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Keywords ABSTRACT
Introduction: Hand tremor is an involuntary, oscillatory movement of the limbs that can affect
Archery shooting accuracy. The aim of this study was to investigate the relationship between resting hand
tremor  spectral  characteristics and  shooting performance in recurve  archers.
Resting Hand Tremor Methods: This semi-experimental study was conducted on 12 recurve archers (male and female, 18
years and older). Hand tremor at rest was measured with the hands hanging over the chair armrests
Spectral Analysis and reflective markers attached to the backs of the hands in the distal third metacarpal region. The

performance test was conducted with a simulated competition involving firing 60 shots from a
distance of 18 meters, and the average shooting accuracy was evaluated. The recorded data for
spectral analyzes, including frequency indices (PeakFreq, MedianPF) and amplitude indices (RMS,
Total Power, PercentAroundPeak), were processed.

Results: The results showed that frequency-related indices of hand tremor at rest were not
significantly associated with shooting accuracy (P > 0.05). In contrast, amplitude-related tremor
indices in the bow arm showed a tendency toward a positive association with shooting accuracy, with
the highest correlation observed for RMS (r = 0.358, P = 0.280). Amplitude-related indices in the
string hand showed no significant relationship with shooting accuracy.

Conclusion: Hand tremor at rest is not a direct predictor of shooting accuracy in recurve archers.
However, amplitude-related tremor indices in the bow arm showed a tendency toward positive
association with shooting accuracy, which may reflect underlying neuromuscular characteristics
related to isometric stability and motor control.
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Extended Abstract

Introduction

remor is defined as an involuntary, rhythmic, and oscillatory movement that can occur in
different parts of the body. It may be observed both in healthy individuals and in people with
neurological disorders or under the influence of certain substances. Tremor is generally divided
into two main categories: rest tremor, which occurs without voluntary muscle contraction, and
action tremor, which appears during movement or voluntary contraction and includes postural,
kinetic, and isometric tremors. One of the most common forms of action tremor is physiological
tremor, which is also present in healthy individuals and results from a complex interaction of
neural and mechanical factors. Although this tremor is a normal part of body function, factors such as fatigue,
stress, and caffeine consumption can intensify it. The frequency of hand physiological tremor is usually
reported in the range of 8 to 12 Hz, and some studies have identified two distinct spectral peaks: the first in
the 8-12 Hz range, mainly associated with central neural activity, and the second in the 20-25 Hz range,
which is likely related to mechanical resonance of the upper limb. Hand tremor is not merely a simple
physiological phenomenon; it can significantly affect daily quality of life. By impairing fine motor skills, it
makes tasks such as writing, grasping objects, and eating more difficult. This issue becomes even more
important in sports that require high precision and fine neuromuscular control. One important example is
recurve archery, a sport in which performance success depends on upper-limb stability, precise movement
control, and maintaining proper arrow alignment. In this sport, even mild tremor can reduce shooting
accuracy and increase aiming error. From a sports biomechanics perspective, the stability of shoulder and
forearm muscles during the aiming phase is essential for maintaining posture and shooting precision.
However, even mild physiological tremor can challenge this required stability. Research has shown that elite
archers have lower tremor than non-elite individuals, suggesting that a better balance between agonist and
antagonist muscles plays a key role in reducing tremor and improving shooting accuracy. Hand tremor, even
at rest, can also be considered an indicator of neuromuscular control and motor stability. Tremor
characteristics such as amplitude and frequency are closely related to motor control and learning; therefore,
improvement in motor skills may be accompanied by changes in tremor patterns. In recent years, modern
methods for assessing hand tremor using inertial sensors in wearable devices and smartphones have attracted
researchers’ attention. These tools have enabled detailed evaluation of tremor characteristics under different
conditions. Some studies have also shown that the additional mass of a measuring device can significantly
alter the spectral distribution of hand tremor; therefore, this factor should be considered when comparing
results obtained from different instruments.
Therefore, the present study aims to investigate the spectral characteristics of hand tremor at rest and their
relationship with archery performance. By emphasizing the importance of spectral analysis in elucidating
neuromuscular control mechanisms and utilizing a high-precision 3D motion analysis system, this research
seeks to provide a deeper understanding of the role of tremor in performance accuracy, thereby addressing
the existing gap in the literature.

Method

This quasi-experimental, applied, and prospective study involved 12 purposively selected recurve archers
(male and female, aged >18) from Kerman. Inclusion criteria required 1-3 years of training experience, no
professional ranking, and upper limb integrity. Exclusion criteria included caffeine or nicotine consumption
on the test day and the onset of limb pain during testing. Given the high repetition rate (60 shots per
participant), the sample size was sufficient for correlation analysis. Hand tremor data were captured using a
high-precision H-Raptor 3D motion analysis system (USA) equipped with six infrared cameras at a sampling
rate of 200 Hz. Retroreflective markers were placed on the third metacarpal of both hands. According to the
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Nyquist theorem, the 200 Hz sampling rate being significantly higher than the maximum tremor frequency
(~25 Hz) ensured accurate spectral reconstruction and prevented aliasing. Additionally, the system’s
hardware filters were utilized to eliminate noise beyond the Nyquist frequency. Data processing was
conducted using CORTEX software, followed by advanced signal and frequency analysis in MATLAB, with
statistical computations performed via SPSS version 26. This study was conducted at the Biomechanics
Laboratory of Bahonar University, Kerman, following ethical approval. In the first phase, resting hand tremor
was recorded for 30 seconds (after a 2-minute rest) while participants sat with their forearms supported on
chair armrests and hands hanging freely. In the second phase, archery performance was assessed through a
simulated competition involving 60 shots with a recurve bow. These shots were performed in two 10-end
qualifications, where each end consisted of 3 shots fired within 90 seconds from a distance of 18 meters. For
data processing, hand acceleration signals were first denoised using a Hampel filter, and linear trends were
removed. Subsequently, a fourth-order Butterworth bandpass filter was applied within a 3—20 Hz range to
eliminate low-frequency voluntary movements and high-frequency environmental noise. Frequency-domain
analysis was performed using Welch’s method with a Hamming window to extract indices such as peak
frequency, Median Power Frequency (MPF), Mean Power Frequency (MeanPF), and Mean Frequency
(MeanF). In the time domain, RMS and signal power were calculated. Finally, Pearson correlation
coefficients were employed to examine the relationship between tremor indices and shooting accuracy,
following normality testing via the Shapiro-Wilk test.

Result

The correlation analysis between resting tremor indices (frequency and amplitude) of the right (draw hand)
and left (bow hand) wrists and archery accuracy revealed distinct patterns between the two hands. Regarding
frequency-domain indices, no significant correlations were observed between tremor frequency variations
and shooting accuracy in either wrist, suggesting that resting tremor frequency alone is not a reliable predictor
of performance. In contrast, amplitude-domain indices exhibited divergent trends. In the right wrist, indices
such as RMS and Total Power showed weak, non-significant negative correlations with accuracy, indicating
that increased tremor amplitude in the draw hand may potentially impair performance. Conversely, the left
wrist demonstrated a tendency toward positive correlations, with RMS and Total Power showing slight
positive associations with accuracy, although these remained statistically non-significant. Overall, while
amplitude indices showed hand-specific trends, none of the resting tremor characteristics reached statistical
significance in predicting shooting accuracy (Tables 2).

Vibration indicator Right wrist

Mean + SD R P
PeakFreq (Hz) 4.33+0.53 -0.333 0.317
MedianPF (Hz) 7.03 £0.60 0.202 0.552
RMS (mm/s?) 710.21 + 185.67 -0.282 0.401
Total Power 490920.47 +290574.36 -0.322 0.333
PercentAroundPeak 22.97+3.15 -0.135 0.693
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Conclusion

The study revealed that frequency indices of hand tremor at rest show no significant correlation with the
shooting accuracy of recurve archers, due to the mechanistic differences between resting and task-related
tremor. However, amplitude indices in the left hand—specifically the percentage of power around the peak
frequency—demonstrated moderate positive correlations with accuracy, potentially reflecting the
neuromuscular capacity required for isometric stability. Consequently, the findings suggest that investigating
tremor during functional performance (during the shot) represents a promising future research pathway to
better understand motor control in archery.

Ethical Considerations

Compliance with ethical guidelines

This study was conducted in strict adherence to the ethical guidelines and protocols governing human subject
research. Prior to participation, all individuals were fully briefed on the study’s objectives and procedures,
subsequently providing their voluntary informed written consent. Furthermore, the study design prioritized the
safety and well-being of the participants, ensuring that no foreseeable risks or adverse effects were present.
Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-profit
sectors.

Authors' contributions

All authors contributed to the writing of this article.

Conflict of interest
The authors of the article declare that there is no conflict of interest between them.

Amirseyfaddini et al. Investigating the relationship between the spectral characteristics of hand tremor at rest and shooting performance of recurve
archery athletes



UJjJ9 U 59ls g SwilSogw

gy o

9559 OloF 9 55 O )50 59 (5 311 3 &y b Sl sl Canidg 38 Cwd (i o (b ST g Al (o
Y shexaws] 15255 ¥ g0l lusbes ¢ Y Syl Chnn puel Lo joemo *

Ol pldle Seile S al g olsils ¢ (5555 p ke dSCails ¢ o555 ST g 5 (ol ol 20w (8555 S5 05,5 s )

Ol pldle Seole S yal g o8l ¢ 5555 p oo adSCtils ¢ 3555 SIS g 5 (bt T o (555 G5 05,8 skl Y

Ol pledle Seole S al g o8l ¢ 5555 p ke adSCails ¢ 3555 ST g 5 (ol T i 55 G 05,5 (5555 S gy meils ¥

Citation Amirseyfaddini M, Naderi S, Esmaili Z. Investigating the relationship between the spectral
characteristics of hand tremor at rest and shooting performance of recurve archery athletes (In Persian).
Journal of Biomechanics and technology in sport. 2026;1(1): [27-40].

(o1 goi: 10.22103/jbts.2026.26621.1017

ol 1Sls” Dlods”
oA opl S 3 ST (G5 Bs s il e ST Sl gl Sl g5 5 (605 b IS e 5 oo S b 1l

.:_,{jjg.l);)b\u\;l.af‘):&jh\ﬂf;:ﬁu@&‘ﬂlejbwsuij)v_@asb;}}ALJ_\)Q..A)J;.
) ol Sy 55 )

93 Shee

Ians oy (595 0bll (6l S5l i 5 el 4 (59,5 01T oy g s s (6,513 b ol l Cmss
23 5 P s ol odd (Siluand 4l 65 b (53 Sae 05057 d (6,8 0510 p oo ) ke s b )
$laast U Jols ib (sla Jlows (51 obd i slaosls 3 o) 2 (S50, 85 (b 5 b |l (6 20 WA el
S8 o515 5550 (PercentAroundPeak ,Total Power, RMS) (slauls 5 (PeakFreq, MedianPF) .. 3
A S

Ll (31005 S8 b (g babine alasly Coml il Cmidy 55 S 35 ) ol 3 sl e Li sl Ol zb (Al ;
(sl O (511,583 b St Stwod 4y sl ,S OLS” s 3 35 sl (slaast L ¢ Jlia 55 .(P>0.05)
5 s 53 haals slaas s (r=0.358 « P=0.280) 55 RMS Lol s by o (Siomn 220 o sk |
Ll OlEs SEs b (g ylslae LS E

55 (51 1 (somiions 0SS g by S L ol il Sy 53 s 253657515 OS5 gy o) gt 6 o
;J:Liga..:a.bl,;ﬂ«{&;ilf;;w@;,; i P laals Gl e le (b ol b 5,505 O1LIGLS (g1l L5
3 sl oL b s e Dlbe— ae J ST G S5y (5 U5k Sl (S 4 Ll DL (513

sl (S J S

VEe£/) /Y 1l 3 o 36
VECEN YTy o sb
V£V YN sl g6

3o outisg gt

593 S g 03,8 Ll ¢ gy s ol L pkmme |
o!,_\‘ou;kou;jm‘watixlngz;),pm&uugd.zj,,&_;&w,wuwn;;.{:w,ﬁ
seyfaddini@uk.ac.ir : G S0 ey

5)2_’_)0“5)93 OICL) 9 6}|&l}§éﬂaclgw|}iw|m5)éwb u:’))’gs"ﬁbksl‘“g;}?j iy L;o)ﬁ.Ql}KMjks’Q-\" g,é.ﬂulx.b‘


file:///C:/Users/Dell/Downloads/0000-0001-8137-0860
file:///C:/Users/Dell/Downloads/0000-0002-7681-6239
file:///C:/Users/Dell/Downloads/0009-0009-5102-9691
https://jbts.uk.ac.ir/
https://doi.org/10.22103/jbts.2026.26621.1017

UvJjJ9 Jd> 59l g SwlSogy

EVRY-T

31155 o ooy pldas o B O 51 e i b S5 3 T el Slug 5 6K 035118 S o5 (2SS
DRSS il laplil Y sons 5 5 55 o okaliin slgn 5 1 3 e 30 ol b (orme SYBIest| 4 LD 3 o8 5 oSl
3 b s ool 03 8 53 4 3N (IS s gbay S (o 1S58 1) Mo o b Sy g dlaly dlagl dacas
3yl SALET b b el p80n oS (S e 55 5 e ey SOl (3l LEI Osly oS ¢l
(V) el & 05500 5 (S o fends B3N i o5l Jald 5 S e 55 e

5 e Jolse oo Jalas 5148 ol (Sl 13 s S o e 55 sl o S wls 51 (S K58
ol g 3 o L5 o Ll 3503 anb ale (s3le Sl 55 55 S ol 4 S1.(F-Y) 5,8 o Sl 0 (SO
— o 13553l (S ey s Sl )3 Dl ails 53 033,87 WAiS B O pan y o el (S
20 Sl Sz 558 5 S o oy ol i 55 Slotas 2 (55 e gme SIS 5 S~
S oS Wlesls 0L Sl ¢ pimmen (0) 355 0 S551E 5 A VY B A essdoee 53 Ygane 0T LS5 5 ol
2t SIS b zin &S 52 VY B A a3 sdoue 55 Jsl ald 60l Lasein ilS 3 als 53 (glyls s ¢S54 0 58
() sl o 65 oIl (S il 31 56 Yot o7 5,8 YO LY e 03 5dme 53 o33 ald 5 ol o o (655 0
23 I sl b 5 3N 36 0 j0isy SU5 CkS s m s BB b Ll Cas 5 K g
&uu:;,,,mww.(v)Uu@\y‘}gﬂup\,o;)ﬁ\bjy,;,ga&qurw‘@,u@sféua,@
(5,55, OLST L (3I1,5 )3 o354 bl oo Olir 55 ool cdits (o B e me J 287 5 YL Sds el S
SR 4 omie Wl o s B ) 3 g s el wtnly DI G35 J ST 5 G5 el DS s Slas b ge &S
QA 358 6,8 Do llas 1530 5 oSls s

S a8l O 5 45 sy bim 6l 6, S 8L 5B s el 5 als SOae 5l ¢ a5 S o5 o
a5 OS5 6l 61 S 3550 DU 5 e 55 Gk S5 a5 a5 i s ol b el (655,05
Pl ol 4 Ll (6 7S 55 ) ad e 313l a G 4 015115 ST Wlesls Olas e gass (V) w1
OVl 3101,5 Sos [l 3l s 55 ) Sials 53 Cas ST 5 Cans ST EMae (o dalw S 2 Kb
SO Oljee 5 (s qwas J 28 Candy 5l GU5L Ol gsas (ol il Cand g 5 (oo e 253 ol odle
b onitons L1 0T uilS 5 g dtals alam 31 253 sl S 5s cancnlil O0Y) 558 0 a3 8 hai s ,8K85,5 S~
wsly oo 550 S Ol b il 5 on 5 S len 30 S 16 S 4 sls S 6,55k 5 IS mlaw
.(\Y)

Sl iS5 kb s Ll 53 ol (S s 3l bzl o3y 54 s 35 ) b3l Sl By el gladla 5
S 5 b e S s ) p  g3aie Slallas clialy cpl 55 ol 43 8 515 01 Kin g5 a5 55 50 ciad g

S &S Lsls Olis (YYY) Q‘)&‘“‘”) uﬂ}bLﬂ )}jT «Jls 6‘_}-{ ..,\.3\4.25-‘.))1»: CAU LgUhCa:a.éj‘g C‘:-‘J’L.w‘ L{‘J& BE)

5;:4“) Ql&fj)_u" Ql)lﬁ&})’é}'&lﬁé#l-}&’l}w‘ Caro9 IO Cwd &5}’&&5&;}!5@')@}}~0')m5@&' g..égw)yﬂ



U9 > 59Ld 9 SwlSogw

wuﬁﬁt}&yd\).,LA:J._.:JG\)@:uij)dé:bc)'}?L;)bl;a.a)}bst_j.,\.»'lj}@&Ke}\ﬁla@w)bjo&éw\
OVF) Sl I8 5T Calses (gla 3l 51 ool =k

(i) ol 53l 03 S @51 553 gl y8 55k o sbys (guied s SleMbl (b slaanen 55 i Ol Cab o
G SWas 5 gl gla 35 ) & Wisls 0l (PSD) 0l 5 Cabs J&ar ko 31 eslimal b (Y1) 01,1800 5 lua
V0) Gl 0T S o 5 55 580 om ol Ly Calides llS 3 (Sla il 3 Ol Sl i 5 iy polie S5
S S 55 (V1) 0L,Kea 5 (S 8 (Il 01,1885 55 ) Er e Slresls s gy el g fol G dr g e 5 L
015 e 51487 513 0L aalllae ol s 53,87 (w2 30 5 05 Ol OLIKES 55 55 ) Aol &G540 0058 5 ) i
Crly e85 laes gdome 53 g o3 g alin i 93 o 53 35 ) LI gla LS 5 Ll el OB 51 i Ols e 5s 35
.(\9)xsdﬂvﬁigg\,&;;,”;J'z,')uatb‘5uj;w‘w"uﬁ‘5|ﬁWugﬁ,guag@\.@u,\;vw
s S5 g 5 25 52 Ol b o el 5 e uilS b sla S s gy 5 o ey Sl w5 L
b ae J S G 55l 55 (6l S (ol 3l Ol s Cows 35 ) b S S 55 (s 2 kiyls AST
5 S5 sbadlse s Ao 1550 Lt 0)ls (5 5G8s Dbl dl g e b S5y nl 358 0n ke
254 058 OIS Comar 3 03294 s 55 ) b o S5 ol Jobos edl b iy T el 3 (SO
el 48 S5 1 g 35 50 el

Sasm s 25 ) g5l e 53 s 350 ik b (S Jdow Canl 5 ASTEL Lol a3 5505
LU 5 ol il S g 53 s 5 ) b S S 505 (o 2 4 (S S o o 3255 s 31 (55 0 b s
s ge DK 5 s w1yl s Shes b5 53 553 i ) S Gees (S o U3l s OIGLS 53 (51,5 5 Shes L OT
5l o b 1y e Slsl s

g3 by

OB AESCS o

ol Jols (s bT dmalo 590 Ko T Slej L5 515 (63,5518 Cota Llowd 3l o pianss | ol Jig) 5 51 ol Jhass
505 5,55, OILS 51 La Y Jald 5 gad i 3557 5 a5 40 sd OT 3ldw &5 55 Ol ST es OLS L Ol3141 5
Salen U by 535057 bl Lk Ol o mws 3 5 Ladls iay 4 & 34 YL 5 Jle VA o3, L (50
s il anlllae 43555 Jarl 5 5 ,1K0n 4 Jiles bl 5 Ol ST g8 OLeST 5 45 Jlb slaelKsly

b Cgelin 5 (3557 2 sl 8 700 Ll ST (W shias o3 S50 (b e iy (SOl Coale 4 55 L
Q;},,Jﬂi\,;.(\v,n,\~)c,;,l;brﬂé,wgﬁus@@\,,&wé\ﬁﬂzuA;Fr,,#‘mauw
33 IS0 dible S5l i 2ol (e aw ST 5 &K Bl LS 5 L0 Aty 53 op el dlle rils Jeld axdllas

S b T 468 0 2510 5 ¢ pimn olEL b O gl 5l (6 g ) (5145 dor 53 b ) It (55 58S gy Slisluus

9559 O 9,5 O )59 G314 & yhos b Cao gl Curog 90 Cawd ) (b (S T 529 dhuly (w2 O § (3 NI Cipew o



Y oosled | Yoy | VFOF Oltas .
i 5 rgli 3 St

O350 595 33 38 (ol slaes;sT 5 o jme Joli 5 andllas )| oA Ll (0 0 5 GBS Il ys ol

OA NN L8 s 09057 plonit o 588 61 55 2Ll L 353 535 5 )& Jloni

AN

H-Raptor System Time Real J.s Analysis Motion (gimaw &S > ;JUT (e s o5, slesls &b (¢l 5
Sy G Y Gl phsas F 5L e 30k s S Jald aess A eslizl (K T sdowze VL) Digital
Ll g S e Ol ] s 3 4=l 53 o 539037 Cws 53 8 Sy (655 p ol 5l gla STl

s S5 95255 25 ) bl Slaadl o &8 A 0 O3 ey Slalllas (55,8 Yo v (613 g0l 5 ST o st 5
a5 L (F)Ab o 5 A YO B Ye o3 guoen 53 SUIKe o wilsiy s 58 VY BA iS5 05b 55 was slaadls Juls
D3 F AN 613 g sad 55 el F A0 g s 553 (sl s 1S lsbias Slug 85 o YL Sl
Ol iy IS 3 1 33 JBlio) S SUL 0508 oll 50353 S (IS i 1 2 A 350 5l s,
() 2 033 AS o ol 3 alS 5 oy |y ST oy 550 31 5,5 sl 5 353 (il 3 b (385 5 ol (5L
IS B3 518 slag 5 oSl SSealdT U ()Pl (sla b 4 some 53 &y o Raptor-H gt
cas el 5l Lesls Cud 85 53,8 ol |y s 5SU

MATLAB i eslizal b (iS5 5 JuSm 8,5y (sla Jdons 5 28 8 plonil CORTEX 33l 5 55 bnasls adsl 3515 5

- plosil Y9 450 SPSS il 5 b 55 ST s oy b 4y & go (K aT « MathWorks &S ,2)

I3 YO L)

O IS rass b 5 s bl Ole STl olsils (5555 S oRailesT 45 Jrass Ul (oles
Cota (a0 g T ST 51 o s 8 s 0o ST (S ke o215 331 4208 Lo 5 IRKMU.REC. 1404.394
Ojs 5 4 g3 Sl s oSS ST asbicsls, o 3 A b gnsadT gl Ll e 5 e
o ofases s

wws Gl Jhio S5y 5 53551 WOseiT opl ya Al plosil Sl il Conds 5> ) 09051 (s a0 5>
ﬁu;,u.vuvuu@o\ﬁ,umﬂww@?u;m@;,afﬂ;mw,)ﬂuxuSdta}f@;wu@
@JJ})&L&a;\;“}\jxﬂl@;Yj\m.x&%r}wg)lfbolﬁlg]w; Al )5 S 93 A iy (695
NCLONVESC GG I PR TR

i I ol edidgy u 5Ldb 3 5 sk luand allue LIB 5 3555 5, Slas 05057 g3 o 5o
SIS e Sl B a8 b (3 g0 obaw Fopled 3okl Jom 51 g0 WA Al 53 5 5505 OLST L b o se3T
93 cpo ok eSS B A ey L5l a5 S eSs il e TS 95 LIB sty 5 8 SogesT e dis S

a:umqu@;g,y@u,;;,fj&u.mwf,m,:&\ploujgub Ll e 5428310 ( JT S

s bl eIl LS

5;:4“) Ql&fj)_u" Ql)lﬁ&})’é}'&lﬁé#l-}&’lﬁw‘ Caro9 IO Cwd J})’&LS'“;}!B@')@})LO')KMS@'\" g..égw):a‘



U9 > 59Ld 9 SwlSogw

b7 g
il s 530 ol 4t ¥ o3l 5 Sl el Camdy 53 L350 e pr 8y OLILLS Cons Olid sla UK
eoler 4 598 LU Butterworth ;s e Ls a2ils » WS L Ly, 5 Codo Hampel ol b slabasd sls s 5
38 Jleel b b g5 & gony 58 Y BY ol )
Caenl 5115555 b S 5 e 5 ad G s 5 sla 5 ) b a8 il s b (il 05l pl s
&lpl&})j\g‘)@:&jj@&}duw}nSMJ@USJIKML;LAUZA)E.QJ?C)JWégij}lﬁ):é
Sl O o gn 58 ¥ (rly OLST CBl 5yl 63 0n ol 58 ¥ 51 5VL ol 3 55 Btes (nds 5
G e Ky Sl g ) Jebos S a0 5 0dd G alrale b 55 L 6ol DS I (AL ST ey
A FAY S 5oml Jsame s sba dlo i &S50 58 250 Sl il calllan o 5 Gollas (pimpas S o0 Lo
e Sl 5 5 YU S5 sla s 5 3555 51 6,8 s Sl e STy 5a Ye (VL OIS Sl oyl sl 6l
(V0)3 55 o0 o guma

b dsle Clle Jligen 5 Hamming o 2y s Welch s, b (PSD) 0l5 Cab ¢ ilS 3 Julos (sl
(MeanF) 3l 5 o:Soke 5 (MeanPF) 015 uilS 3 8k « (MPF) s 0157 (uilS 3 068 (uilS 3 sla s L
03 5dmn 53 o OV 5 AN B 03k 55 IS 01y ok il S RMS Slukie 5 ey 055 55 L3 8 ) sl
o dloes &Sy WS 5 ol bl 5o VE
b jiie ) 5 035 o s 55 b 03 Sllas S 5 Sl il Camds 53 Cannd 25 ) oo o dlaly (o) 2 S
Sol3line el A5 03Lizal Y8 4un SPSS bl 5 53 O gy (Stwed s b 51 (&S5 5 s 03057 pll )
b s o3 Excel b 55 Ol o (s 5 5 plnil MATLAB 3 Slasbowe (oles ok 8 8 3 53 +/40 W0y gaT
23,8 515 o3kl 35 g0 OIS 8 b Smad g b drwlone aha 1 (sibas 5 T (sl ot (51
Ladl

Lsls JSKas 1y K s 05,5 ¢ 6031 8 o (slatasain 5 51 ¢ 5 S5, HIblaS VY 1 ISk ¢ gy 2 35 30 anel
) Jda)s 5 ole YW OVY WaisT o a5 4o 5 JLa YY/O /YA La 53 5a5T oSG

B 39031 31 900 Sl 1) Jous

e
Y¥ £ o/V VY /X EYA/NY VY /N YY/0E7/VA 3,1kl Col el wi.l:.a

b_:a-?:'@}@j(bj@))ﬁmﬂ‘)@)@)Ju;j)é‘uléngj.ﬁduuﬁ)‘-u‘;wSs)ﬁj‘ybélﬁﬁéti
Cawd 93 55 b el pl i oS sl Ol (10,0 s u:i'\':“ Lol LUyl s ol mul Candy 3 (OlS Cows)
e s LSS

9559 O 9,5 O )59 G314 & yhos b Cao gl Curog 90 Cawd ) (b (S T 529 dhuly (w2 O § (3 NI Cipew o



Yoolei | Voyes | Vo F Ol .
19 55 65 § SsslSone

ol B Ol s s (s laline 4@‘)6%}@‘)@3@}.))%)3SJ‘JQLS@&‘GAKJ;&LA‘P-&MJJ
A2 b MedianPF 5 PeakFreq (sla_asLs 513 conly Cons ea 533 00 355 (31060,5 235 ke 5 i3 )
53 (P=1/00Y (R==+/Y+¥ g P=12 /F\V (R==+/¥YY) Wi 55 lsbine (g5l T a5 51 Laslgy ol ol 63 g0 ol jos S35 (s
&S = 53 (P =2/AYY (R==0/0V0) 515 OLis S35 L Hlslies oo 9 20 (slabaly MedianPF e ls oo o Cows =
Sl gl ) < P= AYA CR=/AVE) Sl lstan b bl Cund 5 oo Ciunds 5 e bLS 1 PeakFreq s Lo
Bl (IS B e diS s  Lil 8 sed olgT 4 35 ) S 3 Ol s (ol pl Cars g 534S Sl OT
s gen 530315 OLE 1) (6 gl s 53 o (5115 85 o S0La b a5 slacals (sla sl (6 5831 ¢ i 3
Power Total sl jesls 3 (P=1+/F+) (R==+/YAY) LW 5101 ,5 g;é;lisbl,:)\@.aluj:RMSum:u (el y
P=«/¥¥¥C R==/FYY) Wsls Olas Cds b (gylsblime 8 9 Crad i ‘_;uui;.@ = PercentAroundPeak s
b 15 o €3 9ukoms oy g o o 003 o 3 o) d aals 1531 487 das e O aal ol (P=1/54F (R=—2/\Y0,
el oo 5 (5 f3linn o s ol s 53 3Tl i Sl ol e 3 Shas 2alS
ow@w,;u;ggp@\,@&\ﬁwa@\ﬁﬂ)6\ul>6upu.>ﬁ¢),u:ﬁ@wc%@>@ﬁ
ol B g3 a (P=4/¥YY (R=:/¥¥+) Total Power e=li 5 (P=+/YA+ (R=+/¥OA)RMS jsl,l 457 (5, 5b 4 clisls
¢SS PercentAroundPeak esls uowen (555 lslme (goleT 5 51 55 Jalyy ol i 8 (s g ol jon S35 Cadst
(5 Y ol )(P=1/¥98 (R=2 /¥ F) 5l 0L (65115 85 b Jaw e b Cinads Cotte  Staned

Sl Cowsd o S gl Zung 58 (P55 S alsly 9 SNy 250 (Sle Ly (Ko ' J9uax

\:,—»\J\:,_»J’_:nﬂ

< A el
P R Mean + SD
YWY Y s \ZAngE VN PeakFreq (Hz)
«/BOY XY 705 RV D MedianPF (Hz)
) ZUIYAY VY /YN AAN/SY RMS (mm/s?)
N ans —/YYY FALQY/FV £ Y4 OVF/FE Total Power
/5AY —/AY0 YY/AVE Y/ PercentAroundPeak

T Cawd g Sl gl Cuxog 98 (053 S elily § (SIS B (Dl (p (Shemed ¥ S

Mean + SD
JAYA [ V¥ F/as £ /44 PeakFreq (Hz)
<JAYY — /Y FIM £ +/OA MedianPF (Hz)
YA «/¥OA 4¥4/V4 + FIV/AY RMS (mm/s?)
 /YYY Vg AOYFEV/NY £ AYEPY/ 0 Total Power
Wikas YF YY/YA £ /Y PercentAroundPeak

95595 Ol 9 5 OIS 559 (G311 & Jhos b Sl gl a9 98 Cawd i) 3 (b S T 39 dly (w2 OISR § (9T Cinw guol



U9 > 59Ld 9 SwlSogw

e
OIS (31015 5> Shos 5 ol il Comd g 53 Cows i) ik o S50 o alasly gy A b bl 2
s L ogylaline abaly at Sl Sy 53 s Sop S B sl e s oS sl Ol b rlqdljj.iw
L p o Sote Simesd 4 (il 8 (G ) OLST s 53 53 slawals gla ot ls ¢ blis 55 6,10 63100 5
23S ngil\ ol 5 SObs— pas J S r:mﬁ ool s laasl -l isls OLas (g5l 5 Cas L ¢ ylalias 8
.xﬁf@,tﬁwu;,,ﬁ@wsugw)

ol S 1) 55 (31015 85 5 Sl il Camdy 53 S i) b o Sy o lobkas daly 5 pute
sy 530S Bl (ol (s 5 ol Sl 9355 (55 ) ol (Sa sl 7 b el ey S i 2
el gt S5 5 505 5 Dlalllan b 5 ol

J;\o&):@\;&wéj\.\}lﬁ: ﬁj:;;,:’-\fm\Wjjswsjj)&b&b;}u&ﬁ)bt&a@b:ﬁjf.\&
JBOUE amss ) oy 5 Sl el Sl 33 53 553 S ol (S5l 4y a5 b Ll ey a5 a0 axie 2
e Lo o8 35 I ol Sl 3 353 S 4ST Wlasls 0L S5 g b5 Dlllan ol 4
Cand g 53 o3 3 a8 Lsls OLas (Y++0) 01, 5 oy szl 5 (Yoo 0) Js a5 5 O gy 30 3,05 Sslis (65 Shas Cund s
b bl s s SO glaail je 5L Tuas chas o 55 Hae HELL L ool LLEI e s o (ol ol
eS8y sz, 55l 5 (555 0 e Sl pslSe b (5855 s b blhe 53 el Foml IS
35 G ol el 548 s ST 51 (Y0 ) 0 Kan 5 ey sl el (6l 358 o0 i) Sladnia okl o g0
YY) Gl Sl Sl 5 YL g 55 B S sb 4 srd s S
L;La,lf,;@‘53\,_;,1‘_;1,5W\;ﬂubu‘c)\;mluu);uzj)45,u\u;olﬁ(\‘~\‘a)o\)1§ﬂj;”‘_;uw
s S5 OLST b (s3I, 48 T 5l Condy U875 b (S s les o S s SDlbe e
Ol @lsa ol il 55 el &S anpl 8L Ll 53 S e (ool Lo diajls ST ol (63 Shas
Ol 1y 3 Slas ast L Ol et ol (35 ) 3l onlisl s pudoms 50 50 03,106 15 Soslge (ol 53 o g S iy
(YF) A o aSTT Solge ls Glal o 03 33 o e g 8 RS oo

b)) gp ool Cns s 55 (MedianPF, PeakFreq) 5 (owlS 5 glajasls codd plosil o o oles 5o
LSS5 Comer 3 S5 5 58 S5 sl il (oIl o5 g0 53 4Bl ol sl OLES (65115 85 L (5,lskme
Pl g S Olsl b geen SalST

S 83,5 el Ol 0,555 53 A3 Ol Gk 555 g 0328 laddlae s (Y4YF) LK 5 (S p
s oo OLi il 3 Ol pl 1S (6 ylsline Sl 0,885, 5 Cabides (sl 8 o oS cab ol g [ 5
4 48 ol 8555 5 (e 3131 55 edi i 5 ST S5l 5 o L oS 558 S5 ) WS 5 S

oMY 2l 55 (T VE) OLIKea 5 STl 5 .(09) 5,8 a3 oo S5l pebamn b (63 3 o slis 3T s 21,

9559 O 9,5 O )59 G314 & yhos b Cao gl Curog 90 Cawd ) (b (S T 529 dhuly (w2 O § (3 NI Cipew o



UvJjJ9 Jd> 59l g SwlSogy

Lo 1S3 Somas pde e opl o diles ST (St Wil 58 o Lol i Uy 55 ilS (slaadd e o
Serd 5 O ylge S5 53 8 0diS i ale (|l Sl 53 553 (655 e eilS 5 s g Dl e 45 s e 0L
A(F) G ooy

S Jo 53 sl 0l ) gy b6 63 Shas Salis cCaws 55 i) slatels gla el Sien o SN blis s
G s e 53 5 Glaals gla et i (I (IS Saa b (bl (o) Cas) Sy Cans e 55 aals
0557 Sl b glis ol dishs O (311,05 S35 b (5 5 8 st sla Kiumer RMS a5l 03 54 (LS o)
313 Slgen S IS 5 55s SO

& Al aly (o al 250 Olge 0 4T 1 2 0T 3 Slas 5 3,503 0dge 1505 038 ) 5 OAuiST aibsy o s
W15 g Loy o s Sl al 35 el by el sl s ol alid 3 Mo e Sialen 5,5 (s5lola, S
238 W3S GlE 55 () 0L 5 (S aS ot 1) 5 Slelay Ol o3 S ol 5 Sles CiS
ol o 1Bl oS 513 g 5 I 5 I s Sl il 5 53 s obslan (15 i ol Comar
(VP)AS o ol

Gl i g slowl 0T Lol 2& 5 3,05 edge p 1) ol Cands &K 5o 0SS L aids s OLS s ¢ lis 5o
b 5 e Lol yen (RMS, Total Power) 5NU 553 aals cws ol 55 ol &5 a5 500 618850 Jaul 15 55 S g0
S35 L QU5 L Ml i i Bl (Db ae IS G S ) G5k Sl (See iy
Gl gyl 55 s ) ST S (6, S a5 s Sl J S 4 5 8L LS e cnlie ¢ e g 5!
ol oy 6 cbilos 7 AST LS 0 )13aS5 s S5 5 S 209 3] 58 el &7 (Y4Y0) 01,00 5 015107
3 80es a3 Gnds SRS B o by (YoTY) 0Lea 5 (e leS 5 sl il 8 L ol mls ¢ oman. (YF)
(Y0) 5,03 Gl ean (11,5

35 Caws i) oS laals 7 L5 S 518 (YY) OLKen 5 SV ( Mse— pmae 8,8 55l o gast o
U353 U il S sladly Sl 5 ae (Sl leOle 5 4 sl SST 1 i fmd g 5 ol Cond g
o 1 ol b o el i oal S a0 ey onl 3l EMae (S5 sl S s s plt S
o as b3l (g (25 SGlaST Jow 5 adls 1 p3Y SliST (I005 5 Shes 5 ol b sl S~
ol 53 Ok s EMG dumw,ﬂ@?6@\;3wﬂ.gﬁw\)&;;,,@sfdﬁwég&éuj;w
(YF) Sl 875 6 anlllan Cs g O g0y £ 900 50 o) 5 ol 05l sl

S 5 i
&;Qé;\:@@@g}lp! Candg 53 bws 55 bl 3 sla jesls & ol Olis ol rags,
4._>.}JJ;.lé61:&45)u’:j)}g}\ﬁ‘&j)oﬁw&éuQJWQ@jgwlﬂa\.JJ)\JJ}JQ)Qb\..ULQS‘;j\,UILJ

u{.‘L’C"’""‘.‘:’Lg.)"'b‘_;:;Mu6‘°%@)w>ﬂ“g°ww&ﬁ&w4“"*"};"‘;};’))6’&5@”\:{%3@‘

5;:4“) Ql&fj)_u" Ql)lﬁ&})’é}'&lﬁé#l-}&’l}w‘ Caro9 IO Cwd &5}’&&5&;}!5@')@}}~0')m5@&' g..égw)yﬂ



U9 > 59Ld 9 SwlSogw

b o e e (gla St (K0 S5 Ol bl Ol das 3 0305 & ¢ o Camnd 3 553 slaals sla el oJl
hae_ rae S b odms bl (Ses b ol opl 457 das o OLE b sn ol sl DS (3101 5 5
olsline e & Ll ar ST LBl (IS o 03 G35 (S JEST 5 K el DU Bake ol 5L 3) e
Ll i 55 i3 o p 45 A e OLES OLS Caws 5 3 (gldials sla st li 55 odd odalive il S Lol clidw 5 (55T
Aide (G315 53 (5 JEST fe 6550 Gl e T Ghasg e &S Olsioa L5 (F Sl o) 53 Ses

5,8 53

W Ll Mo

SH Jgol 3 59

Dlowrds 57 3L 3 51 ey OE WSS 1 plonit Sl (gl G 305T & Loy jo (S U gl szl 55 adlllas o
w)uuﬂjk-@j}):4%)\)%\5&)}4&5&;54#\5\;&@)LsL@H{L&.bJLg‘ﬁ\afJ)Q‘M‘o)l{)bJAK

.J..S:;

b s>
el olis Jbo el 63lg b Olojle Law o5 s -

S ot g 2 o

Azl 08yl Wl ool 55 53 08t 5 ales

&lo
.))‘u\.; )?} 8\.’.&).} ‘Jé)w Q\?M};"ﬂ.’

&b

1. Aljihmani L, Zhuz Y, Abbas HT, Mehta R, Sasangohar F, Erraguntla M, et al., editors. Spectral analysis
of hand tremors induced during a fatigue test. 2019 IEEE 32nd International Symposium on Computer-
Based Medical Systems (CBMS); 2019: IEEE.

2. Park W ,Lee J, Lee H, Hong G, Park H-Y, Park J. Analysis of physiological tremors during different
intensities of armcurl exercises using wearable three-axis accelerometers in healthy young men: a pilot
study. Physical Activity and Nutrition. 2022;26(4):32.

3. Papale O, Di Rocco F, Festino E, Gammino V, Cortis C, Fusco A. Do Hand Exercises Influence
Physiological Hand Tremor? An Observational Cohort Study on Healthy Young Adults. Applied
Sciences. 2024;14(11):4467.

4. Tomczak A, Gajewski J, Mazur-Rozycka J. Changes in physiological tremor resulting from sleep
deprivation under conditions of increasing fatigue during prolonged military training. Biol Sport.
2014;31(4):303-8.

5. Charles PD, Esper GJ, Davis TL, Maciunas RJ, Robertson D. Classification of tremor and update on
treatment. American family physician. 1999;59(6):1565-72.

6. Vernooij CA, Lakie M, Reynolds RF. The complete frequency spectrum of physiological tremor can be
recreated by broadband mechanical or electrical drive. J Neurophysiol. 2015;113(2):6.07-£Y

9559 O 9,5 O )59 G314 & yhos b Cao gl Curog 90 Cawd ) (b (S T 529 dhuly (w2 O § (3 NI Cipew o



Y oosled | Yoy | VFOF Oltas .
i 5 rgli 3 St

10.
11.

12.

13.

14.

15.

16.
17.
18.

19.

20.
21.
22.
23.

24.

25.

26.

Gallahue DL, Ozmun JC, Goodway JD. Understanding motor development : infants, children,
adolescents, adults. 7th ed. New York: McGraw-Hill; 2012.

Falaahudin A, Saleh RAP, Triprayogo R, Nadzalan AM. Analysis of Eye Coordination, Arm Power and
VO2max in Archery Athletes in Terms of Gender. International Journal of Multidisciplinary Research
and Analysis. 2024;07.(+ V)

Sarro KJ, Viana TDC, De Barros RML. Relationship between bow stability and postural control in
recurve archery. European journal of sport science. 2021;21(4):515-20.

Lin J-J, Hung C-J, Yang C-C, Chen H-Y, Chou F-C, Lu T-W. Activation and tremor of the shoulder
muscles to the demands of an archery task. Journal of sports sciences. 2010;28(4):415-21.

Liu Y, Hu N, Sun M, Qu F, Zhou X. The effects of hand tremors on the shooting performance of air
pistol shooters with different skill levels. Sensors. 2024;24(8):2438.

Ganjave P, S.Dabholkar D. Comparative Analysis of Upper Extremity Performance Variables in Elite
and Novice Recurve Archers: A Cross-Sectional Observational Study: Life Sciences-Physiotherapy.
International Journal of Life Science and Pharma Research. 2022:77-84.

Walecki P, Lason W, Kunc M, Gorzelanczyk EJ. Analysis of tremor in motor learning task. Bio-
Algorithms & Med-Systems. 2013;9.())

Santos PSA, Santos EGR, Monteiro LCP, Santos-Lobato BL, Pinto GHL, Belgamo A, et al. The hand
tremor spectrum is modified by the inertial sensor mass during lightweight wearable and smartphone-
based assessment in healthy young subjects. Scientific Reports. 2022;12(1):16808.

Heida T, Wentink EC, Marani E. Power spectral density analysis of physiological, rest and action tremor
in Parkinson’s disease patients treated with deep brain stimulation. Journal of neuroengineering and
rehabilitation. 2013;10(1):70.

Gajewski J, Mazur-Rozycka J, Gorski M, Busko K. Reference values of the forearm tremor power
spectra for youth athletes. Journal of Human Kinetics. 2023;86:133.

Ogasawara T, Fukamachi H, Aoyagi K, Kumano S, Togo H, Oka K. Archery skill assessment using an
acceleration sensor. IEEE Transactions on Human-Machine Systems. 2021;51(3):221-8.

Ko JH, Han DW, Newell KM. Skill level constrains the coordination of posture and upper-limb
movement in a pistol-aiming task. Hum Mov Sci. 2017;55:255-63.

de Araujo ACA, Santos E, de Sa KSG, Furtado VKT, Santos FA, de Lima RC, et al. Hand Resting
Tremor Assessment of Healthy and Patients With Parkinson's Disease: An Exploratory Machine
Learning Study. Front Bioeng Biotechnol. 2020;8:778.

Chan PY, Ripin ZM, Halim SA, Arifin WN, Yahya AS, Eow GB, et al. Motion characteristics of
subclinical tremors in Parkinson's disease and normal subjects. Sci Rep. 2022;12(1):4021.
Vaillancourt DE, Newell KM. The dynamics of resting and postural tremor in Parkinson's disease. Clin
Neurophysiol. 2000;111(11):2046-56.

Sturman MM, Vaillancourt DE, Corcos DM. Effects of aging on the regularity of physiological tremor.
J Neurophysiol. 2005;93(6):3064-74.

Di Rocco F, Festino E, Papale O, De Maio M, Cortis C, Fusco A. Acute Effects of Complex Hand
Proprioceptive Task on Low-Frequency Hand Rest Tremor. Sensors (Basel). 2025;25.(Y+)

Kalkavan A, Kavalci I, Nihan AK. The Contribution of Fine Motor Skills and Isometric Hand Strength
to Competitive Archery Performance: A Cross-Sectional Study. International Journal of Kinesiology &
Sports Science. 2025;13(3):5.

Tokmakci HH, Ozgiir S, Varol T. Anxiety sensitivity, stress, and postural control: their implications on
archery performance in 11-14-year-olds. Human Movement. 2023;24(4):80-9.

Lakie M, Vernooij CA, Osborne TM, Reynolds RF. The resonant component of human physiological
hand tremor is altered by slow voluntary movements. J Physiol. 2012;590(10):2471-83.

5;:4“) Ql&fj)_u" Ql)lﬁ&})’é}'&lﬁé#l-}&’lﬁw‘ Caro9 IO Cwd J})’&LS'“;}!B@')@})LO')KMS@'\" g..égw):a‘



