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1 Overview
1.1 Introduction

Ever since affordable GPS devices hit the manketdsurfers have been strappiting
little marvelsto their armsefore going sailingMany arecurious tofind outhow fast
they cansailandGPS speed ladders are common pltomost clubs today.

Over the years, GPS technology has steadily improved and the number of devices on the
market has increasedassively For those wishing to choose a device, it can seéttle
daunt i mofteabeeh askdid explaintechnicaltermsor which devices best

| 6 ve fiph#taoftimeatudyingGPS technology and decidewljot down some ofhe
topics that | have learnt abouthave tried to avoidrey detailed explanatiaabout how
GPS technologwctuallyworksbut | have preided someyood internetinks throughout
this documentl havetried to focusnainly onthetopics that are relevatm speed sailors

1.2 Basic Principals

FundamentallyGPS devices calculate two things that intespsied sailorsThey

calculateour posiion (i.e. longitudelatitudeand elevatiopandspeed (often referred to
asfispeed over grourl A c o u r s ea nodf figerl i Ursbidhportrt t® o

understand that these are two separate calculations and although they can influence other
they are nbas closely related as one midinst expect.

Position is calculated usingralativelyi s i mipidngulationmethod The positions of
the satellites are knowby the GP&nd the timat takesfor the signals to arrive at the
GPS gives an approximatesthnce (ignoring atmospheric conditicarsd various other
factor9. This allowsa receiverposition to be calculated usitigetriangulation method

Contrary to popular beliefpged is notlerived fromthe distance and time between two
positionfixes. The GPSsatellitesare orbiting the Eartat high speesiand there isin
observable Doppler effect on theignalfrequerties GPS receiversan therefore

measure hovast the satellites appear to be moving towgadaway from them. Since

the GPS recepr alreadyknowsa lot about the satellitéposition,speed and direction)

they can determinéheir own speed using a mathatical approacb al | ed Al east

Civilian GPS(horizonta) position fixes are typically accurate to about 15 meters (50 ft)
for 95% of the time. However, the advancement of technology means that today, civilian
GPS fixes under a clear view of the sky are on average accurate to about J16eftgrs
horizontally.Speed aretypically accurate to within 0.05 m/s (Gkhots)

06/07/2010 Issue2.3 Page3 of 36

s qu



GPS Devices Speed Sailing Feature Comparison

Note: Generally speakinghe speed information (Doppler derived) is more accurate than
the positional information

1.3 Common Misconceptions

|l thought that | would add this section beca
the years.

Speed on the dewe can be trusted

Whilst the speed on the device is usually very accurate, there are a number of factors that
can result in a roguwealuebeing reported (often referred to as a spike). Examining the

track on a computer is usually required to give credybib the observedeadings.

One device faster than the other

| remember a couple of friends who both had the same Garmin model arguing that one of
them always reported higher than the other. Wearing identical devices at the same time
will always showa dfference because the two devices are not synchronized.

Sdtware shows the true speed

Whenexaminingolder Garmirtracks(e.g. GekogTrex, Foretrex, etc) on a computer the
reported speeds can be higher than the deejpertedon the scree(theoreticaly up to2

or 3knotshighel). This is because the downloaded track is inaccudateto the
precisionof longitude and latitude being reduced to save memerfgrfedtoas gr i d
e f f )eMostGarmin devices do not save theppler basedpeednformation so the
computersoftwarecan only reporspeeds that are derived from (iv@accuratg

positional data.

GPS is haccurate at low speeds (walking)

Generally speakinght error margins are the same no matter how fast you are travelling.
If you are walkig and the GP&ports D knots thentiis clearly afispiked but fispike®

can happen at any speddhis does not mean that the GPS is inaccurate at low speeds.

However, some independent testing Baswn thathe accuracy dDoppler derived
speed accuraagan benoticeably better at higher speeds88Qknots)

GPS receivers work fine underathneoprene

Some people put their GPS under their wetsifiienbecause they do not have agjua
pack with ararmband. This significantly affects the signal quality &ruén result in
poorqualityresults | 6 v e s e epoor guality lematiceacks rdmolder Garmin
models(e.g. GekogTrex and Foretrex) due toembeingusel under neoprene.

Waterproof / IPX7

The IPX7 standard basically means that a devarebe left in 1m of water for 30
minutes. It is not enough to protect a device from you falling into the water and / or
catapulting. All GPS devices need to be worn inside an aqua pack to keep them safe.
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2 Choosing a Device

Before giving detailebouta few deviceswith whichlé v e h a-dnelx@mred $ enc e, I 61
describe a few features that may be mentioned later on. Some are good things to have and
some are actually quite bad as they hide potential ers@s!Appendix A for device lists.

Trip Computeandi Speed Geni eo

Most devices offesome kind otrip computer which typically reports ment speed,

average speed, maximum speed, trip timer, and trip distateel hese arguite useful

and some devicgge.g. GF11 and GTF31) offer additional featuressuh as t he fASpeed
Geni eo which reports speeds over a specific
speeds at the end of each run and allowd#struns to be recalled after a session.

Masking
Some devices (e.Garmin) apply maskingso that if yotre stationaryandthe unit is

recording 0.1 or 0.2 knots it will display Odh the screerif you do afistationary testit
will look as if thedevicedoesn't wandebutit isjusthiding theactualerror!

Smoothing
If therecordedspeedsuddenlychangs, track smoothingill report the changenore

graduallyon the screenf it was a spikgpossibly causewhen changing from one
satellite to anothgra few knots may be added to your spaed itcan behardto spot

Decimal Places
The number of decimi@laces may be deemed important when looking at peak speeds.

Allowed by GPSSS
If you wish to compete on GPSpeedsurfing.com then you must use an approved device.

Recording Interval
Ideallya device shouldupport 1 second recording, except whieg r fi fd eissah Bsue.

Grid Effect
AGrid effecb refers tolack of precisionin positional datglongitude and latitude)yhich
causesnisleading speeds on a computdse 2s recording to minimize the effects!

Number of satellites, HDOP informatioBDOPinformation
Some devices save additional information which gmdsacredibility to the track data.

Cablesor SD Card?
Proprietarycables may be a problem if you need to download your track on a different
comput er and cablebavhloatisavigaseriay aahlecan also be quite slow.

Writing the track data directly to an SD card makes it easier to analyze the track on
computer later on and avoidew download speeds
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2.1 Navman M300 (Discontinued)

E—
Mo,

=2

The Navman M300 was very popular between 280& 2007, partly due ggromotions
with newJPboardsand their use at the Maui Speed Challenge.

4
M

\

Although the features were very basic and there was no way to lipkata PC, it was a
good way to gage your speed in the early days of G$pged sailig. Although they can

be worn on youupper armit is better to use an aqua pack because the IPX7 standard is
not adequate for windsurfing and the strap can also come undonesaHits}

The Navman masksutlow speeds (showing 0When stationaryandreports10 second
average speeds, rather than actual speeds. Prior to selling my own Navman M300, |
confirmed that the reported speeds matched thau€age®n my Locosys GI11 and
alsodid some controlled teste convince myself that it was reparti 10s averages

Pros: Cons:
1 Easytouse

1 Notwildly prone tofispike®
1 Reported speeds are 10s avegage

No peak speed (judOs averagé
No decimalplaces over20knots
Unable to download to PC
Cannotratify the speed results
Cannot perform further atysis
Not suitable for GPSSS

=a =4 =4 —a —a -8

Links:

9 Starboard ForunPress Release: New Maui Speed Challenge Series
1 Starboard Forumviaui Speed Challenge Series: Race 1
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2.2 Garmin Geko

Geko 101 Geko 201 Geko 301

This range wamadepopular due to the low price and availabilitythoughthe 201 and
301lallow you to download your tracks to a PC, the biggest problem is the propensity to
false readingsispike®) and likeall Garmin deviceshey only savepositional data rather

than the Doppler based speed data. The positional xldtaiebi t s t he figri d
(discarding the lower precision bits for longitude and latitude) in order to save memory.

Masking and track smoothing are both evident with the device reporting 0.0 when
stationary.

Tips: Ensure that track recordingsaree@drys econds, rather than
Pros: Cons:
1 Cheap T Prone to Aspikeso
1 Simple button operations 1 Onl_y records position, not speed
f There is an NMEA out feature T AGrid effecd (up to 2.39m)
but it isnoét feasi §| sesprepreiqry @armirgableyh e n
windsurfing! 1 Slow download (COM port)

T Runs 2 "AAA" batteries
Links:

1 Garmin:Geko 101 Geko 201 Geko 301(Product)
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https://buy.garmin.com/shop/shop.do?pID=220
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2.3 Garmin eTrex (early models) [Discontinued]

eTrex Venture Legend Summit

This range was made popular due to the low price and aviylaBithough the eTrex

models allow you to download your tracks to a PC, the biggest problem is the propensity

to false readinggiépike®) and like all Garmin devices they only save positional data

rather than the Doppler based speed data. The positiorhat a ex hi bi ts t he fc
(discarding the lower precision bits for longitude and latitude) in order to save memory.

Note that there are twagnificantvariantsof the eTrex (Yellow), Camo and Summit.
The differences relate to the software vansi@.x or 3.x). Only the 3.softwareallows
you to specify the recording intervahereaghe2.x softwareonly supportsi a @ mazle.

Maskingand track smoothingre both evident with the device reporting 0.0 when
stationary.

Tips: Ensure thattrackeceor di ngs ar e every 2 seconds, rath
Pros: Cons:
1 Cheap 1 Prone taispike®
1 Simple button operations 1 iny re_cords position, not speed
1 There is an NMEA out feature T AGrid ef28m o (up to
but it isnét feasi ]| WsespreprietpyGarmingableyh e n
windsurfing! 1 Slow download (COM port)

1 Runs 2 "AA" batteries

Links:

1 Garmin:eTrex (Yellow), Camqg Legend Summit Venture Vista (Product)
1 Garmin:eTrex Series (Specification)
1 OpenStretMap Wiki: Garmin/eTrex Series

06/07/2010 Issue2.3 PageB of 36


https://buy.garmin.com/shop/shop.do?pID=6403
https://buy.garmin.com/shop/shop.do?pID=125
https://buy.garmin.com/shop/shop.do?pID=173
https://buy.garmin.com/shop/shop.do?pID=143
https://buy.garmin.com/shop/shop.do?pID=154
https://buy.garmin.com/shop/shop.do?pID=163
https://buy.garmin.com/shop/store/assets/pdfs/specs/etrex_series_spec.pdf
http://wiki.openstreetmap.org/wiki/Garmin/eTrex_series
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2.4 Garmin Foretrex + Forerunner (early models)
[Discontinued]

£ "
er e
o
GARMIN &5t GARMIN TI#
TEETIN & sovunts Forerunner2o1 i
o sermrerrace 1
” ok

Qoo page emer VA

Foretrex 101 Foretrex 201 Forerunner

The Foretrexand Forerunnearanges are very similar buthey provideslightly different

feaures (i.e. trekking vs runningflthoughtheycan be worn othe wrist orupper arm

it is better to use an aqua pack because the IPX7 standard is not adequate for windsurfing
and the strap can also come undadst sailing As with the eTrex model$ispike®

andthei gr i d ame twb ef the biggest criticisms of #eemodels

Thecables vary slightly for the different models. The Foretrex 101 uses a proprietary

cablethat plugs straight into the device whilst the Forerunner 101 has no PC coityectiv

The Foretrex 201 and Forerunner 201 use the same propiataeas theForetrex101

but require an additional proprietary fdcradl

Masking and track smoothing are both evident with the device reporting @® wh
stationary.

Ti ps: Ensure that track recordings are every
Pros Cons
1 Smallcompaciunit 1 Forerunner only has f.:
1 Simple button operations 1 Prone tofispike®
1 Large screen with good display 1 Only records position, not speed
choices for speesailing 9 AGrid effecto (up to .
1 Built in rechargeable battery 1 UsesproprietaryGarmincable
(201 and 301) (101 and 201)
1 There is an NMEA out feature 1 Slow download (COM port)
but it isndt ff easi Iyl Runst26AAAI bateries{0l)
Links:
1 Garmin:Foretrex101, 201+ Forerunned01, 201, 301 (Product)
1 Garmin:Foretrex 101 + 20¥Forerunner 101 + 201, 3E$pecification)

06/07/2010 Issue2.3 Page9d of 36


https://buy.garmin.com/shop/shop.do?pID=260
https://buy.garmin.com/shop/shop.do?pID=257
https://buy.garmin.com/shop/shop.do?pID=231
https://buy.garmin.com/shop/shop.do?pID=230
https://buy.garmin.com/shop/shop.do?pID=270
https://buy.garmin.com/shop/store/assets/pdfs/specs/foretrex101_201_spec.pdf
https://buy.garmin.com/shop/store/assets/pdfs/specs/forerunner101_201_301_spec.pdf
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2.5 Garmin eTrex C (original colour models) [Discontinued]

Venture Cx LegendC + Cx Vista C + Cx

This rangancludesfive models (Legend C, Vista C, Legend Cx, Venture Cx, Vista Cx)
and offersseveraimprovements over the original eTrex models. The colour ssi@en
obvious but the alsoaddeda USB connector, micro SD card s(@modelsi for

additional mapsand anmproved Garmin chipseT.henew chipset means that FF

(time to first fix) via AutoLocateis reduced from 5 minutes to 2 minutes ahefigrid
effecis also goneLike all Garmin devices, this rangmly save positional data rather
than the Doppler based speed data.

Masking and track smoothing are both evident with the device reporting 0.0 when
stationary.

Tips: Ensure that track recordingsareevery2 seconds, rat her than i
Pros: Cons:

1 Simplebutton operations 1 Only records position, not speed

1 1 second recording interval 1 Does not record satellite info

T No discernabl e ifigr i1 dDoesmnetgeeord siDOP info

1 Fast download via USBable T Runs2"AA" batteries
Links:

1 Garmin:eTrexLegend C Vista C Legend CxVenture Cx Vista Cx(Product)

1 Garmin: eTrexXegend C + Vista CLegend Cx + Venture Cx + Vista G$pec)
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https://buy.garmin.com/shop/shop.do?pID=255
https://buy.garmin.com/shop/shop.do?pID=263
https://buy.garmin.com/shop/shop.do?pID=327
https://buy.garmin.com/shop/shop.do?pID=410
https://buy.garmin.com/shop/shop.do?pID=326
https://buy.garmin.com/shop/store/assets/pdfs/specs/etrexlegendc_vistac_spec.pdf
https://buy.garmin.com/shop/store/assets/pdfs/specs/etrex_x_series_spec.pdf
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2.6 Garmin Forerunner + Edge (newer models)

GARMIN

Forerunner 205 Forerunner 305 Edge 205 + 305 Edge 605 + 705

The Forerunne(205 and 305) and Edge (205, 305, 605 and 705) models uhiézZ8iRF
Star Il chipsetandarevery capable GPS deviedUnlike theearliereTrex and Foretrex
models, there is ndiscernablagrid effect and the qualitgf the positional datappears to
be comparable to that of the Locosys-GT. However, & is the caswith most other
Garmin model®nly the positional data (longitude, latitudadelevation) isecordedon
the devics, thus limiting subsequernalysis on a computer.

Note: It has beenbseaved that the positional data @fGT-31 (also SiRF Star IIl) is more
reliable than the positional data of a GT and very consistent with the Doppler based
speed data. This implies that the positional dédithe Forerunneand Edges likely to be
pretty good to@ in the absence ahoredetailedtesting

Ti ps: Ensure that track recordings are every
Pros Cons
1 1 secondecordinginterval 1 Only records position, not speed
f High accuracy positional data 1 Does not recordatellite info
T No di scernabl e ngr if dDoesfndt eeaitd 8IDOP info
1 3.5 hours of memory 1 Forerunnerequiresproprietary
1 Builtin rechargeable battery Garmin cradl€USB)
1 Fast download via USBable
Links:
1 Garmin:Forerunne05, 305+ Edge205, 305, 605, 705 (Product)
1 Garmin:Forerunner 205 + 3) Edge 205 + 30%Specification)
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https://buy.garmin.com/shop/shop.do?pID=348
https://buy.garmin.com/shop/shop.do?pID=349
https://buy.garmin.com/shop/shop.do?pID=6400
https://buy.garmin.com/shop/shop.do?pID=331
https://buy.garmin.com/shop/shop.do?pID=10884
https://buy.garmin.com/shop/shop.do?pID=10885
https://buy.garmin.com/shop/store/assets/pdfs/specs/forerunner205_305_spec.pdf
https://buy.garmin.com/shop/store/assets/pdfs/specs/edge205_305_spec.pdf
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2.7 Garmin eTrex H (high sensitivity models)

5> 1174

Legend H Vista H

Legend HCx Summit HC Venture HC Vista HCx

This range of "modelsincorporates the MediaTek higdensitivity GPS chipseThe

main advantage over the previous eTrex range is the TTFF (time to first fix) which is

muchbetter than the Garmin chipseltsis not yet known whether these models exhibit

the Agrid effectod but [coloul, EarerunneDe/B05nd evi ces (
Edgemodeld do not.Like all Garmin devices, this rangell probably onlysave

postional data rather than the Doppler based speed ¥atacan easily spot models

from this range because the black image of a gi®belongerprinted on the casirhg

The cables vary slightly for the different models. The H models use the (traditional)
proprietary Garmin cable whilst the HC and HCx model use a standard USB cable.

Masking and track smoothing dikely to beevident with the device reporting 0.0 when
stationary.

Tips: Ensure that track recordings are every 1 or 2 seconds, rathenthaha ut o006 mode.
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Pros: Cons:
1 Simple button operations T Only records position, not speed
1 1 second recording intervatbc 1 Does not record satellite info
T No di scer nab-ltbe f gr if dDoesmgt eeeortHOP info
1 Fast download via USBable T Usesproprietary Garmircable
(HC and HCxmodels) (H models)

1 Slow downloads (H models)
T Runs 2 "AA" batteries

Links:

Garmin: eTrexd, Legend H Vista H(Product)
Garmin: eTrexX,egend HCxSummit HG Venture HC Vista HCx(Product)

= =4
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https://buy.garmin.com/shop/shop.do?pID=8705
https://buy.garmin.com/shop/shop.do?pID=30120
https://buy.garmin.com/shop/shop.do?pID=30122
https://buy.garmin.com/shop/shop.do?pID=8701
https://buy.garmin.com/shop/shop.do?pID=8709
https://buy.garmin.com/shop/shop.do?pID=8707
https://buy.garmin.com/shop/shop.do?pID=8703
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2.8 Garmin Foretrex (newer models)

Foretrex 301 Foretrex 401

As far as speed sailing is concerned, lisl&nown about the Foretrex 301 and 404t).

Garmin states tihaetnsiitti vontyaiGPS a efcteiigher 06 but
[l or MTK chipset.The TTFF (time to first fix) is much better thametoriginal Foretrex

101and201l 't i s not yet known whether these model
recent devices (e.g. eTrex [colour], Forerunner 205 / 305 and Edge models) dikaot

all Garmin devices, this range will probably only savsifienal data rather than the

Doppler based speed data.

Masking and track smoothingill probably be evident with the device reporting 0.0
when stationary.

Tips: Ensure that track recordingsareevery2 seconds, rat her than i
Pros Cons

1 Small compact unit

Simple button operations

1 Large screen with good display
choices for speed sailing

1 1 second recording intervatbc

No discernab-lthe Agrid effecto

f Fast download via USB cable

Only records position, not speed
Does not record sdtite info

Does not record HDOP info
Runs 2 "AAA" batteries

=
=a =4 —a A

=

Links:

1 Garmin: Foretrex301and401 (Product)
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2.9 Garmin (unsuitable models)

Forerunner 110 Forerunner 405 Forerunner 405CX

GARMIN

Forerunner 310XT Edge 500

The above models are based on SiRF Il and SiR@brerunner 110¢hipsets but the
recording interval cannot epecified andlefaultstci aut o0 mode .

A couple of the deviced-orerunner 310XT and Edge 50esupposedo switch to
Aapproxi mately 1 second powercneterdut theygdarewh en conn
reports thasuchrecording are erratic and do no¢cord every second

For this reason, the above devices are deemed unsuitable for speed analysis.

Links:

1 Garmin: Forerunnet10 310XT, 405 405CX (Product)
1 Garmin:Edge 50QProduct)
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https://buy.garmin.com/shop/shop.do?pID=63511
https://buy.garmin.com/shop/shop.do?pID=27335
https://buy.garmin.com/shop/shop.do?pID=11039
https://buy.garmin.com/shop/shop.do?pID=31859
https://buy.garmin.com/shop/shop.do?pID=36728
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2.10Locosys GT-11/ Scytex NAVi GPS / Amaryllo Trip Tracker
[Discontinued]

The GT-11 (based on SiRF Star thipse} was a revelatiofor speed sailors because it
introduceda number ofeatures that were previously unavailabtethe Garmin devices

The fh Serieado Gitmataaomatigatlydisplays what the sailgreedgo see,
thusavoiding the need for any button pressing. For example, during a run it will show the
current speed but at the end of the run it will show the peak speHd secondverage
(during the ruhplusthe highest ones of the day. Off the water, it is also possible to
review the top speeds (peak or 10 second average) without the need for a computer.

It alsorecords more data than just the postilotata(e.g.Dopplerspeed, satetkesin
view, HDOPT horizontal dilution of precisionand writes straight to a SD card, as well
as the internal flash memory (serving as a useful backup).

Pros Cons
1 1 second recording interval 1 Not thenicestof user interface
T Recor dpl @éiDbpspeeds 1§ Annoying Amove | ong?bo
1 Records satellite information 1 Difficult to operate in aquagek
1 Records HDMP information 1 Fiddly to access the SD card
T No discernable Agrid effecto
1 Writes directly to SD card
1 Writes directly to flash memory
1 Built in rechargeable battery
1 Charges via USB cable

Links:

1 Locosys:GT-11 (Product)GT-11 (Specification)
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