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Fig.2A. is a representation of sensor box rotation in the analyzer of FIG. 1 

Fig. 2B Shows raw sensor data from the acceleration sensors. 
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FIG. 2C 
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SPORT MOVEMENT ANALYZER AND TRAINING 
DEVICE 

BACKGROUND OF INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates to sport movement 
analysis and training. More particularly, the invention relates 
to a sport movement analyZer and training device for detect 
ing, analyzing, correcting, training and re-creating sport 
movements involving sWinging a club, racket, bat, etc. 

[0003] In events Where an athlete moves fast and high 
accuracy of performance is necessary, it is of interest to be 
able to measure hoW much time it takes for an athlete to 
perform the phases of a movement, e.g. sWing a golf club, 
tennis racket, baseball bat, etc. . . . The athletes practice so 

that they can accurately repeat the movements again and 
again. Consistent timing of performance is a corner stone for 
the repeatability. Muscle memory is the key point in several 
sports. When a user has done several repetitions of desired 
action, muscles start to remember this action and after that 
it is much easier to repeat in different situations. Once the 
correct and effective sports performance has been accom 
plished, it Will be lost sooner or later as the muscle sense can 
not maintain nor remember the same movement for long 
time due to the fact that the freshly learned performance 
feels greatly different than one that has existed for longer 
time and the body and senses have been accustomed to it. 
Through training, conditioning, and improved technique, an 
athlete’s variation in timing of the sWing should be reduced. 
Measures of key event times during sport performances 
alloW the coach to evaluate an individual’s performance and 
to compare performances over the training and competition 
seasons. 

[0004] In the ?eld of sports performance analysis there is 
a lack of exact measurement tools. The video analysis is the 
most Widespread technology for teaching sports techniques. 
Video analysis has alWays a need for human interpretation of 
the movements. SWing sensor technology alloWs exact 
analysis of the movements Without human interpretation or 
third person, but the methods and technologies are lacking 
for utiliZing the sensor data. Moreover, trainers or trainees 
eyes get accustomed to the sloWly changing movements and 
the ability to detect ?aWs lessens in time. 

[0005] The big challenge in sports is to ?nd a correct and 
effective performance once. The performance can be a 
movement, orientation, body position, acceleration etc. 
Challenge is even greater in trying to repeat that correct 
performance repeatedly. These challenges can be overcome 
through constant repetitions under surveillance of a trainer 
100 and/or With the usage of video Where the similarity of 
the repetitions can be veri?ed. This approach is vulnerable 
in a multitude of Weak points. For example, the trainers or 
the trainee’s eye is not ?aWless in detecting the changes in 
the performances. Use of video is limited to one vieWing 
angle, very sloW feedback (takes minutes to analyZe move 
ment), loW position accuracy (only What can be extracted 
from video pictures), and very loW picture recording fre 
quency (30 HZ) only in normal PAL standard digital video). 
In addition, usage i.e. storing, organiZing and analyZing in 
varying sports environments and is not supported by existing 
technology etc. HoWever, there exist many products that 
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guide athletes to correct performance tempo, for instance 
SWing-Tempo (http://WWW.sWing-tempo.com). 

[0006] Aproblem in sport movement analysis and training 
involves storing sensor parameters at certain (static) points 
in the movement Without interfering With (touching) a 
measuring device that is attached to the trainer. The storing 
could be done remotely by using an external device, eg 
IrDA, remote control in a phone, camera, or as a separate 
remote control unit; Radio remote controller; Bluetooth 
remote control in a phone, camera, or as a separate remote 
control unit, and Voice commands, for example voice rec 
ognition system in user’s sensor device. HoWever, the exter 
nal device adds another unit to implement the storing of the 
parameters. 

[0007] What is needed is in the ?eld of sports involving 
sWinging a golf club, tennis racket, baseball bat, etc is a sport 
movement analyZer and training device Which enables a user 
to detect, measure, and store sWing positions or events in a 
sport movement in terms of parameters, eg time, velocity, 
acceleration, etc and recreate the sport performances 
through feedback for comparisons betWeen target perfor 
mances and current performances, Where the user receives 
sensory signals indicative of differences betWeen the target 
performance and the current performance. 

[0008] Prior art related to sport movement analysis and 
training includes: 

[0009] 1. US. Pat. No. 5,694,340 issued Dec. 2, 1997 
discloses a method of training and simulating physical skills 
using a digital sWing analyZing device that measures the 
necessary and suf?cient information to describe uniquely a 
rigid body sWing. The device, comprising a programmable 
digital signal processor and a universal accelerometer, mea 
sures the acceleration and calculates the linear velocity, the 
angular velocity, the orientation, and the position of a 
moving object, and stores and plays back the sWing using 
audiovisual means and compares it With other pre-recorded 
sWings. The student can choose a model and try to imitate 
the model With the help of audiovisual means and biofeed 
back means. The device is portable. It can also be connected 
to a computer Where the sWing can be further analyZed by 
comparing it With a database comprising many other char 
acteristic sWings. If a projectile is involved, such as in a golf 
sWing, the trajectory of the projectile is calculated. 

[0010] 2. USPA 2002/0049507, published Apr. 25, 2002 
discloses a sport server includes a sport database for storing 
sport data. The sport server communicates With a variety of 
input devices for receiving the sport data. The sport server 
determines the type of input device and then communicates 
With the input device using appropriate display and com 
munication parameters. The sport server then outputs the 
sport data to various output devices using appropriate 
parameters for each output device. 

[0011] 3. Us. Pat. No. 6,778,866, issued Aug. 17, 2004 
discloses method and apparatus for teaching a person hoW to 
perform a speci?c body sWing in a consistent manner is 
based on electronically measuring one or more parameters 
of an actual body sWing, comparing the one or more 
measured parameters With corresponding parameters of a 
target body sWing, and providing a sensible feedback to the 
user based on a degree of correspondence betWeen the one 
or more measured parameters and the corresponding target 
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parameters. In a particular embodiment, the feedback is 
audible. More speci?cally the feedback is a musical tune that 
has a particular characteristic (such as rhythm) that is 
particularly suited to a particular body swing (such as a golf 
swing). The feedback may be in the form of electronically 
causing the musical tune to go off-key in proportion to a 
discrepancy betWeen the actual body sWing and the target 
body sWing. In another embodiment, the feedback may be in 
the form of causing the musical signal to vary in perceivable 
clarity in proportion to a discrepancy betWeen the actual 
body sWing and the target body sWing. The use of a styliZed 
musical tune is also helpful because it is easily remembered, 
thereby aiding a user attempting a certain body sWing 
Without using the apparatus of the present invention. 

[0012] 4. USPA 2005/0054457, published Mar. 10, 2005 
discloses a sport learning system directed to improving an 
individual’s sWing by monitoring a club, bat or racket during 
a sWing. During the course of a sWing, the system alerts the 
individual When the club position varies outside of a pre 
determined range. The system includes a device inserted into 
the distal end of a shaft of the club. A second device is 
attached to a personal computer to provide Wireless data 
transmission With the device mounted in the club. A personal 
computer application enables sWing data analysis and dis 
play. The inserted device employs a microprocessor, accel 
erometers, gyroscopes, memory and a system of buffering 
and ?ltering to provide real-time feedback during the sWing. 
It is an additional feature of the inserted device to capture 
and store data required to reconstruct, display, and analyze 
sWings and to share the data With other applications to 
facilitate remote instruction. 

[0013] None of the cited art discloses a sport analyZer and 
training device that in real time (i) detects, measures, and 
stores sWing positions or events in terms of parameters of a 
sport movement, eg a sWing involving a bat, racket, club, 
etc.; (ii) provide real-time feedback of a performances by 
sWing position or event along a sWing path to a user via a 
display, (iii) re-create current performance for comparison 
With past performances stored in a database, (iv) provide 
audio commands to the analyZer for starting and stopping a 
performance along a sWing path, and (v)) provide sensory 
signals to the user indicative of differences betWeen a current 
performance and a past performance. 

SUMMARY OF INVENTION 

[0014] A sport performance analyZer and training device 
and method, in real time, detects, measures, analyZes, cor 
rects and re-creates sport performances of a user involving 
sWinging a club, racket, bat, etc. for practice, training and 
teaching relative to a target performance to achieve 
improved sport movement performance. A Wearable ana 
lyZer secured to a user’s Wrist includes sensors for detecting 
sport movements of the user in terms of various parameters 
at various sWing points or events along the sWing path of a 
club, racket or bat. Signals representative of the movement 
are generated by the sensors for measurement of the various 
parameters associated With the sWing. A memory in the 
analyZer services a processor and includes (i) stored pro 
grams for analyZing and measuring the sport movement by 
sWing positions or events in terms of the various parameters 
and (ii) a history of past sport movements as target perfor 
mances. A display responsive to the analysis displays a sport 
movement for comparison With past target performances 
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stored in the history. A keyboard in the analyZer enables a 
user to select performances, i.e. sWinging, putting and short 
game for analysis and display. A microphone enables the 
user to give audio commands to the analyZer in regard to 
starting and stopping a performance. The analyZer includes 
a transducer to provide feedback that is based on sensor 
signals to the user. Feedback can result When a practice 
performance departs from a target performance. A trans 
ceiver in the analyZer transmits the signals representative of 
the detected sport movement to a server. A memory coupled 
to the server stores the signals representative of each move 
ment in a database as a history for subsequent doWnloading 
and display to the analyZer upon user request. 

[0015] An aspect of the disclosed subject mater is a timing 
generator in the analyZer providing timing signals for align 
ment With sWing positions of a movement for measurement 
purposes. 

[0016] Another aspect is an automatic recording means for 
recording signals representative of a parameter in a sWing or 
event in a sport movement. 

[0017] Another aspect is a voice recognition system 
included in the analyZer responsive to an audio signal for 
activating the automatic recording means. 

[0018] Another aspect is a user interface for doWnloading 
and displaying past sport movements from the history as a 
training goal for the user. 

[0019] Another aspect is a display for indicating differ 
ences betWeen a present movement in a performance and 
like movements stored in the history. 

[0020] Another aspect is measuring performance param 
eters including, but not limited to, acceleration, angular 
velocity, sWing angle, tempo, timing and rotation. 

[0021] Another aspect are sensors including, but not lim 
ited to, inertial, magnetic, optical, angular rate, angular 
acceleration, mechanical sWitches, and potentiometers. 

[0022] Another aspect is sWing detection and measuring 
process for establishing sWing positions and events to be 
detected along a sWing path for measurement and analysis. 

DESCRIPTION OF DRAWINGS 

[0023] The invention Will be further understood from the 
folloWing detailed description of a preferred embodiment, 
taken in conjunction With appended draWings, in Which: 

[0024] FIG. 1 is a representation of a sport movement 
analyZer and training device secured to a user for monitoring 
the user performing a sport movement With a club along a 
sWing path at various sWing positions and coupled to a 
server for storing and doWnloading user performance data 
for comparison purposes, and incorporating the principles of 
the present invention; 

[0025] FIG. 1A is a representation of the sport movement 
analyZer for securing to the Wrist of a user; 

[0026] FIG. 1B is a representation of a top vieW of the 
analyZer of FIG. 1; 

[0027] FIG. 1C is a representation of internal devices and 
circuitry in the analyZer of FIG. 1A for detecting sWing 
positions and events along the sWing path of the club; 
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[0028] FIG. 1D is a representation of stored programs 
used in the operation of the analyzer of FIG. 1; 

[0029] FIG. 2A shoWs rotation of a sensor box in the 
analyzer of FIG. 1; 

[0030] FIG. 2B shoWs sensor data from the sensor box of 
FIG. 2A; 

[0031] FIG. 2C shoWs hoW the sensor co-ordinate system 
of FIG. 1C as oriented on the user’s Wrist in FIG. 1; 

[0032] FIG. 3 is a representation of functional units in the 
analyzer of FIG. 1 and FIG. 1C for movement detection and 
analysis along the sWing path; 

[0033] FIG. 4A is a representation of a sWing detection 
block diagram for the analyzer of FIG. 1; 

[0034] FIG. 4B is a graphical representation of detecting 
a doWn sWing of the user using threshold values With angular 
velocities along the y axis versus time along the x axis; 

[0035] FIG. 4C is a graphical representation of detecting 
address position measuring direction of gravity at start of 
sWing With distance in inches along the y axis and time in 
seconds along the x axis. 

[0036] FIG. 4D is a graphical representation of determin 
ing the angular velocity threshold in detecting the address 
position measuring gravity With angular velocity along the y 
axis and time along the x axis 

[0037] FIG. 5A is a front vieW of a user’s sWing in 
calculating the user’s sWing Width; 

[0038] FIG. 5B is a doWn the line vieW of a user’s sWing 
in calculating the user’s sWing Width; 

[0039] FIG. 6 is a How diagram describing the operation 
of the sport analyzer and training device of FIG. 1 in setting 
the sWing positions or events along the sWing path for 
detection and measurement; 

[0040] FIG. 7A is a pictorial representation of different 
sWing positions or events along the sWing path of the user 
vieWed from the position of the user as determined by the 
analyzer of FIG. 1; 

[0041] FIG. 7B is a pictorial representation of different 
sWing positions or events along the sWing path of the user 
vieWed from a ?rst position of a third party as determined by 
the analyzer of FIG. 1; 

[0042] FIG. 7C is a pictorial representation of different 
sWing positions or events along the sWing path of the user 
vieWed from a second position of a third party as determined 
by the analyzer, 

[0043] FIG. 7D is a pictorial representation of a user’s 
sWing tempo and speed, as determined by the sWing detec 
tion algorithm; 

[0044] FIG. 8 is a representation of a process for identi 
fying a sWing position or event in a tennis movement for 
practice and determining a user’s performance of the sWing 
or event using the analyzer of FIG. 1. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0045] FIG. 1 discloses a sport movement analyzer and 
trainer 100 for detecting, analyzing, correcting, training and 
recreating sport movements of a user 102 in real time. The 
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device is applicable to sWing movements involving a club, 
bracket, bat and the like. In addition, since the device is 
mounted on athlete it is applicable to other sports move 
ments like punching, kicking, boWling, throwing/kicking 
ball/j avelin/ discus, etc. As shoWn, the user is sWinging a golf 
club 104. The movement of the golf club is represented by 
a sWing path 106 having a backsWing 108 and a doWnsWing 
110 With sWing positions along the path for monitoring and 
measuring of the club at the different positions. The sWing 
positions in the backsWing include an address/impact point 
112; a one-quarter back sWing point 114, a one-half back 
sWing point 116 and a top point 118 of the sWing path. After 
a pause at the top point, the doWnsWing folloWs the back 
sWing passing through the sWing positions 116, 114, noW 
representing one-quarter and one-half doWnsWing points, 
respectively and ?nishing at the impact point 112. An 
upsWing or folloW through 120 continues beyond the point 
112 and completes the sWing path at an end point 122 near 
the top point. AWearable analyzer 124 is secured to the Wrist 
of the user, Whether a right-hand or a left hand golfer, and 
in real time detects, measures and calculates various param 
eters of the club at the different sWing positions or events 
occurring along the sWing path. It should be understood the 
analyzer may be secured to the forearm and other positions 
on the arm besides the Wrist. 

[0046] The analyzer shoWn in FIG. 1A is contained in a 
Watch-like package 126. The analyzer includes straps 128 
and a clasp or a Velcro material 130 for joining the straps 
together in securing the analyzer to the user’s Wrist. FIG. 1B 
shoWs a top vieW of the analyzer as containing a cover 
member 132 including a display area 134 for visual com 
munication With the user; a keyboard 136 for inputting data 
and instructions to the analyzer and a microphone 138 
enabling the user to provide oral instructions to the analyzer. 
FIG. 1C shoWs the Working units Within the package 126 for 
carrying out the functions of the analyzer in detecting, 
analyzing, correcting, training and recreating sport move 
ments of the user 102. A bottom member 140 is secured to 
the cover member 132 and completes the package 126. The 
bottom member includes a micro control unit or processor 
142 for controlling and managing the analyzer according to 
stored programs to be described hereinafter in conjunction 
With a description of FIG. 1D. The processor 142 is con 
nected to a bus 144 serving a ROM 146 containing the stored 
programs for operating the analyzer; a RAM 148 services 
the processor operations, a voice recognition unit 150 sup 
ports oral communications by the user to the analyzer, and 
a timing generator 152 provides timing signals for measure 
ment purposes in determining the parameter values at the 
various sWing positions of the backsWing and doWnsWing as 
the club travels along the sWing path. A sensor box 154 is 
coupled to the bus and includes devices sensing the move 
ment of the club. The sensors may include different inertial 
sensors (like 3D accelerometers, 3D gyros, 3D angular 
accelerometers), magnetic, electromagnetic, and optical 
devices/ sensors commercially available. The sensor may 
also include mechanical sWitches and potentiometers. In one 
embodiment and for purposes of description only, the sens 
ing devices measure linear accelerations, angular velocities 
and/or angular accelerations as Will be further described 
hereinafter. A poWer supply 153 provides the energy for the 
operation of the analyzer. 
[0047] The processor 142 is also coupled to an input/ 
output device 156 serving the display 134 and a transducer 
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158 responsive to the processor. The transducer provides the 
user With sounds or vibrations When a user’s performance 
along the swing path does not match a target performance 
stored in the ROM or elsewhere. The U0 156 is also coupled 
to a transceiver 160 for transmitting sensor signals and data 
to a server 164, either directly or via an Access Point 166 
coupled to a netWork 168 serving the server, as shoWn in 
FIG. 1. The server is coupled to a storage device 170 
including a database (not shoWn, but to be described here 
inafter) for storing user performance data. The past perfor 
mance data also referred to as “target performance” is 
organiZed in the database in a timely calendar or other easily 
re-discoverable format. A user may doWnload target perfor 
mance data from the storage device 170 to the analyZer, via 
the keyboard 136 for display in the display 134. The user’s 
current performance as captured by the analyZer may be 
shoWn in the display 134, along With the target performance 
data for comparison and teaching purposes. The current 
performance data may be uploaded to the storage unit 170 
for subsequent recall in learning and teaching. 

[0048] Turning to FIG. 1D, the ROM 146 includes stored 
programs for use by the processor in implementing the 
various function of the analyZer. A short-range communica 
tion protocol 147, Wired or Wireless, facilitates communi 
cation betWeen the analyZer and the server. Typically Blue 
tooth can handle Wireless communication With the Access 
Point 164, When the analyZer and server or Access Point is 
Within 100 meters of one another. The details of Bluetooth 
operation are described in the text “Bluetooth Revealed” by 
Grant A. Miller et al., published by Prentice Hall PTR, Inc., 
Upper Saddle River, N.Y. 07458 (2000) ISBN 0-13-490294 
2, Chapter Six. Alternatively, a cellular communication 
protocol (Global System Mobile) may be substituted for the 
Bluetooth protocol in the event the analyZer and server or 
Access Point is more than 100 meters apart. Global System 
Mobile is described in the text An Introduction To GSM, by 
S. M. Redl, et al, published by Artech Publishers, Boston, 
Mass. 1995, Chapter Three. 

[0049] A sWing movement algorithm 149, is included in 
the stored programs for generating and processing sensor 
signals received from the sensors during a sWing movement 
106 along the sWing path. The sensor signals are provided 
for various parameters at various sWing points or events of 
the club along the sWing path. 

[0050] Commercially available voice recognition softWare 
151, eg Scansoft, available from Nuance, l Wayside Road, 
Burlington, Mass. 01803, enables the user to provide voice 
commands to the analyZer via the microphone 138. 

[0051] A standard Operating System 153, eg WindoW, 
Linux and the like manage the operation of the analyZer. 

[0052] The user’s performance data in learning or prac 
ticing a sWing is collected by the analyZer and stored in the 
ROM as Current AnalyZer Data 155 for display to the user 
and for comparison With target performance data. 

[0053] The sWing movement algorithm 149 is described in 
a speci?cation by Chapters, as folloWs: 

[0054] Chapter 1. Sensor Data 

[0055] All algorithms in this speci?cation use rotation 
(angular velocity) and/or acceleration sensor data as input 
for sensor data shoWn in Table 1 below. 
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TABLE 1 

S ens or data. 

Sensor Marker Unit 

x" axis acceleration ax" m/sec2 
y" axis acceleration ay" m/sec2 
Z" axis acceleration az" m/sec2 
x" axis rotation (ox-- rad/sec 
y" axis rotation (Dy-- rad/sec 
Z" axis rotation (02" rad/sec 

[0056] Chapter 2. Co-Ordinate Systems 

[0057] FIG. 2A shoWs hoW the sensor box 154 (see FIG. 
1C) is rotated When acceleration from y" axis sensor is 
measured. 

[0058] FIG. 2B shoWs raW sensor data from the accelera 
tion sensors When the sensor box is rotated around different 
axis, Where Y axis data is a number from an A/D converter 
and x axis data is time in seconds. 

[0059] FIG. 2C shoWs hoW the sensor co-ordinate system 
is oriented on the Wrist of the player 102. There are three 
orthogonal co-ordinate systems present during the sWing 
analysis. First, reference co-ordinate system is the nonmov 
ing co-ordinate system that is aligned vertically (y-axis) With 
gravity and laterally (x-axis) along the target line. Here 
target line means the direction toWards the target thee player 
is aiming. 

[0060] Second during calculations there is a co-ordinate 
system that is aligned to the sensor box orientation at the 
player’s address position With respect to the ball. This 
co-ordinate system is not moving relative to the reference 
co-ordinate system. This address position co-ordinate sys 
tem is de?ned by x', y', and Z' axis. 

[0061] Third the measurement co-ordinate system is 
aligned to the sensor box that is attached to Wrist. Since the 
Wrist moves during the sports exercise the measurement 
co-ordinate system rotates also around. This measurement 
co-ordinate system is de?ned by x", y", and Z" axis. 

[0062] Chapter 3.0 SWing Algorithm Description 

[0063] There is a general problem When analyZing and/or 
giving feedback during sports performance. Since the user is 
most of the time moving during the performance, the prob 
lem is hoW to detect When the user is performing sports 
movement that We Want to guide and/or analyZe. The 
problems that must be solved can be divided to folloWing 
categories 

[0064] l. Detect When sports sWing is happening. 

[0065] 2. CategoriZe movement (done by user When 
selecting from menu full sWing, short game or putt). 

[0066] 3. AnalyZe movement dividing it into prede?ned 
parts or sWing positions, as folloWs: 

[0067] 

[0068] 

[0069] 

[0070] 

Position lil?t BacksWing. 

Position 2i1/z BacksWing 

Position 3iTop BacksWing 

Position 4i1/2 DoWnsWing 
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[0071] Position 5i% DoWnsWing 

[0072] Position 6iImpact 

[0073] Position 7iUpsWing or FolloW Through 

[0074] FIG. 3A describes a process 300 implementing an 
analysis of the categories of user movements for sWing 
detection; putt detection and short game detection. A move 
ment category 302 is selected for analysis. A movement 
performance is conducted for a selected period of time (x). 
The acceleration and angular rotation data 304 is collected 
by the analyZer for an analysis using an appropriate algo 
rithm for the selected movement. The results are displayed 
to the user by the analyZer. 

[0075] Chapter 4.0 SWing Detection Algorithm 

[0076] 4.1 Full SWing Detection 

[0077] SWing detection should be divided into tWo cat 
egories that are addressed separately. First category is the 
sWing detection for post sWing analysis. Second category is 
the sequential detection of the sWing parts, as they happen, 
in order to be able to give feedback during the movement. 

[0078] 4.1.1 Detecting the Whole SWing 

[0079] FIG. 4A shoWs a block diagram 400 for a sWing 
detection algorithm responsive to acceleration and angular 
rotation data. While the player is in a nonmoving state 404; 
addressing the ball 406; starting a sWing 408; detecting the 
doWn sWing t2 for a period of time 412 (x sec.). Blocks are 
explained as folloWs. 

[0080] 4.1.1.1 Stage 1, Detect DoWn SWing 

[0081] DoWnsWing is the fastest part of the movement, 
Which makes it the easiest to detect. DoWnsWing can be 
detected simply With thresholds for angular velocities and 
accelerations. FIG. 4B shoWs the typical angular velocities 
during the doWn sWing. 

[0082] 4.1.1.2 Stage 2, Check Start of the SWing Time 

[0083] This detection is on all the time. Last detected point 
is kept in memory. When doWn sWing (stage 1) is found, 
algorithm checks that last start of sWing happened less than 
prede?ned time (Atz) ago and not less that time ((Atl) ago. 

[0084] Start of sWing has tWo conditions. First condition is 
that the device must be non moving. This means that the 
angular velocities are beloW a certain threshold (restart). 
Second condition that must be met at the same time is that 
the device is in orientation that corresponds to address 
position. The orientation that is based on earth gravitation is 
measured by accelerometers. This is shoWn in FIG. 4C. The 
orientation must be Within prede?ned limits (Aaxiaddress, 
Aayiadress, Aa ) from the saved address position (axi ziadress 

address: ayiadress s aziadress) ' 

[0085] 4.1.2 Sequential Detection of the SWing Parts, as 
they Happen 

[0086] The algorithm for sequential detection has to be 
?exible and recover quickly from error states so that the real 
sWing is not missed. In addition, the algorithm must be very 
simple so that there is minimal latency and so that it can be 
implemented to a small microcontroller. 
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[0087] 4.1.2.2 Stage 2 Start of the SWing 

[0088] Speci?cation Chapter 4.1.1.2 describes hoW the 
start of the sWing is detected. This detection is on all the time 
When algorithm is active. The last detected point is kept in 
memory. Every time this detection is true the algorithm 
immediately starts from stage 3. 

[0089] 4.1.2.3 Stage 3, Angular Velocity threshold 

[0090] Stage 3 is detected if three conditions are met. First 
and second are that the angular velocity 00X exceed pre 
de?ned threshold value, and other angular velocities are in 
prede?ned range. Third condition is that non-moving loca 
tion detected in stage 2 is less than time At2 ago. When stage 
3 is detected, the algorithm moves to stage 4. FIG. 4D 
detects address position measuring direction. 

[0091] 4.1.2.4 Stage 4, SWing Started to Right Direction 

[0092] The sWing direction can be monitored calculating 
cross product of arm direction in address position and during 
the sWing. The resulting vector must point to certain direc 
tion for the sWing to qualify as acceptable. Cross product is 
calculated 

_s)=armX><[1 0 O]=[0 armX(3)—arrnX(2)]. Eq_ 1_ 

Stage 4 is calculated from same time point as the stage 3. 
When stage 4 is detected, the algorithm moves to stage 5. 

[0093] 4.1.2.5 Stage 5, End of BacksWing 

[0094] End of the backsWing is detected (for right handed 

Signs are opposite for left handed player. Detection must 
occur Within time At3 from the beginning of the sWing. 

[0095] 4.1.2.6 Stage 6, Detect DoWnsWing 

[0096] DoWn sWing detection Was previously explained in 
speci?cation Chapter 4.1.1.1. Detection must occur Within 
time At4 from the end of the backsWing. 

[0097] 4.1.2.7 Stage 7, Detect Hit Time 

[0098] HoW to detect When the club hits the ball is 
explained in speci?cation Chapter 5.2.7. Detection must 
occur Within time At5 from the end of the backsWing. 

[0099] Chapter 5.0 Parameter Values Calculated from 
Sensor Values 

[0100] This chapter describes hoW the different sWing 
parameters are calculated. For instance, We calculate the 6 
degrees of freedom (3 are location co-ordinates and 3 are 
orientation values) of the Wrist during the sWing. In order for 
the calculations to apply both left and right handed players 
We introduce ?st variable 

: l, for right side players 

—I, for left side players. 

Eq- (3) Hhandedness{ 
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[0101] 5.1 Angle Change 

[0102] Angle change Aq)", A6", and A11)" are calculated 
from angular velocity using 

[0103] Where fSF is measurement frequency. 

[0104] 5.2 Rotation Matrix 

[0105] Rotation matrix describes orientation change from 
previous position. Elements of the temporal rotation matrix 
AR are calculated at each measurement time step from angle 
change using: 

[0106] The orientation change from the start position is 
calculated multiplying the temporal rotation matrix With 
previous rotation matrix after each time step. 

R I(Z1)=AR(Z1)R [(114) 

[0107] Rotation matrix at the start position tl is 

Eq- (6) 

Eq. (7) 17(11): \ I 

[0108] This means that co-ordinates are noW aligned along 
the x', y', and Z' axis in the address position co-ordinate 
system. To change the co-ordinate system to vertical posi 
tion We have to calculate the rotation matrix from address 
position to vertical position. We can do this using earth 
gravitation that We can measure using 3D accelerometer. 
Earth gravitation vector g must be calculated at start position 
When device is not moving. This is done averaging At6 
seconds of acceleration sensor data before sWing start time. 
We de?ne that the earth gravitational direction is our neW y 
axis direction. 
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and the lateral projection of the y' axis, de?nes the Z axis 
direction. Cross product of vector 

y'=[0 1 0] 

And y gives Z axis 
Eq. (9) 

[0109] The last co-ordinate axis x is then cross product of 
the other axis 

A 

x: 

[0110] NoW We get the rotation matrix from earth gravi 
tation co-ordinates to address position co-ordinates 

16(1) 16(2) 16(3) Eq. (12) 

Riertical =\X(1) W2) W3] 

[0111] In order to get the rotation matrix the other Way 
from address position to gravitation, We have to calculate 
inverted matrix 

H Eq. (13) Rvertical = Rvertical = 

[0112] The y-axis is noW aligned to vertical direction and 
the Z axis is aligned to direction of the y' axis at the start. 
That is perpendicular to the direction of the Wrist. To align 
x-axis along the target line. We need to rotate co-ordinates 
around y-axis amount [3. There are several methods to 
determine [3. [3 can be based on the hand orientation at 
address or it can be based on the hand movement during the 
swing. 




















