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Fom gymnadtics vaulting to pole vaulting, football tofield hockey, how fast an
athl etecan run often determineshisor her successinasport. Coachesar e thusinterested
in the speed o their athletes. Researchershavedeveloped a variety of techniques for
measuring running speed. Theseinduded ectromagnetictiming devices(Hill, 1927).
photoelectric timingdevices(Tkai, 1968), mechanical timingdevices(Volkov & Lapin,
1979). and cinematographictechniques(Cavagna, Saibene, & Arcelli, 1965). Mogt o
thesedevicesor techniqueshave nat been usad by coachesbecausethey wereexpensive.
complicated, measurement was not immediate, or they interfered with the athlete.

Aninexpensve, eesy to use, accurate, and non-intrusivemethod to meaesure the
speed of athleteswould be vauablefor coaches. Severd devices and techniques for
measuring goeed are presently used by coaches, but the accuracy of these devices or
techniques has not been invedtigeted. The purposed this udy was to investigatethe
accurecy of several devicesand techniques for measuring the speed of athletes.

Four primary time messurement systemswerei nvestigated: ahandhe delectronic
giopwatch,acustom built infrared timing light system,acommercidly availabletiming
system which used optica sensors to detect movement, and videocamera recordings.

Averagespeed Wasdetermined by using thesesystemsto measuret he timeit took
anathlete tomoveaspecificdisiance. Averagespeed equd sthedistancemoveddivided
by time. Theeffectdof thelengthof thisdistanceor timinginterva upont he accuracy
o the speed measurement waesa so invedtigated. Six intervalswereinvestigated: 2.5
m5m,75m,10m, 125 m,and 15m

How fadt the athlete is moving may dso influence the accuracy o the speed
messurement. A timingerror of 0.10 sover an dgpsed timedf 10.00 swould be much
lessaf an error than atimingerror of 0.10 sover andagpsed timedf 1.00s. Theeffect
of movement gpeed upon theaccuracy of the speed measurementwasa so investigated.
Four generd speedsweareinvestigated: walking(—2m/s), jogging (4 m/s), running(~6
m/s), and sprinting (-9 m/s).

For the videographic techniques, theeffectof samplingrate upon theaccuracy o
the speed messurement wasasoinvestigated. A normal videocamera records60fieds
per second or 30 frames per second. Two videofieldsareinterlaced to produceavideo



frame. Some research qudity videocamera and recorder systems are capable of
recording 200 videofields per second. By playing beck avideorecording using the till
frameand frameadvancecontrols, onecan count video fidldsaframes. and ameasure
of timecan be determined from the videorecording. Some videoplayback units will
show each video fidd (asampling rate of 60 Hz) when operated in thismanner. while
otherswill only show every other fidld (asampling ratedf 30Hz). Four video sampling
rates wereinvestigated: 30 Hz 60 Hz, 100 Hz, and 200 Hz. For the 30 Hz and 60 Hz
sampling rates. the difference between a shuttered (1/1000 s exposure time) and
unshuttered recording was a0 investigated.
Thespecificpurpose of thisstudy wastodeterminetheaccuracy of thefollowing
nine different systems for measuring thespeed of an athleteover 25 m 5m, 7.5 m, 10
m, 125 m and 15 mintervas:
1 Handheld eectronic sopwatch (0.01 s precision)
2. Infrared timing light system (custom built by U.S Olympic Committee
engineering department, 0.001 s precision)
3. Commercid timing system (uses optical sensorsto detect movement, 0.01 s
precison)
4. Unshuaered videocamerarecordingswith 30 Hz sampling rate (0.033 s
precision)
. Shuttered videocamerarecordingswith 30 Hzsamplingrate(0.033 s precison)
. Unshuaered videocamera recordingswith 60 Hz sampling rate (0.017 s
precision)
Shuttered videocamera recordingswith60Hz samplingrate(0.017 sprecision)
. Shuttered videocamerarecordingswith 100 Hz samplingrate (0.01 sprecision)
. Shuttered videocamera recordingswith 200 Hz sampling rate (0.005 s preci
son)

METHODOLOGY

One mde athlete served as the subject for dl timing trids. The custom built
infrared timing lightsand theoptica sensorsdf thecommercid system were positioned
dong a straight running track a 25 mintervasfrom 0 to 15 m  Seven trials were
completed at each of the four movement speeds. Each trid yidded Sx samplesof 25
m timing intervals, five samplesof 5 mtiming intervas, four ssmplesdf 7.5 mtiming
interval s, threesampl esof 10m timinginterval s,twosamplesof 125 mtimingintervals,
and onesampled a 15 mtiminginterval.

Twovideocameras, oneshuttered and one unshuttered,recorded thetria sat 60 Hz
and one high goesd videocamerarecorded the trials at 200 Hz. These am —eae
positioned3 mabove and 18 mhorizontally from therunway. Thecameraswere panned
to follow the movement of the subject. The fidds of view of these cameras were
approximately 6 m  The person operating the handhd d stopwatch was positioned near
thesecameras. Thehandhdd stopwatch wascapabledf messuringsplit times, soit was
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stopped/started at each 2.5 m mark. A fixed view high speed video camera operated at
200 Hz recorded o sagittal plane view of the subject’s movement bejween the 5 and 10
m marks.

Times recorded by each system at each 2.5 m mark wee used to determine
velocities over each interval by dividing the interval distance by the difference in times.
Times wese determined from the videocamera recordings by counting frames (or fields)
between the instances when the athlete was positioned at each 2.5 m mark.

The speeds between the S 9Nd 7.5 m and 7.5 and 10 m marks as determined from
the digitizedimages of the 200 Hz fixed view M © w were usedss the criterionmeasures
for an intitial assessment of the accuracy of the devices. Accuracy was assessed by
correlating the criterion measures with the experimental w w wes and by computing the
standard deviations (standard error) between the criterion measuresand the experimental
measures. This standard error Wwis expressed as @ percent of the criterion measure. The
higher the correlation coefficient and the lower the relative standard error, the more
accurate the measurement. For the purposes of this study, © system was deemed to be
accurate if its correlation coefficient was .90 or higher and itsrelative standard error was
5% or less. The mostaccurate device as determined Ae w this comparison was then used
as the criterion for the rest of the evaluations.

RESULTS

The initial comparison of the speedsbejween the 5 and 10 m marks over all the
trials 55 measured by each experimental system with the speeds ss determined by the 200
Hz Hxed view m e w indicated that the speeds measured from the 200 Hz panning

“mew sampled at 200 Hz, the 200 Hz panning m & w sampled at 100 Hz, and the
infrared tim g light system were most accurate. The correlations between the criterion
measure and the experimental measureswere 1,00 for the 200 Hz sampling rate, 1.00 for
the 100 Hz sampling rate, and 0.999 for the infrared timing light system. All the other
tested systems bad correlations less than 0.999. The standard deviations between the
criterion measure ond the experimental measures were 0.076 m/s (1.33 %), 0.077 m/s
(1.35%), and 0.094 m/s (1.66%) for the 200 Hz sampling rate, the TOO Hz sampling rate,
and the infrared timing light system respectively. The infrared timing light system was
chosen as the criterion measure for evaluating the rest of the timing systems and
intervals. It was not quite as accurate ss the 200 Hz panning camera but the difference
was insignificant. Theoretically, the accuracy of the 200 Hz panning m © w would
decrease as its angle of view deviated further Aew 90°.

A stop watch is the instrument most widely used by coaches for measuring
velocity. Unfortunately, it wes only useful for measuring walking oand jogging spceds
at timing intervals greater than or equal to 5.0 m. The inaccuracy of the stopwatch at the
running and sprinting speeds was most likely due to the operator’s errors in trying to stop
start/stop the watch for split times at each 2.5 m mark. Only one stop watch was used.
If seven watches were used and times to each 2.5 m mark were measured from the
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watches, the accuracy of the stop watch for measuring running and sprinting speeds
would have been improved.

The commercialy available movement sensing timing system is marketed to
coaches asa quick and easy system for measuring running goesd. Unfortunately, its
accuracy was not much highert han the stopwatch's. Infact a thewalkingand jogging
Soeeds, the stopwatch was more accurate. The commercia system was accurate for
measuring walking Speedsif t he timing interval was 7.5 mor larger. At speeds higher
than walkingspeed, thissystemwasonly accurateatt he largestmeasuredtiminginterval
of 15m. It was not accuratefor measuring sprinting speedsat any timing interval,

Videocameras are commonly used by coaches to evaluate techniquesof their
athletes. A videocamera may aso be used to measurean athlete's gpeed if twoor more
nar ker s are placed in the plane of motion or on either side of the plane of motion at
known distances apart. The normal speed shuttered or unshuttered videocamera
recordings sampled at 30 Hz wereaccurate for measuringwalking and jogging speeds
over every timing interval from 25 m to 15 m. The measured running speeds were
accurate for 5 m timing intervals and larger. These timing systems did not provide
accurate speed measurementsfor sprinting. Althought he relative standarderrors were
less than 5% at thisspeed foral but t he smallest timing interval, the correlationswith
the criterion wereall lessthan .90.

Thenormal speed shuttered or unshuttered videocamera recordingsampled a 60
Hz wereaccurate for measuringwalkingand joggingspesdsover every timinginterval
from2.5 mto15m. Themeasured runningspeedswereaccuratefor 5 mtimingintervals
and larger. Thesetimingsystemsprovidedan accurategpesd measurementof sprinting
only for thetiming intervals10 m wideor larger for theunshuutered cameraand 7.5 m
wide or larger for the shuttered camera. At thesmaller timing intervals, the relative
standard errors wered| |essthan 5% but the correl ationswith thecriterion wereall less
then .90.

The high speed shuttered videocamera recordings sampled a: 100 Hz or 200 Hz
wereaccuratefor measuring al | tested speedsover every timing interval except for the
25 minterval at thesprintingspeed. For the 100Hz samplingrate, therelativestandard
error of the 25 m timing interval at the sprinting speed was only 1.96%. but the
correlationwith thecriterionwas.79. Atthe200Hzsamplingrate, therelativestandard
error of the 25 m timing interval at the sprinting speed was only 1.48%, but the
correlation with thecriterion was .88.

CONCLUSION

The custom built infrared timing light system, and the videorecordings produced
by t he high speed camerasampled at 100 Hz or 200 Hz proved to be the most accurate
of the timing systems. But these are expensive and complicated systems which are
unlikely to be used by coaches. Unfortunately, the stop watch andthe commercial timing
system which werethe easiest to use, cheapest, and quickest with resultsweredso the



least accurateand inadequate for measuring the faster peeds. That leavesthe normd
gpead videocameraas therecommended systemn to use to measurethe running speed of
an athlete. Mogt coaches have access to videocameras and are familiar with ther
operation. Placingmarks known distances apart on either sideof therunningtrack iseasy
todo. If aproper playback unit is used, a60 Hz sampling rateis possible. Thiscan
provideaccurategpeed measurementsfor Soeedsup to 10m/s if thetiming interva isnot
lessthan 5m The use of a shutter improves theaccuracy dightly.
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