the invention, additional independent and dependent vari-
ables are included in the analysis of the bowling ball 20 and
the independent variables with the greatest influence on the
bowling ball’s 20 path are different.

FIG. 11 shows a table 170 that provides prediction results
according to an embodiment of the invention. Predictions are
calculated for two bowling balls (WB1 and EB2). Based on
the calculated ball-motion equations and the relative influ-
ence that each physical characteristic has on the motion of the
bowling ball 20, it was found that embodiments of the inven-
tion predict 80% of the dynamic attributes within a +5%
interval. Each of the predicted dynamic attributes for the EB2
bowling ball is within a +5% interval, and five of eight pre-
dicted dynamic attributes are within the +5% interval for the
WB1 bowling ball.

Various features and embodiments of the invention are set
forth in the following claims.

What is claimed is:
1. A method for analyzing and predicting a path of a bowl-
ing ball, the method comprising:
determining a plurality of physical characteristics of a first
bowling ball, the plurality of physical characteristics
including a ball surface roughness, lane coefficient of
friction, an oil absorption rate, and a radius of gyration;
determining a plurality of dynamic attributes of the first
bowling ball by
repeatedly throwing the first bowling ball down a bowl-
ing lane, and
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monitoring the motion of the first bowling ball during

each throw using a plurality of sensors, the monitor-

ing including

monitoring a skid phase, a hook phase, and a back-end
phase of the first bowling ball, and

determining a path of motion, spin rate, and velocity
of'the first bowling ball as it travels down the bowl-
ing lane;

determining a relationship between the plurality of physi-
cal characteristics of the first bowling ball and the plu-
rality of dynamic attributes of the first bowling ball using
a multivariable regression;

determining a plurality of physical characteristics of a sec-
ond bowing ball; and

accepting, by a computer the plurality of physical charac-
teristics of the second bowling ball and executing, with
a computer a program based on the relationship and to
generate a predicted path of the second bowling ball
based on the plurality of physical characteristics of the
second bowling ball.

2. A method as claimed in claim 1, wherein the monitoring

further comprises:

determining the first bowling ball’s intended path at a first
distance and at a second distance.

3. A method as claimed in claim 2, wherein the monitoring

further comprises:

determining the first bowling ball’s average path at the first
distance and at the second distance.

4. A method as claimed in claim 3, wherein the monitoring

further comprises:

determining the first bowling ball’s decrease in velocity
between a third distance and the first distance; and

determining the first bowling ball’s decrease in velocity
between the third distance and the second distance.

5. A method as claimed in claim 2, wherein the monitoring

further comprises

determining the first bowling ball’s change of angle at the
first distance and at the second distance.

6. A method as claimed in claim 5, wherein the monitoring

further comprises

determining a first transition point, a second transition
point, a negative slope, a positive slope, a total angle, a
total hook length, an angle per foot, a breakpoint, a first
transition to breakpoint length, a breakpoint to second
transition length, and a frictional efficiency.

7. A method as claimed in claim 1, wherein repeatedly
throwing the first bowling ball down a bowling lane is accom-
plished using an automatic ball thrower.

8. A method as claimed in claim 7, further comprising
configuring the automatic ball thrower to throw a bowling ball
anumber of times with consistent rotational speed, rotational
axis, angle of delivery, loft, and velocity.

9. A system for predicting a path of a first bowling ball, the
system comprising:

a computer that accepts a plurality of physical characteris-
tics of the first bowling ball and executes a program
based on a predetermined relationship and generates a
predicted path of the first bowling ball based on the
plurality of physical characteristics of the first bowling
ball,

wherein the predetermined relationship is based on a
regression analysis of a plurality of physical character-
istics of a second bowling ball and a plurality of dynamic
attributes of the second bowling ball,
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the plurality of physical characteristics of the second
bowling ball including a ball surface roughness, lane
coefficient of friction, an oil absorption rate, and a
radius of gyration;
the plurality of dynamic attributes of the second bowling
ball determined by
repeatedly throwing the second bowling ball down a
bowling lane using an automatic ball thrower, and
monitoring the motion of the second bowling ball
during each throw using a plurality of sensors, the
monitoring including monitoring a skid phase, a
hook phase, and a back-end phase of the second
bowling ball and determining a path of motion, spin
rate, and velocity of the second bowling ball as it
travels down the bowling lane.
10. A system as claimed in claim 9, further comprising a
computer aided tracking device; and wherein the automatic
ball thrower is a robotic ball thrower.
11. A system as claimed in claim 10, wherein the robotic
ball thrower is configured to throw the first bowling ball in a
repeatable manner, with consistent rotational speed, rota-
tional axis, angle of delivery, loft, and velocity.
12. A system as claimed in claim 10, wherein the computer
aided tracking device comprises a bowling lane and a number
of sensors.
13. A system as claimed in claim 10, wherein the computer
aided tracking device is configured to
determine the second bowling ball’s path, spin rate, veloc-
ity, launch angle, and entry angle for each throw; and

determine an average bowling ball path, average velocity at
a number of points along the average bowling ball path,
average launch angle, and average entry angle, for a
number of throws of the second bowling ball.
14. A method for analyzing and predicting the path of a
bowling ball that is thrown down a bowling lane, the method
comprising:
determining physical characteristics of a bowling ball, the
physical characteristics including an oil absorption rate,
a surface roughness, and a finger/thumb weight;

generating a first set of data comprised of the physical
characteristics of the bowling ball;

throwing the bowling ball down the bowling lane a number

of times;

determining dynamic attributes of the bowling ball as it

travels down the lane using a number of sensors;
generating a second set of data based upon the character-
istics of the bowling ball’s path;

determining a relationship between the first set of data and

the second set of data; and

using the relationship to predict a path of a second bowling

ball.

15. A method as claimed in claim 14, wherein an automatic
precision ball thrower is used to throw the bowling ball down
the lane in a repeatable manner.

16. A method as claimed in claim 15, wherein the auto-
matic precision ball thrower is configured to throw the bowl-
ing ball a number of times with consistent rotational speed,
rotational axis, angle of delivery, loft, and velocity.

17. A method as claimed in claim 14, wherein the first set
of data includes an on-lane coefficient of friction, a dry lane
coefficient of friction, a radius of gyration, a total differential,
an intermediate differential, a spin time, a diameter, a room
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temperature, a side weight, an oil volume at 8 feetand 32 feet,
a room humidity, a top weight, and a lane temperature.

18. A method as claimed in claim 14, wherein the second
set of data includes the bowling ball’s intended path at a first
distance, intended path at a second distance, average path at
the first distance, and average path at the second distance.

19. A method as claimed in claim 14, wherein the second
set of data includes the bowling ball’s decrease in velocity
between a third distance and a first distance and decrease in
velocity between the third distance and a second distance.

20. A method as claimed in claim 14, wherein the second
set of data includes the bowling ball’s change of angle at a first
distance, change of angle at a second distance, an angle per
foot, and a total angle.

21. A method as claimed in claim 14, wherein the second
set of data includes a first transition point, a second transition
point, a breakpoint, a first transition to breakpoint length, and
a breakpoint to second transition length.

22. A method as claimed in claim 14, wherein the second
set of data includes a negative slope, a positive slope, a total
hook length, and a frictional efficiency.

23. A method as claimed in claim 14, wherein a computing
device uses multivariable regression analysis, with the first
set of data as the independent variables and the second set of
data as the dependent variables, to determine the relationship
between the first set of data and the second set of data.

24. A computer system for predicting motion of a test
bowling ball, the system comprising:

a programmed processor configured to receive input data
regarding physical characteristics of the test bowling
ball, the physical characteristics including surface
roughness, lane coefficient of friction, an oil absorption
rate, and a radius of gyration,

the programmed processor including a path predicting
module configured to generate a predicted path of the
test bowling ball based on a relationship between:

a predetermined plurality of dynamic attributes of one or
more second bowling balls which are not the test
bowling ball, and

a predetermined plurality of physical characteristics of
the one or more second bowling balls which are not
the test bowling ball, the predetermined plurality of
physical characteristics including an oil absorption
rate, a surface roughness, and a finger/thumb weight;
and;

wherein the relationship is a based on a regression analy-
sis and is stored in a memory accessible by the pro-
grammed processor.

25. The system as claimed in claim 24, wherein the physi-
cal characteristics further include an on-lane coefficient of
friction, a dry lane coefficient of friction, a radius of gyration,
a total differential, an intermediate differential, a spin time, a
diameter, a room temperature, a side weight, an oil volume at
8 feet and 32 feet, a room humidity, a top weight, and a lane
temperature.

26. A system as claimed in claim 24, wherein the dynamic
attributes of the second bowling ball include an average bowl-
ing ball path, average velocity at a number of points along the
average bowling ball path, average launch angle, and average
entry angle.



