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Validation of flying disc rotational velocity calculated using the
trunk and throwing arm segmental angular velocity:
Using the angular velocities of the finger and flying disc

I B2

Kei Sasakawa

Abstract

This study aimed to validate the disc angular velocity (AV) calculated using the trunk and throwing
arm segmental AV. The trunk, throwing arm, and disc movements of 15 skilled (competition history; 3—
4 years) and nine unskilled (no disc sports experience) throwers were recorded using a motion capture
system. The discs AV were calculated using the trunk, throwing arm, and disc segmental AV. No
consentaneity was found between the z-component of the disc AV derived from the segmental AV and
z-component of the actual disc AV. Moreover, systematic errors were contained in the peak values of
all components of the disc AV calculated from the trunk and throwing arm segmental AV of the skilled
throwers and peak value of the z-component of the unskilled throwers. Therefore, improving the
experimental method and correcting for over-calculated AV to accurately determine the disc AV from the
trunk and throwing arm segmental AV are necessary.
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EFMWALSETET 77y FRu=" (M) dmd L {HBHINLELABEMOOEDTH
bo BHHIZEIZ 7 TN FAU— 13O TERFFITHRERCEETIERICT 4 X7 28T
HZENTEL, TORD, TNIZLBT Y TN AFENT— N THIRLIIGEEERDL I ENT
E57:0, KEOBKREALTHAERELZHME SN TS, L2L, HEALHEIIDEAA, ¥
HERORVETTH, 747NV FAT—ZXoTT 4 A7 2 ARIET T &5k v
TlEZnZ ehn, HLWEIFE H XN Tw5b (Baccarini & Booth, 2008; Danna & Poynter, 1979;
Moran, 1982; Poynter, 1977; Roddick & Knudsen, 1980; Sasakawa & Sakurai, 2008; Sasakawa et al.,
2018; Stancil, 1975) .

Figure 1. Schematic of forms and grip involved in forehand throws.
This schematic is shown for a right-hand dominant thrower.
Based on Sasakawa and Sakurai 2008.
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RO EEM RO L7280, RATEHHENC Y L CEER&EH 25> Twb (Potts & Crowther, 2002) o
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MY B S EAWHEE 25 (T, 2011 RS EHTEROL LT A v MEEDPS T4
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B =D —HRICHE L LMY o (M2), Tz, KBIETIE, KHEEBREOHETER
AR D Z ISR~ = — &2 Lz AT~ — h — 3 B E ORI o LA O E
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T (ZHZH LLB & RLB), W& L#x (N), 257 %l (C7), FhoRER (ZhZh LAC &
RAC), #C&BiolBEEio i FE (EL) & EE (EM), Rk (US) &gk
Zeke (RS), = Famfnng (MP3), & =k @Eiim (FT) ICZheh#EE SNhiz, &b,
MP3 & FT I3 7 mm O~ — 5 —%, THhUSNTRIESE 14 mm O~ — 5 — %1 L7z,
PR & 3 C &R L O RG~ —h — I3 FAICHEERS SN7z. £~ — 5 — 0 3 WITHEII 6K
3 Yot HBEIESHT 31 (Oxford Metrics Inc., Oxford, UK, VICON MX) %W CiHll & h7z, i
B SN 10 BOHEM A AT, V) —AFHEDOT 4 A7 EHTEROER 2L TE 5 X
IWTEF AL L) ICHBESIN, H 7Y v ZEBEEIZ 500 Hz (1288 SNz, 4T RO RMEwg
LR (Re) X100 H AT ORREFTE L, EREBERONRY MUY, & Zo lZEhEnETE
FHESREHME L, ZNOICHETTENY Mva X & Lize mfelisfix Sas ofe> 5k
PHT 4 AT DSHUENCE L L - i oS L, B ERE2HWTHE L7z,

Figure 2. Reflective markers (black circles) attached to trunk, throwing arm and disc.
Adapted from Sasakawa et al. 2018.
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W (27~31 Hz) & ENZNEHIS N2l T — 4 TX I Yuetal. (1999) OFikiz
HWTHEEN, 4RONY —T—2WO —RAFTF V7 4 VT —FHWTERIEO 3 RITIEE
b L7z (Winter 1990) o
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RSO A LAHFE (RAC) N9 N7 MV EEFR L7720 Yoper amlE, MEZ LE O A
5 RS & US O OBDOHITIZIA ) X7 MVONFER SR R7 ML e LTERENTZ0 Xpper arm
Y wpper arm & Zupper am DIV S 72 2 X7 PV & L TEFRE NIz RO 7 2 ¥ MEER (Roream)
1Z, Xiream: Yioreams  Zioream?* DHER E N Do ZireamlE, RS & US 25 S0 5 5 ME & LE %
FESHOTPIZHAP I RZ PV EEFEENTZ0 Yirean 1 Ziream & US 2 SRS 2[99 X7 1+ L &
OMFEIC L > THHEN/ZRZ ML E LTEREINT 0 Xoream 1 Yiorearm & Ziorearm PIMED B 72 %
N7 MVELTEHRSNIZ, FLZ7 AL MEER Rund) E Xowa Yoanar Znana 22 DR SN2,
Znwa (I F O MP3 T 225 RS & US ZAESRBOB M EFTONRYZ ML E LTEHKEINT 0 Yo,
Zomad EUS 2B RESADXRZ MV ONFEDR S 25X 7 ML e LTERENT 0 Xpand V& Yiand & Znana
ONFEP SR HR7 MVE LTEHRS N AIFZETIE, 74 A2 3B =IREM SRS (FT)
THREMICER L TB VR TEROE A b ED FTdisc k7 x> b) L LTREL 72
FT-disc £ 27" X ¥ MEESR  (Rerdisc segment) (&0 Xerdioc segments Ydise segments  ZrTdise segment 2> D WK S 15 6
Xrtdise segmentt s 74 A7 LHDE c B R a~DRZ MV E R c B I D ANDONZ D VOIED S
BBHNRZ MVELTEZEENZ0 Yirge segmenttd, M5 FTIZHD D) X7 PV E Xipgie segmen P I
RO RBENZ PV E L TEREENT 0 Zirde seament!ds  Xrraise segment & Y Frise segment DIMED B 72 5 X
7 MLVELTEREI N,

25 T4 RIDARERE
F A AT DIRFVERER Ryee DFAEIEZEI T B72DI2F 4 A7 O S c IR EE L2 BTk
R Ry TV TR (2)~@4) XKL

Za=caxch (2)
Ydisc = Zdisc X Cb (3)
Xdisc = Ydisc X Zdisc (4)

Xiisor Yaisor Zaise N7 MIVOHAIR Y MV %E ZNEN g, jaso Kase & L, T A A7 SR (Ryy)
D Kise il Y O EE R (wdisc x/Rdisc) & Yo % b Y O EEER (wdisc y/Rdisc)v BIUV Zye
$ﬂ]i D V) @ﬁiﬁfﬁ"ﬁﬁ‘iﬁj\ <wdiscz/Rdisc) %U\—F@ﬁc: Lo fﬁﬂ:’l L7z

d.
W dgisc x/Rdisc = kdisc : E Jdise (5)
. d
W gise y/Rdisc = laise” a kdisc (6)
W gise o/Reise = Jaise” dr Laise (7

BB, AR G)~(7) Lo THOLNLMABELEBEOT 1+ A7 Of#EEL EFKL, HIZ
X (5) & (6) ICXoTHONTAEELERDT 4 A7 OFEBMHEE, (7) 12X o THLNTS
HWEEZEBOT A A7 DA Y ARE L ER Lz, $72, H3ICF 4 A7 ORFTEESR Ry D EFE
%Zl_:\‘l/f:o
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Throwing Direction
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Figure 3. Definitions of the disc conditions (Ry.) and attitude angular velocities.
Based on Sasakawa and Sakurai 2008.

26. FEHMPERTEHMNOEI LT A2 NOARE
BT AP CHEE SNz A b RSB B M RN 7 VO EIT (W, cegment 1
x/R segment 7» wab, segment 7 y/R segment i» wab, segment 7 z/R segment i) 6i, 'U\_F@Jc & J: O‘/C%:m Lf\.o

wab, segment i x/R segment ¢ = d/ dt (jsegment i) ‘ksegment i (8)
wab, segment 7 y/R segment i = d/dt (ksegment i) . isegment i (9)
wab, segment i z/R segment 7 = d/dt (isegment l) 'jsegment i (10)

INHDORIIBCT, ggment i Jscament i» Ksegment i (& T ILZEN, L7 XV b lZEE Lz 2 b
JEEROX, Y, ZHWMOWNRZ PV TH Do d/dt(gmen ) £ /At Geogment o B & O d/dt Keegment 1)
&, BT VORGP SHBONMHTH L, K (8)~(10) 12X o THIM S N7z RATER
RO FAHIEN T IV ZEPER DI (W, seqment i x/RG> Wb, segment i /RG> W ab, segment i 27r6) 1< 224 L 720
LT X YN i OIS FAEEENRT PV (W o), segment i x/R6» W rel, segment § /RG» W el segment i k) (&, LT X ¥
b i OFERS FHEED S BT B 7 A b i1 Difixl 4 ﬂif?%(ﬁﬁﬁ“é LIZXo TR R
Nizo 27 AV N i OMIAHPENR T PV OZBIFEE 7 A 2 b i lZHUY (T 72 R TR R 0 45 il
DHAXRZ MVEFLLI ETENENXRT PVEE L7z, %@fﬁ‘ B3 h7z2ToEERIC
BUFbET AL MHAEENRS MV ET 4 AT OIRGFTEER Ry VHICEH L 720 TORZ ML
DX, yHsr, 25 EENEFNE T ALY M iHKDT 4 27 D Xy b Yoo BEDPN Zgoe THD
D FfHPE (wrel, segment i x/Rdiscs (U rel, segment i y/Rdiscy (U rel, segment i z/Rdﬁc) ELCEFR L7z RPTHERER Ryise 12
B % FTdisc £ 7 X ¥ b O ff ((Uab FTdisc segment x/Rdiscsy W ab, FT-disc segment y/Rdiscs (U ab, FT-disc segment z/Rdlsc)
i, REEOBECL > THIBSNAEERIZB TS Fldisc £ 7 2 vt OMixtfHERS by
(wab, FT.disc segment x/RGs (U ab, FT-disc segment y/RGs (W ab, FT-disc segment Z/RG) 2T A AT ORISR Ry DIEIZZ R
THZEIWZLoTRD,

DFoX 1) # HOWTHRBEHLEETEROL A ¥ PAEEH RO T 1 X 7 fij #E
(W gsesavrase) ZHM U7z F72, X (1) OLARS KL T XY MER LT 4 A7 O fj i
DRE S 2HH L7
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w disc-SAV/Rdisc =w trunk/Rdisc + trunk W upper arm/Rdisc + upperarm w forearm/Rdisc

+

+ forearm W hand/Rdisc ' hand w finger/Rdisc + finger W Frdise segment/Rdisc ( 1 1)

22T, Wi AR IEE AR N 51T B BB O SN T PV, o aoper s T
JERE SRR o N D ARERER I3 2 EBEEE ORI FAHEENR T POV, erarm @ forearmyraise V3 T ERS SRR o Y
D LREERIHR 3 2 B BEEB O AT AR Z PV, feam O hand/gaise VTR AR SRR g A O B IR U2 RS9
% FHROFR M HBENR T DIV, 1 and O fnger/raise VTR AR Ry IO F-HBIZSH 3 5 58 =35 DA XS £ 3
JEXZ BV, finger (W FTdisc segment/RdisJi)%ﬁﬁ@ AR N DHE =4I % FT-disc £ 7" 2 ¥ b OIS
HENZ MVERLTWD, B, RFRTIET 4 A7 Ofuld b E=IRREE MR (FT) o
HEEAST 4 27 O (0137 m) XD REL Lol %Z T4 A7) —Z (DRL) LwEF#KL7.
¥/, HHE L DRLZOF (0s) &L, —01s250s (DRL) F TOXMIZBIF 5 MHE 2 H
L7z

2.7. ¥EtOR

AT OATIZATTSPSS V7 b = 78— 3 » 22 (SPSS, Chicago, IL, USA) % W Tirb 7z,
KB FENE W gisesav/raise DS KNT % 2 72 RER] D W gigesav/raise & D ab, Frtise segmenraise < X L C Bland-Altman
ST ATV, RMMRETH LB ERE L IPIREOF LY ZNZFNH X7 (Bland & Altman,
1986) %8B, COMNOABREBIIZNENS% R E Lize 72, FRIHIZB D 0geries
W gisesavraiser B £ U W dise/raise & W ab, Fdise segment/raise® 2 % Z 1121 Bland-Altman plot % i v» T
BL7ze ZOWE, HEEICBWTERENAMPA (Limits of Agreement, LLF LOA &\ 9) MO A%
MW I5% L LoYE, —BM2H 5 LRIk &7z (Bland & Altman, 1986) o

3. &R

31. TAXRVDAERE

4 AIRHETE & RIAIRE T D 0 dise/maise £ O discsav/raise® £ U0y, rrdise segment/raisc = BV D X AT
(RBO, vy (BB, 2z (TER) ORRHEILE KT BHMERED 0 ge/rie & O desav/rase 1
BB x5, BIXOylogkEhEnmkomziri Ll (K4-A L B #MHAMIZBNT
W gise-sav/Raise & W g, FT-dise segment/Rise P BT DR IZ ENENRAEOMEIN &2 R Lz, SGEHED
W gisesAV/Raise & W ab, Fldise segmeny/Raise P22 W& — 0.02 D5 1) ) — ZHFT F T W gioe/raise Pz AT I HA
TREIVHEZRL7: (M4-C)o RBGFRETED W gise/raise & W disesavrasePX BT, B Iy Bz zh
THFABOMINZ R L7 (4D & E)o RIAMEED W goesav/raise £ W ab, Fdise segment/Rise ) HIA
BT b 2RO BN 2 7% L 720 RIGETED 0 gy & D e smenyminc D2 — 0.1
o -00BEET, BLO-002HBENPS) Y — ZAHATE TwgemiaPz B IR TRE N
xRl (K4-F)o
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Figure 4. Changes in each component in  gise/rdiser @ dgiscsav/Raiser AN W by, Frise segment/raise f0r the skilled and

unskilled throwers. The instance of disc release is denoted as t=0's.
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3.2, Wgsosavmaise® E— 7TERERZICH T2 ARE

R 1 0 gisesav/raise? Y — 7SRRI BT 5w dise/Rdiscr W disc:SAV/Rdises O ab, F-dise segment/Rdisc P A
TERLTVD, w dise/Rdise & W gisesav/raiser 1 & O W gise/aise tw ab, FTdise segment/Raise B LI E ) il 2
IRLT7Z0 W gisesav/riisc & O ab, Fradise segment/Raise? FH oS T2 R L 7.

Table 1. Angular velocities at the time of occurrence of the peak value of w g.sav/raisc

Variables W gise W gisc-SAV w ab, FT-disc segment
Skilled
X —4.267 +12.313 —4.254 +12.203 —4.254 +12.203
y —9.760 +11.932 —9.744 +12.034 —9.744 +12.034
Z 71.803 +19.864 76.973 +29.975 76.973 +29.975
Unskilled
X 1.273 +14.962 1.214 +14.729 1.214 +14.729
y —4.168 +14.309 —4.351 +14.382 —4.351 +14.382
Z 52.117 +8.385 68.895 +36.177 68.895 +36.177

Values are expressed as mean = SD for each group.

3.3. Ri#kRE

K213w disc-5Av/Rdise P Y — 7 BRI BT 5w disc-SAV/Rdisc tw ab, FTdise segment/Raise St (FE
A L HPIRRE) OFBEERL TV D, BB, T OO W gesav/rise & @ o, Frdise segment/raisel L T & >
72tz RNTROEDDHETRE Lo BT O K MHEN I CTIREERA E 23 pRED &
L OPDMERI Nz —T7, REWERE T 2 WIS O R EERADFER S, HHIRRE IR S
Neh oz,

Table 2. Systematic errors (fixed and proportional errors) in w gcsav/raise A0 W g, Fraise segment/raise at the time of
the peak value of w gicsav/riise

t-value for

Variables 95% CI for Difference Fixed Test of no Proportional L. LOA
Error . Error (Limits of Agreement)
Correlation
Skilled
X -0.03 ~ 0.038 n.s. 2.228 $<0.05 -0.117 ~ 0.125
y 0.013 ~ 0.104 $<0.05 —2.789 $<0.05 -0.102 ~ 0.219
z —14.468 ~ —11.837 $<0.05 —0.669 n.s. —23.816 ~ —5.120
Unskilled
X -0.001 ~ 0.038 n.s. -0.232 n.s. -0.031 ~ 0.068
y -0.007 ~ 0.02 n.s. -0.534 n.s. -0.028 ~ 0.041
V/ -14284 ~ -692 $<0.05 0.39 n.s. -19.991 ~ -1.214

Values are expressed as mean for each group. Statistical significance was set at p<0.05.
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34. EEDOT « RVAREICHT 5 —FE

5 13 W gisesav/raise P ¥ — 7 BAERHITBIT 5 wdiso/Rdisc“—'— W giscsav/Rase B & U\“wdisc/Rdisc&
W b, Flaise segmenykaisc?? Bland-Altman plot & W4 (x 5+ BB, y s Wl zls TE) Z&
IZERLTWwa, Bl FHIIBTAHLE - THOWKIILOAD ERETFREERL TWE, £HOD

W gisc/Rdisc tw disc-SAV/RdiscO)Bland'Altman plot, B & Ttw disc/Rdisc tw FT-disc segmem/Rdisco)Bland'Altman plot
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4. ER

AWFZEIE, FEBEDT 4 A7 DA 0 gopaee & TR EHLTEROX 7 X ¥ MAFEHRD T 1
A7 P 0 gresnymae, B £ O FTdisc £ 7 A 2 b O FHEIE Wy, prae ooyl e — K PEAHEAET
EARHE LT BHEREICBWT, IS0 x BTRIZIZAMoMENE R L (K4-A). 20
D) B W gisesav/raise & W a, Fraise segment/Rdisc DX WD — 7 HiIEmEail %L (R, ENEFHRIEE
AP SN (FK2)e LML, IO DRMEHEITEFEHIMNTD o 72720, W gicesav/raise
& W g, Fldise segment/Raisc DX %o & W gise/raise PX 553 DY — 7 EO I =B DFAEA R E 7z (K5
Ao LEEOMBIMIZ y BB W TH FEARICHER SNz KICKRBHERICEH 35 L, 0 hwe/raise
& W gisesavraise B E W, rraise segmeny/raise XX AT ITNEIZ R OM 278 L7z (M 4-D)o S HIT, K
?ﬂ%ﬁ%‘ﬁf@ W gisc-SAV/Rdisc & W b, FTdise segment/Rdisc®X DY — 27 1@5:%%%‘1%@%%@ Iy (?% 2), w
dise:5AV/Raise & W ab, Fraise segment/Raise DX BT E 0 gise/raise P X BT D ¥ — 7 HD M —BAEDFFAEAIRIE &
n7z (K5D). F72, RHHEHO FRLOBINN y A ICBWTH FERICHER SN, Do
R0, AEORFIITEED x o & y BBV TIELw e iR bz, Lads-> T, &
(1) WKLo THEHSNAEGIHERCERO Y7 2 v MABERRD T 1+ A 7 LEAREIL, E
DT A A7 DEBMEERZRELTNDEEZEZON D,

PORAWO 2T IZEB T2 &, wasesavrascE W b, FTadise segment/Rdisc V& [l B D g 1) % 7R L 72 2%
(K4-C L3 1), INHIEWge/raePz BAITHRT-002sEHPLBRICHEB I T, &
72, W gisesav/riise & W ab, FTdise segment/Risc P Z DY — 7 EICRBERAENHER I N (FR2), RER
BHRIPANIZD 2 BHEDOBIZ BB K TH -7z (5-C)o ZD7280, AT T W gisesavraise &
W ap, FLdise segment/RdiscZ J5ay & W dise/raise PZ B DM =B MR T B LD TE hd ol DM
L RAGRERE D 2 BHIC BV COAMTH o720 L7zdS> T, ABFIFEOIRBULIHE O z BB
WTHEAIER, X 1D KXo THRBSh AR TEot s X Y MEEHROT 1 22
AV VAR, EBROT A ATDAE VABEERL TR o7zt EZLND,

%ﬁfwdisc»SAV/Rdisck W ab, Frdise segment/Rdisc D2 3 ORERFZALI AR O 2R L (M4-C), ¥—
JHFERII LTV (EDo 2% D, 0aesavraet ™ F DRk I T S BRI
FT-disc £ 7 A ¥ b D FHEET D B W 4, praise scgmenykaiscle 5 £ AL DA L o THLZZDDTH S &
FEZONDBo ARTIEIT A A7 EEZIRIT) ) — A FTHEZRKREHEEMGO 1 M THREL TS
D, BEAREHEEME T4 A7 NUOBRMEONEIZY ) —AF TR LW EREL, 2
DIEDD &, T4 A7 D3 —H—, FT # VT Fldisc ¥ 7 2 ¥ M2 ETFMEL, ZOM#E (0
ab, Fldisc segmeny/Riise) 2 A L THTEBO L7 A ¥ MAFREHEKRD T4 27 AHEE (0 gesav/rise) &
BILLTwa, LaL, EBICIIREEZT 4 A7 NHlORF L Hfill L TW B 721 TREIHERINT
W, EMEREOIREIZY ) — AEFNICIFFICERIC R L 2 Enb, BENT 1 A7 Aoz
BIEDTWORPELTAATZORAE Y L) bHCEETBEHTLEELD L, 204, 5H5E
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T, Frdise segment/raise P Z BITE W gige/raise P2 BTV THEINT B0 T4 A7 DT 4 TNy Fadxs)
TECIREBRIC BB MPETE LTV EEZOND, ZHUE-T, TTEBDOLT 2 v M
HWEHRDT 4 A7 A Y AHEL, EBOT A AZ7OAE Y ARBICHERTHEMLZDES 9,
Yoz nrs, 74 A7 EEZEMGEMBICIN) N T2~ —210X 574 A7 DETF VALY
REETHY, DY ) — AERN 0 geesavrase® A € ¥ FABER T2 BREICKE S LAELRER
THHELZOND, LzoT, R (11) Lo THREERERERTERA LT A Y FOAREDS
EBEOT 4 A7 DAY VHE R IEMICKD 5720120, FEEH R\ RICER S A3 EoRIE
FEIZOWTH LR AR LEES 9,

5 &8

PIRETE L RIEETEDT A A7 D7 5 7Ny FEFEEEICBWT, KRl TEiogt s
AV NABENRS T4 A7 OMHEEEFEH Lze TORE, MBS EETCEoL s
AV MEERRD T 4 A7 A U AHEISRRE DD TRR SNz, $72, TOAE A
BLEBOTA AT DAY Y AREOMIC B EMERT ALV TE LD o7, TORMiRAEIL
IR ARSI AR b e~ — 2 @ 3 RICEEEE R L7274 A7 DT MELBAREE
THolzleOELEEZ LN, LD T, TARATZDOT 5 TNy FEREBIEICBNT, Fig
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