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INTRODUCTION

Archery is a skill that demands utmost precision and repeatability of
motion. Minutedeviationsfrom theindividual pattern are often below the
JND threshold. Nevertheless they influence the score. More specifically,
archers display radial or ulnar abduction of the bow-hand while aiming.
This leads to changesin the energy stored in the upper and lower bow-
limbs and thus to vertical deviationsfrom the target. Also, atremor of the
drawing hand may occur. Furthermore, somearcherstend to rotatethe bow
dowly about an axisparalld tothearrow. Sincethearrow iswell below the
lineof sight, lateral deviationsoccur even when thepoint of aimisdead on.

Beginnershaverather largeand random inconsistencies, skilled archers
have intermittent problems. Intervening variables complicate the causal
interpretation of an inaccurateshot.

REVIEW OF LITERATURE

Only few studiesaredevoted to the biomechanicsof archery. Thefocus
is on neuromuscular aspects (Gollhofer, 1996; Leroyer, 1993; Hennessy,
1990; Zipp, 1979).

Electromyography in conjunction with dynanometry and kinemetry
yield information on the contribution of single muscles and on
intersegmental coordination. Squadrone (1994! and 1994 used
dynamometry, kinemetry and surface EMG to measure body sway, body
and bow kinematics, temporal parameters and muscle activation patterns.
Zipp (1978) quantified performance relevant parametersincluding tremor,
theforce required to bend the bow, tilt angle, release action, body weight
distributionand clicker-rel easetime. Zipp correl ated sel ected variables with
thehorizontal and vertical deviation fromthecenter of thetarget and deduced
individual strength and weaknessesof thearchers. Gros (1991) devel oped
afeedback systemfor tilt angleand forcedistribution on aHoyt and an OK
competition bow. Visud and acousti cfeedback wasgenerated by adedicated
measurement system.
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RATIONALE .

Thequality of each shot can be quantified based on the horizontal and
verticaldeviationsfrom thetarget center (Zipp, 1978). Theability tocontrol
and reproduce the wrist position isrelevant for performance(Gros, 1991).
Deviations from an individual set pattern tend to increase the vertical
inaccuracy. The tilt of the bow isaresult of pronation or supination and
usually takes place dowly during the aiming phase. It leads to horizonta
deviationsfrom the target.

Small differencescan have pronouncedeffectson the performanceand
may not be observableby the coach. Hencethereis potentia for adedicated
‘archery measurement' system that deliversfast and objective supplementary
informationfor coachesand archers. Theaim of the project wasto develop
apreciseand 'easy to use' tool in order to provide feedback.

DESIGNAND FEATURESOF THE SYSTEM

A HOY T competition bow wasinstrumented with strain gaugesabove
and below thebowgrip. Thesignalsare pre-amplified and fed toan amplifier
with gain and offset adjustment to accommodate bow-limbs of different
stiffness. The differencebetween theforces F(a) and F(b) issupplied. The
tilt of the bow is measured with a silicon damped inclinometer HBM NM
122, Theanalog data are digitally converted using a National Instruments
PC-LPM-16 board. Sampling frequency for dl channelsis 1 Khz, 5000
setsof samplesare recorded for each shot.

Based on the LAB VIEW®© softwarean application was programmed
tofulfill all user requirementsregarding thedataacquisition and processing
as well asease of operation and stability. In addition to theforcesF1, F2,
DF and the tilt angle a, two channels may be user defined. In the present
study EMG and datafroman accelerometer wererecorded. Them. pectoralis
EMG isan indicator for prematureinternal rotation of thebow armthat is
present in some archersin anticipation of the release. The ECG content of
thesignd isused to determinethe moment of releasein relation to heartbest.

The accelerometer was mounted onto the bow. The clicker, a small
metal plate that holds the arrow to the bow, makes an audibleclick when
thearcher pullsthearrow tothefina draw lengthjust beforerelease. Release
causesaccelerationof thearrow and vibration of themiddlepart. Thus, the
accelerometer output permitsdetermination of clicker-releasetimes. These
times were verified with the use of high speed videography.

The measuring modul efeaturesprogrammablegain and offset, on-line
help, visud datainspection as well aszoom of the display and datastorage.
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During the dataacquisition asound can be activated at aspecified set point
andin an adjustablewindow. This sound representsareal timefeedback on
whether the predefined levels are reached within the selected range or not.
Different frequenciesare used to distinguish'force’ and ‘angl€' information.
Datacan berecalled, viewed, comparedand exported from asecond software
module.

SYSTEM PERFORMANCE EVALUATION

Thefeedback systemusesup-to-datehardwareand softwaretechnol ogy.
Implementationaf bowswith different strengthand arrow lengthispossible.
The softwareisflexibleenough to accommodatefuture user requirements.
Theaccuracy and reliability of the system wasdeterminedby using aforce
vs. displacement measuring device that pulls the string to draw length
without applying a torque to the handle. The system is now used in the
training environment of national and international caliber archers.

RESULTSAND DISCUSSION

The presented system generates reliable on-line information on

performancerelevant parameters:

- Forces applied to the midsection of the bow.

- Difference between the forces acting on the upper and lower part of the
bow as an indication of the moment applied through ulnar and radial
deviationsof the bow ar mwrigt.

- Angledf tilt and

- two user defined channels of analog data, in this case EMG of the m.
pectoralisand acceleration of the bow.

At present a longitudinal study to analyze international (Level A) and
national (level B and C) caliber athletes of the DSB is under way. Due to
the design of the study we can, at the moment, only report tentative and
preliminary results. Continuousdatacoll ection throughout 1997 will provide
an adequate basisfor statistical treatment of the data. This database is a
necessary prerequisite for statistically sound conclusions because of the
small deviations of the measured variables and the intervening variables
which make a cause-effect analysisdifficult.

For each archer the scoring value and position of the 15 arrows per
series on thetarget was recorded. The expected increasein precision and
reproducibility for the members o the level B as compared to level C is
observed.
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M. PECTORALISEMG

Thereisno relation between IEMG and the precisionof theshot. Most
shotsarereleased in the timeinterval between two heartbeats.

FORCESACTINGON THE BOW

In generd, top level archers reproduce the wrist position very well -
radial and ulnar deviationsaresmall. However, intermittent problemsoccur
and may cause vertical deviations of the arrow. As an example, Figure 1
and 2 show theforce-timehistory of two shotsof one archer in one series.
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Figure 1. Normal shot for subject ‘worn.’
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Figure2. Subject 'worn' shooting with unstable wrist.
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CLICKER - RELEASE TIME

Thetimeinterval from the instant when the clicker hits the bow to the
moment of release was in a range from 160 to 210 ms. Intra-individual
variability as determined by the standard deviation was very small i=1i
ms). Dueto the small absolute range (50 ms) of the meansfor all archers, a
correlation between clicker-release time and performance cannot be
postul ated. This supportsfindings by Zipp(1979) who reported meansfrom
151 to 198 ms (SD 7-11 ms) with one athlete who showed excessive
variability (SD = 16 ms).

ANGLE OFTILT

Analysis of the tilt angle about an axis paralel to the arrow helps to
diagnose 'wobbling," a higher frequency fluctuation, and alow frequency
drifting in pronation or supination. Figure 3 summarizes datafor 15 shots
of one athlete. This depicts inter-shot variability and intra-subject
repeatability of thetilt angle.
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Figure 3: Comparison of the tilt angle for 15 shots of one archer with a
pronounced 'drift.’

Figure4 showsthe mean tilt angle asafunction of timefor four archers.

Archer ‘-bhm’ display very littlechange of bow orientation, while ‘-akm,’
‘-erm,” ‘-fhm’ and ‘-jlm’ can beconsidered as 'drifters.’
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Figure 4: Comparison of mean tilt angles for five archers,

CONCLUSIONS

Archers have individua patterns of draw, anchor, aim and release.
Success depends on the reproducibility of motion. Highly skilled archers
have an excellent inter-shot stability concerning the measured parameters.
Deviationsoccur intermittently and can be recorded and analyzed with the
present system.

The system is areliable and easy-to-usetool to measure performance
relevant parameters in archery. It can be used to supply simultaneous
feedback, to identify intermittent problemsand to document thedevel opment
of theathlete.

Cross-sectional and longitudinal studiesfrom beginnersup to top level
athletes are needed to further confirm the diagnostic value and determine
the effect of the feedback with decreasing variability on learning and
stabilization of performancein archery.
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