Understanding the Zelocity PureLaunch launch monitor.

This paper has been written to explain the workings of the PureLaunch launch
monitor. Its goal is to help PureLaunch owners understanding it and explaining some
of the current problems with this launch monitor.

The trigger to this investigation was when | loaded a version 4.2 file in version 5 and
noticed that almost all values where different then from what | remembered they
where in version 4. | reloaded that same file in version 4 and again the displayed
values where different than displayed in version 5.

I have a background in IT which allowed me to investigate this strange behavior in a
bit more detail than normal. After the investigation | contacted Zelocity in August
2009 about my findings but I received no feedback/response or explication. Being
unhappy about the lack of feedback/customer support | decided to write this paper.

SUMMARY

The PureLaunch application data displays values which are different than the values
being sent to the PureLaunch software from the “data interface software”.

It also displays values which can not be calculated based on the values that are sent to
the PureLaunch software by the “data interface software”. With only club speed, ball
speed and launch angle it is impossible to calculate values for:

- Side-spin

- Face angle

- Azimuth

- Angle of attack.
- Azimuth

- Swing path

Versions higher then version 1 of the PureLaunch software will not longer indicate
when spin is not measured but calculated. When not using the original striped ball the
PureLaunch software will (as far as I can test) always produce calculated spin.

All above statements can be checked and reproduced using the software for which the
link is included in this document. On request the sources of the software can be
provided.
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INTRODUCTION

To get a good understanding it must be made very clear that the PureLaunch has two
major parts. Hardware and Software. This paper only discusses the software.
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The hardware is the unit itself "1/ and the software (a part of it) is the
software you received with your PureLaunch.
& Purelaunch¥5.1.3 [ZJ@]@
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The hardware is connected to your pc and the PureLaunch software via an USB cable.

Normally the working of the PureLaunch system is as follows: You turn the
PureLaunch on, start the PureLaunch software, arm the PureLaunch and hit a ball.
After which the results appear on the screen of your pc.

nch - c:\program filesiclubdltier\nelociiy\ 200909 frans ijrer L.zpt =R

PureLaunch Pro”

s  Shot ClubFitter73

_ ClubSpeed (MPH) Ball Velocity (MPH)

crmms | 96.85 || 130.0 |

Launch Angle (Degrees) Ball Spin (RPM)
. -

20.5 || 6850

: Carry Distance (Malers) ; _Pows( Transfer Ratio [PTR'.G_J

' 180.6 || 134.2
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In short:
- Arm
- Hit
- Results

ARM

When the PureLaunch is armed it will start sending radar waves from the top and
bottom pods. Some of those waves will bounce off the surface of the club or ball and
will be received by those same two pods. The total amounts of waves/pulses sent and
received are large. In fact the Zelocity website
www.zelocity.com/golf/technology.shtml provides the following information:

<start website quote>

Doppler radar provides Zelocity™ Golf Performance Monitors the advantage of
collecting hundreds of thousands of data points for ball flight and swing analysis. The radar
“sees” the club and golf ball before, during, and after the moment of impact, and follows
the ball as it flies down range. This allows Zelocity™ to collect a stream of actual data
points (100,000 per second) from the Doppler radar signal; see the radar data stream
table below.
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<end website quote>

The term Doppler in the above statement refers to an effect on the radar waves. When
the club or ball are moving the reflected radar waves do not have the same
characteristics as when they where send. The difference between the waves sent and
received is used to determine the speed of the club and/or the golf ball.
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More information about Doppler: en.wikipedia.org/wiki/Doppler_effect

In order to handle the sending and receiving of the waves and the calculations of the
differences between the sent/received waves there is a need for a central processing
unit (CPU). The CPU for the PureLaunch is located between the two pods. It contains
all the hardware and software required to generate, collect and process the radar
waves. Software embedded in hardware is normally referred to as firmware.

So as soon as we arm the PureLaunch the sending and receiving of radar waves starts
and the firmware will start storing large amount of calculated data.

HIT Part |

When the ball is struck by the club the sound of the impact is recorded by a
microphone located in the PureLaunch. This sound will then trigger a process in the
firmware to delete all already collected data except the last 15.000 microseconds of
data and continue recording the newly received data as long as there is place in the
memory banks of the central processing unit.

When the limits of storage are reached the firmware will then dump all collected data
via the USB cable to the pc software and disarm the radar unit.

To save 15.000 microseconds of data before the sound of the impact is received by the
microphone is important for a number of reasons.

First because the ball is place 60 inches in front of the unit so the sound of the ball
being struck must travel those 60 inches before reaching to microphone. The sound of
the impact travels at the speed of sound while the radar waves travel at the speed of
light. As the sound reaches the PureLaunch unit later then the radar waves the data
received before the sound of the impact is recorded must also be saved for processing.

Secondly the PureLaunch also would like to measure the speed of the moving club
before it struck the ball, again for doing so it must “look back” in time.

The 15.000 microseconds therefore allows the PureLaunch both to record a moving
club and start recording the ball at the correct moment.

HIT Part 11

The firmware sends the data via the USB cable to the PureLaunch software that is
installed on the PC.
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The Zelocity website www.zelocity.com/golf/purelaunch.shtml provides the
following information:

<start website quote>
Software:

= Compatible with Windows XP and Vista operating systems
= LaunchMonitor Data Interface software size ~ 8mb; PureLaunch™ application size ~
8mb

<end website quote>

So the PureLaunch software consists of two parts. One part is the “data interface
software” and a second part is the “PureLaunch application”.

The desktop icon explains which part is the “PureLaunch application” because it will
point to the following file “PurelaunchP.exe” (version 5.x) or “Purelaunch.exe”
(version 4.x, 3.x, 1.X).

Running the PureLaunch application and then monitoring the additional applications
it loads allowed me to determine what program the “data interface software” is. After
some investigation it is clear that the application loads “Launchmonitor.dll”.

So the firmware sends data to Launchmonitor.dll. Then the Launchmonitor.dll sends
data to PurelaunchP.exe or Purelaunch.exe. Then the PureLaunch.exe displays the
results.

BETWEEN HIT & RESULTS

Technically the fact that the data interface software seems to be a DLL (dynamically
linked libary) is good news for the investigation. When software communicates with a
DLL a programmer can create a so-called hook or “man in the middle”. A hook can
show what data and which requests are send between the launchmonitor.dll and
PurelaunchP.exe.
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This is the screenshot from the hook software made after a hit has been

recorded.

Zelocity Monitor

time

16:02:00
16:02:00
16:02:00
16:02:00
16:02:00
16:02:00
16:02:00
16:02:00
16:02:00
16:02:00

process
PureLaunch. exe
PureLaunch. exe
PureLaunch. exe
PureLaunch.exe
PureLaunch. exe
PureLaunch. exe
PureLaunch, exe
PureLaunch, exe
PureLaunch, exe
PureLaunch. exe

api

GetClubkPH
GetBalkPH
Getlaunchingle
GetTatalSpinR P
GetClubkPH30
GetClubkMPH35
GetClubkPH40
GetClubkPH4S
GetClubkPHE0
GetClubkMPHES

parameters

dc:
dc:
dc:
dc:
dc:
dc:
dc:
dc:
dc:
dc:

36.67
11483
21.42
9005133,00
96.02

result

IUCCESE
IUCCEDE
IUCCEDE
IUCCEDE
IUCCESS
IUCCESS
IUCCEDS
IUCCEDS
IUCCEDS
IUCCESS

From this screenshot
Purelaunch.exe

Ballspeed
LaunchAngle
TotalSpin
Clubspeed
Clubspeed prior to impact

Please note the following :

- Spin 9.005.139

- Pre-impact clubspeeds are all the same

Clubfitter73 — version 1.4

Feb. 2010

it is clear that the following data is being sent to the




SHOT RESULTS

These are screenshots from the PureLaunch software version 4.2.3 for the above
recorded shot.

_Zzl city PureLau Qf@@

(3 e Purel.aunch

nDate: Feb5, 2010

Golfer Name

defau” iron 7 Club Speed (MPH) Ball Velocity (MPH)

Launch Angle (Degrees) Ball Spin (RPM)

Carry Distance (Yards) Power Transfer Ratio (PTR%)

£ Zelocity Purel aunch Qﬁl@

File Edit Options Hely

™ T Purel.aunch

e  Shot R

defau” itor 7 Closed Club Face (Degrees)  Angle of Descent (Degrees)

e

Side Spin (RPM) Shot Deviation (Yards)

Attack Angle (Degrees) Tempo (Seconds)
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2 Zelocity PureLaunch QE'E'

File Edit Options Help

g

=8 P L h
Dashboard m Session Date: Feb 5, 2010

Dashboard

Golfer Name

defaultiron 7 v

| EACIRR o i -
; . e Speed 1.5 prior Speed 2° prior
; Speed 0.5° prior
: Ball Velocity
A (MPH)

NOTES:
- Spin was sent as 9.005.139 but is displayed as 8171.
- Face Angle was not sent but is shown.
- Side spin is not sent but is shown.

Below the same for PureLaunch Version 3.0.3

Zelocity Monitor, @
time process api parameters ressult
16:11:19  PureLaunch.exe GetCubMPH do: 93,43 IUCCEDS
16:11:19  PureLaunch.exe GetBalPH dc: 101,87 IUCCESS
16:11:19  PureLaunch.exe GetLaunchinale de: 19,01 SUCCESS
16:11:19  PureLaunch.exe GetTotalSpinR PR dc: 9005432,00 SLICCESE
16:11:19  PureLaunch.exe GetClubMPHZ0 dc: 93,33 IUCCess
16:11:19  PureLaunch.exe GetClubMPH35 dc: 93,33 uCcess
16:11:19  PureLaunch.exe GetClubMPHAD dc: 93,33 uCCess
16:11:19  PureLaunch.exe GetClubMPH45 dc: 93,33 IUCCEES
16:11:19  PureLaunch.exe GetClubMPHS0 dc: 93,33 IUCCEES
16:11:19  PureLaunch.exe GetClubMPHES dc: 93,33 IUCCEE

- Spin sent as 9.005.498
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=2 Zelocity PurelLaunch
File Edit Options Help

e PurelLaunch”

T ohat | EEELEETTS Sr— S r] Session Date: Feb 5, 2010

_—— Shot |

itaR 7 = Club Speed (MPH) Ball Velocity (MPH)

' -

Launch Angle Ball Spin (RPM)

Carry Distance (Yards) Power Transfer Ratio (PTR%)

- spin displayed 5498 but sent as 9.005.498

=2 Zelocity PurelLaunch
File Edit Options Help

& o PureLaunch

SessionDate: Febb. 2010

_—— Shot |

iah 7 - Club Face Angle Swing Path (Inside Straight In)

o IX

Side Spin Shot Deviation

Angle of Attack Tempo

- Angle of Attack not sent but shown.
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=2 Zelocity PurelLaunch
File Edit Options Help

s PureLaunch”
S m TR e —

S Dashboard

Golfer Name

iron 7 o

NG

Speed 1" prior Speed 1.5 prior Speed 2° prior

, Speed 0.5 prior . .
s | .

Ball Velocity{MPH) Speed 2.5 prior

Shot 1 b

Powered by Il”ll

.ll',

Below the same for PureLaunch Version 5.1.3

Zelocity Monitar ==
time | process | api parammeters result
170037 PurelaunchP. exe GetClubtPH dc: 37,52 TUCCESE
17:00:37  PurelaunchP. exe GetB alliPH do 123,38 TUCCEEE
17:00:37  PurelaunchP. exe GetLaunchdngle do 18.84 FUCCESE
17:00:37  PurelaunchP. exe GetT otalS pinR P de 00466000 FUCCESE
17:00:37  PurelaunchP . exe GetClubtPH 30 dc: 57,36 IUCCESE
170037 PurelaunchP. exe GetClubMPH 35 dc: 97,36 IUCCETE
170037 PurelaunchP.exe GetClubtMPH A0 dc: 97,36 IUCCEsT
170037 PurelaunchP. exe GetClubtPH A5 dc: 37,36 FUCCESE
17:.00:37  PureLaunchP. exe GetClubMPHED de: 97,36 FUCCESE
17:00:37  PureLaunchP. exe GetClubMPHES dc: 97,36 FUCCEEE

- Spin sent as 9.004.660

- Pre impact clubspeeds are all the same
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E Zelocity PureLaunch E"El@

Pufelauﬂc/; Pro”

nDate: Feh5_ 2010

o Shot

Golfer Name

Default Item 1 Club Speed (MPH) Ball Velocity (MPH)

Launch Angle (Degrees) Ball Spin (RPM)

& ’ Carry Distance (Yards) Power Transier Ratio (PTR%)
(

spin displayed 6720 but sent as 9.004.660

JZ3 Zelacity PureLaunch = ||

Purelauﬂc/; Pro”

nDate: Feb5. 2010

— Shot

Golfer Name

Default Item 1 Club Face (Degrees) Angle of Descent(Degrees)

Side Spin (RPM) Shot Deviation (Yards)

Down Attack Angle(Degrees) Tempo (Seconds)

Face Angle displayed but not sent
Side spin displayed but not sent
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E Zelocity PureLaunch E"El@

Pufelauﬂc/; Pro”

SessionDate: Feh5_ 2010

o Shot

Golfer Name

Default Item 1 Azimuth (Degrees) Swing Path

Dynamic Loft

- Azimuth displayed but not sent
- Swing path displayed but not sent

E Zelocity PureLaunch E"El@

File Edit Options Help

Dashboard

@GNS Dashboard

Golfer Name

Default Item 1 -

Speed 1.5° prior Speed 2° prior

prior

Speed 0.5° prior

Ball Velocity

- Pre impact speeds displayed as ascending speeds (late release) but sent as all
being the same.
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THE 9 MILLION RPM

As can be seen in the above screenshots the spin provided from the data processing
software to the PureLaunch software always seems to be higher then 9.000.000. This
seems to be a weird value for spin so extra investigation took place trying to
understand the reason behind this high value.

I did remember that in the past the balls used for the PureLaunch had to have a
reflective stripe. The old (2005) Zelocity website provide the following information

<start website quote>
Performance:

* For use with right-handed and left-handed golfers

Indoor or outdoor use; No calibration required; Setup time less than 1 minute

Spin measured using reflective-striped ball or calculated using non-striped ball

Integrated microphone for club head speed measurement at impact
<end website quote>

This page can still be found via
http://web.archive.org/web/20050207122505/zelocity.com/purelaunch.shtml

So according to this quote from the website the reflective stripe would provide
measured spin and non-striped balls would provide calculated spin.
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Below two screenshots from PureLaunch version 1.2 using a striped-ball.

Z ! Zelocity Monitor

time

21:26:02
21:25:02
21:26:02
21:25:02
21:26:53
21:26:53
21:26:53
21:26:53
21:27.57
21:27:57
21:27:57
21:27.67

Session  Shot lTabIeslSummaw]

Lelety

Club Speed (MPH)

process

Purel aunch.exe
Purelaunch.exe
PureLaunch.exe
Purel aunch exe
PureLaunch.exe
Purel aunch. exe
PureLaunch.exe
Purel aunch.exe
Purelaunch.exe
Purel aunch exe
Purelaunch.exe
Purelaunch.exe

api parameters result

GetCubMPH de: 51,54 SUCCESS
GetBalMPH de: 100,59 suCCess
GetLaunchéngle do: 22,77 SUCCESS
GetTatalSpinRPM de: 9007306,00 success
GetClubMPH de: 85,19 SUCCESS
GetBalMPH de: 116,30 success
GetLaunchéngle do: 21,94 SUCCESS
GetTatalSpinRPr doz 5005271.00 success
GetClubMPH de: 8366 SUCCESS
GetBalMPH de: 106 98 suCcess
GetLaunchénglz de: 18,00 success
GetTatalSpinRPM de: 5652,00 SUCCESS

83.7

Launch Angle (Degrees)

107.

Ball Spin (RPM)

W Measued

18.0

Distance (Yards)

151.4

5652

Power Transfer Ratio (PTR%)

127

A Launch Moritor Delete Shot ‘

Zelocity Monitor

time

2:25:02
21:25:02
21:25:02
2:25:02
21:25:53
21:25:53
21:25:53
21:25:53

Session  Shot ]Tah\es]Summarﬂ

Zlocity

Club Speed (MPH)

process
Purelaunch exe
PureLaunch.exe
PureLaunch. exe
Purelaunch exe
PureLaunch.exe
Purelaunch exe
PureLaunch.exe
PureLaunch. exe

api parameters result

GetClubtPH de: 81,94 SUCCEss
GetBallMPH de: 100,53 SUCCESS
GetLaunchingle de 2277 UCCess
GetTatalSpinFPh de: 500730600 success
GetClubhPH de: 85,19 SUCCESS
GetBalMPH de: 115,30 SUCCESS
GetLaunchingle dc: 21.94 SUCCESS
GetTatalSpinRP de: 900527100 UCCess

85.2

Launch Angle (Degrees)

119.

Ball Spin (RPM)

I Measured

21.9

Distance (Yards)

167.9

5271

Power Transfer Ratio (PTR%)

135

A Launch Monitor

Delete Shat
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Looking at the two screenshots above it is clear that this version has a tick-box
(“measured”) that is un-ticked when the data processing software sends a spin higher
than 9 million. It seems that this “calculated spin” indication is no longer present after
version 1.

The screenshots also show several shots in the Zelocity monitor software. During the
test it became clear that using a striped-ball would not always produce measured-spin.
Is seems that the data processing software will try to measure the spin and when that
is not possible due to whatever reason will automatically switch to calculated spin.

Below a screenshot using version 4.2.3 and a striped ball.

Zelocity Monitor,

time pracess api parameters result
g ' 20:1800  PureLaunchexe GetClubPH - de: 83,92 SUCCESS
201800 PurelLaunch exe GetBaltdPH  de: 11151 SUCCEsS
201800 Puelaunch.exe GetLaunch.. dc: 20018 SUCCESS
201800 PureLaunch.exe GetTatalSpi..  do 545100 UCCEss
201800 PureLaunch.exe GetClubMP de: B3.76 SUCCESS
201800 PureLaunch exe GetChEMP. . do 8376 success
201800 Puelaunch.exe GetClubMP do: 8376 SUCCESS
201800 PureLaunch.exe GetClubMP de: 8376 SUCCESS
201800 PureLaunch.exe GetClubMP de: B3.76 SUCCESS
201800 PurelLaunch exe GetClubMP. de: B376 SUCCEsS

aamm—  Shot

Golfer Name

defaultiron 7 Club Speed (MFH) Ball Velocity (MPH)

Launch Angle (Degrees) Ball Spin (RPM)

Carry Distance (Yards) Power Transfer Ratio (PTR%)

From the above screenshot it is clear that using a striped-ball with version 4.2.3 can
sometimes generate measured spin. But the PureLaunch software chooses not to use
the measured spin sent and displays something totally different.
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CONCLUSION

The PureLaunch application data displays values which are different than the values
being sent like pre-impact club speeds and spin.

While the particular software version determines which values will be displayed the
PureLaunch software can display values for:

- azimuth

- face angle

- side spin

- shot deviation

- angle of attack

- swing path

These values can not be calculated based on the values that are sent to the application.
With only club speed, ball speed and launch angle it is impossible to calculate the
other values.

More recent versions of the PureLaunch software (higher than version 1) will no
indicate whether or not the spin value is measured or calculated. When not using the
original striped ball the PureLaunch software will (as far as | can test) always
produces calculated spin. Furthermore several versions will, even when having a
measured spin, display a spin value which value seem to have no relation to the value
sent by the data processing software.

For those of you who would like to repeat this test. The software is available via
www.clubfitter73.fr/PL.zip Unzip the two files to a folder and start the
zelocitymonitor.exe before running the PureLaunch software. On request the sources
of the software can be provided.

If there are any questions, remarks or errors found please contact me.
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