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(57) ABSTRACT 

An orientation and position tracking system and method in 
three-dimensional space and over a period of time utilizing 
multiple inertial and other sensors for determining motion 
parameters to measure orientation and position of a move 
able object. The sensors, for example vibrational and angu 
lar velocity sensors, generate signals characterizing the 
motion of the moveable object. The information is received 
by a data acquisition system and processed by a microcon 
troller. The data is then transmitted to an external data 
reception system (locally based or a global network), pref 
erably via Wireless communication. The information can 
then be displayed and presented to the user through a variety 
of means including audio, visual, and tactile. According to 
various embodiments, the present invention provides for a 
motion tracking apparatus and method for implementation in 
motion systems including systems to teach motion to a 
group and for body motion capture and analysis systems. 
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MOTION TRACKING AND ANALYSIS APPARATUS 
AND METHOD AND SYSTEM 
IMPLEMENTATIONS THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
US. patent application Ser. No. 10/742,264, ?led Dec. 19, 
2003, entitled “Method and Apparatus for Determining 
Orientation and Position of a Moveable Object,” noW pend 
ing, and the present application also claims priority to US. 
Provisional App. No. 60/572,398, ?led May 19, 2004, 
entitled “Teaching Motion to a Group” and to US. Provi 
sional App. No. 60/603,967, ?led Aug. 24, 2004, entitled 
“Body Motion Capture and Analysis System,” all of Which 
are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an apparatus and 
method for motion tracking and analysis and the implemen 
tation thereof into motion systems, including body motion 
capture and analysis systems and systems for teaching 
motion to a group. 

BACKGROUND OF THE INVENTION 

[0003] Technologies are knoWn for determining and ana 
lyZing object motion through transmission of position and 
orientation information of the object to a processing system. 
Such technologies are utiliZed today in a variety of indus 
tries including navigation and entertainment. (See, for 
example, US. Pat. No. 6,001,014 to Ogata, et al., US. Pat. 
No. 5,903,228 to Ohgaki, et al., and US. Pat. No. 5,875,257 
to Marrin, et al., Which are incorporated herein by refer 
ence). In particular, Wireless transmission of object motion 
data for analysis is continuing to be developed and utiliZed, 
and applications of such technology include the eXpanding 
industry of simulated “virtual reality” environments. (See, 
for example, US. Pat. No. 5,819,206 to Horton, et al., Which 
is incorporated herein by reference). 

[0004] Object motion can be measured using sensors for 
determining motion parameters such as accelerometers and 
gyroscopes. Gyroscopes and accelerometers are Well-knoWn 
in the automotive and aerospace industries for providing 
motion information, establishing an inertial space reference, 
and alloWing measurement of pitch and roll relative to a 
gravitational vector. Historically, the use of these sensors 
have been limited to large devices due to the Weight and bulk 
of the sensors. HoWever, technology improvements have 
produced smaller gyroscopes and accelerometers that can be 
utiliZed in a Wide variety of applications Where limited 
sensor space is available. (See, for example, US. Pat. No. 
5,898,421 to Quinn and RE37,374 to Roston, et al., Which 
are incorporated herein by reference). 

[0005] Acceleration sensors, including accelerometers and 
strain gauges, have been utiliZed in sporting equipment, such 
as golf clubs, to provide analysis of golf sWings. (See, for 
example, US. Pat. No. 5,694,340 to Kim and US. Pat. No. 
5,233,544 to Kobayashi, Which are incorporated herein by 
reference). Such acceleration sensors can provide rotational 
information about the golf club, but the accuracy of such 
rotational information can be problematic. 
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[0006] US. Pat. No. 6,224,493 to Lee, et al., Which is 
incorporated herein by reference, discloses an instrumented 
golf club system With sensors to measure characteristics of 
a golf sWing, including the use of an angular rate sensor. A 
distinctive feature of this instrumented golf club is the use of 
a data storage memory device located Within the golf club 
that eliminates the need for radio transmission hardWare. 
The data from a golf sWing is captured internally and stored 
until the user is ready to doWnload the data for further 
processing. SWing analysis can only be conducted after the 
internally stored sWing information is doWnloaded to the 
external processing device. 

[0007] Accordingly, there is a need for a motion tracking 
and analysis apparatus and method Which utiliZes motion 
sensors and data transmission of motion information for 
analysis and display and Which may be utiliZed in a Wide 
variety of applications and systems. 

SUMMARY OF THE INVENTION 

[0008] An orientation and position tracking system and 
method in three-dimensional space and over a period of time 
utiliZing multiple inertial and other sensors for determining 
motion parameters to measure orientation and position of a 
moveable object. The sensors, for eXample vibrational and 
angular velocity sensors, generate signals characteriZing the 
motion of the moveable object. The information is received 
by a data acquisition system and processed by a microcon 
troller. The data is then transmitted to an external data 
reception system (locally based or a global network), pref 
erably via Wireless communication. The information can 
then be displayed and presented to the user through a variety 
of means including audio, visual, and tactile. According to 
various embodiments, the present invention provides for a 
motion tracking apparatus and method for implementation in 
motion systems including systems to teach motion to a 
group and for body motion capture and analysis systems. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] The invention is described With reference to the 
several ?gures of the draWing, in Which: 

[0010] FIG. 1 is a functional diagram of an orientation and 
position tracking system according to one embodiment of 
the invention; 

[0011] FIG. 2 is a schematic illustration of a device 
utiliZing the orientation and position tracking system accord 
ing to one embodiment of the invention; 

[0012] FIG. 3 is a schematic illustration of a device 
utiliZing the orientation and position tracking system and 
including a pressure sensor according to one embodiment of 

the invention; 

[0013] FIG. 4 is a schematic illustration shoWing the 
utiliZation of multiple devices in an orientation and position 
tracking system according to one embodiment of the inven 
tion; 
[0014] FIG. 5 is a detailed data How model for a device 
utiliZing the orientation and position tracking system accord 
ing to one embodiment of the invention; 

[0015] FIG. 6 is a How chart of the operational softWare 
for a motion and position sensing device installed on or in 
a moveable object according to one embodiment of the 
invention; 
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[0016] FIG. 7 is a How chart of the operational software 
installed on a computer system for analyzing and displaying 
transmitted orientation and position information according 
to one embodiment of the invention; 

[0017] FIG. 8 is a schematic illustration shoWing a motion 
tracking system using multiple transmitters according to one 
embodiment of the invention; 

[0018] FIG. 9 is a schematic circuit diagram of a Pitcher 
unit suitable for utiliZation in a motion tracking system 
having multiple users according to one embodiment of the 
invention; 
[0019] FIG. 10 illustrates a transmitter (Pitcher) and 
receiver (Catcher) timing diagram according to one embodi 
ment of the invention; 

[0020] FIG. 11 is a sample of microcontroller code gov 
erning the timing protocol set forth in FIG. 10; 

[0021] FIG. 12 is a schematic circuit diagram of a Catcher 
With multiple frequency capabilities according to one 
embodiment of the invention; 

[0022] FIG. 13 illustrates an initial setup of the system in 
Which all three sub-systems are physically connected 
together as shoWn according to one embodiment of the 
invention; 
[0023] FIG. 14 is the How diagram for manual Pitcher 
scanning according to one embodiment of the invention; 

[0024] FIG. 15 is a How diagram for automated Pitcher 
scanning according to one embodiment of the invention; 

[0025] FIG. 16 illustrates sample code for the Best Chan 
nel function according to one embodiment of the invention; 

[0026] FIG. 17 is a screen shot of the iClub system With 
the SWing Signature developments of this thesis incorpo 
rated according to one embodiment of the invention; 

[0027] FIGS. 18A-C illustrates a body motion capture vest 
system according to one embodiment of the invention; 

[0028] FIG. 19 is a screen shot of video input and syn 
chroniZation for a body motion capture and analysis system 
according to one embodiment of the invention; 

[0029] FIG. 20 illustrates a control box With user input for 
the body motion capture and analysis system according to 
one embodiment of the invention. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS OF THE INVENTION 

[0030] The present invention provides for an orientation 
and position tracking system in three-dimensional space 
installed on or in a moveable object that utiliZes inertial and 
other sensors for determining real-time motion parameters 
and real-time Wireless transmission of that motion informa 
tion to an external computer system (including PDA, cellu 
lar phone, or over a netWork). In one embodiment, the 
present invention provides for an intelligent golf club, the 
iClubTM (trademarked by Fortescue Corporation), that pro 
vides golfers With real-time, precise and dynamically pre 
sented data, including sWing analysis. A golfer takes a sWing 
and a detailed analysis of club motion, launch conditions, 
club speed information, as Well as contextual feedback is 
automatically doWnloaded into an computer system (such as 
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a PDA, cellular phone, or netWork). SWing history is stored 
and tracked over time, alloWing users to monitor their 
progress, make sWing adjustments, maintain a practice 
regime, and develop desired sWing characteristics. Accord 
ing to various embodiments, the present invention provides 
for a motion tracking apparatus and method for implemen 
tation in motion systems including systems to teach motion 
to a group and for body motion capture and analysis sys 
tems. 

[0031] Referring herein to the ?gures of the draWing, the 
?gures constitute a part of this speci?cation and illustrate 
exemplary embodiments of the invention. It is to be under 
stood that in some instances various aspects of the invention 
may be shoWn exaggerated or enlarged to facilitate an 
understanding of the invention. 

Embodiment: General Motion Tracking and 
Analysis System 

[0032] FIG. 1 is a functional diagram of an orientation and 
position tracking system 10 according to one embodiment of 
the invention. A sensing device ?tted With inertial and other 
sensors for determining motion parameters is installed on a 
moveable object, such as a golf club. In one embodiment, 
the sensors include multiple angular rate sensors, such as 
3-axis vibration and rotational gyroscopes 12. A variety of 
additional sensors 14, 16 may also be added for determining 
position and orientation for additional applications. For 
example, a dual axis accelerometer may be added to the 
system to determine position and orientation relative to the 
earth’s gravity, an electronic compass can be used to provide 
absolute position and orientation relative to a permanent 
magnetic ?eld, and a GPS system may be added for similar 
results 

[0033] Signals from the sensors are sent to a data acqui 
sition system 18 that processes the information. In one 
embodiment, the data acquisition system 18 is installed 
internally on the moveable object; hoWever, the system may 
also be an external component. The data is delivered to a 
Wireless data transmission system 20 Which transmits the 
data to a data reception system 22 on a computer (PDA, 
cellular phone, or netWork). The data is further processed 
and displayed to a user by means of an interface device 24, 
such as a PC, a PDA, cellular phone, or netWork. The 
interface device 24 comprises softWare to process the data. 
This softWare can be con?gured based on the characteristics 
of the moveable object. For example, a user may select the 
style of golf club that he or she is using that comprises 
information on the physical and material properties of the 
golf club. This information is utiliZed by the softWare to 
enhance the accuracy of the information displayed. For 
example, the type of material of the golf club alloWs for an 
accurate analysis of the ?ex characteristics of the golf club 
shaft and the length of the golf club can be utiliZed for an 
accurate determination of the club head speed. 

[0034] FIG. 2 is a schematic illustration of one embodi 
ment of a device 110 utiliZing the orientation and position 
tracking system 10 according to one embodiment of the 
invention. The device 110 is attached to a desired moveable 
object 100. Such objects may include sporting equipment, 
such as the golf club as shoWn in FIG. 2. In a preferred 
embodiment, the device 110 is attached to or otherWise 
integrated Within the handle, grip, or shaft of the object 100. 
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[0035] FIG. 2 further illustrates the support body and 
schematic layout for the components of device 110 of the 
orientation and position tracking system 10 When disposed 
in a handle of object 100. The system can be manually 
activated by a poWer sWitch 32 positioned on an orthogonal 
board 30 at the end of the handle that activates a poWer 
control circuit 34 to poWer up the system from an attached 
battery pack or other poWer source 36. Alternatively, the 
system can be activated by a motion activation component 
that provides poWer upon movement of the object. An 
indicator LED 38 can be used as a visual cue to assess 

Whether the system is operating properly. 

[0036] In one embodiment, angular rate sensors 42, 44, 46 
are positioned on the orthogonal board 30 and main board 40 
to measure angular motion changes about three aXes. In an 
embodiment utiliZing a golf club, these motion changes 
comprise rotational motion Within a sWing plane of a golf 
stroke, motion perpendicular to the sWing plane of the golf 
stroke, and rotation about a aXis along the handle of the club. 
These motion changes can also be determined using com 
binations of motion parameter determining sensors such as 
gyroscopes or other additional sensors 48 such as acceler 

ometers, electronic compasses and GPS units. 

[0037] The data acquisition system 18 positioned on main 
board 40 comprises a microcontroller 50 having Analog to 
Digital inputs and pulse Width modulating inputs. The 
microcontroller 50 receives data from the sensors 42, 44, 46, 
and delivers data to the data transmission system. The data 
transmission system 20 comprises a transmitter circuit 52 
and an antenna 54 for Wireless transmission of data to a data 
reception system such as a PC, PDA, cellular phone, or 
netWork. The Wireless transmission can be performed at any 
suitable frequency(s) and using any protocol(s) for trans 
mitting the data, as knoWn to one of ordinary skill in the art. 
The system according to the present invention is described 
With Wireless transmission of data; alternatively, hoWever, it 
is possible to implement the system of the present invention 
using Wire connections in place of Wireless transmission as 
Would be knoWn to one of ordinary skill in the art. 

[0038] In another embodiment, the microcontroller 50 of 
the data acquisition system 18 may receive analog signals 
from the angular rate sensors 42, 44, 46 containing the 
orientation and position information of the object 100 and 
then digitiZe the analog signals into digital data With an 
analog to digital converter component. The microcontroller 
50 delivers the digital data to the data transmission system 
20 for Wireless transmission to the data reception system 22. 
The user interface device 24 then analyZes and displays the 
received digital data. 

[0039] In another embodiment, the inertial sensors, data 
acquisition system and data transmission system are incor 
porated Within the handle, grip, or shaft of the object for 
Which orientation and position are desired. In a golf club, 
these systems can be incorporated on or in the handle or grip 
portions of the shaft. This modular design provides for the 
present invention to be incorporated into pre-eXisting golf 
clubs. 

[0040] FIG. 3 is a schematic illustration of a device 
utiliZing the orientation and position tracking system and 
including a pressure sensor according to one embodiment of 
the invention. One or more pressure sensors 26 installed on, 
Within or behind an impact head of the moveable object 100, 
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ie golf club. These sensors can measure data including, 
strike location of the ball on the head, the spin imparted to 
the ball, and the impact force of the head on the golf ball 
Which can be utiliZed to provide launch conditions of the 
golf ball’s ?ight. This information can be processed by a 
controller and transmitted along With the motion information 
to the data receiving unit for analysis and display to a user. 

[0041] FIG. 4 is a schematic illustration shoWing the 
utiliZation of multiple devices in an orientation and position 
tracking system according to one embodiment of the inven 
tion. In one embodiment, the sensor, the microcontroller and 
the Wireless transmitter are integrated into at least one 
modular component or node that is removable from said 
moveable object. Multiple modular nodes, each having a 
separate complement of elements, may be integrated With 
both unconnected objects and interconnected objects. For 
eXample, as shoWn in FIG. 4, modular nodes 112 and 114 
are affixed to the shoulders and hips of a user in order to 
detect body motion during the golf sWing. The detection of 
the motion from nodes 112 and 114 may be integrated With 
the orientation and position data determined by the node 
(device 110) on the golf club, thereby providing more 
detailed information on the entire golf club sWing system. 
Alternatively, multiple nodes may be utiliZed With multiple 
golf clubs, as for eXample in a class or teaching environ 
ment, With each device transmitting orientation and position 
data to centraliZed receiving and display units. 

EXAMPLE 1 

[0042] FIG. 5 is a detailed data flow model of device 110 
utiliZing the orientation and position tracking system 10 
according to one embodiment of the invention. FIG. 6 is a 
flow chart 120 of the operational softWare for a motion and 
position sensing device installed on a moveable object 
according to the embodiment of the invention. The system is 
initialiZed and the LED provides a visual cue that the system 
is operational. The system softWare controls the identi?ca 
tion of a user, the sampling of inputs and the encoding and 
sending of data concerning orientation and position infor 
mation. The hardWare device need not have an on-board 
memory for storing the orientation and position information. 
Instead, the information is transmitted in real-time to a data 
reception system, for eXample a PC, PDA, cellular phone, or 
netWork. 

[0043] The real time, Wireless motion and position sensing 
system operates in three-dimensional space and over time 
based on four modules: the sensor module, the microcon 
troller, the Wireless module, and the support system module. 
The sensor module continually sends orientation and posi 
tion signals to the microcontroller. The microcontroller then 
packages the data received from the sensor module and 
sends it to the Wireless module. The Wireless module trans 
mits the packaged data to a device such as a PC, PDA, 
cellular phone, or netWork. The support module surrounds 
the other three modules, providing poWer to the system, as 
Well as designer access tools. The modules Will noW be 
further described in detail. 

Sensor Module 

[0044] In one embodiment, the underlying sensor nodes in 
the sensor module are gyroscopes (such as Murata ENC 
03JA/B). Each gyroscope measures angular velocity about a 
single aXis. In order to achieve 3-dimensional data three 




















